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CHAPTER-1   
  

AN INTRODUCTION TO AGRICULTURE  

 

1.1 Agriculture:  

The word ‘Agriculture’ is a combination of two Latin language words, the ‘agri’ literary 

meaning field and ‘culture’ denoting cultivation. So, the term Agriculture means the 

cultivation of field. This simplest definition is incomplete as it does not serve the real 

purpose from the modern farming point of view. In broader sense, agriculture is the 

cultivation of soil including all farm operations and management of the successful crop 

and animal production. This also includes purchase of farm inputs (seed, fertilizer, 

implements etc.) and marketing of farm products. Most agricultural practices are 

carried out at farm so agriculture is also known as farming. Farm is piece of land that 

is used for growing crops or rearing animals. The person who operates the farm is 

called farmer. The comprehensive definition of agriculture is: it is an art, science or 

industry which deals with growing of crops and rearing of animals, birds, fish or insects 

by using the (land, air, water, human inputs and machinery by the coordination of 

socioeconomic infrastructure.  

1.1.1 Importance:  

Modern agriculture is based on scientific principles. It is a huge factory to produce food 

and feed, fiber and other raw materials. So the rise and fall of nations mainly depend 

on agriculture. It is the primary engine of development and economy. Besides food 

and fiber, agriculture generates more jobs, higher income, export earnings and 

national wealth.  

Agriculture is the key pillar of our country’s economy. It makes about 19.5% 

contribution in gross domestic products (GDP). The 60.78% of the Pakistan’s 

population is inhabiting the rural areas and their livelihoods rely upon agriculture for 

income generation and employment. About 42.3% employed labor force of the country 

is engaged in farming. We get 80% of the nation’s earnings by exporting cotton, rice 

and other agriculture related products. 

Most of our industries are based on agricultural raw materials. These include food, 

textiles, sugar, oil, leather, soap, paper and tobacco industries. To boost industrial 

production, we should develop agriculture sector by encouraging agriculture 

education and research. 
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1.1.2 Scope of Agriculture in Pakistan: 

Agriculture serves a pivotal role in national development, poverty alleviation and food 

security. The rapid growth in urban population of Pakistan is a signal for increasing 

need for valued perishable agricultural food items i.e. fruits, meat, vegetables and 

dairy. Pakistani government has brought its attention towards improving living 

standards of rural people through developments in infrastructure and services 

including roads, transport facilities and natural gas supplies. There is a greater scope 

of development in agriculture sector of Pakistan through China-Pakistan Economic 

Corridor that will bring remarkable revolution of agribusiness by value-added product 

innovation and supply chain. 

Livestock share in the agriculture is 58.3 percent with 3.4 percent growth rate 

compared in this sub-sector of agriculture. The fish culture sub-sector is contributing 

2.1 percent to agriculture and prone to 1.2 percent growth rate. Forestry sector’s share 

in agriculture is 2.3 percent and is developing at 14.5% growth rate. The share of 

major crops wheat, rice, sugarcane maize and cotton to agricultural value addition is 

23.8 percent. These crops’ share in GDP is 4.6 percent. The crops other than major 

crops are sharing 11 percent to agriculture. However, their contribution to GDP is 2.2 

percent. 

 

1.2. Branches of Agriculture:  

There are two main divisions of Agriculture namely (a) Crop production farming or crop 

husbandry, and (b) Livestock farming or animal husbandry 

(A) Crop Husbandry: 

It is related to all phases of crop production starting from seed sowing to marketing of 

the economic crop products. Crop husbandry includes three main sub-divisions: 

i. Agronomy 

ii. Horticulture 

iii. Forestry 

i. AGRONOMY:  

The word ‘Agronomy’ is a combination of two Greek words ‘agros’ which means field 

and ‘nomos’ implicating management. It is the branch of agriculture that deals with 

principles and practices of crop production and soil management. The field or farm 

management should be of such level that crops are raised most successfully and 

profitably Hence agronomy covers the following areas directly or indirectly: 
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a) Crop Production: refers to all operations starting from sowing and ending at 

harvesting of all crops including cereals, legumes, oilseeds, fiber and sugar crops etc. 

b) Crop Breeding: aimed at crop improvement. It is carried out by selection and 

hybridization of superior genotypes. 

c) Crop Physiology: study of the various physiological processes of crop such as 

photosynthesis, respiration and transpiration. 

d) Crop Protection: controls crop pests including weeds, insects, diseases and 

rodents etc. it includes Entomology (the study and control of insects), Pathology (study 

of the disease producing organisms i.e. fungi, viruses and nematodes and their 

control) and weed Science (study and control of undesirable plants). 

e) Soil Science: concerns with the soil’s physical and chemical properties for better 

crop stand. This also covers crop nutrition (i.e. soil fertility status), soil and water 

management. 

f) Farm Management: covers the overall organization and control of the farm and its 

forces in such a manner to get maximum production, and net profit. It also includes 

farm accounts and records. 

g) Farm Mechanics: related to the use and management of farm equipment, 

implements and machinery. 

h) Farm Economics: assesses the cost-benefit relationship of farm operation and 

production. It also covers the marketing of the farm commodities. 

i) Biometry / Biostatistics: refers to the statistical evaluation of various aspects of 

crops, like varietal and fertilizer trials etc. It is some time also referred to as field plot 

technique. 

ii. HORTICULTURE: 

Horticulture is specialized for production of fruits, vegetables, and ornamentals. It 

covers the following subjects: 

a) Pomology / Fruit culture: concerns with fruit production, laying and maintenance 

of fruit orchards. 

b) Olericulture: deals with the production of different types of vegetables e.g. brinjal, 

coriander, chillies, onion, garlic and turmeric etc. 

c) Floriculture: means growing and maintenance of flower plants for the aesthetic 

value. 
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d) Landscaping: related to land beautification. It also includes lawns laying-out and 

management. 

iii. FORESTRY: 

Forestry is specialized for forest trees and wild life. It is a broader field covering wood 

production, wood technology, wild life and range management. 

a) Wood Production: It includes such areas as tree improvement, soils of forests 

ecosystems, forest biostatistics and economics etc. 

b) Wood Technology: focuses on the many chemical and physical characteristics of 

wood and its products. Wood technology covers all aspects of wood processing, 

fabrication, finishing, recycling and remodeling, market distribution and employing 

wood products in various uses. 

c) Wild-life: It is concerned with monitoring of wild animals and birds in the forest. It 

also covers wild-land recreation and sericulture (silk production). Although this field is 

related to animals, it is placed in forestry because of the close interaction of wild-life 

with forest trees. 

d) Range management: refers to tree management in relation to the available 

resources such as land, and water etc. 

B) Animal Husbandry:  

This refers to the rearing, breeding and maintenance (health and hygiene) of animals 

to provide food for human consumption. It covers the following major areas: 

i. LIVESTOCK MANAGEMENT: 

It covers cattle, horses, sheep and goat rearing and breeding for milk, meat and draft 

purposes. Animal Nutrition is an off-shoot of this field. It deals with the nutritional 

quality of feed in relation to animal growth, health and production. 

ii. DAIRY FARMING: 

Dairy farming deals particularly with the maintenance of cows and buffalo for milk 

production. 

iii. POULTRY FARMING: 

It includes the rearing of birds such as cocks, hens, ducks and turkey etc. for egg and 

meat purposes.  

iv. FISH CULTURE: 
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It is related to fish farming for human food. 

v. APICULTURE: 

It refers to the rearing and maintenance of bees for the production of honey. 

VI. ALLIED SCIENCES OF ANIMAL HUSBANDRY: Animal breeding and genetics, 

animal health and hygiene, veterinary sciences are also closely connected to animal 

husbandry.  

 

1.3 Development of Scientific Agriculture:  

In pre-scientific agriculture, six persons might turn out enough food for themselves 

and for four others. In years of unhealthy harvest, they might turn out just enough just 

for themselves. With the event of Agricultural Science and application of advanced 

technology, 5 persons are able to turn out enough food for ninety-five others. In those 

years, agricultural knowledge was merely accumulation of experience channeled 

verbally from one farmer to other farmer. A systematic way of planning and executing 

plant nutrition experiments was firstly initiated by van Helmont (1577-1644 A.D.). 

Jethro Tull (1674-1741 A.D.) performed a series of experiments on cultural practices 

that resulted into the invention of seed drill and animal drawn cultivator. He then 

published a book, ‘Horse Hoeing Husbandry’. Arthur Young (1741-1820 A.D.) through 

his pot experiments, proved that crop yields could be increased by applying several 

stuffs like niter, poultry dung, gun powder etc. He presented his work in 46 volumes 

of journal named ‘Annals of Agriculture’. 

The discipline of Soil Science started with the formulation of theory of humus in 1806. 

Field experiments were started in Rothamsted Experimental Station, England in 1834 

and soon after in other places in Europe. Research on plant physiology and physiology 

was started in 18th century and continued to grow in scope. Sir Humphry Davy wrote 

a book with name ‘Elements of Agricultural Chemistry’ in 1813. About 1837, Sir John 

Bennet Lawes started to do scientific study on manures’ influence on crops. A truly 

scientific approach to farming was started in 1840 by Justus von Liebig. In 1842, 

Lawes developed the procedure of processing phosphate rock to synthesize 

superphosphate. His work thus originated the industry of synthetic fertilizer. 

The scientific work on plant selection for selecting superior cereal varieties on the 

basis of estimation of their potential yields was started in the 18th century. The 

discovery of the Laws of heredity and he ways to cause mutations by Gregory Johann 

Mendel in 1866 led to the development of modern plant breeding. In 1876, Charles 

Darwin developed new techniques of self and cross pollination in plants that brought 

revolution in the field of Plant Breeding. In 1920, the involvement of applied genetics 
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in evolution of new varieties of plants and animals brought about drastic developments 

in the field of agriculture. 

Agricultural Engineering was mainly concerned with improving farm machinery and 

implements originally improvised by farmers. Mechanization assumed controls in 

Western Europe in 1785 and a contributed a larger share in agriculture in 1803. A well 

fabricated seed drill was developed in 1880s. The mechanized agriculture was started 

with tractors, cultivators, drills and harvesters which over a period of few years 

enabled the agriculture to enter into new era of advancement and large scale 

agriculture. The inventions of modern machinery and techniques related to food post-

harvest processing, preservation and storage have created the greater ease in food 

processing and preservation thus modernized the agriculture on industrial basis. 

Through modern agricultural breeding techniques, scientists have evolved high 

yielding varieties of animals, plants and poultry thus enhanced productivity and 

efficiency of agricultural production. Everywhere in the world, agricultural teaching and 

research organizations are endeavoring to enhance yields by creating new knowledge 

and technology in agriculture and spreading latest knowledge of improved agricultural 

technology and by extension and outreach activities. 

 

1.4 History of Agriculture:  

Agriculture concerning domestication of plants and animals turned into evolved round 

12,000 years in the past, although despite the fact that earlier people started out 

altering groups of vegetation and animals with aim to get personal advantage including 

fire-stick farming. It has been said that native Australians made use of fire to burn the 

natural flora to facilitate hunting and to alter the vegetation and animal’s composition 

within the area they inhabit. 

Agriculture has experienced enormous evolutions since days of oldest farming. The 

fertile crescent of Western Asia, India and Egypt has been region of the earlier 

deliberate crop domestication and production. In addition, independent advancement 

in agriculture happened in China, New Guinea, Africa’s Sahel (transition zone 

between Sahara Desert and Sudanian Savana), several parts of Americas and 

regions of India. 

Agricultural practices such as fertilizer application, crop rotation, irrigation were 

advanced just after the Neolithic revolution (era of agriculture revolution including such 

a huge level shift from the existing life style of hunting and gathering to organized 

agriculture) around 8000 B.C. but at rapid pace during the previous 200 years. One of 

the examples is the Haber-Bosch method of preparing NH4NO3 constituted a chief lap 

forward to boost-up many folds. The journey of agriculture development from primitive 

to today agriculture was travelled in following 7 phases as elaborated below: 
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1. Hunting and gathering: 

It was the oldest form of agriculture. Its era is reported to be Paleolithic prior to 7000 

B.C. During these times, men usually concentrated on hunting and gathering. 

Whereas women due to their deep insight firstly observed plants emerging out of 

seeds. We can safely say that women have been the pioneers of crop production who 

started to grow the crops from wild vegetation.  

2. Shifting Cultivation: 

It is an older style of agriculture that existed in era belonging to Neolithic age (about 

7000 B.C.). In this era, people started to live on new land where they cut and burn the 

natural vegetation and grow crops. After few years, when fertility of that land area is 

lost and heavily infested with weeds and soil-borne crop enemies, they leave that land 

and shift to a new land area. 

3. Subsidiary Farming: 

It was the rudimentary system of settled farming, which was the form of farming 

integrating cultivation, with old way of gathering and hunting. In this system, group of 

farm families started to live and settle near a river, form sort of permanent village and 

practiced crop production in a continuous manner However, the crops, methods and 

tools were older.  

4. Subsistence Farming: 

It is somewhat progressive shape of subsidiary faming as people started to do 

agriculture for themselves but for the entire family. However, the theme was ‘grow it 

and eat it’ instead of ‘grow it and market it’ which means grow crops only to satisfy the 

needs of family instead of growing on commercial basis.  

5. Mixed Farming: 

Keeping in view the importance of animals, man instead of hunting them started to 

rear them at their farm along with crops grown. Thus a farming system was developed 

where animal and crop components are united together. The crop residues were fed 

to animals by grazing after crop harvest. While the animal dung was used as manure 

for crops Thus at this stage, farming fashion was transformed from food gathering to 

food growing. 

6. Advanced Farming: 

Advanced farming included selection of suitable crops and their cultivars, enrichment 

of soil fertility through manures derived from animal and crop refuse, green manuring 

with legumes, irrigation, crop rotation, pasture management, rearing of milch, meat 

and wool animals, and rearing of birds for poultry etc. 
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F. Scientific Agriculture: During 19th century, due to research and development in 

different aspects of agriculture, that field assumed a form of learning science. Centers 

of agricultural research, teaching and extension were developed. The write-up and 

publication of scientific literature in the form of books, journals, and articles were 

introduced. By the innovation of internet and web services, audiovisual aids, the 

dissemination of agricultural knowledge and technology was speeded up resulting in 

better awareness. 

G. Present Day Agriculture): Now-a-days, agriculture has not remained limited to 

the aim of production but it has assumed shape of business that constituted of many 

enterprises like crop production, livestock, dairy and poultry, fisheries, apiculture, 

sericulture etc. Now, drastic developments in mechanical, hydrological, chemical, 

technological and genetic attributes of agriculture are in progress.  

 

1.5 Global Agriculture:  

The development of modernized human society has remained closely linked to the 

development in agriculture as it is the sole sector that provides food to human being 

for satisfying the hunger. However, agriculture has always been facing challenges due 

to ever increasing population. According to an estimate, the present global food 

production must have to become double to maintain the food supply for human beings. 

Thus food security has become a major issue all over the world as about one billion 

global population lies below the poverty line. It can be predicted that Agriculture in the 

21st century will have to face multidimensional challenges. The first challenge will be 

the production of more food and fiber for huge population with a squeezed labour 

supply. The second big challenge will be the production of more feedstocks for a 

potentially growing bioenergy market. Thirdly, there should be considerable 

contribution to innovative and scientific development throughout all agriculture-

dependent developing countries. Another big challenge will be the adoption of more 

efficient and sustainable agricultural production techniques and adaptation strategies 

to climate change. An overview of the major challenges expected to be faced by global 

agriculture has been presented below: 

1.5.1 Food security: 

 World population is speculated to reach up to 9.1 billion through the addition of almost 

2.3 billion people in 2050. Although, that population growth rate would be much slower 

as recorded during the last four decades which was almost the addition of 3.3 billion 

people, nearly all of this growth has been forecasted to occur within developing 

countries. Surprisingly, the pace of population growth would be the fastest (+114 

percent) in sub-Saharan Africa whereas the slowest (+13 percent) in East and 

Southeast Asia. Moreover, the larger proportion of about 70 percent of this population 
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has been foreseen to live in urban areas in 2050 due to accelerating pace of 

urbanization which is presently 49 percent, another negative sign of decreased food 

supply. This is because rural areas and rural population are supposed to be the 

centers of agricultural farming activity and sources of food supply. The economists are 

predicting that deprivation and undernutrition will remain widespread but significantly 

less than today. Due to increase in per capita income at that time, there would be a 

more market demand for food that has been continuing to grow. According to 

estimates, the demand for cereal grains that is nearly 2.1 billion tonnes today will be 

projected to 3 billion tonnes in the 2050. Moreover, the demand for expensive food 

products such as dairy and livestock products, as well as cooking oils in the developing 

countries will grow at much faster rate compared to that for cereals. The overall food 

production will have to be raised to 70 percent in 2050 in order to fulfill the requirement 

of 9.1 billion people in 2050 whereas these production levels would need to be almost 

doubled in the developing countries. This means that substantial gains are required in 

the production of major food commodities. For illustration, we would have to produce 

round about one billion tonnes more cereals, and 200 million tonnes more meat in 

2050. The 72 percent of which will be in the developing countries. Food security will 

also include producing foods of that kind in adequate quantity that are lacking so as 

to tackle the issue of malnutrition.  

To overcome food shortages in the upcoming years in developing countries, FAO has 

made some suggestions described below: 

1. Huge investment in agricultural sector so as to ensure 100% adoption of the modern 

technology in it. 

2. Widening the crop production resource base through expansion in arable land, high 

cropping intensity and more crop productivity. 

3. Agricultural land expansion and conservation.  

4. Intensive farming through intensive use in crop production of fertilization, irrigation, 

use of improved cultivars, mechanization and plant protection. 

1.5.2 Agricultural trade: 

 In the upcoming scenario of global agriculture, it has been predicted that trade of 

agricultural products will also expand to a considerable extent. For instance, in 2050, 

the net imports of cereals by developing countries will expand by almost three-times 

thus reaching nearly to 300 million tonnes. Similarly, net exports of vegetable oil and 

oilseeds from developing countries are anticipated to enhance by more than triple 

reaching up to almost 25 million tonnes, and sugar exports by almost double reaching 

to 20 million tonnes. Moreover, there would be dynamics in self-sufficiency and lacking 

of some commodities in one or the other region of the world. For example, regions 

near East and North Africa that are mainly dependent on food imports may face further 
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shortage of cereals in 2050. While, regions like Latin America and Caribbean, now 

being considered to be cereals deficit areas, may become self-sufficient in cereal 

production. Therefore, the global trades in agricultural commodities will rise. 

1.5.3. Natural resources: 

 To achieve the higher production levels, we will need a higher utilization of natural 

resources mainly land and water.  

1.5.3.1 Land Resources: For crop raising, the fundamental natural resource is land. 

As a result of continuing population increase, the worldwide per capita available 

cultivable land is speculated to shrink from the level of 0.3 ha to only 0.17 ha in 2050. 

This availability in developing countries will be estimated to be a further lower to a 

level of merely 0.11 per person. Moreover, the soil sickness due to soil erosion and 

crop intensification is another matter of great concern. The cropping intensity will need 

to be increased as well as more arable land area will need to expand. According to 

estimates, higher yields and cropping intensities are expected to contribute 90 percent 

to increase in agricultural production at global level while the remaining 10% by 

expansion of arable land. According to an estimate, the cultivated lands will expand 

by about 120 M ha in less developed countries while squeeze by 50 M ha in more 

developed countries. Therefore, the overall expansion at world level would be nearly 

70 million ha. Soil degradation is progressing at a rapid rate so that the land 

productivity is declining and playing havoc with the welfare of rural population. Some 

of the causes for land degradation are: 

1. Bare soil surface at each harvest due to agricultural clearing. 

2. Deforestation. 

3. Pastures overgrazing by livestock that has resulted in decreased vegetative cover 

and soil compaction.  

4. Agricultural activities without keeping in view the soil conservation especially in arid 

area and steep slopes such as improper cultivation, irrigation. 

5. Soil pollution from indiscriminate use of agro-chemicals and contamination with 

wastewaters.  

1.5.3.2 Water Resources: The fresh water that is only useful for agriculture 

constitutes only 3 percent of total water present on the globe; the remaining 97% is 

sea water. From this fresh water supply, 77 per cent is in frozen form as glaciers and 

polar ice caps while 22% is ground water thus leaving only 1% of fresh water that is 

the part of hydrological cycle. Agriculture consumes two-third of total fresh water 

supply; the remaining is utilized by industry and domestic consumer. The irrigated 

lands of the world are 280 million ha that contribute about 33% of the world’s crop 
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production. The percentages of irrigated lands of the total cultivated area are 44 

percent in USA, 36 percent in India, 25 percent in Pakistan, 18 percent in USSR and 

17 percent in China. But, irrigated lands have been seriously threatened due to 

salinization, weak management and poor drainage. Irrigated land from the above top 

five countries have been damaged through salinization. The cropping intensity of the 

arable lands could be increased by converting them from rainfed to irrigated. If we 

bring under cultivation the one ha of new land, we will be able to produce an additional 

0.9 tonnes of cereal grain which would be sufficient to feed five persons per year. If 

that land is brought under irrigation, the additional production would be four times 

more i.e. 3.5 tonnes. If the irrigated area on this earth is raised at this rate, in the 

future, projected increase in production would be 1.0 billion ha, a food quantity enough 

to feed 10 billion people, the expected population.  

 An expansion by 32 million ha of irrigated lands would be required mostly in 

developing countries. Although, as a consequence of improved water use efficiencies, 

and declined areas of rice cultivation, there would be not much higher increase in 

water use, yet water withdrawals will increase to 286 cubic km in 2050, about 11 

percent higher than the present withdrawals. Due to uneven distribution of fresh water 

on earth and increasing number of water scarce regions, there is still need to increase 

water use efficiencies through technology development keeping in view the prevailing 

agro-climatic and socio-economic conditions of the area under consideration.  

1.5.4 Towards the 21st Century:  

According to the report of World Bank, the global population of human beings would 

be up to about 10 billion by the end of twenty first century. Almost, all the population 

increase (95%) would happen in the today’s developing countries, which already have 

lower per capita food intake. To fulfill the food and other agricultural produce demands 

of population at that time, nearly whole of cultivable land need to be brought under 

cultivation. This in turn would need the use of more advanced and innovative 

agricultural technologies and scientific research and extension activities.  

 

 

1.6 Agriculture in National Economy  

Agriculture is considered to be the pillar of economy of Pakistan. It shares 19.5 percent 

to gross domestic product, source of 42.3 percent employment for country’s labour 

(36 percent males and 64 percent females), livelihood to 62% of rural population, and 

provides raw material to local industry. Despite the significant industrial growth in the 

country, the role of agriculture could not be undermined. With the rapid population 

growth, the demand for basic diet, vegetables, fruits, meat and dairy products is also 
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increasing day by day. Among all sectors, agriculture is the largest mean of earnings 

in Pakistan. The China-Pakistan Economic Corridor (CPEC) will play a major role in 

the strengthening the agricultural industry by providing infrastructure, drawing benefits 

of value-addition and innovation. The largest share in agriculture is brought about by 

livestock that solely accounts 58.3 percent share in it, the remaining share by other 

sub-sectors i.e. crops, forestry and fisheries, 23.85 percent by major crops, 11.03% 

by the minor crops, 2.12 percent by fisheries, and 2.33 percent by forestry. The 

corresponding shares of livestock, main crops, other crops, forestry and fisheries sub-

sectors in gross domestic product are 11.4, 4.66, 2.15, 0.46 and 0.41 percent, 

respectively. 

Livestock, the largest agricultural sector is considered to be the most important in the 

economy of rural areas of Pakistan. About 8 million families in rural areas are 

dependent upon livestock for their livelihood as they derive a higher than 35 percent 

of their income from livestock and its products. Livestock is pivotal to alleviate poverty 

in rural areas of the country. Poultry has been arisen as one of the most dynamic parts 

of livestock sector in Pakistan. This sector is offering employment to more than 1.5 

million people in the country. An investment of beyond Rs.700 billion has been 

recorded in poultry industry. It not only provides 31 percent of the total meat in 

Pakistan but is also a big user of more than 7 million metric tonnes of residues derived 

from various agro industries working in the country. The contribution of poultry sector 

in GDP is 1.4 percent  

The role of agriculture in national economy can be ascribed from following 

perspectives: 

1) It is the only segment that supplies food to population and raw material to various 

domestic industries. 

2) It the largest source of foreign exchange earnings.  

3) It supplies goods and services to domestic industry and international market.  

4) It is the source of employment for a larger part of population in the country. 

5) According to World Health Organization (WHO), the health of people in a country 

depends upon supply of nutritional food items, fresh vegetables and fruits and hygienic 

meat, the all things depend upon agriculture. 

 

1.7. Food Problem in Pakistan  

Food security is not only the issue of Pakistan but has become a worldwide problem. 

It is an extremely complicated issue covering several causal factors of social, 
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monetary and ecological nature. It encompasses all the segments of food production 

system starting from crop and animal production, harvesting, processing, marketing, 

preservation and storage. Food security takes its part in benefiting the society and 

environment. Food security means state of food availability to all the people, 

throughout the year, in sufficient quantity, and qualifying the basic standards of 

hygiene and nutrition to meet their dietary needs for dynamic life. Its main segments 

are: 

a) Food availability  

b) Food accessibility 

c) Food utilization 

Albeit, agricultural innovations are one of the main considerations in guaranteeing food 

security at individual and national level, it isn't the main factor. The diverse farming 

practices (organic and intensive), and their effects on ecosystem give a theoretical 

learning of agro ecosystem. Agro ecosystem gives an idea of sustainable agriculture. 

Agricultural sustainability recommends an emphasis on both genotype enhancements 

through the full scope of present day biological approaches, and also enhanced 

comprehension of the advantages of environmental and agronomic management, 

control and upgrade. Agriculture is the major sector satisfying the food requirements 

of expanding population. As the growth rate of Pakistan is raising at the rate of 2.1% 

per annum, thusly the production of food is raising and the percent contribution of 

agriculture sector in GDP has raised up to 21 percent. This sector is engaging 45% 

labor power of the country. On account of considerable chasm between food demand 

and supply, the maintenance of food supply to the expanding population is getting to 

be the burning issue. Pakistan is blessed with diverse climatic and ecological zones 

and therefore supports the production of food with diverse nature and classes. The 

four pillars of agricultural production system of Pakistan are livestock, major crops, 

minor crops (oilseeds, pulses, onion, potato and chilies), and fisheries. Despite the 

availability of greater diversity of crops and potentially efficient food production 

system, we are still far below than world’s production level in almost all crops. The 

reason is the presence of certain technological and socioeconomic constraints that 

are great hindrance in efficiency of food production system. That is why, there is 

always remain a threat to continued food availability in the country.  

1.7.1 Role of sustainable agriculture in food supply: 

The idea of sustainable agriculture means utilizing innovations and technologies that 

can boost up the yields without damaging nature. The key rationales for maintaining 

sustainability in agriculture are to incorporate natural ecological phenomena such as 

biogeochemical cycling, nitrogen fixation, soil recovery into the present food 

production system. In other words, we can say that dealing the agriculture 
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management as an ecosystem is crucial for sustainable development to meet 

demands of ever-increasing populace. We can sustain the food supply by adopting 

sustainable agricultural practices that conserve soil, water and air that can be used on 

long-term basis by the present and future generations. Modern intensive farming 

practices are destroying the natural resources of agriculture as well as natural 

ecosystems. 

1.7.2 Problems of Intensive vs Organic agriculture:  

Applications of fertilizers, pesticides, and intensive farming practices can play havoc 

with health and environment. For instance, injudicious use of chemicals are poising 

the surface and ground waters and destroying the natural flora and fauna. The some 

of the important problems caused by intensive agriculture are: 

1. Deterioration of land and water resources: The intensive soil management 

practices, intense fertilizer use, injudicious pesticide application, and inappropriate 

irrigation have resulted in impairment of land and water resources leading to poor crop 

yields.   

2. Water logging and salinity: The high water and fertilizer inputs needed for 

intensive farming resulted in raising of water tables that caused waterlogging that 

subsequently transformed into salinity. The widespread canal irrigation networks are 

also cause of waterlogging as seepage water when added to ground water resulted in 

high water tables.   

1.7.3 Organic agriculture: The potential adverse effects of intensive conventional 

agriculture on the human health and environment have forced agricultural scientists 

to work out on an alternate food production system that would be little harmful. The 

organic agriculture is based upon nature’s principles with no use of artificial inputs and 

pest control agents. It keeps a natural balance between ecosystem and food 

production system. Organic producers make use of eco-friendly techniques such as 

crop sequencing, employment of natural biological agents in controlling pests, and 

use of manures for replenishing soil fertility. The products thus attained are of good 

quality, perishability and are reliable for consumer health. Moreover, the sustainability 

of organic agriculture is better than conventional agriculture due to its eco-friendly 

nature. 

1.7.4 Conventional agriculture: Despite the potential benefits of organic agriculture, 

the participation of conventional agriculture in sufficiency and accessibility of food at 

affordable low price could not be denied The best solution in the present scenario of 

ever increasing population is the integration of conventional agriculture with organic 

agriculture. The technologies and practices used on conventional agriculture should 

be well-acquitted with the environment and health of consumer. That is the only way 

that we can provide sufficient food to our population without harming our environment.  
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1.7.6 Strategies for sustainable production and food security: 

To ensure sustained food supply, maintain food sufficiency and avoid food shortage 

in the country, following strategies should be adopted. 

1. On-farm management practices: By choosing the most suitable crops, cropping 

scheme, crop rotation, judicious use of inputs and disposal of farm produce and 

wastes are the on-farm management decision that increase the efficiency and 

economics of farm. The result is the sufficient food production at farm and then at 

national level subsequently contributing to food security.  

2. Nutrient management practices: The judicious use of fertilizer by choosing best 

suited fertilizer type, fertilizer application rate, method and timing are important to 

increase the fertilizer use efficiency and higher yield. The nitrogenous and phosphatic 

fertilizers are of major concern in this regard due to their high use and cost. The 

indiscriminate and improper use of fertilizers not only affects farm income but also 

creates the environmental issue like nitrate leaching, eutrophication, volatilization, 

denitrification, air and water pollution. The incorporation of legume crops in green 

manuring, crop rotation and use of organic manures not only enrich soil with essential 

nutrients but also makes improvement in soil physical properties through enhancing 

soil organic matter status. 

3. Judicious use of water: Both on-farm, and off-farm water management 

technologies should be adopted to minimize conveyance, distribution and application 

losses in irrigation. It also includes use of more efficient irrigation technologies.  

4. Efficient agriculture: The use of smart agriculture practices including low cost 

energy inputs, precise application of fertilizer, irrigation and pesticides ensure farm 

efficiency and income. It also results in high farm outputs that can tackle with the issue 

of food security in the country.  

5. Agricultural marketing: Government should give support price to basic agricultural 

commodities and ensure accessibility at diverse purchaser classes the country. It also 

includes devising policies to establish efficient market marketing, transportation and 

trade system. 

6. Agricultural employment: It includes creating job opportunities for people to 

alleviate the poverty and make supply of goods and services to poor. 

7. Introducing corporate farming: The small land holding farmers should adopt 

corporate farming.  

8. Expanding cropped area: The areas that are not yet cultivated should be brought 

under cultivation by providing irrigation, infrastructure and market facilities.  
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9. Soil management: Keeping soil resource maintained by avoiding soil erosion, land 

degradation, soil sickness, salinity and waterlogging.  

10. Maintenance of soil health: Soil health includes soil fertility, freedom from soil 

borne insect-pest and diseases as well as weed infestation. Soil fertility should be 

maintained by using scientific manuring, composts, use of cover crops, crop rotation 

and manures. 

11. Availability of quality of seed: Seed is the basic input of crop production. Without 

having a quality seed, all other inputs are worthless. The timely availability of good 

quality seed in amount required is of utmost importance in improving the crop yields 

and enhancing agricultural production within the country. 

12. Skilled labour: Agriculturally trained labour should be available at the time and in 

quantity as required by different farming operations. The rapid industrialization in the 

country has reduced the availability of farm in the country. 

13. Controlled population: The population growth rate of a country should be 

according to the availability of resources. The problems of our-urbanization, lack of 

job opportunities and health facilities may arise if there is an uncontrolled population 

growth rate.  

14. Agricultural Education: To maintained sufficient food supply, there is a need of 

trained manpower in the country for which agricultural education at school, college 

and university level is required. 

15. Agricultural Research and Extension: All the agricultural progress in a country 

is linked with efficiency of its research and extension system.  
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1.8 Potential Productivity and Constraints in Crop Production  

1.8.1 Potential Productivity:  

The crop yields can be defined in various ways according to the prevailing agro-

ecological conditions and availability of suitable crop management system. 

1. Potential Yield: The maximum possible yield for a crop or variety under ideal 

growing conditions and availability of optimum input level is called potential yield. This 

is actually the yield level of the variety or new genotype claimed by the plant breeder 

at the time of its release.  

2. Research yield: The yield level of a crop attained by a researcher at an institution 

or research station is called research yield.  

3. Progressive growers’ yield: The crop yield level attained by the advanced farmer 

by application of all recommended agro-management practices sometimes under the 

supervision of research scientist is called potential farmers’ yield. 

4. Average farmers’ yield: The yield of a crop obtained by an ordinary farmer is called 

average famers’ yield. It is usually far below than potential as well as potential famers’ 

yield.  

There ae usually 3 different reasons of failure of attaining the potential yield: 

1. The farmer is not adopting the latest technology due to lack of information or failure 

on the part of extension worker in convincing him to fully adopt it. There may be some 

constraint on the part of researcher to transform it to extension worker or extension 

worker to transform it to the farmer. 

2. There is no management constraint but there is some environmental constraint. 

The technology or newly developed variety may not be suitable or acclimatized to the 

prevailing agro-climatic conditions of the area. This gap can be bridged up by 

development of site-specific technology. 

3. Sometimes the gap of the average farmer’s yield is not due to unawareness of the 

farmer about the latest technology but due to his inability of using that technology on 

account to some socio-economic constraint. These types of yield gaps could be 

fulfilled by improving the socio-economic conditions of the farmer. 

1.8.2 Constraints in Crop Production: 

There are three types of constraints that limit the productivity of crops. 
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A) Ecological Constraints: 

All environmental constraints that hinder the potential yields of crops are considered 

to be the ecological constraints. These include soil, weather, pollution and 

desertification.  

1. Soil: The problem soils are the biggest and usually non-manageable constraint in 

crop production. Problem soils are those soils that by their physical or chemical 

undesirable characteristics are not suitable for cultivation or production of most of the 

crops. These include waterlogged, saline, eroded or degraded soils. 

2. Weather: If any one or more than one of the weather elements i.e. light, 

temperature, humidity, or wind do not favor crop production, the potential yield could 

not be achieved. The selection of suitable cropping zones, seasons and site-specific 

management practices are carried out to make the weather suitable for a crop or 

variety so that its potential yield could be achieved. 

3. Pollution: Any undesirable change in the environment of an organism that reduces 

its performance is called pollution and the agent causing this change is called 

pollutant. Due to reduction in performance of physiological processes and growth of 

crops, their actual yields drops many folds from their potential yields. 

4. Desertification: Due to climate change, deforestation, over-grazing, and intensive 

crop production operations, the overall productivity of soil is reduced that ultimately 

results in desertification. This the largest global factor of reduced crop yields on this 

earth. 

B) Crop management constraints: 

These are the limitations that are directly related to inappropriate crop management. 

The failure to adopt recommended site-specific production technology package of a 

crop results in limitations in achieving potential yield.  

These constraints include seed, variety, sowing, fertilizer management, irrigation, 

plant protection, harvesting and post-harvest handling.  

1. Seed: It is the basic input of crop production. Without the use of quality seed, 

potential yield could not be achieved even if all the inputs are used as per their 

requirement. Seed purity and germinability are the two basic aspects of seed quality. 

Seed should be both physically and genetically pure, have good germination 

percentage and free from insect-pests, weed seeds and diseases.  

2. Variety: The selection of crop variety suitable to the area or site of its production is 

of utmost importance if its potential is to be exploited. Moreover, the general desirable 
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characteristics of a variety include high yield potential, resistance to insect-pest and 

diseases as well as abiotic stresses. 

3. Sowing: The crop should be sown at its recommended seed rate, sowing time and 

sowing method or technique. 

a) Seed rate: To achieve the optimum plant population, seed rate should be used 

according to recommendation. If there are chances of low germination rate due to low 

seed quality or late sowing or any other environmental factor, seed rate could be 

increased. 

b) Sowing time: There is always a recommended sowing time of each crop and 

variety. The sowing times are adjusted keeping in view the availability of optimum 

environmental conditions especially temperature for germination, phenological stages 

of crop and maturity. Early or delayed sowing always results in reduced crop yield due 

to coincidence of sub-optimal environmental conditions with phenological stages of 

crop. 

c) Sowing method / technique: There are three main methods or techniques of 

sowing used in crop production: 

i) Broadcast: It is a very simple method which is used for sowing of fodders and close 

planted crops. In this method seed is broadcasted manually or with machine 

(mechanical broadcaster) over the surface of seed bed and then mixed with soil with 

planking by the help of Sohaga. This method is usually not recommended due to its 

relatively disadvantageous nature. 

ii) Line Sowing: In this method, crop is sown in rows maintaining proper plant 

spacing. The line sowing is done with the help of drill or planter. This method is suitable 

for all types of crops. 

iii) Ridge / Bed Sowing: In this method, ridges or beds are shaped with the help of 

bed shaper or ridger and then crop seed is sown manually or with the help of planter 

or with the help of dibbler. In this method, proper plant spacing is maintained. This 

method is suitable for wider planed crops and crops that do not like water ponding 

around stem e.g. cotton, maize etc. 

4. Fertilizer management: Fertilizer management includes rate and method of 

fertilizer application. 

a) Fertilizer rate: Fertilizer is the most expensive input there it should be applied 

according to recommended rate of crop. Both the high fertilizer as well as low fertilizer 

dose reduces the crop yield as well as net income from crop. 
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b) Fertilizer application method: There are mainly three fertilizer application 

methods used in crop production: 

i) Broadcast method: This is the simplest method of fertilizer application method 

where fertilizer is broadcasted manually or with the help of mechanical broadcaster 

over the surface of soil and then incorporated into the soil by cultivation. The fertilizer 

application by this method when carried out in standing crop is called top dressing. 

ii) Drilling method: In this method, fertilizer is drilled into the soil along with seed at 

the time of sowing with the help of seed cum fertilizer drill. This is most efficient method 

of fertilizer application as nutrient losses through volatilization and run-off are 

negligible. Fertilizer is placed 2 inches below and 2 inches away from the seed by the 

seed cum fertilizer drill so that newly developed seedling roots are not directly harmed 

by the toxic effect of fertilizer. Fertilizer application by this method is called band 

placement. 

iii) Side dressing: In wide rowed crops, the second or third dose of fertilizer is 

recommended to be applied manually or with the help of pore in lines parallel and near 

to crop row. Fertilizer application by this method is called side dressing.  

5. Irrigation: In the upcoming scenario of water shortage, water has become very 

precious input. This is especially true in case of crop production. There are three main 

aspects of irrigation management: 

a) Irrigation amount: There is a fixed quantity of irrigation needs to be applied for a 

specific crop grown in an agro-climatic environment. For instance, wheat crop grown 

in Pakistani Punjab needs 19 acre inches of irrigation throughout its growing period. 

Similarly, sugarcane needs 68 acre inches and rice 64 acre inches.  

b) Irrigation timing: There are certain specific growth stages of crop when irrigation 

water supply is more important compared to other growth stages. These growth 

stages are called crucial growth stages. For example in wheat, crown root initiation, 

active tillering, booting, milking and dough stages are critical with respect to irrigation. 

c) Irrigation techniques: There are number of irrigation methods used in crop 

production. Surface irrigation methods include basin irrigation, border irrigation, furrow 

irrigation, corrugation irrigation etc., sprinkler irrigation, sub-surface irrigation and drip 

irrigation. Each method has its advantages and disadvantages. The choice of 

irrigation technique varies with crop, soil, climate and availability of water supply and 

capital resources. Under present scenario of water shortage all over the country, the 

furrow irrigation among surface irrigation methods is most suitable whereas drip 

irrigation is the most efficient method. 
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6. Plant protection: There are three major enemies of crops that include weeds, 

insect-pests and diseases. 

a) Weeds: Weeds are the most common but least attended enemies of crops that 

result in 20-40% losses in crop yields. An integrated weed management strategy 

including physical, chemical and ecological weed methods should be employed for 

long-term and sustained weed control. 

b) Insect-pests: There are three types of insect-pests according to their mode of 

damage to crops. These include sucking, cutting and chewing. An integrated insect 

management program should be implemented including both the chemical and non-

chemical insect control methods for the effective, long-term and sustained insect 

management.  

c) Diseases: There is an evidence of seed borne, soil borne and air borne diseases 

in crops. These are the most serious enemies of crops as in case of epidemic disease 

situation, a complete crop failure may occur. However, fungicidal treatment of seed 

harvested from disease free crop results in complete control of seed borne diseases. 

Crop rotation is the best option for keeping check on soil borne diseases. Spray of 

fungicide over crop well in time saves crop from air borne diseases. The use of disease 

resistant crop varieties should be used.  

7. Harvesting and post-harvest handling: Crop harvesting should be carried out at 

harvest maturity stage as harvesting before and after that stage results in considerable 

yield losses. The harvesting of immature crop results in problems in threshing and 

loss of crop produce whereas the over-mature crop yield is lost through grain 

shattering. The harvested crop should be properly dried before threshing and grain 

moisture should be lowered to appropriate level before its storage. 

C) Socioeconomic constraints: 

These include input availability, market uncertainty and trade issues. 

1. Input availability: The timely availability of inputs like seed, fertilizer and pesticides 

is of utmost importance in achieving the potential yield of a crop. If seed availability is 

delayed, crop can be sown at its recommended time so there would be drastic yield 

reduction. Similarly, if fertilizer and pesticides are not available at their required timing, 

crop yield loss occurs.  

2. Market uncertainty: The fluctuations in market price of crop produce directly affect 

the farmer. A sudden decrease in price of crop produce badly affects farmer’s net 

income that may have repercussions on his next crop also. 
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3. Issues related to trade: The issues of exporting crop produce to other countries 

not only affect the producer but also the processor. The tough implementation of 

quarantine laws by the government sometimes creates great hopelessness among 

farming community.   
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CHAPTER 2  
            

  

AGRO-METEOROLOGY AND CLIMATE CHANGE  

Agro-meteorology is a division of meteorology that pertains to the understanding of 

the meteorological, climatological and hydrological aspects of environment that are 

related to the agriculture due to their impact on the components and processes of 

system of agricultural production. It is also defined as science which deals with 

meteorological conditions that are straightaway in relation to agriculture. Climatology 

is the science that investigates spatial and temporal dynamics of weather patterns. 

It pertains to the coordination of everyday climate over some defined time frame. The 

word Climatology is a blend of two Greek words Klima implicating for slant of land 

and Logos meaning to think about. Its history is traced back to 4000 B.C. when there 

is an era of superstitions which act as means of understanding the mysteries of 

atmospheric phenomena such as lightening, rains and wind. The word Meteorology 

is derived from two Greek words Meteors meaning illuminous and Logos meaning to 

study. Thus it is the knowledge of exploring the realities about meteors and optical 

processes. Its history is traced back to 350 B.C. In the 17th century, invention of 

important meteorological instrument thermometer happened. In 1593, Galileo 

thermometer was invented. In 1643, Toricelli gave the principle of mercuric 

barometer. In 1686, first climatological map was published by the British astronomer, 

Edmund Hally. In 1800, Dependable weather Observatories were developed in 

Europe. In 1878, International Meteorological Organization (IMO) was established.  

From 1951, IMO was transformed into WMO (World Meteorological Organization). 

Inter-government Panel for Climate Change (IPCC) is working on issue of climate 

change. Pakistan Meteorological Department (PMD) is under Federal Ministry of 

Defense and was established in 1947 and data recorded were just for aviation use 

so it has no value for solar radiation parameter. In 1947, there were only 15 

observatories under PMD but now there are 137 observatories out of which 72 are 

completely equipped with all types of weather elements. Agro-met Cell is department 

of PMD dealing with crop production aspects of weather. The duties, services and 

mandates of PMD include followings: 

1. The PMD observatories’ data generation and dissemination services are in 

following areas i.e. surface climate information, upper ear information, seismic tremor 

information, galactic information, sun powered radiation information, air ozone (bright 

list of day) information, earth attractive field information and foundation air 

contamination information 

2. Aeronautical forecast 3. Flood forecasting and warning  
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4. Quake information and seismic information for structural specialists and different 

clients 

5. Farmers weather bulletin a warning 

6. Open utility and warning administrations in different fields of arranging and 

advancement, construction of roads, power plants etc. 

7. Provision of geographical and meteorological data fort court cases, insurance 

claims etc. 

8. Military operations 

Divisions of Meteorology: 

1. Dynamic meteorology: It manages forces that make and keep up movement and 

most recent changes related with it. 

2. Physical meteorology: It manages unadulterated physical nature, for example, 

radiation, warm, dissipation, precipitation, buildup and ice accumulation.  

3. Statistical meteorology: It decides the statistical relation, mean value normal, 

frequencies, variation, distribution and so on. 

4. Synoptic meteorology: Its motivation is the examination and determining of 

climate wonders. It includes dynamic and additionally physical meteorology and to a 

lesser degree, outer climatology so as to get an outline of state issue. 

5. Aeronautical meteorology: Utilization of meteorology for aviation purposes. 

6. Maritime meteorology: It is aimed at marine navigation. 

7. Agricultural meteorology: It is concerned with practical application of 

meteorology in the fields of agriculture. 

8. Hydro-meteorology: It deals with the meteorological problems pertaining to water 

availability, irrigation and floods. 

9. Medical meteorology: It is related to the weather effects on human body e.g. in 

dry desiccating winds and very colds environment, human body is badly affected. 

10. Aerology: It deals with free atmosphere conditions based on direct observance.     

Climate change is actually a long term significant deflection from existing weather 

due to variation in climatic factors. The natural agents responsible for climate change 

are variations in solar system, earth revolution, and area of continents etc. The 

anthropogenic causes are high CO2 emissions that are continuously adding to the 

atmospheric CO2 concentration. The present level of CO2 concentration in 

atmosphere is 370 ppm which is predicted to arrive at 700 ppm at the closing of this 

century. The burning of fossil fuels, forests and grasslands are the main reasons of 
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CO2 emissions. Due to this, there would be an increase of temperature up to 2.3 - 

4.6oC and daily rainfall up to 10- 32 percent.    

 

2.1 Environment and Crop Production 

The aggregate of all the environmental factors i.e. climatic, edaphic and biotic that 

acts upon an organism and affects its physiological behavior or performance and 

ultimately determines its survival is called environment. An environmental factor 

interacts with an organism only when the f actor does work upon the organism or the 

organism does work on the factor so dynamic factors affecting plant growth, 

development and finally the yield of crops are called functional environment. For 

instance, if the radio waves pass through the plant unchanged, then the plant is also 

unchanged and this could be no interaction and the radio waves would not be the 

part of the plant’s operational or functional environment.  

Functional environmental factors include light, temperature (heat), water, various 

gases, mineral elements and organic substances etc. that significantly affect crop 

plants. The crop growth and development are strongly influenced by the functional 

environmental components. Growth is a permanent increase in size, volume or dry 

weight of plant that is the consequence of cell division and cell expansion. The 

progress of plant from one growth phase to another until maturity is called 

development. The process of specialization of cells to their specific structure and 

function is called differentiation. The S-shaped (sigmoid) growth curve (Figure 2.1) is 

paraded by an annual plant as well as a part of a plant. These primary phases can 

usually be detected during the growth of a crop plant. 

1. Logarithmic phase: In this phase, the growth rate is slow at first but continuously 

increase.  

2. Linear phase: In this phase, increment in size proceeds at a steady rate. The crop 

gains more weight during this phase than in any other phase. This phase should be 

manipulated. If temperature becomes cooler, this phase prolongs. 

3. Maturity / Senescence phase: It is described by a declining development rate 

due to plant maturity and subsequent senescence. Temperature dominates than any 

other factor. The whole cycle is called entire ontogeny of crop or crop development 

sequence while the study of plant developmental stages in relation to the timing of 

calendar is called crop phenology.  
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Figure 2.1: Crop growth curve showing three phases of growth  

2.1.1 Weather and Climate 

 Weather is extremely variable hour by hour, minute by minute or even second by 

second e.g. solar radiation may change in few seconds, air temperature may 

increase or decrease in an hour, a spell of hot dry sunny weather may change by a 

dull, wet, cool weather. Climate is the weather configuration of a specific site for 

longer period. Landmasses, prevailing wind patterns, bodies of water, altitude, and 

the latitude influence the climate. The soil of an area is greatly dependent on the 

climate. Climate is somewhat persistent characteristic of an area. Crops and 

landscape plants that thrive under one set of climatic conditions may not grow well 

under another. 

According to climate, Pakistan is divided into five zones know as climatic zones of 

Pakistan: 

i. Tropical semiarid climate with mild winter: Mean annual temperature 

exceeds 18oC, Karachi, Hyderabad and southern Khairpur. 

ii. Subtropical semiarid Climate with distinct short winter: Mean annual 

temperature is 18oC, Northern Khairpur and Southern Kalat to D.I khan and 

whole Indus Plain from Lahore to Rawalpindi. 

iii. Temperate semiarid (dry temperate) climate with dry summer: Mean 

annual daily temperature is less then 18oC, Northern Kalat, Southern KPK and 

Azad Kashmir and Zohb, Quetta. 
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iv. Moist temperate climate with cool winter: Winter temperature as low as -

100C, summer temperature is 10-22oC, Central KPK and Azad Kashmir and 

Northern hilly areas of Punjab. 

v. Alpine climate with severe cold winter: Every summer temperature is      0-

10oC, Gilgit Baltistan, Chitral, Northern Kashmir. 

 

2.1.2 Weather and crop growth  

 Crop yield is the consequent of a series of morphological, physiological and 

biochemical processes taken place during plant’s growth and development. A crop 

consists of a number of components i.e. the size, number and nature of initial seed 

buds, functioning and growth of crop plants during their ontogeny and the 

environment in which these events occur. The interplay of these components and 

their resultant (yield and quality) is our main concern. 

 In 1960s to early 80s, significant changes in instruments took place with this study of 

weather and crop growth becomes functional and easy. In 1914-20, some scientists 

measured final yield of crops and they try to explain and analyze yield in relation to 

weather by taking regional weather data. Then different techniques were developed 

and week to week leaf area and dry weight data were collected. Several attempts 

have been made to examine the physiological implications of variability in physical 

environment. The gross effects of environment on vegetation have been analyzed by 

a number of ways: 

1. Lawes and Giebert (1880) correlated the yield of wheat with monthly mean values 

of rainfall and sunshine. 

2. Growth analysis in terms of quantities such as net assimilation rate and relative 

growth rate is more discriminating tools. 

3. Within the last 30 years, the development of instruments allows the physiological 

responses to a changing environment to be analyzed hour by hour or even minute 

by minute. The most important of these is IRGA (infra-red gas analyzer). Now, minute 

by minute even second by second analysis is possible. 

Weather factor is much more important in determining final crop yield. To establish 

causes of variation in yield, regular data should be established of environmental 

influences on crop on daily basis. 

The development which in the advancement of plant from germination to 

development goes through a progression of stages and all these stages are 

influenced by weather conditions. 
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Example: Sowing to emergence is a phase duration which depends upon 

temperature. This duration can be analyzed. When we measure the days taken to 

complete this phase say 10 days, the rate of development will be reciprocal to this 

i.e. 1/10 =0.1 day-1. This means that the rate of development of this phase proceeds 

at the rate of 0.1 unit per day. This rate of development is mainly determined by 

temperature. When we combine temperature with time, it is called thermal time i.e. 
oC days. If temperature is high, normal phase will take less time and vice versa. Thus 

temperature is a dictating factor affecting rate of emergence.  

2.1.2 Influence of weather factors on crop growth 

Weather is the aggregate of the radiation (light), temperature, wind, relative humidity 

and rainfall of a particular location for a particular time may be a day, week, month 

or season. The weather pattern generally repeats itself year by year.  

1. Radiation: Plants take radiation as energy source for photosynthesis. 

Photosynthesis is the only mechanism of energy input in to the living world. The 

photosynthesis is driven by radiation. Light has a wavelength and particle nature. 

The total irradiance received by atmosphere of earth is 1360 J m-2 s-1 that also 

contains ultraviolet and infrared wavelengths. As this radiation moves through the 

atmosphere to globe’s surface, considerable portion of the radiation component is 

lost by absorption and scattering caused by water vapors, dust, CO2 and ozone so 

only 900 J m-2 s-1 reach plants. Of this, about half is in the infrared, 5% is the 

ultraviolet and the remaining (approximately 400 J m-2 s-1) has wavelength of 400-

700 nm called photosynthetically active radiation (PAR) as it is only part of radiation 

that carries out photosynthesis, 

The particle nature of light is expressed in the statement that light comes in quanta 

or photons, the discrete packets of energy. The photosynthetic reaction is as follows: 

6CO2 + 6H2O                       C6H12O6 + 6O2 

Photosynthesis can be divided in to 3 processes: 

1. CO2 diffusion from aerial environment in to leaf 

2. Capture of light by chlorophyll in light reaction 

3. Dark reaction (assimilation of CO2 in to CH2O) 

Response of photosynthesis to CO2 and temperature at different irradiance 

levels: 

There are three types of photosynthetic responses to different irradiance levels 

(Figure 2.2): 

1. At low irradiance, the photosynthesis is limiting and the rate is dependent on the 

amount of radiation absorbed by the chloroplast and is unaffected by the temperature 
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and CO2 concentration (Line I). Crop leaf area is less in early growth stages, 

therefore light interception by leaves is less so radiation becomes limiting but in later 

growth stages, leaf area increases, then light interception increases and CO2 and 

temperature becomes limiting factor. 

2. As radiation increases, CO2 supply becomes more important and eventually may 

be limiting (Line II). 

3. At high radiation received and higher CO2 concentration, temperature becomes 

limiting factor. Thus an increase in temperature from 20 to 30oC may produce 50% 

increase in rate of photosynthesis (Line III). 

The influence of temperature in early part of growing season is minimum but 

temperature effect in terms of increase in leaf expansion increases photosynthesis 

by enhancing leaf area. Rise of 1oC temperature enhances 1% light interception. 

Thus 0% productivity is increased which is consequence of leaf area expansion. 

 

Figure 2.2: Response of Photosynthesis to CO2 concentration and temperature at 

different irradiance  

The irradiance level at which CO2 uptake due to photosynthesis just becomes equal 

to the CO2 evolved due to respiration i.e. the carbon exchange rate between plant 

and ambient air becomes zero, is called light compensation point. The irradiance 

level beyond which there is no significant increase in photosynthesis occurs is called 

light saturation point. 

2. Temperature: Temperature affects the biochemical processes through affecting 

the stability of enzymes. At optimum temperatures, the enzymes and activity of 

enzyme systems remain stable for longer periods of time. At lower temperatures, the 

enzymes stability is not affected but these become non-functional whereas at very 

high temperatures, enzyme stability as well as activity is destroyed due to their 
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denaturation. Within certain temperature ranges, increases in temperature increases 

the rate of biochemical reaction whereas decreases in temperature result in retarded 

enzyme activity and reduced rates of biochemical reactions. The term temperature 

coefficient (Q10) is shows the influence of temperature on rate of biochemical 

reaction. 

Q10 = (rate at temperature T + 10˚C) / (rate at temperature T), 

Where, T = temperature in ˚C. 

A Q10 of 2 indicates that the reaction rate doubles with a 10°C increase in 

temperature. Non-enzymatic reactions have a Q10 of about 1.2, but enzymatic 

reactions generally have a Q10 of 2 or more. Between 0°C and 30°C, respiration 

usually has a Q10 of 2 to 3. Above 30°C, respiration declines because of heat 

inactivation of enzymes.  

Cardinal Temperatures: Every physical and chemical process in plants is influenced 

by temperature. Three general cardinal temperatures for plants are recognized i.e. 

minimum, optimum, and maximum. Cardinal temperatures for plants vary with 

species (e.g., temperate versus tropical, and cool season versus warm season), 

stage of development (young tissue is usually more temperature sensitive than older 

tissue), tissue (flower bud is more sensitive than vegetative tissue), physiological 

process (e.g., germination, photosynthesis, respiration), and environmental factors 

(e.g. lower relative humidity increases tolerance to higher temperatures because the 

heat is dissipated as long wavelengths more efficiently at lower relative humidity). 

Optimum Temperature: It is defined as the temperature where response of plant 

(often overall growth or flowering) will occur most rapidly. Plants often do not have 

one optimum temperature, but instead have a range of temperatures. For instance, 

temperate plants generally have optimum temperature for growth between 25 to 

30°C, whereas the optimum temperature for tropical plants is generally between 30 

to 35°C. The optimum temperature for cool season crops varies between 15°C to 

25°C whereas for warm-season crops between 25°C to 35°C. Moreover, the 

vegetative and reproductive processes within a plant also differ in their optimal 

temperatures. For example, optimum temperatures for most of the reproductive 

processes in plants are at least 5°C lower than for the vegetative processes.  

Maximum Temperature: Maximum temperature is defined as the temperature 

above which response of plant becomes inhibited. For instance, most temperate 

plants have the maximum temperature for growth in the range of 35 to 40°C, whereas 

the maximum temperature for tropical plants is about 45°C.  

Temperature effects on photosynthesis and respiration: When all is said in done, 

as temperature increments over a particular range, the pace of photosynthesis 

increments if different variables are not restricting. This expansion is straight over 
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lower temperature ranges, yet the photosynthetic rate begins to decrease once again 

higher temperature ranges. The temperature range over which the highest 

photosynthesis rate is observed is called optimum temperatures. Optimum 

temperatures are generally higher for tropical plant species than those for temperate 

plant species and plants that are adapted to grow during hot summers (mostly C4 

plants) have higher optimum temperatures than those growing only during winters or 

springs (mostly C3 species). That is why, plants acclimated to less temperatures keep 

up higher photosynthetic rates in cold conditions than those growing under elevated 

temperatures. As a general rule, photosynthetic rate increase with increase in 

temperature until this rate is limited by stomatal closure, increased respiratory and 

photo- respiratory rate, or enzymes denaturation that occurs at very high 

temperatures.  

 Respiration is the vital process of energy release from storage products which is then 

used by both the animal and plant. Without respiration, there is no existence of life. 

The Q10 for respiration rate in case of most of the plants is between 2 and 2.6. 

Photosynthesis and respiration are competing processes in plants, but 

photosynthesis rates are generally 6 to 20 times higher than respiration rates. The 

net effect is that plants fix more CO2 through photosynthesis than they lost through 

respiration. The difference between photosynthesis and respiration is called net 

photosynthesis. Net photosynthesis is important because the plant growth occurs by 

using the products of net photosynthesis as substrate. Elevated respiration rates with 

respect to photosynthesis at high temperatures are more impeding in C3 plants than 

in C4 or CAM plants on the grounds that paces of both dark respiration and 

photorespiration are expanded in C3 plants. That is why; the C4 and CAM plants 

generally have more optimum temperatures for photosynthesis than C3 plants, 

mainly due to low photorespiration rates in C4 plants. Be that as it may, respiratory 

CO2 misfortune likewise enhances with increment in temperature, and this is 

increasingly articulated for the chemical reactions for photorespiration. This is 

because; temperature increase tends to raise intracellular O2:CO2 ratio that naturally 

increases oxygenating activity of Rubisco enzyme leading to enhanced 

photorespiration rate. For C3 plants the stimulating impact of a temperature rise is 

almost adjusted by expanded breath and photorespiration, therefore optimum 

temperature range for these plants often exists between 15 and 30oC. Because 

photorespiration is of less importance in C4 plants, they often have photosynthetic 

optima in the 30 to 40°C range.  

The temperature compensation point is the temperature (often a high temperature) 

at which photosynthesis just adjusts breath (net CO2 trade is zero). Above the 

temperature compensation point, a considerable portion of CO2 fixed is lost through 

respiration, resulting in a net loss of stored carbohydrates explaining the adverse 

effects of heat stress on plant growth. The temperature compensation point is 

generally less for leaves that developed in the shade compared to leaves that 
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developed in light. Besides effects on rate of plant growth, temperature has a role in 

modifying the important physiological processes (e.g., vernalization and seed 

dormancy). Temperatures can also affect dry matter portioning within the plant. 

3. Atmospheric humidity: Humidity refers to water vapors content of the 

atmosphere. Liquid water is converted into water vapor by evaporation for which 

necessary energy is provided by solar radiation in the form of temperature. Higher 

the temperature more will be the quantity of water vapor held by the atmosphere. 

The air is said to be saturated when it holds maximum amount of water vapor at a 

particular temperature. 

The quantity of water vapor held in atmosphere at any particular temperature at any 

particular time is expressed as relative, absolute, or specific humidity. 

Absolute Humidity (AH): It is the absolute or actual quantity of water vapor by 

weight present in a given volume of air, e.g. if 2 cubic meter of air contains 10 g of 

water vapor, then absolute humidity is 5 g/cubic meter. 

Absolute humidity =  
Mass of water vapor

volume of air
 

Specific humidity (SH): It is the weight of water vapor per unit weight of air (including 

water vapor). It is expressed as grams of water vapor present in kg of air, e.g. when 

the weight of air sample including water vapor is 4 kg and the weight of water vapor 

is 20 g, the specific humidity is: 

SH = Weight of water vapor / weight of air including water vapors 

Specific humidity (SH) =  
Mass of water vapor

weight of air including water vapor
 

SH = 20/4 = 5 g/kg 

Relative humidity: It is the ratio of mass of water vapor in the air to the mass of 

water vapor needed to saturate it at a particular temperature and pressure. It is 

denoted as the percentage or ratio, e.g. when the water vapor required for saturation 

of a parcel of air is 50 g and the amount of water vapor present is 40 g, the relative 

humidity is: 

Relative humidity (RH)  =  
Water vapor′s mass in air

water vapor required for saturation
 × 100 

RH = 40 / 50 X 100 =80% 

When RH is 80%, it means that there is deficit of 20% water vapor for saturation of 

air. Evaporation from soil and transpiration by plants continues to fill the deficit. It 

indicates that if RH is low or deficit is more, there is possibility of more evaporation 

and transpiration. Therefore, the parameter RH is widely used in agriculture and 

meteorology compared to absolute and specific humidity. 
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4. Precipitation: Precipitation is the procedure by which consolidated water vapors 

from air tumbles to the world's surface. It can likewise be characterized as the water 

or solid structures, falling on the earth. The normal types of precipitation are 

downpour, shower, day off hail. The most common form of precipitation is rainfall. It 

is framed when cloud beads in enormous numbers are caused to mixture into drops 

too huge to even think about remaining suspended in air. Droplets less than 0.5 nm 

in diameter make a drizzle. When vapors condense directly into tiny crystals of ice at 

temperature below freezing point through the process of sublimation, the ice crystals 

may fall down to earth as powdery mass or flakes of snow. This form of precipitation 

is called snowfall. It mostly occurs in winter in middle and high latitudes and high 

mountainous regions. Hail consists of large crystals of ice that are called as hail 

stones. Hail stones of 0.5-5 cm diameter damage the crops. 

5. Wind: Wind blows in horizontal motion with respect to earth’s surface. It blows the 

belts of high pressure to the belts of low pressure and also transfers energy, heat 

and water vapors. Wind id defined as the horizontal motion of air in response to 

pressure gradient force. Air moving landward during the day in response to pressure 

gradient from higher (sea) to lower pressure (land) constitutes the sea breeze. Air 

also moves in land to sea as a land breeze during night. The earth rotation produces 

another force called the criolis force which tends to turn the flow of air. Thus the wind 

direction gets deflected rightwards in northern hemisphere and leftwards in southern 

hemisphere.   

 

2.2 Climate Change Impacts on Crops 

 Quickening pace of environmental change has compromised rural framework and 

nourishment security in world particularly in South Asian countries like Pakistan. 

Exceptional extreme climate occasions and elevating temperature are extremely 

damaging to crops, resulting in short-run the crop failure and in long-run food security 

at stake. Series of experiments were conducted under different weather conditions 

on wheat, maize and sunflower to access the impacts of climate change using crop 

simulation models. Model calibration under DSSAT (decision support system for 

agro-technology transfer) has been utilized to predict the changes in crop productivity 

in response to climate change. Daily weather data (solar radiations, rainfall sunshine 

hours, maximum and minimum temperature) of last 30 years were used as input in 

model. Soils of different places were analyzed and given as an input in the model. 

CERES-wheat model predicted that when CO2 concentration would increase from 

present 390 ppm to 550 ppm, there would be enhancement in grain yield (3-7%) and 

total dry matter (4-7%). It also predicted that 1oC rise in temperature would decrease 

crop duration (10 days) resulting in overall yield reduction of 1.2 million tons at 

national level. In maize, higher CO2 concentration would not adversely affect the crop 
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duration. But due to 0.9 to 1.8oC increased temperature, crop would suffer acutely 

with 12-16% loss in yield. Sunflower showed achene yield reduction up to 12-15% 

and 20% at elevated temperature of 1oC to 2oC, respectively.  Model additionally 

recreated that with rising temperature, sunflower yield would increment in very much 

inundated and wet locales (Gujranwala). In any case, in hot conditions (Multan), yield 

would endure harshly. 

 Agricultural productivity is threated by climatic change through agricultural food 

sector, prices, trade pattern and employment. Impacts of CO2 advancement without 

related changes in atmosphere would most likely be helpful for farming. Higher 

temperatures, be that as it may, could build the pace of microbial deterioration of 

natural issue, antagonistically influencing soil richness over the long haul. 

Additionally the temperature increments may expand the geographic scope of some 

creepy crawly bothers as of now constrained by temperature. Effect of atmosphere 

changes related with a dangerous atmospheric deviation demonstrates that higher 

temperatures by and large hurry plant development in yearly species, along these 

lines shortening the development phases of harvest. Tropical areas seem, by all 

accounts, to be more helpless against environmental change than calm locales. The 

impacts of expanded bright B (UV-B) radiation are likewise of incredible concern. 

Increments in UV-B radiation decrease Due to rise in temperatures during vegetative 

and reproductive growth periods of crops, the crop yields are drastically reducing in 

warmer regions. However in the in colder regions of the world, crops are enjoying a 

favorably longer growing period thus crop yields are little bit increasing. For instance, 

the rapid shoot-up of temperature during the month of March hastens the wheat 

maturity in Pakistani Punjab that resulted in shriveled grain and reduced yield. But in 

the northern areas of Pakistan i.e. Gilgit, Swat, Hunza, Malakand and AJK, the yields 

of wheat, rice and maize showed an increasing trend due to longer summer season. 

Moreover, the high rainfalls near wheat maturity causes crop lodging that impaired 

crop yield as well as quality of crop produce.    

2.2.1 Effect on animal and crop diseases 

 The climate change imposes modifications in the life cycles of micro-organisms, fungi 

and insects. That is why; the management tactics that were previously applied to 

cope with the outbreak of animal and plant diseases have become somewhat 

wasteful. The heavy rains during the reproductive phases of crops such as wheat are 

causing severe infestation of diseases such as rusts. Similarly, the insect-pest attack 

and disease infestation in summer season crops drastically increase due to 

occurrence of high temperatures and humidity. The outbreak of animal diseases is 

also increasing due to heat waves. 

2.2.2 Effect on soil fertility  
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The soil health and crop yields are declining due to decline in population of nitrogen 

fixing bacteria in soils. Similarly, the quick organic matter decomposition in soil and 

volatilization of nutrients happen due to high temperatures that result in loss of soil 

fertility.  

2.2.3 Reduced population of beneficial insects 

The yields of cross-pollinating crops are declining due to reduced population of 

pollinating insects. The honey production is also affecting due to migration of honey 

bees to high altitudes on account of high temperatures in plain areas.  

2.2.2 Effect on glaciers 

High temperatures are causing rapid melting of glaciers that are affecting the people 

living in hilly areas as well as those settled near river banks. This is due to fact that 

rapid glaciers melting is resulting in frequent floods. Moreover, the rapid flow of rivers 

in seas is increasing the volume of seas and oceans thus storms have become more 

frequent.   

 

2.2.3 Mitigation and adaptation strategies 

The measures that are aimed at minimizing the pace of climate change on earth are 

categorized as mitigation strategies whereas steps that are taken to cope with the 

present scenario of climate change are called adaptation strategies. The former are 

long-term measures that need to be adopted by the nations but latter are short-term 

immediate measures. Through adopting different     mitigation and adaptation 

strategies in agriculture, the scientists and farmers may become able to get higher 

animal and crop yields under present situation of climate change. Few of them are:   

1. Genetically improved genotype 

2. Changing the sowing time 

3. The country like Pakistan needs to construct a new dam after every 6-7 years 

if he wants to sustain his economy. In Pakistan, experts have identified at least 

nine sites where dams could be built and each of these would have over 

60,000 megawatts power generation capacity.  

4. Empowerment of institutions that are related to environment  

5. Reduced GHG emissions: The increased afforestation and reduced 

deforestation are important in reducing CO2 gas emissions by prompting 

carbon sequestration. Moreover, the agricultural practices like burning of crop 

residues should be avoided. The crop production system like puddled paddies 

that are resulting in methane emissions need to be replaced with non-puddled 

rice growing systems.  
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6. Efficient rural and industrial livestock and dairy industry: The animal 

wastes should be properly disposed-off in the form of farm-yard manure or can 

be used for making biogas. It will result in reduced GHG emissions from animal 

wastes. 

7. Trainings should be imparted to farming community for creating awareness 

among them regarding climate change and adaptation strategies against it. 

8. Conservation and management of lands and water: The soil and water 

conservation practices should be adopted so as to reduce land degradation 

and improve water saving. 

9. Fertilizer management: The precise use of fertilizer results in saving money 

as well as environment. The timing and method of fertilizer application should 

be such that results in minimum nutrient losses through volatilization, leaching 

and denitrification. 

10. Crop residue management: The burning of crop residues should be avoided 

and there should be proper incorporation of these residues in soil.  

11. Other farming practices: Reduced tillage, crop rotations, sowing high 

yielding crop varieties, rationale use of pesticides, controlled / managed 

livestock grazing, promoting agro-forestry systems are the other management 

practices that can result in reduced GHG emissions thus may be helpful in 

minimizing the rapid pace of climate change and global warming.  

 

2.3 Global Warming (Greenhouse Effect) 

The phenomenon is similar to that of glass house effect. Solar radiation which 

reaches to the earth surface from sun in absorbed by land, oceans, vegetation, and 

transformed into infra-red radiations. A portion of the infra-red radiations produced 

from earth's surface go through the air and some are consumed and re-discharged 

every which way by the ozone depleting substance particles. The impact of this is to 

warm earth's surface and lower environment and is called greenhouse effect. The 

earth system remains in thermal equilibrium which means solar radiation energy 

entering from outer limits of the atmosphere is balanced by the same amount of total 

radiation energy leaving the atmosphere. Therefore the net radiant energy remains 

zero. Under the presence of greenhouse gases in the atmosphere at their normal 

concentrations, the average earth’s surface temperature remains around 15oC. It is 

also a fact that the absence of atmospheric greenhouse gases would simply result in 

drop of average temperature at the earth’s surface to about 18oC. Therefore, some 

concentration of greenhouse gases is essential for life on earth. However, when the 

concentration of these greenhouse gases occurs, there would be a rise in 

temperature of the atmosphere and resultantly additional global warming happens. 
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For instance, a temperature increase of 1.5 to 5.5oC is simulated as a result of a two 

fold increase of ambient CO2 concentration. Similarly, scientists are predicting that a 

rise of 10oC in atmospheric temperatures would tremendously affect our environment 

resulting in melting of glaciers, raised ocean levels, and decreased food supply due 

to reduced crop production. 

Greenhouse gas is defined as a gas that absorbs significantly the infra-red or long 

wave radiations emitted by earth and its atmosphere. Due to more fire-burning 

through fossil fuels (wood, coal, oil, natural gas and gasoline), the concentration of 

greenhouse gases is building up in atmosphere. This results in increase in 

temperature of our climate and is called global warming. Global warming is known to 

affect life on the earth in a number of ways. Since the advent of industrialization in 

1880, slow yet gradual enhancement in global warming has been observed on this 

earth.  

2.3.1 Greenhouse gases: There are some gases of which CO2 is most important 

e.g. N2O, chlorofluorocarbons (CFCs), ozone (O3), hydrofluorocarbons (HFC), and 

water vapor. These are called greenhouse gases. Radiations trapped by greenhouse 

gases range in 14000-25000 nm. The contribution of CO2 is 50% in greenhouse 

effect, CFCs have 17%, methane 19%, O3 8%, N2O 4%, and water vapors 2%. The 

major sources of greenhouse gases emission are burning of fossil fuels, automobile 

exhausts, deforestation, and discharge from various industries. The description 

about major greenhouse gases is given below: 

1. CO2: Sources of CO2 are emission from fossil fuels which is 20×109 tonnes and 

by deforestation is 5.5×109 tonnes whereas it sinks are oceans and 

photosynthesizing plants. About 5.5×109 tonnes are taken up by oceans and 7.3×109 

tonnes is absorbed by photosynthesis. Anthropogenic increase of CO2 is 30% to the 

environment. The net increase in CO2 is 12.7×109 tonnes which remains present and 

cannot be utilized. Average residential time is 500 years. Present day level of CO2
 is 

380 ppm in atmosphere which was only 280 ppm before 1850, an era before 

industrialization. In industrial revolution, many countries such as UK, France and 

Germany are involved.  

2. Methane: Sources of its emission are rice cultivation fields, cattle and sheep 

farms, decay of landfills, organic farming procedures, solid wastes disposal and 

mining. 

Its anthropogenic increase is 145% and residential time is 7-10 years. 

3. N2O: Fertilizer and chemical industries are major sources. Anthropogenic increase 

is 15% and average residential time is 140-190 years. 

 

2.3.2 Predictions about greenhouse effects: 
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1. Flooding: Melting of polar ice caps is resulting in raised sea level. Melted area on 

Green land has been increased up to 70 m in 5 years. 

2. Ozone Depletion: Ozone hole has become of size equal to USA. 

3. Temperature anomaly: Temperature increase is 3-4oC per year due to global 

warming, Temperature anomaly (increase of decrease in temperature from average 

temperature at a place) is also increasing from 1850 to 2000 and year 1999 was the 

5th warmest year on record and its temperature anomaly was +0.33oC. 

4. World food production: Wheat growing zones in the northern latitude will be 

shifted from Russia, Canada towards the poles. Subtropical forests have spread from 

the south into more temperate areas with milder cool climate. 

5. Desertification: The 80% of Australia is now converted into desert. Similar 

conditions in China. The area of Sahara desert has been increased. The main 

phenomenon working there is more fertile soils are converting into less fertile soil as 

land dries up. 

6. Disturbed food chains and food web: The drainage of nutrients from lands 

towards sea has disturbed food chain and food web. If upper layer of ocean becomes 

warmer, vertical circulation of nutrients from deep sea to upper sea level reduces. 

 

2.3.3 Scenario of temperature with different ages: 

1. The 3 billion years ago, there was no oxygen (O2) into the biosphere and sun was 

25% less bright than present day level But CO2 blanket was 200 times greater  and 

denser than today level. 

2. About 100 million years ago, temperature was 3-6oC warmer as compared to today 

level. There were no polar ice caps. 

3. In the ear of dinosaurs, there was 4-10 tonnes higher CO2 level than today level. 

4. About 18000 years ago, that was known as ice age, most of the earth surface was 

covered by ice (polar ice caps, glaciers) and temperature of overall biosphere was 

2oC cooler than today level and CO2 level was 60% of today’s level. 

5. Then 60 years ago, there is again increased level of CO2 and temperature has 

been increased from 1 to2oC. Ecosystem and rainy seasons have been changed. 

Some deserts have been created and there are uncertainties have been emerged 

with respect to environment. 

2.3.4 Measurement of global warming:  

There are many procedures of measuring global warming but the most commonly 

used method was through measuring the temperatures of ocean water that is 
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considered directly proportional to global warming. Temperature of ocean is 

measured with speed of sound within water. More the speed, more will be the 

temperature and more global warming. Walter Munch was the team leader of USA 

and the central station was Heard Island, Australia and there were 8 different places 

selected all over the world i.e. Antarctica, Bermuda Triangle, San Francisco, South 

Africa, India, Australia, New Zealand and Canada. Heard Island is directly connected 

through sea to all these places and the distance of each place is accurately known. 

At 250 m depth, noise signals were sent to all eight places and time in seconds was 

noted to reach signals to different places. It has been noted that normal speed of 

sound in water is 1.609 km per second. It has been noted that this time tends to 

decrease each year. It has been predicted from this research that with the present 

day level of global warming, the time taken for sound to travel is reducing 0.25 

seconds per year. It means that 4oC temperature is increasing per year. The after 

effects of this global warming are incidence of different diseases such as cancer, 

cataract, and catastrophes like tropical storms. The probable solutions to the present 

situation are: 

1. Reduce industrialization, automobile exhausts etc. 

2. Refrigeration agents use should be reduced. 

3. Paint brush use instead of sprays. 

4. Forest fires and deforestation should be minimized. 

5. Afforestation should be promoted. 

 

2.4 Crop Growth Modeling: 

2.4.1 Model and crop growth modeling: A model is defined in various ways: 

A mathematical expression of an actual world system which represents the behavior 

of this system is called model. 

Crop Growth Modeling (CGM) is defined as the crop growth simulation through 

mathematical assimilation of its vital processes with the aid of computer. Crop 

simulations are now being used in agronomy for research, crop management and 

education. 

2.4.2 Applications and uses of CGM in Agriculture: 

The CGMs have been widely used in agriculture and especially agricultural 

meteorology under following situations: 

1. When growers have difficulty in growing crops poor soils and under harsh and 

risky climates. 
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2. Predicting crop yield outputs in new regions.  

3. When scientists and researchers have difficulty in finding solutions of complex 

problems associated with weather, soil and crop management aspects. Under 

these conditions, models provide an integrated approach to tackle with this 

problem. 

4. When policy makers and administrators need some tool for devising short term 

as well as long term administrators policy regarding agriculture. 

5. Predicting future climate scenario. 

1. Decision making about applying any agronomic practice: 

Models provide guidelines for choosing best option, regarding agro-management 

decision to farmers these include: 

1. Determining optimum sowing date, cultural and input management. 

2. Determining best choice of cultivars. 

3. Evaluate weather risk while performing farming practices. 

4. Investment decisions (estimation of benefit-cost ratio).  

5. Yield gap analysis. 

2. Predicting crop performance: 

If we want to introduce a crop in nay new region, models help us in predicting the 

performance of that crop there. So models are helpful in designing national 

agricultural policy especially in developing countries.  

3. Conducting research: 

i. Testing scientific hypothesis: It is the basic objective of any type of research. 

The CGM act as mathematical tools helping in analyzing the experimental data thus 

used for testing the hypothesis.   

ii. Highlight missed information: Simulation models increase over understanding 

about the real system thus help us in bringing bridging up gaps in areas and level of 

knowledge about the real system.  

iii. Organizing data: The CGM integrate all types of crop experiments data including 

those related to soil, climate, cultivar and crop management that is not possible 

through any statistical software.   

iv. Integration across the disciplines: Simulation modeling efforts are inter-

disciplinary in nature. 

v. Assist in genetic development: Simulation models helps in assessment of traits 

which are best suited to survival and reproduction in stressed environment in winter 

cereals. Therefore, crop models provide breeders the ideotypes for different 

environments. A set of morphological and physiological plant traits suitable for 
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changing environmental conditions are powerful tools provided by CGM for future 

crop improvement program.  

4. Policy making: 

It is one of the very useful applications of CGM. Crop growth models give expected 

yields under changing scenario of global (climate change) and field level (soil fertility 

and quality) issues. Specific models have been designed aiming at helping scientists 

working in various parts of world for the early warning of famine or surplus production 

conditions. Thus policy makers could make necessary steps towards future import or 

export of food items in the country.  

5. Predicting future climate scenario: 

Crop models help us to understand the possible impacts of climate change on crops. 

These are: 

i. Consequences of CO2 levels. 

ii. Crop yield as influenced by dynamics in temperature and rainfall. 

Ultimately breeders can anticipate future requirements based on climate change. 

2.4.3 Models used in agro-meteorology: 

1. The DeWit models: 

In 60’s, it was the first time when crop photosynthetic rates were translated in the 

form of models. Then in 1970, Elementary Crop Growth Simulator (ELCROS) model 

was developed. 

2. IBSNAT (International Benchmark Sites Network for Agro-technology Transfer) 

and DSSAT (Decision Support System for Agro-technology Transfer) models: 

The IBSNAT was designed in 1982. The major product of IBSNAT was model named 

as DSSAT. The DSSAT V.4 is the cropping system model (CSM). It was developed 

to access growth and yield a crop on temporal scale and many more. 

DSSAT-models: 

1. For cereals: Ceres-wheat, Ceres-maize, Ceres-rice, Ceres-sorghum, Ceres-

barley, and Ceres-millet. 

2. Grain legumes: Chickpea, soybean, dry bean, peanut, . 

3. Root crops: Potato, cassava 

4. Other crops: sugarcane, sunflower, Tomato, pasture etc. 
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2.4.4 Parameterization/Execution of a crop growth model:    

Six types of input files are required to run the model (Figure 2.3). 

 

Figure 2.3: Schematic diagram of running a CGM 

2.5 Effect of Radiation and Temperature on Yield Quantification in 

Field Crops 

Environmental factors are of prime importance to the success of crops. It is therefore 

important to take full advantages of plant-weather relationship. For example, solar 

radiation represents a primary energy to a growing system. Three important aspects 

of radiation effects are intensity, duration and quality (wavelength). These three 

parameters affect the yield of crop plants. Temperature also has significant effect on 

ontogenic development of crop. Details of both air and soil temperatures are 

essential in determining the suitability of crop to a particular environment. Rainfall 
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and its distribution throughout the year are two important weather characteristics for 

assessing a region for agricultural capabilities. Also, knowledge of up-to-date of 

rainfall is important in determining the requirements for irrigation. 

The objective of discussion is to have a knowledge about the factors of environment 

affecting growth and yield of wheat crop especially temperature, radiation and 

drought and to develop or manage the husbandry practices in such a way that a 

farmer can reap the full benefits from weather factors. 

2.5.1 Environmental and physiological control of yield in case of wheat: 

The three main phases of wheat growth that determine the final grain yield of crop 

are tillering, ear growth and grain growth. A brief discussion about effect of min 

environmental factors on these three phases has been given below: 

A. Tillering: Two aspects of tillering are important: 

i. Tillers are important as they determine the plant population in cereals. More the 

plant population, more will be the canopy coverage and more leaf area. Thus we can 

say that number of tillers determine the leaf area of crop. More leaf area, more will 

be the light interception, more photosynthesis and higher crop growth rate. Therefore 

higher number of total tillers intercept more radiation and hence responsible for much 

of the growth that occurs. 

ii. Some of the tillers that are being producing ears are called productive tillers or 

fertile tillers thus increase the ear density for enhancing grain yield. 

Tillering and the environment:  

1. Effect of temperature on tillering: Tiller production will be slow under cool 

temperature but the tillers that are already produced, their survival becomes high and 

thus many tillers are formed productive at later growth stages. Conversely, the rate 

of tiller production increases at high temperature but size of ear is reduced. This 

phenomenon is attributed to reason that increasing rate of tillering is not 

accompanied by increasing rate of photosynthesis. Consequently, enhanced 

competition among growing tillers for limited photosynthates results in increased 

proportion of non-productive or low productive tillers. 

2. Effect of Radiation on tillering: Generally radiation (either through bright days or 

longer day lengths) favors both the tiller production and tiller survival. It has positive 

effects on relative basis. 

3. Effect of moisture on tillering: Availability of limited water supply to crop during 

the period between crop emergence to spikelet development results in reduced 

number of tillers and therefore reduces the final number of tillers per unit area. This 

is probably related with soil moisture deficit between these phases i.e. large deficit is 

associated with few ears and slow growth. Drought also causes tiller mortality.  
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B. Ear Growth: 

This is the time when growth and death of spikelets occur and the number of grains 

per ear is mainly determined. 

Environmental factors affecting ear growth: 

1. Effect of temperature on ear growth: Ear growth is strongly associated with 

temperature. Cold temperature increases spikelets survival and number of grains per 

ear. This is similar to conditions specified for tiller growth and survival i.e. at low 

temperature, more assimilates are produced during this development phase. 

2. Effect of radiation on ear growth: Large radiation received favors spikelet 

survival or usually associated with higher grains’ number per ear. 

3. Effect of drought on ear growth: Drought can decrease grain number per ear 

depending upon when it occurs i.e. drought from terminal spikelet production to 

onward may cause 15% decrease in grain number per ear. However, drought from 

heading to 14 days after ear emergence reduces the number of grains per ear up to 

50%. 

C. Grain growth (grain weight): 

This phase initiates from anthesis and continues till physiological maturity. Grain 

weight is determined from grain growth phase. Grain weight is resultant of rate of 

grain growth and duration of grain growth.  

1. Effect of temperature on grain growth: Grains of cereals grow faster at higher 

temperature and thus kernel mass falls at high temperature. Change in temperature 

at grain growth decreased kernel mass by 0.8 to 1.75 mg per oC. Research has 

shown that under irrigated conditions, kernel mass may increase by 8 mg than under 

stressed conditions. The effect of temperature under such conditions may be affected 

by sowing time, humidity and sunshine. When temperature exceeds 30oC for 

significant period of time, there will be decrease in grain size because rapid grain 

development is not accompanied by the faster rate of photosynthate supply.  

2. Effect of radiation on grain growth: Dull weather occurrence during grain 

development results in smaller grain mass as about 10% decrease in grain mass 

occurs with a decrease of light energy from 7.9 to 5.4 MJ m-2 day-1. Similar effects 

have been observed for shaded crops under field conditions. 

3. Effect of drought on grain growth: The degree and timing of drought condition 

determine its influence on grain growth. The period of grain filling is the main thing 

that is shortened by drought. Drought actually imparts little effect on grain growth. 

This is due to ability of crop plants to utilize photosynthate reserves of their own 

during grain filling that have previously been accumulated in the stem at. In dry 
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season, the stored reserves contribute to about 50% of grain dry weight. Under more 

arid dry climates, the available reserves are usually smaller. 

Conclusion: From the above discussion, it is clear that environment has a marked 

effect on the growth and yield of wheat crop during its ontogeny. If we manage crop 

husbandry in such a way that we have a command look over environmental factors 

which affect the crop, we can surely be benefited from it in terms of higher crop yields. 

 

2.6 Agronomic Practices for Improving Yield under High 

Radiation and Temperature 

Radiation is the driver of photosynthesis. Low light intensity reduces photosynthesis 

and also too much light intensity induces photo-inhibition of photosynthesis and even 

photo-damage to the photosynthetic apparatus in green plants called photo-

oxidation. When excess of excitation energy moves from light harvesting pigments 

to reaction center of photosystem, inactivation of reaction center occurs which is 

called photo-inhibition. As a result of photo-inhibition and photo-oxidation, the 

photosynthetic ability of crop plants is reduced or sometimes leads to end hence 

affecting the crop growth adversely and becomes a stress factor. This is termed as 

light stress or radiation stress. Photo-inhibition is of two types: 

1. Dynamic photo-inhibition which is more rapidly recovered and is principally 

associated with some energy dissipation process.  

2. Chronic photo-inhibition which is slowly recovered and is largely related to photo-

damage of photosynthetic apparatus. 

Photo-inhibition is different from photo-oxidation or photo-bleaching in which bulk 

loss of pigments takes place. Photo-oxidation is the destruction of light harvesting 

pigments as a result of accumulation of toxic compounds or O3 or H2O2 due to over 

production of energy in photosystem not utilized in dark reaction. Radiation stress 

due to high light intensity is most common under our conditions. Most crops are 

resistant, but when water status is not sufficient, then injuries are more common. 

Very few plants are able to use excess light. The C4 are better in utilization but require 

high water input which is low in our conditions. 

In wheat and other cereals, photosynthesis starts early in morning but reduces at 9 

to 10 am as light intensity increases, net photosynthesis decreases. At mid-noon, 

stomata are closed and net photosynthesis become negative. At about 5 pm, when 

light intensity decreases, then again photosynthesis starts. After sunset, plant again 

has negative photosynthesis. Under our conditions, productivity hours are only 4 to 

6. There are two types of damages by high light stress: 
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1. Primary strain: It is radiation induced heat stress that is more common in shade 

plants. Shortwave radiations (ultraviolet and X-rays) are more harmful than longer 

wave radiations like infra-red. Its symptoms area: 

i. Photo-oxidative bleaching: Loss of chlorophyll due to high light intensity because 

of photo-oxidation of chlorophyll. 

ii. Necrosis: It is localized death of cells and is most common form of high light stress. 

iii. Photo-inhibition: It refers to reduction in photosynthesis due to high light intensity. 

It occurs when light energy is very high, water is available and supplies electrons and 

releases H+ and OH-. Continuous production of NADPH and ATP is going on that 

should be immediately consumed by carboxylase enzyme. High NADPH may cause 

the production of singlet oxygen which is free radical and very reactive thus cause 

pronounced damage to all macromolecules. It also results in production of ROS as 

O3 and H2O2. 

2. Secondary strain: It is radiation induced drought stress due to excessive 

evaporation. 

High Temperature Stress: 

High temperature or heat stress is known to be the occurrence of ambient 

temperatures higher than threshold level for significant period of time that results in 

irreparable crop damage. It is considered to be an important environmental stress to 

crop production. Heat stress is caused by high leaf temperature or water deficit. 

Direct injury is in the form of protein denaturation and agglutination. The fluidity of 

membrane lipids also increases. However, indirect injury may occur due to enzymes 

inactivation, decreased protein synthesis and loss of membrane integrity. Due to high 

temperature stress the changes that may occur at the molecular level altering gene 

expression, there is accumulation of transcripts or formation of stress related 

proteins. 

Practices for Heat Stress: 

1. Irrigation supply. 

2. Soil mulching 

3. Soil enrichment with organic matter. 

4. About 50 -70% shade clothing.  

 

 

2.7 Agro-Climatic Normals of Field Crops and Their Role in Crop 

Distribution 
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Agro-climatic normal of a crop can be defined as the ranges of temperature, rainfall, 

humidity and other climatic factors that are considered optimum for the growth and 

yield of that crop and that are distinguished from sub-optimal or abnormal conditions 

due to their deviation in the form of excess or deficiency. Agro-climatic normal of 

crops have been elaborated below: 

1. Groundnut: 

It is tropical crop that can be successfully grown between 45oN to 30oS. The optimum 

temperature for its growth is 14-16oC. Temperature below 14oC causes reduction in 

its yield. A soil temperature of 23oC gives the highest yield. At appropriate 

temperatures, there is good stem elongation occurs and higher number of flowers 

and pods are produced. It requires rainfall between 75 to125 cm that is considered 

ideal for it. Groundnut demands 3 irrigations among which one must be applied at 

flowering / pegging. 

2. Cotton: 

This crop requires 4-5 months of high temperature i.e. a dry hot season having 

temperature of 28-45oC. The optimum temperature for its vegetative growth is 21-

29oC whereas for reproductive growth 27-32oC. If temperature becomes high during 

reproductive phase, then boll shedding and square shedding may occur. The cotton 

plant demands 8-9 sunshine hours, relative humidity more than 70% also causes boll 

and square shedding. Growth rate remains high at temperature above 25-30oC while 

temperature below 15oC results in growth retardation. During both the reproductive 

and boll opening periods that happen in months of September-November, the 

conditions in Pakistan usually remain 8 hours sunshine period and relative humidity 

below 70%, thus result in higher productivity of cotton. Cotton needs 8 irrigations 

throughout its growing period and 500-650 mm rainfall. The crop does not like 

excessive rains because lint quality is deteriorated due to high humidity and insect-

pest and disease attack was also high. However, during early growth stages, crop 

can grow on high rainfall. Best production of cotton is usually observed in years when 

autumn months remained dry i.e. rainfall ranges between 150-250 mm. Excess 

rainfall enhances vegetative growth but reduced reproductive growth. Higher 

humidity results in boll shedding, high disease and insect-pest infestation, top growth 

and delayed maturity, and deteriorated lint quality with its color affected. 

3. Sugarcane: 

Sugarcane is originated in hot and humid areas as it requires higher water supply. 

The mean temperature required for its germination is 30oC whereas for growth, it is 

35oC. Low temperature below 20oC reduces growth of sugarcane crop. A period of 

4-6 months with high temperature (30-35oC) afterward 6-8 weeks with cooler 

temperature is considered best for sugarcane maturity. In the months of May-June, 
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intermodal distance in sugarcane stem was observed to be less while in monsoon 

season, it was noted to be high.   

4. Rice:  

The mean temperature requirement for rice crop during its entire growth is 22oC while 

the lowest temperature is 15oC. If the temperature becomes less than this, vegetative 

growth is reduced and sterile spikelets are produced. The lowest temperature is more 

critical 10-15 days before heading. This crop requires 300 candles per m2 per day 

sunshine. Low sunshine hours during vegetative growth affect grain production while 

during reproductive stage, deteriorates production. Rice plant is hydrophyte and likes 

submergence in water at least 1.5 months in early crop stages. A rainfall of at least 

200 mm for ow lands while 100 mm for upland crop is required. Low daily mean 

temperature along with high solar radiation boosts its yield. Rice crop needs 16 

irrigations each of 4 acre inches throughout its growing period. Thus delta of water 

for this crop is 64 acre inches. During spike initiation, low water supply results in 

sterile or opaque kernals and also causes grain chalkiness. 

4. Wheat: 

It is a long day winter season crop. The temperature at its sowing should be 15-20oC. 

If temperature is less than 15oC, then germination is reduced. A high temperature 

during mid-March is detrimental for wheat crop as it is milking stage and high 

temperature during this stage causes grain shriveling. An average temperature of 

25oC and 9-10 hours of sunshine are needed by this crop. The highest temperature 

is 30-35oC. Wheat demands 2500-3000 tonnes of water for maturing one care crop. 

A minimum of 3 irrigations need to be applied to this crop, first at crown root initiation, 

second at tillering and third at milking. Shortage of water causes grain shriveling.  

5. Maize:  

The maximum temperature for maize crop is 34oC while minimum temperature is 

15oC. Temperature above 34oC causes yield reduction in maize. It requires 75 mm 

rainfall. This crop is sensitive to moisture and exhaustive C4 crop. The water 

requirement during its germination and ear formation is less compared to that needed 

during flowering. Silking / flowering is considered to be the most critical stage with 

respect to moisture stress.        

 

2.8 Climate Change Vulnerabilities in Pakistan’s Agriculture 

 Being an agricultural country, agriculture is sharing 24% to GDP, 70% to foreign 

exchange earnings, and greater than 47% of country’s population is getting their 

earnings from this sector. Like many other countries, Pakistan is also experiencing 

threats of climate change especially expressed as global warming. Global warming 
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associated with raised atmospheric CO2 levels at one side is benefiting crops, 

especially C3 crops to some extend but on another side is playing havoc with crops 

through very high temperatures and reduced precipitation or drought. According to 

Inter-government Panel on Climate Change (IPCC), global temperatures are 

increasing at the rate of 0.3oC per decade. In the present climate change scenario, 

there is prediction of 3 degrees rise in temperature by 2040. Moreover, up to 5-6 

degrees by the end of the century. Monsoon rains are expected to reduce drastically 

but will have a very much higher intensity. As a result, there is prediction of frequent 

droughts and floods throughout South Asia. There is an alarming situation of for 

whole of South Asia. According to International Food Policy Research Institute 

(IFPRI), among all parts of the globe, South Asia will be the most severely impacted 

by climate change. If such situation prevails, there will be 50% reduction in wheat 

productivity of South Asia by 2050. The Maplecroft, UK has ranked Pakistan at 

twenty-eight position amongst climate change affected countries. As 22 of those 

countries are in Africa, Pakistan is ranked 10th amongst countries outside Africa. 

Pakistan is has neighboring countries like Afghanistan that is at 4th position among 

climate change affected countries, and China and India that are emerging economies 

of world. Being agriculture supplier of Middle East, Afghanistan and most of the 

Central Asian Republics, the climate change impact on Pakistan’s agriculture is of 

greater concern all over the world. 

2.8.1 Issues arising from climate change: According to experts, following problems 

have been raised in agriculture within the country due to climate change:  

1. Reduced water availability: Due to reduced precipitation (rainfall, snowfall etc.) 

in the country, water availability has been decreased that is forcing famers to make 

changes in their cropping patterns and crop rotations.  

2. Reduced crop production: There is reduction in yields of staple food crops as 

well as cash crops. For example in southern parts of Pakistan, yields of major cereal 

crops are expected to reduce by 15-20%. However, in the northern area of the 

country, little bit improvements in yields may occur due to expansion in crops’ 

growing period. 

3. Decreased livestock production: A decline of 20-30% in livestock production is 

expected to occur that will create dearth in dairy and livestock products.  

4. Rangelands deterioration: Rangelands in the country are totally dependent upon 

rainfall. Due to reduced rainfall, these will be suffered from prolonged droughts thus 

human and livestock populations inhabiting rangelands will shift near rivers and hills. 

This will also shrink the tree and shrub cover. The forest cover in Pakistan is already 

very small (2.5%) thus Pakistan is considered forest/tree resource-poor country in 

the world.  
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5. Reduced inland fisheries: Due to reduced fresh water supply and altered river 

flow patterns, there is prediction of reduced fish production in the country.   

6. Severity in weed, insect-pests and disease infestation: Under the climate 

change scenario, the infestation of weeds, plant diseases, insects will become more 

severe, resulting in greater crop yield losses. 

7. Decrease in agricultural export commodities: Due to reduced production of 

fruits, vegetables and other cash crops, exports of Pakistan will drastically be 

reduced.  

8. Poverty enhancement: The farm related people will be suffered from poverty and 

malnutrition.  

9. Economy collapse: A stable growth rate in agriculture is required to sustain 

national economy. If we want to avoid economy collapse, present trends in climate 

change need to be reversed immediately through planning and implementation of 

environmental laws. A clear cut adaptation strategy therefore needs to be adopted. 

2.8.2 Strategies to tackle with climate change risks: 

The climate change threats solely in the Indus Valley have costs of billions of dollars. 

These threats are not harming over 100 million people living here but may indirectly 

play havoc with ever expanding population of 180 million people which is expected 

to expand up to 240 million by year 2035. High water demanding crops like 

sugarcane will no longer be feasible to produce here. Resultantly, sugar prices will 

reach more than double. The same will be the case with other crops. Keeping in view 

the present embarrassing situation, Pakistan needs to implement immediate 

adaptation measures in agriculture sector. This is the only way to stabilize agricultural 

growth rate. The important adaptation measures are:   

1. Attention towards research and development sectors aimed at providing solutions 

to sustain agricultural production under stressful environments  

2. Prediction of natural calamities through early warning systems based on hi-tech 

meteorological services   

3. Evolution of drought resistant varieties of crops and livestock through latest tools 

of plant and animal breeding and genetic engineering  

4. Building up of stores and sheds for food reserves. 

5. Development of National Action Plan regarding mitigation and adaptation 

strategies in agriculture  

6. Allocation of sufficient budget for agriculture  

7. Developing know-how among farming community through trainings in highly 

diversified agro-ecological zones  
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8. Farm-level development of green technologies and renewable energy sources to 

stop environmental deterioration.  

9. Greater attention towards afforestation throughout the country with special 

attention to important environments, e.g. the coastal belt  

10. Lastly, trainings should be imparted on the youth and children.  
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CHAPTER 3  
  

CROP ECOLOGY  

 

3.1 Definition of Ecology  

The term Ecology was authored by E. Haeckel (1869). The word Ecology is a 

combination of two Greek language words 'Oikos' signifies house and 'logos' signifies 

study. Ecology is defined as the subject dealing with inter-relationship between living 

things and their non-living environment.  

3.1.1 Branches of Ecology: 

i. Plant Ecology: Study of plant community plus environment. It is the branch of 

botany that deals with plants in relation to their environment. 

ii. Animal Ecology: It is the division of zoology that concentrates on animals in 

relation to their environment. 

Branches of Plant Ecology:  The environmental relations of plants growing in field 

can be broadly studied under tow headings: 

i. Autecology: It is the branch of plant ecology where attention is concentrated on 

the individual plant species, their life histories and their relation to the environmental 

factors. Each plant species differs in its structure, characteristics and adaptations 

e.g. maize Vs sorghum. When there is an excessive moisture, maize get more 

benefit than sorghum but in case of water shortage, 116 types of changes or 

adaptations occur in sorghum. In drought conditions, sorghum continues to grow its 

roots up to 4 feet depth in search of water but stops its shoot growth. 

ii. Synecology: It is concerned with the structure, development, composition and 

causes of distribution of plant communities and their relationships to their 

environment. Plants are markedly different from each other in their characters, 

distribution, growth, adaptations, phenological behavior, dispersal, regeneration etc. 

These differences in plant can often be correlated with the prevailing environmental 

factors. Therefore, basic knowledge about the inter-relationship between the 

individual plants and their environment is necessary. 
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3.1.2 History of Ecology: 

i. Aristotle in (384 B.C.): He firstly gathered information about the habitat of plants 

i.e. deserts, terrestrial and aquatic. 

ii. Theophrastus (300 B.C.): He is called the father of botany who developed the 

relation of plants with their particular environment. He wrote much about aquatic 

habitat, marine habitat and marshy habitat. 

iii. Linnaeus (1753 A.D.): He was systematic botanist who described plants and their 

distribution in relation to the nature of their habitat. 

iv. Al-Beruni (941 A.D.): He stayed and travelled in Indo-Pak area for more than 50 

years. He collected much more species and gained information about their habitat. 

He studied the habitat of plants growing in this region. He collected about 1700 

species; place them in groups got information about their structural changes with 

environment. He also travelled Italy, Spain, Greece, and France and got information 

about nature and habitat of plants. 

v. Von-Humbolt (1810 A.D.): He also collected much more information about plant 

and correlated the plant distribution on the earth with that of the prevailing climate. 

Ecology has relationship with microbiology, soil science, chemistry, geology, 

physiology, biochemistry and many other branches. 

3.1.3 Ecology as a branch of biology: 

Ecology has relationship with microbiology, soil science, chemistry, geology, 

physiology, biochemistry and many other branches of biology. It is distinct from other 

branches of biology in a respect that it is the study of ecosystem which has the 

highest level of organization. Ecosystem can be examined as chain of command of 

its individual parts, just like human body can be observed from the smallest level of 

molecule, to cellular organelles, cells, tissues, organs, systems and ultimately whole 

man.   Similarly, in ecological studies, at the simplest level individual is studied, which 

is called autecology or physiological ecology. The next higher level of study is group 

of individuals of same species. It is called population. The scientific investigation of 

population is termed as population ecology. The different populations or species 

living together at a certain place constitute the next higher level of organization. It is 

called the community. The ecosystem itself is the most comprehensive level of 

organization of an ecosystem. It comprises all of the living organisms occurring in an 

area along with their environment interacting among themselves. Due to this 

interaction, the properties of higher level of organization in it entirely differ from a 

level lying below to it. This characteristic makes ecosystem, the unique from other 

systems.   
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3.2 Components of Ecosystem  

Ecosystem is defined in various ways: 

1. A space including biota and non-living environment that interact with one another 

resulting in material exchange between organisms and their environment is called 

ecosystem. In the ecosystem, abiotic component (non-living environment) provides 

space, raw material and energy to the living organisms for their growth and 

development.  

2. A system formed by dynamic interaction between living organisms and their 

environment in a defined space is called ecosystem. 

3.2.1 Structure of Ecosystem  

Regarding structure, there are two main components of ecosystem i.e. the non-living 

(Abiotic) and living (Biotic): 

a) Non-living components 

These include fundamental substances of environment such as soil, water, CO2 and 

minerals (carbonates, phosphates etc.), gases and variety of inorganic compound 

such as S, B that cycle through system; and organic compound such as proteins, 

lipids, carbohydrates that structure a connection among biotic and abiotic segments 

of environment. These also include physical factors such as moisture, wind current, 

solar radiation which is the source of energy for all the ecosystems.  

b) Biotic Components 

It is the living component of ecosystem. It is further divided in to two main parts based 

on their mode of energy acquisition i.e. autotrophs and heterotrophs: 

1. Autotrophs: Autotrophs have ability to convert the light energy into chemical 

energy for preparing complex organic molecules from simple inorganic 

substances. These are green plants known as primary producers. 

2. Heterotrophs: These are organisms which are dependent for their food on 

other organism (living or dead). They digest or decompose complex organic 

substances prepared by autotrophs (producers). In other words, heterotrophs 

do not have ability to produce their own food therefore get their nourishment 

directly or indirectly from producers. They consist of Macro consumers and 

Micro consumers. 
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a. Macro-consumers: They include large animals. These are further divided into 

primary, secondary and tertiary consumers. 

1. Primary consumers: They are herbivorous animals including herbivorous 

insects, birds, mouse, rabbit, goat, sheep etc. are herbivores of terrestrial 

ecosystem whereas protozoa, small molluscs and crustaceans as well as fish 

are herbivores of the aquatic ecosystem. Small insects or microscopic 

herbivorous animals are called Zooplankton. 

2. Secondary Consumers: They are purely carnivores (flesh eating animals) 

and omnivores. Carnivorous animals include dogs, snakes, fox, eagle etc. as 

well as some insects such as ants. Omnivores can eat plants as well as 

animals. These include man, sparrow, crow, bear hen, etc. 

3. Tertiary consumers: They obtain their energy by preying upon herbivores 

and carnivores as well as omnivores.  These include top ranked carnivores like 

lion, tiger, hawks etc. 

b.  Micro consumers: These are decomposers or saprophytes. There are micro 

consumers mainly the bacteria and fungi. They have the ability to break down the 

complex organic compounds in bodies of organisms, derive energy from a portion of 

decomposition products. While the remaining potion is returned back to the 

environment as minerals. Thus simpler inorganic substances again become 

available to the green plants. Without decomposers, dead organic material would 

simply remain deposited in the environment and raw material would be held out by 

the remains of plant and animals. Thus decomposers provide cycling mechanism in 

ecosystem. By feeding on remains of plants and animals, decomposers take part in 

dynamics of matter and energy via the system.  

3.2.2 CLASSIFICATION OF ECOSYSTEM 

There are two main classes of ecosystem, Natural and Artificial Ecosystem. 

1. Natural Ecosystems: 

These are undisturbed ecosystems which are further subdivided into aquatic and 

terrestrial ecosystem: 

a. Aquatic ecosystems: 

They include open water bodies which are further divided in to marine and fresh 

water ecosystem 

i. Marine Ecosystems: They include oceans and seas. 

https://en.wikipedia.org/wiki/Animal
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ii. Fresh water Ecosystems: They consist fresh water bodies in the 

form of running waters (rivers, streams) known as lotic 

ecosystems; and still water bodies (lakes and ponds) known as 

lentic ecosystems. 

b. Terrestrial ecosystems: 

They consist of forests, grass lands, deserts. In terrestrial ecosystems, the 

autotrophs are large plants that are rooted in the soil whereas in aquatic ecosystem, 

the producers are:  

(i) Microscopic plants (phytoplankton) 

(ii) Floating plant (Aquatic vascular plants & Algae) 

(iii) Submerged plants (Hydrilla) 

(iv) Emergent plants (typha) 

2. Artificial Ecosystems: 

These are cultivated fields, agro-ecosystems, orchards, and man-made forests. 

 

3.3. Ecosystem Function 

Energy flow and materials’ cycling in an ecosystem is termed as ecosystem function. 

Energy Flow: Energy enters into ecosystem at the time of photosynthesis and flows 

in a non-cyclic manner (unidirectional way). It is successfully utilized by producers 

and consumers in shape of organic matter .Energy used by given organism or 

population is converted into heat and soon lost from the ecosystem.  

Materials cycling: Materials such as N, C, P etc. can circulate many times in a cyclic 

manner between living and non-living components of ecosystem during 

Biogeochemical cycling (movement of chemical element back and forth more or less 

in a circular pathway between living organisms and environment in cycling manner 

e.g. C, P and N cycles. 

Productivity: Productivity of different types deal with rate of food synthesis over unit 

area per unit time by the producers. It is bifurcated into the primary productivity, and 

secondary productivity. 
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a. Primary productivity: It is the pace of transformation of sunlight based energy 

into that of organic material by green plants. In other words, it is the food 

assimilation rate of producers. It is also termed as net assimilation rate (NAR) 

is the increase in biomass by unit leaf area per unit time. It is also of two types 

i.e. gross primary productivity and net primary productivity. 

(i). Gross primary productivity (GPP): The rate of gross photosynthesis (Pg) i.e. 

total amount of photosynthates including those that will use up in respiration is called 

GPP. 

(ii). Net primary productivity (NPP): The rate of net photosynthesis (Pn) i.e. the 

amount of photosynthates used up in building new plant tissue excluding those burnt 

down in the process of respiration. 

b. Secondary productivity:  It is the amount of energy offered to next trophic 

level i.e. heterotrophic organisms or consumers. 

Distribution of Primary Productivity on Earth: 

Deserts ------------------------------------------------------------------------  < 0.5 gm-2 day-1 

Deep oceans------------------------------------------------------------------- <1.0 gm-2 day-1 

Grass lands, deep lakes, mountain forests, ordinary agriculture--------    0.5-0.3 gm-

2 day-1 

Moist forests, shallow lakes, moist agriculture----------------------------    3- 10 gm-2 day-

1 

Tidal mouth of river (Estuaries), coral reefs, Alluvial planes -----------------  10-20 gm-

2 day-1 

Experimental crops---------------------------------------------------------   > 20 gm-2 day-1 

 

3.4 Structure of Agroecosystem 

The Agro-ecosystem is an area or site where man engages himself mainly in 

agricultural activities. It is a man-made ecosystem where natural balance has been 

disturbed by man. A dynamic relationship of crops, other vegetation, animals, 

pastures, soil, air and water are the fundamental highlights of this framework. The 

Agro-ecosystems constitute larger landscapes. These include crop lands, drainage 
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networks, uncultivated lands, wildlife rural communities and markets The forestry, 

livestock and fisheries also allied sub-sectors of agro-ecosystem. 

3.4.1 Factors affecting ecological balance in agro-ecosystem  

Major factors affecting ecological balance are deforestation and overgrazing, 

accelerated soil erosion, over irrigation, over exploitation of underground water and 

indiscriminate use of agrochemicals. A brief review of these factors is given below: 

1. Deforestation and Overgrazing Of Rangelands: 

Perennial vegetation such as trees and grasses successfully prevent soil erosion and 

runoff from fallows. Deforestation and overgrazing result in destruction of perennial 

vegetation result in soil erosion, silting-up of reservoirs, and soil degradation. Forests 

influence climate of a region due to their effect on wind direction and hence the 

rainfall. Deforestation and overgrazing modifies the climate and the biodiversity 

besides the loss of valuable genetic resources used in breeding programme for 

developing high yielding cultivars. While some plant and animal species can adapt 

to the direct or indirect impact of particular agro-ecosystem while others have been 

unable to do so. Habitat reduction or destruction is inevitably accompanied by the 

disappearance of plant and animal species. 

2. Accelerated Soil Erosion: 

Once the soil become bare due to vegetative cover loss, it is exposed to the wind 

and intensive rains leading to accelerated soil erosion and making the soil unsuitable 

for crop production. Runoff from arable land contributes to nutrient enrichment of the 

water into which it drains, a phenomenon called as eutrophication. The causes an 

increased rate of algal growth and anoxia resulting in death and decomposition of 

other plants and animals. The recycling of nutrients become negligible and fresh 

water lake practically becomes dead. 

3. Irrigation Related Problems: 

Poor quality of water is one of the main factors turning good soils into saline or sodic 

soils. Provision of irrigation without adequate drainage leads to the same problems 

as resulted from the use of poor quality water. Many canal irrigated lands have 

become unproductive due to salt problems and high groundwater table. Total area 

of Pakistan suffering from water logging ranges 5.5 m. ha while that affected by 

salinity is around 6.33 m. ha. It is the misuse and the associated poor water use 

efficiency which lead to depriving the tail-enders of the valuable water resources and 

diminishing the potential of otherwise benefiting land. 
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4. Over Exploitation of Groundwater: 

Over pumping of groundwater aggravates surfacing of harmful fluorides and salts. 

Sustainable agriculture aims at maximization of the groundwater recharge through 

appropriate interventions favoring minimization of surface run-off. 

5. Indiscriminate Use of Agrochemicals: 

i. Chemical Fertilizers: 

The loss of excessive soluble fertilizers like N occurs through runoff and leaching. 

Others such as phosphorus and potassium are not so susceptible to leaching losses 

as is nitrogen except under abnormal conditions.  

ii. Pesticides and Herbicides: 

Use of herbicides, fungicides and pesticides to cope up with plant protection opened 

the doors for several problems. Excessive reliance on synthetic chemicals has 

caused pesticide resistance, residues and environmental pollution. 

6. Air Pollution: 

Increase in air temperature and carbon dioxide: 

Global average increase in temperature by 0.3oC per decade has been ascribed to 

increased combustion of fossil fuel and land use changes through intensive 

agriculture and urbanization. Projections into future 4oC are alarming. Ability of the 

atmosphere to admit most of the radiation and retard the re-radiation from earth is 

known as greenhouse effect. Due to it, temperature of earth remains 33oC warmer 

than otherwise. During the last 200 years, the enhanced greenhouse effect has been 

observed due to over-release of greenhouse gasses (primarily carbon dioxide) that 

changed the natural composition of atmosphere. 

3.4.2 Mitigating the Problems of Agroecosystem  

The study suggests various measures to mitigate the problems faced by 

agroecosystems of world. These are:  

1. To enhance the sustainability of agro-ecosystem, the agricultural practices 

should be such that do not disturb its ecological balance.  

2. Promoting agro-forestry and conservation agriculture and minimizing 

deforestation and over-grazing are the ultimate solutions.   
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3. The soil and water management practices should be designed to make them 

more efficient and eco-friendly.  

4. The socio-economic conditions of farming community could be improved by 

strengthening the agricultural credit, seed, fertilizer and agri-machinery 

facilities.    

5. The infrastructure facilities like roads, communication means and dispensaries 

should be supplied to the villages.  

6. The availability of better education and farmer training facilities to farming 

community should be ensured. 

7. Betterment in market facilities and banks in rural areas. 

8. Farming skills among growers and farm labour can be improved by better agri. 

extension and  field schools.  

9. To discourage land fragmentation, policies and laws should be made and 

implemented.  

10. Corporate farming should be encouraged for small land holding farmers.  

11. The irrigation water supply system should be made more efficient through 

lining of canals and regularization of warabandi system. 

12. The laser land levelling should be made in every farm by government incentive 

and subsidy. 

13. The agricultural based cottage industry should be encouraged by granting 

subsidies and incentives by the government.  

14. Awareness should be created among people especially those belonging to 

farming community regarding upcoming threats of climate change and related 

problems like heat waves and water shortage.    

 

3.5 Ecological Function of Intensive Agriculture  

An agricultural production system aimed at getting maximum production by the 

intensive use of capital, labour, inputs and energy is called intensive agriculture. The 

large amount of capital is required for the purchase and maintenance of modern 

agricultural machinery for carrying out intensive crop husbandry practices initiating 
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from land preparation and sowing to harvesting wherever required. Intensive 

livestock farming is the utilization of modern technology to get high animal 

productivity by rearing huge number of animals within the confined indoor places. 

Within the context of present scenario of ever increasing world population, intensive 

agriculture is the only solution to tackle with the threat of food shortages.  

The application of inputs, irrigation, pesticides and machinery at their optimum level 

produces exponentially the higher yields of crops per unit of area in comparison 

farming that employs comparatively low input, labour and capital. The choice of 

intensive and extensive farming system by the farmer depends upon availability of 

land, capital and market facilities. At the theoretical level, small farms located closer 

to markets usually use intensive agriculture due to very high price of land. But 

practically, it has been experienced that high efficiencies and profits of the intensive 

agricultural farms encourage them to be operated at the larger land areas due to 

availability of larger machinery to keep it productively engaged in farm operations. 

This is the reason of adopting a mixture of intensive and extensive agriculture by the 

majority of small to medium scale farmers. This is especially true for farmers that live 

relatively nearer to markets. However, big farmers belonging to agriculturally 

advanced nations are practicing intensive agriculture in areas locating very away 

from markets where land values are relatively low.  

3.5.1 Ecological impacts of Intensive Farming: 

Agricultural products now-a-days available in most of the big superstores are the 

intensive agricultural products. The intensive agriculture on commercial level is being 

exercised by the bigger countries. Elaborated below are its pros and cons: 

Advantages 

1.  Higher yields: Higher animal and crop yields are attained through intensive 

agriculture. This is the largest benefit of intensive agriculture. 

2. Better supervision and monitoring: Due to limited land area, the supervision 

and monitoring by the farmer to his crops and livestock is easier. It protects the farm 

from losses by the theft or hounding by dangerous wild animals. 

3. Cheap and affordable products: Due to higher yields, intensive agriculture 

provides all agricultural products i.e. vegetables, poultry products and fruits in cheap 

and affordable prices. It thus aids in solving the worldwide problem of food security 

and alleviates food shortage to a great extent. The nutritional requirements of an 

average man are therefore fulfilled. 
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4. More feasible and economical: Due to higher price of organic food, it is usually 

afforded only by the rich people of the society. In addition to that, larger area is 

required to produce organic crops by the use of natural manures. As intensive 

farming needs less space, equipment, and other farming requirements, it is more 

feasible and economical. 

5. Minimized health hazards by regulated farming: If the farmer follows the rules 

set by the EPA (Environment Protection Agency) while plasticizing the farming, he 

can produce healthy and safer crop and livestock products even through intensive 

farming. Thus the issue of health hazards to consumer in intensive agriculture can 

be solved. 

6. Protection of Natural habitats and ecosystems: As less land is required to get 

more production in intensive agriculture, the pressure on natural ecosystems (natural 

forests, pastures and wild life places) is reduced that otherwise need to be destroyed 

to bring under cultivation in the present scenario of increasing food demands by 

increasing population. Thus natural habitats of wildlife and natural ecosystems could 

be protected.   

Disadvantages 

1. Pollution and poor hygiene: For getting higher yields, intensive farming use high 

amounts of chemical fertilizers, pesticides, and insecticides. Similarly, intensive 

livestock farms keep high stocking density that is usually considered above the 

recommended holding capacity. Thus issues related to pollution, outbreak of 

diseases and poor hygiene arise. The over-crowding of animals at a relatively smaller 

land area is also criticized by the animal welfare societies.  

2. Destruction of habitats for natural life: In practice, it has been observed that 

intensive agriculture leads to deterioration of environment for natural flora and fauna. 

The indiscriminate use of fertilizers, pesticides and chemicals destroyed the natural 

population of soil flora and fauna. In addition, associated and nearby wild animals 

are also affected. 

3. Contamination of environment and products: Use of excessive pesticides 

results in environmental pollution and contaminated air and agricultural produce 

caused health related issues in farm staff, people living near farms and consumers. 

Moreover, the beneficial insects are also killed by indiscriminate use of insecticides.  

4. Health hazards: The intensive use of pesticides on fruits and vegetables results 

in contamination of their harvestable edible parts that remain covered with these 

chemicals even after reaching in market and then to user. These hazardous chemical 

cannot be easily washed off. Thus health of human beings is severely affected 
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usually resulting in skin allergy, and other visible and non-visible diseases. The 

hybrid varieties of crops, livestock and poultry used in intensive agriculture are 

treated with hormones and chemicals. The use of products derived from them is 

resulting in early puberty and other genetic disorders in young generation. 

3.5.2 Intensive agriculture and soil properties: 

1. Reduced soil fertility: Soil productivity tends to decline due to continuous 

cropping without adopting restorative practices. Soil organic matter can be 

maintained at satisfactory level through balanced fertilizer use even under tropical 

conditions. It has been proved that soil organic matter built-up in soil through 

integrated nutrient management, especially under irrigated intensive cropping 

systems. Continuous application of acid forming N fertilizers results in sharp decline 

in soil pH in about 10-12 years. Balanced fertilizers use and integrated nutrient 

management are important to maintain soil reaction ideal for normal crop yields. 

Several studies revealed the appearance of multiple nutrient deficiencies, especially 

secondary and micronutrients in intensive cropping systems. Long term soil fertility 

studies indicated decrease in soil N due to intensive cropping. However, there is P 

fertility built up in several intensive systems. There is hardly any appreciable impact 

on soil available K even after intensive cropping in soils with moderate availability 

due to dynamic equilibrium between different forms of soil K. Adequate K fertilization 

is however necessary for intensive cropping systems on light soils or soils low in K 

for continuous high productivity of the systems.  

2. Soil physical properties: Soil structure, porosity and hydraulic conductivity are 

improved due to very short fallow period and low run-off and erosion. Moreover, the 

addition of high amount of crop residues improves organic matter content that 

enhances soil health and microbial activity.  

 

3.6 Conservation Ecology 

Conservation ecology is also known as conservation agriculture or agriculture 

environmental management. Conservation agriculture is defined as an agricultural 

production system focused on very low or no soil manipulation through tillage and 

maintaining a sort of continuous soil cover (mulch) along with systematic crop 

rotations. This agricultural system is based upon principles of ecology integrated with 

modern scientific and technologies. The main aim is to maintain the ecological 

integrity of soil keeping in view the conventional knowledge of soil husbandry that 

has been accumulated through generations by the successful famers. The paybacks 

from conservation agriculture are in the form of optimum yields and higher economic 

returns along with ecological benefits. Its theme is that economic, social and 
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ecological benefits when combined together will be far greater than some 

compromises on low yields. The conservation agriculture is becoming in world as 

good substitute of both the traditional and organic agriculture. Brazil and Argentina 

are considered to be the pioneers of conservation agriculture. But parallel 

developments in this regard were also observed in the form of zero tillage in North 

America and agro-forestry in Asia and Africa. It is evaluated that 95 million ha zone 

of world is under zero culturing of which 47% is in South America, 39% in Canada 

and USA, 9% in Australia, and 3.9% in Asia, Africa and Europe. Conservation is most 

important sector of the economies of most of the nations. Conservation agriculture 

in true sense is the utilization of resources in such a manner that these remain 

conserved for longer period of time so that can be made available for future 

generations. The importance of this sector has been increased many times because 

world population has been increased many times that needs a higher and sustained 

food supply at increasing rate. 

3.6.1. Benefits and principles of conservation agriculture:  

Conservation agriculture is aimed at: 

 

1. Low or no physical manipulation of soil through zero tillage 

2. Application of chemical inputs in judicious manner 

3. Management of residues and agricultural wastes carefully 

 

The direct benefits derived from conservation agriculture include: 

1. Prevention of land degradation. 

2. Improved air quality. 

3. Reduction in climate change. 

4. Enhanced biodiversity and water quality 

 

Followings are the principles of conservation agriculture: 

1. Maintaining permanent soil cover through zero tillage. 
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2. Promoting the soil health through crop rotation, cover crops and integrated pest 

management. 

3. Use of balanced inputs according to crop need. 

4. Precision replacement of inputs. 

5. Promoting legume fallow crop rotation and green manuring, and the use of other 

organic manures for maintaining soil fertility. 

6. Practicing agro-forestry for fulfilling the demands of fruit, fiber and medicines. 

The first principle is the main theme of conservation agriculture from which all other 

principles arise. In zero tillage, no soil disturbance is carried out by physical and 

mechanical tillage implement. Crop seed is sown through mechanized drills in 

residues and stubbles of the previous crop. Therefore, for most of the time, soil 

remains covered with residues and crops which provide a sort of mulch to crop. With 

minimum exposure of soil to air, organic matter decomposition will also be minimum. 

The result is the built-up of organic matter in soil. The raised organic matter level 

improves the soil physical properties (soil structure, water holding capacity, soil 

porosity) as well as moderate soil temperature. The higher water retention and 

moderate soil temperature will promote soil microbial activity and beneficial soil flora 

and fauna. Thus, in addition to improved soil health, soil fertility will also be improved. 

In the presence of beneficial micro-organisms and fauna in soil, infestation of soil 

borne insect-pests and diseases will be minimum. That is why, irrigation, fertilizer 

and pesticide demands are reduced under Zero-tilled soil conditions. The main 

principle of Zero tillage of controlled traffic is also one step towards precision 

agriculture. The reason is that precision agriculture also emphasizes the spot 

application of inputs, weedicides and pesticides at places in field where these are 

required. The enormous economic benefits are derived due to precise application of 

inputs.  

In addition to economic benefits, zero tillage also gives environmental benefits in a 

number of ways. The conservation of high organic matter in soil and enhanced soil 

aggregation reduce the risk of soil erosion, a serious ecological issue in rainfed 

agricultural systems. Moreover, the reservation of high organic matter pool in soil 

promotes carbon sequestration. It therefore contributes to mitigation of climate 

change. The use of very less tractor and machinery in zero tillage also reduces air 

pollution. According to an estimate, the tractor hours and fuel use are minimized up 

to 75% in zero tillage that further caused reductions in greenhouse gas emissions. 

In addition, zero tillage also reduces eutrophication, siltation, and contamination of 

fresh water bodies with poisonous agro-chemicals. The chances of drought are also 
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reduced with zero tillage as high organic matter soils with better physical 

characteristics under this system maintain a higher water status in soil by improved 

water infiltration, reduced run-off and water holding capacity. 

In the past soil tillage was seem to be the main process of crop production. It was 

believed that by tilling the soil more, more profitability could be achieved, but in fact 

tilling of the soil cause severe loss of organic matter, nutrient, soil erosion, crusting 

of the soil that leads to impaired soil fertility. But now, excessive tillage is considered 

to be a cause of organic matter destruction which can otherwise be available for a 

longer duration within soil cover. Thus no till farming not only save the organic matter 

for a long period of time but also keep the soil to be productive. Process of tilling 

increases the time, labour, and cost of production. If there will be no tilling, the 

production cost will be reduced for a certain crop. According to an estimate farmer 

can save about 30–40 % of the time and labour in no tilling process. By maintaining 

permanent soil cover through zero tillage, cover crops or crop rotation, the soil health 

is maintained by active populations of soil microbes, soil flora and fauna. Obviously, 

soil fertility is maintained and chemical fertilizer requirement is reduced. The 

integration of legume based cropping systems and forestry with crop production 

results in soil conservation and additional income generation to farm.      

3.6.2 Advantages / mitigation to challenges faced by conservation agriculture 

1. Growth of microorganism will decompose the mulch that is retained on soil 

surface thus producing high organic matter 

2. By the practicing conservation agriculture, enough organic matter in the 

form of mulch will be deposited on soil surface that aids in preventing from 

soil erosion.  

3. When rainfall is in the process of falling to ground not protecting by mulch, 

surface layer of soil is directly impacted by rain. 

4. This type of ground cover (mulch) maintains both temperature and 

moisture level of soil rather than tilled every years. 

5. Crop rotation practices act as a disease control tool e.g. soil borne disease 

(stem rot of rice), wind borne disease (stripe rust of wheat), seed borne 

disease (loose smut of wheat). Similarly, there is a check on weeds and 

insect-pest to set in rotation with specific crop. Thus the crop rotation acts 

as Natural herbicides and Insecticides against special pest and crop.  

6. Conservation tillage ameliorates soil physical, biological and chemical 

properties thus making it more productive.  
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7. With the improvement in soil structure, water infiltration is enhanced while 

run-off is reduced thus soil water erosion is controlled. Moreover, soil 

temperature becomes favorable for soil biota.    

8. There is saving of time, labour and money thus reduced cost of production 

and raised incomes by adopting conservation agriculture.  

9. The increased C budget in soil on account of raised organic matter 

concentration and less exposure of soil to air is a sort of means to carbon 

sequestration that aid in mitigation in greenhouse effect.  

10. The success and adoption level of conservation agriculture depend on 

availability of suitable equipment for conservation tillage and sowing. The 

assured availability of conservation agriculture machinery and equipment 

at subsidized rates will be a breakthrough in adoption of this system by the 

farmers of developing countries. There are enormous benefits of 

conservation tillage in the form of efficient utilization of resources, 

minimum environmental deterioration and sustained food supply to 

growing population.   

 

3.7 Eco-Farming 

Eco-farming also known as nature farming is an ecological farming approach. The 

idea of eco-farming was floated in 1975 by Masanobu Fukuoka. He wrote a book 

with name The One-Straw Revolution. Fukuoka described his method of farming as 

the do-nothing farming or natural way of farming. Nature farming is associated with 

eco-agriculture, fertility husbandry, organic agriculture, agroforestry, sustainable 

agriculture, and permaculture however ought to be prominent from biodynamic 

agriculture. Fukuoka recommended that farmers may draw advantage from carefully 

staring at nearby situations. Eco-farming is an isolated system of characteristics that 

needs no human-furnished inputs and simulates nature. Nature farming differs from 

traditional organic agriculture which Fukuoka deliberated to be another cutting-edge 

method that interrupts nature. Although, nature farming is similar to organic 

agriculture in a number of aspects, but it emphasizes on improving soil health 

through composting rather than adding organic fertilizer. In addition, zero tillage, zero 

weeding, no fertilizer, no pesticides, no herbicides and zero pruning are also the 

principles of nature farming. Fukuoka was of the view that his tactic prevents loss of 

biodiversity, pollution, and soil erosion along with providing enough food for human 

beings. The eco-farming is aimed at reducing emissions of greenhouse gases, 

minimizing global warming and preventing ozone depletion. It reduces demand of 
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land, water without effecting the agricultural production and nutrient value of land 

resources. It reduces hunger and poverty.  

Yoshikazu Kawaguchi, who is known to be a leading practitioner of nature farming of 

the second-generation., although his practices are also centered on Fukuoka's 

principles, he somewhat altered the concept of nature farming that more or less differ 

from Fukuoka’s principles. He revised the definition of eco-farming as: 

1. Ploughing should not be carried out in fields. 

2. Do not consider insects and weeds the crop enemies. 

3. Fertilizers are not needed to be applied 

4. The foods which we grow should be well versed with local agro-ecological 

conditions 

3.7.1 Types of Nature farming: 

Although the term nature farming emerged in 1980’s, the concept of nature farming 

has a very long historical background in the world that spans through the historical 

native American farming practices. Some variants of nature farming area elaborated 

below: 

1. Fertility farming: This system of farming is based upon maintaining soil fertility 

through cover crops, without any composting, tillage, chemical fertilizers, pesticides, 

and weeding. Fertility farming also emphasized the natural ways of animal farming.  

2. No fertilizer faming: This system of framing is based on using no fertilizer in 

crops.  

3. Rishi Kheti: This system of farming has been accustomed in India since 

ancient times. It is based on Vedic principles of farming that emphasized the use of 

animal waste and herbs for controlling pests and promoting growth.  

4. Zero Budget Faming: This system of framing is being mainly practiced in 

southern India. It is also called spiritual farming. The system focuses on 

intercropping, mulching, and utilization of natural wastes like cow dung. These types 

of materials are produced on site and stimulate the activity of microbial organisms 

and earthworm in the soil.   

 

3.8 Dynamics of Agro-Ecosystem 

https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Vedic
https://en.wikipedia.org/wiki/Intercropping
https://en.wikipedia.org/wiki/Mulching
https://en.wikipedia.org/wiki/Cow_dung
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Agro-ecosystem like any type of ecosystem remains continuously in dynamic 

equilibrium rather than static condition. The cycling of materials and flow of energy 

are the main processes occurring in it. The hydrological cycle, gaseous cycles like 

CO2, N2 and O2 and sedimentary cycles like sulfur and phosphorus keep them in 

continuous movement. A brief description of these cycles is give below: 

1. Water cycle 

Two-third of earth surface is covered with water. This water is mainly in the form of 

oceans and seas which cannot be utilizable by the green plans and drinkable by the 

animals and humans due to its very high salt content. By means of landward wind 

movements, this water in the form of vapors reaches the lands. Water vapors also 

enter the atmosphere via evaporation from other water bodies, soil surface and 

vegetative transpiration. The water vapors held in atmosphere through process of 

condensation transforms into clouds. Water ultimately falls on land surface as 

rainfall, snowfall, or other forms of precipitation. The water reaching the ground 

surface runs on land surface in the form of rivers, streams and canals. A portion of 

that water is also locked up in glaciers, underground water, ponds and lakes whereas 

some of the quantity of water is utilized by plants and animals. The water absorbed 

by plants transfers to the herbivores, carnivores and omnivores. Upon the death and 

decomposition of animals and plants, as well as decomposers, water is again 

released into the abiotic environment. The water after passing through rivers and all 

surface water bodies, ultimately again enters into the oceans and seas thus 

completing its cycle. 



 

70 
 

 

 

Figure 3.8.1: Hydrological cycle of biosphere 

2. Carbon cycle 

Air contains gaseous form of carbon as carbon dioxide (CO2) which is considered to 

be the free form of carbon (Figure 3.8.2). The CO2 is also present in water bodies as 

water can dissolve it. Large deposits of carbon are present in earth crust in the form 

of fossil fuels (petroleum, coal and natural gas). Carbon is also present in soils in the 

form of humus, carbonates, bicarbonates etc. These forms of carbon are considered 

to be the fixed forms of carbon. After oxygen and hydrogen, carbon is the third most 

abundant element present in bodies of organism. The green plants assimilate carbon 

in their bodies through the process of photosynthesis. The carbon in the form of food 

(biomass) moves to the bodies of herbivores, then carnivores and omnivores by the 

process of eating and being eaten up. By the process of respiration in living animal 

and plant bodies and decomposition of their dead bodies, carbon is again liberated 

into the abiotic environment. The fixed forms of carbon in the animal and plant 
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bodies, soil and fossil fuels through decomposition and burning processes are 

converted into its free form i.e. CO2 to the atmosphere. Some of the organic forms 

of carbon i.e. organic matter due to its resistant nature against complete 

decomposition remain in the soil as humus.  While, the deeply buried organismal 

remains after a period of millions of years are converted into fossil fuels. There is a 

dynamic equilibrium exists between free and fixed forms of carbon so the carbon 

cycle remained almost a perfect cycle. It means, carbon removed from the 

atmosphere through assimilation processes is returned to the air in the same 

quantity. But unfortunately, man through extensive deforestation and rapid burning 

of fossil fuels has hastened the conversion of fixed forms of C into its free form. This 

has resulted in enrichment of air with CO2 which is a potent greenhouse gas. The 

result is the global warming. To minimize the hazardous effects of increased CO2 

concentration in air, man is finding ways and means of capturing free form of C into 

its fixed forms, a process called carbon sequestration. 

Photosynthesis 

CO2   +   H2O   → CH2O   +   O2 

Cellular Respiration 

CH2O + O2    →    CO2   + H2O 
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Figure 3.8.2: Cycling of carbon showing its movement in soil, plant and atmosphere  

3. Nitrogen cycle 

Almost 78% of the atmosphere is nitrogen gas (N2) (Figure 3.8.3). Nitrogen (N) is a 

necessary part of proteins. It is also an essential mineral nutrient for plants. However, 

plants are unable to get N2 directly from air. That is why, to become available for 

plant uptake and enter from abiotic to biotic component of ecosystem, it needs to be 

transformed into its available forms i.e. NO3 and NH4. The N fixation is carried out 

through three different processes i.e. biological fixation, industrial fixation and 

atmospheric fixation. Conversion of N2 into NH4 by the N-fixing micro-organisms 

(bacteria, cyanobacteria and actinomycetes) is called biological N fixation. There are 

symbiotic, associative and non-symbiotic N fixers. Symbiotic N fixation occurs by the 

mutual relationship between micro-organism and plant. Associative N fixation results 

due to close association between plant and micro-organism. However, non-symbiotic 

N fixation is carried out by the free living microbes. Industrial fixation is the 

conversion of atmospheric N2 into NH4 by Haber-Bosch process. This is the largest 

source of N fixation that synthesizes million tonnes of nitrogenous fertilizers every 

year. While a minute quantity of atmospheric fixation also occurs by the conversion 

of N2 into NO3 by the energy of lightening. By all the fixation sources, N2 is converted 

into NH4 and NO3, the forms available for plants. The conversion of NH4 into NO3 by 

aerobic soil bacteria (Nitrosomonas and Nitrobacter) is called nitrification. Some of 

the NH4 or NO3 are subjected to losses in air through volatilization i.e. the conversion 

of their dissolved forms into gaseous forms. While NO3 is also prone to be lost by 

conversion into gaseous N2 through anaerobic soil bacteria. Nitrogen absorbed by 

plants is assimilated into their bodies in the form of amino acids and proteins. Plants 

are eaten up by herbivores that are further eaten up by carnivores and omnivores. 

Thus N is shifted from producers to consumers. Upon the death and decomposition 

of plants and animals by decomposers, N from biotic component of ecosystem is 

again liberated into abiotic component for re-utilization by green plants.   
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Figure 3.8.3: Cycling of nitrogen showing its dynamics within soil, plant and 

atmosphere 

 

4. Oxygen cycle 

Oxygen is the second most abundant element after hydrogen present in the bodies 

of living organisms. It is present and utilized by living organisms in the form of gas 

i.e. O2 and liquid i.e. water (H2O). From the abiotic component of ecosystem, oxygen 

enters the biotic component via both the plants as well as animals. Plants mainly 

uptake oxygen in the form of H2O through their roots which is used in photosynthesis 

while some quantity is also absorbed from air that is used in respiration. The animals 

get oxygen mainly in its gaseous form from air during breathing for carrying out 

respiration. All the green plants and algae are the largest source of O2 as these 

liberate it during the process of photosynthesis. Thus photosynthetic organisms 

remove CO2 and gives O2 to the atmosphere. Whereas the reverse is true for 

animals. Therefore, to maintain an equilibrium between the O2: CO2 ratio, an 

ecosystem must contain both the plants and animals in a fixed proportion. Water 

bodies also contain some dissolved amount of O2 in them which is essential for 



 

74 
 

aquatic animals. Due to enrichment of water bodies with nitrogen and phosphorus 

salts, abundant algal growth may occur. This results in overutilization of dissolved 

O2 which may cause death of aquatic animals. This phenomenon is called 

eutrophication. Upon the death and decomposition of all animals and plants, O2 is 

produced that is released into air. Thus oxygen is again liberated from biotic into 

abiotic component of ecosystem.  

Photosynthesis 

CO2   +   H2O   → CH2O   +   O2 

Cellular Respiration 

CH2O + O2    →    CO2   +  H2O 

 

Figure 3.8.4: Oxygen Cycle  

 

3.9 Pollution 

Any undesirable change in the environment that affect human conform and directly 

or indirectly affect the human health is called pollution. Release of harmful pollutants, 

the toxins such as emissions from the industrial plant, domestic waste, fuel emitted 
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from the transportation vehicles, thermal power plants, chemical waste, as well as 

household waste to the environment is the main cause of pollution.  

3.9.1 Pollution types 

There are many types of pollution, it can include water, land, air, radioactive, marine 

and oil pollution, or even plastic pollution. 

1. Air pollution 

Pollution caused by the presence of pollutants in the air to a level which cause the 

damage to human beings and other entities of the nature. The main cause of air 

pollution is due to presence of CO2, Co, SO2, N2O in the air, produced due to both 

indoor (domestic fireplace, smoke from factories, deodorant etc.) and outdoor 

sources (burning of fossil fuel, airline smoke, transport smoke etc.). 

2. Water pollution 

Contamination of chemical, biological and physical properties of water.it is mainly 

caused by the harmful effluents like liquid, gases or solid substances into the water 

bodies; effluents that are harmful to public health, agriculture, commercial activities 

etc. 

3. Soil pollution 

The principal reason of soil pollution is due to the discharge of agricultural chemicals, 

namely the pesticides and the fertilizers. These chemicals, directly and indirectly, 

disrupt the ecosystem completely.  Man activities on the land, which can be the main 

cause of land pollution (Contaminated liquid garbage of industries and domestic, 

chemical and radio-active left over etc. 

4. Radioactive Pollution 

This is due to presence of unnecessary or unwanted radioactive substances in the 

environment which radiates ionizing radiation in the environment. The different 

atomic refuses, cosmic rays of the outer space, further infested by the atrocious 

activities of mankind are the main sources of radioactive pollution. 

5. Noise pollution 

The excessive sound in the environment has disadvantageous influences on the 

human and animal health. Noise pollution is caused due to the noise produced by 

the large industries, transportation or even the sounds produced by construction or 

repair work, etc. 
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6. Light pollution 

Though this seems non-existent, yet light pollution is indeed a harmful phenomenon. 

It caused by excess light contaminating the normal sky, making its hue light 

artificially. The main causes of light pollution are both the commercial and private 

spaces, which has their lights on, throughout the night. One of the major effects of 

light pollution is the disruption of the natural habitats of the nocturnal species who 

depend on the natural cycle of light and day. 

 

3.10 Biodiversity 

Biodiversity is also called biological diversity, ecosystem diversity, genetic and 

species diversity at a certain place. It sometime also includes associated a-biotic 

component such as drainage system, landscape attributes and climate. In broader 

term, biodiversity is the diversity on this earth that includes all the species of plants, 

animal and micro-organisms, a diversity in their genetic make-up and the ecosystem 

in which they live. The life on this sphere starts from single cell organisms that were 

subjected to a continuous process of evolution and natural selection resulting in 

various forms of life. According to an estimate, about 15 million various species exist 

on this biosphere. Biodiversity can be measured by the type of species assemblages, 

biotic structure and processes. 

3.10.1 Classification of biodiversity 

The overall diversity has been categorized into following forms: 

1. Genetic diversity: 

Genetic variation among the species that evolve in response to changing 

environmental conditions and due to natural selection pressure is called genetic 

diversity. Genetic diversity is of utmost importance for agriculture as genetic diversity 

in wild species is the rich source for developing new crop varieties and animal 

breeds. Similarly, in selection breeding, crop varieties resistant to various biotic and 

abiotic stresses are developed by using genetic diversity.  

2. Species diversity: 

Species is the set of alike organisms having same set of characteristics that can 

naturally interbreed with one another to produce fertile off-springs. This the lowest 

level of classification in organismal hierarchy. Number and relative abundance of 

species inhabiting a certain area it is also called organismal or species diversity. The 

best index of species diversity has been given by two scientists Claude E. Shannon 



 

77 
 

and Nobert Wiener in 1949. This is called Shannon-Wiener index of diversity. The 

Shannon-Wiener index of diversity is expressed by the symbol ‘H’ and calculated as: 

𝐻 =  − ∑ 𝑃𝑖 log 𝑃𝑖

𝑠

𝑖

 

Where: 

H = Species diversity 

s = Number of species 

Pi= proportional of individuals of total sample belonging to ith species  

According to this equation, a community having individuals belonging to many 

species will have more biodiversity than a community having same number of 

individuals nevertheless most of them belonging to only few species.  

3. Ecosystem diversity: 

Diversity of habitat, ecosystems and accompanying ecological system that maintains 

them is called ecosystem diversity. Terrestrial and aquatic environments of globe 

have been categorized into numerous ecosystems such as grasslands, wet lands, 

cold deserts, hot deserts, tropical downpour timberlands, mild woods, mangroves, 

coral reefs and tundra zones. Regions having a great variety of ecosystems are rich 

in biodiversity.  

3.11 Species dominance: 

In a general sort of way, the nature of community is controlled by either physical or 

abiotic conditions such as substrate, the lack of moisture or by some biological 

mechanism. Biologically controlled communities are often influenced by one or more 

species. These organisms are called dominants. It is not easy to describe a dominant 

or to determine the dominant species. The dominants in an ecosystem contribute 

largely to energy flow or by some other mean control or influence remaining 

community. The concept of dominance involves certain implications. In the first 

place, it is not necessary that dominant species contributes largely to nutrient cycling 

and energy flow, although this is often the case.  

Although dominants frequently shape populations of other trophic levels, dominance 

necessarily relates to species occupying the same trophic level. If a specie a small 

group of species is to achieve dominance, it must to relate to a total population of 

species, all of which have similar ecological requirements. One or several become 
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dominants because they are able to exploit the range of environmental requirements 

more efficiently than other species in the same trophic level. The subordinate species 

exist because they are able to occupy a niche or portions of it that the dominants 

can’t effectively occupy. Dominant organisms, then, are generalists capable of 

utilizing wide range physiological tolerances. The subdominants tend to be more 

specialized in their environmental requirements and more limited in their 

physiological tolerances. 

To determine dominance, ecologists have used several approaches. One can 

measure relative abundance of the species involved, comparing the numerical 

abundance of a particular species to the total abundance of all species. Or one can 

measure relative dominance, which is the ratio of basal area occupied by a particular 

species to the total basal area. Or one can use relative frequency. Often all three of 

these measurements are combined to arrive at an importance value for each 

species. This index assumes that most of the species do not attain the higher level 

of importance in a community, but those that do serve as index, or guiding species. 

Once importance values have been obtained for species within a stand, the stands 

can then be classified according to their leading dominants keeping in view their 

importance values, such techniques are useful in the study and ordination of 

communities on some environmental gradient. 

 

1. 𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑐𝑒 =
𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑟 𝑎𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒,   𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝐴

𝑎𝑟𝑒𝑎 𝑠𝑎𝑚𝑝𝑙𝑒𝑑
 

 

2. 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑑𝑜𝑚𝑖𝑛𝑎𝑛𝑐𝑒 =
𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑟 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒,   𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝐴

𝑡𝑜𝑡𝑎𝑙 𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑟 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒,   𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
 

 

3. 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑣𝑎𝑙𝑢𝑒,   𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝐴

𝑡𝑜𝑡𝑎𝑙𝑙 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑣𝑎𝑙𝑢𝑒𝑠,   𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
 

 

4. 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠,𝑠𝑝𝑒𝑐𝑒𝑖𝑠 𝐴

𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠,𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
 

 

5.  Importance value index = relative frequency + relative dominance + relative 

density 
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  Simpson’s index of dominance: 

𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑐𝑒 =
∑𝑛𝑖(𝑛𝑖 − 1)

𝑁(𝑛 − 1)
 

Where   

N = total number of individuals of all species 

ni = total number of individuals of species A 

 

3.12 Biodiversity and Agroecosystem 

Agroecosystem consist of living communities, soil, animals and humans that 

constitute our farms, cropland, pasture and rangeland. Most of the crops or livestock 

we consume are produced by agroecosystem. so we can safely say that our lives 

depend on them. It is true that agricultural land support far less biodiversity than 

natural ecosystem at the largest scale. The agroecosystem interacts with today 

global economy and our society. It is also true that agricultural practices impact wild 

lives in several ways including natural habitats loss and disturbance reduce water 

quality and pesticide toxicities. In addition, agricultural intensification practices 

diminish agroecosystem biodiversity by reducing the space allotted to hedges-rows 

or wild life corridor. In fact, it has been reported that non crop areas such as Hedges-

rows in agricultural landscape simultaneously perform several agronomic and 

ecological roles e.g. habitat movement corridor. It is also true that wildlife does better 

in agricultural windbreak setting than in a commercial, residential, industrial 

development. Agroecosystem have potential to very productive wildlife habitat 

through the modification of some agricultural practices e.g. Fallowing and Inter-

cropping encourage not only productivity but also Biodiversity. 

Sustainable agriculture provide opportunity for enhancing wildlife habitat in 

agroecosystem by: 

 Establishing conservation tillage system 

 Minimize herbicide application 

 Growing and maintaining windbreak 

 Border planting 

 Vegetative barrier to the soil and water movement within the crop field 
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 Leaving uncultivated strip with in the crop field as habitat for weed relative of 

crop plants 

In addition, the loss of below ground biodiversity is effected by agricultural practices 

and changes in land use on the surface ultimately impact the wellbeing of farmers 

through reduced soil fertility, harvest and income 

3.12.1 Challenges to Biodiversity  

The biodiversity of ecosystems is facing many challenges now-a-days. These 

challenges are described as below: 

1. Deforestation 

The only 5.7% of the forest area in Pakistan is further subjected to continuous 

decline. This due to fact that cutting rate of trees is far higher than growing new trees. 

Due to increasing demand of wood for building, fodder, fuel, and industrial uses, the 

deforestation is occurring at much faster rate. The f deforestation castes the largest 

impact on loss of biodiversity. This is because, due to destruction of trees and 

shrubs, the flora and fauna that is dependent on these trees will also be lost. Animal 

species like woodpeckers, squirrels, moths, snails, mushrooms and ferns seem to 

reach extinction due to deforestation.  

2. Overgrazing 

Due to overgrazing in pastures and rangelands, the most of species of grasses and 

shrubs are going to become disappeared. Like deforestation, it is also the most 

crucial factor in depletion of biodiversity in rangelands. It is speculated that by 

elimination of important species of grasses and shrubs, the associative flora and 

fauna dependent on these grass and shrub species will also be eliminated. The 

deforestation and overgrazing are also the largest factors of soil erosion and land 

degradation. The many of the desert areas of world are formed due to overgrazing 

carried out on them in the past.. 

3. Soil erosion 

The wind and water erosion are also the main factors responsible for loss of 

biodiversity. Wind erosion is a serious issue in low rainfall whereas water erosion in 

high rain fall hilly areas. As soil erosion proceeds, soil flora and fauna is also lost 

resulting in biodiversity reduction. The other side effects of soil erosion are siltation 

of dams, rivers, canals, and watercourses, those are crucial for crop production in 

the country. 

4. Waterlogging and Salinity 
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Due to canals and water courses and over irrigation of fields, the water tables are 

raised and reach soil surface. The saturation of root zone of soil with water results in 

anaerobic soil conditions where most of the crops cannot survive. This condition is 

called waterlogging. The waterlogged areas after some time become converted into 

salt affected areas when water evaporates leaving rich amount of salts in root zone. 

These soils are called salt-affected soils. Both the waterlogged and saline soils are 

not suitable for cultivation so most of the soil flora and fauna along with crops is 

diminished resulting in poor biodiversity.  

5. Bad agricultural practices 

Non recommended agricultural practices starting from land preparation, sowing, 

fertilizer application, irrigation, pest control and harvesting result in poor soil 

conditions. The result is the land degradation. Ultimately soil physical, biological and 

chemical properties are destroyed and biological diversity will be lost. 

6. Hunting 

Many of the animal species which have greater role in ecosystems are going to 

become extinct due to hunting on mass scale. For instance, species of Marco Polo 

sheep and goitered gazelle are on the verge of extinction. Similarly, Chlamydotis 

undulata and Houbara bustard are being hunted on large scale. As a result, 

populations of most of the large mammals are going to become reduced. They are 

forced to live in the most isolated parts of their habitat.  

3.12.2 Measures for conserving biodiversity 

The biodiversity is an important component of our ecosystems that is going to 

become decline and we have to stop this decline. Following measures are suggested 

to conserve biodiversity: 

1. Legislation and law enforcement 

There should be strict legislation and law enforcement against all the factors 

responsible for loss of biodiversity. 

2. Research organizations and Government departments  

The emphasis should be given on research by the research organizations and 

policies should be made reading methods and techniques of conserving biodiversity. 

The provincial Forestry and Wildlife Departments should make plans for reducing 

deforestation and promoting afforestation in the country. Moreover, strict 

implementation should be done regarding stopping hunt of rare animal species. The 

Pakistan Agricultural Research Council can play pivotal role in coordinating the 
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agricultural research and extension activities throughout the country that help in 

conserving biodiversity of agro-ecosystems  

3. Non-government organizations (NGOs) 

Numerous NGOs working across the country should play their role in creating 

awareness among people regarding biodiversity and its conservation.   

4. Biodiversity conservation projects 

Biodiversity conservation projects should be made and run. 

5. Convention on biological diversity 

Advance specialized and logical participation between gatherings, especially 

between creating nations, to empower them to execute the show and give money 

related assets to creating nations so as to empower them to complete the 

prerequisites of the Convention. 
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CHAPTER 4  
 

  

FARMING SYSTEMS AND CROP ROTATION  

 

4.1 Cropping Systems  

Cropping system is basically the distribution of several crops in a certain area in a 

definite period of time. This term encompasses two variable terms viz., cropping 

pattern which is the division of a given domain, to various t crops in a specific year, 

and cropping scheme that is the distribution of area to certain crops in a year by a 

farmer over a particular farm. The cropping system adopted on a farmhouse and its 

cooperation with farm assets; new farm creativities as well as accessible equipment 

define its greasepaint. Agronomic cropping patterns or segments begin to discover 

the complication inherent in well-versed farming. In many countries, growers are 

trading results approximately crop and animal farming, purchasing and routine 

supervision, employment regulation, funding, grain exchange, climatic variability and 

hesitation. 

Selection of cropping pattern depends upon: 

 Rainfall timing 

 Amount of Costs of Production  

 Product Prices  

 Estimated Gross Margins  

 Insects, Weed and crop rotation consideration 

 sustainability objective 

4.1.1 Cropping patterns   

The year wise arrangement and geographical plan of crops and fallow on: 

1. Cotton-wheat, Mung-wheat, Sugarcane-wheat, Kharif fodder/ Maize-Sugarcane   
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2. Wheat, Cotton – Wheat, Kharif fodder/maize – Wheat, Rice – Wheat, Wheat - 

Fallow – Wheat & Guara - Wheat  

3. Rice - wheat (Major), Potato – Wheat, Sugarcane – wheat, Kharif Fodder / Maize 

– Wheat, Mash –  

Wheat, Sunflower – Kharif 

Local considerations for cropping pattern are: 

 Suitability of crops in relation to soil and environment. 

 Selection of crops while considering pest and disease control strategy. 

 Use of suitable crop combination to increase farmer profitability. 

 Influence of climate, land and other resources in little and extensive term.  

 Influence of cropping technique and operative factors Farmers administration 

ability and his health conditions  

4.1.1 Classification of cropping system: 

Cropping system can be classified on the following bases: 

A) On the basis of line of production: 

a) Plant growing: 

1. Arable farming: Arable farming deals with field crop production (wheat, 

sugarcane, cotton etc.). It is a general type of farming and exists everywhere in the 

world. Arable farming can be done on any type of soil provided the soil has some 

growing capacity. 

2. Vegetable farming or Olericulture: It includes the production of vegetables or 

garden crops. In this type of farming mostly short duration crops are grown. These 

crops require special care and management practices. This practice is usually done 

under special conditions. 

3. Fruit farming: It includes growing of fruit trees just like other crops. This type of 

farming requires more capital and long term investment. In this type of farming risk 

of crop failure is more due to diseases and extreme weather condition.it also require 

more care and more irrigation and manurial facilities. 
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4. Arboriculture / Forest farming: It includes growing of forests trees for several 

purposes like to maintain country economy and sustainability. Approximately 25% of 

the entire area should be following forest farming. This type of farming does not 

require more care and irrigation and can be done on waste land also. 

b) Livestock farming: 

Livestock farming includes rearing of animals on farm for use or pleasure. It includes 

following type: 

1. Dairy farming: It includes rearing of milk animals on farm. This farming type 

includes management of pastures and fodder crops to feed the milking animals. This 

type of farming requires more capital and less flexibility. 

 2. Cattle farming: This is a special type of dairy farming which deals with rearing of 

cattle animals for the purpose of draft and meat. Cattle farming is a good source of 

income and employment of labor. It requires small capital and be started as a side 

business. 

3. Sheep and goat farming: It involves rearing of sheep and goats for the purpose 

of meat and milk. This type of farming is a main source of milk for most of the 

countries including Pakistan. It requires small capital and can be started as side 

business especially in those areas where rearing of other animals is difficult. 

4. Poultry farming:  This type of farming includes rearing of all kind of birds which 

are useful for human being. It requires small amount of income to start and it is a 

very profitable business. The drawback of this type of farming is that it is more 

susceptible to diseases especially rani krait. 

B) On the basis of organization: 

1. Individual farming: Individual type of farming talk about the kind of farming which 

is done b: Individual type of farming is actually done by the individual owner. The 

drawback of this type of farming is that it cannot be expand quickly due to low capital 

and also more expensive. 

2. Co-operative farming: It these system different farm operations are performed 

collectively by different farmer and each has individual ownership. In this system, 

farmers work in co-operation. Different organizations are made in this system and all 

the farm operations are performed by the organization. Through this system cost of 

production can be minimized. The drawback of this system is that it required skilled 

and experienced labor. 
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3. Joint farming: This system also works under an organization. Individual have 

property rights, but all the farm operation are carried out by the supervision of 

organization. Through this organization new recommendation and latest 

improvement can be made easily. It also reduces the cost of production. It also 

require skilled labor and well trained organizer. 

4. Collective or State farming: In this system no individual ownership exists and 

land is under state custody. Peoples work for the state and all the requirement of the 

people are fulfilled by the state. It require more education and awareness and force 

to make public opinion smooth. 

C) On the basis of water supply: 

1. Dry farming: It involves growing of crop without artificial water. In this system only 

rain water is used. It is practiced in those areas where rainfall is 20 inches or less. 

According to rainfall distribution dry farming can be classified as Arid farming and 

Barani farming and Humid farming. Arid farming is done where rainfall is 10 inches 

or less. Barani farming is done where rainfall is 20 inches or less. In areas where 

rainfall is 20 inches or more and the crops are grown without artificial water. This 

type of farming is called humid farming. In this method special attention is require for 

moisture conservation. 

2. Irrigated farming: When the crops are grown with artificial water it is called 

irrigated farming. Irrigated farming further classified into following categories. 

3. Canal irrigated farming: When the irrigation water is received through rivers, 

tanks etc., through the construction of canals, this type of farming is called canal 

irrigated farming. 

4. Well irrigated farming:  It involves use of  tube wells for crop cultivation. This 

type of farming generally is more costly than canal farming. Farmer have more 

control on water in this this type of farming. 

5. Salabi or Abi farming 

In this type of farming irrigation water is used from floods, springs, artesian well etc. 

without much efforts of man. 

D) On the basis of production: 

1. Specialized farming: In this type of farming, usually only one crops is grown for 

example sugarcane, cotton, wheat. When 50% of the farm income is obtained from 

1 crop then it is considered as specialized farming. In this type of farming cost of 

production is less and profit is more. 
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2. Diversified farming: when more than one crop is grown on the farm than it is 

known as diversified farming. Like raising of field crops and garden crops. This type 

of farming is adoptable and risk free. In this system if one crop is fails, the other crop 

will compensate it. It also provides better utilization of land and labor as well. 

3. Mixed farming: When different types of farming like animals farming, crop 

production and poultry farming are combined on a single farm then it is called mixed 

farming. In this type of farming, waste of one type of farming is actually the input of 

the other. It is also more profitable as compared to other system. The term mixed 

farming should not be intermingled with term mixed cropping that is cultivation of two 

or further crops simultaneously after mixing their seed without row arrangements. 

E) On the basis of labour and capital invested: 

1. Extensive farming: In this type of farming, less labour and capital is invested and 

less number of crops are grown. It is mostly practiced in those areas where land 

value is less and abundant fallow land is available. In this type of farming less labour 

and less irrigation facilities are available. 

2. Intensive farming: When large number of crops are cultivated from a specific part 

of land during a specific period. It requires more labour and input per unit area. 

Intensive farming is best suited when land is of high value, more capital and irrigation 

water is available. 

4.1.2 Factors affecting cropping system:  

There are different which determine the type of cropping system. Cropping system 

is affected by following factors: 

1) Climate: Rainfall, irrigation temperature and duration frost free period, solar 

radiation and photoperiod. Humidity, wind, storms and air pollution. 

2) Biological factors: Diseases, insects. Weeds and other pests. 

3) Soil: Texture, depth, slope, erosion, pH, fertility, and drainage. 

4) Technology: Improved production technology, machinery and mechanization. 

5) Resources: Seeds, fertilizers, insecticide, herbicide, capital and labour etc. 

6) Social factors: Population pressure, consumer preference, demand, prices. 

Market, transportation, and tenancy. 

7) Plant genetics: Crop and animal adaptation to environmental conditions. 
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4.2 Crop Rotations 

It is define as cultivation of crops in a particular arrangement, one after the other on 

a similar field for a specific interval with an objective that fertility of the soil should not 

be damaged. Crop rotation is done to maintain soil fertility by growing different crops 

in a specific sequence. When exhaustive crops such as sugarcane is grown on same 

piece of land year after year, it will use all of the soil nutrients and in return nothing 

will returned to the soil. Ultimately soil will become unfertile and attack of insects and 

diseases on same crop also increased which reduce the yield and productivity of the 

soil. To avoid these kinds of problems, crop rotation is done. The choice of rotation 

depends upon following factors 

1. Potential and economic conditions 

2. Farmer economic status 

3. Amount of weeds  

4. Supply of plant food  

5. Quality of water 

6. Soil texture and structure 

7. Climatic conditions 

4.2.1 Principles of crop rotation: In crop rotation there are some principles which 

should be kept in mind to get maximum advantages. Principles of crop rotations 

include: 

1. Crop which belongs to same family and order should not follow each other. 

2. Deep rooted crops should follow with shallow rooted crops. 

3. Leguminous crops must be included in rotation: It is better to grow Legumes 

and non-legumes crops in a particular rotation.  

4. There should be a sequence in which Exhaustive crop should be followed with 

those crops which require less input and care. 

5. For crop selection market demand should be kept in mind, 
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6. For crop selection other factors like climate, irrigation, soil and financial hurdles 

should also be kept in mind. Green manuring and forage crops should also be 

added in rotation. 

7. Crop resistant to diseases and insects should be rotated with those crop that 

are susceptible to insect and diseases. 

Considerations while choosing crop rotation:  

1. Use of different herbicides for controlling weed should be kept in mind. 

2. Practices to reduce pest and diseases attacks.  

3. Dispersal of in-season farming operations, and other advantages. 

Advantages of Crop Rotation 

1. Agricultural operations are easy and can be timely done. 

2. Crop rotation improves the soil fertility by fixing atmospheric nitrogen. 

3.  Weeds, disease and insects can be successfully controlled. 

Crop rotation provides adequate use of all available resources. Cultivating crops of 

diverse flora certifies optimum consumption of remaining moisture, fertility and 

organic residues. Moreover, results in higher infiltration, soil structure and decreases 

hazards of formation of hard pan in sub-soil.  

4.2.2 Cropping intensity: Cropping intensity (CI) is a proportion of area occupied 

by the crop to the total cultivated area in a specific interval of time. It can be 

calculated as: 

𝐶𝐼 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑟𝑜𝑝𝑝𝑒𝑒𝑑 𝑎𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝑐𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑒𝑑 𝑎𝑟𝑒𝑎
 × 100  

Cropping intensity is very important in crop rotations. There will be 100% intensity of 

a crop in case of single crop is cultivated for entire year. Nonetheless when two crops 

are cultivated for a year, the intensity will be increased to 200%. And for three crops 

the intensity would be 300%. Cropping intensity varies from country to country. In 

Pakistan cropping intensity varies from 100 to 400%. It also varies from area to area. 

In Barani areas intensity is low as compared to irrigated areas.  

In present time, cropping intensity should be maximum. It is more profitable and has 

a potential to meet the demand of increasing population. Cropping intensity can be 

increased by adopting techniques like multiple cropping systems and inter-cropping. 
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There are different types of practices which are used to grow crops which are as 

follows: 

1. Mono-cropping:   

Mono cropping is defined as growing of only 1 crop again and again in the same 

area. Mono cropping is mostly done where land is of poor quality and less fertile, no 

proper irrigation facility is available. In mono cropping yield is usually low due to less 

plant population, and   soil improvement is not possible and more chances of soil 

erosion. Due to mono-cropping chances of insect and diseases attacks increased 

because it provides better and more favorable conditions to the insects and 

pathogens, which ultimately reduce the yield. 

2. Multiple cropping systems: 

It is define as cultivation of multiple crop or cultivation of minimum of two crops in a 

single year on a specific piece of land. For example, Rice-Potato-Sunflower tracked 

by Rice-Wheat- Moong. This type of cropping requires fertile soil with improve soil 

physical and biological conditions. For multiple cropping, farm should be on such 

place where weather is not a limited factor and minimum chances of drought and 

flood are there. Multiple cropping has a potential to generate more employment and 

profit as well. Multiple cropping systems are further divided into three types which 

are as follows: 

i. Sequential cropping system:  It is define as growing of minimum of two crops on 

a fixed portion of land in a particular sequence year after year. It may be double, 

triple and quadruple sequence. In sequential cropping, one crop is followed with 

other after the harvest of other crop. In this kind of cropping system only one crop is 

managed by the farmer in a particular time period and same piece of land.  

a) Double cropping: It involves cultivation of only two crops in a single year 

sequence 

b) Triple cropping: When three crops are cultivated in a sequence in a single year 

it is called triple cropping. 

c) Quadruple cropping: When four crops are cultivated in a sequence in a single 

year it is called quadruple cropping. 

d) Ratoon cropping: It is defined as cultivation of regrowth of crop after the harvest. 

ii. Inter-cropping: It involves cultivation of more than one crop at a same time on a 

same field. Inter cropping is actually a practices or a system of fodder crops in 

between two widely spaced crop in a same field. Examples are sugarcane-soybean, 
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moong or urd-maize, and urd-moong or cotton-pigeon pea.  Sowing can be done by 

mixing two kinds of seed or growing of crops in separate rows or strips. In inter-

cropping there is an intercrop competition between two crops and farmers have to 

manage two crops at a same time on same land. Inter-cropping can be done by 

following ways: 

a) Mixed Inter-cropping: Cultivation of two or more crops. Growing of more than 

one crops at same time with respect to any specific sequence is termed as mixed 

inter-cropping. 

b) Row Inter-cropping: Planting of multiple crops all together without any specific 

rows of crops is called row inter-cropping. 

c) Strip Inter-cropping: It involves cultivation of more than one crop in separate 

strips.  

Other Terms Related to Multiple Cropping 

 Sole cropping- It involves growing of only one crop alone at recommended 

plant population. 

 Monoculture- Planting of only one crop year after year is known as 

monoculture. 

  Double Cropping- It involves cultivation of only two crops in a single year.  

Pros and Cons of Intercropping:  

Advantage of Intercropping  

1. More stability in yield. 

2. Better utilization of inputs.. 

 3. Reduction in pest, diseases and weeds 

4. One crop offers physical provision to the other crop, 

5. Smaller crop gets protections from bigger crop. 

6. Decrease in soil erosion as a result of  leaf cover provided by the crops. 7. Inter-

cropping is more profitable for small farmers. 

Disadvantages of Intercropping 
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1. Reduction in yield as a result of competition and allelopathic effects.  

2. Hurdles in mechanical operations such as ploughing and weeding.  

3. Less profitable for large farmers.  

iii. Relay cropping:  It involves the sowing of seed of 2nd crop in the same field when 

1st crop is at maturity and is ready to harvest. In this system 1st crop is at reproductive 

stage and life cycle of two crops overlap with each other. The example of this type is 

berseem in rice and planting of sugarcane in sugar beet 

 

4.3 Diversification of Farming Systems: 

Diversification of farming system is a system which depends upon multiple 

enterprisers. In this system different sources of income contribute in farm production 

and none of the sources of income equal to 50% of the total farm output. This type 

of farming also termed as general farming. In Diversified farming farm resources are 

devoted to or income is derived equally from a number of enterprises more or equal 

secured enterprises generally donated equally to the total farm income. For example, 

sugarcane cum cotton cum wheat. In diversified farming no single enterprise is 

prime, it implies 5 or 6 or even more i.e. relatively large number of crops. 

Mixed farming is also up to some extend is come under diversified farming. It is a 

combination of many enterprises which are of independent nature and result to 

certain extent in diversification. Diversified farming mean arable farming mixed with 

livestock raising. In this system more than 50% of its grass income must be 

contributed by arable farming and 10 to 49 % by the livestock farming. A farmer 

grows one crop as a main crop and also grows other crop with it. The diversified 

farming is pinched more extensively into marketable and business relationships and 

is closer to the same principle which underlie other business other taking, but in 

diversified farming, in general producer live habitually on the product of their farm 

and the farm produce almost as many things as need by the family and the farms. 

4.3.1 Advantages and disadvantages of diversified farming 

4.3.1.1 Advantages of diversified farming: 

1. In diversified farming, efficient utilization of resources is made and it is more 

profitable as compared to the other systems. 

2.  In this system there is constant activities and involvement of famer 

throughout the entire year.  
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3.  In this system there is a minimum chance of loss and crop failure.  

4. In this system rearing of cattle.  

5. Birds and poultry is also possible with that of crop production.  

6.  This system gives consistent and faster return to different enterprises.  

7. It minimizes the chances of soil erosion. 

8.  It provides idea about soil fertility.  

9. In this system there are a less chances of risk than specialized farming. 

10.  Best use of all equipment. 

11.  Crops provide feed to the livestock and the latter give manure to the farmer, 

thus both add to the productivity of each other. 

12.  Diversified farming provides draft animals to the farm.  

13. It provides better utilization of labour, not much additional labour is required. 

14. It also gives greater chances for intensive cultivation and higher profit per unit 

resources. 

4.3.1.2 Disadvantages of diversified farming: 

1. Less profitability due to unavailability of co-operative marketing. 

2. Difficulty in proper examination of different enterprises  

3. Maintenance of machinery is difficult.  

4. No idea about farm waste.  

5. Under-utilization of resources and mounting maintenance costs. 

4.3.2 Farming systems of Pakistan 

Pakistan is one of most honored nation having each of the four sorts of seasons with 

a lot of normal assets. Luckily, agribusiness is spine of this nation and more that 70% 

populace is related with farming and its items. Out of 70%, 45% are included 

straightforwardly in various cultivating frameworks. Cultivating framework is an 

efficient methodology and set up method for working a land parcel with given assets. 
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Cultivating frameworks comprise of a few enterprises like trimming frameworks, 

poultry, dairy business, fisheries and honey bee keeping and so forth. Also, 

extremely grand thing about it is, the surplus result of one framework can be utilized 

by means of contribution for the rest. In this regard there are two dimensions prime 

to the reception of any cultivating framework:  

1) Objective of an agriculturist: To identify the purpose of receiving the cultivating 

framework resembling either to acquire or for survival premise.  

2) Accessibility of assets: Agreement of any cultivating framework relies upon 

accessibility of assets like arable cultivating on saline soils require overwhelming 

water system and on the off chance that there is less water accessibility, what 

advantage rancher will get. Here are significant cultivating frameworks of Pakistan:  

A. Yield development cultivating:  

Evaluated territory beneath this framework is 20% of aggregate nation zone as well 

as is rehearsed by an immense figure of ranchers in Sindh, Punjab and valleys of 

KPK and Baluchistan. Assets venture is short and is for the most part as land, water 

structure framework, and homestead apparatus/draft creatures and so on. 

Information sources are near to medium and incorporate eminence seed, water, 

composts and pesticides, diesel oil/power and so forth. The trademark input is broad 

utilization of stream water for inundating crops. Real ranch crops are rice, wheat, 

cotton, sugarcane and maize and so forth. Famous turns are Rice-wheat and Cotton-

wheat and so forth. Slight homestead crops are timber/scavenge trees, beats, grains, 

oil seeds and vegetables and so on.  

B. Natural product tree watered cultivating framework (Orchards):  

This sort of cultivating framework is drilled by private agriculturists in blotches of 

flexible sizes all through the fields of Sindh, Punjab and valleys of KPK and 

Baluchistan. Evaluated territory is 0.6% of aggregate zone of nation. Anyway 

exorbitant sun oriented radiation, hot parching winds, periodic tempests and ices, 

low precipitation, barren soils and absence of natural issue in lands are key 

ecological imperatives. Capital speculation is about low towards direct and is as 

fantastic significant horticulture arrive, water system framework, superb natural 

product plants and so on. Data sources are near to medium and incorporate 

eminence seed and seedlings of most reasonable species, water system water, 

compost, pesticides and assurance and so forth. Real harvests are citrus, mango, 

guava, dates, pomegranates, ber, Japani phal, banana, papeeta, loquat, apricot, 

pears, peaches, almonds, walnuts, plums, and grapes and so forth. Negligible 

products are wheat, foods, vegetables and timber trees and so on.  
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C. Timber tree inundated cultivating framework:  

Timber tree inundated cultivating framework is received by the government on couple 

of extensive patches of land dissipated in the fields of Sindh and Punjab. Assessed 

territory beneath development is about 1%. Real yields are Dalbergia (shisham), 

Acacia (kiker), Prospopis (jand), Albizzia (siris), Morus, Melia (bakin), Eucalyptus 

(safaida), populus (poplar) and Bombax (simbal) and so forth. Minor yields are 

Leucaena (ipilipil), Zizyphus (ber), Tamarix (farash), Salvdora (van) and so on. Little 

precipitation, high temperatures, parching winds, barren soil and saltiness are 

imperative ecological requirements. Level of power over ecological anxieties is 

irrelevant. Sources of info are low and incorporate water system water amid summer 

just and seeds/seedlings of reasonable species.  

D. Surge water system (Saliable) cultivating framework: 

This type of framework is rehearsed on slight measure by poor agriculturists at 

existence level in little pockets sideways waterway banks focus to yearly immersion 

and in mountain valleys accepting yearly glimmer surges slope downpours (Northern 

Baluchistan), D.G. Khan, D.I. Khan and Southern KPK. Assessed region is 1% of 

aggregate zone. Unpredictable surges, low and undependable precipitation, 

exorbitant sunlight based radiation, hot drying up winds, stony/gravelly/light soils, 

unimportant natural issue in soils, barren soils consuming low water/supplement 

possessions limits are main ecological imperatives. 

E. Contour farming 

F. Tunnel farming 

G. Flat farming 

H. Dry land farming 

 

4.4 Crop Zoning and Need of Rezoning In Pakistan:  

4.4.1 Crop Zoning:  

Crop zoning is defined as allocation of land to different crops taking place the 

foundation of mixtures of soil, landform and climatic features. In crop zoning area is 

divided into different zones. Each zone has a similar combination of limitations plus 

capacities on behalf of land use. Crop zoning is done to achieved the following 

objectives: 
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1. To define suitable crops. 

2. To calculate climate variation on crop yield and development. 

3. To improve breeding method for varying climate 

4. To enumerate irrigation requirement of crops. 

5. To make possible set-up of climate change and crop adaptations. 

6. To begin a respectable process of soil conservation and tillage. 

4.4.2 Importance of Crop Zoning: 

Crop zoning is also important because it gives information to farmer about risk during 

phenological and critical stages of crop. Crop zoning also evaluates suitable crop 

variety for a given climate/soil combination. Farmer also knows about optimum 

sowing date and warning advisory for pest, diseases and drought. While doing crop 

zoning we should be kept in mind few basic considerations like: 

1. Weather network facilities. 

2. Involvement of extension services. 

3. Private extension services. 

4. Language of the farmer and researcher. 

5. Climate change scenario. 

4.4.3 Crop zoning benefits:  

The harvest zoning gives essential data to developing potential yield and inferring 

most extreme monetary advantage. The yield zoning encourages better usage of 

land and water assets along these lines give chances to gather maximum capacity 

of the products whenever developed in regions indicated as appropriate. The most 

extreme yield is feasible by following the product zoning map. It is perceived that the 

yield can be developed in reasonable zones with lower generation cost. In the event 

that a similar product is developed in non-reasonable regions, the expense of 

development will be higher contrasted with appropriate zones. 

1. Wheat: 

It is one of the most vital cereal crop in Pakistan and is grown on a large area of 

Pakistan.  Wheat is cultivated in various zones ranging from zone 2(Southern 
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irrigation plain) to zone 10 (Suleiman Piedmont). Wheat is widely adapted to Pakistan 

climate and is cultivated all over the country but most suitably grown is Punjab 

province. 

2. Rice:  

After wheat it is the next utmost imperative monetary yield in country. Pakistan seems 

to require a relative favorable position in delivering the exceptionally esteemed, 

sweet-smelling basmati rice. It is noteworthy fare of Pakistan, and creates generous 

incomes to the legislature from fare obligations. The real rice-developing areas, 

Punjab and Sindh, represent 54 and 36 percent, individually, of the territory 

embedded. Basmati is developed in the Punjab. It is developed in zone 1(Indus 

delta), zone 2 (Southern water system plain) and additionally in zone 3(Wet 

mountains). 

3. Maize: 

Corn engaged 847,500 ha throughout 1991-92, growing from 620,000 in 1975-76. 

The chief corn producing areas are in NWFP (514,100 ha in 1991-92), and Punjab 

(311,300 ha in 1991-92). It is grown in zone 4 (-Northern irrigation plains), zone 6 

(Wet mountains), zone 7 (Northern Dry Mountain), zone 8 (Northern Dry Mountain) 

and in zone 9 (Western dry mountains). 

4. Cotton: 

In Pakistan cotton is cultivated on largest area after wheat. From economic point of 

view, cotton contributes a major portion in foreign revenue. It was grown-up over 

about 2.836 million ha, with 79 percent of this area in Punjab. It is grown in zone 4 

(Northern irrigation plains) which is also called as cotton belt. 

5. Sugarcane: 

It is termed as a chief money crop of country, inhabiting about 896,100 ha in 1991-

92: 536,200 ha in Punjab; 255,300 ha in Sindh; and 104,000 ha in NWFP. In Punjab 

and NWFP, the area under sugarcane has continued static since 1975-76. In Sindh, 

it has increased by 47 percent. Since 1975-76, sugarcane yields have increased 

from 36.5 to 43.4 tonnes/ha for Pakistan as entire. For Punjab, the increase has been 

from 36.6 to 37.3; for NWFP, from 39.1 to 43.9; and for Sindh, from 34 to 55.8 

tonnes/ha. It is grown in zone 1(Indus delta) and in zone 4 (Northern irrigation plains).  

4.4.4 Need of rezoning in Pakistan: 

Our country is one of those states which are most brutally affected by climate change. 

Due to change in climate at hand is a clear alteration occurs in temperature, rainfall, 
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humidity and other climatic factors. So in Pakistan there is a need of rezoning in 

Pakistan to identify the most suitable land for a specific crop. 

 

4.5 Agro-Ecological Zones of Pakistan: 

Pakistan possessed 79.6 million hectares’ region altogether and about 27% is 

developed and 80% of developed zone is inundated. Being an agribusiness nation 

about 66% populace relies upon horticulture. Pakistan is located b/w scopes 24-

37oN and longitudes 61-76oE, with a mild sub-damp to sticky atmosphere with mean 

least temperature 40C in winter and most extreme 38oC in summer. Pakistan is 

additionally called as smaller than expected world. Pakistan has extraordinary 

climatic decent variety because of variety in geology, height and spell. Four particular 

seasons are perceived: 1st winter which is very cool and ranges from December to 

February, 2nd spring season ranges from March-May, 3rd is summer ranges from 

May-August and 4th  is autumn ranges formulate September until ice at the 

beginning of winter.  

The vast majority of the rangelands present in country are in parched in addition to 

semi-dry zones described by small rainfall and boundaries of temperature plus little 

mugginess. In addition, dry spell occurs in these regions and fuels the impacts of 

overgrazing resulting in entire and changeless injury of a few types of vegetation. 

The northern regions of Pakistan are situated available of the storm rain shadow. 

The indigenous habitat is unforgiving, bone-dry with exchanging temperatures that 

is generally minimum in winter and maximum in summer.  

Pakistan has 10 agro-ecological zones which are given below:  

1. Indus delta  

2. Southern water system plain  

3. Sandy desert  

4. Northern water system plain  

5. Barani terrains  

6. Wet mountains  

7. Northern dry mountains  

8. Western dry mountains  
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9. Dry western level  

10. Suleiman piedmont  

Clarification:  

1. An Indus delta:  

The Indus delta incorporates locale of Thatta Badin and Hyderabad. The yearly 

precipitation in this zone is extending between (125-250 mm). Its soil sort is earth 

and residue. Atmosphere is parched tropical marine with sweltering straw-hat to 

mellow wintertime. The foremost harvests of the Indus delta are sugarcane, rice and 

heartbeats.  

2. Southern water system plain:  

It covers the areas of Tharparkar, Sanghar, Dadu, Kahirpur, Larkana, Nawabshah, 

Jaccobadad, Sukar, Shikarpur, Sibi and Rahim Yar khan. Yearly precipitation under 

(125 mm and increments to 250 mm) and soil type sediment topsoil and silty earth. 

Atmosphere parched sub-tropical mainland with sweltering summer and mellow 

winter. The key yields are rice in summer and wheat in winter.  

3. Sandy desert:  

It incorporates areas of Bahawalnagar, Rahim Yar khan, Tharparkar, Sanghar, 

Muzaffargarh, Nawabshah, Mianwali and Sargodha. Yearly precipitation is between 

(125-250mm) and soil type topsoil and sandy soil. Atmosphere summer is extremely 

sweltering winter is exceptionally cool. The fundamental products are wheat, caster, 

millet and guar.  

4. Northern water system fields:  

This incorporates Bahawalnagar, Rahimyar khan, Multan, Vehari, Sahiwal, Lahore, 

Faisalabad, Jhang, Chiniot, Gujranwala, Sargodha, and Gujrat. Furthermore it 

incorporates Peshawar and Mardan. Precipitation runs between (125 mm to 500 

mm) and soil type topsoil, topsoil soil and sandy. Atmosphere is semi-bone-dry to 

bone-dry. The principle crops are cotton, sugarcane, maize, and wheat. What's 

more, in Peshawar and Mardan Wheat and Berseem is developed.  

5. Barani lands:  

Barani arrive comprise of regions of D.I khan, Bannu, Minawali, Talagang, Attock, 

Abbotabad, Rawalpindi, Chakwal, Jhelum, Gujrat and Sialkot. Yearly precipitation 

ranges from (1000mm in north-East and 200 mm in South-West) soils diverse sort 
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of soils. Atmosphere with foot of mountain is about to muggy with sweltering summer 

and cool winter while southern part semi-bone-dry. The fundamental harvests are 

Maize, wheat (zones where precipitation above 700mm) Millets, Sorghum, Gram and 

Lentils (where precipitation under 500 mm).  

6. Wet mountains:  

It incorporates areas of Rawalpindi, Hazara and Mensehra. Yearly precipitation 

(1000-3000 mm) the soil is silty muds and mud topsoil. Atmosphere is homogeneous 

on the grounds that it contain/include mountain and levels. The principle crops are 

maize, wheat and rice.  

7. Northern Dry Mountain:  

It incorporates Chitral, Dir, Swat, Kalakand, Mohmed Agency, Khyber and Trible 

territories of Peshawar and Kohat. Yearly precipitation is extended between (300-

1000 mm) Soil kinds are profound and clayey. Atmosphere summer is mellow and 

winter is cool. The principle crops are maize, wheat, and grains.  

8. Western dry mountains:  

In the event that we discussing northern dry mountains, it comprises areas of Kohat, 

Bannu, North and South Waziristan, Zhob, Lorelai, Kalat, Sibi, Quetta and Karachi. 

Yearly precipitation ranges (125mm south west to 500mm in North) Soil type is 

profound and topsoil. Atmosphere is mellow summer and chilly winter. The principle 

crops are Wheat, Maize and foods.  

9. Dry Western Plateau:  

Its include Karachi, Dadu, Mekran, Kharan, Chagai and Lasbella. Yearly Rainfall (50-

200mm) Soil categories are calcareous sediment topsoil. Atmosphere is Arid tropical 

with continually Dry season. The primary harvests are Wheat, Millet, Maize, and 

Sorghum.  

10. Suleiman Piedmont:  

It’s incorporate D.I Khan, D.G khan and Karachi. The yearly rain fall is (125-250mm) 

Climate is dry and hot. Principle crops are Wheat, Millet and Gram. 
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CHAPTER 5  
 

  

TILLAGE PRACTICES  

Tillage means field maneuvers aimed at modifying the physical situation of soil for 

better crop growth and yield. It is the physical modification of the soil for getting higher 

crop yield. It includes soil practices such as Tillage means field maneuvers aimed at 

modifying the physical situation of soil for better crop growth and yield. It is the 

physical modification of the soil for getting higher crop yield. It includes soil practices 

such as ploughing, planking, drilling and hoeing etc. Tillage influences the structure 

of the soil, its porosity, disintegration and water holding limit. It also affects the soil 

tilth. Tillage operations modify the soil structure, total porosity and bulk density of the 

tilled layer of soil. The addition of the organic matter to the soil encourages 

granulation and improves its tilth. Tillage operations are performed for biological, 

chemical and physical benefits. The main objectives of tillage are as follows: 

i. To prepare a fine and firm seedbed with proper tilth conditions, suitable for 

growth pf crop. 

ii. To incorporate manures and fertilizers into the soil. 

iii. To uproot weeds and bury the plant residues and farm wastes. 

iv. To improve water absorption into the soil body and conserve water particularly 

in rainfed (Barani) areas. 

v. To accelerate the weathering (drying and warming) of the soil and expel toxic 

gases. 

vi. To improve the availability of plant nutrients by enhancing the decomposition 

of organic matter and mineralization etc. 

vii. To facilitate movement of irrigation and drainage water. 

viii. To prevent soil’s wind and water erosion. 

ix. To minimize the insect-pests’ incidence and diseases occurrence by exposing 

the lower soil to weather, this eliminates the soil-inhabiting organisms by heat, 

desiccation, predatory animals and birds etc. 

x. To expedite the reclamation of problematic soils. 
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Although tillage is a crucial procedure in crop production  there are certain limitations 

in association with it certain situations. These are: 

i. Extra cost is needed for the purchase of tillage implements and machinery. 

Moreover, extra energy, labour and time are also required for several field 

operations. 

ii. Biotic activity is affected by breaking the green belt and exposing the soil to 

weather.  

iii. The surface soil granules are adversely affected by repeated tillage operations 

over a long period of time. 

iv. Heavy tillage implements break the soil structure and create a hardpan in 

subsoil. This minimizes the water absorption into soil and cause erosion. 

v. Inter-tillage after seedling emergence may damage the crop. 

vi. The oxidation of organic matter from the soil is enhanced, causing nutrient 

losses by volatilization. 

vii. Tillage facilitates burial of weed seeds into the soil and thus encourages weed 

infestation. 

viii. Tillage spreads the settlements of various soil-borne bugs, pathogens and 

parasites. 

Tillage operations are classified into three major categories: 

1. Primary tillage procedures : These are defined as the operations started 

after the harvesting of pervious crop and come to an end when the field is 

ready for seed-bed preparation. Primary tillage operations are also called land 

preparation operations or preparatory tillage which includes initial major soil 

ploughing operations to break, pulverize and invert the soil for loosing of soil 

and burial of weeds, stubbles and remains of the previous crop. The traditional 

bullocks plough, rotavator, disc plough, chiesel, sub-soiler and mouldboard  

are used as preparatory operations. 

2. Secondary tillage procedures: It refers to field operations after ploughing 

(primary tillage) to prepare the final seedbed for planting or sowing of crop. In 

these operations, some soil processes i.e. deformation of soil clumps and tops, 

incorporation or uprooting of weeds, stubbles and root biomass are done for 

soil preparation. Soil is not turned out but loosen in these operations. The 

purpose most often is to level the soil and incorporate manures and fertilizers 
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into it. Secondary tillage may also be required for the preparation of ridges, 

beds, furrows and water courses along the field. The conventional local 

secondary tillage implement is sohaga which is applied for land flattening 

afterward the ending tilling. Some other common secondary tillage implements 

are: disc harrow, cultivator and roller or surface backer. 

3. Tertiary tillage/intercultural/inter-tillage procedures: It comprises the 

operations which start after sowing and continue till crop ripening. It is also 

called as inter-cultivation. This process includes hoeing, harrowing, earthing-

up, ridging and furrowing. Hoeing is the removal of weeds by hand tools. 

Harrowing is the use of harrows. Earthing-up refers to the practice of 

covering the plants with soil in order to facilitate their firm establishment in the 

field. Ridging and furrowing is the making of ridges or furrows. They are 

made before seeding but sometimes they are disturbed due to irrigation or rain 

water and/or heavy winds, therefore need to be remade by inter-tillage. Due to 

lighter characteristic of inter-tillage, it helps the seed to sprout crop seeds and 

useful to eliminate the weeds from field for a longer period. It also helps to 

incorporate top-dressed manure and fertilizer into the soil. Some crops usually 

do not emerge if not inter-tillaged because of crusty nature of upper soil due 

to light rainfall just after sowing. For example, in sugarcane beguri is used just 

after planting called blind hoeing. K.R. Karandi is also a tertiary tillage 

implement and is used in many crops for breaking the crust just after sowing 

before crop emergence. 

 

5.1 Different Tillage Systems 

Tillage schemes are the sequences of processes aiming to deploy the structure of 

soil for the better crop production. Planting, tilling, fertilization, pesticides 

management, harvesting and residue chopping are the different operations used in 

tillage schemes. These tasks influence the soil structural, chemical and organic 

properties which ultimately affect the crop development. Crop remains left on surface 

of soil determine the different types of tillage schemes. Conservation 

cultivation(tillage) is a type of tillage schemes in which 30% or more crop remains 

are left on top of the soil. Mainly crop residue management is focused by 

conservation tillage practices. Managing of crop remains is defined as “a yearly 

program m beginning with the crop selection which produce considerable amount of 

crop remains and in case of less residue production, sometime cover crops are 

added. Cultivation operations which are included in management of crop remains 

are ridge-tillage, reduced-tillage, mulch-tillage, and no-tillage. 

5.1.1 Kinds of tillage 
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1. Conservation Cultivation (soil surface having 30% or more crop remains) 

This type of cultivation is defined by the CTIC as “a cultivation and planting scheme 

in which soil top surface is covered by 30% or more than 30% crop remains after 

sowing aiming to minimize the loss of top fertile soil due to water”. In case of wind 

erosion soil conservation is described as “ a scheme that sustains the minimum 

1,120kg/ha of smooth, small grain remains equally distributed on top soil surface 

during the serious season of soil loss due to wind. 

2. Other cultivation system (less than 30% crop remains present top soil 

surface) 

As in conservation cultivation 30% or more crop remains cover present on top soil 

surface but if the tillage practice which will not maintain residue cover minimum 30% 

then this tillage is not categorize d in conservation tillage system. Though this type 

of system is useful for erosion control purpose either supporting other conservation 

practices or not, such as contouring, terracing, strip cropping etc. 

3. Conventional tillage system (less than 15% crop remains present on top soil 

surface) 

It is the type of tillage scheme in which below 15% residue cover is maintained after 

planting and in sense of wind erosion period below 560 kg/hectare of little particles 

deposition equivalence. Usually this system involves some forms of intensive tillage 

or plowing practices. Conventional tillage system involves primarily heavy tillage 

implements mainly used to break the soil clods and secondly mixing up the fertilizers, 

manures, weedy plants into soil etc., to establish a proper seedbed. Deep ploughs, 

moldboard plows and chisel ploughs are involved in primary tillage implements while 

rollers, packers, drags and tooth harrows and placed in secondary tillage tools. Such 

conventional tillage practices create almost an ideal seedbed establishment 

situations aiding in seed sprouting and crop growth. 

Moldboard is an dynamism practice leaving a thin layer of remains cover on top soil 

surface and multiple secondary tillage passes are required by this practice. Typically, 

6-8 inches deep plowing is done by moldboard operation. Traditionally it results in 

judicious crop growth.  

Chisels give almost same results as compare to moldboard however chisel requires 

less energy for operation and provides a considerable residue cover on soil surface. 

Chisel plow shows high flexibility ranges from 5-12 inches in soil depth cultivation 

processes. 
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Disk plow used as a primary tillage implement that cuts the soil about 6-8 inches 

deep or performs a partially tillage operation leaving residue cover on soil surface. 

This tool lies in heavy types of tillage operations. For the character of pulverizing the 

soil through repeated passes, this tillage operation act as both primary and 

secondary tool. This character does not allow to frank investment in tillage 

implements and it is not suitable for long term. 

4. Restricted Tillage Systems 

The main principle of this tillage system is no need to disturb the entire field except 

area around the plant. Many tillage systems i.e. no-till, strip-till, ridge-till and zone-till 

lie in this system. 

5. No-tillage system 

No-tillage is defined by CTIC as “a procedure in which soil is not disturbed from 

previous crop harvest to next crop sowing except for nutrients applications”. With the 

help disk openers, roto-tillers, cleaners, in-row chisels and coulters seedbeds are 

established. After that drilling and planting is done. Chiefly herbicides and used for 

weed control. Moreover, cultivation is done for weed control in critical period. No-

tillage system is operated around the seed area to lose a shallow and slight soil for 

cultivation. This system has changed the conventional tillage trend and it is very 

useful to reduce soil erosion and raise the organic material contents in the soil. With 

the change in climate, this system has been used effectively on different soils. 

Residue cover left on soil surface aids to control soil erosion problems and 

accelerates the activity of soil microorganisms by providing protection against high 

temperature and heat streams. Rainfed areas get more benefit from no-till system, 

as surface cover reduces the evaporation, so ultimately there is less susceptibility to 

drought. As this system performs well in soft soils and less susceptible to 

compaction, so coarse and well-drained soils are very suitable for its effectiveness. 

Initially no-till system gives less yield as compare to conventional tillage because less 

availability of nitrogen in soil. For the purpose to compensate the nitrogen in soil 

different practices are done in transition, such as legume cultivation, fertilizer 

application and manure addition. By this way, soil takes many years for nitrogen 

compensation and high yield is gained than conventional tillage. In no-till system 

weed control, soil compaction and seed placement are dominant issues which 

adversely affect the transition. So, there is great need to modify the no-tillers for 

effective performance in varying soil conditions. In a New York experiment no-till 

system has improved physical, chemical and biological soil conditions. Some other 

experiments show that long-term use of no-till increases the nitrogen availability in 

soil from organic matter, which will save the cost of synthetic fertilizers.   

6. Ridge-till system 
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Soil is disturbed only for nutrient injection in ridge-till system. By using different tools 

such as row cleaners, disk openers and sweeps, the seedbed are made on ridges 

then planting is done. The empty spaces between the ridges are covered with residue 

cover. Weeds are controlled either by using appropriate herbicides or by cultivation. 

Ridge-till system is very effective for cold and wet soils because this system provides 

a well-drained and warmer atmosphere for germination of seed and seedling. For the 

purpose of band application of herbicides, mechanical and ridge-till system are used 

collectively. Less amount of herbicide is used in this system which ultimately reduces 

the herbicide cost.  

7. Zone tillage system 

It works like the no-till system aiming to improve the soil quality but this system 

requires more power. This system is encouraged to use on the soils having 

compaction problems i.e. use of liquid fertilizers, removal of residues for soil drying 

and warming, harvesting when more chances of soil compaction, in humid and cold 

environments.  Where deeper disturbance to soil is not mandatory, a single-pass is 

used by the zone planter.  

8. Strip tillage system 

There is reduction in power consumption in strip tillage system because the 

shallower tillage shanks are used in this type of tillage. For the purpose of seed 

setting in mild environment situations, both zone and strip tillage are used in winter 

period earlier the start of spring period for the planting of crops. For purpose to 

decrease the field passes, generally growers insert the fertilizers along the cultivation 

practices. 

 

5.2 Crop Growth Patterns under Different Tillage Systems 

Tillage is the primary component of agriculture farming; Different types of tillage are 

used for this purpose, different primary (ploughs) and secondary (cultivators, 

harrows) implements use for this purpose. These cultivation systems are categorized  

into conventional tillage, ridge tillage, conservation, zero tillage and minimum tillage 

according to implements use and their application. These all types of tillage have 

different effects on crop growth and soil properties. There are following purposes of 

different tillage systems. 

1. To preparation of a fine seed bed 

2. To improve soil physical condition 
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3. To increase infiltration rate 

4. To protect soil from water erosion 

5.  To control of weeds. 

5.2.1 Effect of Tillage on Soil Characteristics 

Chemical, biological and physical characteristics of soils are affected by different 

types of tillage. These effects may be beneficial or degrading on the basis of tillage 

practices as well as soil type.  Chemical properties depend on organic matter present 

in soil, tillage increase soil ventilation and decomposition of organic matter. Tillage 

maintains soil physical characteristics i.e. temperature, porosity, infiltration rate and 

water holding capacity. Biological activities i.e. microbial and earthworm activity 

which is increase by increasing water holding capacity and soil aeration. These all 

properties closely related to crop residue management on soil surface (Unger and 

Cassel, 1991). Conservation tillage causes less wind and water erosion and increase 

microbial activity. By using conventional tillage effect on soil moisture retention and 

temperature is not considerable but it effects on soil density. By using of conservation 

tillage soil physical properties improve as compare to conventional tillage because 

in case of conventional tillage more field operations are done and cause more water 

loss and soil disturbance (Özpinar and Cay (2005). Soil microbial activity is increased 

in reduced tillage (Hassink et.al., 1991).  

5.2.2 Effect of Tillage on Crop Production 

There are many experiments done on tillage effect on crop production, crop growth, 

water retention, soil temperature and nutrients availability are closely related to the 

tillage type and implements. Different crops show different growth behavior in 

different tillage systems; some well grow in minimum tillage and some in 

conventional tillage, negative effects will be more when we use similar tillage for a 

longer period of time. In different agro-ecological zones tillage effects are different. 

In partially arid areas water conservation is considered a key factor for plants growth. 

 

Table 5.1 Crop yield affected by tillage in the West African semi-arid tropics  

Crop Number of 

annual results 

Yield (kg ha-1) Yield increase 

(%) 
Control with tillage 

Sorghum 86 1691 2118 50 
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Rice 20 1164 2367 17 

Cotton 28 1322 1550 24 

Groundnut 46 1259 1556 30 

Millet 38 1558 1894 25 

Maize 31 1893 2791 31 

(Nicou and Charreau, 1986) 

According to these results (Table 5.1), cotton is minimally affected by tillage practices 

while effects on maize are maximum.  

Table 5.2 Yield of wheat obtained at Italy during 1999-2002 

Growing 

Season 

Treatment Yield (t/ha-1) 

1999-2000 No cultivation 4.5 

Traditional 

cultivation 

4.2 

2000-2001 No cultivation 4.5 

Conventional 

cultivation 

4.7 

2001-2002 No cultivation 2.9 

Traditional 

cultivation 

4.6 

(De Vita et al., 2007) 

 

According to results presented in Table 5.2, first two years results were significant 

but in third year, a large variation was found due to environmental factors i.e. 

temperature, rainfall etc. Tillage selection is based on a lot of factors but soil 

characteristics play a major role in choice of tillage intensity and tillage type. 

Secondly most important factor for tillage selection is climate (i.e. rainfall pattern, 

temperature, humidity etc. In partially arid areas in India (Rao et al., 1986), traditional 

cultivation is better than no or minimum cultivation for many crops i.e. barley, mustard 

(Brassica juncea) and chickpea.  
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All this discussion shows that conservational tillage gives temporary benefits but in 

future, soil health is deteriorated due to more wind erosion, disturbance in microbial 

activity etc. In case of zero tillage, we save our soils for lengthy duration. If soil and 

environmental conditions are suitable, we must select zero tillage. 

 

5.3 Weed Growth Dynamics as Affected by Tillage Practices: 

Weeds are plants which are out of their proper place. These are the major restrictive 

factor to successful plant production. Weeds cause losses in different ways. Their 

growth is faster than crop plants. Weeds plants strive for nutrient, water and other 

inputs with actual crop plants. Tillage frameworks may impact weed seedbank size 

and creation to an a lot more noteworthy degree than crop rotation (Ba`rberi and Lo 

Cascio, 2001; Mirsky et al., 2010).  

5.3.1 Tillage system impact on weeds density and control: Soil tillage 

frameworks can be partitioned into two principal categories as per their essential 

consequences for the soil layer arrangement in the soil profile. These are inversion 

and non-inversion tillages. The mould board plow inverts topsoil and moves it, 

alongside weeds and other natural deposits, into more deep soil layers. The biota of 

upper soil layers at that point turns into a part of the subsoil environment. On the 

other hand, weed seeds of previous deep layers are moved up into top soil layers. 

5.3.2 Effect of Traditional Cultivation on Weeds 

Weed population is less in traditional cultivation as compare to minimum tillage 

system. At equal level of atrazine weeds are more controlled in traditional cultivation 

as compare to minimum cultivation practices (Erbach and Lovely, 1975). Two more 

persistence weeds green foxtail and redroot pigweed were difficult to overcome with 

no-tillage and chisel plow but easily controlled by ridge tillage and many herbicide 

application. Control of weeds becomes difficult by the adoption of conservation tillage 

practices. Exclusion of tillage practice from crop production not only eliminates an 

significant technique of weed control, were not adequate in no-tillage. 

Deep zone and zero tillage both are the types of conservation Weeds population and 

growth is more in zero or minimum tillage system because weed’s seeds 

accumulated at soil surface s at planting stage weeds are not controlled. By 

decreasing tillage intensity depth of some weeds (i.e. Seteria faberi) germination 

reduced and weed population is enhanced. Seteria faberi population was greater 

than eight times in minimum tillage as compare to traditional cultivation; however, 

velvetleaf weed population was almost six times more in traditional cultivation as 

compare to minimum-tillage. According to Wrucke and Arnold (1985), annual grassy 
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weeds increased in zero tillage as compare to traditional cultivation in a soybean 

[Glycine max (L.) Merr.] - corn (Zea mays L.) rotation, but no effect was seen in case 

of annual broadleaf species. No tillage or minimum tillage may affect soil applied 

weedicides behaviour. According to a research, residues of atrazine were noticed, 

however, after five years of use its persistence was greater in minimum-tillage 

system as compare to traditional cultivation system. Appropriate control of weed flora 

with the application of herbicides showed less long-term results on weed plants due 

to variability in nitrogen doses. 

 

5.4 Nutrient Behavior under Different Tillage Systems: 

Nutrients are essential substances/elements which are required by plant to survive. 

These are categorized as macro and micro nutrients which are needed for plants life. 

Operation of different tillage systems greatly affects the plant nutrients efficiency. 

Use of conventional tillage enhances the organic matter loss in soil by more aeration 

and soil aggregates destruction. Beside this combination of reduced tillage and crop 

residues not only reduces the organic matter loss but also enhances the soil 

aggregation.  

5.4.1 Soil nutrient analysis 

To determine the analysis for soil nutrients, one should be well-known with short-

range and long-standing effects of tillage on soil. Short-range scale comprises the 

effects on nutrient dynamics where crop remains and living materials are 

incorporated into the soil as well as soil physical property is changed by a single 

tillage practice. Long-term scale includes the accumulation of short-term effects due 

the repetition of a tillage operation several times. There may be short-term effects 

are less than accumulated affects.  

The important momentary nutrient pool is the microbial biomass where 

transformation of organic nutrients derived from crop residues, organic fertilizers and 

humus, is taken place into minerals. Transportation and transformation procedures 

of nutrients are characterized by nutrient flows which are affected by tillage. Within 

soil and environment, differentiate nutrient pools size is also affected by tillage 

operations.  

5.4.2 Tillage effects on nutrients dynamics  

1. Vertical nutrient distribution 

There is less chances of equal nutrient distribution in case of annual conventional 

tillage. Beside this some specific tillage operation such as deep plowing, chiseling or 
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sub-soiling do not invert the soil except loose. So, by using such type of implements, 

there will be more concentration of living material and elements needed for plant 

growth in the upper soil sheet. Nutrient rich top layer may result nutrient supply to 

lower layer of soil. After different experiments, it is resulted that no-tillage operation 

leads to vertical nutrient distribution which accumulates more nutrients in top soil and 

later in deep soil layer.  

2. Immobilization and Mineralization of nutrients 

It is the phenomenon through which non-living elements are transformed to living 

elements and mineralization is the opposite process of immobilization. These both 

processes are proceeded by microbes which utilize organic and inorganic 

compounds for growth. Tillage operation may affect the mineralization by two 

aspects, firstly, by incorporating organic matter in soil, secondly by aeration to 

increase the decomposition of organic matter. Some extent, the effect of tillage 

operation on mineralization is dependent on environmental conditions and time of 

tillage application. More tillage effect on microbial activities in high temperature 

conditions than in cool conditions. To check the pattern of mineralization, time is used 

as a managing tool. Some areas having no access to inorganic fertilizers or too costly 

fertilizers, tillage may perform an important duty in mineralization to increase the soil 

productivity. Moreover, tillage may help to maintain nutrient status and control the 

mineralization process. In no-till system, mineralization process is slow which is 

regulated at normal level by increasing organic matter concentration. Soil biological 

activity is increased under no-till system which leads to nutrient cycling. It is found 

that mineral nitrogen is increased due earthworms which ultimately increase the 

microbial activity. It is also observed that earthworms play a significant role in N 

mineralization and carbon-nitrogen cycling. In some cases, reduced tillage has 

enhanced the mycorrhiza fungi in soil as well as more chances of P and N 

obtainability for crop growth in soil.  

3. Loss of Nutrients 

i. Erosion and Runoff 

Crop yield is a clear image of nutrients concentration in the soil. As top soil is 

enriched with nutrients which is sometime removed by naturally or artificially resulting 

nutrients loss which is ultimately badly affect the plant growth stages. Erosion and 

runoff are also main threat to food security with increasing population. Always 

farmers struggle to protect the topsoil to save their inputs and gain maximum profit. 

Nutrients losses by erosion and runoff are not easily compensated by synthetic and 

inorganic nutrients sources. There is very low effect of erosion of grasslands and 

forests as compare to arable farming. Reduced tillage acts similarly to natural 

grasslands or forests to establish a residue cover and vegetation cover which 
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conserve soil and moisture. In reduced tillage, soil cracks and roots path channels 

offers incessant pores which aid in soil microbes functioning. But conservation tillage 

is not much sufficient practice to minimize erosion and runoff. Contour cultivation is 

recommended to minimize soil loss which is more efficient. Moreover, reduced tillage 

is not a best choice to check soil nutrient losses but cultivation up to depth of 30cm 

has more productivity and compare to cultivation up to a depth of 5cm or 15cm.  

ii. Leaching of Nutrients 

Leaching includes the downward movement of soil nutrients which are not utilized by 

crop. Compare to traditional tillage operation, leaching of nutrients may occur more 

or less in case of reduced tillage operation. Mostly tillage operations do not affect the 

nutrient leaching significantly, this may happen in cases where susceptibility of less 

nitrate concentration in soil profile, so less chances of nitrate leaching in no-till soils. 

Relationship nitrate molecules with time and rate of soil water drive significantly affect 

the leaching. Moreover, increase in water molecules quantity in soil opening areas 

also increase the soil nutrient leaching by the action of gravity. Beside this, when 

there is heavy rainfall just after the inorganic fertilizers’ application, inorganic 

nutrients are dissolved by water and move downward in groundwater. By this way, 

tillage affects the nutrients leaching in many ways.  

iii. Emission of Gases  

After runoff and leaching, volatilization is a third one process of nutrient losses. In 

this case, nutrients are vaporized in atmosphere from soil surface. In case of 

nitrogen, emission of nutrient is occurred by the process of denitrification, in which 

nitrogen dioxide is produced through series of reduction reactions. Nitrogen dioxide 

is gaseous form of nitrogen which is ultimately volatilized into the atmosphere, which 

is actually the nitrogen loss. It is observed that loss due to denitrification are more in 

no-till soils as compare to traditional or conventional tillage practices. Because in no-

till soils, more anaerobic conditions, high moisture level and higher organic matter 

contents which facilitate the denitrification process due to greater activity of soil 

microbes. When residues are incorporated in soil, there are fewer chances of 

denitrification losses than when residues are placed on the soil surface. There may 

be ammonia losses when organic or inorganic fertilizers are applied on soil surface 

but urease inhibitors can check these losses. Volatilization can be reduced by 

application of synthetic fertilizers in slits instead of spreading on the soil surface. 

 

5.5 Tillage and Water Use Efficiency: 
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Water use efficiency (WUE) is defined in many ways. However, there are two major 

approaches for defining WUE i.e. engineering approach, agronomic / physiological 

approach: 

1. Engineering approach: 

According to engineering approach, WUE is defined as the ratio of volume of 

irrigation water consumed by the crops of an irrigated area to the volume of water 

supplied to that area. 

Irrigation efficiency =  
𝑊𝑒𝑡 

𝑊𝑎
 × 100 

Where: 

Wet = Volume of water transpired by plants and evaporated from the soil in a 

specified area. 

Wa = Volume of water applied to given area. 

The overall irrigation project efficiency has been divided into constituent components 

including conveyance, distribution, and farm efficiencies. 

1. Conveyance efficiency 

It is the ratio of the quantity of water which reaches the irrigation area to the quantity 

of water supplies from source to the conveyance system. 

2. Distribution efficiency 

It is the ratio of the quantity of water that reaches the field to the quantity of water 

supplied from the source. 

3. Farm efficiency 

It is the ratio of the quantity of water under the farmer into and that is effectively 

stored in the root zone. 

2. Physiological /Agronomic approach: 

In physiological/ agronomic sense, water use efficiency is centered on the yield 

related to water input, and is commonly referred as water use efficiency. In past terms 

transpiration and evapotranspiration ratio were used to describe the water use 

efficiency. Transpiration apportion is characterized as the proportion of the heaviness 

of the crop water misfortune to the climate, to that of its yield or all out dry issue 
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creation. Evapotranspiration is characterized as the proportion of the heaviness of 

the harvest water misfortune both from the yield covering and soil surface to the 

climate to that of its yield or all out dry issue preparations. The value of RT and RET 

are normally within the range of 102 to 103 g/g (100 to 1000 g/g). Water use 

efficiency is defined as the amount of dry matter produced per unit of water 

transpired. 

Types of agronomic water use efficiency:  

There are two main types of agronomic water use efficiency. 

1) Input water use efficiency  

2) ET- based water use efficiency 

1) Input water use efficiency (WUEi): 

It shows an absolute response of yield to water applied in the form of both irrigation 

and rainfall. 

WUEi =
𝑇𝐷𝑀

∑(𝐼 + 𝑅) 
 

Where  

TDM = Total plant dry matter 

I = Irrigation 

R = Rainfall 

2) ET- based water use efficiency (WUEet): 

It has more strong physiological basis than input water use efficiency. 

WUE et =
𝑇𝐷𝑀

∑ 𝐸𝑇 
 

Where  

TDM = Total plant dry matter 

ET = Evapotranspiration 
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All the soil management practices including tillage, mulching and soil residue 

management have a greater impact on WUE through affecting both the crop yield 

and ET by affecting the components of surface energy balance: 

ET = Rn – G – H – P 

Where G is soil heat flux, Rn is net radiation, P is photosynthetic flux, and H is 

sensible heat flux. 

All the components of energy balance equation are directly affected by soil surface 

modifications. However, better soil management also improved input WUE due to 

enhanced crop yield as a result of enhanced water uptake. This is especially true in 

case of semi-arid areas or irrigated soils.  

Tillage makes soil permeable to water thus initially enhances the water intake and 

storage into the soil through increased infiltration. However, through disturbing soil 

cover of otherwise crust-covered soil, and exposing moist soil layer to air, tillage also 

causes loss of stored soil moisture through evaporation. According to an estimate, 

evaporation losses from an untilled soil usually fall around 2 mm per 3-day period 

that increase up to 12 mm for the same time period from a cultivated soil within the 

same season.   Tillage also reduces the water availability in seed zone of soil up to 

20-30 mm under intensive field cultivation operations. Tillage affects the soil moisture 

dynamics differentially under saturated and un-saturated soil conditions. The 

hydraulic conductivity of the soil is of utmost importance in timely supply of moisture 

to germinating seed and developing plant. That is why; during early growing season, 

water contents of soil profile especially in semiarid areas should be near field 

capacity to ensure high crop productivity. Tillage is known to increase the hydraulic 

conductivity of water filled soil while decease the hydraulic conductivity of 

unsaturated soil. This because, under unsaturated soil conditions, intensive tillage 

promotes soil aeration thus more of the soil pore space remains filled with air. 

Although, it is well known that tillage improves water infiltration into the soil, but 

excessive tillage my also reduce it due to decreased hydraulic conductivity. The 

impact of tillage on increasing or decreasing the water infiltration also depends on 

the soil residue cover. As residue cover acting as soil mulch minimizes the effect of 

rain water droplets collision with soil top surface, Pikul and Aase (1995) 

demonstrated a water infiltration rate of 69 mm into no-tilled soil as compared to 52 

mm into a conventionally tilled soil under annual wheat fallow cropping system. 

Maintenance of surface cover under zero-tillage system is also beneficial due to 

reduced soil crusting and erosion.  

Tillage should not necessarily be considered to be disadvantageous regarding soil 

water conservation. At some instances, it is also a significant source of moisture 

saving and soil moisture conservation. Tillage in the form of ridging and furrowing 
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while making ridges and beds for sowing preserves almost 40-60% irrigation water 

compared to flat sowing during crop growth cycle of summer crops in semi-arid 

areas. He et al. (2008) reported an raised WUE in irrigated wheat (Triticum aestivum 

L.) by growing it on raised beds in comparison to the its flat sown crop under 

traditional tillage or zero-tillage. They attributed this increase to enhanced water 

availability to crop, reduced bulk density in top 30 cm soil layer and raised 

temperature in root zone. Similarly, in rainfed areas, shallow cultivations after 

monsoon rains conserves main portion of infiltered soil water. This soil conserved 

water is then utilized for raising autumn planted crops as no irrigation water supply 

is available in these regions. The other forms of tillage like hoeing, harrowing and 

earthing-up improves the WUE through conserving soil moisture and enhancing crop 

yield by better aeration and weed control. The character of tillage in efficiently water 

utilization and crop plants growth cannot be undervalued. The tillage system should 

be chosen according to crop and growing conditions. This can assure better WUE 

and yield of crop.  

Different tillage systems have been developed in agriculture, each of which has its 

own pros and cons. With respect to soil moisture conservation, tillage system that is 

able to keep higher soil porosity is considered to be the best in terms of keeping high 

soil moisture contents within the 60 cm soil depth i.e. crop root zone. This type of 

tillage system will maintain soil near to field capacity throughout the growing season 

of crop. On one side, there will be little or no chances of early, mid or terminal drought 

while on the other side, the WUE will increase many times. Comparing with the 

traditional cultivation system, conservation tillage is expected to enhance WUE. As 

this cultivation process keeps minimum 30% of soil top surface sheltered with crop 

remains, there are little or no chances of water erosion. Thus, greater proportion of 

rain water instead of being lost through run-off will be penetrated into the soil through 

infiltration. According to studies of Sisti et al. (2004), conservation tillage improves 

soil structure, reduces soil temperature and soil dryness, it also minimizes water loss 

thus enhances WUE. Jiang et al. (2013) recorded an increase in crop yield up to 

30%, and WUE in the range of 0.7-5.7 kg m-3 for wheat, corn and flax, and 30–40 kg 

m-3 in case of vegetables. Similarly, Hamza and Anderson (2005) demonstrated that 

conservation tillage improved soil structural characteristics such as soil porosity, bulk 

density and infiltration rate that increased the water-retaining ability of soil. These in 

turn enhanced soil water storage ability and WUE. Conclusively, Shao et al. (2016) 

calculated increases in WUEs of wheat up to 19–28% and of maize up to 10–23% 

by adopting conservation tillage practices. Pervaiz et al. (2009) reported that 

conservation cultivation system is great effective method of conserving soil moisture 

in rainfed areas where average annual rainfall is 200-400 mm. Ridging and Tied-

ridging are the popularly and widely used methods of soil preparation under 

conservation tillage system. Tied-ridges are built parallel to contour (a line joining 

points all at the same elevation over a slope land) at 3m spacing’s. Crop sowing is 
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carried out on both sides of ridge. The ridge thus acts as water shed and runoff water 

from the raised area is captured in the furrow / dike. It thus becomes available to the 

crop in its root zone. Hulugalle et al. (1990) pointed out that construction of earthen 

dikes at right angle to the tied-ridges at 1-2 m interval enhanced the efficiency of this 

system in conserving more water thus improved crop final yield. Ali et al. (2017) 

compared the WUEs of different conservation cultivation practices viz., ridging, tied-

ridging and basin in cotton, groundnut, sorghum and wheat crops. They concluded 

that significant differences existed among different tillage techniques; the tied-ridging 

gained the highest value (0.25-0.7 kg m-3) of WUEs which were followed by those 

attained by the riding and basin tillage techniques.  

 

5.6 Tillage and Insect-Pests: 

Soil environment is modified due to tillage thus soil inhabiting insects are affected 

due to disruption in their life cycle. Soil-borne insects that are influenced by tillage 

operations belong to two categories, those that are beneficial (Funderburk et al. 

1988) and those which are hazardous (Troxclair and Boethel, 1984). That is why, 

tillage effects in terms of controlling insect-pests is also a matter of dilemma. Tillage 

is usually considered to be beneficial as it interrupts the life cycle of insect-pests and 

exposes them to the predators and external environmental agents. The foliage 

inhabiting insects that live on soil buried plant debris are also negatively influenced 

by tillage (Herzog and Funderburk 1986). Some of the insect-pests such as white 

grubs or wire worms are physically crushed by tillage operations or die due to high 

temperature and low moisture caused by tillage. The destruction of plant debris also 

occurs due to tillage that acts as overwintering site for soil hibernating insects. The 

examples are corn borers, flea beetles, and squash bugs (Zehnder, 2014). However, 

insect controlling effect of tillage is only limited to small proportion of plough layer 

while some of insect population overwintering in deep soil layers escapes from tillage 

effect (Wright, 1995). Moreover, excessive tillage operations drastically reduce the 

soil microbial population by rapid decomposition of soil organic matter thus reducing 

their pest-disrupting ability. The insect preference to persist in soil under 

conventional or conservation tillage system varies with the insect species. For 

instance, adults of black cutworm, a lepidopterous insect lay their eggs during spring 

season in fields that are under conservation tillage and most of the sites are covered 

with green vegetation or crop residues before the onset of planting season. However, 

greenbugs, the insect-pests of sorghum and wheat crops prefer fields that are under 

conventional tillage system where most of soil surfaces remain bare and free from 

vegetation cover (Wright, 1995). It is also a fact that population of most of the 

predatory insects and mites which eat up crop damaging insects, also enhances 

under conservation tillage system. This is because under reduced tillage systems, 
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their alternate feeding sources i.e. small insects, mites and other organisms are 

abundantly present that in turn depend on crop residues and decaying organic 

matter. Studies have shown that reduced tillage augmented the population level of 

predatory insects thus their predation on black cutworms (Wright, 1995). Greenberg 

et al. (2010) showed that conservation and conventional tillage systems had 

contrasting beneficial and hazardous influences on beneficial and harmful insect 

species in cotton crop. They also noted that differential impacts of different tillage 

systems were due to their effects on various biotic and abiotic factors that influence 

insect population.   

 

5.7 Tillage Linkage with Disease Infestation: 

Tillage affects the soil morphology and composition characteristics as well as soil 

microflora and fauna. The degree of tillage practices also determines the percentage 

of remains of crops present on surface of soil and that mixed up in the soil profile. 

These all factors collectively, in turn, influence the persistence of soil-borne and 

trash-borne pathogens in soil that cause different types of diseases in crop plants. 

Low tillage systems like conventional tillage that keeps minimum 30% of the soil top 

surface remain sheltered with crop remains, zero or minimum tillage are usually 

considered to favor the persistence of trash-borne pathogens in soil as residue left 

on soil surface takes more time to decompose than that buried in soil. However, the 

linkage of tillage with soil-borne pathogens is a phenomenon little bit complicated 

with soil physicochemical and biological properties that are affected by tillage. 

Ploughing drastically reduces the sporulation of pathogenic fungi on the host 

residues thus reduces disease infestation. For example, Pyrenophora teres which 

causes net blotch in barley, infestation is reduced by ploughing (Jordan and Allen, 

1984). Similar is the case with stem canker of soybean (Rothrock et al., 1988) and 

grey leaf spot of corn (Payne et al., 1987).  Most of the soil-borne pathogens have 

their own mechanism of survival in soil without depending upon crop residues e.g. 

soil-borne pathogens having resistant propagules like sclerotia and oospores. That 

is why, these pathogens are considered not to be much affected with the tillage. 

However, many studies that have yet been conducted proved that deep ploughing 

reduced the infestation of soil-borne diseases. The examples are downy mildew of 

sorghum (Tuleen et al., 1980), bare patch of wheat (Pumphery et al., 1987), seedling 

disease of snap bean and lima bean (Summer eta., 1986) and cucumber fruit rot 

(Lewis and Papavizas, 1980). However, at certain instances, it has been observed 

that reduced tillage decreases the infestation of soil–borne pathogens. The examples 

are common root rot of wheat (Mathieson et al., 1990). Similarly, nematodes 

Heterodera glycines and Pratylenchus hexincisus infestation in soybean and maize 
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crops, respectively was increased under conventional tillage system compared to 

low tillage (Schmitt and Nelson, 1987; Bergeson and Ferris, 1986).  

There are three ways through which tillage or residue management affects disease 

infestation: first one is that, residue left becomes pathogen’s source of food and 

protection. Secondly, residue alters the physical environment of soil for pathogen 

and host. Thirdly, soil microflora is also affected by residue thus in turn influencing 

both the host and pathogen (Rothrock, 1992). The physical properties of soil affected 

by tillage that in turn influence the pathogenic infestation are: 

1. Soil temperature: The presence of crop stubbles and residues on soil due to a 

particular tillage system affects the soil temperature due to insulation and reflectance 

of light. That is why, soils under reduced tillage systems usually remain cooler. 

Similarly, soil water content is also high and bulk density is also high. The cooler soil 

temperatures usually result in higher pathogenic attack on plant roots. 

2. Soil water: The presence of higher soil water contents under reduced tillage 

systems mostly promotes plant diseases. It may be partly due to more mobility of 

pathogenic spores within soil and partly due to higher root exudation rates. 

Sometimes, the severity of disease infestation with increased soil water contents is 

not only due to higher spore mobility or plant root exudation, but due to altered 

antagonism with soil microflora. For instance, the potato scab severity was increased 

under higher soil water potential by reduction in actinomycetes activity.   

3. Soil aeration: Tillage influences the soil porosity thus reduced tillage by 

increasing the bulk density of soil also reduces soil aeration. The depleted O2 supply 

in root zone of a plant is itself damaging to plant roots thus increasing the chances 

of pathogenic root penetration. Moreover, the development of new roots in response 

to root attack by pathogen acts as surviving mechanism for plants. It has been 

observed that development of new roots was also reduced under depleted O2 supply 

in root zone thus aggravating the damaging effect of plant pathogen. 

4. Soil compaction: Soil compaction reduces soil aggregation, soil porosity, 

aeration and drainage. Although conventional tillage system reduces soil compaction 

in plough layer, a compacted sheet of soil develops below the plough sheet which is 

called plough pan. The soil pathogens are mostly concentrated in plough layer. It has 

been demonstrated in various crops that If plough pan exists, the plant roots cannot 

get rid of pathogenic attack by proliferating to soil region below plough pan. That is 

why, it has been noted that bean yields could be improved by breaking plough pan 

through sub-soiling. It was attributed partly due to reduced pathogen attack on crop 

roots and partly due to increased access of plant roots to more water and nutrients 

lying in deeper soil layers. Generally, it was observed that soil compaction reduced 

soil aeration thus increases disease infestation. 
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5. Soil porosity: Pore size affects the mobility of zoospores of plant pathogens within 

soil. In coarse textured soils having larger proportion of macropores, the disease 

infestation rate is increased due to more mobility of pathogen spores in soil. Whereas 

the disease infestation is relatively lower in fine textured soils having greater 

proportion of micropores due to relatively a slower mobility of pathogenic spores. 
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CHAPTER 6  
  

SEED SCIENCE AND TECHNOLOGY  

6.1 Role of Seed Science in Crop Production  

Seed plays an important part in meeting the demands of ever-increasing population 

through enhanced food, feed and fiber supply. Seed science is therefore, very 

important as it deals with production, handling and storage of seed. Seed plays role 

in providing sustainability to crop production through new varieties. Seed is a vital 

component in crop production because plant population is mainly depends upon the 

seed. A seed which have a good vigor and maximum germination percentage will 

provide optimum plant population and ultimately will lead to maximum crop 

production. Superior quality seed gives maximum crop production when it is applied 

along with other recommended inputs. For the countries which have high population 

like India, China and Pakistan, self-sufficiency of food is achieved as a result of high 

yield-potential genotypes. The presentation of improved seed makes a higher use of 

conventional inputs and expands their utilization also. Quality seed is a fundamental 

instrument for securing food availability. Reliance on other nations for food is limited 

and a lot of outside trade is spared. Improved seed is a vehicle for quick recoveries 

of agrarian populace if there should arise an occurrence of cataclysmic events like 

flood and dry spells with their consequent dangers of starvation.  

6.1.1 Genetics potential of seed  

The genetic characteristics of seed are a key component in seed science. It is the 

most crucial input which farmer applies to soil to get maximum production. The seed 

is the primary basic input required by ranchers to improve and keep up their harvest 

efficiency. Seed availability of the suitable variety, at the right place and time, in 

adequate quantity and quality should be secured. It should be ensured that seed 

which is being used is of correct stated variety which has a potential to increase the 

yield and has ability to withstand environmental stresses like temperature extremes, 

drought, salinity, insect-pests and diseases. Better seedling vigor at initial growth 

stages is also considered plus point of a variety as it helps in out-competing 

competitive stress by weeds during early growth periods. It is amazing to know that 

around 40 percent of the all-out increment in agricultural production enrolled over the 

most recent 50 years at a worldwide dimension has achieved through development 

of new varieties. Somewhere in the range of 1929- 1990, the yield harvested by 

growing of maize overall became four times more noteworthy and 75 percent of this 
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expanded creation was gotten from the presentation of hybrids. Seed should have 

optimum physical and physiological requirement like vigor, seed health, germination, 

lack of genetic purity of seed. Genetic purity is one of the most important factors in 

seed. Genetic purity means that seed of one variety should not be mixed with other. 

The genetic purity of seed is checked by variety testing. This tool is quite effective in 

to evaluate variety characterization. There are different methods which are used for 

seed certification and variety testing, like laboratory tests, field trials, observation of 

morphological characteristics and DNA-based methods. Seed certification is a 

procedure which is created to verify, keep up and make accessible amazing seed 

and proliferating materials of predominant yield assortments, so developed and 

conveyed as to guarantee attractive benchmarks of hereditary characters physical 

immaculateness and quality properties.  

6.1.2 Crop yields 

Crop yield is mainly dependent upon the quality of seed which is used for sowing of 

the crop. Depending upon the crop type crop yield is also different. To achieve 

maximum crop yield plant population is most important factor. Optimum plant 

population can be achieved by using seed which have maximum germination 

percentage and vigor. Closely planted crop which have tendency to produce tiller can 

compensate the plant population like wheat, barley, and rice. But regarding wide-

spaced crops like maize, sugarcane, cotton and sunflower, seed germination and 

vigor is highly important to get maximum crop yield. The presence of noxious weed 

and other agronomic factors like irrigation, pest management and other related 

practices also reduce crop yield. Seed wellbeing testing research centers are 

solicited to do a range from investigations as seeds might be polluted or invaded by 

various kinds of pathogens, growths, microscopic organisms, infections and 

nematodes. These tests might be routed to check isolate prerequisites built up by 

phyto sanitary guidelines with the point of keeping away from the section of risky 

pathogens in non-tainted zones or all in all to forestall the spread of financially 

significant bugs.  

6.1.3 Quality of the crop produce 

The attractive quality perceived in the item acquired from development adds to its 

last monetary yield. Right off the bat, this worth is by and by an outcome of natural 

highlights, for example the hereditary attributes of the species and the genotype. For 

instance, Triticum species and genotypes are defined by an alternate grain structure 

specifically of the storage proteins composition. One of the protein gluten is very 

much important in determining the appropriation of various species and the various 

genotypes for manufacturing different products. The main products formed from 

wheat flour are bread, chapatti, biscuits, pasta, or other processed items. Different 

components are additionally significant: the event of a seed-borne sickness may 
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decrease the yield, yet in addition the attractive estimation of the items appearing of 

the infection, especially in fruits and vegetables. Low field emergence or early vigor 

influences the crop stand establishment at field or within the controlled environment 

chambers and cause variability in growth, development and yield of crop. In root 

vegetables like turnip, potato, carrot etc., this condition is rendered into non-uniform 

development of underground plant parts that reduce product quality that fetch low 

market price. The low quality seed may result in low quality produce especially in 

case crops and vegetables whose nursery is grown like tomato, brinjal, cabbage, 

onion, tobacco etc. and that need to be shifted or transplanted in field at specific time. 

This is because; poor seed of less vigor that gives low nursery emergence will 

produce seedlings of non-uniform size. When these seedlings are transplanted in 

field, some of the seedlings that are older or younger than optimum age will lead to 

mortality. Same is the case with vegetables that are grown with aim to be harvested 

at a particular time and somewhat delayed harvesting may result in impaired quality 

of produce. The examples are green peas, lettuce, coriander, mint etc.        

 

6.2 Status of Seed Science in Pakistan 

Pakistan has a huge seed industry. It has been assessed to be of worth US$ 845 

million. Conceivably, US$ 1.56 billion is required every year, if 100% seed is 

supplanted. The seed production and circulation to the farmer is being completed by 

both public and private companies. The role of public sector is comparatively more 

in varietal development while the in the other segments of seed industry i.e. seed 

multiplication and distribution and import, contribution of private sector is now more 

than that of public sector.  

The availability of certified seed is merely almost 20% of its cumulative need in the 

country. Confirmed seed is given by privately owned businesses and state seed 

enterprises. The non-government organizations (NGOs) and farmers’ associations 

are also playing their role in seed distribution. However, their contribution is 

negligible. The good indicator is that the share of certified seed of some major crops 

has been drastically increased in the country in last two decades. According to an 

estimate, , the contributions of wheat, rice and maize’ certified seeds in total seed 

availability have reached up to 24, 81 and 39% that were only 8, 6 and 10%, 

respectively twenty years back. The followings are the main components of seed 

industry in Pakistan  

6.2.1 Private seed sector 

The figure of registered seed companies working in Pakistan is 755. These are 

inclusive of 5 multinational groups, for example Syngenta, Bayer, Monsanto, ICI and 
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Pioneer. Out of remaining 750 seed companies, only three are national. The seed 

available with these companies is majorly that of maize, canola, sunflower, hay, feed 

and sorghum. The 82% seed companies are situated in Punjab, yet in addition serve 

territories out of Punjab. The majority of the organizations set up during the most 

recent two decades, although their number is yet increasing. For instance, during the 

period from 2005 to 2013, the 418 new organizations have been registered. The role 

of national seed companies could not be ignored. Their importance could be judged 

from fact that 10 out of 17 Bt-cotton cultivars have been released by national seed 

organizations. 

6.2.2 Informal seed sector 

This sector includes non-registered seed sources such as farmers, framers’ 

associations, breeders, and some private seed companies. It is worth mentioning 

that bigger proportion of seed (almost 80%) is being provided by this sector. In Sindh 

province, this sector is contributing even some more i.e. 86% in seed supply in case 

of cotton crop seed.  

The existence of this huge seed sector is fundamentally because of the existence of 

age-old lawful system of seed certification and registration that is very complex and 

lengthy. Due to least interest in variety certification and little value addition of this 

produce in market value, seed organizations usually launch their seed in market 

without going through registration and certification by FSC&RD. It is not necessarily 

true that non-certified seed is of poor quality. The companies launch their seed with 

company label or brand name and usually try to make the quality of their seed better. 

This is the only way to keep in market if they want to make their fame better.    

6.2.3 The seed laws 

Seed industry in Pakistan is being managed by the Seed Act, 1976. Like any other 

country, the legal frame work is not very lenient in case of varietal approval, seed 

multiplication and marketing. According to seed registration rules 1987, seed of 

unapproved variety could not be produced or multiplied in the country. The present 

seed act does not confer any right on the breeder regarding variety registration. 

Without IPRs, a few organizations are selling seed of registered crop varieties with 

their brand name.  

 

6.3 Agronomic Practices for Production and Multiplication of 

Quality Seed 

6.3.1 Points to be considered to raise good seed crop: 
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Following are the points that should be considered before going towards getting good 

seed crop: 

1. Choice of agro-ecological zone suitable for specific crop / variety 

2. Choice of land / soil 

3. Maintenance of isolation distance 

4. Seed bed preparation  

5. Choice of suitable variety   

6. Seed treatments  

7. Sowing time  

8. Seed Rate  

9. Row spacing 

10. Sowing technique 

11. Sowing method  

12. Seeding depth  

13. Availability of pollinator 

14. Inter-tillage 

15. Plant protection measures 

16. Fertilization / manuring 

17. Irrigation  

18. Harvesting  

19. Post-harvest handling 

20. Seed quality assessment  

 

6.3.2 Seed Production Practices: 
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The practices that are recommended for raising good crop are also helpful in seed 

production also. A detail of these practices is given below:  

1. Seed: It is the basic input of crop production. Without the use of quality seed, 

potential yield could not be achieved even if all the inputs are used as per their 

requirement. Seed purity and germinability are the two basic aspects of seed quality. 

Seed is presumed to be of superior quality if it is both physically and genetically pure, 

have good germination percentage and free from insect-pests, weed seeds and 

diseases.  

2. Variety: The selection of crop variety suitable to the area or site of its production 

is of utmost importance if its potential is to be exploited. Moreover, the general 

desirable characteristics of a variety include high yield potential, resistance to 

diseases, insects and other environmental stresses. 

3. Sowing: The crop should be sown at its recommended seed rate, sowing time 

and sowing method or technique. 

a) Seed rate: To achieve the optimum plant population, seed rate should be used 

according to recommendation. If there are chances of low germination rate due to 

low seed quality or late sowing or any other environmental factor, seed rate could be 

increased. 

b) Sowing time: There is always a recommended sowing time of each crop and 

variety. The sowing times are adjusted keeping in view the availability of optimum 

environmental conditions especially temperature for germination, phenological 

stages of crop and maturity. Early or delayed sowing always results in reduced crop 

yield due to coincidence of sub-optimal environmental conditions with phenological 

stages of crop. 

c) Sowing method / technique: There are three main methods or techniques of 

sowing used in crop production: 

i) Broadcast: It is a very simple method which is used for sowing of fodders and 

close planted crops. In this method seed is broadcasted manually or with machine 

(mechanical broadcaster) over the surface of seed bed and then mixed with soil with 

planking by the help of Sohaga. This method is usually not recommended due to its 

relatively disadvantageous nature. 

ii) Line Sowing: In this method, crop is sown in rows maintaining proper plant 

spacing. The line sowing is done with the help of drill or planter. This method is 

suitable for all types of crops. 
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iii) Ridge / Bed Sowing: In this method, ridges or beds are made with the help of 

ridger or bed shaper and then crop seed is sown manually or with the help of planter 

or with the help of dibbler. In this method, proper row to row and plant to plant 

distance is maintained. This method is suitable for wider planed crops and crops that 

do not like water ponding around stem e.g. cotton, maize etc. 

4. Fertilizer management:  

Fertilizer management includes rate and method of fertilizer application. 

a) Fertilizer rate: Being the most expensive input, it should be applied according to 

recommended rate of crop. Both the high fertilizer as well as low fertilizer dose 

reduces the crop yield as well as net income from crop. 

b) Fertilizer application method: There are mainly three fertilizer application 

methods used in crop production: 

i) Broadcast method: This is the simplest method of fertilizer application method 

where fertilizer is broadcasted manually or with the help of mechanical broadcaster 

over the surface of soil and then incorporated into the soil by cultivation. The fertilizer 

application by this method when carried out in standing crop is called top dressing. 

ii) Drilling method: In this method, fertilizer is drilled into the soil along with seed at 

the time of sowing with the help of seed cum fertilizer drill. This is most efficient 

method of fertilizer application as nutrient losses through volatilization and run-off are 

negligible. Fertilizer is placed 2 inches below and 2 inches away from the seed by 

the seed cum fertilizer drill so that newly developed seedling roots are not directly 

harmed by the toxic effect of fertilizer. Fertilizer application by this method is called 

band placement. 

iii) Side dressing: In wide rowed crops, the second or third dose of fertilizer is 

recommended to be applied manually or with the help of pore in lines parallel and 

near to crop row. Fertilizer application by this method is called side dressing.  

5. Irrigation:  

In the upcoming scenario of water shortage, water has become very precious input. 

This is especially true in case of crop production. There are three main aspects of 

irrigation management: 

a) Irrigation amount: There is a fixed quantity of irrigation needs to be applied to a 

specific crop grown in particular agro-climatic situation. For instance, wheat crop 

grown in Pakistani Punjab needs 19 acre inches of irrigation throughout its growing 

period. Similarly, sugarcane needs 68 acre inches and rice 64 acre inches.  
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b) Irrigation timing: There are certain specific growth stages of crop when irrigation 

water supply is more important compared to other growth stages. These growth 

stages are called crucial growth stages. For example in wheat, crown root initiation, 

active tillering stage, booting, milking and dough stages are critical with respect to 

irrigation. 

c) Irrigation techniques: Numerous irrigation techniques used in crop production. 

Surface irrigation methods include basin irrigation, border irrigation, furrow irrigation, 

corrugation irrigation etc., sprinkler irrigation, sub-surface irrigation and drip 

irrigation. Each method has its advantages and disadvantages. The choice of 

irrigation technique varies with crop, soil, climate and availability of water supply and 

capital resources. Under present scenario of water shortage all over the country, the 

furrow irrigation among surface irrigation methods is most suitable whereas drip 

irrigation is the most efficient method. 

6. Plant protection: 

There are three major enemies of crops that include weeds, insect-pests and 

diseases. 

a) Weeds: Weeds are the most common but least attended enemies of crops that 

result in 20-40% losses in crop yields. An integrated weed management strategy 

including physical, chemical and ecological weed methods should be employed for 

long-term and sustained weed control. 

b) Insect-pests: There are three types of insect-pests according to their mode of 

damage to crops. These include sucking, cutting and chewing. An integrated insect 

management program should be implemented including both the chemical and non-

chemical insect control methods for the effective, long-term and sustained insect 

management.  

c) Diseases: There is an evidence of seed borne, soil borne and air borne diseases 

in crops. These are the most serious enemies of crops as in case of epidemic disease 

situation, a complete crop failure may occur. However, fungicidal treatment of seed 

harvested from disease free crop results in complete control of seed borne diseases. 

Crop rotation is the best option for keeping check on soil borne diseases. Spray of 

fungicide over crop well in time saves crop from air borne diseases. The use of 

disease resistant crop varieties should be used.  

7. Harvesting and post-harvest handling: Crop harvesting should be carried out 

at harvest maturity stage as harvesting before and after that stage results in 

considerable yield losses. The harvesting of immature crop results in problems in 

threshing and loss of crop produce whereas the over-mature crop yield is lost through 
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grain shattering. The harvested crop should be properly dried before threshing and 

grain moisture should be lowered to appropriate level before its storage. 

 

6.4 Seed Vigor and Quality Parameters: 

Nobbe introduced seed vigor term in his Handbuch der samenkunde in 1876. Hiltner 

and Ihssen (1911) introduced the term triebkraft for the use of “shooting strength” 

and “driving force” for the germination of seeds, for selecting of seedlings containing 

broad root system. In the beginning, experiments for estimating seed vigor were 

reported by Hiltner and Ihssen (1911), brick grit test which estimated germination 

percentage and the first observation related to cold test was also developed by them. 

To express the speed of germination the term ’’germination energy’’ was increasingly 

used in USA IN 1930. During first five decades of 20th century, slight information was 

summed-up to the estimation of the physiological potential, other than tetrazolium 

test (Lakon, 1949). 

6.4.2 Seed vigor tests 

The most sensitive tool of seed physiological quality is vigor testing. Seed vigor is 

comprised of different traits to access high field value. similarly, different tools are 

employed to check its performance, including evaluation of present metabolically 

state of seed by directly or indirectly approaches to develop a interaction with seed 

storability and seed emergence; those tests are (1) tetrazolium test (2) EC and tests 

which is use for seedling growth evaluation.in comparison, many tests are used to  

determining for stress tolerance to seed; the combination of  most important test for 

stress are accelerated aging, cold test and controlled deterioration. 

Electrical conductivity (EC) was the first test for garden peas (Pisum sativum L.) used 

in international rules for seed testing of ISTA in 2001. The EC test for field beans 

(Phaseolus vulgaris L.)  and soybean [Glycine max (L.) Merrill], controlled 

deterioration test for Brassica spp. The accelerated aging test for soybean and 

primary root emergence for corn are recommended recently by ISTA rules. As per 

research continues in this field, other techniques will be used. The survey of Brazilian 

technical test and scientific literature relating seeds was first time done by Dr. Clovis 

Terra Wetzel, his edited “seed bibliographic list” containing only six references on 

seed vigor out of 158. 

 

6.5. Seed Testing 



 

130 
 

Seed testing depends on seed quality properties. Seed quality is the aggregate of all 

credits adding to seed performance. The seed quality can be found out whether a 

rancher's crop yield will be greater, poorer or aloof. Seed quality is controlled by 

following attributes:  

1. Genetic purity  

2. Physical purity 

3. Germination percentage  

4. Incidence of seed borne diseases  

5. Density  

6. Vigor  

7.  Moisture content  

8.  Storability 

Genetics or cultivar purity is very important because it is through pure and true-to-

type seed that farmer can reap the fruits of breeder’s effort. Physical purity refers to 

the kind or variety in the mixture of a seed lot. Seed lots contain impurities of various 

sorts, Seed lots contain impurities of various sorts, including weed seed, other crops’ 

seeds and inert matter. Impure seed when used by farmers result in poor crop and 

low income of the farmer. Viability of a seed is measure of its ability to germinate and 

produce plants. A good quality seed must not only have a high viability ratio but also 

produce normal seedlings. Seed viability is affected by relative humidity, 

temperature, direct sunlight on the seed, number and kind of seed and attack of 

insect pest. The seed should be homogenous and preferably uniform in size and 

maturity. They should be large and heavy but not excessively moist. Abnormal 

moisture in the storage area invites molds and fungi and results in heating up to the 

storage area. Therefore, the seed should be dried to the level of necessary for safe 

storage.  

 

6.6 Seed Storage and Deterioration 

6.6.1 Seed Storage 

There are four different categories of seed storage: 

1. Long lived seed storage  
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Canadian scientist reported buried lupin seed in peat land for ten thousand years. 

Justice and Bass (1978) reported that this longest period for safe seed storage. 

Germinating Indian beans from Manchurian Lake bed were firstly evaluated nearly 

between 120-400 years ago. Viable seed of many spp. had been collected 100 -160 

years ago were found at the National Museum of Paris. The authentic and oldest 

data relating to seed longevity founded at Michigan State University in 1879 and 

Duvel of the United States Department of Agriculture in 1902. 

2. Short lived seed storage 

Some spp. have short lived seeds  especially in open air storage as compare to proof 

of long lived seeds. The term orthodox and recalcitrant seeds were proposed to 

distinguish short and long lived seeds (Roberts, 1973). Recalcitrant seeds are 

characterized by seeds that’s moisture content could not be reduced without injury 

below 30 percent and susceptible to freezing temperature. Orthodox seed are those 

whose moisture contents cannot be dried below 5 percent without injury and are 

resistant to freezing injury. Chin et al. (1989) reported that the ecology and 

morphology of orthodox and recalcitrant seeds are widely different. Perennial trees 

of moist tropical regions usually produce recalcitrant seeds e.g. cacao, coconut and 

coffee and citrus trees. 

3. Conditional storage 

Seeds of various spp. are capable to be securely stored for longer time by controlled 

conditions (relative humidity and temperature). This type of storage is effective for 

maintaining seed viability of different plant spp. from harvest to sowing in some 

patches of the world, particularly in tropic region (Harrington, 1973). Most of the 

cereal crops seeds will retain their viability for 1 year at 12-13 percent at normal room 

temperature. If storage is required for longer periods then moisture content of seed 

should not be more than 11% and temperature should be less than 20oC. 

Consequently, most of grasses and legume cops seeds cab be store carefully for 

365 days at normal room temperature and moisture content of seeds should not be 

more than 11%. Harrington (1973) reported that to meet satisfactory storage Relative 

humidity and temperature conditions are necessary. Conditions which are required 

to manage germplasm are sub-standard according to quality measures defined by 

seed industry. Temperature required for this from -15 to -20oC. 

4. Crygenic storage 

Conditioned storage facilities are expansive and mechanical injuries are common. 

Cryogenic storage is approach to minimize these risks. In this method of seed 

storage is seeds are kept into liquid nitrogen at a temperature of -196oC. Prolonging 
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storage life, less expansive, no repairing is required of equipment, easily volatilization 

of liquid gas is plus points of cryogenic storage. Usually it is used to maintaining 

valuable germplasm of seed   longer periods but now working are under way for 

storing different types of seeds by employing this technique (Stanwood, 1985). 

Generally, seed of arable crops could be stored through cryogenic technique. Little 

part of metabolic and chemical activity ensured satisfactory storage of seeds for 

several years. Some seeds are not tolerate to cryogenic storage reason is still 

unknown. Actual objective of this technique is to replace moisture in seed by sugars 

and glycols into the seed while seed injury is not occur. 

 

6.6.2 Seed Deterioration 

Seed deterioration means the reduction in the quality of seed that is kept in storage. 

Seed deterioration is a bigger issue of agriculture as about 25% of the annual seed 

value is lost through it. According to a report, about 25% of the field value of seed is 

lost due to reduction in its quality during storage period. However, in developing 

countries, these losses further increase in storage due to poor storage conditions. 

The natural environmental conditions also play havoc with seed quality under 

storage. For instance, it has been observed that seed deterioration is higher in 

countries where warm humid conditions remain prevalent during seed maturity and 

storage. The significance of seed deterioration becomes much higher when we come 

across the fact that on annual basis, great economic losses happen by the loss of 

seed quality through seed deterioration. And these losses are actually the result of 

seed breakage, and seed infection by micro-organisms during shipping and storage 

of seed stuff. 

Assessment of seed deterioration 

To ascertain degree of seed deterioration is an important subject of great significant 

value. This is because, when we go to cultivate a crop from stored seed, there are 

chances of great economic losses to farmer, if he misleadingly sow the seed of low 

field value. There are number of ways of predicting the seed deterioration. If the type 

of seed, its germinability before storage, storage conditions especially the 

temperature and relative humidity are known, the best method is the knowing its 

deterioration through mathematical equations. The main rule is that seed of high 

quality with low moisture percentage when stored under low temperature and relative 

humidity will be prone to less deterioration compared to seed that is low quality with 

high moisture percentage and is stored under high temperature and relative humidity. 

There is still a need to do intensive research in developing certain models that help 

in determining the exact rate of seed deterioration under certain set of storage 

conditions.  The existing methods of assessing seed deterioration have few 
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limitations i.e. these are unable to exactly assess the seed quality of stored seed 

under given storage conditions. According to Bewley and Black (1982), the factors 

that determine the seed deterioration are: crop type and cultivar, conditions 

prevailing during seed maturation and post-harvesting, availability of oxygen inside 

storage chamber, and fluctuations in environmental conditions during storage. 

Wilson and McDonald (1989) while testing the seed deterioration of Phaseolus 

vulgaris, suggested further modification in mathematical equation based on seed 

moisture. However, these types of attempts aiming at predicting seed deterioration 

would be of greater value for physiologists. This is because; they are more able to 

understand the factors responsible for seed deterioration under storage. 

 

6.7 Seed Priming 

Seed priming is the process of regulating seed germination by controlling moisture 

content and temperature. Priming of seed plays a main role in modern technology of 

seed improvement. Hussain et al. (2016) reported that priming of seeds cause 

stimulation of metabolic processes during beginning steps of germination (phase 1 

& 2) before extrusion of radicle. This process provides ability to individual seed with 

in seed lot at same germination phase to get rapid and uniform emergence after 

sowing. 

There is lack of comprehensive study to understand seed priming by transcriptomics, 

proteomics and metabolomics side (Lutts et al., 2016). Khan (1992) included that 

speed of germination, plant emergence, enhancement of seedling growth and seed 

vigor are influenced by priming of seed. Burks (2008) studied that by the process of 

seed priming get half time reduction during emergence of plant instead of without 

primed seed. Jaggard et al. (2009) reported that sugar beet in United Kingdom get 

four percent root yield and five percent of sugar yield after seed priming. Except plant 

density, acceleration of germination and emergence of plant has been improved of 

seed of sugar beet (Jaggard et al., 2009). Yield enhancement after seed priming may 

be due to vigorous plant density and higher radiation interception. 

 

6.8 Seed Processing and Marketing In Pakistan 

6.8.1 Seed Processing: 

It is combination of different processes (pre-storing, treatment, drying, size grading 

and cleaning) to get highly good and pure quality seed of various plant species. Post-

harvest processing plays a major role to enhance seed vigor, quality and yield of 



 

134 
 

seed crop. Seed should be harvest, threshed, cleaned, and fully dried to store at fully 

mature stage. For these processes skills are required. Followings are the main steps 

of seed processing: 

1. Threshing  

Process of collecting seed from plant by rubbing or crushing dry seed heads that 

attach to the plant is called threshing. Threshing is basic step in seed cleaning 

process .It can be done by machines or hand decided by type of seed to be 

processed. 

2. Drying  

This process is used to minimize seed moisture content. It is carried out for safe 

storage of seed. Seeds are store at unsafe moisture content leading to seed 

deterioration and heating of seeds. Moisture content will be 10 to 12% for safe 

storage. Seed drying methods are of two types: 

i. Sun drying: It is traditional drying method. After harvesting seeds are exposed to 

sunlight or spread on the floor for drying to get moisture level for safe storage. 

Advantages: The only advantage is that this method of drying is less expansive. 

Disadvantages:  

1. It will take longer time to dry.  

2. Seeds may be damaged by bad weather conditions. 

ii. Artificial Air drying 

This process of seed drying is use where sun drying in ineffective. 

High yield demands effective method of drying seed which can create a suitable 

temperature and air circulation to the storehouse. 

Components and types of drying system: Components are: (a) there must be 

suitable space for keeping seed (b) adequate source of air supply. 

Types of drying system: 

(a) Sack drying 

(b) Bin drying 
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(c) Continuous Air flow drying 

(a) Sack drying 

In this type of drier bags of seeds are placed on the perforated belt on the sir blown 

and bags are turned to attain suitable dried condition. Surrounding cool air is 

controlled by installing heater. 

Benefits: 

Large number of varieties may be handled. 

There is minimum chance of mixing other varieties seed. 

It is simple and cheap economically. 

(b) Bin drying 

Bin drier made with two perforated cylinder. Seeds are placed at the space between 

the cylinders. Air is passed through seed into the cylinder. Drying rate depends on 

bin size. Recommended drying rate is valuable. High temperature can damage the 

seed.  

(c) Continuous flow drying 

Seed move through hot air stream horizontally or vertically and then transferred to 

cooling chamber in this drier. This drier is best suitable for large scale seeds. 

Temperature is much higher than that of batch drier. 

3. Cleaning 

It is the process of free up the required seed material from other seed material, inert 

matter, weed seeds, stones and other impurities. Factor affecting cleaning process 

are: seed size, shape, density, surface, texture, colour, electrical conductivity. 

i. Pre conditioning seed cleaning 

It is type of cleaning in which seed lot is prepared for basic seed cleaning by following 

operations: 

(a) de-awning (b) shelling (c) pre-cleaning 

ii. Basic seed cleaning 

a) Separation by thickness and shape 
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Seeds of similar girth cannot graded instead of different length by sieves e.g. wheat 

and oat. As seeds of longer length can be rotate from horizontal stage and then fall, 

they can be clean by using indented cylinder. 

b) Separation by colour 

Brightness and colour of seeds can be separated by colour separators this process 

is very valuable to removing diseased seed. This is only for large size seeds such as 

peas and beans due to low ability to scanning small seeds. 

c) Separation by specific gravity 

Seeds having different weight can be separated by gravity separator. It usually 

removes empty seed and much pulse from seed. 

d) Separation by electrical conductivity 

Seeds can be separated by differing in their electrical properties. Ability to have 

surface charge can describe rate of separation. Charged seed immediately passed 

through electrical field. Seeds that are charged will divert but seeds that lost charge 

will not. Clovers and docks are separated in this way. Machine which count and sort 

out different size seeds developed by Yadav and Gupta. 

6.8.2 Seed marketing: 

It is the sub-sector of seed industry that acts as linkage between seed producer and 

grower. It is involved in carrying seed from seed producers and selling it to farmer. 

This consists of seed companies, brokers, and informal seed sector (discussed in 

section 6.2). 

 

6.9 Seed Registration and Certification in Pakistan 

Seed registration is a legitimate framework to evaluate, certify and register a new 

crop variety. Federal Seed Registration Committee (FSRC) is mindful to assess the 

report of Distinctness, Uniformity and Stability (DUS) and Value for Cultivation and 

Use (VCU) arranged by Federal Seed Certification and Registration Department 

(FSC&RD) and prescribes the enrollment of assortment to National Seed Council 

(NSC). It has two stages: 

1. Variety development and testing 

2. Variety registration and release 
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Seed certification is the procedure intended to verify, keep up and make accessible 

high seed quality of prevalent varieties, so developed and disseminated as to 

guarantee alluring norms of hereditary identity, physical virtue and quality 

characteristics.. 

In Pakistan, seed certification system has four recognized categories: 

1. Pre basic seed (white with diagonal violet line) 

2. Basic seed (white) 

3. Certified seed (blue) 

4. Approved seed (red) 

1. Pre-basic Seed: It is the progeny of nucleus/breeder seed, and is handled so as 

to maintain specific genetic purity & identity as completely as possible.   

2. Basic Seed: It is the progeny of pre-basic seed produced so as to maintain genetic 

purity & identity. 

3. Certified Seed: It is the progeny of basic seed & produced by registered growers 

of seed-producing agencies. 
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CHAPTER 7  
 

  

SOIL FERTILITY AND CROP NUTRITION  

7.1 Soil Fertility and Factors Affecting It:  

Soil Fertility is define as the capability of the soil to provide essential plant nutrients 

throughout growing season of the plants, deprived of lethal application of any 

nutrients. Soil productivity is basically the capability of soil to yield a certain crop or 

organization of crops under a stated management system i.e. the crop growing 

capacity of soil. Soil fertility is very essential in crop production. A fertile soil contains 

different nutrient which are required for the plant to complete their growth and life 

cycle. Nutrients are classified as essential plant nutrients and beneficial plant 

nutrients. Essential nutrients are those nutrients which are required for the growing 

of a plant and beneficial nutrients are those nutrients that are not necessary for 

growth of a plant but can help in growth of plants. Consequently, soil fertility is very 

vital in harvest production. 

7.1.1 Factors affecting soil fertility: 

Fertility of the soil is affected by different factors including Soil physical, chemical 

and biological properties, climate and rainfall. 

1. Soil physical properties: 

It involves different properties such as (soil texture, soil structure, bulk density, 

electrical conductivity and water retention capacity) plays very important role in soil 

fertility.  

1.1 Soil texture: It is described as the Relative share of sand, silt and clay is known 

as soil structure. It is most important factor in soil fertility. According to soil structure 

clay soil have more fertility than silt and sandy soils because of the smaller size of 

clay particles. Generally, the more the sand particles less will be the soil fertility and 

vice versa. 

1.2 Soil structure: Soil structure also influences soil fertility. It is demarcated as 

sequence of soil particles (sand, silt and clay). Soil structure depends upon organic 

matter, biotic activity, cultivation and tillage practices. Soil structure is an imperative 

qualities of soil richness; the more prominent the level of accumulation, the improved 
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the soil 'tilth' and increase in pore space, the more accessible will be the water and 

air to plant roots and more will be the infiltration rate of the soil.  

1.3 Water holding capacity: Water holding capacity is the ability to store water for 

cultivation of crop. Water holding capacity is a main aspect in the selection of crops 

for cultivation and in the design and supervision of irrigation systems. Soil fertility is 

directly affected with water holding capacity of the soil.  

1.4 Electrical conductivity: Electrical conductivity is an indirect extent of salinity. 

Saline soil mentions to the existence of foremost dissolved non-living solutes in soil 

aqueous phase. Salinity reduced plant growth, yield and sever cases also leads to 

crop failure. 

1.5 Bulk density: Soil bulk density is characterized as extent of the bulk to add up 

to capacity of a soil. Increments in mass thickness generally assign a poorer situation 

for root development, decreased air circulation and bothersome changes in 

hydrologic work, for example, diminished penetration and prompts poor soil 

fruitfulness. 

2. Soil chemical properties: 

2.1 Cation exchange capacity: It is demarcated as amount of the exchangeable 

cations which can be adsorbed by the soil. It is also used to measure soil fertility. 

The more earth and natural issue (humus) a soil contains, the higher its CEC and 

the more noteworthy the potential fruitfulness of that soil. Soils that are high in mud 

for the most part have higher CEC values and eventually have greater richness. 

2.2 Soil pH: Soil pH influence soil fertility. It is assessed on a magnitude of 0 to 14 

where a pH of 7.0 is considered as impartial. Soil pH is a standout amongst the most 

imperative attributes of soil fruitfulness, since it directly affects supplement 

accessibility and plant development. Most minerals and supplements are more 

dissolvable in corrosive soils than in impartial or marginally soluble soils. 

2.3 Plant nutrients:  Besides other requirement plant need 18 basic supplements to 

develop. These nutrients are classified into different types such as macro nutrient, 

micro nutrient and beneficial nutrients. Soil which has more nutrients will be more 

fertile and will produce more crops and give more yields. 

3. Soil biological properties: 

3.1 Organic matter: Organic matter consists of organic substances such as living 

organism’s carbonates, remains of organisms and organic composting produced as 

a result of metabolisms. Organic matter is also influence soil fertility because it 

contains different nutrients in it. The more the organic matter present in the soil 



 

140 
 

means the soil is more fertile. It also has ability to store large amount of water which 

help in nutrient movement from soil to plant roots. 

3.2 Micro- organisms: Micro-organisms are also very important in soil fertility. It 

takes food inside the soil and secrete by products in the soil through which nutrients 

are added in the soil. These are also helpful in maintain soil porosity and 

decomposition of organic matter. Mire the micro-organisms mire will be the corrosion 

of o organic matter and more will be the soil fertility. Earthworms are one of the living 

beings making the soil populace. These are critical in the improvement of soil 

richness. They shift in size from extensive Lumbricus terrestris, which may have a 

length surpassing 25 cm fled weighing somewhere in the range of 2 and 7 g to little 

pieces with lengths about 2.5 cm and weighing around 50 mg. The foremost 

nourishment of worms is dead or rotting plant remains including both leaf litter and 

dead roots. 

3.3 Soil mineralogy: Soil mineralogy assumes a fundamental job in soil ripeness 

since mineral surfaces fill in as conceivable locales for supplement stockpiling. Be 

that as it may, diverse kinds of soil minerals hold and hold varying measures of 

supplements. Thusly, it is essential to know the kinds of minerals that make up a soil. 

 

  

7.2 Nutrient Management: 

Nutrient management is defining as practice of interrupting soil, for efficient utilization 

and management of nutrients in the soil. While plunging off-site transport of 

supplements (manure) that may influence nature. For better supplement the 

executives supplement ought to be connected at perfect time, opportune place, right 

source and at a correct rate (4R nutrient stewardship). While applying the 

supplements we ought to think about the accompanying components to accomplish 

greatest supplement use productivity.  

1. Application of supplements considering the attainable ideal yield and product 

quality.  

2. Application and the executives of supplements considering a financial plan 

based framework.  

3. Management of soil, to minimize the off-site transport.  

Addition to the board arranging backings to gather defilement to waterways by plant 

supplements. Without appropriate administration, supplements can melt in soil water 
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and go into surface or ground water through filtering or overflow. This could taint 

surface and groundwater, and on-cultivate drinking water, network wells and other 

drinking water sources can be influenced. Profitable supplements could be lost, 

bringing about decreased product yields or extra expenses for business manures. 

7.2.1 Components of nutrient management: 

Nutrient management is consisting of ten key segments. Every segment is 

straightforward to breaking down every field and enhances supplement output for the 

harvests established. These components include field map, soil test, crop sequence, 

estimated yield, sources and forms, and delicate areas, recommended rates, 

suggested timing, recommended method and yearly review and update. 

1. Field map 

Field map is important in nutrient management it include point of reference for field 

such as soil types, number of acres and streams etc. 

2. Soil test 

Soil testing is a procedure through which we determine how much nutrient is present 

in the soil. It is necessary that we estimate the amount of nutrient present in the soil. 

Soil test is very important and crucial factors which we should kept in mind before 

adding nutrient into the soil.  

3. Crop sequence 

Crop sequence is basically the arrangement of crops in a sequence year after year. 

We should consider the crop sequence while nutrient management and consider 

whether the edit that created in the field a year prior (and when in doubt in any event 

two years back) fix nitrogen for use in the following years, and the completion of-

season stalk test exhibit an enhancement deficiency.  

4. Sources and forms 

The sources and kinds of open enhancements can change from estate to-develop 

and even field-to-field. Fertilizers productivity assessment, storing practices and 

various components ought to be consolidated into an enhancement the board plan. 

Compost supplement tests/examination are one way to deal with choose its 

productivity. Nitrogen settled from a prior year's vegetable gather and extra effects 

of feces furthermore effects rate recommendations. Various other enhancement 

sources should moreover be considered along with this game plan.  

5. Sensitive areas 
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For nutrient management we should also consider the sensitive areas of the farm for 

better yield and production. Sensitive areas like streams unproductive land salt-

affected land should be separately treated according to the requirements. 

6. Recommended rates 

Nutrients should be applied according to the recommended rates of fertilizer to 

achieve maximum nutrient use efficiency. Science reveals us that a product has 

shifting complement necessities amid the rising season, a mix of revolution and 

rancher's administration aptitudes guarantee ideal supplement accessibility at all 

segments of development. No-till corn for the most part requires starter manure to 

give the seedling a solid begin. 

7. Recommended methods 

For better nutrient management recommended method of fertilizers application 

should be adopted to achieve maximum nutrient use efficiency. While selecting the 

method we should consider the following factors like Slope, rainfall patterns, soil 

type, fit revolt and frequent different variables number out which strategy is best to 

enhance addition productivity (accessibility and misfortune) in homesteads. 

8. Recommended timing 

For achieving maximum nutrient use efficiency, recommended timing of fertilizer 

application is very vital. Fertilizer should be applied when there is an optimum 

temperature available. Tillage practices should also be considered in selecting the 

optimum timing. 

9. Annual review and report 

Indeed, even the best directors are compelled to digress from their plans. What rate 

was really connected? Where? Utilizing which technique? Did an uncommonly gentle 

winter or wet spring lessen soil nitrate? Did a dry summer, illness, or some other 

abnormal factor increment supplement remainder? These and different components 

ought to be noted. It's less demanding to make notes during the time than to recollect 

six to10 months. 

 

7.3 Nutrient / Fertilizer Use Efficiency: 

It is defined as the percent yield increase for each unit of fertilizer used. It is 

sometimes represented by the fraction of fertilizer nutrient loss from the ground with 

the crop harvest. Fertilizer use efficiency (FUE) is a critically important concept in the 
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calculation of crop construction systems. FUE is influenced by soil, plant-water and 

fertilizer management. The basic aim of fertilizer use efficiency is to improve the 

cropping system routine by providing optimum nutrient. 

 The fertilizer use efficiency (FUE) in an agricultural system is based on four factors, 

namely: 

1. Accurate dose of fertilizer having balanced nutrient percentage 

2.  Safe and precise method of fertilizer application 

3. Appropriate timing for application 

4.  Crop specific fertilizer selection.  

7.3.1 Causes of low fertilizer use efficiency: 

1. Immobilization 

2. Volatilization 

3. Denitrification 

4. Leaching 

5. Fixation in soils  

6. Fixation in clay- lattices 

7. Addiction in soils Al-P, Fe-P, Ca-P 

8. Low status of organic carbon and soil degradation 

9. Poor management for secondary and micronutrient 

10. Inappropriate method, rate and method of application 

7.3.2 Strategies for enhancing the fertilizer use efficiency: 

1. Selection of suitable fertilizer source according to soil: The selection of 

fertilizer should be made keeping in view the soil condition e.g. ammonium sulfate is 

the better source of N instead of urea for fertilizing the soils having high Ns. Similarly, 

NH4 fertilizers are better for rice flooded soils as N in NO3 fertilizers readily prone to 

denitrification under anaerobic soil conditions.  
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2. Adopting appropriate fertilizer application method:  The deep placement is 

the best method of phosphatic fertilizers instead of broadcasting. Similarly, 

nitrogenous fertilizers must be incorporated in soil after its application as N losses 

increase through volatilization.  

3. Scheduling fertilizer application timing: Nitrogen should be applied in splits as 

its losses are more in our conditions.  

4. Use of organic manures: Submission of organic fertilizers enhances its 

physicochemical state by enhancing porosity. It also improves water and mineral 

nutrients holding capacity. It was seen that hoeing and utilization of poultry squander 

were similarly compelling to control soil-crusting issue. There is a need to discover 

appropriate leguminous or green compost crops like hay, berseem, sesbania and 

groundnut that could enhance the natural substance of soils and decrease the 

disintegration risk. 

5. Practicing best crop husbandry: All the agronomic practices aimed at improving 

the yield will increase the fertilizer use efficiency. 

 

7.4 Soil Sickness: 

Soil sickness is defined as increase in negative conditions in the soil for plant 

vegetative and reproductive growth as result of reverse plant feedback. It is basically 

a decline in soil quality due to adverse effect of different plant species. Soil quality is 

affected by different factors like crop rotations, soil amendments, tillage, cultural 

practices and use of chemical fertilizers etc. As a result of intensive agriculture, in 

last decades there is an increase in soil sickness and it leads to decrease in crop 

productivity. Soil sickness is also termed as soil fatigue. It is mostly demonstrated as 

species- specific i.e. majorly affecting individuals of the same species. 

7.4.1 CAUSES Of SOIL SICKNESS: 

Soil sickness is a composite, multi-factorial phenomenon influenced by plant species, 

crop rotation and soil management practices. Soil sickness is also affected by 

environmental factors also like soil type, climate. Soil sickness mechanism is 

explained as follows: 

1. Soil nutrient depletion or imbalance: 

Soil depletion or immobilization of soil nutrients causes deficiency in plants. 

Depletion of below-ground nutrients in the soil causes soil sickness.  Soil sickness 

increased over time in mono-cropping. 
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2. Soil borne pathogens and microbial shift: 

Soil microorganisms are important component of an agriculture system. Soil borne 

pathogens are involved in chemical and biological processes including 

decomposition of organic matter, carbon and nitrogen cycles, stabilization of soil 

masses, nutrient acquisition, and degradation of environmental pollutants. The 

composition and abundance of soil microbes are controlled by soil properties (e.g., 

temperature, moisture, aeration, pH), but also by higher plants through rhizo-

deposition and accumulation of leaf and root debris. 

3. Phytotoxicity and autotoxicity: 

Soil sickness is also caused by the harmful chemical compounds, either released 

through root exudation or by decaying of plant debris. Soil sickness caused by 

actively released toxic chemicals by different plant species. 

7.4.2 MEASURES TO OVERCOME SOIL SICKNESS: 

Soil sickness can be overcome by adopting practices like crop rotation, polyculture 

and organic amendment, replacing sick soil and by removing soil toxins. 

1. Crop rotation: 

Crop rotation lessens soil sickness as it decreases the pathogen inoculum, and it 

reduces the effect of auto toxic compounds in the soil. Plant debris of some Brassica 

species is also highly effective in controlling some soil borne pathogens and parasitic 

nematodes thanks to their high content in glycosylates. Rotation between cereal 

crops, such as wheat and maize, with nitrogen-fixing legumes (e.g. clover, alfalfa, 

soybean, etc.) is probably one of the most common practices worldwide to alleviate 

SS. Alternation of grasses and nitrogen-fixing legumes in natural grassland has been 

also reported.  

2. Polyculture and organic amendment: 

Polyculture and organic amendment are very useful in controlling soil sickness. In 

polyculture different plant species are cultivated in same field and is quite useful in 

reducing soil sickness as soil sickness require mono-cropping most of the time. 

Polyculture can avoid the build-up of soil sickness through a “dilution effect” of auto 

toxic compounds. It cannot be applied in intensive agriculture due to complex 

management system. Organic amendments are also used for reducing soil sickness. 

Effectiveness of organic amendment to overcome Soil Sickness depends on the 

amount of organic carbon applied and on the chemical quality of the amendment 

itself. 
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3. Replacement of sick soil: 

Replacement of sick soil with a fresh and healthy soil is easy method of reducing soil 

sickness. In field conditions it is not possible to replace sick soil with a fresh soil 

because of economic reasons. But it can be applied in nurseries and in public garden 

quite successfully. 

4. Eradication of soil toxins: 

Selective removal of phytotoxic compounds has been proposed as another strategy 

to alleviate SS and NPSF. In this regard, activated carbon (AC) has been used 

because of its strong capacity to absorb organic chemicals, including pollutants and 

allelopathic compounds flooding has been proved to be effective against soil 

sickness in field conditions for sugarcane. The effectiveness of flooding in 

overcoming, or in alleviating SS, is consistent with the lack of NPSF in plants that 

live in aquatic ecosystems. Human-managed monocultures can only be sustained in 

the long-term by decoupling the resource acquirement from auto toxic plant debris. 

This can be achieved by either removal of crop residues (e.g. by using burning, 

selective removal, etc.), or mixing the residues through crop rotation or consociation, 

or leaching auto toxic factors trough flooding or biochar sequestration. 

 

7.5 Crop Management on Problem Soils: 

Problem soil is the soil which is unfit for crop production. These soils contain different 

types of salts and other material which are unable crop cultivation.  

Types of problem soils: 

1. Physical problem soils 

2. Chemical problem soils 

3. Biological problem soils 

4. Nutritional problem soils 

1. Physical problem soils 

1.1. Impermeable soils and their management 

 These soils are slowly permeable due to great clay portion and less infiltration rate 

(<6cm/day) and extra runoff, which pointers to more soil erosion and more nutrient 
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removal. In this type there is a less aeration and impeded drainage and adverse soil 

conditions are present. 

Remedies to control: 

1. Addition of organic matter like FYM, press mud and composted coir pith 

at the amount of 12.5 t ha-1  

2. Formation of ridges and furrows in rainfed crop beside the slopes to offer 

adequate aeration in root zone. 

3. Application of broad beds to reduce the amount of water retained. 

4. Open or subsurface drainage provision 

5. Application of sand to change soil texture 

6. Contour formation 

7. Vermicompost application to overcome the runoff and erosion. 

1.2. Soil surface crusting 

Causes: 

It is mainly occur due to colloidal oxides of iron and aluminum in soils which grip the 

soil particle underneath wet regimes’ dehydrating it form a hard mass on the outer 

surface. It mostly occurs in Alfislos. 

Influence on soil properties: 

1. Inhibit seed germination and retard root growth 

2. More run-off and less infiltration rate. 

3. Underprivileged aeration in rhizosphere. 

4. Decrease in nodule formation of leguminous crop. 

Corrective measures: 

1. Plough the soil when there is sufficient moisture available. 

2. Submission of lime or gypsum @ 2 t ha -1 and after that ploughing to blending 

the amendment with the soil surface. 
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3. Use of FYM @ 12.5 t ha -1  

4. Scraping the soil by tooth harrow. 

5. Use of bold grain seeds. 

6. For small seeded crop use of more number of seeds. 

7. Cultivation of resistant crop like cowpea. 

1.3 Sub soil hard pan: 

Causes: 

The major cause of sub soil hard pan is the illuviation of clay to the sub soil pores 

attached with fortifying action of oxides of iron, aluminum and calcium carbonate. 

Effect on soil physical properties: 

It lessens water holding capacity of the soil, lower the infiltration rate, movement of 

nutrients and air also reduce. 

Remedial measures: 

Sub soil hard pan can be overcome by using Chiseling technology. In this technique 

the areas to be furrowed by etch furrow, a tractor drawn substantial iron furrow at 50 

cm interim in both the headings is finished. Etching backings to break the hard 

container in the sub soil other than it furrows up to 45 cm profundity. Ranch yard 

excrement or press mud or treated the soil coir substance at 12.5 t ha-1 is to be 

spread consistently superficially. After this the field ought to be developed with nation 

furrow twice to fuse the additional fertilizers. The fragmented hard container and 

joining of fertilizers make the soil to ration more dampness.    

1.4 Shallow soils 

 Existence: 

It results due to occurrence of paternal rocks proximately below the soil surface (15-

20 cm depth). 

Remedial measures: 

1.  Growing shallow established products. 

2.  Frequent reestablishment of soil ripeness  
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3. Growing products that can withstand shallowness (Mango, nation goose berry, fig, 

tamarind, ber and cashew and so on.) 

 

1.5 Highly permeable soil 

Causes: 

These are sandy soils which contain more than 70% sand segments and occur in 

river areas, coastal belts and in reward areas. 

Management strategies: 

1. Plough the soil uniformly. 

2. After irrigation, rolled the soil 10 times with 400 kg stone roller of 1m long 

at optimum moisture (13%). 

3. Then raised the crops with a shallow ploughing. 

4. Clay soil application @100 t ha-1 is also help in reclamation. 

5. Use of organic materials like FYM, compost, press mud, sewage sludge 

etc. 

6. Rotation of different crops with crops like sun hemp, sesbania and 

kolinchi etc. 

1.6 Heavy clay soils: 

These soils are mentioned as heavy soils. For heavy soils consists of about 40% 

clay particles. This is also slowly permeable soils. 

Management strategies: 

1. Plough the soil uniformly. 

2. After irrigation, rolled the soil 10 stretches with 400 kg stone roller of 1m 

long at optimum moisture (13%). 

3. Then raised the crops with a shallow ploughing. 

4. Clay soil application @100 t ha-1 also help in reclamation. 



 

150 
 

5. Submission of organic materials like FYM, compost, press mud, sewage 

sludge etc. 

6. Crop rotation using crops like sun hemp, sesbania and kolinchi etc. 

1.7 Fluffy paddy soils 

Causes: 

It mainly occurs due to continuous growing of rice year after year. 

Management Practice: 

1. Water system ought to be ceased 10 days previously the collect of rice trim 2. Next 

the gather of rice, when the soil is underneath semi-dry situation delegate dampness 

level, minimal the field by fleeting 400 kg stone breaker or a vacant tar drum loaded 

up with 400 kg sand multiple times.  

2. Chemical problem soils: 

2.1 Salt- affected soils:  

         These soils are mostly arising in arid and semiarid areas. In these soils sodium, 

potassium, calcium, chlorides, carbonates and bicarbonates accumulation occur 

which cause problems. These are classified as saline soils and sodic soils. 

 Saline soil: 

                It can be defined as soils which have exchangeable sodium percentage 

less than 15, electrical conductivity greater than 4 dS m -1 and pH is commonly fewer 

than 8.5. Theses soils are also called as white soils due presence of white coating 

of white salts. 

Management of saline soils: 

1. Management of saline soils can be done by filtering the salts with water and 

drainage. 

2. It can also be reclaim by using addition of extra dose of nitrogen @ 20-25 % 

more than recommended level. 

3. By selecting those crops which are most suitable to saline soils like sugar beet, 

sorghum, tomato and rice. 
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4. Toting of organic materials like FYM, compost etc. can also help in reclamation 

process. 

5. Proportional mixing of good quality water with saline water also reduce salinity 

problems. 

2.2 Sodic soils: 

           These are defined as soils having conductivity greater than 4 dS m -1 and 

exchangeable sodium percentage greater than 15 with a pH among 8.5-10. These 

soils mostly contain CaCo3 in the soil profile.  

Reclamation of sodic soils: 

1. Deep ploughing with chisel to break hard pan and improve aeration. 

2. Sand filling to improve soil heaviness and capillary movement of water. 

3. Provision of proper drainage also helps in reclamation process. 

4. Addition of chemical amendments like Ca+2 to replace the sodium with 

exchange complex. 

5. Direct application of Gypsum, calcium carbonate and phosphor-gypsum 

etc. 

6. By selecting most suitable crops like Safflower, soybean, cowpea, oat, 

barley and rice. 

2.3 Saline sodic soils: 

If a soil has both saline salts and sodic soils simultaneously, then it is referred as 

saline sodic soils. These soils contain both calcium and sodium salts. To reclaim 

these soils fist we have to reclaim calcium salts by applying a heavy irrigation and 

then drained out that water. In this way calcium salts will be drained out. Then to 

reclaim sodic soils apply the amendment like gypsum to replace sodium salts. 

3. Biological problem soils: 

3.1Soil organic matter along with microbial population 

Biological problems frequently result from the executives rehearses and 

anthropogenic impact. Soil natural carbon (SOC) is the primary wellspring of vitality 

for soil microbes and a create for supplement accessibility through mineralization. 

An immediate impact of poor SOC is decreased bacteriological biomass action, and 
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supplement mineralization because of a lack of vitality sources. Low SOC results in 

less assorted variety in soil biota with a danger of the natural pecking order balance 

being upset, which can cause aggravation in the soil condition (e.g., plant bug and 

malady increment, gathering of dangerous substances). These issues can be 

overwhelmed by receiving no till cultivating, constant utilization of excrement and 

manure, and utilization of summer or potentially winter cover crops. Consuming, 

reaping, or generally expelling deposits diminishes SOC. 

3.2 Earthworm 

Earthworms assume a vital job in altering the corporeal structure of soils. 

Earthworms create restricting operators in charge of the development of water-stable 

full scale totals. They enhance soil porosity by burrowing and blending soil. Low or 

missing night crawler populaces are a pointer of next to zero natural deposits in the 

soil or potentially high soil temperature and low soil dampness that are upsetting not 

exclusively to worms, yet additionally for practical yield generation. Absence of 

worms may lessen supplement cycling and accessibility for plant take-up. The 

practices that support worm populaces are Cultivation Management (no-till, strip till, 

edge till), Crop Rotation (with vegetables) and cover harvests, fertilizer and natural 

side-effect submission, soil response (pH) the board and legitimate water system or 

seepage. 

3.3 Soil Respiration 

Carbon dioxide (CO2) discharge by the soil surface is alluded to soil breath. This 

CO2 consequences from a few sources, plus oxygen consuming microbial 

deterioration of soil natural issue. Soil breath mirrors the limit of soil to help soil life 

counting crops, soil creatures, and microbes. Decreased soil breath rates show that 

there is almost no action in the soil. It might likewise mean that soil properties that 

add to soil breath (soil temperature, dampness, air circulation, accessible N) are 

restricting natural movement and SOM disintegration. The rate of soil respiration 

under ideal temperature and dampness conditions is commonly restricted by the 

supply of SOM. Rural practices that expansion SOM generally upgrade soil 

respiration. 

3.4 Soil enzymes 

Soil enzymes increment the response frequency at which plant buildups decay and 

discharge plant accessible supplements. Nonappearance or concealment of soil 

proteins forestalls or diminishes forms that can influence plant nourishment. Poor 

compound action (e.g., pesticide corrupting proteins) results in an aggregation of 

synthetics that are hurtful to nature; a portion of these synthetic concoctions may 

additionally hinder soil chemical movement. Natural correction applications, trim 
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pivot, and cover yields can be utilized to improve protein action. The beneficial 

outcome of field is related with the contribution of creature fertilizer and less soil 

aggravation. Agrarian strategies that alter soil pH (e.g., liming) can likewise alter 

protein action. 

4 Eroded Soils: 

Erosion of soil is characterized as separation and development of soil particles by 

the activity of wind, water or in view of other factor. It for the most part happens in 

poor soils (little humus) and in a higher advanced % of residue and fine sand. 

Types of erosion 

A. According to nature of cause 

1. Geologic erosion 

Geological erosion happens, because of the activity of water, wind, gravity and ice 

sheets and it happens, at such moderate amounts that the loss of soil is made up for 

the development of new soil under common enduring procedures  

2. Accelerated erosion 

Accelerated erosion initiated by the unsettling influences of individuals (wounding 

woodlands, developing terrains, developing streets and structures and so forth.) and 

is expanding as the populace increments. In this disintegration, the expulsion of soil 

happens at an a lot. 

B. According to source 

1. Water erosion: 

Removal of soil by water is because of the dispersion e activity, and carrying intensity 

of water. Water disintegration of soil begins when raindrops attack exposed soil units 

and hunks, coming about the better particles to move with the streaming water as 

suspended residue. Water disintegration is of numerous kinds like raindrops 

disintegration, sheet disintegration, rill disintegration, chasm disintegration and 

stream channel disintegration. Water disintegration cause numerous hurtful impacts 

including loss of best ripe soil, silting of lakes and repositories, decline in water table 

and discontinuity of land. 

2. Wind erosion: 
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Loss of soil by wind results in an aggregation of dissolved particles in loess, a kind 

of soil which marks up a portion of the world's most fruitful and profitable areas. Soil 

surroundings helpful for wind disintegration are most regularly found in dry and semi-

bone-dry territories where precipitation is lacking and no vegetation cover on the plot. 

The most genuine harm initiated by wind disintegration is the adjustment in soil 

surface. Since the better soil particles are liable to development by wind, wind 

disintegration slowly evacuates residue, earth and natural issue from the best soil, 

departure the coarser soil material. 

 

Management practices: 

1. Crop rotations 

2. Contour cultivation (strip cropping) 

3. Terraces 

4. Diversion structures 

5. Drop structure 

6. Riparian strips 

7. No-till planting 

8. Chiseling 

 

7.6 Soil Degradation: 

It is defined as the deterioration in soil condition due to inappropriate use of soil 

resources, generally for agricultural, industrial or urban purposes. It is a thoughtful 

ecological issue. Soils are a major natural resource, very essential for terrestrial 

conditions. Evading soil degradation is critical to our safety. It results in decline of 

soil physical, chemical and biological quality. It also leads to decline in soil organic 

matter, structural condition of soil, salinity and soil fertility. 

7.6.1 Causes of land degradations: 

1. Deforestation: Forests have a vital role in sustaining fertility of soil by shedding 

their leaves which contain many nutrients.  
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2. Over use of pesticides and inorganic fertilizers 

3. Overgrazing 

4. Salinization 

5. Water-logging 

6. Desertification 

7. Soil erosion 

8. Wasteland 

7.6.2 Effects of Soil Degradation 

1. Land degradation 

Land degradation leads to decrease in soil quality. Every year numbers of acres of 

land are lost as result of soil erosion and pollution. Erosion is for the most part in 

charge of land debasement and it influence basically 40% of the world’s agriculture 

area. Chemical fertilizers are also a major factor in causing soil degradation. 

2. Drought and aridity 

These are complications which pointers to soil degradation. In arid and semi- arid 

areas drought and aridity are considered as anthropogenic prompted issues 

particularly because of soil corruption. Thus, the contributing components to soil 

value decrease, including overgrazing, deprived culturing techniques, and 

deforestation are additionally the primary wellsprings of desertification depicted by 

droughts and very dry conditions.  

3. Loss of arable land 

Soil degradation causes a loss in arable land. About 40% arable land is lost every 

year because of soil degradation and erosion, a large portion of the harvest 

generation rehearses consequence in the topsoil misfortune and the damage of soil's 

common arrangement that mark farming conceivable. 

4. Increased flooding 

Land is normally changed by from its standard scene when it releases its physical 

synthesis from soil earth debasement. The switched land can't splash up water, 

making flooding progressively visit. Soil defilement expels the earth's trademark limit 
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of holding water as such adding to a consistently expanding number of cases of 

flooding.  

5. Pollution and blockage of waterways 

Soil erosion and use of fertilizers and pesticides cause contamination and square the 

conduits. The sedimentation methodology can stop up channels, achieving water 

lack. The farming manure and pesticides also hurt marine and conditions and the 

limits the family unit livelihoods of the water for the masses that depend upon them 

for survival 

7.6.3 Solutions of Soil Degradation 

2. Reducing deforestation 

Deforestation is   main reason of land degradation. We cannot completely stop the 

process of deforestation but in could be reduced up to some extent to reduce 

deforestation there is a need to work at individual level so that we can save even a 

single tree. Governments, international organizations, and other environmental 

stakeholders need to guarantee there are reasonable measures for making zero net 

deforestation a reality to stifle soil degradation.  

3. Land reclamation 

Land reclamation is a process through which we can reclaim the degraded land. 

Land reclamation can be done by adding organic matter and other organic materials. 

Land reclamation contains exercises focused towards rebuilding the previous natural 

issue and soil's indispensable minerals. This may include exercises, for example, the 

extension of plant deposits to corrupted soils and attractive range the executives. 

Land reclamation involves plantation of trees, and crop on affected soils. . 

3. Preventing salinization 

Land degradation can be minimized by preventing salinization. Salinization can be 

prevented by decreasing irrigation, embedding salt tolerant crops, and refining 

irrigation efficiency. Counteracting salinization in any case is therefore biologically a 

well-disposed method for offering answer for soil degradation. 

4. Conservation tillage 

Land degradation can be minimized by adopting Proper tillage mechanisms. 

Conservation tillage is very important in reducing land degradation. Examples 

include, leaving the earlier year's yield buildup superficially to shield the soil from 
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disintegration and evading poor culturing techniques, for example, profound 

furrowing. 

 

7.7 Soil Amendments: 

These are things which are included in to the soil to enhance the fleshly or substance 

properties. These materials are utilized to enhance the penetrability and water 

maintenance qualities of the soil. The sort of correction or revisions included depends 

on the present soil arrangement, the atmosphere, and the kind of plant. Most soil 

alterations are added to enhance the structure of the soil, to build the natural 

substance with the goal that the soil is increasingly fit for holding supplements and 

dampness. At the point when these natural materials are added to the soil, they 

additionally act in changing degrees as composts, giving a blend of supplements to 

plant roots. 

7.7.1 Types of amendments: 

1. Addition of lime Addition of manures to supply fertilizer 

2. Practices to improve water retention of soil. 

3. Addition of  Gypsum  

4.  Addition of  Clay Sand or profile soil conditioner 

5. Vermiculture 

6. Manures  

7. Compost 

8. Mulching 

9. Peat moss 

10. Wood products like wood chips and shaving. 

Animal manures:  

Manures of almost all types are used as soil amendment. Manures contain different 

types of nutrients (N, P and K) which are vital for proper growing of a plant. For better 

utilization of manures, they should be composted first. Generally, manures are high 

in salt so it should be avoided in salt-affected soils. 
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Wood by-products:  

Woody by-products can also be used as soil amendments such as ground bark and 

sawdust. Just finely-ground materials are appropriate for corrections. Huge wood 

items, for example, a bark pieces or destroyed bark takes too long to even think 

about decomposing, and utilized in an improved way as mulch. Wood waste products 

are generally invigorated along with nitrogen. 

Lawn clippings: 

Lawn clippings can also be used as soil amendments without composting. Moderate 

amount of clippings can be worked specifically into the soil without treating the soil. 

When grasses reached to seed producing stage or on the off chance that it is an 

assortment that develops from its stems, for example, Bermuda grass, is usually not 

utilized in your garden as a correction deprived of fertilizing the soil it first. Try not to 

utilize clippings that have been showered with a herbicide. 

Compost: 

Compost is best source of soil amendment. Composting process kills most of the 

weeds insects and disease causing organisms and improves quality of composting 

manure. 

Leaf mold: 

 Leaf mold is a decayed leaf material which is regularly sold financially. It could be of 

various kinds like acidic, contingent upon the leaves utilized, making it a favored 

alteration for corrosive adoring plants, for example, azaleas and blueberries. 

Peat moss: 

Peat moss is regularly accessible at plant market. It is peat gotten from greenery and 

is an incredible soil improvement. It is normally a costly soil alteration yet it has 

greater ability to hold soil dampness and it is light in weight. Peat greenery is the 

longest enduring of the natural mulches, limiting reduction of soil capacity that would 

be triggered by additional disintegration. There are distinctive kinds of peat are 

accessible, for example, sedge peat; yet these different sorts are mediocre 

compared to peat greenery as a correction in the garden. 

Vermiculite:  

It has a permeable structure. It holds water and used as a supplements great, 

however vemicompost is delicate and retains its shapes for just a couple of months 
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in the soil. It at times encompasses little measures of asbestos, a cancer-causing 

agent. 

Sand: 

Sand is frequently added to overwhelming soil with an end goal to enhance seepage, 

yet it might have the contrary impact. Except if you make the subsequent mix over 

80% sand, the blend will have more regrettable waste than the earth alone. The mud 

stores in the places in the middle of sand elements, which are used as a concrete 

material. Sand, particularly stiff sand, enhances waste in a holder blend which can 

exclude any earth soil. 

Lime and sulfur: 

These are supplied to soils to alter the pH, or sharpness. Lime has a potential to 

reduce soil corrosiveness and sulphur act its opposite. It is frequently utilized in the 

East, where during summer season results in more corrosiveness of the soil. Sulfur 

is regularly utilized in the dry West, where soluble soils are normal. 

Peanut hulls are an exceptional source which can be used as soil amendment. 

Tobacco stems work well but that as it ought to be avoided plants in a similar in light 

of infection issues. 

Cottonseed meal has reasonably increased levels of plant nutrients. 

Cocoa bean hulls grip water in a more frequent way, have a satisfying presence and 

smell and is acidic in nature.   

Rice hulls are once in a while accessible in the South and West. They make a 

decent alteration, however are too unimportant to even think about using as mulch. 

Bagasse It is a sugarcane waste product utilized in alteration with mulch. 

Apple and grape pomace extra coverings, kernels, and stems of these natural 

products in the wake of handling has been utilized with great outcomes. 

Straw It is a customary soil change and mulch, to enhanced with nitrogen when 

functioned straightforwardly soil; it regularly encompasses weed or grain seeds. 

 

7.8 Hydroponics: 
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Hydroponics is a type of soilless culture plants are grown in an aqueous culture that 

is rich in nutrients. Instead of soil, this system supports root system by growing 

medium like coconut coir, perlite, clay pellets, vermiculite, rockwool or peat moss. 

Thus roots of plants gets a direct access to  nutrient solution, along with utilizing 

oxygen present in pore spaces of growing medium. The hydroponic culture has some 

merits and limitation as discussed below:  

Merits 

1. The growth rate of plants is higher in hydroponics compared to soil. The plant 

maturity will occur 25% earlier and we can get 30% higher yield comparted to that 

obtained in soil culture. 

2. The plant growth is more towards shoot rather than root as plant does not have 

need to expand its root system  for fulfilling its nutrient requirement. 

3. Due to closed and managed system, hydroponic uses less water than soil based 

open system. This because, water losses through evaporation and leaching is 

reduced.  

4. There are no chances of any nutrient deficiency or toxicity in plants.   

5. There is no pollution hazard by runoff water as experienced in open soil cultures. 

Limitations 

1. Hydroponics is very expensive systems that need very high initial cost.  

2. Lot of expertise, attention and time is required to manage hydroponics as we have 

to check the nutrient composition as well as pH of nutrient solution on daily basis. 

3. A continuous supply of fresh water and nutrients is required from pump. If pump 

failure occurs, there is a greater risk of rapid killing of plants due to lack of storage 

capacity of hydroponics.  

7.8.1 Classification of Hydroponic systems 

There are different techniques of supplying nutrient solution to plants in hydroponics. 

So, hydroponic system could be categorized into various types. However, a hybrid 

hydroponic system using multiple hydroponic techniques could also be used. 

1. Deepwater Culture (DWC) hydroponic system 

This system utilizes reservoir method which is the simplest method of growing plants 

through hydroponics. In this system, plant roots are made to suspend directly in 
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nutrient solution. A support, water with dissolved nutrients and source of continuous 

air supply to roots is required in this system. A thermophore sheet with holes for 

inserting plants serves best for supporting plants and keeping plant roots suspended 

in plants. An aerated pump for supply of air to suspended plant roots in water is 

essential requirement.  This system is considered best for nutrient studies carried 

out in greenhouse. It is also known to be most suitable for organic hydroponics as 

there is no need of drips or emitters in this system and there are no chances of 

clogging by organic nutrients.  

2. Nutrient Film Technique (NFT) hydroponics 

In this technique, the suspended plant roots remain in contact with continuous flow 

of nutrient solution that enters from one side of trough and leaves the system from 

other side. This hydroponics permits better aeration of plant roots than deep water 

culture because instead of whole root system dipped in water, only root tips come in 

contact with film of nutrient solution. Thus due to better supply of O2 to plant growth, 

their growth rate becomes high.  

3. Aeroponics hydroponics  

Aeroponics is a type of hydroponic method in which instead of keeping plant roots 

suspended in nutrient solution, a very fine mist of mist of nutrient solution is 

continuously sprayed over plant roots that are suspended in air. In aeroponics, there 

are two different methods that are used to supply nutrient solution to roots. The first 

one utilizes a fine spray nozzle to supply mist to roots whereas second method 

makes use of pond fogger for this purpose.  

4. Wicking hydroponics 

It is one of the simplest and cheapest methods of hydroponics. Wicking means 

utilizing any piece of cord that conveys liquid to plant roots by capillary action. The 

concept behind this method is that you have a material which is surrounded by 

growing medium where roots are placed; the other end of the wicking material is 

dipped in nutrient solution. Thus the nutrient solution is continuously wicked to plant 

roots. 

If wick material is totally removed and is replaced with a growing material having 

ability to wick nutrient solution to roots, this system becomes simpler. Therefore, by 

suspending the lower side of growing medium directly in nutrient solution, the 

nutrients could be continuously supplied to plant roots. Care should be taken to use 

only perlite or vermiculite but not the media such as rockwool, peat moss or coconut 

coir as these materials wick too much nutrient solution. Thus plant roots may be 

suffocated. 



 

162 
 

5. Flood and drain hydroponic system 

 This system works by pumping the nutrient solution into and out of the growing 

medium with specific intervals. The nutrient solution is flooded and then slowly 

drained back into the tank of nutrient solution. The pump is set to a timer in order to 

repeat this process at regular intervals. This hydroponic system is considered 

suitable for plants that like certain period of root dryness.  

6. Drip System 

This system utilizes emitters or drippers placed growing media near plant roots that 

supply nutrient solution in the form of drops. The use of slow draining growing media 

like coconut coir, rockwool, or peat moss is more suitable for this hydroponic system.  
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CHAPTER 8  
 

  

IRRIGATION WATER MANAGEMENT  

 

8.1 Water Vision of Pakistan:  

Pakistan population is about 160 million and has a geographical area of 79.6m ha 

and irrigated area of 14.5 million ha with annual water availability of 143 MAF. The 

water system arrangement of Pakistan is the biggest incorporated water system 

organized on the planet, serving 36 million of contiguous arable land. The water 

system of Pakistan has 3 mega dams and around 80 mini dams, 19 barrages, 12 

inter-river link canals and around 45 autonomous irrigation canal commands. 

8.1.1 Issues of water sector in Pakistan: 

There are 2 types of issues related to water sector in Pakistan.  

1. Institutional issues 

2. Technical issues 

1. Institutional and management issues: 

There is a need to oversee the national water council for better utilization of water 

resources, coordinated water area arranging, improvement and the executives. 

Other than this there are some different issues like insufficient partner support, 

absence of open mindfulness and inadequate water data, absence of money related 

maintainability in water segment administrations and low private division speculation 

or cooperation.  

2. Technical issues 

Due to increase demand of food, fiber and power there is an increase in water 

demand and combined use of surface and ground water. Besides this there are also 

some technical issues like: 

1. Lack of uniform distribution of water supply 

2. Poor water quality 
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3. Scarce water availability of drinking water supply 

4. Poor setup in irrigation network 

5. Ecological deprivation of irrigated land 

8.1.2 National water vision plan 2025: 

As per water vision plan in 2025, Pakistan ought to have satisfactory water 

accessible through preservation, improvement and great administration. Water 

supplies ought to be of good quality, evenhandedly circulated and address the issues 

of all clients through an effective and incorporated administration, institutional and 

lawful framework that would guarantee practical usage of the water assets and 

bolster financial and social improvement with due thought to nature, personal 

satisfaction, monetary estimation of assets, capacity to pay and investment 

everything being equal.  

Targets of vision 2025:  

1. To forestall the water deficiencies later on  

2. To compensate\adjust for the anticipated atmosphere  

3. To ensure the agriculture part and dry season  

4. To increment repository limits lost because of siltation and grow new stockpiles 

to cook for future needs  

5. To create 16,000 MW of hydropower for giving shabby power to purchasers  

6.  To put us $33 billion in next 22 years to accomplish the above vision.                   

Objectives of vision 2025: 

1. To counteract the water deficiencies later on  

2. To compensate\adjust for the anticipated atmosphere  

3. To ensure the farming segment and dry spell  

4. To increment repository limits lost because of siltation and grow new stockpiles 

to provide food for future needs  

5. To create 16,000 MW of hydropower for giving shoddy power to customers  
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6.  To put us $33 billion in next 22 years to accomplish the above vision.  

8.1.3 Water resources strategy: 

1. A national water assets technique has been readied which is at present under 

endorsement of the administration.  

2. To give refreshed extensive water division system up to 2025 for direction on 

venture arranging and the board of water segment  

3. To create explicit venture recommendations receptive to the national 

improvement program.  

 

8.2 Present Situation of Water Resources In Pakistan and Future 

Challenges: 

The over-all area of country is 79.6 m. ha area. The cropped region is 20.8 m. ha. 

From the total cropped area 75% area is irrigated and about 25% is rainfed area. 

Whole of the irrigated area of Pakistan is in the Indus basin. In Pakistan the overall 

irrigated area is 16.2 m. ha, and 11.4 m. ha is canal irrigated and 3.8 m. ha is tube 

well irrigated and only 1 m. ha is irrigated from other sources.in Pakistan about 80-

85% of the agriculture is done on irrigated area.  

8.2.1 Major Water Resources of Pakistan:  

1. Surface water resources 

2. Ground water resources 

1. Surface Water Resources: 

Pakistan possesses one of the world’s biggest irrigation structure that is Indus 

irrigation system. 

1.1 Indus basin irrigation system or Indus river system: 

This framework mostly includes the Indus principle waterway and its five noteworthy 

tributaries. After Indus basin treaty bowl arrangement with India in 1960, Pakistan 

was distributed the progression of three western waterways in particular Indus, 

Jhelum and Chenab with the incidental spill from the India in the eastern stream, to 

be specific Sutlej and Ravi. The stream in these waterways is very factor in various 
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cropping season and years. About 84% stream happen in kharif season and just 

16% streams are accessible in rabi season (Table 8.1). 

Table 8.1 Surface water availability in Pakistan during kharif and rabi seasons 

Item Kharif Rabi Annual 

Mean 142.1 27.7 169.3 

Median 143.3 26.7 169.8 

Maximum 190.9 42.1 230.4 

Minimum 99.5 19.4 123.7 

3 years out of 4 years 135.8 25.1 163.1 

4 years out of 5 years 124.9 23.1 152.4 

 

1.2 Western river inflow characteristics: 

In three western rivers, the biggest flow is subsidized by the Indus and the amount 

to a mean yearly of 110.1Bm 3. The matching values for Jhelum and the Chenab are 

27.8 and 31.4 Bm3 respectively. The great variability has urged to develop and 

accomplish the irrigation structure which assured and regular water supply for 

agricultural activities can be made available. The Indus basin irrigation system 

commands about 16.8 m. ha (41 Mac) gross area, out of which 14 M. ha is culturable 

land. This system is comprised of three large water reservoirs (Tarbela, Mangla and 

Chashma), 23 barrages, 12 inter river links and 48 perennial and non-perennial canal 

directions. 

The total length of main irrigation canals including distribution system is about 56369 

km. The whole canal system is about 90000 water courses with appropriate length 

of 1 km. The canal water resources are not enough to meet the irrigation 

requirements of available culturable land. Moreover, the incidence of rainfall is highly 

variable ranging from less than 10 cm in some parts of the country to more than 50 

cm on other parts, most of which occur during monsoon season and is not available 

for lateral agriculture activities because of rapid run-off. 

2. Ground Water Resources:  

 To overcome the deficiencies of irrigation water, ground water resources have been 

extensively exploited. About 2500 public (drainage and irrigation) and 350000 private 

tube wells are working in various irrigated parts of the country. These tube wells are 
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pumping about 65 Bm3 of ground water annually. The data presented in table 2 

reveals the area irrigated by different sources in 1990-91. 

Table 8.2 Area irrigated by different sources in Pakistan 

Province Total Canal Tube 

wells 

Wells Tank Others 

Punjab 12.63 8.34 3.94 .23 .06 .06 

Sindh 2.85  2.27 .13 Negligible Negligible .45 

NWFP .84 .69 .05 .04 - .06 

Baluchistan .64 .44 .14 .01 - .05 

Total 16.96 11.74 4.26 .28 .06 .62 

 

8.2.2 Indus basin settlement plan projects: 

1. Mangla Dam (on river Jhelum) 

Technical features: 

Mangla dam is an earth fil type with a height of with a height of 116 m above river 

bed. Its length is 3140 m with a gross storage capacity of 7.2 BCM (5.85MAF) and 

live storage of 6.6 BCM (5.38). Mangla dam have a lake area of 256 sq. km. 

Objectives:  

1. Water storage capacity for replacing irrigation supplies 

2. Hydro power penetration 

3. Incidental flood irrigation 

2. Tarbela Dam (on Indus river): 

Technical features: 

Tarbela dam is earth and rock fill type dam with a height of 148 m above river bed. 

Its length is about 2740 m with a gross storage capacity of 13.9 BCM. 

Objective: 

1. Water storage for replacement – cum- development irrigation. 
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2. Hydro power generation 

i. Units 1 to 4 of 700 MW in 1977 

ii. Units 5 to 8 of 700 MW in 1982 

iii. Units 9 to 10 of 350 MW in 1985 

iv. Units 11 to 14 of 1728 MW in 1994 

v. Total present installation of 3478 MW 

3. Link canals: 

1) Trimmu- sidhnai 

2) Sidhai- mailsi 

3) Mailsi-Bahawal 

4)  Rasul- Qadirabad 

5) Qadirabad- Balloki 

6) Balloki- sulleimanki 

7) Chashma- Jhelum 

8) Taunsa- panjnad 

Main features of canals: 

These link canals have total length of 622 km and 400 principal structures with 

discharge capacities ranging between 116 cusses and 615 cusses. Besides a total 

of 2920 cusses could be diverted through these link canals at full capacity. 

Major objective:   

These trenches are intended to move water of these western streams to the 

waterways reliant on the these eastern waterways (Sutlej, bias and Ravi). 

4. Link canals Re-modelled:  

1) Marala -Ravi 

2) Bambanwala- Ravi- Dipalpur 
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3) Balloki- Suleimanki-1 

Main features: 

Existing before 1960 Indus waters treaty. 

Objective: 

Essential work completed up to 1970 to ensure diversion up to their design 

capacities. 

1. Barrages 

1) Chashma 

2) Rasul 

3) Qadirabad 

4) Marala sidhnai 

5) Mailsi syphon 

Technical features: 

These barrages contain an all-out length of more than 5160 m with joined structure 

limit of 124,200 cusecs to encourage total redirection of 2920 cusecs into connection 

canals. 

Objectives: 

These barrages finished dynamically somewhere in the range of 1964 and 1971. 

These blasts are meant to give stream control to redirecting water from three western 

to three eastern waterways.  

Future Challenge: 

As population is increasing day by day and as a result of that water shortage is a 

major issues of Pakistan. To meet the water requirement of these increasing 

population there is a big challenge to protects and conserve these water resources 

of Pakistan so that we can save water for our future generations. 
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8.3 Water Use Efficiency and Practices to Improve it: 

The term water use efficiency is used in two different senses, hydrologically and 

physiologically. In irrigation agronomy there are two basic approaches for expressing 

water use efficiency. 

8.3.1 Concept of water use efficiency: 

The term water use efficiency is described in various ways: 

1. Hydrological (Engineering planning approach): 

In a hydrological setting, the importance of water use efficiency is taken as water 

system effectiveness. It is a building arranging approach and is concerned basically 

with the specialized presentation of irrigation network. It is characterized as the 

proportion of volume of water system water devoured by the crops of a irrigated area 

to the volume of water provided to that zone. 

Irrigation efficiency =  
𝑊𝑒𝑡 

𝑊𝑎
 × 100 

Where: 

Wet = Volume of water transpired by plants and evaporated from the soil in a 

specified area. 

Wa = Volume of water applied to given area. 

The overall irrigation project efficiency has been divided into constituent components 

including Conveyance, distribution, and farm efficiencies. 

1. Conveyance efficiency 

It is the ratio of the quantity of water which reaches the irrigation area to the quantity 

of water supplies from source to the conveyance system. 

2. Distribution efficiency 

It is the ratio of the quantity of water that reaches the field to the quantity of water 

supplied from the source. 

3. Farm efficiency 

It is the ratio of the quantity of water under the farmer into and that is effectively 

stored in the root zone. 
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2. Physiological /Agronomic approach: 

In physiological/ agronomic sense, water use efficiency is centered on the yield 

related to water input, and is commonly referred as water use efficiency. In past 

terms transpiration and evapotranspiration ratio were used to describe the water use 

efficiency. Transpiration apportion is characterized as the proportion of the 

heaviness of the crop water misfortune to the climate, to that of its yield or all out dry 

issue creation. Evapotranspiration is characterized as the proportion of the 

heaviness of the harvest water misfortune both from the yield covering and soil 

surface to the climate to that of its yield or all out dry issue preparations. The value 

of RT and RET are normally within the range of 102 to 103 g/g (100 to 1000 g/g). Water 

use efficiency is defined as the amount of dry matter produced per unit of water 

transpired. 

Types of agronomic water use efficiency:  

There are three types of water use efficiency. 

3) Input water use efficiency  

4) ET- based water use efficiency 

5) T- based water use efficiency 

 

3) Input water use efficiency (WUEi): 

It shows an absolute response of yield to water applied in the form of both irrigation 

and rainfall. 

WUEi =
𝑇𝐷𝑀

∑(𝐼 + 𝑅) 
 

Where  

TDM = Total plant dry matter 

I = Irrigation 

R = Rainfall 

4) ET- based water use efficiency (WUEet): 

It has more strong physiological basis than input water use efficiency. 
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WUE et =
𝑇𝐷𝑀

∑ 𝐸𝑇 
 

Where  

TDM = Total plant dry matter 

ET = Evapotranspiration 

 

5) T- based water use efficiency (WUEt): 

It is more physiologically relevant both absolute or input water use efficiency and ET-

based water use efficiency. 

WUE t =
𝑇𝐷𝑀

∑ 𝑇 
 

Where  

TDM = Total plant dry matter 

T = Transpiration 

8.3.2 Significance of water use efficiency: 

The main focus in the scare regions is the water use efficiency. In several cases, 

WUE is increased but crop produce does not increase proportionally. It has been 

observed in a series of experiments, that water use efficiency remains higher in 

control treatment than irrigated treatment because less water was used in non-

irrigated conditions which ultimately leads to higher WUE.. 

The enhancing WUE means that yield must also be increased because there is no 

yield increase, there is no use of enhance water use efficiency transpiration is the 

actual quantity of water which is effectively utilized in yield formulation the other 

losses of water are non-productive. So it is clear that t must be maximized to 

maximize yield and water use efficiency. Where water is the most important factor 

decreasing the crop yield, the reduction or total elevation of non- productive water 

use will increase transpiration yield and WUE. Under rainfed circumstances, this can 

be accomplished by different water conservation practices or measures which 

decrease surface run-off increase water storage capacity and by tillage practices 

reducing transpiration caused by weeds and evaporation from the seeming of the 

soil. Under irrigated conditions the non-productive water losses can be minimized by 
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optimizing the amount timing and frequency of irrigation. Over irrigation should be 

avoided. That amount of water should be applied which Is actually needed by the 

crops at the most moisture sensitive growth periods. Evaporation losses from 

decreasing the frequency of irrigation and increasing the single irrigation dosage 

which maintain soil moisture availability at satisfactory level. 

8.3.3 Factors affecting water use efficiency: 

There are different factors which affect water use efficiency like climate, plant, soil 

and economic factors. 

I. Climate: 

WUE is mainly affected by the distribution of rainfall and wind.in case of high rainfall 

there will be more chance of drainage and percolation of water and hence will leads 

to decrease the WUE. As a result of high wind there will be more evaporation of 

water and as a result of that there will be less WUE. Carbon dioxide also affects 

WUE by influencing the rate of transpiration. Air temperature also reduces the WUE 

by increasing transpiration rate. 

II. Plant  

Plants are also very important factors which influence WUE. Plant affects penetration 

degree of the soil with the help of root system. Plant root system is a crucial factor 

which affects transpiration of the plants and ultimately WUE. Plant stomatal behavior 

is also very important factor as it is mainly involved in transpiration process. Those 

plants which have more leaf size more will be transpiration rate and less will be the 

WUE. 

III. Soil  

WUE is also affected by physical and chemical characteristics of the soil.as 

infiltration and run-off rate is depended upon soil type. The soil with very high 

infiltration rete like sandy soil will have lower WUE. soil type also affects WUE by 

influencing the rate of transpiration and growth process of the plant. 

IV. Economics 

In commercial crop production economic factors determine the optimum level of 

WUE that should be adopted. Whatever technological possibilities are available they 

are likely to be used unless the from their implementation exceed their fixed and 

operational costs. 
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8.3.3 Agronomic practices for increasing water use efficiency: 

i. Early sowing 

By early planting, L.A.I is established early in the season. Thus evaporation from soil 

surface is reduced. In other words, difference between E and T is reduced. 

ii. Fertilizer use  

Use of optimum fertilizer at early stage help to increase the leaf area index early in 

the season, resulting is less evaporation from the soil, higher interception and thus 

increase water use efficiency. 

iii. Plant density: 

the higher plant density by increasing the seed rate also help in increased leaf area 

index, higher light interception and thus increased water use efficiency. 

 

8.4 Irrigation Scheduling: 

The main objective of irrigation is to:: 

1. Supply moisture essential for growth 

2. To cool the soil temperature 

3. To soften the land for seed bed preparation 

4. To break the hard pan 

5. To dilute the mineral salts available to plants 

6. To provide crop insurance against short duration drought 

Irrigation scheduling means both the time when irrigation is required and amount of 

water applied to the crop. It alludes to improve agriculture generation and monitoring 

the water. It is a key is to improve execution and supportability of the irrigation 

system. It requires the great learning of crop water requirements and soil water 

attributes that decide when to flood, while the water system techniques decide the 

exactness of how much water to apply. Much of the time the expertise of the ranchers 

decides the adequacy of the irrigation scheduling at field levels. Irrigation scheduling 

leads to improvement in yields and income by saving the water and increasing the 

availability of water resources. 
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8.4.1 Aims, Requirements and Techniques of Irrigation Scheduling: 

1. To minimize the use of water 

2. To minimize the cost to maintain the high crop yield  

The requirements of irrigation Scheduling are: 

1. Information about soil, plants and atmosphere 

2. Information about the response of crop yield to irrigation (related to the 

developmental phase when irrigation is applied) 

3. Information about how much water around plant root can be exhausted before 

crop growth and yield will be adversely affected. 

4. In general irrigation is scheduled when the soil moisture content falls below 

some critical level while it depends upon the measurement and estimate of 

soil moisture content. 

The techniques / methodology for direct use in Irrigation Scheduling are: 

1. Crop water requirement 

It makes conceivable to gauge genuine evapotranspiration from climatic information 

utilizing a crop coefficient joined with evapotranspiration.  

2. Soil water balance and related concept and measurement 

Techniques are essential for application of water scheduling 

3. Plant and soil water stress indicators 

It helps to indicate or identify and quantify plant water stress. It includes:  

i. Torsiometer (sensing soil water potential in irrigated crops) 

ii. Canopy temperature 

iii. Leaf elongation rate 

iv. Leaf water potential 

v. Variation in stem diameter or sap flow flux 
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4. Water yield function 

It demonstrates the impact of constrained water accessibility on crop yield, including 

the variable affectability to water worry at various crop growth stages.  

5. Simulation models with different degree of sophistication: 

It demonstrates the multifaceted nature of procedure and may incorporate choice 

help instruments. They help in arranging and the board of both homestead and 

framework level and are valuable in irrigation scheduling.  

8.4.2 Methods of Irrigation scheduling 

1. Soil Moisture Method: It include Gravimetric determination, tensiometer, 

Gypsum blocks, Neutron probes, Electromagnetic and Di-electric constant co-

relation 

2. Plant Monitoring Methods: In plant monitoring methods numerous tension 

appearances are determined including:  

i. Alteration in branch diameter 

ii. Sap flow and potential of leaf eater 

iii. Use of Radiometer & infra-red devices to determine canopy 

temperature 

iv. Remote sensing  

3. Soil water balance determination: It is the most ordinarily worked on 

planning instruments as appraisals on ET and harvest water necessity have 

been impressively refined and much research finding and data is accessible 

on this perspective.  

4. Models: Various models have been created dependent on soil water balance 

give robotic methodology on crop growth. It gives the data administrations to 

assist farmers with using the models with sources of info information on 

climate, soil and crops.  

8.4.3 Constraints in irrigation scheduling 

1. On-farm water management effect the irrigation scheduling (From 

Mogha to Field) 
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It determines quantity of water that is applied to the crop and concern two associated 

disciplines: 

i. Irrigation engineering  

ii. Agronomy  

a. Volumetric water control and dispersion consistency especially in surface 

water system are basic factors in accomplishing exact water application.  

b. Performance of sprinkler and Drip water system frameworks emphatically 

subject to the nature of structure and material chose. Insufficient administration and 

variety in weight is other fundamental driver of low execution of these strategies.  

c. Restriction in stream conveyances in surface water system framework 

because of Rotation. Fixed conveyances and obscure release are the primary 

imperatives in presenting precise field application and water system planning.  

iii. Irrigation planning ends up delicate in state of restricted water supply, where 

water deficiency require a refined planning of water system so as to limit yield 

decrease  

iv. Deficit water system is the planning strategies connected under confined water 

supply, where water system does not completely cover the water prerequisite 

of the yield and different pressure conditions are permitted. The particular goal 

is to enhance yield and pay by apportioning water to the most delicate harvest 

stages or profitable crop.it require solid gauges on soil water substance and 

yield water worry just as information of the yield water creation work.  

v. The utilization of saline water for water system requires a careful learning of 

affectability and resistance of the yields. In water system booking soil 

dampness status just as saltiness fixation in the soil water should be precisely 

checked so as to avoid intemperate salt amassing and yield the executives.  

vi. In the arranging of water system booking, the inconstancy of precipitation is 

regularly hard for satisfactory settlement. The administration target is to limit 

the destructive impacts of over the top water. Downpour estimating 

(recurrence and sum) is a procedures utilized in water system planning.  

Reason which effect the adaptation of irrigation scheduling 

i. Heavy inputs requirement of many preparation methods 

ii. Absence of practical guidelines  
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iii. Absence of elasticity of scheduling 

iv. Lack of flexibility of water supply  

v. Cost of water in public irrigation system 

Effective water system requires ideal adaptability of conveyances and great 

coordination and correspondence among provider and user.  

8.4.4 Deficit irrigation management  

Deficiency water system is required where basic assets water, capital, vitality and 

work are restricted. Under shortage water system harvests are permitted to support 

at last diminished the yield. Farmers point is to expand the harvest generation by 

diminishing the measure of water at every water system or by lessening the No. of 

water system. Water system has a troublesome undertaking, he should need to 

choose:  

i. What deficiency level to permit  

ii. What level has been come to  

iii. When not permit to deficiency happen  

iv. When to apply water at a lower level of sufficiency to accomplish most extreme 

generation at least  

Requirements of deficit irrigation 

1. Deficit irrigation require  

i. Drought resistant varieties 

ii. Low soil salinity level 

iii. Appropriate cultural practices 

iv. Shallow soil with excessive water leaching volume 

2. Deficit irrigation require alteration of some cultural does which may comprise 

i. Inferior plant concentrations 

ii. Decreased fertilizer and chemical use 

iii. Elastic planting date 
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iv. Assortment of short period crops 

v. Use of fallow  

Strategies for deficit irrigation 

i. Allocation of less water to the more tolerant harvests  

ii. Irrigation just during basic development stages  

iii. Planting crop in order to stun the basic interest time frame  

iv. Planning for a normal than normal climate years 

 

Scheduling for deficit irrigation 

In deficiency water system planning connection between the crop water stress and 

yield is significant for this water pressure pointer ought to be utilized to decide when 

to inundate and the amount to apply? These markers measure the soil moisture 

content, crop water   content, crop water substance, and canopy temperature. Crop 

water content and canopy temperature is most significant pointer for yield water 

pressure however soil water substance and potential are the most generally utilized 

for commonsense reason. Plant water stress differs with the time during the day. It 

changes rapidly in react to wind, temperature and solar radiation, cloudy conditions 

and moistness. Plant pressure is additionally brought about by different factors, for 

example, salinity, disease, insect damages. Therefore, observing of plant water 

pressure is more unpredictable than checking of soil water content. Canopy 

temperature of a freely transpiring plant is a couple of degrees cooler than the air 

temperature. The contrast between the air temperature and plant temperature can 

be utilized as a harvest water stress marker.  

Management of deficit irrigation 

1. If there is some probability of future precipitation, we can decrease the water 

system sum leaving some hold stockpiling limit in the root zone. Because of 

this administration we can build the application productivity by permitting some 

segment of field unirrigated. The rancher should concentrate on the time and 

recurrence of restricted No. of water system.  

2. In furrow irrigation system deficit irrigation can be directed by flooding 

substitute wrinkle for example water system each second or third wrinkle.  
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3. Non consistency of water system and field require increasingly escalated 

observing of soil water content over a more prominent profundity of plant 

canopy temperature and soil water adjusts.  

4. For increasingly productive water system planning under troublesome variable 

precipitation, a dependable strategy for precipitation gauge is needed.in 

expansion a need rundown of yield and water system framework appropriate 

for shortfall water system is required. PC model for ongoing water system 

booking can be utilized in blend with precipitation estimate to register the time 

and measure of water system. 

5.  Crop management strategies for water deficit regions  

6. Opening/ loosing of soil   

7. Water reservoirs  

8. Timely sowing of crops  

9. Selection of crop varieties  

10. Sowing method  

11. Seed rate  

12. Fertilizer used  

13. Method of irrigation  

14. Weed control  

15. Tillage/hoeing  

16. Mulch  

17. Anti-transpirants  

18. Organic matter management  

19. Crop rotation  

20. Timely harvesting 
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8.5 Consumptive Use of Water: 

It is defined as evapotranspiration and the water assimilated by the plant during 

various metabolic processes.in metabolic processes plants consumed only a small 

amount of water (a lesser amount than 1% of evapotranspiration), so consumptive 

use of water is considered almost equal to evapotranspiration.  Evapotranspiration 

is defined as the all-out loss of water because of its dissipation from land, plant, and 

water surfaces and transpiration by vegetation per unit zone per unit time. 

Evapotranspiration and consumptive use of water are very important in determining 

the water requirement of crop. Crop water requirement is the total amount of water 

necessary by a crop at a field head to mature a crop. During maturation of the crop 

most of the water is utilized as a result of evapotranspiration and metabolic process 

of the plant. 

8.5.1 Factors affecting water requirement of crop / evapotranspiration: 

Around are different aspects which disturb the crop water requirement of a crop like 

climatic, crop growth rate, crop type, slope of the ground, level of the ground water 

table, system of irrigation and quantity of manure to be added in the field.  

1. Climatic factors: Climatic factors like temperature, rainfall, wind movement 

and relative humidity are the utmost vital factors.in a clear and sunny day crop 

requires more water as compared to cloudy day. 

2. Crop growth rate: More the growth of the crop more will be its water 

requirement. 

3. Crop type: Crops like sugarcane, rice require more water as compared to 

beans and wheat. 

4. Slope of the ground: The crop grown on steep slope requires more water as 

compared to the leveled soil crop. 

5. Soil drainage: Sandy soils have good drainage and require more water for 

crop as compares to the clayey soils which have poor drainage. 

6. System of irrigation: It is one of the most important factor which affect CRP 

A irrigation network with high irrigation efficiencies will require less water for 

crop production as compared to the system which have less irrigation 

efficiency. 

7. Type of manure to be applied: Submission of well rotten organic matter like 

FYM will improve the soil bonding and holding capacity. 
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8.5.2 Optimum use of water: 

The amount of water required by a harvest during its development period that 

outcomes in the most extreme yield of a harvest called the ideal utilization of water. 

This water necessity of a harvest incorporate water provided both by water systems 

and precipitation water system water supply that is either pretty much that the ideal 

water prerequisite of harvest unfavorably influence it yield. Thus a correct estimate 

of the optimum quantity of water required by the crop is essential to get maximum 

yield. The relation between yield and depth of irrigation water for crop growth shows 

that when the moisture content is below the permanent wilting point, practically no 

plant growth is possible because the plant cannot absorb any moisture from the soil. 

When soil moisture content increase, the ratio of plant growth increase 

correspondingly until optimum moisture content is reached; thereafter, any increase 

in moisture content affects growth adversely, probably as a result of poor aeration of 

the root system. 

Optimum moisture content is essential to harvest maximum yield of a crop. A good 

irrigation schedule, therefore, must ensure that crop receive the optimum quantity of 

water in each irrigation.it is vital to know the consumptive use or water requirement 

of several country. Knowledge of the consumptive use of major crop s will not only 

enable cultivators to make the most efficient and economical use of  the available 

irrigation supplies, but also help planers to fix more realistic and reliable targets for 

crop acreage and production .it is always desire to obtain data on crop water 

requirement locally because numerous factors such as kind of crop  and soil, 

developmental stage of the crop, season during which the crop is grown,. affect the 

water requirement of  crops. 

 

8.6 Potential Evapotranspiration: 

Potential evapotranspiration (PET) is a representation of the environmental demand 

for evapotranspiration and represents the evapotranspiration rate of' a short green 

crop, completely shading the ground, of uniform 'height and with adequate water 

status in the soil profile. It is an impression of the vitality accessible to vanish water, 

and of the breeze accessible to ship the water vapor starting from the earliest stage 

into the lower climate. Evapotranspiration is said to be equivalent potential 

evapotranspiration when there is sufficient water. The PET is higher in the mid-year, 

on less overcast days, and closer to the equator, in light of the more elevated 

amounts of sunlight based radiation that gives the vitality to dissipation. PET is 

additionally higher on blustery days in light of the fact that the vanished dampness 

can be immediately moved from the beginning plants, enabling more dissipation to 

fill its place. PET is communicated regarding a profundity of water, and can be 
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diagramed during the year. There is typically an articulated top in summer, which 

results from higher temperatures. Potential evapotranspiration is typically estimated 

in a roundabout way, from other climatic elements, yet in addition relies upon the 

surface kind, such free water (for lakes and seas), the soil sort for exposed soil, and 

the vegetation. Often, the potential evapotranspiration is ascertained at an adjacent 

atmosphere station on a reference surface, customarily short grass. This worth is 

known as the reference evapotranspiration (ETo) and can be changed over to I 

potential evapotranspiration by duplicating with a surface coefficient. In farming, this 

is known as a yield coefficient. The distinction between potential evapotranspiration 

and precipitation is utilized in water system planning. 

8.6.1 Methods of determining potential evapotranspiration:  

There are 4 methods through which evapotranspiration can be calculated. 

1. Blanney-Criddle method 

2. Radiation method 

3. Penman method 

4. Pan-evaporation method 

 

1. Blanney-Criddle method 

This method is used to calculate ETo by using following formula: 

ETo = C [P (0.46 T +8)] 

Where 

ETo = reference ET in mm/day 

C = adjustment factor which depend RHmin, day time, wind velocity and n/N ratio 

P= mean daily % of annual day time hour based on respective month 

T = mean daily temperature 

N= total dry length 
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2. Radiation method 

It is the adaptation of Makkinic formula (1957). It is recommended for area where 

accessible climate data include air temperature, sunshine hour cloudiness or 

radiation, but nit the measure wind and humidity. This is more reliable method than 

Blanney-Criddle method. It is measured  by the following formula: 

ETo = C [W.Rs] 

Where 

ETo = reference crop evapotranspiration 

Rs = solar radiation in equivalent evaporation mm/day. 

W= waiting factor for radiation 

C = adjustment factor depends upon mean relative humidity, day time, wind 

condition. 

The Rs is calculated as: 

Rs = (0.25+0.5*n/N) × Ra 

Where 

n/N = ratio between actual bright sunshine hour and maximum day length hours 

Ra= is equal to extra-terrestrial radiation expressed in equivalent evaporation in 

mm/day 

 

3. Penman method 

It is the most accurate method of determining PET, and is recommended for zones 

where data on temperature, humidity, wind, sunshine duration is accessible. The 

penman method is more suitable compare with other method. The original penman 

equation predicts the evaporation losses from an open water surface that is pen. The 

penman equation consists of two terms  

1. Energy term 

2. Aerodynamic term 
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1. Energy term 

The overall significance of each term changes with climatic conditions under quiet 

climate conditions, the streamlined term become less significant than vitality term. 

Under such conditions penman condition is duplicated with a harvest coefficient.  

2. Aerodynamic term: 

It is under breezy conditions and particularly under blustery conditions and 

particularly under increasingly parched locale, that streamlined term become 

moderately progressively significant along these lines blunder can bring about 

foreseeing ETo.  

Formula for modified penman equation:- 

ETo= C [W. Rn + (I-W).f(µ).(ea-ed)] 

Where 

W= weighting factor for temperature and altitude 

Rn= net radiation in equivalent evaporation in mm/day 

I-W= weighting factor for wind and humidity 

f(µ)= wind relate function 

ea-ed = saturation vapor pressure deficit 

C = adjustment factor compensated by day at night temperature. 

1) The suggested wind function applied to the conditions found during summer 

with R.H of 75% day-night wind ratio 1.5 - 2. For these conditions no 

adjustment factor is needed. 

2) However, if 24-hour total are used there will be an under precipitation of ETo 

by 15-30% in areas where day time wind greatly exceeds night time wind, R.H 

approaches 100% and radiation is high. 

Determination of ETo by Penman method:  

Saturation vapor pressure deficit: 

It represents the humidity of air. It has two sub-terms: 
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1) Saturation vapor pressure (ea): 

It is the vapor pressure of air at 100% R.H. 

2)  Actual vapor pressure (ed) 

Vapor pressure of the air at actual vapor pressure. 

3. Saturation vapor pressure deficit: 

The difference between vapor pressure of air and actual vapor pressure is called 

vapor pressure deficit. More the value of saturation vapor pressure more will be 

dryness and vice versa. 

4. Wind function f(u) 

It represents the effect of wind on ETo and is defined as:  

f(µ) = 0.27
(1 +  µ2)

100
 

Where 

µ2 = 24-hour wind run in km/day at reference height (2 m) 

 

4 Pan-evaporation method: 

Pan-evaporation offers a quantity of all combined effect of temperature, wind, 

radiation and humidity on evaporation from a specific crop water requirement. Pan 

is actually class- A pan which is mostly used. Class-A pan is a circular 12 cm in 

diameter and 25.5cm in depth. It is made up of  a galvanized iron 22 of 22 gauge. 

The pan is mounted on a wooden, open frame with its bottom 15 cm above ground 

level. The soil is made up within 5 cm up to bottom of pan. The pre-requisites are: 

1. Pan should be a uniform level and it should be occupied with water about 5 

cm and water level in the pan should not drop below 7.5cm below the rain. 

2. Water should be regularly renewed. 

It is calculated according to the formula: 

ETo = kp. Epan 

Where 



 

187 
 

ETo = reference evapotranspiration 

Kp = pan-coefficient 

Epan = mean daily value of pan -evaporation 

The kp value is related to the pan located in an open field with no crops smaller than 

1m within a circumference of 50 m of the pan. Crop cover should be frequently used. 

For example, if  

Epan = 11.1 mm/day 

R.H = medium 

Wind speed = moderate 

The ETo according to Pan-evaporation method is: 

ETo = 0.75 × 11.1 

ETo= 8.35 mm/day 

 

8.7 Drought (Water Shortage): 

8.7.1 What is drought? 

According to meteorologists, drought is the shortage of rainfall over an extensive 

area for an expanded period of time. But from agricultural point of view, shortage of 

water supply to crops collectively from low rainfall, less irrigation water supply, limited 

soil moisture reserves and quick soil evaporation due to higher temperature is called 

drought. All types of drought ultimately result in less water availability to crops by 

which crops could not attain their potential yields.    

8.7.2 Indices of Drought: 

Irrigation scheduling method can be characterized into three groups i.e. soil, 

metrological, plant based. Actual soil moisture depletion level can be determined by 

neutron probe and irrigation. Only one or two neutron probe access tubes installed 

per paddock and soil texture variability on farms reduces the accuracy. However, in 

Australia three neutron probe access tubes per paddock have been used for 

commercial irrigation scheduling. Penman described a metrological based technique 
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which is involved in calculation of potential evapotranspiration (PET) rate from 

primary metrological variables. 

Both soil and metrological based techniques are indirect, where a plant or crop based 

method may be superior because plant respond to soil and aerial environment. 

Recognizing waters tress in plants utilizing their canopy temperature accept that 

unfolded water cools the leaves on the grounds that brilliant vitality is utilized in the 

dissipation of the water than warming the leaves. At the point when water is 

restricting, leaves will increment in temperature as a result of consumed radiation.  

Crop energy balance: 

If physical and chemical storage of energy in the crop is negligible, the energy 

balance of the crop can be defined as: 

Ra = ET + Ch + G 

where  

Ra is the net radiation (available solar energy, ET is evaporative heat flux, Ch is 

convective heat flux, G is soil heat flux usually its magnitude is less than Ra during 

the day. 

Convective heat and evaporative heat transport can be expressed as:  

Ch = Cp (To – Ta) / ra 

ET = Cp {es (To)- ea} / ra- rc 

ET=    Ra – G -  ρ Cp (To – Ta) / ra 

Where 

To = canopy surface temperature 

Ta= air temperature at height (2 m) 

Cp= specific heat of air 

ρ = density of air 

ra= aerodynamic resistance 

rc= canopy resistance 
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G = psychometric constant 

Convective and evaporative warmth motion may both rely superficially temperature, 

surface temperature rises more if a bigger warmth motion happens when dissipation 

diminishes due to water pressure, close the stomata, increment the overhang 

obstruction so ET will diminish. With the diminishing in ET, To must increment to 

keep up the offset with Ra-G. Yield surface temperature as a marker of dampness 

stress is convoluted by stomata reacting changes in soil water shortfall as well as to 

change in irradiance, temperature, vapor weight shortage and CO2. Shade 

temperature can be reasonable for deciding warmth motions from the overhang and 

yield water pressure. 

Determination of crop moisture stress  

1. Canopy resistance 

Canopy resistance has been correlated with different soil moisture deficit and could 

possibly be used to indicate a moisture stressed crop 

rc = ρ Cp{es(Tc) –ea} / {Ra- {ρ Cp (Tc- Ta) / rac}-rac 

Where rac is a stability corrected aerodynamic resistance. This resistance was 

determined from the uncorrected values (ra)   

ra = {In (z- d) / zo)}2/ k2u 

And altered by: 

rac- ra {1-n (z- d) g (Tc –Ta)/Tu2} 

2. Infrared Radiation thermometry       

The measurement of crop canopy temperature (Tc) is based on the Stefon Boltzman 

law: 

Ra=  O’Ta4 

Infrared thermometers usually filter out wavelengths outside 8-14um. The peak 

blackbody emission for normal operating temperature is within the wave band and 

water vapor absorption is low. Radiation emitted by surrounding and reflected by the 

crop may increase the radiation received by an IRT sensor, giving an erroneous 

canopy temperature. Adjustment can be made if considered necessary. 

3. Crop moisture stress and scheduling irrigation  
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As early as 1963, moisture stress was detected using infrared thermometry, some 

with reference to physiological principles and responses. 

a. Canopy resistance to water vapor transfer(rc) has been correlated with 

different soil moisture deficit. Calculation of rc is possible from canopy 

temperature, net radiation, vapor pressure deficit, and aerodynamic 

resistance. Change in stomatal conductance with leaf water potential has 

been demonstrated. 

b. Hatfield (1983) demonstrated the effect of changing leaf water potential on 

canopy temperature. Therefore, canopy temperature may indicate the 

changing moisture status of a plant or crop. 

8.7.3 CRITERIA FOR SCHEDULING 

1. Stress degree days (SDD) 

Stress degree day index is defined as: 

SDD = (Tc- Ta) with the temperature measurement occupied close to noon. The crop 

is moisture stressed when   Tc –Ta> 0oC. Higher the Tc –Ta and the more days over 

which Tc –Ta> 0oC, greater will be the stress. This method is suitable for detecting 

crop moisture stress. 

2. Canopy temperature variability (CTV) 

Variability in soil properties, rainfall or irrigation distribution may lead to soil water 

content. Because of such variability, difference in canopy temperature (Tc) 

measured at numerous sites within the similar field may indicate crop water stress  

3. Canopy temperature difference (CTD) 

For the same cultivar the change among canopy temperature (Tc) of an unstressed 

control crop and Tc of a stress crop is known as CTD. There is perhaps a critical 

temperature variance equivalent to a yield reducing soil moisture deficit. Heerman 

and Duke showed that a temperature difference of 1.5oC indicated irrigation need 

otherwise the yield will reduce. 

4. Crop water stress index (CWSI) 

CWSI defined as: 

CWSI = 1 – Eta / ETo 
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CWSI cannot be calculated from above equation, it is estimate by linear relationship 

between Tc –Ta and vapor pressure deficit. CWSI changed considerably during the 

day for a crop with the same soil moisture status. Wind was also found to affect the 

index significantly. 

 

8.8 Drought Invasion in Pakistan: 

. Drought has turned into an incessant marvel in the nation because of ascend in 

pollution and climatic changes. Drought is the point at which you have less 

precipitation than you expected over an all-encompassing timeframe, generally a 

while or more. Drought is a typical piece of atmosphere, and it can happen any place 

on earth. As indicated by a report issued by the Economic Survey of Pakistan, the 

dry season is one of the elements in charge of poor development execution in the 

nation. Drought is normal in Pakistan if the Monsoon season neglects to convey 

downpours. 

8.8.1 History of drought in Pakistan: 

Pakistan since its two decades has faced different periods of drought as detailed 

below: 

1. Extreme drought of 1998 – 2002 

The drought of 1998-2002 is viewed as most exceedingly awful in 50 years in 

Pakistan. The dry spell began in 1997 as El-Nino grew, however the drought picked 

up power in 1998 and arrived at its crest in 2000 till 2001 and accordingly steadily 

debilitated in 2002. The outrageous drought additionally influenced a lot of India and 

Afghanistan. The World Bank cautioned that the dry spell would definitely hit financial 

development of Pakistan. Along these lines it meant a few hundred-million dollars to 

help Pakistan through its exacerbating drought.  

2. Baluchistan and Sindh hardest-hit 

The drought was at its crest in Baluchistan and Sindh, 26 regions of Baluchistan 

were experiencing extreme starvation because of the drought. 1.2 million individuals 

in the region were influenced by the extraordinary dry season. One of the most 

noticeably awful influenced territories was Nushki, which lies near the outskirt with 

Afghanistan. Around then Nushki had not seen any shower throughout the previous 

5 years. The dry season in Baluchistan influenced multiple and-a-half million 

individuals and slaughtered nearly 2,000,000 creatures  
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In Sindh, 127 individuals kicked the bucket, generally in the Tharparkar locale close 

to the Indian outskirt, because of serious water deficiencies and lack of hydration, 

almost 60% of the number of inhabitants in Sindh moved to flooded land. Ten of 

thousands of individuals were influenced by this dry season in both Baluchistan and 

Sindh. To facilitate the circumstance, the military government led arrangement of 

trials. By the procedure of cloud-seeding, counterfeit downpour was made over 

Quetta city, Baluchistan that caused light storms for 20 minutes. Twenty-four 

examinations were done, sixteen of them were fruitful.  

The dry spell began to disperse during the part of the arrangement. In mid-2003, La-

Nina conditions built up that carried gigantic winter rainfalls to every one of the 

districts of Pakistan including Baluchistan and Sindh. At that point during the storm 

season arrangement of overwhelming precipitation battered Sindh. In Karachi 284.1 

mm precipitation was recorded during the two-day relentless precipitation, while in 

Thatta (seaside locale in Sindh) 404 mm precipitation made glimmer flooding 

everywhere throughout the Sindh territory. At any rate 180 individuals were executed 

and in excess of 700,000 individuals were influenced, in excess of 100,000 houses 

were harmed, a huge number of sections of land of standing yields in flood-hit 

territories were obliterated. A great many steers and domesticated animals were 

likewise murdered during the glimmer flooding in Sindh. 

3. Moderate drought of 2004 till 2005 

The drought of 2004 till 2005 was an on and off wonder, the dry spell grasped the 

lower portions of Pakistan principally Baluchistan and Sindh. Be that as it may, no 

harm or demise was accounted for during the period perhaps because of 2003's 

flooding. 

4. Baluchistan and Sindh hardest-hit again 

In 2004, no downpour happened in the Karachi just as in Sindh territory yet during 

the long stretch of October overwhelming storm lashed various pieces of Sindh 

because of Cyclone Onil, however that was insufficient for the dry season to bite the 

dust. In 2005, the dry season conditions proceeded in the Sindh and Baluchistan 

area including Karachi city, yet a post-rainstorm low weight dumped overwhelming 

downpours during 12 and 13 September. The dry spell debilitated however rapidly 

re-picked up power and in 2006 feelings of trepidation of significant dry spell like the 

"outrageous dry spell of 1998-2002" caused dread among the individuals. An 

authority from the meteorological division stated, "Moderate dry spell conditions have 

officially created in Baluchistan and lower Sindh [provinces], which are probably 

going to exacerbate in the coming a very long time with the likelihood of spreading 

to different pieces of the nation". Pakistan got 40 percent less precipitation in the 

winter of 2005 than normal levels, while snowfall in numerous northern territories 
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was likewise 20-25 percent beneath normal. The dry spell just affected Baluchistan 

and Sindh as the upper pieces of Pakistan stayed unaffected because of this dry 

season. A frail La-Nina created during mid 2006 that permitted increment 

precipitation over Sindh particularly seaside parts which experienced urban flooding. 

Substantial winter precipitation additionally finished the dry spell in Baluchistan, the 

winter rains again overwhelmed waterfront Sindh. The advancement of positive 

Indian Ocean Dipole (IOD) and solid La-Nina in 2007 caused outrageous 

precipitation in Sindh with seaside parts experienced uncommon high tropical 

movement. 

5. Weak drought of mid 2009 – mid 2010 

This drought created over the upper pieces of Pakistan that is Punjab, Khyber, Gilgit, 

Kashmir and Northern Baluchistan. Sindh was unaffected by this dry spell. The real 

reason of this dry spell was the improvement of El-Nino which gravely influenced 

India, India encountered the driest rainstorm year since 1977.  

The drought caused 30% underneath ordinary rainstorm rains in these locales. The 

ranchers of these regions were most exceedingly terrible affected, as it affected the 

generation of harvests. In Sindh, for the most part Karachi and Hyderabad 

experienced 30% better than average storm downpours. Karachi was again 

overwhelmed with record-breaking precipitation. Absence of winter rains likewise 

expanded the odds of moderate to extraordinary drought in Punjab and Khyber.  

As February 2010 moved toward the El-Nino conditions began to get frail along these 

lines the high weight that was framed over Upper pieces of Pakistan disseminated, 

enabling western aggravation to enter these locales in this manner finishing the four 

months drought period and the most noticeably terrible floods in living memory of 

Pakistan happened later in the time of 2010. 

Conclusion: 

It shows up as though there are not many long stretches of drought while couple of 

long periods of overwhelming precipitation in Pakistan. More dams and reservoirs 

must be built to devour the downpour water from the flooding years and use them in 

the drought years. 
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Chapter 9  
 

  

WEED MANAGEMENT AND ALLELOPATHY  

 

Weeds are considered the biggest troublesome and problematic biotic restraint in the agro-

system all over the world. They compete for sunlight, water, space and nutrient with crop 

plants and reduce their growth and production (Chauhan, 2012). Different management 

strategies such as biological, chemical, cultural, mechanical and integrated practices are 

used for the control of various weed species (Hailmi et al., 2011). Controlling weeds by 

allelopathy is the most effective method in which allelochemicals suppress or enhance the 

growth and emergence of the neighbouring organisms (Khaliq et al., 1999). These 

chemicals released from the aqueous extracts of weed and inhibit the growth of nearby 

growing plants (Xuan et al., 2006). The usage of allelochemicals for controlling weeds has 

been accessed in laboratory trials but its implications in fields are very rare (Farooq et al., 

2011). The allelochemicals present in plants that are able to solubilize in water are 

extracted out by dipping plant bodies in water. These aqueous extracts are used for the 

management of different weed species (Bonanomi et al., 2006). For instance, aqueous 

extract derived from sorghum (Sorghum bicolor L.) is commonly known as Sorgaab. It 

performs very well in suppressing various weed populations (Cheema et al., 2012). Crop 

plants are inhibited by the competition and shade with weeds interference and by releasing 

of allelochemicals from weeds (Ali et al., 2013). In conclusion, weed management by 

allelochemicals is a vital managing method. 

 

9.1 Magnitude of Weed Problem in Pakistan and Integrated Weed 

Management 

Agriculture sector is viewed as the foundation of economy of Pakistan by the supplies of 

raw materials for industrial utilization, food and through providing employment to large 

community of the country (Afzal and Ahmad, 2009). Most of the cereal crops including rice, 

maize and wheat are considered as the main food for populations and basis for foreign 

exchange (Afzal and Ahmad, 2009). These cereal crops shared about 5.3% of Pakistan’s 

GDP (Nosheen and Iqbal, 2008). Weeds are considered as very effective natural 

constraints which negatively affect plant growth and production by competing against 
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nutrients and sunlight (Chauhan, 2012). The spreading of the weed species are mostly 

affected by the natural and ecological factors, which participated in the resolution of the 

habitat type (Radosevich et al. 1997). Natural factors such as plant pathogen, insects and 

diseases affect the crop plants. Likewise, light, precipitation, temperature, pH and humidity 

are important ecological factors. Weed spreading and composition also affected by the 

interference of humans to control those (Vencill et al., 2012). The distribution and 

composition of a weed specie is strongly influenced the biological and environmental 

factors, which play role in the determination of the habitat type. Biological factors include: 

insects, plant pathogens, crop type, crop-weed interaction and another biota of that specific 

area. Similarly, temperature, precipitation pattern, quality and quantity of light, soil kind, pH 

and water content are the imperative environmental factors.  

9.1.1 Integrated Weed Management  

Integrated weed management (IWM) comprised of the various strategies to control weeds 

by using different alternative measures of control (Swanton and Weise, 1991). IWM 

practices are considered as the most reliable and efficient as compared to other 

management options. Therefore, it is important economical consideration to farmers in the 

selection of such farming innovation like IWM (Pannell et al., 2006). The IWM comprises 

on the combination of chemical, cultural, biological, mechanical and genetic methods for 

efficient weed management that minimizes crop yield reductions due to presence of weeds 

(Knezevic et al., 2002). The IWM advocates the utilization of all the possible tactics aimed 

at reducing weed interference in best possible combination. 

1. Cultural Control 

Cultural practices are important component of IWM in agronomic crops. These practices 

are the best tools that are used to exploit the competitiveness of the crop so that to 

decrease the emergence and growth of the weed. These practices hamper the emergence 

and growth of the weed. It also reduces the fertility of the weed seed. Cultural weed control 

is helpful in the reduction of the soil seed bank. It also reduces the risk of herbicide 

resistance and improved crop yield.  

2. Mechanical strategies 

It is one of the weed control method come under cultural weed management strategy. It is 

the safest method of weed control without using any chemical. It includes the type of tillage 

employed before crop emergence by the farmers. It has a very profound effect on weed 

and crop interaction. It also improves crop competitive ability. Due to deep tillage weed 

seeds are buried under the soil and reduce its germination chances. This is because, most 

of the seeds required sunlight for its germination. In this way, weed seed bank reduces to 

some extent. Hand weeding is also practiced under this method but it is time consuming 
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and effective for small areas. Sometime zero tillage techniques are also used for specific 

agronomic crops to avoid or restrict weed seed germination that buried into the soil. 

However, wind-blown weed seeds are created problems in this type of weed management. 

Using various tillage operations for weed control may cause injury to potential crops. It can 

also increase the incidence of disease. Tillage also major cause of moisture losses and 

favor soil erosion. 

3. Weeding through fire 

Removal of weeds by the use of fire is also considered as an important component of IWM. 

It is sometimes categorized as preventive method of physical nature. Control of weeds 

through flaming consists of physically burning the fire at one side of the weed population 

usually in the direction of wind and waiting until whole area of weed infestation has 

gradually been burnt with fire. Sometimes controlled fire burning is also practiced by using 

fire burners installed on some mechanically driven implements. The efficiency of weeding 

through fire depends upon certain factors such as expertise and experience of weed 

manager. 

4. Biological Weed Control 

Weed suppression is done by using biological agents or biological process. It is an 

economically affordable method of weed control having no harmful influence on the 

environment. However, this method of weed control is feasible for managing perennial 

weeds. Conventional biocontrol methods are the control of invasive weeds that are non-

native species. It is very effective in the area having less intensity management including 

forests, preserved natural areas, rangeland, and waterways. Bioherbicides’ use is another 

biocontrol method which also shows success in weed control to some extent. In the future, 

specific genes may also be introduced to control growth, development and competitive 

ability of weeds. It is the safest way of weed management. In this method, natural enemies 

of the weed are introduced in the infested areas. In this method first, natural enemies are 

identified. These natural enemies are allowed to feed on the specific plant. After increasing 

its population to a certain level, these animals are introduced in the infested areas to 

establish themselves. They feed on the host plant and dramatically reduce its population. 

This is helpful in the reduction of reproduction and development of the host plant. This 

decline in the population of a specific plant in an area is the perfect example of invertebrate 

consumers controlling a plant’s abundance. In Thailand pig were used to control weed in 

rice while in Australia Cactoblastic cuctorium was used as biological agents for the control 

of the weed population.  In the USA and Canada, farmers use different biotic sources for 

successful management of various weeds, e.g., prickly pear cactus (Opuntia spp.) was 

controlled by using cactus moth (Cactoblastis cactorum Berg) as its biological agent which 

feed on it. Sometimes goats and sheep are also used to control the weed population in 

local areas.   
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5. Chemical Weed Control—Use of Herbicides 

Employing chemicals for weed management is the fastest method. It is easy to apply, less 

time consuming and most effective method of weed control. Herbicides are chemicals that 

inhibit plant growth and also kill it. Herbicides are classified in various categories. These 

include time of application such as pre planting herbicides. It applies to the field before 

plantation of the crop. The other one is post emergence herbicides apply after seed 

germination. The other classification is based on the chemical family such as di nitro 

anilines and sulfonylureas. Similarly, on the basis of the path of mobility inside the plant 

i.e. translocation through xylem, phloem or both. Another classification is based on the 

mode of action of an herbicide such as inhibitors of photosystem II and ALS inhibitors. 

Mode of action of herbicide is very important in case of resistance in weeds. Due to its best 

description how herbicide imposes pressure on the weed. So, in herbicide resistance weed 

management its manipulation may be used. Now-a-days, above 200 active ingredients are 

registered for herbicides all over the world. However, plant growth regulators and growth 

retardant are not included in it. According to the mechanism of action of herbicides, there 

are only 29 groups; one of these groups’ modes of action is still unknown. Herbicide 

resistance is the natural capacity of the plant to cope with the particular chemical. For this 

purpose, they improve its capacity. It is developed in some progenies instead of the whole 

population. So, it becomes an issue for herbicide, therefore, advancement occurs in the 

chemicals for specific specie of weed. Increase in resistance against specific herbicide in 

the weed population allows to increase its population and no more that particular herbicide 

able to control that weed. 

 

9.2 Allelopathy in Agriculture and Agroecosystem with Special 

Emphasis on Crop Production 

Allelopathy could be used for the controlling of weeds in arable crops by intercropping and 

mixed cropping (Iqbal and Cheema, 2007), use of mulches on soil surface (Cheema et al., 

2000), plant residues’ internalization in soil (Matloob et al., 2010), crop rotation (Cheema 

et al., 2012) allelochemicals (Jabran et al., 2008), and combination of allelochemicals and 

herbicides (Razzaq et al., 2010). It was proposed that weed management by allelopathy 

is the non-conventional strategy in modern agriculture (Bajwa et al. 2015). 

9.2.1 Intercropping 

Corn intercropped with fodder legumes such as green leaf desmodium (Desmodium 

intortum [Mill.] Urb.) and Spanish tick-clover (Desmodium uncinatum [Jacq.] DC.) efficiently 

decreased the infestation of giant witchweed (Striga hermonthica [Del.] Benth) in corn field 

as compared to only corn populations (Khan et al., 2002). Sorghum intercropping with 
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cowpea (V. unguiculata [L.] Walp.) inhibited the biomass and densities of different weeds 

(Abraham and Singh 1984). Intercropping of celery (Apium graveolens L. var dulce [Mill.] 

and leek (Allium porrum L.) reduced the critical period of competition of various weeds as 

compared to sole leek (Baumann et al., 2000). Similarly, intercropping of pea (Pisum 

sativum L.) with barley as compared to pure crop enhanced the crop competition against 

weeds (Hauggaard-Nielsen et al., 2001). All in all, intercrops are able to reduce the growth 

and emergence of weeds by releasing allelochemicals. 

9.2.2 Crop rotation 

The incorporation of crops with allelopathic potential in existing crop rotation system may 

be very helpful for managing weeds (Liebman and Dyck, 1993). Allelochemicals released 

from exudates of plant root system and the decomposition of plant residues of previous 

crop can be helpful to control the weeds (Voll et al., 2004). For example, weeds are 

efficiently decreased due to the production of allelochemicals in the crop which is following 

sorghum (Einhellig and Rasmussen 1989). In wheat and sunflower cropping rotation, dry 

biomass and densities of Canada thistle (Cirsium arvense [L.] Scop.) and wild oat (Avena 

fatua L.) were reduced efficiently in the wheat crop after growing sunflower  

9.2.3 Mulching 

The germination and emergence of different weeds are inhibited by the releasing of certain 

allelochemicals through mulching (Bilalis et al., 2003), providing microbial phytotoxins by 

the process of decomposition and suppressing the seedling growth (Narwal, 2005). Water 

carrying capacity of the soil is also increased by mulching (Younis et al., 2012). For 

instance, about 50% of the dry biomass and weed density in aerobic rice are reduced by 

the sorghum residues (8 t ha-1) incorporation in the soil (Riaz, 2010). Several other mulches 

also control weeds allelopathically such as the growth of several weeds also inhibited by 

sunflower mulching (Wilson and Rice 1968). 

9.2.4 Cover crops 

In field, cover crops are mostly preferred to manage different weeds (Hiltbrunner et al., 

2007). Mostly leguminous crops such as alfalfa, yellow sweet clover, cowpea, ryegrass, 

sun hemp and velvet bean are used as the cover crops (Fujii and Heradata 2005). These 

crops when grown, significantly reduced the growth of barnyard grass. Many weed species 

in soybean crop are inhibited by the use of barley as a cover crop (Kobayashi et al., 2004). 

It is also recorded that about 90% weed biomass is reduced where rye used as a cover 

crop (Barnes et al., 1986). In another study, it was observed that growth of yellow foxtail 

(Setaria glauca [L.] Beauv.) Seedlings were also suppressed by the using rye crop as a 

cover crop (Creamer et al., 1996). 
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9.2.5 Allelopathic Water Extracts 

The natural phytotoxic compounds of various crops are derived and in mixture with water 

are used as bio-herbicides to control different weed species (Bonanomi et al., 2006). For 

example, sorgaab (sorghum water extract) inhibited the germination and emergence of 

different weeds such as broad-leaved dock, lambsquarters, Indian fumitory (Fumaria 

parviflora Lam.) and swine cress (Cheema et al., 1997), and similarly littleseed 

canarygrass, wild oat, and field bindweed in wheat crop (Cheema et al., 2002). It is also 

demonstrated that different plant parts of sorghum including stem, root and leaf water 

extracts completely suppressed the growth and emergence of E. colona (Kim et al. 1993). 

Similarly in wheat crop, the combination of water extracts of sorghum and sunflower 

suppressed the germination of littleseed canaygrass and wild oat as compared to the use 

of individual water extracts (Jamil et al., 2009). A very common weed lambsquarters was 

completely inhibited by the application of low application rate of pendimethalin (413 g a.i. 

ha−1) in tank mixed combination with sorghum or sunflower water extracts (15–18 L ha−1 

each) (Awan et al., 2009). It is also reported that the combination of different dosses of 

herbicides with aqueous extracts of different crops decreased the plant biomass of mixed 

weed flora in wheat crop, maize and rice. Allelopathic water extracts and their 

combinations with small doses herbicides are also very beneficial for the reduction of weed 

growth. 

 

9.3 Disadvantages of Chemical Weed Control 

Weed control by chemical method is commonly used to reduce the harmful effects in of 

weeds in crop fields. This is because, herbicides are mostly preferred, their use is easier, 

and these are mainly prepared for the control of various weeds (Naylor, 1996). The 

widespread usage of many herbicides with different mode of actions for the protection of 

agricultural crops is major ecological issue as these have high ability to contaminate the 

waters, aquatic organisms and other fauna (Hassan et al., 1998).  

The overuse of herbicides has caused harmful effect on the natural environment and 

sustainable weed management (Jabran et al., 2015). Likewise, herbicides’ resistance 

development in different weeds, ecological hazards and health issues are major limitations 

for continuously making their use for the management of weeds (Powles, 2008; Starling et 

al., 2014). Herbicide applications on aquatic plants for their control are very harmful for the 

aquatic life like fish (Wu et al., 1995). Atrazine is mainly used for management of aquatic 

weed species (Brusick 1994). Some herbicides are also very harmful for human health and 

environmental surrounding especially glyphosate (Giesy et al., 2000). Most of the 

glyphosate like herbicides have not beneficially been approved for the use in aquatic 

ecosystem (Solomon and Thompson, 2003). The usage of herbicides by untrained labour 
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at improper time may also produce contamination for surface as well as aquatic ecosystem 

(Hanke et al., 2010). Similarly, the utilization of different herbicides in agriculture fields of 

tropical areas can create environmental problems (Kasasian, 1971). 

A risk of herbicide resistance is confidently exacerbated by increasing the usage of the 

target-site-specific herbicides. It is observed that the selected pressure for the application 

of herbicide is frequently increasing naturally arising resistant biotypes of various weeds. 

Unfortunately, this weed has shown resistant to the numerous of herbicides in different 

countries (Adamczewski et al. 2013). For instance, A. Fatua is considered as one of the 

most extensive herbicide-resistant weeds worldwide, which infested about 48,000 sites in 

thirteen countries on the area of 5 M ha with showing the resistance against various 

herbicides belonging to 5 different sites of action. Up to now, almost 52 herbicide-

resistance cases in this weed have been recorded, out of these cases, 14 cases from 

Canada while 16 were reported from USA. Unluckily, there is no confirmed information of 

herbicide resistance in weeds exists in Pakistan. Abbas et al. (2016) was the first who 

reported about the fenoxaprop-P-ethyl (ACCase inhibitor) resistance development in 

Phalaris minor (littleseed canary grass) in Pakistan. 

 

9.4 Invasive Weeds and Their Management 

Invasive weeds create very serious issues for agriculture sector and dangerous threat to 

the biodiversity of the world (Wilcove et al., 1998). Invasive weed species including 

Parthenium, Lantana, Chromolaena, Ageratum, Mimosa and Mikania have distributed 

widely of orchards, wetlands, grasslands, forest and agronomic crops over the world 

(Yaduraju et al., 2003). For example, Parthenium is considered as the most problematic 

plant which is distributed across the Asian countries such as India, Bangladesh, Pakistan 

and Sri Lanka (Barman et al., 2014). This weed is mostly the invader of agro-ecosystems, 

pastures, railways sides, wastelands and water courses under different environmental 

conditions (Wiesner et al., 2007). 

9.4.1 Management strategies 

1. Mechanical Control 

Various mechanical strategies include bulldozing, chaining, grubbing, hoeing, hand-

pulling, mowing and tilling. Among all the methods, hoeing and hand-pulling are the most 

efficient practises in moist and loose soil with shallow root system of the weeds (Sheley et 

al. 1999). Tillage practises can also use to control weed species which grow annually, but 

rare control against perennial weed species and sometime it lead to weeds spreading for 

instance, the spread of Lepidium latifolium (Young et al. 1998).  
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2. Chemical control 

Various herbicides such as 2,4-D;  2,4,5-T, atrazine, paraquat, alachlor, simazine and 

glyphosate showed positive response against the management of invasive weed species. 

Different pre-emergence and post-emergence herbicides have effective abilities to control 

parthenium (Ramani and Sukhadia, 2004). Application of several pre-emergence 

herbicides including atrazine, benthiocarb, butachlor, bentazone dimethyl amine salt, ethyl 

ester, methabenzthiazuron, penoxalin, sodium salt of 2,4-D, simazine and terbutryne can 

give significant parthenium management in non-cropped areas (Muniyappa and 

Krishnamurthy, 1976). Time of the application of herbicides may also affect to control 

weeds such as Cardaria draba and L. latifolium were effectively control by the application 

of sulfonylurea herbicides in spring or summer season (Young et al. 1998).  

3. Biological Control 

Biological control consists on the usage of natural organisms to control weed population. 

Several parasites and predators for the control of invasive weeds have been discovered. 

For example, by the utilization of leaf feeding Mexican beetle (insect) and culture filtrates 

of Fusarium moniliforame and Fusarium oxysporum (pathogens), the control of parthenium 

weed was effectively (Singh et al., 2010). Similarly, lantana lace bug (insect) and rust fungi 

(Prospodium tuberculatum) (fungal pathogens) are used for the biological control of 

lantana weed (Thomas and Ellison, 2000). Extracts from black walnut (Juglans nigra) has 

an allelopathic ability and it is commercially used as bioherbicide (Ramezani et al., 2008). 

 

9.5 Bioherbicides 

Biologically weed management is developed by using biotic agents such as natural 

products, nematodes, insects, fungi or bacteria. Bio herbicides were proved to be 

sustainable as well as eco-friendly method than traditional methods that help in fulfilling 

the requirement of innovative weed management approaches. The approaches of bio 

herbicide depend upon the natural beneficial agents existing in the weed environment that 

result in considerable destruction of the targeted weed species and also minimize crop 

yield losses. The bio herbicide application offers various tactics for employing in crop lands, 

turfs, and orchards. In organic horticulture, the role of bio herbicide is increasing. 

Followings are different types of bio herbicides. 

9.5.1 Pathogenic bio-herbicides 

There have been many microbial agents that can be used as bio herbicides in crops, turfs, 

gardens, and forests. These including obligate parasitic fungi, nematodes, pathogenic and 
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non-pathogenic bacteria. The first bio herbicides to control strangler vine 

(Morreniaodorata) in citrus was Phytophthora palmivora. As a biocontrol agent plant 

pathogens are used to damage target weed species. The phytotoxins released by 

pathogens have variety of modes of actions that range from molecular level to visual lethal 

activity on plant. The Microsphaeropsis amaranthi fungus is used to control pigweed 

(Amaranthus spp.). Similarly, field bindweed (Convolvulus arvensis) can be effectively 

controlled by Phoma proboscis while morning glory (Ipomoea spp.) by Colletotrichum 

capsici (Weidemann et al., 1992). In another study, it was demonstrated that redroot 

pigweed (Amaranthus retroflexus) and some other broadleaf weeds could be easily 

controlled by Trichoderma virens. The fungus Myrothecium verrucaria is the bio-herbicide 

that gives selective control of purslane and spurge weed species in tomato. 

9.5.2 Bio herbicides from natural products 

The byproduct of ethanol production is dried distillers grains with soluble and is abbreviated 

as DDGS. It has been proved that DDGS acts as very effective herbicide. It, when applied 

to soil surface gives good control of emerging creeping wood sorrel (Oxalis corniculata). 

Similarly, the seed meal of mustard, when applied to the soil surface, gives amazing control 

of annual bluegrass, common lambsquarters, kochia (Bassia scoparia) and barnyard grass 

(Echinochloa spp.). The seed meal of mustard when combined with steam disinfection 

treatment, also gave good soil borne diseases control along with weeds in strawberry that 

resulted in higher crop yield (Fennimore et al. 2014). In organically produced carrot, 

Brassicaceae seed meals (BSMs) were proved to give good weed control along with higher 

crop yield and soil enrichment with inorganic N.  

9.5.3 Bio herbicides from plant extracts 

Extracts derived from plants also act as good bio-herbicides. These extracts are rich in 

allelochemicals that are secondary metabolite synthesized by plants. Plants naturally 

release allelochemicals in their environment to suppress the germination and growth of 

neighboring plant species. Normally, there are four ways i.e. leaching, root exudation, plant 

decomposition and volatilization of releasing allelochemicals by plants. Although, there are 

multiple approaches     of utilizing plant allelopathy in crop production, plant leachates or 

liquid soluble extracts are most commonly used as bio-herbicides. This is because; these 

extracts are rich in water soluble phenolics e.g. caffeic acid, gallic acid, chlorogenic acid, 

hydroxybenzoin acid, cumaric acids, ferulic acid, anisic acid etc. Crops as well as weed 

extracts are used as bio-herbicides. For instance, Ailanthus altissima leaf extract was 

proved to show inhibitory action against germination and growth of Medicago sativa. 

Similarly, phenolics extracts have been proved to be potential bio-herbicides to suppress 

the growth of lettuce seedling. Among weeds, parthenium (Parthenium hysterophorus L.) 

and prickly chaff flower (Achyranthes aspera L.) are potent source of bio herbicides. There 
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are certain crops like sunflower (Halianthus annuus L.) and sorghum (Sorghum bicolor L.) 

that could be used as potential source of bio-herbicides.  
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CHAPTER 10  
 

  

DRYLAND AGRICULTURE  

 

10.1 Concept of Dryland Agriculture:  

10.1.1 Concept of Aridity and dry climate 

The word arid is derived from ‘arere’ means to be dry. The deficiency of rainfall is the basic 

characteristics of arid areas. In any case, the measure of precipitation can't fill in as a 

sufficient indicator of aridity except if its sum is identified with its effectiveness because the 

effective rainfall can be related to crop production. Effectiveness of rainfall depends upon: 

1. Seasonal distribution 

2. The rate of evaporation 

3. Nature of soil 

4. Vegetative cover   

1. Seasonal distribution: Winter R.F is more effective than that in summer because 

evaporative losses are less in winter. R.F should occur during crop growth period 

especially critical growth stages. 

2. Rate of evaporation: Temperature R.H of air and wind movement affect the rate of 

evaporation. More the rate of evaporation losses will be the effectiveness of R.F. 

3. Nature of soil: The soil which absorbs maximum quantity of rainfall, more will be the 

effective R.F. Soil having more infiltration rate of R.F have more effectiveness. 

4. Vegetative cover: If reduces rate of runoff. The main effect in that on bare soil, R.F 

strikes the soil and      soil aggregates from where clay particles separate and log the pore 

spaces which increase runoff run off.  For type crops which have more soil reduces 

infiltration and bare, effectiveness is reduced. 

An arid climate is defined as a type of climate in which greater part of the year, the rainfall 

is lower than potential evapotranspiration (ET). Actual ET is the actual rate of evaporation 
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from soil surface and transpiration from plant canopy and is dependent upon soil moisture 

condition and climate factor. However, potential ET is the maximal ET rate which the 

atmosphere is capable of extracting from a crop entirely covering the ground, is of uniform 

stand and not facing water shortage. PET is independent of soil moisture condition whether 

soil is wet or dry.  

10.1.2 Causes of Aridity: 

The rainfall generally occurs when the moisture laden air rises, expands and cools. As a 

result, vapors condense and precipitation (ppt) occurs. There are three main reasons of 

aridity: 

1. General circulation of atmosphere  

2. Distribution of land and sea 

3. Relief (Topography)    

When air reaches very high places, it becomes dry (because already condensation / rain 

occurs while rising high). Similarly, at sea side, it becomes more dry and warm. That is 

why, very high places and seaside remain dry due to very rainfall. Winds also results due 

to season heating and cooling of constituents in winter and summer. In winter season, 

direction is from land to sea side. These winds are dry and do not cause any rainfall. RF 

only occurs when large land masses exist. When wind moves from sea to land mass, land 

mass results in upward rise of wind which results in ppt. These areas are far away from 

sea, remain dry because before reaching the interior places, air losses all its moisture. This 

RF is called orographic rainfall. 

1. General circulation of atmosphere:  

The earth’s moisture is involved in a cycle of continuous circulation which is called water 

cycle or hydrologic cycle; it is a cycle of continuous circulation of water as it evaporates 

from sea or land surface, it is transported from one place to other by general circulation of 

atmosphere. The basic cause of general circulation of atmosphere is the unequal heating 

of the earth. The North and South poles receive less heat than the equatorial regions. This 

difference of heat (temperature gradient) provides energy from general circulation of 

atmosphere. Air moves from poles to equator and it is heated up & then it rises. 

There should be rarely one circulation system but actually there are three circulation 

systems. The breakdown of this general circulation into no. of system is due to: 

1) Earth’s rotation: It causes the deflection of all moving air clockwise in the northern 

side of the equator and anticlockwise in the southern side of the equator. 
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2) The existence of a number of distinctive pressure belts 

i. In equatorial region, there is a belt of relatively low and very uniform pressure. 

ii. In subtropical latitude, there is a broad belt of high uniform pressure  

iii. In the vicinity of arctic and Antarctic circles, there is a belt of low pressure 

iv. Relatively high pressure belt exists at the two geographic poles 

Area which receive less than 375 mm of average rainfall are considered as absolutely arid 

or desert areas which require special treatment. 

10.1.3 Characteristics of dry land (DL) agriculture:                                  

The most important features of DL agriculture are: 

1. Uncertain and limited annual RF.:                                

DL-areas are characterized by low annual RF is not equally distributed. Therefore, crops 

give very low yield. 

2. Extensive climate hazards:                                      

Keeping in view RF-distribution, DL areas are uncertain in distribution of RF. Sometimes, 

no rainfall occurs in a period and in next period, excess RF occurs that results in erosion 

and waterlogging. When no rain, dry condition period also resulting in drought. Irrigation 

facilitate are absent, crop are badly from frost. These condition result is total or partial crop 

failure. 

3. Undulating soil surface:                                                

Soil surface are uneven and wavy. Improper distribution result in erosion (water or winds) 

erosion during rainy season of summer season, respectively sheet erosion rill erosion after 

gully erosion. This leads to rills or gullies and the farmer cannot manage it due to their poor 

economy. Thus the soil surface becomes gradually highly undulating. 

4. Extensive land holdings:                                                              

The dray land areas face low RF and less crop yields. Therefore, cattle and human live 

become very difficultly. Thus population density is less than irrigated areas. Land holdings 

in rainfed areas are greater than irrigated areas. Tax is for 12 ha for irrigated and 25 ha 

Barani areas. 

5. Relatively large plot size:                                                 
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As irrigation is hot applied smaller plot are not required and plot size is greater. Almost 

same type of crop is present over extensive area. It is helpful towards farm mechanization. 

6. Similarity of crops:                                                             

In dry land agri. drought all the farmers of grown almost similar type of crops e.g. arhar, 

castor, millets etc. are grown in these areas. Thus the rainfed areas are can be identified 

due to their similarity of crops. 

7. Lower crop yield:                                                               

Crops give very low yield in DL areas. The main factor is water. The inputs like seed 

fertilizer are less applied due to poor financial condition of farmer. Income is also less. 

Sometimes yield become so low that it does not meet the cost of its cultivation but farmers 

have to do farming of their livelihood. 

8. Poor Market of the produce:                                            

Mostly farmers grow same crops which natural and harvested at the same time. Hence 

farmers have to face hard time. They get less price of their produce b/w purchase are not 

available therefore it has to be sold at lower rate. Profit is very low. 

9. Poor farmer economy and cattle health:  

Farmers are very poor due to less crop return. Due to fodder shortage, cattle are totally 

dependent on grazing instead of stall feeding animal health is poor. Poor farmer economy 

also results in low educative and cattle production is low. 

10. Wide spread deficiency diseases in human beings: 

Farmer use less calorific food. Deficiency of fruits, vegetables and milk result in vitamin 

and mineral deficiency resulting in malnutrition and diseases are common in human beings 

in dry areas.  

 

10.2 Types of Dryland Agriculture: 

The different bases of classification of dry climates are elaborated as follows:  

1. Koppen System of Climates (Koppen & Geiger, 1936) 

This classification is mostly accepted. It is based upon relationship between rainfall & 

temperature. According to this classification, the rainfall amount & its distribution & 

effectiveness of rainfall are important criteria: It is assumed that: 
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a) Higher the temperature, more prominent the measure of precipitation that will even 

now bring about a similar measure of aridity. 

b) Moderately less precipitation is required on the off chance that it is concentrated during 

winter, more is needed if is uniformly distributed across the year. While the highest 

rainfall is required when precipitation is concentrated during summer.  

They divided world climate into 5 categories one among them in which ppt. is less that ET 

is considered to be dry climate. Dry climate is further sub-divided on the basis of rainfall 

(RF) into: 

i. Desert Climate (Arid Climate): 

Ppt. is not sufficient for available crop production. 

ii. Steppe (Semi-Arid climate): 

The RF is sufficient for certain crops if we adopt optimum management practices & the 

major native vegetation is grasses. 

The management practices include: 

I. Conservation of moisture 

II. A further subdivision is based on seasonal distribution of RF, either it is majorly 

distributed in winter season (winter season) or in summer season (summer RF). 

Otherwise it is considered that there is no distribution of RF (Table 10.1) 

Table 10.1: Koppen system of classification of dry climates: 

Boundary    winter RF        No clearly defined period         RF Summer 

Desert/steppe   P=T         P=(T+7)                                    P = T+14 

Steppe/humid   P=2T             P=2(T+7)                                  P=2(T+14)  

Where 

P = per annum precipitation (cm) 

T = Annual mean temperature (oC) 

III. Final subdivision is based on temperature i.e. hot dry climate and cool dry climate. If 

the average annual temperature is greater than 18 degree Celsius, it will be hot dry 

climate and less than 18 degree Celsius will be cool dry climate. 
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Since, latitude plays a vital role in determining the temperature, the dry lands are bifurcated 

into: 

1. Low latitude (hot) deserts, and low latitude (hot) steppes 

2. Middle latitude (cool) deserts, and Middle latitude (cool) steppes 

 

2. Martonne (1962) Classification 

She endeavored to locate an observational connection between ppt. & temperature that 

gives an accurate and general definition of dry climate, that relationship is called aridity 

index (I) which can be referred to a selected period of a few days, a month, a season or 

an entire year. 

I = n P / (T+10) 

Where 

n = No. of days with rainfall 

P = average ppt. per day (Cm) 

T = average temperature of the selected period (oC) 

If one year or annual bases, mean temperature of year, total no. of rainy days in year, 

mean ppt. per day of year. Greater the value of I, more will be the moist climate and vice 

versa. If: 

If I < 20, it is called arid climate 

20 < I < 30, it is called semiarid climate 

I > 30, it is called humid climate 

Total range is equal to 20-30. 

 

3. Gaussen (1954) Classification 

From the study of natural vegetation, he developed a classification on the bases of number 

of arid months in a year 

Condition is called arid month. 
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Limitation: it is only applicable to Mediterranean climate but found less satisfactory when 

applied to worldwide scale. 

4. Thorntwaite (1948) Classification 

This classification is based on two elements: 

I. Water supply resulting from ppt. 

II. Water needs from ET.  

There both are effector by climate & may be markedly different from each other both in 

quantity & seasonal distribution. They define that there is: 

1. Moist Climate: When ppt. is in excess than the ET 

2. Dry Climate: When ppt. is not sufficient to meet ET need 

He further differentiated between actual ET & PET. Actual ET is almost very low in arid 

areas between moisture supply is limited and PET is under ideal water condition i.e. no 

water shortage and full vegetation cover. PET is also called water need. He completed 

PET by using empirical formula which involved monthly temperature and average day 

length. After that he plotted monthly ET & RF with a graph. 

When ppt. is adequate to fulfill water need from PET (ppt. =PET) the moisture index is 

considered to be equal to zero & for moist areas, values of moisture index will be positive 

and for dry areas, values of moisture index will be negative 

Limitations: Thorntwaite’s methods of calculating PET was developed in a climate of 

summer RF and has not been proved entirely satisfactory in other types of dry climate. 

5. Selyaninov (1964) Classification 

He proposed an arid zone climatic index C as the rate between moisture and heat. The 

equation is: 

C=⅀ P/0.10 ⅀H 

Where, ⅀P = Total amount of precipitation (cm) for the period with an average temperature 

above 10°C. 

⅀H = accumulated temperature (°C) of same period 

Range = 0.5-1.0 
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If C = 0.5 that constitute the boundaries of desert 

C = 0.7, indicates the boundaries b/w dry steppe and typical steppe 

C = 1.0, indicates the boundaries between steppe and forest steppe 

The primary bit of leeway of C of Salyaninov is its straightforwardness and the general 

accessibility of meteorological data needed for its calculation. 

 

6. Meigs (1953) Classification 

He just prepared a map of distribution of semiarid and arid zones in the world based on 

refinement of Thornthwaite system. It is based on the degree of aridity. He divided it in 

three categories: 

1) Extremely arid climate (between -57 or out limit) 

2) Arid climate (between -40 and -57) 

3) Semi-arid climate (between -20 and -40) 

Total range is = -20 and -40 

 

10.3 Crops of Dryland Areas and Their Management: 

10.3.1 Dryland areas of Pakistan and their crops 

The dryland areas of Pakistan are divided into four different regions: 

1. Sub humid region 

2. Humid region 

3. Semi- arid region 

4. Arid region 

1. Sub humid region:  

This region has an average annual precipitation in the range of 500-750 mm. This region 

includes districts of Rawalpindi, Sialkot, Gujrat etc. Cropping system depends upon 

summer rain fall and generally two crops are raised in 2 years from same piece of land. 

Mostly followed cropping rotation is wheat- sorghum or millet-fallow.  In some barani areas, 
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the sorghum and millet are replaced by maize where annual rainfall is above 750 mm. In 

Sialkot and Gujrat districts, wheat occupies more than 50% of annual crop area. Gram & 

lentil are also important pulse crops in these districts. About 40% of annual cropped area 

is under kharif crops mainly millet and some kharif pulses are also grown. Some of the 

common rotations followed are:  

 Wheat - millet or sorghum – fallow 

 Wheat – summer season pulses - fallow  

 Wheat – fallow – wheat 

 Wheat – millet - lentil or gram - fallow 

 Maize - fallow – ground nut - fallow 

 Summer pulses – fallow – millet - fallow 

2. Humid areas:  

The areas in this region have average annual rainfall of less than 750 mm. It includes 

Murree hills & associated Hazara districts. Generally cool winter restricts the choice of 

crops & growing season. Crops are cultivated in traces. Maize is the most important crop. 

Potato & some other vegetables are in second position in terms of area occupied by 

different crops. At altitudes of about 200 feet, wheat and oats are grown after maize.  

3. Semi-arid areas  

The average annual precipitation in this region is in the range of 250-500 mm. These areas 

include pothowar upland, the salt range, Jhelum, Chakwal, and some part of Rawalpindi 

and Fateh Jhang. Wheat is raised as rabi crop accounting about 70 to 80% of the annual 

sowing crop. No systemic /scientific rotation is followed and common practices is to sow 

same crop year after year usually cropping is adjusted with the time and amount of summer 

rainfall. 

4. Arid region  

This region receives a very low rainfall i.e. less than 250 mm. The districts in this region 

are Mianwali, D.G Khan, Muzaffargarh, some parts of salt range, Sargodha and some parts 

of Thal. Millet is the common crop grown in summer because it is more draught resistant. 

Taramira and gram are sown in winter. In certain areas wheat is also grown. In Thal areas 

cropping confined only to areas having annual rainfall of about 250mm otherwise area is 

used for grazing. Gram is most important crop & occupies 80% of winter crop area. Wheat 
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and barley are also grown in northern part of Thal. In summer season, guar, millet, mash, 

mung are also grown on these areas. 

10.3.2 Management of crops of dryland areas of Pakistan 

1. WHEAT:  

It is the most significant grain crop of Pakistan and is a fundamental food item. The grain 

is very nutritious and fulfills the dietary requirements in terms of protein. It is cultivated on 

1033.3 thousand hectares in rain fed areas of Pakistan. And the production is around 116.6 

thousand tons in these areas. 

Agro-meteorology: Wheat is adapted to temperate regions from 30◦-60◦ North and 27◦-

40◦ South. Annual rainfall in these areas is about 500 mm–1200 mm. Sandy loam to clay 

soils. But silt to clay loam produce good wheat. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: In dry lands the field is ploughed deep on the start of monsoon 

season and is stirred with cultivator with the purpose of retaining moisture and controlling 

weeds. The fertilizer should be added in the soil 2 days before cultivation. The field should 

be ploughed again and should be leveled. Field should reach wattar condition.  

Sowing time: The sowing time is 15 November – 15 December 

Seed rate: For 15 November sowing, it is 125 kg/ha while for 16 November – 15 December 

sowing, it is 150 kg /ha 

Seed treatment: Seeds are drenched in water for 10-12 hours. In this way they absorb 

the water which support germination. Unhealthy seeds are graded and are discarded. 

Method of sowing: Drill sowing is recommended without any preparatory tillage. Zero 

tillage is generally followed. Seed is placed 5-7 cm deep in soil. A distance of 15-20cm 

between the rows results higher in yield. 

Fertilizer: The fertilizer management in rainfed wheat crop has been detailed in the 

following table:  

Rainfall   Nitrogen  phosphorus Potassium Kg 

acre-1 

Low rainfall      57     57      60 

Med-rainfall     85     57      60 
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High rainfall    115     85      60 

 

Foliar application of 4% urea and KCl solution at 50, 70 80 days interval boost yield. 

Weed control: Weed compete for nutrients, moisture etc. Pre emergence application of 

stomp 33EC (Pendimethalin) at 2.5 L / ha for weed sown in dry lands. Cultural practices 

also help to overcome weed.              

Insect pest: Termite is a major attacking insect in rain fed areas which damage roots. 

These creatures attach to roots and cause yellowing of plants and death in some cases. 

Chlorpyrifos 30 EC application before last tilling of soils solves this problem. 

Diseases: Major diseases include rust, smut, ear cockle and foot rot. Pre-sowing seed 

treatment with fungicides like vitavex, carbendazine, benlate @ 2g per kg of wheat seed. 

Rouging is a good technique to eradicate unhealthy plants. 

Varieties: Chakwal-50, NARAC-2009, Baras-2009, Dhurabi-2011 

Harvesting: When the moisture content of seed is less than 12% it is ideal for storage. 

 

2. BARLEY 

Barley is a member of Gramineae family. The soils where sugarcane, rice, maize are 

difficult to grow; barley can be successfully grown. It is a somewhat hardy crop. 

Climate: Barley is adapted to temperate regions. Optimum temperature for the growth is 

15◦C-20◦C. 

Minimum 200-250 mm precipitation is required for the production. 

Soil: as the soil that are sandy or less fertile, can be easily be sown with barley.. 

Time of sowing: Mid October-end November 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: It is important step. Deeply plough the soil with a sub-soiler or 

chiseler and then level it.. 

Seed rate: Optimum seed rate for dry lands is 50-60 kg/ha. 
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Seed treatment: It is susceptible to diseases such as smut, rust, fusarium wilt, leaf blight 

hence the seed should be treated with suitable fungicide. 

Method of planting: Pora method of sowing good uniform stand in rain fed areas. Seed 

can also be sown through seed drill and kera method. 

Irrigations: Two to three irrigations are sufficient. But in presence of sufficient rainfall, 

reduced or delayed irrigation can be practiced. 

Fertilizer: The quantity of fertilizer needed by this crop is almost half than that required by 

wheat crop. Usually, 1 bag each of urea and DAP are sufficient to get good grain yield. 

Weeding: Because of its fast growth it can compete with weeds. It is a hardy crop and 

does not need much weeding. 

Harvesting: Crop is harvested at maturity from mid-March to end April. 

Varieties: Sanober-96, BARC, Rakhshan-10. 

Insect pest: Armyworms and aphid attack barley. Resistant varieties should be grown. 

And chemical control should be adopted. 

Diseases: Loose smut and bunt attack barley in some cultivars. 

Resistant varieties should be grown. 

3. MUNG BEAN 

Mung bean belongs to family leguminosea. It is important pulse crop in in countries where 

staple food is cereals like Pakistan and other Asian countries. 

CLIMATE: It is a crop of tropics and subtropics. It requires warm temperature and the 

growth is restricted when the temperature is cooler than 10-22◦C. Optimum temperature 

for cultivation is 28◦-30◦C. 

SOIL: A variety of soils ranging from heavy clay to sandy loam are suitable for this crop. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: Minimal land preparation is required. But leveling is necessary so 

that rainfall or irrigation may be distributed in the soil. Land preparation should be done by 

1 deep ploughing then after rauni irrigation, two cross ploughings should be carried out 

followed by leveling. 

Time of sowing: For seed purpose there are two growing seasons:  
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February-March (spring sowing) 

 June- July (autumn sowing) 

Method of sowing: Dill sowing is suitable method. Broad casting is usually done in dry 

regions. 

Seed rate: 20 Kg/ha for broad casting. 

Fertilizer: DAP @ 50 kg/ha. 

Irrigations: Three irrigations in low rainfall areas. 

Weed control: In rain fed areas 1 deep ploughing helps to control weeds. Treflan @5-7.5 

L/ha is applied during land preparation at planting time. 

Varieties: Chakwal mung-97, Chakwal mung 2006 

Harvesting: When the pods are 90% mature then harvesting should be done. 

4. MASH BEAN 

Black gram or mash bean belong to family leguminosea. It is produced both for human 

consumption and for cattle. It provide significant amount of protein. 

Climate: It is a crop of tropics and subtropics. It requires a relatively high temperature. It 

can be successfully cultivated in regions getting yearly precipitation of 250-1570 mm. 

Soil: Medium fertility soils are best suited for the Mash bean. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: In dry lands one to two planking followed by planking to conserve 

moisture. 

Time of sowing: Mid-June - end of July 

Sowing method: Kera method, Broadcast method 

Seed rate: 20-25 kg /ha 

Fertilizer: 25 kg nitrogen and 50 kg of phosphorus /ha 

Plant protection: Two viral diseases affect two major viral diseases. Leaf crinkle virus and 

YMV by white fly incidence. This disease can be overcome by using insecticides. Fusillade 



 

217 
 

@ 0.62-1.25 + flex @0.31-0.62 when 2-3 plants of mash bean and 2-3 weeds have 

emerged. 

Harvesting: The harvesting is done when the 90% of the pods have reached physiological 

maturity. 

Varieties: NARC-Mash-1, NARC-Mash -2 

5. MAIZE: 

Among cereals, maize is ranked at third position I Pakistan. Its 27% area is allocated to 

rain fed areas of the country. It is a queen of cereals. 

Climate: It is adapted to diversified range of weather conditions. 

Soil: It can be grown from sandy to clayey soil .Best yield is produced in deep, medium 

textured soils high in organic matter. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: After harvesting of a crop plough the land twice to burry weeds, 

stubbles while they are in their vegetative phase. On the onset of monsoon plough the land 

twice to conserve moisture in the soil. 

Time of sowing: February- July 

Seed rate: 50 kg/acre 

Method of sowing: Ridge sowing, furrow sowing. 

Fertilizer: Nitrogen fertilizer 120 kg/ha and phosphorus fertilizer are applied 50kg /ha. In 

dry lands fertilizer are applied to the soil at the time of sowing. 

Weed control: Weeds cause greater yield loss. For common broad leaf weeds and 

sedges, Primextra Gold 720 SC herbicide at 400-800ml /acre is used as a pre emergence 

herbicide. 

Varieties: NARC-2009  

6. CHICKPEA: 

Chickpea belongs to family leguminosea. There are two types of chickpea one is desi type 

which are small and angular in shape. Whereas the other is Kabuli which have pale-cream 

seeds. It is rich source of protein. 
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Climate: It is the major crop of arid and Barani zones of Pakistan which lack irrigation 

facilities and low rainfall. Chickpea crop can be called as king crop of Thal areas of 

Pakistan 

Soil: It is grown on sandy or sandy loam soils and 13% on clay or clay loam. Chickpea is 

grown on acidic as well as alkaline soils with a pH from4.6-8.2. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: The land is ploughed to conserve moisture on the onset of 

monsoon. 

Sowing time: 20th October-15th November 

Seed rate: 35 kg/acre 

Seed treatment: Seed should be treated to prevent diseases and achieve maximum 

production. Before sowing consult agriculture and extension department for recommended 

fungicide. 

Method of sowing: Drill sowing and pora method is adopted in dry lands. 

R-R =30cm 

P-P=15cm 

Fertilizer:  ½ bag SOP 18% or ½ bag UREA  

Irrigation: Chickpea requires less irrigation and in dry land it is dependent on totally 

rainfall. 

Weed control: Weed control is necessary at the start of crop emergence. Hoeing is 

recommended instead of chemical control. And for chemical control consult agricultural 

department for suggestion. 

Insect pest: Termite, grass hopper, cut worm, Aphid, Army worm, Pod borer attack on the 

chickpea crop. Decis 25EC @460 ml/ha 

Diseases: Blight, wilt, root rot, grey mold are the diseases that attack on the crop. 

Chemical control can be used after the consultation of agricultural department. 

Varieties: BITAL 2016, NIYAB CH 2016, BHAKHAR 2011, PUNJAB 2008, NIHAR 2000 

Harvesting: Harvesting is carried out on the attainment of maturity by 80-90% pods.’ 
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7. SAFFLOWER 

It is mainly cultivated in Sindh and Baluchistan. Safflower was introduced in Pakistan in 

1960. Its seed contains 26.37% oil. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: Two ploughings with mold board are done. After this, cultivator and 

planker are used for making the soil pulverized. 

Sowing time: 15th October-15th November 

Sowing method: Like other oil seed crops, it is sown in lines. Line to line distance is 60cm. 

Seed rate: 6-7 kg/ acre 

Fertilizer: DAP and UREA one bag at the time of sowing. 

Irrigation: Three irrigations are sufficient. 

Diseases: Alternaria and Remularia leaf blight, bacterial blight, rust, root rot and wilt 

disease. 

Insect’s control: Thrips, bugs, leaf borer, black jassids are the common insects that 

attack. Thiodon EC35 @ 1.0L/ha. 

HARVESTING: When the seeds are brownish in color these come easily out of capsule 

and are ready for harvesting. 

8. LENTIL 

Lentil belongs to family Leguminosea. In in Pakistan it is important food crop. It is important 

source of human nutrition. It is a vital component of barani cropping system. 

Climate: It is basically a temperate climate crop. Its temperature requirement is 15-24◦C. 

It can tolerate extreme cold or hot climate. 

Soil: Lentil can be planted on sandy to clayey soils. Increased fertility does not produce 

more yield. 

PRODUCTION TECHNOLOGY: 

Seed bed preparation: Lentil does not need much fine seed bed preparation. Two to three 

ploughing and leveling is sufficient in barani areas. 

mailto:35@1.0L/ha
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Sowing time: October-mid November 

Seed rate: 20-25 kg/ha 

Method of sowing: Line sowing, broadcasting 

Fertilizer: 85% of nitrogen is met by symbiotic fixation. 

Varieties: Dasht, Parbat  

Harvesting: In Pakistan it is harvested and threshed by traditional bullock or manual labor. 

9. RAPESEEDS AND MUSTARDS 

Rapeseeds and mustards belong to family Cruciferae. Rapeseeds include sarsoon 

(Brassica campestris) and toria (Brassica napus) whereas mustards include raya (Brassica 

juncea) and taramira (Eruca sativa). Rapeseeds and mustards are a Rabi crop. 

Climate: Rapeseed and mustard are crops of temperate regions. A temperature of 30◦C 

is favorable. 

Soil: Well drained soils provide ideal conditions for germination. 

PRODUCTION TECHNOLOGY: 

Sowing time: October –November 

Seedbed preparation: Fine seed bed needs to be prepared for rapeseeds and mustards. 

In barani areas field is ploughed to conserve moisture and then ploughed again followed 

by planking.  

Sowing method: In rain fed areas seed is soaked in water for 6-12 hours to absorb 

moisture. And then sown in rows with 40-60cm apart. 

Fertilizer: SINDH: 112:56, PUNJAB: 40:40, KPK: 75:50 N:P (kg acre-1) 

Irrigation: 90% of rapeseed and mustard are grown in barani areas. 

Harvesting: When stem and pods become yellow they are ready for harvesting. 

10. SORGHUM: 

It belong to family Graminea. It is very most popular fodder of summer season. It provides 

fodder for a significant lot of time. 
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Climate: It is a tropical plant and can tolerate diversified climatic conditions. It can 

withstand heat and drought. 

Soil: It can grow except a variety of soils but water logged soils are not suitable. The most 

suitable soils for it are heavy loams. 

PRODUCTION TECHNOLOGY:  

Seedbed Preparation: Good seed bed is required. Ploughing the soil once with 

moldboard and twice with a cultivator and then planking are sufficient for good seed bed. 

Seed rate: 75-80 kg /ha 

Sowing time: It is a rain-fed crop and is planted at the onset of monsoon. 

Method of sowing: Broadcasting, line sowing, kera method  

Irrigation: The crop is dependent on rainfall in dry land areas. 

Harvesting: The time to harvest fodder when 50% heading stage. 

Varieties: YSS-9, CSV-15 

11. GUAR    

Previously it was grown only for green fodder but now-a-days its guar gum has been 

started to be exported. That is why; this crop has attained more economic importance. 

Climate: It is a photosensitive crop. It grows in specific climatic conditions. 25◦C is suitable 

temperature. 

Soil: Guar prefers well drained sandy loam soil. It can tolerate saline soils and moderately 

alkaline soil with pH ranging from 7.5-8.0 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: Two ploughings followed by planking are adequate. 

Sowing time: In rain-fed areas sowing starts on the onset of monsoon.  

Sowing method: Kera method, Pora method, broadcast sowing 

Seed rate: A seed rate of 40-50 kg /ha for fodder whereas 20 kg /ha for grain purpose is 

recommended. 

Irrigation: In dry land the whole crop is totally dependent on rain. 
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Fertilizer: 10-12 tons of well-rotted FYM before cultivating on poor Sandy soils. 

Weed control: Hoeing and weeding at initial germination. And application of Glyphosate 

will remove weeds. 

Harvesting: After 40 days, the pods are ready for picking.  

VARIETIES: BR-90, BR-99 

 

12. COW PEA: 

It belongs to family leguminosea. It is consumed as a pulse crop in different areas. 

Climate: It is a tropical plant. It thrives under warm and humid conditions. 

Soil: Loam or clay loam soil is the best. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: Two to three cultivations followed by planking. 

Seed rate: 30 kg/ha 

Method of sowing: Line sowing  

Time of sowing: Mid-March- JULY 

Irrigation: In dry lands the crop is dependent on rainfall. 

Harvesting: The crop is ready for harvesting two months after sowing. 

Varieties: CP /V-2 

13. MILLET /BAJRA 

It is a dual purpose crop grown throughout the country. 

Climate: Warm weather is preferred. 

Soil: Light sandy to loam soil. 

Seedbed Preparation: Two to three ploughing followed by planking. 

Seed rate: 10-15 kg/ha for fodder while 5-8 kg /ha for grain 
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Sowing time: March – July 

Harvesting: At the 25% ear initiation. 

Varieties: Cholistani bajra, Barani bajra 

14. SESAME / TILL 

It belongs to family Pedaliacea. It is important oil seed crop. 

Climate: It requires hot weather during its growing period. Temperature of 25-27◦C is good 

for germination. 

Soil: Sandy to dark alluvial and coastal plains are best soils. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: To prepare good seedbed, 2-3 ploughings followed 1-2 plankings 

are required. 

Planting time: 15th June -31st July 

Seed rate: 5 kg /ha for line sowing while 8 kg /ha for broadcasting 

Method of sowing: Broadcasting, Line sowing 

Irrigation: The crop can grow in dry land areas in the rainfall conditions. 

Harvesting: when all the leaves and pods are dry, crop is considered to be ready for 

harvest. 

Varieties: SG-51, SG-43, SG-30 

15. CASTOR 

It is a member of Euphorbiaceae. It is also known as arind or arindi. 

Climate: It can tolerate heavy rains.  It is a drought resistant crop. 

Soil: Well drained soils are the best for growing castor. 

PRODUCTION TECHNOLOGY: 

Seedbed preparation: In dry land it is ploughed twice and clod crushing and then after a 

heavy rain the soil is again ploughed followed by planking. 
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Sowing Time: July-August 

Method of sowing: Dibbling, Kera method, Drill method 

Seed Rate: 18-25 kg /ha 

Irrigation: In dry land the crop is grown on stored moisture. 

Fertilizer: 25 kg nitrogen and 15 kg p2o5 in July – August 

Harvesting:  The spike can be harvested within 90-100 days. 

Varieties: DS -30, C-3 

 

10.4 Agronomic Approaches for Dryland Areas: 

The main aim of DL-agriculture is to preserve soil and moisture to have maximum product 

and living standard of farmers of DL. Lot of amount is being spent to overcome the 

problems of dry area by the Government and other agencies. But still there is a majority of 

problems have not been solved the variety and techniques are developed to conserve soil 

and water. These have been some achievement in agronomic research. Few of the 

imperative ones are discussed below: 

1-Highly undulating lands  

2- Marginal lands  

3- Diana land  

4- Leveled lands 

1- Highly undulating lands: 

These lands mostly comprised of hilly areas or the soils located in areas suffered from 

serious erosion problems (water problems). If these are not controlled, higher gullies are 

formed. These problems of erosion can be overcome by specific type of management with 

following objectives: 

 To conserve soil, tree plantation and regulated grazing or rotational grazing or no 

grazing are carried out. Trees are grown which are characterized faster growth habits 

and extensive deeper root systems and extensive branches habits canopy for 

maximum growth cover and habit of producing shoots that may grow into tree after 

main trunk is cut-off.  
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 To level the land gradually by the help of contouring and terracing, cultivation, 

ploughing and plantation is carried out on contours. 

 To practice strip cropping: Spreading (erosion preventing) and erect (erosion 

permitting) type crops are grown in alternate strips that level the land slowly. It is 

helpful in decreasing erosion by regulating flow of runoff water and also in moisture 

conservation. The crops of spreading type are mash, whereas maize is an erect type 

crop. Erect type allows soil surface to get beaten by rain drops and soil particles are 

transported to next strip along with water, the second strip has spreading crops which 

cover the soil and also hold the soil particles coming from strip. Thus after some time, 

both the strips are nearly leveled  

 Trees are also helpful because the hold the soil especially in hilly areas. Soil cover by 

any crop is helpful in it. 

2-  Agronomic approaches for leveled land  

Leveled lands are major tract of DL-areas. In these areas, we should adopt those 

properties which help to improve crop production. These are:  

1)  Tillage requirement of crops 

Tillage practices initiate with soil preparation and terminate with mulching and weed control 

after harvesting. Seedbed preparation depends upon  

1. Nature of the crops to be grown  

2. Soil type  

3. Previous history of tillage 

Land should be ploughed during summer heavily and deeply because it is helpful in: 

1. It consumes moisture  

2. Control weeds  

3. Control insect pests and diseases  

4. Efficient root penetration  

The seed bed preparation under such condition becomes very easy and quick. Farmers 

can easily sow their crops soon after onset of monsoon. The best results of water 

conservation and crop production are achieved by giving a summer and deep ploughing 

followed by shallow surface tilling during rest of year. 
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The most important seed bed preparation is depth of sowing and fertilizer application 

depth. Depth of sowing should be 5cm and fertilizer depth is 7.5cm in same furrow. After 

that planking is done to compact the soil because evaporation losses from loose soil. Such 

method of sowing results in better seedling emergence, vigor, root penetration and higher 

yield  

Weeds are either controlled in standing crop by Kasula or running cultivator between crop 

rows. Inter-culturing by these methods has been found to be the best way of controlling 

weeds in dry land areas. 

2)  Selection of most adaptive crops and their varieties 

Choice of crop is not too broader compared with irrigated areas those crops and varieties 

of a specific crop should be selected which are suitable for barani areas. These varieties 

are not so much water responsive. Cereals (wheat, oat, millet, and sorghum), gram, lentil 

etc. are suitable crops. According to drought conditions and type of soil, crop should be 

selected.  

3)  Sowing of crops 

It is one of the most important operations because it affects the crops emergence and 

planting density. Plant density is most important parameter. Plant density should be 

optimum (neither very high nor very low) because a higher plant population, individual plant 

yield reduces but a lower plant population, individual plant yield increases but overall yield 

is reduced. 

Important factors which are associated with sowing of crops are: 

1. Time of sowing (25 oct-15nov for wheat) 

2. Sowing method and seeding depth (5cm) 

3. Seed rate and plant population (low spacing).it should be 10 to 12 lac plants/acre. 

1. Optimum time which gives better yield. It also affects moisture harvesting and 

plant establishment. The timely sowing of both the summer and rabbi season 

crops is suitable in DL-areas because it results in proper establishment of plants. 

Early maturity, prevention from insect and pest diseases. It overcome moisture 

stress in later growth stages especially during grain filling period. 

2. Sowing method and seeding depth: 

Mostly farmers in barani areas use broadcast method which is not recommended because 

some seeds remain at surface and are lost by birds and ants and some seeds are very 
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deep and unable to germinate. Secondly, plant population is most uniform. Some areas 

are densely populated and some less. Drill method is recommended in barani areas in 

which simultaneously seed placement 5 cm deep and fertilizer at 7.5 cm depth occurs. It 

will result in better germination and growth of crop plants. 

3. Seed rate and plant population:  

The seed rate should be adjusted according to soil moisture availability to attain the 

optimum plant population.  

4) Fertilizer management  

Mostly, farmers do not use or fertilizer application is limited because: 

i. Less benefit from fertilization due to its wrong application technique. 

ii. Poor fiscal position of farmers for purchasing  

iii. Unavailability of fertilizer at required time 

iv. Ever increasing cost of fertilizer 

v. Misconception among farmers that fertilizer burn plants and cause destruction of soil 

structure  

Use of natural fertilizer just which does not meet the necessity of crop 

Factor affecting fertilizer use efficiency (FUE): 

1. Climatic factors 

2. Plant factors (crop factors) 

3. Soil factors 

4. Crop husbandry practice 

5. Fertilizer management  

6. Soil exhaustion 

 

1. Climatic factors 
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Temperatures and moisture supply are major factors as they both affect availability and 

movement of nutrients. Micro-organism population and root growth is also affected. 

Nutrient efficiency is less in arid areas than irrigated areas because uptake of nutrients is 

mainly affected by moisture supply. If more rainfall, FUE is reduced due to loss of nutrients 

in the form of run-off.e.g.NO3
-2. Crop management practices can be helpful to some extent 

in increasing FUE .e.g. selection of crop and its management. 

2. Soil factors 

In arid areas, soils are of diverse nature and have various problems such as salinity, 

alkalinity, water logging. Under water logged soil conditions, suitable fertilizer source 

should be chosen. 

3. Crop factors 

Quick growing crops are more responsive to fertilizer compared with slow one. If root 

extension and proliferation is more, more will be FUE. In leguminous crops, less nutrient 

should be applied because its higher dose affects nodules and nitrogen fixation. 

4. Fertilizer management 

Proper fertilizer and types of fertilizer should be selected according to soil condition. Then 

method and time of application .in arid areas, whole nutrient application should be made 

basally. Balanced fertilizer (proper ratio of NPK) should be applied. Fertilizer placement 

method should be appropriate for dry areas. 

There are various aspects of fertilizer which influence efficiency  

i. Fertilizer recommendation  

Fertilizer recommendation is available for different geographic areas of Pakistan. These 

recommendations are useful guidelines in general, however there is a need for more site-

specific fertilizer recommendation should be evolved for individual farmer on the basis of 

soil nutrient status. 

ii. Application time and method 

Time of fertilizer application is related with method. Low mobility elements such as 

phosphate potash and zinc are applied at proper times and should ideally be placed below 

and at the side of seed. Moreover, phosphate is needed at earlier growing stages. 

5. Crop husbandry practices 
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Crop management practices that enhance crop response to applied nutrients will decrease 

the unit cost of production through improved crop yield per unit area of land, thus increase 

FUE. It has been revealed that farmers using similar fertilizer doses obtained highly 

variable yields ranging from 2 to 10 fold over almost all crops. Other factors like plant 

population, weeding, irrigation, plant protection, timely harvesting play a significant role in 

enhancing FUE. Studies revealed that late planting, low plant density, poor weed, insect 

diseases control are the major factors limiting the yield despite application of fertilizer e.g. 

in Punjab, yield of IRRI-6 rice increased by 22% by proper weed control whereas the 

increase in yield by fertilizer was negligible in weed infected plots while it was 72% in weed 

control plots. 

In brief, a well-managed fertilizer programmed complemented by improved crop 

management practices will be more efficient, cost effective and sustainable. 

Therefore, it is concluded that better crop management practices including good crop 

husbandry and judicious fertilizer use along with organic means is necessary to maintain 

soil fertility and getting higher crop yield. Organic manures not only improve the biophysical 

condition of soil but also supply certain amount of NP as well small quantities of K and 

micro nutrients.  

5. Cropping system 

Traditional crops and cropping system are need based in arid and semi-arid regions. These 

are not most efficient in terms of productivity and profitability. There are two types of 

cropping system 

1. Mono-cropping 

2. Multiple cropping 

Further types of multiple cropping system are sequential and intercropping 

There are also following types  

1. Intercropping  

2. Mixed cropping 

3. Relay cropping  

4. Farm forestry 

5. Agro forestry system 
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1. Intercropping 

Various types grown together in the same field at the same time 

2. Mixed cropping 

Mixed cropping is used to secure total crop failure. If one crop is affected, the other crop 

can survive. 

In intercropping, crops are sown in distinct rows but in mixed cropping, seed of crops is 

mixed and sown by broadcasting or row planting 

Advantages of mixed cropping: 

1. Maintain soil fertility especially when any leguminous crop is included  

2. Balanced diet: As legume crops contain more nutrition or protein content so fodder 

nutritional value is enhanced 

3. Lack of risk: When 2 crops are present, one crop may fail but other survive therefore 

there is low risk of crop failure.  

4. Tolerance against insect-pests and diseases 

5. Better use of labor: Due to different harvesting, labor remains busy throughout the 

year. 

6. Higher yield: Yield is high due to all the above factors 

7. Soil conservation: Soil is saved from erosion and nutrient status is improved 

8. Preservation of lodging: The spreading crop gives support to erect growing crop. 

9. Financial stabilization: The returns are stabilized and income remains somewhat 

constant. 

10. Reeducation in environmental pollution: Less insecticides, fertilizer and are to be used 

because of high soil fertility tolerance against insect pests and diseases. 

Disadvantages of mixed cropping 

1. Lower yield; Due to competition or other factors. 

2. Control of insect pest and disease becomes difficult 

3. Mechanization becomes difficult. 
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4. Poor establishment (sometimes due to allelopathic interactions b/w companion 

crops. 

5. Reduced long term effects of legumes. 

6. Lower price of reduce. 

7. If we are using some chemical for controlling weed and insects-pests, some type 

of       chemical cannot be used for mixed crops. 

8. Mechanization e.g. sowing and harvesting become difficult and mechanization 

become impossible. 

 

10.5 Water Resources, Their Conservation and Economic Use: 

Two major technologies for water conservation adopted in rainfed areas are: 

1. Water harvesting 

2. Watershed management 

1. Water harvesting (Runoff concentration / Rainfall precipitation):     

 It is practice of driving of water from the area located at higher elevation (run off water) & 

is utilized at the area located at low elevation. In many area, precipitation is not sufficient, 

harvested water & water consumed in soil can only collectively be used to raise a crop. In 

donor area, runoff is increased & in recipient area, we grow crop (Figure 10.1). 

There are 2 main methods of water harvesting: 

1) Creating micro-relief (micro-watershed) within more or less level field 

(in plain area). 

2)  Conveying the water from barren-hill side to an adjacent relatively 

level field (in hill area). 

1) It is called micro-watershed: 

In the system, raised strips are developed in the field artificially from where run-off water 

is collected in adjacent relatively low-lying strips in which crops are planted. Crops are 

sown in narrow strips and water harvesting strips are broader. So ratio usually maintained 

between crop strips and water harvesting strip is 1: 2 or 1: 4. Usually farmers consume 

water in one reason & growing crop in the other season. The strips are raised artificially. 
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Excess water during rainy season can also be collected through the furrows and passed 

through grassed water ways into farm ponds or reservoir. 

2) Conservation bench terraces: 

Surface runoff from small watershed is stored in ponds and reservoirs for utilization as life-

saving or supplemental irrigation. This retained water can either be utilized as lifesaving 

irrigation to Kharif crops at the time if drought due to irregular monsoon of as a supplement 

irrigation to water crops. Steps should be taken to reduce losses from stored water through 

seepage and evaporation. Suitable materials for pond leaching & anti-evaporated should 

be used to minimize evaporation. 

 

Figure 10.1: Water harvesting technique used in hilly areas  
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CHAPTER 11  
 

  

SUSTAINABLE AGRICULTURE  

The growth rate in agriculture during the recent past is in a very slow phase in spite of the 

rapid economic growth in our country. The trend in productivity of major crops is either 

static or declining during the past few years. There is no scope for further increase of net 

sown area and the present scenario indicate a slight shift of area for other purposes like 

industrialization and urbanization. To sustain a positive growth rate in agriculture, a holistic 

approach is the need of the hour. Sustainable agriculture seems to be the possible solution 

to the continuous increase of demand for food production, stability of income and 

improvement of nutrition particularly for the small and marginal farmers with limited 

resources in Pakistan. Integration of different agriculturally related enterprises with crop 

activity as base in sustainable agriculture provides ways to recycle products and waste 

materials of one component as an input through another linked component and reduce the 

cost of production which will finally enhance the total income of the farm. Basic needs of 

house hold including food (cereal, pulses, oilseeds, milk, fruit, meat, etc.), feed, fodder, 

fiber, etc. warrant an attention about sustainable agriculture. Undoubtedly, majority of the 

farmers are doing farming since long back but their main focus was individual components 

and to get more yield but not in a sustainable manner. The goal of sustainable agriculture 

is to conserve the natural resource base, protect the environment and enhance prosperity 

for a longer period.  

Sustainable agriculture is a rich source of species diversity, helps in soil building, preserves 

and improves ecological condition essential to long-term sustainability, minimize the cost 

of cultivation, provide healthy food and augment farm profits. It also enhances soil nutrient 

cycling and prevents proliferation of pests and offers gainful employment. Sustainable 

agriculture offers solutions to the problems currently besetting the agricultural sector of 

Pakistan being based on four basic principles (the principle of health, ecology, fairness 

and care). 

 

11.1 Concept of Sustainable Agriculture 

11.1.1. Definitions 

The word “Sustain” comes from the Latin word ‘sustenere’ that composed of sus-from 

below and tenere to hold, to keep in existence or preserve refers to long term maintenance. 
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The different definitions of sustainable agriculture are: 

1. It is a type of agriculture which focuses at the meeting of food and fiber 

requirements of the current generation without imperiling the reserve base for the 

next generations. 

2. It portrays the farming systems that are able of maintaining their productivity and 

value to society for a long period of time. Resource conservation, socially 

acceptable, commercially reasonable and environment friendly are the necessity 

attributes of such farming systems.  

3. Sustainable agriculture encompasses management strategies that provide the 

society long and short term means to conserve an adequate supply of quality food, 

enhance economic viability, improve environmental quality and conserve the 

resource base. 

4. It is an integrated system of profitable crop production with minimal dependence 

upon synthetic fertilizers; pesticides etc. and are more dependent upon natural 

resources.  

5. Sustainable agriculture is an impartial and well-organized management system of 

many renewable resources like soil, genetic resources, wild life, forests, fish, 

livestock and ecosystem) without squalor to supply sufficient food, other 

requirements for present and  next generations  sustaining or improving 

productivity and ecosystem services (detoxification of harmful chemicals with in 

soil, purification of waters, favorable weather ) of these resources. 

6. In terms of FAO sustainable agriculture embraces “the organization and 

preservation of resource base and positioning of technological and institutional 

fluctuations in such a fashion as to guarantee accomplishment and sustained 

satisfaction of human need for present and upcoming generations. Such 

sustainable development in environmentally non-degrading, technically suitable, 

economically feasible and socially satisfactory.”  

7. Sustainable agriculture is also known as organic farming/organic agriculture. It is 

wrong conception. Although organic agriculture may be categorized under the 

heading of sustainability, it does not follow that Sustainable agriculture is always 

organic. Sustainable agriculture is not possible without chemical inputs. So it is 

considered by some as integrated low input and highly productive farming system. 

11.1.2. How it is different from Organic Agriculture 

Organic agriculture differs from sustainable agriculture because organic agriculture does 

not tolerate to utilize inorganic fertilizers or any other additives into the soil profile nor 
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antibiotics in livestock production. Crop fields must be certified chemical free for three 

years before a farmer can market crop as organic. None of these limitations apply to 

sustainable agriculture. Sustainable agriculture is generally concern as a substitute to 

modern industrialized or conventional agriculture which is very specialized and capital 

intensive, significantly reliant upon artificial chemicals and other off-farm inputs. 

11.1.3. Favoritism and Criticism against Sustainable Agriculture 

1. Sustainable farming is naturally unbeneficial. If extensively adopted would not feed the 

world’s increasing population.  

2. No agriculture is sustainable if it is not first and foremost a beneficial agriculture. 

Practices normally recommended by proponents (those who propose) of sustainability 

are inherently unprofitable. 

3. Health, safety and environmental problems begin from the utilization of conventional 

farming practices can be corrected by designing new and sensitive technologies. 

4. Farming systems thought to be the most sustainable will necessitate the use of 

available farmland to produce inputs that are now synthetic and purchased off the 

farm. This cognitive obviously supports the argument for fine-tuning conventional 

agriculture. 

5. Conventional agriculture advocates that focused, capital-intensive, chemical intensive 

methods have been widely adopted being more profitable than practices now 

endorsed by supporters of sustainability. To condemn present and more profitable 

practices would be to go back to hoes, hard labor, lower yields and lower farm income. 

6. It can be additional profitable over the conventional agriculture particularly when one 

will do the estimate of profit, counts all of the profit, and cost of farming. Further 

resource conservation, safety of environment, and farming in partnership with nature 

which are requirements of sustainability will increase not decrease, global food 

production. 

7. It prevents soil erosion, pesticide pollution and other unfavorable effects of 

conventional farming from happening. 

8. As it is more cautious and proficient farming, it must be encouraged. 

9. Nature and naturally occurring process below and over the soil are associated add not 

only to agronomic sustainability but to economic beneficially, due to the synergism of 

plants, animals, soil and farmer’s stewardship that are too simply forgotten in 

conventional farming. 
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10. Proponents of sustainable agriculture cite evidence that sustainable yields can be 

equivalent if not surpass and be less variable than those attained using conventional 

methods.  

11.1.4. Characteristics of Sustainable Agriculture: 

1. Maintains adequate productivity levels. 

2. Productivity is relatively stable. 

3. Conserves and/or improves natural resources base. 

4. Ecofriendly. 

5. Diversified (it favors biological diversity). 

6. Most economical (input use efficiency is high). 

7. Improves quality of life because of better food and nutritional securities. 

8. Prefers biological technology to chemical technology. 

9.  Favors sustainable development of human society. 

10. Enhances use of on-farm renewable resources and diminishes use of off-farm inputs. 

 

11.2 Principles of Sustainable Agriculture: 

 

1. Input optimization 

The on farm resources tend to increase due to the adoption of sustainable production 

practices. Few examples of alternated resources are family labor, intensive grazing 

systems, recycled form of nutrients, legume nitrogen, crop rotation, use of solar energy, 

and advanced management of pests, soils and woodlands. 

2. Diversification 

To develop healthy soils and reduced purchased inputs, sustainable agriculture 

emphasizes varied cropping and livestock systems. Diversification can lead to more 

constant farm income by lowering economic danger from climate, pests and fluctuating 

markets. 
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3. Conservation of natural capital 

It is standard accounting practice to devalue capital assets. Nevertheless, in sustainable 

agriculture, economic value is formed by maintaining the productivity of land and water 

resources, while improving human health and the environments. 

4. Capturing value added 

The marketing of crops products grown is by far is the weakest link in the farmer’s role in 

the field to table food system. 

5. Community 

The elements of sustainable agriculture are vital to all communities. If we are to support 

sustainable agriculture, we must distinguish the rural/urban interconnection, the 

differences and marvelous opportunities.. 

Conditions/Aims 

1. Sustainable agriculture system has to prevent degradation of natural resources. 

2. It must be environmentally friendly i.e., shield and improve air, water and soil quality 

and health. 

3. It has to be economically feasible both in short and long term perspective for 

enhancing the productivity. 

4. It has to maintain the human needs of today and tomorrow with quality food. 

5. It has to replenish nutrients. 

6. It has also to control weeds, insects and diseases through biological and cultural 

methods. 

7. Society acceptability. 

 

 

11.3 Elements of Sustainable Agriculture: 

1. Biodiversity: 
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The 5-10 million species are estimated to exist in the world that constitutes terrestrial as 

well as marine biodiversity. Erosion of biodiversity is proceeding at an unprecedented rate 

of 2.5 species per hour driving 1.0 million species into extinction by the end year of 2050. 

Biodiversity is well-recognized at different genetic levels. It needs to be studied and 

conserved at each level. Agro-biodiversity, which is part of natural biodiversity, must not 

be seen in isolation and conservational approaches should be extended to all floral and 

faunal wealth. 

2. Promising varieties: 

Role of promising varieties in sustaining crop productivity stems from the ability to perform 

better even under constrained environments. Promising varieties, over the long period of 

time have proven their worth through the following features: 

a) Enhance to food security through stabilization of crop productivity. 

b) Input use efficiency is better. 

c) Ecofriendly, because of resistance to prevalent to biotic and abiotic stresses. 

d) Improved grain quality ensures nutritional security. 

e) Increase employment opportunities because of sustained productivity and increased 

profitability. 

f) Location specific breeding as resulted in development of different ecotypes and thus, has 

enhanced varietal diversity in agricultural crops. 

3. Integrated Nutrient Management: 

Increased fertilizer consumption during the last three decades has led to the decline the 

ratio of grain: nutrient. In fact, fertilizer use is largely imbalanced with excessive application 

of nitrogen. It has deteriorated soil health. Therefore, no way is left out except resorting of 

integrated nutrient management system which makes combined use of chemical fertilizers, 

organic manures and biofertilizers. The system ensures balanced nutrition for plant growth 

with much adverse effects on an environment. Following points are required to keep INM 

economical and more effective. 

i. NPK recommendations must be backed by proper soil tests. 

ii. Balanced fertilization through organic manures, chemical fertilizers, biofertilizers and 

micro-nutrient applications. This will maintain physical, chemical and biological potential of 

soils. 



 

239 
 

iii. Constant soil fertility watch by study of nutrient response of crops and nutrient removal by 

crops. 

iv. Developing INM technology for different crop sequences in different crop situation. 

v. Besides FYM, other sources of organic manures such as crop residues, green manuring 

and composting should be evaluated and recommended. 

vi. Inclusion of a legume in crop rotation and inoculation with efficient strains of Rhizobium 

needs to be promoted. 

4. Tissue Culture and Biotechnology: 

Tissue culture and biotechnology are contributing towards sustainable crop production via 

generating organisms capable of rendering services to human society in a better way. 

Their application in amelioration of agriculture summed up as under: 

i. Wide Hybridization: It refers to the crossing or gene transfer between two species, 

genera, families or sometime even two kingdoms. 

ii. Anther-culture for hastening varietal development programs in crop plants. 

iii. DNA finger printing for varietal or species characterization. 

iv. Transgenic plants for herbicide tolerance, insect resistance, disease resistance, male 

sterility and high protein quality. 

v. Micro-organisms genetically transformed to produce medicinal chemicals, degrading 

pesticides and various industrial effluents. 

5. Multipurpose Trees (Agro-forestry and Horticulture): 

Keeping in view elevating demands for tree products, preference should be given to 

plantation of multipurpose trees (MPTs) in different agro-silviculture, silvi-pastoral or agro-

horticultural systems. 

6. Integrated Pest Management: 

By the 20th century multiple suppression techniques such as sanitation, crop combinations, 

crop sequence, resistant varieties and chemicals were deployed to control pest 

populations. Miracle effects of DDT and to, four-d marked the indiscriminate use of 

chemicals in agriculture. Subsequently, it was realized that many of the chemicals were 

not biologically degradable. Barlett (1965) coined the term ‘integrated pest control’ and 

defined it as the blending of biological control agents with chemical control measures. 
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IPM integrates all the available pest control method to provide a farmer most effective, 

economical and sustainable technology where pesticides are a last resort and priority is 

on eco-friendly control measures. 

Benefits: 

i. Lower production cost because of reduced application of chemical pesticides. 

ii. Safer environment to live. 

iii. Brings in ecological sustainability by conserving natural enemies. 

iv. Enormous government savings from pesticides import and subsidies. 

v. Farmers are relieved off of pesticide poisoning and other related hazards. 

vi. Frequency of pest resistant and resurgence is reduced. 

vii. Reduced pesticide residues in the crop produce and food products. 

 

7. Legume based cropping systems: 

Reduction in productivity is due to cereal crop rotation (shallow root system), imbalanced 

crop-soil nutrients, more diseases and pest attack and more unit of water per unit of 

productivity. It is now acknowledged fact that continuous persistence of a crop rotation in 

a field causes ‘soil sickness’, mining of certain nutrients while accumulation of other and 

unification in farmers diet (responsible for enhancing malnutrition). Pulses are poor man’s 

proteins and provide tangible solution to the prevalent malnutrition in the world. In addition, 

cultivation of pulses endowed with several advantages such as: 

i. Growing legumes in rotation with cereal improves nitrogen mineralization potential in 

soil. 

ii. Green manuring with legumes gives an advantage of 40-90% on nitrogen per hectare. 

iii. Make the crop sequence sustainable by favoring soil, plant and environment health. 

iv. Some legumes have character of high phosphorous efficiency/ by phosphate 

solublilization i.e., Phaseolus vulgaris. 

v. Enhance crop productivity per unit area by increasing cropping intensity such as rice-

wheat replacement by Rice-Wheat-Mung/Urd (summer). 
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vi. Improve soil structure, soil microbial activity, water holding capacity, buffering capacity 

and release of growth promoting substances. 

vii. Act as soil binding crops. 

viii. Legumes are drought resistant. 

ix. Legumes prove diverse service to human society such as timber, fodder, oilseed, 

medicine, pulses and ornamentals. 

x. Richer harvest of proteins per unit area. 

 

8. Secondary and micro-nutrient applications: 

Revolution in agricultural production occurred because of steady supply of    micro-

nutrients such as N, P and K to crops. Now the productivity levels are stagnant rather 

declining in some high productive zones. The reason has been deficiency of secondary 

and micro-nutrients namely Ca, Mg, S, Fe, Mn, Zn, Co, Mo and Cu in soils. 

Inadequate macro and micro nutrients application result in one or more of the following 

problems: 

i. Deterioration of soil health in terms of physical, chemical and biological properties. 

ii. Low nutrient use efficiency. 

iii. More pollution due to increased leaching, volatilization and run-off of nutrients. 

iv. Adverse effects on soil flora and fauna. 

v. Crop produce of low quality. 

vi. Reduce crop yield. 

vii. More proneness to disease and pest due to reduce plant vigor. 

 

9. Water harvesting technology: 

FAO estimates that 60% more food will be required in next 30 years by world’s population. 

In future water harvesting technology for the various agro-ecosystems will be the key factor 
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in sustaining the crop productivity in different regions of the world. Following points must 

receive due consideration in implementation of water harvesting technologies: 

i. Recycling and re-use of waste water. 

ii. Development of micro watershed for proper rain water harvesting. 

iii. Soil moisture conservation technology through agronomic, breeding and soil 

management techniques. 

 

11.4 Organic Agriculture 

11.4.1 Concept  

According to definition of USDA organic farming is a production system, which shuns or 

prohibits the use of synthetic inorganic fertilizers, pesticides, growth regulators and 

livestock feed additives. This system mainly depends upon crop rotations, crop residues, 

animal manures, green manures, off-farm organic wastes, mechanical cultivation, mineral 

bearing rocks and features of biological pest control to sustain soil productivity, to supply 

plant nutrients and to control insects, pathogens and weeds. 

According to the definition of FAO, organic farming is successful management of resources 

for agriculture to assure changing humans needs while preserving or improving the quality 

of environment and consuming natural resources. It emphasizes the use of management 

practices in preference to the use of off-farm inputs, taking into account that regional 

conditions need locally adopted systems. This is accomplished by using, where possible, 

agronomic, biological, and mechanical methods as opposite to using synthetic materials, 

to complete any specific function within the system. In organic farming major emphasis is 

given on recycling of recyclable organic wastes (crop residues, animal waste and municipal 

and sewage wastes). These are valuable sources of plant nutrients and humus. When 

industrial waste are recycled as manure for crop production and are subjected to squalor 

and assimilative capacity of soil pollution of streams/rivers receiving these wastes is 

reduced to a large extent as compared to their direct discarding in water bodies. The 

manurial value and quality of these wastes could be improved by composting and enriching 

these organic sources along with inexpensive material such as rock phosphate. Crop 

residues have wide C:N ratio and when applied directly nutrients may get immobilized 

leading to initial adverse effect on crop growth. Hence, sufficient protection is necessary 

to use residues after proper composting with proficient microbial inoculants. Inoculation of 

these wastes produces enough simple sugar for growth and multiplication of beneficial 

micro flora like free living nitrogen fixers and phosphate solubilizers in the soil which 

ultimately increases crop yield. 
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11.4.2. Aims / Objectives of Organic Farming 

International Federation of Organic Agriculture Movement (IFDAM) expressed the 

objectives as follows: 

i. To work, as much as possible, within a closed system with regard to organic matter 

and nutrient elements, 

ii. To preserve and increase long term fertility and productivity of soils, 

iii. To stop degradation and re-establish natural equilibrium 

iv. To avoid all form of pollutions that may result from agricultural techniques, 

v. To minimize the use of fossil energy in agriculture, 

vi. To work with natural system rather than seeking to dominate them, 

vii. To use as far as possible, renewable sources in locally organized agricultural systems, 

viii. To push and improve the biological cycles with farming system involving 

microorganisms, soil flora and fauna, plants and animals, 

ix. To give all livestock, conditions of life that allow them to execute all aspects of their 

innate (natural) behavior, 

x. To continue the genetic diversity of agricultural system and its surroundings, including 

the protection of plants and wildlife habitats, 

xi. To produce food of high nutritional quality in adequate quantity, 

 

11.4.3. Principles of Organic Farming 

Organic farming system is based on the active interaction between the soil, plant, animal, 

humans, ecosystem and the environment. The system is directed towards enhancing 

natural life cycles rather than suppressing nature. The basic principles of organic farming 

are Health, Ecology, Fairness and Care. International federation of organic agricultural 

movements (IFOAM) was formed in 1972 in France. IFOAM summarizes the principles 

and practices in the standards in the manual as follows: 

1. To manufacture food of high nutritive quality in adequate quantity. 

2. To work with natural system and cycles rather than looking for to dominate them. 
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3. To push and improve biological cycles inside the farming systems, involving micro-

organisms, soil flora and fauna, plants and animals. 

4. To conserve and enhance the fertility the soil. 

5. To use, as for as possible, renewable resources in locally controlled agricultural systems. 

6. To work as much as possible within a closed system with respect to organic matter and 

nutrient elements. 

7. To give all livestock, conditions of life that allows them to perform all features of their innate 

behavior. 

8. To keep away from all forms of pollution that may result from agricultural techniques. 

9. To uphold the genetic diversity of the agricultural system and its surroundings, including 

the protection of plants and wildlife habitats. 

10.  To allow agricultural producers an acceptable return and satisfaction from their work 

including a safe working environment. 

11. To consider the wider social and ecological impact of the farming system. 

 

Certain basic principles of organic farming (Sharma, 2002) are mentioned below: 

1. Crop and soil management: Organic farming support crop rotation and use of organic 

manures including green manuring for increasing soil organic matter and humus leading 

to improvement in soil water retention, ion exchange, soil conservation and animal life in 

the soil. 

2. Nutrient Management: All the organic matter produced on the farm should be returned to 

the soil to maintain adequate humus content on a long term basis. 

3. Plant Protection: Organic farmers relay on diverse population of soil organisms, insects, 

birds and other organisms to remain the problem in check. When the pest population gets 

out of balance, farmers will apply a variety of strategies such as the use of insect predators, 

mating disruption, traps and barriers. 

4. Soil and Water Conservation: Only running water can erode the soil. The velocity of 

running water can be minimized through contour cultivation trenching, contour bonding, 

terracing, gully plugging, grassing the water waves etc. depending on slope and other 

farming practices. Watershed management programs play key role in organic farming. 
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5. Sustainable utilization of biodiversity: Genetic diversity is the basis of future 

improvement to meet the diversified and ever chasing needs of the mankind. Agro 

biodiversity includes genetic diversity of plants, livestock, fisheries, microbes, insects, 

fungi and viruses. Agricultural growth has battered biodiversity in agro ecosystems 

including plant genetic resources, jeopardizing productivity and food security leading to 

broader social costs. Hence, scientific management of these invaluable resources has 

assumed greater importance overtime. 

6. Post-Harvest processing and storage:  

1. Preservatives are not permitted. 

2. Synthetic colors or additives are discouraged. 

3. Storage or packing of products should be in bio-degradable structures. 

 

11.4.4. Need for Organic Farming 

Organic farming is the path that directs us to live in agreement with nature. Organic farming 

is viable alternative to conventional agriculture and is the key to sound development and 

a sustainable environment. It minimizes environmental pollution and the use of non-

conventional resources. It preserves soil fertility and soil erosion by the implementation of 

suitable conservation principles. Several reasons like limited land holdings, poor economic 

conditions of farmers, rise in input cost etc. have been characterized for the need of organic 

farming. In a broad sense, three major reasons are: ever increasing population demanding 

increased food grain production, depletion of natural resource base, and environmental 

pollution stresses the need for ecofriendly technologies i.e., organic farming. Table 11.1 

illustrates the differences between conventional and organic agriculture. 

11.4.5. Standards for Organic Crop Production 

1. Conversion period 

 The time between the start of organic management and certification of crops is known 

as conversion period. The whole farm, including livestock should be converted according 

to the standards over a period of time as per specifications. Diversity in crop production 

and animal husbandry must be set in such a way that all the elements of farming interplay. 

The standards requirement shall be met during the conversion period. Start of conversion 

period may be calculated from the date of application. To ensure a clear separation 

between organic and conventional production, the certification shall inspect the production 

system. 
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1. Choice of crops and varieties 

 All kind of materials should be certified organic, climate friendly and resistant to insects 

and diseases. Chemically untreated conventional seed and plant material may be used 

when certified organic seed and plant material is not available. The use of genetically 

modified seeds, pollens, transgenic plants is prohibited. 

2. Fertilization policy 

 Biodegradable material of microbial, plant or animal origin produced on organic farm 

should be the basis of fertilization program. Sufficient quantity of such material should be 

used to improve or at least to maintain the soil fertility. Manures containing human excreta 

are not allowed for use if the produce is for human consumption. Mineral fertilizers are 

permitted in supplementary role to carbon based materials. Such fertilizers can be applied 

in their natural composition and should not be provide more soluble by chemical treatment. 

1. Soil and water conservation 

 Soil and water conservation should be handled in a sustainable manner. Related 

measures should be taken up to stop erosion, salinization of soil, inappropriate use of 

water and pollution of ground and surface water. Clearing the land by flaming, if required 

should be minimum. Clearing of primary forests is prohibited. Excessive utilization and 

reduction of water resources is not allowed. 

1. Plant protection 

 Organic farming system must be carried out in a way which ensures that losses from 

insects, diseases and weeds are reduced. Emphasize should be on the use of balanced 

fertilizer program, adaptable crops and varieties and resistant cultivars. Weeds, insects 

and diseases should be managed by preventive, cultural techniques. Natural enemies of 

pests and diseases should be protected and encouraged through proper habitat 

management. Products used for plant protection, prepared at farm, local plants, animals 

and microbes are allowed. Thermal weed management and physical methods of insects 
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Table 11.1.: Difference between conventional/modern and organic agriculture 

Sr. 

No. 

Particulars Conventional agri. Organic agric. 

1  Type of 

farming 

Only crops Agro-forestry, 

animal husbandry 

2. Plant nutrients Chemical fertilizers 

only 

F.Y.M., G.M., 

compost, rotation, 

bio-fertilizers 

3. Pest control Pesticides  Cultural method, 

crop rotation, 

biological method 

4. Ecology Fragile Stable  

5. Inputs  High productivity and 

low diversity 

chemicals are used 

High diversity, 

renewable and 

biodegradable 

inputs are used 

6. Use of 

resources 

The rate of extraction 

exceeds the rate of 

regeneration, 

deforestation, 

overgrazing, pollution 

of water bodies take 

place. 

The rate of 

extraction from 

forests, 

underground water 

resources and 

other renewable 

resources do not 

exceed the rate of 

regeneration 

7. Quality of food Food material contain 

toxic residues 

Food materials are 

safe 

 

 

and diseases are allowed. Use of synthetic agrochemicals, synthetic growth regulators and 

genetically engineered organisms or products is banned. 
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11.4.6. Future Prospects of Organic Agriculture in Pakistan 

In Pakistan, during 2001, 2009 ha area was certified organic area which is about 0.08% of 

total agriculture. 

11.4.7. Organic Farming Systems: 

Some of the organic farming systems, in brief, include the following: 

1. Biological Farming: The Reams system is based on the LaMotte-Morgan soil test and 

the use of rock phosphate, calcium carbonate and compost to achieve nutrient ratios of 

7:1 calcium to magnesium, 2:1 phosphorus and potassium and so on. It permits the use 

of selected chemicals fertilizers (avoiding disruptive materials such as anhydrous 

ammonia and potassium chloride) and agrees to use low input approaches to use of 

insecticides and pesticides. 

2. Nature Farming: It counter parts organic farming putting special emphasis on soil health 

through composts rather than other organic sources, if possible. Use of microbial 

preparations is also gaining importance in nature farming in the near past. 

3. Permaculture: It is apprehension with planning ecological human habitats and food 

production systems and follows specific guideline and principles in the design of these 

systems. 

4. Alternate agriculture: Alternate agriculture recognizes that a piece of land on which crop 

plants are grown in an ecosystem, where balance should be maintained between 

interacting organisms. 

5. Ecological agriculture: Ecological farming is more labor intensive and several of its 

components such as vermicomposting, vermin-ash and generation of botanical pesticides, 

rearing of beneficial insects etc. offer scope for unemployed and landless youth. 

6. Integrated Intensive Farming System (IIFS): Intensification is through integrated farming 

involving animal husbandry, fishery and agroforestry. 

7. Low external input supply agriculture (LEISA): It is a production system that utilizes 

synthetic fertilizers, pesticides and herbicides lower rates normally recommended. Yield is 

sustained through greater stress on cultural practices, IPM, INM and utilization of on-farm 

resources and management. 

8. Biodynamic agriculture: It considers farm as a living system where one activity affects 

the other. 
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11.5 Kitchen Gardening: 

Kitchen gardening has been arisen as a new area of horticulture where vegetables, herbs 

and fruits are grown on small scale on separate place besides house lawns. This small 

scale production has been proved very beneficial for getting fresh, pesticide free and 

nutritious vegetables and herbs for people living in urban and peri-urban areas. 

Sometimes, these plants are grown in soil-filled pots and water, nutrients and all other 

necessary requirements are provided to these potted plants. Although, yields of vegetables 

and other plants are little bit lower compared to their counterpart field grown crops, yet the 

quality, freshness and taste are amazing. By avoiding any fertilizer and pesticide use, we 

can get organic vegetables and herbs that have been grown only through organic manures. 

The household wastes like kitchen garbage and lawn composts could be used as source 

of fertilizing the plants.  

11.5.1. Types of kitchen gardens 

According to the choice of plants and objectives of growing them in kitchen garden, there 

are three main types of kitchen gardens: 

1. Potager garden: 

The word potager is a French term which means ornamental vegetable. Sometimes, edible 

or non-edible flowers and herbs are grown along with vegetables in order to enhance 

aesthetic value of house garden. This is called potager gardening. Those ornamental 

plants are selected that can be trained to grow upward. Thus potager garden along with 

providing food also gives cut-flowers for beautification.  

2. Vegetable gardens: 

Vegetable is defined as herbaceous plant whose fruit or any other part is edible. 

Vegetables are rich source of minerals and are part of our daily diet in the form of gravy or 

freshly eaten salad. Vegetable gardens are aimed at getting fresh and healthy vegetables 

like carrot, cabbage, cauliflower, turnip, radish, chillies, onions, garlic etc. 

3. Herb gardens:   

The herb garden is usually a specific place in garden which is reserved for growing herbs. 

These may be irregular patches of plants or sometimes very carefully designed. Mostly, 

planting arrangement and clipping patterns are made to get aesthetic purpose also. Herbs 

which are grown may be solely functional. Sometimes there may be a blend of ornamental 

and functional herbs. The herbs are sometimes condiments, aesthetic plants or medicinal 

plants. 
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11.6 Management Practices for Sustainable Agriculture 

1. Sustainable Utilization of Land Resources 

Land is a nonrenewable natural resource comprising of three vital components namely 

soil, water and vegetation. Soil degradation is posing a potential threat to ecological 

balance and sustainability of livelihood systems of people due to indiscriminate use of land, 

water etc. 

Soil degradation 

Soil degradation is a process that lowers the current and future capacity of soil to support 

the human life. This degradation may by induced phenomena by human as well. Similarly 

FAO (1979) defined soil degradation is a phenomena that reduced the potential capacity 

of soil to quantitative or qualitative produce of crops.    

Causes of degradation 

i. Vegetable removal when clean the land for agriculture operations 

ii. Removal of cover especially for fuel, fencing and weed etc. 

iii. Livestock grazing caused reduction in vegetable cove along with soil tamping 

iv. Agricultural activities like cultivation in steep slopes, farming without soil conservation 

measures, improper irrigation and use of heavy machinery, and Contour and terrace 

faring without proper management especially irrigation 

v. Use of heavy machinery   

vi. Soil  Pollution with the discharge of and misuse of agrochemical 

Kinds of degradation 

1. Physical   

a) Compaction and crusting 

b) Desertification 

c) Erosion and depletion 

d) Wind erosion 

e) Water erosion 
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2. Chemical   

a) Fertility imbalance 

b) Elemental  

c) Acidification  

d) Sodification 

e) Toxic compounds 

3. Biological  

a) Organic matter reduction 

b) Decline in macro and micro-fauna 

1. Management of Physical Degradation 

 Among the physical degradation processes, soil erosion is the major process 

responsible for soil degradation. Water erosion is relatively more important in semiarid 

regions and wind erosion in arid regions. Recommended soil conservation measures are: 

a. Water Erosion 

Agronomic measures 

i. Preference to erosion resistant crops such as legumes and other ground smothering 

crops, 

ii. Tillage practices to improve water intake into the soil and reduce surface runoff, 

iii. Counter cultivation (ploughing, sowing and inter cultivation across the slop) 

iv. Strip cropping of erosion resisting and erosion permitting grain crops, 

v. Application of heavy dose of bulky organic manures including mulching. 

Mechanical Measures 

i. Contour bunds and graded bunds, 

ii. Bench terraces, 

iii. Contour trenching, 
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iv. Gully control, 

v. Grassed water ways, and 

vi. Watershed approach 

Forestry Measures 

i. Establishing perennial trees and grasses, 

ii. Agroforestry 

b. Wind erosion 

i. Minimum tillage with rough soil surface to prevent wind erosion, 

ii. Stubble mulching, 

iii. Cover crops, 

iv. Mulching and 

v. Wind breaks and shelterbelts 

c. Compaction, Crusting and Sealing 

Compaction is usually caused by the use of heavy farm machinery. Crusting and sealing 

however, results from the impact of rain drops if the soil is not well protected. Soil 

compaction and sealing inhibit water infiltration into the soil and exchange of gasses 

between the soil and atmosphere. Small seeded crops, grasses and vegetables are 

particularly sensitive to soil crusting. 

Measures to minimize the adverse effect include: 

i. Addition of large quantities of bulky organic manures to improve soil aggregation, 

ii. Adverse effect of soil crusting, immediately after seeding, can be minimized 

considerably by dragging, a heavy thorny branch over the soil surface or by working a 

light spike tooth harrow over the soil surface without disturbing the germinating seed, 

iii. If water is available, a light irrigation can overcome the crust problem leading to 

optimum seed germination, and  

iv. Application of sand to improve physical conditions for increasing water infiltration into 

the soil. 
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2. Management of chemical degradation 

Amelioration of salt affected soils 

These are broadly grouped into three: 

a) Physical and hydro-technical amelioration 

Management options include: 

i. Deep ploughing improve the water infiltration into the soil, 

ii. Sand mixing  (up to 50 t ha-1) to improve air and water absorption, 

iii. Profile inversion of sub-surface soil horizons contain gypsum, 

iv. Leaching with good quality water and draining the profile to remove excess soluble 

salts constitutes hydrothermal processes of physical amelioration. 

b) Chemical Amelioration 

i. Soluble calcium salts such as CaCl2 or gypsum 

ii. Acidifying materials like sulphur, iron sulphate, sulphuric acid etc. for solubilizing 

insoluble native soil calcium and 

iii. Waste materials such as phospho gypsum etc. 

 

c) Biological Amelioration 

i. Biological activity can be stimulated by simply allowing a grass cover to develop, 

through forestation or by adding organic material, 

ii. Addition of bulky organic manures/organic materials improves water infiltration and 

release of carbon dioxide during decomposition, 

iii. In calcareous soils, the carbon dioxide brings in the soluble calcium for exchange to 

replace sodium in the soil exchange complex, 

iv. Barley and wheat crop appears to be a reasonably good choice for sodic soils during 

rabi. For kharif, pearl millet considered as possible alternative to rice. Native grasses 

Cynodon dactylon and Panicum antidotale have remarkable potential for 

establishment and growth in sodic soils, 
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v. Rice based cropping systems are more suitable and promising than other systems on 

such types of soils. Wheat-rice or berseem-rice for 3 years and diversification of 

cropping system afterwards is ideal. Inclusion of a green manure crop in the system 

leads to sustainable production under several situations, 

vi. Aged seedlings for transplantation with 4to 5 seedlings per hill appear optimum for 

adequate stand establishment of rice, 

vii. In general, around 20% higher dose of fertilizer than the recommended leads to near 

optimum yields. 

Amelioration of acid soils 

i. Rice should be the major crop of acid soils as it has greater degree of tolerance to 

acidity, 

ii. Application of lime 

iii. Legumes, cotton, maize, sorghum, wheat and linseed respond to lime application, and 

iv. Tree species such as sesbania is also affective. 

Amelioration of Water Logged Soils 

i. Planting should be done on mounds so that crop escapes complete submergence, 

ii. Fertilizers should be applied along with planting, 

iii. Protect the seedlings from termites, 

iv. Land grading to maximize water infiltration into the soil and to minimize surface 

accumulating in low laying areas, 

v. Provision of an effective open drainage system to divert runoff entering the low-laying 

areas, and  

vi. Rice may be preferred for water logged soils. 

 

3. Management of Biological Degradation 

Decline in soil organic matter is largely attributed to: 

- Intensive cultivation, which stimulate decomposition of soil organic matter, 
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- Excessive dependence on inorganic fertilizers and neglect of adequate input of FYM 

and other bulky organic manures, 

- Cropping systems aimed at yield advantage and neglect of soil organic matter build 

up, and 

- Arid and semiarid climates 

Built-up of Organic Matter in Soil 

i. Forest systems add larger and more amount of organic matter to the soil than grass 

land systems, which in turn, provide greater amounts than crop production systems, 

ii. Green manures 

iii. Crop residues 

iv. F.Y.M 

v. Poultry manure 

Reduction in soil macro and micro fauna 

Biological processes are central to soil fertility and productivity and sustainability of agro-

ecosystem. The number of organisms varies greatly depending on moisture contents, 

physical condition of soil, temperature, food supply and soil reaction. 

Major practices influencing the soil organisms are: 

i. Tillage practices such as deep and excessive ploughing leads to organic matter 

loss and which leads to reduction in soil organism population. Change in soil 

physical properties due to puddling has similar adverse effect on soil organisms. 

ii. Cropping systems such as cereal-cereal or non-legume-non legume results in 

reduced population of soil organisms. 

iii. Continuous use of inorganic fertilizers without regular addition of bulky organic 

manures suppresses their activity. 

iv. Plant protection chemicals may temporarily inhibit the activity of soil microbes. 

Population and activity of soil organisms can be increased by: 

i. By following legume-cereal cropping system. 
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ii. Bulky organic manures and green manures aid soil organisms build up due to 

improvement in soil organic matter. 

iii. Agroforestry and organic farming systems create ideal soil conditions for multiplication 

and activity of soil organisms. 

Soil quality  

Definitions 

 Soil quality or soil health is  “the fitness of soil for use”  

 Soil quality means, managing soil for today and tomorrow.  

 To a production agriculturist it means- productive land that is enhancing or sustaining 

crop productivity, increase the profits and/or preserve the soil reserve for future.  

Management options for soil quality  

To increase the soil quality the uses of conservation practices which improve soil function 

are of immense importance. Options include rotations of crops and growing of cover crops. 

These can increase organic matter of soil, nitrogen contents and reduced the soil erosion. 

Further, practices that can reduce disturbance (avoid excess tillage), increase crop 

diversity, ground cover, addition of organic matter and can cycle water, nutrients and 

energy efficiently, also helpful in increasing soil quality. Use of composting and other 

organic materials is an effective way to stabilize nutrient status. Due to primary 

decomposition, quality of compost is much better when compared with its raw components. 

However, its contribution is lower than that of sticky gums and waxes of soil particles 

aggregate because these substances are also released at initial decomposition. Similar to 

manure, soil application of compost has not any burning effect on plants or plant roots. 

Humates and humic acid and its derivatives, obtained from oxidized soil, sugar, gums, 

waxes have important role in soil microbiology and structure. These derivatives are not 

considered as humus. It is necessary to add enough quantity of organic matter to soil as 

small quantity will not convert into the humus. During decomposition, small amount of 

organic matter convert in to carbon dioxide. Tillage smoothes the soil surface and destroys 

natural soil aggregations and earthworm channels. Porosity and water infiltration 

decreases following most tillage operations. Any tillage system that leaves an excess of 

30% surface residue is considered a “conservation tillage” system by USDA. Conservation 

tillage includes no-till, zero-till, ridge-till, zone till and some variations of chisel plowing and 

disking. The principal benefits of conservation tillage are reduced soil erosion and 

improved water retention in the soil, resulting in more soil resistance. Additional benefits 

that many conservation tillage systems provide include reduced fuel consumption, 

flexibility in planting and harvesting, reduced labor requirements and improved soil tilth. 
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Two of the most common conservation tillage systems are ridge tillage and no-till. Ridge 

tillage is a form of conservation tillage that utilizes specialized planters and cultivators to 

maintain permanent ridges on which row crops are grown. After harvest, crop residue is 

left until planting time. To plant the next crop, the planter places the seed in the top of the 

ridge after pushing residue out of the way and slicing off the surface of the ridge. Ridges 

are reformed during the last cultivation of the crop. Often, a band of herbicide is applied to 

the ridge top during planting. Conventional no-till methods have been criticized for a heavy 

reliance on chemical herbicides for weed control. Additionally no-till farming requires 

careful management and expensive machinery for some applications. In many cases 

spring temperature of the untilled soil is lower than that of tilled soil. This lower temperature 

can slow germination of early planted corn or delay planting dates. Also, increased insect 

and rodent pest problems have been reported. On the positive side, no-till methods offer 

excellent soil erosion prevention and decreased strips across the field. 

2. SUSTAINABLE UTILIZATION OF AGRO-BIODIVERSITY  

Agro-biodiversity means the genetic variability among plants, animals, fish, insects, and 

microbes (fungi, bacteria and viruses). It helps farmers in producing range of agricultural 

products while keeping farm health and sustainability. Agro-biodiversity has following key 

benefits: 

1. High yields and profits through diversified products 

2. Keeping stability and sustainability of agricultural resources 

3. Soil and water conservation 

4. Preserving the structure of the ecosystem and the maintenance of species diversity 

5. Environmentally friendly management of weeds, insect-pests and diseases 

6. Less dependence on off-farm inputs 

7. Decreased agricultural pressure on natural lands and forests 

8. Providing multi-source human nutrition 

How biodiversity on the farm can be maximized? 

1. Integration of animal husbandry and crop production 

2. Maintaining  permanent hedgerows, cover crops, trees and water pools 

3. Replacing mono-cropping with multi-cropping, inter-cropping and crop rotations 
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4. Pasture management with broad range of forage crops 

5. Avoiding fallowing by growing off-season cover crops 

 

3. INTEGRATED NUTRIENT MANAGEMENT 

Integrated nutrient management (INM) is the practice of maintaining soil fertility through 

utilization of all possible sources of nutrient supply (organic manures, composts, bio-

fertilizers and inorganic fertilizers) by using them in integrated manner.  It draws following 

benefits: 

1. It keeps in equilibrium the readily available, slowly available and fixed forms of nutrients. 

2. Physical, biological and chemical health of soil is maintained. 

3. It maintains continuous nutrient supply to crops in terms of time and space by 

synchronizing plant demand with soil and applied nutrient pools. 

4. Minimize nutrient losses and avoids soil and water pollution by fertilizers. 

Major components of INM: 

1. Organic Manures: 

a) In-situ organic manuring 

This is the soil manuring at site. It has 2 sources: 

i. In-situ animal manuring 

Usually practiced in areas where cattle, sheep buffalos, and goats are reared in the open 

lands and later on their dung is ploughed down into the soil. 

ii. In-situ plant manuring (green manuring) 

It is the growing of green manure crops (guara, dhaincha, berseem, sunhemp, and senji) 

then incorporating them into soil at the time of flower initiation.  

b) Ex-situ organic manuring 

Plant and animal wastes from agriculture and agro-industrial sources such as: 

i. Livestock and human waste 
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ii. Crop residues, tree waste 

On an average, crop residues contain about 1.5% K2O, 0.6% P2O5, and 0.5% N. 

iii. Urban and rural wastes 

- Urban and rural composts 

- sewage and sludge 

Rural and urban waste on an average contains about 0.8-1.2% K2O, 0.5-1.0% N, and 0.4-

0.8% P2O5. 

iv. Agro-industries by products 

- Wheat and rice mills waste 

- Bagasse and press mud 

- Saw dust 

2. VERMI-COMPOST:  

Vermi-composting is a process where worms are used in transforming agricultural and 

kitchen waste, and city garbage into valuable fertilizer products. Usually, vermicompost 

contains 0.4-0.9% N, 0.2-0.3% P2O5 and 0.2-0.5% K2O, and lot of micronutrients. 

There are following advantages of using vermicompost: 

1. It improves soil fertility as well as physico-biochemical properties of soil. 

2. It adds considerable amounts of micronutrients to soil. 

3. Rich in growth promoters and enzymes. 

5. Maintains soil pH to neutral range thus helps in keeping nutrient availability. 

6. Quality, shelf life and nutritive value of horticultural crops is enhanced. 

7. Al toxicity is reduced. 

3. Biofertilizers:  

Biofertilizers are the microbial rich organic materials manufactured to get benefits from a 

number of biological processes such as biological N fixation, nutrient solubilization, growth 

promoting hormones carried out by living micro-organisms.  



 

260 
 

Kinds of biofertilizers 

a) Nitrogen Fixing Biofertilizers 

These biofertilizers contain nitrogen fixing bacteria and blue green algae that add plant 

available N to the soil by after fixing atmospheric nitrogen. 

i. Rhizobium  

Rhizobium is specific to crop and used for inoculation purpose in legumes crops. 

Rhizobium bacteria fix atmospheric nitrogen in especially in legumes, however in some 

non-legumes it also fix atmospheric nitrogen.  Act on pulses like mash, moong, arhar, pea, 

lentil, chickpea and others like soybean, groundnut, berseem, and lucerne etc. Rhizobium 

can fix 50-150 kg N/ha/season and increase yield 10-30%. It is needed in areas where a 

particular legume crop has not grown earlier or is being grown after 3-4 years. Twenty 

grams of culture is required to inoculate 1 kg seed of pulse crop. Crop inoculation groups 

along with their rhizobium species and legume crops have been listed in Table 11.2. 

 

Table 11.2.: Major cross inoculation groups with inoculants and host plant 

Cross inoculation group Rhizobium species Legume host 

Pea group   R. leguminosorum pea, sweet pea 

Alfalfa    R. meliloti  sweet clover 

Clovers   R. trifoli   clover/berseem 

Bean group   R. phaseoli  all beans 

Soybean group  R. japonicum  /soybean 

Lupine group  R. lupini   lupins 

Cow pea group  R. species  cowpea, gram, arhar, urd, moong, 

       groundnut 

 

ii. Azotobacter 

Azotobacter is non- symbiotic, free living and aerobic nitrogen fixing bacteria mostly used 

on a limited scale found in close association with vegetable crops. Besides vegetables it 
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is also effective for sugarcane, cotton, cereals and millets. It can fix about 15-25 kg 

N/ha/season and causes about 10-15% increase in yield. Azotobactor is reported to 

synthesize growth promoting substances like IAA, IBA, NAA, cytokinins , and GA, B-

vitamins which help in plant growth promotion. Azotobactor synthesizes antibiotic 

substances which has effective control against various fungal infections that are caused 

by Alternaria & Fusarium, viral and bacterial diseases of crop plants. It mineralizes 

tricalcium phosphate and thus increases uptake of P in plant. It has been reported that in 

rice and wheat yields were increased by 5-31 and 16-30%, respectively with azotobacter 

culture. This can be applied in the fields either by seed inoculation, seedling inoculation, 

pelleted seeds, pre-inoculated seed or granular soil inoculants. Of these, seed and 

seedling inoculation are common, effective and easy. In seed inoculation, carrier based 

culture as per need and it is mixed with water  of 500 mL/packet to form slurry adding 10% 

sugar and 40 percent gum arabica. Required quantity of seed is then mixed with slurry to 

form uniform coating of seed with inoculants. Two kilograms of the culture is mixed with 25 

kg FYM and broadcasted in the field uniformly before sowing. The roots of seedlings can 

be dipped in azotobacter slurry prior to transplantation. 

iii. Azospirillum 

This species is also crop specific and commonly useful for cereal. The crops responding 

to azospirillum are maize, barley, wheat, rice, oats, sorghum, pearl millet and forages. 

Roots of these crops excrete organic substances (exudates) which are good source of 

carbon and energy for azospirillum and stimulate its multiplication. It can enhance crop 

yield by 14-20%. It can fix about 20-25 kg N/ha/season. Application procedure is same as 

for azotobacter. 

iv. Blue-green algae 

These are cyanobacteria, free-living organisms. They are photosynthetic nitrogen fixers 

(they use energy derived from photosynthesis to fix atmospheric N). The BGA anabaena 

inhabits cavities in the leaves of floating fern Azolla and fix nitrogen in lowland rice. The 

Azolla-anabaena complex is a significant non symbiotic system without nodule formation. 

The common Azolla specie is Azolla pinnata. The BGA can be cultured in small pits and 

used as an inoculum in rice fields at 12 to 15 kg ha-1 or mass multiplied in cropped area   

assimilated into the soil before planting. 

BGA boosts rice production (up to 50 %) under an-aerobic conditions by fixing nitrogen 

and release of plant growth regulators for crop. They are reported to fix 20-25 kg 

N/ha/season. It can improve texture of soil by increasing organic contents and amino acids, 

produces organic acids that solubilize P precipitates, Ca which ameliorate soil, growth 

promoting substances, vitamins for rice and oxygenates the field impounded water to 

prevent accumulation of reduced iron and sulphates which are injurious to root growth. 

Blue green algae conserve nitrogen and  carbon and converting the sodium clay into 
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calcium clay. Under laboratory conditions about 12-34% decrease in soil salinity through 

mat has been reported (Anabaena torulasa). BGA produce the compounds responsible for 

“Earthy” odors detected in soil. Some BGA secrete mucilaginous substances which bind 

soil particles into soil aggregates. 

v. Azolla  

Azolla is applied in rice field at the rate of 7.5 kg/ha as a green manure. It is allowed to 

grow in flooded conditions for 2-3 weeks before transplanting, after that water is allowed 

to drain and azolla is mixed with cultivation in the field. As a double crop 10-50 q/ha of 

azolla (hybrid azolla at 60 kg/ha) is induced in the field about 1-1.5 week after rice 

transplanting. It forms a thick mat on water. Azolla can double its biomass in 3-5 days and 

assimilate 30-80 kg N/ha. 

b) Phosphorus mobilizer biofertilizers 

i. Phosphate solubilizers:  Phosphorus solubilizing bacteria has ability to solubilize soil 

phosphate and increase P availability by secreting organic acids. These bacteria belongs 

to genera Pseudomonas and Bacillus. Some P solubilizing fungi also belongs to genera 

Penicillium and Aspergillus. Inoculation of seedlings or seeds with microphos biofertilizers 

can provide around 30 kg P2O5. These microorganisms secrete organic and inorganic 

acids such as malic acids, citric acid, formic acid, acetic acid etc. They reduced soil pH 

and caused dissolution of bound form of phosphorus. Bacillus grows on sulphur in soil and 

sulphuric acid is synthesized which dissolves phosphate from rock phosphate and make it 

available for plant use. 

ii. Phosphate absorbers: Mycorrhizae are mutualistic symbiosis or association between 

roots and fungi present in soil. These are the member of kingdom Basidiomycetes, 

Zygomycetes and Ascomycetes. Vesicular-arbuscular mycorrhiza (VAM) increase the P 

nutrition along with its mobility. Through VAM plants are able to take P from soil zone not 

visited by root system. The VAM has also been reported to improve the uptake of zinc, 

copper and water. VAM are formed by association of phycomycete fungi and most of the 

agricultural crops. They store P as phospholipids. VAM inoculums can be prepared by 

mixing finely chopped roots of VAM infected host in sterile soil. Maize, sorghum and other 

grasses are suitable host for VAM inoculation. VAM culture can be used for all crops 

including grasses, legumes and cereals.  

c) Organic matter decomposing bio-fertilizers 

Insoluble contents of organic matter are cellulose and lignin and delay the composting 

process. Cellulose decomposing microorganisms are Chaetomium, Trichoderma, 

Aspergillus, Penicillum fungi and bacteria such as Cellulomonas, Clostridium, Cytophaga, 
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Arthrobactor, and Actinomycetes, Nocardia and Streptomyces. Lignin decomposing fungi 

are cephalosporium, Humicola, etc. The decomposition of lignin is done by fungi. 

Problems in Biofertilizers 

1. Unawareness of biofertilizers 

2. Unavailability of biofertilizers . 

3. Poor quality biofertilizers or biofertilizers of expired date. 

4. Transport and storage conditions that destroy the microbial  

3- INORGANIC FERTILIZERS   

Improved cultivars demand large quantities of nutrients due to their high yield potential. As 

such, low analysis organic manures and biofertilizers are not in a position to meet the 

nutrient needs of the crop. Until all the available resources of organic manure are fully 

tapped, there is need for supplementing at least part of plant nutrients, through inorganic 

fertilizers. It reported that inorganic fertilizers efficiency increased by its integration with 

organic manures and bio fertilizers. This will also reduce the environmental pollution. 

4. SUSTAINABLE UTILIZATION OF WATER RESOURCES 

A. Ground water use consistent with aquifer recharge 

Ground water has a good source of irrigation water. However, much of the present 

practices of utilization are not sustainable because they largely depend upon luxurious use 

of water. The decline in ground water levels in certain areas has resulted in decrease in 

well yield, failure of wells/tube wells, increased pumping costs and higher consumption of 

energy and ingress (intrusion) of sea water in coastal areas. Thus, depletion of ground 

water needs to be arrested by: 

i. Integrated approach for control of declining water table 

1. Reduced ground water draft through 

1. Enhancing surface water supply by developing new projects, inter zonal transfer of 

water, storage of surplus water, and renovation of water course, 

2. Crop diversification, 

3. Optimizing water use in rice fields, 

4. Minimizing the gap between demand and supply, 
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5. On-farm water management, 

6. Feasibility of exploiting deep aquifers. 

2. Increased ground water potential by artificial ground water recharge through 

1. Existing network of surface drainage system, 

2. Percolation tanks, water harvesting structure and water shed management in 

upper catchments. 

3. Diverting surplus water from rivers and streams to declining water table areas. 

ii. Artificial ground water recharge 

Ground water resources can be augmented through artificial recharge. The success of 

ground water recharge depends on water quality available, suitability of site and 

appropriate recharge technique. Water resources, which can be used for artificial ground 

water recharge, include. 

1. Surplus monsoon runoff 

2. Surplus Canal Water: During rainy days, water may not be required for irrigation but will 

have to be released for other requirements (hydropower). Canal water during this period, 

therefore, may be utilized for ground water recharge. 

2. Sewage Water: In Pakistan, the sewage is collected in temporary pumping stations and 

pumped either on to land for irrigation or into drains or in some cases it is left to find its 

way into depressions where it stagnates. 

B. Water Conservation 

Water conservation in irrigated areas can be achieved by 

i.  Reducing conveyance losses 

Conveyance losses account for 40 to 50 % of the water delivered into a canal and half of 

this value at farmer field’s channels. In order to reduce these losses, lining of canal network 

should be done with due importance to economic considerations. However, water courses, 

which contributed very little to ground water, should be lined for efficient conveyance and 

distribution of water. 

ii.  Canal water management 
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The water allowance, the capacity factors and the irrigation intensities were designed 

keeping in view the availability of irrigation water and irrigation demands of the cropping 

systems prevalent at that time since a major change has occurred in cropping pattern, 

ground water development, cropping intensity, irrigation etc. This has resulted in a 

mismatch between demand and supply during the crop period. This gap can be minimized 

by revising the water allowance and the capacity factor, according to the irrigation 

requirements of existing crops, quality and availability of ground water. 

iii. On-farm water management 

Reducing application losses 

Application efficiency of surface methods of irrigation is only 30-50% compared to that of  

attainable level (60 -80%) because these methods are not suitable to the soil type stream 

size, , and slope. In row crops like sugarcane, cotton, sunflower  we can save 30-40% 

water by using  ridge and furrow irrigation method as compared to flood irrigation. Similarly, 

about 30-40% water can be saved with sprinkler or drip irrigation in water scarcity areas, 

having condition conducive to their application. 

Irrigation scheduling 

Where irrigation water is abundant, irrigation should be reported before yield or quality 

reduction due to water stress that develops in the field. In case of rice, intermittent 

submergence, which includes rotations and occasional submergence can save irrigation 

water up to 50% depending on soil type. 

The first step for irrigation scheduling with limited water is to assess the relative sensitivity 

of different growth periods to water stress. Irrigation with limited water should be so 

managed that the inevitable stress synchronizes with the least sensitive stages. 

Precision land leveling  

Precision land leveling/grading is essential for efficient utilization, uniform distribution of 

irrigation water, quick removal of excess rain water in humid and sub humid areas and 

conservation of rain water in arid and semiarid areas. In surface method of irrigation, land 

leveling is essential for high application efficiency. 

C. Water Harvesting  

i. In-situ rainwater harvesting 

It can be achieved by increasing infiltration rate with deep ploughing and by keeping soil 

surface relatively rough. On lands having slopes up to 1 to 2%, water conservation could 



 

266 
 

be by bunding, land leveling and contour cultivation. On lands having 2 to 6% slopes, 

graded contour bunds are ideal and on slopes it is from 6-33%. 

ii. Ex-situ rainwater harvesting  

Arid and semi-arid areas received low and erratic rainfall with high intensity of short 

duration results in high runoff with little moisture storage. Harvesting and storage of runoff 

provides lifesaving irrigation to the standing crops during dry spells and for a second crop 

during the winter season. Roof top collection, dug out ponds, storage tanks, gully control 

structures,  small dams are the main  ex-suit rainwater harvesting techniques. These 

technologies are highly location specific. 

D. Safe Use of Saline Water  

Management practices for optimum crop productivity with saline water must aim at 

preventing building up of salinity in the root zone. 

i. Crop Management  

1. Selection of crops 

Tolerance to salinity or sodicity varied among the crops. Where there is not possibility of 

change the quality of water, selection of crop is main focus for successful crop production.  

. Oil seed crops requires small amount of water, can tolerate under salinity to a greater 

extent, whereas most pulse crops are very sensitive to salts. Crops like sugarcane and 

rice require more water should not irrigate with brackish water as these augment the 

salinity problems.  

2. Growth stages 

During initial stages, plant roots are limited to few cm, where salts are accumulated due to 

evaporation. Germination and initial stand establishment are the most critical stages, 

require strategies to reduce the salinity at root zone. Other critical stages are the change 

in phase like  vegetative to reproductive and heading and flowering. Otherwise, tolerance 

to salinity increases with the age. 

3. Crop varieties  

Tolerance potential for salinity varies among the crops or crop varieties.   A negative 

correlation has been reported between tolerance and crop yield potential. Varieties 

showing stable yield under saline conditions should be preferred. 

ii. Irrigation management  
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1. Leaching requirement for salt balance 

Areas where highly saline waters are used are usually mono cropped. Only salt tolerant 

crops are grown during winter. In such areas, rainfall received during monsoon is utilized 

for meeting the leaching requirements and thus maintaining the salt balance. A leaching 

strategy that can work well is to apply saline water for boosting the antecedent (prior, 

preceding) moisture contents and reducing salinity levels before the onset of monsoon. 

The refill of the surface soil with water just before the onset of monsoon will enhance salt 

leaching during ‘kharif’ rains. In addition to amount and frequency of rains, or water, salt 

leaching with rains/water depends on soil texture.  

3. Pre-sowing irrigation  

It is usually given to ease tillage, seed setting, seed bed conditions and provide water to 

the root zone for seed germination and seedling establishment. In saline soils, pre-sowing 

irrigation also leach the soluble salts below the seeding or root zone that minimize the 

effect of salt and help in seedling establishment.   

4. Cyclic use of multi quality waters  

The strategy is the judicial use of brackish water. It involves use of canal water at most 

sensitive growth stages, crops grown in sequence and use of saline water at other stages. 

In this way, we can minimize the harmful effects of salinity. Crops can be maintained very 

close to that with good quality water by skipping saline water at initial growth stage. Good 

and saline waters applied alternatively can also be followed if circumstances demand. 

Irrigation with saline water should not be done at most critical stages such as seedling 

phase. Cyclic use is better than mixing.  

i. AMENDMENTS NEEDED  

Chemicals amendments are extensively used in sodic soil the help to mitigate the adverse 

effects of Sodicity. Application of gypsum is required in such soils. In rain-fed areas, 

application of gypsum before onset of monsoon is better.  

ii. PLANTING PROCEDURE 

Under saline areas, low seed germination is a major constraint. . Pre-sowing or soaking 

irrigation is possible solutions to attain required germination percentage. This practice will 

leach the salt from seeding or root zone and provides good quality water to seeds that 

need for germination processes. Use of higher seed rate is another option that will provide 

higher plant population which compensate the unhealthy plant due to salinity.  

5. AGRO-FORESTRY 
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Growing of both trees and crops or pastures either mixed in space or time is called as 

agroforestry. One of the major objectives of agroforestry in land use is to maintain the 

productive capacity of land on sustainable basis by maintaining soil fertility through erosion 

control and the addition of organic matter. In this system fertility loss from the crop 

components are balanced by gaining from trees. Trees play two main roles in erosion 

control, supplementary and direct. In the supplementary role, erosion is controlled 

generally by conventional means, such as earth bank and ditches, terraces or grass strips. 

The trees help in stabilizing these conservation structures and make productive use of land 

they occupy. In the direct role, the trees themselves play a significant role in erosion 

control.  

6. INTEGRATED NUTRIENT MANAGEMENT: 

Integrated plant nutrient system (IPNS) aims to develop a system to maintain soil fertility 

and supply of plant nutrient to an optimum level for sustaining the crop productivity. This 

also refers to the use of all possible sources of nutrients in an integrated manner. 

Benefits: 

1. Enhances the availability of both applied and native soil nutrients  

2. Synchronizes the nutrient demand set by the  

3. Maintain physical, chemical, and biological  health of soil. 

4. Reduce the soil applied fertilizers or nutrients leakage to water bodies or atmosphere.   

Major components of INM, excluding inorganic fertilizers can be grouped into two broad 

groups: organic manures including farm organic wastes and bio-fertilizers. 

1) Organic  Manures: 

Bulky organic manures have been the major traditional means, sustaining plant nutrients 

in the soil throughout history and these are equally as important today. It may be in-situ or 

ex-situ manuring. 

a) In-situ Organic Manuring: This is the method of manuring at soil site there are two types 

of in-situ manuring: by animals at site and manuring with plants at site (green manuring). 

 In-situ manuring by animals: This is the wide spread traditional practice in areas 

where cattle, buffalos, sheep’s and goats are kept during night in the open lands and 

later ploughed the droppings directly into the soil. 
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 In-situ manuring with plants (green manuring): All leguminous crop producing 

around 15 t ha-1 of green matter will add about 50kg nitrogen per ha. The following are 

some examples of green manure crops: 

Sesbania rostrata (rostrata) 

Sesbania speciosa (sesbania)       

Sesbania aculeata (dhaincha)       

Crotalaria juncea (sunhemp) 

Nitrogen content varies from 2-4% green manure crops based on dry weight basis.  

Green leaf manure: Dried green leaf manure provides about 1.5-2.5% N  

b) Ex-situ Organic Manuring: 

Farm yard manure (FYM) used to be the major source of supplying nutrients to crops in 

traditional agriculture before the introduction of inorganic fertilizers. One ton of FYM 

supplies 112, 45, 2.5, 4.5 kg organic matter N, P, and K, respectively.  

 

11.6 Benefits and Constraints of Sustainable Agriculture 

11.6.1 Benefits/Advantages 

1. Economic benefits 

 Increase the efficiency and productivity of agricultural systems, thus contributing to 

improvement of farmers livelihoods. 

 Optimize natural resource consumption e.g., water and energy, while maintaining or 

enhancing environmental services of water shed or landscape. 

2. Environmental benefits 

 Improve farmland productivity and thus generate opportunities to preserve wildlife 

habitats from further change to agriculture 

 Increasingly embattled pest management and precision farming strategies 

 keep and enhance ecosystem health particularly through biodiversity conservation, 

soil and water quality management. 
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3. Social benefits 

 Consumer health and choice: A wide range of high quality, reasonable agricultural 

products all through the year. 

 Farmer choice: A diversity of agricultural technologies appropriately bespoke to local 

scenarios. 

 Disadvantages: Low yield, lack of timely and effective control of pests. The conversion 

process from modern agriculture to sustainable agriculture usually takes 3 to 6 years. 

11.6.2. Constraints in sustainable agriculture in developing countries 

1. High population  

2. Low income 

3. Institutional constraints 

4. Socio-economic factors 

5. Poor land tenure system 

6. Scarcity of forests 

7. Climatic factors 

8. Land fragmentation (use of land for industrial + residential purpose, area suitable 

for agriculture is less, low soil fertility, salinity, water logging and erosion) 

9. Dry lands 

10. Desertification (water logging and salinity deteriorated ground water, lowering of 

ground water) 

11.6.3. Key challenges for sustainable agriculture 

 Assure food, feed and fiber needs 

 Optimize natural resource utilization 

 Improve productivity and profitability of existing agricultural systems 

 Protect and enhance the environment 
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 Integrate the optimal use of accessible technologies 

 Improve the quality of life for farmer and society as whole 
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CHAPTER 12  
 

  

PRECISION AGRICULTURE  

Precision agriculture is one of the innovative farm management approach based upon use 

of information technology that guarantees use of inputs and operations exactly according 

to soil and crop requirements. It is aimed at achieving optimum productivity, profitability 

and environmental protection. Precision agriculture is also known as satellite farming or 

site-specific crop management. Precision agriculture depends upon specialized tools, 

software and information technology services. This approach involves accessing real-time 

data about soil, crop and weather thus helping farmers in making right decisions. Precision 

agriculture has attained one of modern form of farming that make production system more 

efficient. With adoption of precision agricultural technologies, farmers and farms work 

better, not harder. With this technology, farmers are able to look their large field as group 

of small fields and manage them accordingly. This replaces the misuse of inputs and labor 

with their precise application and thus enhances crop and farm efficiency. Field data 

measured through site-fixed sensors along with real-time images of individual plants 

captured by satellites and robotic drones are integrated with other data through agricultural 

control centers that guide farmer to detect fields that need treatment and determine the 

actual amount of irrigation, nutrients and pesticides needed to apply. This avoids wastage 

of resources, time and labor thus minimizing costs, environmental pollution and health 

hazards. This chapter elaborates definitions, history, applications, present status and 

issues and benefits of precision Agriculture. In addition, information related to remote 

sensing, its mechanism and crop stress sensing has also been discussed.   

12.1 Concept of Precision Agriculture  

12.1.1 Definitions  

Precision agriculture or satellite farming is defined in various ways as:  

1. A farm management based on detecting, measuring and acting in response 

to variations that exist inside the crop field. Now, satellite farming is practiced at 
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whole farm scale with the aim of getting maximum benefit from inputs while 

conserving resources.  

2. Precision farming is an agricultural production system where inputs of agro-

management practices are precisely applied over an area (field or farm), keeping in 

view the spatial and temporal intra-field variability regarding all aspects of crop 

production (like soil fertility status, health index, soil moisture status etc.) for efficient 

utilization of resources eco-friendly and sustainable returns.   

It employs remote sensing technology for macro-control (gathering field information), 

global positioning system (GPS) – a geoposition and time telling device for precise location 

and global information system (GIS) - a hardware and software for detailed special and 

temporal characteristic ground information. Thus precision agriculture is based on 

technology and information, and focused on timely decision of input application (Figure  

5.1).  

12.1.2 History of Precision Agriculture  

Precision agriculture was firstly developed in United States during early 1980’s. In the year 

1985, in USA lime was applied with varied input rates in crop fields for correcting pH. At 

the end of 1980’s, this technique was used to derive the first input recommendation maps 

for fertilizers and pH corrections. Then use of remote sensing equipment along with global 

positioning system (GPS) receivers further refined the precision agriculture and it entered 

into new era of advancement of revolution. In Europe, UK was the first who further 

developed this technique and in France, precision agriculture firstly started in 1997-98. The 

improvements in GPS and techniques for variable application rates of inputs across the 

field helped to improve management practices in precision agriculture. Today, about 10% 

of the Frances’s farmers are using variable application rate system.  
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Figure 12.1.: Schematic diagram of precision agriculture application on farming decisions 

1 

2.1.3 The Applications of Precision Agriculture  

Currently, satellite farming has been applied in all aspects of crop production starting from 

land preparation to harvesting. It involves:  

1. Precise land leveling.   

2. Uniform irrigation application.  

3. Accurate and precise seeding at uniform depth and spacing.  

4. Accurate fertilizer application to each patch of field keeping in view the fertility status.  

5. Irrigation at proper time and quantity according to actual crop need i.e. irrigation 

scheduling.  

6. Accurate time of harvesting keeping in view the harvest maturity.  
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7. Timely detection and control of insect-pests and diseases, and pesticide application to 

each patch of field according to insect-pest & disease severity.  

12.1.4 Present Status of Precision Agriculture  

United States started implementing the precision agriculture tools in 1993. At the present, 

20% of the small farmers and 80% of big farmers on USA are practicing precision 

agriculture and it has been popularizing. The 19% of the farms over 300 ha have already 

using GPS in North America. Recently, about two thousand combine harvesters have been 

equipped with output sensors and are being used in corn, sugar beet, soybean, cane and 

cotton. Wheat precision seeder, controllable sprayers and automatic tractors have been in 

commercial production.  

12.2 Remote Sensing  

12.2.1. Definition and components of remote sensing  

Remote sensing is the science and technology that obtains information about objects or 

distant event. Primarily, it is non-destructive physical technique for identification and 

characterization of material objects or distant phenomena. It deals with gathering 

information about various objects on the earth with sensing device that is physically 

separated from the object by involving energy, earth targets and sensing device. The 

arrangement of these components to perform remote sensing is depicted in Figure 5.2. In 

addition to satellite, various platforms can be used to mount sensors for recording 

information. The platforms may include booms, helicopters, aircraft, stratospheric balloons, 

rockets and satellite.  

Remote sensing is brought about by three major components:  

1. The Signal from an object or phenomena  

2. The sensor from a platform  

3. Sensing which means acquiring information about the object or phenomena after brief 

analysis of signals at user’s laboratory  

Remote sensing is reflectance spectroscopy science, a branch of physics which has new 

extensive application in about every field of knowledge.  
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Figure 12.2.: Remote sensing components including sun, earth and satellite sensor  

 

 

12.2.2. Active and Passive Remote Sensing  

1. Remote sensing may be a passive remote sensing in which we have only a sensor that 

depends upon the natural target-irradiating external source e.g. visible remote sensing 

system where sun irradiates the target and sensor gets light reflected from the target. 2. 

Or may be an active remote-sensing where both the sensor and source are present. 

Source (e.g. radar) irradiates the target by transmitting microwave pulses from its 

transmitter antenna and receives the reflected waves through its receiver antenna.  

  

12.2.3. Remote sensing is the basic tool for GIS and GPS   

The GIS (geographic information system) is a tool for handling geographic data of both the 

spatial (related to location, shape and relationship among features) as well as descriptive 

(data related with characteristic features) nature. It consist of a number of hardware and 

software components for digitalizing, data base management, analysis and processing, 

Satellite Sensor   
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map / graphic editing and  plotting attached to a central computer. It also contains a file 

system consisting if a number of related data layers actually representing geographies of 

the real world. These include topography, geology, soils, hydrology, agriculture, forests, 

land cover, surface biomass, population, weather factors (precipitation, temperature, and 

moisture), transportation network, utilities, roads, streets, districts and so on. Data on 

different aspects of the geographies are stored in GIS files.  

Geographic information system is capable to capture, save, recover, update, modify, 

analyze and show all forms of geo-related information according to user-defined 

specifications. Both the GIS and remote sensing system are formed to be complementary 

to each other and thus increase the efficiency and reliability of each other. Remote sensing 

provides the basic raw data input to GIS where on reverse flow of data from GIS to remote 

sensing system improves the classification of remote sensing imagery which in return is 

used by GIS.  

The GPS (Global position system) is a satellite based navigational aid, based on 

radiopositioning navigation of time-transfer system. It provides accurate position 

(longitude, latitude and altitude), velocity and time of an object at any moment, anywhere 

on the globe. This system has following three major segments shown in Figure 5.3:  

1. Space Segment: It consists of twenty-four satellites circulating in 6 orbits around earth 

(4 in each orbit).  

2. Ground Control Segment: It consist of a master station and the monitoring stations 

with receiver antennae located at different locations around the earth.   

3. User Segment: It is a steering system like a ship or aero plane fitted with the GPS 

receiver to locate its position with respect to latitude, longitude and altitude on the earth.  

12.2.4. Applications of Remote Sensing and GIS in Agriculture  

1. Crop Area Estimation:  



 

278 
 

It is one of the most widely used applications of remote sensing and GIS throughout 

the world. Assuming the favorable weather and agro-management practices, crop area 

at district, state and country level is the first and foremost information required to 

assess the crop production during the season.  

To estimate the area covered by major crops in an area for a specific season, satellite 

remote sensing data is needed for at least three phonological phases of crops i.e. 

establishment phase, maximum vegetation phase and active reproduction phase. In 

addition, GPS-based ground truth data collection should also be made over at least 

10% of the study area during the above mentioned three phonological phases of crop. 

By correlation of satellite based and actual ground based data, accurate estimation of 

crop area can be made.   

2. Crop Stress Monitoring:  

Crop stress may result from unfavorable weather conditions, attack by insect-pests 

and diseases, inadequate inputs and improper crop management practices. This crop 

stress in larger areas can be detected by periodic monitoring of crop health index like 

NDVI (normalized difference vegetation index) – a parameter indicating the amount of 

green vegetation over an area from satellite remote sensing imageries. Once crop 

stress symptoms are detected in substantial areas, the exact type of stress can be 

ascertained by actual field visits and remedial measures are suggested for recovering 

the crop from stress. This monitoring work helps in stabilizing crop production and 

reducing crop yield losses through an early warning system.  
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(GPS receiver)  

Ground control segment  

Figure 12.3.: Schematic arrangement of various components of global positioning system  

3. Crop Production Forecasting:  

Crop production forecasting is extremely important for the national level policy planning. 

The crop production forecasts of a state or country should be made available to the policy 

planners at least 1 or 1.5 months before harvest i.e. at the active reproductive phase of 

crop.  In order to forecast crop production, pixel-based crop health index (NDVI) imageries 

from remote sensing image analysis system are transferred to GIS. Collateral information 

on GIS should include land and soil characteristics, weather parameters during the season 

and availability of agriculture inputs like fertilizer and irrigation. With these data, a suitable 

model validated from similar historical data along with corresponding crop yield figures is 

run to forecast production during the season.  

4. Crop Monitoring and Forecasting:  
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Crop stress monitoring and crop production forecasting are collectively called crop 

monitoring and forecasting.  

5. Precision Agriculture / Farming:  

Precision agriculture has been emerged as a new era of farming by making a combined 

use of remote sensing, GIS and GPS technologies. It is the targeting of inputs in spatial, 

temporal and quantitative terms.  

 

12.3. Crop Stress Sensing  

5.3.1. Normalized Difference Vegetative Index (NDVI)  

The NDVI is a calculation based on a combination of visible (VIS) (an electromagnetic 

radiation responsible for sight sensation) and near infra-red (NIR) (part of infrared radiation 

reflected from plant materials) wavelengths.   

NIR − VIS 

NDVI =   

NIR + VIS 

This formula generates a value ranging from -1 to +1 which indicates usually a water 

surface to a strongest vegetation cover, respectively. This parameter is used to measure 

the quantity of green vegetation over an area. The principle behind NDVI calculations is 

that actively growing green canopies absorb visible radiation that lies in photo-synthetically 

active radiation spectrum (400-700 nm) (spectral range of solar radiation that is actually 

used in photosynthesis) while strongly reflecting infra-red radiation (700-1300 nm). Light 

spectrum ranges from 300 -3000 nm wavelength. 
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The principle mechanism of NDVI has been shown in Figure 12.4.  

 
       Absorbed by ground           3.Transmitted Radiations to Ground   

  

Figure 12.4.: Principle mechanism of NDVI over crop vegetation   

  

12.3.2. Green Seeker  

Green Seeker is used to record quantitative data on spectral reflectance by crop at various 

physical and the physiological states of crop for the assessment of the growth condition of 
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crop. It is used for determining nutrient response, yield potential, biotic and abiotic stresses 

of the crop.  

Advantages of Green Seeker:  

1. It provides quick and non-destructive estimation of crop health based upon its 

radiation interception and photosynthetic efficiency as well as leaf area index and 

total dry matter.  

2. Correlation between plant canopy reflectance and above ground biomass 

measured on certain growth stages can be used for early predictions of crop yields.  

3. It is portable and can be easily transported and handled.  

4. Huge number of observations can be taken in relatively short time.  

5. Has been well validated for bread wheat , barley , rice , maize and sorghum   

6. Two modes namely: Strip Logging Mode (for large field strips), and Plot logging 

Mode (for multiple plots) are available.  

Methodology:  

Measurement through green seeker is made by the following steps:  

1. Keep the seeker in hand and run it in the field at 45 cm above the crop canopy.  

2. Walk your plot and pull data trigger on hand held to collect data with N-Tech capture 

PDA Software.  

3. Give average values of NDVI showing plant vigor and biomass for each sample.   

4. Data can be stored as text file to be shifted into MS-Excel sheet.  

  

12.4. Issues and Benefits of Precision Agriculture  

 

Precision agriculture enhances the efficiency of field management with respect to:  

 

1. Crop Science:  
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By quantitative and temporal synchronization in farming practices with crop needs e.g. 

pesticide and fertilizer inputs etc. Optimum high yield levels can be obtain from crops.   

2. Environmental Protection:  

By reducing environmental hazards and foot prints of farming practices e.g. minimizing 

leaching, volatilization and run-off losses of nitrogen. Applying right amount of inputs at 

right time and place will benefit crops, soil and ground water thus the entire crop 

environment.   

3. Economics:  

Efficient and precise application of inputs will reduce their costs while increasing crop 

returns.   

In addition, Precision Agriculture benefits the farmers by:  

1. Building-up record of their farm.   

2. Improve decision-making skills of farmers.  

3. Timely application of inputs and management practices  

4. Quality of farm products e.g. nutritional value and improve color and flavor.  

Precision agriculture acts as foundation of sustainable agriculture, since it takes care of 

soil, crop and farmer. 
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CHAPTER 13  
 

  

BIOTECHNOLOGY AND AGRICULTURE  

Biotechnology is the division of biology that is concerned with industrial utilization of living 

beings or their systems for the synthesis or development of beneficial products or 

processes. The Biotechnology has now become a broader science that encompasses the 

fields of bio-manufacturing, molecular biology, biomedical engineering, bio-engineering, 

molecular engineering etc. It is not a new science as it has vestiges in the early 20th century 

being used widely in the fields of food production, agriculture and pharmaceutical industry. 

The term Biotechnology was firstly coined by Karoly Ereky, a Hungarian engineer in 1919. 

The bacterial use in beverages and yogurt preparations in food industry are the very older 

form forms of Biotechnology that have ever been known. But with the latest advancements 

in different fields of biology like genomics, DNA fingerprinting and microbiology have given 

a new jerk to this science. That is why, Biotechnology has been considered to be the most 

modern science in the present era of biology. 

 

13.1 Biotechnology in Agriculture: 

The contributions of Biotechnology are not so much in any disciple as in the field of 

agriculture. So there is a close relationship of this science with agriculture. At the advent 

of 21st century, a greater expansion in Biotechnology occurs due to inclusion of 

recombinant gene techniques, genomics, immunology and diagnostics. This was the era 

when Biotechnology contributed a lot in all fields of agriculture. The molecular genetics 

took place of traditional agricultural biotechnology. For instance, the traditional agricultural 

biotechnology focuses on the modification of organisms for increasing their beneficial 

properties for human use. This included domestication of plants and animals and their 

improvement through breeding programs such as selection, crossing and hybridization. At 

the advent of 1970s, scientists learnt new techniques of molecular biology such as 

manipulation of gene, recombinant DNA technology and gene transfer. This was the era 

of latest advancements in the field of biotechnology.  

This new science was named as genetic engineering. This science made it possible for 

scientists to combine the genome of two distantly occurring organisms. That was not 

possible before as distant species could not interbreed naturally. Now-a-days any one 

segment or more than one segments of DNA with desirable characteristics from any plant, 

animal or bacteria can be incorporated in the organism of interest. It means any plant or 

animal could be imparted desirable characteristic from other organism. Thus the genetic 
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make-up of the animal or plant is somewhat changed. The animal or plant that has been 

modified through the genetic engineering technique is named as genetically engineered or 

transgenic organism. The term now-a-days most popularly used by most of the scientists 

for genetically transformed organisms is genetically modified organisms (GMOs). Similarly 

foods obtained from GMOs are referred to as GMO foods, biotech foods, genetically 

modified products (GMPs), biotechnologically enhanced foods, or Franken foods. It was 

also a fact that organisms derived from breeding techniques i.e. crossing and hybridization 

also contained modified genomes, thus these terms could also be used for animals and 

plants’ varieties derived from breeding or traditional biotechnology. 

13.1.1 Genetic Engineering Vs Traditional Biotechnology: 

Although the ultimate aim of both the traditional biotechnology and genetic engineering is 

the same i.e. to get better varieties of plants and animals, yet these differ from one another 

in various ways: 

1. Haphazard crosses are made in traditional biotechnology to impart desirable traits. For 

instance, a breeder wants to induce disease resistance from one parent into another parent 

having higher yield and quality but poor disease resistance. But at genetic level the results 

are not always according to the prediction and desire of breeder. Due to gene linkage, it 

may be possible that along with disease resistant gene, some other gene of low yield and 

quality comes in the recombinant genome that result in an offspring of disease resistant 

trait along with low yield and quality. Therefore traditional breeding is just a hit and trial 

method with very low percentage of success.  

2. Traditional biotechnology is a time-consuming and labor-intensive technology that 

usually requires 10-12 years to develop a certain variety. Moreover, the cost involved in 

developing a new variety sometime exceeds the benefits derived from it. Sometimes, to 

get rid of an undesirable trait from recombinant genome requires plants to be back crossed 

again and again making this technology to be a tedious job.  

3. The latest genetic engineering is actually a modern form of breeding that recover all 

shortcomings of the traditional breeding. The gene of the desirable trait is obtained and 

incorporated in the organism of interest. Similarly, the undesirable trait could be eliminated 

by removing specific DNA segment that code for that trait. Through genetic engineering, 

the alluring attributes, for example, protection from biotic and abiotic stresses or better 

quality could be introduced in a plant in a very short span of time with limited labor and 

cost. Once desirable gene is incorporated into a genome, the response of the organism 

could be tested at any growth stage without waiting for the maturity stage. Thus 

enhancement in yield and quality in genetic engineering is possible very rapidly in 

comparison to the traditional breeding. 
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13.1.2 Paybacks and Risks of Genetic Engineering: 

Although the services rendered by genetic engineering to human beings are beyond any 

other scientific discipline, the scientists have pointed out that certain risks are also involved 

in it. There are very little or few evidences of the potential risks. The GMOs and foods 

derived from GMOs offer lot of benefits for humans regarding their quantity as well as 

quality. However, according to majority of scientists, the health hazards and other 

ecological concerns regarding GMOs are most numerous in GMOs modified for resistance 

against biotic stresses as compared to those developed for abiotic stress resistance. 

A. Benefits of Genetic Engineering: 

Genetic engineering has provided many services to human beings especially in the field 

of agriculture. Discussed below are some of them: 

1. Enhanced food supply: 

Through developing high yielding varieties of animals and crops, biotechnology has solved 

the issue of food shortage throughout world. The global food security that is now-a-days is 

the largest issue worldwide has been to some extend ensured by the modern 

biotechnology. It has become possible through incorporation of genes of appropriate traits 

like high yield, quality; resistance to insect and disease and abiotic stresses etc. into new 

varieties of animals and plants.  

2. Better crop protection 

The three major enemies of crops i.e. weeds, insect-pest and diseases produce 

considerable reduction in yield of crops thus reduce overall food production worldwide. 

Moreover, the costs involved in controlling these agents are many times to the costs 

involved in abiotic stresses’ yield reductions. The best way of managing crop enemies is 

to impart resistance in crop varieties so these may be able to cope with the biotic stresses. 

Previously that work was done by conventional breeders by selecting biotic stress 

resistance plants of the same species and crossing them with the high yielder varieties. 

The aim was to incorporate stress resistance genes into the genome of higher yielder 

variety. But that was only a hit and trial method that had very low chances of success i.e. 

it may be possible that stress resistance gene may be linked with some low yield trait gene 

that impart stress tolerance along with yield reduction. Another limitation in this method 

was crosses could be made only between plants of same species, and method was very 

time consuming i.e. it may take a period of 10-15 years to develop a stress tolerant variety 

by this method.   
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But tools of genetic engineering or molecular biology has made possible to incorporate 

gene imparting stress tolerance in a plant from nay of the living organism. The example is 

the incorporation of toxic protein producing gene from soil bacterium Bacillus thuringiensis 

that is abbreviated as Bt into cotton and other crops. This gene synthesizes crystalline 

proteins in plant body that act as natural insecticide thus insect cannot damage the crop. 

The transgenic crops of this type are named as Bt crops e.g. Bt Cotton, Bt corn etc. Another 

example of genetically engineered crops aimed at imparting biotic resistance is the 

glyphosate resistant crops. The glyphosate resistant varieties of corn, soybeans etc. are 

able to show resistance against glyphosate, a non-selective, systemic herbicide thus can 

survive in crop-weed mixed stand thus eliminating all weed species leaving only crop. 

Some crop varieties are developed having both types of resistances against herbicide as 

well as insects. The example is the double pro hybrid of maize that is resistance against 

glyphosate and stem borer of maize. Although, genetically modified varieties of some crops 

that are resistant against insect-pest and diseases are widely grown in the world, the 

biologists are showing their great concern about using the products derived from these 

crops.   

3. Enhanced nutritional value 

The products of agricultural crops which are consumed on mass scale are going to become 

deficient in certain nutrients and food components, the issue that is being faced globally. 

The deficiency symptoms are usually seen in people using these products. For instance, 

rice which is the staple food of more than one third population living in South and Southeast 

Asia. The varieties of rice now-a-days being grown are deficient in vitamin A thus causing 

malnutrition in people depending on it. The molecular breeders have started to thinking 

about it and have developed a variety of rice through genetic engineering named as golden 

rice that contains beta-carotene, a precursor of vitamin A. This variety has been developed 

by incorporating two different genes, one from maize and other from a soil bacterium. Due 

to presence of beta-carotene, the grain of rice gives slight golden color that is why named 

as golden rice. Through the adoption of golden rice, the problem of vitamin A deficiency in 

population could be improved that is usually seen in children and pregnant women. The 

other examples are the genetically modified varieties of soybean with improved protein 

contents, potato with higher starch and amino acids contents as well as beans with higher 

essential amino acid contents. 

4. Production of food products with efficient processing 

There are various food products that require laborious food processing. One of the 

examples is cheese which utilizes calf rennet for its production. The problem of cheese 

manufacturing has been solved by the scientists through introducing an enzyme named 

chymosin that has firstly been synthesized through genetic engineered bacteria in 1990. 

This enzyme is now used instead of calf rennet throughout the world for producing cheese. 
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Thus the process of cheese production has become more reliable, easier and cost effective 

with high cheese yield efficiency and product quality. 

5. Better quality produce  

The flavor of aromatic products of plants like onion, pepper, melons etc. has been improved 

by enhancing biosynthesis of enzymes responsible for transformation of aroma precursors 

into flavoring compounds. This has become possible through genetic modifications in 

plants.  Similarly, to enhance the shelf life of perishable products like vegetables i.e. 

tomato, celery, broccoli, carrots, raspberry and melons, their genetic modifications have 

been brought about by breeders. Now these may remain in fresh form for longer period of 

time during their shipping, storage and keeping.       

6. Environmental safety 

By the adoption of genetically modified biotic stress tolerant varieties of crops, reliance on 

pesticides has been reduced. Thus overall reduction has been recorded regarding 

pesticide pollution of water, air and pesticide residues on food items. For example, 50% of 

cotton grown in USA is Bt cotton. Thus insecticide use in the world has been reduced up 

to 15%. As indicated by the U.S. Food and Drug Administration (FDA), "enhanced 

cultivation of herbicide-tolerant soybeans was related with little increments in returns and 

variable benefits however huge declines in herbicide use". 

B. Risks of Genetic Engineering: 

A. Health-related risks 

1. Introduction of toxins and allergens 

Allergens are those compound usually proteins which cause different types of allergies or 

allergic reactions in people. Sometimes these allergies are caused by eating foods 

containing allergens or sometimes people involved in production and processing of these 

food crops. Genetically modified crops have been known to cause allergies in about 2% of 

the world population eating their food products. These include people of all age groups. 

However, non-GMO foods of the same crops do not cause allergies.      Therefore critics 

say that the major health risk involved with the GMOs is the issue of presence of toxins or 

allergens in products of genetically modified crops which are not present in non-GMO 

foods. The Food and Drug Administration (FDA) has therefore prepared guidelines 

regarding presence of allergens level in GMPs below a certain prescribed limit that are 

usually between ranges present in conventional foods. The molecular breeders are now 

focusing on using the transgenic technology for removing the allergens from some foods 

such as peanuts. 
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2. Antibiotic resistant microbial strains 

Genetic engineering is also known to be a cause of antibiotic resistance in some bacterial 

strains. The bacteria are now going to become resistant to commonly used antibiotics, 

which is an important health related issue. Actually the marker genes that are used by the 

molecular biologists contain antibiotic resistance. These marker genes are introduced into 

the plant cell to ensure that trait of interest has been successfully incorporated into the 

plant genome. It has been noticed that due to use of these marker genes, there is 

increasing trend in the emergence of new antibiotic resistant bacterial strains. The critics 

highlight this risk of genetic engineering which is usually higher during transfer from one 

bacterium to another bacterium or between human to bacterium compared to the risk 

involved in transfer between plant and bacterium. To avoid this risk, FDA has prepared 

advisory for food developers to keep away from using marker genes cause antibiotic 

resistance. 

B. Environment / Ecology related issues 

1. Herbicide resistant weeds  

Genetically modified herbicide resistant crops may become cause of herbicide resistance 

development in weeds. It has been perceived that there is possibility of transfer of herbicide 

resistant trait from a crop to its weedy relative during transfer of pollen grain from crop to 

weed. Therefore there is a possibility of emergence of glyphosate resistant weeds called 

super weeds in future which may become very difficult of control. However, there is also a 

perception that if this mechanism prevails, the newly glyphosate resistant weeds could be 

easily controlled by other herbicides. A few people are concerned that hereditary designing 

could possibly improve a plant's capacity to "escape" into the wild and produce natural 

lopsided characteristics or catastrophes. Most harvest plants have noteworthy constraints 

in their development and seed dispersal propensities that keep them from enduring long 

without consistent sustain by people, and they are in this way improbable to flourish in the 

wild as weeds. 

2. Insecticide resistance species of insects 

The genetically modified insect-resistant varieties of various crops are being widely used. 

According to critics, there is larger threat of insecticide resistance in insect-pests due to 

use of insect-resistant crops that have been modified genetically. The example is the Bt-

crops, the wide scale adoption of Bt-varieties may result in insecticide resistance especially 

in those insects against which Bt-crops have been developed. Although, there is larger 

capacity in insects to Insects built up resistance in them against insecticides, no case has 

yet been reported elsewhere regarding Bt-tolerant insect species despite the wider 

adoption of Bt-crops. 
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3. Effect on non-target species 

There is larger concern of ecologists that some non-target species of animals may be 

affected due to release of transgenic crops into the environment. For instance, it might be 

possible that by growing Bt crops, the pollen grain spreading species of insects are also 

affected due to presence of toxins in pollen grains. However, it is claimed by the molecular 

breeders that toxins produced by Bt crops are very specific in lethal action against certain 

insect pest and these could not harm the other insect-pests. Their argument is 

strengthened by the fact that toxins produced by Bt cotton kill only the borers but the 

sucking and chewing insects are little or no affected. That is why, we have to make as 

frequent sprayings in case of Bt cotton against sucking insects as for non-Bt cotton crop.       

4. Loss of biodiversity 

Many of the ecologists showed their concern about transgenic crops that these may lead 

to the loss of biodiversity in our agro-ecosystems. They argue that previously conventional 

breeders store many types of varieties of a crop for using them in crossing programme. 

Thus they continue to grow them in fields thus keep genetic biodiversity in agro-

ecosystems. But with the adoption of genetically modified crops, there will be no need to 

reserve and conserve a wider pool of gene bank thus biodiversity will be lost. But up till 

now, no loss in biodiversity in field and food markets could be seen through adoption of 

transgenic crops.  

C. Socioeconomic issues 

1. Labeling and pricing 

Some of the consumer groups are of the view that GMPs should be properly labelled to as 

genetically engineered crops as these foods could not attain nutrition richness level of 

conventional food products. Moreover, due to high production levels of biotech foods, their 

price should be lower than conventionally produced foods.  

2. Terminator technology 

The seeds of transgenic crops are very costly and as these could not be produced by the 

farmer itself, therefore farmer needs to purchase it again and again. That is why, farmers 

see genetic engineering as a terminator technology.  

 

13.2 Use of Bioinformatics in Agriculture 

13.2.1 What is bioinformatics? 
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Bioinformatics pertains to the use of computer tools for the handling and dealing with the 

information produced in organic examinations. This term was initially begun for the 

utilization of data innovation to expansive volumes of natural, especially, genomic 

information. Bioinformatics is a new discipline but, it is now become applicable to all sub-

disciplines of Science in all respects quickly. As it has its application in the prescription by 

giving the genome data of different living beings, comparably the field of farming has 

additionally exploited this field on the grounds that small scale life forms assume a 

significant job in horticulture and bioinformatics gives full genomic data of these living 

beings. The genome sequencing of the plants and animals has moreover offered points of 

interest to farming. Utilization of different bioinformatics devices in organic research 

empowers stockpiling, recovery, investigation, comment and perception of results. It 

advances better comprehension of natural framework in totality. This will help in plant 

human services based illness conclusion to improve the nature of plant. 

13.2.2 Applications of bioinformatics: 

Bioinformatics is a new discipline of science however it is making strides in each sub-

discipline of biotechnology in all respects swiftly. As it has its application in the medication 

by giving the genome data of different life forms, likewise the field of Agriculture has 

additionally exploited this field since microorganisms assume a significant job in 

horticulture and bioinformatics gives full genomic data of these life forms. The genome 

sequencing of the plants and animals has moreover offered points of interest to 

horticulture. 

13.2.2.1 Use of bioinformatics in agriculture: 

Tools of bioinformatics is serving noteworthy job. It provides the data regarding the 

potentials present in the genome of these species. These tools have in like manner made 

it possible to foresee the limit of different characteristics and components affecting these 

characteristics. The information gave about the characteristics by the tools impacts the 

scientists to develop improved genotypes of plants which to have herbicide, drought and 

pesticide resistance in them. The potential characteristics can be modified to improve the 

production of milk and meat. Certain progressions could be achieved to make them malady 

safe. Bioinformatics have following major applications: 

i. Crop improvement:  

Study of comparative hereditary qualities of the plants’ genomes has demonstrated that 

the association of their qualities has stayed more conserved over evolutionary time than 

was formerly perceived. These discoveries recommend that data got from the model yield 

frameworks can be utilized to propose enhancements to other food crops. At present the 

total genomes of Arabidopsis thaliana (water cress) and Oryza sativa (rice) are accessible. 
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ii. Insect resistance:  

Bacillus thuringiensis is bacterial specie which produces crystal protein toxins and secures 

the plants against insect-pests. When the specialists mapped its genome, they utilized its 

qualities to consolidate into the plant to make it safe against borers and boll worms. For 

instance, corn, cotton and potatoes have been made insect resistant until this point. By 

having the qualities of microbes in the plants genome, when insect eat the plants, the 

microscopic organisms enter in their circulatory system and make them starved, at last 

beyond words. Bt corn is one among types of food plants which have been adjusted by 

embedding bacterial qualities in it. It is viable against insects by creating opposition against 

them. The utilization of Bt genes in the plants genome has made the agriculturists to utilize 

the insect sprays in almost no sum. Thus the efficiency and dietary benefit of plants will 

likewise increment and will be gainful for human wellbeing. 

iii. Enhanced nutritional quality: 

Researchers have as now become succeeded with regards to moving genes into rice to 

build levels of Vitamin A, iron and other micro-nutrients. This work could have a significant 

effect in lessening events of visual impairment and anemia brought about by inadequacies 

in Vitamin and iron, respectively. Researchers have embedded a quality from yeast into a 

tomato and the outcome is a plant whose fruit remains longer on the plant and has an all-

inclusive timeframe of realistic usability. 

iv. Evolution of Drought tolerant genotypes: 

Advancement has been made in creating oat assortments that have a more noteworthy 

resilience for soil alkalinity, free aluminum and iron toxicities. These assortments will 

enable agribusiness to prevail in less fortunate soil regions, subsequently adding more 

land to the worldwide creation base. Research is additionally in advancement to deliver 

crop assortments equipped for enduring decreased water conditions. 

 

13.3 Nanotechnology – An Emerging Science: 

13.3.1 Concept of Nanotechnology: 

Nanotechnology or nanoscience is an engineering, science and technology that related to 

manipulation of the materials to nanoscale i.e. almost 1 - 100 nanometers. This is not only 

a theoretical science but it has lot of practical applications. It is actually the study and 

utilization of enormously minute things in almost all other science disciplines, such as 

biology, engineering, materials science, chemistry, and physics. 
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Norio Taniguchi was the man who firstly used the term nanotechnology in 1974. However, 

the background theory and idea was firstly given by Richard Feynman, an American 

physicist in 1959. Feynman firstly told scientists about a procedure through which 

individual atoms and molecules could be manipulated and controlled. In 1981, era of 

modern nanotechnology was started when atomic force microscope (AFM) and scanning 

tunneling microscope (STM) were firstly invented. Those microscopes had the ability to 

see individual atoms. Thus science of nanotechnology practically enters into its ability to 

see and control individual atoms and molecules.  

Although nanotechnology is considered new science, use of nano-particles had been in 

use since centuries. For instance, nano-sized particles of gold and silver were used in 

medieval churches’ glass windows to develop different colors hundreds of years ago. 

However, the exact mechanism of beautiful color development was not known in those 

times. But now, ways and means have been sought by scientists and engineers to divide 

materials to their nano-size in order to explore their augmented properties such as lighter 

weight, more strength, enhanced chemical reactivity and control of light spectrum. 

13.3.2 History of Nanotechnology: 

The turn towards nanotechnology was started in 1960s which was considered to be era of 

gigantism. In this era, bigger things were invented like huge automobiles, big planes, jets, 

ships, oil tankers etc. However, few scientists at that time were thinking about making 

smaller things. The era of miniaturization was then started with invention of small sized 

integrated circuits and transistors. These inventions brought the attention of scientists 

towards small atoms and molecules. After atomic theory, physicists started trying to 

understand sub- atomic particles and binding forces among these. In the meanwhile, 

chemists tried to integrate atoms into molecules of entirely new kind. They thus become 

able to manufacture plastic from the complex molecules of petroleum. At the same time, 

molecular geneticists discovered deoxyribonucleic acid (DNA) in 1980s, suggesting in-

depth studies of biomolecules also. 

The emergence of nanotechnology as a true scientific discipline started in 1980s by 

Drexler. He did lot of theoretical and public work behind it. A further advancement in this 

field was brought about the invention of STM and AFM as a result of high visibility 

experiments by two separate group of scientists viz. Gerd Binnig and Heinrich Rohrer, and 

Binnig, Quate and Gerber, respectively. So in the 1980s, name nanotechnology was firstly 

given by physicist, K. Eric Drexler. However, he gave the credit of its idea floatation to 

Nobel Laureate Richard Feynman, who firstly proposed that machines and mechanical 

devices could be built from individual atoms.  

The radical changes in nanotechnology have just started few years back in 1990’s by 

launching of government and corporate funded projects. Three major research programs 
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in nanotechnology have been started viz. National Nanotechnology Initiative by USA and 

the nanotechnology branch of the European Research Area. Similarly, Japan has also 

started a huge nanotechnology program with public private partnership. 

13.3.3 Applications of Nanotechnology 

Nanotechnology has been successfully applied in various industries especially health and 

environment. Some of the success stories are given below: 

1. Nanomaterials such as zinc oxide and titanium dioxide are used in cosmetics, 

sunscreen, paints and surface coatings. 

2. Carbon allotropes are used to synthesize gecko tape for food packaging. 

3. Silver is used in clothing, household appliances and disinfectants.  

4. Cerium oxide is used as a fuel catalyst.  

5. Use of silver nano-particles in socks and trousers for enhancing their life and keeping 

people cool in the summer. Similarly, the bacteriostatic silver nano-particles are used in 

socks to reduce foot odor. 

6. Bandages infused with silver nano-particles help in healing wounds quicker. 

7. The chips and hard discs of computers made from nano-materials enhance their 

memory and speed.  

8. Nanotechnology can make existing medical applications easier and cheaper. 

9. Nanotechnology could be used to replace Platinum which is currently used as catalyst 

in these engines is expensive and unsustainable. Engineers are trying to introduce new 

catalyst alternative by using nanotechnology.  

10. Nanotechnology is also being used in area of Tissue Engineering.  

11. Researchers are trying to use DNA origami-based nanobots for swift targeted drug 

delivery. 

Although, nanotechnology has greater benefits, yet it has certain health and environmental 

issues. The industrial-scale manufacturing and utilization of nano-materials may cause 

disastrous effects on environment and human health as pointed out by nano-toxicological 

research. 
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CHAPTER 14  
  

ISSUES IN PAKISTAN’S AGRICULTURE  

 

14.1 Shortage of Quality Seed Supply:  

Everybody believes in power of seed. Seed contributes almost 5-20 percent in the final 

yield of a crop. Farmers cannot hit optimum crop population and per hectare yield if 

marvelous traits’ seed is not accessible in sufficient magnitude. In Pakistan, the issue of 

low quality seed that is also short in supply is common for almost all crops. Unfortunately, 

there is lack of research on seed quality production and processing particularly oilseeds, 

fodders and vegetables seed. Pakistan is importing 95 percent of the required vegetable 

seed because the farmers prefer imported seed due to its quality and yield potential. Same 

is the case with the maize, bajra, rapeseed and mustard, and fodder crops. Now the import 

of hybrid, high yielding paddy seed has also been started. More than 750 seed companies 

are operating in Pakistan but the total requirements of certified seed is very much higher 

compared to its supply (more than 60 percent) because the number of viable operating 

companies is 40 to 60. Government must strengthen the activities on quality seed 

production and incentivize the local seed production to save foreign exchange and cut the 

cost of cultivation. 

Despite among the 10 biggest major crop (wheat, rice, sugarcane and cotton) producer of 

the world, Pakistan could not attain position even among top 30 seed producing countries 

worldwide. This indicates the weakness of our seed industry. The country has a potential 

of seed market of about Rs.220 billion. Due to this huge potential, local and multinational 

seed companies have been attracted. Data showed that there are about 750 seed 

companies that have been registered by the government but only a few of them (40 to 60) 

are functionally working in Pakistan. Only 23 percent demand is being met through present 

availability of quality seed. The remaining 77% of seed comes from non-certified sources 

like dealers, farmer’s own seed and grain markets. The proportion of seed supplied by 

private seed companies is much bigger than that of public sector. Moreover, it is also 

pertinent to mention that availability of certified seed by Punjab Seed Corporation has been 

increase in some crops like wheat and paddy while decreased for others like cotton and 

oilseeds. Many indicators point towards a bright future for the Pakistani seed industry, 

especially considering that domestic consumer trends have started to show a preference 

for high-quality, domestically produced seeds. One key advantage of Pakistani seeds is 

their relatively cheaper prices on the regional market, especially when compared to 
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counterparts from Thailand, China and India. A larger local output of seeds saved millions 

of dollars.  

Official seed agencies (Punjab Seed Corporation and Sindh Seed Corporation etc.) supply 

38 percent certified seed and hardly 5 percent seed is actually being replaced annually. 

We can say that certified seed accounts for about 1/3 of the total farmer’s requirements of 

seed. Public sector institutions meet 12 percent demand of certified seed of cotton, wheat, 

and pulses. Private seed companies supply more than 80 percent of certified seed. There 

is an urge to increase the supply of certified seed at reasonable low cost so that farmer 

can easily purchase it. Similarly, the seed distribution system in the country needs concrete 

steps for its improvement. There is need for more research in seed production sector by 

provincial governments. The seed storage facilities should be enhanced. 

14.1.1 Measures announced by government of Pakistan to address the seed crisis 

1. Public sector research results will be freely available to the private sector. A good 

understanding among the government and non-government sectors will be nurtured 

to identify needs for research and exchange of data and information. 

2. Germ-plasm would be freely available for crop research programs. 

3. Currently, there is no research institute in the country to carry out research in seed 

science and industry. To ensure timely supply of the required quantities of pre-basic 

seed by the public research, an agency independent of the breeders which may be 

called as ‘Foundation Seed Cells’ will be established at the provincial research 

institutes. Each cell will work under the direct control of the respective director general 

(research). These cells will handle production of seed of all crops for one or more 

research institutes and will be fully equipped to handle and store seed for a long time. 

4. The provincial research institutes would be provided with necessary financial, 

infrastructure and human resource support to establish Foundation Seed Cells for 

various strategic crops on a sustainable basis. 

5. To encourage local hybrid seed production, multinational seed companies will be 

encouraged through various incentives like duty-free import of parental lines and 

exemption of ‘taxes’ at least for ten years. 

6. A pilot project may be started to support small scale farmers to boost the use of 

certified seed for achieving higher productivity of strategic crops. 

7. Controlling the quality of seeds through truth-in labelling (Rules 1991). 

8. Under the technical cooperation programme, the capacity building Federal Seed 

Certification and Registration Department will be enhanced by the UN organization to 

expedite seed supply, industry regulations, and help stakeholders to enhance their 

technical capacity. The enhanced capacity-building of seed certification and 
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registration department will help in carrying out Distinct, Uniformity and Stability (DUS) 

tests to support effective variety protection under Plant Breeders’ Rights Act of 2016. 

9. The project will also result in improving coordination and collaboration among key 

players of the seed sector, and facilitating inclusive value chain for wheat, rice, cotton 

and pluses and other crops to achieve increased availability of quality seeds. 

10. The FAO project entails formalizing working arrangements with the stakeholders by 

focusing trainings in the identified areas of early generation seed production, DUS 

evaluation and seed certification and seed testing. The project through capacity-

building of the federal department as well as research institutes and public and private 

seed sector entities would achieve increased crops’ yield through enhanced access to 

improved crop varieties and quality seed. 

11. A national seed policy has been devised by government which will govern all sectors 

and sub-sectors related to seed production, processing and distribution. 

12. The main aim of national seed policy is to ensure seed quality which should be high 

physical and genetic purity fulfilling all seed standards. In seed certification system, 

there will be five classes of seed viz. pre-basic, basic, certified I, certified II, and 

approved.  

13. A seed crop insurance scheme will be introduced that will encourage seed production 

by farmers.  

14. The technologies and investments made by multinationals will be protected by the 

amended seed law 2015 and the Plant Breeders’ Rights law. 

 

14.2 Shortage of Irrigation Water 

According to an estimate, by improving the irrigation system of Pakistan, we can increase 

our crop production to almost double. Availability of water gives an element of certainty in 

farming and helps growers make production and investment decisions besides facilitating 

inter-cropping. It also provides the condition needed for effective use of high-yielding seed 

varieties and chemical fertilizers. Pakistan has been bestowed with a large irrigation 

infrastructure, commanding a land area of around 14.3 million hectares, and yet hardly any 

attempt is being made to curtail and rationalize the difference between operational costs 

and water rate. 

Water is the life for livelihoods of our rural population. Water infrastructure comprises of 

three massive reservoirs (Tarbela, Mangla and Chashma), 23 barrages, 45 distribution 

canals spreading to over 60800 km, 12 river-linking canals. There are about 140,000 

watercourses. According to Pakistan Water Partner (PWP), the gross surface water 
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availability in Indus Water Irrigation system is 153 million acre feet (MAF). The total 

underground water is estimated to be 48 MAF. The huge portion of underground water is 

annually pumped out which is totally irrational. From the 153 MAF surface water, about 

105 MAF is annually being diverted to irrigation system. Poor state of irrigation system not 

only puts the wellbeing of millions of people at risk but also fails to produce the desired 

efficient delivery services. There are about 60% losses of water (35 MAF) that occur while 

passing it from water canals, distributaries and water courses during conveyance and in 

Arabian sea. A World Bank report states that the Indus delta is degrading at an annual rate 

of $2 billion. Around 535 MAF of surplus water on account of floods has gone downstream 

from 1988 to 2010 according to one study. But this is only in floods; otherwise people of 

Sindh keep demanding adequate water flows for agriculture downstream Kotri barrage. 

These different types of water losses must be saved to some extent if we want to save our 

nation. It has been expected that by 2025, Pakistan will face scarcity of 31 MAF of water. 

It would hamper the economy and stability of country. Among water scarce countries, 

Pakistan occupies the 17th position. For the last few years, its water shortage lies between 

20 to 60 percent during crop seasons.  

There are laws for regulating the use of surface water but the ground water is under no 

legal discipline. According to estimate of Punjab irrigation department, there is drop of 

water table in the province at the rate of three feet per year. Intensive agriculture is an 

important factor putting pressure on ground water table. In past only one crop was grown 

in a year but now farmers are getting 3-4 crops in a year which require more water. 

According to an estimate, about 50% crop irrigation demands are now being fulfilling from 

groundwater. However, this figure was only 8% in 1960. Moreover, 70% drinking water 

requirement is also being met through groundwater. Thus overall, Pakistan is now ranked 

at 4th position among groundwater drawing countries. Figures show that Pakistan is 

extracting about 65 cubic kilometers of groundwater. Groundwater table is going down at 

an alarming rate as natural recharge rate is a lot slower than the pumping rate. Experts 

are predicting that if water levels in Pakistan continue to lower at the present rate, country 

will transform to water scarce country from the present position water stressed country in 

2020.  

Another big issue of overutilization of groundwater by countries like Pakistan whose 

agriculture is considered low water-productive agriculture, is growing criticism on export of 

their water intensive crops.   One of the examples of Pakistan’s water intensive crop which 

is also a big export commodity is rice. According to an estimate, the rice which is exported 

by Pakistan has very low water productivity i.e. 0.45 kg per cubic meter which is about 

55% lower than water productivity of rice (1 kg per cubic meter) that is being produced in 

other Asian countries. At global level, international trade has bearing upon 11 percent of 

the non-renewable groundwater depletion. However, in Pakistan 29 percent of the global 

non-renewable groundwater is embedded in agricultural trade. It also important that only 

rice crop is contributing about 82 percent in this figure. Pakistan is also included in top five 

countries besides India, Mexico, China and Iran which have about 86 percent of the global 
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wastewater-fed croplands. Among these, China and India treat 71 percent and 22 percent 

of their urban wastewater compared to only 1.2 percent in Pakistan. 

14.2.1 Some of the points to overcome crisis of water shortage 

The main challenge is raising water demands by rapidly growing population which will 

reach 230 million by 2025. This means that annually, a growth rate 4% is required to fulfil 

the food requirements of the growing population. Therefore there is an urge to rationalize 

water use along with efficient water management. Inadequate water resource 

management, inefficient policy making, lack of governance, political issues, poor water 

infrastructures, lack of modern asset management planning and financial corruption are 

other important issues. Our existing dams are rapidly silting, losing about 25 percent of 

their designed capacity. Water losses occur from inside water courses as well as between 

canal heads. This amount is estimated to about one- third (1/3rd) of the entire volume of 

delivered water. Moreover, an additional 25% of water is lost within farms. Farmers at the 

head of distributaries are getting a greater share than the tail end farmers. 

There are certain points that need to address to meet the challenge of water shortage in 

country. These are: 

1. Water pricing needs to be rationalized to influence the water use behavior. 

2. Government should take steps to change the present cropping system to promote 

crops that need less water. 

3. Zoning of crops is required by agriculture department with some incentives so that 

farmers may be attractive towards high value crops but drought tolerant. 

4. Small and medium- sized farmers need to switch over to smaller, short duration and 

less water consuming crops or drought tolerant crops (bajra, sorghum, pulses) in 

addition to major ones during winter and summer as they are getting less per acre 

yields despite excessive use of water. 

5. There is need to promote and use efficient irrigation systems like drip, pivot and 

sprinklers that are the norms in developed countries. 

6. A study by the Drainage and Reclamation Institute (Drip) of Tandojam reveals that 

around 1,400 mm of water per annum is needed per acre in rice and 2,000mm for 

banana. Growers, however, use 5,000 mm of water per acre per annum in rice and 

6000mm in banana, which is exceptionally higher than what is recommended or 

needed by these crops. Rice and banana growers were advised by the Pakistan 

Council of Research in Water Resources (PCRWR) to prepare raised land beds for 

these crops to save freshwater. This season, around 160 acres of banana and around 

10 acres of rice are to be grown on raised beds in Hyderabad and Badin districts 
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designed to save around 50pc of freshwater released in furrows instead of flooding 

the entire land. 

7. For each 1%t of organic matter content, the water holding capacity of soil of one acre 

reaches to 16500 gallons of plant useable water. Soil covering enhances the water 

absorption rate into the soil and reduced water loss through evaporation. High 

application of straw mulch at 2.5 tons of straw per acre increases water intake rate. 

With no tillage surface evaporation can be reduce five times than with conventional 

tillage. 

8. There is need to reduce the demand for water. Engineers said that at least 30 percent 

of canal water could be saved by lining of these watercourses. Lining watercourses 

ensures better conveyance, efficiency along with stopping seepage. 

9. Solar power tube wells’ use has great potential for minimizing the cost of irrigation and 

for making agriculture efficient and environment-friendly. The government should help 

the farmers to replace conventional tube wells to ones powered by solar panels. If the 

plan works well, the cost of running tube wells would fall dramatically (in the absence 

of monthly billing for electricity consumption) and enable the government to utilize the 

federal subsidy in other important projects of agriculture modernization. 

10. We have to build big, small and medium size reservoirs as well and we have to focus 

on rainwater harvesting in rain-fed areas to lessen the enormity of climate change.  

Rainwater harvesting could be seminal in changing Pakistan’s arid region into green. 

The irrigation department should draft a law to regulate the groundwater extraction 

and introduce licensing for industrial, commercial and urban consumption. 

 

14.3 Low Soil Fertility: 

Of all the production factors nutrient management occupy top position and is crucial to the 

success of any farming system. The usual practice is to apply nutrients at one rate 

throughout the field. Such practices could lead to wastage of resources and maximum yield 

cannot be achieved since spatial variability is all together ignored in the nutrient 

management option. The management zone strategy, adoption of conservation tillage, leaf 

color charts, sensor-based technology, laser land leveling, biological nitrogen fixation 

through inclusion of legumes, mapping soil fertility, selection of right fertilizer, and use of 

mixed fertilizers can improve nutrient use efficiency and reduce cost of production and 

prevent environmental pollution. On- farm composting, cover crops and rotations are some 

low-input soil management strategies on developing long-term soil fertility plan with less 

off-farm inputs. 

The FAO atlas reported that most of the fertilizer application in Pakistan revolves around 

only two major nutrients i.e. N and P. However, there is very little (less than 1%) use of K 
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fertilizers. Moreover, the utilization of micronutrients and organic manures is negligible 

among farming community. The atlas report also mentioned that only 10% of the farmers 

are using manures and their application is restricted to only five crops that are limited to 

only wheat based cropping systems. The use of micronutrients among farmers of Punjab 

is only 20%. According to FAO recommendations, there is a need to develop well 

organized set-up of fertilizer, soil, water and plant quality testing facilities to farmers in 

Punjab. This is because, the present set-up of laboratories that has been developed for 

this purpose is insufficient to     provide such type of facilities for 4 million farmers in the 

province. Moreover, there is also a dire need to strengthen the famer’s linkages through 

outreach activities aimed at conducting surveys, on-farm assessments, and providing 

farmers the best management practices in tune with 4R soil constraint-based commodity 

specific packages.  

 

14.4 Market Uncertainty: 

The market system in Pakistan lacks important post-harvesting procedures such as 

processing, grading, storage and transportation. Therefore to improve marketing of 

agricultural products, there is a need to give attention to these sub-sectors also. By 

improving market facilities on these lines, farmers’ welfare and economic conditions could 

be improved. According to an estimate, almost 40% of the agricultural outputs are lost 

during marketing. The market conditions for farm inputs and resources should also be 

improved if we want to strengthen the agricultural system of Pakistan. In addition to grain 

markets, more focus should be given on marketing of perishable agricultural products like 

vegetables and fruits. This is because, the post-harvest losses in these crops are quite 

larger than those in non-perishable commodities. This will benefit both the socio-economic 

condition of farmer as well as economy of country on broader scale.  

 

14.4.1 Pitfalls in agricultural marketing of Pakistan and their solutions: 

A well-established agriculture marketing set-up ensures better economics of the farming 

community. This also results in stability of the prices of different agricultural commodities 

and hence safeguards the benefits of both the consumers and farmers. Unfortunately, 

agricultural marketing system in Pakistan is not designed on scientific lines and thus 

producers always remain in problem for selling farm outputs. 

Following are the major problems of agricultural marketing in Pakistan: 

1. Inadequate transportation 

Transportation is the main requirement for proficient marketing system. The main centers 

of agricultural production i.e. villages and agricultural farms lack proper linkage with the 
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city markets through roads. That is why; a larger proportion of agricultural products is 

wasted-off in the country. 

2. Dominance of middleman 

The agricultural marketing system of Pakistan has been hacked by middleman. That is 

why; at one side farmer is not getting due returns and consumer is not getting agricultural 

products at fair price. This is because; a large share of marginal return is being earned by 

middle man without doing anything.  

3. Inferior quality agricultural produce: 

Availability and use of good quality seed and balanced fertilizer is inadequate. That is why; 

quality of agricultural products is not up to the mark so these fetch low price in market. 

4. Inadequate loaning facilities 

Agricultural loaning is a little-bit difficult subject compared to industrial loaning. This sector 

is quite weak in Pakistan and therefore needs revolutionary steps. The agricultural credit 

facilities in the country are still in hands of private money lenders that usually impose very 

strict conditions upon poor farmers. The agricultural credit facilities through government 

need to make more organized and powerful.   

5. Inefficient grading system 

There are very frequent chances of blending good quality agricultural produce with that of 

inferior quality. Therefore to get good price, their grading is necessary. But unfortunately, 

there is lack of proper grading system for grading of agricultural commodities in Pakistan.  

6. Inadequate storage facility 

There should be a more extensive and well-equipped storage system at government level 

for short-term and long-term storage of agricultural outputs. By taking this measure, farmer 

can sell his product at suitable timing and can get better price. Moreover, the role of 

middleman can be minimized. The store houses should be located near farm vicinities, 

agricultural markets and railway stations. Lot of agricultural produce that is annually lost 

could be saved by providing proper and adequate storage facilities. 

7. No facility of collecting agricultural produce 

There should be on-farm collection facilities of produce collection especially from small 

farmers. This step can play major role in improving agricultural marketing system. 

8. Agricultural market bulletin facility  

To get latest updates about the market conditions farmers should be provided facility of 

agricultural news. By this, they can get better price of their products. 
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9. Weighing facilities 

The uniform, unbiased and extensive weighing facilities should be provided throughout the 

country. 

10.  Lack of research and knowledge in agricultural marketing 

There is dearth of knowledge and research in agricultural marking system of Pakistan. 

Provision of knowledge to farmers regarding quality parameters and market standards can 

improve marketing. 

11. Pre and post-harvest losses 

Damages during picking, harvesting particularly in perishable vegetables occur to 

considerable extent. 

12. Market laws implementation  

The laws and rules of marketing should be implemented. 

13. Price determination procedures 

There is a need to re-define the procedures and parameters of fixing prices of different 

agricultural commodities ay government level. By this farmer can get reasonable returns 

and consumers can get products at affordable prices. 

14. Lack of participation by all stakeholders 

At every important step of policy making or implementation of matters related to agricultural 

marketing, all stakeholders related to agricultural business should be invited to participate 

for their suggestions. 

15. New market facilities 

The government should construct new market centers for different agricultural products 

nearest to the points of their production. It will facilitate the farmer to reduce his transport 

cost. 

16. Agro-processing industry 

There are certain products that need immediate processing. Further, the processing also 

adds value to product. So, agro-processing facilities should be provided to farmers by the 

government at reasonable processing rates. Few of such type of facilities such as Mango 

and Guava pulp extraction unit has already been working in Factory Area, Multan, 

Pakistan. 
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14.5 Adulterated Agrochemicals 

Chiefly, Pakistan is an agricultural country. So, most of the economy is dependent on 

agriculture. Moreover with the increase in population, the main focus of agriculture sector 

is on food security. Pakistan is suffering from a huge loss in agriculture production due to 

widespread infestation of diseases and pests. To cater with the problem of this biotic 

menace, more synthetic agro-chemicals are used to increase the production. Our 

agriculture sector is facing many problems for its maintenance to achieve desired 

objectives and goals. Adulteration, impurity or low quality of agro-chemicals is one of the 

main problems.  

14.5.1 Farmers’ claims 

According to a survey, pesticides adulteration is complained by about 75% farmers in 

Pakistan. Later this complain is verified by different laboratories and such chemicals are 

banned and stopped to use. After green revolution decade, farmers used more synthetic 

fertilizers to boost up production. No doubt, farmers had gained more yields but recently, 

according to a newspaper report, many farmers the low percentages of micronutrients in 

different fertilizers which were up to 40-80% less as claimed by companies. As constituting 

more cost of production, farmers suffer from big loss due to poor quality of agro-chemicals. 

For this purpose, farmers submitted fertilizers samples in laboratory for analysis. After 

analysis, results cleared that one sample was fit, some were below standard and others 

were sub-standard.  

14.5.2 Adulterated agro-chemicals 

Recently, it is declared by government that expired and substandard pesticides are 

controlled by 1% but it has been seen that this trend is still present among some 

manufacturing companies. This trend has imparted a great effect on agriculture production 

as well as human health. Beside this, due to prolonged residual effects of low quality 

chemicals, the issues of environmental pollution as well as serious health problems to 

animals are arising. Moreover, such type of chemicals has degraded the soil quality which 

is main cause of poor production. It is also observed that use of expired, adulterated and 

substandard insecticides has promoted the insects or pests’ resistance against such type 

of insecticides. That is why; insect-pests have gained more strong adaptation. Overuse of 

low quality pesticides has become ineffective to weeds and insect pests. It is also pertinent 

to mention that adulteration problems become more prominent in peak periods when there 

is more demand of pesticides. 

14.5.3 Adulteration causing factors 

There are many direct and indirect factors which are main reasons behind adulteration of 

chemicals.  

 Lack of pesticides research laborites for analysis. 
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 Illiterate farmers cannot be able to judge the chemicals quality and quantity. 

 More market competition for chemicals. 

 Excess of non-registered chemical manufacturing companies. 

 Not either enough nor fully trained inspectors to take samples for lab analysis. 

 Support of some political agents to substandard chemicals manufacturing and 

marketing. 

 Fair price of adulterated chemicals urges the farmers to purchase these. 

 Long term court procedures encourage such cases. 

 

14.6 Lack of Farm Machinery for Small Land Holders 

Mechanized farming is considered to be the symptom of modern agriculture. Mechanized 

framing involves the involvement of farm machinery and equipment in crop production 

operations such as land leveling, seed bed preparation, planting, fertilization and 

manuring, spraying, harvesting and threshing etc. Mechanized agriculture ensures 

judicious and well in time application of field operations, minimization of crop losses, 

improved per head income with good-quality of grains. On one side, it is the sole solution 

of many of the emerging problems of farmers like labor shortage and timely take-up of 

farming operations while on other side, have bid role in increasing national agricultural 

production. Unfortunately, we are far behind many agricultural countries with respect to 

adoption of mechanized farming. This is especially true in case of small holding farmers. 

One of its reasons is inadequate facilities from government side regarding provision of 

machinery at low cost to small farmers. Un-sustained policy direction, inadequate 

agricultural loaning and failure of local industry in developing efficient farm machinery are 

the other reasons. The small farmers usually do diversified multiple cropping that requires 

availability of specific farm machinery only at specific time in a year. Therefore, they do not 

afford purchase of agricultural machinery. The use of rented machinery is thus more 

common among small farmers. Farmers use rented tractors on about 90% of the total area. 

In case of combine harvesters the ownership rate is about 5 percent. Official stats reveal 

that majority of farmers (more than 70%) are now using tractors for cultivation operations. 

Among remaining less than 30%, the 20% famers use tractors along with draught animals. 

While the remaining very low proportion of farmers still animal drawn implements. There 

is a growing trend in tube wells, ploughs and cultivators, harrows, in farming operations. 

However, still our farming is not truly a modern mechanized farming. 

If we are able to adopt farm mechanization on true scientific lines, we can boost-up our 

yields, avoid pre and post-harvest losses, and provide better quality agricultural products 
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to local and international markets. The development of local farm machinery is inevitable 

because we cannot totally rely upon imported farm machinery. This is due to certain ground 

realities which should be considered before better policy making regarding farm 

machinery. The one of the reasons is that majority of farmers are medium to small land 

holders. The most of the agricultural machinery which is being used in modern countries 

is suitable for huge land holders. So, this machinery could not work efficiently in small fields 

with of bunds, field borders, tree plantations etc. as these become hurdle in smooth running 

of this machinery. Thus there is a need to develop our local farm machinery industry so 

that it can prepare machinery suitable to our farming conditions. Moreover, locally 

developed machinery will be more affordable to small farmers due to its low cost. However, 

lot of research, expertise and proper patentation procedures should be adopted while 

approval of every new type of farm machine. This is because, once trust of grower is 

shaked, it would become very difficult to rebuilt it again and convince him for using farm 

machinery. Recently, about 100 farm machinery manufacturing and trading companies are 

registered in the country. But among them, only 30 are doing regular manufacturing while 

the majority of companies are indulged only in import of farm machinery.    

Paddy fields can’t do without mechanized farming. Sindh’s paddy sector has lately seen 

some interventions aimed at mechanizing cultivation, increasing per-acre yields. It aims to 

ensure the provision of laser land levelers, transplanters and harvesters for paddy growers 

through rental service-providers. Laser land levelers ensure uniformity in water distribution 

at the cultivation and post-cultivation stages as paddy remains a high-delta crop. It helps 

save 30-40pc of water that is otherwise lost in any piece of uneven farmland. Similarly, 

transplanters and harvesters contribute to the overall increased farm productivity. Manual 

transplantation of seedlings is labor-intensive, tedious and time-consuming. In contrast, 

mechanized transplantation substantially increases the plant population up to 100,000 per 

acre which varies around 50,000-70,000 plants per acre in the manual process. 

Mechanized transplantation increases productivity by 20 maunds an acre which is usually 

assessed at 50-60 maunds. Harvesters substantially save grain losses at the harvesting 

stage. Keeping such losses within 15pc translates into revenue of half a billion dollars. 

Pakistan has a net potential of $5bn rice exports. But we are currently fetching $2bn 

because of gaps at the cultivation, harvesting, storage and milling stages. Pakistan can 

increase its rice production to 12.5m tons from 7.4m tons by adopting mechanization. 

 

14.7 Less Use of Inputs 

In Pakistan, agriculture sector is the source of income for bigger proportion of country’s 

population i.e. more than 60%. Food and foreign exchange is also provided by agriculture. 

In the country, productivity of agriculture is declining due to less use of inputs. There are 

following factors involved in less use of inputs: 

1. High input cost 

https://www.dawn.com/news/1464537/paddy-fields-cant-do-without-mechanised-farming
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The profitability of agriculture in irrigated areas is now declining due to heavy rates of 

inputs. Energy and fertilizers prices are high i.e. electricity price, diesel price, and 

phosphorus fertilizers price. Their high prices have negative impact on our agriculture 

especially in irrigated areas. Thus, in the present scenario of high need for food security 

and export of commodities, not only output use but also input economics is necessary.  

2. Inputs availability 

a) Availability and distribution of improved seed   

In raising agriculture production, good seed has pivotal role. The improved varieties have 

resistance against diseases, insect-pests, drought and salt affected soils as well as giving 

high. In Pakistan, both the private and govt. sectors are producing improved seed varieties 

and are involved in its distribution and multiplication. Due to seed production problems, 

only 20% area of wheat, maize and rice, is being cultivated by improved seeds. The issue 

is more severe in case of vegetable seed as almost all vegetable seed is imported to fulfill 

local demand. Thus a considerable foreign exchange is invested on the import of vegetable 

seed.   

The second main problem is distribution of seeds. Public sectors do not provide the 

improved seeds according to farmers’ demand. Moreover, seed of only some limited crops 

is provided by this sector. The absence of well-organized seed distribution system results 

in non-availability or late availability of crop seed to farmers. Thus it results in lower crop 

yields. There should be more struggle needed by both the government and non-

government sector to fulfill improved seed demand at least 30-40% synthetic varieties and 

100% demand for hybrid seeds. 

b) Low water availability (Surface and Ground water)   

Water is a vital input in crop production. According to WCD our irrigation system consists 

of three large water reservoirs, 23 barrages, 45 canals and 90 thousand kilometers of water 

courses. There are almost 1 million tube wells present in our country. At farm gate water 

availability was 90 MAF in 1997-98 and 87 MAF in 2001-02 due to drought. The water 

quality in brackish zone can be characterized into saline, saline-sodic and sodic. In the last 

four decades, the tube well use has been increased greatly in agriculture which is causing 

more saltation. The variability in flow of rivers is caused due to climatic change, 

development of sedimentation in large water resources and ignorance of new storage 

facility development.  



 

309 
 

Bibliography:  

Aaronson, M. J., Kirby, K. W., & Tessari, J. D. (1980). Identification and confirmation of 

atrazine in pond water. Bulletin of environmental contamination and toxicology, 25(1), 492-

497. 

Abbas, M. A., & Hussain, T. (2000). General agriculture. Publishers Emporium. 

Abbas, T., Nadeem, M. A., Tanveer, A., & Ahmad, R. (2016). Evaluation of fenoxaprop-p-

ethyl resistant littleseed canarygrass (Phalaris minor) in Pakistan. Planta Daninha, 34(4), 

833-838. 

Abela-Hofbauerová I, Münzbergová Z (2011) Increased  performance of Cirsium arvense 

from the invasive range. Flora morphology, distribution. Funct Ecol Plants 206:1012–1019 

Abouziena HF, Haggag WM, 2016. Weed control in clean agriculture: a review. Planta 

Daninha. 34:377-92. 

Abraham CT, Singh SP (legume intercropping systems. J Agri Sci 103:103–115 

Adamczewski, K., Kierzek, R., & Matysiak, K. (2013). Wild oat (Avena fatua L.) biotypes 

resistant to acetolactate synthase and acetyl-CoA carboxylase inhibitors in Poland. Plant, 

Soil and Environment, 59(9), 432-437. 

Afzal, N., & Ahmad, S. (2009). Agricultural input use efficiency in Pakistan: key issues and 

reform areas. Managing Natural Resources for Sustaining Future Agriculture Research 

Briefings, 1, 1-12. 

Ahmad A, Cheema ZA, Ahmad R (2000) Evaluation of Sorgaab as natural weed inhibitor 

in maize. J Anim Plant Sci 10:141–146  

Ahmad, A.; Misra, L.N. Terpenoids from Artemisia annua and constituents of its essential 

oil. Phytochemistry 1994, 37, 183–186.  

Ahn, J.K.; Chung, I.M. Allelopathic potential of rice hulls on germination and seedling 

growth of barnyard grass. Agron. J. 2000,  

Akram, M. (2009). Aromatic rices of Pakistan, a review. Pakistan Journal of Agricultural 

Research, 22(3-4), 154-160. 

Ali Z, Malik MA, Cheema MA (2000) Studies on determining a suitable canola-wheat 

intercropping pattern. Int J Agri Biol 2:42–44 



 

310 
 

Ali, A. B., Elshaikh, N. A., Hong, L., Adam, A. B., & Haofang, Y. (2017). Conservation tillage 

as an approach to enhance crops water use efficiency. Acta Agriculturae Scandinavica, 

Section B—Soil & Plant Science, 67(3), 252-262. 

Ali, H. H., Tanveer, A., Nadeem, M. A., Javaid, M. M., Kashif, M. S., & Chadhar, A. R. 

(2013). Allelopathic effects of Rhynchosia capitata on germination and seedling growth of 

mungbean. Planta Daninha, 31(3), 501-509. 

Al-Khatib K, Libbey C, Boydston R (1997) Weed suppression with Brassica green manure 

crops in green pea. Weed Sci 45:439–445. 

Ambika SR, Poornima S, Palaniraj R, Sati SC and Narwal SS (2003) Allelopathic plants. 

10. Lantana camara L. Allelopathy Journal 12: 147–162 

Appleby AP, Muller F, Carpy S 2000 Weed control. Pages 687–707 in Muller F, ed. 

Agrochemicals. New York: Wiley. 

Appleby, A. P. 2005. A history of weed control in the United States and Canada—a sequel. 

Weed Sci. 53:762–768. 

Arif M (2013) Exploiting crop allelopathy for weed management in wheat (Triticum 

aestivum L.). PhD thesis, Department of Agronomy, University of Agriculture, Faisalabad, 

Pakistan. 

Arnon, I. (2012). Agriculture in dry lands: principles and practice (Vol. 26). Elsevier. 

Ascard J, Hatcher PE, Melander B, Upadhyaya MK (2007) Thermal weed control. In: 

Upadhyaya MK, Blackshaw RE (eds) Non-chemical weed management (Chapter 10). CAB 

International, Wallingford, pp 155–175. 

Ateh CM, Doll JD (1996) Spring-planted winter rye (Secale cereale) as a living mulch to 

control weeds in soybean (Glycine max). Weed Technol. 10:347–353 

Awan IU, Khan MA, Zareef M, Khan EA (2009) Weed management in sunflower with 

allelopathic water extracts and reduced doses of a herbicide. Pak J Weed Sci Res 15:19–

30. 

Ayres, P.; Paul, N. Weeding with fungi. New Sci. 1990, 732, 36–39. 

Bajwa AA, Mahajan G, Chauhan BS (2015) Non-conventional Weed Management 

strategies for modern agriculture. Weed Sci 63:723– 747.  



 

311 
 

Bajwa, A.A., Khalid, S., Sadia, S., Nabeel, M., Nafees, W., (2013). Influence of 

combinations of allelopathic water extracts of different plants on wheat and wild oat. Pak. 

J. Weed Sci. Res. 19, 157e166. 

Baker HG (1974) The evolution of weeds. Annual Review of Ecology and Systematics 5: 

1–24 

Banuelos, G.S.; Hanson, B.D. (2010) Use of selenium-enriched mustard and canola seed 

meals as potential bioherbicides and green fertilizer in strawberry production. HortScience, 

45, 1567–1572. 

Barman, K.K., Singh, V.P., Dubey, R.P., Singh, P.K., Dixit, A., Sharma, A.R., 

2014.Challenges and opportunities in weed management under a changing agricultural 

scenario. In: Recent Advances in Weed Management. Springer, New York Heidelberg 

Dordrecht London, pp. 365-390.  

Barnes JP, Putnam AR, Burke BA (1986) Allelopathic activity of rye (Secale cereal L.). In: 

Putnam AR, Tang CS (eds.) The science of allelopathy. Willey Interscience, New York, pp 

271–286 

Bastiaans L, Paolini R, Baumann DT (2008) Focus on ecological weed management: what 

is hindering adoption? Weed Res 48:481–491 

Baumann DT, Krop MJ, Bastiaans L (2000) Intercropping leeks to suppress weeds. Weed 

Res 40:361–376 

Beckie, H. J. and G. S. Gill. 2006. Strategies for managing herbicide-resistant weeds. 

Pages 581–625 in H. P. Singh, D. R. Batish, and R. K. Kohli, eds. Handbook of Sustainable 

Weed Management (Crop Science). Binghamton, NY: Haworth. 

Benefield, C. B., J. M. DiTomaso, G. B. Kyser, S. B. Orloff, K. R. Churches, D. B. Marcum, 

and G. A. Nader. 1999. Success of mowing to control yellow starthistle depends on timing 

and plant’s branching form. California Ag. 53(2):17-21. 

Bergeson, G. B., & Ferris, J. M. (1986). Influence of tillage methods on Pratylenchus spp. 

in two soil types. Plant disease, 70: 326-328. 

Bewley, J. D., & Black, M. (1982). The release from dormancy. In Physiology and 

biochemistry of seeds in relation to germination (pp. 126-198). Springer, Berlin, 

Heidelberg.  



 

312 
 

Bhadoria, P.B.S., 2011. Allelopathy: a natural way towards weed management. Am. J. 

Exp. Agric. 1: 7e20. 

Bilalis D, Sidiras N, Economou G, Vakali C (2003) Effect of different levels of wheat straw 

soil surface coverage on weed flora in Viciafaba crops. J. Agron. Crop Sci. 189:233–241 

Bingaman, B.R.; Christians, N.E. (1995) Green-house screening of corn gluten meal as a 

natural control product for broad leaf and grass weeds. Hort Science, 30, 1256–1259. 

Blunk, S., Malik, A. H., de Heer, M. I., Ekblad, T., Fredlund, K., Mooney, S. J., & Sturrock, 

C. J. (2017). Quantification of differences in germination behaviour of pelleted and coated 

sugar beet seeds using X-ray Computed Tomography (X-Ray CT). Biomedical Physics & 

Engineering Express, 3(4), 044001.  

Bonanomi G, Sicurezza MG, Caporaso S, Esposito A, Mazzoleni S (2006) Phytotoxicity 

dynamics of decaying plant materials. New Phytol 169:571–578 

Bonnet J L, Bonnemoy  F, Dusser  M, Bohatier J. 2007. Assessment of the potential toxicity 

of herbicides and their degradation products to non-target cells using two microorganisms, 

the bacteria Vibrio fischeri and the ciliate Tetrahymena pyriformis. Environ. Toxicol. 22(1): 

78–91. 

Borek, V.; Morra, M.J. Ionic thiocyanate (SCN´) production from 4-hydroxybenzyl 

glucosinolate contained in Sinapis alba seed meal. J. Agric. Food Chem. 2005, 53, 8650–

8654.  

Bouman BAM, Tuong TP (2003) Growing rice with less water. Issues of water 

management in agriculture: compilation of essays comprehensive assessment secretariat. 

Colombo: International Irrigation Management Institute, pp 49–54 

Boydston, R.A.; Anderson, T.; Vaughn, S.F. Mustard (Sinapis alba) seed meal suppresses 

weeds in container-grown ornamentals. Hort Science 2008, 43, 800–803. 

Boydston, R.A.; Morra, M.J.; Borek, V.; Clayton, L.; Vaughn, S.F. Onion and weed 

response to mustard (Sinapis alba) seed meal. Weed Sci. 2011, 59, 546–552. 

Boyette, C.D.; Hoagland, R.E.; Abbas, H.K. Evaluation of the bioherbicide Myrothecium 

verrucaria for weed control in tomato (Lycopersicon esculentum). 2007. Biocontrol Sci. 

Technol., 17, 171–178.  

Brar, L.S., Walia, U.S., 1991. Herbicidal control of congress grass (Parthenium 

hysterophorus). Indian J. Weed Sci. 23, 36e39. 



 

313 
 

Brusick, D. J. (1994). An assessment of the genetic toxicity of atrazine: relevance to human 

health and environmental effects. Mutation Research/Reviews in Genetic 

Toxicology, 317(2), 133-144. 

Burks, E. (2008). XBEETÒ-Next generation priming. British Sugar Beet Review, 76(4), 6-

9. 

Bussan, A. J. and W E. Dyer. 1999. Herbicides and rangeland. Pages 116-132, In: R. L. 

Sheley and J. K. Petroff, eds. Biology and Management of Noxious Rangeland Weeds. 

Corvallis, OR: Oregon State University Press. 

Caamal-Maldonado JA, Jimenez-Osorino JI, Barragan AT, Anaya AL (2001) The use of 

allelopathic legume cover and mulch species for weed control in cropping systems. Agron 

J 93:27–36 

Cantliffe DJ, Elbala M, Guedes A, Odell GB, Veazie P, Schultheis JR, Seale DN, Shuler 

KD, Tanne I, Watkins JT (1987) Improving stand establishment of direct-seeded 

vegetables in Florida. Proc Fla State Hortic Soc 100:213–216 

Cappuccino N, Carpenter D (2005) Invasive exotic plants suffer less herbivory than 

noninvasive exotic plants. Biol Lett 1:435–438 

Cernusko K, Boreky V (1992) The effect of fore crop, soil tillage and herbicide on weed 

infestation rate and on the winter wheat yield. RostlinnaVyroba-UVTIZ 38:603–609 

Chandrasekaran, B., Annadurai, K., & Somasundaram, E. (2010).  A Textbook of 

Agronomy. New Age International Limited, New Delhi. 

Charudattan, R. (2005) Use of plant pathogens as bioherbicides to manage weeds in 

horticultural crops. Proc. Fla.State Hort. Soc., 118, 208–214. 

Chauhan BS (2012) Weed ecology and weed management strategies for dry-seeded rice 

in Asia. Weed Technol 26:1–13 

Chauhan BS, Johnson DE (2010) The role of seed ecology in improving weed 

management strategies in the tropics. Adv. Agron 105:221–262 

Cheema ZA, Asim M, Khaliq A (2000) Sorghum allelopathy for weed control in cotton 

(Gossypium arboretum L.). Int J Agric Biol 2:37–40 

Cheema ZA, Farid MS, Khaliq A (2003) Efficacy of concentrated Sorgaab with low rates of 

atrazine for weed control in maize. J Anim Plant Sci 13:48–51 



 

314 
 

Cheema ZA, Farooq M, Khaliq A (2012) Application of allelopathy in crop production: 

success story from Pakistan. In: Cheema ZA, Farooq M, Wahid A (eds) Allelopathy: current 

trends and future applications. Springer-Verlag, Heidelberg, pp 113–144 

Cheema ZA, Khaliq A, Ali K (2002) Efficacy of Sorgaab for weed control in wheat grown at 

different fertility levels. Pak J Weed Sci Res 8: 33–38 

Cheema ZA, Khaliq A, Hussain R (2003) Reducing herbicide rate in combination with 

allelopathic Sorgaab for weed control in cotton. Int J AgriBiol 5: 1–6  

Cheema ZA, Khaliq A, Saeed S (2004) Weed control in maize (Zea mays L.) through 

sorghum allelopathy. J Sustain Agric 23: 73–86 

Cheema ZA, Luqman M, Khaliq A (1997) Use of allelopathic extracts of sorghum and 

sunflower herbage for weed control in wheat. J Anim Plant Sci 7: 91–93 

Chin, H. F. (1984). Identification of recalcitrant seeds. Seed Sci. & Technol, 12, 429-436.  

Chrispeels and Sadava, (2003).Plants, Genes, and Crop Biotechnology. Published by 

Jones and Bartlett Publishers. 619 pp (EdizioneItaliana, 2005 coordinata da F. Sala). 

Copeland, L. O., & McDonald, M. B. (2001). Seed conditioning and handling. In Principles 

of seed science and Technology(pp. 252-267). Springer, Boston, MA.  

Creamer NG, Bennett MA, Stinner BR, Cardina J, Regnier EE (1996) Mechanisms of weed 

suppression in cover crop-based production systems. HortSci 31: 410–413 

Das, T.K., (2002). How to takle weed invasion in crops. ICAR News 8, 12. 

De Vita, P., Di Paolo, E., Fecondo, G., Di Fonzo, N., & Pisante, M. (2007). No-tillage and 

conventional tillage effects on durum wheat yield, grain quality and soil moisture content 

in southern Italy. Soil and Tillage Research, 92(1-2), 69-78.  

DeBruin, S. L. and E. W. Bork. (2006). Biological control of Canada thistle in temperate 

pastures using high density rotational cattle grazing. Biol. Control 36:  305–315. 

Decoteau D.R. (2005). Principles of Plant Science Environmental Factors and Technology 

in Growing Plants. Prentice Hall, New Jersey.  

Derksen, D. A., G. P. Lafond, C. J. Swanton, A. G. Thomas, and H. A. Loeppky. 1993. The 

impact of agronomic practices on weed communities: tillage systems. Weed Sci. 41: 409–

417. 

Donnell, C.O., Adkins, S.W., 2005. Management of parthenium weed through competitive 

displacement with beneficial plants. Weed Biol. Manag. 5, 77-79. 



 

315 
 

Draycott AP (2006) Sugar beet. Vol.474, Blackwell Publishing Ltd 

Dudai, N.; Poljakoff-Mayber, A.; Mayer, A.M.; Putievsky, E.; Lerner, H.R. Essential oils as 

allelochemicals and their potential use as bioherbicides. J. Chem. Ecol. 1999, 25, 1079–

1089.  

Durborow, R. M., Tucker, C. S., Gomelsky, B. I., Onders, R. J., & Mims, S. D. (2008). 

Aquatic weed control in ponds. Kentucky State University Land Grant Program, 24. 

Einhellig FA, Rasmussen JA (1989) Prior cropping with grain sorghum inhibits weeds. J 

ChemEcol 15:951–960 

Erbach D.C., Lovely W.G. (1975). Effect of plant residue on herbicide performance in no-

tillage corn. Weed Sci. 23, 512–515. 

Evans CG (1972) The Quantitative analysis of plant growth. Studies in Ecology. Volume 

1. University of California Press, Berkeley, Los Angeles 

Evans, H.C., (1997). Parthenium hysterophorus: a review of its weed status and the 

possibilities of biological control. Biocontrol News Inf. 18, 89-98. 

FAO. (2006). Quality Declared Seed System. FAO Plant Production and Protection Paper 

185 www.fao.org/docrep/009/a0503e/a0503e00.htm 

FAO. (2009). Global agriculture towards 2050. 

Farooq M, Jabran K, Cheema ZA, Wahid A, Siddique KHM (2011) The role of allelopathy 

in agricultural pest management. Pest Manage Sci 67:494–506 

Fennimore, S.A.; Martin, F.N.; Miller, T.C.; Broome, J.C.; Dorn, N.; Greene, I. (2014) 

Evaluation of a mobile steam applicator for soil disinfestation in California strawberry. 

HortScience, 49, 1542–1549. 

Finch-Savage WE, Bassel GW (2016) Seed vigour and crop establishment: extending 

performance beyond adaptation. J Exp Bot 67(3):567–5 

Fischer RA, Edmeades GO (2010) Breeding and cereal yield progress. Crop Sci 50:85–98 

Fischer-Scherl, T., Veeser, A., Hoffmann, R. W., Kühnhauser, C., Negele, R. D., & 

Ewringmann, T. (1991). Morphological effects of acute and chronic atrazine exposure in 

rainbow trout (Oncorhynchus mykiss). Archives of environmental contamination and 

toxicology, 20(4), 454-461. 

Fitter, A. H., & Hay, R. K. (2012). Environmental physiology of plants. Academic press. 

http://www.fao.org/docrep/009/a0503e/a0503e00.htm


 

316 
 

Folmar LC, Sanders HO, Julin AM. 1979. Toxicity of the herbicide glyphosate and several 

of its formulations to fish and aquatic invertebrates. Arch. Environ. Contam. Toxicol. 8(3): 

269–278. 

Fujii Y, Heradata S (2005) A critical survey of allelochemicals in action, the importance of 

total activity and the weed suppression equation. In: Harper JDI, An M, Wu H, Kent JH 

(eds) Proceedings of fourth world congress on allelopathy ‘‘Establishing the scientific 

base’’, 21–26 Aug 2005, Charles Strut University, WaggaWagga, NSW, pp 73–76 

Funderburk, J. E., D. L. Wright, and I. D. Teare. 1988. Preplant tillage effects on population 

dynamis of soybean insect predators. Crop Sci. 28: 973-977.  

Giesy JP, Dobson S, Solomon KR. 2000. Eco toxicological risk assessment for Roundup® 

herbicide. Rev. Environ. Contam. Toxicol. 167: 35–120. 

Girolamo G, Barbanti L (2012) Treatment conditions and biochemical processes 

influencing seed priming. Ital J Agron 7(2):e25-e25 

Green, S. A review of the potential for the use of bioherbicides to control forest weeds in 

the UK. Forestry 2003, 76, 285–298.  

Greenberg, S. M., Bradford, J. M., Adamczyk, J. J., Smart, J. R., & Liu, T. X. (2010). Insect 

population trends in different tillage systems of cotton in South Texas. Subtropical plant 

science, 62, 1-17. 

Grisi, P.U.; Forim, M.R.; Costa, E.S.; Anese, S.; Franco, M.F.; Eberlin, M.N.; Gualtieri, 

S.C.J. (2015) Phytotoxicity and identification of secondary metabolites of Sapindus 

saponaria L. leaf extract. J. Plant Growth Regul., 34, 339–349. 

Grodzinsky AM (1992) Allelopathic effects of cruciferous plants in crop rotation. In: Rizvi 

SJH, Rizvi V (eds) Allelopathy: basic and applied aspects. Chapman and Hall, London, pp 

77–85. 

Hailmi, M.S., Kadir, J., Abdullah, T.A., Suhaili, Z., Mohamad, N.M., Nazri, M., Norhayati, 

N., Salmah, M., (2011). Potential of Exserohilummonoceras as a bioherbicide for 

controlling Echinochloa crus-galli (Rumput Sambau). J. Agrobiotech. 2, 1-15. 

Hampton, (2002). What is Seed Quality? Seed Science and Technology 30, 1-

10.International Rules for Seed Testing , 2009. Published by ISTA. 

Hamza MA, Anderson WK. (2005). Soil compaction in cropping systems: a review of the 

nature, causes, and possible solutions. Soil Till Res. 82:121–145. 



 

317 
 

Handiseni, M.; Brown, J.; Zemetra, R.; Mazzola, M. (2012) Use of Brassicaceous seed 

meals to improve seedling emergence of tomato and pepper in Pythium ultimum infested 

soils. Arch. Phytopathol. Plant Protect., 45, 1204–1209.  

Hanke I, Wittmer I, Bischofberger S, Stamm C, Singer H. (2010). Relevance of urban 

glyphosate use for surface water quality. Chemosphere 81: 422–429. 

Harmond, J. E., Brandenburg, N. R., & Klein, L. M. (1968). Mechanical seed cleaning and 

handling. Mechanical seed cleaning and handling. 

Harrington, J. F. (1973). Biochemical basis of seed longevity. Seed Science and 

Technology. 453-461. 

Hassan, S. M., Aidy, I. R., Bastawisi, A. O., & Draz, A. E. (1998). Weed management using 

allelopathic rice varieties in Egypt. Allelopathy in rice, 27-37. 

Hassink, J., Lebbink, G., & Van Veen, J. A. (1991). Microbial biomass and activity of a 

reclaimed-polder soil under a conventional or a reduced-input farming system. Soil Biology 

and Biochemistry, 23(6), 507-513.  

Hauggaard-Nielsen H, Ambus P, Jensen ES (2001) Interspecific competition, N use and 

interference with weeds in pea-barley intercropping. Field Crops Res 70:101–109 

He, J., H. Li, A.D. McHugh, Z. Ma, X. Cao, Q. Wang, X. Zhang, and X. Zhang. (2008). 

Spring wheat performance and water use efficiency on permanent raised beds in arid 

northwest China. Aust. J. Soil Res. 46:659–666 

Heirro JL and Callaway RM (2003) Allelopathy and exotic plant invasion. Plant and Soil 

256: 29–39 

Héraux, F.M.G.; Hallett, S.G.; Ragothama, K.G.; Weller, S.C. Composted chicken manure 

as a medium for the production and delivery of Trichoderma virens for weed control. 

HortScience 2005, 40, 1394–1397. 

Herzog, D. C. and J. E. Funderburk. (1986). Economical bases for habitat management 

and cultural control, pp. 217-250. In Ecological Theory and Integrated Pest Management 

Practice. Willey Interscience. NY. 

Hiltbrunner J, Liedgens M, Bloch L, Stamp P, Streit B (2007) Legume cover crops as living 

mulches for winter wheat: components of biomass and the control of weeds. Eur J Agron 

26:21–29 



 

318 
 

Hiltner, L., & Ihssen, G. (1911). Uber das schlechte Auflaufen und die Auswinterung des 

Getreides infolge Befalls durch Fusarium. Landwirtsch, Jb. Bayern, 1, 20-60. 

Hoffman ML, Weston LA, Snyder JC, Reigner EE (1996) Allelopathic influence of 

germinating seeds and seedlings of cover crops on weed spp. Weed Sci 44:579–589 

Hued AC, Oberhofer S, Bistoni MD. 2012. Exposure to a commercial glyphosate 

formulation (Roundup®) alters normal gill and liver histology and affects male sexual 

activity of Jenynsiamultidentata (Anablepidae, Cyprinodontiformes). Arch. Environ. 

Contam. Toxicol. 62(1): 107–117. 

Hulugalle NR, Koning JD, Malton PT. (1990). Effect of rock bunds and tied ridges on soil 

water content and properties in the Sudan Savannah of Burkina Faso. Trop Agric. 

(Trinidad). 67:149–153. 

Hussain S, Khan F, Hussain HA, Nie L (2016) Physiological and biochemical mechanisms 

of seed priming-induced chilling tolerance in rice cultivars. Front Plant Sci 7(116):116 

Iqbal J, Cheema ZA (2007) Effect of allelopathic crops water extracts on glyphosate dose 

for weed control in cotton (Gossypium hirsutum L.). Allelopathy J 19:403–410 

Jabran K, Cheema ZA, Farooq M, Basra SMA, Hussain M, Rehman H (2008) Tank mixing 

of allelopathic crop water extracts with pendimethalin helps in the management of weeds 

in canola ( Brassica napus) field. Int J AgriBiol 10:293–296 

Jabran, K.; Mahajan, G.; Sardana, V.; Chauhan, B.S. (2015) Allelopathy for weed control 

in agricultural systems. Crop Prot., 72, 57–65. 

Jaggard KW, Qi A, Ober ES (2009) Capture and use of solar radiation, water, and nitrogen 

by sugar beet (Beta vulgaris L.). J Exp Bot 60(7):1919–1925 

Jamil M, Cheema ZA, Mushtaq MN, Farooq M, Cheema MA (2009) Alternative control of 

wild oat and canarygrass in wheat fields by allelopathic plant water extracts. Agron Sustain 

Dev 29:475–482 

Javaid, A., (2010). Herbicidal potential of allelopathic plants and fungi against Parthenium 

hysterophorus. A review. Allelopathy J. 25, 331e344. 

Jiang Z, Li X, Yu-Jun MA. (2013). Water and energy conservation of rainwater harvesting 

system in the Loess Plateau of China. J Integr Agric. 12:1389–1395. 

Johnson, D.R.; Wyse, D.L.; Jones, K.L. (1996) Controlling weeds with phytopathogenic 

bacteria. Weed Technol., 10, 621–624. 



 

319 
 

Jones, R.W.; Hancock, J.G. (1990) Soil borne fungi for biological control of weeds. In 

Microbes and Microbial Products as Microbial Herbicides; Hoagland, R.E., Ed.; American 

Chemical Society: Washington, DC, USA,; pp. 276–286. 

Jordan, V. L., and Allen, E. C. (1984). Barley net blotch: influence of straw disposal and 

cultivation methods on inoculum potential, and on incidence and severity of autumn 

disease. Plant Pathology, 33(4), 547-559. 

Justice, O. L., & Bass, L. N. (1978). Principles and practices of seed storage (No. 04; 

USDA, SB118. 4 J8.). Washington, DC: US Department of Agriculture.  

Kanbar A, Janamatti M, Sudheer E, Vinod MS, Shashidhar HE (2006) Mapping qtls 

underlying seedling vigour traits in rice ( Oryza sativa L.). Current Sci 90:24–26 

Kasasian, L., (1971). The place of herbicides and weed research in tropical agriculture. 

Pest Articles and News Summaries, Tropical Pesticides Research Headquarters and 

Information Unit, London, 17, 26– 29. 

Khalil, I. A., & Jan, A. (2002). Cropping Technology. National Book Foundation, Islamabad, 

126. 

Khaliq A, Cheema ZA, Mukhtar MA, Basra SMA (1999) Evaluation of sorghum (Sorghum 

bicolor) water extracts for weed control in soybean. Int J Agri Biol 1:23–26 

Khan AA (1992) Preplant physiological seed conditioning. Hortic Rev 13:131–181 

Khan MB, Ahmad M, Hussain M, Jabran K, Farooq S, Waqas-Ul-Haq M (2012) Allelopathic 

plant water extracts tank mixed with reduced doses of atrazine efficiently control 

Trianthema portulacastrum L. in Zea mays L. J Anim Plant Sci 22:339–346 

Khan ZR, Hassanali A, Overholt W, Khamis TM, Hooper AM, Pickett JA, Wadhams LJ, 

Woodcock CM (2002) Control of Witch weed, Striga hermonthica by intercropping with 

Desmodium spp, and the mechanism defined as allelopathic. J ChemEcol 28:1871–1885 

Kim, S.Y., de Datta, S.K., Robles, R.P., Kim, K.U., Lee, S.C., Shin, D.H. (1993) Allelopathic 

effect of sorghum extract and residues on selected crops and weeds. Kor. J. Weed Sci. 

14, 34e41. 

Knezevic SZ, Evans SP, Blankenship EE, Van Acker RC, Lindquist JL (2002) Critical 

period of weed control: the concept and data analysis. Weed Sci 50:773–786 

Knezevic SZ, Ulloa SM (2007) Flaming: potential new tool for weed control in organically 

grown agronomic crops. J Agric Sci 52:95–104 



 

320 
 

Kobayashi H, Miura S, Oyanagi A (2004) Effects of winter barley as a cover crop on the 

weed vegetation in a no-tillage soybean. Weed Biol Manage 4:195–205 

Kohli, R.K., Batish, D.R., Singh, H.P., Dogra, K.S., (2006). Status, invasiveness and 

environmental threats of three tropical American invasive weeds (Parthenium 

hysterophorus L., Ageratum conyzoides L., Lantana camara L.) in India. Biol. Invasions 8, 

1501e1510. 

Kremer, R.J. (2005) The role of Bioherbicides in weed management. Biopestic. Int., 1, 

127–141. 

Lague C, Gill J, Peloquin G (2001) Thermal control in plant protection. In: Vincent C, 

Panneton B, Fleurat-Lessard F (eds) Physical control methods in plant protection. 

Springer, Berlin, pp 35–46 

Lakon, G. (1949). The topographical tetrazolium method for determining the germinating 

capacity of seeds. Plant Physiology, 24(3), 389. 

Lall, M., Obien, S.R., Joshi, N.C., (1978). Chemical control of Parthenium. Indian J. Plant 

Prot. 6, 48e51. 

Lee HW, Ghimire SR, Shin DH, Lee IJ, Kim KU (2008) Allelopathic effect of the root 

exudates of K21, a potent allelopathic rice. Weed Biol Manage 8:85–90 

Lewis, J. A., & Papavizas, G. C. (1980). Integrated control of Rhizoctonia fruit rot of 

cucumber. Phytopathology, 70(2), 85-89. 

Liebman M, Dyck E (1993) Crop rotation and intercropping strategies for weed 

management. EcolAppl 3:92–122 

Liu, D.; Christians, N. (1997) Inhibitory activity of corn gluten hydrolysate on mono 

cotyledonous and dicotyledonous species. HortScience, 32, 243 245. 

Liu, D.; Christians, N. (1994) Isolation and identification of root inhibiting compounds from 

corn gluten hydrolysate. J. Plant Growth Regul., 13, 227–230.  

Luna, E., Bruce, T. J., Roberts, M. R., Flors, V., & Ton, J. (2012). Next-generation systemic 

acquired resistance. Plant physiology, 158(2), 844-853. 

Lutts S, Benincasa P, Wojtyla L, Kubala S, Pace R, Lechowska K, Quinet M, Garnczarska 

M (2016) Seed priming: new comprehensive approaches for an old empirical technique. 

In: Susana Araujo S, Balestrazzi A (eds) New challenges in seed biology—basic and 

translational research driving seed technology. InTech, Rijeka. 



 

321 
 

Lym, R. G. and C. G. Messersmith. (1994). Leafy spurge (Euphorbia esula) control, forage 

production, and economic return with fall-applied herbicides. Weed Technol. 8:824-829. 

Mack R, Simberloff D, Lonsdale M, Evans H, Clout M and Bazzaz F (2000) Biotic invasions: 

cause, epidemiology, global consequences, control. Ecological Applications 10: 689–710 

Mahajan G, Chauhan BS (2013) The role of cultivars in managing weeds in dry-seeded 

rice production systems. Crop Prot 49:52–57 

Malhi, S. S., G. Mumey, P. A. O’Sullivan, and K. N. Harker. 1988. An economic comparison 

of barley production under zero and conventional tillage. Soil Tillage Res. 11:159–166. 

Maroni, M., & Bersani, M. (1994). Ruolo della biotransformazione nella valutazione dil 

rischio tossicologico da pesticidi. Medicina del Lavoro, 85, 49-54. 

Mason, C. F., & Hall, G. B. (1991). Biology of Freshwater Pollution (Vol. 3511). London: 

Longman Scientific & Technical. 

Matloob A, Khaliq A, Farooq M, Cheema ZA (2010) Quantification of allelopathic potential 

of different crop residues for the purple nut sedge suppression. Pak J Weed Sci Res 16:1–

12 

McDonald MB (2000) Seed priming. In: Black M, Bewley JD (eds) Seed technology and its 

biological basis. Sheffield Academic Press, Sheffield, pp 287–325 

McDonald, M. B. (1995). Standardization of seed vigour tests. In Congress of the 

International Seed Testing Association (Vol. 24, pp. 88-97).  

Midega CAO, Khan ZR, Amudavi DM, Pittchar J, Pickett JA (2010) Integrated management 

of Striga hermonthica and cereal stem borers in finger millet ( Eleusine coracana L.) 

through intercropping with Desmodium intortum. Int J Pest Manage 56:145–151 

Misra, L. N., Tyagi, B. R., Ahmad, A., & Bahl, J. R. (1994). Variability in the chemical 

composition of the essential oil of Coleus forskohlii genotypes. Journal of Essential Oil 

Research, 6(3), 243-247. 

Moore LJ, Fuentes L, Rodgers JH Jr, Bowerman WW, Yarrow GK, Chao WY, Bridges WC, 

Jr. (2012). Relative toxicity of the components of the original formulation of Roundup® to 

five north american anurans. Ecotoxicol. Environ. Saf. 78: 128–133. 

Morris, D. (1989). The importance of cotton to developing countries. Economie des 

FilièresenRégionsChaudes: Formation des Prix et ÉchangesAgricoles. Acte du 

XeSéminaired’Économie et de Sociologie, 11-15. 



 

322 
 

Motlagh, M.R.S., (2011). Fusarium equiseti (Corda) Saccardo as biological control agent 

of barnyard grass (Echinochloa crus-galli L.) in rice fields. J. Food Agr. Environ. 9, 

310e313. 

Muniyappa, T.V., Krishnamurthy, K. (1976). Growth of parthenium under different soil 

conditions and relative efficacy of pre-emergent herbicides. Indian J. Weed Sci. 8, 

115e120. 

Narwal SS (2005) Role of allelopathy in crop production. J Herbologia 6:31 

Nawaz R, Cheema ZA, Mahmood T (2001) Effect of row spacing and sorghum water 

extract on sunflower and its weeds. Int J Agri Biol 3:360–362 

Naylor R (Ed.), 1996. Herbicides in Asian rice: transitions in weed management. Palo Alto 

(California): Institute for International Studies, Stanford University and Manila (Philippines): 

International Rice Research Institute, pp. 270. 

Nazir, A., Jariko, G. A., & Junejo, M. A. (2013). Factors affecting sugarcane production in 

Pakistan. 

Nazir, S., Bashir, E., & Bantel, R. (1994). Crop Production. National Book Foundation, 

Islamabad, 348. 

Nelson RJ (1996) Herbicide use in Asian rice production: perspectives from economics, 

ecology and the agricultural sciences. Herbicides in Asian rice: transitions in weed 

management: Palo Alto (California): Institute for International Studies, Stanford University 

and Manila (Philippines), International Rice Research Institute, pp 3–26 

Nicou, R. & Charreau, C. (1986). Soil tillage and water conservation in semi-arid West 

Africa. In : Appropriate Technologies for Farmers in Semi-Arid Africa. Ohm H.W. (ed.), 

Nagy J.G. (ed.). West Lafayette : Purdue University, pp. 9-32. Workshop on Appropriate 

Technologies for Farmers in Semi-Arid Africa, Ouagadougou, Burkina Faso, 2-5 April 

1985. 

Nieves, J.A.; Acevedo, L.J.; Valencia-Islas, N.A.; Rojas, J.L.; Dávila, R. (2011). 

Fitotoxicidad de extractosmetanólicos de loslíquenesEverniastrumsorocheilum, 

UsnearoccellinayCladoniaconfusa. Glalia, 4, 96. 
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