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ABBREVIATIONS 

 
Abbreviation     Full 

@      At the rate of 

cm      Centimeter 

cv      Cultivar 

D                                                                      Duncan‟s Multiple Range Test 

DMRT      Density 

d      Days 

DAS      Days after sowing 

Day
-1

      Per day 

Etc      Evapotranspiration coefficient 

FC      Field capacity 

E      Transpiration rate 

g      Gram 

gs      Stomatal conductance 

GOT      Ginning out turn 

ha
-1

      Per hectare 

I      Irrigation 

Inch
-1

      Per inch 

K      Potassium 

kg      Kilogram 

LAI      Leaf area index 

LSD      Least significant difference 

LRC      Lateral root count 

p      Leaf turgor potential 

s      Leaf osmotic potential 

w      Leaf water potential 

M      Mulch / Mulches 

MPa      Mega pascal 

m
-2

      Per square meter 

ml      Milliliter 

mm      Millimeter 

µg      Microgram 

N      Nitrogen 

NAR      Net assimilation rate 

PN      Net photosynthesis 

P      Planting methods  

Plant
-1

      Per plant 

%      Percent 

q      Quintal 

R      Rainfall 

RGR      Relative growth rate 

RDW      Root dry weight 

RL      Root length 

Rs.      Rupees 
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s
-1

                                            Per second 

SDW       Soot dry weight 

LSC      Leaf stomatal conductance 

t      Tonne 

WUE      Water use efficiency 
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CHAPTER 1 

INTRODUCTION 

 

 Of Pakistan‟s total land area, only 26% is considered to be arable, most of which receives 

little rainfall. Until the introduction of a regular irrigation system, large areas were desolate 

wastelands and deserts. Irrigation in Pakistan started at the end of the nineteenth century and has 

eventually become the largest contiguous gravity irrigation system in the world (De Vries, 2000). 

The regular irrigation water supplies determine the agricultural output of Pakistan. The 

overall surface water availability (both for Kharif and Rabi seasons) remained less. The decrease 

in surface water availability during (2003-04) was 5.9% and it was 13.4% during (2011-12) 

against the normal surface water availability at canal heads of 103.5 million-acre feet (MAF). 

However; it was even 20.6% less in 2004-05 than the normal availability (Anonymous. 

2012).Thus, water is becoming increasingly scarce, creating ever more serious droughts. 

Therefore, water supply is a major constraint to crop production (Sharifan and Hezarjaribi, 

2009). 

Keeping in view the declining situation of water availability, a clear cut threat to crop 

production arises which necessitates to plan for judicious use of irrigation water or in other 

words, to explore means and methods for efficient use of irrigation water by increasing both crop 

water use efficiency as well as irrigation water use efficiency. 

 Drought or water deficit is one of the major abiotic stresses constituting primary limit on 

the productivity of agricultural crops. Upland cotton (Gossypium hirsutum L.) is cultivated in 

warmer climates throughout the world McCarty et al. (2007). High temperatures can have both 

direct inhibitory effects on growth and yield, and indirect effects due to high evaporative demand 

causing more intense water stress. Recently, Bibi et al. (2010) showed that leaf extension growth 

in Upland cotton declined significantly at temperatures above 35°C. Plant water-deficit stress 

often coincides with high temperatures, but with irrigation and adequate precipitation this is not 

always a problem (Oosterhuis, 2011). Hence, cotton crop is considered as drought tolerant, yet 

its yields are severely affected due to water stress. On the other hands, it produces better yields in 

proportion to sufficient water supplies through rainfall and supplemental irrigation water (Keith 

et al., 1994). Water deficit causes a severe reduction in various plant functions viz, leaf 
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expansion, organ production (both leaves and fruit), fiber length, photosynthesis, boll retention, 

fiber thickening, root growth and function (Steve et al., 2002). 

 A mild degree of stress is considered as desirable for maximizing yields and avoiding 

delay in maturity which may be achieved through correct use of irrigation deficits. The effect of 

moisture stress at different crop growth stages and final yield is different and is associated with 

crop water demands. Water stress during these stages determines the proportion of reduction in 

final yields. During high water demand stage, it can result in heavy reduction in yield and vice 

versa (Annexture IB) though these effects are not simply additive (Steve et al., 2002). 

 Water plays an important role in determining the productivity of cotton crop. Soil 

moisture deficit reduced seed cotton yield, plant height and number of seeds per boll 

(Ponnuswamy and Karivaratharaju, 1996) as well as caused abscission that influenced the fruit 

pattern of plant (Joseph et al., 1997). On the other hand, application of too much water causes 

soil oxygen depletion lowering root activity and subsequently affects the whole plant. Reduction 

in nitrogen uptake, nutrient metabolism, leaf area production and photosynthesis are the results 

of excessive water application. One day water logging reduces nitrogen uptake by 1kg of 

nitrogen per hectare resulting in reduction in growth and yield potential of crop (Steve et al., 

2002). Frequent watering enhanced the cotton crop growth in the initial stage but decreased in 

later stages, and hence affected the yield (Laghari et al., 2010). Thus, a balance is to be kept 

between excessive vegetative growth due to abundant water supply and restricted growth due to 

limited water supplies resulting in reduced yield potential. Moreover, the risk of water logging 

needs to be minimized especially due to rainfall following an irrigation application and the 

opportunity to use rainfall productively should be maximized (Steve et al., 2002). Hence, as a 

strategy it is concluded to produce large and productive plant avoiding excessive vegetative 

growth and water logging risk or wastage of water (Steve et al., 2002).  

There are other management options that can be adopted to tackle with the water 

limitations. These may include sowing of cotton on an area proportional to irrigation water 

availability, selecting short or full season and drought resistant or tolerant varieties, growing 

cotton at low plant density, use of skip row irrigation method, conservation tillage, fertilization, 

using soil and plant mulch and adopting proper planting method, etc. (Steve et al.,  2002). 

 Among various management options, planting methods are important factors which affect 

crop growth, development and yield. Furrows and alternate furrows irrigation system (Flat 
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planting, every row and alternate row earthing up) saves up to 50% irrigation water and enhances 

seed cotton yield as compared to flood irrigation system (Aujla et al., 1991; Sagare and Bongle, 

1993 and Wiese et al., 1994). Other research studies revealed that the maximum water saving 

and highest seed cotton yield was produced by the bed (raised bed) planting method 

(Anonymous, 2006). 

 Although 18% greater costs were reported for bed and furrow irrigation than for basin 

irrigation but this was compensated by 11.4% higher (additional) yields obtained by bed and 

furrow method. Quicker maturity and shorter growth season, more germination, lesser water use 

per irrigation event, increased accessibility of the field and suitability for saline land cultivation 

were the additional benefits of bed and furrow planting method (De Vries, 2000). According to 

other reports, 32% water saving and minimized salinity hazards in the bed and furrow planting 

method make it prominent among other methods of planting cotton (Makhdum et al., 2001). 

Adoption of the appropriate planting method and irrigation water management for 

successful crop production is a most critical problem, especially in cotton growing areas of 

Pakistan, where the underground water is saline and the only source of irrigation water is canal, 

which is becoming scarce day by day. It increases the demands to search for means of efficient 

utilization of water and raising/improving the crop water use efficiency. Alternate furrow 

irrigation method used 41% less water than furrow irrigation (Khan et al., 1999). 

 Due to genetic diversity, different genotypes respond differently to soil moisture and 

environmental conditions. Such differences in response are attributed to their rooting capacity to 

absorb soil moisture from deeper soil layers. The cultivar with larger root and root hairs is found 

to be more efficient in extracting soil moisture from deeper soil profiles. Short season or early 

maturing cultivars of cotton save at least one irrigation at the end of season than full season 

cultivars. Short stature cultivars are more responsive to higher nutrient supplies while the tall 

varieties are good responsive to less water supply especially at initial stages of growth up to 

square initiation. In the genetic pool of cotton species, there are cultivars that have marked 

differential ability to absorb and utilize water efficiently to produce good economic yields. 

 Mulching is one of the important management options for conserving soil and plant 

moisture. It encourages better plant growth and development by conserving moisture, lowering 

soil temperatures around the plant roots, preventing erosion and reducing weed growth. Mulches 

can be derived from either organic or inorganic materials or a cover crop can act as mulch. 
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Higher yields associated with cover crops (a sort of bio mulch) in dry years are thought to be due 

to the increased infiltration of rainfall, less evaporation of moisture, increased organic matter and 

reduced soil compaction (Keith et al., 1994). An increase of 35% lint yield was observed in 

wheat stubble mulched plots than without stubbles and that Et (Evapotranspiration) water use 

efficiency was increased by the wheat stubble residue without additional input of water (Robert 

et al., 2000).  

Presently, cotton (Gossypium hirsutum L.) is being grown in Pakistan on an area of 3.054 

million hectares with an annual lint production of 11.7 million bales (Anonymous, 2008). It is of 

high economic value and shares about (60%) of total country‟s foreign exchange by exporting 

the raw cotton, yarn and other finished products. In addition, it also provides raw materials to the 

local textile and other related industry and employment to millions of people. It accounts for 7.5 

% of the value added in agriculture and about 1.6% to country‟s Gross Domestic Product (GDP) 

(Anonymous, 2008). Since the economy of Pakistan largely depends on the production and 

export of raw cotton, cotton yarn and textile products, efforts have been made to increase 

production through increased yields. The low yield per hectare, however, has been a major 

problem. In Pakistan, the yield per unit area is much less than other cotton growing countries in 

the world (Anonymous, 2008). A vast gap prevails between the existing yield potential and the 

national average yield. This yield gap is mainly due to improper implementation of the improved 

production technology at the farmer‟s field. This is because of certain socio-economic factors 

faced by the growers. Use of poor quality seed resulting in poor germination and establishing a 

poor crop stand, injudicious use of irrigation water, imbalanced use of fertilizer, weed 

infestation, unsuitable planting method, water scarcity and ineffective management techniques 

are the main causes of low yield per unit area (Sadiq et al., 1998). In addition to some socio-

economic constraints, temperature, limited water availability, soil moisture and atmospheric 

stresses are the most serious constraints, in cotton production as well. Agronomists and breeders 

are continuously seeking improvement in cotton yield through various ways (Sadia et al., 1996). 

The yields still seem stagnant, despite of the utmost efforts of both breeders and agronomists. 

An opportunity for improvement of livelihood of the farming communities by reduction 

in use of inputs like fresh water, chemical fertilizer and pesticides which in turn will reduce cost 

of production, bring about improvement in working conditions and health situation and thereby 

ensuring better profitability. Thus, it demands to address sustainability of cotton production in 
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Pakistan. “Better Management Practices” (BMPs) identified may lead to sustainable cotton 

production. Among “BMPs” are the selection of suitable variety, planting method, soil water 

conservation techniques and the efficient use of irrigation water (Anonymous, 2007).  

Thus concluding the need to utilize all available water in an efficient way, the 

information is lacking regarding the systematic work undertaken in the past to evaluate various 

sowing/planting methods in combination with other means/practices for water 

conservation/saving viz, use of various kinds of mulches with special reference to water use 

efficiency by suitable cotton variety.  

Keeping in view the increasing trend of water shortage during the last few years due to 

less rainfall and high temperature posing a serious threat to the cotton productivity, the present 

study was planned and carried out to achieve the following objectives:  

i. Evaluating/screening of cultivars at different growth stages under different 

irrigation regimes. 

ii.  To explore Agro-Water Management Techniques/Strategies for sustainable cotton 

production by: 

a. Evaluating planting methods for efficient use of irrigation water and saving                             

water without affecting cotton crop yield and quality. 

b. Finding out suitable mulching material/practice for soil and plant water              

conservation. 
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CH CHAPTER 2 

REVIEW OF LITERATURE 

Scientific research done in the relevant fields is a sound source of guidance for future 

research plans or studies. A  review  of  the previous  research work  and  studies  is  presented in  

this  chapter :   

2.1 Screening at seedling stage  

 Although cotton is a drought tolerant crop yet genotypes have been evaluated /screened 

by the scientists for their performance under water deficit/stress conditions. The efficiency of a 

screening method is determined as the ability of screening maximum plant material in the 

shortest possible time. 

 Drought tolerance being a complex phenomenon, a quick and effective screening 

technique for this trait. Study of drought tolerance of a genotype (of individual plants or 

established genotypes) under field conditions is rather a tough job. This is generally because of 

weather and field or soil type variations thus leading to strategy of drought tolerance studies 

under greenhouse conditions or growth chambers (Longenberger et al., 2006).  

Ball et al. (1994),
 
Prior et al. (1995),

 
Plaut et al. (1996), (Basal et al., 2005) and ( Zhi-bo 

et al., 2010)observed that cotton root elongation was reduced due to inadequate soil moisture. 

Pereira et al. (1998) evaluated ten medium fibre cotton (G. hirsutum var. Latifolium) cultivars for 

seed germination under different water stress levels under controlled temperature (27°C). They 

found severe effects of water stress on germination at osmotic potential of -0.8 Mpa. KangGuo et 

al. (1999) investigated the effects of seed coatings (not specified) on seedling emergence and 

growth of cotton (G. hirsutum L.) and found that the rate of emergence and growth increased by 

seed coatings, particularly under moisture stress conditions. The response of cotton (Gossypium 

hirsutum L.) plants to moisture stress has great significance regarding growth and irrigation 

demands. Pace et al. (1999) and Basal et al. (2005) evaluated a long and a short-season cotton 

cultivar under water stress and subsequent recovery period of about 59 days after planting. It was 

noted that plant height, leaf area, number of nodes, and the leaves and stems dry weights were 

reduced in plants of drought treatment as against the non stressed plants. Root growth was not 

reduced in case of drought-treated plants than controls, until the end of the recovery period, 

while the shoot: root ratio was less in the stress treated plants than the controls.  
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Increased root lengths with reduced diameter exhibited by drought-stressed seedlings of 

genotypes were reported by Pace et al. (1999). Basal et al. (2005) evaluated the response of root 

growth under water stress and nonstressed conditions in a greenhouse. The robust rooting 

genotypes exhibited longer tap root length (RL), greater lateral root number (LRN), total root dry 

weight (TRDW), root weight per unit length of tap root (W/L), and shoot dry weight (SDW) than 

the nonrobust ones irrespective of moisture regime. Increased LRN was observed after two 

cycles of seedling drought. Strong correlation was found between SDW and TRDW. While, SDW 

was associated with W/L. Results led to the conclusion that a reliable selection criteria for 

drought tolerance could be based on root parameters, initial water content (IWC) and ELWL. 

Seedlings of cotton plants were subjected to three sequential cycles of drought at 15 days after 

sowing (DAS). Genotypes differed in their percent survival following three consecutive drought 

cycles (Longenberger et al., 2006). Water stress imposed for 45 days significantly reduced shoot 

length, root length, shoot fresh weight and shoot dry weight of 80 cotton ccessions, and these 

accessions differed to a great extent from each other, and sensitivity varied from very tolerant to 

very sensitive. Some of the accessions like B-557 and DPL-26 showed small leakage of ions due 

to stress, and were revealed as moisture stress tolerant accessions. Cell membrane injury showed 

a positive relationship with moisture stress tolerance. The injury was less in tolerant accessions, 

thus it proved to be a reliable indicator of water status (Iqbal,  2010) 

2.2 Evaluation of cotton genotypes during crop growth stage and maturity   

Cotton (Gossypium hirsutum L.) is grown as dry land and irrigated crop. Such types of 

genotypes are desired that can endure and recover from water deficits. These genotypes may help 

in minimizing yield loss in dry land areas as well as may result in reduction of total irrigation 

water needed for crop production in irrigated areas. 

 McMichael and Quisenberry (1991) found reduction in shoot: root ratio by terminal 

drought.  According to Gerik et al. (1996) cv. Tamcot HQ95 proved high yielder than GP74 

irrespective of the degree of moisture stress during a comparative study of two short-season 

cotton cultivars. They concluded that Tamcot HQ95 might have the greater photosynthetic 

capacity than that of GP74.    

Koodalingam et al. (1998) concluded that SVPR 2 is a high yielding medium staple a 

hybrid cotton variety studied in summer irrigated / rice fallow tract of Tamil Nadu, India. It was 

identified as tolerant to water deficit. Liu et al. (1998) reported that in China, 6000 entries of 
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cotton (Gossypium) germplasm were collected, evaluated and classified for drought resistance, 

salt tolerance and humidity tolerance. Research on the morphological and biochemical 

mechanisms of stress resistance revealed that resistance was a genetically controlled 

phenomenon.  Kuznetsov et al. (1999) found that plants of two cotton cultivars showed 

increased resistance to subsequent progressive soil drought preliminary heat shock (HS) 

treatment (45°C for 1.5 h). As a result of heat shock (HS) amino acids and amides were 

accumulated that in turn increased the osmotic pressure of the leaf cell sap.  

Begonia et al. (1999) exposed cotton (cv. DPL51) plants to ambient (350 micro mol/mol 

air) or high CO2 (700 micro mol/mol air) and well watered or subjected the plants to water stress 

from 50 days after sowing (square initiation stage) for 14 or 28 days. They found that number of 

nodes, plant height and number of squares were significantly greater in plants exposed to high 

CO2 compared with ambient CO2. However, under both CO2 levels well watered plants were 

found to be taller having more nodes and reproductive parts (squares and flowers) than water 

stressed plants. Mostly increases in growth parameters due to CO2 enrichment were negated by 

the greater impact of water stress.   

Bojinov et al. (2000) subjected two cotton varieties to severe drought and temperature 

stress and reported differences in their photosynthetic rates. These differences were found to be 

mainly in lower stomatal limitation, greater carboxylating capacity and relatively higher level of 

the substrate limitation in C-6037. The chlorophyll content in cotton leaves and photosynthetic 

rate in stem leaves in all cultivars under study reduced with increase in water stress. The 

chlorophyll content in cotton leaves was significantly and positively correlated with the 

photosynthetic rate (Yi et al., 2000).  

In cotton hybrids moisture stress affected the total chlorophyll as well as proline content 

in leaves irrespective of varieties (Kar et al., 2001). Yield and its attributes were reduced 

significantly in all the varieties in response to water deficit imposed at flowering stage. They 

found that out of five cotton hybrids PKV Hy-4 and PKV Hy-2 were relatively drought tolerant 

on yield assessment basis. The flowering stage in cotton was found to be more critical to 

moisture stress. A study with three genotypes of Bt transgenic cotton (Lumianyan 15, Lu s6177 

and 33B) revealed significantly reduced both lint yield and Bt insecticidal protein content in 

plants during water logging during flowering and boll formation stages. Similarly, drought 

resulted in even stronger inhibitory effects on Bt protein content. On wilting of leaves, the Bt 
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protein content in old leaves, young leaves and squares reduced by 52.9, 37.0 and 30.0%, 

respectively ZongBin et al., (2004) and Wang et al., (2001). 

Roberts and Constable (2003) suggested that crop maturity could be brought forward by 

using a combination of optimum N fertilizer, short season variety and applying one less 

irrigation at the end of the season.  

 Pettigrew (2004) concluded that lint yield in cotton (G. hirsutum L.) could be depressed 

under water deficit conditions generally in all the cotton production regions. Field studies under 

dry land
 
and irrigated conditions with eight genotypes revealed that overall plant structure, 35% 

leaf area index (LAI) and 8% solar radiation interception were reduced under drought conditions. 

Under dry land conditions leaves exhibited 6%more CER (CO2 exchange rates) and 9% greater 

light-adapted photo system McMiII (PSII) quantum efficiency as compared to irrigated leaves 

during the morning. Reverse was true during the afternoon, when water potential of the dry land 

plants was much depressed. In addition, dry land plant leaves with 19% greater Chlorophyll 

content resulted in greater CER during the morning. In this way the irrigation yield response 

inconsistencies in the humid regions can however be understood due to this polarity of 

photosynthesis throughout the day for the dry land plants relative to irrigated plants.  

 Bednarz and Nichols (2005) reported that under conditions of late season insect pest 

pressure, soils with poor drainage and with limited irrigation water availability for profitable 

cotton production, it is wise to go for early crop maturity management in such regions. 

According to Bednarz et al. (2003) lint yield could be enhanced by more than 350 kg ha
-1 

by 

managing irrigation properly in Georgia. Pace et al. (1999) suggested that the ability of cotton 

genotypes to endure and recover from drought stress would help in minimizing yield loss. 

2.3 Planting Methods  

2.3.1  Response of cotton genotypes under flat and ridge/bed planting patterns 

2.3.1.1 Growth, yield attributes fiber quality and moisture conservation  

 Patel et al. (1989) found non significant differences in seed cotton yield grown on flat or 

ridges. Pundakakshudu et al. (1992) concluded that Cotton cv. Hybrid 4, grown under crowbar 

planting method (growing seedling in plastic tube and transplanting) and dry sowing on ridges 

(normal sowing) recorded highest seed cotton yield in crowbar method (1.51 t) than the normal 

sowing method (dry sowing on ridges) (1.07 t).  Mobley and Albers (1993) determined that ridge 

planting exhibited more rapid early season growth with increased plants height and main stem 
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node number with more total biomass.  This also resulted in significantly higher boll dry weight, 

more fruiting branches and more 1
st
 position bolls. It was further observed that seed cotton yield 

was 15.29% higher in ridge sown plots with out affecting fiber quality.  

 Heitholt (1994) stated that narrow rows had the potential to enhance boll numbers and
 
lint 

yield of cotton (Gossypium hirsutum L.) compared with conventional
 
row spacing. Averaged

 

across leaf types and plant densities, 51-cm rows increased
 
the number of flowers by 12% and 

yield by 4% compared with 102-cm
 
rows, while boll retention was 40% for both row spacings.

 

Boll retention was actually higher
 
in 102-cm rows (42%) than 76-cm rows (36%). Generally, 

plant density
 
and the main stem nodes number had little effect on flower

 
numbers or boll 

retention percentage. High plant densities tended to reduce the number of main stem nodes per 

plant. DianCheng et al., (1996) suggested that seed of cotton cv. R93-6 treated with PEG 

increases its stress resistance. Sowing on ridges may increase emergence by 30% compared with 

flat seedbeds. In a field trial, hybrid cotton grown on flat beds or ridges and furrows, registered 

6% more seed cotton yield on ridges than flat or bed sowing Madiwalar and Prabhakar (1998). 

 Malik and Shahawy (1999) conducted a field experiment on new cotton cultivar Giza-89, 

planted on ridges and found that planting of cotton on one side of 60 cm ridge resulted in 

increased final plant height, number of sympodial and monopodial branches, root volume, lateral 

root ranks, boll per plant, boll dry weight and seed cotton yield up to 6 percent. Besides, crop on 

ridges was enabled to survive over saline patches in the field. In ridge planting method it is quite 

convenient for the farmers to manage irrigation scheduling more economically and efficiently. 

Physiological and agronomic characteristics of cotton plant are also affected by planting 

methods.   

Javed (1996), Chaudhari et al. (2001) and Dangore et al. (2001) indicated that land 

configuration treatments (flat bed, ridges, and furrows did not show significant variation in 

number of bolls per plant (10.97-11.82), yield per plant (20.53-22.80 g) and yield per ha (7.84-

8.35 quintals). All soil configuration treatments conserved more soil moisture at flowering and 

boll stages than flat bed sowing. However, significantly greater seed cotton yield was recorded in 

cotton grown in 90 cm spaced double row strips than that in 60 cm spaced single rows. 

Significant differences were also noticed with respect to nutrient management treatments, 

suggesting that foliar application of 2% DAP or urea at 45 and 75 DAS was a useful nutrient 

management strategy to improve the seed cotton yield and yield components.  
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 In field experiments on ridge planting methods and its effect on yield and earliness of 

cotton cultivars, Teama et al. (2000) observed that number of sympodial branches, boll weight, 

lint index and seed cotton yield was not significantly affected by the sowing methods. Kennedy 

and Hutchinson (2001) were of the view that lowering cost of production and improvement in 

soil productivity could be achieved through the adoption of minimum tillage systems. For having 

the highest prebloom CGR and lint yield the NT system proved as the best conservation tillage 

system with the highest production potential. 

 Stathankos and Gemots (2002) compared different cotton planting methods i.e. in flat field 

and on ridges and found that the seed cotton yield had not any significant difference, however 

crop plants on ridges exhibited longer root system than the plants grown on flat plots. Tariq et al. 

(2003) studied two sowing methods of planting cotton (i) flat planting (ii) ridge planting and 

found that highest number of bolls per plant, greater seed index and the seed cotton yield was 

recorded from ridge sowing method of cotton crop compared to the crop sown on flat field.  

Singh et al. (2004) reported that on sloping lands (<1.5% slope), ridge and furrow system 

was superior to flat bed system with regard to yield and nutrient utilization in rainfed cotton. The 

integrated nutrient management (INM) treatments, with ridge and furrow system significantly 

increased seed cotton yield by 52%, while the recommended NPK treatment (80:40:40 kg ha
-1

) 

increased this parameter by 30%, over the farmers' practice (NP at 90:25 kg ha
-1

). Compared 

with the flat bed system, soil moisture content in surface soil (0-0.15 m) was 5% higher in ridge 

and furrow system plots.  

Balkcom et al. (2006) observed that cotton (G. hirsutum L.) yield and quality responded 

to irrigation and conservation management systems and ginning percentage increased by 2%.  

Fiber properties were affected by tillage systems, irrigation regimes affected length, micronaire, 

and fiber length uniformity during both the years. An irrigated conservation system, utilizing a 

cover crop, can improve cotton yields and positively influence fiber characteristics.    

2.3.1.2 Bed and Furrow Planting Method  

Balasubramanian and Subramanian (1993) conducted a field trial on cotton cv. K9 

(Gossypium arboreum) and MCU 10 (G. hirsutum) grown on broad bed and furrows. They found 

that G. hirsutum proved its superiority over Gossypium arboreum in quantity. With reference to 

lint quality, seed index and lint percentage and mean fiber length was higher in cotton grown in 

broad bed and furrows. Xia and Yan (1998) suggested that yield improvement measures include 
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fertilizer application, shallow drilling,  applying mulching with hay and the use of  raised beds to 

conserve moisture, and  a plant density of 52500-60000 plants/mu [mu = 0.067 ha ].  

Hulagalle et al. (1999) compared various rotations of cotton (G. hirsutum L.) with 

sorghum, wheat or fallow. The cotton was sown early or late in 1-m or 2-m beds with the land 

prepared by minimum tillage. Higher rates of soil erosion were recorded in 1-m beds compared 

with 2-m beds due to the inability to keep high ground cover levels on 1-m beds when 

maintaining furrows. The results revealed that cropping system and bed width had no significant 

effect on soil properties  

Cotton grown by bed and furrow method saved 30% irrigation water compared to line 

sowing on flat field (Anonymous, 2001a). Akhtar et al. (2003) evaluated the yield potential of 

four long statured cotton varieties including, FH-634, FVH-53, FH-682 and BH-36 planted under 

bed and furrow method and line sowing on flat with alternate or every row earthing up. The 

highest seed cotton yield (2284 kg ha
-1

) was recorded from the plots where the crop was sown on 

flat with every row earthing up. While lowest yield (2092 kg ha
-1

) was obtained from bed and 

furrow planting method.  

Three years experimentation on different planting methods for cotton crop at adaptive 

research farms at different locations in cotton zone of Punjab province revealed that bed planting 

registered highest seed cotton yield at Vehari and D.G. Khan Districts i.e. 2135 and 1360 kg ha
-1

 

respectively, with an increase of 18 and 17 % over flat sowing (Anonymous, 2006).  

2.4    Irrigation in bed and furrow planting method 

 Research studies have shown that water use per bed-and-furrow irrigation event can be 

up to 75 percent lower than that of a basin irrigation event (Berkhoout et al., 1997). Lesser 

(quantity) irrigations prevent over-irrigation and shorten the time per irrigation and enable 

farmers to irrigate more fields within their irrigation turn (De Vries, 2000). 

 De Vries (2000) further reported that the average water application depth per turn was 

48.9 mm and 61.0 mm for bed and furrow and basin irrigation methods, respectively. This comes 

down to average water saving per irrigation turn of 19.8% for bed and furrow irrigation method. 

During a comparative study, it was observed that in bed and furrow irrigation water amount per 

irrigation is small but more frequent irrigation applications are needed. 
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2.4.1 Furrows and Alternate Furrows 

Aujla et al. (1991) concluded that alternate furrows irrigation required about 50% of the 

water needed for flood irrigation with little or no loss in economic yield. Field experiment on 

cotton crop, sown across a slope or in 1.8 or 3.6 m broad furrows that opened after 3 or 6 rows 

respectively and irrigation to alternate furrows and irrigation to furrow between paired crop rows 

revealed that planting cotton on 1.8 m furrows produced in highest seed cotton yield of 1.43 t   

ha
-1

 (Sagare and Bongle, 1993). Wiese et al. (1994) conducted field trial in order to develop a 

profitable conservation tillage system for dry land and furrow irrigated cotton in a winter wheat-

fallow-cotton cropping system and obtained a yield of 1660 kg ha
-1

.  

Khalid et al. (1999) grew two cotton varieties (NIAB-78 and NIAB-92)  under furrow 

and alternate furrow irrigation methods and concluded that in alternate furrow 40.61% less water 

was used for the maturity of the crop with approximately the same yield as the normal furrow 

irrigation method. Water use efficiencies in both the varieties were 22 and 21% higher in case of 

alternate furrow irrigation. Khan et al. (1999) reported almost the similar results that alternate 

furrow irrigation saved more than 40 % water compared to furrow irrigation. Norton and 

Silvertooth (2001) concluded that under furrow irrigation system approximately 25 pounds of 

lint yield was recorded as per inch of water applied. Li-Song et al. (2005) conducted a field study 

in an arid region where growing of cotton almost depended on irrigation. He concluded that 30% 

irrigation water was saved in case of AFI (alternative furrow irrigation) and FFI (fixed furrow 

irrigation) but produced comparable numbers of opened bolls per plant. In case of AFI and FFI 

seed cotton yields obtained were 92 and 84% of that of CFI (conventional furrow irrigation), 

respectively.  

Alternate furrow irrigation system is more efficient than flood irrigation and sustainable 

amount of water could be saved. Flood irrigation uses large quantity of irrigation water causing 

delay in crop maturity due to over growth, hence pest problem is increased (Anonymous, 2007). 

2.4.2 Economic use of water and crop safety under ridge/bed planting 

Growing of cotton  crop on ridges is known to provide a  measure  of crop safety  against  

excessive seasonal rains  during monsoon  and  consequent  flooding . The crop is enabled to 

survive on saline patches of soil and up to 40% water saving is claimed on ridges compared to 

flat planting. Khurshid and Chaudhry (1990) concluded that 50% irrigation water can be saved in 

addition to other merits of growing cotton crop on ridges compared to flat planting. The average 
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water use efficiency (kg yield per cubic meter of irrigation water applied) for both bed and 

furrow and basin irrigated fields was found to be 0.2 kg m
-3 

(De Vries, 2000). 

De Vries (2000) also found that total costs for bed and furrow irrigation were 

approximately 18% greater than for basin irrigation but this was compensated by higher yields 

(11.4%) obtained by bed and furrow method. Quicker maturity and shorter growth season, 10 to 

20 % more germination than basin fields, lesser water use per irrigation event and increased 

accessibility of the field were the additional benefits. They also reported that there was no 

seedling damage and no need of rauni as in basin fields. The bed and furrow irrigation method 

was also found to be suitable for saline land cultivation.  

2.4.3 Water use efficiency 

A potential selection criterion for improving crop yields under water stress conditions is 

the water use efficiency (WUE) of a crop which refers to the production of total dry biomass per 

unit of irrigation water applied to the crop. It is the best indicator for the evaluation of method 

and depth of water application to be used at the optimum level of crop needs. 

2.5 Water stress  

Drought and water logging are two extremes of water stress in crop production. Each of 

both limits growth and adversely affects the final crop yields. Ball et al. (1994) observed that leaf 

expansion was more sensitive to moisture stress than root elongation by curtailing leaf growth 

after two days of withholding water compared with six days with roots. They also reported that 

moisture stress reduced root elongation and root volume about 85% of visible roots. The 

physiological responses of plant to water stress vary depending on the level and timing of stress 

relative to crop growth. Water stress before bloom can reduce the number of fruiting branches 

and stress following bloom has the greatest effect on cotton yield and lint quality (Keith et al., 

1994). 

Napoles et al. (1999) found that suppression of irrigation did not affect plant height or 

leaf area index, but water stress at 20 and 30 days after the appearance of the 1st flower resulted 

to early opening of bolls.  

Shah et al. (1999) concluded that low irrigation treatments reduced the number of 

sympodial branches, flowers, boll weight, and boll number per plant. They further observed that 

flowers and boll shedding increased in low irrigation treatments (water stress).  



30 

 

Cotton is susceptible to water logging which decreases yield in some areas. Soil with   

reasonable depth and good drainage is desired for cotton production. Excessive water results in 

depleted soil oxygen and reduced nitrogen uptake, lower root activity, reduced metabolism of a 

range of other nutrients, leaf area production and rate of photosynthesis. One day water logging 

reduces nitrogen uptake by 1kg of nitrogen per hectare. As a result, the growth and yield 

potential are also reduced (Steve et al., 2002). 

Good field slope and soil management practices which promote good soil structure can 

reduce effects of temporary water logging by improving the soil drainage (Steve et al., 2002). 

Kang et al. (2002) during a field study on winter wheat (Triticum aestivum L.) found that 

evapotranspiration, grain yield, biomass, WUE and harvest Index depended on soil water 

content. Under high moisture treatment the highest values for evapotranspiration and biomass 

were observed, but with lower grain yield and giving selectively low WUE. Grain yield, WUE 

and harvest index could be improved under controlled soil water content. Hence, it was 

suggested that for winter wheat periods of mild soil drying in the vegetative growth period 

together with severe soil drying at the maturity stage is an optimum limited irrigation regime. 

Pettigrew (2004) observed that moisture deficit (water stress) reduced the boll number, 

boll weight and lint yield in different cotton genotypes. He stated that under sufficient moisture 

deficit, the lint yield of dry land plants reduced by 25% primarily due to 19% reduction in 

number of bolls. While irrigation did not affect most fiber traits, but only fiber length 

(approximately 2% longer fiber). Ghaderi-Fara, (2012) demonstrated that the amount of irrigated 

water has a significant effect on lint yield and seed quality of cotton. when the amount of applied 

water was reduced, lint yield decreased and the highest seed quality accompanied by lint yield 

were observed with irrigation treatments of 70% PE (pan evaporation).  

2.6 Water relations, photosynthesis and stomatal responses  

 Fischer et al. (1998) pointed out that a linear increase in grain yields of eight semi-dwarf 

spring wheat cultivars had physiological basis when irrigation and management conditions were 

favourable. Stomatal
 

conductance (gs), maximum photosynthetic rate (Amax,) and canopy
 

temperature depression (CTD), (averaged over the 3 yr) were found to have a close
 
and positive 

correlation with progress in the 6-yr mean yield. The correlation was highest with gs (r = 0.94, P 

< 0.01). They further added that gs increased by
 
63%, Amax increased by  23%, and 0.6°C cooler 

canopies  as compared to the overall yield enhancement of 27%.  
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Kumar et al. (2001) pointed out that net photosynthetic rate (PN), transpiration rate (E), 

stomatal conductance (gs), carboxylation efficiency (CE) and water potential (Psi W) decreased 

significantly with increasing water stress. However, water use efficiency (WUE) was unaffected. 

Foliar spraying with IAA, GA and BA partially counteracted the effect of water deficit on all the 

measured parameters except Psi W which became more negative. ABA and ethrel increased 

WUE to some extent and maintained high Psi W while reducing PN, E and gs.  

Enhancement in turgor potential was observed due to increase in sugar contents in the 

leaves as well as utilization of the methanol as a carbon source as an ultimate effect of methanol 

foliar spray and suppression of photorespiration.  Water use efficiency was reported to increase 

with the increase in turgor potential and the interval between the irrigations was also increased in 

irrigated crops (Makhdum et al., 2002). 

Methanol application increased plant height (Barnes & Houghton, 1994). The increase in 

plant height was attributed to increase in node number on the main stem (Makhdum et al., 2002). 

The seed cotton yields, dry matter and plant structure increased with methanol foliar applications 

with little effect on lint quality. They further observed increase in stomatal conductance and net 

photosynthesis rate with foliar application of methanol and decrease in transpiration rate and leaf 

temperature as compared to untreated checks. The methanol foliar application also affected 

positively the leaf water potential and its two components (osmotic potential and turgor pressure) 

along with higher leaf turgidity & LAI. The enhanced physiological processes resulted in the 

increased water use efficiency. Atteya (2003) reported that plants exposed to drought exhibited 

noticeable decrease in leaf water potential (w), relative water content (RWC) and osmotic 

potential (s) than control at the same leaf RWC. Water potential can be a reliable parameter for 

measuring the degree of plant water stress. Its variation is greatly dependent upon the type of 

plant environmental conditions. Water deficit leads to a significant inhibition in photosynthetic 

rate. Photosynthetic rate was reduced by 55.1% due to water stress at tasseling stage, than that at 

the vegetative stage in all genotypes, corresponding to 61.8% of that of control (Atteya, 2003). 

A broad consensus has been established that leaf internal CO2 concentration (Ci) is 

reduced due to stomatal closure that in turn reduces leaf photosynthetic rates under mild or 

moderate water stress. This is considered as the major reason for leaf photosynthetic rates 

(Chaves, 1991; Cornic, 2000 and Flexas et al., 2004). However, there are other (nonstomatal) 

reasons of leaf photosynthesis restrictions under severe water stress i.e., down regulation of 
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photosynthesis at the chloroplast level, where the net C assimilation rate (AN) is decreased at a 

given Ci. 

Munjal et al. (2004) investigated the effects of plant hormones on stress injury, water 

content, osmotic potential and osmotic adjustment in cotton (Gossypium hirsutum cv. H-777) 

under water logging and/or drought. Water logging, drought and their interaction increased 

relative stress injury but decreased relative water content. Osmotic potential increased under 

water logging but declined under drought, however, osmotic adjustment remained the same. 

Total soluble carbohydrate and reducing sugar concentrations increased dramatically under 

drought that contributed significantly to osmotic adjustment.     

Ennahli and Earl (2005) also gave similar findings that water stress may reduce leaf net C 

assimilation or AN (net CO2 assimilation rate) at given level of Ci through both stomatal and 

nonstomatal effects.The  green house studies of the leaves of water stressed plants of cotton (G. 

hirsutum L.) regarding physiological restrictions to photosynthesis revealed that all treatments 

reduced CC (CO2 concentration in the chloroplast) but  nondiffusional restrictions got 

significantly enhanced under the two most severe stress treatments that could be detected as a 

reduction in the slope of AN on CC. The leaf photosynthesis recovery after 24 hours was partial 

and after 48 h did not recover further after relief of a severe stress by rewatering indicating 

lasting injury at chloroplast-level due to severe water stress.  

Ennahli and Earl (2005) further described that both the leaf relative water content 

(LRWC) and leaf water potential (LWP) decreased as RSWC (relative soil water content) 

declined a significant difference was observed among all the four RSWC treatments in the case 

of leaf water potential. LRWC and leaf water potential exhibited a strong linear relationship 

across the four treatment means (R2 = .97; regression not shown).  No significant reduction was 

observed in AN (net CO2 assimilation rate) and gS (stomatal conductance) under mild water 

stress (25% RSWC) in comparison with the control treatment (75% RSWC), but the both AN 

(net CO2 assimilation rate) and gS (stomatal conductance) reduced to near zero under more 

severe stresses (15 and 5% RSWC). 

2.7 Cotton crop water use efficiency 

Hood (2002) defined water use efficiency as maximizing the returns and minimizing the 

environmental impacts for every mega litre of irrigation water used. The available water 

resources should be utilized to improve water use efficiency (WUE) (returns per mega liter of 
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applied water) to reduce the impact of water stress. Irrigation efficiency compares the amount of 

irrigation water entering the soil and used for evapotranspiration with the amount of water 

actually used to irrigate the crop.  

Luz et al. (1999) reported that plant height and development was badly/severely affected 

by water stress when imposed at flowering/fruiting compared to pre flowering stage. The highest 

water use efficiency was recorded when irrigation was applied at 40 and 60 days after 

emergence. Hearn (2000) was of the view that cotton used less water per hectare than other 

agricultural industry and produced more value per mega liter than any other crop with the 

exception of horticulture. The quantity of irrigation water usually applied to the field during the 

crop growth period is much more than the actual amount required by the crop which leads to a 

greater surface runoff, seepage and percolation (Anonymous, 2001b). Seepage and percolation 

account for about 50-80 per cent of the total water applied to the field.  

Goyne and McIntyre (2001) concluded that the objective to develop better irrigation 

water use efficiency can be achieved only by adopting the best irrigation management practices. 

The main pathway for raising water use efficiency level in irrigated agriculture is the improving 

output per unit of water, reduction in losses of water to unusable sinks, reduces water 

degradation and by reallocating water for higher priority uses (Howell, 2001). The findings of 

ZongBin et al. (2004) Kang and Hsiao (2004) confirmed that the water use efficiency of the crop 

plants is also affected by the environmental factors such as temperature, humidity and air 

CO2 concentration.  

McAlavy (2004) concluded that concentrating sub surface irrigation on smaller acreages 

can improve cotton yield, water use efficiency and per acre economic returns. Shifting to an 

efficient irrigation system would lead to improvement in on-farm water use efficiency. Border or 

furrow flood irrigation, sprinkler irrigation and drip irrigation are among the available irrigation 

systems having efficiency in ascending order (Deng et al., 2004).  

Bhattarai (2005) while conducting research on the physiology of water use efficiency of 

crops concluded that under surface drip irrigation (SDI) crop irrigated at 50% ETc presented 

enhanced crop earliness and water use efficiency but recorded lower lint yield, whereas higher 

SDI irrigation levels (> 90% Etc) delayed crop maturity without benefits for yield or water use 

efficiency. It was assumed that at higher irrigation rates crop experiences lack of oxygen in the 
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root zone that becomes a limiting factor for improving water use efficiency at and above 90% 

ETc for cotton in heavy clay soil.  

 Stiller et al. (2005) evaluated cotton genotypes with different maturity and leaf type in a 

series of experiments. They found that 34.4 kg lint ha
-1

 was increased by each day increase in 

maturity. In case of Later maturing genotypes/ cultivars greater harvest index, increased plant 

height and had higher number of nodes before the first fruiting branch were recorded.  Moreover, 

it was reported that a full season okra leaf Australian cultivar utilized more water from deeper 

layers of soil profile and registered 20% more agronomic water use efficiency than an early 

maturing normal leaf Texan cultivar.  

WeiDong et al. (2005) concluded that under a cotton-cluster red pepper (Capsicum sp.) 

intercropping system cotton yield, profitability and water use efficiency were higher under the 

intercropping system than under sole cotton crop. Fertilizer application significantly improved 

the water use efficiency of cotton. The application of 750 kg K2SO4/hm
2
 resulted in high profits 

and water use efficiency.   

Dagdelen et al. (2006) grew cotton and corn crops under five varying irrigation regimes 

that were selected as 100 (full irrigation), 70, 50, 30 and 0% times the soil water depletion on the 

same day. The average quantity of seasonal water used was recorded that ranged from 174 to 558 

mm in case of corn and 257 to 867 mm in cotton.  Water Yields of both crops were significantly 

affected by water deficit. The full irrigation treatments registered the highest average corn and 

seed cotton yields. The average water use efficiency (WUE) recorded from 0.61 to 0.72 kg m
-3

 

for cotton, while average irrigation water use efficiency (IWUE) was between 0.77 and 1.40 kg 

m
-3

 for cotton. Leaf area index (LAI) and dry matter yields (DM) showed an ascending trend 

with increasing water use for both treatments.   

2.8 Enhancing water use efficiency in irrigated agriculture 

 Irrigated cotton production is an intensive enterprise requiring large investment and a 

high level of management. Irrigation management is to be aimed at providing the crop with 

enough water to avoid serious stress while at the same time using water efficiently and avoiding 

over watering and water logging. Hatfield et al. (2001) are of the view that the increased demand 

for use of water and quality environment has also increased the concern for improving water use 

efficiency of crops. Howell (2001) stated that irrigated agriculture would be unfavorable for the 

environment and endanger sustainability without appropriate management. The water use 



35 

 

efficiency in irrigated agriculture can be improved through the adoption of strategies, such as 

deficit irrigation (DI) that can result in increased water productivity (WP) and is recommended 

as an important tool for optimization in agriculture water management ( Bezerra, 2012). 

Xiying et al. (2005) reported that in a combined single rotation of winter wheat (T. 

aestivum) and corn (Zea mays L.) it was revealed that 50% improvement in crop yield achieved 

with significant increase in water use efficiency. Improvement in WUE was observed from 10-15 

kg mm
-1

 ha
-1

 for wheat and from 14-20 kg mm
-1

 ha
-1

 for maize. Wheat was harvested with 

combine and straw was used as mulch for maize crop. It was found that that maize crop under 

mulch registered higher WUE as compared to maize crop with no mulch. WUE improvement 

was 8-10% (12 season average).   

Enhancing water use efficiency not only benefits the environment, but provides financial 

benefits to the farmer such as more crop with less water, reduced cost of electricity in case of 

tube well irrigation and increase in crop yields. Efficient use of water enables farmers to have 

more water for other needs or they may cultivate more land with some total available quantity of 

water (Anonymous, 2007). 

Sampathkumar et al. (2006) evaluated the productivity and water use efficiency of cotton 

cv. SVPR-2 in fields mulched with rice straw under drip and surface irrigation methods.. Among 

six different irrigation methods (drip, skip furrow, all furrow, alternate furrow, border strip and 

control basin) and two mulching practices (rice straw mulching and no mulching) tested the drip 

irrigation registered maximum seed cotton yield (2430 kg ha
-1

) with the highest water use 

efficiency (3.53 kg ha
-1

 mm
-1

) and also significantly higher seed cotton yield (2013 kg ha
-1

) and 

water use efficiency (2.92 kg ha
-1

 mm
-1

) were recorded under rice straw mulch at 5 t ha
-1

 over no 

mulching. 

2.8.1    LEPA irrigation developments and irrigation management 

Schineider et al. (2000) reported that efficiency ranging from 95% to 98% is attainable 

under Low Energy Precision Application (LEPA) irrigation application when surface runoff and 

deep percolation are negligible. Under deficit irrigation, the runoff potential is reduced and 

LEPA tends to be more efficient than spray for drought tolerant row crops such as cotton and 

grain sorghum. An increase of the turgor potential that was attributed to the rise in leaf sugar 

contents and use of the methanol as a carbon source and suppression of photorespiration. Thus, 
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increase in turgor potential results in improvement of water use efficiency and enhances the 

interval between irrigation for irrigated crops (Makhdum et al., 2002). 

 Buttar (2007) reported that proper irrigation scheduling; especially first and last irrigation 

on basis of meteorological approach can improve water use efficiency. He observed that 36% in 

seed cotton yield was increased without any additional cost by properly managing/scheduling the 

first and last irrigation. The optimum time reported for first and last irrigation was 42 and 170 

days after sowing). Water expense efficiency (WEE) also improved by 54%. Delaying first 

irrigation by 14 days resulted in 3.4, 9.7, and 3.4 % increase in plant height, number of sympodia 

plant
-1

 and number of bolls plant
-1

 and delay in last irrigation may have improved the boll 

opening resulting in higher seed cotton yield. Better irrigation WUE can be achieved through 

adopting the advanced irrigation water management practices (Laghari et al., 2010) 

 Drip irrigation at 1.0 Etc saved 26.9% water and produced 43.1% higher seed cotton yield over 

conventional furrow irrigation (1.0 Etc). Imposing irrigation deficit of 0.8 Etc caused significant 

reduction in seed cotton yield to the tune of 9.3% of the maximum yield. Decline in the yield 

under deficit irrigation was associated with reduction in number of bolls plant-1 and boll weight 

(Singh, et al., 2010).  

2.9 Role of mulches in water conservation 

Mulches are known to play an important role in soil moisture conservation. In certain 

cases, mulches help in restricting/suppressing weed growth indirectly making more moisture 

available for crop plants. Mulch may be from an organic or inorganic source that includes crop 

residue or straw, cover cropping, plastic film mulch, cultural and chemical mulch, etc.   

Boquet and Breitenbeck (1999) reported that the application of paper mill sludge was 

found quite helpful in increasing irrigation water infiltration and soil water holding capacity. The 

highest cotton lint yields were registered if the sludge was surface applied and a lower rate of N 

(80 1bs) was injected below the mulch. Further, irrigated trials with paper mill sludge and 

moderate N rates applied using the same technique in the very hot and dry year increased cotton 

yields by 30-35%. Soil evaporation loss was reduced by mulching from 40 to 50 mm per anum 

estimated by micro lysimeters. Without mulching soil crop accounted for 30% of the total 

evaporation while with mulch the value reduced to 15-20%. 

Harvest index was increased by mulching and was attributed to the increase in 1000-grain 

weight, improved crop establishment, increased spike numbers, grain per unit area and biomass 
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at maturity as well as a 2 day delay in maturity. The principal effect of mulch was noted as 

reduction in soil temperatures by 3°C before full ground cover, at last during the day. The clear 

benefits of extra moisture (due to mulching etc.) support the need for developing water 

conserving technologies such as reduced tillage or mulching through residue retention 

(Badaruddin et al., 1999). 

Prause and Soler (2001) concluded that direct drilling of cotton increased bulk density 

and pH values at a depth of 0-15 cm. Conservation of soil moisture was greater with 

conservation tillage during a long drought. Canopy microclimate is also influenced by the factors 

affecting the rate of plant growth. Cotton fiber quality may be significantly affected by canopy 

microclimate (Pettigrew and Jones, 2001). 

 The Marois et al. (2004) revealed that cultural practices, genetics and environment 

determine the canopy structure of a plant. Plant row spacing as well as soil fertility has greater 

effect on canopy structure. Canopy structure in turn affects canopy microclimate that determines 

the rate of fruit development, pest pressure and crop response to ambient conditions. While 

studying the effect of ultra narrow row (UNR) (18 to 25 cm row width) and conventional (76 to 

91 cm row width) plantings on canopy microclimate in cotton it was observed that during the 

hours from 07.00 to 19.00,the canopy temperature recorded was 1 to 2°C higher  with RH3-7% 

lower in the conventional than the UNR plantings. Generally, plant height had more effect on 

canopy microclimate as compared to N and row spacing.  With rise in plant height up to 1 m, 

canopy temperature during the hours of 07.00 to 19.00 on an average reduced from 33 to 25°C, 

RH raised from 55 to 85% and VPD (vapor pressure deficit) fell from 0.16 Kpa to less than 0.08 

Kpa. Although correlations between microclimate and plant height did not come in observation, 

yet plant height under typical production conditions had more of an effect on canopy 

microclimate than did plant density or N treatment. The adverse effects of UNR and N on cotton 

plant health can be avoided by managing plant height and keeping below 1m.  

Singh et al. (2004) reported mulching with green manure crops increased moisture and N 

content in surface soil and seed cotton yield by 16-20% over farmers' practice of flat bed system.  

ZongBin et al. (2004) mulched cotton with wheat straw at the rate of 6000 kg ha
-1

 

immediately after planting was grown under conventional management practices. Plots without 

mulching were kept as control. The average soil temperature recorded at 5 cm under mulch was 

28.5 °C compared to 33.3 °C in the control after 0-6 days of seedling emergence. On average 
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basis, soil temperatures at 5, 10 and 20 cm depth were 4.8, 3.78 and 3.24 °C lower than those of 

the control. After 30 days of mulching, soil water content at 0-10 and 10-20 cm depth was noted 

as 0.13-2.56 and 0.06-1.96%, respectively. They also found that main stem height, leaf area 

index and photosynthetic rate of cotton in mulched plots was higher by 2.3-9.0, 0.047-0.802, and 

16.6-28.2%, respectively, compared to control. The boll number plant
-1

 and boll weight showed 

an increase of 6.9 and 5.7%, respectively. In mulched plots, the per unit lint cotton yield was 

569.98 kg ha
-1

, indicating an increase of 13.5% over control.  

Reddy et al. (2004) reported that the use of no-tillage in cotton production was 

dramatically increased, but due to recently reported problems of less seedling emergence, poor 

plant stand establishment, reduced growth, delayed maturity, and low yields are the main hurdles 

in its adoption. The study of tillage systems revealed that no-tillage and mulch-tillage systems 

using winter rye (Secale cereale) as cover crop with adequate N fertility from poultry Littre 

proved an ideal system for cotton production.  

Ghadage et al. (2005) studied the effects of planting patterns (normal and paired row), 

irrigation techniques (each row and alternate row) and mulches (no mulch, organic using 

sugarcane trash and plastic film) on growth, yield, water saving and economics of irrigated 

upland cotton. It was found that the growth, seed cotton yield and the economics were not 

influenced by planting patterns and irrigation techniques. In case of the plastic film mulch (90 

cm width and 7 mm gauge) the highest values were recorded for growth, yield attributes and 

yield of seed cotton and stalk that were statistically significant. The results also revealed that the 

highest net returns and cost: benefit ratio was recorded for plastic film mulch, which was closely 

followed by sugarcane trash (10 t ha
-1

) as organic mulch. The highest values for water-use 

efficiency in paired row planting, alternate furrow irrigation and plastic film mulch were 

recorded. 

2.9.1 Mulches and fiber properties 

Bauer and Frederick (2005) reported that although the advantages of soil moisture 

availability to the crop plants under conservation tillage are undenied yet the fiber characteristics 

cotton (Gossypium hirsutum L.) are not affected under such soil management practices. To 

evaluate the effect of soil management practices on the canopy position specific fiber quality 

characteristics,it was revealed that 34% more yield and greater fiber length uniformity was 

achieved under conservation tillage  as compared to disk tillage. Cover crop had no effect on 
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fiber characteristics within the canopy. It was observed that that when fiber length at specific 

canopy positions, showed differences under different tillage systems, conservation tillage 

produced about 1 mm longer fibers compared to those from disk tillage with similar results for 

fiber length uniformity. While disk tillage resulted in lower micronaire values (0.22) than 

conservation tillage but during the dryer year, it had 0.82 units‟ greater micronaire than 

conservation tillage at the same canopy position.  The outcome of the experiment indicated that 

canopy position specific fiber characteristics are affected by tillage management practices. 

2.9.2 Methanol as chemical mulch 

Barnes and Houghton (1994), Iersel
 
et al. (1995) and Faver and Gerik (1996) reported no 

positive effects of foliar methanol applications on cotton. Methanol enhanced the seed index and 

seed cotton yield per plant and per feddan. But no significant effect on the number of leaves on 

the main stem, internodes, fruiting branches, total squares and bolls was observed.  Boll weight 

lint percentage or earliness of yield was not affected significantly by methanol application 

(Abdel, 1998).  

Kumar et al. (1999) sprayed two cotton hybrids grown in the field in Kharif (monsoon) 

65 and 85 days of germination with 0, 10, 20 or 30% methanol. Internal CO2 concentration in the 

leaf increased from 297 ppm in the control to 366 and 386 ppm with application of 20 and 30% 

methanol, respectively. Photosynthesis gradually increased with increasing methanol 

concentration, reaching 10.06 (micro mol/m
2
 s

-1
) with 30% methanol compared with 4.84 in the 

control. Leaf temperature declined due to methanol application. Greater dry matter production 

and boll load (number) per plant were recorded in the methanol treated plots. The seed cotton 

yield gradually increased with increasing methanol concentration. Boll weight, harvest index, 

earliness, fibre length, maturity coefficient, fineness and bundle strength were not significantly 

affected by methanol.  

Makhdum et al. (2002) reported that a 9% increase was recorded in seed cotton yield by 

30% foliar methanol application over control. He also suggested that methanol could improve 

production potential of cotton under arid and semi-arid environments. They also found that 

leaves surface area, thickness and turgidity were increased along with 50% increase in dry matter 

production by foliar methanol application on cotton (Gossypium hirsutum L.). It was further 

reported that water use efficiency increased and two weeks earlier maturity was also achieved 

through foliar applied methanol. 
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 According to Madhaiyan et al. (2006) Foliar applied methanol has been reported to 

stimulate the production of plant hormones (cytokinins) through pink-pigmented facultative 

methylotrophic (PPFMs) bacteria resulting in growth and yield increase in both cotton and 

sugarcane crops. It was revealed plant height, plant dry weight, leaf area, boll number plant
-1

 and 

boll weight were increased in response to the methanol or PPFMs as foliar spray resulting in seed 

cotton yield increase over untreated check. Plant growth is promoted by methanol application 

through a process in which demethoxylation of pectins is catalysed by PME activity that 

activates PPFMs population on the surface of the leaf resulting in cytokinin production in plants 

that in turn might promote plant growth. 

2.9.3 Mulches and weed suppression: 

Cotton growth is significantly affected by weed competition. Reduction in seed cotton 

yield due to weeds is dependent on species, density, stage of weed emergence and weed 

eradication time (Papamichail et al., 2002). Effective weed control demands for an integrated 

multi-technique approach. The costs involved in herbicide use and their impact on environment, 

tillage and other weed suppression practices need thorough scrutiny. Mulches, especially the 

cover crop grown as mulches are among the desired practices for weed suppression and soil 

improvement. However, the ability of crop to suppress the growth of certain plants /weeds is 

severely influenced by environment and the genotype (Burgos et al., 1999; Kobayashi, 2004).   

Raman et al. (2004) investigated the effect of mulching on the weed control, growth and 

yield of cotton. The mulch with sugarcane trash reduced the weed number to 20 weeds m
-2

 and 

weed biomass to 15.19 g m
-2

. In sugarcane trash mulching, weed control efficiency (91%), weed 

control index and growth and yield of cotton (1464 kg ha
-1

) were increased. Coir pith mulching 

followed sugarcane trash mulch in terms of efficiency. All mulching treatments resulted in weeds 

suppression and improved seed cotton yield.  

Bukun (2004) established the critical period for weed control (CPWC). This is refers to 

the period during which the crop is kept free from weeds during its growth cycle to avoid the 

undesired level of yield loss. The CPWC were estimated by using logistic and Gompertz 

equations and based on 5% as acceptable yield loss level. The critical period for weed control 

(CPWC) begins from 100 to 159 GDD and ends from 1006 to 1174 GDD, depending on the 

weed species present and their densities. It was suggested control of weeds either through use of 
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herbicides or any other method from1–2 weeks after crop emergence up to 11-12 weeks would 

help to keep the yield loss below 5% level. 

 Cover crops (used as mulch) have several additional advantages in crop production and 

soil management such as improving soil water retention, soil organic matter and reduction in soil 

erosion (Khanh et al., 2005; Nyakatawa et al., 2001). It was further reported that certain cover 

crops have the ability of releasing phytotoxic chemical substances in the soil resulting in an 

unfavorable environment for germination and establishment of weeds. It clearly displays the 

potential of cover crops to restrict the weed growth /development (Khanh et al., 2005).  

Chikoye et al. (2005) stated that congon grass [Imperata cyclindrica (L.) Rauesh] was 

reported as a major tropical weed under intensive cultivation with minimum fallow duration. By 

using tillage, narrow corn row spacing approach along with velvet beans as cover crop resulted 

in excellent control of other weeds with good corn yield. Thus strategy of using competitive 

cultivars, narrow row spacing, cover crop and herbicide was concluded as sustainable approaches 

for the control of congon grass and other weeds in corn.  

Vasilakoglou et al. (2006) reported that in a field experiment the effects of various 

techniques, viz use of winter cereals as mulch, inter row cultivation and use of herbicide were 

evaluated for the control of annual weeds. It was found that emergence of weeds in mulched 

treatments was quite less compared to the control plots with similar response in other treatments 

of inter row cultivation and use of herbicide. Reduction in weed emergence was estimated as low 

as 28% to 84%. Cotton lint yield was also increased under all weed control techniques than their 

respective control treatments. It was then concluded that the ability of certain winter cereals to 

suppress weeds in combination with inter-row cultivation could be used to increase cotton yield.  

Brandsæter and Netland (1999), Dhima et al. (2006), Haramoto and Gallandt (2005), 

Kobayashi et al. (2004), Moore et al. (1994), Nagabhushana et al. (2001), Petersen and Rover 

(2005) and Reddy (2001 and 2003) reported that yields of many crops were increased when 

grown with cover crops (used as mulch) The crops usually included soybean [Glycine max (L.) 

Merr.], sugar beet (Beta vulgaris L.), corn (Zea mays L.) and green bean (Phaseolus vulgaris L.). 

Dhima et al. (2006), Kobayashi et al. (2004), Moore et al. (1994) and Reddy (2001 and 2003) 

reported that rye, barley and triticale had the ability to release phytotoxic substances in the 

environment and suppress weed germination and establishment after their use as cover crop 
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mulches in corn and soybean. This is why; these three species are widely adopted for their use as 

cover crops in several cropping systems.    

2.9.4 Mulching with plastic film 

Liu et al. (1997) included mulching with plastic film along with other management 

options for cotton crop management on saline and alkaline soils  

 Shaukun et al. (2000) reported that during experiments in Shihezi University, cotton was 

grown at plant spacing of 7.5, 15, 30, or 45 cm in 60/30 cm rows to determine the effects of 

plastic film mulch and different irrigation treatments. The results indicated that the root system 

of cotton has a strong ability of self regulation. When drought stress occurs, the amount of cotton 

roots will reduce the shoot senesce more quickly and seed cotton yield goes down. In film 

mulched cotton, root system development was found to be more rapid and a significant 

correlation was found between the amount of cotton roots and shoot biomass.  

Plastic was used on 15 million ha of crops in China, including 22% of the corn area and 

12 % of the wheat area under dry and high altitude regions to increase the grain supply for a 

rising population with less than 0.2 ha of crop land per capita during 2002 (Xing et al., 2003). 

Fan et al. (2005) concluded that covering much of the soil surface with plastic can greatly 

reduce soil water shortage and increase corn and wheat yields. The economic and practicality of 

using plastic may vary greatly within and among the countries and will prevent its use in many 

cases. However, China is suffering from grain shortage. Thus the intensive farming technologies 

are adopted for grain increase. Although plasticulture for grain crops is a labor and capital 

intensive technology, it was developed and is being applied in many parts of China due to 

significant yield increases.  

JinQiang et al. (2005) conducted a field experiment to explore the evapotranspiration of 

cotton crop cultivated under drip irrigation and plastic film mulch and concluded that the trend of 

evapotranspiration rose with increasing rate of irrigation. Subrahmaniyan and Kalaiselvan (2005) 

studied the flowering and reproductive growth behavior of groundnut (A. hypogaea) under 

polyethylene film-mulch in sole as well as intercropped with cotton (G. hirsutum). It was 

revealed that the polyethylene film mulch effect on days to first flower, days to produce 50% of 

total flowers in a single plant, total number of flowers produced, pod setting ratio and total 

number of matured pods per plant was significant. Yuan and Cheng ( 2007) indicated in their 
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findings that film mulch can serve the function of water conservation and preserve soil moisture,  

cut down boll shedding rate, promote accumulation of substance and increase the yield. 

 

2.10 Oil and protein contents 

Hassan et al. (2005) evaluated the performance of five Egyptian cotton genotypes at four 

different locations in the Middle and Upper Egypt and found that Giza 85 significantly out 

yielded all the cultivars in oil content, while Giza 89 gave the less values of oil and protein 

contents, seed index and seed cotton yield. Giza 90 surpassed all cultivars and registered the 

highest protein content.  Positive and significant correlations were found among seed oil content 

and seed index, between seed cotton yield and seed index and between oil content and seed 

cotton yield and negative correlation was recorded between seed index and protein content. The 

outcome of the research also indicated significantly a positive correlation for Giza 85 between oil 

and protein contents.  

Tuteja et al. (2006)   reported that during a study while determining the oil content of 

twenty Gossypium hirsutum genotypes and twelve G. arboreum genotypes at different three 

locations, it was found that the seed oil percent varied from 18.55 to 21.68 and 17.46 to 19.67 in 

G. hirsutum and G. arboreum, respectively. Thus concluded that genotypes F 1985, F 1861, F 

1977, CSH 45, CSH 7106 and LRA 5166 of G. hirsutum and LD 838, LD 733 and CINA 313 of 

G. arboreum presented high mean seed oil content and stable performance  

Keeping in view the above review, the research is needed to investigate the effective 

utilization of available irrigation water under the agro-ecological conditions of cotton growing 

areas of Pakistan, where different planting methods are being practiced. Among these, flat 

planting and ridge/bed planting methods are common. It is claimed by most of the researchers 

that in bed planting method water saving is 30-40% as compared to flat planting system but the 

common belief is that, it is not true. The review given in this chapter also indicates that the 

mulches of various types also conserve the moisture by reducing the evapotranspiration and 

suppressing the weeds resulting in increased yield of various crops including cotton. The 

literature lacks in combined studies of planting methods and mulching practices. Therefore, the 

present study was planned to explore the economical agro-water management strategy under 

combined influence of planting methods and mulching practices for sustainable cotton 

production. 
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C H A P T E R 3 
 

MATERIALS AND METHODS 
 

3.1 Experimental site, weather and climate  

 To explore the economical agro-water management strategies for sustainable cotton 

production, the studies were carried out under greenhouse and field conditions at Cotton 

Research Station, Multan and Agronomic Research Station Khanewal (Pakistan), respectively.  

The site selected for the study is situated at latitude 30 12 '44N, longitude 71 28 '31E, 

altitude 124 meters and at latitude 30 18 '0N, longitude 71 55 '60E, and an altitude 128 meters. 

In Pakistan, the cotton belt stretches between latitude 24N and 37N. It spreads through country 

diagonally over the length of 960 km with breadth of about 320 km. The area falls in an arid 

subtropical continental climate, where growing of cotton crop is possible only with supplemental 

irrigation. The main climatic features of the area are very hot, where temperature in summer may 

shoot up to 48-50C and the diurnal variation may be as much as 20°C (Ashraf, 1994).  

Climatologically data recorded showed that weather remained mostly favorable to cotton 

growth and development. The absolute maximum and minimum temperature of 42C and 23C 

were recorded during May. Crop experienced harsh temperatures (day/night, i.e. 49/29C) during 

its growth period. The data regarding Maximum and minimum temperature, relative humidity 

and rainfall has been illustrated in figs. 3.1 to 3.3. 

3.2 Soil analysis 

For proceeding soil physico-chemical analysis, the soil samples were taken from the site 

in steps of 15 cm from 0 to 15cm ,15 to 30cm and 30 to 45cm depth (each sample consisting of 5 

cores before imposition of experimental treatments. The samples were air-dried, ground and 

passed through < 2 mm sieve and were subjected to physico-chemical analysis according to 

standard methods. Soil analysis data and chemical analysis of irrigation water used during the 

studies/season are given in Tables 3.1 and 3.2.             
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Fig 3.1:   Comparative data of relative humidity (%) for the growing period of cotton crop at 

     Khanewal during 2003, 2004 and 2005 
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Fig 3.2:   Maximum and minimum temperature (°C) for the growing period of cotton crop at     

               Khanewal during 2003, 2004 and 2005 
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 Fig 3.3: Rain fall for the growing period of cotton crop at Khanewal  

                         during 2003, 2004 and 2005 

 

Table 3.1 Soil physical and chemical characteristics of the experimental site  

 

Characteristics Depth (cm) 

0-15 15-30 30-45 

Organic matter (%) 0.79 0.55 0.39 

pH 8.4 8.6 8.6 

EC (µS cm
-1) 250 230 310 

T.S.S . (%) 0.8 0.10 0.14 

Available-P (ppm) 7.0 5.0 4.8 

 Available -K (ppm) 115 110 105 

Saturation % age 35 34 34 

Soil separates 

Sand (%) 38 35 36 

Silt (%) 40 38 38 

Clay (%) 22 27 26 

Textural class loam loam Loam 
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Table 3.2 Quality of irrigation water used during the entire course of studies 

Characteristics Tube well water 

Electrical Conductivity (µS cm
-1

) 1102 

  pH  7.40 

  Ca
2+ 

+ Mg
2+

 (meq L
-1

) 7.90 

  Na
+
 (meq L

-1
) 3.12 

CO3 
2-

 (meq L
-1

) Nil 

HCO3
- 
(meq L

-1
) 5.2 

  Cl
-
(meq L

-1
) 3.00 

  SO4
2-

 (meq L
-1

) 1.02 

Sodium adsorption ratio (m mol l
-1

)
0.05

 1.57 

Residual sodium carbonate (meq L
-1

) Nil 

 

The soil was porous, friable, moderately calcareous, weakly structured and developed in 

an arid sub-tropical continental climate in the areas of sub-recent flood plains. The soil is 

alluvium of mixed mineralogy with smectites and mica being dominant clay minerals followed 

by kaolinites and chlorites with various degrees of weathering (Krauss et al., 1996). 

 

3.3  Experiments 

A set of three experiments was carried out for three crop seasons of 2003, 2004 and 2005. 

Individual details of the experiments are given as under: 

 

3.3.1   Experiment 1: Screening of cotton genotypes under moisture stress and non-  

  stress conditions in greenhouse.  
 

 The experiment comprised of twenty cotton genotypes and two moisture levels as under: 

A. Genotypes (local and exotic) 

1. LRA5166 (exotic)   11. CIM 499 

2. CEDIX     (exotic)   12. CIM506 

3. NIBGE-I    13.  RH 510 

4. NIAB 78    14.  CIM 511 

 5. NIAB III    15.  MNH 552 

6.  VH 142    16.  MNH 554 
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7. BH 160    17.  MNH 633 

8. CIM448    18.  MNH 768 

9. CIM473    19.  FH 930 and 

10. CIM496     20.  CIM 1100 

 B. Moisture levels: 

1. Moisture stress and  

2. Non stress 

The seed of twenty cotton genotypes (local and exotic) possessing different agronomic 

traits were collected from various cotton breeders working at different research institutes/stations 

in Punjab (Pakistan). These genotypes were planted in pots in greenhouse at Cotton Research 

Station, Multan under moisture stress and non-stress conditions. Earthen pots measuring (25.0cm 

x 21.0 cm) were filled with six kilogram of air-dried loam soil. A basal dose @ 125 kg of N and 

60 kg of P2O5 per ha
-1

 was mixed with soil at the time of seed planting.  

The experiment was designed in a completely randomized blocks (2 factors) repeated 

thrice. Six seeds of each genotype were sown on May 28, 2003 at field capacity in each pot. Six 

pots of each genotype per replication were established and maintained in green house. In each 

pot the plants were thinned out and single plant per pot was maintained after 10 days of 

emergence and were watered for normal production until the first true leaf stage approached.The 

average day temperature was 42.33C and the night temperature 23.765C. The day length 

was 14 hour with relative humidity ranging from 51.33 to 54.51 percent. There was no dearth of 

sunshine during the growth period. 

 The pots were then randomly distributed into two groups each consisting of 3 pots of 

each genotype. Regular irrigation was applied to one group of seedling plants maintained as 

control, while second group was subjected to two consecutive drought cycles. During first stress 

cycle, water was withheld upto the visual signs of wilting. Plants were re-watered to field 

capacity 12 hours after appearance of visual signs of wilting. The duration of drought cycles was 

9.8 days (235 h) to 10.7 days (257 h) days‟ upto the appearance of visual signs of wilting. With 

the completion of second drought/stress cycle (i.e., rewatering) plants were uprooted (i.e., 

removed from pots alongwith soil and soil removed by washing with water) from each group. 

Roots were washed free of soil and spread on the paper.  
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Data on root length (RL) and lateral roots count (LRC) was recorded. Different plant 

parts were separated i.e. roots and shoot and then fresh weight was recorded. Then the total mass 

of plant shoot and root was determined after drying for 48 hours at 90°C in the oven till constant 

weight and then dry weight was determined. Fresh tap root length was recorded by direct 

measurement and lateral root number was counted directly before drying. Total root dry weight 

(TRDW) was taken by directly recording the dry weight after drying for 48 hours at 90°C. Shoot 

dry weight (SDW) recorded by directly measuring the dry weight of shoot after drying; and the 

difference in fresh shoot weight (FSW) and shoot dry weight (SDW) explored the shoot dry 

weight reduction (SDWR) (Basal et al., 2005).  

 

3.3.2 Experiment 2: Screening of cotton genotypes under different irrigation levels        

    under field conditions 

 

This experiment comprised of the following treatments: 

 

A. Cotton (Gossypium hirsutum L.) Genotypes: 

 

Sr.No. Name of Genotypes Sr.No. Name of Genotypes 

1 LRA5166 (exotic) 11 CIM 499 

2 CEDIX     (exotic) 12 CIM506 

3 NIBGE-I 13 RH 510 

4 NIAB 78 14 CIM 511 

5 NIABIII 15 MNH 552 

6 VH142 16 MNH 554 

7 BH160 17 MNH 633 

8 CIM448 18 MNH 768 

9 CIM473 19 FH 930 

10 CIM496 20 CIM 1100 
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B. Five irrigation levels      

I1 (3 Irrigations),  

     I2 (4 Irrigations),  

      I3 (5 Irrigations),  

      I4 (6 Irrigations) and  

I5 (7 Irrigations)  

The treatments of the experiment were arranged in a randomized complete block design 

(two factors) the first one was irrigations levels and the other was genotypes.  

 

3.3.2.1 Crop husbandry 

Crop was planted in a well prepared seedbed on May, 30 and 31 during 2003 and 2004, 

respectively. Planting was done in 75 cm spaced rows keeping 30 cm space between the plants in 

the rows. The experimental plot size of sub-plot was kept as 3m x 6m (18 m
2
). The crop was 

thinned out at 22.5 cm plant height stage maintaining 30 cm plant to plant distance.  

The crop was irrigated through surface tube well water. The irrigation was applied 

according to the treatments of the experiment.  The first post-plant irrigation was applied at 35 

days after planting. The interval of the subsequent irrigations was adjusted as per treatments and 

the critical stages of crop during the growth period. Each irrigation applied was of 7.5 cm depth.         

Diammonium Phosphate was applied as phosphetic fertilizer at the rate of 60 kg P2O5 ha
-1 at 

seedbed preparation stage and incorporated in the upper plough layer and 125 kg N ha
-1

 as urea 

in three equal splits i.e. at planting, flowering and boll formation stages by side dressing. 

Stomp-330E was applied as pre-emergence herbicide for chemical weed control at the 

rate of 2.5 liters ha
-1

 at pre-planting stage and incorporated in the upper plough layer.  For a 

weed free experiment, mechanical interculture was also performed where required. 

For proper insect-pests management relative low action economic threshold levels were 

followed in order to avoid any damage to the crop plants during vegetative and especially 

fruiting period/stages. Suitable pesticides viz., Bifenthrin (10EC), Imidacloprid (25WP), 

Deltamethrin (2.5 EC), Triazophos (40EC), Chlorpiryphos (40EC), Acetamiprid (20SL) and 

Profenophos (50 EC) were sprayed by hand (knapsack) sprayer for control of insect pests of the 

crop.  
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3.3.3 Experiment 3: Effect of planting methods and mulching types on the   

    water use efficiency of cotton (Gossypium hirsutum L.) 

 

This experiment comprised of the following treatments: 

a. Cotton Varieties/Genotypes  

 V1 (CIM473) and V2 (CIM499) 

b. Planting Methods 

P1:  70 cm spaced single rows on flat field 

P2:  105 cm spaced double row strips on flat field 

P3:   70 cm spaced ridges 

P4:  140 cm spaced furrow beds 

c. Mulching Types 

 M1:  Cultural Mulch. 

 M2:  Straw Mulch. 

 M3:  Sheet Mulch. 

 M4: Chemical Mulch  

 

 The selected cultivars on the basis of better performance towards minimum water 

requirements and having better physiological response under low irrigation were used in this 

water use efficiency experiment. 

The treatments of experiment were arranged in randomized complete block design (three 

factors) i.e. varieties, planting methods and mulches and were repeated thrice. The experimental 

plot size of sub-plot was kept as 6m x 9m (54m
2
). 

3.3.3.1 Crop husbandry 

Crop was planted in a well prepared seedbed on May, 31 and 30 during 2004 and 2005 

respectively and row to row spacing were maintained as 70 cm on flat field in P1, 105/35 cm in 

case of paired rows planting method (P2), 70 cm spaced ridges (P3) and 140 cm spaced furrow 

beds (P4). The cotton seeds were hand drilled by single row cotton drill manually in P1 and P2 

with delinted seed of 80% germination at the rate of 15 kg ha
-1

. While in ridge planting (P3) and 

bed and furrows (P4), dibbling was done keeping 3 seeds per hole at 30 cm distance between the 

holes. Both in ridges and beds, the planting was done at 10 cm height from bottom of the furrow 

in dry field condition followed by irrigation. The crop was thinned out at 22.5 cm plant height 
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stage maintaining 30 cm plant to plant distance. Each experimental plot was divided into two 

sub-plots. Each sub-plot was kept for destructive plant sampling during the season and 

harvesting of seed cotton at the end of season, respectively. 

 As far as mulching practices are concerned, in case of cultural mulch (M1), four hoeings, 

2 dry and 2 in „watter‟ condition (workable condition of soil after soaking irrigation) after 1
st
 and 

2
nd

 irrigation were applied to create cultural mulch for moisture conservation and eradication of 

weeds. 

Straw mulch (M2) was applied as 5 cm thick layer of rice straw after complete 

germination of cotton seed in each plot as per treatment. In case of M3 the polyethylene sheet 

was spread between rows after complete germination. As chemical mulch (M4), the foliar spray 

of methanol 30% (v/v) was sprayed at the rate of 150 L ha
-1 

of spray solution. The spray was 

applied on July 15
th

, August 1, August 15
th

 and August 31
st
 between 10.00 a.m. to 12.00 noons 

during bright sunny days. The foliar spray treatments were initiated coinciding the first square 

appearance and continually applied fortnightly as a total of 4 applications. Knapsack sprayer was 

used for the application of methanol solution. Two nozzles were used per row and operated at 4 

km per hour speed. The delivery of the solution (150-L ha
-1

.) was accomplished at 275 Kpa 

pressure (Makhdum et al., 2002). 

 In all mulching treatments except M4, the mulch was maintained up to complete canopy 

closure development.  The use of mulching practice/material was aimed at the conservation of 

soil and plant moisture and restricting weed growth to reduce weed-crop competition for 

moisture extraction from soil moisture reserves and reducing water loss form soil (M1 to M3) and 

plant in M4.  

Crop was fertilized at the rate of 60 kg P2O5 and 125 kg N ha
-1

 as Diammonium 

Phosphate and urea. All P2O5 was applied at seedbed preparation stage and incorporated in the 

upper plough layer and nitrogen in three equal splits i.e. (41.67 kg ha
-1

) at planting, flowering 

and boll formation stages by side dressing.  

 Crop was irrigated through surface tube well water. The first post-plant irrigation was 

applied at 35 days after planting to P1 and P2 while P3 and P4 were irrigated just after seeding. 

The subsequent irrigations were applied to all treatments as per need of the crop by observing the 

physical appearance of the crop plants i.e. dull green color of leaves, wilting appearance, reddish 

color of stem near flag leaves uniformly etc. Measured quantity of irrigation water was applied 
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each time by using cut throat flume method. The cut-out (last irrigation) irrigation was applied 

during first fortnight of October.  All other agronomic and plant protection measures were 

applied uniformly as described in case of experiment 2.  

 

3.3.4 Picking/harvesting 

The crop was harvested /picked at maturity as single pick each year as under: 

Experiment  Name of Experiment 2003 2004 2005 

2 Screening of cotton genotypes under 

field conditions 8
th

 Nov.  12
th

 Nov. - 

3 Effect of planting methods and 

mulching materials on the water use      

efficiency of cotton (Gossypium 

hirsutum L.). 

- 15
th

 Nov. 18
th

 Nov.   

 

3.4 Observations recorded 

 Observations on the following parameters were recorded during the course of the 

experiment. 
 

3.4.1 Experiment 2 

a. Agronomic parameters 

1. Plant population at harvest  

2. Plant height at harvest (cm) 

3. Number of bolls per plant  

4. 100-boll weight (g) 

5. Seed cotton yield (kg ha
-1

) 

 

b. Water relations parameters 

1. Leaf  Water potential (-MPa) 

2. Leaf  Osmotic potential (-MPa) 

3. Leaf  turgor potential (MPa) 

4. Leaf  stomatal conductance  (mmol of H2O m
-2

s
-1

) 
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3.4.2 Experiment 3 

 

a. Water relations and physiological parameters: 

1. Leaf water potential (-MPa) 

2. Leaf  osmotic potential (-MPa) 

3. Leaf  turgor potential (MPa) 

4. Leaf  stomatal conductance (mmol of H2O m
-2 

s
-1

) 

5. Relative growth rate (RGR) (g g
-1

 day
-1

) 

6.  Net assimilation rate (NAR)  (g m
-2

 day
-1

) 

7. Net transpiration rate  (mmol H2O) 

8. Net photosynthesis rate (mol CO2) 

9. Water use efficiency (µmol(co2) /mmol (H2O)) 

 

b. Growth behaviour parameters 

1. Plant height at harvest (cm) 

2. Leaf area index  

3. Number of monopodial branches per plant 

4. Number of sympodial branches per plant  

5. Plant canopy (m
3
) 

6. Number of nodes per plant  

7. Inter nodal length (cm) 

 

c. Yield and yield components 

1. Plant population at harvest  

2. Number of bolls per plant  

3. 100-boll weight (g) 

4. Seed cotton yield  (kg ha
-1

) 

5. Biological yield (kg ha
-1

) 

6. Harvest index (%) 
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d. Qualitative parameters 

1. Ginning out turn (%) 

2. Staple length (mm) 

3. Micronaire (µg inch
-1

) 

4. Seed index (g) 

5. Seed oil and protein content (%) 

e. Irrigation water data 

1. Total water applied (mm) 

2. Quantity of water saved (%) 

 

3.4.3 Crop growth development stages 

 For recording data during the season, four normal plants from each treatment on either 

side within the row, were selected that were free from all types of damages and defects. The 

sequential harvests were collected at the following six physiological stages of growth, viz, 

1. Squaring stage at 45 days after sowing (DAS) 

2. Flower initiation at 60 DAS 

3. Flowering at 75 DAS 

4. Peak flowering and boll formation at 90 DAS 

5. Boll development at 105 DAS 

6. First boll split (near maturity) at 120 DAS 

 

3.4.4 Water relations and physiological parameters 

3.4.4.1 Leaf water potential  

For recoding leaf water potential (-MPa), a fully expanded youngest leaf (fourth from the 

top was excised from each plant at 11:00 hours and measurements were made with a water 

potential apparatus (Chas W. Cook Div., England) in the field 

3.4.4.2 Leaf osmotic potential (s): 

To measure the leaf osmotic potential (-MPa), a proportion of the leaf used for water 

potential determination was frozen for two weeks, thawed, and crushed with a metal rod to 

extract the frozen sap. After centrifugation (8000 x g) for 4 minutes, the sap was used for 

osmotic potential determination in a Vapor Pressure Osmometer (Wescor 5520, Logan, USA). 



57 

 

3.4.4.3 Leaf turgor pressure (p):  

 Leaf turgor pressure (MPa) was calculated as  

TP = OP – WP 

Where   TP= Leaf turgor pressure (p)  

OP = leaf osmotic potential (s) and 

WP = leaf water potential (w) 

    MPa= Mega puscles 

3.4.4.4 Leaf stomatal conductance (mmol of H2O m
-2

s
-1

) 

Stomatal resistance/conductance measurements were made with an automatic porometer 

MK-3 (Delta-T Devices, Burwell Cambridge, England) Hertford, Herts, England).  

 

3.4.4.5 Total dry weight: 

The above ground portion of the plants was removed at six growth stages i.e. 45, 60, 75, 

90, 105 and120 days after sowing (DAS), from one square meter area in the sub-plot reserved for 

destructive plant sampling. The whole plant material was brought into laboratory. The plants 

were partitioned into leaves, stems and fruiting forms according to method of Mullins and 

Burmester (1990) and fresh weight was determined. A sub sample of 110g was taken from the 

whole fresh material consisting of various plant parts i.e. leaves, branches, flowers, stalk etc. The 

sub sample 20 was placed in a forced-draft oven and dried at 70°C to a constant weight. Dry 

weight was estimated on per unit land area basis according to method described by Wells and 

Meredith (1984).  

 

3.4.4.6 Relative growth rate 

 

The following formulae were used to calculate relative crop growth rate at 60, 75, 90, 105 

and 120 DAS as described by Hunt (1978): 

 

Relative growth rate (g g
-1

 d
-1

) =  (loge W2 – loge W1) / (t2 – t1) 

(Where logeW1 and loge W2 are the values of total dry weights at times t1 and t2, 

respectively). 
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3.4.4.7   Net assimilation rate  
 

The mean net assimilation rate at 60, 75, 90, 105 and 120 DAP was estimated by using 

the following formula as suggested by Hunt (1978). 

 

            Net assimilation rate (g m
-2

 d
-1

)   =     TDM / LAD 

 

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

 
3.4.4.8 Net photosynthesis (PN) and Transpiration rate (E): 

The instantaneous measurements of net photosynthetic rate (PN) and transpiration rate (E) 

were made on fully expanded youngest leaf of 10 plants (4
th

 leaf from top) using an open system 

portable infra red gas analyzer ADC-LCA 4 (Analytical Development Company, Huddleston, 

England). Measurements were performed on 60 days old plants at 11:00 with the following 

conditions: molar flow of air per unit leaf area (408.5 m mol m
-2

 s
-1

), atmospheric pressure (97.8 

kPa), water vapor pressure inside chamber (1120-1220 Pa), photosynthetic active radiation at 

leaf surface was maximum (up to 1280 mol m
-2

 s
-1

), temperature of leaf was maximum up to 

(34.4 C), ambient temperature (32.3-37.9 C) & ambient CO2 concentration (351.3 µmol mol
-1

). 

 

3.4.4.9 Water-Use Efficiency (WUE) 

 Data for water-use efficiency (WUE) were computed by the following equation as 

mentioned by Makhdum (2003):  

WUE = Net photosynthetic rate (PN) / Transpiration Rate (E)    

 Where   WUE   = Water-Use Efficiency (mol CO2/ mmol H2O) 

          PN        =    Net photosynthetic rate (mol CO2 m
-2

 s
-1

) and  

      E      =   Transpiration rate (mmol H2O m
-2 

s
-1

) 

  

3.4.5 Growth and development parameters 

3.4.5.1 Plant height (cm): 

 Plant height of five randomly selected plants was measured at maturity and the mean 

height was calculated. 
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3.4.5.2 Leaf area per plant (cm
2
) 

Data on leaf area were recorded at six physiological stages from 45 days after sowing 

(DAS) to 120 days after sowing (DAS) with 15 days interval by employing leaf disc method 

using the following formula:  

  Leaf Area =   Area of leaf discs (cm
2
) x fresh leaf weight of all plants 

        25 leaf discs weight  

3.4.5.3 Leaf area index 

  The leaf area index was computed using following formula: 

Leaf Area Index = 
Leaf Area 

Ground Area 

     

3.4.5.4 Monopodial branches per plant  

Monopodial branches of the five randomly selected plants were counted at maturity and 

then the mean per plant was computed. 

3.4.5.5 Sympodial branches per plant  

Sympodial branches of the five randomly selected plants were counted at maturity and 

then the mean was computed. 

3.4.5.6 Plant canopy (cm
3
) 

 Five plants were randomly selected and canopy was measured according to the formula 

as suggested by Khan and Sahi (1980): 

    C = 1/3 π r
2 

h 

 Where   C= canopy, r = radius (cm) and h = height (cm) 

3.4.5.7 Number of nodes per plant 

Nodes of the five randomly selected plants were counted from the cotyledonry node to 

the top of the terminal node and then the mean was calculated. 

3.4.5.7 Internodal length (cm) 

Internodal length was calculated by dividing plant height with number of nodes per plant. 

3.4.6 Seed cotton yield and its attributes 

3.4.6.1 Plant population 

 Total number of plants from each plot were counted at harvest and then converted to 

plants ha
-1

. 
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3.4.6.2 Number of bolls per plant 

Data on number of bolls plant
-1

 was recorded from 10 randomly selected plants from each 

treatment at maturity and then the total bolls were averaged as per plant boll number. 

3.4.6.3 100- dry boll weight (g) 

 100 bolls from each plot were picked randomly, sun dried and weighed.  

3.4.6.4 Seed cotton yield (kg ha
-1

) 

After the seed cotton was hand picked at the end of season from net-plot kept for yield 

estimation purpose, the seed cotton from each plot was weighed and then calculated on per 

hectare basis. 

3.4.6.5 Biological Yield (kg ha
-1

): 

For recording vegetative dry biomass data, cotton plants in each plot, were cut after 

picking 1 inch below ground level and left in the field for sun drying. After complete drying, the 

total weight per plot was recorded and then converted into vegetative dry biomass kg ha
-1

. 

Biological yield, on kg ha
-1 

basis, was calculated as: 

Biological yield = Vegetative dry biomass + Seed cotton yield 

3.4.6.6 Harvest index (%): 

 The harvest index was calculated by using the following formula: 

 H.I. = Seed cotton yield  x 100 

    Biological yield  

 

3.4.7 Cotton fibre characteristics 

3.4.7.1 Ginning out turn (%): 

 

After picking, a bulk sample of 200 g seed cotton was taken from each plot. It was sun 

dried and cleaned. Two sub samples of 50g each were weighed and ginned separately on roller 

ginning machine. The lint weight was recorded and ginning out turn was calculated by applying 

formula: 

      Lint Weight 

G.O.T. (%) = -------------------------- x 100 

    Seed cotton weight 

 

3.4.7.2 Staple length (mm) and micronair (µg inch
-1

):       

 The physical characteristics of cotton fibers viz. fiber length and fiber fineness, were 

determined by High Volume Fiber Test System Uster spectrum-1 manufactured by M/S 
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Zellweger Uster Ltd; Switzerland. The instrument was calibrated according to the standard 

method prescribed in its instruction manual supplied by M/S Zellweger, Ltd., (1994). The testing 

procedure was adopted as reported by ASTM Standard (1997).  

3.4.7.3 Seed index (g) 

 Sample of seed cotton was taken from the bulk produce and was ginned out. After 

ginning three sub samples of 100 seeds were taken and weighed. Then average was calculated.  

Seed Index = Weight of 100 seeds (g) 

3.4.7.4 Seed oil contents 

 From each treatment, three seed samples were taken. Seeds were analyzed by NMR 

(4000, Oxford) which gave direct reading of oil content %. 

3.4.7.5 Protein percentage 

 After oil content analysis representative seed sample of each genotype were grinded. The 

powder thus obtained was analyzed for protein percentage by Kjeldah‟s method of total nitrogen 

estimation. The amount of protein in the seed was the calculated by following formula 

mentioned by Kohel et al. (1985): 

    Volume of acid used x 100x 14 

Nitrogen Percentage =  -------------------------------------- 

          Weight of sample x 1000 

 

 

Percentage of Crude Protein = N2 percentage x 6.25 

  

Where 6.25 is the factor for protein in cotton (Kohel et al., 1985) 

 

3.4.8 Irrigation water data: 

3.4.8.1 Total water applied 

 Irrigation water applied to each plot was recorded with the help of cut throat flume and 

the quantity was calculated by using formula: 

   Qt = Ad      or       t = Ad/Q 

Where  

     Q is the discharge of water (cusecs).    

     A is the area (acres). 

     D is the depth irrigation water (acre inches). 

     t is time taken (seconds). 
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3.4.8.2  Quantity of water saved 

 From the irrigation water applied data, the quantity of water saved in case of each 

planting method was calculated. 

 
3.5 Economic analysis: 

3.5.1    Net income 

 For the economic analysis cost of production and gross income for cotton crop was 

calculated. Net income was worked out by deducting the cost of production from the income 

(CIMMYT, 1988 An Economics Training Manual).  

3.5.2   Benefit cost ratio 

 Benefit cost ratio was worked out by dividing gross income ha
-1

 with total cost involved 

ha
-1

. 

 

3.6 Statistical analysis: 

 The recorded data was statistically analyzed by using Fisher‟s analysis of variance 

techniques and least significant difference (LSD) at 5 % probability level was applied to compare 

the differences among the treatment means (Steel et al., 1997).  

 Computer programme MSTAT Micro-computer Statistical Programme (Anonymous, 

1986) was used for statistical analysis of the data and Microsoft Excel was used for preparation 

of graphs and figures. 
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CHAPTER 4 
                                         

RESULTS AND DISCUSSION 

             The present studies were carried out to explore economical agro-water management 

strategies for sustainable cotton production. It involved the most suitable planting method for 

cotton growing areas that can save irrigation water without affecting the quality and quantity of 

the crop in combination with suitable mulching practices for conservation of soil moisture and 

limiting weed growth to increase water use efficiency in cotton crop. This study was conducted 

for three consecutive years (2003, 2004 and 2005) at two sites viz. Cotton Research Station, 

Multan and Agronomic Research Station Khanewal (Punjab) Pakistan. Data collected along with 

statistical interpretations are presented and discussed here in: 

4.1 Experiment 1:  Screening of cotton genotypes under moisture stress conditions in  

      greenhouse 

 A green house study was conducted at Cotton Research Station, Multan and following 

growth parameters were recorded under different soil moisture regimes: 

4.1.1 Root dry weight  

 The seedlings were grown in a green house and data recorded are presented in Table 4.1. 

It is obvious from the data that seedling root dry weight (RDW) was significantly affected by the 

two irrigation regimes i.e. normal and water stressed. Among twenty cotton genotypes, the 

highest value (285.5 mg) of RDW was found in CIM-473 followed by 262.8 mg for CIM-499. 

The lowest RDW (106.5 mg) was recorded by the genotype MNH-633. The results are partially 

in line with those of Basal et al. (2005) who reported that robust rooting genotypes had greater 

total root dry weight (TRDW) than the non robust ones regardless of water regime. The response 

of plants to drought is greatly determined by root characteristics. Water deficit decreases shoot
 

growth rate, plant height, and yield, but root growth is less
 
sensitive to drought than shoot 

growth. Some of the important morpho-physiological
 
traits relating to drought

 
tolerance in cotton 

indicated by the researchers also include taproot weight, lateral roots number, seedling vigor, 

rapidity of root system development,
 
root-to-shoot ratio and longer taproot length

 
(Pace et al., 

1999).  

 According to data in table 4.1 the RDW in case of cotton genotype RH 510 was enhanced 

by about 1.6 % while the cotton genotypes CIM 473, CIM 499 and CIM 506 exhibited least 



64 

 

effect of water stress2.2, 2.6 and 4.8 % among all other genotypes under study, respectively. It 

clearly showed that these genotypes have better capability of water stress tolerance. 

The interactive behavior of genotypes with moisture levels was statistically significant. 

The highest RDW (282.3 mg) under water stress conditions was exhibited by CIM-473 followed 

by 259.3 mg for CIM-499 cotton genotype. Under these conditions, the lowest RDW was 

produced by FH-930, MNH-552 and MNH-633 with 111.1 mg, 109.0 mg and 96.67 mg, 

respectively. The trend was almost same under normal moisture conditions for this parameter 

that was statistically significant. On an average, the highest values for RDW (184.95 mg) was 

under normal moisture conditions as compared to water stressed one (157.60 mg). It was found 

that all the genotypes exhibited the same trend that RDW was reduced under water stress 

conditions. The results are in consonance with those of Basal et al. (2005) and Pace et al. (1999). 

 

4.1.2 Lateral root count  

 The data revealed that the cotton genotypes responded significantly different for lateral 

root count (LRC) under two water regimes, though the interaction of genotypes versus moisture 

regimes was non-significant (Table 4.2). 

 The highest number of lateral roots (47.5) was produced by the genotype CIM-473  

followed by CIM-499 (41.8), CIM-448 (41.5), MNH-554 (41.9) and RH-510 (41.6) under 

moisture stress conditions. The lowest LRC was recorded in exotic genotype CEDIX (30.6), 

followed by VH-142 (32.1) and FH 930 (31.8). Similar findings had been reported by Basal et al. 

(2005) that the robust rooting genotypes had greater lateral
 
root number than the nonrobust ones 

regardless of water regime.  

 The LRC again differed significantly under water regimes. The LRC under moisture 

stress was 37.3 compared to 31.7 in normal watering. Results were in consonance with those 

reported by Basal et al. (2005). While considering the stress index, the maximum increase in 

LRC was obtained by CIM 473 (21.5%) and CIM 499 (21.0%) that showed their potential to 

strive best against moisture stress and to cover more area into the soil profiles to capture 

moisture from deeper layers of soil. 
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Table 4.1: Effect of water stress on seedling root dry weight (mg) of different cotton varieties 
 

 

Any two means sharing the same letters in a column do not differ significantly from each other 

by DMR test at p 0.05  

Any two means not sharing the a letters in common in a row differ significantly from each other 

by T-test at p 0.05  

 

 

Cotton varieties 
Normal 

(100% F.C) 

Water stress      

(25% F.C) 

Water stress index 

(%) 

LRA 5166 159.7 hij 132.0 klmn 17.3 

CEDIX 171.7  efghi 145.0 jk 15.6 

NIBGE-I 185.4 e 146.7 jk 20.9 

NIAB 78 170.0 efghi 122.3 mno 28.1 

NIAB III 142.1 jkl 118.3 mno 16.7 

VH 142 166.6 ghi 121.0 mno 27.4 

BH 160 207.4 d 154.3 ij 25.6 

CIM 448 182.7 efg 146.0 jk 20.1 

CIM 473 288.6 a 282.3 a 2.2 

CIM 496 184.3 ef 146.3jk 20.6 

CIM 499 266.3 b 259.3 b 2.6 

CIM 506 167.0 fghi 159.0 ij 4.8 

RH 510 218.0 cd 221.4 cd -1.6 

CIM 511 157.4 ij 125.7 lmno 20.1 

MNH 552 144.9 jk 109.0 op 24.8 

MNH 554 253.1 b 226.7 c 10.4 

MNH 633 116.3 no 96.67 p 16.9 

MNH 768 176.4 efgh 155.7 ij 11.7 

FH 930 135. klm 111.1 op 17.7 

CIM 1100 205.8 d 179.3 efg 12.9 

Mean 184.95 a 157.6 b 14.8 

LSD for water stress  at 5%                   = 2.8373 

LSD for varieties  at 5%                        = 10.73  

Interaction      water stress  x  varieties  =  15.17 
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Table 4.2:  Effect of water stress on Lateral root count of different cotton    

  varities under water stress conditions 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS=Non significant 

Any two means sharing the same letters in a column do not differ significantly from each other 

by DMR test at p 0.05 Any two means not sharing the a letters in common in a row differ 

significantly from each other by T-test at p 0.05  

Cotton varities Normal (100% F.C) 
Water stress     

(25% F.C) 

Stress index 

(%)     

LRA 5166 29.1         NS 33.7     NS 13.5 

CEDIX 26.5 30.6 13.2 

NIBGE-I 28.9 35.4 18.5 

NIAB 78 32.0 37.0 13.4 

NIAB III 29.3 34.7 15.4 

VH 142 26.0 32.1 19.0 

BH 160 35.0 40.2 13.0 

CIM 448 35.8 41.5 13.7 

CIM 473 37.5 47.5 21.0 

CIM 496 32.5 37.5 13.5 

CIM 499 32.8 41.8 21.5 

CIM 506 31.9 36.5 12.6 

RH 510 35.9 41.9 14.3 

CIM 511 30.9 38.2 19.2 

MNH 552 29.8 34.6 13.9 

MNH 554 35.3 41.6 15.0 

MNH 633 30.2 35.0 13.6 

MNH 768 32.6 37.9 14.1 

FH 930 28.5 31.8 10.4 

CIM 1100 30.8 35.8 14.0 

Mean 31.7 a 37.3 b 17.5 

LSD at 5% for water stress     =      0.7904 

LSD at 5% for varieties          =      2.989 

Interaction                               =    NS 
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4.1.3 Root length  

 Cotton genotypes in this study responded differently, however, interaction of varieties 

with water regimes was non-significant (Table 4.3). The longest root (35.9 cm) was observed in 

the CIM-473 followed by the cultivar CIM-499 (32.8 cm) under moisture stress treatment. The 

lowest values of root length (22.2 cm) were exhibited by the cotton cv. NIAB-111. The root 

length under normal watering and under stressed watering treatments differed significantly. On 

an average, root length under water stress treatment was 29.5 cm as compared to normal 

watering with 27.9 cm. The perusal of stress index in table  4.3 showed that there was 6.4 % 

decrease in the root length of CIM 473 yet it was even longer than that of any other genotype. 

The results are in line with those of Pace et al. (1999)
 
who reported that drought-stressed 

cotton seedlings exhibited
 
some increase in root length but reduced diameter. Ball et al. (1994) 

observed that cotton root elongation was reduced due to inadequate soil moisture,
 
while Plaut et 

al. (1996) found
 
that reduction in root length and density

 
at 42 and 70 days after emergence was 

a function of suboptimal soil moisture. The results seem also in line with those of Basal et al. 

(2005) and Pace et al. (1999) who exclaimed longer taproot length as drought
 
tolerance trait in 

cotton. In contrast, Ball et al. (1994) and Prior et al. (1995) reported that root elongation was 

reduced due to inadequate soil moisture. However, Basal et al. (2005) was of the opinion that 

water deficit decreased shoot
 
growth rate but root growth was less

 
sensitive to drought. 

4.1.4 Shoot Dry Weight  

 Data on shoot dry weight (SDW) revealed that cotton genotypes differed significantly in 

response to water stress (Table 4.4). The highest SDW (6.7 mg) in case of water stress treatment 

was recorded in case of cotton genotype CIM-473 followed by, CIM-499, RH-510 and MNH-

554, with values of 6.0, 6.2 and 6.3 mg, respectively.  

 It was also observed that SDW under normal watering (7.7 mg) differed 

significantly to that in water stressed treatment (4.8 mg). The results are in agreement with those 

of Basal et al. (2005) who observed that the response of plants to drought was greatly determined 

by root characteristics, although water deficit decreased shoot
 
growth enormously as compared to 

root growth. Shoot dry weight (SDW) and RDW were highly correlated and SDW was
 
associated 

with weight per unit length of tap root. The perusal of stress index revealed that cotton genotype 

CIM 473 and CIM 499 exhibited least decrease (17.8 and 21.9 %) in SDW among all other 

genotypes under study showing better survival potential against stress watering. 
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Table 4.3:  Effect of water stress on root length (cm) of different cotton varieties  

 

 

NS = Non significant 

Any two means sharing the same letters in a column do not differ significantly from each other 

by DMR test at p 0.05 and any two means not sharing the a letters in common in a row differ 

significantly from each other by T-test at p 0.05 

Cotton varieties 
Normal 

(100% F.C) 

Water stress     

(25% F.C) 

Stress index 

(%)     

LRA 5166 
25.4 26.5 4.2 

CEDIX 
26.1 28.0 6.8 

NIBGE-I 
26.4 29.9 11.7 

NIAB 78 
26.8 30.2 11.3 

NIAB III 
20.9 22.2 5.9 

VH 142 
28.4 29.1 2.3 

BH 160 
28.0 32.0 12.5 

CIM 448 
28.9 29.2 1.0 

CIM 473 
38.2 35.9 -6.4 

CIM 496 
27.9 29.3 4.8 

CIM 499 
35.6 32.8 -8.5 

CIM 506 
27.5 26.8 -2.6 

RH 510 
33.1 31.5 -5.1 

CIM 511 
28.2 31.6 10.8 

MNH 552 
23.8 30.7 22.5 

MNH 554 
31.9 31.8 -0.3 

MNH 633 
20.9 26.8 22.1 

MNH 768 
27.8 29.5 5.8 

FH 930 
24.2 28.4 14.8 

CIM 1100 
27.2 26.8 -1.5 

Mean 
27.9  b 29.5  a 5.7 

LSD for water stress  at 5% = 0.866 

LSD for varieties  at 5%      = 3.274 

Interaction                            =  NS 
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Table 4.4:  Effect of water stress on shoot dry weight (mg) of different cotton   

  varieties  

Cotton varities Normal (100% F.C) 
Water stress      

(25% F.C) 

Stress index 

(%)     

LRA 5166 7.0 3.8 46.0 

CEDIX 4.9 2.9 40.9 

NIBGE-I 7.6 4.2 44.1 

NIAB 78 8.7 4.7 46.2 

NIAB III 6.7 4.1 38.4 

VH 142 7.7 4.2 44.9 

BH 160 7.6 5.0 33.8 

CIM 448 9.0 5.4 39.5 

CIM 473 8.1 6.7 17.8 

CIM 496 8.2 5.0 39.2 

CIM 499 8.1 6.3 21.9 

CIM 506 9.0 5.4 39.5 

RH 510 8.6 6.2 27.3 

CIM 511 8.2 5.0 39.2 

MNH 552 7.7 4.3 43.5 

MNH 554 8.6 6.0 29.9 

MNH 633 7.3 4.1 44.0 

MNH 768 7.6 5.0 33.8 

FH 930 6.3 3.3 47.4 

CIM 1100 7.3 4.7 36.4 

Mean 7.7  a 4.8  b 59.7 

LSD at 5% for water stress  = 0.249 

LSD at 5% for varieties       =  0.943 

Interaction                            =  NS 

 

NS = Non significant 

Any two means sharing the same letters in a column do not differ significantly from each   

DMR test at p 0.05 and any two means not sharing the a letters in common in a row  

significantly from each other by T-test at p 0.05 
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4.2 Experiment 2:  Screening of cotton genotypes against different irrigation levels  

      under field conditions 

 The experiment was conducted in field area at Agronomic Research Station, Khanewal 

during 2003 and 2004 and the following growth parameters were recorded: 

4.2.1 Seed cotton yield  

 Seed cotton yield of all genotypes varied significantly during both the years of study i.e. 

2003 and 2004 (Tables 4.5 & 4.6). The highest seed cotton yield was recorded for CIM-499 

(2293 kg ha
-1

) followed non-significantly by 2215 kg ha
-1

 in case of CIM-473 during 2003. 

Almost similar yield variation trend was observed in 2004. As regard the number of irrigations, 

the highest seed cotton yield (2398 kg ha
-1

) was recorded in treatment where 6 irrigations were 

applied to the crop while the lowest value (1042 kg ha
-1

) was observed in treatment with 3 

irrigation levels during 2003. Similar trend was observed in second year of the experiment.  

 As regards the cotton genotypes, CIM-499 and CIM-473 yielded higher weights, under 

all irrigation levels with a positive response to each increment up to 6 irrigations compared to 

other genotypes. The results are in agreement with Pace et al. (1999) who suggested that, cotton 

cultivar which can endure and recover from drought are needed to minimize yield loss. 

According to Ullah et al. (2008) seed cotton yield was markedly affected under water stress 

conditions in all cultivars studied. Kar et al. (2001) also reported similar findings that yield and 

its attributes were reduced significantly in all the varieties in response to water deficit. The 

results are also in consonance with those of Bednarz et al. (2003), Pettigrew (2004) and Bednarz 

and Nichols (2005). Decline in the yield under deficit irrigation was associated with reduction in 

number of bolls plant
-1

 and boll weight (Singh, 2010). 

  The seed cotton yield in case of 7 irrigation level was recorded lesser than those with low 

irrigation levels. This was attributed to the reduced production of yield components due to 

increased tendancy of cotton genotypes towards vegetative growth which is also clear from the 

plant height data in table 4.13 and 4.14. Moreover, the excessive water application has adverse 

effects on many soil and plant functions viz., soil oxygen depletion, lowering root activity, 

reduced in nitrogen uptake, nutrient metabolism, leaf area production and photosynthesis. Hence, 

a balanced strategy is desired between excessive vegetative growth due to abundant water supply 

and restricted growth due to limited water supplies to produce large and productive plant.                             
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4.2.2 Bolls per plant 

 The bolls per plant of cotton varieties were significantly affected by irrigation levels during 

both the years (Tables 4.7 and 4.8). The highest value
 
(26.32) was recorded for cotton variety 

CIM499 followed by CIM-473 (25.53) during 2003 and in 2004 as well. As far as the number of 

irrigation is concerned, the highest bolls per plant were observed in treatments with 6 irrigations 

for both the years of study. While the least values of 13.08 and 12.03 were recorded with 3 

irrigations during 2003 and 2004, respectively. Similar findings of reduced boll number per plant 

under water deficit conditions were reported by a number of researchers. The results get support 

by the findings of Pettigrew (2004) and (Singh, 2010) who reported 19% reduction in number of 

bolls due to moisture stress. He further found that plants of irrigated lands produced more bolls 

than did the dry land plants. In case of this study, the genotypes produced lower number of bolls 

per plant even under highest irrigation level (7 irrigations). This is attributed to the genotypic 

tendency towards heavy vegetative growth. Moreover, the results are in consonance with those 

of Steve et al. (2002) who concluded that application of too much water affects many soil and 

plant functions viz., soil oxygen depletion, lowering root activity and subsequently the whole 

plant. Reduction in nitrogen uptake, nutrient metabolism, leaf area production and 

photosynthesis are the results of excessive water application. Thus, a balance is to be kept 

between excessive vegetative growth due to abundant water supply and restricted growth due to 

limited water supplies for obtaining optimum yield potential. Hence, as a strategy to produce 

large and productive plant avoid excessive vegetative growth and wastage of water.  

 

4.2.3 Boll dry Weight 

 The data presented in tables 4.9 and 4.10 depicts that weight of 100 bolls of different 

cotton varieties were statistically significant under different irrigation levels during 2003 and the 

same was true for this interactions during 2004. However, individual differences in varieties and 

number of irrigations were observed for this factor. Among the cotton genotypes, all behaved in 

similar fashion during 2003, while the highest weights were recorded for CIM-473 (324.3 g) 

followed by CIM-499 (320.4 g) and the least weights were recorded by the cotton genotypes 
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  Table 4.5:  Effect of different cotton varieties and irrigation levels on seed cotton    

  yield (kg ha
-1

) during the year 2003 

 

Any two means sharing a letter in common do not differ significantly  

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 993 efg 1506 bc 1796 h 1843 j 1696 i 1567 jk 

CEDIX 861 fg 1200 gh 1500 j 1769 j 1565 j 1379 l 

NIBGE-1 1150 bcd 1306 efg 2337 c 2733 bcd 2870 a 2079 cd 

NIAB-78 1052 de 1426 cde 2296 c 2505 f 2433 de 1942 ef 

NIAB-111 1252 ab 1602 ab 2269 cd 2783 bc 2681 bc 2117 bc 

VH-142 970 efg 1352 def 21456 de 2561 ef 2398 e 1885 fg 

BH-160 1047 de 1505 bc 2270 cd 2778 bc 2644 bc 2049 cde 

CIM0448 1019 de 1246 fgh 1924 g 2272 g 2133 fgh 1719 hi 

CIM-473 1315 a 1696 a 2469 b 2825 b 2770 ab 2215 ab 

CIM-496 963 efg 1330 defg 1978 fg 2601 def 2559 cd 1886 fg 

CIM-499 1293 a 1685 a 2646 a 2998 a 2844 a 2293 a 

CIM-506 961 efg 1470 bcd 2126 e 2624 def 2498 de 1936 ef 

RH-510 850 g 1283 fg  2069 ef 2172 gh 2126 fgh 1700 hij 

CIM-511 991 efg 1256 fgh 1987 fg 2036 i 2030 h 1660 hijk 

MNH-552 865 fg 1130 hi 1950 fg 2193 gh 2007 h 1619 ijk 

MNH-554 1194 abc 1450 cd 2330 c 2661 cde 2180 fg 1963 def 

MNH-633 981 efg 1046 i 1703 hi 2217 gh 2080 gh 1607 ijk 

MNH-768 1087 cde 1369 cdef 2087 ef 2250 gh 2106 fgh 1780 gh 

FH-930 987 efg 1432 cde 2050 efg 2126 hi 2233 f 1766 gh 

CIM-1100 1002 ef 1250 fgh 1663 i 2015 i 1767 i 1539 k 

Mean 1042 e 1377 d 2080 c 2398 a 2281 b      

LSD for  irrigation levels  at 5 %        =       61.03 

LSD for varieties  at 5 %                     =      122.1 

LSD  for varieties x Irrigation  at 5 %   =     122.1    
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Table 4.6:  Effect of different cotton varieties and irrigation levels on seed cotton    

  yield (kg ha
-1

) during the year 2004 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 833.0 h 1075 h 1977 efgh 2356 gh 2082 hi 1665 gh 

CEDIX 985 efg 1055 h 1964 efgh 2285 hi 1840 j 1626 gh 

NIBGE-1 1205 ab 1108 gh 2175 bcd 2596 bcd 2267 fg 1870 bcde 

NIAB-78 1065 cdef 1161 fgh 2076 cdef 2210 i 2095 hi 1721 fgh 

NIAB-111 1135 bcd 1595 a 2285 b 2501 de 2290 efg 1961 b 

VH-142 996 efg 1372 cde 2182 bc 2495 def 2045 hi 1818 cdef 

BH-160 1048 defg 1445 bc 2265 b 2412 efgh 2244 g 1883 bcd 

CIM0448 1152 bcd 1262 def 1853 h 2311 hi 2072 gh 1750 defg 

CIM-473 1296 a 1499 abc 2477 a 2896 a 2745 ab 2183 a 

CIM-496 948 fgh 1385 bcd 1945 fgh 2476 defg 2632 bc 1877 bcd 

CIM-499 1188 abc 1512 ab 2555 a 2945 a 2824 a 2205 a 

CIM-506 962 fgh 1284 def 2174 bcd 2525 cde 2264 fg 1842 bcdef 

RH-510 1045 defg 1244 ef 2054 cdef 2296 hi 2033 i 1734 efgh 

CIM-511 944 fgh 1235 fg 1882 h 2005 j 1976 i 1608 h 

MNH-552 826 h 1052 h 1654 i 2467 defg 2410 de 1682 gh 

MNH-554 1102 bcde 1370 cde 2044 defg 2525 bcde 2233 g 1855 bcdef 

MNH-633 909 gh 1155 fgh 1956 efgh 2642 bc 2585 c 1849 bcdef 

MNH-768 1015 defg 1476 abc 1910 gh 2655 b 2465 d 1904 bc 

FH-930 946 fgh 1386 bcd 2092 cde 2410 efgh 2386 def 1844 bcdef 

CIM-1100 1044 defg 1384 bcd 1710 i 2364 fgh 1742 j 1649 gh 

Mean 1032 e 1303 d 2062 c 2469 a 2267 b  

LSD for varieties  at 5 %                       =  118.6 

LSD for irrigation levels  at 5 %           =   59.28 

LSD for varieties x Irrigation  at 5 %   =  59.28 
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Table 4.7:  Effect of different cotton varieties and irrigation levels on number of    

  bolls per plant during the year 2003 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 11.03 efg 17.80 b 21.00 i 22.80 h 24.63 ef 19.45 hi 

CEDIX 9.80 h 15.20 efg 17.70 j 20.03 i 19.00 j 16.35 k 

NIBGE-1 15.30 b 18.10 b 25.40 cd 30.10 cd 31.70 a 24.12 bc 

NIAB-78 13.37 d 17.30 bc 26.20 c 29.10 def 27.00 d 22.59 de 

NIAB-111 15.50 ab 19.50 a 26.00 c 31.00 bc 31.60 a 24.72 bc 

VH-142 12.20 defg 15.20 efg 25.00 cde 28.40 ef 26.80 d 21.52 efg 

BH-160 14.60 bc 18.00 b 25.80 c 30.20 cd 30.10 bc 23.74 cd 

CIM0448 14.10 bc 15.60 def 22.40 h 28.03 f 23.80 fgh 20.79 fgh 

CIM-473 16.90 a 19.60 a 28.03 b 32.30 b 30.80 ab 25.53 ab 

CIM-496 10.90 fgh 14.90 efg 23.40 fgh 29.60 cde 29.00 c 21.56 efg 

CIM-499 15.60 ab 20.40 a 30.00 a 30.80 a 31.80 a 26.32 a 

CIM-506 11.40 efg 18.00 b 24.00 defg 29.50 cdef 29.00 c 22.38 de 

RH-510 12.50 de 14.60 efg 23.80 efgh 24.10 h 23.70 fgh 19.74 hi 

CIM-511 13.60 cd 16.00 cde 22.60 gh 22.70 h 22.40 h 19.46 hi 

MNH-552 13.10 cd 13.80 gh 23.00 fgh 24.00 h 22.90 gh 19.36 hi 

MNH-554 13.70 cd 15.70 def 26.10 c 29.40 def 25.20 ef 22.02 ef 

MNH-633 10.80 gh 12.60 h 20.20 i 26.60 g 23.70 fgh 18.78 ij 

MNH-768 13.60 cd 16.07 cde 24.20 def 25.80 g 24.00 fg 20.73 fgh 

FH-930 11.20 efgh 16.90 bcd 23.60 efgh 24.10 h 25.70 de 20.30 ghi 

CIM-1100 12.40 def 14.30 fg 18.70 j 22.90 h 20.40 i 17.74 j 

Mean 13.08 e 16.48 d 23.86 c 27.22 a 26.16 b  

LSD for  irrigation levels  at 5 %          =  0.6762 

LSD for  varieties  at 5 %                     =  1.352  

LSD for varieties x Irrigation at 5 %    =  1.352 
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Table 4.8:  Effect of different cotton varieties and irrigation levels on number of    

  bolls per plant during the year 2004 

   Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 11.20 efg 13.60 hi 20.40 ijk 22.80 jk 21.60 jk 17.92 ij 

CEDIX 10.70 fgh 12.90 i 20.60 ijk 21.50 k 19.50 l 17.04 j 

NIBGE-1 13.50 ab 12.90 i 24.00 cde 27.70 cd 26.20 cde 20.86 cdef 

NIAB-78 13.40 abc 14.60 fgh 23.60 def 24.70 hi 24.10 fgh 20.08 defg 

NIAB-111 11.50 defg 16.40 cde 25.20 bc 28.10 c 23.70 ghi 20.98 cdef 

VH-142 12.80 abcd 17.20 bc 26.10 b 28.30 c 25.50 def 21.98 c 

BH-160 13.40 abc 15.50 def 22.60 efgh 25.20 fgh 25.10 defg 20.36 def 

CIM0448 12.50 bcde 17.00 bcd 22.40 fgh 25.70 fgh 23.50 hi 20.22 defg 

CIM-473 13.40 abc 18.40 ab 26.50 b 29.90 b 28.90 b 23.42 b 

CIM-496 11.90 cdef 15.80 cdef 24.70 cd 28.20 c 27.40 c 21.60 cd 

CIM-499 14.10 a 19.20 a 28.20 a 32.40 a 30.87 a 24.95 a 

CIM-506 12.10 bcdef 15.50 def 24.40 cd 28.80 bc 25.60 de 21.28 cde 

RH-510 13.00 abcd 15.20 efg 23.40 defg 26.20 efg 23.30 hi 20.22 defg 

CIM-511 10.20 gh 15.60 def 22.20 fgh 23.60 ij 22.50 ij 18.82 ghi 

MNH-552 10.30 gh 13.80 ghi 19.40 k 27.50 cde 26.60 cd 19.52 fgh 

MNH-554 13.10 abc 16.30 cde 21.70 hi 28.60 bc 26.20 cde 21.18 cde 

MNH-633 9.50 h 13.90 ghi 22.10 gh 26.40 def 26.10 cde 19.60 fgh 

MNH-768 12.50 bcde 17.20 bc 20.60 ijk 28.20 c 26.30 cde 20.96 cdef 

FH-930 10.40 gh 17.00 bcd 21.30 hij 25.90 fgh 25.00 efg 19.920 efg 

CIM-1100 11.20 efg 15.40 ef 20.10 jk 24.90 ghi 20.50 kl 18.42 hij 

Mean 12.03 e 15.67 d 22.98 c 26.73 a 24.92 b  

LSD for  irrigation levels  at 5 %        = 0.6595 

LSD for  varieties  at 5 %                     =   1.319 

LSD for varieties x Irrigation  at 5 %  = 1.319 
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LRA 5166 (285.8 g) and Cedix (291.2 g) during 2004. The highest boll weights were recorded in 

case of ample supply of irrigation water as compared to that of moisture deficit treatments. This 

is attributed to the normal growth and physiological processes viz, leaf area development, 

photosynthesis and ample dry matter accumulation etc. Since moisture deficit limits these 

processes resulting in lower boll weights and ultimately low economic yield. These results are in 

full agreement with those reported by McAlavy (2004) and ZongBin et al. (2004) Decline in 

number of bolls plant
-1

 and boll weight was associated with deficit irrigation (Singh, 2010). 

Plant Population per hectare 

 The plant population of all genotypes under different irrigation levels was maintained 

uniformly in all the plots during both the years (Tables 4.11 and 4.12) Hence, no significant 

difference in plant population was observed. 

4.2.5 Plant height at maturity  

 Significant impact of irrigation regimes and cotton genotypes was observed on plant 

height at harvest during both the years (Tables 4.13 and 4.14). Maximum height of 150.2 cm and 

145.6 cm was attained by cotton variety NIBGE-I followed by 147.8 cm and 145.4 cm of 

CEDIX during 2003 and 2004, respectively, at all irrigation levels. The cotton varieties CIM-

473, CIM-496, RH-510 and MNH-554 were statistically at par with NIBGE-I and CEDIX during 

2004 with plant heights of 145.0, 143.8, 143.2 and 144.6 cm, respectively. However, during the 

year 2003, significant variation in heights was observed for these genotypes. The lowest values 

of 101.4 cm and 100.6 cm were recorded in cotton variety VH-142 during 2003 and 2004, 

respectively. 

 In case of irrigation levels, the highest values 162.1 cm and 163.2 cm of plant height 

were observed in treatments with maximum irrigations and the lowest (102.1 cm and 102.0 cm) 

for water deficit treatment during 2003 and 2004, respectively. A number of researchers 

(Bourland et al., 1992; Unruh and Silvertooth, 1999; Oosterhuis, 1990; Pettigrew et al., 1996) 

reported that main stem height, a vegetative growth parameter is determined by genetic and 

environmental factors such as climate, soil moisture, nutrients, etc. The plant height data during 

both the years showed an increasing trend from lower irrigation level to higher, which clearly 

shows that cotton plant continues its growth when sufficient water supply is available but it turns 

towards reproductive phase when moisture supplies are limited. Once the reproductive phase 

begins, the plant exerts its full energy to sustain the fruit. So the height growth of the plant is 
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restricted. The results are in line with those of Luz et al. (1999) who reported greater influences 

of water stress on plant height and development when imposed at flowering/fruiting compared to 

pre flowering stage. Stiller et al. (2005) found that later maturing cultivars also had more plant 

height in comparison with early maturing cultivars. In contrast, Napoles et al. (1999) reported 

that suppression of irrigation did not affect plant height. A glance on the data reveals that plant 

height showed an increasing trend with increasing irrigation levels and the cotton varieties CIM-

473 and CIM-499 belong to medium to taller group of varieties. 

 

4.2.6 Leaf water potential (-MPa) 

 The highest values of -1.556 MPa and -1.583 MPa for leaf water potential (w) were 

recorded in case of cotton variety CIM-499 followed non significantly by CIM-473 with -1.560, 

and -1.569 MPa during 2003 and 2004, respectively. While the lowest w was recorded in case 

of cotton varieties CEDIX (-1.861 and -1.922 MPa) and LRA-5166 (-1.754 and -1.940 MPa) 

during 2003 and 2004, respectively (Tables 4.15 and 4.16). 

 The interaction of cotton varieties and irrigations levels were found non-significant 

during both the years for w. The highest values of -1.564 MPa and -1.554 MPa for w were 

recorded in plants with 6 irrigations. While the plants with lowest w (-2.050 and -2.258 MPa) 

were observed in treatments with least irrigation during 2003 and 2004, respectively. The results 

are in agreement with those of Guinn and Mauney (1984a and 1984b) who reported that yield 

loss can be expected when w is lower than –1.9 MPa and good yield could be harvested by 

maintaining with mid-day, w approximately –1.6 ± 2 MPa. The results of Ennahli and Earl 

(2005) also supported the present findings. They reported that both leaf water potential and 

LRWC (leaf relative water content) declined as RSWC (relative soil water content)
 
decreased. 

 A glance of data also showed that apparently, there is least or no variation in leaf water 

potential (w) from 4 irrigation level to 7 irrigation levels. The reason was that with the increase 

in irrigation number, the interval between two irrigations decreased resulting in enhanced level 

of soil moisture in these treatments. Consequently, least difference /variation in leaf water 

potential were recorded. The increase in relative humidity (RH) and decrease in temperature also 

reduced the difference in leaf water potential.  Moinuddin and Khanna-Chopra (2004) reported 

that water potential, osmotic potential and relative water contents decreased progressively with 

increasing soil moisture stress in chickpea. The genotypes significantly differed for yield and 
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relative water content in response to water stress. Osmotic potential, water potential and turger 

potential also were reduced due to the induction of water stress and genotypes also differed in 

their response to water stress Khanzada et al. (2001). 

4.2.7 Leaf osmotic potential (-MPa) 

 The varietal response regarding leaf osmotic potential (s) at different moisture regimes 

was statistically non-significant during both the years (Table 4.17 and 4.18). While the individual 

impact of cotton cultivars and irrigation levels on s was significant. Among cotton varieties the 

values for s ranged from -2.116 MPa to -2.334 MPa and -2.021 MPa to -2.195 MPa during 

2003 and 2004, respectively. The highest s in case of maximum irrigations was -2.124 MPa and 

-1.955 MPa, while the lowest were observed in case of least irrigations with -2.415 MPa and -

2.336 MPa during 2003 and 2004, respectively.  

Although the cotton varieties under this study exhibited non significant response for s 

yet CIM-473 and CIM-499 exhibited higher values compared to other cotton varieties. Marur 

1999) reported that the low osmotic potential values observed for cotton cv. IAC 13-1 suggest 

that the tissues support water deficit longer before cells reach plasmolysis.   

 The present results also get support from the findings of Munjal et al. (2004) and 

Moinuddin and Khanna-Chopra (2004) who reported that osmotic potential increased under 

ample supply of water but declined under water stress (Khanzada et al.,2001).  

4.2.8 Leaf turgor potential 

 Significant response of cotton varieties at different irrigation levels was observed on leaf turgor 

potential during both the years (Table 4.19 & 4.20). The highest leaf turgor potential (p) was 

maintained by cotton variety CIM-499 and CIM-473 with 0.704 MPa and 0.669 MPa during 2003 with 

similar trend during 2004, respectively. The lowest (p) (0.514 and 0.423 MPa) was recorded in case of 

cotton variety CEDIX during both the years. Almost similar variation trend was observed in case of 

cotton varieties and within each irrigation level. The results are in lines with those of Fernandez et al. 

(1996) for well-watered and stressed conditions. The genotypes significantly differed for yield and 

relative water content in response to water stress. Turger potential also reduced due to the induction of 

water stress and guar genotypes also differed in their response to water stress (Khanzada et al. 2001). As 

discussed earlier in case of leaf water potential at (4.2.6). The least or no variation in leaf turgor 

potential (p) from 4 irrigation level to 7 irrigation levels was because with increase in irrigation              

number, 
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…….. 

Table 4.9:  Effect of different cotton varieties and irrigation levels on 100-dry boll weight (g) 

during the year 2003 

 

NS = Non-Significant 

Any two means sharing a letter in common do not differ significantly  

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 255.0 290.0 320.3 341.0 335.0 308.3 

CEDIX 250.0 295.0 315.0 338.0 332.0 306.0 

NIBGE-1 280.3 295.0 316.0 340.0 332.0 312.7 

NIAB-78 275.0 290.0 320.0 342.0 345.0 314.4 

NIAB-111 285.0 310.0 330.0 355.0 347.0 325.4 

VH-142 265.0 305.0 332.0 355.0 345.0 320.4 

BH-160 245.0 295.0 328.0 338.0 340.0 309.2 

CIM0448 260.0 296.0 322.0 344.0 338.0 312.0 

CIM-473 288.0 315.0 335.0 362.0 255.0 311.0 

CIM-496 245.0 285.0 325.0 350.0 342.0 309.4 

CIM-499 278.0 308.0 327.0 358.0 349.0 324.0 

CIM-506 242.0 285.0 328.0 348.0 342.0 309.0 

RH-510 272.0 295.0 322.0 338.0 339.0 313.2 

CIM-511 255.0 290.0 329.0 346.7 345.0 313.3 

MNH-552 240.0 280.3 326.0 339.0 333.0 303.7 

MNH-554 275.0 302.0 332.0 355.0 347.0 322.2 

MNH-633 260.0 288.0 315.0 330.0 336.0 305.8 

MNH-768 270.0 302.0 320.0 335.0 340.0 313.4 

FH-930 266.0 287.0 318.0 335.0 332.0 307.6 

CIM-1100 245.0 280.3 312.0 330.0 332.0 299.9 

Mean 262.6 d 294.7 c 323.6 b 344.0 a 335.3 a  

LSD for  irrigation levels  at 5 %          =10.45  

LSD for  varieties  at 5 %                     =  NS 

LSD for varieties x Irrigation at 5 %   =  NS 
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 Table 4.10:  Effect of different cotton varieties and irrigation levels on 100-dry boll   

  weight (g) during the year 2004 

    NS = Non-Significant 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 261.7 280.3 292.0 300.0 295.0 285.8 h 

CEDIX 245.0 280.0 295.0 296.0 340.0 291.2 gh 

NIBGE-1 258.0 290.0 322.0 338.7 345.0 310.7 abcdef 

NIAB-78 265.0 290.0 323.0 345.0 348.0 314.2 abcdef 

NIAB-111 265.0 295.0 325.0 352.0 355.0 318.4 abcd 

VH-142 256.0 278.0 319.0 350.0 352.0 311.0 abcdef 

BH-160 252.3 275.0 312.0 349.0 350.0 307.7 abcdefg 

CIM0448 269.0 295.0 320.0 355.0 357.0 319.2 abc 

CIM-473 272.0 298.0 329.0 360.3 362.0 324.3 a 

CIM-496 268.0 285.0 324.0 354.0 355.0 317.2 abcd 

CIM-499 269.0 295.0 325.0 356.0 357.0 320.4 ab 

CIM-506 265.0 292.0 322.0 352.0 350.0 316.2 abcde 

RH-510 258.0 288.0 314.0 348.0 349.7 311.5 abcdef 

CIM-511 249.3 280.3 315.0 339.0 335.0 303.7 bcdefg 

MNH-552 238.7 269.0 312.0 334.0 335.0 297.7 fgh 

MNH-554 262.0 279.0 319.0 345.0 347.0 310.4 abcdef 

MNH-633 248.0 277.0 310.0 333.0 335.0 300.6 defgh 

MNH-768 259.0 288.0 318.0 339.0 340.0 308.8 abcdef 

FH-930 247.0 275.0 315.0 335.0 335.0 301.4 cdefgh 

CIM-1100 240.0 267.7 316.0 338.0 335.0 299.3 efgh 

Mean 257.4 d 283.9 c 316.4 b 341.0 a 343.9 a  

LSD for  irrigation levels  at 5 %          = 7.370 

LSD for varieties  at 5 %                       =  14.74 

LSD for varieties x Irrigation  at 5 %   =   NS 
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Table 4.11:  Effect of different cotton varieties and irrigation levels on plant    

  population per hectare during the year 2003 

    NS = Non-Significant 

 

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 43054 41978 43055 41440 42516 42409 

CEDIX 40902 43054 41978 43054 43054 42409 

NIBGE-1 42516 41440 43054 40902 42516 42086 

NIAB-78 43055 43054 40364 41440 43054 42193 

NIAB-111 41978 40902 43055 43054 41978 42193 

VH-142 40363 42516 42516 43055 43054 42301 

BH-160 43054 43054 40902 42516 43054 42516 

CIM0448 43054 40363 41440 43054 42516 42086 

CIM-473 42516 43054 43054 40902 41440 42193 

CIM-496 43055 41978 41440 43054 43054 42516 

CIM-499 43055 42516 43054 42516 43054 42839 

CIM-506 40364 43054 39825 43054 43054 41870 

RH-510 42516 41440 43054 43054 40902 42193 

CIM-511 43054 43054 41978 41978 42516 42516 

MNH-552 42516 42516 44310 42516 43054 42983 

MNH-554 43055 42696 43055 41440 42516 42552 

MNH-633 40902 42516 43054 43054 42516 42408 

MNH-768 43054 43054 41978 43054 43054 42839 

FH-930 42516 41440 43054 43054 41978 42408 

CIM-1100 43054 42516 43054 42516 42516 42731 

Mean 42382 42310 42364 42435 42570  

LSD for  irrigation levels  at 5 %         =     NS 

LSD for  varieties  at 5 %                     =   NS 

LSD  for varieties x Irrigation  at 5 % =    NS 
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Table 4.12:    Effect of different cotton varieties and irrigation levels on plant                    

  population per hectare during the year 2004 

     NS = Non-Significant 

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 43054 42516 43054 41978 43054 42731 

CEDIX 41440 43054 42875 43054 42516 42588 

NIBGE-1 42516 43054 43054 41978 41440 42409 

NIAB-78 43054 40902 43054 43592 43054 42731 

NIAB-111 42516 43054 41978 43054 42516 42624 

VH-142 43054 41440 40364 43054 43054 42193 

BH-160 40902 43054 43054 41440 43054 42301 

CIM0448 43054 43054 42516 41440 43054 42624 

CIM-473 43054 42516 43054 43054 42516 42839 

CIM-496 42516 41978 43054 42516 43054 42624 

CIM-499 43054 43054 42516 43054 43054 42947 

CIM-506 41978 41978 43054 43054 42516 42516 

RH-510 42516 43054 43054 43054 41978 42731 

CIM-511 42516 43054 43054 43054 42516 42839 

MNH-552 41978 40902 42516 42875 42516 42157 

MNH-554 43054 42516 43054 41978 43054 42731 

MNH-633 41440 42516 42516 43054 42516 42409 

MNH-768 43054 41619 42516 42875 43054 42624 

FH-930 42516 41978 43054 43054 42516 42624 

CIM-1100 43054 43054 43054 43054 43054 43054 

Mean 42516 42418 42722 42714 42705  

LSD for varieties  at 5 %                         =  NS 

LSD for irrigation levels   at 5 %             =  NS 

LSD  for varieties x Irrigation  at 5 %     =  NS 
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Table 4.13:  Effect of different cotton varieties and irrigation levels on plant height            

  (cm) during the year 2003 

     Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 110.0 cde 125.0 gh 141.0 fg 155.0 cde 168.0 d 139.8 d 

CEDIX 115.0 b 134.0 b 150.0 b 168.0 a 172.0 c 147.8 ab 

NIBGE-1 120.0 a 139.0 a 155.0 a 162.0 b 175. b 150.2 a 

NIAB-78 95.0 j 118.0 ij 132.0 k 141.0 h 150 g 127.2 g 

NIAB-111 95.0 j 120.0 i 145.0 de 156.0 cd 165.0 e 136.2 e 

VH-142 65.0 k 90.0 k 110.0 l 120.0 i 122.0 j 101.4 h 

BH-160 105.0 g 125.0 gh 138.0 hi 146.0 g 145.0 h 131.8 f 

CIM0448 100.0 hi 116.0 j 135.0 j 149.0 f 160.0 f 132.0 f 

CIM-473 117.0 b 133.0 bc 149.0 bc 160.0 b 172. 0 c 146.2 bc 

CIM-496 112.0 c 128.0 ef 147.0 cd 167.0 a 180.0 a 146.8 b 

CIM-499 108.0 ef 120.0 i 134.0 jk 153.0 e 162.0 f 135.4 e 

CIM-506 60.0 l 85.0 l 110.0 l 118.0 i 130.0 i 100.6 h 

RH-510 111.0 cd 127.0 efg 142.0 f 155.0 cde 170.0 cd 141.0 d 

CIM-511 109.0 def 127.0 efg 148.0 bc 161.0 b 175.0 b 144.0 c 

MNH-552 100.0 hi 126.0 fgh 145.0 de 157.0 c 170.0 cd 139.6 d 

MNH-554 105.0 g 131.0 cd 148.0 bc 160.0 b 175.0 b 143.8 c 

MNH-633 98.0 i 124.0 h 136.0 ij 146.0 g 151.0 g 131.0 f 

MNH-768 102.0 h 127.0 efg 139.0 gh 154.0 de 161.0 f 136.6 e 

FH-930 107.0 fg 129.0 de 142. f 157.0 c 168.0 d 140.6 d 

CIM-1100 108.0 ef 127.0 efg 143.0 ef 155. cde 170.0 cd 140.6 d 

Mean 102.1 e 122.6 d 139.4 c 152.0 b 162.1 a  

LSD for  irrigation levels  at 5 %             = 1.253 

LSD for  varieties  at 5 %                         = 2.507 

LSD  for varieties x Irrigation  at 5 %      =  2.507 
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Table 4.14:  Effect of different cotton varieties and irrigation levels on plant height   

  (cm) during the year 2004 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 107.0 bc  121.0 h 135.0 hi 150.0 fg 167.0 fg 136.0 ef 

CEDIX 111.0 a 135.0 a 147.0 ab 164.0 b 170.0 ef 145.4 ab 

NIBGE-1 112.0 a 130. bc 149.0 a 164.0 b 178.0 ab 146.6 a 

NIAB-78 97.0 e f 117.0 ij 135.0 hi 142.0 h 150.0 jk 128.2 i 

NIAB-111 95.0 f 122.0 gh 140.0 efg 155.0 de 166.0 g 135.6 efg 

VH-142 84.0 g 92.0 k 106.0 k 120.0 i 124.0 l 105.2 j 

BH-160 101.0 d 121.0 h 135.0 hi 149.0 g 148.0 k 130.8 hi 

CIM0448 100.0 de 114.0 j 133.0 i 153.0 ef 162.0 hi 132.4 gh 

CIM-473 110.0 ab 128.0 cde 147.0 ab 165.0 ab 175.0 bcd 145.0 ab 

CIM-496 107.0 bc 123.0 fgh 141.0 ef 168.0 a 180.0 a 143.8 ab 

CIM-499 100.0 de 120.0 hi 137.0 gh 152.0 efg 160.0 i 133.8 fgh 

CIM-506 79.0 h 82.0 l 110.0 j 120.0 i 123.0 l 102.8 j 

RH-510 110.0 ab 125.0 efg 145.0 bcd 160.0 c 176.0 bc 143.2 abc 

CIM-511 105.0 c 127.0 cde 146.0 abc 160.0 c 174.0 cd 142.4 bc 

MNH-552 98.0 def 125.0 efg 143.00 cde 160.0 c 174.0 cd 140.0 cd 

MNH-554 105.0 c 130.0 bc 145.0 bcd 166.0 ab 177.0 abc 144.6 ab 

MNH-633 101.0 d 122.0 gh 139.0 fg 145.0 h 153.0 j 132.0 h 

MNH-768 100.0 de 126.0 def 140.0 efg 155.0 de 165.0 gh 137.2 de 

FH-930 109.0 ab 132.0 ab 142.0 def 158.0 cd 170.0 ef 142.2 bc 

CIM-1100 109.0 ab 129.0 bcd 145.0 bcd 158.0 cd 172.0 de 142.6 bc 

Mean 102.0 e 121.1 d 138.0 c 153.2 b 163.2 a  

LSD for  irrigation levels  at 5 %            = 1.543 

LSD for  varieties  at 5 %                        =3.085 

LSD  for varieties x Irrigation  at 5 %     =3.085 
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Table 4.15:  Effect of different cotton varieties and irrigation levels on leaf water  

         potential (-MPa) during the year 2003 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 2.050 1.730 1.680 1.650 1.660 1.754 abcd 

CEDIX 2.227 1.930 1.750 1.670 1.730 1.861 a 

NIBGE-1 1.870 1.850 1.560 1.510 1.450 1.648 def 

NIAB-78 1.950 1.750 1.570 1.560 1.570 1.680 bcdef 

NIAB-111 1.780 1.690 1.570 1.480 1.490 1.602 ef 

VH-142 2.110 1.820 1.580 1.540 1.580 1.726 abcde 

BH-160 1.950 1.730 1.570 1.480 1.510 1.648 def 

CIM0448 2.003 1.920 1.650 1.590 1.630 1.759 abcd 

CIM-473 1.750 1.620 1.480 1.460 1.470 1.556 f 

CIM-496 2.130 1.820 1.640 1.540 1.530 1.732 abcde 

CIM-499 1.740 1.650 1.520 1.430 1.460 1.560 f 

CIM-506 2.150 1.750 1.580 1.540 1.560 1.7156 bcde 

RH-510 2.200 1.870 1.620 1.610 1.640 1.792 abc 

CIM-511 2.050 1.900 1.640 1.630 1.660 1.776 abcd 

MNH-552 2.180 1.950 1.640 1.610 1.660 1.808 ab 

MNH-554 1.830 1.760 1.560 1.530 1.620 1.660 cdef 

MNH-633 2.090 1.670 1.700 1.590 1.640 1.738 abcd 

MNH-768 1.910 1.790 1.610 1.590 1.640 1.708 bcde 

FH-930 2.080 1.750 1.620 1.630 1.630 1.742 abcd 

CIM-1100 2.030 1.920 1.720 1.630 1.690 1.798 ab 

Mean 2.05 a 1.793.0 b 1.613 c 1.564 c 1.591 c  

LSD for  irrigation levels  at 5 %            = 0.0569 

LSD for  varieties  at 5 %                       = 0.1139 

LSD  for varieties x Irrigation  at 5 %    = NS 
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Table 4.16:  Effect of different cotton varieties and irrigation levels on leaf water  

          potential (-MPa) during the year 2004 

    NS = Non-Significant 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 2.460 2.120 1.780 1.660 1.680 1.940 a 

CEDIX 2.350 2.140 1.760 1.660 1.700 1.922 ab 

NIBGE-1 2.040 2.070 1.550 1.500 1.560 1.744 de 

NIAB-78 2.190 2.010 1.620 1.590 1.650 1.812 bcd 

NIAB-111 2.120 1.660 1.500 1.480 1.560 1.664 ef 

VH-142 2.350 1.800 1.560 1.520 1.650 1.776 de 

BH-160 2.210 1.730 1.470 1.600 1.580 1.718 de 

CIM0448 2.090 1.863 1.730 1.660 1.690 1.807 bcd 

CIM-473 1.950 1.610 1.420 1.393 1.470 1.569 f 

CIM-496 2.380 1.780 1.677 1.560 1.457 1.771 de 

CIM-499 2.003 1.640 1.400 1.420 1.450 1.583 f 

CIM-506 2.373 1.840 1.550 1.520 1.560 1.769 de 

RH-510 2.230 1.900 1.600 1.580 1.670 1.796 cd 

CIM-511 2.420 1.950 1.760 1.740 1.680 1.910 abc 

MNH-552 2.470 2.150 1.810 1.580 1.580 1.918 abc 

MNH-554 2.090 1.80 1.620 1.540 1.580 1.726 de 

MNH-633 2.450 2.030 1.673 1.470 1.520 1.829 abcd 

MNH-768 2.320 1.700 1.650 1.420 1.540 1.726 de 

FH-930 2.400 1.780 1.590 1.560 1.600 1.786 de 

CIM-1100 2.270 1.780 1.700 1.630 1.740 1.824 abcd 

Mean 2.258 a 1.868 b 1.621 c 1.554 d 1.596 cd  

LSD for  irrigation levels  at 5 %          = 0.0534 

LSD for  varieties  at 5 %                      = 0.1068 

LSD  for varieties x Irrigation  at 5 %   = NS 
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the interval between two irrigations decreased resulting in enhanced level of soil moisture in 

these treatments. Consequently, least difference /variation in leaf turgor potential were recorded. 

The increase in relative humidity (RH) and decrease in temperature also reduced the difference 

in leaf water potential.   

4.2.9 Leaf stomatal conductance 

 Response of different cotton varieties at different irrigation levels for leaf stomatal 

conductance (LSC) was significant during 2003 and non significant during 2004. However, the 

individual impact of cotton genotypes and number of irrigations on LSC was significant (Tables 

4.21 and 4.22). The highest LSC was recorded in case of cotton variety CIM-473 (348.2 m mol 

of H2O m
-2

s
-1

) followed by Niab-111 (345.6 m mol of H2O m
-2

s
-1

) and CIM-499 (345.1 m mol of 

H2O m
-2

s
-1

) during 2003. The lowest LSC was observed in case of CEDIX (321.8 m mol of H2O 

m
-2

s
-1

) during 2003. Almost similar trend of LSC variation was recorded among varieties during 

2004, though the results were non-significant. As regards irrigation levels, maximum LSC (351.5 

and 357.6 m mol of H2O m
-2

s
-1

) was observed where 6 irrigations were applied while it was 

minimum (308.0 and 316.6 m mol of H2O m
-2

s
-1

) where only 3 irrigations were applied during 

2003 and 2004, respectively. When the available moisture supply is reduced to plant, the stomata 

are closed to maintain a balance between water uptake and transpiration and to retain a specific 

amount of water in the plant for carrying out the various physiological processes like 

photosynthesis etc. Under such situation, the LSC (leaf stomatal conductance) is reduced.   

The research has established a broad consensus that stomatal closure and the
 
consequent 

reduction in leaf internal CO2 concentration (Ci)
 

are the major reason for reduced leaf 

photosynthetic rates under
 
mild or moderate water stress (Chaves, 1991; Cornic, 2000 and

 
Flexas 

et al., 2004) and it encourages results of experiments. Ennahli and Earl (2005) reported that the 

more severe stresses
 
reduced both AN (net CO2 assimilation rate) and GS (stomatal conductance) 

to near zero.  

In the present study, the leaf stomatal conductance was reduced under low irrigation level 

and increased with high irrigation level. The highest LSC values of 351.5 m mol of H2O m
-2

s
-1 

and 357.6 m mol of H2O m
-2

s
-1

 were recorded for six irrigation level treatment during 2003 and 

2004, respectively. The lowest LSC was recorded in case of 3 irrigations with 308.0 and 316.6 

(m mol of H2O m
-2

s
-1

) during 2003 and 2004, respectively. The results are in agreement with 

Ennahli and Earl (2005) and Kumar et al. (2001) who reported that stomatal conductance (gs) 
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decreased significantly with increasing water stress in cotton. In green house studies, stomatal
 

conductance (gnight) decreased in response to water stress treatment in wheat (Rawson and 

Clarke, 1988) and in Helianthus species (Howard
 
and Donovan, 2007 and Caird et al., 2007). 

4.3  Experiment 3: Effect of planting method and mulching type on water use efficiency         

of cotton (G. hirsutum L.) 
 

 The experiment was conducted in field area at Agronomic Research Station, Khanewal 

during 2004 and 2005 and the following growth parameters were recorded: 

4.3.1 Plant  population  

 With respect to planting density or plant population per hectare, all the treatments (the 

two cultivars, planting methods and mulching practices) under study revealed similar number of 

plants at harvest during both the years (Table 4.23). This non-statistical difference in plant 

population was due to maintaining uniform plant population of cotton by planting equal number 

of rows in each plot and maintaining plant to plant distance at the time of thinning. Working on  

this aspect, Javed (1996) concluded that the planting geometry of cotton did not affect number of 

plants per unit area significantly. 

4.3.2 Plant height at maturity  

 The data given in table 4.24 reveals a significant impact of genotypes, planting methods 

and mulching practices on plant height during both the years of study (2004 and 2005). The 

cotton cv. CIM-473 exhibited more plant height (152.02 cm and 150.06 cm) as compared to 

CIM-499 (145.7 and 143.7cm) during the years 2004 and 2005, respectively. In fact, varietal 

appearance of CIM-473 was a long statured and CIM-499 was medium to long stature erect 

growing variety with sympodial bearings.  

.  Crop planted on 70 cm spaced ridges attained more height of 159.8 cm and 161.9 cm 

followed by 146.8cm and 151.8cm under with bed and furrow method during 2004 and 2005, 

respectively. The interaction between planting method and genotypes was found statistically 

significant only during 2004. Cotton cultivar CIM-473 attained maximum height of 161.0 cm 

under ridge sowing, being statistically at par with bed and furrow planting. The cotton cultivar 

CIM-499 was also statistically at par with CIM-473 as gave 158.5 cm plant height when planted 

on 70 cm spaced ridges (Table 4.25).  

 The cotton crop planted on ridges gets more water than that of sown on bed and furrows 

this is why plants on ridges attained more height as compared to crop sown on bed and furrows 
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where only an optimum moisture is available for plant needs. Similar trend in plant height was 

observed under two year average data (Table 4.25). Although Ali (2008) contradicted these 

results and reported that maximum plant height was recorded in the planting method where the 

crop was planted at 112.5/37.5 cm apart paired rows and earthing up was done after I
ST

 

irrigation. 

 As regards mulch treatments, plant height under plastic sheet mulching was 

significantly higher (155.5 cm and 153.8 cm) compared to other treatments except cultural 

mulching which was statistically at par having plant height 153.1 cm and 150.2 cm during 2004 

and 2005, respectively (Table 4.24). It indicated that more moisture was conserved under plastic 

sheet and cultural mulch providing more water to cotton throughout the growing period. The 

lowest plant height (139.9 cm and 138.1 cm) was recorded under straw mulch treatment during 

both the years of study showing more moisture loss by evaporation in this treatment and less 

conservation of moisture for plant needs. The interaction of the mulching practices with other 

factors under study was found non-significant (Table 4.24). Methanol foliar spray, chemical 

mulch in this study, significantly increased cotton plant height. The increase in plant height was 

attributed to increase in node number on the main stem in consequence of methanol application. 

Significant increase in plant height of cotton by the foliar applications of methanol was also 

reported by Barnes and Houghton (1994). But increase in main stem height owing to higher 

photosynthetic rate of cotton in mulched plots and increased soil water content was also observed 

and is in line with the findings of ZongBin et al. (2004).  

4.3.3 Monopodial branches per plant 

 Significant impact of cotton genotypes and planting methods on number of monopodial 

branches was observed during both the years, while mulching practices had significant effect on 

the production of monopodial branches plant
-1

 only during 2004 (Table 4.26). Cotton genotype 

CIM-473 produced more number of monopodial branches (2.4 and 2.3) compared to cv. CIM-

499 (1.2 and 1.3) during both years. The cotton crop grown under 70 cm spaced single row 

planting method produced greater number of monopodial branches (2.4 and 2.4), while the 

lowest number (1.2 and 1.4) was recorded under bed and furrow planting method during both the 

years. In contrast, Javed (1996) concluded that number of monopodial and sympodial branches 

per plant was not affected significantly by the geometry of planting. 
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………………………………………………………….. ………………………………….. 

  Table 4.17:  Effect of different cotton varieties and irrigation levels on leaf osmotic  

          potential (-MPa) during the year 2003 

 

    NS = Non-Significant 

   Any two means sharing a letter in common do not differ significantly  

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 2.440 2.270 2.230 2.210 2.200 2.270 

CEDIX 2.500 2.350 2.290 2.260 2.270 2.334 

NIBGE-1 2.35 2.330 2.04 2.060 1.950 2.146 

NIAB-78 2.400 2.300 2.070 2.120 2.130 2.204 

NIAB-111 2.310 2.250 2.110 2.050 1.970 2.138 

VH-142 2.470 2.320 2.140 2.110 2.130 2.234 

BH-160 2.400 2.270 2.110 2.050 2.080 2.182 

CIM-448 2.410 2.350 1.533 2.150 2.180 2.125 

CIM-473 2.270 2.240 2.020 2.020 2.030 2.116 

CIM-496 2.480 2.320 2.200 2.100 2.110 2.242 

CIM-499 2.300 2.250 2.010 2.003 2.020 2.117 

CIM-506 2.480 2.290 2.303 2.100 2.120 2.259 

RH-510 2.500 2.340 2.170 2.170 2.170 2.270 

CIM-511 2.440 2.50 2.190 2.197 2.200 2.275 

MNH-552 2.500 2.380 2.200 2.170 2.200 2.290 

MNH-554 2.330 2.290 2.040 2.080 2.150 2.178 

MNH-633 2.470 2.410 2.240 2.170 2.190 2.296 

MNH-768 2.380 2.320 2.170 2.087 2.173 2.226 

FH-930 2.450 2.300 2.170 2.170 2.303 2.279 

CIM-1100 2.420 2.350 2.260 2.200 2.220 2.290 

Mean 2.415 a 2.314 b 2.125 c 2.124 c 2.140 c  

LSD for  irrigation levels   at 5 %           = 0.0837 

LSD for varieties    at 5 %                       = NS 

LSD  for varieties x Irrigation    at 5 %   = NS 
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Table 4.18:  Effect of different cotton varieties and irrigation levels on leaf osmotic           

          potential (-MPa) during the year 2004 

   NS = Non-Significant 

   Any two means sharing a letter in common do not differ significantly  

 

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 2.400 2.327 2.093 2.067 2.060 2.189 

CEDIX 2.357 2.327 2.097 2.070 2.123 2.195 

NIBGE-1 2.290 2.317 2.030 1.920 2.03 2.112 

NIAB-78 2.330 2.310 2.060 2.003 2.080 2.157 

NIAB-111 2.300 2.183 2.003 1.940 1.997 2.085 

VH-142 2.347 2.257 2.030 1.940 2.060 2.127 

BH-160 2.327 2.227 2.020 1.960 2.013 2.109 

CIM0448 2.307 2.280 2.123 1.990 2.030 2.146 

CIM-473 2.267 2.273 1.957 1.840 1.870 2.041 

CIM-496 2.357 2.247 2.090 1.950 1.900 2.109 

CIM-499 2.300 2.210 1.923 1.820 1.850 2.021 

CIM-506 2.357 2.270 2.040 1.920 2.003 2.118 

RH-510 2.330 2.397 2.060 1.997 2.060 2.169 

CIM-511 2.357 2.280 2.117 2.077 2.090 2.184 

MNH-552 2.367 2.347 2.170 1.950 1.960 2.159 

MNH-554 2.320 2.347 2.067 1.920 2.003 2.131 

MNH-633 2.370 2.310 2.090 1.900 1.923 2.119 

MNH-768 2.343 2.217 2.100 1.897 1.960 2.103 

FH-930 2.357 2.247 2.050 1.960 1.980 2.119 

CIM-1100 2.330 2.250 2.160 1.983 2.140 2.173 

Mean 2.336 a 2.281 a 2.064 b 1.955 c 2.05 c  

LSD for  irrigation levels  at 5 %          = 0.0558 

LSD for varieties   at 5 %                      = NS 

LSD  for varieties x Irrigation   at 5 %  = NS 



92 

 

Table 4.19:  Effect of different cotton varieties and irrigation levels on leaf turgor  

         potential (MPa) during the year 2003 

    Any two means sharing a letter in common do not differ significantly  

 

 

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 0.340 hi 0.600 bc 0.660 fg 0.670 hi 0.690 g 0.592 ghi 

CEDIX 0.260 j 0.450 hi 0.590 h 0.650 i 0.620 h 0.514 j 

NIBGE-1 0.430 cde 0.490 fgh 0.760 abcd 0.790 abc 0.830 a 0.660 bcde 

NIAB-78 0.390 efg 0.560 cde 0.750 abcd 0.770 bcde 0.760 bcde 0.646 cdef 

NIAB-111 0.460 abc 0.630 ab 0.740 abcde 0.790 abc 0.790 abc 0.682 abc 

VH-142 0.330 i 0.520 ef 0.740 abcde 0.770 bcde 0.760 bcde 0.624 defgh 

BH-160 0.390 efg 0.600 bc 0.773 ab 0.790 abc 0.770 bcd 0.665 abcd 

CIM0448 0.380 fgh 0.470 gh 0.700 ef 0.750 cdef 0.740 def 0.608 fgh 

CIM-473 0.490 a 0.670 a 0.780 a 0.800 ab 0.757 bcde 0.669 ab 

CIM-496 0.310 i 0.500 fg 0.720 de 0.780 abcd 0.773 bcd 0.617 efgh 

CIM-499 0.480 ab 0.650 a 0.770 abc 0.820 a 0.800 ab 0.704 a 

CIM-506 0.3100 i 0.593 bcd 0.7400abcde 0.780 abcd 0.760 bcde 0.637 defg 

RH-510 0.260 j 0.480 fgh 0.730 bcde 0.720 fg 0.740 def 0.586 hi 

CIM-511 0.340 hi 0.470 gh 0.720 de 0.700 gh 0.700 fg 0.586 hi 

MNH-552 0.260 j 0.420 ij 0.700 ef 0.730 efg 0.693 g 0561 i 

MNH-554 0.440 bcd 0.560 cde 0.760 abcd 0.780 abcd 0.750 cde 0.658 bcde 

MNH-633 0.330 i 0.390 j 0.650 g 0.730 efg 0.720 efg 0564 i 

MNH-768 0.403 def 0.550 de 0.723 cde 0.740 defg 0.730 defg 0.629 defgh 

FH-930 0.330 i 0.567 cd 0.730 bcde 0.720 fg 0.740 def 0.617 efgh 

CIM-1100 0.350 ghi 0.470 gh 0.620 gh 0.700 gh 0.650 h 0.558 i 

Mean 0.364 d 0.532 c 0.718 b 0.749 a 0.739 a  

LSD at 5 % for  irrigation levels   at 5 %       = 0.0197 

LSD at 5% for  varieties   at 5 %                    =  0.0394 

LSD  at 5% for varieties x Irrigation  at 5 %  = 0.0394   
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Table 4.20:  Effect of different cotton varieties and irrigation levels on leaf turgor  

         potential (MPa) during the year 2004 

    

Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 0.307 0.347 0.493 0.503 0.507 0.431 f 

CEDIX 0.330 0.350 0.480 0.507 0.473 0.4280 f 

NIBGE-1 0.370 0.357 0.517 0.590 0.540 0.475 bcd 

NIAB-78 0.340 0.360 0.507 0.533 0.513 0.451 def 

NIAB-111 0.360 0.430 0.533 0.543 0.527 0.479 bc 

VH-142 0.333 0.397 0.520 0.570 0.503 0.465 bcde 

BH-160 0.347 0.413 0.533 0.567 0.537 0.479 bc 

CIM0448 0.360 0.380 0.473 0.550 0.527 0.458 bcde 

CIM-473 0.387 0.447 0.570 0.640 0.620 0.533 a 

CIM-496 0.330 0.397 0.483 0.570 0.607 0.477 bcd 

CIM-499 0.360 0.407 0.580 0.657 0.627 0.526 a 

CIM-506 0.330 0.380 0.523 0.580 0.537 0.470 bcde 

RH-510 0.340 0.377 0.503 0.543 0.503 0.453 cdef 

CIM-511 0.327 0.373 0.477 0.497 0.487 0.432 f 

MNH-552 0.307 0.350 0.443 0.570 0.563 0.447 ef 

MNH-554 0.353 0.393 0.503 0.580 0.537 0.473 bcde 

MNH-633 0.320 0.360 0.490 0.600 0.583 0.471 bcde 

MNH-768 0.340 0.413 0.487 0.603 0.573 0.483 b 

FH-930 0.323 0.397 0.513 0.560 0.560 0.471 bcde 

CIM-1100 0.340 0.467 0.450 0.550 0.457 0.453 cdef 

Mean 0.340 e 0.390 d 0.504 c 0.566 a 0.539 b  

LSD for  irrigation levels  at 5 %                  =     0.0114 

LSD for  varieties  at 5 %                              =     0.0228 

LSD  for varieties x Irrigation   at 5%          =      NS 
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Table 4.21:  Effect of different cotton varieties and irrigation levels on leaf stomatal  

         conductance during the year 2003 

   NS = Non-Significant 

   Any two means sharing a letter in common do not differ significantly  

 

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 311.0 324.7 333.0 335.0 339.0 328.5 defg 

CEDIX 307.0 315.0 326.0 331.0 330.0 321.8 g 

NIBGE-1 217.0 321.0 360.3 361.0 363.0 324.5 fg 

NIAB-78 313.0 323.3 357.0 358.0 356.0 341.5 abcde 

NIAB-111 319.0 327.0 354.0 363.0 365.0 345.6 ab 

VH-142 310.0 322.0 35.0 359.0 355.0 339.2 abcdef 

BH-160 315.0 324.7 354.0 363.0 358.0 342.9 abcd 

CIM0448 313.0 318.0 335.0 353.0 350.0 333.8 abcdefg 

CIM-473 322.0 329.0 362.0 366.0 362.0 348.2 a 

CIM-496 310.0 322.0 338.0 356.0 355.0 336.2 abcdefg 

CIM-499 320.0 328.0 365.0 347.7 365.0 345.1 abc 

CIM-506 310.0 323.0 349.0 358.0 357.0 339.4 abcdef 

RH-510 307.0 319.0 343.0 348.0 345.0 332.4 abcdefg 

CIM-511 311.0 318.0 338.0 342.0 342.0 330.2 bcdefg 

MNH-552 307.0 315.0 336.0 348.0 342.0 329.6 bcdefg 

MNH-554 318.0 323.0 360.3 359.3 352.0 342.5 abcd 

MNH-633 310.0 313.0 329.0 350.0 345.0 329.4 cdefg 

MNH-768 316.0 322.0 344.0 352.0 349.0 336.6 abcdefg 

FH-930 310.0 323.0 341.0 343.0 346.0 332.6 abcdefg 

CIM-1100 313.0 318.0 328.0 338.0 335.0 326.4 efg 

Mean 308.0 c 321.4 b 345.1 a 351.5 a 350.5 a  

LSD for  irrigation levels  at 5 %              =       6.601 

LSD for varieties   at 5 %                         =       13.20 

LSD  for interaction   at 5 %                     =       NS 
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Table 4.22:  Effect of different cotton varieties and irrigation levels on leaf stomatal  

          conductance during the year 2004 

   NS = Non-Significant 

  Any two means sharing a letter in common do not differ significantly  

 

 

 

Varieties 

Irrigation levels  

Mean I1 

(3 Irrig.) 

I2 

(4 Irrig.) 

I3 

(5 Irrig.) 

I4 

(6 Irrig.) 

I5 

(7 Irrig.) 

LRA-5166 311.0 318.0 344.0 346.0 347.0 333.2 

CEDIX 315.0 317.0 341.0 347.0 341.0 332.2 

NIBGE-1 322.0 319.0 350.0 351.3 353.0 339.1 

NIAB-78 317.0 320.0 347.0 351.0 348.0 336.6 

NIAB-111 320.0 333.0 353.0 360.3 354.0 344.1 

VH-142 315.0 327.0 350.0 360.3 346.0 339.7 

BH-160 317.0 329.0 352.0 357.0 352.0 341.4 

CIM0448 320.0 324.0 341.0 354.0 350.0 337.8 

CIM-473 324.0 336.0 359.0 372.0 367.0 351.6 

CIM-496 314.0 327.0 342.7 359.0 364.0 341.3 

CIM-499 321.0 331.0 361.0 373.0 370.0 351.2 

CIM-506 314.0 324.0 349.0 361.0 358.3 341.3 

RH-510 317.0 323.0 345.0 354.0 346.0 337.1 

CIM-511 314.0 322.0 341.0 345.0 344.0 333.2 

MNH-552 311.0 317.0 335.0 359.0 357.0 335.8 

MNH-554 319.0 327.0 346.0 361.0 352.0 341.0 

MNH-633 313.0 320.0 343.7 364.0 362.0 340.5 

MNH-768 317.0 330.0 345.3 364.0 359.0 343.1 

FH-930 314.0 327.0 347.0 357.0 356.0 340.2 

CIM-1100 317.0 327.0 337.0 356.0 338.0 335.0 

Mean 316.6 c 324.9 c 346.5 b 357.6 a 353.2 ab  

LSD for  irrigation levels    at 5 %          =  9.237 

LSD for  varieties   at 5 %                        =  NS 

LSD  for varieties x Irrigation    at 5 %    =  NS 
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Table 4.23:  Impact of mulching material and planting methods on plant population per 

  hectare of two cotton varieties 

NS = Non-Significant 

Any two means sharing a letter in common do not differ significantly  

 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 42308 42952 42630 

V2 = CIM 499 43380 43126 43253 

LSD at 5% NS NS  

Planting methods (P)    

P1 = 70cm spaced single row 41853 41343 41598 

P2 = 105cm spaced double row 41281 42478 41879 

P3 = 70cm spaced ridges 44352 44399 44376 

P4 = 140cm spaced furrow beds 43890 43936 43913 

LSD at 5% NS NS  

Mulching materials (M)    

M1 = Cultural mulch 43342 43010 43176 

M2 = Straw mulch 41482 42987 42234 

M3 = Sheet mulch 43218 43056 43137 

M4 = Chemical mulch 43334 43103 43218 

LSD at 5% NS NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.24:  Impact of mulching type and planting methods on plant height  (cm) of two  

cotton varieties 

 

* = Significant 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 152.0 150.1 151.0 

V2 = CIM 499 145.6 143.7 144.7 

LSD at 5% 4.344 4.363  

Planting methods (P)    

P1 = 70cm spaced single row 140.6 c 131.6 d  136.1 

P2 = 105cm spaced double row 148.3 b 142.3 c 145.3 

P3 = 70cm spaced ridges 159.8 a 161.9 a   160.8 

P4 = 140cm spaced furrow beds 146.8 bc 151.8 b 149.3 

LSD at 5% 7.348 7.381  

Mulching materials (M)    

M1 = Cultural mulch 153.1 ab 150.2 ab 151.6 

M2 = Straw mulch 139.9 c 138.1 c 139.0 

M3 = Sheet mulch 155.5 a 153.8 a 154.6 

M4 = Chemical mulch 146.9 bc 145.5 bc 146.2 

LSD at 5% 7.348 7.381  

Interactions    

VxP * NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.25:  Effect of cotton varieties and planting methods on plant  height (cm) 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

  The interaction of cotton genotypes with planting methods and that with mulching 

practices was significant during 2004 and 2005, respectively. The interaction of planting method 

and mulches was significant as well during both the years (Table 4.26). In case of interaction 

between cotton cultivar and planting method, monopodial branches were maximum (3.1) in 

cotton cv. CIM-473 in 70 cm spaced single row planting method during 2004 (Table 4.27). In 

case of interaction of planting method and mulching material crop grown under 70 cm spaced 

single row planting with 30% foliar spray of methanol and cultural mulching exhibited greater 

number of monopodial branches (2.50 and 2.47, respectively) than other treatments combination 

(Table 4.29). The perusal of the table 4.26 further indicated that the impact of mulching practices 

on the production of monopodial branches was significant during 2004 and statistically non-

significant during 2005. The highest values of 2.0 and 1.9 were observed in case of cultural 

mulch during 2004 and in case of 30% methanol foliar spray during 2005 (Table 4.26). The 

interaction of cotton genotypes with mulching practices and planting methods with mulching 

practices was significant during 2004 and 2005 except for genotypes with mulching practices 

during 2004 (Table 4.28 and 4.29). The lowest number of monopodial branches (1.2) was 

recorded in bed and furrow planting method under straw mulching when averaged over two  

years (Table 4.29).The three way interaction of mulches with genotypes and planting methods as 

Interactions 2004 2005 Mean 

V1P1 141.8 cd 132.2 137.0 

V1P2 147.0 c 147.0 147.0 

V1P3 161.0 a 166.0 163.5 

V1P4 158.3 ab 155.0 156.6 

V2P1 139.5 cd 131.0 135.2 

V2P2 149.5 bc 137.5 143.5 

V2P3 158.5 ab 157.7 158.1 

V2P4 135.3 d 148.5 141.9 

LSD at 5% 3.676 NS  
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given in table 4.30 showed that crop grown under treatment combination as CIM-473 cotton 

variety sown in 70 cm spaced single row planting method and with foliar spray of methanol 

documented the highest (3.7 and 3.1) number of monopodial branches plant
-1

 during both the 

years (Table 4.30). The minimum number of monopodial branches per plant
 
(0.5 and 0.3) was 

observed in case of cotton variety CIM-499 sown on beds and furrows and mulch created with 

plastic sheet during 2004 and CIM-499 sown on ridges and bed and furrow mulched with rice 

straw during 2005. 

4.3.4 Sympodial branches per plant 

  The data regarding fruiting branches per plant presented in Table 4.31 revealed that the 

impact of planting methods and genotypes on sympodial branches was statistically significant 

while that of mulching practices being non-significant. The interactions among all the factors 

under study however were non-significant. As regards the cotton cultivar, CIM-499 produced 

maximum sympodial branches (33.4 and 32.3) than that of CIM-473 with 28.5 and 28.6 during 

2004 and 2005, respectively. 

 The data also revealed that the means of fruiting branches during both the years varied 

significantly under bed and furrow and ridge planting methods. The values recorded were 33.9 

33.4 and 32.3, 31.9 for bed and furrow and ridge planting methods during 2004 and 2005, 

respectively. The lowest value for sympodial branches per plant was noted in traditional 70 cm 

spaced single row planting method (28.4 and 27.0) during 2004 and 2005, respectively. These 

results are in line with those reported by Javed (1996) and Teama et al. (2000). 

 The impact of mulching practices on sympodial branches production was noted as 

statistically non-significant. The values ranged between 30.0 to 31.4 among all the mulching 

treatments and during both the years.  

4.3.5 Nodes per plant  

 Cotton genotypes showed significant effect on the number of nodes per plant at maturity 

during both years (Table 4.32). On an average, cotton genotype CIM-499 produced more number 

of nodes per plant (38.9) than CIM-473 (34.6). In case of planting methods, both the genotypes 

showed more or less similar trend during two years of study. More nodes per plant were recorded 

in case of bed and furrows and ridges as well with 39.5 and 37.9 during 2004 and 39.8 and 38.1 

during 2005, respectively. In comparison to other methods of planting these two proved more 

efficient in input utilization.  
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Table 4.26:  Impact of mulching material and planting methods on number of  

         monopodial branches per plant of two cotton varieties 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

Varieties (V) 

V1 = CIM 473 2.4 a 2.3 a 2.4 

V2 = CIM 499 1.2 b 1.3 b 1.3 

LSD at 5% 0.064 0.088  

Planting methods (P)    

P1 = 70cm spaced single row 2.4 a 2.4 a 2.4 

P2 = 105cm spaced double row 2.0 b 2.1 b 2.1 

P3 = 70cm spaced ridges 1.5 c 1.4 c 1.5 

P4 = 140cm spaced furrow beds 1.2 d 1.4 c 1.3 

LSD at 5% 0.11 0.15  

Mulching materials (M)    

M1 = Cultural mulch 2.0 a 1.8 1.9 

M2 = Straw mulch 1.7 b 1.9 1.8 

M3 = Sheet mulch 1.8 b 1.7 1.7 

M4 = Chemical mulch 1.7 b 1.9 1.8 

LSD at 5% 0.110 NS  

Interactions    

VxP * NS   

VxM NS *  

PxM * *  

VxPxM * *  
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Table 4.27:  Interactive effect of variety and planting method on number of monopodial 

branches per plant 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

Table 4.28:  Interactive effect of variety x mulches on number of monopodial branches 

per plant  

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

Interactions  2004 2005 Mean 
V1P1 3.1 a 2.9 2.7 

V1P2 2.7 b 2.6 2.7 

V1P3 2.0 c 2.0 2.0 

V1P4 1.6 c 1.9 1.8 

V2P1 1.8 d 1.9 1.8 

V2P2 1.3 f 1.6 1.5 

V2P3 1.0 g 0.8 0.9 

V2P4 0.8 g 0.9 0.9 

LSD 5 % 0.153 NS  

Interactions 2004 2005 Mean 

V1xM1 2.6  2.2 b 2.4 

V1xM2 2.3 2.5 a 2.4 

V1xM3 2.4 2.4 ab 2.4 

V1xM4 2.3 2.3 ab 2.3 

V2xM1 1.4 1.4 c 1.4 

V2xM2 1.2 1.3 cd 1.2 

V2xM3 1.1 1.1 d 1.1 

V2xM4 1.2 1.4 c 1.3 

LSD at 5% NS 0.211  
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Table 4.29:  Effect of planting method x mulches on number of monopodial branches  

  per plant of cotton cultivars. 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

The response of mulching practices on nodes per plant remained statistically non-

significant during both the years of study. Faver and Gerik (1996) also reported that DM 

accumulation, leaf area, boll number, main stem node number and plant water use did not differ 

between the control and methanol-treated plants (a sort of chemical mulch being known as 

transpiration inhibitor, used in this study). These results are also in agreement with those 

reported by Barnes & Houghton (1994). The increase in plant height was attributed to increase in 

node number on the main stem. All the two way and three way interaction for this parameter 

were non significant in both the years. 

 

Interactions 2004 2005 Mean 

P1xM1 2.5 ab 2.5 ab 2.5 

P1xM2 2.3 bc 2.4 ab 2.3 

P1xM3 2.2 cd 2.2 bc 2.2 

P1xM4 2.7 a 2.6 a 2.6 

P2xM1 2.2 cd 2.0 c 2.1 

P2xM2 2.1 d 2.4 ab 2.2 

P2xM3 2.1 cd 2.0 c 2.1 

P2xM4 1.6 ef 2.0 c 1.8 

P3xM1 1.8 e 1.4 de 1.6 

P3xM2 1.3 gh 1.6 d 1.5 

P3xM3 1.6 efg 1.2 e 1.4 

P3xM4 1.5 fg 1.5 de 1.5 

P4xM1 1.4 gh 1.5 de 1.4 

P4xM2 1.2  h 1.2 e 1.2 

P4xM3 1.1 h 1.5 de 1.3 

P4xM4 1.2  h 1.5 de 1.3 

LSD at 5%  0.2159 0.2987  
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Table 4.30:  Effect of variety x planting method x mulches on number of monopodial  

  branches per plant of cotton cultivars. 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

Varieties (V) 2004 2005 Mean 

V1xP1xM1 3.0 bc 2.9 a 3.0 

V1xP1xM2 3.0 bc 3.0 a 3.0 

V1xP1xM3 2.7 c 2.7 ab 2.7 

V1xP1xM4 3.7 a 3.1 a 3.4 

V1xP2xM1 3.3 b 2.3 bc 2.8 

V1xP2xM2 2.7 c 2.7 ab 2.7 

V1xP2xM3 3.0 c 3.0 a 3.0 

V1xP2xM4 2.0 defg 2.3 bc 2.3 

V1xP3xM1 2.3 d 1.7 def 2.0 

V1xP3xM2 2.0 def 2.2 cd 2.2 

V1xP3xM3 2.1 de 2.0 cde 2.1 

V1xP3xM4 2.0 defg 1.9 cde 1.9 

V1xP4xM1 1.7 fgh 2.0 cde 1.9 

V1xP4xM2 1.3 ij 2.0 cde 1.7 

V1xP4xM3 1.8 efgh 1.7 def 1.7 

V1xP4xM4 1.7 gh 2.0 cde 1.8 

V2xP1xM1 2.0 defg 2.0 cde 2.0 

V2xP1xM2 1.7 gh 1.7 def 1.7 

V2xP1xM3 1.7 fgh 1.7 def 1.7 

V2xP1xM4 1.7 fgh 2.0 cde 1.9 

V2xP2xM1 1.2 ij 1.7 def 1.5 

V2xP2xM2 1.5 hi 2.0 cde 1.8 

V2xP2xM3 1.3 ij 1.0  g 1.2 

V2xP2xM4 1.2 ij 1.7 def 1. 5 

V2xP3xM1 1.2 ij 1.0 g 1.1 

V2xP3xM2 0.6 l 1.0 g 0.8 

V2xP3xM3 1.0 jk 0.3 h 0.7 

V2xP3xM4 1.0 jk 1.0 g 1.0 

V2xP4xM1 1.0 jk 1.0 g 1.0 

V2xP4xM2 1.0 jk 0.3 h 0.7 

V2xP4xM3 0.5 l 1.3 fg 0.9 

V2xP4xM4 0.7 kl 1.0 g 0.9 

LSD at 5 % 0.305 0.423  
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4.3.6 Internodal length 

 The data presented in table 4.33 revealed a non significant impact of planting methods 

and significant impact of mulching practices on the internodal length of the two cotton cultivars 

during the two years of study. A keen perusal of the table 4.33 indicated that on an average 

cotton genotype CIM-473 exhibited longer internodes (4.4 cm) than CIM-499 (3.7 cm) during 

both the years. The effect of planting methods on internodal length of cotton was found to be 

statistically non significant during the two years and it ranged between 3.8 cm and 4.3 cm.  

 As regards the effect of mulching on internodal length in cotton, the plastic sheet mulch 

recorded the highest values of 4.2 cm and 4.3 cm of internodal length during 2004 and 2005, 

respectively, indicating that more moisture was conserved for plant use in plastic sheet mulch 

treatment. However, cultural mulch during 2004 and 2005 and chemical mulch during 2004 

exhibited values as 4.1 cm, 4.2 cm and 4.1 cm, respectively, being statistically at par with the 

plastic sheet mulch. On overall basis, only mulches showed response significantly which depicts 

the role of mulches in conserving the soil moisture which is available to the plants. When ample 

supply of moisture is available, the internodal distance is increased.  All the two way and three 

way interaction for this parameter were non significant in both the years. These results are 

supported by the findings of Barnes & Houghton (1994), Abdel (1998) and Makhdum et al. 

(2002). 

4.3.7 Plant canopy 

 Data on the impact of planting methods and mulching materials revealed a significant 

trend on the plant canopy size of two cotton cultivars (Table 4.34). The canopy size in case of 

cotton cv. CIM-473 was found significantly greater (0.47 m
3
and 0.46 m

3
) than CIM-499 (0.42 

and 0.40 m
3
) during 2004 and 2005, respectively.  

The planting methods indicated a significant improvement in plant canopy size of two 

cotton cultivars during 2004 and 2005. The highest values for canopy size were presented by the 

cotton crop sown on bed and furrows as 0.55 m
3
 and 0.53 m

3
. This trend was indicative of 

efficient moisture utilization in bed and furrows planting method. While the lowest values (0.37 

and 0.33 m
3
) were indicated by the crop sown on 105 cm spaced double/paired rows during 2004 

and 2005 respectively. Heitholt et al. (1992) also noticed that narrow rows resulted in earlier 

canopy closure.  
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Table 4.31:  Impact of mulching material and planting methods on number of  

          sympodial branches per plant of two cotton varieties 

 

 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 28.5 b 28.6 b 28.5 

V2 = CIM 499 33.4 a 32.3 a 32.9 

LSD at 5% 1.012 1.181  

Planting methods (P)    

P1 = 70cm spaced single row 28.4 b 27.0 c  27.7 

P2 = 105cm spaced double row 29.4 b 29.5b 29.4 

P3 = 70cm spaced ridges 32.3 a 31.9 a 32.1 

P4 = 140cm spaced furrow beds 33.9 a 33.4 a 33.6 

LSD at 5% 1.713 1.998  

Mulching materials (M)    

M1 = Cultural mulch 31.4 30.3  30.8 

M2 = Straw mulch 30.4 30.6 30.5 

M3 = Sheet mulch 31.4 30.0 30.7 

M4 = Chemical mulch 30.8 30.9 30.8 

LSD at 5% NS NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.32:  Impact of mulching material and planting methods on number of nodes per 

plant of two cotton varieties 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 34.8 b 34.4 b 34.6 

V2 = CIM 499 39.2 a 38.6 a 38.9 

LSD at 5% 1.020 1.160  

Planting methods (P)    

P1 = 70cm spaced single row 34.6 b 32.9 c  33.8 

P2 = 105cm spaced double row 36.0 b 35.3 b 34.1 

P3 = 70cm spaced ridges 37.9 a 38.1 a 38.0 

P4 = 140cm spaced furrow beds 39.5 a 39.8 a 39.6 

LSD at 5% 1.726 1.962  

Mulching materials (M)    

M1 = Cultural mulch 37.4 36.4 36.9 

M2 = Straw mulch 36.6  36.5 36.5 

M3 = Sheet mulch 37.5 36.4 37.0 

M4 = Chemical mulch 36.5 36.8 36.6 

LSD at 5% NS NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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 As regards, mulching practices, significant impact was noted among all the practices 

during both years of study. Maximum plant canopy of size 0.49 m
3 

and 0.48 m
3
 was observed 

under plastic sheet mulched plot and the minimum in plots with foliar spray of methanol solution 

(30% v/v) as 0.42 m
3 

and 0.39 m
3
 during 2004 and 2005, respectively (Table 4.34).The 

promotive effect of plastic sheet mulch on plant canopy development was indicative of better 

moisture conservation and utilization compared to other mulching practices. A number of 

research studies also revealed that drought inhibits cotton canopy development. The number of 

leaves on sympodial branches of cotton is decreased by drought and canopy photosynthesis of 

cotton increases until 80 to 90 days after planting as plants develop leaf area and then decreases 

as leaves in the canopy age (Peng and Krieg, 1991).  

The interactive behavior of cotton cultivars was also significant (P< 0.05) with different 

mulching practices during 2004 and 2005. The largest canopy size of cotton genotypes was 

demonstrated by CIM-473 when sown in plot mulched with plastic sheet during both the years of 

study. The lowest canopy size was achieved in treatments combination where methanol foliar 

spray mulch was implemented on CIM-499 cotton as 0.40 m
3 

and 0.36 m
3 

during 2004 and 2005, 

respectively (Table 4.35). The findings of Barnes & Houghton (1994), Makhdum et al. (2002), 

Peng and Krieg (1991) are in agreement with these results. 

Interactions among canopy structure, density and prevailing climatic conditions affect the 

canopy microclimate which results in changes in relative humidity and temperature, interception 

of sunlight, pest pressure, irrigation requirements and the final yield (English et al., 1989; 

Pettigrew and Jones, 2001; Pierce et al., 2001 and Marois et al., 2004). 

4.3.8 Bolls per plant 

 Significant impact of planting methods and mulching materials on number of bolls per 

plant of two cotton varieties was observed during 2004 and 2005 (Table 4.36). The cotton 

cultivar CIM-499 presented higher number of bolls per plant (28.4) compared to CIM-473 (26.1) 

during 2004 and with similar trend during 2005.  

The interaction with other study factors was almost non-significant during both the years 

(Table 4.36). As regards planting methods, the highest number of bolls of 30.2 and 33.3 was 

produced under bed and furrow planting method during 2004and 2005, respectively. It was 

rather due to relatively more growth and more number of sympodial branches per plant because 

of better water availability to cotton plants. In this method plant gets an optimal quantity of water 
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Table 4.33:  Impact of planting methods and mulching material on inter nodal            

  length (cm) of two cotton varieties 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 4.4 4.4 4.4 

V2 = CIM 499 3.7 3.7 3.7 

LSD at 5% 0.159 0.166  

Planting methods (P)    

P1 = 70cm spaced single row 4.1 4.1 4.1 

P2 = 105cm spaced double row 4.2  4.1 4.1 

P3 = 70cm spaced ridges 4.3  4.3  4.3 

P4 = 140cm spaced furrow beds 3.8  3.8  3.8 

LSD at 5% NS NS  

Mulching materials (M)    

M1 = Cultural mulch 4.2 a 4.2 ab 4.2 

M2 = Straw mulch 3.9 b 3.8 c 3.8 

M3 = Sheet mulch 4.2 a 4.3 a 4.2 

M4 = Chemical mulch 4.1 ab 3.4 bc 3.7 

LSD at 5% 0.268 0.282  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.34:  Impact of planting methods and mulching material on plant canopy  

         (m
3
) of two cotton varieties 

 

 

   * = Significant  

   NS = Non-Significant 

   Any two means not sharing a letter in common differ significantly 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 0.47 a 0.46 a 0.46 

V2 = CIM 499 0.42 b 0.40 b 0.41 

LSD at 5% 0.207 0.0153  

Planting methods (P)    

P1 = 70cm spaced single row 0.40 c 0.38 c 0.39 

P2 = 105cm spaced double row 0.37 d 0.33 d 0.35 

P3 = 70cm spaced ridges 0.47 b 0.49 b 0.48 

P4 = 140cm spaced furrow beds 0.55 a 0.53 a 0.54 

LSD at 5% 0.0258 0.0258  

Mulching materials (M)    

M1 = Cultural mulch 0.45 b 0.43 b 0.44. 

M2 = Straw mulch 0.43 bc 0.41 bc 0.42 

M3 = Sheet mulch 0.49 a 0.48 a 0.49 

M4 = Chemical mulch 0.42 c 0.39 c 0.41 

LSD at 5% 0.258 0.0258  

Interactions    

VxP NS NS  

VxM * *  

PxM NS NS  

VxPxM NS NS  
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under which it can grow normally and is able to produce fruit and sustain it optimally. No 

luxurious growth is usually observed which diverts plant growth tendency towards vegetative 

phase resulting in lower fruit bearings. The lowest number of bolls per plant was observed in 

plots planted at 105 cm spaced double rows with 24.3 and 27.0 boll number during 2004 and 

2005, respectively. Similar findings were reported by Aujla et al. (1991), Mobley and Albers 

(1993) and Khalid et al. (1999). Some contrary findings were observed by Javed (1996) who 

reported that number of bolls per plant and boll weight per plant was not affected significantly by 

cotton planting patterns.  

The impact of mulching practices on the number of bolls per plant was also significant 

during both the years of study. The highest number of bolls (30.6 and 32.8) per plant was 

demonstrated by the plots mulched with plastic sheet during 2004 and 2005, respectively. It 

showed that plastic sheet mulch is more effective in conserving the soil moisture than rest of the 

mulching practices under study (Table 4.36). The increased number of bolls is due to ease of 

optimum nutrient uptake under sufficient moisture availability by application of mulches. The 

results also get support from the findings those of Singh et al., (2010). The interaction of 

planting methods and mulching practices was significant only during 2004 (Table 4.37). Three 

interactions, 70 cm spaced single row planting x plastic sheet mulching, bed and furrow planting 

x plastic sheet mulching and 70 cm spaced single row planting x cultural mulching, yielded 

greater number of bolls per plant during 2004 with almost similar trend when averaged over two 

years. The lowest number of bolls per plant were recorded where 70 cm spaced ridges x rice 

straw mulching was implemented during 2004. Similar results were reported by Faver and Gerik, 

(1996), Abdel (1998) and ZongBin et al (2004). 

4.3.9 Dry boll weight  

 The methods of planting and mulching materials showed significant effects on 100 dry 

boll weight of two cotton varieties during 2004 and 2005 (Table 4.38). Among cotton varieties, 

CIM-473 produced heavier boll of 314.6 g than CIM-499 with 310.7 g when averaged over two 

years. 

Regarding planting methods, the highest values of 327.8 g and 325.05g were recorded 

when crop was sown under bed and furrows during 2004 and 2005, respectively. The lowest dry 

boll weight of 295.8g and 304.3g was obtained in 105 cm spaced double row planting in both the  
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Table 4.35:  Effect of genotypes x mulches on plant canopy (m
3
) of two cotton cultivars 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

V1xM1 0.49 ab 0.47 b 0.48 

V1xM2 0.43 cd 0.41 cd 0.42 

V1xM3 0.51 a 0.51 a 0.51 

V1xM4 0.43 cd 0.43 bcd  0.43 

V2xM1 0.41 d 0.39 de 0.40 

V2xM2 0.42 d 0.41 cd 0.42  

V2xM3 0.47 bc 0.45 bc 0.46 

V2xM4 0.40 d 0.36 e 0.38 

LSD 5 % 0.0129 0.0129  
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Table 4.36:  Impact of planting methods and mulching material on number of bolls per 

plant of two cotton varieties 

 

 

 * = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

  

  

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 26.1 b 29.6 27.8 

V2 = CIM 499 28.4 a 30.0 29.2 

LSD at 5% 0.831 NS  

Planting methods (P)    

P1 = 70cm spaced single row 28.6 b 30.5 b 29.5 

P2 = 105cm spaced double row 24.3 d 27.0 c 25.7 

P3 = 70cm spaced ridges 26.0 c 28.4 c 27.2 

P4 = 140cm spaced furrow beds 30.2 a 33.3 a 31.8 

LSD at 5% 1.405 1.469  

Mulching materials (M)    

M1 = Cultural mulch 29.5 a 31.8 a 30.6 

M2 = Straw mulch 22.8 c 26.2 c 24.5 

M3 = Sheet mulch 30.6 a 32.8 a 31.7 

M4 = Chemical mulch 26.2 b 28.3 b 27.2 

LSD at 5% 1.405 1.469  

Interactions    

VxP NS  NS  

VxM NS NS   

PxM * NS  

VxPxM NS NS   
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years. These results are in contrast with those of Javed (1996) and Teama et al. (2000) who 

reported that boll weight and boll number per plant were not affected significantly by the 

geometry of planting. However, a glance on the data reflected a comparatively better boll weight 

in case of bed and furrow planting method than others that probably due to the better moisture 

management practices resulting in better water use efficiency and good return (McAlavy, 2004).  

In concern with mulching practices, the highest dry boll weight was recorded under 

plastic sheet mulching with 327.5g and 333.3g 100-dry boll weights during 2004 and 2005, 

respectively. The lowest dry boll weight (293.4g and 293.9 g) was recorded under crop mulched 

with rice straw during both the years. The results are in line with those of ZongBin et al. (2004) 

and Singh et al., (2010). The ample supply of moisture was conserved in the soil due to plastic 

sheet mulch that resulted in heavier bolls on cotton plants. The interactions among different 

factors in study were statistically non-significant. 

4.3.10 Seed cotton yield 

 The data regarding seed cotton yield revealed a statistically significant response to 

individual factors for both the years, while their interactions remained non-significant (Table 

4.39). Among cotton genotypes, higher weights of 2829 kg ha
-1 

and 3022 kg ha
-1

 were recorded 

in case of CIM-499 as compared to 2701 kg ha
-1 

and 2854 kg ha
-1

 for CIM-473 during 2004 & 

2005, respectively. The results are in agreement with Gerik et al. (1996) and Pace et al. (1999). 

 The highest seed cotton yield of 3009 kg ha
-1 

and 3332 kg ha
-1

 was recorded in bed and 

furrow planting method followed significantly by 2814 kg ha
-1 

and 3007 kg ha
-1

 in ridge planting 

method during 2004 and 2005, respectively. This may be due to better utilization of irrigation 

water with better management practices and availability of sufficient moisture to cotton plant at 

critical stages resulted in better produce as well as the saving of irrigation water. Similar results 

were reported by Madiwalar and Prabhakar (1998). Cotton planted by 105cm/30cm spaced 

double row, registered the lowest seed cotton yield of 2525 kg ha
-1

 and 2558 kg ha
-1

 during 2004 

& 2005, respectively. This was mainly due to inter plant competition within the row as two rows 

were brought closer at 30cm apart that resulted in low productivity of the crop. Javed (1996), 

Dangore et al. (2001), Tariq et al. (2003), Singh et al. (2004) and Anonymous (2006) confirmed 

that seed cotton yield was significantly affected by planting methods. While Teama et al. (2000),       
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Table 4.37:   Interactive effect of planting methods x mulches on number of bolls per  

plant of cotton cultivars 

 

NS =  Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

 P1 M1 32.7 a 32.8 32.7 

 P1 M2 21.6 fg 26.7 24.1 

 P1 M3 33.4 a 33.9 33.7 

 P1 M4 26.7 cde 28.7 27.7 

 P2 M1 25.0 de 29.1 27.0 

 P2M2 21.7 fg 23.6 22.6 

 P2M3 26.6 cde 30.3 28.4 

 P2 M4 24.2 ef 25.1 24.6 

 P3 M1 28.1 cd 30.4 29.2 

 P3 M2 21.1 g 25.0 23.0 

 P3 M3 29.5 bc 31.5 30.5 

 P3 M4 25.1 de 26.6 25.9 

 P4 M1 32.2 ab 35.0 33.6 

 P4 M2 26.8 cde 29.8 28.3 

 P4 M3 33.0 a 35.6 34.3 

 P4 M4 28.8 c 32.8 30.8 

LSD at 5% 2.821 NS  
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Table 4.38:  Impact of planting methods and mulching material on 100 dry bolls 

weight (g) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 308.9 320.2 a 314.6 

V2 = CIM 499 313.1 308.4 b 310.7 

LSD at 5% NS 9.197  

Planting methods (P)    

P1 = 70cm spaced single row 317.0 ab 318.8 ab 317.9 

P2 = 105cm spaced double row 295.8 c 304.3 b 300.0 

P3 = 70cm spaced ridges 303.3 bc 309.2 b 306.3 

P4 = 140cm spaced furrow beds 327.8 a 325.0 a 326.4 

LSD at 5% 14.84 15.56  

Mulching materials (M)    

M1 = Cultural mulch 318.2 ab 320.0 ab 319.1 

M2 = Straw mulch 293.4 c 293.9 c 293.7 

M3 = Sheet mulch 327.5 a 333.3 a 330.4 

M4 = Chemical mulch 304.8 bc 310.0 b 307.4 

LSD at 5% 14.84 15.56  

Interactions    

VxP NS  NS  

VxM NS NS   

PxM NS NS  

VxPxM NS NS  
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 Chaudhari et al. (2001), Stathankos and Gemots (2002) and Akhtar et al. (2003) negated by 

reporting that seed cotton yield was not significantly affected by the sowing methods. Moreover, 

Ghadage et al. (2005) were of the view that growth, seed cotton yield and the economics were 

not influenced by planting patterns and irrigation techniques. 

 As far as mulching techniques are concerned, the highest seed cotton yields of 3040      

kg ha
-1

, 3220 kg ha
-1

 and 3127 kg ha
-1

 were received from plastic sheet mulched cotton crop 

during 2004 & 2005 and cultural mulch during 2005, respectively. The lowest values (2448.0 

and 2569 kg ha
-1

) of seed cotton yield were obtained in straw mulch in both the years. The 

results were supported by the findings of Abdel (1998), ZongBin et al. (2004), Reddy et al. 

(2004) and Ghadage et al. (2005). Subrahmaniyan and Kalaiselvan (2005) observed that with the 

polyethylene film mulch highest pod yield was also indicated as 26.17 and 26.46 q ha
-1

. 

Sampathkumar et al. (2006) reported that the highest seed cotton yield (2430 kg ha
-1

) and water 

use efficiency (3.53 kg ha
-1

 mm
-1

) were recorded under rice straw mulch at 5 t ha
-1

 over no 

mulching.       

Thus it is concluded that bed and furrow and ridge planting method not only save 

irrigation water but also enhance cotton productivity through conducive environments. The 

mulching practices not only conserve soil moisture but restrict weed growth as well, thus helping 

in the enhancement of ultimate yield of the crop. The higher yields are indicative of the  

efficiency of mulches in conservation of soil moisture. Decline in the yield under other mulch 

practices associated with reduction in number of bolls plant
-1

 and boll weight was attributed to 

deficit irrigation Singh et al. (2010). Higher seed cotton production was attributed to higher crop 

growth rate (CGR) and net assimilation (NAR), as there was positive and linear relationship 

between them. 

4.3.11 Harvest index  

 Optimal dry matter partitioning is an important factor for higher productivity. Growth 

rate and harvest index are reflected by the dry matter partitioning. High harvest index is an 

indicative of better translocation and mobilization of food reserves (Rauf and Sadaqat, 2008). 

Data regarding harvest index of cotton crop are presented in Table 4.40 indicating statistically 

significant response of genotypes to planting methods during both the years of study, while 

different mulching practices had significant effect on harvest index value in the year 2004 only. 

The interactions between the factors under study were non significant. 
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The higher harvest index was exhibited in case of CIM-499 (33.1 % and 33.3 %) than 

that of CIM-473 with 30.65% and 30.74% during 2004 and 2005, respectively. This trend seems 

due to variability in the genetic potential of the two genotypes. Stiller et al (2005) reported that 

later maturing cultivars had higher harvest index. 

Regarding the planting methods, bed and furrow and 70 cm spaced single row planting 

registered higher values for harvest index of 32.8% and 33.4% during 2004 and 34.45% and 

33.73% during 2005, respectively as compared to other two planting methods i.e. paired row and 

ridge planting. Similar trend was found when averaged over two years. 

The response of mulching practices was noted as statistically significant during 2004 

while it was non significant in 2005. Higher values of harvest index were recorded in case of 

plastic sheet mulching (32.75%) while the lowest (31.0%) in straw mulching. The other 

mulching methods remained at par with 31.69 % and 32.08 % for chemical and cultural 

mulching treatment during 2004, respectively. The findings were supported by the results of 

Kang et al. (2002). The clear benefits of extra moisture support the need to develop water 

conserving technologies such as reduce tillage or mulching through residue retention 

(Badaruddin et al., 1999). The higher values of harvest index show the ease of optimum uptake 

of nutrients from soil under proper amount of moisture availability under the above discussed 

planting methods and mulching techniques. 

 4.3.12 Biological yield 

 The data presented in Table 4.41 regarding biological yield revealed that varietal 

response to biological yield was non-significant while planting methods and various mulching 

techniques responded significantly during the two years of study. The interaction of all the 

factors under study was non-significant. 

 Although the biological yield of the two cotton genotypes was statistically non-

significant, yet cotton  cv. CIM-473 produced comparably more biological yield (9017 kg ha
-1

) 

when  averaged across the years (Table 4.41).  

As regards planting methods, the cotton crop planted on bed and furrows and 70 cm 

spaced ridges significantly produced higher biological yields of 9077 kg ha
-1 

and 8995 kg ha
-1

 

during 2004 and 9683 kg ha
-1 

and 10070 kg ha
-1

 during 2005, respectively. Rest of the planting 
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Table 4.39:  Impact of planting methods and mulching material on seed cotton   

  yield (kg ha
-1

) of two cotton varieties 

 

 

 NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 2701 b 2854  b 2778 

V2 = CIM 499 2829 a 3022 a 2926 

LSD at 5% 6.952 86.045  

Planting methods (P)    

P1 = 70cm spaced single row 2713 b 2857 c  2785 

P2 = 105cm spaced double row 2525 c 2558 d 2542 

P3 = 70cm spaced ridges 2814 b 3007 b 2911 

P4 = 140cm spaced furrow beds 3009 a 3332 a 3171 

LSD at 5% 136.6 145.6  

Mulching materials (M)    

M1 = Cultural mulch 2891 b 3127 a 3009 

M2 = Straw mulch 2448 d 2569 c 2509 

M3 = Sheet mulch 3040 a 3220 a 3130 

M4 = Chemical mulch 2683 c 2837 b 2760 

LSD at 5% 136.6 145.6  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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methods (70cm spaced single row and 105 cm spaced double row planting) yielded significantly 

low i.e. 8326 kg ha
-1 

and 8478 kg ha
-1

.  

 The response of biological yield to mulching practices was also found significant. On 

averaging the two years data, the highest values of 9663 kg ha
-1

 and 9396 kg ha
-1

 were recorded 

for plastic sheet mulch and cultural mulch, respectively. The straw mulched cotton crop 

documented the lowest biological yields of 7845 kg ha
-1 

and 8131 kgha
-1

 during 2004 and 2005, 

respectively. Although  the interaction of panting methods and mulching practices was non 

significant yet the higher biological yields indicate that by proper management practices 

irrigation water efficiency can be increased by avoiding water loss through evaporation and weed 

infestation etc. 

4.3.13 Ginning out turn 

 Cotton varieties, planting methods and mulching materials had non significant effects on 

ginning out turn (GOT) during 2004, however, response was significant during 2005 (Table 

4.42). Results showed that cotton variety CIM-473 gave significantly greater GOT of 38.7 % 

than 37.4 % obtained from CIM-499 during 2005 while on overall average basis, the genotypic 

differences revealed similar trends during both the years. These results are supported by the 

findings of Oad et al. (2002). 

 The planting methods in general indicated non significant effect on GOT except bed and 

furrow planting method that was significantly better only during 2005 individually as well as in 

interactively with mulching treatment especially where plastic sheet mulch was used. Ali (2008) 

also reported non significant effects of planting methods on GOT percentage of cotton. The 

improvement in lint percentage occurred because under sustained supply of moisture and nutrient 

cotton partitioned a greater proportion of dry matter to fiber than vegetative organs. The similar 

results have been reported by different researchers (Pace et al., 1999). Balasubramanian and 

Subramanian (1993) concluded that higher lint percentage in cotton G. hirsutum than Gossypium 

arboreum cv. grown on broad bed and furrows. 

The effect of mulching practices on ginning out turn (GOT) was non significant during 2004 and 

significant during 2005. The highest GOT of 38.2% was exhibited by the crop under plastic sheet 

mulch while the lowest (37.9%) under methanol 30% foliar spray during 2005 with similar trend 

when averaged over two years (Table 4.42). 
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Table 4.40:  Impact of planting methods and mulching material on harvest index   

                     (%) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 30.7 b 30.7 b 30.7 

V2 = CIM 499 33.1 a 33.3 a 33.2 

LSD at 5% 0.746 0.899  

Planting methods (P)    

P1 = 70cm spaced single row 33.4 a 33.7 a  33.6 

P2 = 105cm spaced double row 30.1 b 30.1 b 30.1 

P3 = 70cm spaced ridges 31.3 b 29.8 b 30.5 

P4 = 140cm spaced furrow beds 32.8 a 34.5 a 33.6 

LSD at 5% 1.261 1.336  

Mulching materials (M)    

M1 = Cultural mulch 32.1 ab 32.1 32.1 

M2 = Straw mulch 31.0 b 31.7 31.7 

M3 = Sheet mulch 32.8 a 32.1 32.1 

M4 = Chemical mulch 31.7 ab 32.1 32.1 

LSD at 5% 1.261 NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.41:  Impact of planting methods and mulching material on biological yield  

  (kg ha
-1

) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 8756 9278 9017 

V2 = CIM 499 8554 9126 8840 

LSD at 5% NS NS  

Planting methods (P)    

P1 = 70cm spaced single row 8110 b 8541 b  8326 

P2 = 105cm spaced double row 8438 b 8517 b 8478 

P3 = 70cm spaced ridges 8995 a 10070 a 9533 

P4 = 140cm spaced furrow beds 9077 a 9683 a 9380 

LSD at 5% 426.3 455.7  

Mulching materials (M)    

M1 = Cultural mulch 9020 a 9772 a  9396 

M2 = Straw mulch 7845 c 8131 c 7988 

M3 = Sheet mulch 9285 a 10040 a 9663 

M4 = Chemical mulch 8471 b 8859 b 8665 

LSD at 5% 426.3 455.7  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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 Two way interactions between variety x planting method, variety x mulching (except 

planting method x mulching, 2005) and three way interaction among variety x planting method x 

mulching were found to be non significant (Table 4.42). Maximum GOT (38.7%) was recorded 

in case of bed and furrow planting method x plastic sheet mulch during 2005 and the lowest 

values (37.7% and 38.8%) were recorded in case of ridge planting x methanol foliar spray during 

2005 and 2004, respectively (Table 4.43).  

4.3.14 Staple length 

 An important component of fiber quality is its length (mm). Long fibers with uniformity 

of length can produce higher count yarn and hence high quality fabric. It is a quality factor of 

great significance to the cotton fiber processors. Data presented in table 4.44 revealed a non-

significant response of this quality character to different factors under study except cotton 

genotypes that exhibited significant variations (P< 0.05) among means during 2004 and 2005.  

 The higher fiber length values (28.5 mm and 28.4 mm) were observed in cotton cv. CIM-

473 compared to 28.1 mm of CIM-499 during 2004 and 2005, respectively. Similar trend was 

recorded when averaged across the years. 

 The impact of planting methods and mulching practices on the fiber length of two 

cotton cultivars was non-significant. However, the values ranged from 28.1 mm to 28.3 mm 

among treatments and years (Table 4.44) Heitholt et al. (1993) found a small decrease in fiber 

length with cotton grown in 0.5 m apart rows as compared to 1.0 m apart rows. Similar results 

were found by Roussopoulos et al. (1998) and Jost and Cothren (2000).  Different researchers as 

Palomo and Avila (1994), Franklin et al. (2000) and Hussain et al. (2000) also reported non-

significant effects of planting patterns of cotton on its fiber length.  

The two way interaction in case of variety x planting method and three way interaction in 

case of  variety x planting methods x mulches were found to be significant during 2004 and 

2005. While in case of planting method x mulches interaction was significant only during 2004 

(Table 4.45). It was revealed form data that the longest fiber value was recorded as 28.5 mm 

during 2004 and 2005 in case of CIM-473 x 105/30 cm spaced double row planting, while the 

lowest values (28.1 mm and 28.0 mm) were recorded in case of CIM-499 x 70 cm spaced ridges. 

The findings are in line with those of Balasubramanian and Subramanian (1993). 

 The interaction between planting methods and mulches was significant during 2004 and 

non-significant during 2005 (Table 4.46). The highest value for fiber length (28.6 mm) was  
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Table 4.42:  Impact of planting methods and mulching material on ginning out   

  turn (%) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05  

 

 

 

Varieties (V) 2004 2005  Mean 

V1 = CIM 473 39.3 38.7  39.0 

V2 = CIM 499 39.0 37..4 38.2 

LSD at 5% NS 0.1131  

Planting methods (P)    

P1 = 70cm spaced single row 39.0 38.0 b  38.5 

P2 = 105cm spaced double row 39.2 38.0 b 38.6 

P3 = 70cm spaced ridges 39.1 37.9 b 38.5 

P4 = 140cm spaced furrow beds 39.5 38.3 a 38.9 

LSD at 5% NS 0.191  

Mulching materials (M)    

M1 = Cultural mulch 39.1 38.2 ab  38.6 

M2 = Straw mulch 39.1 38.0 bc 38.5 

M3 = Sheet mulch 39.5 38.2 a 38.9 

M4 = Chemical mulch 39.0 37.9 c 38.4 

LSD at 5% NS 0.191  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS *  

VxPxM NS NS  
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was exhibited in case of 70 cm spaced ridges x cultural mulch followed non significantly by a 

number of treatments during 2004 (Table 4.46). 

As regards the three way interaction among variety x planting method x mulching 

practices, the statistically significant response (P< 0.05) was exhibited during both the years of 

study (Table 4.47). The maximum fiber length (28.8 mm) was observed in treatments 

combination of CIM-473 x 70 cm spaced single row planting x plastic sheet mulch when 

averaged across the years (Table 4.47). 

On an average, the lowest values (27.8 mm) of fiber length were recorded under 

interactions of  CIM-499 x 105 cm spaced double row planting x cultural mulch and CIM-499 x 

70 cm spaced ridges x plastic sheet mulch (Table 4.47). Similar findings were reported by 

Pettigrew and Jones (2001) and Bauer and Frederick (2006). The perusal of the table 4.44 is 

indicative of the fact that in each significant interaction, role of planting method is not negligible 

in the improved level of staple length. The improvement is owing to the efficient utilization of 

soil nutrients and moisture by the plant under specific planting method. 

4.3.15 Micronaire/Fineness  

 The data regarding micronair as a fiber quality character had little effect of different 

planting methods, mulches and cotton genotypes as demonstrated in the Table 4.48. The 

micronair values exhibited significant (P<0.05) variations among means of cotton genotypes 

during 2005 but non-significant during 2004. The values for genotypes ranged from 4.47 µg 

inch
-1 

to 4.56 µg inch
-1

. Cotton variety CIM-499 had a bit higher micronair value (4.54 µg inch
-1) 

than CIM-473 (4.48 µg inch
-1

). 

 Among different planting methods and mulching practices when averaged across the 

years, the values ranged between 4.49 µg inch
-1

 and 4.53 µg inch
-1

 (Table 4.48). The interactions 

between variety x planting methods and planting method x mulches were found significant 

(P<0.05) only during 2004. All the other two way and three way interactions during 2004 & 

2005 were non significant. The interactions CIM-499 x 70 cm spaced single row planting and 

CIM-499 x 70 cm spaced ridge planting and CIM-473 x 140 cm spaced furrow beds presented 

higher values of micronaire during 2004 as 4.58, 4.55 and 4.53 (µg inch
-1

), respectively (Table 

4.49). Jones et al. (1996) reported that cotton containing a late season fruiting gap (due to stress) 

has been found with increased micronaire readings.  

 



125 

 

Table 4.43:  Effect of planting methods x mulches on ginning out turn (%) of two   

  cotton cultivars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

P1 M1 39.2 38.0 bcd 38.6 

P1 M2 38.8 38.0 bcd 38.4 

P1 M3 39.1 38.3 ab 38.7 

P1 M4 38.8 37.8 cd 38.3 

P2 M1 39.1 38.2 bc 38.6 

P2M2 39.7 38.1 bcd 38.9 

P2M3 39.2 37.8 cd 38.5 

P2 M4 38.8 38.1 bc 38.4 

P3 M1 38.9 38.2 bc 38.5 

P3  M2 38.9 37.8 cd 38.3 

P3 M3 39.5 38.2 bc 38.9 

P3 M4 39.0 37.7 d 38.3 

P4 M1 39.4 38.3 ab 38.8 

P4 M2 39.1 38.2 bc 38.6 

P4 M3 40.1 38.7 a 39.4 

P4 M4 39.5 37.9 bcd 38.7 

LSD at 5% NS 0.1354  



126 

 

Table 4.44:  Impact of planting methods and mulching material on staple length  

         (mm) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 28.5 a 28.4 a 28.5 

V2 = CIM 499 28.1 b 28.1 b 28.1 

LSD at 5% 0.724 0.087  

Planting methods (P)    

P1 = 70cm spaced single row  28.3 28.3 28.3 

P2 = 105cm spaced double row 28.3 28.3 28.3 

P3 = 70cm spaced ridges 28.3 28.2 28.2 

P4 = 140cm spaced furrow beds 28.3 28.2 28.2 

LSD at 5% NS NS  

Mulching materials (M)                                                                                                                                                              

M1 = Cultural mulch 28.3                                        28.1 28.2 

M2 = Straw mulch 28.3 28.3 28.3 

M3 = Sheet mulch 28.3 28.3 28.3 

M4 = Chemical mulch 28.2 28.2 28.2 

LSD at 5% NS NS  

Interactions    

VxP * *  

VxM NS NS  

PxM * NS  

VxPxM * *  
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Table 4.45:  Effect of varieties x planting methods on staple length (mm) of    

  two cotton cultivars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

The interaction between genotypes and mulching practices were again significant (P< 

0.05) during 2004 and non-significant during 2005 (Table 4.50). The highest values 4.55 µg 

inch
-1

 for micronaire were received form CIM-473 cotton cv. when sown in plastic sheet 

mulched plots and CIM-499 sown in foliar sprayed plots with 30% methanol solution. While the 

lowest value (4.40 µg inch
-1

) of micronair were recorded in case of CIM-473 sown under 

methanol foliar sprayed plot during 2004 but all were statistically at par. Bauer and Frederick 

(2006) reported that tillage management can influence canopy position specific fiber property 

distribution. 

 

4.3.16 Seed index  

 The data on seed index i.e. 100 seed weight presented in Table 4.51 revealed that cotton 

genotypes, planting methods and mulching materials had significant impact (P< 0.05) on this 

parameter of two cotton genotypes during 2004 and 2005. 

Among cotton genotypes, greater values for seed index (7.20 g and 7.75 g) were 

demonstrated by CIM-473 compared to 6.45 and 6.93 g of CIM-499 during 2004 and 2005, 

 

Interactions 2004 2005 Mean 

V1P1 28.6 a 28.3 ab 28.4 

V1P2 28.5 a 28.5 a 28.5 

V1P3 28.4 ab 28.4 a 28.4 

V1P4 28.3 bc 28.3 ab 28.3 

V2P1 28.0 d 28.3 ab 28.2 

V2P2 28.1 d 28.1 bc 28.1 

V2P3 28.1 d 28.0 c 28.0 

V2P4 28.2 cd 28.1 bc 28.1 

LSD at 5% 0.173 0.2081  
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Table 4.46:  Effect of planting methods x mulches on staple length (mm) of two  

cotton  cultivars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

P1xM1 28.3 bcde 28.3 28.3 

P1xM2 28.2 bcde 28.3 28.2 

P1xM3 28.5 ab 28.4 28.4 

P1xM4 28.4 abcd 28.2 56.5 

P2xM1 28.3 abcd 28.1 28.2 

P2xM2 28.3 abcd 28.2 28.3 

P2xM3 28.3 bcde 28.5 28.3 

P2xM4 28.4 abc 28.3 28.3 

P3xM1 28.6 a 28.1 28.2 

P3xM2 28.3 abcd  28.3 28.3 

P3xM3 28.0 e 28.1 28.5 

P3xM4 28.2cde 28.3 28.2 

P4xM1 28.1 de 28.1 28.1 

P4xM2 28.5 ab 28.3 28.4 

P4xM3 28.5 ab 28.1 28.3 

P4xM4 28.0 e 28.3 28.1 

LSD at 5% 0.245 NS  
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Table 4.47:  Effect of genotypes x planting methods x mulches on staple length (mm) of  

  two cotton cultivars. 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

Interactions 2004 2005 Mean 

V1xP1xM1 28.5 abcd 28.0 cd 28.3 

V1xP1xM2 28.6 ab 28.0 cd 28.3 

V1xP1xM3 28.8 a 28.5 abc 28.7 

V1xP1xM4 28.5 abcd 28.5 abc 28.5 

V1xP2xM1 28.8 a 28.4 abc 28.6 

V1xP2xM2 28.4 abcde 28.6 ab 28.5 

V1xP2xM3 28.5 abcd 28.5 abc 28.5 

V1xP2xM4 28.4 abcde 28.3 abcd 284 

V1xP3xM1 28.6 a 28.2 bcd 28.4 

V1xP3xM2 28.4 abcde 28.8 a 28.6 

V1xP3xM3 28.2 bcdef 28.4 abc 28.3 

V1xP3xM4 28.5 abcd 28.3 bcd 28.4 

V1xP4xM1 28.2 cdef 28.0 cd 28.1 

V1xP4xM2 28.5 abcd 28.2 bcd 28.4 

V1xP4xM3 28.4 abcde 28.4 abc 28.4 

V1xP4xM4 28.2 bcdef 28.5 abc 28.4 

V2xP1xM1 28.0 ef 28.5 abc 28.3 

V2xP1xM2 27.8 f 28.5 abc 28.2 

V2xP1xM3 28.1 def 28.3 abcd 28.2 

V2xP1xM4 28.2 bcdef 27.8 d 28.0 

V2xP2xM1 27.8 f 27.8  d 27.8 

V2xP2xM2 28.2 bcdef 27.8 d 28.0 

V2xP2xM3 28.0 ef 28.5 abc 28.3 

V2xP2xM4 28.4 abcde 28.2 bcd 28.1 

V2xP3xM1 28.5 abcd 28.0 cd 28.3 

V2xP3xM2 28.2 bcdef 27.8 d 28.0 

V2xP3xM3 27.8 f 27.80 d 27.8 

V2xP3xM4 27.8 f 28.3 abcd 28.1 

V2xP4xM1 28.0 ef 28.2 bcd 28.1 

V2xP4xM2 28.4 abcde 28.3 abcd 28.4 

V2xP4xM3 28.6 abc 27.8 d 28.2 

V2xP4xM4 27.8 f 28.0 cd 27.9 

LSD at 5% 0.346 0.416  
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Table 4.48:  Impact of mulching material and planting methods on micronair  

         (µg inch
-1

) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 4.47 4.49 4.48 

V2 = CIM 499 4.51 4.56 4.54 

LSD at 5% NS 0.046  

Planting methods (P)    

P1 = 70cm spaced single row 4.54 4.52 4.53 

P2 = 105cm spaced double row 4.46 4.56 4.51 

P3 = 70cm spaced ridges 4.46 4.52 4.49 

P4 = 140cm spaced furrow beds 4.49 4.49 4.49 

LSD at 5% NS NS  

Mulching materials (M)    

M1 = Cultural mulch 4.50 4.52 4.51 

M2 = Straw mulch 4.48 4.55 4.52 

M3 = Sheet mulch 4.50 4.50 4.5 

M4 = Chemical mulch 4.48 4.53 4.51 

LSD at 5% NS NS  

Interactions    

VxP * NS  

VxM NS NS  

PxM * NS  

VxPxM NS NS  
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Table 4.49:  Effect of varieties x planting method on micronaire (µg inch
-1

) of two   

  cotton cultivars 

 

 Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

respectively. Similar findings were reported by Oad et al. (2002). The impact of planting 

methods on seed index was found to be significant during 2004 and 2005 as shown in Table 

4.51. The highest seed index 7.30g was observed in plots where cotton was planted on 70 cm 

spaced single row (P1) during 2004. While lowest seed index (6.35g) was noted in case of crop 

planted on bed and furrow method (P4) of planting cotton. Similar trend was observed in 2005 

(Table 4.51). The results reported by Balasubramanian and Subramanian (1993) and Tariq et al. 

(2003) are in line with these findings. The data given in Table 4.51 also revealed that the highest 

seed index (7.06g) was observed in plots where 30% methanol solution was sprayed as 

transpiration inhibitor. The lowest seed index value (6.66 g and 7.08g) was exhibited by the crop 

where plastic sheet mulch was used during 2004 and 2005 (Table 4.51). The results are in line 

with those of Abdel (1998) who reported that methanol increased significantly the seed index. 

The interactive effect of genotypes and planting methods on seed index of two cotton genotypes 

was found to be significant during only 2004 and rest of the interactions were non-significant for 

 

 

Interactions 2004 2005 Mean 

V1P1 4.50 ab 4.50 4.50 

V1P2 4..48 ab 4.52 4.50 

V1P3 4.38 b 4.51 4.45 

V1P4 4.53 a 4.43 4.48 

V2P1 4.58 a 4.54 4.56 

V2P2 4.45 ab 4.60 4.53 

V2P3 4.55 a 4.53 4.54 

V2P4 4.45 ab 4.55 4.50 

LSD 5 % 0.121 NS  
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Table 4.50:  Effect of genotypes x mulching practices on micronaire (µg inch
-1

) of two  

  cotton cultivars 

 

Interactions 2004 2005 Mean 

V1xM1 4.50 ab 4.48 4.49 

V1xM2 4.43 ab 4.54 4.49 

V1xM3 4.55 a 4.44 4.95 

V1xM4 4.40 b 4.49 4.45 

V2xM1 4.50 ab 4.56 4.53 

V2xM2 4.53 ab 4.55 4.54 

V2xM3 4.45 ab 4.55 4.50 

V2xM4 4.55 a 4.57 4.56 

LSD 5 % 0.121 NS  

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

both years. The data presented in Table 4.52 revealed that the highest seed index was observed as 

7.80 g and 8.00 g for cotton cv. CIM-473 sown on 70 cm spaced single row (P1) during 2004 and 

2005, respectively. While the lowest values of seed index (6.00 g and 6.50 g) were found under 

interaction treatment of CIM-499 sown under bed and furrow methods (P4) of planting during 

2004 and 2005, respectively. Almost similar trend was observed when averaged across the years. 

Here, the matter of dry matter (DM) portioning either towards lint or seed is important. 

The data shows that under bed and furrow planting method and plastic sheet mulching in cotton 

crop, the DM portioning was promoted towards fiber formation rather than the seed, hence the 

seed index values are lower while those of lint index (GOT%) are higher. Different factors such 

as temperature, light, nitrogen, fertilizer and irrigation supplies affect the dry matter partitioning      

(Rahman et al., (2007) and Rauf & Sadaqat ( 2008). 
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Table 4.51:  Impact of planting methods and mulching materials on seed index (g)   

  of two cotton cultivars 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = 

Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 7.2 a 7.8 a 7.5 

V2 = CIM 499 6.5 b 6.9 b 6.7 

LSD at 5% 0.079 0.086  

Planting methods (P)    

P1 = 70cm spaced single row 7.3 a 7.6 a 7.5 

P2 = 105cm spaced double row 7.0 b 7.6 a 7.3 

P3 = 70cm spaced ridges 6.7 c 7.2 b 6.9 

P4 = 140cm spaced furrow beds 6.4 d 7.0 c 6.7 

LSD at 5% 0.133 0.145  

Mulching materials (M)    

M1 = Cultural mulch 6.7 c 7.3 b 7.0 

M2 = Straw mulch 6.9 b 7.3 b 7.1 

M3 = Sheet mulch 6.7 c 7.1 c 6.9 

M4 = Chemical mulch 7.1 a 7.6 a 7.4 

LSD at 5% 0.133 0.145  

Interactions    

VxP * NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.52:  Effect of Genotypes x planting methods on seed index (g) of two cotton  

  cultivars 

 

Interactions 2004 2005 Mean 

V1P1 7.8 a 8.0 7.9 

V1P2 7.3 b 7.9 7.6 

V1P3 7.0 c 7.6 7.3 

V1P4 6.7 d 7.5 7.1 

V2P1 6.8 d 7.2 7.0 

V2P2 6.7 d 7.2 7.0 

V2P3 6.3 e 6.8 6.6 

V2P4 6.0 f 6.5 6.3 

LSD at 5% 0.188 NS  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

The varieties with higher lint index are preferably desired for their fiber but not for seed 

index that only supports only the byproducts industry viz, cotton seed cake etc. Hence the lower 

values of seed index in case of bed and furrow planting method favored the better lint index i.e., 

more fiber production which is the ultimate objective of growing cotton crop. 

4.3.17 Leaf area index 

A significant effect of cotton genotypes and different planting methods on leaf area index 

(LAI) was demonstrated during both the years of study (Figs 4.1 and 4.2). Periodically a linear 

increase in LAI was observed up to 90-100 days after sowing (DAS) and then decline with the 

passage of time up to 120 DAS for these two factors. The trend was similar for both the years. A 

linear increase and then decline in LAI of cotton after 90-100 DAS was most probably due to 

leaves senescence at crop maturity. The mulching practices had not any significant effect on leaf 

area index of cotton crop (Fig 4.3) but a linear increase was observed as in case of genotypes and 

planting methods. The results are in line with Jackson and Gerik (1990) who found that LAI and 

boll carrying capacity is linearly related.  Randall et al. (1997) used leaf area index (LAI) as a 

measure of determining the growth rate and crop yield. The most critical time for cotton leaf 

growth was observed to occur between 40 and 65 days after sowing, which coincides with early 

flowering (Oosterhuis, 1990). The results also got support from the findings of Dagdelen et al. 



135 

 

(2006 and 2009) who grew cotton and corn crops and observed that leaf area index (LAI) and 

dry matter yields (DM) showed an increasing trend with increasing water use for both 

treatments. In the present study the higher values of LAI in case of bed and furrow planting and 

ridge planting are indicative of efficient water use. 

4.3.18 Relative growth rate 

 The physiological processes i.e. crop growth rate, relative growth rate, leaf area duration 

and leaf area ratio are products of photosynthetic efficiency. These indices of agricultural 

productivity are greatly affected by light, temperature, mineral nutrients and moisture. . Burke 

(2007) found that varieties differed in their response for the physiological traits both under 

irrigated and water stress treatments.  

  Periodical data regarding relative growth rate (RGR) at 45 to 120 days after sowing with 

15 days interval, of all the treatments (planting methods and mulching practices) for both the 

years (2004 and 2005) are presented in Figs. 4.4 to 4.6. The impact of planting methods and 

mulching practices on RGR of two cotton varieties were observed significant during both the 

years. Planting method of 105cm spaced double row during 2004 and 2005 gained significantly 

the maximum RGR (0.0147 and 0.0140 g g
-1

d
-1

, respectively), followed by  70cm single row 

planting (0.0130 gg
-1

d
-1

) during 2004 and bed and furrow planting (0.0112 gg
-1

d
-1

) during 2005 

at 120 days after sowing (DAS). 

 In case of mulching practices, during the year 2004 significantly                                         

higher RGR (0.0127 gg
-1

d
-1

) was gained by the plots where the crop was planted under rice straw 

mulch   and under cultural mulch (0.0126 gg
-1

d
-1

) during 2005 at120 DAS. Having a glance of 

the data, a gradual decrease in RGR up to 105 DAS and then at a constant rate up to 120 DAS 

approaching to maturity was revealed. It was also observed that relatively higher RGR was 

maintained by cotton variety CIM-473 than by CIM-499 (Figs. 4.4 to 4.6). Relative growth rate 

in hybrid cotton was highest during 60-90 DAS and it decreased thereafter i.e., 120-150 DAS. 

According to Kalibavi (2006) during early stages of 60-90 DAS period, significantly 

higher value of RGR (1.48) was noticed with drip irrigation compared to other and methods of 

irrigation. But, during later stages of 91-120 DAS, significantly higher RGR (1.05) was observed 

with furrow irrigation or followed by alternate furrow irrigation. It shows that during ample 

moisture supplies RGR values were higher and lower when moisture became limited  
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4.3.19 Net assimilation rate  

The data presented in Table 4.53 revealed that the varietal response to net assimilation 

rate (NAR) was statistically significant (Table 4.53). The cotton cultivar CIM-499 exhibited 

greater net assimilation rate (25.05 and 26.42 g m
-2

day
-1

) than that of CIM-473 (23.83 and 24.20 

g m
-2

day
-1

) during 2004 and 2005, respectively.  

 It is clear from the data given in (Table 4.53) that impact of planting methods on NAR 

was also significant. Under bed and furrow planting method, it was higher compared to other 

planting methods (25.76 and 26.89 g m
-2

day
-1

) during 2004 and 2005, respectively. The lowest 

NAR values (23.55 and 23.89 g m
-2

day
-1

) were found when crop was sown in 70 cm spaced 

single row planting method during 2004 and 2005, respectively. 

It revealed that under bed and furrow planting method the cotton crop got better and 

favourable micro and macro environment for CO2 assimilation and net photosynthetic rates that 

reflected in accumulation of more dry matter. The maximum NAR, most probably was due to 

better crop stand without lodging and better utilization of resources such as moisture, nutrients, 

light etc. The findings are supported by Reddy et al. (1995), Chaves (1991), Cornic (2000),
 

Flexas et al. (2004) and Ennahli and Earl (2005). Working in the same line, ZongBin et al. 

(2004)-Kang and Hsiao (2004) confirmed that the water use efficiency of the crop plants was 

also affected by the environmental factors such as temperature, humidity and air 

CO2 concentration. 

The effect of mulching types on NAR was non-significant for both the years (Table 4.53). 

However, NAR ranged between 24.01 and 25.88 (g m
-2

 day
-1

) among the mulching treatments. 

The periodical response of NAR from 60-120 DAS is presented in figs. 4.7 to 4.9. According to 

Faver and Gerik (1996) methanol increased CO2 assimilation and leaf conductance to CO2 in 

both field and greenhouse experiments. Dry matter (DM) accumulation, leaf area, boll number, 

main stem node number and plant water use was not affected in methanol-treated plots. The 

results are partially in line with the above findings. While  contradictory results were found to 

those of Makhdum et al. (2002) who observed increase in stomatal conductance and net 

photosynthesis rate with foliar application of methanol and decrease in transpiration rate and leaf 

temperature as compared to untreated checks. 

The periodical data recorded with 15 days interval from 60 to 120 days after sowing exhibited an 

ascending trend of gradual increase in NAR upto120 DAS. The results are partially in line with 
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those of Peng and Krieg (1991) who reported that photosynthesis of cotton increases until 80 to 

90 days after planting and then decreases as leaves in the canopy age. A high production of TDM 

per unit area is a pre-requisite to achieve high yield which may be caused by better CGR and 

NAR (Saleem, 2010). 

4.3.20 Net transpiration rate (E) 

 The data on transpiration rate (E) presented in Table 4.54 demonstrated significant 

variations among means of different factors under study. The cotton genotypes exhibited 

significant response to transpiration rate during both the years of study. The highest transpiration 

rates (7.938 and 7.587 m mol. of H2O m
-2

 S
-1

) were maintained by cotton genotype CIM-473 

(during 2004 and 2005). CIM-499 maintained transpiration rate (E) of 7.62 and 7.15 (m mol. of 

H2O m
-2 

s
1
) during 2004 and 2005, respectively. 

The impact of different planting methods on transpiration rate (E) was also found significant 

during both the years of study. The highest transpiration rate (E) was found in case of cotton crop 

planted in 105 cm spaced double rows with E of 8.391 and 8.335 (m mol. of H2O m
-2

 s
-1

), while 

the lowest E was recorded as 7.147 and 6.360 (m mol of H2O m
-2

 S
-1

) in case of bed and furrows 

planting method during 2004 and 2005 respectively. As indicated in the data the higher 

transpiration rate in 105cm spaced double row planting may be due to wider row spacing, 

resulting in free wind movement etc., while low transpiration rate and high NAR may be due to 

the effect of plant canopy micro climate on CO2 concentrations etc. The results are in agreement 

with those of Basal et al. (2005) who stated that among the important morpho-physiological
 
traits 

relating to drought
 
tolerance in cotton; also include reduced transpiration,

 
stomatal conductance 

and photosynthetic rate (Nepomuceno et al., 1998)
 
and leaf water content and carbon isotope 

discrimination
 
(Leidi et al., 1999). Chun-yan et al. (2007) revealed that cotton has the ability in 

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

findings are in consonance with those of Kumar et al. (2001) who reported significant decrease 

in transpiration rate (E), stomatal conductance (gs), carboxylation efficiency (CE) and water 

potential (Psi W) with increasing water stress. However, water use efficiency (WUE) was 

unaffected.  
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Fig 4.1: Genotypic response to leaf area index during 2004 (a) and 2005 (b) 
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                  Fig 4.2: Effect of planting methods on leaf area index during (a) 2004 and (b) 2005 

   

 

 

 

 

 

 



140 

 

                 (a) 

 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

45 60 75 90 105 120

Days after sowing

L
e
a
fa

re
a
 i
n
d
e
x

M1

M2

M3

M4

 
 

               (b) 

 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

45 60 75 90 105 120

Days after sowing

L
e
a
f 

a
re

a
 i
n
d
e
x

M1

M2

M3

M4

 
 

Fig 4.3: Effect of mulching practices on leaf area index during 2004 (a) and 2005 (b) 
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Fig 4.4: Genotypic response to relative growth rate during 2004 (a) and 2005 (b) 
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Fig 4.5: Effect of planting methods on relative growth rate during 2004 (a) and 2005 (b) 
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Fig 4.6: Effect of mulching practices on relative growth rate during 2004 (a) and 2005 (b) 
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Table 4.53:  Impact of mulching material and planting methods on net assimilation rate  

  (gm
-2

 day
-1

) of two cotton varieties 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 23.83 b 24.20 b 24.02 

V2 = CIM 499 25.05 a 26.42 a 25.73 

LSD at 5% 0.629 0.742  

Planting methods (P)    

P1 = 70cm spaced single row 23.55 b 23.89 c 23.72 

P2 = 105cm spaced double row 23.85  b 25.03 bc 24.44 

P3 = 70cm spaced ridges 24.59 b 25.43 b 25.01 

P4 = 140cm spaced furrow beds 25.76 a 26.89 a 26.32 

LSD at 5% 1.064 1.255  

Mulching materials (M)    

M1 = Cultural mulch 24.45 25.27 24.86 

M2 = Straw mulch 24.192 25.35 24.771 

M3 = Sheet mulch 25.100 25.88 25.49 

M4 = Chemical mulch 24.013 24.74 24.377 

LSD at 5% NS NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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 Different mulching practices also exhibited significant response to transpiration rate (E) 

during 2004 and 2005. The highest transpiration rate (E) was recorded in rice straw mulched 

plots as 8.60 and 8.26 (m mol of H2O m
-2

S
-1

). While the lowest E (7.07 and 6.66) in plastic sheet 

mulch and statistically at par with cultural mulch (7.45 and 6.89) during 2004 and 2005, 

respectively. The interaction of all the factors under study was found non-significant (Table 

4.54).  

4.3.21 Net photosynthesis rate (PN)  

 The impact of all the factors under study on net photosynthetic rate (PN) was observed 

significant during both the years of study as presented in Table 4.55. Among the two cotton 

genotypes CIM-499 maintained higher rate of net photosynthesis as 24.6 and 25.4 (µmol m
-2

s
-1

) 

compared to CIM-473 (23.7 and 24.1 µmol m
-2

s
-1

) during 2004 and 2005, respectively. The 

results are in line with Gerik et al. (1996) and Pace et al. (1999) indicating that CIM499 yielded 

more than that of CIM-473 because of having greater photosynthetic activity.  

Among methods of planting cotton bed and furrow method demonstrated higher rates of 

PN as 26.0 and 27.7 µmol m
-2

s
-1 

during 2004 and 2005 respectively. The lowest PN was exhibited 

in case of 105 cm spaced double row planting (22.3 and 21.9 µ mol m
-2

s
-1

) during both the year 

of study. 

Mulching practices responded significantly to PN during both the years of study. The highest PN 

of 28.5 and 26.9 (µ mol m
-2

S
-1

) and the lowest PN 21.0 and 22.0(µmol m
-2

s
-1

) were observed with 

plastic sheet mulch and rice straw mulch during 2004 and 2005, respectively Table 4.55). The 

interactions were non-significant among all the study factors. The findings with lowest PN rate in 

case of rice straw mulch do not get support by the results of ZongBin et al (2004) who reported 

higher photosynthetic rate of cotton in wheat straw mulched plots. The results of this study also 

indicate that crop might have experienced more stress in 105 cm double row planting method 

and in rice straw mulched plots. The transpiration rates were also higher under these treatments, 

thus resulting in reduced PN rates. The results are in line with those of Chaves (1991), Cornic 

(2000), Kar et al. (2001), Kumar et al. (2001), Flexas et al. (2004) and Basal et al. (2005). No 

significant interaction among the factors was recorded for this parameter. 
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   (b) 

 

 
 

Fig 4.7: Genotypic response of net assimilation rate during (a) 2004 and (b) 2005 
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(a) 

 
 

(b) 

 

    
 

 

Fig 4.8: Effect of planting methods on net assimilation rate during (a) 2004 and (b) 2005  

 

 

 

  

 

0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

60 75 90 105 120 

 Days After Sowing  

  

N
e
t 

a
s
s
im

ila
ti
o
n
 r

a
te

 

  

P1 
P2 
P3 
P4 

 

0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

30.00 

60 75 90 105 120 

 Days After Sowing  

  

N
e
t 

a
s
s
im

ila
ti
o
n
 r

a
te

 

  

P1 
P2 
P3 
P4 



148 

 

(a) 

 

 
  

(b) 

 
 

 

 

Fig 4.9: Effect of mulching practices on net assimilation rate during (a) 2004 and (b) 2005. 
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Table 4.54:  Impact of planting methods and mulching material on transpiration            

  rate (E) of two cotton varieties (mmol of H2O m
-2

s
-1

) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non Significant  

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 7.94 7.59 7.76 

V2 = CIM 499 7.62 7.15 7.38 

LSD at 5%         0.225 0.214  

Planting methods (P)    

P1 = 70cm spaced single row 7.92 b 7.62 b 7.77 

P2 = 105cm spaced double row 8.39 a 8.34 a 8.36 

P3 = 70cm spaced ridges 7.653 b 7.15 c 7.40 

P4 = 140cm spaced furrow beds 7.15 c 6.36 d 6.75 

LSD at 5% 0.381 0.363  

Mulching materials (M)    

M1 = Cultural mulch 7.45c 6.89 c 7.17 

M2 = Straw mulch 8.60 a 8.26 a 8.43 

M3 = Sheet mulch 7.07 c 6.66 c 6.86 

M4 = Chemical mulch 7.99 b 7.66 b 7.83 

LSD at 5% 0.381 0.363 0.372 

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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4.3.22 Leaf stomatal conductance  

 The data regarding stomatal conductance presented in Table 4.56 revealed significant 

variations among means of the planting methods and mulching practices. The two cotton 

cultivars showed non-significant response towards stomatal conductance during both the years of 

study.   The values for stomatal conductance in case of cotton cultivars ranged from 338.7 to 

345.3 (mmol m
-2

s
-1

) among varieties and years. However, cotton variety CIM-499 showed 

greater stomatal conductance compared to cv. CIM-473. Similar findings were reported by Caird 

et al. (2007).  

The impact of planting methods during 2004 was non-significant and that in 2005 

statistically significant (P<0.05). The higher rate of stomatal conductance was demonstrated in 

case of cotton crop planted on bed and furrows (356.8 mmol m
-2

s
-1

) during 2005. Similar trend 

was noted during 2004 though the results were non-significant. The lowest stomatal conductance 

(327.5 mmol m
-2

s
-1

) was observed in case of crop planted in 105cm spaced double rows during 

2005 with similar trend during in 2004. The results seemed in agreement with Petersen (1991), 

Kumar et al. (2001) and Ennahli and Earl (2005).  

The mulching practices also showed significant response towards stomatal conductance 

during both the year of study. The maximum stomatal conductance rates were recoded in case of 

plastic sheet mulched plots (355.8 and 352.3 mmol m
-2

s
-1

) and in case of cultural mulched plots 

(349.8 and 348.9 mmol m
-2

s
-1

) during 2004 and 2005. The values of stomatal conductance (342.1 

and 338.0 mmol m
-2

s
-1

) under chemical mulching were statistically at par with those of plastic 

sheet mulching and cultural mulching during 2004 2005. The lowest stomatal conductance rates 

were found to be with rice straw mulching with 325.0 and 328.1 mmol m
-2

s
-1

 during 2004 and 

2005, respectively. Similar trend was recorded when averaged across the year. Basal et al. (2005) 

and Nepomuceno et al. (1998) included stomatal conductance among one of the important 

morpho-physiological
 
traits relating to drought

 
tolerance in cotton. The interaction was non-

significant among the factors under study. 

Under reduced moisture supply to plant, the stomata are closed to maintain a balance 

between water uptake and transpiration and to retain a specific amount of water in the plant for 

carrying out the various physiological processes like photosynthesis etc. Under such situation, 

the LSC (leaf stomatal conductance) is reduced. While under ample water supply the stomata 

remain open favoring enhanced LSC. So such conditions were developed under bed and furrow 
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planting method and plastic sheet mulching resulting in enhanced rates of LSC. The research has 

established a broad consensus that stomatal closure and the
 
consequent reduction in leaf internal 

CO2 concentration (Ci)
 
are the major reason for reduced leaf photosynthetic rates under

 
mild or 

moderate water stress (Chaves, 1991; Cornic, 2000 and
 
Flexas et al., 2004) and it encourages 

results of experiments. Ennahli and Earl (2005) reported that the more severe stresses
 
reduced 

both AN (net CO2 assimilation rate) and GS (stomatal conductance) to near zero.  

4.3.23 Leaf water potential (-MPa) 

  The data regarding leaf water potential presented in Table 4.57 indicated non-significant 

responses in case of two cotton genotypes during both the years. However, the leaf water 

potential values ranged between -1.715 MPa and -1.756 MPa among cultivars and years.  

The impact of different planting methods on leaf water potential was observed 

statistically significant during 2005 and non-significant during 2004. In case of bed and furrows 

planting method leaf water potential remained the highest as -1.664 MPa, while the lowest leaf 

water potential (-1.789 Mpa) in case of crop planted in 105 cm spaced double row planting was 

recorded during 2005. Similar trend was observed when averaged across the years. 

As regards mulching practices, higher values of leaf water potential were recorded in 

plastic sheet mulched treatment (-1.676 and -1.684 MPa) and the lowest (-1.810 and -1.789 MPa) 

in case of rice straw mulched cotton crop.  

Among mulching treatments and years, the Ψw values ranged from -1.676 to -1.810 MPa. 

The two way and three way interaction among cotton genotypes, planting method and mulching 

practices was significant during 2005. The higher Ψw (-1.672 MPa) was observed in case of 

CIM-499 and plastic sheet mulching (Table 4.58). Similarly, greater Ψw of -1.625 MPa under 

bed and furrow planting x plastic sheet mulching was recorded during 2005 (Tables 4.59).  Since 

higher leaf water potential (Ψw) had been maintained under bed and furrow planting method as 

well as under plastic sheet mulch, it show that sufficient moisture was conserved for the plants to 

maintain leaf water potential. The findings seem in line with those of Radin et al. (1989), Marur 

(1999) and Ennahli and Earl (2005).  
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4.3.24 Leaf osmotic potential (-MPa) 

 The data given in Table 4.61 revealed that the impact of planting methods and mulching 

practices on the leaf osmotic potential (Ψs) of two cotton varieties was significant during both the 

years of study except genotypic response during the year 2004. 

The cotton genotypes responded significantly during 2005 while during 2004 the results 

were non-significant. The highest Ψw (-2.251 MPa) was exhibited by cotton genotype CIM-499 

during 2005 compared to -2.379 MPa of CIM-473. Marur (1999) evaluated the response of two 

cotton cv. IAC 13-1 and IAC 20 to water stress and reported that the low osmotic potential 

values observed for IAC 13-1 suggest that the tissues support water deficit longer before cells 

reach plasmolysis. 

The impact of planting methods on Ψs was also significant during both the years of study. 

The crop sown on bed and furrows exhibited the highest values (-2.073 MPa and -2.256 MPa 

during 2005 and 2004, respectively) compared to other planting methods. The lowest Ψs (-2.542 

MPa and -2.522 MPa) was observed in case of crop sown in 105 cm spaced double rows. 

 As regards mulching practices, the highest Ψs (-2.118 MPa and -2.160 MPa) was 

maintained by the crop in plastic sheet mulched plots during 2004 and 2005, while the lowest 

values (-2.630 MPa and -2.512 MPa) were observed in plots where cotton crop was planted in 

rice straw mulched fields during both the years of study. The results are in agreement with those 

of Munjal et al. (2004). The present results also get support from the findings of Munjal et al. 

(2004) and Moinuddin and Khanna-Chopra (2004) who reported that osmotic potential increased  

under ample supply of water but declined under water stress (Khanzada et al.,2001). The highest 

rate of Ψs show that plants got ample supply of moisture bed and furrow planting method and 

mulching with plastic sheet in the field to maintain the internal physiological processes.  The 

interaction among all the treatments was found non-significant (Table 4.61). 

4.3.25 Leaf turgor potential 

 The impact of planting method and different mulching practices on leaf turgor potential 

(p) of two cotton varieties was found to be significant during 2004 and 2005 (Table 4.62). The 

cotton variety CIM-473 exhibited greater leaf turgor potential (0.676 and 0.637 MPa) than that of 

CIM-499 (0.626 Mpa and 0.535 MPa) during 2004 and 2005, respectively. Similarly the highest  
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Table 4.55:  Impact of planting methods and mulching material on net  

  photosynthetic rate (PN) of two cotton varieties (µ mol m
-2

s
-1

) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Significant  

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

. 

 

 

 

  

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 23.7 b 24.1 b 23.9 

V2 = CIM 499 24.6 a 25.4 a 25.0 

LSD at 5% 0.698 0.720  

Planting methods (P)    

P1 = 70cm spaced single row 23.8 b 24.1 b 24.0 

P2 = 105cm spaced double row 22.3 c 21.9 c 22.1 

P3 = 70cm spaced ridges 24.6 b 25.2 b 24.8 

P4 = 140cm spaced furrow beds 26.0 a 27.7 a 26.9 

LSD at 5% 1.180 1.218  

Mulching materials (M)    

M1 = Cultural mulch 24.5b 26.2 a 25.3 

M2 = Straw mulch 21.0 d 22.0 c 21.5 

M3 = Sheet mulch 28.5 a 26.9 a 27.7 

M4 = Chemical mulch 22.7 c 24.0 b 23.4 

LSD at 5% 1.180 1.218  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  
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values for p (0.752 MPa and 0.732 MPa) were observed in cotton crop planted in 105 cm 

spaced paired rows and the lowest p in bed and furrow method with 0.548 and 0.408 MPa 

during 2004 and 2005, respectively. Turger potential also reduced due to the induction of water 

stress and guar genotypes also differed in their response to water stress (Khanzada et al. 2001). 

The crop mulched with straw also reflected higher leaf turgor potential (0.821 and 0.721 

MPa) values compared to other mulching practices under study. The lowest leaf turgor potential 

appeared in plots treated with cultural mulch. The three way interaction of study factor was 

significant only during 2004 (Table 4.63). The maximum p (0.997 MPa) were found when 

cotton variety CIM-473 was planted in 105 spaced paired row arrangement in rice straw mulched 

plots. While the lowest LTP (0.353 MPa) was recorded in plots of CIM-473 under bed and 

furrow method of planting and plastic sheet mulch treatment. Fernandez et al. (1996) observed  

that under well-watered conditions, leaf turgor pressure (p) in N-stressed plant was 0.3 kJ kg
-1

 

lower than in N supplied plants. 

4.3.26 Oil and protein content of cotton seed 

 The impact of planting methods and mulching material on cotton seed oil and protein 

content of two cotton  varieties was observed significant  during 2004 and 2005 except effect of 

mulching material during 2005 (Tables 4.64 & 4.65), while response of both cotton genotypes 

CIM-473 and CIM-499 were found non-significant during the two years of study. However, 

cotton variety CIM-499 demonstrated more seed oil and protein content than CIM-473. Cotton is 

also an important source of vegetable oil (Anthony, 1991; Ahmad and Makhdum, (1992). 

The content of oil varies in different Gossypium species, e.g., 18.5% in Asiatic cottons, 

19.5% in Upland Cottons and 22.4% in Egyptian cottons. Hassan et al. (2005) and Tuteja et al. 

(2006) reported that the seed oil percent varied from 18.55 to 21.68 and 17.46 to 19.67 in G. 

hirsutum and G. arboreum, respectively. Kohel et al. (1985) reported differences
 
in seed 

constituents between collections of Gossypium hirsutum L. germplasm and suggested that the 

potential existed
 
to modify cotton seed quality. 

The highest oil (20.55 % and 21.19 %) and protein (20.73 % and 23.05 %) contents were noted 

in cotton crop planted under bed and furrow method of planting during 2004 and 2005, 

respectively. When averaged across the years, the greatest seed oil and protein percentage 

(20.87% oil and 21.89% protein)  was found under bed and furrow planting method with the 



155 

 

lowest (19.64% oil and 20.34% protein) under 70 cm spaced single row planting (Table 4.64 & 

4.65). 

 

 

Table 4.56:  Impact of planting methods and mulching material on leaf stomatal  

         conductance (mol m
-2

S
-1

) of two cotton varieties 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

 Any two means not sharing a letter in common differ significantly at P < 0.05 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 341.1 338.7 339.9 

V2 = CIM 499 345.3 344.9 345.1 

LSD at 5% NS NS  

Planting methods (P)    

P1 = 70cm spaced single row 341.4 338.7 bc 340.0 

P2 = 105cm spaced double row 334.0 327.5 c 330.8 

P3 = 70cm spaced ridges 345.1 344.3 ab 344.7 

P4 = 140cm spaced furrow beds 352.1 356.8 a 354.5 

LSD at 5% NS 16.24  

Mulching materials (M)    

M1 = Cultural mulch 349.8 a 348.9 a 349.4 

M2 = Straw mulch 325.0 b 328.1 b 326.6 

M3 = Sheet mulch 355.8 a 352.3 a 354.1 

M4 = Chemical mulch 342.1 a 338.0 ab 340.1 

LSD at 5% 16.28 16.24  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.57:  Impact of planting methods and mulching material on leaf water           

potential (-MPa) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 1.756 1.743 1.750 

V2 = CIM 499 1.737 1.715 1.726 

LSD at 5% NS NS  

Planting methods (P)    

P1 = 70cm spaced single row 1.749 1.744 ab 1.747 

P2 = 105cm spaced double row 1.791 1.789 a 1.790 

P3 = 70cm spaced ridges 1.739 1.718 ab 1.729 

P4 = 140cm spaced furrow beds 1.707 1.664 b 1.686 

LSD at 5% NS 0.0836   

Mulching materials (M)    

M1 = Cultural mulch 1.729 ab 1.698 1.713 

M2 = Straw mulch 1.810 a 1.789 1.799 

M3 = Sheet mulch 1.676 b 1.684 1.680 

M4 = Chemical mulch 1.771 a 1.744 1.756 

LSD at 5% 0.0856 NS  

Interactions    

VxP NS NS  

VxM NS *  

PxM NS NS  

VxPxM NS NS  
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Table 4.58:  Effect of varieties x mulches on leaf water potential (-MPa) 
 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

V1  M1 1.736 1.712 1.724 

V1  M2 1.819 1.802 1.811 

V1  M3 1.694 1.696 1.695 

V1  M4 1.775 1.761 1.768 

V2  M1 1.722 1.683 1.703 

V2  M2 1.801 1.776 1.789 

V2  M3 1.657 1.672 1.665 

V2  M4 1.768 1.728 1.752 

LSD at 5% NS   
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Table 4.59:  Effect of planting methods x mulches on leaf water potential (-MPa)   

  of cotton cultivars. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

 P1 M1 1.707 1.707 1.707 

 P1 M2 1.830 1.807 1.819 

 P1 M3 1.677 1.695 1.742 

 P1 M4 1.782 1.767 1.775 

 P2 M1 1.780 1.755 1.775 

 P2M2 1.842 1.853 1.848 

 P2M3 1.735 1.747 1.741 

 P2 M4 1.807 1.802 1.805 

 P3 M1 1.728 1.687 1.708 

 P3 M2 1.812 1.778 1.795 

 P3 M3 1.663 1.670 1.667 

 P3 M4 1.752 1.737 1.745 

 P4 M1 1.700 1.642 1.671 

 P4 M2 1.757 1.718 1.738 

 P4 M3 1.628 1.625 1.627 

 P4 M4 1.745 1.672 1.709 

LSD at 5% NS NS  
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Table 4.60:  Effect of variety x planting method x mulches on leaf water potential of  

  cotton cultivars 

 

Varieties (V) 2004 2005 Mean 
V1xP1xM1 1.687 1.723 1.705 
V1xP1xM2 1.833 1.820 1.827 
V1xP1xM3 1.703 1.713 1.708 
V1xP1xM4 1.767 1.790 1.779 
V1xP2xM1 1.787 1.780 1.784 
V1xP2xM2 1.870 1.857 1.864 
V1xP2xM3 1.776 1.767 1.772 
V1xP2xM4 1.813 1.813 1.813 
V1xP3xM1 1.730 1.697 1.714 
V1xP3xM2 1.827 1.793 1.81 
V1xP3xM3 1.667 1.677 1.672 
V1xP3xM4 1.763 1.760 1.762 
V1xP4xM1 1.740 1.647 1.694 
V1xP4xM2 1.747 1.740  1.744 
V1xP4xM3 1.647 1.627 1.637 
V1xP4xM4 1.757 1.680 1.719 
V2xP1xM1 1.727 1.690 1.709 
V2xP1xM2 1.827 1.793 1.81 
V2xP1xM3 1.650 1.677 1.664 
V2xP1xM4 1.797 1.743 1.77 
V2xP2xM1 1.773 1.730 1.752 
V2xP2xM2 1.813 1.850 1.832 
V2xP2xM3 1.710 1.727 1.719 
V2xP2xM4 1.800 1.790 1.795 
V2xP3xM1 1.727 1.677 1.702 
V2xP3xM2 1.797 1.763 1.780 
V2xP3xM3 1.660 1.663 1.662 
V2xP3xM4 1.740 1.713 1.727 
V2xP4xM1 1.660 1.637 1.649 
V2xP4xM2 1.767 1.697 1.732 
V2xP4xM3 1.610 1.623 1.617 
V2xP4xM4 1.733 1.663 1.698 

LSD at 5 % NS NS  

 

NS = Non-Significant 

 



160 

 

Table 4.61:  Impact of planting methods and mulching material on leaf osmotic  

         potential (-MPa) of two cotton varieties 
 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 2.432 2.379  2.406 

V2 = CIM 499 2.361 2.251  2.306 

LSD at 5% Ns 0.0674  

Planting methods (P)    

P1 = 70cm spaced single row 2.429 ab 2.375 b 2.400 

P2 = 105cm spaced double row 2.542 a 2.522 a 2.530 

P3 = 70cm spaced ridges 2.360 bc 2.290 b 2.320 

P4 = 140cm spaced furrow beds 2.256 c 2.073 c 2.160 

LSD at 5% 0.1197 0.1140  

Mulching materials (M)    

M1 = Cultural mulch 2.354 c 2.205 c 2.280 

M2 = Straw mulch 2.630 a 2.512 a 2.571 

M3 = Sheet mulch 2.118 d 2.160 c 2.139 

M4 = Chemical mulch 2.485 b 2.384 b 2.435 

LSD at 5% 0.1197 0.1140  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.62:  Impact of planting methods and mulching material on leaf turgor  

          potential (+MPa) of two cotton varieties  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = Significant  

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 0.676 0.637 0.657 

V2 = CIM 499 0.626 0.535 0.581 

LSD at 5% 0.02411 0.03870  

Planting methods (P)    

P1 = 70cm spaced single row 0.681 b 0.630 b 0.656 

P2 = 105cm spaced double row 0.752 a 0.732 a 0.742 

P3 = 70cm spaced ridges 0.623 c 0.573 c 0.598 

P4 = 140cm spaced furrow beds 0.548 d 0.408 d 0.478 

LSD at 5% 0.041 0.577  

Mulching materials (M)    

M1 = Cultural mulch 0.625 c 0.507 c 0.566 

M2 = Straw mulch 0.821 a 0.721 a 0.771 

M3 = Sheet mulch 0.443 d 0.475 c 0.459 

M4 = Chemical mulch 0.715 b 0.640 b 0.678 

LSD at 5% 0.041 0.577  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM * NS  
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Table 4.63:  Interactive effect of genotype x planting methods x mulching on    

         leaf turgor potential (+MPa) of two cotton varieties  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

Interactions 2004 2005 Mean 
V1xP1xM1 0.710 cdefg 0.577 0.644 
V1xP1xM2 0.833 ab 0.857 0.845 
V1xP1xM3 0.510 ijk 0.527 0.519 
V1xP1xM4 0.700 defg 0.760 0.73 
V1xP2xM1 0.757 bcdef 0.743 0.750 
V1xP2xM2 0.997 a 0.943 0.970 
V1xP2xM3 0.517 ijk 0.703 0.610 
V1xP2xM4 0.843 bc 0.837 0.840 
V1xP3xM1 0.610 ghi 0.513 0.562 
V1xP3xM2 0.833 ab 0.773 0.803 
V1xP3xM3 0.407 kl 0.530 0.469 
V1xP3xM4 0.710 cdefg 0.697 0.704 
V1xP4xM1 0.623 fghi 0.353 0.488 
V1xP4xM2 0.643 efghi 0.623 0.633 
V1xP4xM3 0.353 l 0.310 0.332 
V1xP4xM4 0.663 efgh 0.443 0.553 
V2xP1xM1 0.587 ghi 0.460 0.524 
V2xP1xM2 0.853 b 0.783 0.818 
V2xP1xM3 0.427 jkl 0.450 0.439 
V2xP1xM4 0.777 bcde 0.630 0.704 
V2xP2xM1 0.713 cdefg 0.647 0.680 
V2xP2xM2 0.840 bc 0.613 0.727 
V2xP2xM3 0.550 hij 0.573 0.562 
V2xP2xM4 0.080 bcd 0.793 0.437 
V2xP3xM1 0.590 ghi 0.430 0.510 
V2xP3xM2 0.773 bcde 0.680 0.727 
V2xP3xM3 0.390 kl 0.400 0.395 
V2xP3xM4 0.617 ghi 0.557 0.587 
V2xP4xM1 0.407 kl  0.333 0.370 
V2xP4xM2 0.693 defg 0.493 0.593 
V2xP4xM3 0.393 kl  0.310 0.352 
V2xP4xM4 0.610 ghi 0.400 0.505 

LSD at 5% 0.1154 NS  
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 In case of mulching practices, the highest seed oil percentage (20.25% and 20.23%) was 

recorded under chemical mulch and plastic sheet mulch, respectively during 2004 and with 

similar trend during 2005. The lowest values for seed oil content (19.38% and 19.99%) were 

documented under straw mulch during 2004 and under cultural mulch during 2005, respectively. 

Similarly, the highest seed protein percentage was recorded under plastic sheet mulch (20.69 %) 

during 2004 and with similar trend during 2005.The lowest values for seed protein content 

(19.88%) were documented in straw mulch during 2004. During 2005, the response was non 

significant. The highest seed oil content observed in methanol foliar sprayed crop (20.48%) and 

the lowest (19.80 %) in case of cultural mulch was observed when averaged across the years. 

The interactions of all the factors under study were found non-significant during both the years. 

4.4 IRRIGATION WATER DATA 

4.4.1 Total water applied 

 Judicious use of irrigation water to the field crops is the way to prosperity. Therefore, 

there is a need to improve water scheduling to ensure that crops get right quantity of irrigation at 

the right time.  Data regarding total water applied indicated that different planting methods varied 

significantly in their water use throughout the crop season regardless of variety. Maximum water 

(630.0 mm) was used by 70cm spaced single row planting followed by 105cm spaced 

double/paired row planting with 622.3 mm of water during 2004. The minimum quantity of 

water 468.6mm was used in bed and furrow method of planting (Table 4.66). The same trend 

was observed during the year 2005. When averaged across the years, minimum quantity of 471.9 

mm of irrigation water was used under bed and furrow method of planting, while maximum 

water quantity (638.4 mm) was used throughout the crop season under 70cm spaced single row 

planting. The results are partially supported by the findings of Dagdelen et al. (2006) who found 

that under five varying irrigation regimes, the average seasonal water use values ranged from 

257 to 867 mm in cotton treatment. Water deficit significantly affected yields of crop.  

4.4.2 Quantity of water saved 

 The data regarding water saving in case of different planting methods in 

comparison with flood irrigation or flat planting is presented in Table 4.67. A perusal of the data 

indicated that during the year 2004, maximum water saving (25.62 %) was recorded for 140cm 

spaced furrow beds, while 15.00 percent water saving for 70cm spaced ridge planting method.  
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Table 4.64:  Impact of mulching material and planting methods on seed oil content    

  of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 19.90 20.46 20.18 

V2 = CIM 499 19.83 20.67 20.25 

LSD at 5% NS NS  

Planting methods (P)    

P1 = 70cm spaced single row 18.88 c 20.39 b 19.64 

P2 = 105cm spaced double row 19.83 b 20.17 b 20.00 

P3 = 70cm spaced ridges 20.21 ab 19.90 b 20.06 

P4 = 140cm spaced furrow beds 20.55 a 21.19 a 20.87 

LSD at 5% 0.656 0.708  

Mulching materials (M)    

M1 = Cultural mulch 19.61 ab 19.99 19.80 

M2 = Straw mulch 19.38 b 20.27 19.82 

M3 = Sheet mulch 20.23 a 20.67 20.45 

M4 = Chemical mulch 20.25 a 20.716 20.48 

LSD at 5% 0.656 NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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Table 4.65:  Impact of mulching material and planting methods on seed protein           

  content (%) of two cotton varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NS = Non-Significant 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

Varieties (V) 2004 2005 Mean 

V1 = CIM 473 20.19 21.92 21.06 

V2 = CIM 499 20.17 22.35 21.26 

LSD at 5% NS NS  

Planting methods (P)    

P1 = 70cm spaced single row 19.48 c 21.19 c 20.34 

P2 = 105cm spaced double row 19.91 bc 21.89 bc 20.90 

P3 = 70cm spaced ridges 20.30 ab 22.41 ab 21.36 

P4 = 140cm spaced furrow beds 20.73 a 23.05 a 21.89 

LSD at 5% 0.7161 0.9426  

Mulching materials (M)    

M1 = Cultural mulch 19.97 b 22.14 21.06 

M2 = Straw mulch 19.88 b 22.11 21.00 

M3 = Sheet mulch 20.69 a 22.74 21.72 

M4 = Chemical mulch 19.90 b 21.55 20.73 

LSD at 5% 0.7161 NS  

Interactions    

VxP NS NS  

VxM NS NS  

PxM NS NS  

VxPxM NS NS  
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The lowest quantity of irrigation water was saved (1.22%) in 105cm spaced double/paired row 

planting. Similar trend was observed during the year 2005. These results are in line with the 

findings of previous researchers like Anonymous (2001a), Berkhout et al. (1997) and De Vries 

(2000) who reported 30%, 75% and 19.8% (average water saving per irrigation turn) water 

saving in bed-and-furrow compared to line sowing on flat field. Furthermore, lesser (quantity) 

irrigations prevent over-irrigation and shorten the time per irrigation and enable farmers to 

irrigate more fields within their irrigation turn (De Vries, 2000).  

4.4.3 Water use efficiency 

 The data presented in table 4.68 revealed that the impact of planting methods and 

mulching materials on water use efficiency (WUE) of two cotton varieties were significant 

during both the years of study. Cotton variety CIM-499 registered the highest water use 

efficiency of 3.67[µmol (CO2)/mmol (H2O)] as compared to 3.28 [µmol (CO2)/mmol (H2O)] of 

CIM 473 during 2004. Similar trend was recorded in 2005. The highest water use efficiency was 

recorded when crop was planted on bed and furrow with 4.40 and 3.71 [µmol (CO2)/mmol 

(H2O)]. While the lowest values of water use efficiency were recorded in case of 105 cm spaced 

double row planting with 2.66 and 2.69 [µmol (CO2)/mmol (H2O)] during 2004 and 2005, 

respectively. 

 As regards mulching practices, the highest water use efficiency 4.11 and 4.08 [µmol 

(CO2)/mmol (H2O)] was reflected in case of plastic sheet mulch. While the lowest WUE i.e. 2.71 

and 2.47 [µmol (CO2)/mmol (H2O)] was documented when crop was mulched with rice straw, 

during 2004 and 2005, respectively. Similar trend was revealed when averaged across the years 

(Table 4.68). 

As far as the interactions are concerned, it was observed that all factors under study 

interacted significantly during both the years of study. In case of genotypes x mulches, it was 

observed that highest WUE [4.33 and 4.28 µmol (CO2)/mmol (H2O)] was registered under CIM-

499 x plastic sheet mulch treatment while the lowest water use efficiency was recorded in case of 

CIM-499 x rice straw mulch with 2.87 and 2.55 [µmol (CO2)/mmol (H2O)] during 2004 and 

2005, respectively (Table 4.69). The interaction of genotypes x planting method revealed that 

CIM-499x bed and furrow interaction gave highest WUE of 4.61 and 3.94 [µmol (CO2)/mmol 

(H2O)] during 2004 and 2005 while the lowest values 2.80 [µmol (CO2)/mmol (H2O)] were  
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Table 4.66:  Irrigation water applied / used in case of different planting methods  

 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

Table 4.67: Irrigation water applied/saved in case of different planting methods  

 

Planting methods 
Total water applied      

(mm) 

Quantity of water 

Saved (%) 

P1 = 70cm spaced single row 630.0  - 

P2 = 105cm spaced double row 622.3  1.22 

P3 = 70cm spaced ridges 535.7  15.00 

P4 = 140cm spaced furrow beds 468.6  25.62 

2005 

P1 = 70cm spaced single row 646.8  - 

P2 = 105cm spaced double row 628.6  2.81 

P3 = 70cm spaced ridges 515.9  20.24 

P4 = 140cm spaced furrow beds 475.2 26.53 

 

 

 

 

 

Planting Methods 2004 2005 Mean 

P1 = 70cm spaced single row 630.0 a 646.8 a 638.4 

P2 = 105cm spaced double row 622.3 a 628.6 a 625.5 

P3 = 70cm spaced ridges 535.7 ab 515.9 b 525.8 

P4 = 140cm spaced furrow beds 468.6 b 475.2 b 471.9 

LSD at 5% 100.6 111.7   
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recorded in CIM-499 x 105cm spaced double row planting during 2004 and 2.59 

[µmol(CO2)/mmol (H2O)]  in case of CIM-473 x 105cm spaced double row planting, during 

2005 (Table 4.70). 

 The interaction of planting method x mulches revealed that highest WUE was recorded 

when crop was planted on bed and furrows under plastic sheet mulching with 5.04 and 4.79 

[µmol (CO2)/mmol (H2O)]. While the lowest WUE was recorded in 105cm spaced double row x 

rice straw mulch (2.11 and 2.13 [µmol (CO2)/mmol (H2O)] during 2004 and 2005, respectively). 

Similar trend was noted when averaged across the years (Table 4.71). 

 The three way interaction among genotypes x planting method x mulches revealed that 

highest water use efficiency was observed with 5.20 and 5.12 [µmol (CO2)/mmol (H2O)] in case 

of CIM-499 x bed and furrow planting x plastic sheet mulch during 2004 and 2005, respectively 

(Table 4.72). While the lowest WUE was recorded as 2.06 [µmol (CO2)/mmol (H2O)] for CIM-

499 x 105cm spaced double row x rice straw mulch) during 2004 and 1.87 [µmol (CO2)/mmol 

(H2O)] in case of CIM-473 x 105cm spaced double row x rice straw mulch during 2005 (Table 

4.72). 

Water use efficiency in crop production is essentially an important concern when 

resources of irrigation water are limited or moving back and where rainfall is also a limiting 

factor. In addition, the recent energy crises have made it crucial for irrigated producers to 

manage inputs to make best use of their water resources. Apart from the situation, it‟s crucial that 

growers get the most out of every millimeter of available water, whether that water is received 

through irrigation, rainfall, or both.  

Keeping in view the data presented in the afore mentioned tables it may be concluded 

that the highest water use efficiency was achieved when cotton variety CIM-499 was planted on 

bed and furrows and mulched with plastic sheet/film. The crop achieved a maximum benefit 

from the water available in bed and furrow method of planting indicating efficient in irrigation 

water utilization where as the plastic sheet mulch conserved sufficient moisture for dry matter 

production as well as avoiding the moisture exploitation by weeds. While 105cm spaced double 

row planting with paddy straw mulch remained statistically at the lowest position in water use 

efficiency for both the years (2004 and 2005). The findings are in line with Papamichail et al. 

(2002) who reported that mulches are among the desired practices for weed suppression and soil  
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Table 4.68:  Impact of planting methods and mulching material on water use  

         efficiency of two cotton varieties [µmol (CO2)/mmol (H2O)] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* = Significant  

Any two means not sharing a letter in common differ significantly at P < 0.05  

 

 

 

 

 

 

 

varieties 2004 2005 Mean 

V1 = CIM 473 3.28 3.05 3.17 

V2 = CIM 499 3.67 3.32 3.50 

LSD at 5% 0.9215 0.7549  

Planting methods (P)    

P1 = 70cm spaced single row 3.23 c 3.07 c 3.15 

P2 = 105cm spaced double row 2.66 d 2.69 d 2.68 

P3 = 70cm spaced ridges 3.60 b 3.26 b 3.43 

P4 = 140cm spaced furrow beds 4.40 a 3.71 a 4.06 

LSD at 5% 1.559 21.277  

Mulching materials (M)    

M1 = Cultural mulch 3.88 b 3.32 b 3.60 

M2 = Straw mulch 2.71 d 2.47 d 2.59 

M3 = Sheet mulch 4.11 a 4.08 a 4.10 

M4 = Chemical mulch 3.21 c 2.86 c 3.04 

LSD at 5% 1.559 1.277  

Interactions    

VxP * *  

VxM * *  

PxM * *  

VxPxM * *  
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Table 4.69:  Interactive effect of genotypes x mulches on water use efficiency   

  of two cotton cultivars. [µmol (CO2)/mmol (H2O)] 

 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

   

 

 

Table 4.70:  Interactive effect of genotypes x planting methods on water use efficiency 

(µmol (CO2)/mmol (H2O) of two cotton cultivars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

Interactions 2004 2005 Mean 

V1xM1 3.65 d 3.10 d 3.38 

V1xM2 2.56 h 2.39 h 2.48 

V1xM3 3.89 c 3.88 b 3.89 

V1xM4 3.02 f 2.82 f 2.92 

V2xM1 4.10 b 3.54 c 3.82 

V2xM2 2.87 g 2.55 g 2.71 

V2xM3 4.33 a 4.28 a 4.31 

V2xM4 3.39 e 2.91 e 3.15 

LSD 5 % 0.7799 0.6389  

Interactions 2004 2005 Mean 

V1P1 2.99 f 2.97 e 2.98 

V1P2 2.53 h 2.59 g 2.56 

V1P3 3.41 e 3.15 d 3.28 

V1P4 4.20 b 3.48 b 3.84 

V2P1 3.48 d 3.17 d 3.33 

V2P2 2.80 g 2.79 f 2.80 

V2P3 3.80 c 3.37 c 3.59 

V2P4 4.61 a 3.94 a 4.28 

LSD 5 % 0.7799 0.6389  
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improvement. Raman et al. (2004) investigated the effect of mulching on the weed control and 

found that the sugarcane trash mulch reduced the weed number to 20 weeds m
-2

 and weed 

biomass to 15.19g m
-2

 and weed control efficiency 91%. These findings are also in consonance 

with those of Hearn (2000), Goyne and McIntyre (2001), Howell (2001) and Hood (2002) while 

McAlavy (2004), Deng et al. (2004) and Bhattarai (2005) reported that crop water use efficiency 

can be enhanced by sprinkler or drip irrigation systems. Ghadage et al. (2005) reported the 

highest values for water-use efficiency in paired row planting, alternate furrow irrigation and 

plastic film mulch. Kang et al. (2002) found that controlled soil water content could improve 

grain yield, WUE and harvest index in wheat. Buttar (2007) reported 54% increase in water 

expense efficiency (WEE). Other researchers Luz et al. (1999), ZongBin et al (2004) Kang and 

Hsiao (2004), Dagdelen et al. (2006) and Laghari, et al (2010) reported that with proper 

irrigation management/scheduling water use efficiency can be increased. The optimal yield and 

maximum cotton crop WUE could be achieved  in water scarcity conditions if the seasonal water 

amount of 450-550mm scheduled at 65%MAD (Management Allowed Depletion) level is 

applied in Lower Indus Basin. 

4.5 Economic analysis 

4.5.1 Net income 

 Net income  is  the final  economic  criterion  for  evaluating  the profitability and 

feasibility of a particular  planting  technique of  cotton  crop. Economic analysis for both the 

years (2004 and 2005) showed net income of different planting methods in combination with 

mulching practices (Table 4.73). The maximum net income (Rs. 33129 ha
-1

) was obtained when 

crop was planted by bed and furrow planting method and plastic sheet mulch was applied 

followed by bed and furrow planting method with cultural mulched crop (Rs. 30158 ha
-1

)
 
during 

the year 2004. Similar trend was observed during the year 2005. On the basis of average of two 

years, the maximum net income (Rs. 41554 ha
-1

) was obtained when crop was planted by bed 

and furrow planting method and plastic sheet mulch was applied followed by bed and furrow 

planting method with cultural mulched crop (Rs. 39386 ha
-1

).
  
The lowest net income (Rs.11576 

ha
-1 

) was found in case of 105cm spaced double row planting and straw mulch when averaged 

across the years. The results of study get support from the findings of Ghadage et al. (2005) who 
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reported that the highest net returns and cost : benefit ratio were recorded by plastic film mulch, 

which was closely followed by sugarcane trash (10 tonnes ha
-1

) as organic mulch.)  

 

 

Table 4.71:  Interactive effect of planting methods x mulches on water use    

  efficiency (µmol (CO2)/mmol (H2O ) ) of two cotton cultivars 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Any two means not sharing a letter in common differ significantly at P < 0.05 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

P1xM1 3.76 g 3.29 f 3.53 

P1xM2 2.44 n 2.26 n 2.35 

P1xM3 3.86 f 3.98 c 3.92 

P1xM4 2.88 l 2.74 k 2.81 

P2xM1 2.93 k 2.78 j 2.86 

P2xM2 2.11 o 2.13 o 2.12 

P2xM3 3.17 j 3.39 e 3.28 

P2xM4 2.46 n  2.45 l 2.46 

P3xM1 4.06 e 3.36 e 3.71 

P3xM2 2.75 m 2.43 m 2.59 

P3xM3 4.37 c 4.18 b 4.28 

P3xM4 3.23 i 3.08 h 3.16 

P4xM1 4.77 b 3.84 d 4.31 

P4xM2 3.56 h 3.05 i 3.31 

P4xM3 5.04 a 4.79 a 4.92 

P4xM4 4.27 d 3.18 g 3.73 

LSD at 5% 3.118 2.554  
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Table 4.72:  Interactive effect of genotypes x planting methods x mulches on  

         water use efficiency [µmol (CO2)/m mol (H2O)] of two cotton cultivars 

 

Interactions 2004 2005 Mean 
V1xP1xM1 3.46 lm 3.12 k 3.29 
V1xP1xM2 2.34 v 2.25 s 2.30 
V1xP1xM3 3.48 l 3.59 f 3.54 
V1xP1xM4 2.68 s 2.92 m 2.80 
V1xP2xM1 2.67 s 2.72 o 2.70 
V1xP2xM2 2.16 w 1.87 t 2.02 
V1xP2xM3 2.91 r 3.37 h 3.14 
V1xP2xM4 2.39 u 2.40 r 2.40 
V1xP3xM1 3.89 j 3.32 i 3.61 
V1xP3xM2 2.51 t 2.27 s 2.39 
V1xP3xM3 4.31 f 4.11 e 4.21 
V1xP3xM4 2.92 r 2.91 m 2.92 
V1xP4xM1) 4.58 d 3.24 j 3.91 
V1xP4xM2 3.24 n 3.15 k 3.20 
V1xP4xM3 4.89 c 4.45 b 4.67 
V1xP4xM4 4.12 h 3.06 l 3.59 
V2xP1xM1 4.05 i 3.46 g 3.76 
V2xP1xM2 2.54 t 2.27 s 2.41 
V2xP1xM3 4.23 g 4.38 c 4.31 
V2xP1xM4 3.08 p 2.57 p 2.83 
V2xP2xM1 3.19 o 2.86 n 3.03 
V2xP2xM2 2.06 x 2.40 r 2.23 
V2xP2xM3 3.44 m 3.40 h 3.42 
V2xP2xM4 2.52 t 2.51 q 2.52 
V2xP3xM1 4.23 g 3.41 h 3.82 
V2xP3xM2 2.99 q 2.58 p 2.79 
V2xP3xM3 4.44 e 4.24 d 4.34 
V2xP3xM4 3.54k 3.26j 3.40 
V2xP4xM1 4.95 b 4.43 b 4.69 
V2xP4xM2 3.87 j 2.94 m 3.41 
V2xP4xM3 5.20 a 5.12 a 5.16 
V2xP4xM4 4.41 e 3.29 i 3.85 

LSD at 5% 4.410 3.612  

 

Any two means not sharing a letter in common differ significantly at P < 0.05 
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4.5.2 Cost benefit ratio 

 Economic analysis across all the planting methods of cotton crop and mulching practices 

indicated that the highest benefit cost ratio (1:1.77 and 1:2.00) was recorded in case of crop 

planted by bed and furrow planting method and mulched by plastic sheet during 2004 and 2005, 

respectively (Table 4.74). It was followed by bed and furrow planting method with cultural 

mulched crop with 1:1.72 and 1:2.00 during 2004 and 2005, respectively. Similar trend was 

observed when averaged across the years. The lowest cost benefit ratio of 1:1.26 was found in 

case of 105cm spaced double row planting and mulched with rice straw when averaged across 

the years (Table 4.74). The results of study get support from the findings of Ghadage et al. 

(2005) who reported that the highest net returns and cost : benefit ratio were recorded by plastic 

film mulch, which was closely followed by sugarcane trash (10 tonnes ha
-1

) as organic mulch.  
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Table 4.73:  Effect of planting methods and mulching materials on net income  

of cotton (Rs.)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

 P1 M1 25521 38545 32033 

 P1 M2 12394 20391 16392 

 P1 M3 26873 39351 33112 

 P1 M4 18509 26932 22720 

 P2 M1 19693 28661 24177 

 P2M2 10405 12747 11576 

 P2M3 21161 30251 25706 

 P2 M4 14647 20044 17345 

 P3 M1 26042 41446 33744 

 P3 M2 14511 25420 19965 

 P3 M3 28342 42700 35521 

 P3 M4 21967 30869 26418 

 P4 M1 30158 48614 39386 

 P4 M2 22350 35668 29009 

 P4 M3 33129 49980 41554 

 P4 M4 23262 42629 32945 
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Table 4.74:  Effect of planting methods and mulching materials on cost benefit   

  ratio of cotton  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interactions 2004 2005 Mean 

 P1 M1 1:1.62 1:1.80 1:1.71 

 P1 M2 1:1.30 1:1.42 1:1.36 

 P1 M3 1:1.63 1:1.80 1:1.72 

 P1 M4 1:1.44 1:1.55 1:1.50 

 P2 M1 1:1.48 1:1.60 1:1.54 

 P2M2 1:1.25 1:1.26 1:1.26 

 P2M3 1:1.50 1:1.61 1:1.56 

 P2 M4 1:1.35 1:1.41 1:1.38 

 P3 M1 1:1.62 1:1.86 1:1.74 

 P3 M2 1:1.35 1:1.52 1:1.44 

 P3 M3 1:1.66 1:1.86 1:1.76 

 P3 M4 1:1.51 1:1.62 1:1.57 

 P4 M1 1:1.72 1:2.00 1:1.86 

 P4 M2 1:1.53 1:1.73 1:1.63 

 P4 M3 1:1.77 1:2.00 1:1.89 

 P4 M4 1:1.55 1:1.86 1:1.71 
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CHAPTER 5 

SUMMARY 

The present investigations aimed at exploration of water economy and water use 

efficiency for sustainable cotton production by conducting experiments pertaining to agro-

physiological response of cotton to different planting methods and mulching practices under 

agro-ecological conditions of Multan and Khanewal, Punjab, Pakistan.  

 The studies included three experiments conducted during the years 2003, 2004 and 2005. 

In first experiment during 2003, twenty cotton (Gossypium hirsutum L.) cultivars/strains 

possessing different agronomic traits collected from various cotton breeders in Punjab were 

grown under controlled conditions in earthen pots (25.0 cm x 21.0 cm) filled with 6 kg of air-

dried loam soil, fertilized @ 125 kg of N and 60 kg of P2O5 per ha under moisture stress and 

non-stress conditions for their screening at seedling stage at Cotton Research Station, Multan. 

 In second experiment, the same set of twenty cotton cultivars/strains were screened under 

field conditions using five irrigation levels in a randomized complete block (two factors) design 

with plot size of 6m x 3m (18m
2
). The irrigation interval was adjusted according to need of the 

experiment and the critical stages of the crop. Crop was planted in a well prepared seedbed on 

May, 30 and 31 during 2003 and 2004, respectively.  

 In third experiments, two cotton varieties (CIM-473 and CIM-499) selected from the 

above two experiments possessing moisture stress tolerance were sown in triplicated randomized 

complete block design in factorial arrangement (three factors) with a net plot size of 9m x 6m 

(54m
2
). Four different planting methods i.e. 70cm spaced single row planting, 105cm spaced 

double row strip planting, 70cm spaced ridge planting and 140cm spaced furrow beds (or bed 

and furrows) along with four mulching practices i.e. cultural, straw, sheet and chemical mulches, 

were evaluated for their individual and interactive effects on various parameters including water 

use efficiency during 2004 and 2005.  

The data on various agronomic and physiological parameters of all the experiments were 

recorded according to standard procedures. Salient features of the findings are summarized 

below:  
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Experiment 1: Screening of cotton genotypes under moisture stress and non-  

 stress conditions in greenhouse.  

    

 Significant effects of moisture stress were observed on various root and shoot 

characteristics of cotton seedlings. Moisture stress resulted in low root dry weight, lateral 

root count and shoot dry weight while reverse was true for root length.  

 The highest root dry weight, lateral root count, root length and shoot dry weight was 

exhibited by cotton genotype CIM-473 followed by CIM-499 showing the ability of 

better survival under moisture stress conditions compared to other genotypes. Hence, 

CIM-473 and CIM-499 were selected for further experimentation under field conditions. 

 

Experiment 2: Screening of cotton genotypes under different levels of        

                    Irrigation in field conditions 

 

 Significant interactive effects of irrigation levels and cotton varieties were observed. 

Irrigation levels (up to six irrigations) had gradual increasing effect on plant height, yield 

and its components. 

 Out of 20 cotton genotypes screened, CIM-499 produced the highest seed cotton yield 

(2293 kg ha
-1

) followed by CIM-473 which produced 2215 kg ha
-1

 seed cotton. 

 Leaf water potential, leaf osmotic potential, leaf turgor potential and leaf stomatal 

conductance increased with increasing irrigation levels. ?????? 

 Two cotton varieties i.e. CIM 473 and CIM 499 exhibited higher leaf water potential, leaf 

osmotic potential, leaf turgor potential and stomatal conductance compared to other 

genotypes exhibiting better adaptability to water stress.  

 CIM 473 and CIM 499 were selected on the basis of better yield potential and 

physiological characteristics for further studies relating to water use efficiency under 

field conditions. 

EXPERIMENT 3: Effect of planting methods and mulching materials on water use   

          efficiency of cotton (G. hirsutum L.) 
 

 Significant effects of various planting methods and mulching practices on most of the 

quantitative and qualitative parameters of cotton crop were recorded. 

 A linear increase in leaf area index was observed up to 90-100 days after sowing 

followed by a sudden decrease beyond 100 days.  
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 Cotton variety CIM-473 gained more plant height and RGR as compared to CIM-499.  

 Plants of cotton variety CIM-499 were erect in shape with sympodial bearing and 

gained more LAI and NAR. 

 Cotton variety CIM-499 gained more PN (net photosynthesis rate), less net 

transpiration rate and relatively more stomatal conductance compared to CIM-473. 

 Cotton variety CIM-499 produced lesser internodal length, more number of nodes, 

small canopy size, more number of bolls per plant and higher harvest index than 

CIM-473.  

 CIM-499 out yielded CIM-473.  

 Bed and furrow planting method resulted in higher number of bolls, 100-boll weight, 

seed cotton yield, harvest index, biological yield, GOT, net assimilation rate, net 

photosynthesis rate, leaf stomatal conductance, leaf water potential, leaf osmotic 

potential, seed oil and protein contents, water use efficiency and water saving 

percentage compared to other planting methods. 

 Mulching with plastic sheet/film exhibited higher plant height, internodal length, 

plant canopy size, higher number of bolls, 100-boll weight, seed cotton yield, harvest 

index, biological yield, GOT, seed index, net photosynthesis rate, leaf area index, leaf 

stomatal conductance, leaf water potential, leaf osmotic potential, seed oil and protein 

contents, water use efficiency and water saving percentage compared to other 

mulching practices. 

 Positive interactive effects of furrow bed planting method (140 cm spaced) with 

plastic sheet/film mulching were observed for all the parameters mentioned in above 

paragraph. 

 Maximum quantity of water (630.0 mm) was used in 70 cm spaced single row 

planting throughout the crop growing season.  

 Bed and furrow planting method documented maximum water saving (upto 25.62%) 

while minimum saving was observed in 105 cm spaced double row planting method. 

 The highest water use efficiency up to 4.92 [µmol (CO2)/mmol (H2O)] was observed 

in case of 140cm spaced furrow beds planting method with plastic sheet mulching.  
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RECOMMENDATIONS   
 

 Following recommendations have been formulated on the basis of result of these 

 studies: 

 Cotton varieties CIM-473 and CIM-499 performed well under water stress 

conditions. However, cotton variety CIM-499 should be preferred in areas with more 

water shortage in cotton zone of Punjab province. 

  Cotton crop should be grown with bed and furrow planting method mulched with 

plastic sheet/film. 

 

SUGGESTIONS FOR FUTURE RESEARCH 

 More studies be conducted on the application techniques of irrigation water, viz. drip 

irrigation or sub surface irrigation under agro-ecological conditions of Pakistan. 

 More studies need to be conducted in different agro-ecological zones of Pakistan on 

water saving and water use efficiency using different planting methods and mulching 

techniques.  

 More studies are needed on irrigation scheduling and quantifying irrigation water 

based on meteorological data. 

 Study on crop modeling with special reference to irrigation water application. 

 Since plastic sheet/film is the most efficient mulching material for conservation of 

soil moisture yet there is need to study how to economize the use of plastic film as 

mulch in cotton and other field crops especially in moisture stress environments and 

its proper disposal from the field to avoid environmental pollution. 
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ANNEXTURES 
 

 

Annexture I A: Actual Surface Water Availability (Million Acre Feet) 

 

Period Kharif Rabi Total %age incr/decr. 

Over the Avg. 

Average system usage 67.1 36.4 103.5 - 

2003-04 65.9 31.5 97.4 - 5.9 

2004-05 59.1 23.1 82.2 - 20.6 

2005-06 70.8 30.1 100.9 - 2.5 

2006-07 63.1 31.2 94.3 - 8.9 

2007-08 70.8 27.9 98.7 - 4.6 

2008-09 66.9 24.9 91.8 -11.3 

2009-10 67.3 25.0 92.3 -10.8 

2010-11 53.4 34.6 88.0 -15.0 

2011-12 60.4 29.4 89.8 -13.4 

Source: (Pakistan Economic Survey 2011-12) 

 

 

 

Annexture I B: Different growth stages of cotton as affected by 1 day water 

   stress 

Growth stage Yield loss (kg ha
-1

 d
-1

) 

Square formation 09 

Peak flowering 19 

Late flowering 16 

Boll maturation 04 
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Annexture II                     Experiment No. 2:        Effect of of Different Methods of Planting and Mulching Materials on water use Efficiency of cotton   2004 

Parameter:        Economic analysis of Different Methods of Planting and Mulching Materials 2004             

Planting  
Method 

Mulching  
Materials 

Seed 
cotton 

yield / ha 
(kg) 

Seed 
cotton 
Rate/40 

kg 
(Rs) 

Rate/kg  
(Rs) 

Total 
Income  

(Rs) 

Additional Vaiable Cost 
Non Variable 

Cost of 
Production/ha 

Total Cost of 
Production/ha 

(Rs) 

Net 
Income 

(Rs) 

Cost Benefit  
Ratio  P 

(Rs) 
M 

(Rs) 
Total 
(Rs) 

P1 

70 cm spaced 

single row 

M1 (Cultural) 2889 925 23.125 66808.13 1900 600 2500 38787 41287 25521.13 1.62 

M2 (Straw) 2330 925 23.125 53881.25 1900 
800 2700 38787 41487 12394.25 1.30 

M3 (Sheet) 3008 925 23.125 69560 1900 
2000 3900 38787 42687 26873 1.63 

M4 (Chem) 2626 925 23.125 60726.25 1900 
1530 

3430 38787 42217 18509.25 1.44 

Average 2713.25 925 23.125 62743.91 1900 1232.5 3132.5 38787 41919.5 20824.41 1.50 

P2 

105 cm spaced 

double row 

M1 (Cultural) 2637 925 23.125 60980.63 1900 600 2500 38787 41287 19693.63 1.48 

M2 (Straw) 2244 925 23.125 51892.5 1900 
800 2700 38787 41487 10405.5 1.25 

M3 (Sheet) 2761 925 23.125 63848.13 1900 
2000 3900 38787 42687 21161.13 1.50 

M4 (Chem) 2459 925 23.125 56864.38 1900 
1530 

3430 38787 42217 14647.38 1.35 

Average 2525.25 925 23.125 58396.41 1900 1232.5 3132.5 38787 41919.5 16476.91 1.39 

P3 

70 cm spaced  

ridges 

M1 (Cultural) 2931 925 23.125 67779.38 2350 600 2950 38787 41737 26042.38 1.62 

M2 (Straw) 2441 925 23.125 56448.13 2350 
800 3150 38787 41937 14511.13 1.35 

M3 (Sheet) 3091 925 23.125 71479.38 2350 
2000 4350 38787 43137 28342.38 1.66 

M4 (Chem) 2795 925 23.125 64634.38 2350 
1530 

3880 38787 42667 21967.38 1.51 

Average 2814.5 925 23.125 65085.31 2350 1232.5 3582.5 38787 42369.5 22715.81 1.54 

P4 

140 cm spaced 

bed and 

furrows  

M1 (Cultural) 3109 925 23.125 71895.63 2350 600 2950 38787 41737 30158.63 1.72 

M2 (Straw) 2780 925 23.125 64287.5 2350 
800 

3150 38787 41937 22350.5 1.53 

M3 (Sheet) 3298 925 23.125 76266.25 2350 
2000 4350 38787 43137 33129.25 1.77 

M4 (Chem) 2851 925 23.125 65929.38 2350 
1530 

3880 38787 42667 23262.38 1.55 

Average 3009.5 925 23.125 69594.69 2350 1232.5 3582.5 38787 42369.5 27225.19 1.64 
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Annexture III              Experiment No. 2:        Effect of of Different Methods of Planting and Mulching Materials on water use Efficiency of cotton   2005 

Parameter:        Economic analysis of Different Methods of Planting and Mulching Materials 2005             

Planting  
Method 

Mulching  
Materials 

Seed 
cotton 
yield / 

ha 
(kg) 

Seed 
cotton 
Rate/40 

kg 
(Rs) 

Rate/kg  
(Rs) 

Total 
Income  

(Rs) 

Additional Vaiable Cost 
Non Variable 

Cost of 
Production/ha 

Total Cost of 
Production/ha 

(Rs) 

Net 
Income 

(Rs) 

Cost 
Benefit  
Ratio  

P 
(Rs) 

M 
(Rs) 

Total 
(Rs) 

P1 

70 cm 

spaced 

single row 

M1 (Cultural) 3093 1120 28 86604 2025 700 2725 45334 48059 38545 1.80 

M2 (Straw) 2450 1120 28 68600 2025 850 2875 45334 48209 20391 1.42 

M3 (Sheet) 3170 1120 28 88760 2025 2050 4075 45334 49409 39351 1.80 

M4 (Chem) 2717 1120 28 76076 2025 1785 3810 45334 49144 26932 1.55 

Average 2857.5 1120 28 80010 2025 1346.25 3371.25 45334 48705.25 31304.75 1.64 

P2 

105 cm 

spaced 

double row 

M1 (Cultural) 2740 1120 28 76720 2025 700 2725 45334 48059 28661 1.60 

M2 (Straw) 2177 1120 28 60956 2025 850 2875 45334 48209 12747 1.26 

M3 (Sheet) 2845 1120 28 79660 2025 2050 4075 45334 49409 30251 1.61 

M4 (Chem) 2471 1120 28 69188 2025 1785 3810 45334 49144 20044 1.41 

Average 2558.25 1120 28 71631 2025 1346.25 3371.25 45334 48705.25 22925.75 1.47 

P3 

70 cm 

spaced  

ridges 

M1 (Cultural) 3210 1120 28 89880 2400 700 3100 45334 48434 41446 1.86 

M2 (Straw) 2643 1120 28 74004 2400 850 3250 45334 48584 25420 1.52 

M3 (Sheet) 3303 1120 28 92484 2400 2050 4450 45334 49784 42700 1.86 

M4 (Chem) 2871 1120 28 80388 2400 1785 4185 45334 49519 30869 1.62 

Average 3006.75 1120 28 84189 2400 1346.25 3746.25 45334 49080.25 35108.75 1.72 

P4 

140 cm 

spaced bed 

and furrows  

M1 (Cultural) 3466 1120 28 97048 2400 700 3100 45334 48434 48614 2.00 

M2 (Straw) 3009 1120 28 84252 2400 850 3250 45334 48584 35668 1.73 

M3 (Sheet) 3563 1120 28 99764 2400 2050 4450 45334 49784 49980 2.00 

M4 (Chem) 3291 1120 28 92148 2400 1785 4185 45334 49519 42629 1.86 

Average 3332.25 1120 28 93303 2400 1346.25 3746.25 45334 49080.25 44222.75 1.90 

 


