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ABSTRACT 

The rice-wheat cropping system (RWCS) of Pakistan comprises 1.7 mha out 

of 13.5 mha of total RW area of Indo-Gangetic Plains (IGP), South Asia. Its current 

productivity (5 Mg ha
-1

) is far below the combined potential yields of both improved 

rice and wheat cultivars. Findings from farm surveys suggest that production model 

for RW belt of Pakistan‟s Punjab province as “medium input-medium output” 

because of degradation of soil and water resources. The slowdown in cereal 

productivity growth is linked to the soils not functioning to their full capacity and 

decreasing efficiency due to mismanaged cultivation. The constraints like depletion of 

organic matter as well as poor 3D soil health parameters viz. physical, chemical and 

biological jeopardize the sustainable productivity and net farmer profits. 

 From the surveyed soils in the surroundings of 11 major cities of the Punjab, 

Pakistan viz., Kala Shah Kaku, Muridke, Narang Mandi, Narowal, Pasroor, Sialkot, 

Wazirabad, Gujranwala, Hafizabad, Sheikhupura and Lahore, more than 90% of the 

soils were severely deficient of the soil organic matter (SOM), soil organic carbon 

(SOC), potentially mineralizable nitrogen (PMN) and low soil microbial communities 

assessed on the basis of total soil DNA extraction. An extreme variation in soil pH1:1 

and EC1:1 was observed throughout the surveyed area. The physical parameters of soil 

health were found to be poorer in most of the sampled soils such as soil bulk density, 

soil infiltration rate, aggregate stability based on soil slaking test and water holding 

capacity. Nevertheless, the physical and physico-chemical parameters showed strong 

regression with crop yield; however, the loss of SOM, SOC and PMN found to be 

playing the most predominant role in the most robust and parsimonious yield response 

of rice-wheat. The high and significant value of R
2
 for soil health parameters and rice-

wheat yields showed that the productivity of both of the crops is highly vulnerable to 

the soils‟ physical, chemical as well as biological health. 

Rice straw (RS), being the main crop residue from RW is mainly being burned 

in the field due to its least preference for animal feed, limited time for recycling 

before sowing of succeeding wheat crop, and less favor for residue management 

because of high organic C contents that could result in net N immobilization if left in 

field, as part of crop residue management. The on-field burning of RS has been 

environmentally unacceptable because of its unhealthy emissions including soot, 
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smoke, GHGs, and loss of key plant nutrients. In such a situation, composting seems 

to be one of the possible high value uses of RS. 

 The current study describes a quality rice straw compost (RSC) prepared in a 

short span of time by inoculating indigenous microorganisms (IMOs) collected from 

the local environment mainly comprising of fungi, bacteria and actinomycetes. The 

RSC proved to be mature to very mature in terms of its quality and its potential to 

incur significant improvement of physical, physico-chemical and biological 

parameters of soil health. The RSC was analyzed for its comparative efficacy against 

commercial fertilizer (CF). For this purpose, rice and wheat was cultivated on rotation 

basis in tetra plicate field plots of CF treatment, applied with recommended NPK 

respective to rice and wheat; C treatment, applied with RSC only at 12 t ha
-1

; C+CF 

treatment, applied with both RSC and CF at half of the rate of C and CF treatments; 

and Ctrl treatment, control amended with neither of the of the soil amendments. 

 The C+CF treatment provided yield of both rice and wheat at least equal to the 

CF treatment during the very first year of study; which indicated that application of 

RSC does not cause yield stagnation at the early stage of soil management practice, 

contrary to retaining or incorporating RS in soil. There was a gradual but continuous 

increase in the yield of both of the crops and during the conclusive year of this study, 

it was observed to be 6.415 and 4.545 t ha
-1

, for rice and wheat respectively being 

almost double than yield in Ctrl. It was the maximum in C+CF treatments followed by 

CF while being the least in Ctrl. Overall, the maximum productivity of both of the 

crops was yielded by applying as low as 40-50% less CF than the recommended dose 

of NPK, as ≥ 50 % of the applied fertilizer is lost from the soil-plant system due to 

several factors. 

 The hypothesis that rice-wheat productivity being vulnerable to the physical, 

chemical and biological parameters of soil derived for survey part of this study was 

reinforced from the outcome of field trials at one of the city of the selected study zone 

of RWCS of Punjab, Pakistan. 

 The proposed technology is economical as well as sustainable for small 

scale experiment; however, expansion of the proposed technology to the end users i.e. 

small and medium farmers of Punjab, Pakistan would be one of the key future 

perspectives of this study. 
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I-INTRODUCTION 

The largest rice wheat cropping system (RWCS) of the world comprise 

sequential growing of rice (Oryza sativa L.) and wheat (Triticum aestivum L.) in an 

annual rotation, with a total area of about 13.5 mha (85 %) of the Indo-Gangetic 

plains (IGP) called the breadbasket of the subcontinent, encompassing South Asian 

countries Pakistan (2.2 mha), Bangladesh (0.8 mha), Nepal (0.5 mha) and India (10 

mha) (Timsina and Connor, 2001; Ladha et al. 2000). The RWCS of Punjab Pakistan 

is located in the western part of IGP and characterized by the rice cultivation under 

favorable irrigated lowland and wheat cultivation in winter under irrigated conditions. 

The Punjab Pakistan covers 66 % of the total area of RWCS of the country and being 

the largest rice-growing province of the country contributing by producing more than 

95 % of the total rice production (Khan, 2002). Out of the total rice cultivated area of 

the country, more than 50 % has been under the cultivation of Basmati (elite) varieties 

of rice; out of which more than 78 % of the elite varieties being cultivated in Punjab 

Pakistan (Sarwar and Goheer, 2007).  

The productivity of RWCS in the IGP including Punjab Pakistan has either 

been stagnating or declining year by year (Nayyar et al. 2001) due to intensive 

cropping with least replenishment of soil nutrients, deteriorating agro-ecological 

conditions, reduction of the turnover period for wheat due to late harvest of rice, lack 

of organic amendment such as compost and farm yard manure application, nutrient 

mining, over exploitation of on- and underground water resources, decline in organic 

matter content ultimately creating proximity for poor soil physical, chemical and 

biological conditions. Ladha et al. (2000) has suggested that actual causes for the 

stagnation or decline in RWCS productivity are not well known but include variations 

in biochemical and physical composition of soil organic matter (SOM), gradual but 

continuous declining supply of soil nutrients resulting in macro and micro nutrient 

imbalances. The global environmental change has also been responsible for looming 

efficiency of RWCS to meet the challenge of increasing food production (Aggarwal, 

2004).  

More than 40 % of the world‟s population depends on rice for its major source 

of food. In order to feed a growing population, annual world rice production needs to 

increase from 586 million tonnes (Mt) (2001) to 756 Mt by 2030 (FAO, 2000a). The 

targeted rice area, yield and productivity projections in Pakistan for the years 2015 
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and 2030 respectively are increasing cultivation area to 2.5 to 2.8 mha, elevating rice 

yield as high as 3.7 to 4.5 tha-1 and enhancing productivity to 9.4 to 12.4 Mt. Such an 

increase in productivity can be achieved through evolving more appropriate, 

sustainable and efficient crop, soil, water and nutrient management technologies with 

enhanced technology transfer rate to the end users. 

Wheat is the staple food, high value cash crop, major export commodity and 

largest grain crop in Pakistan with a sowing area of more than 8.5 mha. The wheat 

straw (WS) is an agricultural commodity for small and medium farmers and is almost 

completely recovered from the fields where manual harvest is carried out. It is an 

important fodder for the cattle especially during winter and per acre WS yield act as 

handsome income generation source for the farmers. On the contrary, the rice straw 

(RS) is less likely to be used as fodder due to its least appetizing appeal for the cattle, 

poor raw material for heat generation and pulp making, as well as least likelihood of 

its conversion into a value added product through industrial endeavors. The world 

produces some 700 million tons of paddy rice each year (IRRI, 2013), yielding 

enormous quantities of two of the major rice residues i.e. rice straw (RS) and rice 

husk (RH). The RH has several uses such as fuel for gasification, fodder for the cattle, 

etc. and therefore adds to the extra income of farmers from RWCS. However, 

handling of RS is a problem especially in the areas where farmers typically grow 2 -3 

crops a year, there is not enough turnaround time before beginning the next planting 

season, they resort to the quickest and easiest solution to get rid of the RS through its 

on-field burning emitting greenhouse gases (GHGs) contributing to the global 

warming, releasing smoke and soot in the air that causes respiratory problems among 

farmers and inhabitants in the surrounding of agricultural fields. On the basis of an 

average of 3 tons of RS per acre (Hrynchuk and McGuire, 1998), its annual 

production in the IGP only is about 10 Mt. Instead of converting into a resource, most 

of the RS is either burned or wasted because of mishandling and thus raising the 

agricultural and environmental implications of RWCS. 

The sustainable agriculture for RWCS should meet current and future societal 

needs by enhancing farm productivity while minimizing environmental impact, 

benefiting human health by supplying safe, affordable, nutritious food and fostering 

the economic viability of rural communities. Such a sustainability goal can be 

achieved by making the most efficient use of resources like RS, to ensure long-term 

productivity from the land, and utilize management practices aimed at enhancing the 
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environmental and societal benefits of rice production (California Rice Commission, 

2012). 

The key to the permanent and sustainable handling of the RS is to convert it 

into a value added product that can be returned back to the soil from where the 

sources of organic wastes i.e., agronomic crops, vegetables, trees are outsourced into 

the food web naturally channelized to act as energy source for the dependent animals 

including human. The sustainable handling is meant to stop organic wastes from 

being part of the solid waste management scheme that leads it towards a dumping site 

or landfill, avoiding it from being wasted and converting it into a renewable resource.  

One of the sustainable handling possibilities is the provision of RS to managed 

conditions of its decomposition called composting which can be defined as, the 

methodology of producing nutrient rich organic soil amendment by accelerating the 

decomposition of organic feedstock under managed conditions. The resulting produce 

depending upon its quality can be utilized as conditioner, mulch and/or fertilizer for 

soil; being not only a wise alternative to the blind wastage approach involving an 

additional disposal cost but also a potential economic substitute for the commercial 

fertilizer (Shafiq and Bareen, 2012). 

The composting technology has inarguably been as old as ancient civilizations 

but the feasibilities for the handling of the different types of organic wastes in 

different ways has been improvised over time mainly depending upon the quality and 

quantity of available resources in different parts of the world pertaining to the 

predominant type of organic wastes generated in diverse climatic zones of a country. 

Sustainable organic waste recycling technologies as an element of conservation 

agriculture (Cag) have been part and parcel of the major agricultural countries of 

West (e.g. USA, Europe, and Australia), Latin Americans (e.g. Brazil, East Asians 

(e.g. China) as well as few of the South Asians (e.g. India) countries despite of the 

enormous agricultural resources that they already have. Unfortunately, in the 

developing countries like Pakistan, such technologies have been least promoted for 

adaptation and provided with least support mainly due lack of lack of expertise, 

proper dissemination of necessary information to the end users and provision of 

appropriate resources required for the composting of organic wastes. Although, 

composting of organic fraction of municipal solid waste has been carried out by a 

couple of commercial organizations like Lahore Compost, Green Force Pvt Ltd, etc. 

These business organizations have been struggling to come up with a product of 
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international quality standards. Beside their weakly sustainable business policies,  the 

major factors of their struggling compost businesses is ratio of cost to quality of the 

compost, qualitatively and quantitatively low organic matter content, high bulk 

density and high moisture contents. Any application of such compost to the 

agricultural fields neither give promised crop performance results nor incur positive 

effects on soil health as claimed by the manufacturers. Ultimately, farmers are rarely 

interested in making such products part of their soil fertilization strategy.  

Composting RS is not a new process (Cuevas, 1999), but is one which has 

regained focus around the world due to limiting non-renewable resources for RWCS. 

This is because environmental issues are forcing the reduction of RS from on-field 

burning, being part of waste management that lead it to no man‟s land  or to the 

landfill and to rediscover the good scientific reasons for compost being a better form 

of nutrients for agricultural crops. The use of compost along with commercial 

fertilizers in sustainable agricultural systems results in good yields with equivalent or 

improved quality produce (Shafiq and Bareen, 2011).  

The compost process is managed decomposition of materials (straws, 

manures, green wastes etc) digested by naturally occurring microbes into a 

mineralized material being slowly but steadily available to plants for use as a nutrient 

source. Its success relies on the process optimization through right combination of 

carbon (dry organic feedstock such as RS) and nitrogen (fresh plant based materials 

such as food and vegetable scraps or poultry manure) sources, the right moisture 

content and an ability to blend and aerate the materials. By closely managing the 

composting process, a product with high levels of humus can be produced which 

consequently can have the ability to hold nutrients and water reducing the leaching 

and runoff of soil nutrients, particularly phosphorus and nitrogen, during and after the 

growing of crops. 

Based on the urgency created through the surveys conducted in RWCS of 

Punjab Pakistan to assess factors responsible for its stagnating or decreasing 

productivity, the current study was undertaken to establish protocols for quick 

composting of RS taking it as the only C-source (browns) with appropriate N-sources 

(greens) to come up with a quality produce that can act as partial alternate to the 

chemically synthesized inorganic P- and N- fertilizers like diammonium phosphate 

(DAP) and urea, respectively. In this way attempts have been made to achieve 

minimizing the RS on-field burning, ways of quick handling of RS in less time for 
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turnover between rice and wheat crop, minimizing the chances of RS from being part 

of the waste stream and carrying to the landfill, as well as, converting RS to the best 

possible value added product in the current scenario of limited resources. This study 

reports the soil health improvement in the RWCS because of rice straw compost 

(RSC) based on physical, chemical and biological indicators. In addition, the cost 

benefits incurred by the application of RSC in RWCS have been given in the form of 

cut at inorganic fertilizer application rate, frequency and quantity of irrigation water, 

pesticide application, cost for weed control and fuel for plowing. The expected 

constraints and challenges for the transfer of proposed technology to the end users 

especially small and medium farmers of the Punjab Pakistan and their best possible 

mitigations have also been discussed. It has been demonstrated that future success of 

currently emerging resource conservation practices for rice cultivation such as system 

of rice intensification (SRI), alternate wetting and drying (AWD) and direct seeded 

rice (DSR), are strongly dependent on RSC incorporations in the RWCS. The 

scientific process of RS composting accelerated with simple and GFP (green 

fluorescent protein)-labeled fungi has also been explained. Other than composting of 

RS, options for preparing quality biochar from RS or RH and their incorporation in 

the RWCS have also been experimented. Ultimately, sustainable agriculture has been 

promoted through cost effective and environmentally friendly means without 

compromising on yield for both of the crops.  

 



6 

 

II-BACKGROUND 

The handling and maximum potential use of rice straw (RS) has been of 

concern in the whole world including IGP (Indo-Gangetic Plane) in South Asia that 

comprise the largest fraction of rice wheat cropping system (RWCS) of the world. In 

developing countries like Pakistan, the straw and stubble residues from RWCS have 

partially or completely been burned on field with manual or mechanized harvesting 

respectively. The wheat straw has completely been recovered (except stubbles) in the 

manual harvest fields and used as fodder for animals by the small and medium 

farmers. However, the rice straw even after being completely recovered from the 

fields with manual harvest remain less profitable for the growers and ill-fated as far as 

its sustainable uses for agriculture and non-agriculture purposes are concerned. The 

RWCS of Punjab, Pakistan has also been no exception to this dilemma. The effective 

use of RS whether on or off the field has always been a question of great concern 

when its use in the betterment of RWCS fields for enhancing soil organic matter and 

alleviating poor soil health based yield stagnation comes under discussion. It has been 

mainly because of lack of sufficient economical resources to purchase or rent 

mechanized means of managing RS for enhancing crop and soil productivity. Also, 

converting RS into a value added product through agricultural or industrial 

engineering interventions has also been a field paid with least attention. Few of the 

major constraints, limitations and issues have been discussed here in order to indicate 

the impulses behind the proposed research work and in order to answer:  

1. Why should RS be taken in composting as major C-source instead of 

field burning as well as less beneficial disposal and thereby conserving 

a potential resource? 

2. Why should RSC application in the RWCS be strongly recommended 

as part of integrated crop and resource management practices in the 

light of current and forthcoming challenges and threats that the farming 

of RWCS of Punjab, Pakistan is faced with? 

The first and foremost reason for selection of RS for composting is availability 

of little time between harvesting of rice and sowing of wheat because of the late 

cultivation of both of the bumper crops as compared to the agricultural 

recommendations given by the Punjab Agriculture Department. The late cultivation of 
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elite varieties of Basmati rice (until end of August) leads to the delayed sowing of 

subsequent wheat crop as later as end of December. Due to which, the farmers are left 

with no option except burn the crop residue as an only immediate and quickest 

possible solution of the problem. Leaving and incorporating RS in the field after rice 

harvest require time for decomposition, which is impossible in most of the cases. 

The plowing of field to incorporate RS in the soil has many constraints. The 

first and foremost one is that RS being a rich C-source require optimum (excessive) 

levels of nitrogen for microbial decomposition to happen. This would be at the 

expense of soil organic matter (nitrogen) which is already less than 1 % in the RWCS 

fields of Punjab Pakistan. As a result, the soil health is compromised.  Moreover, 

plowing-under old straw in the field has been associated with the implications of 

additional cost of plowing as well as the likelihood of outbreak of disease or threat of 

burning effects on the newly transplanted seedlings among fields flooded with water 

and undergoing anaerobic decomposition of RS. Ultimately, the farmers are left with 

no options except burning their crop leftovers, as straw burning has not been officially 

prohibited leading to deteriorate air quality by producing smoke. Therefore, collection 

and disposal of RS remain a practical problem for the small and medium farmers. 

The RS is a poor livestock feed due to less percentage of digestibility by 

ruminants and that is because of its chemical composition i.e. high silica an oxalate, 

less lignin and least N and P contents. Without any pretreatment with alkali treatment 

of RS doesn‟t create a considerable palatable appeal for the cattle. Doing so is not 

affordable for majority of the small and medium farmers in RWCS of Punjab 

Pakistan.  

The cardboard and packaging factory owners show least interest and pay 

negligible amounts (PKR 7000 – 8500 equivalent to US$ 70 – 85 per acre) in return 

of RS collection from farmers‟ fields to be used either as fuel or as raw material to 

prepare low quality pulp for paper and cardboard for packaging materials. The 

farmers have been being exploited either at the time of collecting RS from field or 

getting paid leading to linger on the sowing of wheat, despite of the fact that they 

cannot afford delay even of a single day.  

As most of the rice is cultivated under irrigated lowland conditions in RWCS 

of Punjab Pakistan and hence leading to soils with extra moisture and high 

compaction. Due to availability of least or no time to let the field moisture contents to 

come to the field capacity and reduce effects of puddled rice on soil physical 



8 

 

properties for subsequent wheat crop, the cost efficiency and soil production budget is 

extremely influenced. 

The increasing shortage of canal irrigation water due to shrinking water 

reservoirs as well as inability to carry tube well water irrigation are the major 

precedents of alarming situation for the cultivation of both of the key agronomic crops 

especially rice. The unprecedented load shedding and power shortfall to operate tube 

wells in rice-belt and continuously skiing high  prices of diesel add fuel to the fire in 

terms of energy inputs for puddled rice by increasing cost of crop production. As the 

diesel price hike and its fluctuation on weekly basis has been a routine in Punjab 

Pakistan, therefore the wet tillage for preparation of puddled rice fields create gloomy 

picture of rice and wheat yield consistencies and any expected improvements. The 

majority of the victims are small and medium farmers that already are extremely 

incapable of bearing any sudden and significant fuel price blasts in the market. 

Therefore, promotion of water and soil nutrient conservation practices are direly 

needed to minimize the fuel inputs for field preparations.   

Another witnessed fact is over 100 % increase in fertilizer price during the 

past five years and small farmers are no longer able to afford to apply the required 

quantities of urea and di-ammonium-phosphate (DAP) to their fields. Prevailing of 

such circumstances over and over has worsen the situation and as a result, many of the 

small farmers of Punjab, Pakistan are left with no options except quitting farmer hood 

and sell their agriculture land to set a new alternate business. 

Due to lack of ability to retain sufficient moisture in the poorly managed soils, 

most of the water used for irrigation is lost before during and after the rice production. 

The poor management of water resources owing to poor management of agricultural 

soils also leads to the above stated scenario. Although planning for provision and 

adaptation of conservation technologies for effective use of water resources has been 

being promoted at the provincial and federal governmental level, the damage already 

incurred by the previously adapted agricultural practices for decades will take time to 

relieve the soil from crop yield deficit factors. 

There has been negative influence on hydraulic properties of soil due to 

continuous addition to the soil bulk density and not incorporating any physical soil 

amendment as organic bulking agent such as, compost. Rice is not a plant made for 

water logged conditions, still puddling of field is being practiced and it promote 

destruction of soil structure. There have been notable negative effects of puddled rice 
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cultivation on physical properties of soil especially in clayey loam or loamy soils that 

are mainly dominating in RW belt of Punjab, Pakistan. 

Continuous intensive cropping in RWCS of Punjab Pakistan without reviving 

organic matter replenishments have led to the blind application of chemical fertilizers 

and pesticides making crops chemical addictive along with unnoticed implications 

such as, weed abundance, pest resistance and contamination of water and soil 

reservoirs. Especially, the year by year C-losses from the RWCS of Punjab Pakistan 

has completely been neglected in the agricultural field management practices. 

Occasionally, the straw residues are ploughed in the field. Doing so, not only incur 

negative effects on the soil quality but also decrease the crop yield while increasing 

the fuel cost required for disc ploughing. 

As a result of above given scenarios, the RS has mainly been burned in order 

to make fields ready for wheat without any further delays. Burning of rice straw and 

its harmful effects on the air and soil has been overlooked. Other than delayed 

sowing, one of the continuous declining factors of wheat yield has been RS burning 

and then wet tilling of soil on constant basis. 

Revival of physical, chemical and biological properties of soil will help boost 

rice wheat production as has been observed in SRI (system of rice intensification), 

(AWD) alternative wetting and drying, and DSR (direct seeded rice) methods of rice 

cultivation that involve significantly less application of water, less plough cost, help 

bringing the crop rotation in RWCS to well in time and providing feasibility for 

proper handling of RS. But success rate of SRI, AWD and DSR has mainly been 

dependent on incorporation of organic amendments in the soil such as, compost. 

Simply, if future of RWCS especially rice lies in crop intensifying practices, then 

success of these practices may be hidden in application of organic amendments like 

compost in the agricultural fields.  

In the light of given background, one of the best possible uses of RS for the 

small and medium farmers in terms of profitability from rice harvest bye products 

with no limited access to the sophisticated mechanized tools could be using it as C-

source for composting on their own. Thereby the farmers would be creating an 

opportunity for reinforcing the RWCS by effectively recycling the RS and converting 

it into a resource. The application of quality RS compost in RWCS would enhance its 

profitability by decreasing input cost through cut at fertilizer application by enhancing 

both fertilizer and irrigation efficiency of puddled rice, pesticide application, and fuel 
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requirements to plough the field. It would also promote sustainability through 

avoiding air pollution caused by RS burning, decreasing nitrous oxide and methane 

emissions from the puddled rice field, conserving water, decreasing incidence of 

pesticide residue in the soil and water reservoirs, minimizing incidence of nitrates and 

phosphate runoff and leaching from the agricultural fields and yielding partly or 

completely organic agronomic crops with enhanced yields. 
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III – REVIEW OF LITERATURE 

The RWCS of Punjab Pakistan is geographically situated in Indo-Gangetic 

Plains (IGP) of South Asia comprising a fertile tract of land provided with one of the 

best irrigation systems of the world. However, the production gains of the two most 

important food crops i.e. rice and wheat have not been achieved according to the 

anticipations. According to Hobbs and Gaunt (n.d.), despite the advent of green 

revolution technologies in RWCS during 1950s to early 1960s like, the introduction 

of short duration varieties of rice and wheat with improvised disease and insect 

resistance, brining rotation of the rice crop to wet monsoon season and that of the 

wheat to cool dry winter season, pesticide introduction as well as mechanized ways of 

farming; the expected poverty reduction of the inhabitants of IGP couldn‟t be 

achieved due to lack of pace of crop production with rate of population explosion. 

Although other important crops such as pulses, vegetables, sugarcane and oilseeds 

have also been cultivated, but the role of rice and wheat crops has been very crucial in 

driving the soil productivity budget of the RWCS. 

Over time, several concerns have been arising about rice and wheat production 

in terms of yield gaps, yield stagnation, declining productivity in intensively 

cultivated areas, and low fertilizer use efficiency resulting in the environmental 

implications about rice wheat landscape. Because of such factors, Ladha et al. (2009) 

have reported that the average 2 % per acre increase in yield of both rice and wheat 

crops in the IGP recorded from 1970 – 1990 have dropped off. In order to cope up 

with soil productivity challenges, Roy et al. (2002) have strongly supported fostering 

technologies that are environment friendly, decrease the inputs of crop production 

without compromising yield targets and their transfer to end users based on farmers 

participation through extension approaches like farmers field schools. The 

inadequacies to contain or improve the productivity of RWCS could be minimized or 

overcome by introducing modern technologies for improved soil management being 

adaptable for the farmers with respect to the cultivation area. 

 The future challenges that the agriculturists of the RWCS faced with would 

be the need for the introduction of technologies that could increase productivity, 

improvise the livelihoods standards of the farmers, lay pathway towards better and 

wise exploitation of natural resources with minimal environmental degradation 

effects. In lieu of such acquirements, resource conservation technologies (RCTs) 
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specific to the IGP South Asia including Punjab Pakistan (Hobbs et al 2002; Hobbs 

and Gupta, 2003a&b) and conservation agricultural practices (CAPs) have been being 

introduced in RWCS. For the transfer of such technologies to the end users i.e. 

farmers of rice and wheat crops; different organizations such as, Rice Wheat 

Consortium (RWC) existing as an Ecoregional Program of IRRI, Consortium of 

International Agricultural Research Centers (CGIAR) for the IGP of South Asia, 

International Rice Research Institute (IRRI), Professional Alliance for Conservation 

Agriculture (PACA), Centro Internacional de Mejoramiento de Maiz y Trigo 

(CIMMYT) i.e. the International Maize and Wheat Improvement Center, Cornell 

International Institute for Agriculture, Food and Development (CIIFAD), and Food 

and Agriculture Organization (FAO) of United Nations have been in action all around 

the world. The common objectives of these proponents and the practical science that 

they have been advocating is to advent technologies or agricultural practices that 

improve productivity of rice, wheat or both of the crops without compromising on 

environmental sustainability and profitability while putting all of the indigenous 

resource potentials for both of the crops to the best possible sensible usage. 

The RWCS of Punjab Pakistan has also been being introduced with adaptation 

of the RCTs and the CA practices by the farmers especially the small and medium 

ones inhabiting villages with limited resources and capacities to cope up with the 

current and forthcoming constraints and challenges faced by the rice and wheat crops. 

Such constraints may include the continuously declining efficiency of agricultural 

soils due to depleting soil organic matter (SOM) already being < 1 % with none or 

unhealthy replenishments, the continuously shrinking irrigation resources in the form 

of declining availability of canal water as well as provision of less tube well water to 

small and medium farmers due to sky high prices of electricity and fuel. The inability 

of farmers to apply recommended quality and quantity of fertilizers to fulfill the 

macro and micro nutrient requirements of both of the crops has been worsening year 

after year due to enormous price hike and misleading quality of commercial fertilizers 

in relation to artificial supply shortage created in the market. Although, the soil health 

and environmental implications arising because of blind application of chemical 

fertilizers and pesticides cannot be overlooked. Ultimately, the small and medium 

farmers are at a stake of no or low profit farming putting goals of anticipated 

productivity of both of the crops at the verge of impossibility. In the light of given 

constraints, the challenges faced by the RWCS may include fulfilling crop nutrient 
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requirements for projected production targets through development of a crop-based 

model specific to the soils of each city of the RWCS Punjab Pakistan based on 

variations in climate, production, resources, and other factors; as has been idealized 

by FAO (2000b). 

The increasing difference between demand and supply of soil nutrients in 

terms and of quality and quantity has been a problem of great concern. Based on the 

current fertilizer application and farming practices in Pakistan, the projected N 

fertilizer requirements for the year 2015 and 2030 respectively would increase up to 

142 and 166 kg/ha requiring a total supply of 289 and 341 metric ton of N at the rate 

of 32.5 and 36.4 (%) N-use efficiency (Roy and Misra, 2003). The soil fertility has 

been diminishing year by year despite blind and rigorous application of mineral 

fertilizers in the rice wheat crops. The major cause of mineral fertilizers‟ for not being 

able to improvise soil health has been low use efficiency in the rice wheat fields due 

to loss from the RWCS through evaporation i.e. gaseous emissions, surface runoff, 

surface erosion, as well as, leaching and percolation. For example, it has been 

estimated that almost 65 % of the applied N-fertilizer (worth US$ 3120 million) in 

general and more than 55 % of the N applied through broadcasted urea to the irrigated 

lowland rice is lost back into the environment arising implications about air quality 

through producing greenhouse gases diminishing stratosphere ozone, causing acid 

rain, shifting global N-cycles; and causing pollution of surface and ground water 

bodies. The RWCS of Punjab Pakistan has been among the low- and medium- yield 

group in terms of prevailing crop yield, N-use and N-use efficiency levels. However, 

possibilities of yield improvement have been remaining high if mineral fertilizer use 

efficiency could have been improved. And to do so, the FAO (2000b) has been 

promoting integrated nutrient management practices involving application of mineral 

fertilizers along with appropriate combinations of organic and biological amendments 

such as, compost or farm yard manure (FYM) depending upon the circumstances 

specific to the site. For example, a trial carried out by FAO in Indonesia, Philippines 

and Malaysia, application of organic fertilizers like that compost in irrigated rice has 

proved substitution of one quarter of the recommended dose of N-fertilizer resulting 

in saving N 11 % (8 kg/ha), increasing yield 30 – 60 %, and yielding 12:4 benefit-cost 

ratio instead of 6:7. Roy et al. (2002) have strongly supported fostering efficient 

nutrient management programmes that are environment friendly and are based on 

farmer participation.  
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The total rice cropping area in Pakistan is 2883 („000 ha), with a total rice 

production of 10.3 („000 tons) and an average yield of 3.58 t/ha (IRRI, 2013). One of 

the crop wastes resulting from RWCS with no potential end use is rice straw (RS) 

being produced in huge quantities. With a production average of 3 tons per acre, 

Pakistan produces about 2.136 million tons of RS every year; almost more than half 

of which is burned in the field especially where combine harvesters are applied. The 

remaining fraction of RS has not even been having any considerable value added use 

that could add to the additional profits of the farmers. On the contrary, the wheat 

straw (WS) being a staple fodder for the animals as well as a source of raw material 

for making pulp paper and cardboard, have been gaining famers PKR 25,000/- (US$ 

250/-) per ton of WS in addition to the revenue gained form wheat grain yield. 

The intensive cropping with practices of removal of entire RS and WS from 

the fields of RWCS of Punjab Pakistan has been resulting in huge losses of soil C. 

Such exploitations over decades have led to the stagnation followed by the decline in 

productivity of RWCS as a result of no replenishments of SOM and non-sustainable 

nutrient supply (Singh et al., 2004). Other than occasional application of FYM (very 

much dependent on type and number of cattle owned by the farmers) and/or field 

plowing of fellow crops like that of Jantar (Sesbania sesbans) between rice and wheat, 

the SOM replenishments have almost altogether been lacking in the RWCS of Punjab 

Pakistan especially the belt comprising elite rice varieties (Basmati) cultivation areas 

encompassing cities of Lahore, Narang Mandi, Narowal, Sialkot, Wazirabad and 

Gujranwala. In order to sustain and enhance the productivity potential of RWCS 

Punjab Pakistan, although modern crop and soil management technologies of rice and 

wheat cultivation have been being introduced; however, chances of success of such 

technologies been strongly dependent on soil health status of the cropping area 

(Anwar and Farooq, 2005).  

Why use rice straw (RS) for composting? 

 Any untreated or without pre-decomposed application of RS in the rice fields 

either by leaving crop residue in the field or on-field burning may pose several 

negative health effects to the crop, soil and air. The application of composted and un-

decomposed RS in soil has been reported to incur variable effects on physical, 

chemical and biological properties of paddy soil. Yang et al. (2010) have reported that 

application of RS without composting improved the physical properties of soil while 

decreasing the SOM and available silicates and cation exchange capacity of soil. 
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Continuous incorporation of untreated RS lowland irrigate rice has been found to 

trigger the CH4 emissions (Gaihre et al. 2012).  The application of RS by leaving in 

the field or incorporating into soil has resulted in increasing field emissions of CO2, 

N2O and CH4 much higher than those from where RS has been removed (Lou et al., 

2007). The emission of CH4 has been noticed to be double in the field incorporated 

with RS than those where RS has been removed (Yagi and Minami, 1990). However, 

the application of RS off the season i.e. the RS undergone pre-application 

decomposition has been found to emit much less methane (Yan et al., 2009). And 

application of compost combined with commercial fertilizer has been found to 

decrease CH4 emission twice than application of mineral fertilizer only (Nayak et al., 

2007).   

The large quantities of RS produced from RWCS could be one of the potential 

organic feedstocks that could be recycled back to the soil in order to revive SOM and 

improve physical, chemical and biological properties of soil. However, best possible 

ways of incorporating this rice residue into soil have been a debatable issue. The 

proponents of conventional agriculture have been in the favor of leaving the entire 

crop residue in the soil along with no tillage of soil (Hobbs et al., 2001; Sarwar and 

Goheer, 2007; Cummins and Coventry, 2008; Erenstein et al. 2008). Lack of prior 

incubation of the field incorporated with RS as well as RS incorporation in soils with 

extremely low SOM (< 1 % and in relation to low CEC) result in negative soil health 

effects by immobilizing soil N and being the main cause of plant growth inhibition 

(Williams et al., 1968; Yoneyama and Yoshida (1976a & b) Rao and Mickkelsen, 

1976; Nagarajah et al., 1989; Trinsoutrot et al., 2000; Buresh and Sayre, 2007). The 

recycling of RS by leaving it in the field has also not been suggested due to its 

production in bulk volumes, slow degradation rate especially in the beginning, 

harboring of weed and diseases (Devevre and Horwath, 2000). However, the RS 

incorporation in soil with relatively high SOM (in relation to high CEC) at initiating 

RS management and field incubation prior to the subsequent crop cultivation 

cumulatively resulted in greater net N mineralization, enhanced microbial biomass N 

as well as greater recovery of Soil N (Bird, et al., 2001; Bird et al., 2003). In RWCS 

of Punjab Pakistan, very frequently there has been either no or very less time for 

incorporating or leaving RS in the field after harvesting rice (especially Basmati 

varieties) to let it incubate in the soil prior to the wheat cultivation (Ali and Rasheed, 
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2013; Ladha et al., 2003; Sheikh et al., 2003; Timsina and Connor, 2001; Ladha et al., 

2000). 

The decomposition of RS after harvesting rice crop would require appropriate 

ratio of N to be taken from soil in order to attain the ideal C:N ratio of 30 ± 5 : 1 for 

soil microbes and convert RS into humus like substances. This may result in different 

scenarios. First, it may lead to immobilization of soil N as soil microbes would 

scavenge it as soon as rich C-source i.e. RS would be utilized. Ultimately the plant 

available N for upcoming crop would be decreased. Secondly, if sufficient soil N 

would be available and field incorporated RS undergo ideal decomposition, it would 

raise the ambient soil temperature that may minimize or completely stop the seed 

germination of the subsequent wheat crop. Thirdly, if second situation has to be 

happened, a sufficient period of time would be required for leaving field to incubate 

and undergo above mentioned changes. Roughly, such incubation period would be 

two or more months. Any of the above three situations may not fit to the soils of 

RWCS of Punjab, Pakistan due to cropping pattern and seasonality. As a result, 

leaving RS in the fields may not increment the productivity of RWCS Punjab, 

Pakistan. Studies about the selected area has been lacking where answer to the above 

stated situations could be found. 

Singh et al. (2004) have found that incorporating RS alone up to 40 days or 

with starter N applied at residue incorporation decrease N recovery with no increase 

in wheat yields; however, if applied wheat residue with green manure (i.e. N source 

balancing C:N of RS for its decomposition) the rice yields increased. One of the keys 

to sustainable agriculture on long run basis is to use crop residues such as RS along 

with other decomposed organic wastes for improvement of agricultural soils. The 

presence of sufficient SOM at the time of starting rice crop residue incorporation in 

the field has been one the hindrance in applying such soil management practices in 

RWCS of Punjab, Pakistan. However, composting RS i.e. preparing a source of 

decomposed material already present in soil for enabling field to efficiently assimilate 

coming year‟s rice crop left overs would be a starting point. Such an approach would 

provide alternated to the current practices of on-field burning of RS and thus 

conserving it sustainably.  

A lot of efforts have been put by the agricultural stakeholders of the developed 

countries in diverting RS from on-field burning as well as being part of the waste 

stream leading towards landfill. For example, the California Rice Commission (2012) 
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has been successful in introducing “Reduced Risk” technologies that can minimize 

the environmental degradation due to direct or indirect mishandling of RS. The 

pollutants due to on-field burning of RS have been reduced by 80–90 % during the 

last thirty years. Two of the three primary ways of RS management involve 

incorporation of RS in field with or without winter flooding (for field incubation) 

while the third being harvesting RS off-field for use in other industries. For field 

incorporation of RS, different types of mechanized RS management approaches have 

been introduced such as, use of converted tractor and application of cage rollers to 

drag through flooded rice field to enhance RS decomposition while relying on RS 

field burning to the least. The key to success reasons of RS field incorporations in 

California have been mechanized chopping of the RS in field (thus decrease particle 

size and increasing surface for decomposition), deep soil incorporation of chopped RS 

(high level mixing of RS with soil already rich in SOM) and most of all provision of 

appropriate time and SOM for incubation of RS incorporated fields. There has also 

been mechanized baling of RS for off-field uses such as erosion control, energy 

production, biocomposite materials for construction, pulp for paper making, etc. 

(CEPA, 1997).  

The mechanized possibilities of handling RS in the developing countries like 

Pakistan seem to be almost impossible in the near future. The disc plowing for 

chopping of RS to increase particle size as well as increasing particle size may be 

carried for efficient decomposition of crop residue. However, the fuel cost for RS disc 

plowing in the highly compacted soil after the harvest of puddled rice has been least 

preferred choice of farmers of Punjab, Pakistan. The farmers of intensively cultivated 

RWCS of Punjab, Pakistan would not be able to compromise on immediate and 

upfront profits (the only livelihoods for small farmers) from by-pass cultivation of 

rice and wheat over SOM build up process involving temporary shift in crop pattern 

and holding them of earning for a period of couple of years. As well as, the RS 

management practices involving retention or incorporation of RS in fields with low 

SOM have not significant improved the productivity of the RWCS except temporary 

shift in physical properties of soil (Zia et al. (1992); Arshad et al. 1996; Singh et al. 

2004; Pathak et al. (2006); Singh et al. 2012) 

The best ways to efficiently use crop residues back into the agricultural soils is 

through its composting, which not only help recycling the lost soil nutrients in 

mineralized form but also has several added benefits. The added benefits of 
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composting may include killing the unnecessary plant and animal pathogens including 

human as well as curb weed seeds through thermophillic aerobic composting, help 

quarantining soil pathogens, reducing the load of organic wastes in landfill and most 

of all converting the organic waste into a resource. The long-term soil health 

maintenance by avoiding soil erosion as well as nutrient loss and enhancing 

productivity of RWCS fields would largely depend upon continuous application of 

organic soil amendments like compost. 

The decomposition of any organic material is a natural process occurring at 

various levels and performed by the decomposers in any ecosystem. If natural process 

of decomposition is applied with some modifications and subjected to careful 

monitoring in order to attain the goal of high quality product, it has been called 

composting (Young et al. 2005). The managed decomposition of organic wastes has 

been defined as composting (CCC, 2013). Composting is technology whereby organic 

materials are subjected to decompose under more or less managed conditions to 

mineralize organic wastes into an earthy material of dark brown or blackish color 

harnessed by the action of bacteria, fungi, actinomycetes and some worms (Shafiq and 

Bareen, 2012; Shafiq and Bareen, 2011). Composting is dominantly a microbial bio-

oxidative process of converting organic wastes into a material that can be applied in 

agricultural soils as a fertilizer or soil conditioner depending upon the quality of the 

end product (Chen and Bejosano-Gloria, 2005; Sharma et al. 1997). The quality of the 

compost and its ultimate application has been determined by the critical factors and 

optimization of conditions for composting. 

The speed of composting has mainly been dependent on type of feedstocks 

and their appropriate ratio (C:N), provision of aerobic conditions and appropriate 

moisture levels to the selected organic wastes i.e. WONC concept; W: water, O: 

oxygen, N: nitrogen, and C: carbon (CCC, 2013). The efficiency of composting of 

selected organic waste with application of high-efficient cellulosic fungi has been 

observed to increase up to 23.64 % higher than the corresponding substrates applied 

with no compost activators (CAs), as well as enhanced the quality of compost 

production (Huang et al. 2004). One of the possibilities to hasten the composting of 

organic wastes has been through application of CAs including actively growing 

populations of bacteria, fungi, actinomycetes or a mixture of all on a starter medium 

(Cuevas, 1999; Kausar et al. 2012). The spawns harbored with colonies of multiple 

microbes or pure isolates of any microbial form termed as „effective microbes (EM)‟ 
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has also been used for hurrying up the composting process (Formowitz et al. 2007; 

Singh, 2007; Young, 2005; Park and DuPonte, 2008). The strong proponents of 

applications of beneficial EM for composting of organic wastes have been advocating 

this approach as one of the best ways to approach a sustainable agriculture and 

environment (Higa and Parr, 1994).  

Indigenous microbes (IMOs) have been collected and applied on selected 

composting substrates in order to yield compost in a shorter span of time. There have 

been studies about collection of lignocellulosic fungi and its application as IMOs for 

the composting of selected substrates (Sidhu et al. 2001; Dashtban et al., 2009).  The 

 indigenously collected fungi have also been added to the composting 

substrates in order to enhance the resulting composts‟ disease suppressive tendency 

(Postma et al. 2003). The garden soil encompassing local soil microflora has also 

been used as source of IMOs in composting of organic substrates to speed up the 

composting into humus (Xi et al. 2003). 

The C-rich straws produced as agricultural wastes such as RS have been 

composted by applying IMOs. Cahayani et al. (2002) have composted RS in order to 

study its environmental stress in paddy fields against application of RS without 

composting. The succession of microbiota during the composting has revealed that RS 

put significantly less environmental stress than letting the RS to decompose in the 

submerged field conditions of paddy field without composting. Abdelhamid et al. 

(2002) have selected RS along with a range of organic feedstocks as composted 

substrates and produced compost of high quality.  

McCallum (2000) has the synergistic effects of green waste compost along 

with other fertilizers on growth and yield of wheat resulting in considerable yield 

increased with decreased application of chemical fertilizers. The integrated use of 

different recycled organic waste in the form of compost and chemical fertilizers have 

revealed that the efficiency of N fertilizer significantly enhanced providing increased 

nutrients for long periods of time (Ahmad et al. 2006). The application of compost 

made from a combination of organic feedstocks as an alternate to synthetic fertilizer 

has been found to enhance crop productivity while subsidizing on chemical fertilizer 

and ultimately leading to sustainable agriculture (Golabi et al., n.d.).  

The future of any of the LEISA (Low External Input Sustainable Agriculture) 

technologies applicable to the RWCS may depend upon application of organic 

amendments such as compost in the field. Such LEISA approaches may include crop 
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intensification approaches like SRI (System of Rice Intensification), SWI (System of 

Wheat Intesification), Alternate Wetting and Drying (AWT), Direct or Dry Seeded 

Rice (DSR), etc. According to Advisory Group members of Nourishing the Planet 

(Styslinger, 2011), the application of organic fertilizers such as compost to the 

agricultural fields is central for the success of innovative systematic crop 

intensification (SCI) approaches in rice and wheat crops and such applications 

improve the soil health necessary for SRI, SWI, AWD and DSR. The application of 

compost in paddy as well as wheat crops has not only been adding to the enhanced 

productivity of both of the crops through adaptation of SCI approaches but also 

adding to the profits of farmers on behalf of its low cost to benefit ratio (Bhelari, 

2013). 

The CIIFAD has been strong proponent of adapting SWI approaches in 

RWCS to meet the challenges of 21
st
 century faced by the rice and wheat productivity 

and a repository of literature has been provided from around the world illustrating 

importance of organic manure such as compost application (CIIFAD, 2012). The 

application of compost in SWI has been observed to be one of the six principles of 

crop intensification practices and has resulted in 60 – 200 % enhanced productivity, 

more than 60 % less application of mineral fertilizers and  yielded organic wheat 

(Khadka et al. 2011). The application of organic waste after its maturing in the form 

of composting has been applied in wheat and found that N-uptake is increased in the 

crop and its performance enhances due to presence of growth promoting factors in the 

compost in addition to the nutrient supplements (Keeling et al. 2003). 

The soil organic carbon (SOC) has been the most attributed and important 

indicator of soil C sinks. Significant additions to the SOC could have been achieved 

by the application of organic fertilizers resulting from composting along with 

greenhouse gas emission (GHGs) mitigation (Science Daily, 2008). Application of 

compost to the agricultural soils has been reported to increase the soil quality by 

enhancing SOM and thus promote agricultural sustainability (Brady and Weil 2002; 

Liu et al. 2006). Any extensive decrease of any of the SOM or SOC concentrations 

has been reported to decrease productivity of the agricultural soil by deteriorating soil 

health and nutrient cycling mechanisms (Farquharson et al., 2003; Loveland and 

Webb, 2003). The continuous application of chemical fertilizers only and 

monoculture of crops found to have added negligible fractions to the SOC (Gregorich 

et al. 2001; Sarno et al. 2004). However, continuous organic additions to the soil have 
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been reported to enhance SOM over time by continuously adding C fractions to the 

soil (Blair and Crocker, 2000; Witt et al. 2000). The combine application of organic 

manures along with NPK fertilizers on long run basis would have led to the 

remarkable increase of SOC as well as soil N (Reddy et al. 2003).  

The compost application in soil has been reported to provide stable organic 

matter and improve the physical, chemical and biological properties of soil (Chen and 

Bejosano-Gloria, 2005; Bulluck III et al. 2002; Lee et al. 2006; Science Daily, 2011). 

The reported (USCC, 2001; CCC, 2013) beneficial effects of compost on soil 

physical health parameters have been including: improvement in soil structure and 

porosity and thus providing a well aerated plant root medium (Foley and Cooperband, 

2002). It has been reported to enhance moisture infiltration, retention and 

permeability of soils while reducing bulk density (Garg et al. 2005). Ultimately, the 

erosion and runoff of built up top layer of soil is controlled. Furthermore, its 

application has incurred better soil aggregate stability (Idowu et al., 2009). 

The chemical parameters of soil as improved by the application of compost 

has been including: enhancement of N-, P- and K-use efficiency of plants, slow 

release of macro and micro nutrients in soil, buffering of pH of both normal and saline 

soils, improvement of cation exchange capacity (CEC) of soil, better and longer 

retention of soil nutrients by reducing losses through runoff, leaching and 

evaporation, synergistic effects on efficiency of chemical fertilizers (USCC, 2001; 

CCC, 2013).  

The positive biological impacts on soil health caused by the consistent 

application of compost have been including: continuous addition of SOC and SOM 

(Six et al. 2000), provision of suitable environment for proliferation of soil microbes 

(Carpenter-Boggs et al.  2000), addition of new essential microbes the soil, better root 

health of crop plant with enhanced establishment in soil, addition of humus to soil that 

help making soil nutrients available to the plant for longer periods of time, add pest 

resistant (Abawi and Widmer, 2000), help weed control and supply plant growth 

regulating factors in soil (Keeling et al. 2003). 

The sustainable effects of composting (Wakefield et al. 2007) and compost 

application in RWCS include effective recycling of crop residues and other organic 

wastes, avoid burning of RS in field, decrease GHGs emissions (Science Daily, 2008; 

Shafiq and Bareen, 2012), avoid soil, water and air pollution, vital to organic farming 

of all food crops.  
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The application of RS compost in RWCS of Punjab, Pakistan has been found 

to be sustainable. It has shown promising results in terms of enhanced crop 

productivity, improved soil health and economical rice-wheat management. The 

efficiency of different organic feedstocks after their composting to enhance the crop 

productivity of both rice and wheat crops and providing alternate to the chemical 

fertilizers have been worked out to show promising results (Sarwar et al. 2008b) . The 

efficiency of compost from both RS and WS in alleviating the salt-affected soils has 

been found to be effective in lowering the soil pH, ECe, and SAR; as well as 

increasing the yield of both rice and wheat with reduced application of chemical 

fertilizers (Hussain et al. 2001; Sarwar et al. 2008a). The efficacy of RS compost 

substituting for chemical fertilizers for rice crops has been found up to 50 % or even 

more than that without compromising the crop yield (Shafiq and Bareen, 2011). 

Overall, continuous application of RS compost in selected soils of RWCS of Punjab 

Pakistan has been found to be sustainable in terms of improving soil health with rice 

and wheat yield increase with 60 % less application of chemical fertilizers, lowering 

of GHGs emissions, as well as, being easily transferable to the small and medium 

farmers (Shafiq and Bareen, 2012). 

In the light of reviewed literature, it may be suggested that the current study 

would be helpful in understanding the benefits of RS composting in short span of time 

and its uses in RWCS. The study explains how RS compost made by using RS as 

major C-source would substitute the commercial inorganic fertilizers such as urea and 

DAP through several possibilities. The phenomena behind RS compost partially 

substituting for commercial fertilizers may include processes such as, RS compost 

releasing macro and micro nutrients in the soil slowly but continuously, enhancing 

fertilizers‟ use efficiency through elevated nutrient retention in the soil and reduced 

loss of mineralized nutrients by evaporation, runoff and percolation. It would also be 

useful for making it clear that how application of RSC on continuous and long run 

basis would help rehabilitating the soil health by gradually improving its physical, 

chemical and biological properties and thus indigenously mitigating the constraints 

and challenges faced by the soil of RWCS of Punjab Pakistan. The likelihood of 

transfer of proposed technology to the end users i.e. small and medium farmers has 

also been figured out. Ultimately, the proposed technology would be paving way 

towards achieving the targeted productivity of RWCS of Punjab Pakistan especially at 

small and medium farmers‟ level. 
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IV- MATERIALS AND METHODS 
 

CHAPTER 1 

VULNERABLE SOIL HEALTH FACTORS OF 

CONTINUOUSLY DECLINING AGRICULTURAL 

PRODUCTIVITY IN RICE WHEAT CROPPING SYSTEM 

(RWCS) OF PUNJAB, PAKISTAN 

1.1 Study and experimental implementation site  

Eleven cities were selected as representative of RWCS of Punjab Pakistan, 

in terms of maximum cultivation and agricultural production of rice and wheat on 

rotations basis. In order to find factors responsible for continuously declining soil 

health as well as crop yield, the soil samples were collected from the agricultural 

fields in the cultivated areas of Kala Shah Kaku, Muridke, Narang Mandi, Narowal, 

Pasroor, Sialkot, Wazirabad, Gujranwala, Hafizabad, Sheikhupura and Lahore. The 

semi-detailed soil survey data about the selected survey area available at Land 

Resource Inventory and Agricultural Land Use Plan developed by Soil Survey of 

Pakistan, Multan Road Lahore-54570 (SSP, 2005; SSP, 2006; SSP, 2007; SSP, 

2008) has been used as template information for the development of ultra-detailed 

soil survey information on the basis of selected physical, chemical and biological 

parameters of soil health. The survey area is a polygon with perimeter of 523 km 

surrounding the above mentioned cities with a total area of 6.43 Mha. The selected 

area (cities) of the rice-wheat cropping zone of Punjab is located between Latitude 

31
o
20´10.24´´ to 32

o
32´56.48´´N and Longitude 73

o
40´43.35´´ to 74

o
53´34.75´´E of 

Pakistan.  

1.2 Soil Survey of Pakistan semi-detailed information about selected cities 

of RWCS, Punjab Pakistan 

According to the Soil Survey of Pakistan (SSP, 2005a&b; SSP, 2006; SSP, 

2007; SSP, 2008), the survey area mainly fall in five districts on the basis of 

agricultural land use plan i.e. land suitability, capability and management. The five 

districts comprise of the Lahore District, the Sheikhupura and Nankana Sahib 
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District, the Gujranwala District, the Sialkot District and the Narowal District. The 

semi-detailed soil survey information is as under: 

1.2.1 Soil semi-detailed information about the Lahore District 

According to the Soil Survey of Pakistan (SSP, 2007), approximately one half 

of the total area 865 km
2
 (86,500 ha) of the Lahore District is comprise of land with a 

very high economic potential under irrigation. Moisture shortage problem exists and 

is overcome by the installation of tube wells as the areas adjacent to Ravi River have 

ground water fit for irrigation. Land is well suited to intensive cultivation of diverse 

crops. Minor patches (6900 ha) that are saline sodic in nature, are also under 

cultivation. About one tenth of survey area i.e. 124 km
2
 (12,400 ha) of land has 

kankars within shallow depth which creates problems for deep rooted crops. A small 

part of about 2,700 ha has a high water table limiting its present productivity. Another 

2,700 ha of the land is saline sodic. About one tenth of the remaining area i.e. 113 

km
2
 (11,300 ha) has land with moderate economic potential under irrigation. It is 

mainly saline-sodic. About 3100 ha of land is dense-saline sodic. Ground water is also 

hazardous. About 45 km
2
 (4,500 ha) of the survey area is land with moderate potential 

under flood water cultivation. The remainder comprises of agriculturally unproductive 

strip of ricer bed and urban land. 

The soils of the district are formed from river alluvium derived from a wide 

variety of rocks, bearing mixed minerology and expected to be rich in weatherable 

minerals.  The soil texture varies from loamy sand to silty clay loam. The organic 

content of the soils are between 0.3 – < 1%. For most part of the soils, pH ranges 

between 8.0 – 8.4, but in saline sodic soils it may be as high as ≥ 9.0. 

The Lahore District lies between Latitudes 31
o
13´ to 31

o
43´ N and Longitudes 

74
o
00´ to 74

o
39´E Longitudes, with an elevation ranging from 211 to 213 meters. The 

total area comprises 1772 km
2
. The district boundary is bounded in the north by 

Sheikhupura, in the south and south west by the Kasur district and in the east by India.  

The climate of the Lahore District is classified as subhumid subtropical 

continental. The mean annual rainfall is 693 mm, most of which fall during late 

summer (Monsoon) season. The mean summer and winter temperatures are 31.5
o
C 

and 14.7
o
C respectively with the mean maximum and mean minimum temperatures 

being 36.8
o
C and 8.2

o
C respectively. The mean annual pan evaporation is 1,182 mm.  
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1.2.2 Soil semi-detailed information about Sheikhupura and Nankana Sahib 

Districts 

The total area of the District Sheikhupura and Nankana Sahib is 5,959 km
2
. 

About one fourth of the total area (1,602 km
2
) is land with very high to high 

agriculture potential under irrigation. About 22 % of this unit has minor limitations of 

somewhat clayey/ sandy nature, slight surface/ subsurface salinity. The areas of 

Shahkot and Sangla Hill are exceptions where the ground water is brackish but 

installation of tubewells elsewhere can greatly enhance the irrigation supplies. 

About one fourth of the total area (1576 km
2
) is land with high potential under 

irrigation. Dominant part is clayey (74 %) with somewhat slow permeability and 

runoff collection problem during the Monsoon. The land could produce high or very 

high yield of rice, wheat, sugarcane and Trifolium under modern management. About 

9 % is land with very high potential under irrigation, 8 % sandy soils require land 

leveling along with sufficient water and split fertilizer application, and a minor extent 

(9 %) comprises dense saline sodic, silty clays. 

About one third (2,010 km
2
) consists of land with moderate and some high to 

very high economic potential under irrigation. About 37 % is saline sodic but with 

good structure. Land with very high potential covers about 25 % of this unit. 

About one tenth (577 km
2
) of the area is land with poor grazing potential. 

More than half (62 %) comprises dense, impervious strongly saline sodic soils, 

reclamation where is not considered practical. A part (18 %) is sandy and occurs in 

patches mainly along River Ravi. Remaining 20 % of this unit has moderate to high 

potential for irrigated agriculture. 

The remainder 194 km
2
 comprises rock outcrops, riverbed and urban land, not 

considered suitable for general agricultural development.  

The Sheikhupura and Nankana Sahib Districts constitutes the southeastern part 

of the Rachna Doab. Narowal, Sialkot, Gujranwala and the Hafizabad Districs bound 

it in the north while India and Faisalabad District form its eastern and western 

boundary respectively. The River Ravi forms its southeastern and southern border, 

separating the area from Lahore, Kasur and Okara Districts. The area lies between 

latitudes 31
o
02´ to 32

o
04´ N and longitudes 73

o
16´ to 74

o
42´ E.  

It is semiarid subtropical continental in the western to subhumid in the eastern 

part with a transition zone around Sheikhupura. Due to absence of a meteorological 

station, the maximum and minimum temperatures of the surrounding districts i.e. 
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39.7
o
C at Lahore, 40.5

o
C at Gujranwala and 40.3

o
C at Faisalabad are noted. The 

average rainfall of meteorological stations surrounding the district ranges from 628 

mm in the north (Gujranwala) to about 693 mm in the east (Lahore) and about 380 

mm in the west (Faisalabad). 

1.2.3 Soil semi-detailed information about Gujranwala District 

The total area of the District Gujranwala is 3622 km
2
 mainly of the old River 

Terrace and the adjoining plains of Chenab, Palkhu and Deg. Investigations by the 

Soil Survey of Pakistan have revealed that this area forms part of prime agricultural 

land of the country and also that it has a very high potential for agricultural 

development which can be realized in particular by optimum utilization as well as 

management of the land and water resources. 

The Gujranwala District lies between latitudes 31
o
49´ to 32

o
33´ N and 

longitudes 73
o
41´ to 74

o
34´ E. The Gujrat District in the north and Sheikhupura 

District in the south delimit it. The Sialkot and Hafizabad Districts form its easterm 

and western boundaries respectively. Gujranwala, Kamoke and Wazirabad are the 

tehsil headquarters, while Gakhar and Sadhoke are the other famous towns of the 

district. 

The Gujranwala district has been classified as subhumid subtropical 

continental. The mean annual rainfall is 628 mm, most of which falls in summer 

during the monsoon season. The mean summer and winter temperatures are 31.1
o
C 

and 12.4
o
C respectively. 

1.2.4 Soil semi-detailed information about Sialkot District 

The Sialkot District mainly comprises Piedmont Plains in the adjoining 

areas of Chenab, Tawi and Deg. The area receives moisture from canal, tube well 

and seasonal precipitation. The SSP (2008) has declared that this area forms part of 

prime agriculture land of the country and has a very high potential for agricultural 

development. Soils of the District have been formed in river/ piedmont alluvium 

with texture varying from sand to silty clay. The organic content of the surface soils 

is less than one percent, ranging between 0.80 – 0.30 %. The soil pH ranges from 

7.8 to 8.4.  

With a total area of 3016 km
2
, the Sialkot District lies between latitudes 

32
o
03´ to 32

o
50´ N and longitude 73

o
45´ to 74

o
30´ E. The Jammu and Kashmir is 
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located in its north east, Gujrat and the Gujranwala Districts in the west, and the 

Narowal District in its southeastern boundary. 

The area has been classified as subtropical continental subhumid with only a 

small strip along the northeast border as humid. Two well defined seasons i.e. hot 

summer and severe winter are the main features of the climate. The mean annual 

rainfall is 807 – 909 mm, more than two third of which falls in late summer i.e. 

Monsoon. The maximum and minimum temperatures range between 31.7
o
C – 

13.2
o
C respectively with the highest maximum and lowest minimum being 48.9

o
C 

and -1.0
o
C respectively. 

Almost all of the survey area is practiced under irrigated cropping. The 

major crops comprise rice, wheat, millets, oilseeds and pulses with crop yields 

ranging from moderate to good under conventional management practices. The 

tubewell irrigated cropping in the eastern part of the district also comprise 

cultivation of rice, wheat, sugarcane and fodders.  

1.2.5 Soil semi-detailed information about Narowal District 

The Narowal District with about half of its total area comprising cropland 

exhibits diversity in terms of land suitability and development possibilities. About 

one fourth of the area covers dry farmed land (SSP, 2005b). The land with very 

high agriculture potential under irrigation comprises about 87,700 ha. About 47,242 

ha of land are under arable farming occupied by land with high economic potential 

under irrigation with fine silty to clayey soils. About 60,459 ha of the cultivated 

area consists of land with moderate economic potential under dry farming with soil 

mainly fine silty. About 11,243 ha of the land have moderate potential under 

floodwater irrigation with mainly silty soils. About 12,312 ha comprised of land 

with no agricultural potential while urban area comprising 1,118 ha which is also 

agriculturally unproductive.  

The total area of the Narowal District is 2,337 km
2
 located in the 

northeastern part of the Punjab Province. It lies between latitudes 31
o
55´ to 32

o
30´ 

and longitudes 74
o
35´ to 75

o
08´. In the east and north, India and territories of 

occupied Jammu/Kashmir are located, Sheikhupura District being on the south and 

Sialkot District being on the west.  
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The climate of the district has been classified as subtropical continental 

mainly subhumid with small strip near Nainakot being humid. Two defined seasons 

are main factors of the climate i.e. a hot summer and severe winter. The mean 

annual rainfall range is 807 – 909 mm with two thirds of the total rainfall the 

received during the Monsoon season in July to August in the form of high intensity 

downpours. Mean annual summer and winter temperatures are 31.7
o
C and 31.1

o
C 

respectively. The mean maximum temperature observed to be 48.33
o
C and the 

mean minimum temperature being -2.77
o
C. 

Almost whole of the area is practiced under dry-farmed and/or irrigated 

cropping. Wheat, rice (mainly rainfed), millets, oilseeds and pulses are the main 

crops. Crop yields are moderate to good under conventional managements.  

1.3 Meteorological data of the survey area 

Due to the availability of meteorological stations at only three of the five 

districts from the survey area, the meteorological data in Figure 1.3.1 of the Lahore 

District (a, b), Sialkot District (c, d) and Gujranwala District (e, f) could have been 

available. Since 2008 to 2012, the values for the monthly mean temperature (
o
C), 

monthly total rainfall (mm), monthly mean humidity (%) as given by Pakistan 

Meteorological Department, Lahore Station. 

Figure 1.3.1: Climatic charts showing monthly mean temperature (
o
C) vs. monthly total rainfall (mm), 

mean temperature (
o
C) vs. monthly mean humidity (%) for Lahore District (a & b), Sialkot District (c & 

d) during the year 2008 – 2012 while for Gujranwala District (e & f) during 2012. 
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1.4 Soil sampling 

With at least 100 soil samples from each of the city, a total of 1100 samples 

were collected from 11 cities. All of the soil samples were collected from fields 

where commercial fertilizers i.e. urea (N), di-ammonium phosphate or DAP (P) and 

potash or K2O (K) have been applied according to the agricultural recommendations 

with either none or rare application of organic amendments (FYM only) and such 

fertilizing trend followed at least for three years prior to the first time sampling i.e. 

01-30 June 2009. A personal navigator Global Positioning System (GPS Garmin 

eTrax, Kansas USA) was used to mark each of the sampling points to within ± 10 

meters. After removing a 1-inch top layer, composite soil samples were collected in 

a 5 gallon drum provided with lid from each of the sampling point. For this purpose, 

quincunx-sampling method was used to collect 8 soil cores to a depth of 15 cm in 

S-scheme covering a rectangle of 40 meters of each grid node. The 8 soil cores 

were thoroughly mixed by rotating the drum provided with lid and bulked to collect 

a one composite sample by placing 5 kg soil in labeled ziploc bag. From each of the 

bulk sample, 50 g soil was placed in separate pre-labeled ziploc and put in the ice 

cooler and transported to the lab. The smaller bags were stored in freezer for soil 

biological and DNA-isolation studies while sieving rest of the part of soil sample 

through a 1 mm sieve after air-drying at room temperature. The sieved samples 

were stored in the laboratory for physical and chemical analysis.  

1.5 Soil analyses 

Depending on the feasibility of the study, the physical, chemical and 

biological indicators of the soil health were selected. The details are as under: 

f 
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1.5.1 Physical analysis of the soil 

The following soil physical health parameters were analyzed for the 

collected samples. 

1.5.1.1 Soil infiltration test 

A metal ring with diameter and height 6-inches each was used to perform 

on-site soil infiltration test (Arshad et al. 1996). For this purpose, the ring was 

inserted in the soil up to 3-inches depth with the help of a hand sledge and block of 

wood at a point in the field where the soil saturation with water was at field 

capacity and had no vegetation cover. A measuring scale made of steel was placed 

vertically inside the ring. Almost 250 ml of water was applied in the ring by using a 

squeeze bottle with its nozzle pointed at the inner side of the ring in order to avoid 

disturbance to the soil surface. On the basis of observed water infiltration rate 

(inches hr
-1

) in topsoil (0 – 12 cm), the soil infiltration class was estimated. 

1.5.1.2 Soil bulk density 

 In order to determine bulk density of soil at field level, the soil contained in 

the 6-inches diameter metal ring used for the infiltration test (given in section 

4.1.4.1.2) was collected, as given by Arshad et al. (1996). For this purpose, the soil 

around the ring was dug with the help of a trowel and carefully lifted the ring 

avoiding any soil loss. The excess soil from both sides of the ring was removed with 

flat-bladed knife. Placed the soil in labeled ziploc bag and transported the soil sample 

into the laboratory. The soil sample with its plastic bag was weighed. A sub-sample 

from the same soil was taken in a dry pre-weighed china dish and weighed after 

adding soil to it. The china dish with soil was placed in oven for 5-minutes at 100
o
C 

and then weighed again. The bulk density was calculated by using following 

formulae: 
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1.5.1.3 Soil slake test 

To perform this test, soil aggregates of about 1 cm size were taken from 

tilled soil in sieve baskets of 1-inch diameter, as prescribed by Arshad et al. (2004). 

The sieve baskets along with soil aggregates were placed in the box with 1.5-inches 

compartments filled with water 2-cm deep. The soil fragments were observed after 

5 minutes and then moved the sieve basket vertically up and down to determine the 

stability class of soil. 

1.5.1.4 Water holding capacity (%) 

After the procedure given by Trautmann and Krasny (1997), the tendency of soil 

to retain water against drainage due to the effect of gravity was determined. For this 

purpose, 100 ml of air dried soil were placed in funnel lined with filter paper and 

supported with tubing at the bottom and clamp to shut. While keeping the clamp shut, 

gradually 100 ml tap water was poured to the soil in the funnel and stirred until the 

sample was saturated. After that, the clamp was released and water collected in the 

graduated cylinder was determined. The WHC (%) was calculated by the following 

formula: 

Soil WHC (%) =   

Where, 

Water retained (ml) / 100 ml sample = water added (ml) – water drained (ml) 

1.5.2 Chemical analysis of the soil 

The parameters selected for chemical analysis of the soil are as under: 

1.5.2.1 Determination of soil EC1:1 (dS m
-1

) 

The bulk sample was thoroughly mixed and a sub-sample of about 30 ml 

was scooped and placed in a small beaker. About 30 ml of distilled water was added 

to the beaker containing soil and mixed resulting in soil-water mixtures equating 

1:1 (v/v). The probe of the pre-calibrated EC meter (Hanna portable EC meter 

Model HI 9835) was inserted in the soil-water mixture and the reading was noted 

after about 15-30 seconds.  
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1.5.2.2 Determination of soil pH1:1 

The soil-water mixture prepared in EC test (section 1.4.2.1) was also used to 

determine pH of soil. After about 10 minutes of the EC measurement, the pre-

calibrated pH meter (Hanna portable pH meter Model HI 9835) was immersed in 

the soil-water mixture and the pH reading was observed.  

1.5.3 Biological analysis of the soil and plant 

Parallel to the physical and chemical analysis of soil, the biological analyses 

were also performed on the basis of following parameters: 

1.5.3.1 Soil organic matter (SOM) 

The SOM was determined by loss on ignition (LOI) protocol given by 

Cornell Nutrient Analysis Laboratory (Gugino et al. 2009). For this purpose about 

50 g of soil taken from thoroughly mixed sub-sample was oven dried at 105
o
C for 5 

hrs and placed in the muffle furnace at 500
o
C for 24 hrs. The percent loss of weight 

on ignition (LOI) was calculated and converted to organic matter (%) by using the 

following equation: 

SOM (%) = (% LOI × 0.7) – 0.23  

1.5.3.2 Soil respiration 

The soil respiration rate was determined by modifying a little the basic 

protocol of alkali absorption method of soil respiration given by Kirita (1971). The 

10 ml KOH (1.50 mol L
-1

) taken in small glass beakers was used as alkali traps. The 

said concentration of KOH was found to be the most appropriate for the sampled 

soils during the KOH trap screening process. The intact soil cores, being moist as 

per field capacity using polyvinylchloride rings of 1-inch diameter and 1-inch 

height, were incubated in 1 liter sealable glass jar along with KOH traps at room 

temperature. The autoclaved sand cores were used as control. The rate of EC drop 

on weekly basis was measured and put in the following equation: 

CO2 absorbed (mg) = 22 × P × V × C 

Where, 

 V = volume of trap used, 

 C = concentration (M) of OH- in trap used,  
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 P = proportion of EC drop in sample trap 

P was determined by finding the ratio of (EC difference between the original 

trap and the sample trap) to (EC difference between the original trap and a saturated 

version of the same) i.e.  

P = X/Y 

X = (EC of trap initially) – (EC of trap at measurement)  

Y = (EC of trap initially) – (EC of the solution of the CO2 salt of trap‟s OH at half the 

molarity of the trap)  

The rate of respiration was calculated by dividing the CO2 (µg CO2-C g
-l
) 

respired by the time of incubation. 

1.5.3.3 Plant root health assessment 

By taking about 200 g of bulk soil samples in a 250 ml pot, a certified bean 

seed primed with fungicide was placed in each of pots in a horizontal position, as 

per recommendations given by Gugino et al. (2009). After four weeks of 

germination, the plants were uprooted along with their root system and washed with 

running water on a sieve to expose their roots. The root health of the plants was 

rated on a scale of 1-9. 

1.5.3.4 Total organic carbon (TOC, % per 100 g soil) 

In order to determine total organic C, the protocol (Weil et al. 2003) used 

was similar to the 0.02 M KMnO4-oxidizable C (active soil carbon given in section 

1.4.3.5) except that strength of the oxidizing agent which was 0.333 M KMnO4, 

without applying CaCl2. Also the KMnO4-soil mixture was centrifuged at 3000 rpm 

for 5 minutes. The supernatant was used to quantify TOC from the calibration curve 

for TOC. The calibration curve was constructed by using standards of KMnO4 and 

taking absorbance of the samples at 254 nm. 

1.5.3.5 Potentially mineralizable nitrogen (PMN) 

From the bulk samples stored in the freezer, two 8-g soil sub-samples were 

taken in 50-ml centrifuge tubes, as given by Gugino et al. (2009). To one of the 

tubes, 40 ml of 2 M KCl was applied and the mixture was shaken for 1 hr and then 
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centrifuged at 5000 rpm for 10 minutes. The 20 ml of supernatant were collected 

and analyzed for ammonium concentration i.e. 0-day measurement.  

The second centrifuge tube was applied with 30 ml of 2.67 M KCl solution 

(creating a 2 M KCl solution) after 7-days of incubation. About 20 ml of the 

supernatant were taken and analyzed for the ammonium concentration i.e. 7-day 

measurement.  

The difference between 0-day and 7-day ammonium concentration was 

determined and expressed as µg PMN/ g dry wt. soil/ week. 

1.5.4 Rice-wheat crop yield 

In addition to the soil samples, the rice and wheat biological yield (t ha
-1

) data 

was collected from each of the sampling zone and analyzed with respective soil 

health parameters. The major selected parameters for both crops were agronomic 

yield and biomass production. 

1.6 Regression analyses between soil health parameters and crop yield 

The simple non-linear regression analyses were carried out between each of 

the soil health parameters (covered in section 1.4) and rice and wheat crop yield in 

order to assess the vulnerability of declining crop yield of the two bumper crops to 

the soil health factors in the selected study area. 
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CHAPTER 2 

RICE STRAW COMPOST (RSC) OBTAINED BY USING 

RAPID COMPOSTING TECHNOLOGY 

2.1 Collection and multiplication of indigenous microorganisms (IMOs) for 

compost activator (CA) preparation 

The IMOs collection was carried out after the methods given by FFTC (2003) 

and Park and DuPonte (2010). The IMOs were collected in boiled white rice 

cultivation medium taken  in a container with dimensions 7 × 6 × 3 inches (l × w × h), 

covered with blotting paper and a nylon gauze (1 mm pore size). It was placed under 

the bamboo trees in PU (Long 74
o
17′45.48′′E, Lat 31

o
29′29.83′′N). After a week, the 

microorganisms harbored on rice medium were multiplied through enrichment with 

brown sugar approximately equal to the mass of rice-microbe agglomerates. The 

resulting mixture was diluted with water (15 g/L) and the solution was added to 10 kg 

of rice husk tightly packed in a plastic bag, leaving it to stay for a week. The resulting 

spawn was mixed with equal proportion of soil to be used as compost seed or compost 

activator (CA). 

2.1.1 Isolation of IMOs present in CA 

The CA obtained from 2.1 was used to determine its microbial richness by 

isolating and identifying fungi, actinomycetes and bacteria present in it. The fungal 

richness was determined by applying a pinch of thoroughly mixed CA on autoclaved 

2 % MEA (malt extract agar; Appendix-I) and PDA (potato dextrose agar; Appendix-

II) taken in petri plates separately.  

In order to isolate yeasts (actinomycetes), 100µl from diluted sample was 

spread on YEPD agar (Yeast Extract Potato Dextrose Agar; Appendix-III) plates 

incubated at 30
o
C for overnight (Kurtzmann and Fell, 1998).  

For bacterial isolates, autoclaved NAM (nutrient agar medium; Appendix-IV) 

was applied with serial dilution of 10 % (w/v) CA solution under sterilized conditions. 

The petri plates with both kinds of microbial isolates (bacteria and fungi) were 

incubated at 37
o
C. The colonies of both bacteria and fungi were picked and 

subcultured on new batches of relevant nutrient media. This process was repeated 

until pure isolates of both types of the microbes were attained. The pure microbial 

isolates were characterized as under: 
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2.1.2 Identification and characterization of fungi 

The fungal isolates cultured on either MEA or PDA were identified on the 

basis of colony morphology such as, color, texture and size; morphology of 

conidiophore hyphae and shape of conidial head, phialides seriation; as well as, shape 

and size of spores (Anastasi et al., 2005). 

2.1.3 Identification and characterization of yeasts 

Different colonies appeared on YEPD agar plates were selected and 

subcultured by streaking on new YEPD agar plates and incubated overnight at 30
o
C in 

order to get pure colonies. 

2.1.3.1 Genomic DNA Isolation from Yeast 

The yeast colonies cultivated on YEPD broth were incubated for 24 hours at 

30 ºC on a shaking incubator. The DNA was isolated as described below: 

With little modifications in CTAB method (Doyle and Doyle, 1990; Shahzadi 

et al. 2010), the yeast isolates taken in centrifuge tube in the form of broth were 

centrifuged at 14000 rpm at room temperature for 3 minutes. After discarding the 

supernatant, the pellet was resuspended in 200 µL of pre-warmed (65
o
C) solution-1 

(Appendix-V) taken as extraction buffer, mixed thoroughly and incubated at 65ºC for 

30 minutes. The tubes were cooled for 5-minutes and added solution-2 (Appendix-VI) 

equal to the volume of suspension, and centrifuged at 14,000 rpm at room 

temperature. The supernatant was taken and suspended in 1/10 volume of 3M sodium 

acetate taken in an eppendorf, and applied with half volume of ice chilled iso-

propanol. After mixing it gently, the eppendorf was incubated in ice cubes for 10 

minutes. It was centrifuged at 14,000 rpm at low temperature (4ºC) for 10 minutes 

and the pellet was washed with 200 µl of ice chilled ethanol (70%). The tube mixture 

was swirled and then centrifuged at maximum speed at 4ºC for 5 minutes. The 

supernatant was discarded with pellet air dried before re-suspending in 50µl deionized 

water for storage at - 20
 
ºC. 

2.1.3.2 Amplification of 18S rRNA 

Two of the strains (FBMA-1 and FBMA-2) of yeast were selected for 

ribotyping. The 18S rRNA product was amplified using universal primers used by 

White et al. (1990; Appendix-VII). The amplification product was checked on the gel 

electrophoresis and sequenced at Center of Excellence in Molecular Biology 

(CEMB), University of the Punjab, Lahore Pakistan. The data obtained was through 

blast on NCBI.  
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 The 18S rRNA amplification was carried out in Master Cycler Gradient PCR 

(thermal cycler) with initial denaturation at 94ºC, followed by 40 cycles of 

denaturation again at 94ºC, primer  annealing at 54ºC, and primer extension at 72ºC. 

The thermal cycles were terminated by a final extension at 72ºC with final hold at 

4.0ºC and preheat lid temperature at 105ºC (Appendix-VIII).  

2.1.3.3 Analysis of Amplified 18S rRNA gene fragment 

The amplified product was assessed on 1% agarose gel with of 6X gel loading 

dye at 80 volts for 45 minutes and examined under UV light to take photographs on 

the Gel Documentation System. 

2.1.4 Identification and characterization of bacteria 

The bacterial isolates were characterized on the basis of colony morphology, 

cell and spore staining, as well as, biochemical properties. The morphological 

characteristics consisted of bacterial colony‟s size, shape, color and texture observed 

under stereomicroscope. The cell morphology was studied on the basis of Gram 

staining and spore staining. The biochemical assays included catalase activity test 

(bubbling of bacterial cultures on the slide on applying 3 % H2O2) and oxidase test 

(turning of bacterial culture on application of oxidase agent Tetra methyl-p-

phenylenediamine).  

2.1.4.1 Bacterial genomic DNA isolation 

The protocol given in section 4.2.2.2.1 was followed in order to isolate 

bacterial genomic DNA. 

2.1.4.2 Amplification of 16s rRNA 

In order to obtain fine amplification product, the concentrations of 

oligonucleotide, DNA template and MgCl2 used in the PCR reaction was optimized. 

A range of 1-4 mM MgCl2 produced the same banding pattern. Low concentrations 

resulted in the poor amplification and higher concentrations yield artificial 

background. A concentration of 1.5 mM MgCl2 was chosen for the 16S rRNA 

amplification. Similarly low concentrations of template DNA (< 2.0 µl) resulted 

relatively poor amplification, and high concentrations (>10 µl) of DNA remained 

unused in the reaction and gave artificial bands. A concentration of (5.0 µl) was 

chosen for further amplification. The primers at a final concentration of 1.0 pM were 

used for the amplification process. The concentration of primers either lower or 

higher than 1.0 pM did not give good results. Universal primers were used for these 

reactions (Appendix-IX).  
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The 16S rRNA amplification was conceded out in Master cycler gradient PCR 

(thermal cycler) with initial denaturation at 94ºC, followed by 35 cycles of 

denaturation again at 94ºC, primer annealing at 55ºC, and primer extension at 72ºC. 

The thermal cycles were terminated by a final extension at 72ºC with final hold at 

4.0ºC (Appendix-X).   

2.1.4.3 Agarose gel electrophoresis  

The DNA fragments were separated by following the method given by 

Hoisington et al. (1994). The agarose (0.8 g) was added in 100 ml 1.0X TAE 

electrophoresis buffer and warmed for 1.5 minute. The melted agarose was cooled to 

60-50 ºC before adding 5 μl ethidium bromide (10 mg/ ml) and poured in the gel-

casting tray with comb. After solidification, the gel was placed in an electrophoresis 

tank containing 500 ml of 1X TAE buffer. The samples were loaded in gel with 6X 

loading dye and electrophoresed at 80V for 45min. The ethidium bromide stained 

DNA was viewed using a short wave length UV trans illuminator and fragment length 

was estimated by comparison with 1kb DNA ladder (Fermentas). 

2.2 Establishment of composting pile 

Based on concept of WONC (W: water, O: oxygen, N: nitrogen, C: carbon), 

the static composting pile was set and applied with crisscross set of perforated pipes 

for continuous aeration. In order to keep it optimized for quick aerobic 

decomposition, the following conditions were maintained: 

2.2.1 Achieving right feed stock combination for rice straw composting (RSC) 

While taking RS as major C source (browns), different N sources (greens) as 

well as P sources were tried to come up with appropriate proportions of selected 

feedstock to yield aerobically decomposed quality compost. The N sources included 

fresh leaves of plants, grass clippings, fruit and vegetable scraps from kitchen and/or 

fruit market. The P source included the poultry (broiler) feces. Different combinations 

of the above mentioned feed stocks were tried during the screening process.  

Table 2.2.1: Chemical composition of the components of finally selected composting mixture along with 

their C:N ratios. 

Feedstock 
C:N C N P K 

---------------%--------------- 

Rice straw 82:1 55 0.67 0.08 2.1 

aFruit vegetable scraps 45:1 45 1 1.9 1.4 

bChicken (broiler) feces 17:1 36 3.1 5.05 2.5 

Mixture of a & b (called 

CFFV) 
21:1 48 2.4 4.8 2.7 
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Finally, the mixture of RS and chicken manure (broiler) with fruit vegetable 

scraps (chemical composition given in Table 2.2.1) combined (called CFFV) was 

selected as pile mixture components to establish a compost pile that yielded quality 

compost to be applied in the field. 

2.2.2 Achieving optimum net C:N ratio 

The net C:N of the components of the composting pile was kept in the range 

of 32:1 by using the equation (Dickson et al. 1991; Rynk, 1992) given below: 

  

Where, 

R = C:N ratio of the compost mixture 

Wn = Mass of material „n‟ (W1: RS, W2: fruit & vegetable scraps, W3: poultry manure) 

Cn = Carbon (%) of material „n‟ (C1: RS, C2: fruit & vegetable scraps, C3: poultry manure) 

  Nn = Nitrogen of material „n‟ (N1: RS, N2: fruit & vegetable scraps, N3: poultry manure) 

Mn = Moisture content (%) of material „n‟ (M1: RS, M2: fruit & vegetable scraps, M3: poultry 

manure) 

2.2.3 Achieving optimum net moisture level 

In order to keep the moisture contents of the composing pile within optimum 

regime (50 – 60 % by weight), in general the rule of thumb applicable in composting 

world was adopted that the pile mixture ingredients felt damp like a wrung-out sponge 

but not like a soggy sponge. The hand-squeeze feeling test of moisture was correlated 

with actual moisture contents determined by taking 10 g of the reaction mixture from 

5 different spots of the pile were taken in dry crucibles after every week. The samples 

were dried for 24 hrs at 105
o
C in an oven. After drying, the moisture contents (MC %) 

were determined by the following formula (Dickson et al. 1991; Rynk, 1992): 

   

  Where, 

   Ww = Wt. of wet sample 

   Wd = Wt. of dry sample 

The optimum moisture level was maintained for the whole period of 

composting by applying water when required.  

2.2.4 Application of CAs in RSC 

The selected combination of feed stocks was mixed and a 10-inches mixture 

layer applied on top of wooden sticks placed at a bed raised about 2-feet from ground. 

The layer of feed stock mixture was overlaid by uniform 0.5 – 1 inch thick CA layer. 

All of the feedstock taken during establishment of one composting pile with CA 
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stacked in alternative layers until the size of the pile reached 1 cu yd. An additional 

pile with similar feedstocks but without CA inoculations was set as Control. 

2.3 Monitoring composting pile 

The established pile for being active throughout its decomposition process was 

mainly monitored on the basis of following conditions:  

2.3.1 Monitoring temperature of the composting pile 

The pile temperature was recorded by taking five readings from various 

distances from top and sides. For this purpose, a compost thermometer (TelTru, USA) 

with 3 feet probe length was used. 

2.3.2 Monitoring O2 availability in composing pile 

Nearly ≥ 10 % of the pile oxygen was maintained in the pile by keeping the 

passive air available to the inner of the pile. For this purpose, one foot apart two 

crisscross rows of three plastic pipes with 3
1/4

-feet length, 2-inches diameter and three 

longitudinal rows of 8-shape holes per pipe, were placed in the middle of composting 

pile being vertically and horizontally one foot apart. In order to determine oxygen 

availability in the pile, we developed a method on our own. Due to unavailability of 

OT (Oxygen Temperature) meter, the oxygen availability in the interstices of the 

composting pile was monitored by placing triplicate oxygen trap in both piles and in 

the ambient air. The trap was made by taking a 300 ml plastic container (4-inch 

diameter and 3-inch deep) provided with lid having 0.25 mm holes in it. The 

described trap container was mounted on a base provided with small electric motor 

and rotor. The cord of the electric motor was long enough to switch on from outside 

of the pile.  The container was filled with distilled autoclaved water to a point with 

upper 1 cm of the trap container being empty for wave generation. The whole trap 

assembly was placed in a 0.5 mm mesh cage before placing it into the composting 

pile. After two hours of equating of water trap with pile conditions, the motor was 

switched on in order to agitate the water in trap and creating wave action for oxygen 

dissolution from the air cavities of composting pile. A blank with description similar 

to the trap container was placed out of the pile and turned on at the same time. After 5 

hours of dissolution, both trap and blank container were carefully removed and the 

water sample in each container was titrated to find Winkler‟s dissolved oxygen by 

Azide-Winkler titration method given by Michaud (1991).  
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2.3.3 Monitoring CO2 evolution from composting pile 

The in situ CO2 emission was monitored with alkali trap method (Isermeyer, 

1952) by observing drop in EC of KOH solution. For this purpose, a total of three 25 

ml of 1 M KOH traps covered with porous lid and their EC known were placed in the 

pile at three levels at the moment of compost pile establishment. The new batches of 

the traps were replaced at the time of weekly pile turning. The CO2 was estimated on 

weekly basis by finding the EC drop of KOH trap. The rest of the details are similar to 

Section 1.4.3.2. 

2.3.4 Pile turning and curing of compost 

The pile was turned every week with the help of a shovel until composting was 

accomplished in whole pile i.e. 35
th

 day of pile establishment. The RSC was left to 

stay for 4 weeks as part of curing process. 

2.4 Quality and maturity assessment of RSC 

The quality and maturity of the RSC was assessed on the basis of physical, 

chemical and biological parameters. The details are as under: 

2.4.1 Physical parameters of RSC quality  

The physical parameter of compost quality included moisture content (%), 

bulk density (kg/m
3
), water holding capacity (%) and particle size distribution (% 

passing sieves). 

2.4.1.1 Moisture content (MC %) 

The moisture content of mature RSC was determined by using the same 

method given in section 2.2.3. 

2.4.1.2 RSC bulk density (kg/m
3
) 

For this purpose, a pre-weighed 5-gallon plastic bucket was completely filled 

with RSC by gently tapering it but not pressing RSC from top. The RSC-filled bucket 

was weighed again. The bulk density (kg/m
3
) was calculated by the following 

formula: 

 

 Where,  

  Mass of RSC (kg) = W2 – W1 

  Volume of RSC (m3) = volume of bucket (gallon) × 0.00379 cu m 

  W1 = Wt. of empty bucket (kg) 

  W2 = Wt. of bucket + RSC (kg) 
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2.4.1.3 RSC water holding capacity (WHC, %) 

The WHC of RSC was determined by using the method given in section 

1.4.1.4 

2.4.1.4 Particle size distribution (% passing sieves) 

The RSC was sieved through different sieves with mesh size 1, 2, 5 and 10 

mm. The percentage distribution of a bulk of RSC on the basis of particle size was 

determined. The following classes were designated on the basis of particle size 

dominance: 

RSC class 

(Based on particle size) 

Particle size distribution 

(mm) 

Class I ≤ 5 

Class II 6 – 10 

Class III 11 – 25 

Class IV ≥ 25 

Based on the particle size results, the class III RSC i.e. 2.5 mm or 1” minus 

screened RSC was applied in the field. 

2.4.2 Physico-chemical parameters of RSC quality  

The physico-chemical parameters of RSC quality included electrical conductivity 

(EC1:1), acidity (pH1:1) and cation exchange capacity  (CEC meq/100 g). 

2.4.2.1 RSC Electrical conductivity (EC1:5) 

The method was similar to what is given in section 1.4.2.1 except the ratio of 

the compost to water i.e. 1:5 slurry method yielding EC1:5 of RSC.  

2.4.2.2 RSC pH1:5 

The method was similar to what is given in section 1.4.2.2 except the ratio of 

the compost to water i.e. 1:5 slurry method yielding pH1:5 of RSC. 

2.4.2.3 RSC cation exchange capacity (CEC meq/ 100g) 

Following the titration method given by Thorpe (1973), the CEC was 

determined by adding 100 ml of 0.5N HCl to 2 g of RSC sample taken in a 125 ml 

flask. The mixture was shaken for 2 hrs and left overnight. The sample was filtered 

and washed with distilled water until no chlorides were detected with AgNO3 (the 

sample leachate did not give any white precipitates). The filter paper and sample was 

transferred to 100 ml of 1N Ba(OAc)2 taken in a 250 ml beaker and allowed to stand 

for 2 hrs. The filtrate of the mixture was washed with 1N Ba(OAc)2 to bring the final 

volume to 150 ml. The sample leachate was titrated to pH 7.0 with 0.5N NaOH and 

phenolphthalein as an indicator. 
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 The following formula was used to calculate CEC (meq/100 g); 

   

  Where,  

   Vs = Volume of NaOH used to titrate sample leachate to pH 7.0 

   Vb = Volume of NaOH used to titrate blank to pH 7.0 

   N = Normality of NaOH 

2.4.3 Total and available fraction of major nutrients in RSC 

The total and available fraction of major nutrients in RSC aimed at 

determining the total nitrogen (TN %), available nitrogen (AN mg kg
-1

), the total 

phosphorus (P mgkg
-1

), available phosphorus (P mg kg
-1

), the total and available K 

(mg kg
-1

) as well as the total and available Ca (mg kg
-1

). 

2.4.3.1 RSC total nitrogen (TN %) 

The TN (%) was determined by using Kjeldahl method as given by Nelson 

and Sommers (1980). From the representative bulk sample, about 10 g of oven dried 

(105
o
C) and 0.5 mm sieved RSC sample were placed in Kjeldahl flask and about 10 g 

of the digestion catalyst mixture (100 g Na2SO4 + 25 g CuSO4 + pinch of Se) were 

added to it. The Kjeldahl flask mixture was digested for 30 minutes and then allowed 

to clear for 15 minutes before leaving to cool for half an hour. About 10 ml from this 

digested mixture were taken for distillation of ammonia in an Erlenmeyer flask 

containing 50 ml of boric acid solution, 4 drops of mixed indicator (bromocresol 

green + methyl red in ethyl alcohol) and then added 60 ml of concentrated NaOH.  

The mixture was condensed and distilled over approximately 100 ml. The NH3 

present in the distillate was titrated with 0.1N H2SO4 using mixed indicator. The 

blank was also titrated whenever required. The TN (%) was calculated by using the 

following formula; 

   

  Where, 

   N = Normality of H2SO4 

2.4.3.2 RSC available nitrogen i.e. NH4-N (mg kg
-1

) 

The NH4-N was determined by placing 20 g of RSC representative bulk 

sample in a shaking bottle and adding 100 ml of extracting solution (1 mol L
-1

 KCl) 

plus 4 drops of CuSO4 solution. After 30 minutes of shaking and then filtering, about 

20 ml of the filtrate was added to a 50 ml flask contained with 4 ml of NaOH-Sodium 

tartrate solution and 1 ml Nessler‟s reagent and thoroughly mixed, as given by Harper 
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(1924a). Further 2 ml of Nessler‟s reagent were added and thoroughly mixed to 

develop full color. After 15 minutes, the flask mixture was filled in the cuvette to take 

absorbance on spectrophotometer (660 nm) against blanks and working standards of 

known ammonium sulphate stock solutions. The RSC NH4-N was quantified from the 

calibration curve.  

2.4.3.2.2 RSC NO3-N (mg kg
-1

) 

A 20 % (m/v; 10 g RSC in 50 ml dH2O) mixture of RSC and distilled water 

was shaken for 10 minutes and the filtrate was taken twice. Then 50 ml of the filtrate 

was transferred to a 100 ml beaker and 1 ml of Ca(OH)2 added to it. The mixture was 

placed on a hot plate until it evaporated to dryness and it was allowed to cool. To the 

beaker, 1 ml of phenoldisulfonic acid was added, as given by Harper (1924b). Then 

14 ml of dH2O and 5 ml of 1:1 ammonium hydroxide solution were added to the 

beaker. This mixture was taken in cuvette and absorbance was taken at 540 nm 

against blanks. The potassium nitrate working standard solutions were run along with 

blank and RSC NO3-N was quantified from the calibration curve.   

2.4.3.3 RSC total phosphorus (P %) 

In order to determine the total phosphoric acid (%) in the RSC, fusion and 

extraction procedure given by Bowman (1988) was used. To the 0.25 g of RSC taken 

in 100 ml Teflon beaker, 5 ml of concentrated H2SO4 were added while swirling the 

beaker gently. The reaction mixture was applied with 3 ml of 30 % H2O2 in 0.5 ml 

portions while vigorously swirling the beaker. One ml of hydrofluoric acid was added 

and the beaker was placed on hot plate at 150
o
C for 15 min. After slight cooling, the 

sides of the beaker were washed with 15 ml of distilled water and thoroughly mixed 

before leaving it to cool at room temperature. The total P in the extract was 

determined by spectrophotometer using the molybdenum blue method given by 

Murphy and Riley (1962). The following formula was used to determine 

concentration of total P (Cp) in sample solution: 

Cp (mg kg-1) =  

Where, 

Cs = Corrected sample solution concentration obtained by subtracting mean of the blanks from 

sample values 

Va = Volume of aliquot of sample solution (ml) 

Ve = Volume of the extract (ml) 

W = Wt. of sample (g) 
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2.4.3.4 RSC available phosphorus (mg kg
-1

) 

The labile or available portion i.e. Olsen‟s P of the total phosphorus was 

determined by using NaHCO3 extractant (Olsen et al., 1954). For this purpose, 1 g of 

RSC (sieved through 0.5 mm) was dissolved in 40 ml of 0.5 M NaHCO3 by 

continuously shaking. The absorbance of the filtrate was taken on spectrophotometer 

by running the working standards of highly soluble fertilizer KH2PO4 and blanks.  

2.4.3.4 RSC total K (%) 

For this purpose, the RSC was passed through acid digestion process with 21 

ml of concentrated HCl and 7 ml of nitric acid (aqua regia mixture, 1:3 ratio). The 

total potassium was determined by running the extract of digested RSC on flame 

photometer (Jenway Model PFP & PFP7/C). 

2.4.3.5 RSC available K (mg kg
-1

) 

For this purpose, the water extract of RSC was taken and passed through acid 

digestion process. The available or water soluble fraction of potassium in RSC was 

determined by running the digest on flame photometer.  

2.4.3.6 RSC total Ca (%) 

The total calcium was measured by acid digestion of RSC and then analyzing 

the extract of digested RSC on flame photometer.  

2.4.3.7 RSC available Ca (mg kg
-1

) 

For this purpose, the water extract of RSC was taken and passed through acid 

digestion process. The available or water soluble fraction of calcium was determined 

by running the extract of digest on flame photometer. 

2.4.3.8 RSC total Mg (%) 

The total magnesium was measured by acid digestion of RSC and then 

analyzing the extract of digested RSC on AAS (GBC Savant AA, Australia).  

2.4.3.9 RSC available Mg (mg kg
-1

) 

For this purpose, the water extract of RSC was taken and passed through acid 

digestion process. The available or water soluble fraction of magnesium was 

determined by running the extract of digest on AAS. 

2.4.4 Total trace metal contents of RSC (Cd, Cr, Cu, Pb, Fe, Zn mg kg
-1

) 

For this purpose, 5 g of oven dried (60
o
C), finely ground (particle size 95 % < 

0.1 mm) RSC was placed in reaction flask to which 21 ml of concentrated HCl and 7 

ml of nitric acid (aqua regia mixture, 1:3 ratio) were added. The reaction mixture was 

left for overnight and then boiled for 2 hrs. The filtrate was taken and HM analyses 
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were performed on AAS after running standards of pure metals prepared in distilled 

autoclaved water. 

2.4.5 Biological parameters of RSC quality  

The biological indicators of RSC included total organic carbon (TOC %), 

fungal pathogen test with cucumber, tomato test for seedling starter, root growth test 

with sorghum cultivars and weed bank test. 

2.4.5.1 RSC stability test based on respiration rate (mg CO2-C/g RSC/d) 

The RSC stability was assessed by performing CO2 evolution rate test 

(TMECC, 2001) given by United States Composting Council. However, the actual 

determination of respiration was carried out by using alkali trap method given in 

Section 1.4.3.2 was used.  

2.4.5.2 RSC total organic carbon (TOC %) 

The TOC in RSC was determined by using the method given in Section 

1.4.3.4. 

2.4.5.3 Total organic matter (OM %) 

The total organic matter in RSC was examined through loss on ignition (LOI 

%) method of OM, as given in Section 1.4.3.1. 

2.4.5.4 RSC fungal pathogen test with cucumber 

The certified seeds of almost similar viability were cultivated on bulk sample 

of RSC taken in small pots. The germination (%) and relative seedling length (cm) 

was measured against plants cultivated in control (pro-mix) to assess possible fungal 

pathogenicity. 

2.4.5.5 RSC tomato test for seedling starter 

The certified hybrid seeds of tomato were tested on RSC against control (pro-

mix) to determine likelihood of any possible germination deterrents.  

2.4.5.6 Top growth test with soybean 

The certified seeds of soybean were sown in 0, 10, 20, 40, 80 and 100 % (v:v) 

RSC amendments with pot mix. The percentage germination and relative growth of 

the plants was noticed.   

2.4.5.7 RSC root growth test with Sorghum cultivars 

The easy germinating seeds of Sorghum were tested to determine quality of 

RSC as a soil amendment/pot mix on the basis of visual plant root health. 
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2.4.5.6 RSC weed bank test 

For this purpose, a small pot was filled with bulk sample of RSC and 

maintained at pot capacity for 3-weeks in order to observe any germination resulting 

from weed seeds. 
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CHAPTER 3 

COMPARATIVE EFFICACY OF RSC AND COMMERCIAL 

FERTILIZER IN RICE-WHEAT CROP: FIELD ASSAYS 

The tested RSC in terms of qualitative and quantitative indicators of compost 

maturity was applied in the rice and wheat fields against recommended doses of 

commonly applied fertilizers i.e. urea, di-ammonium phosphate (DAP) and potash 

used as N,P and K source, respectively. The experiment was set in Plot # 29 of the 

fields of Botanical Garden, University of the Punjab, Lahore-54590 Pakistan (Lat 

31
o
49´95.70´´N, Long74

o
30´07.16´´E). The total area of the field was 0.375 acre 

(1815 sq yd), divided into 16 sub-plots each of which being of 0.0227 acre (110 sq 

yd). The details of the field assays are as under: 

3.1 Experimental design 

The experiment was set in a Randomized complete block design (RCBD) and 

layout of the experimental subplots is given in Figure 3.1. There were 4 replicates per 

treatment. 

Figure 3.1.1. The randomized complete block design (RCBD) layout of the field subplots (4.5 × 24.4 

sq. yd. = 110 sq. yd.) for the cultivation of rice and wheat crops on rotation basis using recommended 

doses of urea, DAP and potash individually and in combination with RSC (4 treatments × 4 replicates = 

16 experimental units). 

C CF C + CF Ctrl 

CF C Ctrl C + CF 

C + CF Ctrl CF C 

Ctrl C + CF C CF 

 

Here,  

Ctrl = Control (Amended with neither compost nor commercial fertilizer) 

C = Rice straw compost (RSC) only (amended with RSC at 12 t/ ha)  

CF = Commercial Fertilizer (DAP full dose at final land preparation; urea and potash in three splits, 25 

% at 10 days DAT, 50 % at tillering stage and rest 25 % at panicle initiation at recommended rate 

of application i.e. N-P-K 100-70-70 kg ha-1for rice and N-P-K 140-110-70 kg ha-1 for wheat) 

C + CF = Combined application of half of the dose of both RSC and commercial fertilizer used in C and 

CF treatment (1:1) 
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3.2 Field application of RSC 

The RSC was manually applied in the field after sieving through 5 mm gauze 

on 5
th

 May 2009 about two months, prior to the cultivation of the first rice crop. The 

RSC was applied at a time when its moisture contents were almost equal to that of the 

field. The RSC application rate was 12 t ha
-1

. For nursery establishment, the rice 

(Oriza sativa) var. Super Basmati Rice was broadcasted on July 1
st
, 3

th
, 4

th
 and 6

th
 in 

2009, 2010, 2011, 2012, respectively. The 20 days old rice seedlings were 

transplanted on 21, 23, 24 and 26 July in 2009, 2010, 2011, 2012, respectively and 

harvested the crop 115 DAT. The wheat (Triticum indicum) var. Shafaq 2006 was 

sown in the field on November 16, 18, 19 and 21 in 2009, 2010, 2011 and 2012, 

respectively.  

3.3 Field application of commercial fertilizer 

The sub-plots designated for the recommended dose of commercial fertilizer 

(Fig 3.1.1) were applied with full dose of DAP at the time of final land preparation 

while urea and potash were applied in three splits. The 10 % of the urea and potash 

was applied at 10 DAT, 50 % was applied at tillering stage and rest 25 % was applied 

at panicle initiation stage at recommended rate, as given in Figure 3.1.1. With same 

Actual view of the randomized complete block design (RCBD) layout 

of the field subplots for the cultivation of rice and wheat crops on 

rotation basis. 
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fertilization pattern, half of the NPK as compared to chemical fertilizer treatment was 

applied in combine treatment of chemical fertilizer with RSC. 

Throughout experimentation, the ground water with fairly constant EC (0.61 ± 

0.025) and pH (7.3 ± 0.151) was used for irrigating all the soil amendments. 

3.4 Crop growth and yield analysis for rice/wheat 

The crop growth and yield analyses for both selected crops were carried out on the 

basis of selected agronomic characters, as given in Section 1.4.4.  

3.5 Post-harvest soil analysis 

To assess the soil beneficial effects incurred by the RSC amendment, the post-

harvest analysis were carried out.  

3.5.1 Post-harvest physical analysis of the soil 

The physical soil parameters selected for post-harvested are as under: 

3.5.1.1 Soil bulk density 

 The soil bulk density (g/cm
3
) was determined by the method given in Section 

1.4.1.2. 

3.5.1.2 Soil slake test 

The soil slaking class was determined by the method given in Section 

1.4.1.3. 

3.5.1.3 Soil infiltration rate 

The soil infiltration rate after the harvest of each rice and wheat crop was 

monitored by using the method given in Section 1.4.1.1. 

3.5.1.4 Water holding capacity 

The water holding capacity of soil was also monitored during each of the 

crop by following the method given in Section 1.4.1.4. 

3.5.2 Post-harvest physico-chemical analysis of the soil 

The physico-chemical analyses of the soil after application of RSC were 

carried out. The parameters were similar to those analyzed for pre-amendment soil. 

3.5.2.1 Determination of soil EC1:1 

The change in EC after amendment with RSC was determined by the 

method given in Section 1.4.2.1. 

3.5.2.2 Determination of soil pH1:1 

The change in pH after amendment with RSC was determined by the 

method given in Section 1.4.2.2. 
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3.5.2.3 Cation exchange capacity (CEC meq/100 g) 

The CEC between each crop was determined by following the method given 

in Section 2.4.2.4. 

3.5.3 Post-harvest biological analysis of the soil and plant 

Being a major repository of beneficial microorganisms, the RSC beneficial 

increments were determined on the basis of the following parameters: 

3.5.3.1 Soil organic matter 

The SOM (%) was determined by loss on ignition method, as given in 

section 1.4.3.1. 

3.5.3.2 Soil active carbon 

For this purpose, the method given in section 1.4.3.4 was used.  

3.5.3.3 Soil respiration 

The soil respiration rate was determined by the method given in Section 

1.4.3.2. 

3.5.3.4 Determination of Olsen’s phosphorus 

The Olsen‟s P was determined by the method given in section 2.4.3.4. 

3.5.3.5 Soil microbial DNA quantification 

The soil microbial DNA was extracted and quantified in order to compare 

microbial addition in rice-wheat field before and after RSC amendment. For this 

purpose, PowerSoil® DNA Isolation Kits (MO BIO) were used as per instructions 

given by the manufacturer. The isolated DNA was quantified on a 

spectrophotometer.  

3.5.3.6 Plant root health assessment 

The ease of soil penetration for the two agronomic crops was assessed on 

the basis of root health status before and after applying soil with RSC.  

3.5.3.7 Crop nutrient analyses 

The selected samples from the harvested rice and crop during each cropping 

year and for whole experimentation period were oven dried at 60
o
C. The dried plant 

matter was ground to pass through 1 mm and digested to analyze the tissue nutrient 

uptake level by following the relevant (for N, Section 2.4.3.1; for P, Section 2.4.3.3 

and for K, Section 2.4.3.4) methodologies.  
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CHAPTER 4 

ROLE OF GFP-LABELLED TRICHODERMA 

HARZIANUM IN ACTIVATING COMPOSTING OF RICE 

STRAW 

This experiment was performed in order to find efficiency of seed compost 

prepared with an individual microorganism to find its efficiency in making the 

compost happen within short period of time. This experiment was performed while 

being with Dr. Janice E. Thies, Associate Professor of Soil Ecology at College of 

Agricultural and Life Sciences, Cornell University Ithaca, USA. The stay at Cornell 

University was funded by Higher Education Commission (HEC) of Pakistan under 

the program of International Research Support Initiative Program (IRSIP).  

4.1 Collection of GFP-labeled fungal isolates 

The green fluorescent protein (GFP) labeled spores of Trichoderma harzianum, 

preserved in silica granules, were obtained from Dr. Gary Harman‟ lab at Cornell 

University, Geneva Station. 

4.2 Revival of fungal cultures 

The cultures of T. harzianum were revived by placing silica granules on Potato 

Dextrose Agar (PDA) fungal nutrient medium under sterile conditions. The colonies 

of pure fungal isolates were observed for its fluorescence after 5 days of incubation 

at room temperature.   

4.3 Compost seed preparation 

The revived fungal cultures were inoculated in brown sugar broth for mass 

propagation. For this purpose, 0.5 g biomass of fungi was transferred to 1/2 liter jar 

filled with sterilized brown sugar solution. The jars were incubated at room 

temperature for 2 weeks. The number of spores of T. harzianum were counted in the 

brown sugar solution and found to 2 × 10
7
 spore ml

-1
. The retention of GPF in the 

fungal spores was monitored throughout this process. Afterwards, the brown sugar 

solution with fungal mycelia was diluted in 1 liter distilled autoclaved water (5 % 

v/v) carrying 10
5
 spores ml

-1 
and applied the dilute on equal proportion of rice husk 

taken in a styrofoam box. It was thoroughly mixed and left for one week. The visual 

presence of fungal hyphae after two week gave strong indication for a ripened 



54 

 

compost seed. Similarly, another compost seed was prepared but with GFP-

unlabeled T. harzianum  (control). 

4.4 Rice straw composting with GFP-labeled compost seed 

While using the compost seed inoculated with GFP-labeled fungal isolates, the 

compost pile was established by using mixture of compost feedstock, as given in 

Section 2.2.  

4.5 Microbiological assays of the composting pile 

The compost igniting tendency of T. harzianum present in the compost seed was 

determined on the basis of duration (hrs) taken by compost pile from compost seed 

application in the pile to approaching thermophilic phase against a Control (with no 

T. harzianum). The presence or absence of GFP-labeled T. harzianum in the 

composting pile with respect to temperature rise was monitored by collecting 

samples from composting feedstocks from time to time (12, 24 hrs of inoculation 

and then after every 2 hrs) and observing under fluorescent microscope. Parallel to 

temperature, the variation in pH of the composting feedstocks was also observed. 

5 STATISTICAL ANALYSES 

While using the „Data Analysis‟ pack and XLStat Add In of Microsoft Office 

Excel 2010, the data were analyzed after the recommendations given by Gomez and 

Gomez (1984) for a randomized complete block design. In order to define the exact 

statistical difference between groups of means, Duncan‟s multiple range test 

(DMRT) was applied. The relation between different variables was found on the 

basis of regression and correlation analyses carried out by using MS Excel 2010. 

The coefficient of variance (cv %) was calculated in order to determine the 

reliability of the experiments. 
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V-RESULTS 

CHAPTER 1 

VULNERABLE SOIL HEALTH FACTORS OF CONTINUOUSLY 

DECLINING AGRICULTURAL PRODUCTIVITY IN 

SELECTIVE ZONE OF RICE-WHEAT CROPPING SYSTEM 

(RWCS) OF PUNJAB, PAKISTAN 

1.1 Distribution of soil physical, chemical and biological properties in the 

sampling area 

The physical, chemical and biological properties of the soil collected from the 

sampling area with at least 100 samples per city were analyzed to determine periodic 

variation and its influence on crop productivity. The yield data for rice crop and 

subsequent wheat crops were also collected from the same sampling plots. Finally, the 

spatial variation in rice and wheat yield was plotted against soil health parameters to 

assess their vulnerability to the periodically declining soil health by applying simple 

non-linear regression.  

1.1.1. Soil physical properties 

The selected physical parameters of soil health consisted of soil infiltration 

rate, soil bulk density and aggregate stability of the soil aggregates measured on the 

basis of soil slacking. The details are as under: 

1.1.1.1 Soil infiltration rate and bulk density 

The variability of soil infiltration rate and bulk density in selected cities of 

RWCS along with descriptive statistics is summarized in Table 1.1.1.1. The average 

soil infiltration rate ranged 0.85 to 2.78 in the whole sampling area with upper most of 

limits of the maximum values in Gujranwala and lower most limits of the maximum 

values in K.S. Kaku and with extreme diversity in between for soils of the remaining 

cities. The lower most limits of the minimum values were in Pasroor while upper 

most limits of the minimum values in Sialkot and Lahore with extreme diversity in 

between for soils of rest of the cities. There was a general increase of soil infiltration 

rate from K.S. Kaku to Lahore via passing through all the selected cities following the 

order given in Table 1.1.1.1. The Skewness and kurtosis of soil infiltration rate 

showed that average values were more towards below the mean in case of Muridke, 

Narowal, Pasroor, Sialkot, Gujranwala, Sheikhupura and Lahore; while rest of cities 
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having most of their soil infiltration values towards above the mean values. The 

values for „range‟ were the maximum for Gujranwala and the minimum for Lahore. 

The high values of CV (%) showed that there was extreme variability in the study 

area in terms of soil infiltration rate and the current sampling method was quite 

sufficient to describe the selected physical parameter of soil health. There was a 

periodic decline in soil infiltration rate over time and on an average, a cumulative of 7 

-10 % decline was observed during 2009-12. 

Table 1.1.1.1. Soil physical properties showing soil infiltration rate (SIR cm hr
-1

) and soil bulk density 

(SBD g cm
-3

) variation in selected cities/zone of Rice-Wheat Cropping System (RWCS) of Punjab, 

Pakistan during 2009-12. 

City 
Soil 

property 
N Mean Min. Max. Range Median SD SE 

CV 

(%) 

Skew-

ness 
Kurtosis 

K.S. Kaku 
SIR 10

0 

0.87 0.45 2.38 1.93 0.77 0.42 0.042 48.49 1.64 2.75 

SBD 2.04 0.45 2.38 1.93 2.17 0.46 0.05 22.38 0.01 -1.62 

Muridke 
SIR 10

0 

1.37 0.47 2.39 1.92 1.39 0.69 0.069 50.25 -0.01 -1.48 

SBD 1.76 0.47 2.39 1.92 1.62 0.33 0.03 18.73 1.34 1.36 

N. Mandi 
SIR 10

0 

0.85 0.48 2.4 1.92 0.79 0.37 0.037 43.94 1.57 2.76 

SBD 1.84 0.48 2.40 1.92 1.76 0.34 0.03 18.45 1.13 0.71 

Narowal 
SIR 10

0 

1.25 0.44 2.42 1.98 1.35 0.58 0.057 45.88 -0.04 -1.09 

SBD 1.81 0.44 2.42 1.98 1.67 0.38 0.04 20.76 1.07 0.15 

Pasroor 
SIR 10

0 

1.21 0.42 2.75 2.33 0.98 0.73 0.073 60.75 0.45 -1.41 

SBD 1.83 0.42 2.75 2.33 1.75 0.37 0.04 20.18 1.04 0.23 

Sialkot 
SIR 10

0 

1.195 0.49 2.44 1.95 1.14 0.65 0.064 54.32 0.33 -1.33 

SBD 1.83 0.49 2.44 1.95 1.71 0.36 0.04 19.74 1.07 0.31 

Wazirabad 
SIR 10

0 

1.025 0.46 2.48 2.02 0.76 0.58 0.058 56.76 0.75 -0.74 

SBD 1.82 0.46 2.48 2.02 1.68 0.35 0.04 19.41 1.25 0.86 

Gujranwala 
SIR 10

0 

1.084 0.43 2.78 2.35 0.77 0.68 0.068 63.05 0.91 -0.58 

SBD 1.87 0.43 2.78 2.35 1.79 0.35 0.04 18.84 1.00 0.32 

Hafizabad 
SIR 10

0 

0.89 0.48 2.4 1.92 0.61 0.52 0.051 58.04 1.49 1.46 

SBD 1.83 0.48 2.40 1.92 1.68 0.35 0.04 19.11 1.27 1.00 

Sheikhupura 
SIR 10

0 

1.14 0.45 2.75 2.3 0.99 0.66 0.065 57.39 0.64 -0.89 

SBD 1.82 0.45 2.75 2.30 1.75 0.35 0.04 19.19 1.28 1.08 

Lahore 
SIR 10

0 

1.176 0.49 2.38 1.89 1.35 0.56 0.055 47.42 0.03 -1.32 

SBD 1.84 0.49 2.38 1.89 1.76 0.34 0.03 18.34 1.32 1.23 

The soil bulk density also showed extreme variability with a minimum range 

of 1.89 g cm
-3

 in case of Lahore and a maximum range of 2.35 g cm
-3

 in case of 

Gujranwala, as given in Table 1.1.1.1. The average soil infiltration rate varied from 

1.82 to 2.04 cm hr
-1

. There was a positive Skewness and kurtosis in case of soil bulk 

density indicating that most of the values of the soil bulk density was towards above 

the mean.  Unlike soil infiltration rate, there was a progressive increase in soil bulk 
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density with an annual rate of 2-6 % of the mean values in all the cities except K.S. 

Kaku. 

1.1.1.2 Soil slaking 

The soil aggregate stability was quite high in the study area being a typical 

factor of rice cropping zone. As compared to the soil stability observed during very 

early year of this study, the range of soil slaking class decreased in case of Muridke, 

Sheikhupura and Lahore while remaining stable in soils of remaining cities until the 

concluding year of study, as given in Table 1.1.1.2.1. 

Table 1.1.1.2.1. Soil physical properties showing soil stability class* variation in selected cities/zones of Rice-

Wheat Cropping System (RWCS) of Punjab, Pakistan during 2009-12. 

Cities 
Stability class range 

(0 – 6) 

Year of study 

2009 2012 

K.S. Kaku 

Class 0: 

Nothing left on sieve; 

too unstable 

Class 6: 

75-100 % remaining 

on sieve; very stable 

 

3 – 5  3 – 5 

Muridke 3 – 6  3 – 5 

N. Mandi 3 – 6  3 – 6 

Narowal 3 – 5  3 – 5 

Pasroor 3 – 5  3 – 5 

Sialkot 3 – 5  3 – 5 

Wazirabad 3 – 5  3 – 5 

Gujranwala 3 – 5 3 – 5 

Hafizabad 3 – 5 3 – 5 

Sheikhupura 3 – 6  3 – 5 

Lahore 3 – 6  3 – 5 

*Criteria for assigning soil stability class after Herrick (1998) 

 

1.1.2 Soil physico-chemical properties 

The EC1:1 (dS m
-1

) and pH1:1 of the soil in the selected study area varied from 

normal to saline to relatively sodic status of soil, as given in Table 1.1.2.1. The values 

for the minimum EC1:1 ranged from 0.63 in case of Narowal to 2.95 for Wazirabad 

and the values for the maximum EC1:1 ranged from 1.83 for Muridke to 3.97 for 

Sheikhupura while showing extreme diversity in between for soils of remaining cities. 

The maximum EC1:1 range was observed in soils around K.S. Kaku (1.83) while the 

minimum range was observed for Sheikhupura (0.42) with extreme diversity in 

between for soils around rest of the cities. The EC1:1 showed positive Skewness for all 

the cities except Pasroor and Sheikhupura while kurtosis being positive in all the 

cases. There was little increase in EC1:1 over time and an average increase rate of 4-7 

% per annum was observed during the period of study. 



58 

 

The lowest range for the minimum values of pH1:1 observed to be 7.23 for K.S. 

Kaku while the upper range of the minimum values of pH1:1 was 7.95 in case of 

Pasroor with extreme diversity in between for soils around rest of the cities. However, 

the lower range for the maximum values of pH1:1 was 7.96 in case of Lahore while the 

upper range for the maximum values of pH1:1 was 8.61 in case of Narowal with 

extreme diversity in between for soils around rest of the cities. The minimum pH1:1 

range was observed to be 0.47 for Sheikhupura and the maximum pH1:1 range was 

1.74 for Narowal with extreme diversity in between for soils around rest of the cities. 

The pH1:1 showed a positive Skewness all the cities except K.S. Kaku and Lahore 

while kurtosis being positive for all the cities. The pH1:1 also observed to show 

periodic increase over time and the rate of increase was 3-7 % per annum. 

1.1.3 Soil biological properties 

Extremely contrary to the trends observed for physico-chemical properties of 

soil, the soil biological health parameters showed a declining trend over time. The 

details are as under: 

Table 1.1.2.1. Soil physico-chemical properties showing EC1:1 (dS m
-1

) and pH1:1 variation in selected 

cities/zone of Rice-Wheat Cropping System (RWCS) of Punjab, Pakistan during 2009-12. 

Cities 
Soil 

property 
N Mean Min. Max. Range Median SD SE 

CV 

(%) 

Skew

-ness 
Kurtosis 

K.S. Kaku 
EC1:1 

100 
1.81 1.38 2.92 1.83 1.93 0.13 0.014 13.47 0.04 0.93 

pH1:1 7.81 7.23 8.00 0.89 7.96 0.11 0.011 16.87 -0.13 0.69 

Muridke 
EC1:1 

100 
0.90 0.74 1.83 0.82 0.86 0.17 0.016 14.60 1.35 0.34 

pH1:1 7.78 7.41 8.21 0.96 7.69 0.08 0.008 18.59 0.81 0.17 

N. Mandi 
EC1:1 

100 
1.88 0.91 2.01 0.92 1.04 0.25 0.024 11.58 1.12 0.24 

pH1:1 7.87 7.51 8.39 0.66 7.92 0.41 0.041 21.12 0.731 0.92 

Narowal 
EC1:1 

100 
1.23 0.63 2.99 1.31 1.531 0.71 0.072 16.61 0.247 1.11 

pH1:1 7.96 7.41 8.61 1.74 7.89 0.52 0.052 18.8 1.09 0.78 

Pasroor 
EC1:1 

100 
2.55 1.98 3.47 0.88 2.99 0.28 0.028 17.7 -1.07 0.94 

pH1:1 8.13 7.95 8.55 1.11 8.24 0.34 0.034 11.6 0.79 1.13 

Sialkot 
EC1:1 

100 
2.74 1.87 3.13 0.87 2.96 0.18 0.019 16.87 0.04 1.17 

pH1:1 7.92 7.52 8.41 1.07 8.11 0.42 0.041 22.22 0.79 0.38 

Wazirabad 
EC1:1 

100 
3.02 2.95 3.62 1.37 3.18 0.31 0.013 31.8 0.415 0.52 

pH1:1 7.91 7.68 8.28 1.34 7.95 0.14 0.014 15.6 1.36 0.63 

Gujranwala 
EC1:1 

100 
3.13 2.85 3.69 0.87 3.31 0.29 0.030 10.41 1.56 0.92 

pH1:1 7.87 7.79 8.36 1.21 8.17 0.19 0.019 15.45 1.74 0.12 

Hafizabad 
EC1:1 

100 
2.92 1.66 3.48 0.58 3.24 0.31 0.031 29.2 0.82 0.37 

pH1:1 7.81 7.68 8.11 1.47 7.97 0.37 0.036 15.91 0.99 0.87 

Sheikhupura 
EC1:1 

100 
3.76 2.91 3.97 0.42 3.56 0.45 0.045 17.46 -1.04 0.03 

pH1:1 7.77 7.46 8.11 0.47 7.98 0.33 0.034 21.23 0.47 1.87 

Lahore 
EC1:1 

100 
2.71 2.32 3.16 0.92 2.93 0.11 0.012 13.25 1.14 0.95 

pH1:1 7.41 7.29 7.96 0.54 7.68 0.18 0.017 22.36 -0.45 1.44 
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1.1.3.1 Soil organic matter, soil respiration, soil organic carbon and potentially 

mineralizable nitrogen 

On an average, the SOM was below 1 % in the whole sampling area. 

However, average minimum SOM values were observed in soils around Narowal 

while average maximum values were observed in case of Sheikhupura with extreme 

diversity in between for soils around rest of the cities, as given in Table 1.1.3.1.1. The 

Table 1.1.3.1.1. Soil biological properties showing soil organic matter (SOM %), soil respiration (SR 

µg CO2-C g
-l
), total organic carbon (TOC % per 100 g of soil), and potentially mineralizable nitrogen 

(PMN µg/ g dry wt. soil/ week
 l
) in selected cities/zones of Rice-Wheat cropping system (RWCS) of 

Punjab, Pakistan during 2009-12. 

Cities 
Soil 

property 
(N) Mean Min. Max. Range Median SD SE 

CV 

(%) 

Skew-

ness 
Kurtosis 

K.S. Kaku 

SOM 

100 

0.52 0.03 1.12 1.09 0.55 0.32 0.03 62.04 -0.21 -1.22 

SR 9.98 0.75 26.8 26.05 11.00 7.87 0.79 78.86 0.27 -1.18 

TOC 0.30 0.020 0.651 0.63 0.32 0.19 0.02 62.04 -0.21 -1.22 

PMN 8.18 1.0234 18 16.98 8.54 5.24 0.52 64.01 0.12 -1.35 

Muridke 

SOM 

100 

0.54 0.04 2.38 2.35 0.55 0.37 0.04 68.14 1.02 4.76 

SR 8.47 0.81 25.65 24.84 3.54 8.25 0.82 97.42 0.68 -1.07 

TOC 0.31 0.020 1.384 1.36 0.32 0.21 0.02 68.14 1.02 4.76 

PMN 5.93 1.09 17.76 16.68 2.54 5.10 0.51 85.96 0.83 -0.76 

N. Mandi 

SOM 

100 

0.82 0.04 1.10 1.06 0.82 0.21 0.02 25.16 -0.65 0.52 

SR 5.42 0.86 24.3 23.44 1.87 5.99 0.60 110.51 1.15 0.19 

TOC 0.48 0.021 0.639 0.62 0.48 0.12 0.01 25.16 -0.65 0.52 

PMN 7.48 1.0345 17.23 16.20 7.54 5.78 0.58 77.21 0.32 -1.40 

Narowal 

SOM 

100 

0.43 0.01 2.38 2.37 0.47 0.36 0.04 83.83 1.50 6.81 

SR 14.38 2.234 24.5 22.27 14.60 5.19 0.52 36.10 -0.43 -0.32 

TOC 0.25 0.007 1.384 1.38 0.27 0.21 0.02 83.83 1.50 6.81 

PMN 11.17 1.3 17.77 16.47 12.33 4.41 0.44 39.50 -0.82 -0.24 

Pasroor 

SOM 

100 

0.67 0.04 1.10 1.06 0.72 0.31 0.03 46.01 -0.92 -0.02 

SR 13.47 1.0345 24.54 23.51 15.00 7.02 0.70 52.10 -0.48 -0.98 

TOC 0.39 0.020 0.640 0.62 0.42 0.18 0.02 46.01 -0.92 -0.02 

PMN 7.29 1.17 17.75 16.60 4.12 6.01 0.60 82.50 0.47 -1.51 

Sialkot 

SOM 

100 

0.74 0.04 1.10 1.06 0.77 0.29 0.03 39.19 -0.78 -0.02 

SR 12.13 1.0345 24.54 23.51 11.65 6.46 0.65 53.27 -0.20 -0.90 

TOC 0.43 0.023 0.639 0.62 0.45 0.17 0.02 39.19 -0.78 -0.02 

PMN 7.88 1.03 17.77 16.74 8.54 5.21 0.52 66.12 0.18 -1.43 

Wazirabad 

SOM 

100 

0.54 0.02 1.10 1.08 0.65 0.35 0.04 65.78 -0.25 -1.30 

SR 12.17 1.12 25.87 24.75 12.00 5.71 0.57 46.94 0.24 -0.41 

TOC 0.31 0.014 0.639 0.63 0.38 0.21 0.02 65.78 -0.25 -1.30 

PMN 10.66 2.234 17.77 15.53 11.65 4.19 0.42 39.28 -0.49 -0.68 

Gujranwala 

SOM 

100 

0.44 0.03 1.10 1.07 0.48 0.31 0.03 70.88 0.11 -1.11 

SR 17.74 4.65 25.33 20.68 19.00 4.67 0.47 26.34 -1.20 1.06 

TOC 0.26 0.020 0.640 0.62 0.28 0.18 0.02 70.88 0.11 -1.11 

PMN 12.26 6.654 17.76 11.11 11.54 3.03 0.30 24.69 0.16 -0.88 

Hafizabad 

SOM 

100 

0.74 0.01 1.10 1.09 0.72 0.27 0.03 35.90 -0.59 0.25 

SR 18.45 11.21 23.65 12.44 18.76 2.52 0.25 13.64 -0.39 0.37 

TOC 0.43 0.007 0.639 0.63 0.42 0.15 0.02 35.90 -0.59 0.25 

PMN 11.00 3.234 18 14.77 10.00 4.53 0.45 41.22 0.14 -1.29 

Sheikhupura 

SOM 

100 

0.86 0.01 1.10 1.09 0.47 0.30 0.03 82.56 0.33 -1.08 

SR 16.69 9 23.65 14.65 16.88 3.80 0.38 22.76 -0.09 -1.10 

TOC 0.21 0.007 0.641 0.63 0.27 0.17 0.02 82.56 0.33 -1.08 

PMN 12.43 4.65 17.66 13.01 12.35 3.17 0.32 25.50 -0.25 -0.62 

Lahore 

SOM 

100 

0.57 0.04 1.10 1.06 0.58 0.29 0.03 49.80 -0.27 -0.10 

SR 17.26 11.3 24.54 13.24 17.23 2.44 0.24 14.13 0.45 0.43 

TOC 0.33 0.020 0.640 0.62 0.34 0.17 0.02 49.80 -0.27 -0.10 

PMN 13.21 4.65 17.4 12.75 14.23 3.23 0.32 24.47 -0.87 -0.28 
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lower range of values for the minimum SOM was observed to be 0.01 % for Narowal 

and Hafizabad while the upper range of values for the minimum SOM was observed 

to be 0.04 % for Muridke, Narang Mandi, Pasroor, Sialkot and Lahore; with extreme 

diversity in between for soils around rest of the cities. The lower range of the values 

for the maximum SOM was 1.10 % for Narang Mandi, Pasroor, Sialkot, Wazirabad, 

Gujranwala, Hafizabad, Sheikhupura and Lahore while the upper range of values for 

the maximum SOM was 2.37 % for Narowal; with extreme diversity in between for 

soils around rest of the cities. 

The SOM Skewness observed to be positive in case of Muridke, Narowal, 

Gujranwala and Sheikhupura while being negative for rest of the cities. The kurtosis 

observed to be positive for Muridke, Narang Mandi, Naorwal and Hafizabad while 

being negative for remaining cities. There was decrease in SOM with the passage of 

time and a SOM decreasing rate of 5-10 % per annum was observed during the whole 

period of time. 

Likewise SOM, the soil respiration rate observed to be lower in the sampling 

area with the minimum average values being 5.42 for Narang Mandi and the 

maximum average values being 17.74 for Gujranwala with extreme diversity in 

between for soils around rest of the cities. The lower limits of the minimum values of 

soil respiration was observed to be 0.75 for K.S. Kaku while the upper limits of the 

minimum values of soil respiration rate was observed to be 11.3 for Lahore with 

extreme diversity in between for soils around rest of the cities. The lower limits of the 

maximum values of soil respiration was observed to be 23.65 for Hafizabad and 

Sheikhupura while the upper limits of the maximum values of soil respiration rate was 

observed to be 25.65 for Muridke with extreme diversity in between for soils around 

rest of the cities. The maximum values of range of soil respiration were 26.05 for 

Muridke while the minimum values being 12.44 for Hafizabad with extreme diversity 

in between for soils around rest of the cities. The soil respiration rate showed positive 

Skewness for K.S. Kaku, Muridke, Narang Mandi, Wazirabad and Lahore while being 

negative for rest of the cities. The kurtosis observed to be positive for Narang Mandi, 

Gujranwala and Hafizabad while being negative for rest of the cities. There was 

periodic decline in soil respiration in all of the sampling area at a rate of 5-10 % per 

annum. 

The TOC also showed a variable pattern in the sampling area, as given in 

Table 1.1.3.1.1. The maximum values of the mean TOC were 0.48 for Narang Mandi 
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while the minimum values of the mean TOC were 0.21 for Sheikhupura with extreme 

variability in between for soils around rest of the cities. The lower limits of the 

minimum TOC were 0.007 for Narowal, Hafizabad and Sheikhupura while the upper 

limits of the minimum TOC were 0.03 for Sialkot with extreme variability in between 

for soils around rest of the cities. The lower limits of the maximum TOC were 0.639 

for Narang Mandi, Sialkot, Wazirabad and Hafizabad while the upper limits of the 

maximum TOC were 1.384 for Muridke and Narowal with extreme variability in 

between for soils around rest of the cities. The maximum values of TOC range were 

1.38 for Narowal while the minimum values of TOC range were 0.62 for Narang 

Mandi, Pasroor, Sialkot, Gujranwala and Lahore. The TOC showed positive 

Skewness for Muridke, Narowal, Gujranwala and Sheikhupura while being negative 

for rest of the cities. The kurtosis observed to be positive for Muridke, Narang Mandi, 

Narowal and Hafizabad while being negative for rest of the cities. There was a 

gradual but continuous decline in soil TOC for all the cities with a declining rate of 5-

10 % per annum.  

Like rest of the biological parameters of soil health, the PMN varied greatly 

from city to city in the whole study area, as given in Table 1.1.3.1.1. The average 

PMN observed to be the minimum (5.93) in Muridke while being the maximum 

(13.21) in case of Lahore with extreme variability in between for soil around rest of 

the cities. The lower limits of the minimum PMN were 1.023 for K.S. Kaku while the 

upper limits of the minimum PMN were 6.654 for Gujranwala with extreme 

variability in between for soils around rest of the cities. The lower limits of the 

maximum PMN were 17.23 for Narang Mandi while the upper limits of the maximum 

PMN were 18 for K.S. Kaku and Hafizabad with extreme variability in between for 

soils around rest of the cities. The maximum values for PMN range were found to be 

16.98 for K.S. Kaku while the minimum PMN range was 11.11 for Gujranwala with 

extreme variability in between for soils around rest of the soils. The PMN showed 

positive Skewness for K.S. Kaku, Muridke, Narang Mandi, Pasroor, Sialkot, 

Gujranwala and Hafizabad while being negative for rest of the cities; however, the 

kurtosis observed to be negative for all the cities. The PMN also showed a declining 

trend over period of time at a declining rate of 4-10 % per annum.  
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1.1.3.2 Plant root health assessment 

The tendency of soil to support healthy root establishment showed a variable 

range, as given in Table 1.1.3.2.1. The range of plant root health class increased in 

case of K.S. Kaku, Narang Mandi, Sialkot, Sheikhupura and Lahore while being 

relatively stable in case of rest of the cities. The soil in whole area showed extreme 

compactness on irrigating and class 1 of root health was not observed at all.  

1.2 Rice and wheat crop performance (2009 – 2012) 

On an average, there was periodic decrease in rice and wheat yield in all the 

cities of surveyed area, as given in Table 1.2.1. The average rice and wheat yield 

ranged 4.53 – 6.87 and 3.09 – 4.76 respectively during 2009; however, it decreased to 

4.46 – 6.79 and 3.05 – 5.16 for rice and wheat respectively during 2012. During 2009, 

Table 1.1.3.2.1. Soil biological properties showing plant root health class* cultivated in soils sampled 

from selected cities/zones of Rice-Wheat cropping system (RWCS) of Punjab, Pakistan during 2009-

12. 

Cities 

Root health class 

(Min = 1 

Max = 9) 

Year of study 

2009 2012 

K.S. Kaku 

Class 1: 

white hypocotyl and roots with no discoloration or lesions (healthy) 

Class 7 – 9:  

50 to ≥ 75 hypocotyl and roots showing lesions and decay 

symptoms 

2 – 6  2 – 7  

Muridke 3 – 7  3 – 7  

N. Mandi 3 – 6  3 – 7  

Narowal 3 – 7  3 – 7  

Pasroor 3 – 7  3 – 7  

Sialkot 3 – 7  3 – 8  

Wazirabad 2 – 7  3 – 7  

Gujranwala 3 – 7  3 – 7  

Hafizabad 2 – 7  3 – 7  

Sheikhupura 2 – 6  2 – 7  

Lahore 2 – 6  2 – 7  
*Criteria for visual plant root health classes rated on 1-9 scale as per Gugino et al. (2009) 

Table 1.2.1. Rice and wheat yield variation in selected cities/zone of RWCS of Punjab Pakistan during 2009-12 

Location 

Average yield (t ha-1) Average Annual yield 

decrease rate (t ha-1 
year-1) 

Average yield 

loss during 4-
years (t ha-1) 

t-statistics P-value 
2009 2012 

Rice Wheat Rice wheat Rice Wheat Rice Wheat Rice Wheat Rice Wheat 

K.S. Kaku 
5.12 –  

6.12 

3.78 –  

4.67 

5.03 – 

6.01 

3.62 – 

4.613 
0.116 0.078 0.591 0.321 -0.469 -0.309 0.59 0.13 

Muridke 
4.65 –  
5.98 

3.71 – 
4.52 

4.59 – 
5.91 

3.60 – 
4.449 

0.109 0.069 0.441 0.278 -0.439 -0.281 0.47 0.24 

N. Mandi 
5.23 –  

6.05 

3.68 – 

4.61 

5.10 – 

5.99 

3.49 – 

4.587 
0.11 0.072 0.486 0.281 -0.51 -0.291 0.28 0.16 

Narowal 
5.44 –  

6.65 

3.82 – 

5.08 

5.31 – 

6.48 

4.76 – 

5.01 
0.18 0.049 0.74 0.197 -0.69 -0.194 0.72 0.097 

Pasroor 
4.53 –  
5.82 

3.23 – 
4.46 

4.46 – 
5.76 

3.16 – 
4.38 

0.19 0.052 0.79 0.207 -0.77 -0.212 0.53 0.12 

Sialkot 
5.61 –  
6.02 

3.31 –  
4.59 

5.49 – 
5.97 

3.11 – 
4.41 

0.15 0.048 0.59 0.191 -0.59 -0.189 0.62 0.094 

Wazirabad 
5.34 –  

6.12 

3.26 – 

4.68 

5.47 – 

6.06 

3.10 – 

4.59 
0.12 0.051 0.47 0.211 -0.46 -0.201 0.24 0.075 

Gujranwala 
5.01 –  

6.17 

3.44 – 

4.71 

4.92 – 

6.09 

3.31 – 

4.62 
0.13 0.054 0.52 0.217 -0.54 -0.215 0.19 0.14 

Hafizabad 
5.18 –  
6.28 

3.21 – 
4.76 

5.02 – 
6.17 

3.07 – 
4.65 

0.097 0.028 0.389 0.114 -0.385 -0.111 0.23 0.067 

Sheikhupura 
5.51 –  

6.87 

3.41 – 

5.28 

5.32 – 

6.79 

3.38 – 

5.16 
0.016 0.011 0.081 0.058 -0.072 -0.049 0.65 0.041 

Lahore 
5.48 –  

6.77 

3.09 – 

5.21 

5.20 – 

6.67 

3.05 – 

5.11 
0.018 0.013 0.087 0.049 -0.069 -0.061 0.78 0.027 

Cumulative/Average 68.85 52.57 67.9 51.579 0.112364 0.047727 5.185 2.124 
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the minimum rice yield range was 4.53 – 5.82 for Pasroor and the maximum rice yield 

range was 5.51 – 6.87 for Sheikhupura; however, during 2012 the minimum rice yield 

range was 4.46 – 5.76 for Pasroor and the maximum rice yield range was 5.20 – 6.67 

for Lahore. Similarly, the minimum wheat yield range was 3.23 – 4.46 for Pasroor 

and the maximum was 3.41 – 5.28 for Sheikhupura during 2009; while for 2012, the 

minimum wheat yield range was 3.16 – 4.38 for Pasroor and the maximum wheat 

yield range was 3.38 – 5.16 for Sheikhupura. The minimum average annual rice yield 

decrease rate was 0.016 t ha
-1

 for Sheikhupura and the maximum was 0.19 t ha
-1 

for 

Pasroor. Similarly, the minimum average annual wheat yield decrease rate was 0.011 t 

ha
-1 

for Sheikhupura and the maximum was 0.078 t ha
-1 

for K.S. Kaku. The minimum 

average rice yield loss during 4-years was 0.081 t ha
-1 

for Sheikhupura while the 

maximum was 0.79 t ha
-1 

for Pasroor. Similarly, the minimum average wheat yield 

loss during 4-years was 0.049 t ha
-1 

for Lahore while the maximum was in 0.281 t ha
-1 

for Narang Mandi. 

1.3 Regression analyses between soil health parameters and crop yield 

The simple non-linear regression between soil health parameters and crop yield 

resulted in high values of R
2
, as given in Table 1.3.1. The regression between 

variation of a soil health parameter and crop yield resulted in significant values of R
2
 

while resulting in non-significant R
2
 values for non-variation factors. The yield 

variations of both rice and wheat were strongly dependent upon physical, chemical 

and biological parameters of soil health. 

In case of physical parameters, a decrease in soil infiltration rate as well as soil 

aggregate stability and an increase in soil bulk density caused the decrease in yield of 

both rice and wheat and thus exhibited high as well as significant values of R
2
.  

In case of physico-chemical parameters, an increase in either pH1:1 or EC1:1 

beyond a certain limit decreased the rice and wheat crop yield and was indicated by 

high and significant values of R
2
. 

In case of biological parameters, any decrease in SOM, soil respiration rate, 

SOC or PMN resulted in decrease in crop yield. Thus the productivity of both rice and 

wheat was strongly dependent upon variation in soil biological properties and was 

indicated by high and significant values of R
2
.  
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Table 1.3.1. Simple non-linear regression (regression coefficient R
2
 values) among selected soil health parameters and yield variations in rice and wheat crops 

cultivated in Rice-Wheat cropping system (RWCS) of Punjab Pakistan during 2009-12. 

Crop 

yield and 

yield 

variation 

(t ha-1) 

Soil health parameters 

Physical Physico-chemical Biological 

SIR 
SIR 

variation 
SBD 

SBD 

variation 

Soil 

stability 
EC1:1 

EC1:1 

variation 
pH1:1 

pH1:1 

variation 
SOM 

SOM 

variation 
SR 

SR 

variation 
TOC 

TOC 

variation 
PMN 

PMN 

variation 

Plant 

root 

health 

class 

Rice 

yield 
0.788 

0.813 

** 
0.721 

0.916 

** 
0.425 0.762 

0.970 

** 
0.805 

0.897 

** 
0.732 

0.813 

** 
0.856 

0.924 

** 
0.753 

0.717 

** 
0.839 

0.874 

** 
0.524 

Rice 

yield 

variation 

0.815 

** 

0.859 

** 
0.912 

0.934 

** 

0.615 

** 

0.813 

** 

0.862 

** 

0.860 

** 

0.922 

** 

0.810 

** 

0.931 

** 

0.712 

** 

0.789 

** 

0.858 

** 

0.798 

** 

0.711 

** 

0.925 

** 

0.492 

** 

Wheat 

yield 
0.791 

0.805 

** 
0.727 

0.914 

** 
0.404 0.770 

0.961 

** 
0.811 

0.888 

** 
0.722 

0.822 

** 
0.799 

0.909 

** 
0.748 

0.701 

** 
0.801 

0.803 

** 
0.490 

Wheat 

yield 

variation 

0.823 

** 

0.861 

** 
0.841 

0.951 

** 

0.429 

** 

0.811 

** 

0.830 

** 

0.879 

** 

0.901 

** 

0.766 

** 

0.793 

** 

0.821 

** 

0.902 

** 

0.761 

** 

0.781 

** 

0.861 

** 

0.859 

** 

0.496 

** 

Here, 

SIR = soil infiltration rate (cm hr-1) 

SBD = soil bulk density (g cm-3) 

SOM = soil organic matter (%) 

SR = Soil respiration rate (µg CO2-C g-l) 

TOC = total organic carbon (TOC % per 100 g of soil), and 

PMN = potentially mineralizable nitrogen (PMN µg/ g dry wt. soil/ week l) 
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CHAPTER 2 

RICE STRAW COMPOST (RSC) OBTAINED BY USING RAPID 

COMPOSTING TECHNOLOGY 

2.1 Indigenous microorganisms (IMOs) isolated for compost activator (CA) 

preparation 

The use of boiled rice as nutrient media for isolation of IMOs harbored 

colonies of genera belonging to fungi, actinomycetes and bacteria, as given in Figure 

2.1.1A-C. 

2.1.1 Fungal isolates representing IMOs 

In most of the IMOs isolation attempts on PDA, the rigorous subculturing 

resulted in achieving pure isolates of the members of fungal genus Aspergillus at 

28
o
C, as given in Figure 2.1.1.1. The microscopic morphological analyses revealed 

that the species of Aspergillus were mainly A. niger, A. flavus and A. terreus (Table 

Figure 2.1.1.1. The diversity of indigenous microbes (IMOs) appeared on selected nutrient media under the 

roof of bamboo trees. (A) the different colonies of microbes start appearing on boiled rice on second day of 

incubation (B) the microbial population showed extensive growth on 5
th

 day of incubation (C) the 

multiplication of IMOs on brown sugar (D) the microscopic analysis of the fungal isolates showing 

conidiophore of Aspergillus niger along with conidia (E) conidiophore  of Aspergillus flavus  along with 

conidia (F) conidiophore of  Aspergillus terreus along with conidia. 

   

  

 

A B C 

D E F 

10 µm 

 

10 µm 

 
10 µm 
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2.1.1.1). 

The species of A. niger was identified on the basis of its microscopic features 

such as, septate hyphae, hyaline, branching dichotomous with double walls. The 

length and width of the conidiophore was observed to be 560 and 8. 968 µm, 

respectively. The morphology of conidial head appeared to be round with diameter 

21.476 µm. the vesicles appeared to be globose in shape whereas the phialides being 

biseriate with diameter 22.892 µm. The spores were round, akinulate and having 

diameter 6.844 µm.  

 The isolates of A. flavus were identified on the basis of its hyphae being 

septate, hyaline with dichotomous branching and thick wall. The conidiophores were 

observed to be 3.83.2 µm long and 7.552 µm wide. The conidial head appeared to be 

round with 17.464 µm diameter. The vesicles were observed to be dome-shaped and 

phialides being biseriate with 19.824 µm diameter. The spores were also observed to 

be round, akinulate and diameter being 5.192 µm, as given in Table 2.1.1. 

 The hyphae of A. terreus were also septate, hyaline and having double wall. 

The conidiophore observed to be 306.8 µm long and 7.08 µm wide. The columnar-

shaped conidial head were 16.284 µm in diameter. The vesicle appeared to be globose 

whereas phialides being uniseriate with 17.464 µm diameter. The spores appeared to 

be round, rough and having 6.372 µm diameter. 

2.1.2 Bacterial isolates representing IMOs 

The bacterial isolates identified in the current study were six in total and five of 

them belonging to the bacterial genus Bacillus while one was Lysinibacillus. Although 

Table 2.1.1.1. The morphological characteristics of members of fungal genus Aspergillus belonging to 

the indigenous microbes (IMOs) isolated on boiled rice straw and purified on potato dextrose agar.  

Species of 

fungal 

Genus 

Aspergillus 

Morphological Characteristics 

Macroscopic Microscopic 

Colony Conidiophore Conidial head 

Vesicle  

shape 

Phialides 

seriation 

and 

length 

(µm) 

Spore 

Texture Color Reverse 
Length 

(µm) 

Width 

(µm) 
Shape 

Diameter 

(µm) 
Shape 

Size 

(µm) 

A. niger Fluffy Bl Y.G. 560 8.968 R 21.476 Globose 
Biseriate 

22.892 
R.R. 6.844 

A. flavus 
Fluffy, 

velvety 

Br-

O-Br  
O.W 283.2 7.552 R 17.464 

Dome 

shape 

Biseriate 

19.824 
R.S. 5.192 

A. 

terreus 

Granular, 

velvety 

Gr-

Br-

Gr 

O.W 306.8 7.08 C 16.284 Globose 
Uniseriate 

17.464 
R.S 6.372 

Bl: black; Br-O-Br: brownish to orange brown; Gr-Br-Gr: greenish brown to green; R: round; C: columnar; R.R: round smooth; 

Y.G: yellowish green; O.W: off-white. 
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less obvious; however, an extensive variation was observed among the bacterial isolate 

colonies in terms of color, size, elevation, shape, margin and texture. The cell 

morphology also observed to exhibit variation, as given in Table 2.1.2.1. 

Table 2.1.2.1. The colony/cell morphology and biochemical characteristics of members of the bacterial 

genus Bacillus and Lysinibacillus belonging to the indigenous microbes (IMOs) isolated on boiled rice 

straw and purified on N-broth medium after 24 hrs of incubation at 37
o
C. 

Species of 

bacterial genus 

Bacillus 

Colony morphology Cell morphology 
Biochemical 

tests 

Color Size Elevation Shape Margin Texture Growth 

G
ra

m
 

st
ai

n
in

g
 

sh
ap

e 

S
p

o
re

 

fo
rm

at
io

n
 

M
o
ti

li
ty

 

C
at

al
as

e 

O
x

id
as

e 

B. subtilis O.W. L C Cir Ent Rou U. F.T. + R - + + - 

 

B.  

amyloliquefaciens 

O.W. L R Irr Fil Muc S.F.G. + R - + + - 

 

B. 

licheniformis 

L.Y. M F Cir Fil Muc P - R + - + - 

 

Lysinibacillus 

sphaericus 

L.Y. M R Cir Lob Rou P.U.F.T. - R - + + - 

 

Bacillus sp. 
O.W. S R Irr Ent Muc P. - R - - + - 

 

B. 

stratosphericus 

O.W. L C Cir Und Shi S.F.G + R + - + - 

Color: OW: off-white; LY: light yellow 

Size: L: large; M: medium; S: small 

Elevation: C: convex; R: raised; F: flat 

Shape: Cir: circular; Irr: irregular 

Margin: Ent: entire; Fil: filamentous; Lob: lobate; Und: undulate 

Texture: Rou: rough; Muc: mucoid; Shi: shiny 

Growth: U.F.T: uniform with fine turbidity; S.F.G: sediment with flocculent growth; P: pellicle; P.U.F.T: pellicle uniform with fine 

turbidity 

Cell morphology: R: rod shaped 

(+) and (-) signs indicate presence or absence respectively 

 The colony color of B. subtilis, B. amyloliquefaciens, Bacillus sp. and B. 

stratosphericus observed to be off-white whereas B. licheniformis and Lysinibacillus 

sphaericus appeared to be light-yellow. The colony size was variable among all the 

bacterial isolates ranging from small (Bacillus sp.) to medium (B. licheniformis and 

Lysinibacillus sphaericus) to large (B. subtilis, B. amyloliquefaciens and B. 

stratosphericus). The elevation of the colonies appeared to be convex (B. subtilis and 

B. stratosphericus), raised (B. amyloliquefaciens and Lysinibacillus sphaericus) and 

flat (B. licheniformis). The shape of colonies exhibited diversity from circular (B. 

subtilis, B. licheniformis, Lysinibacillus sphaericus and B. stratosphericus) to 

irregular (Bacillus sp. and B. amyloliquefaciens). The margin of colony entire (B. 

subtilis and Bacillus sp.), filamentous (B. amyloliquefaciens and B. licheniformis), 

lobate (Lysinibacillus sphaericus) and undulate (B. stratosphericus). The texture of 
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the colonies appeared to be rough (B. subtilis and Lysinibacillus sphaericus), mucoid 

(B. amyloliquefaciens, B. licheniformis and Bacillus sp.), and shiny (B. 

stratosphericus). The growth of bacterial isolates in broth medium appeared to be 

uniform with fine turbidity (B. subtilis), sediment with flocculent growth (B. 

amyloliquefaciens and B. stratosphericus), pellicle (B. licheniformis and Bacillus sp.) 

and pellicle uniform with fine turbidity (Lysinibacillus sphaericus).  

 As given in Figure 2.1.2.1 (A-F), the cells of all the bacterial isolates observed 

to be rod shaped; however, few of them were Gram –ve (B. licheniformis, 

Lysinibacillus sphaericus and Bacillus sp.) others being Gram +ve (B. subtilis, B. 

amyloliquefaciens and B. stratosphericus). The spore formation was absent in all the 

bacterial isolates except B. licheniformis and B. stratosphericus. The motility was 

observed to be present in B. subtilis, B. amyloliquefaciens and Lysinibacillus 

sphaericus while being absent in rest of them.  

  

As far as biochemical characteristics of the bacterial isolates are concerned, 

the catalase test appeared to be positive while oxidase test being negative in all of the 

bacterial isolates. 

Figure 2.1.2.1.  The cell morphology and Gram staining response of members of the bacterial genus 

Bacillus and Lysinibacillus belonging to the indigenous microbes (IMOs) isolated on boiled rice straw and 

purified on N-broth medium after 24 hrs of incubation at 37
o
C. (A) B. subtilis; (B) B. amyloliquefaciens; (C) 

B. licheniformis; (D) Lysinibacillus sphaericus; (E) Bacillus sp. and (F) B. stratosphericus. 

   

   

A B C 
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10 µm 

 

10 µm 

 

10 µm 

 

10 µm 

 
10 µm 
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2.1.2.1 Molecular characterization of bacterial isolates representing IMOs 

The genomic DNA of the all the bacterial strains was successfully extracted 

and the PCR amplification with 16S rRNA universal primers yielded products of 

appropriate size for all the bacterial strains, as given in given in Figure 2.1.2.1.1. The 

isolation of Bacillus and Lysinibacillus strains from boiled rice didn‟t give any clear 

influence on banding pattern. The banding profiles were too complex to compare. As 

only one nutrient medium i.e. N-broth was used for getting pure isolates, there was a 

very little shift in bacterial community.  

 

2.1.2.2 Phylogenetic relationship of isolated bacterial strains representing IMOs 

In order to construct the phylogenetic tree for the bacterial isolates, the 

alignment of the bacterial isolates with Clustal W Program and analyses with BLAST 

on GenBank database revealed the relationship of all the six bacterial strains with 

bacterial genus Bacillus with 1000 replicates in order to produce Boot strap values. 

The phylogenetic analyses were conducted by using MEGA4 to construct a neighbor-

joining (NJ) tree, as given in Figure 2.1.2.2.1. 

Figure 2.1.2.1.1. Gel run of genomic DNA of six bacterial strains and two yeast strains representing 

IMOs. The bacterial strain code is followed by the homology (% in parentheses) of isolated bacterial 

strains in this study to the ones existing on NCBI database. All of them i.e. (B1) Bacillus subtilis, (B2) 

B. amyloliquefaciens, (B3) B. licheniformis, (B4) Lysinibacillus sphaericus, (B5) Bacillus sp., and (B6) 

B. stratosphericus exhibited 99 % homology. While the Y1 and Y2 shows the genomic DNA isolated 

from yeast isolates representing IMOs. 
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Figure 2.1.2.2.1. The Neighbour-joining (NJ) tree showing the phylogeny of six bacterial strains 

representing IMOs viz. FBA-1, FBA-2, FBA-3, FBA-4, FBA-5 and FBA-6 with scale bar representing 

0.5 changes per nucleotide position. The FBA1, FBA2, FBA3, FBA4, FBA5, and FBA6 showed 99 % 

homology with Bacillus subtilis, B. amyloliquefaciens, B. licheniformis, Lysinibacillus sphaericus, 

Bacillus sp., and B. stratosphericus, respectively. 

 Bacillus subtilisHE970643.1

 Bacillus sp.YC-B8HQ396632.1

 FBA-2

 Bacillus subtilis 7DY7

 Bacillus sp.NCCP-77AB698788.1

 Bacillus amyloliquefaciensCP003838.1

 FBA-4

 Bacillus sp.JX419381.1

 Lysinibacillus sphaericusJX893012.1

 Lysinibacillus sp.JX566617.1

 Lysinibacillus fusiformisJX994126.1

 Lysinibacillus sp.JN224968.1

 Bacillus sp.M9GU086438.1

 Bacillus licheniformisKC108680.1

 FBA-3

 Bacillus licheniformisHM006897.1

 Bacillus licheniformisJQ435666.1

 FBA-6

 Bacillus stratosphericus KC172060.1

 Bacillus subtilisJX988410.1

 Bacillus aerophilusHM134057.1

 Bacillus pumilusJX183152.1

 Bacillus altitudinisAB691776.1

 Bacillus licheniformisKC119182.1

 Bacillus subtilis subsp. subtilis str...

 Bacillus subtilis strain VITM5JX98192...

 Bacillus subtilis strain KD3JX993838.1

 Bacillus subtilisAB301016.1

 FBA-1

 Bacillus subtilisHE970643.1(2)

 Rhizobium sp.EF555472.1

 Bacillus sp.AB698788.1

 Bacillus subtilisEU096316.1

 FBA-5

 Bacillus sp.EF213021.2

0.5  

 

2.1.3 Yeast isolates representing IMOs 

The repetitive streaking of YEPD agar plates with pure isolates from IMOs 

extract dilute obtained two pure yeast isolates i.e. Rhodotorula mucilaginosa and 

Candida parapsilosis FBMA-2, as given in Figure 2.1.3.1. 
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Figure 2.1.3.1.  The cell morphology of yeast isolates belonging to the indigenous microbes (IMOs) 

isolated on boiled rice straw and purified on YEPD agar after 24 hrs of incubation at 30
o
C. (A) 

FBMA-1 i.e. Rhodotorula mucilaginosa (B) FBMA-2 i.e. Candida parapsilosis. 

  

 

2.1.3.1 Molecular characterization of yeast isolates representing IMOs 

The two selected yeast isolates i.e. FBMA-1 and FBMA-2 were characterized 

by 18s rRNA ribotyping and for sequencing, the DNA of both strains was isolated and 

amplified, as indicated by Y1 and Y2 in Figure 2.1.2.1.1. When sequence data was 

BLAST and submitted to NCBI with respective accession numbers, the query 

revealed that FBMA-1 had 92 % homology with Rhodotorula mucilaginosa while 

FBMA-2 showed 94 % homology with Candida parapsilosis.  

2.1.3.2. Phylogenetic relationship of yeast isolates representing IMOs 

The proofreading, editing and alignment of the yeast DNA sequences with 

Clustal W program and analyses of sequences with BLAST on NCBI GenBank 

database including in the phylogenetic tree construction were carried out to extract the 

most similar GenBank sequences of unknown yeast isolates. Using MEGA4 and 

Neighbor-Joining (NJ) tree, the FBMA-1 with members of yeast genus Candida and 

FBMA-2 with members of yeast genus Rhodotorula closely resembled on the basis of 

obtained Boot strap values, as given in Figure 2.1.3.2.1. 

A B 

10 µm 

 
10 µm 
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Figure 2.1.3.2.1. The Neighbour-joining (NJ) tree showing the phylogeny of two yeast strains 

representing IMOs viz. FBMA-1 and FBMA-2 with scale bar representing 0.5 changes per nucleotide 

position. The FBMA-1 strain revealed 92 % homology with yeast genus Candida and FBMA-2 showed 

94 % homology with yeast genus Rhodotorula. 

 FBMA-1

 Candida orthopsilosisFJ515199.1

 Candida parapsilosisAB109277.1

 Candida metapsilosisFJ872019.1

 Candida metapsilosisJX463240.1

 Candida metapsilosisJQ585714.1

 Sporidiobolales sp.EF060587.1

 Rhodotorula mucilaginosaEF190221.1

 Rhodotorula dairenensisJN246550.1

 Rhodotorula sp.GU220714.1

 FBMA-2

 Rhodotorula mucilaginosaDQ386306.1

0.5  
 

2.2 Establishment and monitoring of RS composting pile 

 The composition of the pile mixture used in this study showing finally selected 

combination of organic feedstocks with their percentage is given in Figure 2.2.1. 

Figure 2.2.1. The composition of composting mixture finally selected for the current study after using 

*Pearson square method for proper compost mixture determination.  

 

*Augustin and Rehman, (2010) Pearson square procedure 
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2.2.1 Monitoring of composting pile temperature  

After finding the appropriate composting mixture and optimization of the 

composting conditions, the static pile was observed to heat up within 24 hrs of 

establishment on March 3, 2009, as given in Figure 2.2.1.1.  The temperature of the 

static pile with CA remained above 55
o
C for more than two weeks and composting 

phase was completed within one month indicated by no further change in temperature 

even after turning of the pile. However, in static pile without CA the temperature 

variation was extremely low as compared to the one applied with CA and it was 

hardly above the ambient temperature throughout composting period expanding 

beyond two months. Despite turning of the static pile without CA, its temperature 

increase was observed to happen during 7
th

 week of pile establishment; no doubt it 

was because of rise in ambient temperature, as given in Figure 2.2.1.1. 

Figure 2.2.1.1. The drastic temperature variations of the two composting static piles i.e. the one applied 

with compost activator (pile with CA) and without application of compost activator (pile without CA) 

against ambient temperature. 

 
*Pile turnings 

 

2.2.2 Monitoring of oxygen availability in composting pile 

 The oxygen dissolution rate in oxygen trap with respect to temperature 

showed variation with respect to temperature fluctuations, as given in Figure 2.2.2.1. 

The oxygen dissolution rate in static pile applied with CA showed at least ≥ 10 % of 

the ambient level of oxygen availability in the pile with respect to the oxygen 

dissolution rate observed in the ambient air outside of the pile. This showed that the 

decomposition of the organic mixtures in the pile remained aerobic through whole of 

the composting process. 

Composting phase Curing phase 
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Figure 2.2.2.1 The variation in oxygen dissolution rate in oxygen trap placed in the composting pile with 

respect to temperature fluctuation showing ≥ 10 % of the ambient oxygen being available outside of the 

composting pile and at standard atmospheric pressure. The oxygen dissolution rate during composting for 

(A) pile applied with compost activator, (B) pile applied with not compost activator against (C) ambient air 

oxygen dissolution rate outside of the composting pile.  
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2.2.3 Monitoring of CO2 evolution from composting pile 

 The carbon dioxide evolution monitored by KOH trap indicated that the 

CO2emission rate from pile applied with CA was high as compared to emission from 

A 

B 

C 
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pile applied with no CA as well as with respect to the ambient CO2 level, as given in 

Figure 2.2.3.1.  

Figure 2.2.3.1. The variation in carbon dioxide emission rate measured with KOH trap placed in the 

composting pile with respect to temperature fluctuation. The carbon dioxide emission rate during 

composting for (A) pile applied with compost activator, (B) pile applied with no compost activator against 

(C) ambient carbon dioxide measured without composting pile. 
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2.3 Quality and maturity of RSC  

2.3.1 Physical parameters of RSC quality 

 The physical parameters of RSC quality are given in Table 2.3.1.1. The color 

of the compost made with CA was dark black while the other was brown. The bulk 

density as well as moisture content of the former was significantly less as compared to 

the latter. However, the water holding capacity and particle size (≤ 1-inch minus 

screened) of compost with CA was significantly greater as compared to the compost 

without CA. 

Table 2.3.1.1. The physical parameters of rice straw compost (RSC) made with or without application 

of compost activator (CA) indicating its quality and maturity observed after one month of composting 

and curing each. The mean values ± S.D. with common letters are not significantly different according 

to Duncan‟s multiple range test (n = 15; p = 0.05). 

Compost type 

Physical parameters 

Color 
Bulk density 

(kg/m3) 

Moisture 

content 

Water holding 

capacity 

Particle size 

Distribution 

(≤ 1´´ screen) 

------------------------------%----------------------------- 

Compost with CA Dark black 444B ± 11.8 23B ± 3.8 175A ± 8.8 91A ± 7.65 

Compost without 

CA 
Brown 557A ± 19.2 38A ± 5.1 95B ± 10.4 72B ± 11.3 

 

2.3.2 Physico-chemical parameters of RSC quality 

 The physico-chemical properties i.e. EC1:5, pH1:5 and CEC of both of the types 

of composts is given in Table 2.3.2.1. The pH1:5 as well as EC1:5 of compost made 

with CA was significantly less as compared to that of compost applied with no CA. 

A B C 



76 

 

However, the CEC (meq 100g
-1

) of the former type of compost was very significantly 

higher than that of the later ones. 

Table 2.3.2.1. The physico-chemical properties of rice straw compost (RSC) made with or without 

application of compost activator (CA) indicating its quality and maturity observed after one month of 

composting and curing each. The mean values ± S.D. with common letters are not significantly 

different according to Duncan‟s multiple range test (n = 15; p = 0.05). 

Compost type 

Physico-chemical parameters 

pH1:5 
EC1:5 

(dS m-1) 

Cation exchange capacity 

(CEC meq 100g-1) 

Compost with CA 7.8B ± 11.8 1.3B ± 11.8 84A ± 3.8 

Compost without CA 8.6A ± 11.8 2.5A ± 19.2 28CD ± 5.1 

 

2.3.3 Total and available fraction of major nutrients in RSC 

The total and available fraction of major nutrients observed in two types of 

composts is given in Table 2.3.3.1. The available fraction of mineralized nitrogen in 

the form of NO3 was significantly higher in compost made with RS while the NH4-N 

fraction was significantly lower as compared to compost without CA. The available 

fraction of P, K, Ca and Mg was significantly high in RSC made with application of 

CA than that made without application of CA.  

Table 2.3.3.1. The total (%) and available fraction (mg kg
-1

) of major nutrients present in RSC made 

with or without application of compost activator (CA) indicating its quality observed after one month 

of composting and curing each. The mean values ± S.D. with common letters are not significantly 

different according to Duncan‟s multiple range test (n = 15; p = 0.05). 

Compost 

type 

Total fraction 

-----------------------(%)-------------------------

-- 

Available fraction 

----------------------(mg kg-1)--------------------- 

N P K Ca Mg NH4-N 
NO3-

N 

Olsen‟s 

P 
K Ca Mg 

Compost 

with CA 

3.8A ± 

0.54 

5.8A ± 

0.76 

5.1A ± 

0.88 

8.1A ± 

1.2 

1.16A 

± 0.66 

18.0BC 

± 0.07 

35A ± 

1.3 

98A ± 

2.83 

185A 

± 0.2 

4.3A 

± 

0.31 

0.9A ± 

0.12 

Compost 

without 

CA 

1.08B 

± 0.23 

1.74C 

± 0.29 

2.91B 

± 0.91 

5.76B 

± 0.89 

0.68B 

± 0.12 

50A ± 

0.02 

14BC 

± 

1.12 

17D ± 

1.11 

 45CD 

± 

0.08 

2.1B 

± 

0.22 

0.15B 

± 0.07 

 

2.3.4 Trace metals in the RSC 

 The trace metals (mg kg
-1

) found in RSC were Cd = 0.014; Cr = 14.3; Cu = 

263.7; Ni = 35.12; Pb = BDL and Zn = 147.89 and all of them being below the 

allowed heavy metal content level in USA, as given by Yang (2005). 
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CHPATER 3 

COMPARATIVE EFFICACY OF RICE STRAW COMPOST 

(RSC) AND COMMERCIAL FERTILIZER IN RICE-WHEAT 

CROP: FIELD ASSAYS 

3.1 Soil health status before starting experiment (Early 2009) 

 The soil health status of the field soil before applying any soil amendment 

indicated by its physical, physico-chemical and nutrients properties is given in Table 

3.1.1. The silty clayey loam soil showed moderate infiltration rate for being a typical 

soil for rice cultivation with bulk density being relatively high. The soil slaking class 

was rated 4 with 29 % water holding capacity and 15.1 % soil porosity. The soil was 

normal with pH1:1 being neutral to little basic, EC1:1 moderate and normal CEC 19.9 

(meq/100 g). However, there was very low SOM (0.12 %), SOC (0.05 %) and PMN at 

the beginning of this study. As well as, the soil had very poor soil microbial 

population indicated by lower values of both soil respiration rate and soil microbial 

DNA. Accordingly, the plant root health class score observed to be high i.e. 6 

according to the scale given in soil quality guide of USDA (2001).  

The total and mineralized form of N, phosphorus and potassium contents of 

RSC applied in field soil during each year of rice and wheat cultivation is given in 

Table 3.1.2. During four years of experimentation, the RSC was produced with almost 

constant nutrient composition with little variation from season to season most likely 

because of seasonal variation in fruit and vegetable peel offs generated in the PU 

campus area. The total and mineralized forms of N indicated that the RSC was of 

mature quality. Likewise, the high level of total P and K in RSC indicated that the 

compost was a potential soil amendment for agronomic crops such as rice and wheat. 

Table 3.1.1. Physical, physico-chemical and biological soil health parameters of soil before starting 

experiment. 
Parameters 

Soil 

infiltration 

rate (cm/hr) 

Bulk density 

(g/cm3) 

Water 

holding 

capacity 

(%) 

Soil 

porosity 

(%) 

Soil slaking 

class 
Soil texture 

Physical 

11 2.25 29 15.1 4 
Silty clayey 

loam 

Physico-

chemical 

EC1:1 

(mS/m) 
pH1:1 

CEC 

(meq/100 g) 

1.72 7.53 19.9 

Biological 
SOM (%) 

Soil respiration 

CO2 (µg CO2-C 

g-l) 

Plant root 

health class 

score 

TOC 

(% /100 g 

soil) 

PMN (µg/g 

dry wt. 

soil/ week) 

Soil microbial 

DNA (Nuc Acid 

ug/ml × 50) 

0.12 1 6 0.072 2.325 0.069 

Major 

nutrients 

N P K 

----------------------------------------------------mg kg-1-------------------------------------------------------- 

5.75 0.32 87 
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The cv (%) observed to be 8.5 which indicated that with the suggested combination of 

composting mixture, RSC of uniform composition can be produced on repetitive 

basis, as given in Table 3.1.2. 

Table 3.1.2. The total and mineralized nitrogen, phosphorus and potassium in RSC applied during each 

year of rice and wheat cultivation. The values with similar letters are not significant according to 

Duncan‟s multiple range test (n = 15, p = 0.05). 

Parameters 
March 

2009 

May 

2009 

March 

2010 

May 

2010 

March 

2011 

May 

2011 

March 

2012 

May 

2012 
Mean 

Total nitrogen 

(g kg-1) 
38A 37AB 39A 37AB 37AB 38A 39A 38A 

37.86 ± 

0.78 

NO3-N + NH4-

N (g kg-1) 
5AB 6A 5.5A 6.2A 5.8A 6A 5AB 5.5A 

4.875 ± 

0.42 

P 

(g kg-1) 
41A 39AB 41A 38AB 40A 41A 39AB 41A 

40 ± 

1.11 

K 

(g kg-1) 
36A 32BC 37A 33BC 33BC 37A 32BC 36A 

34.5 ± 

2.06 

Coefficient of variance (CV %) = 8.5 

3.2 Rice, wheat and soil performance (2009-10) 

 Overall, the crop growth and agronomic response for both rice and wheat was 

poor during the very first year of cultivation. The details are as under: 

 3.2.1 Rice and wheat growth and agronomic yield (Year 2009-10) 

The crop growth and agronomic performance of the rice crop during very first 

year of cultivation is given in Table 3.2.1.1. 

Table 3.2.1.1. First year (2009) variation in rice growth and agronomic performance in response to 

RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, fertile 

tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values with similar letters are 

not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile tillers 

per plant 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest 

index 

(HI*) 

C 

+ 

CF 

133A 25A 20.76A 7.278A 3.718A 0.322A 

CF 131A 23A 20.1A 7.183AB 3.711A 0.314AB 

C 121AB 19AB 17.3BC 6.116B 2.942BC 0.250CD 

Ctrl 118B 15B 16.8BC 5.760C 2.310D 0.242D 

Coefficient of variance (CV) = 9.3 
Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 
CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 
HI* = Harvest index based on total biological yield 
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The plant height and fertile tillers per plant in rice were not significantly 

variable among the soil treatments except Ctrl having the minimum and significantly 

least value for both parameters. The grain weight was significantly higher in C+CF 

and CF as compared to both C and Ctrl. The CF and C+CF showed significantly 

increased straw and grain yield as well as harvest index as compared to C and Ctrl 

treatments.  

The crop growth and agronomic parameters of the first year wheat crop are 

given in Table 3.2.1.2. The plant height and fertile tillers per meter were high in case 

of C+CF, CF and C as compared to Ctrl.  The grain weight was non-significantly 

lower in Ctrl as compared to all the three soil amendments. The straw and grain yield 

was significantly higher in C+CF and CF as compared to the C and Ctrl treatments. 

The maximum grain yield  and HI was observed in C+CF.  

3.2.2 Plant nutrient uptake performance (2009-10) 

The major nutrient composition of the rice and wheat crops harvested from 

soil amendments during first year is given in Table 3.2.2.1. The rice and wheat plants 

from C+CF and CF treatments showed the maximum and significantly higher uptake 

of N, P and K, respectively as compared to those harvested from C or Ctrl. The 

Table 3.2.1.2. First year (2009-10) variation in wheat growth and agronomic performance in response 

to RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, fertile 

tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values with similar letters are 

not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile 

tillers/m2 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

90A 366A 34.61A 5.138A 3.421A 0.27A 

CF 89A 356A 34.59A 5.141A 3.419AB 0.269AB 

C 84A 331AB 31.11A 3.975C 2.661CD 0.217CD 

Ctrl 82AB 323B 29.21AB 3.960C 2.653CD 0.215CD 

Coefficient of variance (CV) = 6.87 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 
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minimum and significantly least nutrient uptake was observed in plants arising from 

Ctrl. 

Table 3.2.2.1. The rice and wheat crop dry matter yield (t ha
-1

) with tissue N, P, K (mg kg
-1

) contents 

during 2009-10. The values with similar letters are not significant according to Duncan‟s multiple 

range test (n = 15, p = 0.05). 

Treatments 

Rice 2009 Wheat 2009-10 

Yield N P K 

Dry 

matter 

yield 

N P K 

C + CF 10.996A 0.225A 0.02A 0.225A 8.559A 0.231AB 0.025A 0.252A 

CF 10.894AB 0.231A 0.021A 0.221A 8.56A 0.241A 0.024A 0.248A 

C 9.058CD 0.178BC 0.02A 0.208AB 6.618C 0.18CD 0.025A 0.214BC 

Ctrl 8.07EF 0.124E 0.008E 0.162C 6.613C 0.119E 0.0079D 0.16E 
Coefficient of variance (CV %) = 7.7 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

 

3.3 Rice, wheat and soil performance (2010-11) 

 3.3.1 Rice and wheat growth and agronomic yield (Year 2010-11) 

The crop growth and agronomic parameters of the rice crop harvested during 

second year of experimentation are given in Table 3.3.1.1. The plant height and 

weight of rice grains was the maximum in CF and significantly least in Ctrl. The 

Table 3.3.1.1. Second year (2010) variation in rice growth and agronomic performance in response to 

RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, fertile 

tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values ± S.D. with similar 

letters are not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile 

Tillers per 

plant 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

135A 28A 21.24A 7.459A 4.839A 0.375A 

CF 136A 27A 21.31A 7.461A 4.772A 0.368A 

C 131A 21AB 17.41B 6.157B 2.971CD 0.279BC 

Ctrl 113B 10C 18.53B 5.710CD 2.294D 0.221C 

Coefficient of variance (CV) = 8.88 

Here 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 
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fertile tillers were the maximum in C+CF while being significantly least in Ctrl. Straw 

and grain yield as well as HI was the maximum in C+CF and non-significantly higher 

than CF. The minimum and significantly least values for the yield and HI were 

observed in Ctrl. 

The crop growth and agronomic parameters of the wheat crop from second 

year of cultivation are given in Table 3.3.1.2. This time the maximum plant height 

was observed in C+CF, being non-significantly higher than CF but significantly 

higher than the Ctrl. Likewise, the number of fertile tillers, grain weight, straw and 

grain yield, as well as the HI was the maximum in C+CF, being non-significantly 

higher than the CF significantly highest than the C and Ctrl treatments. 

Table 3.3.1.2. Second year (2010-11) variation in wheat growth and agronomic performance in 

response to RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, 

fertile tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values ± S.D. with 

similar letters are not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 
Plant height 

(cm) 

Fertile 

tillers/m2 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

101A 409A 43.01A 5.870A 4.252A 0.299A 

CF 98A 386AB 41.84A 5.810A 4.111AB 0.291A 

C 91AB 339B 33.98B 4.983B 2.984CD 0.218BC 

Ctrl 75C 307BC 25.64C 3.98C 2.511DE 0.208C 

Coefficient of variance (CV) = 7.54 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 

 

Overall, the crop performance of both rice and wheat was better during this 

year than the preceding year.  
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3.3.2 Plant nutrient uptake performance (2010-11) 

The uptake of N, P and K in rice and wheat crops harvested during second 

year of experimentation is given in Table 3.3.2.1. The treatments with the maximum 

yield of rice and wheat had the plants uptake the maximum quantity of all the three 

major nutrients, as in the case of C+CF treatment. The soil treatments with lesser or 

least crop yield had the lesser and least plant uptake of major nutrients respectively, as 

in the case of C and Ctrl. However, the nutrient uptake in both rice and wheat crops 

was better than their respective values observed during first year of cultivation, as 

given in Table 3.3.2.1. 

 

Table 3.3.2.1. The rice and wheat crop dry matter yield (t ha
-1

) with tissue N, P, K (mg kg
-1

) contents 

during 2010-11. The values with similar letters are not significant according to Duncan‟s multiple 

range test (n = 15, p = 0.05). 

Treatments 

Rice 2010 Wheat 2010-11 

Yield N P K 
Dry matter 

yield 
N P K 

C + CF 12.298A 0.255A 0.03A 0.271B 10.122A 0.267A 0.031A 0.288A 

CF 12.233AB 0.251AB 0.028B 0.281A 9.921BC 0.258B 0.03A 0.299AB 

C 9.128CD 0.182C 0.026B 0.216CD 7.967D 0.186D 0.027AB 0.222C 

Ctrl 8.004E 0.115DE 0.0075DE 0.154EF 6.491F 0.104EF 0.0068D 0.149E 

Coefficient of variance (CV %) = 6.95 

Here 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 
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3.4 Rice, wheat and soil performance (2011-12) 

3.4.1 Rice and wheat growth and agronomic yield (Year 2011-12) 

During third consecutive year of rice and wheat cultivation on rotation basis, 

the crop growth and agronomic performance of rice was better than the preceding two 

years, as given in Table 3.4.1.1. The plants from C+CF gave the maximum plant 

height, fertile tillers, grain weight, straw and grain yield and of course value of HI. 

The CF treatment rice plants had non-significantly under-performed than the C+CF in 

terms of all the crop growth and agronomic yield parameters. The C treatments plant 

yielded even significantly lesser straw and grain yield than the plants from CF. 

However, the poorest crop performance was observed in Ctrl.  

The crop growth and agronomic parameters of the third year wheat crop are 

given in Table 3.4.1.2. Very likewise the preceding rice crop of 2011, the wheat crop 

of 2011-12 better performed than the CF in terms of plant height, fertile tillers, grain 

health, straw and grain yield as well as the HI. The wheat crop applied with only 

chemical fertilizer (i.e. CF) gave non-significantly lesser biological yield than the 

C+CF. The wheat plants from C were even behind than those from the CF. The Ctrl 

treatment continued its decreased productivity progressively and gave the least 

performance in terms of all the crop growth and yield parameters.  

Table 3.4.1.1. Third year (2011) variation in rice growth and agronomic performance in response to 

RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, fertile 

tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values ± S.D. with similar 

letters are not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile 

Tillers per 

plant 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

139A 29A 25.47A 7.879A 5.988A 0.421A 

CF 137A 29A 24.79A 7.765AB 5.919A 0.411A 

C 132A 25A 17.64BC 6.199BC 3.199C 0.293C 

Ctrl 111BC 10C 15.11C 5.601CD 2.217D 0.201CD 

Coefficient of variance (CV) = 6.15 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 
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Table 3.4.1.2. Third year (2011-12) variation in wheat growth and agronomic performance in response 

to RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, fertile 

tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values ± S.D. with similar 

letters are not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile 

tillers/m2 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

105A 422A 46.54A 5.995A 4.388A 0.316A 

CF 101A 403A 44.21A 5.601AB 4.169AB 0.315A 

C 91B 351B 35.9BC 4.123BC 2.984CD 0.218B 

Ctrl 80BC 303BC 22.3D 3.912D 2.501D 0.211BC 

Coefficient of variance (CV) = 5.78 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 

 

3.4.2 Plant nutrient uptake performance (2011-12) 

 

The trend of plant nutrient uptake of N, P and K was in accordance with the 

crop growth and yield performance of both rice and wheat in different soil 

amendments, as given in Table 3.4.2.1.  The maximum uptake in rice and wheat crops 

was observed in plants from C+CF and it was even better than the NPK uptake 

observed in rice and wheat during past year of cultivation. Similarly, the NPK uptake 

rice and wheat from CF was better than the last year but it was non-significantly 

lesser than the plants from C+CF. The C treatment rice and wheat showed enhanced 

Table 3.4.2.1. The rice and wheat crop dry matter yield (t ha
-1

) with tissue N, P, K (mg kg
-1

) contents 

during 2011-12. The values with similar letters are not significant according to Duncan‟s multiple 

range test (n = 15, p = 0.05). 

Treatments 

Rice 2011 Wheat 2011-12 

Yield N P K 
Dry matter 

yield 
N P K 

C + CF 13.867A 0.278A 0.033A 0.301A 10.383A 0.288A 0.035A 0.308AB 

CF 13.684AB 0.271AB 0.032A 0.313AB 9.77BC 0.277AB 0.034A 0.315A 

C 9.398D 0.194D 0.027AB 0.231CD 7.107D 0.199CD 0.028AB 0.232C 

Ctrl 7.818EF 0.092E 0.0061E 0.144F 6.413E 0.084F 0.0058EF 0.142EF 
Coefficient of variance (CV %) = 7.12 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 
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NPK uptake than the Ctrl, where plants had the significantly least and the minimum 

uptake of three major nutrients.  

3.5 Rice, wheat and soil performance (2012-13) 

3.5.1 Rice and wheat growth and agronomic yield (Year 2012-13) 

The progressive improvement in crop growth and yield continued to happen 

even the fourth and conclusive year of rice and wheat cultivation. The crop growth 

and agronomic performance of the rice crop during 2012 i.e. conclusive rice crop year 

of this study is given in Table 3.5.1.1. This year, the most notable thing was the 

significantly greater grain yield in case of rice harvested from C+CF. Another very 

important thing was decline in crop productivity for both rice and wheat corps in 

C+CF. Although, the straw yield, plant height, fertile tillers, grain weight and HI was 

also higher for C+CF than CF but it was non-significant. As high as 6.415 t ha
-1

 rice 

yield was observed which was 4 % higher than the yield in CF and almost double than 

the yield observed in C+CF during 2009 i.e. the starting year of experimentation. The 

C treatment plants observed to significantly under-perform than the CF while those 

from Ctrl showed the lowest rice yield ever observed in this study.  

The crop growth and agronomic parameters of the wheat crop are given in 

Table 3.5.1.2. 

Table 3.5.1.1. Fourth year (2012) variation in rice growth and agronomic performance in response to 

RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, fertile 

tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values ± S.D. with similar 

letters are not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile 

tillers per 

plant 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

139A 30A 25.9A 7.815A 6.415A 0.474A 

CF 138A 28A 24.18A 7.688A 6.190B 0.453A 

C 135A 26AB 17.7C 6.198C 4.834CD 0.329BC 

Ctrl 108BC 11CD 15.89CD 5.261D 2.71E 0.199D 

Coefficient of variance (CV) = 5.12 

Here, 

C + CF = RSC + NPK at 40 % of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 
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Table 3.5.1.2. Fourth year (2012-13) variation in wheat growth and agronomic performance in 

response to RSC, chemical fertilizer and their combination applied in soil on the basis of plant height, 

fertile tillers/m
2
, 1000 grain wt., straw yield, grain yield and harvest index. The values ± S.D. with 

similar letters are not significant according to Duncan‟s multiple range test (n = 15, p = 0.05). 

Treatments 

Plant 

height 

(cm) 

Fertile 

tillers/m2 

1000 grain wt. 

(g) 

Straw yield 

(t ha-1) 

Grain yield 

(t ha-1) 

Harvest index 

(HI*) 

C 

+ 

CF 

108A 435A 48.15A 6.101A 4.545A 0.317A 

CF 101A 399AB 42.01AB 5.795B 4.101B 0.312AB 

C 91B 341C 35.14BC 4.997D 3.186DE 0.219C 

Ctrl 73C 300D 20.11D 3.751E 2.4071E 0.203CD 

Coefficient of variance (CV) = 4.93 

Here, 

C + CF = RSC + NPK at 40 % of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

HI* = Harvest index based on total biological yield 

As observed in the case of rice crop for year 2012, the wheat crop cultivated during 

the fourth and conclusive year of study gave the maximum yield wheat, especially the 

grain (5.545 t ha
-1

) being almost 10 % greater than the wheat yield observed in CF 

treatment (4.101 t ha
-1

) and approximately 40 % greater than wheat yield in C+CF 

during 2009. The wheat performance in C treatments was significantly lower than 

either C+CF or CF in terms of selected crop growth and agronomic yield parameters. 

The plant applied with neither of any fertilizer or RSC were hardly able to survive in 

Ctrl treatment and showed the least wheat yield ever observed during the four years of 

cultivation. 

3.5.2 Plant nutrient uptake performance (2012-13) 

Very likewise to the crop performance of both rice and wheat in response to 

different soil amendments during final year of crop cultivation, the NPK uptake 

variation followed the trend during 2012-13. The maximum uptake of NPK was 

observed in rice and wheat harvested from the C+CF and it was significantly higher 

than those harvested from the respective CF. Perhaps, this may be the reason that the 

rice and wheat showed decline in yield during conclusive year as compared to the 

yield observed in third year of cultivation i.e. 2011-12. The plants from C treatment 

were able to show handy yield of both rice and wheat, although being altogether 
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organic in nature i.e. applied with no chemical fertilizer or pesticide. The soil applied 

with neither of chemical fertilizer nor RSC was not able to show notable decline in 

crop productivity throughout four years period of experimentation and it was depicted 

by the NPK uptake level observed in rice and wheat plants harvested from this 

particular soil treatment. 

Table 3.5.2.1. The rice and wheat crop dry matter yield (t ha
-1

) with tissue N, P, K (mg kg
-1

) contents 

during 2012-13. The values with similar letters are not significant according to Duncan‟s multiple 

range test (n = 15, p = 0.05). 

Treatments 

Rice 2012 Wheat 2012-13 

Yield N P K 
Dry matter 

yield 
N P K 

C + CF 14.23A 0.299A 0.035A 0.331A 10.646A 0.311 0.037 0.334 

CF 13.878B 0.261B 0.031AB 0.305BC 9.896BC 0.264 0.029 0.303 

C 11.032CD 0.202CD 0.028CD 0.241D 8.183D 0.204 0.029 0.244 

Ctrl 7.971F 0.076F 0.0054F 0.14F 6.1581F 0.071 0.0052 0.09 
Coefficient of variance (CV %) = 5.14 

Here, 

C + CF = RSC + NPK at half of the recommended dose in C and CF treatments respectively 

CF = NPK as per recommendations for rice 

C = RSC applied at 12 t/ha 

Ctrl = Control without compost and chemical fertilizer 

 

3.6 Cumulative crop yield performance of rice and wheat (2009-13) 

The cumulative yield analyses of both rice and wheat crop during four years of 

experimentation (from 2009-13) are given in Figure 3.6.1.  A progressive increase in 

yield for both rice and wheat and crops year after year can be seen. Initially, the C+CF 

was able to give yield of both rice and wheat almost equal to the productivity 

observed in CF. With the passage of time, the rice and wheat in C+CF started 

Figure 3.6.1. Cumulative yield (t ha
-1

) performance of rice and wheat during four years (2009-13) as 

observed in soil treatments viz. Ctrl (control); C (compost at 12 t ha
-1

); CF (chemical fertilizer applied as 

per rice and wheat recommendations); and C + CF (combine application of C and CF at half the dose in 

individual treatment). 
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superseding plants from CF and it was during the fourth year when grain yield from 

the former was significantly greater than that of CF. Despite lower than C+CF and 

CF, the C treatments applied with RSC at 12 t ha
-1

 were able to support crop growth 

and yield to an acceptable level yielding altogether organic crop. However, the Ctrl 

treatment showed a progressive decline in rice and wheat productivity implying that 

farming of agricultural land without application of soil amendments is of no worth, as 

given in Figure 3.6.1.  

3.7 Cumulative soil performance in rice-wheat system (2009-13) 

 The overall analyses of the soil physical, chemical and biological properties 

during whole period of experimentation were also carried out. The details are as 

under:  

3.7.1 Physical performance of soil 

 There was gradual improvement in soil infiltration rate year after year. During 

the conclusive year, there was more than 20 % increase in infiltration rate in C 

treatment than the rate observed at the beginning of experimentation. The C+CF 

brought a notable improvement in soil infiltration i.e. being about more than 8 % 

higher than the rate observed at the beginning of experimentation. The improvement 

in soil infiltration rate and water holding capacity was gradual but continuous. The 

only application of chemical fertilizer didn‟t bring a notable change in both soil 

infiltration rate water holding capacity as compared to both C and C+CF as was 

observed in case of CF treatment. The soil infiltration rate and water holding capacity 

observed to be fairly stable with minor fluctuation in the form of increase after every 

wheat crop but used retain back after every rice crop. However, there continuous 

increase in compaction of soil in case of Ctrl indicated by significant decrease in soil 

infiltration being about 18 % less during 2013 than observed during early 2009. The 

soil porosity increased with increasing percentage of RSC in soil being the maximum 

in C treatment followed by C+CF. However, it decreased in CF and Ctrl treatments 

being the least in the latter one, as given in Figure 3.7.1.1. 
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3.7.2 Physico-chemical performance 

 The physico-chemical properties of the soil observed to fluctuate during the 

four years of experimentation, as given in Figure 3.7.2.1. The most notable thing was 

an enormous increase in CEC of C treatments being highly significantly higher than 

CF and Ctrl. The CEC keep improving throughout period of study and there was as 

much as 72 % increase during 2013 than the CEC observed during 2009. Likewise, 

the C+CF showed the highly significantly higher increase in CEC than CF and Ctrl 

and it was almost parallel to the increase observed in C treatment. However; in case of 

CF, the CEC observed to remain fairly stable with non-significant decrease at the end 

of experimentation as compared to the CEC observed during 2009. The trend of CEC 

variation in Ctrl was almost similar the one observed in CF with little decrease. There 

was progressive CEC decrease in Ctrl and it was the lowest during 2013.  

 The EC1:1 and pH1:1 observed to increase in the beginning in case of C and 

C+CF i.e. during early couple of years but remained stable during last couple of years, 

Figure 3.7.1.1. Soil infiltration rate, soil bulk density, water holding capacity and soil porosity variation plot 

against time during four years (2009-13) as observed in soil treatments viz. Ctrl (control); C (compost at 12 t 

ha
-1

); CF (chemical fertilizer applied as per rice and wheat recommendations); and C + CF (combine 

application of C and CF at half the dose in individual treatment). 
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especially in the case of C treatment. However; in case of  CF, the EC1:1 remained 

stable during early years of experimentation but kept increasing after two years and 

reached as high as 3 mS/cm during last year of crop cultivation. Likewise, the pH1:1 of 

CF treatment kept increasing with the passage of time and become as high as nearly 8 

during last year of crop cultivation. In case of Ctrl, both EC1:1 and pH1:1 increased 

with the passage of time and reached as high as 2.7 mS/cm and 8.4 respectively 

during conclusive year of crop cultivation.  

 

3.7.3 Biological performance 

 A notable change in the form of improvement in selected biological 

parameters of soil health was observed with the passage of time. The SOM, SOC, soil 

respiration rate, PMN as well as soil microbial DNA was observed to increase with 

Figure 3.7.2.1. Cation exchange capacity (CEC), electrical conductivity (EC1:1) and pH1:1 variation plot 

against time during four years (2009-13) as observed in soil treatments viz. Ctrl (control); C (compost at 

12 t ha
-1

); CF (chemical fertilizer applied as per rice and wheat recommendations); and C + CF 

(combine application of C and CF at half the dose in individual treatment). 
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the passage of time and found to be the maximum during concluding year of crop 

cultivation. The details are as under: 

3.7.3.1 Soil organic matter (SOM %) 

The application of RSC either alone or in combination with chemical fertilizer 

kept adding a relatively small but continuous dose of SOM throughout the period of 

crop cultivation, as given in Figure 3.7.3.1.1. The maximum SOM increase with 

respect to time was observed in C treatment followed by C+CF being almost more 

than 90 % of the respective values observed during 2009. The SOM in case of CF and 

Ctrl observed to decrease with the passage of time. There were almost 15 and 30 % 

SOM decrease in CF and Ctrl treatments respectively during 2013 as compared to the 

respective values observed during 2009. The projected SOM increase in C and C+F 

while the projected SOM decline in CF and Ctrl may follow more or less trend 

observed during the four years of crop cultivation under the prevalence of applied 

conditions. 

3.7.3.2 Total organic carbon (TOC % / 100 g soil) 

 Likewise, the trend of TOC variation in C and C+CF was observed to increase 

with the passage of time, as given in Figure 3.7.3.2.1. The maximum and highly 

significantly higher increase in TOC was observed in case of C followed by the C+CF 

treatment. There was almost more than 90 % increase in SOC in case of both C and 

C+CF treatments during 2013 as compared to the values observed during 2009. 

However; in case of CF and Ctrl, the SOC found to decrease with the passage of time 

Figure 3.7.3.1.1. Variation in SOM (%) with respect to time during four years (2009-13) as observed 

in soil treatments viz. Ctrl (control); C (compost at 12 t ha
-1

); CF (chemical fertilizer applied as per rice 

and wheat recommendations); and C + CF (combine application of C and CF at half the dose in 

individual treatment). 
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and being the second lowest and the lowest values respectively in both of the soil 

treatments. There was almost more than 15 and 30 % SOC decrease in CF and Ctrl 

soil treatments respectively during the period of four years of crop cultivation. 

Figure 3.7.3.2.1. Variation in total organic carobon in soil (TOC % /100 g soil) with respect to time 

during four years (2009-13) as observed in soil treatments viz. Ctrl (control); C (compost at 12 t ha
-1

); 

CF (chemical fertilizer applied as per rice and wheat recommendations); and C + CF (combine 

application of C and CF at half the dose in individual treatment). 

 

 

3.7.3.3 Soil respiration (µg CO2-C g
-1

) 

 As expected from the increase in SOM and SOC, there was periodic increase 

in CO2 release from soils sampled from C and C+CF soil treatments, as given in 

Figure 3.7.3.3.1. The maximum and highly significantly higher respiration rate was 

observed in C followed by the C+CF. There was almost more than 90 and 80 % 

increase in soil respiration rate for soils from C and C+CF soil treatments respectively 

during 2013 as compared to the respective values observed during 2009. However, the 

Figure 3.7.3.3.1. Variation in soil respiration rate (µg CO2-C g
-1 

day
-1

) with respect to time during four 

years (2009-13) as observed in soil treatments viz. Ctrl (control); C (compost at 12 t ha
-1

); CF (chemical 

fertilizer applied as per rice and wheat recommendations); and C + CF (combine application of C and 

CF at half the dose in individual treatment). 
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CF and Ctrl treatments showed a periodic decrease in soil respiration rate with the 

passage of time and being the second lowest and the lowest CO2 values in both of the 

soil treatments respectively. The decrease in soil respiration in CF treatment during 

2013 remained almost near to the respective values observed during 2009. But the 

CO2 values for Ctrl decrease as low as almost 25 % during 2013 as compared to the 

values observed during 2009. 

3.7.3.4 Potentially mineralizable nitrogen (PMN µg /g /week) 

 As an indicator of soil microbial richness, the PMN variation in soil 

amendments was monitored to assess the beneficial effects of applied soil additives, 

as given in Figure 3.7.3.4.1. It was observed that the PMN increased with the passage 

of time in C as well as C+CF treatments while it remained either fairly stable or 

decreased in case of both CF and Ctrl treatments. The maximum values of PMN were 

observed in case of C treatment followed by the C+CF being almost more than 90 % 

during 2013 of the respective values observed during 2009. The CF and Ctrl 

treatments exhibited periodic decrease in PMN values. The minimum values were 

observed in case of CF and Ctrl treatments. There was a negligible change in the form 

of decrease in both of CF and Ctrl. 

3.7.3.5 Soil microbial DNA (Nuc Acid µg /ml × 50) 

 There was tremendous increase in soil DNA extraction yield in C and C+CF 

treatments being the highest in case of C followed by C+CF, as given in Figure 

3.7.3.5.1. The periodic application of RSC in both C and C+CF treatments kept 

adding to the soil DNA extraction yield. There was almost more than 90 % increase in 

Figure 3.7.3.4.1. Variation in potentially mineralizable nitrogen in soil (PMN µg/g of soil/week) with 

respect to time during four years (2009-13) as observed in soil treatments viz. Ctrl (control); C 

(compost at 12 t ha
-1

); CF (chemical fertilizer applied as per rice and wheat recommendations); and C + 

CF (combine application of C and CF at half the dose in individual treatment). 
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soil DNA extraction yield in C and C+CF treatments during 2013 as compared to the 

respective values observed during 2009. However, the CF and Ctrl treatments again 

showed decreasing trend of soil DNA extraction yield with the passage of time and 

being the least during conclusive year of crop cultivation. There were almost more 

than 30 and 40 % decrease in soil DNA extraction yield in CF and Ctrl treatments 

respectively during 2013 as compared to the respective values observed during 2009, 

as given in Figure 3.7.3.5.1. 

Figure 3.7.3.5.1. Variation in soil mirobial DNA (Nuc Acid µg/ml × 50) with respect to time during four 

years (2009-13) as observed in soil treatments viz. Ctrl (control); C (compost at 12 t ha
-1

); CF (chemical 

fertilizer applied as per rice and wheat recommendations); and C + CF (combine application of C and CF 

at half the dose in individual treatment). 

 

 

3.8 Regression analyses between soil health parameters and crop productivity 

 In order to find any inter dependency between crop productivity and soil 

health parameters, simple non-linear regression was applied between crop 

productivity and physical, chemical and biological parameters of soil health. At least 

36 values of each of crop productivity (taken as dependent variable) and any soil 

health parameter (taken as independent variable) were taken. The details are as under: 

3.8.1 Regression analyses between physical soil health parameters and crop 

productivity 

 The values of coefficient of regression were R
2
 ≥ 0.8 for both soil infiltration 

rate and water holding capacity when plotted against crop productivity. It indicated 

that the crop performance was strongly dependent on the soil‟s capacity to provide 

optimum water inflow as well ability to retain water against gravity so that roots of 

crop plants can access maximum water. 
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Similarly, there was strong regression between soil bulk density and crop 

productivity as well as between soil porosity and crop productivity, as given in Figure 

3.8.1.1. The decrease in soil bulk density increased the soil porosity and thus let the 

crop plant roots thrive better and undergo less stress in terms of availability of water 

and air.  

 

3.8.2 Regression analyses between physico-chemical soil health parameters and 

crop productivity 

 When plotted crop productivity against EC as well as pH, it was observed that 

the crop productivity increased with respect to decrease in EC and pH of soil, as given 

in Figure 3.8.2.1. The nearly one value of coefficient of regression both EC (R
2
 = 

0.9367) and pH (R
2
 = 0.9104) indicated that the crop productivity was highly 

influenced by the fluctuation in both of the physico-chemical parameters. 

 The regression analyses between CEC and crop productivity gave R
2
 = 0.853, 

which indicated that the crop productivity was strongly dependent on increase in CEC 

Figure 3.8.1.1. Simple non-linear regression between physical parameters of soil health and crop productivity 

(n = 36). 
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of soil. The increase or decrease in CEC could strongly cause increase or decrease in 

crop productivity, as given in Figure 3.8.2.1.  

Figure 3.8.2.1. Simple non-linear regression between physico-chemical parameters of soil health and crop 

productivity (n = 36). 

  

 

 

3.8.3 Regression between biological soil health parameters and crop productivity 

 On analyzing regression between crop productivity and SOM, a highly 

significant value of R
2
 was 0.7332, as given in Figure 3.8.3.1. It showed that the crop 

productivity got improved with improvement in SOM. Same was the case with TOC.  
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 In case of soil respiration rate, the value R
2 

was 0.7991 and it was significant 

at P = 0.01; which indicated that the improvement in crop productivity was dependent 

on soil respiration rate. Similarly, the values of R
2 

for PMN and soil DNA yield were 

also above 0.7 and significant at P = 0.01 indicating the strong regression between 

crop productivity and both of the biological parameters of soil health. 

  

Figure 3.8.3.1. Simple non-linear regression between biological parameters of soil health and crop 

productivity (n = 36). 
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CHAPTER 4 

ROLE OF GFP-LABELLED TRICHODERMA 

HARZIANUM IN ACTIVATING COMPOSTING OF RICE 

STRAW 

4.1 Revival of T. harzianum from silica granules on PDA 

 The fresh cultures of T. harzianum were successfully revived on potato 

dextrose agar resulting without any contamination and exhibited healthier green 

fluorescent protein (GFP) carriage in their mycelia when observed under 

fluorescent microscope (Figure 4.1.1).  

Figure 4.1.1. The revived cultures of Trichoderma harzianum without GFP-labeling (L) taken as 

Control and GFP-labeled (R) for the assessing its role in composting of rice straw. 

  
 

4.2 Microbiological assessment of GFP-labeled inoculated rice straw 

composting pile 

 The relation of rise in temperature of composting pile with level of 

fluorescence of the inoculated fungus is given in Figure 5.2.1. After 12 hrs of 

inoculation of RS composting pile with T. harzianum, the collected sample from the 

pile still gave strong fluorescence. However, the fungal inoculum in control was not 

visible under microscope just after 12 hrs of pile incubation. After 24 hrs, the 

fluorescence start diminishing in GFP-labeled fungal inoculum as the pile 

temperature rose up to 41
o
C. From here onward the collected composting feedstock 

sample after every two hrs exhibited a serial decline in fluorescence, as given in 

Figure 4.2.1. The ignition of composting pile was completed after 36 hrs of 
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incubation indicated by rise in pile temperature up to 58
o
C and there was total 

disappearance of fluorescence signals given by GFP-labeled fungal inoculum.     

Figure 4.2.1. The variation in rice straw composting pile temperature(
o
C) with respect to time (hrs) 

indicating decrease in fluorescence of GFP-labeled Trichoderma harzianum inoculated in the 

composting pile as compost activator (CA). The dots iniditcate sampling of composting feedstock and 

observed fluorescence intervals of the inocualted fungi. 
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VI- DISCUSSION 

CHAPTER 1 

VULNERABLE SOIL HEALTH FACTORS OF CONTINUOUSLY 

DECLINING AGRICULTURAL PRODUCTIVITY IN 

SELECTIVE ZONE OF RICE-WHEAT CROPPING SYSTEM 

(RWCS) OF PUNJAB, PAKISTAN 

Most of the soils around 11 cities sampled during this study were very 

severely deficient of optimized physical, chemical and biological parameters of soil 

health. More than 95 % of the collected and tested soil samples were having high bulk 

density, low infiltration rate, low water holding capacity and variable soil aggregate 

stability. The maximum values of soil infiltration rate were observed in soils near 

Gujranwala while the minimum of it was observed in soils near Kala Shah Kaku. Also 

there was a continuous increase of soil infiltration rate from Kala Shah Kaku to 

Gujranwala. These findings are parallel to the semi-detailed information reported by 

Soil Survey of Pakistan (SSP, 2007). 

The land use plan i.e. assessing suitability, capability and management 

practices for a particular type of area has mainly been dependent upon determination 

of soil texture, location and extent, climate, geology, landforms, active and recent 

floodplains, subrecent floodplains, old river terrace, old basins and channel fills, 

hydrology, ground water quality, as well as present land use and vegetation. Based on 

these parameters, there was extreme variation in the whole study area and any limited 

number of soil samples could not provide a representation of the ground realities. To 

avoid this paradigm, randomly selected sampling plots as per feasibility of this study 

from around the 11 cities representing selected zone of RWCS Punjab, Pakistan were 

chosen and finally soil cores were collected from the ultimate smallest area unit i.e. at 

least an area of 1/6 of a hectare.  

The soil and crop yield monitoring on regular intervals indicated areas within sampled 

zone that differ greatly in physical, chemical and biological properties of soil as well 

as crop productivity. The field sampling and monitoring provide basis for devising 

and implementation of site-specific soil and crop management plans where varying 

cropping inputs are required based on spatial patterns of crop productivity. It can also 

be helpful in cropping inputs necessary to optimize productivity while minimizing 

environmental impacts. The limited number of parameters for assessment of soil 
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health comprises small but very important set of factors influencing rice-wheat yield 

patterns. The observed physical, physico-chemical and biological soil health 

measurements are influenced by several other unknown soil properties that also 

influence rice-wheat crop yield on sampled-zone soils of multiple parameters with 

selected sample design optimized for assessment and characterization of crop yield 

and soil health heterogeneity. This study provides selected means of identifying 

within selected sampling zone the predominant soil properties that influence and drive 

rice-wheat yield through the regression of various soil properties and rice-wheat yield 

at points that characterize a sampling plot‟s full range of crop yield and soil properties 

influencing that yield. However, the crop yield is also influenced by the multi-

factorial complex interactions of meteorological, biological, anthropogenic and 

edaphic characters. Knowing such site-specific edaphic factors and their influences on 

crop yield provides basic information useful for devising site-specific management 

plan. By knowing the collected limited information about key soil health parameters 

as done in this study; however, was helpful in developing recommendations for the 

improvement of rice-wheat productivity in field trials conducted at Lahore, one of the 

cities selected for soil sampling. 

Nevertheless, the physical and physico-chemical parameters showed strong 

regression with crop yield; however, the loss of SOM, SOC and PMN found to be 

playing the most predominant role in the most robust and parsimonious yield response 

of rice-wheat. All of the physical, chemical and biological parameters and their 

deteriorating quality over and over have been strongly affecting the crop productivity 

potential of the selected zone of the RWCS Punjab, Pakistan. By improving the 

regular replenishments of SOM with application of quality soil organic amendments 

such as RSC can improve not only other soil properties but also play a significant role 

in raising the bar of rice-wheat productivity over the period of time. The infiltration 

rate, water holding capacity and soil aggregate stability can definitely be improved by 

applying RSC in the field. Areas with high soil pH (i.e. pH > 8) can be lowered down 

with application of organic amendments such as RSC. 

The presented survey work provides regional distribution of the ultra-detailed 

soil health parameters and their possible involvement in regulating the rice-wheat 

yield. As indicated by the high and significant values of R
2
, it can clearly be inferred 

that it‟s not just soil EC and pH but also the physical and biological parameters of soil 

health that reflect the soil health importance and efficiency of rice-wheat crops in 
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RWCS of Punjab, Pakistan. Any decay of these soil health parameters over period of 

time can directly influence the yield potentials of the cropping area. Thus the selected 

physical, chemical and biological parameters are important factors in controlling rice-

wheat yield through stabilization and improvement of soil health by controlling 

efficiency of applied NPK, infiltration and retention of optimized water contents in 

the soil as well its availability to the crop plants, improvement of the structure of the 

soils stressed with high percentage of clay and/or high pH or EC. The exclusive use of 

EC or pH to explain yield variability is ineffective. Thus the rice-wheat productivity is 

highly vulnerable to the selected three dimensional soil health parameters. 

Consequently, these aforementioned parameters of soil health studied in the current 

survey work were found to be deteriorating gradually but continuously over period 

time and so are the rice-wheat productivity potentials of the studied area. The 

exclusive use of the limited assessment of physical or physico-chemical parameters 

with respect to rice-wheat yield is not sufficient to understand the reasons for yield 

variability in the field. The ultra-detailed assessment of each of the physical, physico-

chemical and biological soil health parameters is an individual piece to the puzzle of 

understanding the cause-and-effect factors of influencing the rice-wheat yield 

variability in RWCS of Punjab, Pakistan.  
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CHAPTER 2 

RICE STRAW COMPOST (RSC) OBTAINED BY USING RAPID 

COMPOSTING TECHNOLOGY 

The application of rapid composting technology to turn organic wastes into a 

resource on expedite basis has been known with different terms. For example, IBS 

rapid composting technology and IBS Rapid Rice Straw Composting Technology in 

Philippines (Cuevas, 1999) involving use of cellulolytic fungal cultures of 

Trichoderma harzianum as CA with the strong support from IRRI for adaptation by 

the farmers (IRRI, 2004); quick compost production process based on application of 

effective microorganisms (EM) as compost accelerator commonly adapted in 

Bangkok (Hiraoka, 2002); the Berkley Rapid Composting Method of University of 

California, Berkeley California USA (Raabe, 2001); the compost in a hurry program 

of University of California, Davis California USA (Geisel and Unruh, 2007); the 

North Dakota State University Hot Composting involving application of mineral 

nitrogen activators for rapid composting (Smith, 1995); aerated static pile composting 

technology adapted in New York (NRAES, 1992); in-vessel composting as given by 

NRAES (1992); Takakura Home Method (THM) Compost in Kampar involving 

application of CA made on curd milk (Mori, 2009) and vermicomposting involving 

application of earthworms as CA. This study is also one of the rapid composting 

examples modified according to the feasibility of the local circumstances. 

The collection of indigenous microorganisms (IMOs) on rich carbohydrate 

nutrient media such as boiled rice and its culturing for preparing a compost activator 

(CA) or a compost seed has been a practical technology being promoted by the 

cooperative extension agents for small-scale farmers (FFTC, 2003; Park and DuPonte, 

2008). In this study, the reported technology was applied to collect IMOs on boiled 

rice under the local climate of Lahore Punjab, Pakistan in order to prepare CA. 

However, it harbored only a limited number of microbes dominated by the very 

commonly found microflora of the local area of experimental station encompassing 

fungi, bacteria and actinomycetes. In literature, different nutrient media for collection 

of IMOs especially bacteria has been used (Kausar et al. 2012). Thus selection and 

appropriateness of the nutrient media for harboring IMOs is strongly dependent on the 

simplicity of the proposed technology requiring minimum available resources for the 

IMO collector.  
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 The fungal isolates of the collected IMOs in this study were mainly members 

of the genus Aspergillus. The abundance and ease of appearance of members of 

Aspergillus on partially or completely decayed organic materials is very common. In 

literature, the use of Aspergillus spp. along with other lignocellulolytic fungi have 

been used to carry out on-farm composting of RS with effective rate of decomposition 

and obtaining a quality compost (Goyal and Sindhu, 2011). The cellulase activity of 

the composting feedstocks has been found to increase due to application of the fungal 

inocula in this study. The application of Aspergillus spp. isolated from the soil has 

been reported to be potential biosolubilizer of rock phosphates (Reddy et al. 2003). 

 Bacteria were included in IMOs applied for rapid decomposition of RS into 

quality compost. Bacteria are well known decomposers for their efficiency to convert 

lignocellulosic compounds into simple mineralized products (Ruberto et al. 2003; 

Halet et al. 2006; Pathak et al. 2006). In this study, the bacterial composition of the 

IOMs used for composting RS included members of Bacillus. The use of Bacillus 

licheniformis in composting process could effectively prevent drop of initial pH 

during composting and it could provide ignition of composting pile for proliferation 

of other thermophilic bacteria (Nakasaki et al. 1994). The B. licheniformis was 

included in the IMOs in this study and applied on the RS composting substrate which 

may have fasten the composting process and resulted in thermophilic composting. The 

application of mixture of Bacillus including B. mucilaginosus separately and in 

combination with fungi and their concentration in composting pile has been found to 

be major limiting factor in determining the rate of decomposition (Xi et al. 2005). The 

application of Bacillus sp. has also been reported to reduce ammonia emissions from 

composting pile while working at as high as 65
o
C pile temperature (Kuroda, 2003). In 

the current study, the application of Bacillus spp. included in the IMOs mixture could 

also be responsible for absence of ammonia emissions as well as prevailing ideal 

composting conditions throughout the composting period. 

 In addition to fungi and bacteria, actinomycetes were also found to be 

involved in composting of organic wastes (USDA, 2000). The actinomycetes with 

different threshold range of temperature and pH can vary in the composting pile (Kuo 

et al., 2004). The actinomycetes inoculated in this study were mainly harvested and 

inoculated in composting pile mainly at the mesophilic and near neutral pH. The 

thermophilic actinomycetes have been reported to be more active at later stages of the 

composting pile when mesophilic microbes have caused the initial temperature due to 
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initial decomposition (USDA, 2000). In this study, the gradual heating of composting 

pile to thermophilic stage within 48 hrs has been mainly due to the inoculation of the 

composting pile with IOMs including mesophilic actinomycetes and prevalence of 

thermophilic composting at later stages could be due to the presence of thermophilic 

actinomycetes. The presence of actinomycetes at curing phase has also been reported 

to be critical in increasing the mineralized forms of N and enhancing quality of 

compost. 

 In literature, utilization of high efficiency cellulolytic microorganisms as CA 

has been found very effective in speeding up the composting of different organic 

feedstocks (Xi et al. 2003; Huang et al., 2004; Lu et al. 2004). Composting with EM 

used as CA has been reported to reduce duration of composting, minimize odor 

emissions during composting process by dominating pile with the aerobic 

decomposition; as well as improve quality of final product both by increasing 

chemical composition and adding beneficial microbial community (Zurbrugg, n.d.). 

The application of IMOs in composting of biosolids have been found to show 

antagonistic suppression of potential pathogens like Salmonella and lowering chances 

of disease spread (Sidhu et al., 2001). 

 In this study, RS was used as major C-source for composting along with 

selected organic feedstocks. The RS has been reported to be a potential nutrient 

source for the microorganisms responsible for composting (Gaind et al. 2006). In the 

current study, the selection of RS as C-source was aimed at avoiding its on-field 

burning, preventing organic material from being wasted and converting it into a 

resource. The composting of RS by inoculating different cellulolytic microbes might 

be an effective alternate to its on-site burning, convert the RS into a value added 

product such as compost in a short period of time and through economical means 

(Kumar et al. 2008; Sidhu and Beri, 2008). In this study, the composting pile acting as 

control applied with no IMOs had still undecomposed lignocellulolytic by the time 

when RSC in other pile had undergone complete composting. The application of 

IMOs hasten the bioconversion of RS by producing lignocellulolytic enzymes (Lee et 

al. 2008) and releasing soluble sugars while mineralizing rest of the C (Lei and 

VanderGheynst, 2000). The lowering of C-contents of the composting pile is due to 

intense microbial activity of the IMOs applied as inocula. The RS acted as strong C-

source for IMOs and undergone rapid bioconversion into quality compost in short 

period of time as compared to the control pile used in the current study. 
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Thus application of IMOs including bacteria, fungi and actinomycetes not 

only increased the rate of composting but also help in improvising the quality of 

compost, as has been found in the case of RSC prepared during this study. 

The quality of the compost has dominantly been dependent on provision of 

aerobic conditions throughout composting process (Jenkins, 1999; Bari and Koenig, 

2001). The turning of composting pile and providing optimum aeration to the inner of 

pile has been reported critical for achieving rapid degradation as well as producing 

high quality compost (Illmer and Schinner, 1997). The aerobic decomposition of the 

composting pile results in high temperature and killing most of the pathogens and 

weed seeds while retaining essential mineralized nutrients, as has been found in this 

study. The monitoring of oxygen consumption rate in composting pile has been more 

reliable than determining carbon dioxide emission for keeping a check on 

maintenance of aerobic decomposition in the composting pile. The oxygen 

consumption rate in composting piles have been a strong indication for higher 

decomposition and its decrease over time due to increasing consumption rate of 

composting feedstock and exhausting nutrient supply for microbes (Bari and Koenig, 

2001). The aerobically stabilized composting has been recommended and preferred 

approach in order to produce mature and nutrient rich compost (Kuo et al. 2004). In 

this study, an optimum availability of oxygen in the composting pile was maintained 

in order to yield RSC of high quality that could provide efficient nutrient recycling 

and promote crop growth on its application in the rice-wheat field. 

In this study the temperature monitoring was based on thermal inertia of the 

composting pile as its self-insulating property, although heat determination of pile 

without combining metabolic heat generations have been a focus of the scientists 

(Barrena et al., 2006). However, in this study the prevalence of composting pile 

temperature between 50-60
o
C for more than 3-days yielded a compost of high quality 

with neither any weed neither seeds nor any disease of cucumber seedling on 

conducting quality test of RSC. The rise in temperature of the composting pile and 

emission of CO2 has been reported to directly relate to the oxygen consumption rate 

of the pile (Epstein, 1996). In this study, a consistency was found between the 

thermophilic phase of the pile, CO2 emission as well as oxygen consumption rate. As 

well as, the rise of temperature in the composting pile caused a depletion of oxygen 

availability but a minimum of 10 % of the pile oxygen was maintained in order to 

maintain the aerobic decomposition of organic wastes. 
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Even if EC of compost increases with its increasing fertilizing tendency, the 

information about nature ions playing role in fertility increase remains unclear. Due to 

this reason, the EC has not been included in the criterion for compost quality 

assessment by the standardization committee in Canada (CCME, n.d.). Based on this 

criterion, the EC has not been included in the quality assessment criteria for RSC 

produced and utilized in this study. 

In literature, the duration of composting has been ranging from couple of hrs 

to couple of weeks to couple of months (Cuevas, 1997; FFTC, 2003; Lee, 2006), 

mainly driven by the compost expedients or their enzymatic extracts i.e. CAs on the 

basis of its cultured maturity at the time of application in the composting mixture. In 

this study, the composting as well as curing of the RSC was accomplished within 60 

days. 

The quality and maturity of compost has been assessed on the basis of several 

parameters. The selected physical, physico-chemical and biological parameters of the 

RSC obtained in this study were fulfilling the requirements of compost maturity, as 

has been given by California Compost Quality Council (CCQC, 2001). The basic 

criteria given by the AGP of FAO for organic manures (AGP-FAO, 2013) was 

observed to be fulfilled by the RSC obtained during this study. Overall, the dark black 

color of RSC, bulk density (444 kg m
-3

), moisture content (23 %), water holding 

capacity (175 %); pH1:5 (7.8), EC1:5 (1.3 dS m
-1

); total and available fraction of N, P, 

K; compost stability, total organic carbon and organic matter; presence of trace metals 

below the NEQS; as well as biological growth response-based tests of the RSC rated 

it between mature to very mature.  

Thus the RSC obtained during this study by following the rapid composting 

technology could potentially be used to improve the physical, physico-chemical and 

biological parameters of the health of soil being under rice-wheat cultivation system. 
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CHAPTER 3 

COMPARATIVE EFFICACY OF RSC AND COMMERCIAL 

FERTILIZER IN RICE-WHEAT CROP: FIELD ASSAYS    

A soil which is fertile and reproductive acts as fundamental resource for the 

farmers‟ livelihood and sustainability of entire ecosystem. The soil health means 

maintaining a good physical structure with optimum porosity to retain adequate 

moisture, proper pH and EC, stabilizing SOM, and an optimal nutrient status. As 

stated by Johnston (1997), the soil fertility depends upon complex and often least 

understood interaction between the physical, physico-chemical and biological 

properties of soil. The field selected for this study was lacking with the capability to 

fulfill the optimum limits of physical, chemical and biological parameters of soil 

health. Therefore, the obtained crop yield was far below the actual potential yield of 

the agricultural zone selected for this study and there was big margin for the 

improvement of soil health conditions to raise the productivity of the soil.  

Among the physical parameters observed in this study, the soil bulk density of 

the soil was quite high along with low infiltration rate and soil porosity. The removal 

of organic residue from crop fields causes export (loss from soil). of soil nutrients and 

deterioration of soil physical health (Singh et al. 2005). The history of the tillage 

practices of the soil has mainly been driving the physical properties of agricultural 

soils (Azooz et al. 1996; Javeed et al. 2013). The soil of the selected field in this study 

has been cultivated with no, little or intensive tillage for different crops prior this 

study with crop residue completely removed from the field. Beside soil texture, the 

high bulk density and low infiltration rate was also due to the physical compaction of 

soil. The compaction of soil could also be one of the factors responsible for increasing 

the bulk density and decreasing infiltration rate (Ishaq et al. 2001). In addition to the 

compaction due to on-farm traffic and conventional tillage, the susceptible 

degradation of soil and losing physical health may also be resulting from wetting and 

drying; consequently, restricting permeability of water, air and drainage, total porosity 

and poor crop establishment (Blanco-Canqui and Lal, 2009). In this study, the 

selected field has been undergoing most of the above stated conditions and as a result 

the soil physical health compromised over time.  

In this study, the application of RSC as an organic amendment observed to 

improvise the soil physical properties over time. The decrease in bulk density with 
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enhanced soil porosity and water holding capacity was observed with the passage of 

time and a maximum change was observed in C soil treatment followed by C+CF, as 

given in Figure 3.1. The application of organic soil amendments brings significant 

decrease in soil bulk density while improving total porosity, infiltration and soil 

aggregation over time (Aggelides and Londra, 2000; Hussain et al. 2001; Whalen et 

al. 2003; Hassan et al. 2013).  

Figure 3.1. Inter-relationship between different physical parameters of soil health influenced by the 

application of RSC in soil with and without chemical fertilizer.  

 

 

 Among the physico-chemical parameters of soil health, the pH1:1 and EC1:1 of 

the soil was normal with CEC being quite low at the beginning of the study. The 

application of RSC in the soil initially raised but later on helped stabilizing the pH1:1 

and EC1:1 while incurring highly significant improvement in CEC of the soil 

especially in the case of C treatment followed by C+CF. Stabilization of soil pH and 

EC due to RSC application has been reported in the literature (Sarwar, 2005; Tirol-

Padre et al. 2007). Contrary to the stabilizing soil pH and EC, the application of 

composts on soils has been reported to increase the soil pH and EC over time (Mamo 

et al. 2002; Sarwar et al. 2003). However, the mature composts having high quality 

organic matter comprised of organic acids would low the pH of soil while compost 

that has been undergone immature decomposition would cause an increase in soil pH 

on its application. 

 In the current study, the CEC of the soil was observed to undergo highly 

significant improvement after application of RSC. The increase in CEC of soil due to 

application of compost has been reported (Abdelhamid et al. 2004; Chen and Wu, 
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2005). Also the application of organic soil amendments has been reported to enhance 

CEC and up to 90 % nutrient adsorbing power of the soil (Brady, 1990). The CEC 

measure of the soil has been taken as sign of soil fertility as it enhances the soils‟ 

capability to retain nutrients and its release into soil solution from time to time 

depending upon pH and other properties of soil. Thus application of RSC in soil 

during this study was found to improvise the physico-chemical prerequisites of the 

soil fertility. 

Among the biological parameters of soil health, there was continuous addition 

of SOM throughout the application of RSC in the soil. During the conclusive year of 

this study, the SOM was highly significantly increased in C and C+CF as compared to 

the Ctrl and CF soil treatments.  The application of composts to the soil has been 

reported to increase SOM (Nortcliff and Amlinger, 2001; Rivero et al. 2004; Roca-

Perez et al. 2009). The SOM has universally been accepted as key driver of soil 

quality based on physical, chemical and biological properties of the soil (Oue´draogo 

et al. 2007). The quality and quantity of the SOM has been very important in defining 

its contribution to the biological as well as physical and physico-chemical health of 

the soil. The mature or very mature compost is often consisted of high quality organic 

acids, with least fraction of particulate SOM. Most of the fraction of SOM in mature 

compost has undergone mineralization during the composting process and prior to its 

application in the compost. On the contrary, the immature compost has most often 

been lacking with all these qualities. There may be little fraction of organic acids and 

mineralized SOM. A dominant portion of the final product may still undergo or 

required to undergo further mineralization. Any application of such compost to the 

soil may result in declining the soil health as well as crop productivity. In the current 

study, the RSC applied in rice-wheat field was fulfilling the prerequisites of a mature 

to very mature compost on the basis of its SOM contents. Thus it was due to this 

reason that application of half dose of CF along with RSC during very first year didn‟t 

cause any stagnation or reduction in crop yield. Even if applied un-composted RS in 

the field soil either by leaving it in the soil after crop harvest or incorporating into the 

soil through disc plowing will lead to the scenario similar to the application of some 

immature compost. There will be yield decline during initial years of such residue 

management practice until the crop residue i.e. RS will have undergone sufficient 

mineralization. The duration of sufficient decomposition of RS and mineralization 

into SOM may take couple of months to couple of years depending upon the initial 
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soil health status, climate, tillage and soil nutrient management practices. However, in 

soils where a sufficient SOM has already been present will be more suitable for 

retaining or incorporation of RS in the field. The small and medium farmers of RWCS 

Punjab, Pakistan are not in a position to let their small agricultural land holdings be 

put under RS residue management practice while putting their livelihoods from their 

farms at stake. Also almost all of the soils in the selected study area are having severe 

to very severe deficiency of SOM. Thus it would be more appropriate for such 

farmers to convert RS into RSC in order to recycle soil nutrients, build SOM and 

improve soil biological health without compromising on already existing crop yield 

potential of their fields.  

Among the biological parameters of soil health, the application of RSC added 

gradually but continuously to the respiration rate of the soil. The increase in soil 

respiration rate due to the application of compost has also been reported in the 

literature (Annabi et al. 2005; Bouajila and Sanaa, 2011). The release of CO2 from 

soil on application of compost could be due to several reasons. One possible reason of 

CO2 production from the soil could be due to application of compost that has 

undergone anaerobic decomposition during composting process. The application of 

such compost in the field let the partially degraded organic compounds undergo 

completion of its mineralization in soil. Another reason of CO2 release from soil on 

application of compost could be due to increase in the decomposition rate of the crop 

leftovers in the field such as roots and stubbles on application of mature compost. 

Thirdly, the release of CO2 from the field soil on application of mature to very mature 

compost being less as compared to the application of immature compost and it is 

mainly due to the activity of essential microbes of the soil that may be inoculated in 

soil by the application of compost or maybe the compost application provided 

conducive environment for increased activity of the already existing dormant 

microflora of the soil. The increase in CO2 production from soil as a matter of 

application of RSC in this study may have been because of second and/or third 

reason.  

Among the biological parameters of soil health, the application of RSC found 

to increase the SOC. The increase in SOC due to application of compost has also been 

reported in the literature (Fortuna et al. 2003; Liu et al. 2013). The SOC buildup of 

SOM depleted soils is extremely slow process and requires continuous replenishments 

of the organic amendments. The soils of RWCS of Punjab, Pakistan are mainly 
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deficient of SOM and thus building these soils would be gradual and continuous 

process provided regular replenishments of the organic amendments are applied. Any 

discontinuity in application of organic amendments to soil would delay the biological 

health improvement process. The long term application of FYM in rice-wheat system 

has also been reported to increase SOC over time (Senapati et al. 2010). The long 

term application of only mineral fertilizer without applying organic amendments in 

the soil has been reported to undergo stagnation in SOC with time (Liu et al. 2013). 

Such situation has dominantly been seen in RWCS of Punjab, Pakistan where soils 

have mainly been addictive of CF and an extremely low fraction of SOC has been 

observed in > 90 % of soils during the surveys conducted during this study area. 

Several implications may be associated in determining the fraction of SOC 

contributed by fertilizer or organic amendment during short term field trials. Thus, it 

is crucial to collect SOC data from long-term experiments in order to understand and 

estimate the contribution of manure and fertilizer to SOC dynamics.  

Among the biological parameters of soil health, an increase in PMN over time 

was observed due to application of RSC in the soil. Such results have also been 

reported by Tirol-Padre et al. (2007) from a collection of long term experiments in the 

field. The PMN has been reported to decrease in soil treatments applied with no 

amendment or applied with only NPK (Bhandari et al. 2002). During this study, a 

decline in PMN in the case of Ctrl and CF was observed over time; however, there 

was gradual but continuous PMN improvement in C and C+CF treatments. Thus it 

could be inferred that the soil had undergone replenishment of a balanced proportion 

of labile and fixed fraction of SOC over time, due to which PMN has been observed 

to undergo gradual but continuous increase. Such balanced replenishments of labile 

and fixed SOC could be due to the production of RSC of mature quality on almost 

constant basis throughout the whole period of study (Table 3.1.2). On the contrary, 

the Ctrl treatment had shown highly significant decline in SOC as well as PMN over 

time. Majumder et al. (2008) has reported that after almost two decades of puddled 

rice wheat system, the soil treatments applied with NPK+FYM had about 14 % larger 

pools of labile C as compared to the control treatment. Thus application of maturely 

decomposed and nutrient organic amendments such as, RSC in this study, on constant 

basis has been responsible for continuous buildup of soil biological health.  

Another noteworthy improvement in biological parameters soil health was 

indicated by enormous yield of total DNA extracted from soil over time and being the 
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maximum during concluding year of this study. The direct extraction of soil DNA 

may result in co-extraction of humic substances which may negatively interfere with 

extract DNA dosage. Because of this reason, the enhancement of soil extracted DNA 

especially soil microbial DNA in relation with microbial biomass C and N has been 

found due to the application of municipal solid waste compost along with FYM 

(Bouzaiane et al. 2007) instead of extracting direct soil DNA. During this study, the 

direct application of soil DNA was carried out at least with commercial DNA 

extractions kits and with multiple extracts while taking extreme care in picking the 

supernatant in order to avoid minimum coextraction of humic substances. It was 

because of this reason that the total DNA yield was quite less. No doubt, the poor 

biological health of the soil prior to the start of this study could also be responsible for 

extremely low DNA yield. The application of organic amendments in the soil has 

been found to bring shift in the size and composition of the soil microbial community 

mainly because of physico-chemical characteristics of compost matrix but not because 

of compost borne microorganisms; as well as, resilience in microbial characteristics 

has been found to be absent during compost post-application period of 6-12 months 

(Saison et al. 2006). The findings of this study may not agree with absence of 

community shift because of compost borne microorganisms as well as resilience in 

microbial characteristics due to physico-chemical characteristics of compost matrix. 

The disagreement is mainly because of composting conditions of the organic wastes 

as well as biofortification of the final product with essential microbes, as has been 

done in the case of RSC applied with IMOs – a heterogeneous collection of active 

fungi, bacteria and actinomycetes. Also, duration of 6-12 months may be too short for 

the soil microbes to get acclimatized, become dominantly active and undergo a 

notable shift in the organic amended soil as a function of the climatology of the study 

area. Even buildup of quality and quantity of SOM as well as SOC over longer 

periods of time would be critically important in assessing the shift in soil microbial 

community and its resilience as a function of time and rate of compost application. 

The long-term application of composts over a period of 12-years has been reported to 

have strong effects on soil biota (Ros et al. 2006). Thus, the directly extracted soil 

DNA could be an attribution of soil microbial richness incurred by the application of 

biofortified organic amendments with the passage of time. And in this study, the 

application of RSC with or without CF resulted in significant improvement in soil 

microbial richness as compared to the Ctrl as well as CF.  



114 

 

During this study, there has been continuous improvement in rice and wheat 

yields over time both in C and C+CF soil treatments. The findings are parallel to the 

work already done in Pakistan (Sarwar; 2005; Sarwar et al. 2008).  The application of 

RSC biofortified with fungal (Trichoderma viridae) and bacterial (Bacillus polymyxa) 

during a short term study has not only been found to bring significant improvements 

in crop yield over time but also reported to be economical in terms of being alternate 

to the NPK (Singh et al. 2001; Singh et al. 2005). In this study, the RSC obtained by 

applying IMOs comprising a heterogeneous collection of fungi, bacteria and 

actinomycetes could be responsible for enhancing yield of both rice and wheat in 

C+CF treatment over time; at least equal to or greater than the CF i.e. treatment 

applied with recommended NPK. The gradual yield increase in CF treatment 

continued until 3
rd

 year of experimentation but undergone decline during the 

concluding year of study. However, the C+CF treatment kept the yield increase pace 

and during concluding year of this study, the yield of both rice and wheat in this soil 

treatment was significantly higher than the CF treatment. One of the very noteworthy 

factors during this year was application of 40 % of the recommended NPK along with 

unaltered RSC dose. Thus it was this year when a 60 % reduction of the NPK 

application was carried out but without compromising the yield of both rice and 

wheat. For sustainable yields, the application of compost along with chemical 

fertilizer in rice crop has strongly been recommended (Cezar, 2004). The 

sustainability of crop productivity depends upon application of organic amendments 

as well as mineral fertilizers in the soil (Goyal and Sindhu, 2011). Recycling crop 

wastes back to the soil though composting improves soil fertility as well soil 

productivity (Chukwuko and Omotayo, 2008; Ansari, 2011).  

However, any continuous and blind application of only chemical fertilizer 

without any organic amendment can deteriorate biological health of the soil over time. 

Ladha et al (2011) has reported a decrease of SOM and SOC in long term experiments 

where only commercial N fertilizer has only been applied. In this study, the 

application of only commercial fertilizer was observed to undergo gradual but very 

slow decline in SOM as well as SOC. Ultimately, the efficiency of the commercial 

fertilizer in enhancing crop yield could not contain over time and observed to drop 

during the conclusive year of study.  

The uptake of NPK in the plant was observed to increase over time in CF and 

C+CF treatments and being significantly greater than Ctrl as well as C treatments. 
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However, during conclusive year of this study, the rice and wheat plants harvested 

from the CF treatment showed less uptake of NPK as compared those from C+CF. It 

indicated that fertilizer use efficiency of the soil might have decreased over time and 

as a result the crop plants might be unable to show the anticipated uptake of NPK. 

The application of only commercial fertilizers without applying organic amendments 

has been least recommended practice by the International Fertilizer Industry 

Association (http://Fertilizer.org/ifa). As well as, the IFA has been strong proponent 

of the application of any or all organic wastes and/or manures in soil after its 

composting and completion of decomposition process. In this way, the application of 

composted organic amendments increases soil fertility as well as efficiency of the 

commercial fertilizers. In this study, the application of RSC along with CF was found 

to be the best approach in terms of enhancing crop yield, improving soil health 

whereby improving efficiency of the commercial fertilizer. Roy and Misra (2003) has 

pointed out that as much as 65 % of the applied N fertilizer is lost from the plant-soil 

system through several processes such as, gaseous emissions, erosion, runoff and 

leaching. Thus on average, the crop plants fulfill their nutrient requirements from the 

remaining 35 % of the N in soil creating possible implications about the fertilizing 

approach about rice wheat system. One of the possible implications could be applying 

as much as N fertilizer as retained N on soil and up taken by the crop plants. This 

way, there would not only be wastage of applied fertilizer but also environmental 

susceptibility may increase. Another possibility could be applying N fertilizer to the 

extent of financial soundness of a farmer and crop plant may uptake N from soil from 

the plant available fraction of the total applied fertilizer. The third possibility could be 

applying a limited but precisely calculated quantity of N fertilizer and maximizing its 

retention in soil as well as availability to the crop plants. In this study, the third 

possibility was opted and it was due to the combined application of both RSC and CF 

that it yielded maximum crop productivity of both rice and wheat even though as less 

as 50 % of the recommended NPK during early three years of study and 40 % of the 

recommended rate of NPK was applied during concluding year of this study. On the 

contrary, the application of CF at recommended rate and on its continuous 

replenishments could only take the crop productivity of both rice and wheat to a 

maximum level and then dropped. The uptake of NPK by the dry plant matter of both 

rice and wheat crops also showed a decrease in the corresponding year of cultivation. 

http://fertilizer.org/ifa
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Thus application of RSC along with CF helped retention of soil nutrients for longer 

period of time as well resulted in slow release of RSC nutrients in the soil.  

The IFA has been a proponent of integrated plant nutrition systems involving 

application of organic amendments as basis for application of commercial fertilizers. 

The current study also strongly recommends the combined application of RSC and CF 

in order to achieve the integrated plant nutrition systems in soil.  

The regression analyses between crop productivity and soil health parameters 

resulted in high and significant values of R
2
 in most of the cases. It indicated that the 

crop productivity of both rice and wheat strongly depends upon physical, physico-

chemical as well as biological parameters of soil health. The results of this study are 

in justification with findings of Imbufe et al. (2005); Shahryari et al. (2011) and Tahir 

et al. (2011). The application of RSC not only improved soil health but also acted as 

organic fertilizer and improved the soil structure as well as crop productivity.  

However, the application of un-pelletized organic amendments along with 

commercial N fertilizer has been found to be economically nonviable under flooded 

conditions of rice cultivation as they undergo quick N loss (Wild et al. 2011). This 

scenario may lead to the option of cultivating rice under less irrigation practices such 

as SRI, AWD, DSR, etc. In this way, not only efficiency of the RSC along with CF 

will be retained but also there will be optimization of irrigation requirements of the 

rice crop as life form of rice plant is not a native flood tolerant. The cultivation of rice 

under water saving practices would also incur health effects on soil supposed to be 

used for the cultivation of wheat crop. Thus, ultimately the C+CF application would 

result in bringing element of precision in the rice-wheat farming in addition to the 

other sustainable advantages. 
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CHAPTER 4 

ROLE OF GFP-LABELLED TRICHODERMA HARZIANUM IN 

ACTIVATING COMPOSTING OF RICE STRAW 

In this study, the GFP-labeled T. harzianum was used as a potential CA and 

finding its role in achieving composting of RS in short span of time. The fungal 

inoculation of the composting mixture of RS with other organic wastes was observed 

to undergo pile heating within early 12 hrs of inoculation. In literature, in addition to 

T. harzianum and other spp. of this genus has been reported to contain powerful 

cellulase production system that can cause quick degradation of lignocellulosic wastes 

such as rice straw as soon as fungal mycelia spread over decomposition substrate 

(Kaur et al. 1998; Khan et al. 2007). The antagonistic and stress tolerant tendencies of 

T. harzianum could be responsible for its successful thriving upon RS on inoculating 

it as potential CA. There have been in vitro reports about T. harzianum for its 

antagonistic capability even under heavy metal stress (Kalra and Sandhu, 1984; 

Peciulyte, 2002). Also, there have been in situ reports about antagonistic potential of 

RSC fortified with T. harzianum exploited for the suppression of root-rot of green 

bean (Nawar, 2008); as biocontorl agent (Kubicek and Harman, 2002) as well as 

Fusarium wilt of banana (Thangavelu et al. 2004). Thus applications of T. harzianum 

as CA could be dependent upon its cellulosic, antagonistic as well stress tolerance 

capabilities. In this study, it was noticed that the fungal inoculation caused the 

significant decrease of time required for heating the RS composting pile and its 

fluorescence was only visible during mesophilic to early thermophilic stages of 

composting. 

The application of T. harzianum as a biofortifying agent in the compost and 

potential deterrent of the Fusarium wilt disease has been reported in the literature 

(Haque et al. 2010; Bernal-Vicente et al. 2012). These studies have also shown that 

biofortifiying of the compost can only be done at the mesophilic stage of composting 

especially at the curing phase as its application in the beginning of composting didn‟t 

yield its viability at the end of composting process. Thus it is clear that T. harzianum 

disappears in the composting pile with increasing temperature of the pile and being 

present during late mesophilic to early thermophilic stages of composting. In this 

study, it was observed that the fluorescence of the GFP-labeled T. harzianum was 
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visible during 12-34 hrs of inoculation and at 25 - > 50
o
C temperature of the 

composting pile. After the given range of time and temperature, the fluorescence 

disappeared in samples collected from the RSC composting pile. The EM based rapid 

aerobic as well as aerobic high temperature composting of RS with inoculation as 

recommended by FAO (2002) has been found to involve application of T. harzianum 

as CA. Also use of T. harzianum as CA has been reported to increase the composting 

rate of RS and yield a quality product within 30-35 days of inoculation (Cuevas, 

1999). In this study, similar results were found and T. harzianum found to be an active 

cellulolytic agent in starting process of bioconversion of RS into quality compost 

within short period of time.  
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VII  CONCLUSION 

The collection of IMOs from a local environment and its inoculation into the 

composting substrate, such as rice straw and other organic wastes, in the form of 

compost activator has a strong potential for yielding quality compost within 60 days 

including the curing phase of the final product. Use of rice straw in composting not 

only acts as a rich C-source but also contributes a major fraction of the total and 

available K in RSC. It also adds a diverse community of essential microbes to the soil 

or RWCS comprising of fungi, bacteria as well as actinomycetes. The application of 

RSC in the RWCS could bring significant improvements in its fertilizer budget by 

lowering application of NPK as low as 40% of the currently recommended rate for 

rice and wheat crops without compromising on the crop yield of both of the crops. 

The application of only commercial fertilizer is neither sustainable nor can it achieve 

the potential maximum yield of the RWCS. The application of RSC along with the 

commercial fertilizer was observed to reinforce the fertilizing potential of both of the 

soil amendments and also improvise efficiency of the commercial fertilizer. However, 

achieving maximum yield potential of RWCS though the combined application of 

RSC and commercial fertilizer could further require adaptation of other sustainable 

crop cultivation and tillage practices such as SRI, AWD, DSR, etc. 

 

VIII  FUTURE PERSPECTIVE 

The proposed hypothesis of combined application of RSC and commercial 

fertilizer with reduced fertilizer inputs and enhanced crop productivity has been 

demonstrated in this study. However, there are still many avenues related to this study 

where an immediate research would be required. One of the very basic requirements 

of the proposed technology would be to develop a recipe for preparing compost seed 

that could be suggested to the farmers of the Punjab, Pakistan. Also devising a 

cooperative extension plan would be required for the transfer of the proposed 

technology to the end users i.e. small and medium farmers of the Punjab, Pakistan. 

 The field based research on the application of RSC and the newly defined 

precise recommendations of NPK would also be an area of interest. The LEISA (low 

external input sustainable agriculture) technologies and practices such as SRI, AWD, 

DSR, etc. can also be tested for the efficacy of newly defined NPK recommendations 

in yielding maximum potential yield of RWCS of the Punjab, Pakistan. For this 

purpose, an international collaboration with SRI group of Cornell University, Ithaca 
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NY USA, has already been established. In the near future, further collaborations with 

IRRI will be a top priority of the researcher. 
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X  APPENDICES 

Appendix I 

Malt extract agar (g L
-1

) 

Malt extract agar 20  

Agar 20 g 

Distilled water 1000 ml 

Appendix II 

Potato dextrose agar (g L
-1

) 

Potato extract 20  

Dextrose 4  

Agar 15 

Distilled water 1000 ml 

Appendix III 

Yeast extract potato dextrose agar (g L
-1

) 

Glucose 20 (2 %) 

Peptone 20 (2 %) 

Yeast 10 (1 %) 

Agar 20 (2 %) 

Appendix IV 

Nutrient agar medium (g L
-1

) 

Yeast extract 2 

Peptone 5 

Sodium chloride 5 

Agar 15 

Appendix V 

Solution-I for DNA extraction (g/ 100ml) 

Tris HCl (1M) 

Tris base 12.1 

Distilled water 100 ml (pH = 8) 

Ethylene diamine tetra acetic acid (EDTA) (0.5M) 

EDTA 18.61 

Distilled water 100 ml 

10% Sodium dodecyl sulfate (SDS) 

SDS 10 

Distilled water 100 ml 

5M NaCl 

NaCl 29.25  

Distilled water 100 ml 

CTAB/NaCl solution 
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Cetyltrimethylammonium bromide (CTAB) 10 

0.7 M NaCl 4.1 

Distilled water 100 ml 

Appendix VI 

Solution-II for DNA extraction (ml) 

Chloroform/Isoamyl alcohol (24:1) 

Chloroform 24 

Isoamyl alcohol 1 

Isopropanol 

Isopropanol 10 

70% Ethanol 

95 % Ethanol 73.68 

Distilled water 26.31 

Appendix VII 

Primers (18s rRNA) 

ITS1:  5′ TCCGTAGGTGAACCTTGCGG 3′ 

ITS4:  5′TCCTCCGCTTATTGATATGC′3 

Appendex VIII 

PCR Conditions for 18S rRNA 

S.No Components Temperature  
Time 

(minutes) 

1. 

Initial Denaturation 

Temperature 94 °C 5 

2 
Denaturing 

Temperature 
94°C 

1 

3 
Annealing 

Temperature 
54°C 

1 

4 
Extension 

Temperature 
72°C 2 

38 cycles 

1.  
Final Extension 

Temperature 
72°C 

5 

 

Appendix IX 

Primers (16s rRNA) 

        RS-1:  5
/ 
AAA CTC AAA TGA ATT GAC GG 3

/ 

RS-3:  5
/ 
ACG GGC GGT GTG AC

 
3

/ 

Appendix X 

PCR Conditions for 16S rRNA 

S.No Components Temperature  
Time 

(Minutes) 

1. 
Initial Denaturation 

94 °C 5 



145 

 

Temperature 

2.  
Denaturing 

Temperature 
94°C 

1 

3.  
Annealing 

Temperature 
55°C 

1 

4.  
Extension 

Temperature 
72°C 2 

32 cycles 

5.  
Final Extension 

Temperature 
72°C 

5 
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