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 ABSTRACT 
 

Appropriate agronomic practices like cultivar selection, planting date, plant density, and 

nitrogen management have a profound effect on the development and final outcome of the 

crop. Two field experiments to evaluate the growth and yield response of cotton (Gossypium 

hirsutum L.) to various agronomic practices were carried out on a loam soil at Post Graduate 

Agricultural Research Station, University of Agriculture, Faisalabad, during the year 2007 

and 2008. In first trial, response of three different cotton varieties (CIM-496, MNH-786 and 

FH-113) to three sowing dates (1st week of May, 4th week of May and 3rd week of June) and 

three plant spacing (22.5 cm, 30.0 cm and 37.5 cm) was evaluated. Results revealed that 

number of monopodias and sympodias per plant, plant height, height to node ratio, number of 

main stem nodes, number of bolls per plant, boll weight, seed cotton yield per plant and seed 

cotton yield per hectare differed significantly between sowing times, varieties and plant 

spacings but plant population was significantly varied only by varying plant spacing. Plant 

spacing did not influence significantly cotton leaf curl virus (CLCuV) infestation and 

earliness parameters. The ratio of CLCuV effected plants increased with delay in planting as 

early sown cotton   (1st week of May) up to 90 days after sowing resulted in low virus attack 

(16.6% in 2007 and 14% in 2008) compared to 100% virus infestation in late sown cotton 

(3rd week of June) during both the years. Cultivar FH-113 proved to be more resistant to 

virus attack than other varieties. Cotton grown in 1st week of May had higher seed cotton 

yield (2796 and 2521 kg ha-1, during 2007 and 2008, respectively) at wide plant spacing 

(37.5 cm). Whereas, cotton sown in 3rd week of June gave higher seed cotton yields at 22.5 

cm plant spacing in 2007 with value of 778 kg ha-1 and at 30 cm plant spacing in 2008 giving 

831 kg ha-1. Averaged over sowing time, the cotton Cultivar FH-113 produced significantly 

highest seed cotton yield (2389 kg ha-1 and 2000 kg ha-1, during 2007 and 2008, respectively) 

at wide plant spacing whereas both CIM-496 and MNH-786 gave similar yields at wider and 

normal plant spacing. Leaf area index (LAI), leaf area duration (LAD), total dry matter 

(TDM) production and crop growth rate (CGR) were also increased with early sowing and 

close plant spacing. Fiber quality parameters were not influenced significantly by sowing 

time or plant spacing. Therefore, farmers should sow   FH-113 at 37.5 cm spacing for early 

sowing while for late sowing plant spacing should be 30 cm to have higher seed cotton yield. 

In second experiment four nitrogen levels (0, 60, 120 and 180 kg ha-1) were applied at three 



xvi 
 

inter row spacings (60, 75 and 90 cm). Both the factors significantly influenced monopodias 

and sympodias per plant, plant height, main stem nodes, height to node ratio, number of bolls 

per plant, boll weight, seed index, lint index, seed cotton yield per plant and seed cotton yield 

per hectare but fiber quality traits were not significantly affected. Leaf area index, leaf area 

duration, total dry matter production and crop growth rate also increased with increased 

nitrogen level and decreased row spacing. The maximum seed cotton yield (2106 and 1936 

kg ha-1 in 2007 and 2008, respectively) was recorded in 75 cm row spacing due to more 

number of bolls m-2. Similarly, highest seed cotton yield (2197 and 2032 kg ha-1 in 2007 and 

2008, respectively) was produced by applying 180 kg N ha-1 which was also statistically 

similar to 120 kg N ha-1 in both experimental years. For economic seed cotton yield cotton 

should be sown on 75 cm spaced rows with 120 kg ha-1 of nitrogen. 

Key Words: Gossypium hirsutum, planting date, plant spacing, cotton varieties, nitrogen, row 

spacing, seed cotton yield and fiber quality traits. 
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Chapter-1 

 

Cotton is a natural part of everyday life which serves the mankind from the cradle to 

the grave. This great renewable natural resource is essentially produced for its miraculous 

fibre for clothing, but it is also used as food, feed, and fuel. Cotton plays a key role in socio-

economic and political affairs of the world (Bhatt, 1992; Singh, 1997; Kairon et al., 2004). It 

is the world’s leading source of natural textile fibre and fifth largest oilseeds crop which 

covers 40% of the global textile need (APTMA, 2012a) and 3.3% of edible oil (FAS,2014), 

respectively. Cotton is one of the primary economic activities in many countries which 

generates revenue through its production, processing and trade and sustains livelihoods. 

Cotton is produced across a wide range of environmental conditions on more than 35 million 

hectares with total annual fiber production of 25 million tons (FAO, 2011) involving 20 

millions farmers (Gala, 2005).   

Pakistan is a fourth largest cotton producing country of the world while ranks third in 

consumption and is a leading yarn exporter (ICAC, 2012). During the last decade 1.5 

millions farmers cultivated cotton mainly in canal irrigated plains of Punjab and Sindh on 

about 3.0 million hectares annually with 2 million metric tons of lint yield (ICAC, 2012). The 

country has made noticeable progress in cotton production over the years as lint yield in 1947 

was 159 kg ha-1 (Ali, 2007) which rose to 769 kg ha-1 in 2012-13 (Govt. of Pakistan, 2013).  

Contribution of cotton to agricultural value addition is 7.0 % while its share in GDP is 

1.5 % (Govt. of Pakistan, 2013). Textile industry has been the bulwark of Pakistan’s 

economy as nation’s top foreign exchange earner that make up 52 % of the total exports 

(valued at about US $12.36 Billion) and accounts for 8.5 % to GDP, 46 % of the entire 

manufacturing sector and employ 40 % of the total labour force (APTMA, 2012b). Besides, 

it yields over 3.2 million tons of oleaginous cotton seed annually transferred to subsidiary oil 

firms that make up nearly 60 % of domestic edible oil production that also helps in reducing 

trade deficit (Govt. of Pakistan, 2013). Several ancillary industries/ companies like 
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pesticides, fertilizer, seed, credit, soap etc. also depend on cotton. Keeping in view the above 

facts, cotton is rightly described as the life blood of national economy. 

Besides the 4th largest cotton producer, Pakistan’s seed cotton production per unit area 

owing to biological (insects, diseases, weeds etc.), physical (salinity, water scarcity etc.), 

socio-economic (high input costs, small landholdings, adulteration etc.) and environmental 

(high temperature, uncertain weather, drought, floods etc.) and agronomic (low plant density, 

mismanagement of nitrogen, rank growth, cultivar selection, inappropriate sowing time etc.) 

constraints is quite low. Pakistan cotton consumption rose to 14.5 million bales (KCAP, 

2012) and country has to import 2.00 million cotton bales annually to meet growing demand 

of local textile mills (Anonymous, 2012). Therefore, the country urgently needs to increase 

its cotton production to meet the future needs of the textile sector and the international 

market. High levels of production require favorable combinations of climate, soil and cultural 

practices. By adopting appropriate agronomic practices we can improve cotton yield per unit 

area. Management decisions like cultivar selection, planting date, plant density, and nitrogen 

management have a profound effect on the development and final outcome of the crop. 

Genotype, nutrients availability and environmental conditions influenced growth, 

reproductive performance, yield and quality of upland cotton (Reddy et al., 2004; Wells and 

Stewart, 2010). Most environmental variables under field conditions are difficult to control 

but management plays a key role in maintaining high fiber quality (Zhao et al., 2012). 

Therefore, producers and crop managers have to manage the crop to maximize yield potential 

regardless of what uncontrollable circumstances may be present in the environment (Wells 

and Stewart, 2010).   

For growers, selection of an appropriate sowing time for cotton crop is a key 

agronomic concern as yield losses are associated with inappropriate sowing time. Cotton 

being indeterminate in growth habit is very responsive to environmental conditions (Gormus 

and Yucel, 2002) at all growth and development stages. The varied temperature commands 

with different planting dates substantially influence the crop phenology and morphology of 

cotton (Shah, 2004). Any increase or decrease in temperature may alter days required to 

initiate square, onset of flowering, boll opening and maturation (Reddy et al., 1999). 

Moreover, change in planting time may provide extended, normal or reduced growth season 
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resultantly changing the expression of genotype (Shah, 2004). Selection of a suitable sowing 

time for any genotype in various agro climatic regions is critical; planting earlier or later than 

optimum time may associate with disease and pest problems (Farooq et al., 2011). According 

to Ghazanfar et al. (2007) mid April to mid May is an appropriate planting time as compared 

to late sowing to reduce disease incidence in cotton. Soomro et al. (2000a) observed that 

cotton sown earlier or later than its optimum time showed a rapid yield decline. However, 

early planted crop helps in better crop establishment and reduces the exposure of crop to 

moisture stress (Iqbal, 2011). Gormus and Yucel (2002) revealed that early planting date 

gave 11.2% higher lint yield than late planting date. Iqbal (2011) observed higher cotton 

yield with early planting in 3rd week of May compared to 2nd  week of June because of more 

growth period, increased canopy development, more LAI, LAD and photosynthetically active 

radiation (PAR) interception that resulted in greater TDM production, more fruit bearing 

branches, heavier and more mature bolls per plant. On the other hand, late planting results in 

delayed flowering that push boll development into cooler weather, with a consequence of 

reduced yield (Akhtar et al., 2002). Late planted cotton is usually associated with shorter 

fruiting period and delayed maturity that leads to reduced yield and impaired fiber quality 

(Bange, et al., 2004; Bange, et al., 2008). Soomro et al. (2000a) found that even a delay of 

one week from optimum time resulted in marked decline in yield. Similarly, significant 

reduction in number of bolls per plant and boll weight was recorded in late planting 

(Anonymous, 2008a&b; 2009a&b). Ali et al. (2011) recorded significant reduction in seed 

cotton yield when cotton crop was sown after 10th May. Therefore, optimum sowing time is 

considered as most important management factor for a cotton cultivar in a region (Bozbek    

et al., 2006; Sekloka et al., 2008).  

In any cropping system, selection of a cultivar is basic management decision (Nichols 

et al., 2004) as cultivars bred for one region may not perform equally at other regions 

(Freeland, Jr., et al., 2010). Some cultivars adapt readily and perform well under changed 

conditions while the others fail to do so. While selecting a cultivar, different agronomic traits 

like yield potential, growth period and quality should be considered (Nichols et al., 2004). 

Kakar et al. (2012) observed significant differences in yield, ginning out turn, micronaire and 

staple length for different cultivars. Muhammad (2001) reported variability among various 

cotton genotypes for environmental adaptability on the bases of yield, lint percentage and 
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fibre quality.  Afzal et al. (2002) reported significant differences in yield, boll weight, 

number of bolls per plant and plant height due to difference in genotypes. Different cotton 

genotypes behave differently for seed cotton yield and resistance against diseases like cotton 

leaf curl virus in different ecological conditions (Iqbal and Khan, 2010) due to different 

genetic makeup (Iqbal et al., 2011). Cotton fiber quality is mainly dictated by genetics of the 

cultivar however, environmental conditions and management practices also influence fiber 

quality (Subhan et al., 2001). Since there is not a single predominate cultivar adapted to all 

regions of cotton production, genotype-environment interaction is prevalent wherever cotton 

is produced.  

Cultivars vary in their structure which determines the optimum spacing required for 

cost effective yield. Equally important, desired plant density is paramount for obtaining high 

yield in cotton as lower plant density will be a wastage of resources while high plant density 

limits individual plant growth (Brodrick et al., 2013). The potential of any cultivar can only 

be realized if it is sown with proper spacing at optimum time. Proper plant density depends 

upon type of cultivar, environment and time of planting (Wang et al., 2004). Plant density 

directly influences the radiation interception, moisture availability, wind movement and 

humidity (Heitholt et al., 1992) that in turn affects the canopy height, branching pattern, 

fruiting behavior, crop maturity and yield. The field conditions that produce short stature 

plants can generally tolerate higher plant density without incurring significant yield reduction 

(Hake et al., 1991).The number of fruiting structures (blooms, squares and bolls) and their 

location on the plant can change with plant density (Kerby et al., 1990). Micinski et al.     

(1990) and Delaney et al. (1999) have been reported significant interactions between plant 

density and planting date. Early sown cotton under high plant density does not perform well 

for seed cotton production due to high foliage and fruit shedding (Iqbal et al., 2007) while, a 

positive relationship between plant density and plant height was reported by Siebert et al. 

(2006) who also observed inverse relation between plant density and main stem nodes per 

plant, days after planting to peak bloom, and boll retention. In dense plant population, 

increased light interception is offset by the ability of the leaves of the low density canopy to 

more efficiently utilize sunlight resulting in poor radiation use eficiency (Brodrick et al., 

2013; Pettigrew et al., 2013). Heitholt et al. (1992) reported that narrow rows (0.5 m) 

increased total seasonal light interception than wide rows (1.0 m) that potentially increased 
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lint yield of okra leaf cotton but not the normal leaf. Similarly, Kasap and Killi (2004) 

evaluated cotton yield at three row spacings (60, 70 and 80cm) and gained highest seed 

cotton yield at 60 cm row spacing. Reduced photosynthetic efficiency due to lower leaf 

nitrogen concentrations as a result of increased LAI in over populated field might be another 

reason for no added yield advantage for high plant density (Brodrick et al., 2013). Adequate 

plant density facilitates the efficient use of applied fertilizers and irrigation (Abbas, 2000). 

Wang et al. (2011) suggested that crop growth habits should be considered in 

deciding target plant populations as lowest density reduced cotton growth and yield 

significantly in the columnar type cultivar but not in the bush type cultivar because bushy 

cultivar compensate low plant population better than the columnar type cultivar by increasing 

growth rate and reducing dry matter partitioning to stems. The recommendation regarding 

plant density varies with a number of factors such as field location, planting date, soil type, 

and cotton cultivars (Silvertooth, 1999). Mostly, farmers maintain plant spacing and density 

according to their traditional methods of planting rather than cultivar requirement and hence 

do not obtain the high crop yield (Nadeem et al., 2010). 

Cotton-wheat cropping system is being practiced on 2.9 million hectares which 

covers 33% wheat area of Pakistan (Govt. of Pakistan, 2013). In cotton-wheat system the 

planting of wheat is delayed due to non-availability of land owing to delayed cotton maturity 

which in turn affects the wheat yield. Khan (2003) estimated that wheat sowing after 15th 

November may cause 42 kg ha-1 day-1 loss of wheat yield. Enhancing earliness without 

sacrificing yield has been the goal in most of the cotton breeding programmes, however early 

crop maturity can be manipulated by a range of management factors including, cultivar, 

nitrogen, plant density, sowing date, insect control, irrigation, and growth regulators 

(Constable, 1994; Shah et al., 2005; Bang et al., 2007). Time and duration of different 

growth phases in cotton is affected by genetic traits of cultivar and their interaction with 

environment. Many morphological characteristics such as days taken to first flower, 

sympodial branch number with first effective boll and seed cotton picked in the first pick 

compared to the total harvest, and completion of date of final picking are considered as main 

traits associated with earliness in cotton and could be helpful in evolving early maturing 

cultivars in cotton (Anjum et al., 2001; Chaudhry and Guitchounts, 2003). Early maturity 

helps to fit the crop in double cropping pattern as in cotton belt of Pakistan, enables cotton 
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crop to develop during the periods of more favourable moisture conditions, escape losses 

from late season insect injuries, minimize use of chemical pesticides along with other inputs 

like irrigation water and fertilizer. However, the literature on response of local cotton 

cultivars to different management measures with objective to bring earliness is scarce. 

The spirit of cotton crop management is to keep balance between vegetative and 

reproductive growth. The fertilizers use with responsive cultivars has played a crucial role in 

boosting the agricultural productivity, and nitrogen (N) is apparently the most contributing 

fertilizer (Touchton, 1987). Being the primary constituent of chlorophyll molecule, protein 

and nucleic acids (Marschner, 1995), it determines plant growth, fruiting and seed cotton 

yield (Boquet et al., 1994; Khan and Ahmad, 1996). Nitrogen has been reported to increase 

plant height, monopodial and sympodial branches, boll weight, bolls per plant and eventually 

seed cotton yield (Prakash and Prasad, 2000; Karthikeyan and Jayakumar, 2001&2002; Dar 

and Anwar, 2005; Sawan et al., 2006; Nadeem et al., 2010). Seed cotton weight per boll and 

seed cotton yield ha-1 have also been found affected by N application at various doses 

(Rochester et al., 2001; Anjum et al., 2007; Kumbhar et al., 2008; Saleem et al., 2010). 

Nitrogen fertilizer requirement is associated with many factors like soil type, N 

concentrations in soil and its mineralization potential, crop species, cultivar and other 

numerous environmental factors (Power and Schepers, 1989). Excesses or inadequate N 

reduce the final yield. Nitrogen deficiency induce premature senescence and reduce both 

vegetative and reproductive growth (Gerik et al., 1994) While, N in excess can delay crop 

maturity and promote boll shedding, diseases and insect damages (Howard et al., 2001; 

Oosterhuis, 2001). Diagnosing and correction of N deficiency is not difficult while excess of 

N is more difficult to detect and rectify, which necessitates applying N in appropriate doses 

to get maximum economical potential yield. Furthermore, the management of N will correct 

the future elevated CO2 deleterious effects on fiber quality if nitrogen is optimum (Reddy    

et al., 2004). The cotton cultivars evolved in different agro climatic regions behave 

differentially to application of mineral fertilizers (Prasad, 2000). Hence there is a continuous 

need to find out the optimum N levels for local cotton cultivars in ever changing 

environment.   

  Hence, Current study was designed to achieve following objectives; 
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 To determine the effect of planting time, plant density and their interactive effect on 

seed cotton yield, its components, early crop maturity and lint quality of different 

cotton genotypes. 

 To examine the effect of nitrogen and row width on cotton growth, yield, earliness 

and quality traits.  
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Chapter-2 

 
2.1 Sowing date 

The realization of a successful crop depends on many factors, among which cultivar 

selection and planting date management are most crucial for development and final outcome 

of the crop. The potential of a cultivar in a region is primarily attributed to sowing time 

management  (Silvertooth et al., 2001; Norton et al., 2003; Norton and Clark, 2004;           

Ali et al., 2005; Bozbek et al., 2006; Sekloka et al., 2008) because conducive growing 

conditions for a crop are associated with sowing time. The crop growth, development and 

yield as well as insect pest management are considerably influenced by sowing time (Brown 

et al. 1998). Cotton plant being perennial in nature is very responsive to environmental 

conditions (Gormus and Yucel, 2002). Cotton sown earlier or later than its optimum time 

resulted into poor yield (Soomro et al., 2000a) as planting too early and too late may be 

associated with disease and pest problems.  

Many researchers reported that planting too early is associated with risks including 

cool ambient and soil temperatures (Pettigrew, 2002; Bozbek et al., 2006), wet weather 

(Guthrie, 1991), physical resistance (Guthrie, 1991), seedling disease and insect pressure 

(Pettigrew, 2002). These hazards independently or jointly are able to damage cotton growth 

and development. While late sowing relative to normal planting generally reduces yield and 

quality due to shortening of fruiting period (Bozbek et al., 2006; Bange et al., 2008), high 

infestation of CLCuV disease (Ghazanfar et al., 2007), late season insects especially 

bollworms (Ahmad, 2001; Gormus and Yucel, 2002) and delayed maturity due to later 

flowering which pushes boll development into inclement cool weather (Gormus and Yucel, 

2002; Bange and Milory, 2004). 

The temperature had great impact on sowing time management. O’Berry et al. (2008) 

concluded that early planting is more beneficial when larger amount of heat units accrued 

early in season due to which plants mature and harvested before inclement fall weather. In 

environments like Pakistan, heat units accumulation was higher near planting, even a delay 

of one week in sowing markedly declined cotton yield (Soomro et al., 2000a). An early 

planting production system for cotton has the potential to improve yield and quality 

REVIEW OF LITERATURE 
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(Pettigrew and Johnson, 2005; Killi and Bolek, 2006) because of more optimum 

environmental conditions (Bozbek et al., 2006), shifting the flowering period earlier and 

allowing crop to develop under more favorable weather pattern and escape late season insects 

(Pettigrew, 2002; Dong et al., 2007). Dong et al. (2005a, b, c) concluded that early planting 

with low plant density (2.25 plants m-2) enhanced lint yield and earliness due to extending 

flowering period and fruit retention. Early planting in Pakistan is linked with favorable 

environmental conditions before the commencement of monsoon and high temperature 

during flowering and fruit development. Conflicting reports are also available challenging the 

benefits of early sowing. Rahman et al. (2007) reported that reproductive phase of early sown 

cotton coincided with the hottest month of the year which caused serious short falls in the 

yield. Dong et al. (2005d) and Dong et al. (2006) also described more often occurrence of 

premature senescence in early-planted Bt. cotton genotypes. 

2.1.1 Sowing date and agronomic parameters 

The number of vegetative and fruiting branches depends on genotype and 

environment. While evaluating performance of cotton at different time of sowing Arain et al. 

(2001) Munk (2001) and Butter et al. (2004) found that early sowing gave higher number of 

monopodial  and sympodial branches per plant however, El Shahawy (1999) found no effect 

of planting dates on number of monopodial branches per plant. Gormus and Yucel (2002) 

and Dong et al. (2006) also obtained higher number of sympodial branches per plant with 

early planted cotton. Plant height primarily depends on planting date (Munk, 2001). Many 

researchers opined that early sown cotton produces taller plants (Arain et al., 2001; 

Pettigrew, 2002; Gormus and Yucel, 2002 Hussain, 2005; Hassan et al, 2005). However, 

Nuti et al. (2006) concluded that plants grow faster and taller in late planting compared with 

early or normal planted cotton. Height to node ratio was higher in early planted cotton 

(Pettigrew, 2002; Gormus and Yucel, 2002) while Nuti et al. (2006) noticed reduced height 

to node ratio with early planting. Increase in number of main stem nodes was observed with 

early sowing of cotton (Pettigrew, 2002; Nuti et al., 2006). Number of bolls per plant or per 

unit area is one of the most influential yield components of cotton.  Previous reports 

indicated that higher number of bolls per plant was acquired through early sown cotton 

(Bozbek et al., 2006; Dong et al., 2006; Bange et al., 2008; Hassan et al., 2009) because 

plants produced fewer flower with delayed planting. However, Dong et al. (2006) found 
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more number of bolls per unit area in late planting than normal planting. Boll weight tended 

to become lower as planting dates were delayed (El Tabbakh, 2001; Pettigrew, 2002;   

Hassan et al., 2009) because seeds per boll decreased with delayed sowing (Cathey and 

Meredith, 1988) while Shah (2004) observed heavier bolls with delayed planting. However, 

Hosny and Shahine (1995) and Dong et al. (2006) found non-significant effect on boll weight 

by sowing date. Similarly, higher seed index from early planted cotton than optimum time 

has been reported by Kuchinda et al. (2002), Butter et al. (2004), Bozbek et al. (2006) and 

Bange et al. (2008). On the other hand, Pettigrew (2002) reported more seed index for 

optimum time than early or late sowing. Lint index is decreased with delayed sowing      

(Oad et al., 2002; Pettigrew, 2002), while El Tabbakh (2001) observed non-significant 

difference for seed index due to planting date. 

2.1.2 Sowing date and earliness parameters 

Planting cotton late from its optimum time delays maturity (Bauer et al., 2000; 

Gormus and Yucel,2002). El Tabbakh, (2001) noticed that delayed sowing significantly 

decreased days to first flower, first open boll and earliness index. Gormus and Yucel (2002) 

reported that early planted cotton (10 May) matured 6 and 8 days earlier than normal (17 

May) and late planted (24 May) cotton and first sympodial node number slightly increased 

from 4 to 4.5 for early and late planting dates. Similarly, Nuti et al. (2006) reported that first 

fruiting branch node number with retained boll increased with delayed sowing. However,   

El-Shahawy (1999) reported that sowing date did not affect nodal position of first sympodia 

but enhanced earliness. Dong et al. (2006) reported that late planting production system 

(LPPS) initiated boll opening 8 or 9 days later than in normal planting production system 

(NPPS).  

2.1.3 Sowing date and allometric parameters 

Leaf area index (LAI) is the ratio of leaf area to ground area. Pettigrew (2002) 

reported that LAI and vegetative dry matter reduced with delayed sowing. Leaf area index of 

the early (early April) planted plants was 172% greater than plants in the normal planting 

(early May), which contributed to a 55% greater canopy light interception for the early 

planting. Bauer et al. (2000) reported that average maximum canopy photosynthesis did not 

vary with sowing times although early June gave 30% lower yield than sowing during early 

May. Hussein (2006) found that May sowing of cotton gave better results for TDM, LAI, 
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CGR and RUE than June planting. Higher DM production from early sowing than late sown 

cotton has also been reported by El-Shahawy (1999) and Arshad et al. (2007). Ali et al. 

(2009) reported better reproductive-vegetative ratio (RVR) in early sown cotton at high plant 

density. Early sowing showed the highest crop growth rate at 50 days after planting and 

relative growth rate at 50 days after planting while at late sowings maximum CGR was 

recorded after 100 and 150 days after sowing.  

2.1.4 Sowing date and quality parameters 

Several researchers are of the view that GOT gradually decreases with the late sowing 

of cotton (Oad et al., 2002; Pettigrew, 2002; Hassan et al., 2009) while some of them 

observed non-significant difference in lint percentage due to planting date (El Tabbakh, 

2001; Gormus and Yucel, 2002; Dong et al., 2006). Planting date did not influence fibre 

fineness, fibre length, fibre strength and uniformity ratio (El Tabbakh, 2001; Gormus and 

Yucel, 2002). However, Bauer et al. (2000) found that normal and late planted cotton differs 

in fibre properties especially those related to secondary wall depositions which determine 

fibre fineness and maturity. During 1st year of study they found no differences among 

planting dates for fibre length and micronaire. Pettigrew and Adamczyk (2006), Killi and 

Bolek (2006) and Wrather et al. (2008) observed significantly higher micronaire in early than 

late planting. However, Norton and Clark (2004) showed increase in micronaire with later 

plantings. Fibre length declines with delayed planting (Norton and Clark, 2004; Hassan et al., 

2009). In contrast, Norton et al. (2003) and Wrather et al. (2008) noticed higher fibre lengths 

in late planting than early planting, while Dong et al. (2006) reported that planting date did 

not significantly affect fibre length. Davidonis et al. (2004) also found inconsistent results as 

mean fiber length in 1997 (dry year) was longer for early planted cotton and in 1999 longer 

fibre length was observed in late-planted cotton. Norton et al. (2003) observed that delayed 

cotton planting had higher fibre strength compared to early planting. In contrast, Killi and 

Bolek (2006) reported reduced fibre strength with delayed sowing than early sowing. 

Wrather et al. (2008) observed no significant difference for fibre strength due to planting 

date, although these results were not consistent over years. 
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2.2 Cultivar selection 
The use of improved cultivars is an important factor to enhance cotton production 

(Liang, 1998). Wondimu (2000) detected differential performance of cultivars in an array of 

environments. He further concluded that cultivar choice according to the prevailing climatic 

conditions is a strong component of realizing both target yield and fibre quality levels on 

farm. Similarly, Opondo and Ombakho (1997) indicated significant interactive effects of 

genotype and environment for seed cotton and lint yields.  

2.2.1 Cultivar and agronomic parameters 

Khan et al. (2002) found that varietal variation affect plant characters up to high 

extent in upland cotton. Plant height vary due to variation in genetic make up of cultivars 

(Taohua and Haipeng, 2006; Meena et al., 2007; Boquet and Clawson, 2009). Number of 

monopdial and sympodial branches per plant differ significantly due to genotypes        

(Arshad et al., 2007) while Brar et al. (2002) and Ali et al. (2009) reported non-significant 

results among genotypes. Many studies authenticate that cotton cultivars varied markedly for 

boll production due to genetic transformation (Arshad et al., 2003a; Degui et al., 2003; Khan, 

2003; Taohua and Haipeng, 2006; Meena et al., 2007; Arshad et al., 2007; Hussain et al., 

2007; Bednarz et al., 2007; Ahmad et al., 2008). Boll weight is more important yield 

component after bolls per plant. Many researchers evaluated the performance of genetically 

diverse genotypes and observed varied values for boll weight and its role in yield          

(Wang et al., 2004; Zhang et al., 2005; Taohua and Haipeng, 2006; Meena et al., 2007; 

Ahmad et al., 2008; Ali et al., 2009). However, Saleem et al. (2010) found non-significant 

differences in boll weight due to cultivars. Seed index also differs due to genotypes      

(Zhang et al., 2005; Bednarz et al., 2007; Campbell and Bauer, 2007; Ali et al., 2009). Lint 

index is varied with genotype (Shukla et al., 2013). Varietal variation significantly affect 

yield potential of upland cotton (Hanif et al., 2001; Afzal et al., 2002, Arshad et al., 2003a,b; 

Zhang et al., 2005; Bednarz et al., 2007; Campbell and Bauer, 2007; Ali et al., 2009; 

O’Berry et al., 2009). Afiah and Ghoneim (2000), Badr (2003) and Soomro et al. (2008) 

correlates seed cotton yield positively with sympodiums per plant, bolls per plant and boll 

weight. Long et al. (2010) have reported negative association between fibre quality and yield.   
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2.2.2 Cultivar and earliness parameters 

Earliness in cotton is an attempt to improve production efficiency by completion of 

primary fruiting cycle before the onset of hot and humid monsoon weather which stimulates 

shedding of fruiting structures (Ali et al., 2009). Moreover, it facilitates timely sowing of 

wheat in cotton growing areas of Pakistan (Shakeel et al., 2008; Saleem et al., 2009). 

Earliness in cotton mainly depends on genotypes (Shah et al., 2005) which varied for their 

maturity period (Ali et al., 2003). Various plant characteristics have been used to determine 

earliness in cotton. The genotypes took least days to initiate squaring (Godoy and Palomo, 

1999), flowering (Neil, 1991; Godoy, 1994; Anjum et al., 2001; Panhwar et al., 2002;  

Gopang, 2003; Azhar et al., 2007; Ahmad et al.,2008) and boll opening  (Gopang, 2003; 

Nimbalkor et al., 2004; Shakeel et al,. 2008) are considered earliest in crop maturity. 

Similarly, lower position of first fruiting branch node (Aden, 1997; Rehana, 1999;        

Anjum et al., 2001; Gopang, 2003; Shakeel et al,. 2008; Ahmad et al., 2008) and height of 

first fruiting branch node (Weijun, 1998) indicate earliness in plant maturity. Earliness index 

(agronomic earliness) is defined as the percentage of crop harvested in the first of two 

harvests or % first pick (Gwathmey and Howard, 1998). Ahmad et al. (2008) measured 

earliness by boll opening percentage at 120 days after planting.  

2.2.3 Cultivar and allometric parameters 

Cultivars with varied genetics differed significantly for leaf area index at different 

stages of growth (Pervez et al., 2006). Dry matter production also varied markedly between 

different genotypes (Arshad et al., 2007).  Similarly, Shukla et al. (2013) concluded that 

significant variation among genotypes in LAI, dry matter (g/plant), crop growth rate 

(g/day/plant) and relative growth rate (g/g/day/plant) could be attributed to their genetic 

potential to exploit available resources for their growth and development. Optimal dry matter 

partitioning is an important factor for higher productivity (Rauf and Sadaqat, 2008).  A 

number of studies have indicated significant differences among the genotypes for the yield 

due to significant differences in the harvest index and to some extent to growth rate  

(Fritschi et al., 2003; Bange and Milroy, 2004; Arshad et al., 2007; Rauf et al., 2008).  

2.2.4 Cultivar and quality parameters 

 Differential effects of cultivars on gin turn out or lint percentage is well documented 

(Arshad et al., 2003a; Zhang et al., 2005; Arshad et al., 2007; Hussain et al., 2007; Campbell 
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and Bauer, 2007; Boquet and Clawson, 2009; O’Berry et al. 2009). Contrary to above results, 

Saleem et al. (2010) in their experiment found non-significant differences in GOT among 

Cultivars. Bednarz et al. (2005) have reported influence of both genetics and environmental 

conditions on micronaire, fiber length, fiber strength, and fiber length uniformity in cotton. 

Fibre quality primarily affected by genotype while agronomic practices are secondary 

(Bednarz et al., 2005). Braden  et al. (2009), Zeng and Meredith, Jr. (2009), Hua et al. (2009) 

Ulloa et al. (2009) identified significant variation among genotypes for fibre quality. Many 

studies have demonstrated that genotypes differ significantly for fibre fineness or micronaire 

value (Méndez-Natera et al., 2003; Faircloth et al., 2004; Zhang et al., 2005; Campbell and 

Bauer, 2007; Bourland  and  Jones 2009a,b; Long et al., 2010; Saleem et al., 2010), while  

Presley et al. (1999) reported non-significant differences in fibre fineness due to genotypes. 

Several researchers pointed out that staple length vary across cultivars (Bourland  and  Jones 

2009a,b; Smith et al., 2010; Long et al., 2010) while non-significant effect on staple length 

was observed with different genotypes (Saleem et al., 2010). Fibre strength has also been 

reported to be influenced by cultivars (Faircloth, 2007; Bourland  and  Jones, 2009a,b; 

Saleem et al., 2010). Constable (1977b) reported low fibre strength in early maturing cultivar 

than the later maturing cultivar. 

2.3 Plant population 
Plant population is a production factor which affects canopy structure, canopy 

photosynthesis and yield formation (Board, 2001; Zhang et al., 2006) by exploiting plant 

photosphere and rhizosphere. The crop canopy can be manipulated by row spacing and 

population adjustment for improving yields, production efficiencies and profits (Silvertooth, 

1999). Optimum plant population and yields achieved with right plant spacing (Obi, 1991). 

Establishment of an acceptable population is significantly influenced by varied regions, agro 

climatic conditions, genotype and grower preference (Silvertooth, 1999; Silvertooth et al., 

1999). Erect type plants required less space so perform better at high density while plants 

having bushy growth habits require more space and resultantly produced potential yield at 

low plant density. Maximum yield can be obtained by maintaining optimum plant population 

according to plant morphological characteristics. 

The best possible yields may achieve in plant stands ranging from 9.8 to 13.1 seeds 

m-2 in Virginia (Faircloth, 2007), 9.0 to 21.5 plants m-2 in Georgia (Bednarz et al., 2005), 3.4 



 15 

to 15.3 plants m-2 in Louisiana (Siebert et al., 2006), 9 to 13 plants m-2 in Mississippi 

(Pettigrew and Johnson, 2005) and 2 to 12 plants m-2 in North Carolina (Jones and Wells, 

1998).  

Hake et al. (1991) concluded that plant spacing can altered plant architecture, boll 

distribution and crop maturity by manipulating soil water removal, radiation interception, 

humidity and wind movement. In a fertile soil, wide spacing (inter and intra row) can lead to 

extensive growth of fruiting branches with a good setting of early bolls and highly developed 

monopodial and sympodial branches (Ogola et al., 2006). Wider spacing may result in more 

vigorous growth of weeds (Prasad and Prasad, 1993), luxuriant growth at the expense of seed 

cotton yield (Ogola et al., 2006) and reduced harvesting efficiency (Gannaway et al., 1995). 

Contrary, close spacing may enhance competition for nutrients, moisture and even induce 

pests build up in the canopy thus leading to decrease in seed cotton yield (Ogola et al., 2006). 

In a dense population stand, the plants are subjected to severe competition from an early 

stage due to which very few or no vegetative branches formed, fruiting onset delays, and 

reduced bolls per plant than in widely spaced cotton. While, widely spaced plants do not 

compete severely with each other in early stages of growth and relatively large number of 

vegetative branches are formed (Oad et al., 2002). In addition, fruiting branch length 

increased with low plant density (Kerby et al., 1990). Advantage of closer row spacing and 

elevated plant densities is more rapid canopy closure (Jost and Cothren, 2000,2001), that in 

turn reduces the weed competition (Wright et al., 2008), increases light interception in early 

season (Steglich et al., 2000) decreases soil water evaporation (Krieg, 1996) and can 

potentially increase cotton yield.   

However, under weather conditions that promote excessive vegetative growth, 

exaggerated LAI at later growth stages may reduce the efficiency of photosynthesis 

(Heitholt, 1994; Zhao and Oosterhuis, 2000). Excessive rainfall before harvest time may 

cause more loss in yield in narrow row than cotton planted in wider row system (Darawsheh 

et al., 2007). Similarly, Darawsheh et al., (2009b) suggested that narrow row spacing system 

exhibits a dynamic to increase seed-cotton yield and may constitute an alternative method to 

wide row spacing under regular or suitable weather conditions while in rainy season there 

was no yield difference or even yield was reduced at high plant density.  
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Soomro et al. (2000a) found that 23 and 30 cm plant spacings gave higher seed cotton 

yield than 15 and 38 cm distance between plants. Soomro et al. (2000b) conducted an 

experiment on cotton Cultivars CRIS-9, CRIS-19, CRIS-82 and CRIS-134 and found higher 

yield at 15 cm and 22 cm plant spacing than 30, 37 and 45 cm spacings. Khan et al. (2005) 

concluded that plant spacing of 23 cm gave better yield than 30 and 38 cm spacing in cotton 

while many other scientists recommended 30 cm plant spacing (Akhtar et al., 2002;        

Iqbal et al., 2002; Muhammad et al., 2003; Cheema et al., 2004; Shah et al., 2005). Ali et al. 

(2007) suggested that cotton Cultivar CIM-497 should be planted with 50000 plants per acre 

while Ali et al. (2010) recommended 22.5 cm plant spacing for CIM-496. Similarly, Ahmad 

et al. (2009) harvested maximum yield of BH-160 at 22.5 cm spacing in 75 cm apart rows at 

Toba Tek Singh. Manjappa et al. (1997) obtained non significant response of row spacing on 

five cultivars in one year while in second year the highest seed cotton yield was under wider 

spacing by a medium compact cultivar RAS-1005. However, Esparza and Pedroza (1997) 

found no significant differences for seed cotton yield when cultivar Laguna was sown at 10, 

30 and 50 cm plant distance. In a similar study, Sarma and Sarma (1995) narrated that seed 

cotton yield of cotton Cultivar LRA-5166 was unaffected by spacing.  

As results of maximizing inputs for cotton production under optimum growing 

conditions plants in dense plant population often become excessively tall and vegetative 

(Siebert et al., 2006) as a larger fraction of photo assimilates were directed to vegetative 

growth rather than reproductive growth (Fowler and Ray, 1977). The excessive vegetative 

growth increase shading and may result in a greater potential for boll rot (York, 1983a), 

fewer nodes (Reddy et al., 1992) fewer productive branches (Iqbal et al., 2005) and fruit 

abscission (Bednarz et al., 2000) leading to reduced yield (Gwathmey and Craig, 2003; 

Siebert and Stewart, 2006) and poor quality (Jones, 2001; Bednarz et al., 2006).              

Iqbal et al. (2005) concluded that plant height should be kept less than 76 cm to avoid high 

humidity in very narrow cotton for efficient control of insect pest attack, good retention and 

to save boll from rottening.  

2.3.1 Plant population and agronomic parameters 

Wankhade et al. (2002) reported that plant height is affected by environmental 

conditions and genetic make-up of crop plants however; spatial arrangements had significant 

effect on plant height. Several reports have shown a positive relationship between plant 
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population and plant height (Oad et al., 2002; Obasi and Msaakpa 2005; Ahmad et al., 2009; 

Ali et al., 2009). Interestingly, Jost and Cothren (2000), Clawson et al., (2006) and       

Siebert et al. (2006) reported that increased plant density in cotton can reduce plant height. 

While, Anjum (2003) and Siebert and Stewart (2006) found no effect of plant density or row 

spacing on plant height. While evaluating the effect of plant population on different traits of 

cotton, Siebert et al. (2006), Siebert and Stewart (2006) and Clawson et al. (2006) found that 

number of nodes on main stem decreased while height-to-node ratio increased by increasing 

plant density. Population density is inversely related to number of monopodial and sympodial 

branches per plant (Wankhade et al. 2002; Obasi and Msaakpa 2005; Siebert et al., 2006). 

However, some other researchers found non significant effect of plant density or spatial 

arrangement on monopodial branch number (Anjum, 2003; Ahmad et al., 2009). Conversely, 

Ahmad et al. (2009) reported more number of sympodias per plant in lower plant spacing.  

Previously reported studies suggest that wider plant spacing increased bolls per plant 

(Boquet, 2005; Obasi and Msaakpa 2005; Siddiqui et al., 2007; Rajakumar and Gurumurthy, 

2008; Ali et al., 2009). On the other hand, Donald (2005) reported that total numbers of bolls 

m-2 were not affected significantly by different plant spacing. Rajakumar and Gurumurthy 

(2008) even observed reduction in number of bolls m-2 in wider spaced cotton crop. Weight 

of an individual boll has a great bearing on the final yield of cotton. Several reports reveal 

that boll size is inversely related to population density (Boquet et al., 2005; Obasi and 

Msaakpa, 2005; Bednarz et al., 2006). The increase of plant density decreased the individual 

seed mass and lint mass per boll (Boquet et al., 2005; Bednarz et al., 2006; Darawsheh et al., 

2009b). Seed cotton yield per plant reduced by decreasing spacing or increasing plant density 

(Boquet, 2005; Sawan et al., 2008). Scientists have reported contradicting results on the 

effect of increasing plant spacing on seed cotton yield. Several researchers have shown no 

difference in yield due to plant population or row spacing (Bednarz et al., 2000; Buehring 

and Dobbs, 2000; Mobley et al., 2000; Siebert et al., 2006) whereas others suggest that seed 

cotton yield increases by closer spacing or narrow rows (Jost and Cothren, 2000;           

Vories et al., 2001; Alfaqeih et al., 2002; Nichols et al., 2004; Khan et al., 2005; Kaur and 

Brar, 2008). From above discussion it is quite evident that effect of higher plant density or 

narrow rows on yield and yield components in cotton greatly depends on local environmental 

conditions, other management factors and type of Cultivar used. 
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2.3.2 Plant population and earliness parameters 

Crop maturity is an important consideration when making management decisions. 

The effect of plant density on earliness may be greater and of more economic importance 

than yield. The use of narrow-row, high plant-density systems for cotton production was 

originally conceived as a mean to enhance earliness and to decrease production costs (Buxton 

et al., 1979; Gerik et al., 1998). Gerik et al. (1999) revealed that ultra narrow row systems 

shorten the time from planting to harvest and enable the crop to intercept more sunlight for 

growth, better utilize rainfall, and escape damage pests by shortening of growing season than 

conventional row system. Higher population stands produce plants with fewer main stem 

nodes and shorter sympodial branches, the bolls are concentrated near main stem which is 

conducive to early maturity (Oad et al., 2002). Obasi and Msaakpa (2005) reported that 

wider hill spacing reduced days to open first boll and earliness %age.  However, excessive 

plant density may also delay maturity because early boll retention was lower and conditions 

for boll maturation became less favorable (Oad et al., 2002). The early season benefits of 

greater leaf area development and light interception in UNR did not translate into earlier 

maturity or improved crop yield because of the competition for light and resources later in 

crop development (Roche et al., 2003). Mert et al. (2006), Siebert and Stewart (2006) and 

Siebert et al. (2006) reported that low plant density delayed maturity. While studying crop 

earliness as a function of increasing plant density Kerby et al. (1990) reported that higher 

plant density delays maturity of the more indeterminate genotypes but it had no effect on the 

shorter and more determinate genotypes. However, Clawson et al. (2008) reviewed the effect 

of plant density on the earliness of crop and was of the view that no study suggests strong 

influences of row spacing, independent of plant population, on crop maturity.  

2.3.3 Plant population and allometric parameters 

Narrow row cotton with higher plant stand produced greater dry mass         

(Darawsheh et al., 2007; Darawsheh et al., 2009a) and LAI (Darawsheh et al., 2009a) 

compared to conventional row cotton system. Wankhade et al. (2002) revealed that dry 

matter per plant increased with wider spacing. Increase in LAI with increased population 

density has also been reported by Kerby et al. (1990), Heitholt (1994) and Jones and Wells 

(1997). Bednarz et al. (2000)  observed that mean net assimilation rate (NAR) decreased by 

increasing plant density as they noted maximum mean NAR (14.8 g m-2 d-1) from first flower 
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to peak bloom in the lowest plant density while it was just 9.0 g m-2 d-1  in the highest plant 

density. 

2.3.4 Plant population and quality parameters 

Ginning out turn is very important character especially for textile industry because it 

determines the %age of lint in seed cotton. Lint turnout was higher for narrow rows cotton or 

higher plant density (Jost and Cothren, 2001; Clawson et al., 2006). While Anthony et al. 

(1999), Valco et al. (2001) , Nichols et al. (2003,2004) and Darawsheh et al. (2009a) 

reported that lint percentage significantly reduced by increasing plant stands or by narrow 

rows. However, McFarland et al. (1999), Hussain et al. (2000), Sawan et al. (2008), Ahmad 

et al. (2009), and Ali et al. (2009) reported that GOT was not affected either by inter or intra 

row spacing. Darawsheh et al. (2009b) found non significant difference for lint percentage 

under regular or suitable weather conditions but in rainy year lint percentage decreased by 

increasing plant density independent of row spacing. 

Generally, plant spacing or density did not affect fibre quality (Nichols et al., 2004; 

Siebert, 2005; Sawan et al., 2008; Ahmad et al., 2009). However, Nicholas et al. (2004) and 

Clawson et al. (2006) found little impact of various row spacing on fibre quality.        

Bednarz et al. (2000), Larson et al. (2004), Bednarz et al. (2006) and Darawsheh et al. 

(2009b) observed decreased micronaire, fiber fineness and fiber length in response to 

increased plant population. While Nichols et al. (2003) observed increase in fiber length as 

plant population increased. Negative impact of increased plant density on lint uniformity has 

been reported by Nichols et al. (2004) and Jost  and Cothern (2001) while Valco et al. (2001) 

found no differences in fibre uniformity due to varied row spacing or plant density. 

2.4 Nitrogen 
Nitrogen (N) fertilization management is of prime importance for high cotton yield 

and quality. The indeterminate growth habit of cotton complicates N management, often 

resulting in a fine line between deficient and excessive N application. Cotton responses often 

vary from year to year and from location to location regarding fertilizer N (Craig, 2000). The 

research continues due to this variation to explore new information regarding N management.   

Nitrogen is all time needed critical limiting element for plant growth and production. 

It is a basic constituent of both structural (cell membranes) as well as nonstructural genetic 

and metabolic (amino acids, enzymes, proteins, nucleic acids, chromosomes, phytochromes 
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and chlorophyll) components of the plant (Eckert, 2004). It influences the yield variables like 

boll size and number of bolls (Sawan et al., 2006). Deficiency of N is linked with poor yield 

because of reduced vegetative and reproductive growth and premature senescence (Tewolde 

and Fernandez, 1997). Deficiency of N at early growth stage increases ethylene production in 

cotton which promotes shedding of fruiting organs (Lege et al., 1997). On the other hand, 

over fertilization of N can increase insect problems and the balance between vegetative and 

reproductive growth shifted towards rank growth due to loss of reproductive structures, thus 

delaying crop maturity and reducing lint yield (Rajeswari and Ranganadhacharyulu, 1997; 

Craig, 2000; Howard et al., 2001). Where adequate moisture is available the excessive N and 

high plant populations can increase incidence of boll rot (Moore, 1998), reduce light 

penetration in canopy due to mutual leaf shading, decrease in photosynthates supply and 

subsequent square shedding  (Cothren, 1999). Soil tests conducted in Pakistan represent a 

general deficiency of N which further aggravated due to high land use intensity, introduction 

of modern crop cultivars, minimum and unbalanced fertilizer use in addition to low organic 

matter in the soil (Siddiky et al., 2007). More determinate and early maturing cotton cultivars 

are more responsive to N applications than obsolete Cultivars because of boll setting and 

maturation in shorter periods (Meredith et al., 1997). Some researchers (Boquet et al., 1993; 

Boquet, 2005) reported that high plant density cotton did not need higher rates of fertilizer N 

than the optimal rate but McFarland et al. (1999),    Vacek et al. (2000) and McConnell et al. 

(2001) reported that less fertilizer N is required for optimal yields in high plant density cotton 

than low densities in same environments.  

2.4.1 Nitrogen and agronomic parameters  

Nitrogen application is vital to enhance vegetative growth of plants because it 

controls metabolic processes required for plant growth (Patil et al., 1996). Most studies 

signified a positive relationship between plant height and N rates (Clawson et al., 2006; 

Kumbhar et al., 2008; Cheema et al., 2009; Ibrahim et al., 2010). Other researchers reported 

a lack of plant height response to increasing N rate and plant density at higher densities 

(McFarland et al., 1999; Jost and Cothren, 2000; Boquet, 2005). Node number is important 

to yield because nodes produce the fruiting branches. Low or no N fertilization reduces the 

number of main-stem nodes (Clawson et al., 2006). Kumbhar et al. (2008) noted gradual 

increase in monopodial branches per plant with the subsequent increase in the N application 
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rates from 50 to 150 kg N ha-1. However, non significant differences in number of 

monopodial branches per plant were observed by Clawson et al. (2008) with different levels 

of N while Dar and Anwar (2005) and Khan and Dar (2006) found no significant increase in 

number of monopodial branches per plant above 150 kg N ha-1. Increase in number of 

sympodial branches per plant with increased nitrogen application has been reported by 

various researchers (Sawaji et al., 1994; Kumbhar et al., 2008).  

 Nitrogen (N) affects the number, size, and disposition of cotton bolls (Moore, 1998). 

Many researchers observed increase in bolls per plant by increasing N level (Dar and Khan, 

2004; Wiatrak et al. 2005; Khan and Dar, 2006; Sawan et al., 2006; Kumbhar et al., 2008). 

Rates of boll set and bolls per plant are reduced with lower N rates (Clawson et al., 2008). In 

some studies number of bolls per plants increased significantly up to a certain doses of N 

after which no significant increase or diminishing return was observed with higher N rates 

(Anwar et al., 2002; Anwar and Afzal, 2003; Iqbal et al., 2003). Boquet (2005) recorded no 

significant effect of N rate on number of bolls per plant. Similarly, increase in boll weight by 

increasing N application to cotton crop has been observed by Ram et al. (2001), Dar and 

Khan (2004), Clawson et al. (2006), Khan and Dar (2006) and Sawan et al. (2006).      

Saleem et al. (2010) recorded maximum boll weight at 120 kg N ha-1. However,         

Cheema et al., (2009) observed that boll weight increased by increasing N level upto 150 kg 

ha-1. Contrarily Boquet (2005) did not observe any influence of increasing N levels on 

individual boll weight. Dar and Khan (2004) and Khan and Dar (2006) reported increased 

number of seeds per boll with increased N upto 150 kg ha-1. Kumbhar et al. (2008) observed 

significant increase in seed index upto 100 Kg ha-1 of N, there after it remained stagnant with 

the additional increase of 50 kg N ha-1. However, Dar and Khan (2004) and Khan and Dar 

(2006) found non significant differences of various N levels on seed Index. Similarly,   

Sawan et al. (2006) observed that lint index increased by increasing N rate.   

Marsh et al. (2000) and Howard et al. (2001) indicated that application above the 

optimum level resulted in decreased yield. Saleem et al. (2010) has recorded maximum seed 

cotton yield per plant (69.3 g) at 120 kg N ha-1.  Several researchers (Milap et al., 1996; 

Abdel-Malak et al. 1997; Sawan et al., 1997; Parkash and Prasad, 2000; Sawan et al., 2007; 

Kumbhar et al., 2008) have obtained significant increase in seed cotton yield due to N 

application. Seed cotton yield could be increased by using optimum doses of nutrients 
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particularly of N (Marsh et al., 2000). Many studies showed that yield decreases sometimes 

as a result of N application above an optimum level (Bell et al., 2003; Prasad and Siddique, 

2004). Dar and Khan (2004), Khan and Dar (2006) and Cheema et al. (2009) observed yield 

decrease as N application exceeded 150 kg ha–1 while similar trend was recorded at 120 kg N 

ha–1 by Ibrahim et al. (2010) and Saleem et al. (2010).  

2.4.2 Nitrogen and earliness parameters 

Optimum application of fertilizer N along with short season cultivar and a less end season 

irrigation promote early or more managed maturity with good crop harvest (Roberts and 

Constable, 2003). Nitrogen in excess of crop requirement can delay crop maturity, promote 

vegetative growth, and usually results in lower yields due to boll shedding, diseases and 

insect damages especially at bloom or at early boll fill (McConnell et al. 2001; Oosterhuis, 

2001). Rochester et al. (2001) found that an additional increment of 50 kg N fertilizer ha−1 

delayed 60% boll opening for 0.6 to 3.2 days. Clawson et al. (2008) indicated that N rates did 

not affect the timing of 30, 60, or 85% harvest and argued that longer vertical flowering 

intervals by virtue of slower node addition may have contributed to reduce boll set which 

prevented earlier maturity in lower N rates. Boll maturation has also been reported to be 

delayed by excessive N (Tang et al., 2003; Reddy et al., 2004). Brar et al. (1993) found that 

earliness index of the crop was significantly lower due to N.  

2.4.3 Nitrogen and allometric parameters 

Nitrogen is an indispensable nutrient in producing the plant dry mass as well as many 

energy-rich compounds (ATP), which regulate photosynthesis (Sawan et al., 2009). Leaf, 

stem and fruit dry matter and N uptake per plant increased by increasing N rates         

(Fritschi et al., 2003; Ibrahim et al., 2010). Leaf area index was strongly influenced by N 

application (Fritschi et al., 2003). About 10 dm2 leaf area is needed to support one boll 

(Jackson and Gerik, 1990). According to Zhao and Oosterhuis (2000) low N supply at the 

reproductive stage decreases leaf area, leaf net photosynthetic rate and chlorophyll contents. 

While increased fertilizer N rates increased leaf photosynthetic rate which might have 

resulted higher accumulation of metabolites thus impacting boll weight (Cadena and Cothren, 

1995).  
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2.4.4. Nitrogen and quality parameters 

The ultimate objective of cotton production is lint production; to increase the lint 

production, ginning out turn must be increased. Many researchers had shown no effect of N 

or NPK on lint seed ratio (Phipps et al., 1996; Dar and Khan, 2004; Raza et al., 2004; Khan 

and Dar, 2006) while others reported that lint percentage decreased linearly by raising N 

level (Tobert and Reeves, 1994; Pettigrew et al., 1996; Bauer et al., 2000; Sawan et al., 

2006). Conversely, Bhutta (1996), Milap et al. (1996) and Kumbhar et al. (2008) noted linear 

increase in ginning out turn with increasing N nutrition of crop. Fritschi et al. (2003) revealed 

that gin turnout decreases significantly with increasing N on the clay loam but not on the 

sandy loam. Boquet (2005) reported that averaged across plant densities, increase in N rate 

decreased lint fraction slightly, but significantly, from 41.5% at the 90 kg ha-1 rate to 40.7% 

at the 157 kg ha-1 rate. Highest ginning out turn was recorded for 120 kg N ha-1 but 

statistically at par with that of 180 kg N ha-1 (Saleem et al., 2010). 

Poor quality of fibre was observed for plants grown under low N concentrations and 

the high quality of fibre at optimum N concentrations (Pettigrew, 2001; Tewolde and 

Fernandez, 2003). Fritschi et al. (2003) showed a positive linear relationship between fiber 

strength, fibre length and N fertility level at clay loam location but did not observe any 

influence on fiber strength and fibre length at sandy loam site.  

York and Tucker (1985) recorded that N application rates and time did not affect fiber 

length. However, Rochester et al. (2001), Tewolde and Fernandez (2003), Bauer and Roof 

(2004) and Kumbhar et al. (2008) observed increase in fibre length with increased N rates. 

Fibre strength is influenced by both genetics and environmental conditions (Bednarz et al., 

2005). Rochester et al. (2001) and Bauer and Roof (2004) observed that fibre strength 

increased by increasing N rate. Other researchers did not find a relationship between fiber 

strength and N treatment (Sawan et al., 1997; Saleem et al., 2010). Nitrogen management 

effects on micronaire are frequently inconsistent (Phipps et al., 1997; Sawan et al., 1997). 

Boman et al. (1997) on the basis of 11 year data reported that micronaire readings were 

reduced by applied N in low-micronaire environments and increased by applied N in high-

micronaire environments. While, Fritschi et al. (2003) revealed that micronaire increased 

with increasing N at the clay loam site, but reversed at sandy loam site. A negative 

relationship between N application and fiber micronaire has also been reportd by Rochester 
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et al. (2001). Saleem et al. (2010) found no effect of various N rates on fibre fineness. 

Nitrogen had no impact on fiber uniformity (Weir et al., 1996; Benson et al., 1998; Hussain 

et al., 2000; Saleem et al., 2010) while Bauer and Roof (2004) observed increase in fiber 

uniformity by increasing N.  
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Chapter-3 

3.1 SITE   

Two field experiments were conducted for two consecutive years during growing 

season of 2007 and 2008 at experimental area of Post Graduate Agricultural Research 

Station of University of Agriculture Faisalabad, Pakistan. The experimental site was 

situated 31o-38'N latitude, 73o-02'E latitude and at an elevation of 184.5 meters from sea 

level. 

3.2 SOIL ANALYSIS                                                                     
Physico-chemical analysis of experimental soil was conducted before sowing and 

after harvest of the crop (Tables 3.1, 3.2 and 3.3). The soil analysis indicated that the 

experimental soil was a loam with slight alkaline reaction. The soil seemed to be 

productive without any problem for crop production. The soil was medium in K2O but 

deficient in N, P2O5 and organic matter. 

3.3 METEOROLOGICAL DATA 
Meteorological data were collected during the growing seasons from the 

observatory of the Directorate of Agronomy, Ayub Agricultural Research Institute, 

Faisalabad. Mean maximum and minimum air temperatures, rain fall, relative humidity 

and sun shine hours during growing season (May through November) in 2007 and 2008 

are presented in Table 3.4. Daily heat units were calculated according to                           

Jones and Wells (1998) and monthly cumulative heat units were also presented in Table 

3.4.  

퐇퐞퐚퐭	퐔퐧퐢퐭퐬	(퐇퐔) =
T	max. +	T	min.

2 − 15.5	°C 

Where, 15.5 °C (60 °F) was taken as developmental threshold temperature.  

Weather  
The month wise maximum average air temperature was recorded in the month of May 

2007 (39.7°C) and May 2008 (38.4°C). The total sun shine hours during the growing 

season of 2007 were more (1799 hrs) than 2008 (1717 hrs). Accumulative heat units were 

compared for both years, and the differences were minimal. From May to November, 

MATERIALS AND METHODS 
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total heat units accumulation was 2799.7 in 2007 and 2867.4 in 2008. The more heat 

units were accumulated in 2008 due to rise in July and October temperatures, especially 

high minimum temperatures during these months in 2008 as compared to 2007.The 

rainfall was very erratic and unevenly distributed. Total rainfall throughout the growing 

season was 271 mm in 2007 with peak in July (159.4mm) while 546 mm rain fall was 

received during the growing season of 2008. In 2008 maximum amount of rainfall i.e.273 

and 118.2 mm was received during months of August and June respectively. In both 

years no rainfall was observed in the months of October and November.  

3.4 EXPERIMENTS AND TREATMENTS 

Detailed procedures for two experiments are as follows: 

Experiment No. 1 
 
EFFECT OF SPATIAL ARRANGEMENTS AND PLANTING DATES ON 
GROWTH YIELD AND QUALITY OF COTTON CULTIVARS. 
 
Treatments 

A. Sowing Dates  
SD1= 1st Week of May (02.05.07 and 01.05.08) 
SD2= 4th Week of May (24.05.07 and 22.05.08) 
SD3= 3rd Week of June (16.06.07 and 18.06.08) 

B. Cotton Cultivars 
Cultivars Parentage and Features 
V1= FH-113 Developed at Cotton Research Institute, Faisalabad through 

crossing FH-925 with NuCot-N33B. Tall growing low input 
indeterminate Bt cultivar with prolonged flowering duration. 

V2= CIM-496 Developed at Central Cotton Research Institute, Multan through 
crossing CIM-425 with 755-6/93. Early maturing semi 
indeterminate in growth habit. 

V3= MNH-786 Developed at Cotton Research Station, Multan through crossing 
(S-14 × CIM-448) with (MNH-564 × MNH-516). Early maturing, 
moderately compact determinant type cultivar. 

C. Plant Spacing (cm)  
PS1= 22.5 (59,259 plants ha-1, High plant density) 
PS2= 30.0 (44,444 plants ha-1, Normal plant density) 
PS3= 37.5 (35,555 plants ha-1, Low plant density) 

 
The experimental design was a split-split plot arrangement of treatments with four 

replicates in a randomized complete block design. The sowing dates, cotton genotypes 

and plant spacings (plant to plant distance) were randomly assigned to the main plot, sub 



27 
 

plot and sub-sub plot, respectively. Each plot contained 75 cm apart four rows of 9 m 

long. A 3 m wide by 6 m long plot was maintained for final yield and the rest of the plot 

was used for random sampling regarding the crop growth with 30 days interval.  

Table 3.1 Soil analysis before sowing of the crop (Experiment No.1) 

Year pH EC (dSm-1) N (%) P (ppm) K (ppm) OM (%) 

2007 8.0 0.78 0.040 6.2 127 0.79 
2008 7.9 0.87 0.036 5.9 122 0.72 
 
Table 3.2 Soil analysis before sowing of the crop (Experiment No.2) 

2007 

Treatments pH EC (dSm-1) N (%) P (ppm) K (ppm) OM (%) 

T1 7.8 0.74 0.039 5.5 130 0.78 
T2 7.6 0.67 0.038 4.9 125 0.75 
T3 7.9 0.88 0.039 5.7 135 0.78 
T4 7.8 0.80 0.035 6.1 125 0.70 
T5 8.0 0.92 0.041 5.4 139 0.81 
T6 7.7 0.78 0.037 4.7 119 0.74 
T7 7.6 0.89 0.035 5.7 116 0.69 
T8 7.9 0.98 0.036 4.9 124 0.72 
T9 7.9 0.72 0.037 5.2 132 0.74 
T10 8.1 0.80 0.040 5.0 140 0.79 
T11 7.8 0.82 0.041 4.4 125 0.81 
T12 7.7 0.74 0.039 4.7 115 0.78 

2008 

Treatments pH EC (dSm-1) N (%) P (ppm) K (ppm) OM (%) 

T1 8.0 0.81 0.037 5.4 131 0.74 
T2 7.8 0.92 0.040 5.1 119 0.79 
T3 8.1 0.78 0.041 4.7 125 0.81 
T4 7.9 0.74 0.038 4.9 120 0.75 
T5 7.7 0.79 0.035 5.0 114 0.69 
T6 7.9 0.85 0.036 5.7 127 0.71 
T7 7.8 0.77 0.039 4.8 120 0.78 
T8 7.7 0.88 0.041 5.7 110 0.82 
T9 7.8 0.90 0.038 4.8 111 0.75 
T10 7.7 0.72 0.037 4.7 125 0.74 
T11 7.9 0.80 0.035 5.5 115 0.70 
T12 7.7 0.73 0.040 5.0 129 0.79 



28 
 

Table 3.3 Soil analysis after harvesting of the crop (Experiment No.2) 

2007 

Treatments pH EC (dSm-1) N (%) P (ppm) K (ppm) OM (%) 

T1 7.9 0.80 0.038 5.0 125 0.75 
T2 7.6 0.72 0.037 4.6 121 0.74 
T3 7.9 0.76 0.038 5.3 129 0.76 
T4 8.0 0.85 0.035 5.8 122 0.69 
T5 7.9 0.90 0.039 5.1 134 0.78 
T6 7.8 0.74 0.036 4.6 115 0.72 
T7 7.6 0.80 0.034 5.4 112 0.67 
T8 7.9 1.05 0.035 4.6 118 0.70 
T9 8.0 0.80 0.036 4.8 125 0.71 
T10 8.1 0.78 0.038 4.7 135 0.76 
T11 7.8 0.78 0.040 4.2 119 0.79 
T12 7.8 0.75 0.038 4.4 110 0.76 

2008 

Treatments pH EC (dSm-1) N (%) P (ppm) K (ppm) OM (%) 

T1 7.8 0.78 0.035 5.2 126 0.69 
T2 7.7 0.85 0.038 5.0 115 0.76 
T3 8.0 0.72 0.040 4.6 120 0.79 
T4 7.9 0.78 0.037 4.8 116 0.73 
T5 7.7 0.76 0.033 4.8 110 0.65 
T6 7.9 0.81 0.034 5.5 122 0.68 
T7 7.8 0.74 0.038 4.6 117 0.76 
T8 7.6 0.85 0.040 5.6 108 0.80 
T9 7.6 0.87 0.035 4.5 107 0.70 
T10 7.7 0.70 0.035 4.5 122 0.70 
T11 7.9 0.80 0.034 5.0 112 0.68 
T12 7.8 0.74 0.039 4.9 125 0.77 
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Table 3.4 Weather conditions during conduct of experiment 

Month Mean Temperature 
(oC) 

Relative 
Humidity 

Total 
Rainfall 

(mm) 

Sunshine Hours Heat 
Units 

 Max. Min. Differ 8 a.m. 5 p.m. Mean Total 
2007 

May 39.7 23.8 15.9 46.5 31.8 15.2 10-05 312-35 503.65 

June 39.2 25.9 13.3 60.9 45.7 30.4 9-06 275-45 512.45 

July 36.6 25.4 11.2 72.2 60.0 159.4 8-20 258-10 479.60 

August 37.6 25.5 12.1 72.9 55.1 27.0 7-59 247-35 498.00 

September 35.3 23.2 12.0 71.1 54.7 38.9 7.55 237-20 412.65 

October 33.7 14.8 18.9 66.6 36.0 - 9-05 281-25 271.30 

November 28.0 11.1 16.9 83.0 55.0 - 6-12 186-15 122.05 

2008 
May 38.4 23.4 15.0 50.6 34.2 53.9 8-40 268-45 477.95 

June 37.8 26.9 10.9 67.5 51.0 118.2 7-37 228-45 505.85 

July 37.7 27.7 10.0 71.6 57.4 63.4 7-38 236-30 532.50 

August 35.0 26.0 9.0 79.3 66.8 273.0 7-31 233-15 466.15 

September 35.3 23.2 12.1 75.0 51.9 37.0 8-49 264-30 412.20 

October 33.7 19.9 13.8 71.8 46.9 - 8-20 258-20 350.80 

November 28.3 10.8 17.4 80.7 47.7 - 7-34 227-15 121.95 
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Experiment No. 2 

NITROGEN MANAGEMENT IN COTTON PLANTED AT VARYING ROW 
SPACINGS. 
 
Treatments 

A. Row Spacing (cm) B. Nitrogen Rates (kg ha-1) 
 S1 = 60.0 (55,556 plants ha-1, High plant density) 

S2 = 75.0 (44,444 plants ha-1, Normal pant density) 
S3 = 90.0 (37,037 plants ha-1, Low plant density) 

N1 = 0 
N2 = 60 
N3 = 120 
N4 = 180 

The experimental design was a four replicated split-plot with row width assigned 

in main plot and N rates in sub-plots. Plots were four rows (60, 75 and 90 cm centers) 

wide and 9 m long. Plot size of four rows (centered on 60, 75 or 90 cm) by 6 m was 

maintained for final yield and the rest of the plot was used for random sampling 

regarding the crop growth with 30 days interval. The cotton cultivar MNH-786 was sown 

on 16th May and 14th May in 2007 and 2008, respectively. 

3.5 CROP HUSBANDRY 
3.5.1 Seed bed preparation 

The seed bed preparation was uniform in both experiments. Each year before seed 

bed preparation, pre-soaking irrigation of 10 cm depth was applied. When the soil 

reached the proper moisture level, the fine seed bed was prepared by cultivating the land 

for 4 times with tractor mounted cultivator to a depth of 10-12 cm and three planking. 

Land was leveled laid out into ridges and furrows with tractor mounted ridger. The 

furrows were irrigated and delinted cotton seeds were dibbled manually on the same day 

in the moist soil on its proper place. The furrows were re-irrigated 72 hours after dibbling 

to have successful seed emergence. 

3.5.2 Sowing of crop 

The crop was sown as per sowing date treatments in first experiment while second 

experiment sown on 16th and 14th of May 2007 and 2008, respectively. Cotton was 

planted manually on ridges by maintaining 75 cm row distance in experiment No.1 and as 

per treatment in experiment No.2. Two seeds per hill were dibbled to a depth of 3 to 4 cm 

by maintaining a spacing of 30 cm in a row in experiment No.2 and as per treatment 

(22.5, 30 and 37.5 cm) in experiment No.1 to achieve required plant population. The acid 
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delinted seed was treated with a systemic insecticide Confidor (Imidacloprid 70WS) @ 

10g per kg seed that offers protection from sucking insects at early stage. 

3.5.3 Thinning  

The cotton was hand thinned at the four leaf stage to achieve desired plant 

population according to plant spacing treatment in first experiment while in second 

experiment 30 cm plant distance was maintained. 

3.5.4 Weed management 

For effective early season weed control a pre emergence herbicide Pendimethalin 

@3.0 liters ha-1 was applied 24 hours after seeding in furrows with JECTO (knap sack) 

hand sprayer fitted with a flood jet nozzle. Subsequent weed control was accomplished 

by hoeing/ inter-culturing.  

3.5.5 Fertilization  

A uniform dose of phosphorus (60 kg ha-1) in the form of TSP (Triple Super 

Phosphate) was applied at the time of sowing in both of the experiments. In first 

experiment, the recommended dose of N (120 kg ha-1) was applied in the form of urea 

while in second experiment urea was applied as per treatment. 1/3 of the N was applied at 

the time of sowing and remaining 2/3 was applied in two equal splits; at squaring         

(40 DAS) and at peak flowering (70 DAS) stage. 

3.5.6 Plant protection measures 

Insect pests were kept under the threshold level through chemical control. 

Insecticides were applied to control the sucking insects (aphid, jassid, whitefly, thrips, 

mites and cotton mealy bug) and bollworm (American bollworm, pink bollworm and 

spotted bollworm).  

3.5.7 Irrigation 

The first irrigation was applied at the time of sowing then after 72 hours the plots 

were irrigated again to ensure germination of un-soaked seed during first irrigation 

followed by subsequent irrigations with varied interval for 7 to 21 days up till crop 

maturity depending upon the plant requirement, temperature and rainfall. 

3.5.8 Crop picking        

Two cotton pickings were done each year. First picking was done after 120 DAS 

and second at mid of November. 
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3.6 OBSERVATIONS  

The following parameters were recorded by using standard procedures during the 

course of study.  

3.6.1 Agronomic parameters  

1. Number of monopodial branches per plant 

2. Number of sympodial branches per plant 

3. Plant population 

4. Plant height (cm) 

5. Main stem nodes 

6. Height to node ratio 

7. Number of bolls per plant 

8. Number of bolls m-2 

9. Seed cotton yield per plant (g) 

10. Seed index (g) 

11. Lint index (g) 

12. Seed cotton yield per hectare (kg) 

13. Boll weight (g) 

3.6.2 Earliness parameters  

1. Number of days from planting to appearance of first square 

2. Number of days from planting to appearance of first flower 

3. Node number for the first Sympodia 

4. First fruiting branch height (cm) 

5. Earliness index (%) 

3.6.3 Allometric parameters  

1. Leaf area index 

2. Leaf area duration (days) 

3. Total dry matter production (g m-2) 

4. Crop Growth Rate ( g m-2 d-1) 

5. Net Assimilation Rate ( g m-2 d-1) 
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3.6.4 Quality parameters  
 

1. Ginning out turn (GOT) % 

2. Fibre length (mm) 

3. Fibre strength (g tex-1) 

4. Micronaire  

5. Uniformity index (%) 

3.6.5 Economic analysis 

Economic analysis was carried out for second (fertilizer) experiment. 
 

3.7 PROCEDURES AND FORMULAE FOR RECORDING 
OBSERVATIONS  

Agronomic parameters 
Number of monopodial branches per plant  

 Monopodial (vegetative) branches of ten randomly selected plants from each plot 

were counted and average number of monopodial branches for each plant was calculated. 

Number of sympodial branches per plant  

 Sympodial (fruiting) branches of ten selected plants from each plot were counted 

and average number of sympodial branches per plant was calculated. 

Plant Population  

Plant population was worked out for each plot by counting total number of plants 

30 days after sowing and converted to plants per hectare. 

Plant height (cm)  

 Plant height (cm) of ten randomly selected plants from each plot was measured 

from base of the plant to tip of main stem at the time of last picking and average height 

was calculated.  

Main stem nodes per plant  

Total number of nodes on main stem of ten randomly selected plants were 

counted and then averaged. 

Height to node ratio/ Inter nodal length (cm) 

Height to node ratio/ inter nodal length of ten randomly selected plants at harvest 

was measured by dividing height of the main stem with total number of main stem nodes 

and then averaged. 
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Number of opened bolls per plant 

 Total number of bolls per plant was calculated by counting opened bolls at first 

and second picking of ten randomly selected tagged plants and average was calculated. 

Seed index (g) 

Seed index were measured by taking the weight of 100 fuzzy seeds in grams.  
Lint index (g) 

Lint index was computed from the formula given by Santharam (1976) which is 

as follows. 

Lint	index	(g) =
Ginning	out	turn	(%) × Seed	index

100− 	Ginning	out	turn	(%) × 100 

 
Lint index represents the absolute weight of lint produced per seed. 
 
Seed cotton yield per plant (g) 

Seed cotton from the ten tagged plants in net plot was picked separately at each 

picking. By adding the weights of each picking, the yield of seed cotton per plant was 

obtained and is expressed in grams. 

Boll weight (g) 

 Average boll weight (g) was calculated by dividing the total plant seed cotton 

yield with respective number of bolls per plant. 

Seed cotton yield per hectare (kg ha-1) 

Cotton was picked from the plants in the net plot area and weighed. The yield 

obtained from five observation plants was also added to this. The yield per hectare was 

worked out based on net plot yield obtained from all pickings. 

Cotton leaf curl virus infestation (%) 
 

Data for cotton leaf curl virus infestation were also recorded at 30, 60 and 90 days 

after sowing. Leaves showing small vein thickness, main vein thickness, curling and 

small ‘enation’ were considered infected. All the plants showing disease symptoms were 

counted as infested plants in each plot and percentage of infected plants was calculated. 
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Earliness parameters 
Number of days from planting to appearance of First Square 

Ten guarded plants were selected at random from each plant. When First Square 

of a size visible with naked eye appeared on 50 % of selected plants, number of days 

from planting was recorded. Average number of days taken to squaring was calculated. 

Number of days from planting to appearance of first flower 

 Number of days from planting to appearance of first flower on one half of the ten 

randomly selected guarded plants was recorded in each replicate and then average 

number of days taken to appearance of first flower was calculated. 

First fruiting branch node number  

 Number of the main stem node at which first fruiting branch arose was 

determined by counting number of nodes above the cotyledonary node (zero node) along 

the main stem till the one that gave rise to the first fruiting branch 

First fruiting branch height (cm) 

 Height of first fruiting branch (cm) was measured from the cotyledonary node of 

five selected plants and finally average height of first fruiting branch was calculated. 

Earliness index (%) 

 The ratio of first pick weight to total weight of seed cotton or the proportion of 

total seed cotton produced at the time of first picking (after 120 days) is considered as 

earliness index. It was measured with the help of following formula. This index is 

referred as maturity coefficient. 

Earliness	index	(%) =
Weight	of	seedcotton	from	 irst	pick

Total	seed	cotton	weight	from	all	picks × 100 

 

Allometric parameters 
Sampling 

Three randomly selected plants were harvested after 30 days interval. Fresh and 

dry weights of component fractions of plants (leaves, stem, and reproductive structures) 

were determined on an electronic balance. Due to the large biomass, a sub sample of each 

fraction was taken and dried under sun for 48 hours then keeping the samples in oven at 

70°C to a constant weight and oven dry weight was recorded. Total shoot dry weight was 
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obtained by summing weight of all components and converted to m-2. Total dry matter 

production per plant were worked out at 30, 60, 90, 120, and 150 DAS and expressed in 

gram. Also an appropriate sub sample (10 g) of fresh green leaves was used to record leaf 

area using laser leaf area meter (CI-203 Area meter CID, Inc). The leaf area of sub-

sample was converted into total leaf area per unit area. From the measurements of leaf 

area and oven dry weights following parameters were calculated.  

Leaf area index (LAI) 

Leaf area index (LAI) was calculated as the ratio of leaf area to land area as 

proposed by Watson (1952) at each sampling date. 

LAI =
Leaf	area	per	plant	(cm )
Land	area	per	plant	(cm ) 

Leaf area duration (LAD) 

Leaf area duration (LAD) is an integral of leaf area index over the growth period 

and was estimated for each sampling date according to Hunt (1978). 

LAD =
(LAI 1 + LAI ) × (t − t )

2  

  
Where LAI1 and LAI2 are leaf area indices at times t1 and t2, respectively. 

Cumulative LAD at final harvest was calculated by adding all LAD values taken at 

different intervals = LAD1 + LAD2 + LAD3 + …. 

Crop growth rate (g m-2 d-1) 

Crop growth rate is defined as the rate of dry matter production per unit land area 

per unit time and was measured as proposed by Hunt (1978) for each growth harvest after 

30 days interval. 

CGR	(g m d ) =
W − W
(t − t ) 

Where W1 and W2 are the total dry weights at times t1 and t2, respectively. 

Mean CGR was calculated by averaging all CGR values calculated at 60, 90, 120 and 150 

DAS. 
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Net assimilation rate (g m-2 d-1) 

The net assimilation rate (NAR) of a plant is the increase in dry matter per unit 

assimilatory area per unit time. The mean net assimilation rate was estimated by using the 

formula of Hunt (1978) 

NAR	(g m d ) =
TDM
TLAD 

Where  

TDM = Total shoot dry matter (g m-2) at final harvest 
TLAD = Total leaf area duration 

Mean NAR was calculated by averaging all NAR values calculated at 60, 90, 120 and 

150 DAS. 

Quality Parameters 
Ginning out turn percentage (%): 

The seed cotton obtained from net plot area in different pickings was mixed 

thoroughly (treatment-wise) in each year and pulling a sample from this composited 

harvest for ginout. Before ginning, seed cotton samples were dried in the sun and 

removed inert matter from samples. Clean and dry samples of seed cotton were weighed 

and then ginned separately with a single roller electric gin. The lint obtained from each 

sample was weighed and its ginning outturn was calculated by using following formula. 

Ginning	out	turn	(%) =
Weight	of	lint	(g)

Weight	of	seed	cotton	(g)	× 100 

 

A 50-g sample of resulting lint was taken from each plot and sent to the NIBGE, 

Faisalabad to determine physical fiber properties (micronaire, fibre length, fibre strength, 

and fiber uniformity) using high volume instrument analysis. 

Micronaire value  

Micronaire (also, mike or mic.) is a measurement of the lint surface area and thus 

an indirect measure of fineness (linear density) and maturity (degree of cell-wall 

development or thickness). It is the average weight per unit length of fibre. Linear density 

(often referred to as fineness) of fibre is expressed in micrograms per inch (µg inch-1). 

The degree of fiber thickening or fiber maturity, contributes to differences in micronaire. 

Low mike refers to fine fibers, while high mike refers to coarse fibers. Above 4.9 mikes 

value is undesirable for spinners as it results in too few fibers in yarn cross section, 
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reducing its strength, while mike below 3.7 may mean that fibers are immature, leading 

to breakages in fibers within the yarn and poor dye uptake during textile processing. 

Mike values falls outside the optimal range (3.7 to 4.9) are discounted, while premiums 

are paid for mike readings between 3.7 and 4.2. 

Staple length or Upper half mean length (mm) 

Fiber length is directly related to yarn fineness, strength, and spinning efficiency 

(Moore, 1996). The staple length represents the average length of the longest one-half of 

the fibers (Upper half mean length). HVI uses a fibrosampler to grab a portion of cotton 

from the whole sample. This sub sample is used to create a beard of approximately 

parallel fibers that is optically scanned for relevant measurements such as upper-half 

mean length (UHML) and uniformity index. 

Strength (g tex-1) 

It is the force required to break of fibres of unit linear density. The inherent 

breaking strength of individual cotton fibers is considered to be the most important factor 

in determining the strength of the yarn spun from those fibers (Munro, 1987: Patil and 

Singh, 1995; Moore, 1996) Fiber strength varies along the length of the fiber as does 

fiber fineness measured as perimeter, diameter, or cross section (Hsieh et al., 1995). The 

fiber strength measurement is made by clamping and breaking a bundle of fibers with a 

1/8-inch gage spacing between the clamp jaws. Fiber strength is reported as breaking 

tenacity or grams of breaking load per tex, where tex is the fiber linear density measured 

in grams per kilometer of fiber or yarn or simply weight of 1,000 meters of fibre in grams 

(Munro, 1987; Taylor, 1994). Therefore, the strength reports the force, in grams, required 

to break a bundle of fibres one tex unit in size, clamped in two sets of jaws (1/8 inch 

apart). Strength premiums are paid for readings above 29.4, while discounts are incurred 

for readings below 25.5. Stronger fibers give stronger yarns which enhance productivity 

by increasing processing speed with less end breakages. 

Uniformity index (%) 

Uniformity index (UI) is the ratio of the upper one-half mean length to the overall 

mean length of the fiber in a sample. It indicates the uniformity of fibre length. Fibre 

uniformity index was estimated by using HVI and expressed in percentage. Low 

uniformity values are a function of fibers that are more easily broken. It also is an 
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indication of short fiber content (fibers of less than one half inch). A low uniformity 

number means more short fibers are in sample. If the ratio is higher, yarn is more even 

and there is a reduced end breakage which improves spinning performance.  

Economic Analysis 
Net field benefit 

Net field benefits were calculated by subtracting the total variable cost from the 

gross benefits for each treatment combination (CIMMYT, 1988). Input and output cost 

for each treatment was converted to Rs. ha-1.  

3.8 Statistical analysis: 
Data collected on different parameters were analyzed statistically by using 

MSTAT-C programme and differences among the treatments means was compared by 

using the least significant difference (LSD) test at 5 % probability level (Steel et al., 

1997). 
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Chapter-4 

 

The results pertaining to the both experiments conducted during Kharif season 2007 and 

2008 are presented and discussed below. 

4.1 EXPERIMENT-1  

4.1.1 Agronomic Parameters  

Results 
4.1.1.1 Number of monopodial branches per plant 

Effects of sowing date, cultivar and plant spacing were significant on number of 

monopodial branches per plant (Table 4.1a) during 2007 and 2008.  In 2007, a significant 

interaction was present between sowing date and plant spacing but all other interactions were 

absent, whereas during 2008 no interaction was significant for number of monopodial 

branches per plant. In 2008 more monopodias per plant compared to the year 2007 might be 

due to low temperatures of May and June in 2008. The number of monopodial branches per 

plant was decreased significantly with delay in sowing time as highest number of 

monopodias (1.8 in 2007 and 2.0 in 2008) was produced with early sowing during 1st week of 

May and lowest monopodias per plant (1.2 in 2007 and 1.3 during 2008) were recorded in 

late sowing during 3rd week of June. Among cultivars MNH-786 significantly produced least 

number of monopodial branches per plant followed by CIM-496 and highest monopodias per 

plant were formed in FH-113 during both years. The elevated plant population by close plant 

spacing (22.5 cm) significantly reduced the number of monopodias per plant in each year. 

Approximately 20% to 37% lower monopodias per plant were observed in 2007 and 24% to 

38% during 2008 at close spacing compared to 30 and 37.5 cm plant spacing, respectively. 

Averaged over cultivars, the late sowing (3rd week of June) with close plant spacing 

produced lowest number of monopodias (1.2) while the highest number of monopodias (2.3) 

was obtained in early sown cotton (1st week of May) at wide plant spacing (Table 4.1b). A 

similar response was observed in 2008 but the differences were non significant. 

RESULTS AND DISCUSSION 
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Table 4.1a: Effect of sowing date, cultivar and plant spacing on number of monopodial 
branches per plant in cotton 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 1.8 a 2.0 a 1.90 

SD2=4th Week of May 1.6 b 1.7 b 1.65 

SD3=3rd Week of June 1.2 c 1.3 c 1.25 

LSD (0.05) 0.2 0.2  

Cultivars (V) 

V1=CIM-496 1.6 b 1.7 a 1.65 

V2=MNH-786 1.4 c 1.6 b 1.50 

V3=FH-113 1.7 a 1.8 a 1.75 

LSD (0.05) 0.08 0.11  

Plant Spacing (PS) 

PS1=22.5 cm 1.2 c 1.3 c 1.25 

PS2=30.0 cm 1.5 b 1.7 b 1.60 

PS3=37.5 cm 1.9 a 2.1 a 2.00 

LSD (0.05) 0.12 0.14  

Year means 1.53 b  1.70 a 

LSD (0.05) 0.07 

Interactions 

SD x V NS NS 

SD x PS * NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*: Significant at p≤ 0.05  
NS: Non significant 
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Table 4.1b: Effect of sowing date by plant spacing interaction on number of 
monopodial branches per plant in cotton 

Sowing Date 
(SD) 

Plant Spacing 
(PS) 

2007 2008 Mean 
PS SD 

1st Week of May 22.5 cm 1.4 de 1.5 1.45 1.92 

30.0 cm 1.8 bc 2.0 1.9 

37.5 cm 2.3 a 2.5 2.4 

4th Week of May 22.5 cm 1.2 ef 1.3 1.25 1.65 

30.0 cm 1.5 cd 1.7 1.6 

37.5 cm 2.0 ab 2.2 2.1 

3rd Week of June 22.5 cm 1.0 f 1.1 1.05 1.28 

30.0 cm 1.2 ef 1.3 1.25 

37.5 cm 1.5 cd 1.6 1.55 

LSD (0.05) 0.31  NS   

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
 
4.1.1.2 Number of sympodial branches per plant  
 

Sowing dates, cultivars and plant spacing significantly influenced the number of 

sympodial branches per plant while their interactive effects were found to be non-significant 

(Table 4.2). During first year number of sympodial branches per plant was almost 3.5 % 

higher than second year of experiment. The cotton planted during 1st week of May produced 

significantly higher number of sympodias per plant (21.5 in 2001 and 20.0 in 2008) as 

compared to sowing during 3rd week of June with 12.9 and 13.5 number of sympodial 

branches per plant in respective of 2007 and 2008. In case of cultivars, the comparison of 

treatment’s means indicated that statistically highest sympodias per plant (19.0 in 2007 and 

18.1 in 2008) were produced by FH-113 followed by CIM-496 with 17.5 and 17.3 sympodias 

per plant during 2007 and 2008, respectively. The lowest number of sympodial branches per 

plant (17.1 during 2007 and 16.6 in 2008) was produced by MNH-786. By plant spacing, 

number of sympodias per plant means were 16.8, 18.1, and 18.7 for the 22.5, 30.0, and     



43 

 

37.5 cm plant spacing, respectively, with the 22.5 cm plant spacing mean significantly lower 

than that of the other two plant spacing.  

Table 4.2: Effect of sowing date, cultivar and plant spacing on number of sympodial 
branches per plant in cotton  
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 21.5 a 20.0 a 20.8 

SD2=4th Week of May 19.3 b 18.5 b 18.9 

SD3=3rd Week of June 12.9 c 13.5 c 13.2 

LSD (0.05) 1.5 1.55  

Cultivars (V) 

V1=CIM-496 17.5 b 17.3 b 17.4 

V2=MNH-786 17.1 b 16.6 c 16.9 

V3=FH-113 19.0 a 18.1 a 18.6 

LSD (0.05) 0.72 0.67  

Plant Spacing (PS) 

PS1=22.5 cm 16.8 b 16.4 b 16.6 

PS2=30.0 cm 18.1 a 17.5 a 17.8 

PS3=37.5 cm 18.7 a 18.1 a 18.4 

LSD (0.05) 0.69 0.82  

Year means 17.9 a 17.3 b 

LSD (0.05) 0.44 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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4.1.1.3 Plant population (ha-1) 

Plant population per hectare was significantly affected by plant spacing while  sowing 

dates, cultivars and all interactions were found to be non-significant (Table 4.3). Year effect 

on plant population was not significant. Closer spacing was accompanied with more number 

of plants per unit area. In 2007, final plant population means were 54336, 41188, and 32809 

plants ha-1 for the 22.5, 30.0, and 37.5 cm plant spacing, respectively, with all differences 

significant. Similarly during 2008 final plant populations for the 22.5, 30.0, and 37.5 cm 

plant spacings were 54105, 40941 and 32531 plants ha-1, respectively.  

4.1.1.4 Plant height (cm) 

Effect of sowing date, cultivar, and plant spacing on cotton was significant in 2007 

and 2008 (Table 4.4a). The sowing date by cultivar interaction was present during both years 

of study whereas all other interactions were found to be non significant. Year effect on plant 

height of cotton was significant and more plant height was observed in 2008 than 2007 

because of more rains in 2008 (Table 3.4). Late sowing reduced plant height considerably 

compared to early planting. It is evident from the data that plants were 32.5 and 26.8% 

shorter in late planting (3rd week of June) than 1st and 4th week of May planting during 2007.  

Similar response was observed in 2008, where in late planting the decreases were 28.7 and 

22.7% for plant height in contrast to 1st and 4th week of May planting. In both growing 

seasons FH-113 produced tallest plants followed by CIM-496. The cultivar MNH-786 

produced the shortest plants. Height was significantly affected by plant spacing during 2007, 

with means of 117.9, 115.1 and 112.5 cm in respective of the 22.5, 30, and 37.5 cm plant 

spacing respectively. In 2008, averaged plant height was 125.2, 122.5 and 119.2 cm at 22.5, 

30, and 37.5 cm plant spacing, respectively. Each difference between plant spacing means 

was significant. All cultivars produced tallest plant when sown during 1st week of May 

regardless of plant spacing. The cultivar FH-113 produced tallest plants when grown on       

1st week of May (Table 4.4b).  
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Table 4.3: Effect of sowing date, cultivar and plant spacing on plant population per 
hectare in cotton 
 
Treatments 2007 2008 Mean 

Sowing Dates 

SD1=1st Week of May 43056 42793 42925 

SD2=4th Week of May 42685 42407 42546 

SD3=3rd Week of June 42592 42376 42484 

LSD (0.05) NS NS  

Cultivars 

V1=CIM-496 42932 42685 42809 

V2=MNH-786 42778 42500 42639 

V3=FH-113 42623 42392 42508 

LSD (0.05) NS NS  

Plant Spacing (cm) 

PS1=22.5 54336 a 54105 a 54221 

PS2=30.0 41188 b 40941 b 41065 

PS3=37.5 32809 c 32531 c 32670 

LSD (0.05) 362  322   

Year means 42778 42526 

LSD (0.05) NS 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Not significant  
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Table 4.4a: Effect of sowing date, cultivar and plant spacing on plant height (cm) in 
cotton  
 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 133.2 a 139.2 a 136.2 

SD2=4th Week of May 122.8 b 128.4 b 125.6 

SD3=3rd Week of June 89.9 c 99.3 c 94.5 

LSD (0.05) 2.75 2.94  

Cultivars (V) 

V1=CIM-496 113.3 b 125.0 b 119.2 

V2=MNH-786 105.9 c 109.6 c 107.8 

V3=FH-113 126.2 a 132.4 a 129.3 

LSD (0.05) 1.40 1.49  

Plant Spacing (PS) 

PS1=22.5 cm 117.9 a 125.2 a 121.6 

PS2=30.0 cm 115.1 b 122.5 b 118.8 

PS3=37.5 cm 112.5 c 119.2 c 115.9 

LSD (0.05) 1.36 1.68  

Year means 115.2 b 122.3 a 

LSD (0.05) 1.35 

Interactions 

SD x V ** ** 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
**: Significant at p≤ 0.01 
NS: Non significant 
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Table 4.4b: Effect of sowing date by cultivar interaction on plant height (cm) in cotton  
 

Sowing Date 
(SD) 

Cultivar 
(V) 

2007 2008 Mean 
V SD 

1st Week of May CIM-496 135.7 b 143.3 b 139.5 136.2 

MNH-786 119.9 d 123.6 e 121.8 

FH-113 144.0 a 150.6 a 147.3 

4th Week of May CIM-496 124.8 c 132.4 d 128.6 125.6 

MNH-786 111.3 e 114.7 f 113 

FH-113 132.2 b 138.2 c 135.2 

3rd Week of June CIM-496 79.5 g 99.1 h 89.3 94.5 

MNH-786 86.7 h 90.4 i 88.6 

FH-113 102.5 f 108.3 g 105.4 

LSD (0.05) 3.6 3.32   

Means sharing different letters differ significantly at p≤ 0.05 

4.1.1.5 Main stem nodes 
 

Results exhibited significant impact of sowing date, cultivar and plant spacing on 

main stem nodes. Year effect on main stem nodes was not significant (Table 4.5). The main 

stem nodes were significantly increased by early sowing during 1st week of May in either 

year as compared to late sowing. The highest number of main stem nodes (29.3 in 2007 and 

28.4 in 2008) was produced by early sowing and least (21.1 during 2007 and 21.5 in 2008) 

by late sowing. FH-113 produced highest number of main stem nodes (27.3 in 2007 and 26.6 

in 2008) while, MNH-786 produced lowest number of main stem nodes (24.9 in 2007 and 

24.5 in 2008) and statistically at par with CIM-496 by producing 25.5 main stem nodes in 

either year. Among plant spacing, wide plant spacing (37.5cm) generated highest number of 

main stem nodes while, close plant spacing (22.5 cm) resulted in least number of main stem 

nodes. In 2007, about 2.3% and 8% higher main stem nodes were recorded under wide plant 

spacing than 30 and 22.5 cm plant spacing, respectively and subsequent values for 2008 were 

3.1% and 8% in respective to 30 and 22.5 cm plant spacing. The interactions between 

different sowing dates, cultivar and plant spacing were absent during both years of study for 

this character (Table 4.5).  
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Table 4.5: Effect of sowing date, cultivar and plant spacing on main stem nodes in 
cotton 
 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 29.3 a 28.4 a 28.9 

SD2=4th Week of May 27.3 b 26.7 b 27.0 

SD3=3rd Week of June 21.1 c 21.5 c 21.3 

LSD (0.05) 1.5 1.34  

Cultivars (V) 

V1=CIM-496 25.5 b 25.5 b 25.5 

V2=MNH-786 24.9 b 24.5 c 24.7 

V3=FH-113 27.3 a 26.6 a 27.0 

LSD (0.05) 0.82 0.73  

Plant Spacing (PS) 

PS1=22.5 cm 24.8 b 24.5 b 24.7 

PS2=30.0 cm 26.2 a 25.6 a 25.9 

PS3=37.5 cm 26.8 a 26.4 a 26.6 

LSD (0.05) 0.73 0.83  

Year means 25.9  25.5  

LSD (0.05) NS 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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4.1.1.6 Height to node ratio (cm) 
 

The height to node ratio (HNR) or internodal distance was significantly influenced by 

sowing date, cultivar and plant spacing during Kharif season 2007 and 2008. Year effect on 

HNR was significant (Table 4.6a). During first year intermodal distance was more than 

second year. The internodal distance reduced with late planting. In 2007, the maximum HNR 

(4.6 cm) was observed in cotton sown in 1st week of May which was statistically on par with 

sowing in 4th week of May by 4.5 cm internodal length (Table 4.6a). The mean (4.2 cm per 

node) for late sown cotton in 3rd week of June was significantly lower than sowing in 1st and 

4th week of May. In 2008, the respective planting in 1st week of May, 4th week of May and 3rd 

week of June had HNR means of 4.9, 4.8 and 4.6 cm per node. Differences were significant 

except between 1st and 4th week of May planting. In 2007, FH-113 exhibited significantly 

higher HNR (4.6 cm) followed by CIM-496 with 4.4 cm per node and lowest HNR (4.3 cm) 

was observed by MNH-786 and similar trend was found in 2008. An increase in plant density 

at close plant spacing increased HNR. Plants grown at close plant spacing of 22.5 cm 

expressed significantly more HNR which was 6.8 % (4.7 cm vs. 4.4 cm) and 11.9 % (4.7 cm 

vs. 4.2 cm) higher over 30 and 37.5 cm plant spacing during 2007 whereas in 2008 HNR 

increased significantly with close spacing by 6.3 % (5.1 cm vs. 4.8 cm) and 13.3 % (5.1 cm 

vs. 4.5 cm) compared to 30 and 37.5 cm plant spacing.  

Interaction between sowing date and cultivar was significant for HNR only in 2007 

(Table 4.6b). Cotton cultivar FH-113 planted in 1st week of May exhibited maximum HNR 

mean (4.7 cm), while the lowest HNR mean (4.1cm) was recorded in MNH-786 by planting 

in 3rd week of June. The same trend was followed in 2008, though the differences were not 

significant. The remaining interactions between sowing date × plant spacing, cultivar × plant 

spacing, and sowing date × cultivar × plant spacing were found to be non significant during 

both years of study.  
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Table 4.6a: Effect of sowing date, cultivar and plant spacing on height to node ratio 
(cm) in cotton 
 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 4.6 a 4.9 a 4.8 

SD2=4th Week of May 4.5 a 4.8 a 4.7 

SD3=3rd Week of June 4.2 b 4.6 b 4.4 

LSD (0.05) 0.17 0.18  

Cultivars (V) 

V1=CIM-496 4.4 b 4.9 a 4.7 

V2=MNH-786 4.3 c 4.5 b 4.4 

V3=FH-113 4.6 a 5.0 a 4.8 

LSD (0.05) 0.09 0.1  

Plant Spacing (PS) 

PS1=22.5 cm 4.7 a 5.1 a 4.9 

PS2=30.0 cm 4.4 b 4.8 b 4.6 

PS3=37.5 cm 4.2 c 4.5 c 4.4 

LSD (0.05) 0.09 0.13  

Year means 4.4 b 4.8 a 

LSD (0.05) 0.06 

Interactions 

SD x V ** NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
**: Significant at p≤ 0.01 
NS: Non significant  
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Table 4.6b: Effect of sowing date by cultivar interaction on height to node ratio (cm) in 
cotton 
  

Sowing Date  
(SD) 

Cultivar 
(V) 

2007 2008 Mean 
V SD 

1st Week of May CIM-496 4.6 a 5.0 4.8 4.7 

MNH-786 4.3 b 4.6 4.5 

FH-113 4.7 a 5.1 4.9 

4th Week of May CIM-496 4.6 a 5.0 4.8 4.7 

MNH-786 4.3 b 4.5 4.4 

FH-113 4.6 a 5.0 4.8 

3rd Week of June CIM-496 4.0 c 4.7 4.4 4.4 

MNH-786 4.1 bc 4.3 4.2 

FH-113 4.6 a 4.9 4.8 

LSD (0.05) 0.21 NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
 
4.1.1.7 Number of bolls per plant 

The data on number of bolls per plant differed significantly due to sowing date, 

cultivar and plant spacing during 2007 and 2008 (Table 4.7a). Effect of the year was 

significant on number of bolls per plant which was 7.7% higher during 2007 than in 2008. 

The interaction effects of sowing date × cultivar, sowing date × plant spacing and cultivar × 

plant spacing were significant during 2007 while interaction between cultivar and plant 

spacing was non significant in 2008 (Table 4.7a). The interaction between sowing date × 

cultivar × plant spacing was non significant during both the years. In 2007, the maximum 

number of bolls per plant (30.9) was observed in cotton planted in 1st week of May while the 

minimum bolls per plant (11.2) were recorded with sowing in 3rd week of June (Table 4.7a). 

The same pattern was observed in 2008. The means for number of bolls per plant were higher 

for FH-113 by producing 24.7 and 22.1 bolls per plant in respective of 2007 and 2008   

(Table 4.7a). The lowest number of bolls (20.3 in 2007 and 19.5 in 2008) was produced by 

MNH-786.  
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Table 4.7a: Effect of sowing date, cultivar and plant spacing on number of bolls per 
plant in cotton 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 30.9 a 26.1 a 28.5 

SD2=4th Week of May 25.0 b 24.0 b 24.5 

SD3=3rd Week of June 11.2 c 12.0 c 11.6 

LSD (0.05) 0.95 0.55  

Cultivars (V) 

V1=CIM-496 21.9 b 20.5 b 21.2 

V2=MNH-786 20.3 c 19.5 c 20.0 

V3=FH-113 24.7 a 22.1 a 23.4 

LSD (0.05) 0.95 0.74   

Plant Spacing (PS) 

PS1=22.5 cm 16.1 c 15.3 c 15.7 

PS2=30.0 cm 22.9 b 21.1 b 22.0 

PS3=37.5 cm 28.0 a 25.7 a 26.8 

LSD (0.05) 0.69 0.65  

Year means 22.3 a 20.7 b 

LSD (0.05) 0.83 

Interactions 

SD x V ** * 

SD x PS ** ** 

V x PS ** NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*and **: Significant at p≤ 0.05 and 0.01, respectively 
NS: Non significant 
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Table 4.7b: Effect of sowing date by cultivar interaction on number of bolls per plant in 
cotton 

Sowing Date 
(SD) 

Cultivar 
(V) 

2007 2008 Mean 
(V) (SD) 

1st Week of May CIM-496 31.1 b 26.1 b 28.6 28.5 

MNH-786 27.3 c 24.2 c 25.8 

FH-113 34.2 a 28.0 a 31.1 

4th Week of May CIM-496 24.4 d 23.5 cd 23.9 24.5 

MNH-786 23.1 d 22.6 d 22.8 

FH-113 27.4 c 25.9 b 26.6 

3rd Week of June CIM-496 10.1 f 12.0 e 11.0 11.6 

MNH-786 10.7 f 11.6 e 11.2 

FH-113 12.6 e 12.4 e 12.5 

LSD (0.05) 1.61 1.18   

Means sharing different letters differ significantly at p≤0.05 
 
Table 4.7c: Effect of sowing date by plant spacing interaction on number of bolls per 
plant in cotton  

Sowing Date 
(SD) 

Plant Spacing 
(PS) 

2007 2008 Mean 
(PS) (SD) 

1st Week of May 22.5 cm 21.6 d 19.0 e 20.3 28.5 

30.0 cm 31.0 b 26.2 c 28.6 

37.5 cm 40.0 a 33.1 a 36.6 

4th Week of May 22.5 cm 17.8 e 17.3 f 17.6 24.5 

30.0 cm 25.7 c 24.4 d 25.1 

37.5 cm 31.4 b 30.1 b 30.8 

3rd Week of June 22.5 cm 8.8 g 9.5 h 9.2 11.6 

30.0 cm 11.9 f 12.7 g 12.3 

37.5 cm 12.7 f 13.7 g 13.2 

LSD (0.05) 1.24 1.17   

Means sharing different letters differ significantly at p≤0.05 
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Table 4.7d: Effect of Cultivar by plant spacing interaction on number of bolls per plant 
in cotton 

 Cultivar 
(V) 

Plant Spacing 
(PS) 

2007 2008 Mean 
PS V 

CIM-496 22.5 cm 15.8 fg 15.3 15.6 21.2 

30.0 cm 22.6 d 21.0 21.8 

37.5 cm 27.2 b 25.2 26.2 

MNH-786 22.5 cm 15.2 g 14.4 14.8 19.9 

30.0 cm 21.0 e 19.9 20.5 

37.5 cm 24.9 c 24.2 24.6 

FH-113 22.5 cm 17.2 f 16.2 16.7 23.4 

30.0 cm 25.0 c 22.4 23.7 

37.5 cm 32.0 a 27.6 29.8 

LSD (0.05) 1.44 NS   

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
 

Wide plant spacing (37.5 cm) produced maximum number of bolls per plant (28.0 in 

2007 and 25.7 during 2008) followed by 30.0 cm plant spacing (22.9 during 2007 and 21.1 in 

2008). Minimum bolls per plant (16.1 in 2007 and 15.3 during 2008) were produced at close 

spacing of 22.5 cm (Table 4.7a). All cultivars produced maximum number of bolls per plant 

when sown in 1st week of May during both growing seasons (Table 4.7b). Highest bolls per 

plant were produced at wide plant spacing by all cultivars (Table 4.7d). Similarly, wider 

plant spacing (37.5 cm) promoted production of more bolls per plant at all sowing dates 

(Table 4.7c). 

 
4.1.1.8 Number of bolls m-2 

Year effect on average number of bolls m-2 was significant (Table 4.8a). The average 

number of bolls m-2 was 6.5 % higher in first year as compared to second year of experiment. 

The average number of bolls m-2 varied with different sowing dates, cultivars and plant 

spacing (Table 4.8a). Significant differences in bolls m-2 were present between all sowing 

date means in both seasons. In both the seasons, the cotton planted during 1st week of May 
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significantly produced maximum number of bolls m-2 (136.0 in 2007 and 115.5 in 2008) 

followed by sowing in 4th week of May with 110.49 bolls m-2 during 2007 and 107.70     

bolls m-2 in 2008. The significantly lowest number of bolls m-2 was 50.2 and 55.4 with late 

sowing of cotton during 3rd week of June in respective of the year 2007 and 2008. Similarly 

cultivars also significantly impacted the number of bolls m-2 in both the years. Again FH-113 

produced maximum number of bolls m-2 (109.0 in 2007 and 101.0 in 2008) followed by 

CIM-496 by producing 96.9 and 91.2 bolls m-2  during 2007 and 2008, respectively. MNH-

786 produced significantly lowest number of bolls m-2 (90.7 and 86.5) in respective of both 

growing periods. By plant spacing, number of bolls m-2 means were 95.2, 101.7, and 100.0 

for the 22.5, 30.0, and 37.5 cm plant spacing, with the 22.5 cm plant spacing mean 

significantly lower than that of the other two plant spacing during 2007 and almost same 

trend manifested in 2008. 

The interaction between sowing date and cultivar on number of bolls m-2 was 

significant in 2007. All the cultivars produced highest number of bolls m-2 when planted in 

1st week of May and the cultivar FH-113 surpassed the other cultivars in producing bolls m-2 

at all sowing dates (Table 4.8b). Almost same trend was followed in 2008.  Interaction of 

sowing date and plant spacing was also found significant during 2007 and 2008 (Table 4.8c) 

and indicated that maximum number of bolls m-2 (142.1 in 2007 and 117.7 in 2008) were 

obtained at wide plant spacing (37.5 cm) when compared with other treatments. However, 

cotton sown in 4th week of May and 3rd week of June produced higher number of bolls m-2 at 

normal plant spacing (30.0 cm) in both crop seasons. The cultivar by plant spacing 

interaction was significant for number of bolls m-2 in 2007 while non significant during 2008 

(Table 4.8d). In 2007, regardless of sowing dates the cultivar FH-113 produced highest 

number of bolls m-2 at wider plant spacing (37.5 cm) while CIM-496 and MNH-786 gave 

more number of bolls m-2 at normal plant spacing (30.0 cm). The similar trend was 

experienced during 2008, though the mean differences were not significant. The interaction 

effect of sowing date × cultivar × plant spacing was not significant during both the years of 

study (Table 4.8a). 
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Table 4.8a: Effect of sowing date, cultivar and plant spacing on number of bolls m-2 in 
cotton 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 136.0 a 115.5 a 125.8 

SD2=4th Week of May 110.5 b 107.7 b 109.1 

SD3=3rd Week of June 50.2 c 55.4 c 52.8 

LSD (0.05) 3.98 2.97   

Cultivars (V) 

V1=CIM-496 96.9 b 91.2 b 94.1 

V2=MNH-786 90.7 c 86.5 c 88.6 

V3=FH-113 109.0 a 101.0 a 105.0 

LSD (0.05) 4.40 3.36   

Plant Spacing (PS) 

PS1=22.5 cm 95.2 b 91.9  93.6 

PS2=30.0 cm 101.7 a 94.8  98.3 

PS3=37.5 cm 100.0 a 92.0  96.0 

LSD (0.05) 6.53 NS  

Year means 98.9 a 92.9 b  

LSD (0.05) 2.56 

Interactions 

SD x V ** NS 

SD x PS ** ** 

V x PS * NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*and **: Significant at p≤ 0.05 and 0.01, respectively 
NS: Non significant 
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Table 4.8b: Effect of sowing date by cultivar interaction on number of bolls m-2 in 
cotton 
 

Sowing Date 
(SD) 

Cultivar 
(V) 

2007 2008 Mean 
(V) (SD) 

1st Week of May CIM-496 137.2 b 115.6 126.4 125.7 

MNH-786 120.9 c 107.3 114.1 

FH-113 149.8 a 123.6 136.7 

4th Week of May CIM-496 108.3 d 104.0 106.2 109.1 

MNH-786 102.8 d 100.1 101.5 

FH-113 120.4 c 118.9 119.7 

3rd Week of June CIM-496 45.4 f 53.9 49.7 52.8 

MNH-786 48.4 f 51.9 50.2 

FH-113 56.6 e 60.5 58.6 

LSD (0.05) 7.17 NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
 
 
Table 4.8c: Effect of sowing date by plant spacing interaction on number of bolls m-2 in 
cotton 

Sowing Date 
(SD) 

Plant Spacing 
(PS) 

2007 2008 Mean 
(PS) (SD) 

1st Week of May 22.5 cm 127.9 b 112.5 ab 120.2 125.7 

30.0 cm 137.9 a 116.3 a 127.1 

37.5 cm 142.1 a 117.7 a 129.9 

4th Week of May 22.5 cm 105.5 d 104.7 c 105.1 109.7 

30.0 cm 114.2 c 110.1 bc 112.2 

37.5 cm 111.8 c 108. 3 bc 111.8 

3rd Week of June 22.5 cm 52.3 e 58.4 d 55.4 52.8 

30.0 cm 53.0 e 58.0 d 55.5 

37.5 cm 45.2 f 50.0 e 47.6 

LSD (0.05) 5.23 5.41    

Means sharing different letters differ significantly at p≤0.05 
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Table 4.8d: Effect of cultivar by plant spacing interaction on number of bolls m-2 in 
cotton  
 

Cultivar 
(V) 

Plant Spacing 
(PS) 

2007 2008 Mean 
PS V 

CIM-496 22.5 cm 93.6 cd 90.6 92.1 94.1 

30.0 cm 100.5 b 93.4 97.0 

37.5 cm 96.7 bc 89.6 93.2 

MNH-786 22.5 cm 90.1 d 85.1 87.6 88.6 

30.0 cm 93.3 cd 88.4 90.9 

37.5 cm 88.7 d 85.9 87.3 

FH-113 22.5 cm 102.0 b 99.9 101.0 105.0 

30.0 cm 111.3 a 102.6 107.0 

37.5 cm 113.7 a 100.5 107.1 

LSD (0.05) 6.53 NS   

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
 
 

4.1.1.9 Seed cotton yield per plant (g) 

The data regarding seed cotton yield per plant of cotton cultivars planted on different 

dates and plant spacings during the year 2007 and 2008 are presented in Table 4.9a. Year 

effect was significant on seed cotton yield per plant. During first year 9.75 % (61.9 g) more 

seed cotton yield per plant was produced than in second year (Table 4.9a). The data indicated 

marked differences due to planting dates, cultivars as well as plant spacing for seed cotton 

yield per plant.  The means of seed cotton yield were 87.1, 69.0 and 29.6 g per plant with the 

sowing in 1st week of May, 4th week of May and 3rd week of June, respectively during 2007 

and subsequent values for the year 2008 were 72.4, 65.3 and 31.5 g seed cotton yield per 

plant. Each delay in sowing depicted decreasing trend of seed cotton yield per plant as 21% 

yield loss expressed with sowing in 4th week of May and 66 % with 3rd week of June  than 

early sowing during 1st week of May in 2007. Similarly, plantation in 4th week of May and 
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3rd week of June in contrast to 1st week of May sowing ended with 10 and 57 % cut in seed 

cotton yield per plant during 2008. Cotton cultivar FH-113 generated higher seed cotton yield 

per plant followed by MNH-786 and CIM-496 in descending order during 2007 while in 

2008 FH-113 and MNH-786 gave similar seed cotton yields per plant and statistically lowest 

seed cotton yield per plant was again observed with CIM-496. The percent (%) increase of      

FH-113 and MNH-786 over CIM-496 was 17 and 10 % in 2007 and during 2008 each of  

FH-113 and MNH-786 produced 13% more seed cotton yield per plant. By plant spacing, 

wide (37.5 cm) plant spacing produced significantly highest seed cotton yield of 78.5 and 

70.6 g per plant during 2007 and 2008 which represents 79.2 and 72.2 % more seed cotton 

yield per plant than close plant spacing (22.5 cm) as lowest seed cotton weight per plant was 

associated with close plant spacing by giving 43.8 and 41.0 g seed cotton per plant in 

respective of 2007 and 2008.  

The interaction between sowing dates and cultivars was also significant only for 

2008. The cultivar FH-113 produced higher seed cotton weight per plant when sown in         

1st week of May while MNH -786 exceeds the other cultivars for seed cotton yield per plant 

when sown in 4th week of May and 3rd week of June during 2008 (Table 4.9b) while in 2007 

averaged over plant spacing FH-113 produced higher seed cotton yield per plant at all sowing 

dates but the interactive effects of sowing dates and cultivars were found to be non 

significant. The interaction of cultivars and plant spacing was significant during 2007 and 

found non significant in 2008.  Averaged over sowing time, all cultivars produced maximum 

seed cotton yield per plant at wide plant spacing during 2007 and 2008 (Table 4.9d). 

Similarly, wide plant spacing exhibited clear edge over normal and close spacing for seed 

cotton yield per plant at all sowing dates (Table 4.9c) in both experimental seasons. 

However, differences were non significant between plant spacings during 2007 in late 

planting and 37.5 cm and 30 cm plant spacing gave statistically similar yields in 2008. The 

interaction sowing date × cultivar × plant spacing was statistically non significant in both 

experimental years.  
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Table 4.9a: Effect of sowing date, cultivar and plant spacing on seed cotton yield per 
plant (g) in cotton 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 87.1 a 72.4 a 79.8 

SD2=4th Week of May 69.0 b 65.3 b 67.2 

SD3=3rd Week of June 29.6 c 31.5 c 30.6 

LSD (0.05) 2.49  1.57   

Cultivars (V) 

V1=CIM-496 56.7 c 51.9 b 54.3 

V2=MNH-786 62.5 b 58.6 a 60.6 

V3=FH-113 66.6 a 58.7 a 62.7 

LSD (0.0) 2.40  2.15  

Plant Spacing (PS) 

PS1=22.5 cm 43.8 c 41.0 c 42.4 

PS2=30.0 cm 63.5 b 57.6 b 60.6 

PS3=37.5 cm 78.5 a 70.6 a 74.6 

LSD (0.05) 2.08 1.86   

Year means 61.9 a 56.4 b  

LSD (0.05) 2.37 

Interactions 

SD x V NS * 

SD x PS ** ** 

V x PS ** NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*and**: Significant at p≤ 0.05 and 0.01, respectively 
NS: Non significant 
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Table 4.9b:  Effect of sowing date by cultivar interaction on seed cotton yield per plant 
(g) in cotton  

Sowing Date 
(SD) 

Cultivar 
(V) 

2007 2008 Mean 
(V) (SD) 

1st Week of May CIM-496 82.5 67.3 b 74.9 79.7 

MNH-786 85.1 74.2 a 79.7 

FH-113 93.7 75.6 a 84.7 

4th Week of May CIM-496 62. 8 59.3 c 59.3 66.1 

MNH-786 70.7 68.0 b 69.4 

FH-113 73.6 65.8 b 69.7 

3rd Week of June CIM-496 24.9 29.1 e 27.0 30.1 

MNH-786 31.5 33.7 d 32.6 

FH-113 32.4 29.2 e 30.8 

LSD (0.05) NS 3.42  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 

Table 4.9c: Effect of sowing date by plant spacing interaction on seed cotton yield per plant 
(g) in cotton  

Sowing Date 
(SD) 

Plant Spacing 
(PS) 

2007 2008 Mean 
(PS) (SD) 

1st Week of May 22.5 cm 59.7  d 51.7 e 55.7 79.7 

30.0 cm 87.4  b 72.7 c 80.1 

37.5 cm 114.2  a 92.7 a 103.5 

4th Week of May 22.5 cm 48.4  e 45.7 f 47.1 66.7 

30.0 cm 71.2  c 65.6 d 68.4 

37.5 cm 87.5  b 81.9 b 84.7 

3rd Week of June 22.5 cm 23.3 e 23.9 h 23.6 30.1 

30.0 cm 31.8 e 32.7 g 32.3 

37.5 cm 33.7 e 35.3 g 34.5 

LSD (0.05) 3.57  3.59   

Means sharing different letters differ significantly at p≤0.05 
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Table 4.9d: Effect of cultivar by plant spacing interaction on seed cotton yield per plant 
(g) in cotton 

Cultivar 
(V) 

Plant Spacing 
(PS) 

2007 2008 Mean 
PS V 

CIM-496 22.5 cm 40.1 g 38.0 39.1 55.2 

30.0 cm 58.6 e 53.3 56.0 

37.5 cm 77.0 b 64.4 70.7 

MNH-786 22.5 cm 45.8 e 42.8 44.3 59.7 

30.0 cm 64.6 d 59.9 62.3 

37.5 cm 71.5 c 73.3 72.4 

FH-113 22.5 cm 45.5 f 40.5 43.0 61.7 

30.0 cm 67.2 d 57.8 62.5 

37.5 cm 87.0 a 72.2 79.6 

LSD (0.05) 4.21  NS   

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 

4.1.1.10 Seed index (g) 
 

Year effect on seed index was not significant (Table 4.10). Sowing date, cultivar and 

plant spacing significantly influenced the seed index in 2007 and 2008 (Table 4.10). In 2007, 

the maximum seed index (7.82 g) was measured in early sown cotton during 1st week of May 

and it was statistically equal with sowing in 4th week of May. The minimum seed index   

(7.46 g) was recorded with late sown cotton in 3rd week of May.  There were significant 

cultivar differences in seed index, with means of 7.16, 8.16 and 7.68 g seed index for       

CIM-496, MNH-786 and FH-113, respectively. All differences were significant. Similarly 

increasing plant population by close plant spacing tended to decrease seed index. Almost 

same trend for seed index was observed in 2008. Among four interactions no interaction was 

significant for seed index in both growing seasons. 
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Table 4.10: Effect of sowing date, cultivar and plant spacing on seed index (g) in cotton 
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 7.82 a 7.73 a 7.78 

SD2=4th Week of May 7.72 a 7.68 a 7.70 

SD3=3rd Week of June 7.46 b 7.47 b 7.47 

LSD (0.05) 0.26 0.18   

Cultivars (V) 

V1=CIM-496 7.16 c 7.08 c 7.12 

V2=MNH-786 8.16 a 8.09 a 8.13 

V3=FH-113 7.68 b 7.70 b 7.69 

LSD (0.0) 0.18 0.16  

Plant Spacing (PS) 

PS1=22.5 cm 7.57 b 7.55 7.56 

PS2=30.0 cm 7.68 ab 7.63 7.66 

PS3=37.5 cm 7.75 a 7.70 7.73 

LSD (0.05) 0.11 NS  

Year means 7.67 7.63 

LSD (0.05) NS 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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4.1.1.11 Lint index (g) 
 

Year effect on lint index was also not significant like seed index. In both the years, 

lint index was significantly varied with different sowing dates and cultivars (Table 4.11), 

while effects plant spacing and other interactions sowing dates × cultivars, sowing dates × 

plant spacing, cultivars × plant spacing, sowing dates × cultivars × plant spacing were found 

to be non-significant in. Lint index values were consistent over sowing time with higher lint 

index means (5.12 g in 2007 and 5.04 g in 2008) were recorded by sowing in 1st week of 

May. It was statistically on par with sowing in 4th week of May by producing 5.05 and 5.01 g 

lint index during 2007 and 2008, respectively. In each year, statistically lowest lint index 

(4.87 g) was noted with late sowing during 3rd week of June. Whereas in cultivars, highest 

lint index was produced by MNH-786 and lowest by FH-113 in both crop seasons. Although 

the differences between plant spacing were not significant, the numeric trends showed higher 

lint index with wide plant spacing (37.5 cm). 

 
4.1.1.12 Seed cotton yield per hectare (kg) 

The data regarding seed cotton yield per hectare exhibited significant impact of 

sowing dates, cultivars and plant spacing on seed cotton yield (Table 4.12a) in both of the 

years.  Year effect was significant on seed cotton yield per hectare. Year 2007 produced 8% 

more seed cotton yield per hectare compared to 2008. Significant decrease was found in seed 

cotton yield per hectare with each delay in sowing. In 2007, the mean seed cotton yields were 

2478, 2150 and 761 kg ha-1 with sowing in 1st week of May, 4th week of May and 3rd week of 

June, respectively. A similar trend was observed in 2008 for seed cotton yield per hectare as 

the highest seed cotton yield was obtained with sowing in 1st week of May at 2237 kg ha-1 

trailed by sowing in 4th week of May (1941 kg ha-1) and the least (807 kg ha-1) was recorded 

in 3rd week of June. The late sowing reduces the seed cotton yield by 69 and 65 % compared 

with sowing in 1st and 4th week of May during 2007 and subsequent values for the year 2008 

were 64 and 58 %, respectively. Among the cultivars, FH-113 generated 25 and   28 % more 

seed cotton yield over MNH-786 and CIM-496 during 2007 and subsequent values for the 

year 2008 were 11 and 13%, respectively. No significant differences were existed between 

means of CIM-496 and MNH-786.  
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 Table 4.11: Effect of sowing date, cultivar and plant spacing on lint index (g) in cotton 
  
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 5.12 a 5.04 a 5.08 

SD2=4th Week of May 5.05 a 5.01 a 5.03 

SD3=3rd Week of June 4.87 b 4.87 b 4.87 

LSD (0.05) 0.15 0.1  

Cultivars (V) 

V1=CIM-496 5.05 a 4.98 b 5.02 

V2=MNH-786 5.13 a 5.08 a 5.11 

V3=FH-113 4.85 b 4.86 c 4.86 

   LSD (0.05)   0.13 0.1  

Plant Spacing (PS) 

PS1=22.5 cm 4.96 4.94 4.95 

PS2=30.0 cm 5.02 4.98 5.00 

PS3=37.5 cm 5.06 5.01 5.04 

LSD (0.05) NS NS  

Year means 5.01 4.98 

LSD (0.05) NS 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table 4.12a: Effect of sowing date, cultivar and plant spacing on seed cotton yield per 
hectare (kg) in cotton 
Treatments 2007 2008 Means 
Sowing Dates (SD) 

SD1=1st Week of May 2478 a 2237 a 2358 

SD2=4th Week of May 2150 b 1941 b 2046 

SD3=3rd Week of June 761 c 807 c 784 

LSD (0.05) 113  81.04  

Cultivars (V) 

V1=CIM-496 1630 b 1581 b 1606 

V2=MNH-786 1670 b 1610 b 1640 

V3=FH-113 2088 a 1794 a 1941 

LSD (0.05) 95.58  90.44   

Plant Spacing (PS) 

PS1=22.5 cm 1598 c 1485 c 1542 

PS2=30.0 cm 1844 b 1708 b 1776 

PS3=37.5 cm 1947 a 1793 a 1870 

LSD (0.05) 73.97  59.16   

Year means 1796 a 1662 b 

LSD (0.05) 54.32 

Interactions 

SD x V NS NS 

SD x PS ** ** 

V x PS ** * 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*and **: Significant at p≤ 0.05 and 0.01, respectively 
NS: Non significant 
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Table 4.12b: Effect of sowing date by plant spacing interaction on seed cotton yield per 
hectare (kg) in cotton 

Sowing Date 
(SD) 

Plant Spacing 
(PS) 

2007 2008 Mean 
PS SD 

1st Week of May 22.5 cm 2157 d 1954 d 2056 2358 

30.0 cm 2482 b 2236 b 2359 

37.5 cm 2796 a 2521 a 2659 

4th Week of May 22.5 cm 1845 e 1681 e 1763 2045 

30.0 cm 2280 c 2056 cd 2168 

37.5 cm 2322 c 2086 c 2204 

3rd Week of June 22.5 cm 778 f 820 f 799 782 

30.0 cm 771 fg 831 f 801 

37.5 cm 722 g 771 f 747 

LSD (0.05) 66.80  109    

Means sharing different letters differ significantly at p≤0.05 
 
Table 4.12c: Effect of cultivar by plant spacing interaction on seed cotton yield per 
hectare (kg) in cotton 

Cultivar 
(V) 

Plant Spacing 
(PS) 

2007 2008 Mean 
PS  V 

CIM-496 22.5 cm 1479 e 1454 e 1467 1606 

30.0 cm 1694 d 1604 cd 1649 

37.5 cm 1718 d 1685 c 1702 

MNH-786 22.5 cm 1493 e 1449 e 1471 1640 

30.0 cm 1769 cd 1688 c 1729 

37.5 cm 1733 cd 1692 c 1713 

FH-113 22.5 cm 1808 c 1551 de 1680 1941 

30.0 cm 2070 b 1831 b 1951 

37.5 cm 2389 a 2000 a 2195 

LSD (0.05) 77.10  116    

Means sharing different letters differ significantly at p≤0.05 
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The seed cotton yield in both years during experimentation was higher with wide plant 

spacing than normal or close plant spacing. In 2007, mean seed cotton yields were 1598, 

1844 and 1957 kg ha-1 for the respective 22.5, 30.0 and 37.5 cm plant spacing, showing 

significance as well. Almost similar trend was followed in 2008.  

The sowing date by plant spacing and cultivar by plant spacing interactions were 

significant for seed cotton yield per hectare in both studied periods. The highest seed cotton 

yield was recorded in cotton sown during 1st week of May at 37.5 cm plant spacing, while 

cotton sown in 4th week of May although produced more yield at 37.5 cm plant spacing but it 

was statistically at par with 30.0 cm plant spacing. In contrary to early sowing, late sown 

cotton gave more seed cotton yield when planted at 22.5 and 30.0 cm plant spacing during 

2007 and 2008, respectively (Table 4.12b). Averaged over sowing time, all cotton cultivars 

exhibited higher seed cotton yield at wide plant spacing during both years except MNH-786 

which produced more yield at normal plant spacing in 2007 (Table 4.12c).  However, neither 

sowing date × cultivar nor sowing date × cultivar × plant spacing interactions were present 

for seed cotton yield per hectare in both the years (Table 4.12a). 

 
4.1.1.13 Boll weight (g) 

Sowing date, cultivar and plant spacing effects on boll weight were significant in each 

year (Table 4.13a). In 2007, early sowing date (1st week of May) was found to produce 

heavier bolls as compared to sowing in 4th week of May and 3rd week of June. The mean boll 

weight appeared to be significantly greater (3.03 g) in MNH-786 followed by FH-113     

(2.66 g) and lowest weight per boll (2.56 g) was given by CIM-496. With reference to plant 

spacing, the maximum (2.78 g) and at par boll weight (2.76 g) was recorded in 37.5 and   

30.0 cm plant spacing, respectively. The minimum boll weight was associated with close 

plant spacing (22.5 cm). The same trend was obtained in the second season. During 2007 

more boll weight was noted compared to 2008.  

A significant interaction between sowing date and plant spacing was found in 2007. A 

probe into Table 4.13b exposed that cotton planted in 1st week of May and 4th week of May 

produced heavier bolls with wide plant spacing (37.5 cm), while cotton planted in 3rd week of 

June gave more boll weight with normal plant spacing (30.0 cm). Almost similar pattern was 

followed in 2008 but differences between treatments were non-significant. 
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Table 4.13a: Effect of sowing date, cultivar and plant spacing on boll weight (g) in 
cotton  
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 2.83 a 2.78 a 2.81 

SD2=4th Week of May 2.77 b 2.72 b 2.75 

SD3=3rd Week of June 2.65 c 2.63 c 2.64 

LSD (0.05) 0.03 0.04  

Cultivars (V) 

V1=CIM-496 2.56 c 2.51 c 2.54 

V2=MNH-786 3.03 a 2.99 a 3.01 

V3=FH-113 2.66 b 2.63 b 2.65 

LSD (0.05) 0.04 0.02  

Plant Spacing (PS) 

PS1=22.5 cm 2.71 b 2.67 b 2.69 

PS2=30.0 cm 2.76 a 2.72 a 2.74 

PS3=37.5 cm 2.78 a 2.73 a 2.76 

LSD (0.05) 0.02 0.02  

Year means 2.75 a 2.71 b 

LSD (0.05) 0.01 

Interactions 

SD x V NS NS 

SD x PS * NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*: Significant at p≤ 0.05  
NS: Non significant 
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Table 4.13b: Effect of sowing date by plant spacing interaction on boll weight (g) in 
cotton 

Sowing Date 
(SD) 

Plant 
Spacing 

(PS) 

2007 2008 Mean 
(PS) (SD) 

1st Week of May 22.5 cm 2.78 c 2.73 2.8 2.80 

30.0 cm 2.83 b 2.79 2.8 

37.5 cm 2.87 a 2.81 2.8 

4th Week of May 22.5 cm 2.72 d 2.69 2.7 2.74 

30.0 cm 2.78 c 2.73 2.8 

37.5 cm 2.79 bc 2.75 2.8 

3rd Week of June 22.5 cm 2.64 e 2.60 2.6 2.64 

30.0 cm 2.67 e 2.65 2.7 

37.5 cm 2.66 e 2.64 2.7 

LSD (0.05) 0.04 NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 

The remaining interactions (sowing date by cultivar, cultivar by plant spacing and 

sowing date by cultivar by plant spacing) were found non significant for boll weight in both 

studied seasons (Table 4.13a). 

 
4.1.1.14 Cotton leaf curl virus infestation (%) 

 

Periodic data regarding cotton leaf curl virus (CLCuV) as a function of sowing date, 

cultivar and plant spacing in cotton during 2007 and 2008 are depicted in Fig. 4.1, 4.2 and 

4.3.  Year effect on CLCuV infestation was not significant (Table 4.14a). It is clear that the 

early plantation in 1st week of May avoided virus stress during peak flowering period while 

in late sowing during 3rd week of June crop hits very earlier by CLCuV and infestation 

becomes severe within 60 days as virus affected more than 70% plant population in both 

experimental seasons. A perusal of results (Table 4.14b) revealed that incidence of CLCuV 

was extremely highest (100% at 90 DAS during 2007 and 2008) in 3rd week of June planting.  
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Table 4.14a: Effect of sowing date, cultivar and plant spacing on cotton leaf curl virus 
infestation (%) 90 days after sowing in cotton 
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 
SD1=1st Week of May 16.6 c 14.2 c 15.4 

SD2=4th Week of May 27.3 b 26.6 b 27.0 

SD3=3rd Week of June 100.0 a 100.0 a 100 

LSD (0.05) 1.28  0.52  

Cultivars (V) 
V1=CIM-496 51.6 a 49.6 a 50.6 

V2=MNH-786 49.0 b 48.4 b 48.7 

V3=FH-113 43.2 c 42.9 c 43.1 

LSD (0.05) 0.72 0.81  

Plant Spacing (PS) 
PS1=22.5 cm 48.1 47.0 47.6 

PS2=30.0 cm 48.0 46.9 47.5 

PS3=37.5 cm 48.0 46.9 47.5 

LSD (0.05) NS NS  

Year means 48 46.9 

LSD (0.05) NS 

Interactions 

SD x V ** ** 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
**: Significant at p≤ 0.01 
NS: Non significant 
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Table 4.14b: Effect of sowing date by cultivar interaction on Cotton leaf curl virus 
infestation (%) at 90 days after sowing in cotton 

Sowing Date 
(SD) 

Cultivar 
(V) 

2007 2008 Mean 
(V) (SD) 

1st Week of May CIM-496 20.8 d 16.9 e 18.9 15.4 

MNH-786 18.1 e 16.3 e 17.2 

FH-113 10.8 f 9.4 f 10.1 

4th Week of May CIM-496 34.1 b 31.9 b 33.0 27.0 

MNH-786 29.1 c 28.7 c 28.9 

FH-113 18.7 e 19.2 d 19.0 

3rd Week of June CIM-496 100 a 100 a 100.0 100 

MNH-786 100 a 100 a 100.0 

FH-113 100 a 100 a 100.0 

LSD (0.05) 1.57  1.23  

Means sharing different letters differ significantly at p≤0.05 
 
 

Minimum CLCuV infestation (16.6 % and 14.2 %) was recorded on cotton planted in 

1st week of May during both the years of study 2007 and 2008, respectively (Table 4.14a). It 

was evident from the data (Table 4.14a) that all of the three cotton cultivars were susceptible 

to CLCuV.  

The cotton cultivar CIM-496 showed more infestation followed by MNH-786 and 

lowest CLCuV incidence observed in FH-113 in both growing seasons. In 2007, the CLCuV 

infestation on CIM-496, MNH-786 and FH-113 was 51.6 %, 49.0 % and 43.2 %, respectively 

and subsequent values for the year 2008 were 49.6 %, 48.4 % and 42.9 %, respectively. The 

effects of plant spacing and different interactions among sowing date, cultivar and plant 

spacing were not significant for CLCuV except sowing date by cultivar interaction in both 

experimental periods. 
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(b) 

 

 
Fig. 4.1: Periodic effects of sowing date on cotton leaf curl virus infestation (%) in 
cotton during 2007 (a) and 2008 (b) 
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(a) 

 

(b) 

 

Fig. 4.2: Periodic effects of Cultivars on cotton leaf curl virus infestation (%) in cotton 
during 2007 (a) and 2008 (b)   
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(a) 

 

 

 

(b) 

 

 
Fig. 4.3: Periodic effects of plant spacing on cotton leaf curl virus infestation (%) in 
cotton during 2007 (a) and 2008 (b) 
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 Discussion 

Number of monopodial branches appeared to be a function of genetics and growing 

environment as sowing date, cultivar and plant spacing revealed significant effect on it 

(Table 4.1a). Early sowing gave higher number of monopodial branches. A similar trend was 

observed by Arain et al. (2001), Munk (2001), and Butter et al. (2004) while El Shahawy 

(1999) found no effect of planting dates on monopodial branches. Similarly, close plant 

spacing (22.5 cm) inhibit development of monopodial branches which was in accordance 

with others (Alfaqeih et al., 2002; Wankhade et al., 2002; Shah, 2004; Obasi and Msaakpa, 

2005; Ali et al., 2009) who also found increase in monopodias with low plant density. This 

may be the result of intra specific competition between cotton plants at close plant spacing. 

Significant difference between cultivars regarding monopodias confirms the previously 

reported results drawn by Bolonhezi et al. (1999), Shah (2004) and Hussain et al. (2007) who 

have reported that cultivars varies significantly for number of  monopodial branches per plant 

due to their inherent genetic diversity.  

Greater number of sympodial branches per plant is an indication of good yield. 

Production of higher number of sympodial branches per plant in early planting (1st week of 

May) (Table 4.2) is attributed to early fruiting and extended growth period (Shah, 2004; 

Dong et el., 2005a,b,c; Dong et al., 2006; Dong et al., 2007), being indeterminate growth 

habit cotton continue to produce additional fruiting branches (Edmisten et al., 2012). Results 

are quite in line with those of Arain et al. (2001), Munk (2001), Gormus and Yucel (2002), 

Butter et al. (2004) and Dong et al. (2006) who observed increase in number of sympodia 

with early sowing.  Close plant spacing reduced sympodias per plant (Table 4.2) due to 

reduction in node appearance rate on main stem possibly because of intense competition 

between plants. Previous study of Hussain et al. (2000), Alfaqeih et al., (2002), Nichols et al. 

(2004), Obasi and Msaakpa (2005) and Ali et al. (2009) also found similar trend while 

Ahmad et al., (2009) digested more sympodia per plant with close plant spacing. Similar to 

other studies (Brar et al., 2002; Shah, 2004; Ahmad et al., 2006; Arshad et al., 2007;          

Ali et al., 2009), number of sympodial branches per plant differed significantly among 

genotypes due to varied genetic make-up. Different plant spacings had significant, while 
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sowing dates and cultivars genotypes had non-significant effect on plant density in either 

year (Table 4.3). The increase in plant population was obvious with close plant spacing. 

Plant height plays an important role in determining the morphological frame work 

relating to plant type and canopy development in cotton. Wankhade et al. (2002) reported 

that plant height is affected by environmental conditions and genetic makeup of crop plants. 

Final plant height is the function of main stem nodes and elongation of internodal space 

(Hake et al., 1989). In this experiment, all the cultivars produced taller plants when sown in 

1st week of May (Table 4.4b) similar to the findings of Arain et al. (2001), Gormus and 

Yucel (2002), Pettigrew (2002) and Hassan et al. (2005) because of longer growth period 

(Shah, 2004) and production of more main stem nodes and internodal distance (Nuti et al., 

2006; O’Berry et al., 2008). However, Kitock, (1987), and Cathey and Meredith, (1988) 

attributed that plants grow faster and taller in late planting compared with early or normal 

planted cotton. The shorter plants observed with wider plant spacing than that of closer plant 

spacing (Table 4.4a), which may be due to less severe inter-plant competition for nutrients 

and light at wide plant spacing (Wang et al., 2011). Similar conclusions were also drawn by 

others (Oad et al., 2002; Obasi and Msaakpa 2005; Ahmad et al., 2009; Ali et al., 2009). 

Conversely, Jones and Wells (1997) and Jost and Cothern (2001) have reported increase in 

height with increase in plant spacing. The more determinate cultivar MNH-786 produced 

shortest plants compared to semi determinate (CIM-496) and indeterminate (FH-113) 

cultivars (Table 4.4a) and a similar trend was also witnessed by Kerby et al. (1990) for 

cultivars differed in maturity. However, in a study of Shah (2004), most determinate cultivar 

15/2S was shortest while Krishna was the tallest which was also an early maturing cultivar.  

Main stem node number increased with early sowing in 1st week of May (Table 4.5) 

due to extended growth period (Hake et al., 1989). The increase in number of main stem 

nodes per plant was also communicated by Pettigrew (2002), Nuti et al. (2006) and    

O’Berry et al. (2008). Close plant spacing reduced number of main stem nodes by inducing 

high plant competition. Jost (2000), Bednarz et al. (2000), Jost and Cothren (2000), 

Wankhade et al. (2002),  Nichols et al. (2004), Clawson et al. (2006), Siebert and Stewart 

(2006) and Siebert et al. (2006) demonstrated that the number of main stem nodes per plant 
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decreased at close plant spacing or high plant density. Genotypic differences for main stem 

nodes per plant were also observed in both the years. Delayed planting in 3rd week of June 

reduced HNR however sowing in 1st and 4th week of May showed similar results for HNR 

(Table 4.6a). Pettigrew (2002), Gormus and Yucel (2002) and  Hassan et al. (2009) also 

found reduction in HNR due to late planting while Nuti et al. (2006) observed higher HNR 

with delayed planting. Wide plant spacing produced shorter plant height and increased 

number of nodes per plant resulted in a reduced HNR (Table 4.6a) (Shah, 2004; Siebert et al., 

2006; O’Berry et al., 2008) and ultimately resulting in less intensive crop management 

(O’Berry et al., 2008). However, Siebert and Stewart (2006) in a 2 years study found no 

influence of plant density on HNR in first year but in second year HNR was lower in low 

density. Genotypic differences for HNR were also observed in both of the years. 

Iqbal et al. (2003) indicated that boll set was the main contributor towards increase in 

seed cotton yield. Maximum bolls per plant or m-2 were obtained from early May (1st week of 

May) planting (Tables 4.7a and 4.8a) might be due to extended growth period which in turn 

form more floral buds and mature last boll because of accumulation of sufficient heat units. 

These findings are agreed with those of Gormus and Yucel (2002), Ahuja (2006) and         

Ali et al. (2009) who argued that early planting dispensed with full benefit of soil moisture 

and nutrients to produce more squares and allows last bolls to develop in time while delaying 

planting reduced time to develop squares and flowers due to warmer days and at the end of 

the season pushed boll development in cooler weather. Similarly, wide plant spacing 

produced higher number of bolls per plant compared to close plant spacing because close 

spacing may enhance competition for nutrients, moisture and even induce pests build up in 

the canopy thus reduced bolls per plant (Oad et al., 2002; Ogola et al.,2006). Bednarz et al. 

(2000), Siebert and Stewart (2006) and Siebert et al. (2006) attributed greater fruit retention 

in lower plant populations (2.0-5.1 plants m-2). However, early May planting realized 

maximum bolls m-2 at wide spacing (Table 4.8c) while normal and close plant spacing 

produced more bolls m-2 with late planting. Dong et al. (2005b, 2006) and Rajakumar and 

Gurumurthy (2008) also concluded that bolls m-2 reduced in wider spacing. In 2008, total 

bolls m-2 were not differed significantly due to plant spacing which was quite in line with the 

findings of Bednarz et al. (2000), Boquet (2005) and Donald (2005). The cultivars differed 
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for number of bolls per plant and bolls m-2 (Tables 4.7a and 4.8a) due to different genetic 

structure. Many researchers authenticated that cotton cultivars differed significantly for boll 

production (Afzal et al., 2002; Arshad et al., 2003a; Khan, 2003; Taohua and Haipeng, 2006; 

Campbell and Bauer, 2007; Meena et al., 2007; Arshad et al., 2007; Hussain et al., 2007; 

Bednarz et al., 2007; Ahmad et al., 2008; Ali et al., 2009). 

Some studies in Pakistan (Qayyum et al., 1996; Soomro et al., 2000; Arain et al., 

2001; Butter et al., 2004) adduced higher seed index, boll weight with early sown cotton. 

These observations are also sustained in other countries by researchers (Gormus and Yucel, 

2002; Kuchinda et al., 2002; Dong et al., 2005a, 2006; Bozbek et al., 2006; Bange et al., 

2008) who reported higher boll number, seed index and boll weight with early sowing by 

shifting the flowering period earlier and allowing crop to develop under more favorable 

environmental conditions and escape late season insects (Pettigrew, 2002; Dong et al., 

2005a,b,c; Bozbek et al., 2006; Dong et al., 2006, 2007). Buttar et al. (2005) and Hallikeri 

(2008) also attributed bigger boll size in early planted cotton due to higher accumulation of 

photosynthates and more time was available for boll development and maturity. The findings 

of present study are also harmonized with these studies as higher seed index (Table 4.10), lint 

index (Table 4.11) and boll weight (Table 4.13a) was associated with early sowing. 

Moreover, number of seeds per boll significantly reduced with delayed sowing (Cathey and 

Meredith, 1988). Similarly, close spacing reduced boll weight (Table 4.13a), seed index 

(Table 4.10) and lint index (Table 4.11) because fruit location and size altered by plant 

spacing (Hake et al., 1991). The intense competition for nutrients, water and light in dense 

plant stands (Ogola et al.,2006) may reduced seed index, lint index and boll weight. Bednarz 

et al. (2000), Muhammad et al. (2002), Boquet et al. (2004), Obasi and Msaakpa (2005); 

Donald, (2005); Bednarz et al.(2006b), Clawson et al. (2006), Ali et al. (2009) and  Ahmad 

et al. (2009) also concluded that boll weight is inversely related to population density. 

Significant variations among cultivars for boll weight, seed index and lint index were noticed 

due to varied genetic makeup. 

Seed cotton yield per plant and per hectare (Table 4.9a and 4.12a) significantly 

influenced by sowing date, cultivar and plant spacing. Seed cotton yield declines with delay 
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in sowing (Table 4.9a and 4.12a) due to the shorter time available to initiate and mature an 

adequate number of bolls (Gormus and Yucel, 2002; Kuchinda et al., 2002; Dong et al., 

2005a,b,c; Ahuja,2006; Bozbek et al., 2006; Dong et al., 2006, 2007; Bange et al., 2008). In 

contrast, early planting improved cotton yield (Dong et al., 2005a,b,c; Pettigrew and 

Johnson, 2005; Dong et al., 2006; Killi and Bolek, 2006) by shifting the flowering period 

earlier and allowing crop to develop under more favorable environmental conditions and 

escape late season insects (Pettigrew,2002; Dong et al., 2005a,b,c; Bozbek et al., 2006;      

Ali et al.,2009). Sowing crop few days earlier get the higher benefits of soil moisture due to 

early spring rains, nutrient and intercepted radiation due to little bit extension in growing 

season of cotton crop allowed late season flowers to develop into mature open bolls     

(Butter et al., 2004; Pettigrew and Johnson, 2005). Moreover, boll retention was higher in 

early sown cotton (Pettigrew,2002; Shah et al., 2002; Hallikeri, 2008) because early planted 

cotton crop is capable to compensate better for the lost floral structures by generating new 

floral structures and converting them into yield forming components than late sown crop. 

O’Berry et al. (2008) opined that the yield differences between early versus late planted 

cotton may be related to variations in early season heat unit accumulation. In environments 

where fewer heat units (< 120) accumulate early in the growing season, earlier planting 

appears to be of little benefit, while early planting is more beneficial when larger amount of 

heat units accumulate near planting as it allows plants to mature and increases the probability 

of harvesting prior to inclement fall weather (O’Berry et al., 2008). Wide plant spacing 

resulted in higher seed cotton yield per plant or per hectare (Tables 4.9a and 4.12a). 

Contrary, close spacing may enhance competition for nutrients, moisture and even induce 

pests build up in the canopy thus leading to decrease in seed cotton yield (Prasad and Prasad, 

1993; Ogola et al., 2006). Boquet (2005) Dong et al. (2005a,b and 2006) and Sawan et al. 

(2008) also informed about decrease in seed cotton yield per plant by decreasing spacing or 

increasing plant density. Sowing date by plant spacing interaction was significant (Table 4.9c 

and 4.12b). Early May (1st week May) sowing expressed higher seed cotton yield at wide 

plant spacing while sowing in 4th week of May gave similar yields at normal and wide plant 

spacing and late planting in 3rd week of June realized higher yield at close and normal plant 

spacing might be due to early stunted growth of plant due to CLCuV infestation. The optimal 
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plant population can vary across environments (Bednarz et al., 2005; Pettigrew and Johnson, 

2005; Siebert and Stewart, 2006; Siebert et al., 2006). O’Berry (2007) in a multi location 

study conducted at Louisiana, Virginia and North Carolina states of USA concluded that the 

impact of plant population and planting date on cotton growth and development mainly 

dependent upon the heat unit accumulation during the growing season. He further digested 

that in Louisiana, where more heat units accumulated throughout the season relative to 

Virginia and North Carolina, yields were maximized at lower populations of 5.6 to 9.5 plants 

m-2 and decreased when plant populations reached 17.1 plants m-2. The early planting of Bt 

cotton cultivars at a relatively low plant density (2.25 plants per m2) extended the period of 

flowering and fruit retention, thus significantly increasing the lint yield and earliness     

(Dong et al., 2005a). Cultivars differed for seed cotton yield per plant and per hectare due to 

different genetic background. FH-113 produced maximum seed cotton yield per plant and per 

hectare while in 2008 FH-113 and MNH-786 produced similar seed cotton yield per plant. 

Same genetic variability for seed cotton yield was reported by  Ivanova and stoynova (1996), 

Terziev et al. (1996), Afzal et al. (2001),  Arshad et al. (2003a,b), Khan (2003), Zhang et al. 

(2005), Bednarz et al. (2007), Campbell and Bauer (2007), Ahmad et al. (2008), Ali et al. 

(2009), Arshad et al. (2009), Bourland  and  Jones (2009a,b). Averaged over sowing time, 

FH-113 produced significantly highest seed cotton yield per plant or per hectare (Tables 4.9d 

and 4.12c) at wide plant spacing while CIM-496 and MNH-786 exhibited similar yields at 

normal and wide plant spacing. Different genetic populations normally vary in results due to 

the environmental response (Wiggins, 2012). 

Cotton leaf curl virus is one of the destructive diseases of cotton (Nelson et al., 1998). 

Sowing date and cultivar effects were significant for CLCuV infestation on cotton (Table 

4.14a). Early plantation in 1st week of May avoided virus stress during peak flowering period 

while in late sowing during 3rd week of June crop hits very earlier by CLCuV and infestation 

becomes severe with in 60 days as virus affected more than 70% plant population in both the 

years. Similar findings were also shared by Iqbal and Khan (2010), Farooq et al. (2011) and 

Ali et al. (2012). Currently all cultivars of Gossypium hirsutum L. are susceptible to CLCuV, 

but this susceptibility varies with the genotypes Cotton Cultivar FH-113 resulted in higher 

cotton productivity and lower CLCuV infestation compared to CIM-496 and  MNH-786 due 
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to its better genetic makeup in both years. Non-significant effect of plant spacing on CLCuV 

infestation might be due to the genetics of cultivars that cannot be controlled by plant spacing 

(Iqbal et al., 2007; Iqbal and Khan, 2010). The higher level of CLCuV at early growth stage 

of cotton resulted into stunted growth of plants with significant reduction in number of 

monopodias and sympodias, bolls per plant and boll weight which ultimately reduce seed 

cotton yield (Tanveer and Mirza, 1996; Brown 2001; Tahir and Mehmood, 2005; Iqbal and 

Khan, 2010). Therefore the major cause of decrease in seed cotton yield is not just the late 

planting but also the CLCuV infestation. 

4.1.2 Earliness Related Parameters  

Results  
4.1.2.1 Number of days from planting to appearance of first floral bud  
 

The data presented in Table 4.15 regarding number of days from planting to 

appearance of first floral bud (square) revealed significant difference among sowing dates for  

square initiation during 2007 and 2008. Year effect on squaring was not significant. In 2007 

least days (32.6) for square initiation were observed with early planting (1st week of May) 

while during 2008 days to first floral bud initiation decreased as least days for square 

initiation noticed with late planting (3rd week of June) because of high temperatures of May 

and June in 2007 than 2008, whereas July temperature was higher in 2008 than 2007. 

Averaged over sowing time and plant spacing, cultivars differed for first floral bud initiation 

during 2007. MNH-786 was the earliest cultivar to initiate squaring in short period. Almost 

similar trend was followed in 2008 but differences between cultivars were non-significant. 

Plant spacing differences were non significant for square initiation during both the years of 

study. However, least days for square initiations were observed with close plant spacing   

(22.5 cm) followed by normal (30.0 cm) and wide plant spacing (37.5 cm) in both years. All 

of the four interactions sowing dates × cultivars, sowing dates × plant spacing, cultivars × 

plant spacing, and sowing dates × cultivars × plant spacing were found to be non-significant 

for days taken to first floral bud initiation. 
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Table 4.15: Effect of sowing date, cultivar and plant spacing on number of days from 
planting to appearance of first floral bud in cotton  
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 32.6 b 34.2 a 33.4 
SD2=4th Week of May 32.5 b 32.7 b 32.6 
SD3=3rd Week of June 34.0 a 32.9 b 33. 5 

LSD (0.05) 0.65 0.61  

Cultivars (V) 

V1=CIM-496 32.8 b 33.4  33.1 
V2=MNH-786 32.3 b 32.7  32.5 
V3=FH-113 33.9 a 33.6  33.8 

LSD (0.05) 0.58 NS  

Plant Spacing (PS) 

PS1=22.5 cm 32.8 33.1 33.0 
PS2=30.0 cm 33.0 33.2 33.1 
PS3=37.5 cm 33.2 33.4 33.3 

LSD (0.05) NS NS  

Year means 33.03 33.24 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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4.1.2.2 Number of days from planting to appearance of first flower 

The data given in Table 4.16 represent the effect of sowing dates, cultivars and plant spacing 

on the appearance of first flower. Year effect on flower initiation was not significant. Sowing 

time differed significantly for flower initiation in 2007 while during 2008 non significant 

differences were appeared. In 2007, flower initiation starts earlier when cotton planted during 

1st week of May than later sowing dates. However, flower initiation period decreased with 

delay in sowing in 2008 but all the differences were not significant. Cultivars differed 

significantly for flower appearance in 2007 and 2008. The cultivar MNH 786 took least days 

(50.2) for flower appearance than CIM-496 (50.7 days) and FH-113 (52.6 days) in 2007. 

However, the difference between MNH-786 and CIM-496 for flower initiation was non 

significant. Almost similar pattern was observed for flower initiation in 2008. The 

differences among plant spacing were non significant for flower appearance in 2007 and 

2008. However, least days for first flower appearance were taken at close plant spacing (22.5 

cm) followed by normal (30.0 cm) and wide plant spacing (37.5 cm) during 2007 and 2008. 

The interactive effect of sowing date × cultivar, sowing date × plant spacing, cultivar × plant 

spacing, and sowing date × cultivar × plant spacing were also found to be non-significant. 

4.1.2.3 Node number for the first sympodia 

Results regarding node number for the first sympodia (fruiting branch) are furnished 

in Table 4.17. Year effect was not significant for this character. In 2007, significant 

differences were present in first sympodial branch number between all sowing times with the 

lowest node number (7.9) for first sympodia recorded in early sown (1st week of May) cotton 

followed by sowing in 4th week of May (8.1). The highest value (8.2) for first fruiting branch 

node number was noticed by sowing in 3rd week of June. Node number for the first sympodia 

was also significantly affected by sowing time in 2008, with least mean of 7.9 with late 

sowing in 3rd week of June and highest (8.4) during 1st week of May. Node number for the 

first sympodial branch differed significantly by cultivars and the lower number of first 

sympodia in both growing seasons with MNH-786 recognized it as more early cotton 

cultivar. However, first sympodial branch node number means difference was non significant 

between MNH-786 and CIM-496.  
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Table 4.16: Effect of sowing date, cultivar and plant spacing on number of days from 
planting to appearance of first flower in cotton 

Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 50.2 c 51.5 50.9 
SD2=4th Week of May 51.2 b 50.8 51.0 
SD3=3rd Week of June 52.1 a 50.5 51.3 

LSD (0.05) 0.53 NS  

Cultivars (V) 

V1=CIM-496 50.7 b 50.3 b 50.5 
V2=MNH-786 50.2 b 49.6 b 49.9 
V3=FH-113 52.6 a 52.8 a 52.7 

LSD (0.05) 0.74 0.77  

Plant Spacing (PS) 

PS1=22.5 cm 50.9 50.7 50.8 
PS2=30.0 cm 51.2 50.9 51.1 
PS3=37.5 cm 51.5 51.2 51.4 

LSD (0.05) NS NS  

Year means 51.19 50.91 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Table 4.17: Effect of sowing date, cultivar and plant spacing on node number for the 
first sympodia in cotton 

Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 7.9 c 8.4 a 8.2 
SD2=4th Week of May 8.1 b 8.2 ab 8.2 
SD3=3rd Week of June 8.2 a 7.9 b 8.1 

LSD (0.05) 0.14 0.34  

Cultivars (V) 

V1=CIM-496 8.0 b 8.1 b 8.1 
V2=MNH-786 7.8 b 7.9 b 7.9 
V3=FH-113 8.4 a 8.5 a 8.5 

LSD (0.05) 0.23 0.23  

Plant Spacing (PS) 

PS1=22.5 cm 8.0 8.1 8.1 
PS2=30.0 cm 8.1 8.2 8.2 
PS3=37.5 cm 8.2 8.3 8.3 

LSD (0.05) NS NS  

Year means 8.06 8.17 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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In both growing seasons, all differences between plant spacing means for first 

sympodial branch node number were not significant but close plant spacing produced first 

sympodial branch at lower node number on main stem during 2007 and 2008. All 

interactions between different sowing times, cultivars and plant spacing were found to be 

non-significant for first sympodial branch node number. 

4.1.2.4 First fruiting branch height (cm) 

A perusal of Table 4.18 exposed that first fruiting branch height was decreased by 

delay in sowing during crop season 2007 and 2008. During second year of experiment first 

fruiting branch height was significantly higher than first year. The minimum height (21.1 cm 

in 2007 and 23.4 cm in 2008) for first sympodia was revealed in late planting cotton (3rd 

week of June) and the maximum (24.0 cm in 2007 and 25.2 cm in 2008) was recorded in 

early sown cotton during 1st week of May. Whereas in cultivars, maximum first fruiting 

branch height (23.6 in 2007 and 25 cm in 2008) was recorded in FH-113 while minimum 

first fruiting branch height (22.0 cm in 2007 and 23.3 cm in 2008) was observed in MNH-

786. In crop season 2007 and 2008, plant spacing did not significantly affect first fruiting 

branch height but exhibited a decreasing trend with increasing plant spacing. The maximum 

first fruiting branch height (23.0 cm) was observed at close plant spacing of 37.5 cm in 2007 

and similarly during 2008 the maximum first fruiting branch height (24.6 cm) was again 

noticed at close plant spacing of 22.5 cm. All interactions between different sowing times, 

cultivars and plant spacing were found to be non-significant for first sympodial branch 

height. 

4.1.2.5 Earliness index (%) 

The data expressed in Table 4.19 showed that the means of earliness index (EI) 

increased significantly by delay in sowing time in both years of study. Year effect on 

earliness index was not significant. Late sown cotton during 3rd week of June exhibited 

greater values of earliness index (51.45 % in 2007 and 50.48 % in 2008) while the lowest 

values (41.47 % in 2007 and 40.58% in 2008) obtained when cotton was sown during 1st 

week of May.  
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Table 4.18: Effect of sowing date, cultivar and plant spacing on first fruiting branch 
height (cm) in cotton 

Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 24.0 a 25.2 a 24.6 
SD2=4th Week of May 23.1 b 24.6 ab 23.9 
SD3=3rd Week of June 21.1 c 23.4 b 22.3 

LSD (0.05) 0.57 1.24  

Cultivars(V) 

V1=CIM-496 22.5 b 24.8 a 23.7 
V2=MNH-786 22.0 b 23.3 b 22.7 
V3=FH-113 23.6 a 25.0 a  24.3 

LSD (0.05) 0.72 0.79  

Plant Spacing (PS) 

PS1=22.5 cm 23.0 24.6 23.8 
PS2=30.0 cm 22.7 24.4 23.6 
PS3=37.5 cm 22.5 24.1 23.3 

LSD (0.05) NS NS  

Year means 22.72 b 24.36 a 
LSD (0.05) 0.42 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Table 4.19: Effect of sowing date, cultivar and plant spacing on earliness index (%) in 
cotton 

Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 44.32 c  43.54 c  43.93 
SD2=4th Week of May 46.62 b  45.85 b  46.24 
SD3=3rd Week of June 51.45 a  50.48 a  50.97 

LSD (0.05) 1.38 1.58  

Cultivars (V) 

V1=CIM-496 44.73 b  43.21 b  43.97 
V2=MNH-786 56.19 a  56.08 a  56.14 
V3=FH-113 41.47 c 40.58 c  41.03 

LSD (0.05) 1.52 2.47  

Plant Spacing (PS) 

PS1=22.5 cm 47.38  46.39  46.89 
PS2=30.0 cm 47.38  46.60  46.99 
PS3=37.5 cm 47.63  46.87  47.25 

LSD (0.05) NS NS  

Year means 47.46 46.62 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Differences among cultivars were significant for earliness index in both years. Cotton 

cultivar MNH-786 gave the greatest values (56.19 % in 2007 and 56.08 % in 2008) for this 

estimate followed by CIM-496 (44.73% in 2007 and 43.21% in 2008) and FH-113 (41.47 in 

2007 and 40.58% in 2008). However, non significant differences appeared among plant 

spacing for earliness index because of mix response of cultivars over plant spacing. All the 

interactions were found absent between different sowing dates, cultivars and plant spacing. 

Discussion 

Days taken to appearance of first floral bud (Table 4.15) and first flower (Table 4.16) 

were influenced by sowing date. Impact of temperature on various phenological stages (days 

to squaring, flowering, boll opening, boll maturation period) are well documented (Malik and 

El Shahawy 1999; Reddy et al., 1999; Hussain et al., 2000; Shaheen et al., 2001; Jost and 

Cothren, 2001). The effect of sowing date on days taken to appearance of first floral bud and 

first flower appeared to be related to temperature. In 2007, relatively less days to initiate 

squaring and flowering were noted in early sowing (1st week of May) while late sowing     

(3rd week of June) starts squaring and flowering in shorter period during 2008 because of the 

prevailing weather as the temperatures for the months of May and June were higher in 2007 

due to which more heat units accumulated in these months while lower July temperature in 

2007 resulted in lower heat unit accumulation compared to 2008. The time to first square and 

first flower is proportional to temperature (Mauney, 1986) and has been predicted by heat 

sums (Hearn 1994; Viator et al., 2005).  Square initiation and development was temperature 

(Jost and Cothren, 2001) and cultivar dependant (Hodges et al., 1993). Similarly, appearance 

of first flower can be altered by prevailing temperature during the cotton crop growth period 

(Hesketh and Low, 1968; Shaheen et al., 2001) and cultivars (Anjum et al., 2001). A rise in 

temperature tended to increase plant development rate and shortening of plant life period 

(Reddy et al., 1997a,b). MNH-786 was the earliest cultivar to initiate squaring and flowering 

in short period. However, plant spacing did not influence significantly square and flower 

initiation which confirmed the findings of Silva et al. (1999) who also narrated no effects of 

plant spacing on squaring, flowering and boll opening. The days taken to appearance of first 

floral bud (Godoy, 1994; Godoy and Palomo, 1999) and first flower (Godoy and Palomo, 
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1999; Anjum et al., 2001; Babar et al., 2002; Gopang, 2003; Ali et al., 2003; Iqbal et al., 

2003; Azhar et al., 2007; Ahmad et al., 2008) can be used as an estimator of earliness. 

However, Saleem et al., (2009) described that the appearance of first floral bud (squaring) 

can not be used as standard criteria to estimate the earliness of a cultivar.  

The main stem node number of first sympodial branch (Aden, 1997; Rehana, 1999; 

Anjum et al., 2001; Babar et al., 2002; Iqbal et al., 2003; Gopang, 2003; Shakeel et al,. 2008; 

Ahmad et al.,2008) and height of first sympodial node (Weijun, 1998) have direct or indirect 

impact on earliness of cotton. One node decrease in sympodial branch may reduce cotton 

crop maturity by 4 to 7 days (Ahmad and Malik, 1996). The first sympodial branch node 

number depends mainly on cultivar and night temperatures (Ali et al., 2003). In 2007, lowest 

node number for first fruiting branch were recorded in early sowing (1st week of May) while 

during 2008 first sympodial branch was arised at lowest node with late sowing (3rd week of 

June) (Table 4.17). One of possible reasons was higher temperatures during May and June in 

2007 than 2008 whereas July temperature was lower in 2007 compared to 2008 (Table 3.1). 

Ali et al., (2003) attributed appearance of first flower with the node number of first fruiting 

branch which supports our findings for first fruiting branch node number and appearance first 

flower. Kerby and Hake (1996) also demonstrated lowest node number for first fruiting 

branch with higher temperature during two to three leaves stage. Conversely, Hesketh et al. 

(1972) recorded lower node for first sympodia at cooler temperatures, while high 

temperatures particularly at night and long day lengths can increase the node of the first 

fruiting branch (Yeates, 2011). However, El Shahawy (1999) reported that sowing date did 

not affect nodal position of first sympodia but enhance earliness. Our results are supported 

with the earlier finding that cultivars differed with respect to node number for first fruiting 

branch (Babar et al., 2002; Baloch and Baloch, 2004; Rauf et al. 2005). Node number for 

first fruiting branch is the tool for selection of rapid fruiting and early maturing genotypes of 

cotton (Iqbal et al., 2003b). The cultivar MNH-786 exhibited lowest value for first fruiting 

branch node number compared to CIM-496 and FH-113.  

Height of first fruiting branch was significantly affected by genotypes (Saleem et al., 

2009) and environmental conditions during the crop growth (Saeed et al., 2005). In our 
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studies first fruiting branch height was decreased by delay in sowing (Table 4.18) might be 

due to better environmental conditions in early sowing. Cultivars differ with respect to first 

fruiting branch height and MNH-786 expressed lowest value for height of first fruiting 

branch. Close plant spacing was increased the height of first fruiting branch, though the 

results are not significant. Vories and Glover (2006) and Sekloka et al. (2007) also confirmed 

our results that elevated plant populations increase the height of first fruiting branch. 

Earliness Index or Agronomic earliness is one of the most widely used indicators to 

assess crop maturity (Bourland et al., 2001). Earliness index increased with delay in sowing 

(Table 4.19) because late planting accelerated the growing period and plants were forced to 

shorten their reproductive period (Galanopoulou-Sendouka  et al., 1980). The cultivar MNH-

786 took least days to initiate squaring and flowering with lowest node number for first 

sympodia and lowest height of first sympodia, depicted highest earliness index values. In a 

similar fashion Galanopoulou-Sendouka et al. (1980) Kerby et al. (1990) and Shah (2004) 

also witnessed higher earliness index with early maturing, compact and more determinate 

genotypes compared to semi determinate, tall and indeterminate genotypes. However, yields 

of early maturing genotypes in a sufficiently long growing season can be decreased 

compared to late maturing due to rapid fruit setting assimilate demand exceeds supply and 

resulted into an early termination of flowering (Kohel and Benedict 1987). Plant spacing 

effects were not significant for earliness index due to contradictory effect of plant spacing on 

earliness (Table 4.19). This contradiction may be due to the fact that formation and 

development of squaring, flowering and bolls are proportional to temperature (Hearn and 

Constable 1984; Reddy et al., 1999). 

4.2.3 Allometric Parameters 
Results 
4.2.3.1 Leaf area index 

Periodic data regarding LAI of cotton at different sowing dates, cultivars and plant 

spacing during 2006 and 2007 are illustrated in Fig. 4.4, 4.5 and 4.6. There was a linear 

increase in LAI up to 120 days after sowing (DAS) and then declined as the crop progressed 

to physiological maturity.  
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Table 4.20: Effect of sowing date, cultivar and plant spacing on leaf area index at 120 
days after sowing in cotton 
 
Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 3.63 a  3.68 a  3.66 

SD2=4th Week of May 3.43 b  3.50 a  3.47 

SD3=3rd Week of June 1.94 c  2.25 b  2.10 

LSD (0.05) 0.2 0.26  

Cultivars (V) 

V1=CIM-496 2.88 b 3.07 b 2.98 

V2=MNH-786 3.04 a 3.13 ab 3.09 

V3=FH-113 3.08 a 3.23 a 3.16 

LSD (0.05) 0.13 0.16  

Plant Spacing (PS) 

PS1=22.5 cm 3.31a  3.45 a  3.38 

PS2=30.0 cm 3.00 b  3.14 b  3.07 

PS3=37.5 cm 2.69c  2.83 c  2.76 

LSD (0.05) 0.1 0.11  

Year means 3.0 3.14 

LSD (0.05) NS 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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(a)  

 

 

(b)  

 

Fig. 4.4: Periodic effects of sowing date on leaf area index in cotton during 2007 (a) and 
2008 (b) 
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(a)  

 

 

(b)  

 

Fig. 4.5: Periodic effects of cultivar on leaf area index in cotton during 2007 (a) and 
2008 (b) 
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(a) 2007 

 

 

(b) 2008 

 

Fig. 4.6: Periodic effects of plant spacing on leaf area index in cotton during 2007 (a) 
and 2008 (b) 
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 The maximum increase in LAI was observed during 60 to 90 DAS. The maximum 

means of LAI at 120 DAS are provided in Table-4.20. The sowing date had a significant 

impact on LAI at all growth stages. At 120DAS, the cotton sown in 1st week of May recorded 

more LAI (3.63 in 2007 and 3.68 in 2008) compared to sowing in 4th week of May by giving 

the values 3.43 and 3.50 during 2007 and 2008, respectively. The lowest LAI values of 1.94 

and 2.25 were estimated with late sown cotton in 3rd week of June during both crop periods. 

There were significant varietal effects at all measurement dates in 2007. The genotype FH-

113 produced higher value of 3.08 which was statistically on a par with MNH-786 by 

providing the value of 3.04. CIM-496 produced significantly lowest LAI value of 2.88 than 

the other two cultivars. The cultivars were differed significantly at all but the 3rd 

measurement date (120 DAS) in 2008, but followed the same trend as in 2007. Plant spacing 

effects were significant at each measurement in both seasons. Close plant spacing with 

elevated plant population showed clear cut edge over wide plant spacing for LAI in both 

growing seasons. At 120 DAS no interaction was found to be significant for LAI.  

4.2.3.2 Total leaf area duration (days) 

A probe of Table 4.21a, exposed that total leaf area duration (LAD) was enhanced 

significantly by early sowing in 1st week of May than sowing in 4th week of May and 3rd 

week of June in the two studied seasons. The maximum LAD of 316 days was recorded by 

sowing in 1st week of May, trailed by sowing in 4th week of May with 298 days and sowing 

in 3rd week of June with 170 days during 2007.  The late sowing in 3rd week of June showed 

a decrease of 43% and 46% for cumulative LAD over sowing in 4th and 1st week of May 

during 2007 and subsequently 35 % and 38 % loss was noted for LAD in 2008. Cultivars had 

also significant differences among themselves for total LAD and FH-113 appeared as longer 

LAD (269 days) cultivar but statistically at par with MNH-786 by recording 264 days for 

total LAD in 2007. Similar trend was seen in 2008 with all differences was significant. Close 

plant spacing favored higher LAD as compared to wide plant spacing in both crop seasons. 

The interaction effect of sowing date and plant spacing was significant on total LAD during 

2007 and 2008 (Table-4.21b). It was seen that the maximum LAD was recorded when cotton 

was sown during 1st week of May with close plant spacing in both experimental periods.  
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Table 4.21a: Effect of sowing date, cultivar and plant spacing on total leaf area duration 
(days) in cotton 

Treatments 2007 2008 Mean 
Sowing Dates (SD) 
SD1=1st Week of May 316 a 318 a 317 
SD2=4th Week of May 298 b 303 a 301 
SD3=3rd Week of June 170 c 198 b 184 

LSD (0.05) 15.2 15.8  
Cultivars (V) 
V1=CIM-496 250 b 265 258 
V2=MNH-786 264 a 273 269 
V3=FH-113 269 a 281 275 

LSD (0.05) 9.58 NS  

Plant Spacing (PS) 
PS1=22.5 cm 293 a 305 a 299 
PS2=30.0 cm 260 b 272 b 266 
PS3=37.5 cm 231 c 242 c 237 

LSD (0.05) 8.97 6.65  

Year means 261 273 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS ** ** 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
**: Significant at p≤ 0.01 
NS: Non significant 
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Table 4.21b: Effect of sowing date by plant spacing interaction on total leaf area duration 
(days) in cotton 
 

Sowing Date 
(SD) 

Plant Spacing 
(PS) 

2007 2008 Means 
PS SD 

1st Week of May 22.5 cm 354 a 356 a 355 317 

30.0 cm 314 c 317 c 316 

37.5 cm 279 de 281 d 280 

4th Week of May 22.5 cm 335 b 339 b 337 301 

30.0 cm 296 d 303 c 300 

37.5 cm 262 e 267 d 265 

3rd Week of June 22.5 cm 191 f 221 e 206 184 

30.0 cm 170 g 196 f 183 

37.5 cm 151 h 176 g 164 

LSD (0.05) 17.55 15.74   

Means sharing different letters differ significantly at p≤0.05 

At all sowing dates close plant pacing significantly favored for higher LAD and on 

the other hand early sowing enhanced LAD at all plant spacings. The remaining interactions 

were found to be not significant for both crop seasons. 

4.2.3.3 Total dry matter production (g m-2) 

Periodic data on total dry matter (TDM) accumulation recorded during the growth 

period in 2007 and 2008 are portrayed in Fig. 4.7, 4.8 and 4.9. The differences in TDM in 

relation to sowing time, cultivar and plant spacing were clear from the establishment of crop 

and these differences became pronounced as the crop progressed towards its physiological 

maturity during growth period of 2007 and 2008. At final harvest TDM was differed 

significantly with varied sowing dates, cultivars and plant spacing in both studied periods 

2007and 2008  (Table 4.22a). Early sowing during 1st week of May produced significantly 

highest TDM (913.7 g m-2 in 2007 and 946.9 g m-2 in 2008) and lowest TDM (640.0 and 

663.1 g m-2 in respective to 2007 and 2008) with sowing in 3rd week of June.  
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(a)  
 

 
 
 
 

(b)  
 

 
 

Fig. 4.7: Periodic effects of sowing date on total dry matter (gm-2) accumulation in 
cotton during 2007 (a) and 2008 (b) 
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(a)  
 
 

 
 
 

(b)  
 

 
 

Fig. 4.8: Periodic effects of cultivar on total dry matter (gm-2) accumulation in cotton 
during 2007 (a) and 2008 (b) 
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(a)  
 

 
 
 
 

(b)  
 

 
 

Fig. 4.9: Periodic effects of plant spacing on total dry matter (gm-2) accumulation in 
cotton during 2007 (a) and 2008 (b) 
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Table 4.22a: Effect of sowing date, cultivar and plant spacing on total dry matter (g m-

2) accumulation in cotton 

Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 913.7 a  946.9 a  930.3 

SD2=4th Week of May 893.5 a  924.6 b  909.1 

SD3=3rd Week of June 640.0 b  663.1 c  651.6 

LSD (0.05) 20.73 14.6  

Cultivars (V) 

V1=CIM-496 793.2 c  823.3 b  808.25 

V2=MNH-786 813.3 b  844.6 ab  828.95 

V3=FH-113 840.6 a 866.5 a 853.55 

LSD (0.05) 13.58 25.29  

Plant Spacing (PS) 

PS1=22.5 cm 902.0 a  929.5 a  915.75 

PS2=30.0 cm 827.5 b  861.8 b  844.65 

PS3=37.5 cm 717.6 c  743.1 c  730.35 

LSD (0.05) 14.11 11.14  

Year means 815.7 844.9 

LSD (0.05) NS 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS * 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
*: Significant at p≤ 0.05  
NS: Non significant  
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Table 4.22b: Effect of cultivar by plant spacing interaction on total dry matter (g m-2) 
accumulation in cotton 

Cultivar  
(V) 

Plant Spacing 
(PS) 

2007 2008 Means 
PS V 

CIM-496 22.5 cm 868.8 895.7 bc 882.2 808.2 

30.0 cm 809.4 842.6 d 826.0 

37.5 cm 701.3 731.8 e 716.5 

MNH-786 22.5 cm 901.3 929.4 ab 915.4 829 

30.0 cm 823.7 862.6 cd 843.1 

37.5 cm 715.1 741.9 e 728.5 

FH-113 22.5 cm 936.0 963.5 a 949.8 853.6 

30.0 cm 849.4 880.3 cd 864.9 

37.5 cm 736.5 755.7 e 746.1 

LSD (0.05) NS 38.49   

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
 

The sowing during 4th week of May produced 893.5 g m-2 dry biomass in 2007 which 

was statistically on a par with TDM produced in 1st week of May while in 2008 differed 

significantly with sowing during 1st week of May by giving 924.6 g m-2 dry biomass.  The 

cultivars were also differed significantly for TDM in both the years. The cultivar FH-113 

excelled for TDM as compared to other cultivars by producing 840.6 and 866.5 g m-2 total 

dry mass in the year 2007 and 2008, respectively. The lowest TDM (793.2 and 823.3 g m-2 in 

2007 and 2008, respectively) was recorded in CIM-496. Plant spacing effects were also again 

significant for TDM as the maximum TDM was recorded by close plant spacing in both 

growing seasons. All the interactions among treatments were non-significant in 2007 while in 

2008 the interactive effects of cultivar by plant spacing spacing were found significant for 

TDM accumulation. Averaged across planting time all the cultivars produced highest TDM 

at close plant spacing in 2008 (Table 4.22b). Similarly, all sowing dates produced maximum 

TDM with close plant spacing. 
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4.2.3.4 Crop growth rate (g m-2 d-1) 

Data pertaining to mean crop growth rate (CGR) is furnished in Table 4.23. During 

2007 and 2008, the mean CGR was significant due to sowing dates, cotton cultivars and plant 

spacing but their interaction effects were not significant for mean CGR in both studied 

seasons. By sowing times, early planting in 1st week of May significantly enhanced mean 

CGR by 42% (7.09 g m-2 d-1 vs 4.98 g m-2 d-1) over late sowing in 3rd week of June during 

2007 and subsequently 43 % (7.39 g m-2 d-1 vs 5.16 g m-2 d-1) in 2008. Mean CGR differed 

significantly among cotton cultivars. The cultivar FH-113 recorded significantly higher 

MCGR (6.52 g m-2 d-1) followed by MNH-786 with 6.33 g m-2 d-1 whereas the lowest was 

found in CIM-496 (6.18 g m-2 d-1) during 2007. In 2008, the maximum and statistically at par 

mean CGR of 6.75 g m-2 d-1  and 6.59 g m-2 d-1  were witnessed with FH-113 and MNH-786, 

respectively. The least mean CGR (6.43 g m-2 d-1) was noticed in CIM-496 which was 

statistically similar with MNH-786. Among plant spacing, the higher mean CGR was 

recorded in close plant spacing compared to other plant spacing. Close plant spacing 

improved CGR by 7.6% and 23.4 % against normal and wide plant spacing during 2007 and 

subsequently by 6.4% and 23% in 2008. 

4.2.3.5 Net assimilation rate (g m-2 d-1) 

A critical review of Table 4.24 revealed that the mean net assimilation rate (NAR) 

was significantly differed in sowing dates in either year. However, NAR significantly varied 

in cultivars only in 2007 while in plant spacing during 2008. Year effect was not significant 

for NAR. Net assimilation rate showed the increasing trend with delay in sowing in both 

experimental years as higher NAR (5.58 g m-2 d-1 in 2007 and 5.21 g m-2 d-1 during 2008) was 

observed with late sowing in 3rd week of June and lowest were recorded in early sown cotton  

with NAR values of 4.32 g m-2 d-1 and 4.60 g m-2 d-1 in respective of 2007 and 2008. 

However, early May sowing statistically at par with sowing in 4th week of May which 

revealed NAR values of  4.41 g m-2 d-1 and 4.62 g m-2 d-1  during 2007 and 2008, 

respectively. In 2007, CIM-496 exhibited higher NAR (4.92 g m-2 d-1) which was statistically 

at par with FH-113 (4.74 g m-2 d-1) whereas the least NAR (4.65 g m-2 d-1) was recorded with 

MNH-786 but it was also statistically at par with FH-113. Cultivar differences in NAR were 

not significant in 2008.   
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Table 4.23: Effect of sowing date, cultivar and plant spacing on mean crop growth rate 
(g m-2 d-1) in cotton 
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 7.09 a  7.39 a  7.24 
SD2=4th Week of May 6.96 a  7.21 b  7.09 
SD3=3rd Week of June 4.98 b  5.16 c  5.07 

LSD (0.05) 0.17 0.11  

Cultivars (V) 

V1=CIM-496 6.18 c  6.43 b  6.31 
V2=MNH-786 6.33 b  6.59 ab  6.46 
V3=FH-113 6.52 a 6.75 a 6.64 

LSD (0.05) 0.12 0.23  

Plant Spacing (PS) 

PS1=22.5 cm 6.95 a  7.18 a  7.07 
PS2=30.0 cm 6.46 b  6.75 b  6.61 
PS3=37.5 cm 5.63 c  5.84 c  5.74 

LSD (0.05) 0.11 0.09  

Year means 6.34 6.59 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table 4.24: Effect of sowing date, cultivar and plant spacing on mean net assimilation 
rate (g m-2 d-1) in cotton 
  
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 4.32 b 4.60 b 4.46 
SD2=4th Week of May 4.41 b 4.62 b 4.52 
SD3=3rd Week of June 5.58 a 5.21 a 5.40 

LSD (0.05) 0.29 0.31  

Cultivars (V) 

V1=CIM-496 4.92 a  4.86  4.89 
V2=MNH-786 4.65 b 4.79  4.72 
V3=FH-113 4.74 ab 4.79  4.77 

LSD (0.05) 0.19 NS  

Plant Spacing (PS) 

PS1=22.5 cm 4.75 4.68 b  4.72 
PS2=30.0 cm 4.84 4.86 a  4.85 
PS3=37.5 cm 4.71 4.89 a  4.8 

LSD (0.05) NS 0.15  

Year means 4.77 4.81 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Though the plant spacing effects were non significant in 2007, but higher NAR values 

were associated with normal plant spacing. In 2008 higher NAR value appeared with wide 

plant spacing but statistically on par with normal plant spacing. All the interaction effects due 

to sowing dates, cotton cultivars and plant spacing with respect to NAR were not significant. 
Discussion 

In the present study, different sowing dates, cultivars and plant spacing expressed 

significant impact on LAI and LAD at different growth stages. Leaf area index gives a fairly 

good idea of assimilatory surface area of a crop. Different crops have their own optimum 

LAI conducive to maximum dry matter production (Watson, 1952). The major objective of 

agronomic practice is to acquire optimum LAI for the maximum crop productivity. The leaf 

area increased up to 120 DAS then afterwards decreased (Fig. 4.4, 4.5 and 4.6) in both years. 

At 120 DAS, significantly higher LAI was recorded in early May planting, which was 5.8 

and 87.1 per cent higher over planting in 4th week of May and 3rd week of June, respectively 

in 2007 and the subsequent values for 2008 were 5.1 and 63.6 per cent, respectively      

(Table 4.20). The higher LAI with early sowing might be due to extended growth period and 

better environmental condition. Pettigrew (2002) reported that in Mississippi delta LAI of 

early-planted crop was 172 % greater than normal planted crop, which contributed to a 55% 

greater canopy light interception for the early planting and 10 % yield improvement over the 

normal planted crop. Hussein (2006) also confirmed that May sowing gave more LAI than 

June sowing under Sahiwal conditions. Plants under closer spacing produced significantly 

more LAI might be due to more number of plants per unit area because LAI is a function of 

plant population and leaf area per plant. Among cultivars, significant improvement in LAI 

was recorded with FH-113 and MNH-786, which were 6.9 and 5.6 per cent higher than  

CIM-496 at 120 DAS in 2007 and the subsequent values for 2008 were 5.2 and 2 %, 

respectively. The higher LAI in these genotypes may be due to higher leaf area which is the 

product of leaf number and size (weight).  

Leaf area duration is a period for which leaves stay green and are actively involved in 

photosynthesis and respiration. In other word it determines the magnitude and persistence of 

the leaf area during the crop growth period (Gardner et al., 1988). Leaf area duration is 
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directly related to LAI and the maximum total LAD was observed with early sowing          

(1st week of May) due to extended growing season (4.21a). Higher value of LAD was 

recorded at close plant spacing due to more LAI at high plant stand. Likewise LAI, FH-113 

and MNH-786 expressed higher LAD than CIM-496. 

Physiological efficiency of a cultivar determined in terms of total dry matter produced 

by a crop community. Yield improvement in any crop could be attributed to the better 

partitioning of photo assimilates towards reproductive/ economic sinks. The higher yields are 

linked with higher total dry matter production per unit area.  Total dry matter of a crop is 

proportional to the total amount of intercepted radiation (Gallagher and Biscoe, 1978), which 

largely determined by the size of leaf area and its distribution with time (Gallagher and 

Biscoe, 1978; Hearn and Constable 1984). In this study higher TDM production was 

recorded in early planting (1st week of May) (Table 4.22). Total dry matter accumulation was 

increased in early sowing due to better growth and growing conditions (Ansari and Mahey, 

2003). Photosynthetic capability was increased with early sowing due to increase in 

availability of sufficient radiant energy period (Hallikeri, 2008). In early sowing higher LAI 

and LAD enhanced interception of photosynthetically active radiation (PAR) and radiation 

use efficiency which in turn resulted into higher TDM accumulation. With late planting, the 

decline in photosynthetic rates coincides with declining day length and solar radiation 

(Mergeai  and Demol, 1991). Hence, dry matter accumulation is a function of photosynthetic 

surface (leaf area index) and its efficiency. The dry matter production per plant was higher 

with wider plant spacing might be due to substantial space available for growth, more 

interception of light and frequent availability of water (Wankhede et al., 2003). However, 

total dry matter production per unit area was increased with close plant spacing (Table 4.22). 

This was probably due to more number of plants per unit area. The distinct variation in 

genotypes for TDM production can be attributed on account of their genetic potential to 

exploit available resources for their growth and development (Table 4.22).  

Crop growth rate is described as the gain in dry biomass of plant per unit area per unit 

of time. According to Gardner et al., (1988) CGR indicates the variability in genetic potential 

and efficient utilization of applied inputs in a particular environment. Mean CGR 
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significantly differed with varied sowing dates, genotypes and plant spacing (Table 4.23) due 

to variable magnitude of TDM per unit area. In the present study, the comparatively superior 

performance of early sowing for mean CGR may be associated with its higher LAI and LAD 

that facilitates to produce more TDM by intercepting more radiation during the growing 

season. Wullschleleger and Ooesterhuis (1992), Shafiq (2002), Pettigrew (2002),          

Milory et al. (2003) and Arshad (2006) also disclosed similar growth responses of cotton 

crop. The close plant spacing represented increased CGR on unit area basis (Table 4.23) due 

to high LAI, LAD and TDM. Cultivar differences in mean CGR were mainly attributed to 

variations in genetics to intercept light as well as its utilization efficiency. FH-113 exceeds 

other due to accompanied with higher LAI, LAD and TDM.  

Net assimilation rate is generally used as an indicator of mean photosynthetic 

efficiency (Watson, 1952). Gardner et al. (1988) described NAR as the net gain of 

photosynthetic assimilates relative to leaf area and time. The late planting significantly 

increased NAR over early planting (Table 4.24). This suggests that the shading of lower 

leaves at high LAI in early sowing is partially responsible for the decrease in net assimilation 

rate. Normal plant spacing showed higher values for NAR due to superior leaf 

photosynthesis. Low plant density canopies exhibiting higher NAR or superior leaf 

photosynthesis (Pettigrew et al., 2013) because of greater specific leaf weight (Pettigrew and 

Meredith, 2012). Pettigrew et al. (2013) observed no yield advantage or fibre quality 

differences by increasing plant density as the advantage of increased light interception by the 

high density was counterbalance by the low density due to more efficient sunlight 

interception and utilization per unit LAI. Cultivar differences in NAR were not significant in 

both years. 
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4.1.4 Quality Parameters 

Results 
4.1.4.1 Ginning out turn (%) 

Data pertaining to the ginning out turn are given in Table-4.25 indicated that cultivars 

showed significant effect on this character, while sowing dates, plant spacing and interactions 

of sowing dates ×  cultivars, sowing dates ×  plant spacing, cultivars ×  plant spacing, sowing 

dates ×  cultivars ×  plant spacing showed non-significant effect. The cultivar CIM-496 

showed significantly superior in ginning percentage than other cultivars. 

 
4.1.4.2 Fibre length (mm) 
 

The data regarding fibre length are presented in Table-4.26. There are non significant 

variations for fibre length among the sowing dates and plant spacing in 2007 and 2008. The 

fibre length varied from 28.4 to 28.6 mm in 2007 and 28.4 to 28.5 mm in 2008 among 

sowing dates with a decreasing trend with delay in sowing. The fibre length varied among 

plant spacing from 28.4 to 28.6 in 2007 and 28.3 to 28.5 in 2008 and decreased with closer 

plant spacing but the magnitude of difference was very minute. However, fibre length 

differed significantly among cotton cultivars in both seasons. Again CIM-496 exceeds the 

other cultivars for fibre length but statistically equal to FH-113 in 2007 and 2008. 

Interactions effects of sowing date × cultivar, sowing date × plant spacing, cultivar × plant 

spacing, sowing date × cultivar × plant spacing indicated no significant differences among 

various treatments in respect of fibre length during both the years. 

 

4.1.4.3 Fibre strength (g tex-1) 

 
Data presented in Table 4.27 indicated that fibre strength of cotton cultivars was not 

influenced by different treatments of sowing dates and plant spacing. However strongest 

fibre was produced by MNH-786 as compared to FH-113 and CIM-496. Interaction effects of 

sowing dates ×  cultivars, sowing dates ×  plant spacing, cultivars ×  plant spacing, sowing 

dates ×  cultivars ×  plant spacing were not significant on fibre strength.  
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Table 4.25: Effect of sowing date, cultivar and plant spacing on ginning out turn (%) in 
cotton 
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 39.58 39.53 39.56 
SD2=4th Week of May 39.55 39.55 39.55 
SD3=3rd Week of June 39.53 39.49 39.51 

LSD (0.05) NS NS  

Cultivars (V) 

V1=CIM-496 41.36 a 41.28 a 41.32 
V2=MNH-786 38.60 b 38.58 b 38.59 
V3=FH-113 38.70 b 38.70 b 38.70 

LSD (0.05) 0.28 0.26  

Plant Spacing (PS) 

PS1=22.5 cm 39.58 39.56 39.57 
PS2=30.0 cm 39.55 39.52 39.54 
PS3=37.5 cm 39.53 39.49 39.51 

LSD (0.05) NS NS  

Year means 39.55 39.52 
LSD (0.05) NS 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Table 4.26: Effect of sowing date, cultivar and plant spacing on fibre length (mm) in 
cotton 
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 28.6 28.5 28.55 
SD2=4th Week of May 28.5 28.4 28.45 
SD3=3rd Week of June 28.4 28.4 28.40 

LSD (0.05) NS NS  

Cultivars (V) 

V1=CIM-496 28.8 a 28.5 a 28.65 
V2=MNH-786 28.2 b 28.2 b 28.20 
V3=FH-113 28.5 ab 28.6 a 28.55 

LSD (0.05) 0.4 0.26  

Plant Spacing (PS) 

PS1=22.5 cm 28.4 28.3 28.35 
PS2=30.0 cm 28.5 28.5 28.50 
PS3=37.5 cm 28.6 28.5 28.55 

LSD (0.05) NS NS  

Year means 28.50 28.43 
LSD (0.05) NS  

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Table 4.27: Effect of sowing date, cultivar and plant spacing on fibre strength (g tex-1) 
in cotton  
 

Treatments 2007 2008 Mean 

Sowing Dates (SD) 

SD1=1st Week of May 29.8  29.3 29.55 

SD2=4th Week of May 30.0 29.5 29.75 

SD3=3rd Week of June 29.5 29.5 29.50 

LSD (0.05) NS NS  

Cultivars (V) 

V1=CIM-496 29.3 b  29.1 b 29.20 

V2=MNH-786 30.7 a 30.1 a 30.40 

V3=FH-113 29.4 b 29.2 b 29.30 

LSD (0.05) 0.55 0.38  

Plant Spacing (PS) 

PS1=22.5 cm 29.6 29.3 29.45 

PS2=30.0 cm 29.7 29.6 29.65 

PS3=37.5 cm 30.0 29.5 29.75 

LSD (0.05) NS NS  

Year means 29.76 a 29.47 b 

LSD (0.05) 0.28 

Interactions 

SD x V NS NS 

SD x PS NS NS 

V x PS NS NS 

SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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 4.1.4.4 Micronaire  
 

The results in Table-4.28 showed that cultivars had significant effect on micronaire 

while sowing dates, plant spacing and interactions of sowing date × cultivar, sowing date ×  

plant spacing, cultivar ×  plant spacing, sowing date ×  cultivar ×  plant spacing were again 

found to be non-significant on micronaire during 2007 and 2008. Even though, the fibre 

quality was not greatly influenced by sowing dates and plant spacing, but there was a general 

trend towards reduction in micronaire with delay in sowing and reduction in plant spacing. 

The mean of MNH-786 was significantly higher than the means of CIM-496 and FH-113. 

Micronaires from 3.7 to 4.2 bring a premium while the range for which no premium or 

discount is assigned is 3.7 to 4.9. All sowing date, cultivar and plant spacing means were fell 

within a no premium or discount range (Table 4.28). 

 
4.1.4.5 Fiber uniformity index (%) 
 

There was no significant difference in fibre uniformity index (UI) between means of 

sowing dates and plant spacing but significantly affected by the cultivars. Though non 

significant, better uniformity percentage observed with early sowing and wide plant spacing. 

Among cotton cultivars, significantly better uniformity percentage was observed with MNH-

786 (84.3 % in 2007 and 82.9 % in 2008) which was statistically at par with CIM-496 (84 

and 82.8 % during 2007 and 2008, respectively). The statistically lowest uniformity index 

(83.2 and 82.4 % in both the seasons) value recorded for FH-113. Uniformity index values of 

80% to 82% result in no premiums or discounts, while UI of 83% or higher are assigned 

premiums. All sowing date, cultivar and plant spacing means were fell within a premium 

range. Interaction effects were not significant on this quality trait regarding sowing date × 

cultivar, sowing date × plant spacing, cultivar × plant spacing and sowing date × cultivar × 

plant spacing.  
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 Table 4.28: Effect of sowing date, cultivar and plant spacing on micronaire in cotton  
 
Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 4.7 4.8 4.75 
SD2=4th Week of May 4.7 4.7 4.70 
SD3=3rd Week of June 4.6 4.7 4.65 

LSD (0.05) NS NS  

Cultivars (V) 

V1=CIM-496 4.6 b 4.7  4.65 
V2=MNH-786 4.8 a 4.8 4.80 
V3=FH-113 4.6 b 4.7 4.65 

LSD (0.05) 0.13 NS  

Plant Spacing (PS) 

PS1=22.5 cm 4.6 4.7 4.65 
PS2=30.0 cm 4.7 4.7 4.70 
PS3=37.5 cm 4.7 4.8 4.75 

LSD (0.05) NS NS  

Year means 4.67 b 4.73 a 
LSD (0.05) 0.05 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Table 4.29: Effect of sowing date, cultivar and plant spacing on uniformity index (%) in 
cotton 

Treatments 2007 2008 Mean 
Sowing Dates (SD) 

SD1=1st Week of May 83.9 82.8 83.35 
SD2=4th Week of May 83.8 82.6 83.20 
SD3=3rd Week of June 83.4 82.5 82.95 

LSD (0.05) ns ns  

Cultivars (V) 

V1=CIM-496 84.0 a 82.8 a 83.40 
V2=MNH-786 84.3 a 82.9 a 83.60 
V3=FH-113 83.2 b 82.5 b 82.85 

LSD (0.05) 0.61 0.40  

Plant Spacing (PS) 

PS1=22.5 cm 83.8 82.6 83.20 
PS2=30.0 cm 83.9 82.7 83.30 
PS3=37.5 cm 83.9 82.8 83.35 

LSD (0.05) NS NS  

Year means 83.87 a 82.70 b 
LSD (0.05) 0.23 

Interactions 

SD x V NS NS 
SD x PS NS NS 
V x PS NS NS 
SD x V x PS NS NS 

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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 Discussion 
The effects of sowing date, cotton cultivar, and plant spacing were examined across 

two growing seasons for quality parameters. Ginning out turn (GOT) or lint percentage is the 

focal trait and key output after ginning the seed cotton, as cotton is primarily grown for its 

fibre (lint). The ginning out turn (Table 4.25) was not affected by sowing date and plant 

spacing which was also recognized by O’Berry et al. (2008). In contrary to that Bednarz,     

et al. (2005) found higher lint percentage with lower plant population (3.6 plants m-2) than 

higher plant population (9.0 to 21.5 plants m-2) while Cathy and Meredith (1988),           

Porter et al. (1996), Pettigrew (2002) and Wrather et al., (2008) noticed higher gin turn out 

with early planting. Lint percentage varies between cultivars which authenticated that the 

cultivars have the potential to enhance GOT. The highest GOT was recorded with CIM-496 

(Table 4.25). A number of researchers also considered that the GOT can vary with cultivar 

(Oakley et al., 1998; Arshad et al., 2003b; Zhang et al., 2005; Arshad et al., 2007; Hussain  

et al., 2007; Campbell and Bauer, 2007; Ali et al., 2009; Boquet and Clawson, 2009; 

O’Berry et al. 2009). 

In this experiment planting time and plant spacing had non-significant effect on fibre 

length (Table 4.26), fibre strength (Table 4.27), micronaire (Table 4.28), and uniformity 

index (Table 4.29) while considerable genotypic variability was witnessed for all of the HVI 

fiber quality traits studied. El Tabbakh, (2001) and Gormus and Yucel, (2002) found non 

significant differences for fibre length, fibre strength, micronaire, and uniformity index due 

to planting date while Hussain et al., (2000), Siebert (2005), Sawan et al., (2008), Wrather et 

al., (2008) and Ali et al., (2009) reported non significant results for HVI fibre quality traits 

studied due to plant spacing or plant density. The cultivar differences in fibre properties 

observed here due to their genetics. There are a number of factors influencing fiber quality, 

of which cultivar is of the greatest importance while agronomic practices are secondary 

(Bednarz et al., 2005). The cultivar plays a decisive role in fibre length and fibre strength 

(Hake, 1990; Jordan, 2001). The  amount  of  cellulose  deposited  determines  the  fiber  

strength,  fineness,  and  maturity (Ramey,1999). The cultivars produce longer cellulose 

molecules showed higher fibre strength because longer cellulose molecules providing fewer 

break points in the lint and greater cross linkages between fibers (Jordan, 2001). Although, 
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uniformity index is slightly controlled by cultivar but fibre strength influenced the uniformity 

(Hake, 1990). The researchers (Braden et al., 2009; Hua et al., 2009; Ulloa et al., 2009; 

Zeng and Meredith, Jr., 2009) identified significant variation among genotypes for fibre 

quality.  

4.2 EXPERIMENT-2  

4.2.1 Agronomic Parameters  

Results 
4.2.1.1 Number of monopodial branches per plant 

Number of monopodial branches per plant was significantly affected by year which 

was 20 % more in 2008 than in 2007 because of lower May June temperatures and more 

rains in 2008. The data regarding number of monopodia (Table 4.30) exhibited significant 

differences with varying row spacing and nitrogen level in both years. In 2007, Maximum 

number of monopodial branches per plant (1.8) was recorded in wider rows (90 cm) while 

the minimum number of monopodial branches per plant (1.2) was recorded in narrow rows 

(60 cm). Similarly each increment of nitrogen tended to produce more number of 

monopodias as the highest rate of nitrogen (180 kg N ha-1) significantly gave more number of 

monopodias (2.1) than lower nitrogen rates (60 and 120 kg ha-1) and the lowest number of 

monopodial branches per plant (1.0) was recorded where no nitrogen was applied. Almost 

similar trend was observed in 2008. On two years average, regardless of row spacing 

monopodias were increased by 15.8%, 51.7% and 100% with 180 kg N ha-1 compared with 

120, 60 and 0 kg N ha-1, respectively. However, effects of interaction of both row spacing 

and nitrogen were non significant on number of monopodia per plant in both years. 

4.2.1.2 Number of sympodial branches per plant  

The data of number of sympodial branches per plant showed significant year effect on 

number of sympodial branches per plant (Table 4.31) and 9 % more sympodial branches per 

plant were produced in 2007 than 2008. The statistical analysis showed significant effect of 

varying row spacing and nitrogen levels on number of sympodial branches per plant during 

both the years.  
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Table-4.30: Effect of row spacing and nitrogen rates on number of monopodial 
branches per plant in cotton 
 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60  1.2 c 1.4 c 1.30 

S2=75  1.6 b 1.8 b 1.70 

S3=90  1.8 a 2.1 a 1.95 

LSD (0.05) 0.2 0.23  

Nitrogen (kg ha-1) 
N1=0 1.0 d 1.2 c 1.10 

N2=60 1.3 c 1.6 b 1.45 

N3=120 1.8 b 2.0 a 1.90 

N4=180 2.1 a 2.3 a 2.20 

LSD (0.05) 0.18 0.28  

Year Means 1.5 b 1.8 a  

LSD (0.05) 0.18 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.31: Effect of row spacing and nitrogen rates on number of sympodial branches 
per plant in cotton 

 
Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 15.1 b 14.5 b 14.80 

S2=75 17.5 a 16.1 a 16.80 

S3=90 18.7 a 16.6 a 17.65 

LSD (0.05) 1.46 1.13  

Nitrogen (kg ha-1) 

N1=0 14.7 c 13.2 c 13.95 

N2=60 16.8 b 15.1 b 15.95 

N3=120 18.4 a 17.1 a 17.75 

N4=180 18.6 a 17.6 a 18.10 

LSD (0.05) 0.90 1.11  

Year Means 17.1 a 15.7 b  

LSD (0.05) 0.47 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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In 2007, wider rows (90 cm) produced more number of sympodial branches per plant 

(18.7) which was statistically equal with 75 cm rows by producing 17.5 number of sympodial 

branches per plant. Whereas, the lowest sympodia per plant (15.1) were observed in narrow 

rows (60 cm). Among the nitrogen fertilizer doses, application of 180 kg N ha-1 produced the 

highest number of sympodial branches per plant (18.6) but it was statistically at par with 120 

kg N ha-1 which gave 18.4 sympodial branches per plant while the lowest sympodias per 

plant (14.7) were observed where no nitrogen was applied. Interaction effects between row 

spacing and nitrogen levels were found non-significant during both the years and the trend 

was also similar. Sympodias averaged across two years for 90 and 75 cm row spacings were 

19.3 % and 13.5 % higher than for 60 cm row spacing, respectively. Similarly averaged 

across row spacing and years, sympodias were increased with 180 kg N ha-1 by 2%, 13.5 % 

and 29.7 % over 120, 60 and 0 kg N ha-1. 

4.2.1.3 Plant population (ha-1) 

Plant population is a production factor which alters light interception by plant canopy 

(Khan et al., 2001). Plant populations were targeted to be constant for all nitrogen rates, and 

to increase with each reduction in row spacing. Plant population per hectare data are reported 

in Table 4.32. The data showed no significant differences in final plant populations by 

nitrogen rate in both years. In 2007, the mean population survival was 51476, 41215 and 

34404 plants ha-1 for the 60, 75, and 90 cm row spacing, respectively, with all differences 

significant. In 2008, mean plant populations for the 60, 75, and 90 cm row spacing were 

51389, 41007 and 34346 plants ha-1, respectively. The row spacing by nitrogen application 

rate interaction was non significant. The year effect on plant population per hectare was non-

significant. Overall treatments mean final populations were 42365 plants per hectare during 

2007 and 42247 plants per hectare in 2008. 

4.2.1.4 Plant height (cm) 

Data presented in the Table 4.33 showed that significant differences were present in 

plant height between row spacing and nitrogen rates in 2007 and 2008. The plant height 

increased significantly by decreasing row spacing.  
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Table-4.32: Effect of row spacing and nitrogen rates on plant population ha-1 in cotton 
 

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 51476 a 51389 a 51433 

S2=75 41215 b 41007 b 41111 

S3=90 34404 c 34346 c 34375 

LSD (0.05) 960 792  

Nitrogen (kg ha-1) 

N1=0 42369 42056 42213 

N2=60 42357 42446 42402 

N3=120 42319 42187 42253 

N4=180 42415 42299 42357 

LSD (0.05) NS NS  

Year Means 42365 42247  

LSD (0.05) NS 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.33: Effect of row spacing and nitrogen rates on plant height (cm) in cotton 

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 114.4 a 121.0 a 117.70 

S2=75 109.1 b 116.8 a 112.95 

S3=90 102.7 c 111.3 b 107.00 

LSD (0.05) 4.09 4.49  

Nitrogen (kg ha-1) 

N1=0 93.9   d 99.4   d 96.65 

N2=60 105.3 c 111.7 c 108.50 

N3=120 115.6 b 123.9 b 119.75 

N4=180 120.2 a 130.6 a 125.40 

LSD (0.05) 3.49 4.29  

Year Means 108.7 b 116.4 a  

LSD (0.05) 0.66 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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In 2007, at harvest stage the maximum plant height (114.4 cm) was noted in narrow 

rows (60 cm) which was 4.9 and 11.4 % higher than 75 and 90 cm row spacing, respectively. 

Similarly, each increment of nitrogen fertilizer showed a significant increase of plant height. 

The highest rate of nitrogen 180 kg ha-1 tended to produce taller plants (120.2 cm) than 60 

and 120 kg N ha-1 which produced 105.3 and 115.6 cm tall plants, respectively. The 

significantly lowest plant height (93.9 cm) was observed where no nitrogen was applied. The 

interaction effects between row spacing and nitrogen were non significant. Almost similar 

trend was observed in 2008. The year effect on plant height was significant and the plant 

height was 7 % more in 2008 than 2007. 

4.2.1.5 Main stem nodes  

Effect of row spacing and nitrogen rate on total number of main stem nodes was 

significant in 2007 and 2008 (Table 4.34). In 2007, significant differences were present in 

total nodes between all nitrogen rates with the exception of 120 and 180 kg N ha-1. Means 

were 22.1, 24.3, 26.2, and 26.5 nodes per plant for 0, 60, 120 and 180 kg N ha-1 treatments, 

respectively.  

By row spacing, total main stem node means were 22.6, 25.2, and 26.5 nodes per 

plant for the 60, 75 and 90cm rows, respectively, with the 60 cm row spacing mean 

significantly lower than that of the other two spacings. The interaction effects between row 

spacing and nitrogen were non significant. Almost similar trend was observed in 2008. When 

2007 and 2008 were combined over years, the difference between them was significant and 

the main stem nodes were 4.6 % more in 2007 than 2008. 

4.2.1.6 Height to node ratio or Inter nodal length (cm) 

Results showed that inter-nodal distance/ height to node ratio (HNR) was 

significantly varied by row spacing and nitrogen rates in both years (Table 4.35). The year 

effect on inter nodal length was significant and the HNR was more in 2008 than 2007. Yearly 

means for HNR were 4.4 and 5.0 cm per node for 2007and 2008 respectively. In 2007, HNR 

means were 5.1, 4.3 and 3.9 cm per node for the respective 60, 75 and 90 cm row spacings. 
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Table-4.34: Effect of row spacing and nitrogen rates on main stem nodes in cotton 

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 22.6 b 22.1 b 22.4 

S2=75 25.2 a 24.1 a 24.7 

S3=90 26.5 a 24.7 a 25.6 

LSD (0.05) 1.50 1.35  

Nitrogen (kg ha-1) 

N1=0 22.1 c 20.7 c 21.4 

N2=60 24.3 b 22.9 b 23.6 

N3=120 26.2 a 25.1 a 25.7 

N4=180 26.5 a 25.8 a 26.2 

LSD (0.05) 0.96 1.17  

Year Means 24.8 a 23.7 b  

LSD (0.05) 0.51 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.35: Effect of row spacing and nitrogen rates on height node ratio (cm) in cotton 

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 5.1 a 5.5 a 5.3 

S2=75 4.3 b 4.9 b 4.6 

S3=90 3.9 c 4.5 c 4.2 

LSD (0.05) 0.19 0.29  

Nitrogen (kg ha-1) 

N1=0 4.3 b 4.8 b 4.55 

N2=60 4.4 b 4.9 ab 4.65 

N3=120 4.5 ab 5.0 ab 4.75 

N4=180 4.6 a 5.1 a 4.85 

LSD (0.05) 0.17 0.25  

Year Means 4.4 b 5.0 a  

LSD (0.05) 0.1 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Significant differences in HNR were present between all row spacing means. 

Similarly each increment in nitrogen tended to increase inter-nodal length. In 2007 the 

respective 0, 60, 120 and 180 kg ha-1 nitrogen rates had HNR means of 4.3, 4.4, 4.5, and 4.6 

cm per node. Differences between the means were significant other than those between 120 

and 180 and between 0, 60 and 120 kg N ha-1.  Almost similar trend was observed during 

2008. The row spacing by nitrogen rates interaction was not present for HNR during both 

years. 

4.2.1.7 Number of bolls per plant 

The number of bolls per plant showed significant differences by row spacing and 

nitrogen rates in both years (Table 4.36). Across all treatments, there were 21.5 bolls per 

plant in 2007, which was 8.8 % more than 2008 where19.8 bolls per plant were obtained. In 

2007, the number of bolls was significantly increased by wider row spacing.  The 60, 75, and 

90 cm row spacings demonstrate 16.4, 22.5, and 25.6 bolls per plant, respectively. All 

differences were significant. Similar to the pattern seen by row spacing, each level of 

nitrogen fertilizer increased the number of bolls per plant. However, nitrogen significantly 

affects bolls per plant uptill 120 kg ha-1. The 180 kg N ha-1 mean (23.8) was significantly 

higher than the 0 (18.2) and 60 (20.8) kg N ha-1 means but statistically at par with 120 kg ha-1 

which produced 23.2 bolls per plant. The similar trend was reported during 2008. It is evident 

from the data that interactions between row spacing and nitrogen fertilizer treatments were 

found to be non significant. 

4.2.1.8 Number of bolls m-2 

The number of bolls m-2 showed significant differences by row spacing and nitrogen 

rates in either year (Table 4.37). In 2007, number of bolls m-2 was 8.9 % more across all 

treatments as compared to 2008. The interaction between row spacing and nitrogen 

application rates was found to be non significant in both years. In 2007, no row spacing 

differences in bolls m-2 were significant. This estimate was highest (100.1 m-2) in the 75 cm 

row spacing but number of bolls was decreased at 60 cm (91.0 m-2) and 90 cm (94.6 m-2) row 

spacing. However, row spacing effects were significant for number of bolls m-2 during 2008.  
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Table-4.36: Effect of row spacing and nitrogen rates on number of bolls per plant in 
cotton  

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 16.4 c 14.7 c 15.55 

S2=75 22.5 b 21.0 b 21.75 

S3=90 25.6 a 23.6 a 24.6 

LSD (0.05) 2.11 1.35  

Nitrogen (kg ha-1) 

N1=0 18.2 c 17.0 c 17.6 

N2=60 20.8 b 19.1 b 19.95 

N3=120 23.2 a 21.1 a 22.15 

N4=180 23.8 a 21.9 a 22.85 

LSD (0.05) 1.66 1.16  

Year Means 21.5 a 19.8 b  

LSD (0.05) 1.01 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table 4.37: Effect of row spacing and nitrogen rates on number of bolls m-2 in cotton 

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 91.0 81.5 c 86.25 

S2=75 100.1 93.4 a 96.75 

S3=90 94.6 87.3 b 90.95 

LSD (0.05) Ns 5.7  

Nitrogen (kg ha-1) 

N1=0 80.7 c 75.3 c 78 

N2=60 92.1b 84.5 b 88.3 

N3=120 102.9 a 93.6 a 98.25 

N4=180 105.2 a 96.3 a 100.75 

LSD (0.05) 7.19 4.84  

Year Means 95.2 a 87.4 b  

LSD (0.05) 3.72 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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As in 2008, the highest number of bolls (93.4 m-2) was obtained with 75 cm row 

spacing as compared to narrow (60 cm) and wider rows (90 cm) that gave 81.5 and 87.3 bolls 

m-2, respectively. The 0, 60, 120, and 180 kg N ha-1 treatments means for total bolls m-2 were 

80.7, 92.1, 102.9, and 105.2, respectively, with all nitrogen differences being significant up 

to 120 kg N ha-1 during 2007. A similar trend was also observed in 2008 regarding nitrogen 

means. 

4.2.1.9 Seed cotton yield per plant (g) 

The data presented in Table 4.38 showed significant impact of varied row spacing and 

nitrogen rates on seed cotton yield per plant in both years. In 2007, by row spacing, there 

were significant differences in seed cotton yield per plant, with the 60, 75, and 90 cm 

treatments averaging 47.9, 70.0, and 77.9 g seed cotton yield per plant. All differences were 

significant. The narrow row spacing (60 cm) produced 31.6 % and 38.5% less seed cotton 

yield per plant in respective of 75 cm and 90 cm row spacing. Similarly, the highest seed 

cotton yield per plant (73.9 g) was achieved with 180 kg N ha-1 which was statistically equal 

to 120 kg N ha-1 by producing 72.7 g seed cotton yield per plant and the least seed cotton 

yield per plant (52.0 g) was obtained at 0 kg N ha-1. The same trend was also exhibited in 

2008. It is evident from the data that interactions between row spacing and nitrogen fertilizer 

treatments were found to be non significant in both years. 

4.2.1.10 Seed index (g) 

Results revealed (Table 4.39) significant variation for seed index (100-seed weight) 

due to varied row spacing and nitrogen rates in both years. The 60, 75, and 90 cm row 

spacing treatments means for seed index were 8.04, 8.21, and 8.15 g respectively, with all 

row spacing differences being significant. As in 2007, the highest seed index (8.21 g) was 

recorded in 75 cm row spacing. However, during 2008 the highest seed index (8.12 g) was 

observed in wider rows (90 cm) followed by 8.08 g in 75 cm row spacing while the lowest 

seed index noted in narrow rows (60 cm). Similarly, seed index was significantly impacted 

by nitrogen rate, being least (7.91 g) for 0 kg N ha-1 and highest (8.27) for 120 kg N ha-1 

which was statistically at par with 180 kg N ha-1. Almost similar trend was observed in 2008.  
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Table-4.38: Effect of row spacing and nitrogen rates on seed cotton yield per plant (g) in 
cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 47.9 c 41.4 c 44.7 

S2=75 70.0 b 62.2 b 66.1 

S3=90 77.9 a 70.3 a 74.1 

LSD (0.05) 6.85 4.20  

Nitrogen (kg ha-1) 
N1=0 52.0 c 47.7 c 49.9 

N2=60 62.5 b 55.1 b 58.8 

N3=120 72.7 a 63.0 a 67.9 

N4=180 73.9 a 66.1 a 70.0 

LSD (0.05) 5.71 3.53  

Year Means 65.3 a 58.0 b 61.65 

LSD (0.05) 3.14 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.39: Effect of row spacing and nitrogen rates on seed index (g) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 8.04 c 7.96 c 8.00 

S2=75 8.21 a 8.08 b 8.15 

S3=90 8.15 b 8.12 a 8.14 

LSD (0.05) 0.02 0.03  

Nitrogen (kg ha-1) 
N1=0 7.91 c 7.86 c 7.89 

N2=60 8.09 b  8.01 b 8.05 

N3=120 8.27 a 8.17 a 8.22 

N4=180 8.26 a 8.17 a 8.22 

LSD (0.05) 0.04 0.04  

Year Means 8.13 a 8.05 b  

LSD (0.05) 0.02 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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The interactive effects of row spacing and nitrogen rates were non significant in both 

years. The year effect was significant for seed index and the seed index was more in 2007 

than 2008. 

4.2.1.11 Lint index (g) 

The data presented in Table-4.40 showed considerable impact of row spacing and 

nitrogen rates on lint index in both years. The mean for 2007 was significantly greater than 

2008. In 2007, row spacing means for this estimate were 5.06, 5.14 and 5.12 g, respectively, 

for the 60, 75, and 90 cm row spacing. The means of 75 and 90 cm row spacings were 

statistically at par and significantly higher than the 60 cm spacing. Similarly, lint index 

significantly differed by varied nitrogen rates. The lint index was increased with each 

increment of nitrogen uptill 120 kg N ha-1 as no further increase of lint index was observed 

with 180 kg N ha-1. Almost similar trend was noted during 2008. The interaction between 

row spacing and nitrogen rates was not significant. 

4.2.1.12 Seed cotton yield per hectare (kg) 

Year effect on seed cotton yield per hectare was significant and the seed cotton yield 

per hectare was 7 % more in 2007 than 2008. The data regarding seed cotton yield exhibited 

significant differences at varying row spacings and nitrogen application rates (Table 4.41). 

Row spacing means were 1773, 2106 and 1965 kg ha-1 for the respective 60, 75 and 90 cm 

row spacings in 2007, with 75 cm row spacing significantly greater than wider (90 cm) and 

narrow (60cm) rows. All differences in mean seed cotton yield per hectare by row spacing 

were significant as well. Similarly, significant differences in the seed cotton yield were found 

for nitrogen rates. In 2007, the maximum (2194 kg ha-1) and at par seed cotton yield (2179 kg 

ha-1) was produced by  180 and 120 kg N ha-1, respectively. The minimum seed cotton yield 

(1551 kg ha-1) was recorded where no nitrogen was applied. Almost similar trend of seed 

cotton yield per hectare was observed during 2008. However, row spacing by nitrogen 

interaction was absent for seed cotton yield per hectare. 
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Table-4.40: Effect of row spacing and nitrogen rates on lint index (g) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 5.06 b 4.93 c 5.00 

S2=75 5.14 a 5.00 b 5.07 

S3=90 5.12 a 5.04 a 5.08 

LSD (0.05) 0.04 0.03  

Nitrogen (kg ha-1) 
N1=0 4.93 c 4.82 c 4.88 

N2=60 5.09 b 4.96 b 5.03 

N3=120 5.20 a 5.10 a 5.14 

N4=180 5.20 a 5.08 a 5.15 

LSD (0.05) 0.04 0.04  

Year Means 5.1 a 5.0 b  

LSD (0.05) 0.02 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.41: Effect of row spacing and nitrogen rates on seed cotton yield per hectare 
(kg) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 1773 c 1701 b 1737 

S2=75 2106 a 1936 a 2021 

S3=90 1965 b 1827 a 1896 

LSD (0.05) 110.4 119.8  

Nitrogen (kg ha-1) 
N1=0 1551 c 1496 c 1524 

N2=60 1867 b 1751 b 1809 

N3=120 2179 a 2006 a 2093 

N4=180 2194 a 2032 a 2113 

LSD (0.05) 136.7 147.8  

Year Means 1947.8 a 1821.5 b  

LSD (0.05) 95.29 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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4.2.1.13 Boll weight (g) 

The data reported in Table 4.42 revealed that the year effect on boll weight was 

significant and it was about 3% more in 2007 than 2008. The effect of different row spacing 

and nitrogen rates on boll weight was significant in 2007 and 2008. In 2007, boll weight 

means were 2.92, 3.09 and 3.4 g per boll for the respective 60, 75 and 90 cm row spacing. 

Differences between row spacing means were significant except 75 and 90 cm row spacing. 

In 2007, the maximum (3.13 g) and at par boll weight (3.09 g) was recorded at 120 and 180 

kg N ha-1, respectively and it was followed by 60 kg N ha-1 which produced 3.00 g weight 

per boll. The minimum boll weight (2.85 g) was noted
 
where no nitrogen was applied. 

Almost similar results were observed during 2008. The row spacing by nitrogen rates 

interaction was not present for boll weight. 

Discussion 

Number of monopodial and sympodial branches varied with different row spacing 

and nitrogen rates (Tables 4.30 and Table4.31). In both experimental years, number of 

monopodial and sympodial branches depressed by decreasing row spacing because of intense 

competition between plants for soil and water resources, as narrow rows accompanied with 

more number of plants per unit area. Alfaqeih et al. (2002), Wankhade et al. (2002), Obasi 

and Msaakpa (2005) and Ali et al. (2009) also reported that number of monopodial and 

sympodial branches decreased by increasing plant density. Similarly, number of monopodial 

and sympodial branches increased with increasing cotton applied N because nitrogen controls 

new growth (Borowski, 2001). Dar and Anwar (2005), Khan and Dar (2006) and Kumbhar  

et al. (2008) noted gradual increase in monpodial and sympodial branches per plant with the 

subsequent increases in the nitrogen application rates.  

Plant populations declined with an increase in row spacing because of a constant inter 

plant distance of 30 cm within rows.  Nitrogen application rates had no significant effect on 

plant stand in either year.  

The main stem nodes and their appearance rate as well as plant height are simple 

indicators to assess cotton development for management purposes (Bourland et al., 1992, 

Kerby and Hake, 1996).  
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Table-4.42: Effect of row spacing and nitrogen rates on boll weight (g) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 2.92  b 2.82 b 2.87 

S2=75 3.09  a 2.95 a 3.02 

S3=90 3.04  a 2.97 a 3.01 

LSD (0.05) 0.09 0.05  

Nitrogen (kg ha-1) 

N1=0 2.85 c 2.80 c 2.83 

N2=60 3.00 b 2.88 b 2.94 

N3=120 3.13 a 2.97 a 3.05 

N4=180 3.09 a 3.01 a 3.05 

LSD (0.05) 0.06 0.05  

Year Means 3.0 a 2.9 b  

LSD (0.05) 0.05 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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In this experiment, plant height increased with a significant reduction in main stem 

nodes by reducing row spacing at high plant density (Tables 4.33 and 4.34). The availability 

of horizontal space for individual plant in narrow rows reduced due to which intense inter 

plant competition for nutrient and light suppressed node appearance and plants grow taller in 

respect of vertical space. Wang et al. (2011) also endorsed that inter-plant competition for 

nutrients and light produced taller plants at high plant density. These results are in 

confirmation with those of Nichols et al. (2003) and Boquet (2005), who reported that 

reduction in row spacing increased plant height. Several other reports have shown a positive 

relationship between plant population and plant height (Oad et al., 2002; Obasi and Msaakpa 

2005; Ahmad et al., 2009; Ali et al., 2009). Our results regarding main stem nodes are in 

parallel to the findings of Bednarz et al. (2000), Jost and Cothren (2000), Nichols et al. 

(2004), Clawson et al. (2006), and Siebert et al. (2006) who also reported reduction in main 

stem nodes with high plant density or narrow rows. Shorter plants are preferred in narrow 

row cotton to avoid late maturity (Clawson et al., 2006). Significant nitrogen differences 

were evident for both plant height and main stem nodes because nitrogen stimulates growth. 

Final plant height was significantly increased by each additional increment of fertilizer N 

(Table 4.33). Although main stem nodes increased up to 180 kg N ha-1 but did not differ 

significantly with 120 kg N ha-1 (Table 4.34). Similar responses of cotton to fertilizer N were 

reported for main stem nodes by Fritschi et al. (2003) and Clawson et al. (2006).          

Marois et al. (2004) opined that plant height had more influence on canopy microclimate 

than did plant density or fertilizer N application. Moreover, the negative impacts on plant 

health from narrow rows or high N cotton may be minimized through careful management of 

plant height, especially by keeping plants lower than 1 meter. The HNR significantly 

influenced the canopy microclimate. According to Marois et al. (2004) an increase in HNR 

opens the plant canopy but narrow rows due to higher plant population may reduce 

temperature and increase relative humidity in the plant canopy and may also reduce 

reproductive structures and yield. Boll rot of cotton is often associated with dense canopies 

and high levels of fertilizer N application because of rank growth (Jones et al., 2000; Marois 

et al. 2002) which caused yield losses in the form of hard-locked bolls (Willrich et al., 2002).  

Landivar and Benedict (1996) considered a range of 3.3 to 5.1 cm HNR as normal. Values 
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above 5.1 cm are an indicator of rank growth and below 3.3 cm suggested stunting or 

abnormally poor growth. In this study, reductions in row spacing increased HNR           

(Table 4.35) significantly because of increasing plant height and decline in main stem nodes. 

These results are in compliance with those of Shah (2004), Siebert et al. (2006) and    

O’Berry et al. (2008) who also established higher HNR with high plant density. The higher 

HNR value was 5.1 and 5.5 cm during 2007 and 2008 at 60 cm row spacing. Similarly, 

increasing fertilizer N increased HNR (Table 4.35) in accordance with Clawson (2003) and 

Ayissaa and Kebedeb (2011) due to increased height and inter nodal length of the plant. 

Number of bolls per plant and seed cotton yield per plant was significantly influenced 

by row spacing (Tables 4.36 and 4.38). Maximum bolls per plant and seed cotton yield per 

plant were produced by wider row spacing (90 cm) and the minimum bolls per plant and seed 

cotton yield per plant were obtained with narrow row spacing (60 cm). This was probably 

due to substantial space available for growth, more photosynthetic efficiency, frequent 

availability of water and nutrients, less humidity for efficient control of insect pest attack and 

boll saving from rottening at wider row spacing, which resulted in increase in fruiting points, 

fruiting period, fruit retention and ultimately greater bolls per plant and seed cotton yield per 

plant. Similar responses of cotton to plant density or row spacing are found by other 

researchers (Bednarz et al., 2000; Hussain et al., 2000; Palomo et al., 2000; Nichols et al., 

2004; Boquet, 2005; Iqbal et al., 2005; Obasi and Msaakpa 2005; Bednarz et al., 2006b; 

Clawson et al., 2006; Siddiqui et al., 2007; Sawan et al., 2008; Rajakumar and Gurumurthy, 

2008; Ali et al., 2009). Number of bolls per plant and seed cotton weight per plant also 

increased significantly with addition of fertilizer N up to a rate of 120kg N ha-1 (Tables 4.36 

and 4.38). However, fertilizer N application at 180 kg N ha-1 produced highest number of 

bolls per plant and seed cotton yield per plant but statistically at par with 120 kg N ha-1. The 

number of bolls per plant is a function of boll production and retention which mainly depend 

on leaf area development and its photosynthetic efficiency. Nitrogen is a key factor in leaf 

area development and assimilates production (Oosterhuis and Jernstedt, 1999; Ayissaa and 

Kebedeb, 2011) and also stimulates the mobilization and accumulation of metabolites 

(assimilates) in newly developed bolls (Sawan et al., 2006). Hence, it fulfilled the assimilate 

demand of fruiting organs which in turn increased number of bolls per plant. Nitrogen 
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deficiency promotes abscission of fruiting organs by reducing auxin content and increasing 

growth inhibitors (Anisimov and Bulatova, 1982). Many researchers observed increase in 

bolls per plant by increasing nitrogen level (Moore, 1999; Dar and Khan, 2004; Wiatrak et al. 

2005; Sawan et al., 2006; Khan and Dar, 2006; Kumbhar et al., 2008; Ayissaa and Kebedeb, 

2011). 

Reductions in row spacing decreased boll weight (Table 4.42), seed index (Table 

4.39) and lint index (Table 4.40) due to intense competition for nutrients, water and light at 

higher plant density (Prasad and Prasad, 1993; Ogola et al., 2006). These results are 

corroborated by Witten and Cothren (2000) and Boquet (2005), who reported that individual 

boll weight was decreased with decrease in row spacing. However, Bednarz et al. (2000) 

accredited decreased boll set and weight due to combined effect of excessive LAI, reduced 

PPFD efficiency, and reduced mean NAR at higher plant population. Wider (90 cm) and 

recommended (75 cm) rows revealed statistically similar boll weight in either year because 

of similar NAR. Moreover, plant density altered fruit location which impacts boll size 

(Jenkins et al., 1990a; Hake et al., 1991; Clawson, 2003). Boll weight, seed index and lint 

index increased significantly by increasing nitrogen up to 120 kg N ha-1, thereafter no further 

significant increase observed (Tables 4.42, 4.39 and 4.40) probably due to enhanced 

photosynthetic activity, as N is an essential component of chlorophyll (Oosterhuis and 

Bondada, 2001) and stimulate mineral uptake (Breitenbeck and Boquet, 1993), photosynthate 

assimilation and accumulation in developing bolls (Sawan et al., 2006). Similar responses of 

cotton were depicted by other scientists (Ram et al., 2001; Khan and Dar, 2006; Sawan et al., 

2006; Clawson et al., 2006) due to increasing nitrogen. Sawan et al. (1997, 2006) also 

noticed increase in lint index by increasing N rate. 

The crop canopy influenced production efficiencies and profitable yields, which can 

be manipulated by row spacing and population adjustment (Silvertooth, 1999). An 

appropriate plant stand may help in harnessing all the renewable and non renewable 

resources in a more and efficient manner towards higher crop yields (Sparlangue et al., 

2007). In this study, the highest seed cotton yield per hectare was produced by 75 cm row 

spacing regardless of fertilizer N (Table 4.41) because of more number of bolls m-2       

(Table 4.38). Moreover, row spacing was primarily dictated by equipment for cultivation      
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(Wilson, Jr., 2006) and ridges are difficult to build and maintain in row widths of less than 75 

cm (Griffith et al., 1990). Ozpinar and Isik, (2004) was also established that the highest 

yields associated with 76 cm row spacing in a semiarid Mediterranean environment in 

Turkey. Seed cotton yield per hectare also increased significantly up to 120 kg N ha-1level, 

afterward no significant increase in yield realized (Table 4.41) likewise other yield 

components because several factors, including soil type, climatic conditions, and insect 

pressure may have contributed to  yield. In summary increase in seed cotton yield is 

attributed to the fact that nitrogen control new growth (Perumai, 1999; Borowski, 2001) 

stimulate nutrient uptake (Breitenbeck and Boquet, 1993), and prevent abscission of squares 

and bolls (Sawan et al., 2006). Our results are in line of the Saleem et al. (2010) who also 

obtained optimum seed cotton yield at 120 kg N ha–1. Clawson et al. (2006, 2008) found that 

each incremental increase in nitrogen rate (0,50,101,151 kg ha-1) resulted in a significant 

increase in lint yield, suggesting that no rate of N was excessive, while (Marsh et al., 2000; 

Howard et al., 2001; Bell et al., 2003; Prasad and Siddique, 2004) observed decrease in yield 

above an optimum level. The optimal rate of nitrogen for cotton depends on various factors 

including soil type, environment (rain, sunlight, and season length), and management 

techniques. 

4.2.2 Earliness Related Parameters  

Results  
4.2.2.1 Number of days from planting to appearance of first floral bud  

Data pertaining to the appearance of first floral bud (square initiation) as influenced 

by row spacing and nitrogen levels are presented in Table 4.43. The year effect was 

significant as squaring starts with least days (29.3) during 2007 than 2008 where 31.1 days 

were recorded to initiate squaring. The character under discussion varied with different row 

spacings and nitrogen rates in both years. In 2007, days to first floral bud (square) decreased 

by decreasing row width. The cotton planted in narrow rows (60 cm) took least days (29.0) 

for square initiation which was at par with 75 cm row spacing where square initiation starts 

29.3 days after sowing. The maximum number of days to squaring (29.6) was observed in 

wider rows (90 cm) by decreasing plant density. Almost similar trend was observed in 2008.  
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Table-4.43: Effect of row spacing and nitrogen rates on number of days from planting 
to appearance of first floral bud in cotton 
 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 29.0 b 30.5 b 29.8 

S2=75 29.3 ab 31.2 a 30.3 

S3=90 29.6 a 31.6 a 30.6 

LSD (0.05) 0.37 0.45  

Nitrogen (kg ha-1) 

N1=0 28.9 30.6 c 29.3 

N2=60 29.1 30.9 bc 30.0 

N3=120 29.4 31.2 ab 30.3 

N4=180 29.7 31.6 a 30.7 

LSD (0.05) NS 0.63  

Year Means 29.3 31.1  

LSD (0.05) 0.29 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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On contrary increase in nitrogen delayed squaring of the crop. In 2007, square 

initiation did not differ significantly by nitrogen rate. Numerically, for square initiation the 

mean days were minimum (28.9) at 0 kg N ha-1 and maximum (29.7) at 180 kg N ha-1.  

However, significant differences were seen by nitrogen for days required to initiate squaring 

during 2008 but trend almost similar like in 2007.There was no row spacing by nitrogen 

interactions observed in this experiment for days taken to appearance of first floral bud.  

4.2.2.2 Number of days from planting to appearance of first flower  

The data reported in Table 4.44 represent the effect of row spacing and nitrogen rates 

on the appearance of first flower. Number of days from planting to first flower appearance 

differed with different row spacings and nitrogen rates in both years. In 2007, no row spacing 

differences for flower initiation were significant. Numerically, for flower appearance fewer 

days (49.1) were observed in narrow rows (60) and more days (49.5) in wider rows (90 cm). 

However, significant row differences were observed in 2008 for flower initiation but trend 

was almost same like 2007 as flower initiation starts earlier by increasing plant density with 

narrow rows. On contrary each increment of nitrogen delayed flowering of the crop. In 2007, 

nitrogen levels had significant effect on the appearance of first flower, comparison of 

nitrogen means showed that 180 kg ha-1 and 120 kg ha-1 had statistically more number of 

days (49.7 and 49.5) from planting to appearance of first flower than 60 kg ha -1 and 0 kg ha -1  

(49.2 and 48.9). However, flower initiation did not differ significantly by nitrogen rate in 

2008 but trend was almost similar to 2007. The year effect was also significant as less mean 

days (49.3) were observed in 2007 for flower initiation than 2008 when flower appeared on 

51.0 days. Significant row spacing by nitrogen interactions were not seen for days taken to 

appearance of first flower. 

4.2.2.3 Node number for the first sympodia 

The data presented in Table 4.45 indicate the node number for the first sympodia 

(fruiting branch) as affected by row spacing and nitrogen rates, which reveal that node 

number for the first fruiting branch was varied by row spacing and nitrogen in both years.  
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Table-4.44: Effect of row spacing and nitrogen rates on number of days from planting 
to appearance of first flower in cotton 
 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 49.1 50.1 b 49.6 

S2=75 49.3 51.1 ab 50.2 

S3=90 49.5 51.7 a 50.6 

LSD (0.05) NS 1.62  

Nitrogen (kg ha-1) 

N1=0 48.9 b 50.4 49.7 

N2=60 49.2 bc 50.8 50.0 

N3=120 49.5 ab 51.2 50.4 

N4=180 49.7 a 51.5 50.6 

LSD (0.05) 0.50 NS  

Year Means 49.3 b 51.0 a  

LSD (0.05) 0.29 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.45: Effect of row spacing and nitrogen rates on node number for the first 
sympodia in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 7.5 7.7  7.6 

S2=75 7.7 7.9 7.8 

S3=90 7.8 8.2 8.0 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 

N1=0 7.4 c 7.5 c 7.4 

N2=60 7.6 bc 7.8 bc 7.7 

N3=120 7.8 ab 8.1 ab 8.0 

N4=180 7.9 a 8.3 a 8.1 

LSD (0.05) 0.29 0.29  

Year Means 7.67 b 7.92 a  

LSD (0.05) 0.23 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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The year effect was significant as mean value of node number for first sympodia was 

lower in 2007 (7.67) as compared to 2008 (7.92). In 2007, average values of node number for 

first sympodia were not significantly affected by row spacing. Numerically, wider row 

spacing showed highest value (7.8) of node number for first sympodia and lowest value (7.5) 

recorded at narrow row spacing (60 cm). In 2007 the respective 0, 60, 120, and 180 kg ha-1 

nitrogen rates had means of 7.4, 7.6, 7.8, and 7.9 for node number of first sympodia. The 

highest value for node number of first sympodia was recorded at 180 kg N ha-1 which was 

statistically at par with 120 kg N ha-1 while the lowest value recorded at 0 kg N ha-1 which 

was statistically at par with 60 kg N ha-1. The differences between 120 kg N ha-1 and 60 kg N 

ha-1 were also non significant for this character. Almost similar trend was also noted during 

2008 for both row spacing and nitrogen rates. The interactions between different row spacing 

and nitrogen fertilizer rates were found to be not significant for both years. 

4.2.2.4 First fruiting branch (sympodia) height (cm) 

 The data pertaining to first fruiting branch height as affected by the row spacing 

and nitrogen rates are shown in Table 4.46. The year effect was significant and the height for 

first fuiting branch was lower in 2007 (21.75 cm) than 2008 (23.17 cm). The data reveal that 

first fruiting branch height was significantly influenced by row spacing and nitrogen rates in 

both years. In 2007, the height for first fruiting branch was decreased by decreasing the row 

width. The maximum average value (22.6 cm) for height of first sympodia was recorded at 

wider rows (90 cm) while the lowest value (20.9 cm) observed in narrow rows (60 cm). 

Similarly, each increment of nitrogen increased the first fruiting branch height. In 2007, 

maximum height (22.4 cm) of first fruiting branch was obtained at 180 kg N ha-1, which was 

statistically at par with 120 kg N ha-1 and 60 kg N ha-1 with 22.0 and 21.6 cm height for first 

sympodia, respectively. Whereas, minimum first fruiting branch height (21.0 cm) was 

observed at 0 kg N ha-1, that was also statistically at par with 60 kg N ha-1 and 120 kg N ha-1. 

Almost similar trend was observed during 2008. The row spacing by nitrogen interaction was 

not found significant for this character. 
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Table-4.46: Effect of row spacing and nitrogen rates on first fruiting branch height (cm) 
in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 20.9 b 22.4 b 21.7 

S2=75 21.8 ab 23.3 ab 22.6 

S3=90 22.6 a 23.8 a 23.2 

LSD (0.05) 1.1 0.79  

Nitrogen (kg ha-1) 
N1=0 21.0 b 22.4b 21.5 

N2=60 21.6 ab 23.0 ab 22.3 

N3=120 22.0 ab 23.5 a  22.8 

N4=180 22.4 a 23.9 a 23.2 

LSD (0.05) 0.94 1.01  

Year Means 21.75 b 23.17 a 22.46 

LSD (0.05) 0.24 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
  NS: Non significant 
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4.2.2.5 Earliness index (%) 

 The data regarding earliness index of cotton as influenced by row spacing and 

nitrogen application rates are presented in Table 4.47, which indicate that earliness index was 

significantly affected by nitrogen rates, while row spacing and row spacing by nitrogen 

interaction were found to be non-significant. The year effect was significant and the earliness 

index was more in 2007 (56.44) as compared to 2008 (55.10). As in 2007, no significant 

differences were found for earliness index but the trend within 60, 75 and 90 cm rows was 

higher with each reduction in row spacing, although the magnitude of the differences was 

small.  On contrary each increment in nitrogen significantly reduced earliness index. In 2007, 

maximum earliness index (58.39 %) was recoded at 0 kg N ha-1 which was statistically equal 

to 60 kg N ha-1 (56.98 %) and the minimum earliness index (54.64 %) was recorded at 180 kg 

N ha-1 which was also statistically on par with 120 kg N ha-1(55.75 %). 

Discussion 

The appearance of first floral bud (square) is considered as important trait to assess 

earliness in cotton (Poehlman, 1987). Number of days from planting to first floral bud 

initiation (squaring) were significantly decreased by narrow row spacing in either year (Table 

4.43) might be due to increased inter-plant competition. These results substantiated the 

findings of Bednarz et al. (2000) and Mygdakos et al. (2004), who reported that the earliness 

(early squaring or flowering) increased when row spacing decreased. Similarly, nitrogen 

fertilization also influenced square initiation but in 2007 differences were not significant. 

Each increment of nitrogen delayed squaring. Our results are similar with the previous 

findings, that increased nitrogen level promote vegetative growth and delay maturity 

(McConnell et al., 1996; Brown 2002). Appearance of first flower is easily recognizable and 

more reliable to assess earliness in cotton compared to square initiation (Saleem et al., 2009). 

Number of days from planting to appearance of first flower was decreased by decreasing row 

spacing as least days recorded to initiate flowering in 60 cm row spacing (Table 4.44) might 

be due to increased inter-plant competition for nutrients and light etc. These results are in line 

with Jost and Cothrin (2001), who reported that narrow row cotton is earlier than cotton 

grown on conventional rows.  



150 

 

Table-4.47: Effect of row spacing and nitrogen rates on earliness index (%) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 57.51 56.09 56.8 

S2=75 56.48 55.08 55.8 

S3=90 55.32 54.13 54.7 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 
N1=0 58.39 a 56.61 a 57.5 

N2=60 56.98 ab 55.48 ab 56.2 

N3=120 55.75 bc 54.67 ab 55.2 

N4=180 54.64 c 53.65  b 54.1 

LSD (0.05) 2.0 2.1  

Year Means 56.44 a 55.10 b  

LSD (0.05) 0. 9 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Not significant 
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Likewise squaring, flower initiation also delayed with each increase of nitrogen. 

However, flower initiation was not influenced significantly by nitrogen during 2008. The 

square and flower initiation mainly influenced by temperature, photoperiod and genotype 

(Hearn and Constable, 1984).   

Node number for the first fruiting branch (sympodia) is considered as most reliable 

and practical morphological trait to measure earliness in cotton (Iqbal et al., 2003). In this 

experiment first sympodial branch node number was not affected by row spacing (Table 

4.45) might be due more dependence on genotype and night temperatures (Ali et al., 2003). 

Nichols et al., (2004) also found no impact of row spacing on lowest sympodial branch node 

number. However, numerically lower node number for first sympodia was noted in 60 cm 

narrow rows which were quite in line with the findings of Saleem et al. (2009) who also 

recorded lowest sympodial branch on the main axis with 60 cm narrow rows compared to 75 

and 90 cm rows. Significant impact of nitrogen application rates was noted for first 

sympodial branch node number (Table 4.45) in both years. Average values of node number 

for the first fruiting branch were increased with each addition of nitrogen. Node number on 

which first fruit branch appeared showed a decreasing trend with decreasing nitrogen levels. 

Height of first fruiting branch is also considered as an indicator of early maturity in cotton 

(Saleem et al., 2010). Height of first fruiting branch height was significantly affected by 

environmental conditions during the crop growth (Saeed et al., 2005). Height of first fruiting 

branch altered by the row spacing and nitrogen levels (Table 4.46). First fruiting branch 

height increased by increasing row spacing or nitrogen rates. This is may be due to less 

competition and better facilitation of cotton plants to utilize light, water, nutrients etc., more 

efficiently in wider rows which caused more vegetative growth and delayed maturity (Saleem 

et al., 2009).  

Earliness index (percent first-pick) is most frequently used to estimate earliness in 

cotton (Howard et al., 1999; Bourland et al., 2001). In the present study, earliness index (EI) 

was not significantly affected by row spacing in 2008 but as row spacing increased EI 

decreased. This is may be due to intense competition between plants for soil and water 

resources which led to earlier flowering and boll formation and ultimately ratio of 
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harvestable bolls in first picking increases that contribute to high earliness index. Similar 

indications were also communicated by Bednarz et al. (2000), Oad et al. (2002) and     

Saleem et al. (2009) who narrated that the use of narrow-rows or high plant-density is 

conducive for earliness in cotton mainly because of shortening of the growing season. The 

impact of nitrogen application rates was significant for EI in either year (Table 4.47) as 

fertilizer N increased, the earliness index decreased because nitrogen delayed maturity. 

Similar to our results, other researchers (Tang et al., 2003; Reddy et al., 2004) were also 

found higher percentage of open bolls for cotton receiving no nitrogen compared to which 

nitrogen was applied.  

4.2.3 Allometric Parameters 
Results 
4.2.3.1 Leaf area index 

 Periodic data pertaining to LAI of cotton as affected by row spacing and nitrogen 

application rates during 2007 and 2008 are depicted in Fig. 4.10 and 4.11. The LAI 

considerably varied by row spacing and nitrogen application rates in both years. The LAI 

was significantly increased by reducing the row spacing and resultant increase in plant 

density. The LAI progressively increased up to 120 days after sowing (DAS) and thereafter 

LAI declined due to translocation of photosynthates to bolls and senescence of leaves. In 

2007, the maximum LAI value of 3.65 was achieved at 120 DAS by 60 cm rows while 

during 2008 the highest LAI (3.85) was also observed in narrow rows (60cm) (Table 4.48). 

Similarly LAI was significantly enhanced by each increase of nitrogen fertilizer up to 120 

days after sowing during both years of 2007 and 2008. In 2007, all differences between 

nitrogen means for LAI at 120 DAS were significant, with values of 2.76, 3.19, 3.59 and 3.81 

for the 0, 60, 120 and 180 kg N ha-1 rates. In 2008 the respective 0, 60, 120 and 180 kg ha-1 

nitrogen rates had LAI means of 2.92, 3.38, 3.79 and 4.01 at 120 DAS. All differences 

between nitrogen rates were significant at 120 DAS for maximum LAI values. Year effect 

was significant as more LAI was observed in 2008 than 2007. The interaction between row 

spacing and nitrogen rate was found to be non significant at 120 DAS. 
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Table-4.48: Effect of row spacing and nitrogen rates on maximum leaf area index 120 
days after sowing in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 3.65 a 3.85 a 3.8 

S2=75 3.42 b 3.61 b 3.5 

S3=90 2.95 c 3.12 c 3.0 

LSD (0.05) 0.11 0.10  

Nitrogen (kg ha-1) 
N1=0 2.76 d 2.92 d 2.8 

N2=60 3.19 c 3.38 b 3.3 

N3=120 3.59 b 3.79 b 3.7 

N4=180 3.81 a 4.01 a 3.9 

LSD (0.05) 0.11 0.15  

Year Means 3.34b 3.52a  

LSD (0.05) 0. 9 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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(a) 

 

 

(b) 

 

Fig. 4.10: Periodic effects of row spacing on leaf area index in cotton during 2007 (a) 
and 2008 (b)  

 



155 

 

(a) 

 

 

(b) 

 

Fig. 4.11: Periodic effects of nitrogen rates (kg ha-1) on leaf area index in cotton during 
2007 (a) and 2008 (b) 
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 4.2.3.2 Total leaf area duration (days) 

 The Table 4.49 represents the effects of row spacing and nitrogen rates on cumulative 

LAD. The varied row spacing and nitrogen rates had significant impact on leaf area duration. 

Year effect was significant as about 8 % more LAD was observed in 2008 than 2007. There 

was a linear increase in total LAD up to the harvest of the crop during 2007 and 2008. 

Reductions in row spacing increased LAD in 2007 and 2008 as the highest values of 310 and 

333 days for final LAD were observed with 60 cm row spacing during 2007 and 2008 

respectively while the minimum values of 239 and 259 days were recorded in wider rows (90 

cm). The narrow rows (60 cm) enhanced LAD by 30 and 29 % during 2007 and 2008 

respectively over wider rows (90 cm). By nitrogen rate, means were 214, 261, 300, and 323 

days for final LAD in the 0, 60, 120, and 180kg N ha-1 treatments, respectively, with the 180 

kg N ha-1 mean being significantly greater than all others. The highest nitrogen rate (180 kg 

ha-1) enhanced total LAD by 51 % (323 days vs 214 days) in 2007 and 53 % (345 vs 225) in 

2008. The interaction between row spacing and nitrogen rates showed maximum value of 

358 days with 60 cm row spacing by the application of 180 kg N ha-1 in 2007. However, the 

interaction between row spacing and nitrogen was absent during 2008 but numerically 

highest value of 380 days was observed with 60 cm row spacing by 180 kg ha-1 nitrogen. 

4.2.3.3 Total dry matter production (g m-2) 

Periodic data regarding TDM of cotton as affected by row spacing and nitrogen rates 

were recorded during both years of study and are depicted in Fig. 4.12 and 4.13. Total dry 

matter production data at 150 days after sowing (DAS) given in Table 4.50. The differences 

in TDM were significant from the beginning of the crop growth period during 2007 and 

2008. The year effect on TDM production was significant and was 3.5 % more in 2008 than 

2007. These differences became prominent with the progress of crop as TDM accumulation 

increased steadily after crop establishment until maturity. Total dry matter production was 

affected significantly throughout the growing season with varied row spacing during 2007 

and 2008.  
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Table-4.49: Effect of row spacing and nitrogen rates on total leaf area duration (days) 
in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 310 a 333 a 322 

S2=75 275b 261 b 268 

S3=90 239 c  259 c 249 

LSD (0.05) 11.32 12.22  

Nitrogen (kg ha-1) 
N1=0 214 d 225 d 220 
N2=60 261 c 259 c 260 
N3=120 300 b 309 b 305 
N4=180 323 a 345 a 334 

LSD (0.05) 6.94 7.28  

Year Means 274 b 296 a  
LSD (0.05) 1.55   

Interactions 
S1 N1 241 f 265 253 

N2 302 c 324 313 
N3 340 b 363 352 
N4 358 a 380 369 

S2 N1 213 g 234 224 
N2 262 e 284 273 
N3 300 cd 323 312 
N4 325 b 347 336 

S3 N1 189 h 205 197 
N2 221 g 242 232 
N3 260 e 283 272 
N4 285 d 307 296 

LSD (0.05) 12.03 NS  
Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Table-4.50: Effect of row spacing and nitrogen rates on total dry matter production     
(g m-2) at 150 days after sowing in cotton. 
 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 996 a 1038 a 1017 

S2=75 953 b 981  b 967 

S3=90 864 c 893  c 879 

LSD (0.05) 39.6 20.1  

Nitrogen (kg ha-1) 
N1=0 735   d 762   d 749 

N2=60 896   c 926   c 911 

N3=120 1029 b 1061 b 1045 

N4=180 1090 a 1134 a 1112 

LSD (0.05) 35.0 28.1  

Year Means 938b 971a  

LSD (0.05) 21.90 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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(a) 

 

 

(b) 

 

Fig. 4.12: Periodic effects of row spacing on total dry matter (gm-2) production in cotton 
during 2007 (a) and 2008 (b) 
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(a) 

 

 

(b) 

 

Fig. 4.13: Periodic effects of nitrogen rates (kg ha-1) on total dry matter (gm-2) 
production in cotton during 2007 (a) and 2008 (b) 
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In 2007, maximum TDM (996 g m-2) was produced in 60 cm row spacing which was 

15.3 and 4.5 % higher than 90 (864 g m-2) and 75 cm (953 g m-2) row spacing, respectively 

(Table 4.50). Almost similar trend was observed in 2008. Total dry matter at final harvest 

was affected significantly at different nitrogen application rates in 2007 and 2008. In 2007, 

significantly maximum TDM (1090 g m-2) was observed at 180 kg N ha-1 which was 48.3 % 

higher as compared to 0 kg N ha-1 where the lowest TDM (735 g m-2) was obtained (Table 

4.50). Similarly during 2008 the significantly maximum TDM (1134 g m-2) was also 

obtained at 180 kg N ha-1 which was about 49 % higher than the lowest TDM (762 g m-2) 

where no nitrogen was applied. The row spacing by nitrogen interaction was absent both 

years of study. 

4.2.3.4 Crop growth rate (g m-2 d-1) 

The data on mean seasonal crop growth rate (CGR) as influenced by row spacing and 

nitrogen rates are shown in Table 4.51 which exhibited significant differences with different 

row spacing and nitrogen rates. Crop growth rate increased up to 90 days after sowing then 

declined in all treatments. Year effect on mean CGR was significant and was higher in 2008 

than 2007. The CGR increased by increasing plant density or by reducing row spacing. 

During 2007, the maximum seasonal CGR (7.74 g m-2 d-1) was observed by narrow row 

spacing (60 cm) which was statistically on a par with 75 cm row spacing with 7.44 g m-2 d-1 

CGR and minimum CGR (6.76 g m-2 d-1) was recorded in wider rows (90 cm). Almost 

similar results were found in 2008 but all the differences between rows pacing were 

significant. Similarly increase in nitrogen significantly enhanced mean CGR in both years of 

study. Among different nitrogen levels, 180 kg N ha-1 showed the maximum seasonal CGR 

of 8.43 and 8.72 g m-2 d-1 in respective of 2007 and 2008. The minimum seasonal CGR 

values of 5.83 and 5.98 g m-2 d-1 were recorded in 2007 and 2008, respectively where no 

nitrogen was applied. 

4.2.3.5 Net assimilation rate (g m-2 d-1) 

The data on NAR recorded in cotton as influenced by row spacing and nitrogen rates 

are presented in Table 4.52. Year effect was significant on NAR as higher NAR was 

observed in 2007 than 2008.  
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Table-4.51: Effect of row spacing and nitrogen rates on mean crop growth rate             
(g m-2 d-1) in cotton 
 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 7.74 a 7.99 a 7.87 

S2=75 7.44 a 7.60 b 7.52 

S3=90 6.76 b 6.94 c 6.85 

LSD (0.05) 0.32 0.18  

Nitrogen (kg ha-1) 

N1=0 5.83 d 5.98 d 5.91 

N2=60 6.98 c 7.14 c 7.06 

N3=120 8.01 b 8.20 b 8.11 

N4=180 8.43 a 8.72 a 8.58 

LSD (0.05) 0.28 0.24  

Year Means 7.3 b 7.5 a  

LSD (0.05) 0.19 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant  
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Table-4.52: Effect of row spacing and nitrogen rates on mean net assimilation rate       
(g m-2 d-1) in cotton  

 
Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 5.16 b 5.03 b  

S2=75 5.69 a 5.47 a  

S3=90 5.99 a 5.75 a  

LSD (0.05) 0.52 0.40  

Nitrogen (kg ha-1) 
N1=0 6.15 a 5.79 a  

N2=60 5.61 b 5.38 b  

N3=120 5.43 bc 5.30 bc  

N4=180 5.27 c 5.19 c  

LSD (0.05) 0.24 0.18  

Year Means 5.61 5.42  

LSD (0.05) 0.15 

Interactions 
S x N NS NS  

Means sharing different letters differ significantly at p≤0.05 
NS: Non significant 
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Net assimilation rate showed the increasing trend with increasing row spacing in both 

years of study as wider row spacing (90 cm) recorded more NAR (5.99 g m-2 d-1 in 2007 and 

5.75 g m-2 d-1 in 2008) and less (5.16 g m-2 d-1 in 2007 and 5.03 g m-2 d-1 in 2008)  was 

noticed in narrow rows (60 cm). Similarly, NAR decreased with each increment of fertilizer 

N as higher NAR was obtained where no nitrogen was applied in either year. There was no 

significant interaction between nitrogen levels and row spacing during both years. 

Discussion 

The outcome of the investigation revealed that the leaf area index, total leaf area 

duration, total dry matter accumulation per unit area, mean crop growth rate, and mean net 

assimilation rate were significantly differed with varying row spacing and nitrogen rates in 

either year. In this experiment, cotton grown in narrow rows (60 cm) produced greater LAI 

(Table 4.48) compared to recommended rows (75 cm) and wider rows (90 cm) due to higher 

plant stand. Darawsheh et al. (2009a) also detected LAI with narrow rows at high plant 

population. Similarly, LAI increased significantly by increasing nitrogen rates (Table 4.48) 

because of the fact that nitrogen increased leaf area of plants and canopies.  Cotton canopy 

development is heavily reliant on N uptake (Wullschleger and Oosterhuis, 1990). Jackson 

and Gerik (1990) and Fritschi et al. (2003) also established greater LAI at higher nitrogen 

levels. Nitrogen deficiency at reproductive stage enhanced fruit abscission by decreasing leaf 

area and net photosynthetic rate (Zhao and Oosterhuis, 2000). LAD is proportional to LAI. 

LAD is also increased as LAI increased in narrow row cotton or by increasing fertilizer N 

application rate (Table 4.49). Ma et al. (2007) also found higher LAD due to high plant 

density in maize. Interactive effects of row spacing and nitrogen levels on LAD were 

significant in 2007 as the highest LAD was recorded with a treatment combination 

comprising sowing of cotton on 60 cm rows with 180 kg N ha-1. 

 Cotton grown in 60 cm rows with higher plant stands produced greater dry mass per 

unit area compared to 75 and 90 cm rows with lower plant stands (Table 4.50) which was 

also supported by Darawsheh et al. (2007 and 2009a). The total dry matter production per 

unit area also increased with each increment of fertilizer N (Table 4.50) because nitrogen is 

an essential nutrient to build up plant dry matter as well as many energy rich compounds 



165 

 

(ATP), which regulate photosynthesis (Sawan et al., 2009). Our results are substantiated by 

the findings of Perumai (1999), Fritschi et al. (2003) and Ibrahim et al. (2010) who also 

conveyed that increase in nitrogen level significantly increased above ground dry matter.  

The CGR closely linked with LAI, LAD and TDM. The cotton planted at 60 cm row 

spacing represented higher mean CGR (Table 4.51) because of higher plant density which 

enhanced LAI, LAD, and TDM and ultimately CGR. The mean CGR increased significantly 

with each increment of fertilizer N (Table 4.51) because higher values of LAI, LAD and 

TDM were associated with higher nitrogen rates. Increased nitrogen fertilizer rate increased 

leaf photosynthetic rate which might have resulted higher accumulation of metabolites 

(Cadena and Cothren, 1995; Reddy et al., 1996). Iqbal (2011) also reported similar results 

that increase in nitrogen rate enhanced CGR. NAR represents photosynthetic efficiency of 

the leaf canopy. In this experiment, NAR decreased by narrow row spacing at high plant 

density (Table 4.52), which was also supported by Bednarz et al. (2000). The greater LAI 

associated with high population densities and low photosynthetic efficiency per unit leaf area 

(Brodrick et al., 2013; Pettigrew et al., 2013). The reduced photosynthetic efficiency at high 

leaf area indices may be the result of the shading of lower leaves. Therefore, the increased 

leaf area production and sunlight capturing ability of the high plant density canopies was 

offset by the more efficient interception and utilization of the sunlight by canopy leaves in 

the low plant density treatment. Similarly, NAR gradually increased with each decrease in 

fertilizer N application (Table 4.52).This was probably due to low LAI at no or lower 

nitrogen levels, which facilitate more light penetration in crop canopy and inhibit respiratory 

losses as enzymes responsible for respiration are less active in illuminated environment as 

reported by Iqbal (2011). 

4.2.4 Quality Parameters 

Results 
4.2.4.1 Ginning out turn (%) 

The ginning out turn (GOT) data is furnished in Table 4.53. Non-significant 

differences at varied row spacing and nitrogen application rates on GOT were recorded 

during both the years. When averaged over all nitrogen treatments, the row spacing treatment 
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means were accordingly greatest (38.60 in 2007 and 38.32 in 2008) for 60 cm row spacing. 

Increasing level of N from 0 kg N ha-1 (38.43 %) to 180 kg ha-1 (38.63 %) increased the GOT 

numerically in 2007 while in 2008 GOT increased non significantly upto 120 kg N ha-1. 

Interaction effects also did not differ significantly due to row spacing and nitrogen rates. 

When combined over 2007 and 2008, year effects on GOT were non-significant. 

4.2.4.2 Fibre Length (mm) 

Data presented in Table 4.54 revealed that fibre length of cotton was not influenced 

significantly by different row spacing and nitrogen rates. The yearly means for fiber length 

were not significantly different in both years of study. The base fiber length for which no 

premium or discount is assigned is 27 mm. Further, interaction effect of row spacing and 

nitrogen rates also indicated no significant differences among various treatment combinations 

in respect of fibre length. All means for both row spacing and nitrogen were greater than the 

base fiber length. 

4.2.4.3 Fibre strength (g tex-1) 

The results showed that there were no significant effects of row spacing or nitrogen 

on fibre strength during both the years of 2007 and 2008 (Table 4.55). However wider rows 

cotton tended to produce higher fibre strength during 2007 and 2008 than narrow row cotton. 

The response to nitrogen was irregular in both the years. Interaction effects due to row 

spacing or nitrogen were also non-significant on fibre strength. When combined over 2007 

and 2008, year effects on fibre strength were non-significant. 

4.2.4.4 Micronaire  

Data pertaining to micronaire presented in Table 4.56 showed that neither row 

spacing nor nitrogen effects were significant for micronaire during both years of study.  Year 

effects on micronaire were non significant as the overall mean for micronaire was 4.9 in both 

years of 2007 and 2008. Again the interactions between spacing and nitrogen fertilizer levels 

were found to be non-significant. 
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Table-4.53: Effect of row spacing and nitrogen rates on ginning out turn (%) in cotton  

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 38.60 38.32 38.46 

S2=75 38.59 38.25 38.42 

S3=90 38.52  38.23 38.38 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 
N1=0 38.43 38.04 38.24 

N2=60 38.60 38.25 38.43 

N3=120 38.62 38.46 38.54 

N4=180 38.63 38.33 38.48 

LSD (0.05) NS NS  

Year Means 38.6 38.3  

LSD (0.05) NS 

Interactions 
S x N NS NS  

NS: Non significant  
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Table-4.54: Effect of row spacing and nitrogen rates on fibre length (mm) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 27.75 27.61 27.68 

S2=75 27.70 27.66 27.68 

S3=90 27.78 27.69 27.74 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 
N1=0 27.72 27.58 27.65 

N2=60 27.73 27.68 27.71 

N3=120 27.73 27.69 27.71 

N4=180 27.79 27.63 27.71 

LSD (0.05) NS NS  

Year Means 27.72 27.65  

LSD (0.05) NS 

Interactions 
S x N NS NS  

NS: Non significant  
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Table-4.55: Effect of row spacing and nitrogen rates on fibre strength (g tex-1) in cotton 

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 30.76 30.61 30.69 

S2=75 30.85 30.64 30.75 

S3=90 30.98 30.71 30.85 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 
N1=0 30.95 30.62 30.79 

N2=60 30.85 30.55 30.70 

N3=120 30.85 30.80 30.83 

N4=180 30.80 30.64 30.72 

LSD (0.05) NS NS  

Year Means 30.86 30.65  

LSD (0.05) NS 

Interactions 
S x N NS NS  

NS: Non significant 
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Table-4.56: Effect of row spacing and nitrogen rates on micronaire in cotton  

Treatments 2007 2008 Mean 
Row Spacing (cm) 
S1=60 4.9 4.9 4.9 

S2=75 4.9 4.9 4.9 

S3=90 5.0 5.0 5.0 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 
N1=0 5.0 5.0 5.0 

N2=60 5.0 4.9 5.0 

N3=120 4.9 4.9 4.9 

N4=180 4.9 4.9 4.9 

LSD (0.05) NS NS  

Year Means 4.9 4.9  

LSD (0.05) NS 

Interactions 
S x N NS NS  

NS: Non significant  
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4.2.4.5 Uniformity Index (%) 

The data on length uniformity index (UI) values furnished in Table 4.57. In 2007, the overall 

mean uniformity index was 83.66. There were no significant effects of row spacing and 

nitrogen rates on UI. Uniformity index averaged 83.41 across all treatments in 2008, with no 

significant effects from row spacing or nitrogen. The row spacing by nitrogen rate interaction 

was also non significant for UI. 

Discussion 

Ginning out turn or lint percentage is a very important character for the textile 

industry. In this study, GOT was not influenced by row spacing or plant population and 

nitrogen application rates in both years (Table 4.53). In numeric order GOT increased as the 

row spacing decreased but decreased by decreasing nitrogen rate might be due to decline in 

seed index. The row spacing by nitrogen interaction on GOT was also not appeared in either 

year for a clear-cut explanation. Other researchers have reported a similar lack of effect of 

row spacing (Nichols et al., 2004; Wilson, Jr., et al., 2007) and nitrogen (Clawson et al., 

2006; Ali and Hameed, 2011) on GOT. The findings of McFarland et al. (1999)          

Hussain et al. (2000), Sawan et al. (2008), Ahmad et al. (2009) and Ali et al. (2009) also 

confirmed our results who observed that GOT was not affected by either inter or intra row 

spacing. 

Fiber quality is a key factor to determine lint price. Results of HVI testing showed 

that fibre length (Table Table 4.54), fibre strength (Table 4.55), micronaire (Table 4.56) and 

uniformity (Table 4.57) were not influenced by row spacing at varying plant populations and 

nitrogen application rates. The fibre quality for cotton grown in 90 cm wide rows and 60 cm 

narrow rows was comparable to cotton grown in traditional 75 cm rows. Some other studies 

also recognized that the row spacing or plant density had no influence on fibre length 

(Wilson, Jr., et al., 2007; Stephenson, IV et al., 2011), fibre strength (Nichols et al., 2004; 

Ahmad et al., 2009; Stephenson, IV et al., 2011), micronaire (Jost, 2000; Valco et al., 2001; 

Wilson, Jr., et al., 2007; Jahedi et al., 2013) and uniformity (Valco et al., 2001;           

Wilson, Jr., et al., 2007; Stephenson, IV et al., 2011). Similarly, Abuldahab and Hassanin 
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(1991), Elayan (1992), Brar et al. (1993) and Phipps et al. (1997) concluded that fibre 

properties were remained unaffected by N application rate. 

Table-4.57: Effect of row spacing and nitrogen rates on uniformity index (%) in cotton 

Treatments 2007 2008 Mean 

Row Spacing (cm) 

S1=60 83.57 83.30 83.44 

S2=75 83.65 83.50 83.58 

S3=90 83.78 83.43 83.61 

LSD (0.05) NS NS  

Nitrogen (kg ha-1) 

N1=0 83.78 83.48 83.63 

N2=60 83.70 83.44 83.57 

N3=120 83.63 83.30 83.47 

N4=180 83.56 83.05 83.31 

LSD (0.05) NS NS  

Year Means 83.66 83.41  

LSD (0.05) NS 

Interactions 
S x N NS NS  

NS: Non significant  
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4.2.5 Economic analysis 

Results 

4.2.5.1 Net field benefits  

 Net field benefits (NFB) were calculated for each year (Tables 4.58 and 4.59). Cotton 

grown on 75 cm row spacing gave the maximum NFB of Rs. 73995 ha-1 and Rs. 76559 

during 2007 and 2008, respectively. Similarly, fertilizer N application at 120 kg ha-1 gave the 

maximum NFB of Rs. 75858 ha-1 (Table 4.58) during 2007 and Rs. 78490  ha-1  (Table 4.59) 

during 2008. The minimum net field benefit was associated with 0 kg N ha-1.  

Discussion  

 Economic analysis data (Tables 4.58 and 4.59) exhibited that economically higher 

seed cotton yield was produced when cotton was grown in 75 cm spaced rows and 120 kg N 

ha-1 was considered an appropriate level of fertilizer N for cotton. 
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Table-4.58: Effect of row spacing and nitrogen rates on net field benefit (Rs. ha-1) in 
2007 

Treatments Seed Cotton 
Yield 

(kg ha-1) 

Gross 
Income 

(Rs. ha-1) 

Variable 
Cost 

(Rs. ha-1) 

Net Field 
Benefit 

(Rs. ha-1) 
Row Spacing (cm) 
S1=60 1773 64271 2348 61923 

S2=75 2106 76343 2348 73995 

S3=90 1965 71231 2348 68883 

Nitrogen (kg ha-1) 
N1=0 1551  56224 0 56224 

N2=60 1867  67679 1565 66114 

N3=120 2179  78989 3131 75858 

N4=180 2194  79533 4696 74837 

Row Spacing × Nitrogen Interaction 

 S1 N1 1476 53505 0 53505 

N2 1727 62604 1565 61039 

N3 2014 73008 3131 69877 

N4 1875 67969 4696 63273 

S2 N1 1604 58145 0 58145 

N2 2000 72500 1565 70935 

N3 2382 86348 3131 83217 

N4 2437 88341 4696 83645 

S3 N1 1574 57058 0 57058 

N2 1875 67969 1565 66404 

N3 2141 77611 3131 74480 

N4 2269 82251 4696 77555 

Seed cotton rate in 2007 = Rs. 1450 per 40 kg (Rs. 36.25 per kg) 
Urea price in 2007 = Rs. 600 per 50 kg bag (Rs. 26.09 per kg N) 
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Table-4.59: Effect of row spacing and nitrogen rates on net field benefit (Rs. ha-1) in 
2008 

Treatments Seed Cotton 
Yield 

(kg ha-1) 

Gross 
Income 

(Rs. ha-1) 

Variable 
Cost 

(Rs. ha-1) 

Net Field 
Benefit 

(Rs. ha-1) 
Row Spacing (cm) 
S1=60 1701 69741 2817 66924 

S2=75 1936 79376 2817 76559 

S3=90 1827 74907 2817 72090 

Nitrogen (kg ha-1) 
N1=0 1496  61336 0 61336 

N2=60 1751  71791 1878 69913 

N3=120 2006  82246 3756 78490 

N4=180 2032  83312 5634 77678 

Row Spacing × Nitrogen Interaction 

 S1 N1 1432 58712 0 58712 

N2 1658 67978 1878 66100 

N3 1910 78310 3756 74554 

N4 1806 74046 5634 68412 

S2 N1 1563 64083 0 64083 

N2 1854 76014 1878 74136 

N3 2118 86838 3756 83082 

N4 2208 90528 5634 84894 

S3 N1 1493 61213 0 61213 

N2 1742 71422 1878 69544 

N3 1991 81631 3756 77875 

N4 2083 85403 5634 79769 

Seed cotton rate in 2008 = Rs. 1640 per 40 kg (Rs. 41 per kg) 
Urea price in 2007 = Rs. 720 per 50 kg bag (Rs. 31.30 per kg N) 
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The research study comprising of two experiments was carried out at Post 

Graduate Agricultural Research Station, University of Agriculture, Faisalabad during the 

year 2007 and 2008 to evaluate the growth and yield response of cotton to various 

agronomic practices. The first experiment was conducted by employing a split-split plot 

arrangement in a randomized complete block design to investigate the effect of 3 sowing 

dates (1st week of May, 4th week of May and 3rd week of June) and 3 plant spacings (22.5, 

30.0 and 37.5 cm) 3 cotton cultivars i.e. CIM-496, MNH-786 and FH-113. In second 

experiment, treatments were arranged in split plot design to evaluate the effect of three 

row spacings (60, 75 and 90 cm) and 4 nitrogen rates (0, 60, 120 and 180 kg ha-1) on 

cotton by assigning row width in main plots and nitrogen rates in sub-plots. All other 

agronomic practices were kept constant. The findings of these two experiments are 

summarized below. 

Experiment No. 1 

Early sown cotton in 1st week of May gave the highest seed cotton yield per 

pplant and seed cotton yield per hectare due to highest number of sympodias, number of 

bolls per plant, number of bolls m-2 and boll weight as compared to late planting. 

Similarly, number sympodial brances per plant, number of bolls per plant, number of 

bolls m-2, boll weight and seed cotton yield per plant and per hectare were increased with 

increasing plant spacing. The variety FH-113 surpassed the other two varieties for 

monopodial and sympodial brances per plant, total main stem nodes number of bolls per 

plant, number of bolls m-2 and seed cotton yield per plant and per hectare while heavier 

bolls were recorded for MNH-786.  

Early sowing as well as close plant spacing (22.5 cm) significantly enhanced plant 

height and height to node ratio in both the years. The variety FH-113 produced taller 

plants with more internodal distance in contrast to CIM-496 and MNH-786. 

 The highest seed cotton yield per hectare was recorded with sowing in 1st week 

of May at wide plant spacing (37.5 cm). Whereas, cotton sown in 4th week of May 

produced similar seed cotton yield at 30.0 and 37.5 cm plant spacing in both the years. 

SUMMARY 
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The sowing in 3rd week of June gave higher seed cotton yields at 22.5 cm plant spacing in 

2007 and at 30.0 cm plant spacing in 2008. Averaged over sowing time, the cotton 

variety FH-113 produced significantly highest seed cotton yield at wide plant spacing 

whereas both CIM-496 and MNH-786 gave similar yields at wider and normal plant 

spacing. 

The CLCuV infestation increased with delay in planting and FH-113 showed 

better tolerance against virus attack. Cotton cultivar MNH-786 exhibited better earliness 

as indicated low values for square initiation, flower initiation, node number and height of 

the first fruiting branch and greater values for EI in both the growing seasons.  

Early sowing (1st week of May) enhanced LAI, LAD, TDM and mean CGR over 

4th week of May and 3rd week of June sowing significantly throughout the growth while 

NAR increased with delay in sowing. Similarly, the maximum LAI, LAD, TDM and 

mean CGR values were observed at close plant spacing with lowest NAR. The variety 

FH-113 showed more LAI, LAD, TDM and mean CGR, however, CIM-496 showed 

higher values for NAR in either year. 

Fiber quality parameters like GOT, fibre length, fibre strength, fibre fineness and 

fibre uniformity were not significantly affected by sowing time and plant spacing. The 

variety CIM-496 showed higher values for GOT and  fibre length while MNH-786 

showed higher value for fibre strength and fibre fineness and for fibre uniformity CIM-

496 and MNH-786 showed similar values in both the years. 

Experiment No.2 

In this experiment, number of monopodias, sympodias and main stem nodes were 

increased by increasing row widths while plant population, plant height and height to 

node ratio were increased by decreasing row widths in either year. Similarly number of 

bolls per plant and seed cotton yield per plant increased in wider rows. Seed cotton yield 

per hectare increased at 75 cm row spacing due to more number of bolls m-2 compared 

with 90 and 60 cm row spacing. However, 75 and 90 cm rows generated similar seed 

index and boll weight in both years. 

Cotton planted in narrow rows (60 cm) started earlier squaring and flowering with 

lower node number and height for first fruiting branch than 75 and 90 cm row spacing. In 

both years, LAI, LAD, TDM and CGR increased with narrow rows while NAR increased 
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with wider rows. However, row spacing did not influence significantly cotton quality in 

either year. 

  Fertilizer N application significantly increased the number of monopodias, plant 

height and height to node ratio in both experimental years but number of sympodias, 

main stem nodes, number of bolls per plant, bolls m-2, seed index, boll weight, seed 

cotton yield per plant and per hectare increased significantly up to 120 kg N ha-1 as 

increase with 180 kg N ha-1 was statistically not significant than 120 kg N ha-1. The 

maximum net field benefit of Rs. 75858 ha-1 in 2007 and Rs. 78490 ha-1 in 2008 was 

achieved with 120 kg N ha-1.  

 Crop maturity hastened with lower N rates as square and flower initiation delayed 

and node number and height of first fruiting branch increased with each increment of 

fertilizer N. Higher earliness index was noted where no N was applied. Nitrogen 

significantly enhanced LAI, LAD, TDM and mean CGR but mean NAR reduced with an 

increase in fertilizer N. However, no quality parameter was affected by fertilizer N in 

both experimental years. 
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CONCLUSIONS 
Experiment No. 1 

 Early sown cotton under high plant density did not perform well for seed cotton 

production. 

 Cotton genotype FH-113 surpassed the other genotypes in number of monopodias 

per plant, sympodias per plant, main stem nodes per plant, plant height, LAI, 

TDM production, bolls per plant, bolls m-2 and ultimately in seed cotton yield per 

hectare. 

 Genotype MNH-786 exhibited better earliness traits as compared to CIM-496 and 

FH-113 

 Fibre quality traits varied among cotton genotypes but remained unaffected by 

planting time and spacing. 

 Cotton genotype FH-113 when grown in first week of May at wider plant spacing 

of 37.5 cm gave the highest seed cotton yield per hectare. 

 

Experiment No. 2 

 Row spacing of 75 cm produced highest boll number m-2 and seed cotton yield per 

hectare. 

 Narrow rows caused significant impact on hastening of the earliness, produced 

more dry matter, LAI with taller plants but reduced boll number per plant , boll 

weight and seed cotton yield per hectare. 

 Each increase in fertilizer N increased all agronomic parameters. However, 

economically best seed cotton yield was obtained with 120 kg N ha-1. 

 Row spacing and nitrogen rates did not influence fibre quality traits significantly. 
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Future Prospects 
 Cultivars including Bt. Cotton varieties with diverse genotypic variation should 

be investigated for their response to different agro management practices. 

 Root development and patterns of nutrient uptake under different spacing, 

nitrogen levels should be explored. 

 Adjustment in sowing times of following/ preceding crops in a specific cropping 

system need to be investigated for cotton sown at different planting times. 
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