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ABSTRACT 

 
 Cotton (Gossypium hirsutum L.), the White Gold, occupies a pivotal position in 

Pakistan’s economy as it is the major source of raw material for textile industry in the 

country. Currently, cotton crop is facing a number of restraints, resulting in low yield per ha. 

Some of the constraints include costly agricultural inputs (seed, fertilizers, pesticides etc), 

pest attack, lack of pest and disease resistant varieties, good quality seed, scarcity of 

irrigation water, improper cultivation method and unavailability of advanced technologies.  

The research was conducted at the University of Agriculture, Faisalabad, Pakistan, to explore 

the response of cotton to tillage, irrigation and sowing methods. The aim of the experiment 

was to assess most suitable and economical tillage system and planting method for cotton 

crop, to attain efficient irrigation water utilization and saving without affecting crop yield or 

quality and to quantify the irrigation water for cotton crop required for different planting 

methods. Keeping in view, two different experiments were conducted for two consecutive 

years. First experiment comprised of two tillage systems i.e., conventional tillage (one time 

disc harrow + two cultivations + planking) and deep tillage (chiselling twice + one cultivation 

+ planking) and three sowing methods viz; flat sowing, ridge sowing, and bed sowing. The 

second experiment comprised of two irrigation levels (50% field capacity and 75% field 

capacity) along with three different sowing methods (flat sowing, ridge sowing, and bed 

sowing).  Replicated three times, both experiments were laid out in split plot design 

randomizing tillage systems in main plots and sowing methods in sub-plots in experiment I 

while in experiment II irrigation levels were randomized in main plots and sowing methods in 

sub-plots maintaining a net plot size of 6.0 m × 9.0 m. Bt cotton variety AA-703 was sown at 

75 cm spaced rows using 20 kg seed rate ha
-1

. Data pertaining to growth and yield parameters 

were recorded and analysed statistically. In first experiment, higher root length was recorded 

at deep tillage than conventional tillage during both the years of the study. Deep tillage gave 

maximum leaf area index (LAI) and total dry matter (TDM) showing increase in seed cotton 

yield of 18.72% in 2010 and 11.14% in 2011. Bed sowing produced 8.8% higher yield than 

ridge sowing in 2010 and 4.12% higher during 2011 and 25.61 and 16.47% higher than flat 

sowing respectively. Deep tillage with bed sowing gave maximum net returns of Rs. 

121556/- with benefit cost ratio (BCR) of 1.81 in year 2010, while in 2011 it was Rs. 68627/- 

with BCR 1.45.  In second experiment, application of irrigation at 75% field capacity (FC) 

significantly increased LAI, crop growth rate (CGR), net assimilation rate (NAR) and TDM 

over 50% FC in 2010 and similar trend was also observed in 2011. Water applied at 75% FC 

enhanced 38 % yield during 2010 and 30.49% in 2011 than 50% FC. Bed sowing produced 

12.1% and 18.09% (in 2010) and 6.08 and 19% (in 2011) higher yield than ridge sowing and 

flat sowing, respectively. Irrigation level of 75% FC with bed sowing gave maximum net 

return of Rs. 82574/- with BCR of 1.54 in 2010, while Rs. 43336/- with BCR 1.28 in 2011. 
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CHAPTER 1                                                      

INTRODUCTION 

 Cotton (Gossypium hirsutum L.) plays a vital role in Pakistan’s economy (Ibrahim 

et al., 2007). It is the lifeline of textile industry in the country. According to an 

assessment an increase of one million bales in cotton production will result in an increase 

of half percent in gross domestic product (GDP). Realizing the immense importance of 

cotton crop in building the economy of Pakistan, extensive studies are on-going to 

improve the yield potential of the crop under the local environmental conditions. Cotton 

is a natural fibre crop and due to its unique quality, it is called silver-fibre (Arshad and 

Anwar, 2007). Cotton is used for several products ranging from clothes to home 

furnishings and medical products. So, cotton is continuously in demand due to its 

diversified usages and is connected to the powers and weaknesses of the overall economy 

of Pakistan.  Worldwide, Pakistan is the fifth largest producer, fourth largest consumer of 

cotton and the largest exporter of cotton yarn (1.3 million out of 5 million) (Govt. of 

Pakistan, 2012-13). In Pakistan the area under cotton crop is 3 million ha and its share in 

GDP is 1.5% with contribution in value added to agriculture of 7.0% (Govt. of Pakistan, 

2012-13).  

 Currently, cotton crop is facing a number of restraints, resulting in low yield per 

ha. Some of the constraints include costly agricultural inputs (seed, fertilizers, pesticides 

etc), pest attack, lack of pest and disease resistant varieties, good quality seed, scarcity of 

irrigation water, improper cultivation method and unavailability of advanced 

technologies. Tillage operations, irrigation and sowing methods are also important factors 

that greatly affect crop productivity. The good management of these variables may 

increase production of cotton (Anwar, 1998).  

 Tillage is the mechanical manipulation of the soil to improve soil tilth (physical 

condition of soil). It can also be described as the practice of modifying the state of soil in 

order to provide conditions favourable for crop growth (Koller, 2003). Effective tillage 

systems build an ideal seedbed condition for seed germination, proper plant stand and 

unhindered root growth (Atkinson et al., 2007; Krause et al., 2009). The purpose of 

tillage operations, that an expensive part in cotton production, is to incorporate residues, 

enhance water infiltration, and prepare an appropriate seedbed and to enhance the soil 

root penetration. Previously different tillage and planting methods have been practised in 
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various regions of Pakistan depending on climate, topography and soil properties to 

explore their efficiency. Ridge and bed planting are used in different crops under different 

climatic conditions because both provide labor saving, increase in soil fertility, improved 

water management, enhanced water use efficiency, erosion control, enrich rooting depth 

and better pest management (Lal, 1990). Boydas and Turgut (2007) reported that tillage 

was an act to improve soil conditions for proper crop emergence and yield. Soil moisture 

level, soil compaction and bulk density are important factors affecting the growth and 

yield of the crop (Memon et al., 2007). Maximum tillage operations to craft seedbed 

cause soil compaction and  imbalance between air and water components of soil and also 

increase the soil strength to restrict root growth; although a little compaction is also 

required for better contact of seed with soil particles (Memon  et al ., 2007). Well 

developed root systems with the ability to explore greater soil volume has been 

recognized as an important adaptation of plants to ensure sufficient water and nutrient 

uptake (Horst et al., 2001). Soil and water resources as well as sustainability of 

agricultural production are degraded due to conventional tillage systems (Gupta et al., 

2003). Repeated cultivation at same depth or annual ploughing creates subsoil hard pan 

(Kukal and Aggarwal, 2003) whereas according to Haakansson (2005), reduction in soil 

compaction (e.g., bulk density) is must in order to obtain good soil tilth. For any tillage 

practice, various tillage tools and operational variables are used as they affect soil 

physical properties such as water contents, penetration resistance, bulk density and 

emergence rate index. Deep tillage and irrigation provide accumulative soil water for a 

crop and it augments soil water by disturbing the soil profile to enhance the size and 

number of macrospores in the soil, making deeper root penetration (Hoeft et al., 2000). 

Alamouti and Navabzadeh (2007) found pronounced effects of deep tillage on soil bulk 

density, infiltration rate, and crop yields as compared to semi-deep and shallow tillage 

systems with increasing ploughing depth. Blaise and Ravindran (2003) reported enhanced 

yields of cotton by ridge tillage (RT) compared with conventional tillage (CT) planting 

system whereas Pringle and Martin (2003) found that under watered conditions in the 

Mississippi Delta deep tillage did not increased cotton yield and was uneconomical. 

Similarly, according to Coates (2000) deep tillage did not increase yield in Arizona for 

furrow-irrigated in a reduced tillage system.  Planting methods are important factor which 

affect crop growth and development and finally the crop yield. Various planting methods 

such as flat sowing, ridge planting and bed planting for cotton crop are being practised in 
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Pakistan. The ridge tillage (RT) planting system gave higher lint yield and more earliness 

than conventional planting system (CT) and  cotton grown on beds produced more seed 

cotton yield as compared to ridge and flat sowing (Ali et al., 2010). The highest seed 

cotton yield was obtained in bed planting method (Anon., 2006). Cotton crop grown using 

bed and furrow planting method with plastic sheet/film mulching technique produced 

sustainable cotton production and better water economy (Iftikhar et al., 2010).  

 Cotton is a crop of warm climate and requires regular supply of water, either 

natural in the form of rainfall or assured through canals from the above surface and/or 

from underground sources. Although cotton is not a water loving plant, it requires a 

regular supply of water for maintaining growth and balance between vegetative and 

reproductive phase. Availability of water is very imperative for successful cotton 

production. Irrigated agriculture is fronting dire need for low cost and high quality water 

and world is searching for water saving agriculture to maximize benefit from accessible 

irrigation facilities (Howell, 2001; Xi-Ping et al., 2004). Water saving agriculture 

proposes to raise water consumption rate and efficiency for obtaining more cost-effective 

yield on irrigated farm with lowest input of water at both public and private levels. Water 

saving is an important exercise using every conceivable actions in farm production, as 

well as full use of natural precipitation in addition to effective management of an 

irrigation system through  appropriate planting methods. With amassed apprehension 

about utilization of limited water resources, there is an improved interest in enhancing the 

water use efficiency in cotton (Tennakoon and Milroy, 2003; Tang et al., 2005). Better 

water use efficiency can be achieved through the adoption of best irrigation management 

practices (Goyne and McIntyre, 2001). According to McAlavy (2004), adoption of 

subsurface irrigation on small acreage can increase cotton yield, water use efficiency and 

net return per unit area. Deep tillage and irrigation have potential to exchange or balance 

each other due to their common function. Suitable crop rotation aids in soil physical 

condition such as more aeration and water infiltration. Irrigation and deep tillage response 

is normally affected by improved soil tilth and reduced compaction. Surrounded by the 

wide range of conventional agriculture practices all over the world, permanent raised bed 

planting is being more important for various row-spaced crops. Benefits associated with 

permanent raised beds include better irrigation management  which would save 25-30 % 

of irrigation water with increased water productivity and improved nutrient availability 

(Sayre and Hobbs, 2004; Hassan et al., 2005). Maximum water saving and highest water 
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use efficiency were recorded in bed and furrow method in cotton (Nasrullah et al., 2011). 

Ali and Ehsanullah (2007) reported that flat planting with alternate row earthing up 

produced maximum water use efficiency and highest seed cotton yield compared with 

ridge and bed planting.  

Keeping in view the above discussion and contradictory scenario regarding the impact of 

tillage, sowing methods and irrigations requirements and their interactive effects of cotton 

it seemed that no systematic study has been conducted under the local conditions. In this 

scenario, to cope the knowledge gap and address the existing issues, this study was 

planned. The objectives of the study were to; 

 Assess most suitable and economical tillage system and planting method for cotton 

crop. 

 Attain efficient irrigation water utilization and saving without affecting crop yield or 

quality. 

 Quantify the amount of irrigation water required for cotton crop sown under different 

planting methods. 

 Estimate the interactive effect of tillage system and irrigation requirements with 

sowing methods. 
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CHAPTER 2                                   

REVIEW OF LITERATURE 

 

 Cotton is an important cash crop in Pakistan. A lot of research work has been done 

worldwide on this crop with respect to its tillage systems, planting methods and irrigation 

scheduling. However limited work has been done regarding effect of tillage operations, 

sowing methods and irrigation levels on cotton crop in Pakistan. Some research work 

already done on the various aspects of the project nationally or internationally is reviewed 

as under: 

2.1 Tillage  

2.1.1 Definition 

 Tillage can be described as the practice of modifying the state of soil in order to 

provide conditions favourable to crop growth (Koller, 2003). Tillage encompasses a 

broad range of techniques of physical manipulation of the soil specifically designed to 

prepare a seedbed that optimizes soil conditions of seed germination, seedling 

establishment and crop growth.  

2.1.2 Types of tillage and implements used 

 There are various types of tillage.  

2.1.2.1 a) Primary tillage  

 Primary tillage refers to loosen the soil and mixes in fertilizer and/or plant 

material, resulting in soil with a rough texture. Primary tillage is done for root bed 

preparation. Different implements used for primary tillage include mould board plough, 

disc plough, chiesel plough, subsoiler and rotavator (Khalil and Jan, 2002). 

 2.1.2.2 b) Secondary tillage  

 Secondary tillage refers to field operations after ploughing (primary tillage) to 

prepare the seed bed for planting. In this tillage soil is not inverted instead stirred and 

conditioned by breaking clods and crusts, uprooting and removing weeds, stubbles and 

root stocks. Secondary tillage may also be required for the preparation of ridges, furrows, 

irrigation and drainage channels in the field. Implements used are disc harrow, cultivator 

and roller or surface backer. (Khalil and Jan, 2002). 
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2.1.2.3 c) Tertiary tillage  

 Tertiary tillage is done for inter culturing, weeding and hoeing. It is done during 

the crop season. Implements used for this tillage are spade, kasola, cultivator, ridger 

(Khalil and Jan, 2002). 

 2.1.3 Objectives of tillage  

 The objectives of tillage depend on the type of soil and its structure, the crop to be 

sown and the prevailing climatic conditions. Tillage operations are performed for 

physical, chemical and biological benefits. Following are the objectives achieved through 

tillage: 

 To prepare a fine and firm seedbed with proper tilth conditions, suitable for crops 

to be grown. 

 To incorporate manures and fertilizers into soil. 

 To root-out weeds and bury the plant residues and farm wastes. 

 To increase water infiltration rates into soil, and conserve water particularly in 

rainfed areas 

 To accelerate the weathering of soil and expel toxic gases. 

 To improve the availability of plant nutrients by enhancing the decomposition of 

organic matter and mineralization. 

 To facilitate movement of irrigation and drainage water. 

 To prevent wind and water erosion. 

 To expedite the reclamation of problem soils (Khalil and Jan, 2002).. 

2.1.4 Demerits of tillage  

Although tillage operations are indispensable for better crop production, but it also has 

certain disadvantages. These are as follows: 

 Extra cost is needed for the purchase of tillage implements and machinery. 

Moreover, extra energy, labor and time are also required for several field 

operations. 

 Biotic activity is affected by breaking the green belt and exposing the soil to 

weather. 

 The surface soil granules are adversely affected by repeated tillage operations 

over a long period of time. 
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 Heavy tillage implements break the stable soil aggregates and form a hard pan 

immediately below the tilled layer. This reduces the infiltration and induces 

runoff, soil erosion and other negative effects. 

 Intertillage after seeding emergence may damage the crop both above and below 

the ground. 

 The oxidization of organic matter from the soil is enhanced causing nutrient losses 

by volatilization. 

 Tillage facilitates burial of weed seeds into soil and thus encourages weed 

infestation. 

 Tillage helps to spread the colonies of different soil borne pests, pathogens and 

parasites. (Khalil and Jan, 2002) 

 2.1.5 Effect of tillage on soil properties 

 Abid and Lal (2008) studied effects of two tillage treatments, tillage (T) with 

chisel plough and no-till (NT), under un-drained and drained soil conditions. They 

investigated soil physical properties such as bulk density (ρb), total porosity (ƒt) and 

organic carbon (OC). Soil samples were taken from three different depths (0–10, 10–20, 

and 20–30 cm) for all treatments. Tillage treatments significantly affected (ρb) and (ft) for 

all soil depths, whereas tillage × drainage interaction was substantial for 10–20 and 20–30 

cm depths. Soil bulk density was negatively correlated (r = −0.47; n = 12) with OC 

concentration. Tillage treatments positively improved (P ≤ 0.05) OC pools at 10–20 cm 

depth; whereas drainage and tillage × drainage significantly (P ≤ 0.05) influenced OC 

pools for 0–10 cm soil layer. The OC pool in 0–10 cm layer was 31.8 Mg ha
−1

 for NT 

compared with 25.9 Mg kg
−1

 for T for un-drained treatment. In comparison, the OC pool 

was 23.1 Mg ha
−1

 for NT compared with 25.2 Mg ha
−1

 for tillage (T) for the drained 

plots.  Balesdent et al. (2000) evaluated effects of tillage on organic matter, the scale, 

extent and mechanisms of physical protection of organic matter in soils. They found that 

the crop residues turnover was increased and organic matter concentration was reduced 

by various tillage practices. Additional nitrogen and irrigation improved various growth 

and yield parameters of wheat such as emergence count, plant height, effective tillers and 

grains/ear as compared to farmers’ practice of residue burning or residue incorporation, 

followed by conventional tillage with recommended nitrogen dose and depth of irrigation. 

In another study growth and yield attributes became higher with the deep incorporation of 
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rice residues through deep tillage which led to higher grain yields over others (Kumar et 

al., 2004).  

 Dam et al. (2005) evaluated the effect of different tillage practices and corn 

residues on soil bulk density, corn emergence rates and crop yields. In this experiment, 

treatments included were no-till, reduced tillage and conventional tillage methods with 

corn residues and without residues. According to their outcomes, bulk density was 10% 

higher in no-till (1.37 Mg m
−3

) than in conventional tillage (1.23 Mg m
−3

), particularly at 

the 0–0.10 m depth. They observed overall slowest emergence in no-till with residue 

(NTR) treatment due to the higher surface residue cover (8.5 Mg ha
−1

) and higher bulk 

density (1.37 Mg m
−3

). They pointed out that long-term mean dry matter corn yields were 

not affected by tillage and residue practices during the course of this study.  

 Leskiw et al. (2012) narrated that subsoil compaction is an extensive problem in 

most reclamation and other industrial operations. They investigated effects of deep sub 

soiling with injection of 20 Mg ha
-1

 organic matter pellets. Experiment comprised of 

following treatments: sub soiling, sub soiling with pellets and a compacted right-of-way 

(control), and was carried out at seven sites on a pipeline right-of-way in central Alberta 

Canada. Treatment effects on soil physical properties and nutrient status were assessed in 

fall 2009 for spring-established sites and on all sites in fall 2010. Plant population and 

height of canola plants were recorded in late summer 2010. As compared to the control, 

sub soiling with pellet treatments had lower bulk density in the 20 to 40 cm depth interval 

(up to 40%) in 2010, particularly in clay-loam soils. Relative to the control, sub soiling 

with pellets had 46% higher number of canola plants in clay loam soils of fall-treated 

sites. They concluded that sub soiling with pellets was the best on heavy-textured, 

compacted soils to alleviate compaction and to increase plant productivity. 

 Murillo et al. (2001) conducted a study to compare the traditional tillage (TT) and 

conservation tillage (CT) under rainfed conditions in south-west Spain. Their results 

showed that CT improved the soil quality by reaching a greater soil resistance ‘SR’ (> 2) 

than that in TT (< 2). This fact could be due to the better water infiltration and storage in 

the soil profile under CT that would facilitate the uptake of water and nutrients by the 

plant in the periods of most droughts. They concluded that tillage practices usually loosen 

the soil, decrease soil bulk density and penetration resistance by increasing soil macro 

porosity. Osunbitan et al. (2005) reported that soil bulk density was found higher in no-

till in the 5 to 10 cm soil depth. Rashidi and Keshavarzpour (2008) stated that the highest 
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soil bulk density of 1.52 g cm
-3

 was found for the no-till treatment and lowest (1.41 g cm
-

3
) for the conventional till treatment. 

2.1.6 Effect of tillage on root development of crops 

 Yield was upgraded with deep tillage by increasing the soil surface area that the 

plant roots could explore more water and nutrients (Zou et al., 2001; Rosolem et al., 

2002). However, maximum root systems responded to loosen hard layers by increasing 

growth, not all responded likewise because of native characteristics for example cultivars 

that have superficial roots or that had differences in their tolerance of compaction 

(Rosolem et al., 2002). Moreover, alterations in rooting patterns for instance deeper 

penetration of roots did not lead to better yields (Hamilton-Manns et al., 2002). 

Infiltration and root growth of crops in soil profile could be increased with suitable tillage 

system from where water was lost by evaporation (Lal et al., 1989; Bordovsky et al., 

1994; Lopez and Arrue, 1997; Lampurlanes et al., 2001). Soils that were predisposed to 

compaction, crusting and natural cracking were formed, had less water infilteration rates, 

subsoiling could increase root depth (Lampurlanes et al., 2001; Rajkannan and Selvi, 

2002), improved infiltration and water storage, and eventually increased crop yield 

(Heatherly and Spurlock, 2001; Sharma et al., 2004). However, deep tillage was not 

essential every year (Lal et al., 1989). Roots of decomposing cover crops create channels 

through compacted soil layers, which enable subsequent crop roots to grow through the 

compacted zone and enhance infiltration (Williams and Weil, 2004). Subsoiling had 

enhanced the production of numerous crops viz: soybean (Barbosa et al., 1989; Wesley et 

al., 2001), cotton (Salih et al., 1998) and sorghum (Rajkannan and Selvi, 2002). Tillage 

was the practical method for increasing water uptake by roots and depth-of-profile-wetted 

in slowly permeable clays (Kirby and Blunden, 1994; Rajkannan and Selvi, 2002). 

Tupper and Pringle (1997) reported that deep tillage of an alluvial silty clay loam soil 

increased non-irrigated cotton lint yield. The subsoiling treatments do not affect the crop 

yield in intensive and fully irrigated field conditions. (Akinci et al., 2004). The removal 

of compacted layers with non-inversion tillage facilitates roots to explore a larger soil 

volume to obtain nutrients and moisture, and cover crop residue remains undisturbed on 

the soil surface (Schwab et al., 2002). 

 Reduced tillage systems proved to be energy saving as compared to traditional 

tillage operations, but soil compaction is a problem in traditional tillage system. The 

integrated influence of four sub-soiling treatments viz. Uprooter, Shredder, Mulcher and 
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reduced tillage system on soil compaction and cotton yields was evaluated. The 

treatments showed little variation regarding soil compaction as indicated by the 

penetration resistance values. However, the differences, which were recorded early in the 

growing season, disappeared after harvest. Coates (2000) narrated that annual application 

of irrigation water of 1.2 m (4 ft) reduced the effects of tillage practices. But irrigation in 

bed and non wheeled furrows faced less penetration resistance as compared to wheeled 

furrows. Tillage practices in ridge sowing showed different responses regarding the yield 

of cotton. In some studies, lower or equivalent cotton yields had produced with ridge 

tillage compared with conventional planting systems (Blaise and Ravindran, 2003).  

High strengths of soils were reduced (Baumhardt and Jones, 2002) and yield was 

enhanced through deep tillage as it had been in other studies on similar soils (Raper et al., 

2000). Although residual effects of deep tillage might be seen for years afterwards 

(Munkholm et al., 2001). As regards yield, conservation tillage practices were better than 

/or equally good to the conventional till  practices in studies on cotton cultivars at Nagpur, 

India (Blaise, 2006). 

2.1.7 Effect of tillage on yield 

 Busscher et al. (2012) revaluated costly deep tillage. Tillage treatments viz. a no-

till control, a straight-legged subsoil shank with bedding, and strip tillage with each of the 

following: a straight-legged subsoil shank, a Paratill, and a Terra-Max, were assessed. 

They described that no-till treatment significantly reduced penetration resistances than 

others while tillage increased yield but differences were significant only in 1
st
 year of 

study and during next year, treatments no-till did not have significantly reduced 

penetration resistance because of a lack of recompaction during a dry first growing 

season. Tilling the second year improved yield marginally. 

 Berhe et al. (2012) narrated that tillage practices and depth of plough play an 

imperative role in changing the porosity and infiltration capacity of soils and hence 

surface runoff and soil water availability. They conducted a study to estimate the effect of 

tillage method and depth on grain yield and irrigation water use efficiency (IWUE) during 

the dry season at Dire Dawa, eastern Ethiopia. Treatments for this study comprised of 

chisel plough at 150 and 250 mm depth (CH150 and CH250), and disk ploughing to 150 

mm and 250 mm depths (DP150 and DP250); mouldboard plough (MB150 and MB250) and 

“Maresha” (local ploughing) (LP). Grain yield was recorded by taking samples from three 
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sections of the central furrow. Grain yields were adjusted to 10% moisture content. It was 

observed that tillage method did not significantly affect the average grain and biomass 

yield and IWUE of grain and biomass. The grain yield for tillage method treatments 

averaged from 5325 kg ha
-1

 for local plough to 5839 kg ha
-1

 for disk plough. The effect of 

depth of plough on grain yield (kg ha
-1

) ranged from 392 to 7108 for MB150 and DP250, 

respectively. The IWUE (grain, kg ha
-1

 cm) for tillage depth treatments averaged from 

16.73 for DP150 to 30.90 for DP250, and their respective IWUE (biomass, kg ha
-1

 cm) 

averaged from 95.4 (MB150) to 124.6 (CH250). 

  Murillo et al. (2004) investigated the comparative performance of the traditional 

tillage, TT (the soil was ploughed by mouldboard, to a 30 cm depth, after burning the 

straw of the preceding crop) and conservation tillage, CT (the residues of the previous 

crop were left on the soil surface, as mulch, and a minimum vertical tillage (chiseling, 25 

cm depth) and disc harrowing (5 cm depth) were carried out. Results revealed that crops 

yield was higher in CT. Cotton produced the smallest yield increase with tillage as 

compared to other crops (wheat and sunflower) tested in experiment. Tillage effects in 

semi-arid zones were closely related to moisture conservation and hence the management 

of crop residues.  

 Sharma et al. (2011) conducted an experiment to study the influence of tillage and 

mulching practices on crop productivity, economics and soil properties of maize-wheat 

system under rainfed situation. They tested four different tillage methods, viz 

conventional, minimum, no tillage and raised bed in the main plots while four different 

mulch materials, viz straw, polyethylene, soil mulch including no mulch were kept in the 

sub plots. The yield of maize and wheat was significantly enhanced due to tillage 

practices. Maize and wheat grown under conventional and minimum tillage system was 

statistically at par and significantly higher than no tillage system in both the years. 

Increased yield was also recorded due to mulching effects. Significantly higher mean 

grain yield of maize (1.91 t ha
-1

) and wheat (0.63 t ha
-1

) was found from polyethylene 

mulch, followed by straw mulch (1.77 t ha
-1

, 0.61 t ha
-1

) respectively. Minimum tillage 

and polyethylene mulch or straw mulch conserve more moisture and infiltration rate than 

other tillage methods and mulch application. The highest mean net return (Rs. 10,078) 

and the benefit cost ratio (1.28) were got with minimum tillage and lowest with 

conventional tillage (Rs. 86310.9). Minimum tillage in conduction with polyethylene 
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mulch or straw mulch was profitable and improves the crop production and soil quality 

for maize wheat sequence in rainfed condition. 

Dangolani and Narob (2013) studied the effect of four types of tillage practices on 

the performance of three varieties of cotton in a split-plot design in randomized complete 

block design in the Cotton Research Institute of Hashemabad Agricultural Station. The 

results revealed that low-till cultivation lead to 695.8, 227.8, and 129.5 kg ha
-1

 increase in 

yield compared to disk, chisel/disk, and mouldboard/disk treatments. Also the number of 

bolls had increased, while increase in boll size was non-significant. Furthermore, 

morphological measurements showed that plant height significantly changed, while the 

number of monopodial and sympodial branches did not change significantly.  

 Blaise (2006) compared reduced tillage (RT) system to the conventional tillage 

(CT) system.  He conducted field experiments in India and described results as seed 

cotton yield significantly increased in the reduced tillage (RT) system compared to the 

conventional tillage (CT) system. Averaged over years, Gossypium Arboreum produced 

8% less seed cotton with treatment RT2 than with conventional tillage. Gossypium 

hirsutum produced 118–134 kg ha
-1

 additional seed cotton on the reduced tillage than 

with conventional tillage. 

 2.2 Planting / sowing method. 

 Planting is the process of propagation whereby seeds, plants or trees are placed 

into the ground at a specific depth and covered with topsoil. Proper planting techniques 

ensure healthy growth. 

 Any technique of placing/burying seeds in the soil to produce crops/plants is 

known as sowing/planting method. For cotton crop in Pakistan various sowing methods 

are practised such as flat sowing, ridge sowing and bed sowing. In flat sowing, the crop is 

sown with the help of drill in lines, also called as line sowing. In ridge sowing ridges are 

made with the help of ridger and seeds are sown on the one side of ridge. And in bed 

sowing, beds are made with the help of bed shaper and seeds are sown on the both sides 

of beds.  

2.2.1 Effect of sowing methods on cotton 

 Flat planting of cotton is practised in most of the cotton growing areas of Pakistan 

which resulted in poor seed germination and patchy stand. Some times after planting and 

before emergence of cotton seedlings, a light shower of rain resulted in crust formation 

which restricted the emergence of seedlings and caused poor plant population. Uniform 
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plant population was the most important factor to harvest more profitable yield of all 

crops. Adequate plant population was obtained by sowing cotton on raised beds or ridges 

due to better seed germination and emergence of seedlings even during unusual rains. 

Khan and Ullah (1991) after studying various planting methods of cotton concluded that 

ridge sowing yielded by producing 2582 kg ha
-1 

seed cotton whereas Bridge et al. (1973) 

found no significant effect of planting methods on seed cotton yield. Cheema et al. (2008) 

found flat sowing by drill and every row earthing up proved to be the best sowing method 

by giving maximum seed cotton yield of 3542 kg ha
-1

 with minimum weed density of 

only 12 plants m
-2

 and biomass of 10 g m
-2

 followed by dibbling on flat and mulching by 

giving 3209 kg ha
-1

 with weed density of 15 plant m
-2

 and biomass of 18 g m
-2

 and flat 

sowing by drill and alternate row earthing up giving the same seed cotton yield with 16 

weed plants m
-2

 and biomass of 20 g m
-2

. The lowest seed cotton yield 2792 kg ha
-1 

was 

recorded in dibbling on both sides of bed at proper moisture regime with weed density of 

55 plant m
-2

 and biomass of 84.7 g m
-2

. Flat planted cotton was lower yielding than cotton 

planted on raised beds (Boquet, 2005). Ali and Ehsanullah (2007) carried out three 

experiments to investigate the comparative yield performance and water use efficiency of 

cotton sown in different planting methods, at three different locations in cotton zone of 

Punjab (Pakistan) province. The planting methods comprised of flat planting and no 

earthing up, flat planting and earthing up after 1
st
  irrigation (35 days after planting), flat 

planting and alternate row earthing up after 1
st
  irrigation, flat planting in 112.5/37.5 cm 

apart paired rows and earthing up after 1
st
 irrigation, ridge planting and bed planting. 

Maximum benefit was obtained by cotton crop from the available water at all three 

locations in flat planting with alternate row earthing up method by producing a highest 

water use efficiency of 5.63 kg ha
-1

 mm
-1

and maximum seed cotton yield of 2991 kg ha
 -1

. 

 Bed sowing method was superior to flat sowing with 35% higher seed cotton yield 

in cotton-wheat rotation (Chauhan, 2007). Ali et al. (2012) evaluated response of seed 

cotton yield to various plant populations and planting methods at Adaptive Research 

Farm, Vehari, Pakistan during 2007 and 2008. They cultivated CIM-496 under three 

populations (88888, 59260 and 44444 plants/ha) maintaining plant spacing of 15, 22.5 

and 30 cm, respectively and three planting methods viz. flat planting, ridge planting and 

bed planting. Average of two years data showed significantly higher seed cotton yield in 

59260 plants per hectare (2474 kg/ha) followed by 44444 (2324 kg/ha) and 88888 plants 



14 

 

(2238 kg/ha). Among planting methods, cotton grown on beds produced significantly 

higher seed cotton yield (2290 kg/ha) than others. 

Tremendous increase in cost of production in combination with reduced market 

crop prices has increased interest in narrow row cotton production and conservation 

tillage systems to enhance productivity and to elevate net returns (Nichols et al., 2003; 

Gwathmey et al., 2008). Narrow row cotton has become synonymous with ultra-narrow 

row (UNR) cotton and was defined as cotton planted into rows that are ≤ 38 cm and 

harvested with a finger-type stripper (Vories et al., 2001; Nichols et al., 2003). 

Conservation tillage systems included some form of non-inversion tillage combined with 

high residue winter cover crops. 

A conservation agriculture practice permanent bed planting (PB) was compared 

with a conventional system in which the ridges are reformed annually (CB). Evaluations 

were made throughout a crop system of cotton (Gossypium hirsutum L)-maize (Zea mays 

L) - cotton in which PB was introduced before the maize cropping. Both maize and cotton 

crops produced higher leaf area index and biomass under PB than CB and Sand 24% 

higher yield respectively while yield benefit for maize was found non- significant. The 

PB system did not improve water-use efficiency but delayed water use until the later 

growth stages. Soil organic matter (SOM) was significantly higher in PB compared to CB 

after one year the introduction of the system, and this difference was due to higher SOM 

in the 0-0.05 m layer, particularly in the furrows. The lack of negative effects of PB on 

yield and the positive effects on SOM, coupled with increased water infiltration and 

reduced erosion shown in previous studies, point to the beneficial adoption of PB in the 

region assuming the patterns are confirmed in the longer term adoption (Boulal et al., 

2012). 

 Gupta et al. (2009) reported that proper placement of fertilizer reduced soil 

salinity by reducing evaporation loss of water and leaching salts from the furrows which 

also prevented water logging with energy and labor savings thus reducing production 

costs. Equivalent or higher yields obtained with deep tillage practices as compared to 

those from conventional tillage practices (Sayre and Hobbs, 2004; Govaerts et al., 2005; 

Hassan et al., 2005). Iftikhar et al. (2010) conducted a study to estimate the water 

requirement in different planting methods including flat sowing, ridges after first 

irrigation; flat sowing then skip irrigation; flat sowing, then alternate skip irrigation; flat 

sowing, then bed and furrow; and bed and furrow at sowing compared with conventional 
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flat sowing. He found water saving in all treatments compared with flat sowing. However, 

maximum saving was recorded in case of bed and furrow sowing at planting followed by 

flat sowing, then bed and furrow sowing. As regards yield, it was significantly higher in 

bed and furrow sowing compared with flat sowing. Anwar et al. (2003) reported that 33% 

higher seed cotton yield was obtained from bed-furrow planting as compared with flat 

planting. Similarly, Hussain et al. (2003) pointed out that ridge sowing produced 

significantly higher seed cotton yield (1729 kg/ha) than flat sowing (1683 kg/ha). 

Similarly furrow-bed seeded cotton increased lint yield by 25 percent compared with flat 

seeded cotton (Dong et al., 2008). Planting on ridges gave the highest seed cotton yields 

than no ridging indicating that sowing on ridges was superior to non-ridges (Ozpinar and 

Isik, 2004). Shinde et al. (2001) stated that the surface method of irrigation required 85.14 

cm of irrigation water as against 49.12 cm in drip irrigation method. Thus, the irrigation 

water saving due to drip was 42.30% over surface method of irrigation in cotton. The 

70% probability value of ET for sugarcane and cotton were 2065.30 and 856.63 mm, 

respectively. The total water requirement deficit was 1633.41 and 503.58 mm for 

sugarcane and cotton (Zade et al., 2003). 

2.3 Water 

 Water is lifeblood of Pakistan agriculture and economy. Its efficient use is a 

necessity and not an option. In view of global climatic changes water availability in 

Pakistan through river system is constantly on decrease. It has decreased from 104 MAF 

(millions acres feet) to 80 MAF in the last five years. The main causes of such decrease 

are beyond the control of humans. Therefore, water research is required to study such 

variables to ensure its efficiency in-terms of productivity per drop of water for sustained 

food security. 

2.3.1 Irrigation 

 Irrigation is the artificial application of water to the land or soil. It is used to assist 

in the growing of agricultural crops, maintenance of landscapes, and revegetation of 

disturbed soils in dry areas and during periods of inadequate rainfall. 

Irrigation refers to the application of water to soil/plants for successful crop production. 

In Pakistan, rain water alone is not sufficient to fulfill the water requirement of many 

crops. This justifies our wide spread canal network and irrigation system. Presently our 

irrigation system consists of total water in Indus 144 MAF, water diverted for irrigation 

104 MAF, three storage reservoirs (at Tarbela, Mangla and Chashma), 19 barrages, 12 
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inter-link canals, two syphons and 43 main canals. Such an extensive irrigation system 

has played vital role in increasing the agriculture production in Pakistan. This high-lights 

the importance of irrigation in agricultural economy of the country (Khalil and Jan, 

2002). 

2.3.2 Effect of irrigation on cotton 

 Water saving in agriculture aims to increase the water consumption rates and 

water use efficiency resulting in higher profitable yield on irrigated farm land with a 

minimum input of water. Shortage of water deficit distresses plant growth significantly if 

the quantity or quality of water supplied is less than basic needs of plants (Seki et al., 

2002).  

Crop productivity under irrigated agriculture is usually higher than rainfed dry 

farming. Like most major field crops, cotton production is adversely affected by water 

stress (Dağdelen et al., 2006; Basal et al., 2009). Over irrigation of cotton produced 

undesired excessive vegetative growth, which may reduce cotton yields (Wanjura et al., 

2002). Saving of one or two irrigation through better management practices may provide 

dire relief to the farmers not only in terms of lowering the cost of production but also long 

term conservation of sub-soil water (Gill, 2000). The proper application of deficit 

irrigation practices can generate significant savings in irrigation water allocation and 

crops like cotton is well suited for deficit irrigation applied either throughout the growing 

season or at pre-determined growth stages (Kirda et al., 2002). Cotton (Gossypium 

hirsutum L.) is one of the most important fibre producing plants of Pakistan and fibre 

quality might be affected due to shortage of water at critical stages of crop. With 

increasing concern about exploitation of limited water resources, there is a renewed 

interest in increasing the WUE in cotton (Tennakoon and Milroy, 2003; Tang et al., 

2005). Results indicated that drip irrigation method significantly amplified seed cotton 

yield and yield components over furrow irrigation. Furthermore, narrow plant to plant 

spacing increased seed cotton yield than broad plant spacing. Similarly, maximum water 

use efficiency (7.9 kg ha
-1

mm
-1

) and water saving of 53.3% was recorded by drip 

irrigation system as compared to furrow irrigation system (Muhammad et al., 2012).  It is 

broad exercise using every drop of water for lint yield comprising the usage of natural 

precipitation alongwith effective management of irrigation system through a proper 

irrigation method. Furrow diking increased seed cotton yield upto 171 kg ha
-1

 and it was 

concluded that furrow diking has the capability to reduce irrigation requirements and the 
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costs associated with irrigation when rainfall is periodic and drought is not severe (Nuti et 

al., 2009). Furrow diking limited runoff to 17% of the total water applied compared to 

land without furrow dikes (Truman and Nuti, 2009). 

Low irrigation water amount caused water stress and significant yield reduction in 

cotton. Ertek and Kanber (2003) reported that cotton yield, boll number and shedding 

percentage increased linearly with increasing irrigation water amount. Dumka et al. 

(2004) reported increase in lint yield by more than 350 kg ha
-1

 in Georgia with proper 

irrigation management.  Pettigrew (2004) showed that the lint yield of dry land cotton 

plants was reduced by 25% due to 19% reduction in number of bolls. However, Karam et 

al. (2006) showed that cotton lint yield was inversely related to irrigation amount. Mert 

(2005) reported that non-irrigation condition water stress reduced some cotton yield 

components. Parallel findings were reported by Pettigrew (2004), Aujla et al. (2005) and 

Jalota et al. (2006). Better water use efficiency could be accomplished through the 

adoption of best irrigation management practices (Goyne and McIntyre, 2001). According 

to McAlavy (2004), cotton yield could be increased by subsurface irrigation on small 

acreage, water use efficiency and return per acre. Implementation of correct planting 

method and water management for successful crop production were the most acute 

problems specially in cotton growing areas of Pakistan. Underground water was almost 

brackish and source of irrigation was only the canal water which is being scarce day by 

day and it is a dire need to utilize every inch of available water in an efficient way. In 

Louisiana, on an alluvial sandy loam soil, furrow irrigation increased lint yields 

(Millhollon et al., 2000). Soomro et al. (2012) studied the effect of two irrigation levels 

i.e., control (seven irrigations) and stress (two irrigations) on crop growth, yield and some 

physiological parameters of 31 cotton genotypes. He found that significant differences 

exist among genotypes for all parameters under control and stress conditions. 

 However, CRIS-9, MARVI, CRIS-134, CRIS-126, CRIS-337, CRIS-355 and 

CRIS-377 showed good performance under drought conditions. Higher seed cotton yield 

was noticed under drip irrigation (17.4 q/ha) as compared to surface irrigation (15 q/ha) 

(Manjunatha et al., 2002). Lisong et al. (2005) narrated that seed cotton yields of alternate 

furrow irrigation and fixed furrow irrigation (FFT) were 92 and 84% higher as compared 

to conventional furrow irrigation (CFI) and described that alternate furrow irrigation 

(AFI) is an effective water saving irrigation method and seed cotton yield can be 

sustained with less water. 
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2.3.3 Effect of water stress on plant growth 

 The most observable contrary effect of soil moisture deficit response was 

observed on stature of cotton plants. Due to water stress shorter plants were produced, 

because the plants under normal irrigation produced more main-stem nodes resulting in 

taller plants. The shorter plants under water stress conditions also produced less leaf area 

index (LAI), consequently, over all vegetative growth was reduced under water deficit 

condition. The short stature and reduced leaf area index under water stress resulted in less 

solar radiation interception than canopies of taller plants under normal water supply 

(Pettigrew, 2004). Flowering stage in cotton is more crucial to moisture stress than 

vegetative and ripening stages (Kar et al., 2005). Moisture stress constantly disturbs 

reproductive growth in cotton. The studies revealed that plants under water stress had 

higher blooming rates, early in the growing season, than plants in the irrigated condition. 

Early flowering had been recorded under water shortage conditions. Irrigated plants 

sustain their vegetative growth more after the initiation of reproductive growth than the 

plants under water deficit conditions (Pettigrew, 2004). 

 Seed cotton yield reduced by moisture stress was primarily due to decrease in the 

number of bolls. More bolls per m
2
 were produced in irrigated conditions. Extra bolls 

produced under irrigated conditions were mostly located at higher plant nodes and more 

distal position on sympodial branches. The impact that these fruiting sites contributed to 

the higher yield indicated that they were the key to high yield stability. The response to 

irrigation on fiber quality was uneven. Fiber length was generally shortened in response 

to soil moisture deficits. Cotton grown under well irrigated conditions produced more 

monopodial branches than plants under water stress. The distribution of bolls on plants 

were consistently and significantly affected by irrigation (Pettigrew, 2004 a). Ennahli and 

Earl (2005) found that water shortage reduced leaf net photosynthetic carbon assimilation 

(AN) through both stomatal effects, which reduced the leaf internal CO2 concentration 

(Ci), and non stomatal effects, which resulted in reduced AN at a given level of Ci. 

 Chun-Yan et al. (2007) observed that transpiration ability decreased while the leaf 

temperature increased under water stress condition. The studies further revealed that 

relative leaf water content decreases with increase in water stress, but cotton has the 

ability in maintaining water in leaves. The stomatal density increases with an increase in 

water stress. 
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Bajwa and Vories (2006) conducted field experiments with three different irrigation 

levels to study cotton response to water stress. Results showed that canopy temperature 

was a good indicator of water stress, but it was directly related to vapor pressure deficits 

and both canopy and leaf temperature showed great potential to point out water stress. 

2.3.4 Water use efficiency 

 Water-use efficiency refers to efficient use of water in plant metabolism. It may 

also be defined as crop yield produced per unit of water used. (Khalil and Jan, 2002) 

It is calculated by this formula: 

WUE = Economic yield/Water used to produce the yield 

2.3.5 Water use efficiency and yield of crops 

 Enhancing the water use efficiency by crops was the main concern because of 

increasing demand for water use. Although we can manage water use in several 

components of the soil–plant system yet the effects on water use efficiency are often not 

attained as needed and results are not consistent among locations or experiments (Hatfield 

et al., 2001). Cotton (Gossypium spp.) is a crop of warm climate and requires regular 

supply of water, either natural in the form of rainfall or assured through canals from the 

above surface and/or from underground sources. Although cotton is not a water loving 

plant, it requires a regular supply of water for maintaining growth and balance between 

vegetative and reproductive phase. Availability of water is very imperative for successful 

cotton production. With increasing concern about exploitation of limited water resources, 

there is an immense interest in increasing the WUE in cotton (Tennakoon and Milroy, 

2003; Tang et al., 2005). 

 Sampathkumar et al. (2012) evaluated the water use efficiency and crop 

performance of cotton-maize cropping sequence under deficit irrigation. Maize was sown 

after hybrid cotton, under no-till conditions, without disturbing the raised bed and drip 

layout. Among deficit irrigation practices, mild deficit (ADI at 100% ETc once in three 

days) registered higher values for seed cotton yield (3670-3760 kg ha
-1

), grain yield of 

maize (7420-7590 kg ha
-1

) and water use efficiency (9.0 and 18.0-20.4 kg ha
-1

 mm
-1

 for 

cotton and maize, respectively. In another study Sampathkumar et al. (2012a) studied the 

effect of deficit irrigation practices through drip irrigation system on soil moisture 

distribution and root growth in cotton-maize cropping sequence and concluded that 

alternate watering imposed through ADI at 100% ETc produced longer lateral roots with 
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higher values for root dry mass. Alternate deficit irrigation (ADI) resulted uneven 

distribution of soil moisture content. 

Nazar et al. (2012) studied  four varieties of cotton (CIM-501, CIM-496, CIM-

499, and NIAB-111) under different types of irrigation water (canal water and tube well 

water) and different water stress levels (75, 100 and 125ET) and reported that  effect of 

different cotton varieties, water types and water stress levels on fibre and yarn quality was 

highly significant. 

 Ghaderi-Far et al. (2012) stated that water resources are limiting factors for 

irrigation applications throughout the world. The effects of irrigation regimes (amount) on 

cotton lint yield are known, but little information was available about effect of irrigation 

regimes on seed quality of cotton. In this study, the effects of deficit irrigation after the 

onset of flowering on lint yield and seed quality of cotton (Gossypium hirsutum L.) with a 

drip irrigation system were evaluated during 2006 and 2007 in the northern Iran. After the 

onset of flowering, four irrigation regimes (0, 40, 70 and 100% of Class A pan 

evaporation (% PE)) were applied when the cumulative evaporation amount from class A 

pan reached approximately 40-50 mm. Lint yield showed a quadratic response to% PE 

and maximum lint yields were achieved with 82 and 91% PE irrigation regimes in 2006 

and 2007, respectively and seed quality (based on standard germination and seed vigor 

tests) increased with a decrease in deficit irrigation. Thus when the amount of applied 

water was reduced by 30 (70% PE) and 60% (40% PE), decrease in lint yield was about 4 

and 14%, respectively. The results of this study showed that irrigation treatments of 40-

70% PE would be optimum for lint yield and seed quality production under drip 

irrigation. Subramani and Martin (2012) reported that an average of 30.5 cm of water can 

be saved by the implementation of an alternate furrow irrigation scheme without 

significantly reducing lint yield. 

 DeLaune et al. (2012) studied five irrigation levels (0, 33, 66, 100, and 133% 

evapotranspiration [ET] replacement) and four tillage systems (conventional till, reduced 

till, no-till, and no-till with a terminated cover crop). They achieved highest lint yields 

and net returns at 100% ET replacement. Fitted models indicated that optimum lint yields 

and net returns were achieved at 104.5% ET and 102% ET, respectively. Irrigation at 

83% ET was within the 95% confidence interval for lint yield. Net returns were 

significantly higher for no-till systems compared with conventional tillage systems. 

Buttar et al. (2007) investigated a study to determine the optimum timing for the first and 
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last irrigation of cotton on the basis of meteorological approach for scheduling irrigations. 

The experiment was conducted in a split plot design with three timings of first irrigation 

as main-plots and three timing of last irrigation as sub-plots. Delay of first irrigation from 

28 days after sowing (DAS) to 42 DAS, irrespective of last irrigation, resulted in an 

increase of 8, 14 and 17% in seed cotton yield during first, second and third year, 

respectively. The corresponding increases due to delay in the last irrigation from 130 to 

170 DAS were 14, 32 and 8%, respectively. On the basis of 3 years average, application 

of first and last irrigation at optimum time (after 42 and 170 days after sowing) resulted in 

an increase of 36% in seed cotton yield without involving any additional cost. Water 

expense efficiency (WEE) increased by 54%. 

 Zaxos et al. (2012) invetigated the effect of row spacing and irrigation levels on 

the earliness of seed production of cotton under the Mediterranean environment of central 

Greece. Two varieties of cotton, Celia and Hersi, were planted in two row spacings (93 

and 75 cm) and two irrigation levels (normal and low levels 6160 and 3080 mm ha
-1

). 

Both varieties as well as row spacing produced non-significant difference in the yield. 

The low irrigation levels had significantly negative effects on the number of squares, 

bolls, total dry weight and seed cotton production when compared with normal irrigation 

level. However, the low irrigation level resulted in earlier harvest by ten days, which 

contributed to avoiding autumn rainfall. Better quality seed (measured by germination 

and Warm-Cold vigour index test) was produced from the low irrigation level than in 

those from the normal irrigation level. However, yield of both varieties was more under 

normal irrigation level. The results of this study showed that low irrigation level offers 

substantial benefits for early harvesting and production of high seed quality. 

  A field experiment was conducted for 2 consecutive years to evaluate the 

response of cotton crop to deficit irrigation under drip irrigation conditions. Water use 

efficiency (WUE), seed cotton yield, and fibre quality parameters were assessed at 

various irrigation levels. The experiment was set up to apply water at 4 different 

application rates: 50%, 65%, 80%, and 100% of the soil water depletion. Treatments were 

designated as full irrigation (FI, which received 100% of the soil water depletion) and 

those that received 80%, 65%, and 50% of the amount received in the FI treatment on the 

same day (abbreviated as DI80, DI65, and DI50, respectively). The total amounts of 

irrigation water applied were 408 and 773 mm and the average seed cotton yields were 

2909 and 5090 kg ha
–1

 for the DI50 and FI treatments, respectively. The highest seed 
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cotton yield was obtained with full irrigation treatment in both years. Values of WUE 

were 0.65 and 0.70 kg m
–3

 for FI and DI80 treatments, respectively, in 2007 season. In 

2008, WUE values were 0.65 and 0.72 kg m
–3

 for the FI and DI80 treatments, 

respectively. The highest values of WUE and irrigation water use efficiency (IWUE) 

were observed in DI80 (0.71 and 0.75 kg m
–3

, respectively), and the lowest IWUE in both 

years was seen with FI treatment (0.66 kg m
–3

). The DI80 treatment showed significant 

benefits in terms of irrigation water savings and better WUE, indicating an attainable 

advantage of deficit irrigation employment under water shortage conditions (Hussein et 

al., 2008). 

2.4 Review summary  

 Keeping in view the above discussion, it is summarized here that tillage loosened 

the soil, affected the soil physical properties and altered the soil bulk density, penetration 

resistance water movement in the soil and other parameters of soil compactness 

(Balesdent et al., 2000; Kumar et al., 2004; Leskiw et al., 2012). Tillage has inconsistent 

effects on yields of crops; however, so many researchers suggested that seed cotton yield 

was increased with tillage practices compared with no tillage systems (Nyakatawa et al., 

2001; Blaise, 2006; Sharma et al., 2011; Dangolani and Narob, 2013). Rooting pattern 

and root growth and development was affected by different tillage systems and 

compactness of the soils and change in the rooting behaviour altered the yield of crops 

(Zou et al., 2001; Hamilton-Manns et al., 2002; Blaise and Ravindran, 2003; Blaise, 

2006). Planting methods were important agronomic factor which distress the proper stand 

establishment, optimum plant population, water saving percentages and seed cotton yield 

(Nichols et al., 2003; Iftikhar et al., 2010; Ali et al., 2012). Irrigation at proper time in 

proper amount greatly affected the crop yields and growth and development of crops. 

Water productivity was achieved at different irrigation regimes. Crop productivity was 

higher under irrigated agriculture as compared to dry farming. Seed cotton yield was 

higher in irrigated agriculture as compared to stress levels (Karam et al., 2006; Buttar et 

al., 2007; DeLaune et al., 2012).  

In future, there will be a great risk for cotton production and high yield which will not 

possible without addressing the deficiencies in our current production system. Lack of 

knowledge about tillage systems and sowing methods and their economic assessment for 

cotton cultivation will be a major threat.  Similarly, water is becoming problem in future 

so it needs for comprehensive studies for consumptive use of water.  
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CHAPTER 3                                  

MATERIAL AND METHODS 

3.1 Experimental Site 

The study was conducted at the Agronomic Research Area, University of Agriculture, 

Faisalabad, Pakistan in 2010 and 2011. Geographical location of the site was Latitude 31.25
o
 

N and Longitude 73.09
o
 E. The soil type was sandy loam. 

3.2 Soil analysis 

Composite soil samples were randomly collected from 0 to 20 cm depth before and at the end 

of the experiment. Soil samples were air-dried at room temperature (~25 
0
C) for 14 days and 

passed through a 2 mm sieve. Soil chemical properties were determined; such as pH by the 

glass electrode method, electrical conductivity of the saturation paste by the electrical 

conductivity method, total N by the micro Kjeldhal method, 0.5 M NaHCO3 extracted P by 

the method of Olsen and Sommers (1982), exchangeable K by flame photometric method and 

soil organic matter contents by the method described by Ryan and Estefan (2001). The data 

of soil analysis are given in Table 3.1. The soil analysis suggested that the soil was 

productive without any major problem for crop husbandry. It was medium in K2O and 

deficient in N, P2O5 and organic matter. Soil samples were randomly collected from 0-15 cm 

and 15-30 cm depth before sowing of the experiment during both the year of study for soil 

physical properties. Soil physical properties were determined; such as bulk density by using 

core method (Blake and Hartge, 1986) and soil texture by Bollyoveos (1962) method. The 

initial soil bulk density of the experimental site is given in Table 3.2 and 3.3. 
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Table 3.1 Soil analysis of the experimental site.

Soil analysis  Value 

Mechanical analysis 

Sand (%) 52 

Silt (%) 22 

Clay (%) 27 

Textural class Sandy loam 

Chemical analysis 

Soil pH 8.5 

EC (dS m
-1

) 2.32 

Organic matter (%) 0.78 

Available K (mg kg
-1

 soil) 162 
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Table 3.2: Experiment I: Soil bulk density before sowing   

Year 

Soil depth 

(cm) 

Bulk density 

(Mg m
-3

) 

2010 

0-15 1.28 

15-30 1.34 

2011 

0-15 1.30 

15-30 1.35 

 

 

Table 3.3: Experiment II: Soil bulk density before sowing   

Year 

Soil depth 

(cm) 

Bulk density 

(Mg m
-3

) 

2010 

0-15 1.30 

15-30 1.34 

2011 

0-15 1.33 

15-30 1.37 
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3.3 Meteorological data 

Meteorological data such as daily maximum and minimum air temperature (
o
C), rainfall 

(mm) and humidity were collected from the nearby observatory of the Department of Crop 

Physiology, University of Agriculture, Faisalabad, Pakistan and presented in Fig. 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1 Summary of climatic data during 2010 and 2011 

2010 

2011 
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3.4 Experimental details 

3.4.1 Experiment I 

3.4.1.1 Impact of different tillage systems and sowing methods on the yield of cotton 

A: Tillage systems (main plots) 

1. Conventional tillage (one time disc harrow + two cultivations + planking) 

2. Deep tillage (chiseling twice + one cultivation + planking) 

B: Sowing methods (sub plots) 

  1. Flat sowing 

  2. Ridge sowing 

  3. Bed sowing 

3.4.2 Experiment II. 

3.4.2.1 Effect of irrigation regimes and sowing methods on the yield of cotton 

A: Irrigation (main plots) 

1. 50 % Field capacity 

2. 75 % Field capacity  

B:  Sowing Methods (sub plots) 

1. Flat sowing 

2. Ridge sowing 

3. Bed sowing 
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3.5 Layout 

Randomized Complete Block Design with split-plot arrangement having three replications 

was used by maintaining net plot size of 9.0 m x 6.0 m in both experiments. In experiment I, 

the tillage operations were randomized in main plots and sowing methods in sub plots, while 

in experiment II, the irrigation levels were randomized in main plots and sowing methods in 

sub plots (Fig. 3.2 and Fig. 3.3). Tensiometers (Detail given on pages 38-40) were used for 

measuring 50% and 75% field capacities.  

3.6 Crop husbandry 

Soil was prepared using one time disc harrow along with two cultivations followed by 

planking in conventional tillage, while in deep tillage (Fig 3.4) soil was prepared with two 

time chiseling and one time cultivation followed by planking. Flat sowing (Fig 3.5) was done 

with the help of Kharif drill. Ridges (Fig 3.6) were made using ridger and beds (Fig 3.7) with 

bed- shaper.  Bt. cotton variety AA-703 was sown using seed rate of 20 kg ha
-1

.  Sowing was 

done on 28
th

 May, 2010 and 26
th

 May, 2011. In both experiments, fertilizer was applied at the 

rate of 150-120-120 NPK kg ha
-1

 .sources of fertilizer was urea, DAP and potassium 

sulphate, respectively. Half of N and full amount of P and K was applied at the time of 

sowing. Remaining half of nitrogen was applied with first irrigation. Plant protection 

measures were adopted to keep crop free of insects and diseases.Four sprays was done to 

control pest thoroughout the season. Spray details were as under: 1
st
 spray (Pyriproxifen 

400ml / acre for white fly eggs and nymph control), 2
nd

 Spray (Chlorfinapyr 150ml / acre for 

thrips control, 3
rd

 spray (Leufenuron 250ml / acre for army worm), 4
th

 Spray (Buprofezin 600 

gm / acre + Nitrenpyrim 250ml / acre for white fly and jassid). Picking was carried-out on 

50% boll opening. The last picking was done on 17
th

 of November during 2010 while on 20
th

 

November during 2011.  
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Fig. 3.2 Layout of Experiment I 

Note: T1: Conventional tillage, T2: Deep Tillage, S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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Fig. 3.3 Layout of Experiment II 

Note: I1: 50% Field Capacity, I2: 75% Field Capacity, S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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(A) 

 

(B) 

  

Fig 3.4. Deep Tillage (A and B) by chisel plough at the time of seed bed preparation
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Fig 3.5. Field showing flat sowing of cotton crop 

  

Fig. 3.6. Field showing ridge sowing of cotton crop 
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Fig. 3.7. Field showing bed sowing of cotton crop 

 

Fig. 3.8. Bed Sown crop after germination 
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3.7 Measurements 

Data on the following observations were measured using standard procedures (explained in 

section 3.8). 

3.7.1 Agronomic characteristics: 

• Plant height at harvest (cm) 

• Monopodial branches plant
-1

  

• Sympodial branches plant
-1

  

• Number of opened bolls plant
-1

 

• Number of unopened bolls plant
-1

 

• Boll weight (g) 

• Seed index 

• Seed cotton yield (kg ha
-1

) 

• Ginning out turn (percentage)  

3.7.2 Physiological characteristics: 

• Leaf area plant
-1

 

• Leaf area index 

LAI = Leaf area / Land area (Watson, 1952) 

• Leaf area duration (LAD) 

LAD = (LAI1+LAI2) x (T2 – T1)/2 

• Crop growth rate (CGR) 

CGR = (W2-W1) / (T2- T1) 
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• Net assimilation rate (NAR) 

NAR = TDM / LAD (Hunt, 1978) 

3.7.3 Root parameter 

 Root length (cm) 

3.7.4 Soil physical parameter 

 Soil bulk density ρb (g cm
-3

) 

      ρb (g cm
-3

) = ms / Vt 

ms = mass of oven-dried soil 

Vt = bulk volume of the soil 

3.7.5 Economic analysis 

 Net return 

  Benefit cost ratio 

3.7.6 Water Data 

 Total water applied 

 Water use Efficiency 

 Water productivity 

3.8 Procedures and formulae for recording observations  

3.8.1 Agronomic characteristics: 

• Plant height at harvest 

Five plants were selected randomly from each plot. Height of each plant was 

measured from soil surface to top of plant with the help of measuring tape. Then 

average plant height was calculated. 
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• Monopodial branches plant
-1

  

Five plants were selected randomly from each plot. Number of monopodial branches 

(indirectly fruit bearing branch / vegetative branches having no fruit) was counted on 

each plant and their average was calculated. 

• Sympodial branches plant
-1

  

Five plants were randomly selected from each plot. Number of sympodial branches 

(directly fruit bearing branches) was counted on each plant and their average was 

calculated. 

• Number of opened bolls plant
-1

 

Number of opened bolls was counted from randomly selected five plants separately 

from each plot. Average number of opened bolls per plant was calculated. 

• Number of unopened bolls plant
-1

 

Five plants were selected randomly from each plot. Number of unopened bolls was 

counted on each plant. Average number of unopened bolls per plant was calculated. 

• Boll weight 

Seed cotton from 20 bolls from each plot was picked, sun dried and weighed and then 

computed on per boll basis. 

• Seed index 

• After ginning two samples of 100 cotton seeds were weighed from each plot on an 

electronic balance and the average was calculated. 

• Seed cotton yield 

After complete picking, seed cotton from each plot was weighed and then yield was 

calculated on hectare basis. 
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• Ginning out turn (GOT) 

After ginning, cotton lint and cotton seed were weighed separately and ginning out 

turn was calculated by using the following formula.  

GOT (%) = Weight of cotton lint / Weight of seed cotton x100 

3.8.2 Physiological characteristics: 

• Leaf area plant
-1

 

Leaf area was measured periodically with the help of leaf area meter. Five plants 

were taken from each plot. Their leaves were removed and weighed.  Leaf area of 5 

gram leaves was measured with the help of leaf area meter and leaf area of all leaves 

was calculated accordingly. 

• Leaf area index 

Leaf area index (LAI) was calculated by using the following formula: 

 LAI = Leaf area / Land area (Watson, 1952) 

• Leaf area duration (LAD) 

LAD (days) = (LAI1+LAI2) x (T2 – T1)/2 

Where LAI1 and LAI2 are the leaf area indices at times T1 and T2 , respectively. 

• Crop growth rate (CGR) 

Sub samples of 20, 40, 50 g of green leaves, stalks and bolls, respectively were taken 

from each plot sample at different intervals and oven dried at 80
o
C to a constant 

weight to record dry weight. Then the mean crop growth rate was calculated by the 

formula described by Hunt (1978). 

       CGR (g m
-2 

day
-1

) = (W2-W1) / (T2- T1) 

Where W1 and W2 are the total dry weights harvested at times T1 and T2, respectively. 
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• Net assimilation rate (NAR) 

It was estimated by using the formula proposed by Hunt (1978). 

NAR (g m
-2 

day
-1

) = TDM / LAD  

Where TDM and LAD are the total dry matter and leaf area duration. 

3.8.3 Water data 

3.8.3.1 Method of water application at two levels using tensiometers 

The author installed Tensiometers (Fig.3.9) in the soil at 40 cm depth. It was 

calibrated according to the soil. And two readings on the gauge were set, i.e. 30 centibars 

indicating 75% field capacity (means 25%  moisture was depleted and 75% was remaining) 

while at 50 centibars showing 50% field capacity level ( means 50% moisture is depleted and 

50% is remaining) when the tensiometers gauges showed the described readings, the field 

was irrigated. Interval of irrigations was adjusted keeping in view the gauge reading of 

tensiometers. Total amount of water was expressed in terms of number of irrigations.  

3.8.3.2 What is a tensiometer? 

Tensiometer is a device for measuring soil water tension or suction.   It consists of a 

cylindrical tube about one inch in diameter with a porous ceramic cup attached to lower end 

and vacuum gauge attached to the upper side. Tensiometer can measure the reference soil 

suction in the field, which makes it very simple for irrigation scheduling over other methods 

(Hoppula and Salo, 2006). However, it is mostly suitable where relatively a higher level of 

moisture is available in the soil and suction is 100 kPa. Tensiometer has been conveniently 

used for irrigation scheduling of potted plants (Bacci et al., 2007).  
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Fig. 3.9. Tensiometer installed in field condition 

3.8.3.3 What do the readings mean?  

In an unsaturated soil, soil water tension—frequently called the “suction” — falls below 

atmospheric pressure.   As wet soil dries, the soil-water suction increases, causing water to 

flow out of the tensiometer through the porous cup.   The small pores of the saturated cup 

prevent air from entering the tensiometer.   This outflow of water creates a vacuum inside the 

tensiometer and increases the reading on the vacuum gauge.   If the soil is re-wetted by 

irrigation, water will be drawn back into the tensiometer, reducing the vacuum inside and the 

reading on the tensiometer gauge will decrease.   The vacuum gauge measures the suction in 

centibars (100 centibars = 1 Bar = 100 kPa), with a range of 0 to 100. A reading of zero 
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indicates a saturated soil in which plant roots will probably suffer from poor aeration. A 

reading of 10 to 25 centibars reflects a soil at field capacity.  

The lower reading is for sandy soils at field capacity, and the higher reading is for fine-

textured soils.   Readings of 70 to 80 indicate a dry soil.   Tensiometers will not work above 

85 centibars or -85 kPa water potential of soil.  

Tensiometers also do not provide information on the amount of water depleted from the soil 

unless they have been calibrated for the particular soil type.   They therefore indicate when to 

irrigate, but not how much to irrigate.  

3.8.3.4 Installation 

To measure soil water tension, the end of the tensiometer having the porous cup is  

inserted at the depth desired through a pilot hole, made with a soil auger, in the soil.   The  

porous cup should be soaked in water for several hours before installation.    After  

installation, the tensiometer is filled with deaerated water and allowed to equilibrate with the soil  

water for about twenty-four hours. A tensiometer should be installed in the zone of  

greatest root density, at about one-quarter to one-third of the maximum root depth. A  

tensiometer at this depth can be used to schedule irrigations at soil water potential more than      

- 85 kPa.   

3.8.3.5 Measurement of total water 

The amount of water applied was measured using cut throat flume with the following 

formula: 

Qt = AD 

where 

Q = Water discharge rate (m
3
 s

-1
) 

t = Water application time 

A = Irrigated area (m
2
) 

D = Irrigation water depth (m) 
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3.8.4 Water use efficiency (kg ha
-1

mm
-1

) 

 Water use efficiency (WUE) was calculated by using the following formula described by 

Viets (1962). 

 WUE = Crop yield (Economic yield) /Water (I+R) used to produce the yield 

Where I= Irrigation and R= Rainfall  

3.8.5 Water productivity (kg m
-3

) 

Water productivity was calculated using the formula: 

Water productivity= Yield / Total water applied 

3.8.6 Economic analysis 

3.8.6.1  Net return 

Net return was determined by subtracting the total cost of production from the gross income 

of each treatment (CIMMYT, 1988). 

Net income = Gross income – Cost of production 

3.8.6.2  Benefit-cost ratio 

Benefit-cost ratio (BCR) was calculated by dividing gross income by the total cost of 

production. 

BCR = Gross income / Total cost 

3.8.7 Soil parameters 

3.8.7.1  Bulk density 

Soil core samples were taken before and after the experiment and bulk densities were 

determined by the following formula (Blake and Hartage, 1986): 

Soil bulk density = oven dry mass of soil / Total volume of soil including pore spaces 
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3.8.7.2 Soil analysis 

Soil samples were taken before and after the experiment. Soil was analyzed for N, P 

and K contents by following the standard procedures (described on page 23). 

3.9 Statistical analysis 

The data collected were analyzed by using the Fisher’s analysis of variance technique 

and LSD at 5% probability was used to compare the treatments’ means (Steel et al., 

1997). 
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CHAPTER 4     

RESULTS AND DISCUSSION 

 The present study was conducted to investigate the response of cotton to tillage, 

irrigation and sowing methods. The experimental results revealed profound effect on the 

growth, yield and yield attributes and soil properties. The experiment was conducted at 

Agronomic Research Area, University of Agriculture, Faisalabad during the growing 

season 2010 and 2011. The data obtained were analysed and presented below with 

appropriate discussion. 

Experiment I 

4.1. Impact of different tillage systems and sowing methods on the yield of cotton 

4.1.1. Number of plants per unit area 

 Plant population contributes integral share in the success or failure of the crop. 

Number of plants has crucial importance for yield. Proper emergence and optimum stand 

establishment is very critical for obtaining high seed cotton yield. Plant population 

depends upon the seed quality, seed vigour, sowing depth, seedbed preparation, planting 

method, moisture contents in soil and aeration. Data regarding the number of plants m
-

2
for both growing seasons as affected by tillage systems and sowing methods are 

presented in Table 4.1. A perusal of the table depicted that different tillage systems had 

significant effect on the number of plants m
-2

 of cotton. Sowing methods also influenced 

the number of plants significantly, whereas, the interaction between the tillage systems 

and sowing methods showed non-significant effect on plant population. 

 Higher number of plants m
-2

 (5.39) was recorded by deep tillage as compared to 

conventional tillage (5.28 plants m
-2

) in 2010 (Table 4.1 a). Similar trend was found in 

2011 (Table 4.1 b) where deep tillage produced 5.62 plants m
-2

 while conventional tillage 

gave 5.42 number of plants m
-2

. The more number of plants in deep tillage was due to 

better soil tilth, improved seedbed preparation facilitating more moisture availability 

which resulted in better germination. These results are supported by the findings of 

Ozpinar and Cay (2006) who reported that high seed zone moisture enhanced the seedling 

emergence by decreasing the mean weight diameter by ploughing and discking. They  
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Table 4.1 Effect of tillage systems and sowing methods on number of plants per unit 

area 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 5.22 5.29 5.26 C 

Ridge Sowing 5.29 5.38 5.33 B 

Bed Sowing 5.33 5.49 5.41 A 

Mean 5.28 B 5.39 A  

 

LSD for tillage systems: 0.01   LSD for sowing methods:  0.02   

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 5.36 5.53 5.44 B 

Ridge Sowing 5.4 5.63 5.51 B 

Bed Sowing 5.51 5.7 5.60 A 

Mean 5.42 B 5.62 A  

 

LSD for tillage systems:0.03    LSD for sowing methods:  0.03  

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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found 3% more plants in deep ploughing as compared to conventional tillage. Su-Juan et 

al. (2008) reported contradictory results and they stated that conventional tillage gave 

higher number of plants of cotton per unit area. 

During 2010, among sowing methods, bed sown cotton produced significantly higher 

number of plants m
-2

(5.41) and it was followed by ridge sown cotton giving 5.33 plants 

m
-2

 while minimum number of plants (5.26) were obtained in flat sown cotton crop 

during 2010. During second year, similar trend was observed where bed sowing produced 

maximum number of plants m
-2

 (5.60) and it was followed by ridge planting which was at 

par with flat sown cotton producing 5.44 plants m
-2

. In flat sown cotton especially during 

2010 the poor germination was observed due to rainfall showers and crust formation, 

here, maximum germination in bed sown cotton was recorded and it was followed by 

ridge planting and ultimately more number of plants was maintained. These results are in 

line with findings of Ali et al. (2012) who found higher number of plants in bed sowing 

compared with other sowing methods (ridge sowing, drilling, broadcasting). 

4.1.2. Plant height  

 Plant height has tremendous role in yield of cotton crop that is a structural ascribe 

of a variety and it depends upon plant genetic make up, seed viability, access of nutrients 

from the soil and environmental circumstances of the location. Plant height was 

influenced significantly by tillage systems and sowing methods during both the years. 

Interaction was found non-significant in both growing seasons (Table 4.2). 

 Cotton grown under deep tillage produced taller plants (94.77 cm) as compared to 

conventional tillage (88.00 cm) during 2010 and similar trend was observed during 2011 

where cotton gained maximum plant height of 133.6 cm in deep tillage systemand 

minimum plant height (119.3 cm) was observed in conventional tillage system. The 

higher plant height in deep tillage might be due to fine seedbed, proper nutrient 

distribution in soil profile, lower soil bulk density and soil compactness and higher soil 

porosity. Hard pan under the soil surface was broken and roots of plants proliferated 

deeply resulting in better plant growth and development. These results are confirmed by 

those reported by Khan et al. (2001) who found enhanced crop growth by increased 

nutrient-use in better seedbed preparation by deep ploughing. However, Lupwayiet al. 

(2006) found increased plant height and higher moisture and nutrient availability in zero 

tillage as compared to conventional tillage. They ascribed that in upper soil surface zone 

the nutrient availability was more as compared to tilling deeply. 
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Table 4.2 Effect of tillage systems and sowing methods on plant height (cm) of cotton 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 83.10 92.30 87.70 B 

Ridge Sowing 88.90 95.10 92.00 A 

Bed Sowing 92.00 96.93 94.46 A 

Mean 88.00 B 94.77 A  

 

LSD for tillage systems: 4.78    LSD for sowing methods: 3.92    

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 
111.3 126.2 118.8 C 

Ridge Sowing 120.1 131.8 126.0 B 

Bed Sowing 126.5 142.8 134.6 A 

Mean 119.3 B 133.6 A  

 

LSD for tillage systems: 9.18    LSD for sowing methods:   5.21 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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The both planting methods in bed and ridge sowing produced statistically higher plant 

height while flat sown cotton produced plants with 87.7 cm height during first growing 

season. During second year trend was changed where bed sowing gave taller plants up to 

134.7 cm height and it was followed by ridge planted cotton (126.0 cm) while flat sown 

plants attained the height of 118.8 cm. In both the years increase in plant height in bed 

sowing may be attributed to early germination and higher crop growth rate as compared 

to flat sowing. These results were confirmed with the findings of Iftikhar et al. (2010) 

who described higher plant height in bed and furrow planting as compared to other 

planting methods. 

4.1.3. Monopodial branches per plant 

 Monopodial branches are the vegetative branches in cotton. They look like 

individual plants growing from main stem. These are produced from first 4-6 nodes. The 

data presented in Table 4.3 represent the number of monopodial branches as affected by 

various tillage systems and different sowing methods. Both tillage systems i.e 

conventional tillage system and deep tillage system showed non-significant variation on 

occurrence of the number of monopodial branches in cotton. As regards sowing methods, 

monopodial branches were affected significantly during first growing season while during 

second growing season, the monopodial branches were not affected significantly by 

sowing methods. Interactive effect of tillage systems and sowing methods was found to 

be non-significant.  

During 2010, deep tillage produced 1.04 monopodial branches per plant and it was more 

than monopodial branches produced in conventional tillage (0.97) but statistically similar 

while during 2011 higher number of monopodial branches (1.58) was observed in 

conventional tillage system while 1.44 monopodial branches per plant was found in 

cotton grown under deep tillage system and the difference could not reach to the level of 

significance. These results are in conformity with those reported by Dangolani and Narob 

(2013), who investigated four tillage systems on the performance of various cotton 

varieties and found that tillage systems had non-significant effect on the number of 

monopodial branches per plant. 

Sowing methods amplified the monopodial branches. Significantly, maximum number of 

monopodial branches of 1.26 was recorded in cotton grown on ridges and it was followed 

by bed planting (1.06). Minimum number of monopodial branches was produced in flat 

sown i.e (0.70) during 2010. During next year trend was changed. All sowing methods 

showed non- significant variation. These results are quite in line with results of  
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Table 4.3 Effect of tillage systems and sowing methods on monopodial branches 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 0.73 0.66 0.70 B 

Ridge Sowing 1.26 1.26 1.26 A 

Bed Sowing 1.03 1.10 1.06 AB 

Mean 0.97 1.04  

 

LSD for sowing methods: 0.40    

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 1.33 1.44 1.39 

Ridge Sowing 1.49 1.39 1.44 

Bed Sowing 1.45 1.47 1.46 

Mean 1.58 1.44  

 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Iftikhar et al., (2010) who reported non-significant influence of sowing methods on 

number of monopodial branches per plant.    

4.1.4. Sympodial branches per plant 

 In cotton, directly fruit bearing branches are called as sympodial branches. They 

are also known as reproductive branches. Sympodial branches are desired in the 

maximum number because as sympodial branches will be more, more number of bolls 

will be produced and ultimately higher seed cotton yield will be obtained. These branches 

start arising from 6-7 nodes to upward. The first sympodial branch is relatively small and 

developed than the subsequent sympodia. The data depicted in Table 4.4 revealed the 

effect of various tillage systems and different sowing methods. The perusal of the table 

indicated that tillage systems significantly affected number of sympodial branches per 

plant of cotton during both the years. Sowing methods also affected significantly 

sympodial branches per plant during both growing seasons. Nevertheless, the interactive 

effects of tillage systems and various sowing methods showed non-significant variation. 

 Greater number of sympodial branches per plant (12.92) was recorded in deep tillage as 

compared to conventional tillage (11.8 sympodial branches per plant) during 2010 and 

similar trend was observed during 2011, where significantly higher sympodial branches 

(16.57) were recorded in deep tillage systems while 15.62 sympodial branches were 

recorded in conventional tillage system. Higher number of sympodial branches in deep 

tillage was due to deep root proliferation resulting in better plant growth producing more 

sympodial branches per plant. These findings are contradictory to the results reported by 

Dangolani and Narob (2013) who conducted similar trial to evaluate different cotton 

varieties under different tillage systems. They stated that number of sympodial branches 

was not significantly affected by different tillage systems. This contradiction may be due 

to reason that in our study deep tillage produced deeper roots which enhanced plant 

growth and stand establishment, hence resulting in better plant growth which gave  more 

number of sympodial branches.  

All sowing methods showed significant variation in producing sympodial branches per 

plant. Maximum sympodial branches (13.50) were produced in cotton grown on beds and 

it was at par (12.67) with ridge planted cotton while flat sown cotton produced minimum 

number of sympodial branches (10.90) during 2010.  While in second year significantly 

amplified number of sympodial branches (17.50) was recorded in bed sown cotton and it 

was similar with branches (16.30) produced in ridge planted cotton while cotton sown in 

flat planting gave minimum number of sympodial branches (14.49) per plant of cotton.  
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Table 4.4 Effect of tillage systems and sowing methods on number of sympodial 

branches 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 10.06 11.73 10.90 B 

Ridge Sowing 12.30 13.05 12.67 A 

Bed Sowing 13.03 13.98 13.50 A 

Mean 11.8 B 12.92 A  

 

LSD for tillage systems: 0.88   LSD for sowing methods: 1.04    

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 14.22 14.77 14.49 B 

Ridge Sowing 15.89 16.73 16.30 A 

Bed Sowing 16.77 18.24 17.50 A 

Mean 15.62 B 16.57 A  

 

LSD for tillage systems: 0.57    LSD for sowing methods: 1.62    

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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This increase in sympodial branches may be attributed to early emergence and proper 

stand establishment in deep tillage and cotton grown on beds as compared to conventional 

tillage and flat sowing where germination of cotton occurred 3-4 days later than other 

planting methods. 

During the second growing season of the experiment the environment was favourable as 

compared to first growing season, because during first year more rainfall occurred and 

affected cotton growth badly while during 2011 there was less rainfall and days were 

sunny which produced favourable conditions for sympodial branches development (Table 

4.4). These results were in line with the findings of Liaquat (2008) who reported that 

sowing methods significantly affected sympodial branches in cotton. 

4.1.5. Number of un-opened bolls per plant 

 A bud changes into a boll (next phenological stage of cotton after bud) within 40-

45 days depending upon variety and environmental conditions. This boll contains 

immature lint as well as seed at early stages, and then the lint becomes mature after few 

days and boll bursts resulting in the production of seed cotton. Some bolls remain un-

opened throughout the growing season and these are recorded as un-opened bolls. 

Opening of cotton bolls depend upon its varietal character, environmental conditions 

especially lowering of temperature at the end of growing season. Late flowering, 

excessive use of nitrogen at later growth stages of crop and insects pest attack like pink 

bollworm may cause hindrance in boll opening. Un-opening of bolls is undesirable in 

cotton because they reduce yield. Data represented in the Table 4.5 showed non-

significant effect of tillage systems and different sowing methods on the number of un-

opened bolls per plant during 2010 and 2011. The interactive effect of tillage systems and 

sowing methods on number of un-opened bolls per plant showed non- significant 

variation.  

In the first growing period of the experiment maximum number of un-opened bolls (1.48) 

was recorded in conventional tillage and minimum (1.2) unopened bolls were recorded in 

deep tillage. During second year maximum number of un-opened bolls (5.88) was 

observed in deep tillage while minimum was obtained in conventional tillage systems 

(5.37). Both the growing seasons showed non-significant variation in number of un-

opened bolls production. Year effect on the number of un-opened bolls production was 

non -significant. 

As far as effect of sowing methods was viewed, cotton grown on ridges produced more 

number of un-opened bolls (1.46) as compared to cotton grown on beds (1.20) or (1.36 ) 
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Table 4.5 Effect of tillage systems and sowing methods on number of un-opened 

bolls of cotton 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 2.00 0.73 1.36 

Ridge Sowing 1.73 1.20 1.46 

Bed Sowing 0.73 1.66 1.20 

Mean 1.48 1.2  

 

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 6.11 7.22 6.66 

Ridge Sowing 6.22 4.77 5.49 

Bed Sowing 3.78 5.66 4.72 

Mean 5.37 5.88  

 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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un-opened bolls) in line/flat sowing method during 2010. Similar trend was observed in 

2011 where flat sown cotton produced more un-opened bolls (6.66) than ridge sowing 

(5.49) and minimum un-opened bolls 4.72 were obtained in bed sown cotton. But these 

differences were found to be non-significant. This variation in un-opening of bolls might 

be attributed to more rainfall during monsoon and low temperature at the end of crop 

growth season. These results are similar with the findings of Liaquat (2008) who reported 

that planting methods had non-significant effect on un-opened bolls of cotton. 

4.1.6. Number of opened bolls per plant 

 Data depicted in Table 4.6 revealed significant effect of tillage systems and 

different sowing methods on number of opened bolls per plant during both the years of 

experiment while the interactive effect showed non- significant variation. Significantly 

more number of opened bolls per plant (26.69) was recorded in deep tillage compared 

with conventional tillage which produced 25.01 bolls during 2010. Similar trend was 

observed during 2011 by deep tillage producing 33.01 opened bolls per plant which was 

higher than conventional tillage system (30.12). 

In sowing methods, bed sowing produced more number of opened bolls per plant (27.80) 

which was statistically similar to ridge sown cotton. Minimum number of opened bolls 

(23.46) was recorded in cotton planted under flat sowing method during 2010. During 

second year trend was changed. Cotton grown on beds produced significantly greater 

number of opened bolls per plant (33.36). Significant decrease in number of opened bolls 

per plant was observed by ridge planting. Flat planting gave minimum number of opened 

bolls per plant (29.65). Deep ploughing provided maximum water utilization at fruit 

bearing stage, better maturity and ultimately more opening of bolls.  In bed sowing more 

light penetration occurred and ample amount of light enhanced boll opening. During 2010 

there was more rainfall at critical growth stages of the crop which affected crop growth 

badly resulting in stunted growth while during 2011 less rainfall occurred but at proper 

growth stages which encouraged better crop growth. Optimum climatic conditions 

promoted earliness of cotton, development and maturity of cotton bolls resulting in 

greater boll opening. Goyne and Mclntyre (2001) also reported the greater number of 

opened bolls in bed sown crops and it was due to more boll development and maturity. 
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Table 4.6 Effect of tillage systems and sowing methods on number of opened bolls of 

cotton 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 22.83 24.10 23.46 B 

Ridge Sowing 25.20 27.36 26.28 A 

Bed Sowing 27.00 28.61 27.80 A 

Mean 25.01 B 26.69 A  

 

LSD for tillage systems: 1.65    LSD for sowing methods: 1.66    

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 28.54 30.77 29.65 C 

Ridge Sowing 30.16 33.20 31.68 B 

Bed Sowing 31.66 35.06 33.36 A 

Mean 30.12 B 33.01 A  

 

LSD for tillage systems: 2.41    LSD for sowing methods: 1.24    

 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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4.1.7. Seed index 

 Seed index (100-seed weight) is a key factor which contributes integral share in 

ginning out turn (GOT) in cotton. 100-seed weight is also known as seed index. This 

weight is also affected by temperature, moisture availability, crop growth, boll maturity 

and environmental circumstances. Data regarding the effect of tillage systems and sowing 

methods on 100-seed weight are given in Table 4.7.It is clear from that table that tillage 

systems had non-significant effect on 100-seed weight during both years 2010 and 2011. 

While sowing methods affected significantly 100-seed weight of cotton seed. Interactive 

effect of both tillage systems and sowing method showed non-significant variation. 

 Deep tillage produced numerically higher 100-seed weight of 7.3 g as against 7.21 g for 

conventional tillage during 2010. During second year greater 100-seed weight of 7.34 g 

was recorded in deep tillage which was followed by conventional tillage producing 7.17 g 

100-seed weight. This slight increase in 100-seed weight under deep tillage was might be 

due to deep roots proliferation which facilitated better nutrients absorption, higher water 

availability, mature boll formation resulting vigorous seeds.  

 During 2010, significantly greater 100-seed weight (7.53 g) was recorded in cotton 

grown on beds and it was followed by 7.28 g obtained in cotton planted on ridges and 

minimum 100-seed weight (6.96 g) was observed in flat sown cotton while bed sowing as 

well as ridge sowing produced statistically same 100-seed weight (7.44 g and 7.34 g, 

respectively) both were at par with 6.99 g for cotton grown in flat planting method. These 

results were found contradictory in relation with findings of Liaquat (2008) who found 

non-significant effect on 100-seed weight of cotton planted under different sowing 

methods.   

4.1.8. Ginning out turn 

Ginning out turn was calculated to determine the percentage of lint in seed cotton yield. It 

is the ratio of weight lint obtained after ginning over the weight of seed cotton and 

multiplied by 100 to get the percentage. Data presented in Table 4.8 revealed that both 

tillage systems had non-significant effect on GOT during 2010 and 2011. Deep tillage 

showed GOT (36.78%) while (36.44%) was observed in conventional tillage systems 

during 2010. In second year GOT of 36.39 % was recorded in deep tillage while 

conventional tillage resulted in 35.93% GOT.  

Sowing methods had non-significant effect on GOT during first year of study while in 

second year sowing methods showed significant variation in GOT. Bed sowing produced  
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Table 4.7 Effect of tillage systems and sowing methods on seed index (g) of cotton 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 6.96 6.96 6.96 C 

Ridge Sowing 7.24 7.33 7.28 B 

Bed Sowing 7.44 7.62 7.53 A 

Mean 7.21 7.3  

 

LSD for sowing methods: 0.10 

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 6.89 7.09 6.99 B 

Ridge Sowing 7.09 7.45 7.34 A 

Bed Sowing 7.40 7.49 7.44 A 

Mean 7.17 7.34  

 

LSD for sowing methods:  0.31 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Table 4.8 Effect of tillage systems and sowing methods on GOT (%) 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 36.37 35.97 36.17 

Ridge Sowing 36.42 37.14 36.78 

Bed Sowing 36.52 37.24 36.88 

Mean 36.44 36.78  

 

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 34.82 35.58 35.20 C 

Ridge Sowing 35.9 36.17 36.04 B 

Bed Sowing 37.08 37.43 37.25 A 

Mean 35.93 36.39  

 

LSD for sowing methods: 0.67 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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maximum GOT (36.88 %) closely followed by 36.78 % GOT for ridge sown cotton and 

minimum GOT (36.17 %) but their difference was non- significant. During next year bed 

sowing produced significantly higher GOT (37.25 %).It was followed by (36.04 %) GOT 

recorded in cotton grown on ridges and minimum (35.20 %) GOT was recorded in flat 

sown cotton. These results are in conformity with the findings of Liaquat (2008) who 

conducted experiment on three different locations to investigate the effect of different 

planting methods on cotton performance and water saving percentage and reported that 

the planting methods had non-significant effect on GOT at all three locations. These 

results were contradictory with findings Usman et al. (2013) who investigated impact of 

tillage systems and nitrogen levels on cotton and pointed out that tillage systems 

positively affected GOT in 2011 due to favourable environmental conditions. 

4.1.9. Boll weight  

Boll weight is the major yield contributing attribute. Data depicted in Table 4.9 showed 

significant effect of tillage systems and various sowing methods in determining boll 

weight of cotton. The interactive effect of tillage systems and sowing methods on boll 

weight of cotton was non -significant. 

 In deep tillage system, significantly higher boll weight (3.0 g) appeared as compared to 

conventional tillage system during 2010. Similar trend was recorded during 2011. In 

second year, higher boll weight (3.26 g) was recorded in deep tillage while lower boll 

weight of 2.73 g was observed in conventional tillage. Higher boll weight in deep tillage 

might be ascribed to more vigorous growth of plants. Under deep tillage the more crop 

growth rate was observed. Further, deep ploughing helped in deep proliferation of roots 

which provided opportunity for ample absorption of nutrients from soil and greater 

moisture availability which ultimately, resulted in substantial higher boll weight. 

Different sowing methods significantly affected the boll weight producing highest boll 

weight (2.95 g) in cotton grown on beds which was at par with ridge planted cotton 

having boll weight of 2.81 g. Minimum boll weight (2.50 g) was recorded in flat sown 

cotton. Ridge sowing and flat sowing of cotton produced statistically similar boll weight. 

Almost similar trend was observed during the following growing season. Cotton grown 

on beds produced highest boll weight (3.23 g) and it was at par with ridge planting (3.11 

g). Minimum boll weight (2.65 g) was found in flat planted cotton. The higher boll weight 

in bed planted cotton was due to higher moisture retention in bed sowing and more 

aeration to cotton plants and also the cotton grown on beds were well spaced plants and 

had better light penetration throughout the growing period compared with flat planted  
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Table 4.9 Effect of tillage systems and sowing methods on boll weight (g) of cotton 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 2.25 2.76 2.50 B 

Ridge Sowing 2.57 3.05 2.81 AB 

Bed Sowing 2.70 3.09 2.95 A 

Mean 2.51 B 3.00 A  

 

LSD for tillage systems: 0.30    LSD for sowing methods: 0.35     

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 2.41 2.90 2.65 B 

Ridge Sowing 2.83 3.09 3.11 A 

Bed Sowing 2.96 3.11 3.23 A 

Mean 2.73 B 3.26 A  

 

LSD for tillage systems: 0.31    LSD for sowing methods: 0.28    

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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cotton which ultimately enhanced boll maturity resulted in increased boll weight. These 

results are also in line with McAlavy (2004) who also found higher boll weight in flat 

sowing with earthing up as compared to flat sowing. These results are also close to the 

results reported by Ali and Ehsanullah (2007) but contradictory with findings of Iftikhar 

et al. (2010) who found non-significant differences in boll weight comparing different 

planting methods of cotton. 

4.1.10. Seed Cotton Yield  

Seed cotton yield data are presented in Table 4.10. Statistical analysis of data 

revealed significant influence of different tillage systems as well as sowing methods on 

seed cotton yield in both growing seasons. However, interactive effect of these two 

factors was found non-significant. Cotton grown under deep tillage produced maximum 

seed cotton yield (2343 kg ha
-1

) which was higher than conventional tillage system (1973 

kg ha
-1

) during 2010. Almost similar trend was recorded during 2011 where the highest 

seed cotton yield (2498 kg ha
-1

) was obtained in deep tillage compared with conventional 

tillage (2247kg ha
-1

). This increase in yield under deep tillage was ascribed with reason 

that deep ploughing induced loosening of soil and breaking of hard pan which facilitated 

deep root proliferation of cotton and enabled the crop to absorb more nutrients and water 

and ultimately overall growth and yield of cotton in deep ploughed plots was improved 

noticeably. These results are in line with those reported by Schwab et al. (2002) who 

found more seed cotton yield under deep tillage. They also narrated that increase in yield 

was due to removal of compacted layers with deep tillage facilitating the roots to explore 

up to a larger soil volume to obtain nutrients and moisture. Salih (1998) and Rajkannan 

and Selvi (2002) also found more production of cotton and soybean sown after deep 

tillage and sub-soiling.  

Cotton grown on beds gave positively high yield (2384 kg ha
-1

) which was at par 

with yield obtained under ridge sowing, whereas, flat planting produced minimum seed 

cotton yield (1898 kg ha
-1

) during the year 2010, while in second year both bed and ridge 

sowing yielded statistically same yield (2525 and 2425 kg ha
-1

, respectively) and flat 

sown cotton produced significantly minimum yield of 2168 kg ha
-1

. As far as, increase in 

yield on bed and ridge planted cotton were concerned it was due to early germination and 

emergence of crop compared to flat sowing and deeper root proliferation explored more 

roots surface area for absorption of water and nutrients. These results are similar with  
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Table 4.10 Effect of tillage systems and sowing methods on seed cotton yield (kg ha
-1

) 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 1814 1981 1898 B 

Ridge Sowing 1961 2425 2193 AB 

Bed Sowing 2145 2623 2384 A 

Mean 1973 B 2343 A  

 

LSD for tillage systems: 288.32   LSD for sowing methods: 301.69 

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 2047 2288 2168.2 B 

Ridge Sowing 2285 2564 2425.3 A 

Bed Sowing 2409 2640 2525.3 A 

Mean    2247 B 2498 A  

 

LSD for tillage systems: 156.73   LSD for sowing methods: 239.49   

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Ali et al. (2012) who also found significantly higher seed cotton yield in cotton grown on 

beds. These results are also similar to findings of Chauhan (2007) who found 35% higher 

seed cotton yield in cotton-wheat rotation in bed sowing method and it was superior to 

flat sowing. 

4.1.11. Bulk Density 

Soil bulk density is an important component for plant growth and development. Soil bulk 

density was recorded at two soil depths (0-15 cm and 15-30 cm). Tillage systems showed 

significant effect on soil bulk density. Sowing methods and interaction between tillage 

systems and sowing methods showed non-significant variation during both the growing 

seasons (Fig.4.1). 

During 2010 deep tillage exhibited 11.60 % lower soil bulk density than conventional 

tillage systems in the upper layer of the soil depth (0-15 cm) while it was 6.57 % lower in 

lower layer of soil depth (15-30 cm). During next year similar trend was recorded. In 

second year deep tillage decreased soil bulk density up to 8.74% in the upper layer of soil 

depth and 6.9% in lower layer of soil depth compared with conventional tillage system 

(Fig 4.6). This decrease in soil bulk density may be ascribed to that deep ploughing 

caused more soil inversion and mixing which enhanced soil porosity, decreased soil 

penetration resistance, and exposed most of soil surface area to sunlight resulting in 

decreased ability to hold water contents over time. These results are supported by similar 

findings of Osunbitan et al. (2005) and Pedrotti et al. (2005) who found that deep tillage 

management influenced soil quality and plant growth as a result of altering physical, 

chemical and biological properties. In contrast highest soil bulk density in conventional 

tillage was due to more soil compaction, less soil disturbance and reduced evaporation. 

Alvarez and Steinbach (2009) also reported higher soil bulk density in zero tillage or less 

disturbed soil. 

Sowing methods had no effect on soil bulk density. Statistically similar bulk density was 

recorded at various sowing methods during 2010 in the upper layer of soil surface (0-15 

cm) whereas in lower soil surface under deep tillage sowing methods showed significant 

effect. Bed sowing produced higher bulk density followed by ridge planting. Minimum 

soil bulk density was recorded in flat sowing method. During 2011 trend was changed. 

Sowing methods had no effect on soil bulk density at both the soil surface depths. 

Although there was slight variation in soil bulk density values obtained in various sowing  
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Fig. 4.1 Effect of tillage systems and sowing methods on bulk density of soil during 

2010 (a) and 2011 (b) 

Note: S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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methods but it could not reach to the level of significance. These results were 

contradictory with the findings of Altuntas and Dede (2009). They reported that soil bulk 

density was affected by different sowing methods. According to their finding soil bulk 

density was lower in ridge planting and it was due to the reason of lower soil penetration 

for ridges.  

4.1.12. Root Length 

Roots are the basic part of the plant, which play prime role in plant growth and 

yield. Roots are affected by soil physical, chemical and biological properties. Cotton crop 

is sensitive to root growth. It is a tap rooted crop. Loose soil allows deeper elongation of 

roots as compared with compacted soils. Data depicted in Table 4.11 revealed that tillage 

systems significantly affected root length during both growing seasons. Sowing methods 

also affected root length significantly during course of the experiment. The interactive 

effect of tillage systems and sowing methods on the root length showed non-significant 

effect. 

During 2010 deep tillage produced longer roots of 37.48 cm followed by 

conventional tillage producing root length of 29.98 cm. Similar trend was observed 

during 2011 where deep tillage gave enhanced root length up to 41.24 cm as against the 

minimum (35.33 cm) recorded in conventional tillage system. Higher root depth of cotton 

obtained in deep tillage may be attributed to deep manipulation of the soil, increased soil 

porosity and lower soil bulk density (Fig. 4.1). Soil was less compacted and allowed roots 

to penetrate deeper. These results were confirmed with the findings of Beulter and 

Centurion, (2004) who recorded longer roots in deep tillage. Lopez-Bellidoet al. (2007) 

also reported the shorter root length of crops in zero tillage than conventional tillage due 

to surface soil compaction. As regard to sowing methods, during 2010 cotton grown on 

beds produced maximum root length of 36.94 cm and it was followed by ridge planting. 

Root length of 31.01 cm was observed in flat sown crop which was at par with ridge 

planting of cotton. During next year, trend was changed. Bed and ridge planting gave 

40.86 cm and 37.72 cm, respectively root length and were statistically similar while 

minimum root length was found in flat sown cotton. Ridge and flat planting produced 

statistically similar root length lower than bed planting.  
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Table 4.11 Effect of tillage systems and sowing methods on root length (cm) of cotton 

 

(a) 2010 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 28.55 33.48 31.01 B 

Ridge Sowing 29.30 37.21 33.25 B 

Bed Sowing 32.11 41.76 36.94 A 

Mean 29.98 B 37.48 A  

 

LSD for tillage systems: 7.32    LSD for sowing methods: 3.34 

 

(b) 2011 

 Conventional Tillage Deep Tillage Mean 

Flat Sowing 34.43 38.04 36.23 B 

Ridge Sowing 34.76 40.78 37.72 AB 

Bed Sowing 36.81 44.91 40.86 A 

Mean 35.33 B 41.24 A  

 

LSD for tillage systems: 4.27    LSD for sowing methods: 3.10 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Longer root length in bed and ridge sowing might be due to early germination, 

raised furrows and bed facilitated better root proliferation, well-spaced plants facilitating 

more available soil surface area for root development compared with flat planting. During 

2011 more root length might also be attributed to favourable environmental conditions 

(less rainfall due to which roots grew more deeper to fetch water in soil) providing proper 

seedbed conditions, optimum temperature for roots and plant growth. 
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4.1.13. Physiological Parameters 

4.1.14. Leaf area index 

 Leaf area index (LAI) is a good indicator for crop growth and soil conditions for 

crop productivity. It is the basic physiological tool and shows the size of crop 

assimilatory. Data regarding LAI of cotton under the influence of different tillage systems 

and sowing methods during 2010 and 2011 growing seasons are presented in Fig. 4.2. 

The figure depicted a periodic increase in LAI under conventional as well as deep tillage 

system. Nonetheless, the increase was more pronounced under deep tillage system as 

compared to that recorded in conventional tillage system (Fig. 4.2). The maximum LAI 

was recorded at 120 DAS which declined thereafter. Pronounced differences regarding 

LAI were recorded among various sowing methods. Average across treatments, bed 

sowing and ridge sowing of cotton remained superior in terms of higher LAI at all growth 

stages of crop. Flat sowing resulted in lower values of LAI compared to bed and ridge 

sowing especially during 2010. Overall, at 120 DAS, the highest values of LAI were 

noticed under deep tillage system, when crop was sown on beds. The trend was similar in 

both the years. This increase in leaf area index under deep tillage system were attributed 

to better plant growth and stand establishment and due to fine seed bed and improved soil 

tilth and longer root length which increased nutrient and water absorption for the plant. 

These results are favoured with those reported by Su-Juan et al. (2008) and Lopez-Fando 

and Pardo, (2009) who observed that happy seeder produced increased leaf area index 

compared with conventional tillage system.  

4.1.15. Leaf area duration  

 Leaf area duration (LAD) is a function of leaf area index that indicates the 

photosynthetic capacity of plant at any stage, which mainly depends upon leaf area 

duration. Data regarding cumulative LAD in cotton during 2010 and 2011 are presented 

in Fig. 4.3. It is depicted that higher LAD was recorded in deep tillage as compared to 

conventional tillage system during 2010. Similar trend was found during 2011. Higher 

values of LAD obtained in deep tillage might be attributed to more leaf area index 

obtained in these plots during both years of the experiment. As regards sowing methods, 

during 2010 cotton grown on beds produced maximum LAD and it was followed by LAD 

obtained in ridge sown cotton. While minimum LAD was recorded in flat sown cotton. 

Similar trend was found during next year of experiment. Higher LAD values in bed sown 

cotton might be attributed to more ample growth of cotton grown on beds. It may also be 

attributed that more light penetration in the cotton crop canopy grown on beds than other  



68 
 

(a) 

 

 

(b) 

 

 

Fig. 4.2 Effect of tillage systems and sowing methods on leaf area index (LAI) during 

2010 (a) and during 2011(b) 
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(a) 

 

(b) 

 

 

Fig. 4.3 Effect of tillage systems and sowing methods on leaf area duration (LAD) 

during 2010 (a) and during 2011(b) 

Note: S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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plots. Higher leaf area index was recorded in bed sown cotton and ultimately more LAD 

values were obtained compared with ridge and flat sown cotton. These findings are in line 

with the results reported by Li et al. (2008) who observed the higher leaf area duration in 

deep tillage. 

4.1.16. Total dry matter accumulation  

 More total dry matter accumulation (TDM) in a crop gives more production. Data 

regarding TDM in cotton sown during 2010 and 2011 growing seasons are presented in 

Fig. 4.4. Pronounced differences regarding TDM in cotton were recorded under the 

influence of different tillage systems as well as sowing methods. Data revealed that TDM 

was progressively increased with the passage of time under both tillage systems with 

maximum value attained at 150 DAS. Higher TDM was recorded in both growing 

seasons, when crop was sown under deep tillage as compared to that of conventional 

tillage system. Similarly, response of TDM varied to different sowing methods. Bed 

sowing of cotton accumulated higher TDM, therefore, the curve line of bed-sown cotton 

crop was higher than ridge or flat sowing at all stages of crop. Bed sowing accompanied 

with deep tillage system remained the best combination regarding TDM in both years. 

The trend of TDM in both growing seasons was almost similar. However, bed sowing of 

cotton was much better in first growing season (2010). Higher total dry matter in deep 

tillage was attributed to higher leaf area index, plant height and deeper root length than 

conventional tillage system. These results are confirmed with the findings of Li et al. 

(2008) and Kosmas et al. (2001)who reported  higher LAI in deep tillage favoured more 

total dry matter due to more assimilates accumulation.  

As regards sowing methods, gradual increase in TDM was observed during 2010 as well 

as 2011 and maximum TDM was recorded at 150 DAS in cotton grown on beds and 

almost similar curve was found from TDM values obtained in ridge sown cotton and 

minimum TDM was recorded in flat sown crop. Higher TDM recorded in bed sown was 

due to higher LAI obtained in bed sown cotton. These results are also correlated with the 

findings of Boulalet al. (2012) who reported more biomass in bed planting systems. 
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Fig. 4.4 Effect of tillage systems and sowing methods on total dry matter (TDM) 

during 2010 (a) and during 2011(b) 
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4.1.17. Crop growth rate  

 Crop growth rate (CGR) expresses the rate of dry matter accumulation per unit 

area per day. Periodic data regarding CGR of cotton during 2010 and 2011 are depicted in 

Fig.4.4. Temporal increase in CGR was observed with maximum values achieved at 90-

120 DAS, which declined substantially with passage of time because crop growth rate 

decreased near crop maturity. Growth rate of cotton was more, when it was sown under 

deep tillage as compared to conventional tillage system during 2010 and similar trend was 

found during 2011. Among various sowing methods, higher CGR was recorded in bed 

sowing, followed by ridge sowing of cotton. Flat sowing of cotton gave less CGR under 

deep tillage as well as conventional tillage system than rest of treatments. The growth rate 

of cotton varied in both the growing seasons. Growth rate of cotton under deep tillage 

system was more due to development of deeper roots system. These roots proliferation 

amplified the nutrient absorption and water availability to the plant. Overall plant growth 

was enhanced due to more nutrient and water availability which ultimately produced 

more plant biomass and higher LAI’s. As regards sowing methods, cotton crop sown on 

beds performed highest CGR than ridge and flat sown. This was due to in bed sowing 

high water availability and more water retention as compared to other sowing methods. In 

bed sowing root proliferation was more, crop growth was enhanced due to the better 

efficiency of roots. In this way more leaves, branches, bolls were produced which 

increased whole biomass production. There was efficient utilization of available nutrients, 

water and proper light interception. 
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Fig. 4.5Effect of tillage systems and sowing methods on crop growth rate during 

2010 (a) and during 2011(b) 
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4.1.18. Economic analysis 

Economic analysis provides estimate for the cost-effectiveness and net return of the 

system. Farmers are more fascinated in variable costs and economic return of newly 

introduced enterprises. Cost of production and gross income of all the treatments were 

calculated on the current price basis. The differences were in crop yield and prices of 

input during 2010 and 2011; individual year analysis was made for both experiments by 

using standard procedures as mentioned in Chapter 3. Economic analysis made is 

presented in Table 4.12 (a, b). 

4.1.19. Net Return 

Net return was calculated during both the years (2010 and 2011) are given in the table 

4.12 (a, b). In the first growing season overall environment during the whole crop period 

was unfavourable due to heavy monsoon rainfall which ultimately affected crop yield. 

While during second growing season (2011) the environment was favourable. Timely 

rainfall at critical stages, optimum temperature and more sunny days well supported the 

growth of cotton that’s why the overall yield in 2011 was more than 2010. During 2010, 

deep tillage with bed sowing gave maximum net return per ha of Rs. 121556/- while 

during 2011 it was Rs. 68627/- in the same treatments. Although yield during 2011 was 

more as compared to first year yet decrease in net returns during second year was due to 

lower cotton market prices than first year. No doubt, the yields of bed sown plots 

prepared after deep ploughing were statistically higher due to which net return was more 

than rest of the treatments. During 2010 overall cotton production was lower due to more 

rainfall and flood occurrence in the country; due to lesser availability of cotton than 

demand its market value was raised. During next growing season environment was 

favourable, overall cotton production was higher than the previous year. Due to increase 

in price during 2010 area under cotton crop during 2011 was increased, furthermore, 

environmental conditions favoured crop productivity which resulted higher seed cotton 

production. As a result, cotton became surplus in market which reduced its market price. 

So, for obtaining more net returns it was recommended that cotton should be sown on 

beds after deep ploughing. Because, it gave maximum net return of Rs. 121556/- and Rs. 

68627/- per ha during 2010 and 2011, respectively. In this way farmers can get more 

returns of their cost applied on cotton production. These results were well supported by 

the study Sharma et al. (2011) where they reported higher net returns in deep tillage than 

conventional tillage. 
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4.1.20. Benefit cost ratio 

Benefit cost ratio (BCR) is another important economic parameter in which farmers are 

interested to see the gain in net returns with a given increase in total costs. BCR is an 

indicator that tries to sum up the overall value for money of a project or proposal. A 

major drawback of BCR is that it aborts non-monetized impacts. 

During 2010 under deep tillage system bed sowing gave maximum BCR of 1.81 which 

was 21.61% higher than all other treatments. It was followed by ridge planting (1.69 

BCR). Flat sown cotton produced minimum BCR of 1.43. Similar trend was observed in 

conventional tillage system. Under this system, bed sowing gave maximum BCR of 1.62 

and it was followed by ridge sowing method producing BCR of 1.49. Minimum BCR 

(1.42) was found in flat sown cotton under conventional tillage system. During 2011, 

similar trend was found. BCR was low due to price differences. Highest BCR (1.45) was 

obtained in deep ploughed bed sown cotton which was 12.97% greater than rest of the 

plots. It was followed by ridge planted cotton giving 1.41 BCR. Minimum BCR of 1.30 

was observed in flat sown cotton under deep tillage system. Under conventional tillage 

system highest BCR (1.43) was obtained in bed sown cotton. It was followed by ridge 

planting producing 1.36 BCR and minimum BCR of 1.26 in flat sown cotton. Comparison 

showed that during both the growing seasons’ bed planting under deep tillage system 

gave maximum BCR compared with rest of the treatments. Higher BCR was due to 

greater net returns obtained in these plots. These results were quite in line with the results 

of Sharma et al. (2011) they reported highest benefit cost ratio in deep tillage than 

conventional tillage. 
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Table 4.12 (a) Effect of different tillage system and sowing methods on total cost, net return and benefit-cost ratio of cotton planted 

during 2010  

 

Treatment Yield 

(kg ha
-1

) 

Value  

(Rs ha
-1

) 

Cotton 

Sticks 

Value 

Gross Income 

(Rs ha
-1

) 

Total Cost 

(Rs ha
-1

) 

Net Return 

(Rs ha
-1

) 

Benefit Cost 

Ratio 

C
o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

Flat sowing 1814.8 181480 10000 191480 135250 56230 1.42 

Ridge Sowing 1961.7 196170 10000 206170 137985 68185 1.49 

Bed Sowing 2145.1 214510 10000 224510 138902 85608 1.62 

D
ee

p
 t

il
la

g
e 

Flat sowing 1981.5 198150 10000 208150 145584 62566 1.43 

Ridge Sowing 2425.9 242590 10000 252590 149806 102784 1.69 

Bed Sowing 2623.5 262350 10000 272350 150794 121556 1.81 

 

Seed cotton price = Rs. 4000 per 40 kg       Cotton sticks value = Rs. 10000 per ha 
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Table 4.12 (b)Effect of different tillage system and sowing methods on total cost, net return and benefit-cost ratio of cotton planted 

during 2011 

 

Treatment Yield 

(kg ha
-1

) 

Value 

(Rs ha
-1

) 

Cotton 

Sticks 

Value 

Gross Income 

Rs ha
-1

 

Total Cost 

(Rs ha
-1

) 

Net Return 

(Rs ha
-1

) 

Benefit Cost 

Ratio 

C
o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

Flat sowing 2047.5 163800 10000 173800 137764 36037 1.26 

Ridge Sowing 2285.8 182864 10000 192864 141355 51509 1.36 

Bed Sowing 2409.9 192792 10000 202792 141976 60817 1.43 

D
ee

p
 t

il
la

g
e 

Flat sowing 2288.9 183112 10000 193112 148471 44642 1.30 

Ridge Sowing 2564.8 205184 10000 215184 152250 62934 1.41 

Bed Sowing 2640.7 211256 10000 221256 152630 68627 1.45 

 

Seed cotton price = Rs. 3200 per 40 kg       Cotton sticks value = Rs. 10000 per ha 
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4.2. Experiment II 

Effect of irrigation regimes and sowing methods on the yield of cotton 

4.2.1. Total water applied  

Water is important for Pakistan agriculture and its economy. It is the need of the 

time to use water efficiently due to limited resources of water and scarcity of water day 

by day. Irrigation is the artificial application of water to the crop. Water budgeting is key 

factor for successful crop production. Irrigation at optimum time in proper amount is 

crucial to save water and to cope with current water scarcity. Data presented in Fig. 4.6 

showed amount of water applied during course of the experiment. Irrigation at different 

field capacity levels required significantly different amount of water. As regards to 

sowing methods, numerous variations in total amount of water applied were recorded. 

The interaction between different field capacity levels and sowing methods manifested 

non-significant variation. 

Maximum amount of water applied to cotton crop was recorded at 75% field 

capacity (FC) level during 2010. Similar trend was found during 2011. More amount of 

water needed at 75% FC level was due to early requirement of water application 

compared with 50% FC level and interval of water application was less and frequency of 

irrigation was higher. During 2010, in case of sowing methods water requirements for flat 

sown crop was the highest while bed sown cotton demanded minimum amount of water. 

Ridge planted cotton utilized lesser amount of water compared with flat sowing.Similar 

trend was found during 2011. Maximum amount of water (8875.60 m
3
/ ha) was required 

in flat sown cotton during 2010 while 8469.57 m
3
was utilized during next year. It was 

30.57% higher than bed sowing during 2010 while 29.05% higher during 2011. So,it was 

depicted from the data that during the both years flat sown crop consumed more amount 

of water and bed sowing provided water saving. Average across the treatments showed 

that during the course of the experiment bed sowing resulted in more water saving 

utilizing minimum amount of water compared with ridge and flat sowing.  

Bed sown cotton crop required lesser amount of water than flat sown cotton. In 

bed sowing method more water retention occurred and water holding capacity was also 

higher while in flat planting more evaporation losses occurred and water requirement of 

cotton plants was increased. Moreover, water wastage was high in flat sown cotton as 

compared to ridge sown cotton. These results are supported by the findings reported by 

Hussein et al. (2011) who also conducted an experiment on different methods of sowing 

of cotton crop and quantified the amount of water for different sowing methods.   
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Fig. 4.6 Effect of irrigation levels and sowing methods on total water applied during 

2010 (a) and during 2011(b) 

Note: S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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They reported that different amount of water was required for different sowing 

methods. It was due to the reason that planting geometry and land configuration affect the 

amount of water utilization, water requirements under different sowing methods. In bed 

sown crops water is applied only in furrows and is not applied to whole field due to which 

lesser amount is required. 

4.2.2. Water use efficiency  

For better crop growth and yield, conservation of soil and water are useful which 

are possible by using conservation techniques by changing the water retention, 

transmission and soil strength and obtaining maximum water use efficiency (Abid and 

Lal, 2008). Due to shortage of water, obvious objective in crop production is to obtain 

efficient water use for higher yield. Significant effect of irrigation levels and sowing 

methods were found on water use efficiency by cotton plants during both the growing 

seasons (Fig 4.7). Maximum water use efficiency was recorded at 75% FC level and it 

was followed by 50% FC level as shown in Fig. 4.7 during 2010 while this trend was 

changed during 2011. Although there was better water use efficiency at 75% FC than 

50% FC but difference could not reach to the level of significance. Similar results were 

reported by Hussein et al. (2011) who stated that irrigation at 80% gave maximum water 

use efficiency. As far as, sowing methods are concerned, bed sowing gave the highest 

water use efficiency than other sowing methods (ridge and flat sowing) during both years 

of experimentation. Higher water use efficiency in bed sowing was attributed to efficient 

utilization of applied water in beds with more water holding capacity and ultimately 

produced higher seed cotton yield than rest of the sowing methods under study. These 

results are contradictory with findings of Ali and Ehsanullah (2007) who reported the 

highest water use efficiency in flat planting with alternate row earthing up result the 

higher seed cotton yield. This contradiction was due to fact that in that experiment more 

economic biomass was produced and water was better utilized in flat planting with 

alternate row earthing up. 

4.2.3. Water Productivity 

Agriculture currently consumes more freshwater than any of man's other activities. And 

global demand for both food and water is growing fast. Crop water productivity varies a 

lot, even between places that have about the same climate. Water productivity is an 

important indicator to estimate that how much a drop of water produces crop yield. 
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Fig. 4.7 Effect of irrigation levels and sowing methods on water use efficiency during 

2010 (a) and during 2011(b) 

Note: S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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Fig. 4.8 Effect of irrigation levels and sowing methods on water productivity during 

2010 (a) and during 2011(b) 

Note: S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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Significant variations in water productivity by irrigation levels and sowing methods were 

observed which are depicted in Fig. 4.8. The interactive effect of irrigation levels and 

sowing methods was found non-significant. 

Irrigation levels to cotton crop significantly affected water productivity. The highest 

water productivity was calculated at 50% FC level followed by 75% FC during 2010. 

Similar trend was observed during next year. Higher water productivity values at 50% FC 

level might be ascribed to less availability of water because of less chances of wastage of 

surplus water and maximum amount of water applied became the part of crop yield.  

As regards sowing methods, bed sowing showed highest water productivity and it was 

followed by ridge sown cotton while minimum amount of water productivity was found 

in flat sown cotton during 2010. Similar trend was recorded during 2011. Higher water 

productivity in bed sown cotton was due to more yields obtained in bed sown cotton, less 

wastage of water and higher water use efficiency as compared to other treatments. In bed 

sown cotton water holding capacity was more, total amount of water applied was less 

which ultimately leads to highest water productivity. 
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4.2.4. Number of plants per unit area 

 Plant population contributes integral share in the success or failure of the crop. 

Number of plants has crucial importance for yield. Proper emergence and optimum stand 

establishment is very critical for obtaining high yield in seed cotton. Plant population 

depends upon the seed quality, seed health, sowing depth, seedbed preparation, planting 

method, moisture contents in soil and aeration. Data regarding number of cotton plants 

per m
2
for both growing seasons are presented in Table 4.6. Perusal of the Table depicted 

that different irrigation levels and sowing methods had significant effect on number of 

plants per m
2
. Interaction between the irrigation levels and sowing methods showed non-

significant variation in the final plant population. 

Higher number of plants (5.40 plants m
-2

) was recorded by 75% FC level as compared to 

50% FC level (5.25 plants m
-2

) in 2010. Similar trend was found in 2011 where 75% FC 

level produced maximum plants (5.46 plants m
-2

) while 50% FC exhibited minimum 

plants per m
2
(5.35 plants). This increase was due to water availability resulting in proper 

stand establishment. The weather conditions during 2010 was not favourable due to heavy 

rainfall in the months of  June and July while in 2011 weather was favourable and 

produced higher plant population per m
2
. 

The greater number of plants during2011 was due to favourable environmental 

conditions. These results are supported by results of Ozpinar and Cay (2006) that 

conducted a trial and gave similar findings. They reported that high seed zone moisture 

enhanced the seedling emergence by decreasing the mean weight diameter by ploughing 

and disking. They found 3% higher plants in deep ploughing as compared to conventional 

tillage. Nevertheless, sowing methods were concerned, significantly higher number of 

plants of 5.44 were recorded in cotton grown on beds and it was followed by 5.30 plants 

m
-2

 produced in ridge sown cotton and minimum number of plants (5.23) were obtained 

in flat sown during 2010 while during next year of study 2011, similar trend was observed 

where bed sowing produced maximum number of plants of 5.53 and it was followed by 

number of plants observed in ridge planting (5.37) and it was at par with flat sown cotton 

(5.31 number of plants m
-2

). In flat sown cotton especially during 2010 the poor 

germination was observed and environmental conditions were unfavourable due to heavy 

rainfall, while cotton sown on ridges or beds germinated better and ultimately more 

number of plants was maintained. These results were similar to the findings of Ali et al. 

(2012) who also conducted an experiment on various plant populations under various  
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Table.4.13Effect of irrigation levels and sowing methods on number of plants 

of cotton 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 5.20 5.26 5.23 C 

Ridge Sowing 5.26 5.34 5.30 B 

Bed Sowing 5.29 5.60 5.44 A 

Mean 5.25 B 5.40 A  

 

LSD for irrigation levels: 0.03   LSD for sowing methods: 0.02 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 5.29  5.34  5.31 B 

Ridge Sowing 5.33  5.40  5.37 B 

Bed Sowing 5.43  5.64  5.53 A 

Mean 5.35 B 5.46 A  

 

LSD for irrigation levels: 0.04   LSD for sowing methods: 0.02 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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sowing methods. They compared three different sowing methods and concluded that plat 

population and seed cotton yield was higher in bed sown cotton as compared to ridge and 

flat sown cotton.  

4.2.5. Plant Height 

 Plant height has tremendous role in crop yield that is a structural ascribe of a 

variety and it depends upon plant genetic make up, seed viability, access of nutrients from 

the soil and environmental circumstances of the location. Plant height of cotton crop was 

influenced significantly by irrigation levels and sowing methods during both the years 

2010 and 2011, respectively. Interaction was found non-significant (Table 4.14). Cotton 

grown under 75% FC level produced taller plants as compared to 50% FC level during 

both the growing seasons. The highest plant height of 90.65 cm in 75% FC level in 2010 

was recorded and 129.20 cm was in year 2011, which was due to more water availability 

at proper time. These results were found similar with results of Hussein et al. (2011) who 

found as the irrigation rate decreased plant height of cotton was decreased. This was due 

to fact that where water availability was poor crop growth was stunted and crop will be in 

stress conditions. As water availability was lesser nutrient absorption was also lower, so 

crop could not attained its proper height. 

Nevertheless, sowing methods were concerned, significantly higher plant height of 85.30 

cm was recorded in cotton grown on beds and it was at par with 81.55 cm in ridge sown 

cotton and minimum plants height (77.36 cm) was obtained in flat sown during 2010 

while during next year of study, similar trend was observed where bed sowing produced 

maximum plants height of 124.06 cm and minimum plant height was recorded in flat 

sowing. More plant height in cotton grown on beds was due to early germination of 

cotton on beds and more vigorous growth of cotton plants compared with flat sown 

cotton. These results are in confirmation with the findings of Awan et al. (2011). They 

studied effect of different plant spacing and planting time on cotton growth and seed 

cotton yield. They found that plant height was affected by different sowing methods 

under different plant spacing. The reason seemed the elongated inter-nodes in an attempt 

to reach exposed solar energy at upper canopy structures. Plants have an opportunity to 

spread out rather to elongate.   
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Table 4.14Effect of irrigation levels and sowing methods on plant height of cotton 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 67.53 87.20 77.36 B 

Ridge Sowing 71.80 91.30 81.55 AB 

Bed Sowing 77.13 93.46 85.30 A 

Mean 72.15 B 90.65 A  

 

LSD for irrigation levels: 1.63   LSD for sowing methods: 6.27 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 104.95 122.28 113.61 C 

Ridge Sowing 107.33 129.67 118.50 B 

Bed Sowing 112.45 135.67 124.06 A 

Mean 108.24 B 129.20 A  

 

LSD for irrigation levels: 13.29   LSD for sowing methods: 4.29 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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4.2.6. Monopodial branches plant
-1 

 Monopodial branches are the vegetative branches in cotton. They look like 

individual plants growing from main stem. These are produced from 1
st
 4-6 nodes. The 

data presented in Table 4.15 represents number of monopodial branches affected by 

various irrigation levels and different sowing methods. Both irrigation levels and sowing 

methods showed non-significant variation on occurrence of number of monopodial 

branches in cotton during 2010, but the effect of different sowing methods was significant 

during 2011. 

 Maximum number of monopodial branches (1.38) was recorded in cotton grown 

on beds in 2011 and statistically similar monopodial branches (1.33) were observed when 

cotton was grown on ridges while flat sowing of cotton produced minimum number of 

monopodial branches (0.66) per plant. The interactive effect of irrigation levels and 

sowing methods on number of monopodial branches per plant was found non-significant.  

4.2.7. Sympodial branches per plant 

In cotton, directly fruit bearing branches are called as sympodial branches. They 

are also known as reproductive branches. Sympodial branches are desired in the 

maximum number because as sympodial branches will be more, more number of bolls 

will be produced and ultimately higher seed cotton yield will be obtained. These branches 

start arising from 6-7 nodes to upward. The first sympodial branch is relatively small and 

developed than the subsequent sympodia. The data depicted in Table 4.16 revealed the 

effect of various irrigation levels and different sowing methods. Greater number of 

sympodial branches (11.65) was recorded in 75% FC level as compared to 50% FC 

(10.05) during 2010 and non-significant effects were observed during 2011. Whereas, 

sowing methods showed significant variation in producing sympodial branches per plant 

during 2010. Maximum sympodial branches (11.51) were produced in cotton grown on 

beds and it was at par with that of ridge planted cotton (10.65) while flat sown cotton 

produced significantly minimum number of sympodial branches (9.0). During 2011 

sowing methods showed non-significant effect on production of sympodial branches of 

cotton. This increase in sympodial branches in 2010 may be attributed to early emergence 

and proper stand in cotton grown on beds. In bed sown crop there was more light 

interception which enhanced production of fruiting branches. These results are in 

accordance with those of Chauhan et al. (2013) who also reported that bed sowing 

produced more number of sympodial branches than other methods. 
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Table 4.15Effect of irrigation levels and sowing methods on number of monopodial 

branches 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 0.80 1.46 1.13 

Ridge Sowing 1.40 2.66 1.60 

Bed Sowing 1.73 1.46 2.03 

Mean 1.31 1.86  

 

LSD for irrigation levels: Non-significant LSD for sowing methods: Non-significant 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 0.78 0.55 0.66 B 

Ridge Sowing 1.11 1.55 1.33 A 

Bed Sowing 1.00 1.77 1.38 A 

Mean 0.96 1.29  

 

LSD for irrigation levels: Non-significant  LSD for sowing methods: 0.59 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Table 4.16Effect of irrigation levels and sowing methods on number of sympodial 

branches 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 8.50 9.50 9.00 B 

Ridge Sowing 10.36 10.95 10.65 A 

Bed Sowing 11.28 11.75 11.51 A 

Mean 10.05 B 11.65 A  

 

LSD for irrigation levels: 0.68  LSD for sowing methods: 1.06 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 14.11 13.55 13.83 

Ridge Sowing 13.89 15.89 14.89 

Bed Sowing 16.11 14.66 15.38 

Mean 14.70 14.70  

 

LSD for irrigation levels: Non-significant LSD for sowing methods: Non-significant 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Interactive effects of irrigation levels and various sowing methods showed non-significant 

variation. 

4.2.8. Number of un-opened bolls per plant 

 A bud changes into a boll (next phonological stage of cotton after bud) within 40-

45 days depending upon variety and environmental conditions. This boll contains 

immature lint as well as seed at early stages, and then the lint becomes mature after few 

days and boll bursts resulting in the production of seed cotton. Some bolls remained un-

opened throughout the growing season and these are recorded as un-opened bolls. 

Opening of cotton bolls depend upon its varietal character, environmental conditions 

especially lowering of temperature at the end of growing season, late flowering, excessive 

use of nitrogen at later growth stages of crop and insects pest attack like pink bollworms. 

Un-opening of bolls is undesirable in cotton when considering yield because as the 

number of un-opened bolls will be more there will be more reduction in seed cotton yield. 

 Data presented in the Table 4.17 showed non-significant effect of irrigation levels 

and different sowing methods on the number of un-opened bolls per plant during 2010 

and 2011, respectively. As far as effect of sowing methods was viewed, cotton grown on 

beds, ridges and flat produced number of un-opened bolls but there difference could not 

reach to the level of significance during 2010, while cotton sown on beds produced higher 

un-opened bolls (5.89) during 2011 and was at par with that of ridge sowing (5.55) while 

minimum in flat sowing (2.94). However, the interaction between irrigation levels and 

sowing methods were also found non-significant. This un-opening of bolls might be 

attributed to more rainfall during monsoon and low temperature at the end of crop growth 

stage.  

4.2.9. Number of opened bolls per plant 

 Data depicted in Table 4.18 revealed significant effects of both irrigation levels 

and different sowing methods on number of opened bolls per plant during both years of 

the experiment while the interactive effect of both factors showed non- significant 

variation. Maximum number of opened bolls per plant (25.63) was recorded in 75% FC 

level compared with 50% FC levels which produced lesser number of opened bolls per 

plant (19.47) during 2010 and similar trend was observed during 2011 as shown in table. 

These results were confirmed with the finding of Hussein et al. (2011) who reported more 

number of bolls at higher irrigation rates. They also described that as the irrigation rate  

  



92 
 

Table 4.17Effect of irrigation levels and sowing methods on number of un-opened 

bolls of cotton 

 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 1.40 1.00 1.20 

Ridge Sowing 1.53 1.46 1.50 

Bed Sowing 1.86 2.13 2.00 

Mean 1.6 1.53  

 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 4.00 1.89 2.94 B 

Ridge Sowing 5.22 5.88 5.55 A 

Bed Sowing 6.33 5.44 5.89 A 

Mean 5.18 4.4  

 

LSD for sowing methods:1.59 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Table 4.18Effect of irrigation levels and sowing methods on number of opened bolls 

of cotton 

 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 17.50 23.11 20.30 B 

Ridge Sowing 19.66 25.50 22.58 A 

Bed Sowing 21.26 28.30 24.78 A 

Mean 19.47 B 25.63 A  

 

LSD for irrigation levels: 4.43   LSD for sowing methods: 2.20 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 22.88 23.66 23.27 B 

Ridge Sowing 22.22 24.11 23.16 B 

Bed Sowing 23.89 26.39 25.14 A 

Mean 23.0 B 24.72 A  

    

 

LSD for irrigation levels: 0.63   LSD for sowing methods: 1.42 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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decreased, number of bolls was decreased and this decrease led to reduction in yield 

ultimately. Nonetheless, sowing methods were concerned, bed sowing produced more 

number of opened bolls per plant (24.78) and statistically similar (22.58) opened bolls 

were also found in ridge sown cotton while significantly minimum number of opened 

bolls (20.30) was recorded in cotton planted under flat planting method during 

2010.During 2011 trend was changed as cotton grown on beds produced significantly 

maximum number of opened bolls per plant (25.14) and it was followed by number 

opened bolls in flat sowing (23.27) whereas flat sowing was at par with opened bolls 

resulted in ridge sowing (23.16). This increase was most probably due to better water 

availability, maximum water utilization at fruit bearing stage, better maturity and 

ultimately better opening of bolls.  These results were in line with findings obtained by 

Goyne and Mclntyre (2001). 

4.2.10. 100-seed weight  

 100-seed weight is a key factor which contributes integral share in ginning out 

turn (GOT) in cotton. 100-seed weight is also known as seed index. This weight is also 

affected by temperature, moisture availability, crop growth, boll maturity and 

environmental circumstances. A perusal of the Table 4.19 revealed the data regarding the 

effect of irrigation levels and sowing methods on 100-seed weight. It was observed that 

irrigation levels had significant effect on 100-seed weight during both years 2010 and 

2011, respectively. Maximum 100-seed weight (7.49 g) was recorded in 75% FC level 

during 2010 and same trend was also observed during 2011. This was due to ample 

amount of water availability at 75% FC level, more nutrient absorption and more 

assimilates were accumulated in seed ultimately seed weight was increased. 

 Sowing methods also influenced seed index significantly during both growing 

seasons. During 2010, significantly greater 100-seed weight (7.69 g) was recorded in 

cotton grown on beds and it was at par with 100-seed weight (7.45 g) obtained in cotton 

planted on ridges while minimum 100-seed weight (6.91 g) was observed in flat sown 

cotton. During 2011, maximum 100-seed weight (7.66 g) was recorded in cotton grown 

on beds and it was followed by 100-seed weight (7.37 g) obtained in ridge planted cotton 

while minimum 100-seed weight (6.98 g) was found in flat sown cotton.  The interactive 

effect of irrigation levels and sowing methods on (100- seed weight) was found non-

significant during both years of the study. These results were found confirmatory in  
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Table 4.19Effect of irrigation levels and sowing methods on 100-seed weight of 

cotton 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 6.56 7.26 6.91 B 

Ridge Sowing 7.35 7.54 7.45 A 

Bed Sowing 7.71 7.66 7.69 A 

Mean 7.21 B 7.49 A  

 

LSD for irrigation levels: 0.15   LSD for sowing methods:  0.30 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 6.66 7.31 6.98  C 

Ridge Sowing 7.25 7.49 7.37 B 

Bed Sowing 7.66 7.65 7.66 A 

Mean 7.19 B 7.48 A  

 

LSD for irrigation levels: 0.16   LSD for sowing methods: 0.25 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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relation with findings of Ali and Ehsanullah (2007) who reported the non-significant 

effect on 100-seed weight of cotton planted under different sowing methods.   

 

4.2.11. Ginning out turn 

 Ginning out turn was calculated to determine the percentage of lint in seed cotton 

yield. It is the ratio of weight lint obtained after ginning over the weight of seed cotton 

and multiplied by 100 to get the percentage. Data represented in Table 4.20 revealed that 

irrigation levels had significant effect during 2010. Maximum GOT (36.98%) was noted 

in 75% FC level during 2010. The effect of different irrigation levels was non-significant 

during 2011. Bed sowing produced significantly higher GOT (37.66) and it was followed 

by GOT obtained in cotton grown on ridges and statistically minimum GOT was recorded 

in flat sown cotton. Similar trend was also found during 2011 in case of sowing methods. 

Interaction between irrigation levels and sowing method was non-significant. Variation 

was due to the environmental conditions. These results were confirmed with findings of 

Liaquat (2008) who conducted experiment on three different locations to investigate 

different planting methods on cotton performance and water saving percentage and 

reported results that the planting methods had non-significant effect on GOT at all three 

locations. These results were contradictory with findings of Usman et al. (2013). 

4.2.12. Boll weight 

 Boll weight is the major yield contributing attribute. Data depicted in Table 4.21 

showed significant effect of irrigation levels and various sowing methods on boll weight 

of cotton. And the interaction between these factors showed non -significant variation.  In 

75% FC level, significantly greater boll weight (2.55 g) appeared as compared to boll 

weight (2.15g) obtained in 50% FC level during 2010 while during 2011 boll weight 

(2.93 and 2.42 g) respectively, recorded was greater as compared to previous and trend 

recorded was same in both years. These results were found similar with results of Hussein 

et al. (2008) who stated that with decrease in irrigation boll weight decreased 

significantly. Nevertheless, sowing methods significantly enhanced boll weight producing 

highest boll weight (2.53 g) in cotton grown on beds. Minimum boll weight (2.19 g) 

produced by cotton planted under flat plating method. Same trend was found during 2011. 

The interaction of irrigation levels and sowing methods was non-significant. The increase 

in boll weight was due to higher moisture retention in bed sowing and more aeration to 

the plants. These results are also in line with McAlavy. (2004) who also found higher boll  
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Table 4.20Effect of irrigation levels and sowing methods on GOT of cotton. 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 35.83 36.03 35.93 C 

Ridge Sowing 36.43 37.01 36.72 B 

Bed Sowing 37.41 37.90 37.66 A 

Mean 36.55 B 36.98 A  

 

LSD for irrigation levels: 0.23   LSD for sowing methods: 0.25 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 35.56 36.12 35.84 C 

Ridge Sowing 36.39 36.94 36.66 B 

Bed Sowing 37.09 37.60 37.35 A 

Mean 36.35 36.89  

 

LSD for irrigation levels: Non- Significant  LSD for sowing methods: 0.28 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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Table 4.21Effect of irrigation levels and sowing methods on boll weight of cotton 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 2.03 2.35 2.19 C 

Ridge Sowing 2.15 2.53 2.34 B 

Bed Sowing 2.28 2.78 2.53 A 

Mean 2.15 B 2.55 A  

 

LSD for irrigation levels: 0.23   LSD for sowing methods: 0.13 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 2.23 2.70 2.46 C 

Ridge Sowing 2.40 2.96 2.68 B 

Bed Sowing 2.64 3.14 2.89 A 

Mean 2.42 B 2.93 A  

 

LSD for irrigation levels: 0.41   LSD for sowing methods: 0.16 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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weight in flat sowing with earthing up as compared to flat sowing. And these results were 

contradictory to the results found by Ali and Ehsanullah (2007) who reported greater boll 

weight in flat planting with alternate row earthing up. They attributed greater boll weight 

to vigorous growth of plants, more assimilates accumulation in bolls.   

4.2.13. Seed Cotton Yield 

 Data depicted in Table 4.22 revealed significant influence of difference irrigation 

levels as well as sowing methods on seed cotton yield in both growing seasons. However, 

interactive effects of these two factors were found non-significant. Cotton grown under 

75% FC level produced maximum seed cotton yield of 2019 kg ha
-1

 which was 

significantly higher as compared to 50% FC level (1462 kg ha
-1

) during 2010 while 

almost similar trend was recorded during 2011 where highest seed cotton yield of 2152 kg 

ha
-1

was obtained in 75% FC compared with 50% FC (1649kg ha
-1

). These results were 

favoured by the findings of Maqsood et al. (2006) who reported that seed cotton yield 

was highest in full watered conditions as compared to stress conditions. This increase was 

attributed to increase in major yield contributing components such as sympodial branches, 

more number of opened bolls per plant and 100-seed weight which ultimately resulted 

increase in seed cotton yield. 

 In addition, cotton grown on beds gave positively more yield of 1912 kg ha
-1 

which was followed by the yield obtained under ridge sowing (1704 kg ha
-1

), whereas, 

flat planting produced minimum seed cotton yield of 1606 kg ha
-1 

during the year 2010. 

While in next year both bed and ridge sowing yielded statistically same yield of 2051 and 

1933 kg ha
-1

, respectively and flat sown cotton produced minimum yield (1717 kg ha
-

1
).As far as, increase in yields on the various sowing methods was described yield of 

cotton on bed sowing was increased due to early germination and emergence of crop as 

compared to flat sowing and all yield parameters such as number of sympodial branches, 

boll weight and seed cotton yield was higher. These results are similar with Ali et al. 

(2012) who also found significantly higher seed cotton yield in cotton grown on beds 

comparing three sowing methods viz. flat sowing, ridge sowing and bed sowing. These 

results are supported by Maqsood et al. (2006). They found significantly higher seed 

cotton yield in bed sown cotton as compared to flat sown cotton. This increase in seed 

cotton yield in bed sown crop was attributed to increase in main yield components such as 

more number of opened bolls per plant and higher seed weight.  
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Table 4.22Effect of irrigation levels and sowing methods on seed cotton yield 

(a) 2010 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 1370 1843 1606 B 

Ridge Sowing 1443 1966 1704 B 

Bed Sowing 1574 2250 1912 A 

Mean 1462 B 2019 A  

 

LSD for irrigation levels: 270.65   LSD for sowing methods: 131.56 

 

(b) 2011 

 50% Field capacity 
75% Field 

capacity 
Mean 

Flat Sowing 1507 1926 1717 B 

Ridge Sowing 1677 2190 1933 AB 

Bed Sowing 1763 2339 2051 A 

Mean 1649 B 2152A  

 

LSD for irrigation levels:389.82   LSD for sowing methods: 234.58 

 

Any two means not sharing a letter in a common differ significantly at P ≤ 0.05. 
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4.2.14. Physiological Parameters 

4.2.15. Leaf area index (LAI) 

Leaf area index (LAI) is the main physiological determinant of crop yield Effect of 

treatments on LAI development during the season among different irrigation levels. The 

effect of irrigation levels on LAI was significant while the effect of sowing method and 

their interaction was non -significant. Data pertaining LAI of cotton under the influence of 

different irrigation levels and sowing methods during 2010 and 2011 are presented in Fig. 

4.9. 

LAI showed a periodic increase under 50% as well as 75% field capacity levels in both of 

growing seasons. Nonetheless, such an increase was more pronounced at 75% field 

capacity level as compared to that recorded in 50% field capacity level (Fig. 4.9). The 

maximum LAI was recorded at 120 DAS which declined thereafter with the passage of 

time. Data indicated that pronounced differences were recorded among various sowing 

methods regarding LAI. Averaged across treatments, bed sowing and ridge sowing of 

cotton remained superior in terms of higher LAI at all stages of crop. Therefore, curve 

lines of these sowing methods were above than flat sowing at all growth stages of crop. 

Overall, at 120 DAS, highest values of LAI were noticed in bed sowing of cotton, when 

75% field capacity level was maintained. The trend of LAI was almost similar in both 

growing seasons of crop. This increase in LAI at 75 % field capacity was attributed to 

more water availability, better plant growth and stand establishment. There was more 

vegetative growth and leaf canopy structure was more developed in bed sowing due to 

better light penetration and ample growth of the plants. These results were in accordance 

with those Maqsood et al. (2006) who also found that LAI was more in watered 

conditions as compared to stress conditions.   

 4.2.16. Crop growth rate  

 Periodic data regarding CGR of cotton as influenced by different irrigation levels 

and sowing methods during 2010 and 2011 growing seasons are presented in Fig4.10. 

Temporal increase in CGR was observed with maximum values achieved at 90-120 DAS, 

which declined substantially with passage of time because crop growth rate decreased 

near crop maturity. Growth rate of cotton was more, when it was sown at 75% field 

capacity level as compared to that recorded in 50% field capacity level. Among various 

sowing methods, higher CGR was recorded in bed sowing, followed by ridge sowing of  
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(a) 

 

(b) 

 

 

Fig. 4.9 Effect of irrigation levels and sowing methods on leaf area index (LAI) 

during 2010 (a) and during 2011(b) 
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(b) 

 

 

 

Fig. 4.10 Effect of irrigation levels and sowing methods on crop growth rate during 

2010 (a) and during 2011(b) 
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cotton. However, flat sowing of cotton attained lower CGR under 75% as well as 50% 

field capacity levels.  

 Data regarding CGR recorded during 2010 and 2011 revealed that growth rate of 

cotton varied in both the growing seasons under the influence of different treatments. Bed 

sowing of cotton proved better in both growing seasons, but magnitude of increase in 

growth rate differed in both years. Overall, bed sowing of cotton at 75% field capacity 

level remained the best combination in terms of CGR. Water availability was more at 

75% FC level favouring the plants growth and at 50% FC level crop was in stress due to 

water less availability so its crop growth rate was lesser. As regards sowing methods there 

was more water retention and more nutrients availability in bed son crops which 

ultimately resulted in more CGR. 

4.2.17. Total dry matter accumulation  

 Data pertaining total dry matter accumulation in cotton sown under different 

irrigation levels and sowing methods during 2010 and 2011 are presented in Fig.4.11. 

 Pronounced differences regarding TDM in cotton were recorded under the 

influence of different field capacity levels as well as sowing methods. Data revealed that 

TDM was progressively increased with the passage of time at 75% as well as 50% field 

capacity levels with maximum value attained at 150 DAS. Higher TDM was recorded in 

both growing seasons, when crop was sown at 75% field capacity as compared to that of 

50% field capacity level. Similarly, response of TDM varied to different sowing methods 

and bed sowing of cotton accumulated higher TDM. Therefore, the curve line of bed-

sown cotton crop was higher than ridge and flat sowing at all stages of crop. Bed sowing 

accompanied with 75% field capacity level remained the best combination regarding 

TDM in both years. 

 The trend of TDM in both growing seasons was almost similar. However, crop 

sown during 2011 showed sudden increase in TDM after 60 DAS, which was not in case 

of crop sown during 2010. This might be attributed to favourable temperature and 

environmental conditions in 2011 which favoured crop growth and total dry mass 

production was enhanced. These results were found similar with the findings of Maqsood 

et al. (2006) who found that TDM was greater in plots where full irrigation was given to 

crop along with bed sowing as compared to flat sown crop having stress of irrigation. 

Furthermore, they also stated that flat sown cotton produced lowest TDM.  
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Fig. 4.11 Effect of tillage systems and sowing methods on total dry matter (TDM) 

during 2010 (a) and during 2011(b) 
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4.2.18. Leaf area duration  

 Data pertaining seasonal LAD in cotton during 2010 and 2011 are presented in 

Fig. 4.12. LAD depicted a periodic increase with the passage of time in both field 

capacity levels with maximum value achieved at 150 DAS. Pronounced variations 

regarding LAD in cotton were observed under the influence of various field capacity 

levels as well as sowing methods. LAD of cotton recorded 75% field capacity was higher 

at all growth stages than that recorded field capacity levels. Whereas, among various 

sowing methods, bed sowing of cotton outperformed by recording higher LAD than that 

of either ridge or flat sowing. At 150 DAS, maximum value of LAD was calculated in 

bed sowing of cotton accompanied with 75% field capacity levels in both growing 

seasons. Similar trend was observed regarding LAD in both growing seasons. This was 

due to more LAI;s achieved at 75% FC levels than 50% FC levels. Crop growth was 

ample having broader leaves and more light interception took place which enhanced LAI 

values and ultimately LAD.  
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Fig. 4.12 Effect of irrigation levels and sowing methods on leaf area duration (LAD) 

during 2010 (a) and during 2011(b) 

Note: S1: Flat sowing, S2: Ridge sowing, S3: Bed Sowing 
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Economic Analysis 

4.2.19. Economic analysis 

Economic analysis provides estimate for the cost-effectiveness and net return of the 

system. Farmers are more fascinated in variable costs and economic return of newly 

introduced enterprises. Cost of production and gross income of all the treatments were 

calculated on the current price basis. The differences were in crop yield and prices of 

input during 2010 and 2011; individual year analysis was made for both experiments by 

using standard procedures as mentioned in Chapter 3. Economic analysis made is 

presented in Table 4.23 (a, b). 

4.2.20. Net Return 

Net return was calculated during both the years (2010 and 2011) are given in the table 

4.23 (a,b). In first growing season overall environment during the whole crop period was 

unfavourable due to heavy monsoon rainfall which ultimately affected crop yield. While 

during second growing season (2011) the environment was favourable. Timely rainfall at 

critical stages, optimum temperature and more sunny days well supported the growth of 

cotton that’s why the overall yield in 2011 was more than 2010. During 2010 bed sowing 

at 75% field capacity (FC) gave maximum net return of Rs. 82574/- while in 2011 it was 

Rs. 43336/- in the same treatments. Although yield in 2011 was more as compared to first 

year yet decrease in net returns during second year was due to lower cotton market prices 

than first year. No doubt, the yields of bed sown plots at 75% FC level were statistically 

higher due to which net return was more than rest of the treatments. During 2010 overall 

cotton production was lower due to more rainfall and flood occurrence in the country; due 

to lesser availability of cotton than demand its market value was raised. During next 

growing season environment was favourable, overall cotton production was higher than 

the previous year. So, for obtaining more net returns it was recommended that cotton 

should be sown on beds with 75% FC levels. Because, it gave maximum net return of Rs. 

82574/- and Rs. 43336/- during 2010 and 2011, respectively. In this way farmers can get 

more returns of their cost applied on cotton production.  
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Table 4.23 (a)Effect of irrigation levels and sowing methods on total cost, net return and benefit-cost ratio of cotton planted during 2010  

 

Treatment Yield 

 (kg ha
-1

) 

Value  

(Rs ha
-1

) 

Cotton 

Sticks 

Value 

Gross Income 

(Rs ha
-1

) 

Total Cost 

(Rs ha
-1

) 

Net Return 

(Rs ha
-1

) 

Benefit Cost 

Ratio 

5
0
%

 F
ie

ld
 

C
ap

ac
it

y
 

Flat sowing 1370.40 137040 10000 147040 145528 1512 1.01 

Ridge Sowing 1443.80 144380 10000 154380 147895 6485 1.04 

Bed Sowing 1574.10 157410 10000 167410 148547 18863.5 1.13 

7
5
%

 F
ie

ld
 

C
ap

ac
it

y
 

Flat sowing 1843.20 184320 10000 194320 148392 45928 1.31 

Ridge Sowing 1966.10 196610 10000 206610 151007 55603.5 1.37 

Bed Sowing 2250.00 225000 10000 235000 152426 82574 1.54 

 

Seed cotton price = Rs. 4000 per 40 kg       Cotton sticks value = Rs. 10000 per ha 
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Table 4.23 (b)Effect of irrigation levels and sowing methods on total cost, net return and benefit-cost ratio of cotton planted during 2011 

Treatment Yield 

(kg ha
-1

) 

Value 

 (Rs ha
-1

) 

Cotton 

Sticks 

Value 

Gross Income 

Rs ha
-1

 

Total Cost 

(Rs ha
-1

) 

Net Return 

(Rs ha
-1

) 

Benefit Cost 

Ratio 

5
0
%

 F
ie

ld
 

C
ap

ac
it

y
 

Flat sowing 1507.4 120592 10000 130592 146763 -16171 0.89 

Ridge Sowing 1677.2 134176 10000 144176 150012 -5836 0.96 

Bed Sowing 1763 141040 10000 151040 150441 599 1.00 

7
5
%

 F
ie

ld
 

C
ap

ac
it

y
 

Flat sowing 1926.5 154120 10000 164120 149359 14761.5 1.10 

Ridge Sowing 2190.1 175208 10000 185208 153077 32131.5 1.21 

Bed Sowing 2339.5 187160 10000 197160 153824 43336.5 1.28 

 

Seed cotton price = Rs. 3200 per 40 kg       Cotton sticks value = Rs. 10000 per ha 
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4.2.21. Benefit cost ratio 

Benefit cost ratio is another important economic parameter in which farmers are 

interested to see the gain in net returns with a given increase in total costs. Benefit cost 

ratio is an indicator that tries to sum up the overall value for money of a project or 

proposal. 

During 2010 in bed sowing with 75% FC gave maximum BCR of 1.54. It was 

followed by ridge planting (1.37 BCR). Flat sown cotton with 75% FC produced 

minimum BCR of 1.31. Similar trend was calculated at50% FC level. Under this system 

bed sowing gave maximum BCR of 1.13 and it was followed by ridge sowing method 

producing BCR of 1.04. Minimum BCR (1.01) was found in flat sown cotton at 50% FC 

level. During 2011, similar trend was found. Benefit cost ratio was low due to price 

differences. Highest BCR (1.28) was obtained at 75% FC level in bed sown cotton. It was 

followed by ridge planted cotton giving 1.21 BCR. Minimum benefit cost ratio of 1.10 

was observed in flat sown cotton at 75% FC level. While at 50% FC highest BCR (1.00) 

was obtained in bed sown cotton. It was followed by ridge planting producing 0.96 BCR 

and minimum BCR of 0.89 in flat sown cotton. Comparison showed that during both the 

growing seasons bed planting at 75% FC gave maximum benefit cost ratio compared with 

rest of the treatments. Higher BCR was due to greater net returns obtained in these plots.  
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CHAPTER 5 

SUMMARY 

Cotton plays a vital role in Pakistan’s economy. It is a lifeline of the textile industry in 

our country. It has been estimated that an increase of one million bales in cotton 

production will result in increase of half percent in GDP. The research was conducted at 

University of Agriculture, Faisalabad, Pakistan to explore the response of cotton to 

tillage, irrigation and sowing methods. The experiment was conducted to assess suitable 

and economical tillage system and planting method for cotton crop, attain efficient 

irrigation water utilization and saving without affecting crop yield or quality and to 

quantify the irrigation water for cotton crop required for different planting methods. Two 

experiments were conducted for two consecutive years under Faisalabad conditions. First 

experiment was comprised of two tillage systems; conventional tillage (one time disc 

harrow + two cultivations + planking) and deep tillage (chiselling twice + one cultivation 

+ planking) along with three sowing methods of cotton viz; flat sowing, ridge sowing, and 

bed sowing. Second experiment comprised of two irrigation levels (50% and 75% field 

capacity) along with three sowing methods of cotton crop viz; flat sowing, ridge sowing, 

and bed sowing. Randomized Complete Block Design with split-plot arrangement having 

three replications was used by maintaining net plot size of 9.0 m x 6.0 m in both 

experiments. In experiment I, the tillage operations were randomized in main plots and 

sowing methods in sub plots, while in experiment II, the irrigation levels were 

randomized in main plots and sowing methods in sub plots. Bt cotton variety AA-703 was 

sown 75 cm apart with seed rate of 20 kg ha
-1

. Data pertaining to growth, yield, and soil 

physical parameters were recorded and analysed by using standard procedures and results 

are summarized below. 

Experiment I 

 Deep tillage significantly increased LAI, CGR, NAR and TDM over conventional 

tillage in 2010 and same trend was recorded during 2011. Whereas, bed sowing 

produced maximum LAI, CGR, NAR, and TDM compared with ridge and flat 

sowing methods. 

 Deep tillage increased seed cotton yield 18.72% during 2010 and 11.14% during 

2011 as compared to other tillage systems. Bed sowing produced 8.8% higher 

yield than ridge sowing during 2010 while 4.12% higher during 2011. However 
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the seed cotton yield was 25.61 and 16.47% higher as compared with flat sowing 

in 2010 and 2011, respectively. 

 Bed planting of cotton crop under deep tillage gave maximum net return of Rs. 

121556/- with BCR of 1.81 in 2010, while in 2011 it was Rs. 68627/- with BCR 

of 1.45 under same planting technique and tillage system. 

Experiment II 

 Application of irrigation to cotton crop at 75% FC significantly improved LAI, 

CGR, NAR and TDM over 50% FC level during both years of study. 

 Irrigation applied at 75% FC level enhanced seed cotton yield upto the magnitude 

of 38% in 2010 and 30.49% in 2011 than at 50% FC level. Bed planted cotton 

crop produced 12.1% more yield during 2010 and 6.08% in 2011 than ridge 

sowing. The increase in yield was 18.09 and 19% compared with flat sowing 

respectively during both years. 

 Bed sown cotton with water application at 75% FC level gave maximum net 

returns of Rs. 82574/- with BCR of 1.54 during 2010 and net returns of Rs. 

43336/- with BCR of 1.28 in 2011. 

 Water use efficiency and seed cotton yield, both were higher at 75% FC level than 

50% FC level. 

 Flat sown cotton needed maximum amount of water (9226.89 m
3 

ha
-1

) followed by 

ridge sown cotton with water requirement of 7930.16 m
3 

ha
-1

, while minimum 

amount of water (6284.81 m
3 

ha
-1

) was needed for bed sowing of cotton crop. 

Conclusion: 

It is concluded that bed sown cotton under deep tillage system produced 

maximum seed cotton yield as compared to conventional tillage system under ridge and 

flat planting techniques of cotton crop. Furthermore, it was also concluded that cotton 

crop gown on beds with irrigation at 75% FC level produced the highest seed cotton yield 

than at 50% FC level both in ridge and flat sown methods .  

Recommendations: 

 Based on the conclusions derived from the experiments conducted in this study it 

is recommended that farmers should adopt deep tillage practices and bed sowing 

method for better cotton crop yield under the prevailing conditions of Faisalabad, 

Pakistan. 
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 It is further recommended that 50% field capacity level was mild stress to the 

cotton crop and it must be irrigated before to reach this stress level. While for 

improving water use efficiency bed planting technique should be followed for 

cotton.  

Future Thrusts. 

1. Deep tillage at different depths with different implements may be tested with 

bed sowing methods. 

2. Root growth development behaviour and root densities at varying depths and 

its effects on crop growth and yield should be studied. 

3. Performance of cotton on flat vs beds on different soils and localities should 

be studied with combined effect of tillage, fertilizer and irrigation. 
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