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Modeling the impact of climate change on seed cotton (Gossypium 

hirsutum L.) yield in Punjab, Pakistan.  

Iqbal, J, .A. Wajid, A.Ahmad and M.Arshad* 
Agro-climatology Lab., Department of Agronomy University of Agriculture, Faisalabad. 

*Institute of Soil and Environmental sciences University of Agriculture, Faisalabad. 
________________________________________________________________________ 

Abstract 
 
            Climate change and its impact on crop productivity is a burning issue of the day 

.according to predictions of international panel on climate change (IPCC) and Pakistan 

Meteorological Department (PMD) these changes are taking place very rapidly on global level 

and affecting crop productivity. Their predictions are based on long term past climate data 

analysis with the help of general circulation models (GCMS).The aim of present study was to 

calibrate and validate CSM-Crop-Grow Cotton Model in DSSAT V 4.0.2. to simulate  

development, growth, and yield of cotton (Gossypium hirsutum L) under increased CO2 

concentration, elevated temperatures and varying rainfall scenarios. For these purpose field 

trials at three locations were conducted with two sowing dates, four cotton cultivars and four 

nitrogen levels with split-split plot design having three replications during year 2005 and 2006. 

The data on phenology, growth and yield were recorded and used for  model calibration during 

2005  (Genetic co-efficient of four cotton cultivars were determined).The model was then 

validated with independent set of data collected during year 2006 with same set of coefficient, 

long term past historic climate data of three locations (1974-2006), soil and crop management 

data used as input data for model and environmental modification sub menu of seasonal tool 

selected various climate change scenarios viz current i-e no change in environment. Elevated 

temperatures of + 0.9 O C and 1.8 O C, increased concentrations of CO2 from 360 ppm to 550 

ppm with no change in rainfall and increased / decreased 3% , 6%  levels of rainfall expected 

in 2025 &  2050. The results indicated that model successfully simulated 80-90 % crop 

phenology and growth and 90-98 % yield accurately at various sites and can be used as reliable 

agronomic tool for strategy management in future. The elevated CO2 levels would effect cotton 

crop growth and yield positively on all locations. Climate change analysis indicated strong 

influence of temperature on cotton production in Punjab, Pakistan. The yield will be 

substantially decreased with increasing temperature 1.8 O C and the effect was more severe at 



 xix

locations like Sahiwal. Increasing or decreasing 6% rainfall would affect cotton growth and 

yield negatively and drastic yield reductions were observed from the current. Selection of 

suitable cultivar, changing sowing time and nitrogen application are helpful in mitigation of 

adverse effects of changed climate of 2025-2050.  Dominance analysis of different planting 

dates and cultivars at various locations suggested that 60 days early sowing of cotton crop from 

current at Faisalabad and Sahiwal with cultivar SLH-284, N applied @ 200 kg ha-1 is the best 

choice under changed climate scenarios (2050) whereas cultivar CIM -506 with nitrogen rate 

of 200 kg ha-1 out yielded all other cultivars when sown 15 days late from current at Multan 

location under changed climate scenario of 2050. 
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CHAPTER -I 

INTRODUCTION 
 The economy of Pakistan is predominantly based on the development of Agriculture 

sector. Cotton (Gossypium hirsutum L.) is an important cash crop of the world as well as 

Pakistan and fetches a significant amount of foreign exchange for the country amounting to 

$ 14 million (GOP, 2009). The contribution of cotton crop in national economy is 8.6 % of 

value addition in Agriculture and about 1.8 % of the GDP (GOP, 2009). Besides engaging 

millions of people in the production of by products of cotton, it also meets the edible oil 

requirements of the country. About 65% of the country’s vegetable oil requirements are met 

from cotton.  It is grown on 3106 thousand hectares with a production of 12.70 million bales 

during year 2009 giving an average seed cotton yield of  695 kg ha -1 (GOP, 2009).  

 The average yield of seed cotton in Pakistan is far below than many cotton-

producing countries like Australia (2376 kg ha -1), China (3064Kg ha -1), Turkey (2864 kg 

ha -1), Egypt (2378 kg ha -1) and USA (1757 kg ha -1) FAO, 2003. Therefore, there is need 

for advance planning and research to increase both food and fiber production and quality in 

order to meet the needs of ever increasing population. The cotton plant due to its narrow 

range of ecological adaptability, is very much influenced by the climatic conditions and 

various agronomic factors, such as sowing time, genotypes and nitrogen fertilization 

  Agriculture is highly dependent on climate and therefore, changes in climate could 

have major effects on crop yields and thus food and fiber supply. According to Allen (2004) 

General Circulation Models (GCM) estimate an average increase in global surface 

temperature of about 4 O C (2.8 -5.2 O C) and an increase in global precipitation of 10.1% 

(7.1-15.8%) The study of historical environmental data (1961-1990) of Pakistan indicated a 

rise in temperature ranging from 0.1O C to o.2 O C decade -1 while the change in precipitation 

from 1.0 to1.5 % decade -1 was observed for most of the regions (GOP, 1998). The concern 

on present and future weather changes, climate trends and their effects on agriculture has 

continued to stimulate research as well as public and policy level interests on the analysis of 

climate variability and agricultural productivity. (Mathews et al., 1996; IPCC, 1996). It is 

well known recognized that climate variability has a wide range of direct and indirect 
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impacts on crop production. Weather and climate affect plant growth and development, and 

the fluctuations and occurrence of climatic extremes particularly at critical crop 

development stages may reduce yield significantly. (Stake and Yoshida, 1978; Peng; et al., 

1996). This makes climate variability a threat to crop production, leading to serious social 

and economic implications (Gang and Cady, 1991; Hussein; 1997). However, a clear 

understanding of the vulnerability of crops as well as the agronomic impacts of climate 

change enable one to improve adaptive strategies to mitigate its negative effects. 

 Attempts to relate agricultural production to weather and climate go back to the start 

of domestication of plants and are still evolving. The development of precision instruments 

and their use in field observations provide quantitative estimates of how plant processes 

respond to variations in insulation, temperature, available water, and other environmental 

conditions. By the late 1960s and early 1970s extensive literature documented the response 

of plant growth and development to environmental conditions (Decker; 1994). These 

developments paved the way for work on mathematical models of plant responses and yield 

to varying environmental conditions. Decker (1994) described a progression, from 

descriptive science to a modeling approach based on analytical procedures using biological 

and physical processes.  

 Crop growth models can assist in the synthesis of research understandings about the 

interaction of genetics, physiological and the environment interaction across disciplines and 

organization of data. Crop simulation models are important tools for agronomic 

management strategy evaluation (Sinclair and Seligman, 1996; Boote et al., 1996.) Models 

are being used to assess how changes in environmental conditions, particularly CO2 

concentration, precipitation, temperature and light intensity/interception may affect crop 

productivity. They are also used to predict changes in crop status with time as a function of 

biogenetic parameters (Hume and Callender, 1990) whatever the application, confidence in 

the performance of model is improved by comparing them for the same input conditions. 

This procedure has been used routinely in the development of GCMs used to simulate the 

world climate (Rorsenzweig, 1998). A benefit of the approach would be that close 

agreement in models under test would add confidence to our ability to predict the impacts of 

climate. 
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  Mechanistic computer simulation models, based on daily weather data and initial 

soil conditions, can assist in developing site-specific recommendations to optimize crop 

yield. Results suggest that yields of many crops would decrease at low latitudes primarily 

because of shorter crop growth duration under elevated temperature and increase at higher 

latitudes under the climate change scenarios (Montheith, 1981), thus crop production in arid 

and semi arid tropical areas would be affected more than in temperate regions. There is thus 

need to quantify crop growth and development relative to the potential determined by the 

season and site to help agronomists analyzing the causes of variation in yield. For example 

phenological development of a crop is primarily dependent upon the amount of intercepted 

radiation (Gallagher and Biscoe, 1978), final crop yield is affected by harvest index (Donald 

and Hamblin, 1976) 

 To carry out the analysis of yield formation beyond above mentioned quantitative 

and qualititative descriptions, predicted models of crop growth and yield are required. 

Various research groups have conducted studies to estimate the possible effects of climate 

change on agriculture production using different crop growth models. Recently many 

mechanistic simulations were reported on both the development and yield of cotton crop 

from sowing to maturity in response to nonspecific site environment (Landivar; et al, 1983; 

Whistler, et al., 1986, Boone et al., 1993, Reddy, et al., 1997, Hima, et al., 2004, Kakni, et 

al., 2005, Arshad, 2006, Hussein; 2006 and Shabbier; 2007). 

 In Pakistan, studies on the use of crop models for assessing the impact of climate 

change on cotton crop have not been reported. The present study was, therefore, conducted 

with the following objectives: 

1) To examine the effect of sowing dates, cultivar and nitrogen level on growth, seed 

cotton yield and yield components under variables environments.                            

2) To analyze the differences in growth and yield by using the analysis of radiation 

interception and its efficiency of use. 

3) To simulate the growth and yield of cotton crop using Crop Grow Cotton Model 

4) To evaluate the impact of climate change in temperature, rainfall and CO2 levels 

application of Crop Grow-Cotton Model on seed cotton yield under semi-arid 

conditions of Punjab, (Pakistan).  
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CHAPTER–II       

REVIEW OF LITERATURE 
 

2.1 YIELD AND YIELD COMPONENTS 

2.1.1 Effect of sowing date 

 The general observation about sowing date effect is that early sowing enhances seed 

cotton yield because cotton plant is of indeterminate habit hence early sown crop gets  more 

growth period ,increased canopy development , more leaf area index and leaf area duration , 

more interception of photosynthetically active radiation (PAR) resulting greater total dry 

matter production ,more fruit bearing branches ,heavier and more mature bolls per plant and 

enhanced seed cotton yield . Early planted crop helps in better crop establishment and 

reduces the exposure of crop to moisture stress.    

 Khan and Gill (1982) reported that the yield of early sown cotton was significantly 

higher than the late sown. Cathey and Meredith (1988) conducted an experiment to 

determine the effect of planting date on cotton. Planting dates were mid- April, early May 

and mid May. They reported that plants were taller and fewer flowers, smaller bolls and less 

lint as planting were delayed. Kumar and Organelle (1991) performed a new experiment to 

determine the performance of new cotton cultivars in relation to sowing date in 1983-85 at 

Samaru. The crop was sown from mid to late May, mid June or mid July. They found that 

delayed sowing in a dry year decreased significantly seed cotton yield. Each one-day 

delayed in sowing between 26 May and 13 July decreased seed cotton yield by 23.7 kg ha-1. 

Intal (1993) concluded that seed cotton yield was decreased by delaying the sowing after 

July. Rajput et al.,(1993) conducted a three-year field trial at agronomy experimental field 

of Agricultural Research Institute, Tandojam and cotton crop was sown from 1st April to 1st 

May at 15 days interval early sowing gave better seed cotton yield, mainly due to greater 

number of bolls and single plant yield. Further delay in sowing beyond 1st May 

progressively decreased the seed cotton yield.                                        
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 Singh and Chouhan  (1993) conducted field experiment during the rainy seasons of 

1989 and 1990 on sandy loam soil to study the effect of sowing date, cycocel spray and 

nitrogen on yield of upland cotton (Gossypium hirsutum L.). Sowing of upland cotton on 1st 

May significantly reduced the boll- shedding intensity by 26.4 % and 42.1% and increased 

seed cotton yield by 1.41 and 3.42 q ha-1 and net returns by Rs. 1354 and 3283 compared 

with 16 and 31 May, respectively. Hosny and Shahine (1995) conducted field trials at El – 

Fayoum, Egypt in 1991-92 to assess the effects of change in sowing dates. (1, 15 and 29 

March and 12 April) on the performance of cotton cv. Giza -75 grown at 70,000 plants ha -1 

at 20-cm hill spacing with 2 plants hill -1. Delayed sowing increased the periods from 

sowing to seedling emergence, First Square, first flower, first open boll and full harvest, 

while number of open bolls plant-1 and plant survival decreased, and the position of first 

sympodial node increased. However, boll weight and lint quality were un-affected by 

sowing date .El Shahawy-MIM (1999) studied the effect of sowing dates (early-the last 

week of March and late-last week of April) on growth characters, earliness measurements 

and seed cotton yield and its components in cotton cultivar Giza -78. Early sowing 

significantly increased plant height, number of sympodia, total dry matter, number of main 

stem internodes, percentage  of boll retention, earliness, number of open bolls, boll weight, 

lint %, seed index, % of plant losses at harvest and seed cotton yield ha -1, while it decreased 

main stem internodes’ length. Sowing date did not affect number of monopodial, number of 

aborted sites, nodal position of the first sympodial and number of un- opened bolls plant - 1.  

 Bauer et al., (2000) reported that normal and late-planted cotton often differs in fiber 

properties, specially those properties related to fiber secondary wall characteristics. This 

field study was conducted to determine the effect of planting date on fiber properties of boll 

at two flowering times, and to determine the relationship between fiber properties and 

canopy photosynthesis during development of those bolls. Cotton was planted on 3rd May 

and 3rd June in 1995 and 3rd May and 31st May in 1996. Canopy photosynthesis was 

measured 10 to 12 times on sunny days from initial flowering through the end of season, 

maximum canopy photosynthesis (due to increased LAI) was 21 % higher in 1996 than in 

1995 and lint yield was 22 % greater in 1996 than 1995. Within each year, average 

maximum canopy photosynthesis did not differ between planting dates, although yield was 

approximately 30 % lower for the late planting date each year.                                                                          
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 Arain et al., (2001) reported that maximum seed cotton yield was produced when 

cotton was sown from 15th April to 1st   May in Nawabshah district of Sindh, Pakistan. 

 Somoro et al., (2002) conducted a study to evaluate optimum sowing time for a 

commercial cotton variety Marvi (CRIS 5A) and concluded that the best sowing date was 1st 

to 15th May in central Sindh area (Pakistan). Pettigrew (2002) determined the effect of early 

planting on growth and development, lint yield and fiber quality of cotton. Data on early 

season dry matter partitioning, early season light interception, weekly blooms, lint yield and 

fiber quality were recorded, LAI of early-planted crop was 172 % greater than the normal 

planted crop, which contributed to a 55 % greater canopy light interception for the early 

planting at that time. Planting earlier than normal has the potential to provide far increased 

lint yields to Mississippi delta cotton producers.   

 Pettigrew (2002) reported that shifting the growing season earlier in the year by 

planting earlier may allow the crop to develop under more favorable weather pattern and 

escape late season insects. The objectives were to determine the effect of early planting on 

growth and development, lint yield and fiber quality of cotton. Data on early season dry 

matter partitioning, early season light interception, weekly bloom count, lint yield, yield 

components and fiber quality were collected on genotypes planted during the first week of 

April (early planting) and the first week of May (normal planting).  LAI of early-planted 

plants was 172 % greater than plants in the normal planting, which contributed to a 55% 

greater canopy light interception for the early planting at that time. Early planting shifted the 

blooming period earlier in the growing season every year. Four out of 5-yr, the early-planted 

cotton demonstrated a 10 % yield improvement over the normal planted crop. 

 Muhammad et al., (2002) conducted a study to evaluate appropriate sowing period of 

cotton cultivars under southern Punjab climate (Pakistan) from 1998-2001. The study 

included five sowing dates from 1st May to end June with 15 days interval and cultivars viz. 

CIM-446, CIM-473, CIM-482. The seed cotton yield indicated that optimum sowing period 

for all varieties ranged from 1st May to beginning of June. The yield decreased significantly 

in mid and end June sowing dates. . 

 Akhtar et al., (2002) conducted an experiment to study the effect of sowing dates on 

six cotton cultivars. There were four sowing dates (from 1st May to16th June), six cotton 
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cultivars were used and it was concluded that best results were obtained when crop was 

planted on 16th May under Bahawalpur (Pakistan) conditions.  

 Ali et al., (2004) studied cotton yield as affected by different sowing dates under the 

climatic conditions of Vehari, Pakistan and concluded that the highest seed cotton yield of 

2039 kg ha-1 was obtained on 15th May followed by 1847 and 1669 kg ha-1 sown on 1st June 

and 13th June, respectively. Cultivar CIM-446 out-yielded all other cultivars. Hussein (2005) 

conducted a field experiment at Cotton Research Station, Sahiwal on growth, development 

and radiation use efficiency in cotton under different sowing dates & nitrogen levels using 

cotton variety NAIB-111. Crop was sown on 20th May and 10th June with four nitrogen 

levels viz, 50 kg ha-1, 100 kg ha-1, 150 kg ha-1 and 200 kg ha-1 and concluded that early 

sowing had significant effect on crop germination, plant height, number of bolls plant -1, 

average boll weight, number of sympodia plant -1, seed cotton yield kg ha -1, total dry matter 

production, LAI, CGR and radiation use efficiency. Hence May, sowing gave much better 

results than June sowing under Sahiwal conditions.  

 Arshad (2005) conducted a field study at Post Graduate Agriculture Research Station 

University of Agriculture, Faisalabad growth, development and radiation use efficiency of 

the four cotton varieties with two sowing dates under the climatic conditions of Faisalabad 

and concluded that early sowing (20th May) produced 10 % more flowers, 23% more open 

bolls, 18 % more seed cotton yield and 13% more ginning out-turn (GOT) than late sowing 

(10th June). 

 Shabbir (2007) conducted a field trial growth, radiation use efficiency and yield of 

cotton as affected by nitrogen rates and cultivars at Multan. He concluded that higher 

nitrogen increased all yield components and yield by producing 20% more TDM, 15% more 

LAI, intercepting 8 % greater PAR and enhanced 5 % more CGR. He further noted that 

cultivars varied significantly in seed cotton yield and also had significant effect on cotton 

production. He proposed cv CIM-496 cultivation with nitrogen application @ 200 kg ha-1 

the best for maximum seed cotton yield under Multan conditions. 

2.1.2 Effect of cultivar   

 Different cultivars have their own genetic make up especially adapted to different 

environments and soil conditions. They respond differently to applied inputs and have 
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different levels of immunity to pathogens and diseases that is why they show different 

growth and development under a specific set of agro- ecological environments.                         

 Turner et al., (1976) studied the influence of environment on seed quality of four 

cotton varieties and reported differences for oil contents, protein contents, seed index and 

ginning out turn (GOT %).              

 Kalsy and Grag (1994) made comparison among different cotton varieties and 

concluded that seed cotton yield for F-846 was maximum (2644 kg ha-1) as compared to 505 

(2234 kg ha-1) and (2428 kg ha-1) for L H-134; the lint yield and ginning out turn (GOT ) 

was 23% and 4% higher in F-846 than other varieties. Similarly, GOT % of cv. F-864 was 2 

% higher than F-505 and better fiber quality with 2.5% more staple length. Ma and Jian 

(1994) developed a new mid season variety and found that it gave 1050 kg ha-1seed cotton 

yield than control which gave seed cotton yield of 680 kg ha-1 and also has 4 % more GOT 

from the control. Pamolo and Gody (1994) made comparison of two new cotton varieties 

Laguna-89 and CIAN-95 with control Deltapine-80 and found that these varieties gave 31% 

and 11 % more seed cotton yield, respectively. The fiber of these varieties was also longer 

and stronger than the Delta pine -80. 

 Guo et al., (1994) conducted a regional varietals trial, and reported that cotton 

variety Zhongmianeuo-21, gave maximum seed cotton yield of 944.3 kg ha-1 an increase of 6 

% over the control variety Zhongmianeuo-2. The average boll size was 5.2 g and  

G O T 40.5 % in case of above-mentioned variety. 

 Bourland (1995) evaluated different cotton cultivars at four sites in Arkansas. He 

reported that out of the top 12 yielding varieties only Delta pines -50 was most widely 

grown cultivar in Arkansas. Fu and Lai (1995) compared different Chinese and American 

cotton cultivars and concluded that the average lint yield of the Simian-2, Zhongmianeuo-2, 

and   Zhongmianeuo-7 was 1108.8 kgha-1 while that of PD -5246, PD -5286 and PD -530 

was 944.1 kg ha-1. They also found that the pre-frost seed cotton and lint yield of Chinese 

cultivars were higher than American ones but the fiber quality of American cultivars was 

better than Chinese cultivars. 

 Cantrell et al., (1995) developed Acala1517-95 cotton variety from a single plant 

selection. The lint yield of Acala 1517-95 was similar to that of Acala 1517-91and Delta 

pine -90; however the fiber length of the former was 0.8 mm shorter than the latter one.   
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 Bourland (1996) studied 40 strains of cotton and found that 11 strains exceeded the 

control for seed cotton yield while 15 strains had higher fiber strength than either control.                               

        Unruh and Silvertoth (1996) compared an upland cotton cultivar with a pima cotton for 

various characters and found that pima cotton generally yields less than upland cotton. They 

also found that DPL -90 produced more seed and lint than Pima S -6. 

 Bange and Milory (2000) studied that the short season cultivars produced more dry 

matter than long season cultivars due to greater radiation use efficiency and light 

interception. It is due to earlier production of greater canopy.   

 Ahmed (2003) studied the effect of irrigation schedules on the growth, yield and 

radiation use efficiency of two cotton (Gossypium hirsutum L) cultivars and concluded that 

irrigations had significant effect on yield and yield components while the effect of cultivars 

did not differ significantly.  

 Ali et al., (2004) studied cotton yield of different cultivars, as influenced by different 

sowing dates under the climatic conditions of Vehari, Pakistan and concluded that the highest 

seed cotton yield of (2039 kg ha -1) was obtained in 15 May sowing  followed by 1847 ,1669 

kg ha -1 sown on June 1st  and June 13th , respectively. Cultivar CIM-446 out yielded all other 

cultivars. Cheema (2006) studied growth and yield response of cotton cultivars at varying 

nitrogen levels under agro- ecological conditions of Bahawalpur and found that although 

maximum total dry matter and leaf area index was produced by NAIB -111but maximum 

seed cotton yield (3333 kg ha-1) was produced by CIM-506 which was statistically at par 

with CIM-496 (2796 kg ha-1). The lowest seed cotton yield (2460 kg ha-1) was produced by 

NIAB-111 under climatic conditions of Bahawalpur. Arshad (2006) conducted studies on 

growth, development and radiation use efficiency of four cotton varieties with two sowing 

dates under the climatic conditions of Faisalabad and reported that maximum seed cotton of 

(1463 kg ha-1) was produced by SLH-284 followed by NIAB -111 (1347 kg ha-1), CIM-496 

(1183 kg ha-1) and CIM-506 (1177 kg ha-1), respectively. He further reported that best results 

could be achieved only when cotton was sown on 20th May in Faisalabad. 

2.1.3 Effect of nitrogen   

    Nitrogen is one of major essential nutrients for plant growth. It is part of cell organelle, 

proteins and chlorophyll; consequently a deficiency in its supply has profound effect on 

growth and seed cotton yield. Nitrogen fertilizer influences cotton crop in a number of ways 
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e.g. increased nitrogen supply, through its effects on leaf size and longevity, which enhances 

leaf area index and leaf area duration. Nitrogen application influences the development of 

the individual plant stand with important implications for the components of seed cotton 

yield. The quantity and quality of harvested seed cotton is determined by fertilizer 

application. Because cotton has indeterminate growth habit, hence increased nitrogen supply 

is essential for better plant growth and development of time to time new sprouting 

throughout crop duration.  

 Abbas (1989) applied different doses of nitrogen fertilizer to cotton cultivar S-12. He 

found that plant height; numbers of monopodial and sympodial branches were significantly 

increased with increased doses of nitrogen. Angadi et al., (1989) applied 0, 50, 100 and 150 

N kg ha-1 to cotton hybrid DCH-321 and obtained seed cotton yield of 1.62, 2.45, 2.86 and 

2.75 t ha-1
, respectively.  

  Arain et al., (1989) observed that when nitrogen @ 0, 50,100 and 150 kg ha-1was applied 

to cotton cv Qalandari, in two splits 50 % at 1st irrigation and 50 % at flowering, maximum 

seed cotton yield of 1825 kg ha-1 was achieved at 100 N kg ha-1. Mamedov and Ismalov 

(1989) noted that 100 kg ha-1 and 150 kg ha-1 N application in the form of urea increased 

average seed cotton yields by 360 and 560 kg ha-1, respectively over control.  

Raguwanshi et al., (1989) applied 0, 100,125 and 150 kg nitrogen ha -1 and 0, 40 and 

80 kg P205 ha-1. They observed that highest yield of 0.86 t ha-1 was obtained with 125 kg ha-

1N and 80 kg P205 ha-1 applied. They also stated that increased N alone @ 150 kg ha-1 

decreased the yield. Shahrkhnia and Ghasemi (1989) applied four levels of nitrogen (0, 

69,138 and 207 kg ha-1) and phosphorus each (0, 45, 90 and 135 kg ha-1). The highest yield 

was obtained by application of 207 kg N ha-1 and 135 kg phosphorus. They observed that 75 

% yield increased caused by nitrogen application was mainly due to enlargement of bolls. 

Singh et al., (1989) noted that application of 66, 99 and 132 kg N ha-1 gave average seed 

cotton yields of 2.22, 2.28 and 2.21 t ha-1, respectively. They also noted that cotton cultivars 

LH-900, LH-551 and F-414 gave yields of 2.72, 2.00 and 2.08 t ha-1, respectively. 

Kharche and Deshpande (1989) observed that application of 0,20,40 60 kg N ha-1 to 

two cotton cultivars linearly increased yield and  gave average seed cotton yields of 

697,733,836 and 861 kg ha -1 . Wankhade and Kene (1990) applied 30, 40 and 50 kg N ha-1 

to cotton cv. AKA-5. They concluded that seed cotton was highest (0.94 t ha-1) with 50 kg N 
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ha-1. They further obtained the average biological yield of 2.23, 3.43 and 5.18 t ha -1 with 0, 

50 and 100 kg N ha-1, respectively. Biomass production plant -1 increased with increasing 

nitrogen rates and decreased with increasing plant densities. 

 Abdul Ahab and Hassanain (1991) applied N at the rates of 0,20,40,60 and 80 kg ha -

1  to cotton cv. Giza-81 and found that seed cotton yield  ha-1, number of bolls plant-1   and 

number of open boll plant-1 increased with application of 60 kg N ha-1 . However, fiber 

quality and lint % remained unaffected. Ehsnov and Ehsnov (1991) applied 180-250 kg N + 

80-150 kg phosphorus + 60 kg K ha-1. They found that seed cotton yields were 2.34 with no 

fertilizer, 3.49 – 3.57 t h-1 with mineral fertilization, respectively. Similarly the boll weight 

without and with NPK were 3.2 g to 3.8-3.9 g.  

           Hamid and Ahmed (1991) reported that supplemented nitrogen had no beneficial 

effect on yield of seed cotton because of adverse effect of flower and boll shedding.  

 Patil et al ., (1991) applied 50,100 and 150 kg N ha-1 to cotton cv. Savitri and they 

concluded that there were no significant differences among the nitrogen rates. They noted 

that the highest seed cotton yield of 2.13 t h-1 was obtained with 50 kg N ha-1.  Barar et al., 

(1992) applied 0, 50,100 and 150 kg N ha-1and obtained seed cotton yields of 1.69, 2.3 and 

2.71 t ha-1, respectively. Corresponding lint yields were 0.60, 0.81, 0.91 and 0.95 t ha-1, 

results indicated increased seed cotton and lint yields with increasing rates of N. Elyan 

(1992) studied the effect of N levels (0, 15, 30, 45 and 60 kg N ha -1) on yield and its 

components in three Egyptian cotton (Gossypium barbadence L.) cultivars . He stated that 

there are significant differences for yield and its components in between the three cultivars. 

Increasing N-levels up to 45-60 kg ha -1 also increased yield and its components, but not lint 

%, seed index or fiber properties. Patil et al., (1992) observed that application of 0, 40 and 

80 kg N ha-1 to cotton cv. H6 produced lint yields of 0.58, 0.58 and 0.98 t ha-1. They also 

noted that seed cotton was the highest at the closest plant spacing tested (90 x 30 cm).                                     

 Boquet et al., (1993) applied 0, 28, 56,112,140 and 168 kg N ha-1 in the form of urea 

half before sowing and half after sowing and they observed that yield of seed cotton and 

number of bolls per sympodial branches increased with increased N rates. Brar et al., (1993) 

applied 0, 30, 60 and 90 kg N ha-1 to cotton cv. F- 414. They stated that nitrogen increased 

plant height, number of bolls plant-1, boll weight and seed cotton yield.  
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 Chaudhary et al.,(1993) conducted experiment on cotton in which they applied 0, 

74,148 and 222 kg N ha-1 in combination with 0,49, and148 kg P205 and 82,124 and 185 kg 

K20 .They concluded through regression analysis that the optimum application rate is 254 kg 

N +173 kg P2O5 +205 kg K2O ha-1  . Ishwar and Chohan (1993) applied 75, 90 and 105 kg N 

ha-1 and obtained seed cotton yields of 0.69, .90 and 1.21 t ha -1, respectively. They also 

stated that high N rates decreased percentage of boll shedding and increased net financial 

benefits.  

 Islam et al., (1993) gave combination of N (0, 60, 90,120 and 150 kg ha-1  as urea), P 

(0, 26, 52, and 78 kg as TSP) and K (0, 50, 75 and 100 kg ha-1 as murate of potash) .They 

reported that highest seed cotton yields of 2.49 t ha -1 was obtained from applying 120 kg N 

+52 kg P +75 kg ha-1 K compared with the control (no fertilizer) yield of 0.55 t ha-1. 

         Khan et al., (1993) observed that nitrogen produced a significant increase in plant 

height, boll plant-1, boll weight and seed cotton yield on basis of three year’s average. 

Application of 224 kg N ha-1 gave 106.8 % increased seed cotton yield over no N (control). 

Me Connell et al., (1993) applied 0, 56,112,168 and 224 kg N ha -1 and found that seed 

cotton yield increased with increasing rate up to 112 kg ha -1.  

 Shirivastave et al., (1993) applied 0, 40, 80 and 120 kg N ha-1 on cv. Bikaneri 

Narma. They reported that seed cotton yield increased up to 80 kg N ha-1. They also reported 

that N application increased uptakes of P, K and Zn. Suryavanshi and Tendulkar (1993) 

applied 100 kg N ha-1 as urea alone, as anhydrousamonia (AA) alone and combination of 

both. They noted that seed cotton yields were 3104 kg ha-1 with urea 3137-3203 kg ha-1 with 

(AA) and 2735-3138 kg with combination. Number of bolls plant-1.boll weight and seed 

index was also highest with 100 kg N ha-1 as AA.  

Boquet et al., (1994) applied 0,28,56,84,112,140 and 168 kg N ha-1 to cotton c v Delta pine -

41. They concluded that N application increases seed cotton yield due to larger bolls and 

greater number of fruiting sites. Giri et al., (1994) applied 0-60 kg N ha-1 to cotton hybrids. 

They reported that seed cotton yield, net return and cost-benefit ratio increased with 

increasing N rates.  

 Latif et al., (1994) observed that nitrogen application significantly increased seed 

cotton yield. Phosphorus applied alone did not affect the seed cotton yield of any cultivar. 
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However, cultivar NIAB-86 gave significantly higher seed cotton yield than cultivar NIAB-

78. The results showed that 100 kg N ha-1 was the optimum dose for both the cultivars. 

 Ravankar and Deshmukh (1994) applied 0, 30, 60 and 90 kg N ha-1 on different 

cotton cultivars. Seed cotton was the highest with 90 kg N ha-1. They also reported that N 

application increased the uptakes of P and K. Ravankar and Deshmukh (1994) applied 0, 50 

and 100 kg N ha-1. They stated that seed cotton yield was highest with 100 kg N ha-1. 

Ravankar et al., (1994) applied 0, 40 and 80 k g N ha-1 on cotton cultivars AHH-468 ABH -

4208 and H-4. They concluded that seed cotton yields were highest with the highest N rate. 

N application also enhances P & K uptakes. Sawaji et al; (1994) applied 20, 40, and 60 kg N 

and 10, 20 and 30 kg P205 ha-1. Seed cotton yield was highest with 60 kg N ha-1 but was 

unaffected by P application. N application increased plant height and number of sympodial 

branches.  

 Robert and Reeves (1994) applied 0, 45, 90 and 135 kg N ha-1. Results indicated that 

increasing N application increased cotton biomass and decreased lint %. 

 Wankhade and Batkhal (1994) conducted nitrogen cum varietals trial on cotton. 

They applied 0, 20, 40 and 60 kg N ha-1 and used PKMF-806, PKMF-831 and AKA-5 

cultivars. The highest seed cotton yield of 1.98 t was obtained with RKMF-806 when given 

60 kg N ha-1. Tomar and Dhyani (1995) applied different combinations of NPK i.e. 0-50 kg 

N, 0-80 kg P and 0-80 kg K on cotton cv.Lohit.They noted that seed cotton yield increased 

up to 60 kg N (1.52 t ha-1), 40 Kg P (1.67 t ha-1) and was not affected by K application. 

Bhutta (1996) applied 0-80 kg N and 0-80 kg P2O5 and observed that with increasing NP 

rates there was significant increase in plant height, number of branches plant -1, internodal 

length, no. of seeds  boll -1, 100 seed weight, boll size, GOT %  and staple length over 

control treatment. Flix et al., (2003) studied the response of irrigation and fertilization,  on 

growth, dry matter partitioning and yield. He found that 3 years average dry matter was 

7800 and 12600 kg ha -1 on clay loam soil for 56 and 168 kg of N ha -1 treatments, 

respectively. Maximum yield of 1666 kg ha -1 was obtained by 224 kg N ha -1 followed by 

168 kg N ha-1 (1638 kg ha-1). 

 Fritschi et al., (2003) studied the dynamics of plant nitrogen in modern cultivars of 

Acala cotton (Gossypium hirsutum L) and Pima (Gossypium barbadence L.) cotton grown 

with prevailing management practices in the design of N management strategies that 
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optimize N utilization and lint yields. Nitrogen treatments of 56,112,168 and 224 kg N ha-1 

and control plots were established. Plants shoots were collected and fractioned in to different 

components at several growth stages for determination of N concentration. Both Acala and 

Pima tissue N concentrations were strongly affected by developmental stage and N 

treatment.  

          Iqbal et al., (2003) stated that the maturation is affected by many environmental and 

cultural factors. They conducted an experiment to monitor the growth, development and 

maturity of 3 cotton cultivars, MNH-552 MNH-554 and AC-134, under 5 N levels 

(0,75,125,175 and 250 kg ha-1) as influenced by N fertilization. The results indicated that 

applications of N fertilizer above 175 kg ha -1 did not extend the flowering period. 

Maximum yield of 1666 kg ha-1 was obtained by 224 kg ha -1 Nitrogen application followed 

by 168 kg N ha-1 (1638 g ha-1). 

 Wang-XueDe et al., (2004) conducted an experiment to study the effect of planting 

density, sowing time and N application rates on boll number and lint yield on a cotton 

hybrid Zheza 166. They were of the view that the highest boll number was obtained in plants 

sown on April 15 and in order to get the highest lint cotton yield and lint index, the optimum 

plant density and nitrogen level were 45000 plants ha-1 and 180 kg N ha-1, respectively.  

 Reddy et al., (2004) studied the interactive effects of CO2 and nitrogen nutrition on 

cotton growth, development, yield and fiber quality. They concluded that future elevated 

CO2 will not have any deleterious effects on fiber quality if nitrogen would be optimum. 

Hutamacher et al., (2004) studied response of recent Acala cotton cultivars to variable 

nitrogen levels in California, USA, and reported that cotton lint yield increase was positively 

correlated with increasing N applications up to 41 %. Donald and Boquet  (2005) studied 

ultra narrow row (UNR) cotton with wide spread cotton along with different nitrogen rates 

(90,112,134 and 157 kg ha-1) on irrigated and rain- fed conditions and found that wide row 

planted gave higher lint yield of 1096 kg ha -1 than UNR 771 kg ha-1. Different nitrogen 

rates have no significant effects on both irrigated and rain-fed conditions.  

 Wiatrak et al., (2005) reported the influence of nitrogen fertilization on cotton 

growth and yield. The effect of four nitrogen rates (0, 67,134 and 201 kg ha -1) on growth, 

development and yield of cotton following wheat were evaluated during the year 1995-1997. 

Lint yields, plant height, number of bolls plant -1 and number of bolls m-1   increased with 
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increasing N rates. They reported that with every one kg of nitrogen ha - 1 applied to cotton, 

lint yield increased by 1.74 kg ha-1 in 1996 and 2.76 kg ha -1 in 1997.  

 Toscano et al., (2005) studied the effect of planting dates and rates of nitrogen 

fertilization on cotton yield. The cotton was sown on two different planting dates (26 April 

and 8 June) and nitrogen treatments consisted of soil applications (0,112,168 and 224 kg N 

ha-1). Applied nitrogen increased seed cotton yield of early plantings but had no effect on the 

yield of late plantings.  

 Cheema (2006) studied the response of cotton cultivars at varying levels of nitrogen 

under agro- ecological conditions of Bahawalpur and reported that 185 kg N ha-1 gave the 

best response in all the growth parameters. Hussein (2006) applied (50,100,150 and 200 kg 

N ha-1) and found that all the yield component like number of mature bolls, boll weight and 

seed cotton yield increased significantly with increased N application. Clawson et al.,(2006) 

studied the effect of row spacing and nitrogen on the yield and yield components of cotton. 

The treatments were N fertilizer rates of 0, 50,101 and 151kg N ha1 and row spacing of 19, 

38 and 76 cm (conventional row spacing). The decreased in row spacing decreased plant 

height, main stem nodes plant -1 and individual boll weight. Greater N increased plant 

height; main stem nodes plant -1 and both whole plant and individual boll weight. Significant 

increase in yield occurred with the increase in N rates.        

2.1.4 Growth and radiation use efficiency   

         The significance of leaf area as determinant of radiation interception has long been 

well recognized and appreciated Watson (1952) attributed productivity differences in field 

crops to variation in leaf area index (LAI) and identified early canopy closure as a crucial 

determinant of initial crop growth rate in well husbanded crops. The LAI is the product of 

plant population and leaf area per plant, the later is the product of leaf number and size. 

Apart from sowing the crop earlier, the main inputs that affect leaf area per plant and which 

grower can control are nitrogen and suitable cultivar. The first prerequisite for high yields is 

higher accumulation of total dry matter (TDM) per unit area. The principal means for 

increasing TDM include, optimizing the assimilate area i.e. leaf area index (LAI) and leaf 

area duration (LAD) to enhance the interception of photosynthetically active radiation 

(PAR), improving the radiation use efficiency and redistribution of photosynthates in order 

to maximize economic yield. TDM of a crop is proportional to the total amount of 
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intercepted radiation, which is itself largely determined by the size of leaf area and its 

distribution with time (Biscoe and Gallagher, 1978).   

 Jones et al., (1980) reported that light transmission through a cotton canopy was a 

linear function of leaf area index (LAI) from zero to four. Kerby and Buxton (1981) 

suggested that cultivars with short sympodial branches and reduced leaf area in the upper 

canopy showed improved efficiency of assimilate utilization in narrow row cotton.  

 Christinian (1986) concluded that environment has a pronounced effect on the 

growth and development of plants. Temperature is the primary environmental factor 

controlling developmental rate. Fiber elongation began about 2 days after anthesis and fiber 

length was determined during the first 25 days after anthesis.  

 Rosenthal and Gerik (1990) reported significant differences in radiation use 

efficiency (REU) among different cotton cultivars. Wullschleger and Ooesteruis (1990) 

reported that photosynthesis of sympodial leaves reached maximum, just prior to anthesis of 

the subtended flower and thereafter declined throughout the boll-filling period. Carbon 

budgets for individual sympodial leaves and their subtended bolls at main stem nodes 8, 10 

and 12 indicated that cotton production was synchronized with carbon utilization. Mergeet et 

al., (1991) reported that canopy photosynthesis of cotton increases until 80 to 90 days after 

planting (DAP) up to maximum leaf area, then decreases as the leaf area decreases with 

canopy age. With very late planting, the decline in photosynthetic rates coincides with 

declining day length and solar radiation. Demol (1991) found that cotton seedling 

emergence was greatly affected by rainfall following sowing and latter growth was 

influenced by solar radiation during vegetative growth.    

 Wullschleger and Ooesteruis (1992) on the basis of their simulation model for 

assessing canopy age-class dynamics concluded that leaf area production during rapid 

canopy expansion (60 DAP) and LAI of 2-3 was largely composed of young leaves, with 

more than 23% of the LAI being less than 14 d old. However, 30 d later (90 DAP) LAI 

reached 4.5 and thereafter leaf area production was no longer sufficient to affect leaf aging 

and the percentage LAI less than 14 d old decreased to less than 10 %, while leaves more 

than 29 d old increased to 75 %.  

 Khandagale et al., (1994) studied the influence of day length, incident solar 

radiation, Relative humidity (RH), temperature and PAR on boll weight of cotton cv. 31-38, 
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595BN-3 and H-777. Day length and RH had relatively greatest impact than cumulative 

temperature or PAR. The increase in boll growth duration enhanced the boll weight owing to 

photosynthates availability for longer periods.  

 Flower (2002) concluded that early canopy development reduce plant height and 

branches and thus reduce the overall vegetative growth of the plant but increase light 

availability at the medium and the upper part of the canopy.  Shafiq (2002) reported increase 

in LAI from 28th August onward up to harvesting in the whole growing period of crop. 

Pettigrew (2002) reported that shifting the growing season earlier in the year by planting 

earlier may allow the crop to develop under more favorable weather pattern and escape late 

season insects. The objectives were to determine the effect of early planting on growth and 

development, lint yield and fiber quality of cotton. Data on early season dry matter 

partitioning, early season light interception, weekly bloom count, lint yield, yield 

components and fiber quality were collected on genotypes planted during the first week of 

April (early planting) and the first week of May (normal planting).  LAI of early-planted 

plants was 172 % greater than plants in the normal planting, which contributed to a 55% 

greater canopy light interception for the early planting at that time. Early planting shifted the 

blooming period earlier in the growing season every year. 4 out of 5-yr, the early-planted 

cotton demonstrated a 10 % yield improvement over the normal planted crop. 

 Milroy et al., (2003) reported that leaf nitrogen content and light intensity affected leaf 

photosynthesis. Response of cotton leaf photosynthesis to N and light were developed and 

used in a frame work that scales from leaf photosynthesis to canopy (RUE). This was then 

used to explore the impact of nitrogen and light dynamics on (RUE) of cotton canopies. The 

photosynthesis relationship developed was appropriate for use in simulating cotton crops. 

The approach used to scale from leaf photosynthesis to canopy RUE was effective in 

capturing the variation in the RUE of cotton as observed in field experiments.  

 Ahmed (2003) evaluated the effect of irrigation schedule on growth, yield and 

radiation use efficiency of two cotton cultivars and reported that values of LAI 3.16, 

TDM1007 g m -1, Fi 91% and cumulative light interception 703 MJ m -2 in I4 irrigation 

throughout the season treatment and 2.87, 880 g m -1, 0.87 and 585 MJ m -2 than in I1 

irrigation at vegetative stage only treatment.       
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 Hussein (2006) reported that in early sown cotton fertilized @ 200 kg N ha -1   

maximum LAI of 2.59 was achieved, NAR of 3.57 g m-2day -1, 1532 MJ m -2 cumulative 

intercepted radiations, CGR of 4.22 g m-2 day -1 and 820 g m -2 total dry matter was produced 

and accordingly maximum seed cotton yield was produced than late sown and fertilized at 

lower rate under Sahiwal conditions. Cheema (2006) reported that cotton cultivar NIAB -

111 achieved maximum LAI of 3.5, accumulated intercepted radiations 1457 MJm -2. 

 Similarly 185 kg N ha -1 gave the best response in all the growth and radiation 

interception parameters. Arshad (2006) reported that 20th May sown cotton produced 

maximum LAI of 2.42, CGR of 5.86 g m -2 day -1, accumulated intercepted radiations of 961 

MJ m-2 and accordingly higher seed cotton yield was produced, and among cultivars SLH -

284 gave the best response in all the growth and radiation intercepted parameters. 

2.1.5 Crop growth modeling 

 The simulation of crop phenology, growth and economic yield is completed through 

evaluating the stage of crop development; the growth rate and the partitioning of biomass 

into growing tissues. All of these processes are dynamic and are affected by environmental 

and cultivar specific factors. Agronomic research has focused on formalizing and 

summarizing knowledge of growth and yield of field crops including cotton. When 

mathematical principles are combined to be presented as cause-effect process, the 

relationship can be referred as a mechanistic model. 

 Baker et al., (1983) reported that the basic information for developing a valid crop 

model must include plant-processes response to temperature. He developed cotton model, 

GOSSYM that simulated the plant processes based primarily on the temperature response 

data. Goodin et al., (1991) developed a crop model by using daily air temperature data and 

solar irradiance and observed that the performance of model was suitable for crop yield 

simulation. Thornton and Hoogenboom (1994) concluded that the management-oriented 

simulation models of growth, development and yield of field crops are useful tools for 

screening management options on the computer. The capability to simulate long term field 

experiments with such models is very easy, in which the simulated soil water, N, organic C 

and crop residue outputs from one model run become the input conditions for the next. Net 

monetary returns or gross margins can also be calculated, and price and cost variability can 

be taken into account in the analysis.  
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 Wall et al., (1994) developed a model (COTCO2) to describe the response of cotton 

to atmospheric CO2 concentration. The model is capable of predicting cotton response to 

elevated atmospheric CO2 concentrations. Rossiter and Riha (1999) reported that crop 

models, atmospheric procedure and soil plant water interface procedures required minimal 

change in order to support the competition model. They observed that model simulate LAI, 

light interception and canopy height. Day (2001) suggested that crop growth modeling gives 

a perspective on the scope and value of models of crop processes and performance in the 

text of increasing demand to make prediction about the best course of action for the farmers. 

The goals for these prediction can range from the best rare or timing for a pesticide spraying 

to the likely pressure on farming community if predicted level of climate change is realized. 

A clear statement of objective is the most important precursor to the use of models for 

assessing crop processes in crops provides a means of quantifying how cultivars differ and 

helps provide a system of simulating yield production using crop models (Kiniry et al., 

2001)   

 Hanan and Hearn (2003) demonstrated the feasibility of linking a model that 

simulates the effects of environmental factors on yield. First the varietals parameters of the 

models were made concordant, than routines were developed to allocate the flower buds 

produced each day by the crop model amongst the potential positions generated by the 

architectural model. This allocation is done according to a set of heuristic rules. The final 

weight of individual bolls and the shedding of buds and fruit caused by water, N, and C 

stresses are processed in a similar manner.  

 Jonghan et al., (2005) developed a modified Grami model for cotton in semi arid 

regions. The new model not only has simple input requirements but also easy to use. It 

promises to have applicability to be expanded to other semi arid regions for irrigated cotton 

productions and to have applicability to regional cotton growth monitoring and lint yield 

mapping projects.  

 Jenkis et al., (2006) concluded that nutrient stress (N fertilizer) in upland cotton 

depresses lint yield and may disrupt fiber development. It was found that N stress affects 

cotton growth, as N deficiency decreased fiber length, and strength. Hussein (2006) 

developed a CRGR0040 cotton model by using (DSSAT V-4.02) to compare the variation 

between the observed values and simulated of seed cotton under irrigated conditions, values 
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and concluded that model predicted higher values of LAI, TDM and seed cotton yield than 

actual observed in the field. Arshad (2006) used a CRGR0040 cotton model by using 

(DSSAT V-4) to simulate cotton growth, development and yield under Faisalabad 

conditions and reported TDM, LAI and final seed cotton yield. The model gave the 

simulated value very close to observed value. Shabbir (2007) developed CRGR0040 cotton 

model in DSSAT V-4 which simulates seed cotton yield 9-15 % more than the actual. 

Similarly model overestimated LAI 9-15 % 140 DAS and TDM by 10-17 % than the actual 

crop.  

2.1.6. Cotton productivity under changed climate scenarios 

Climate change is expected to affect agriculture very differently in different areas of the 

world (Parry et al., 1999). The resulting effects among various continents depend on current 

environmental and soil conditions, availability of resources and infrastructure use to cope 

with change. These differences are also expected to greatly influence the responsiveness to 

climate change (Parry, 2000).  

    Major impacts on crop growth and production are expected to come from increase in CO2 

concentration, changes in temperature, precipitation, pests and diseases etc.Global warming 

in Asia will affect not only  scheduling of the cropping season but also duration of the 

growing period of the crop in all crop producing areas. 

The use of simulation models to predict the likely effects of climate change on crop 

production is, of necessity, an evolving science. As both General Circulation Models and 

Crop Simulation Models become more sophisticated, as more high quality historical weather 

data for a larger number of sites become available, and as better physiological data become 

available to model cotton responses to climate change variables, predictions will become 

more accurate. 

 Timothy (2001) studied impact of climate change on cotton production at Goddard 

space flight centre in USA a NASA funded project with the help of two models. A large 

scale and small scale and he concluded that a cotton yield does not shrink from climate 

change. He further added that if CO2 levels continued to rise at their present rate there would 

be 26-36 % increase in cotton yields as predicted by the models in their study. Wang et al., 

(2008) studied impact of climate change on phenology and yield of winter wheat and spring 

cotton in north west China during 1981-2004 and concluded that there was clear trend of 
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climate warming which enhanced earliness of pseudo stem elongation, booting, anthesis and 

ripening of winter wheat by 13.2, 9.8, 11.0 and 10.8 d and in spring cotton the dates of 

seedling emergence, budding, anthesis and boll opening became earlier by, respectively 

10.9, 9.0, 13.9 and 16.9 days during 1983-2004. Grain yield of winter wheat had decreased 

but the seed cotton yield of spring cotton had increased during the study period. Climate 

change appeared to be favorable for cotton production but un favorable for winter wheat in 

North West China. Paul et al., (1994) conducted research trials for period of three years in 

central Arizona to evaluate cotton crop responses to elevated CO2 concentrations in control 

chambers and open field and concluded that there were positive consequences of increased 

CO2 levels on cotton plant biomass, PAR absorption and RUE. There was no interaction 

between deficit irrigation and CO2 concentrations. Hunsaker et al., (1992) studied the ET of 

cotton cv. Deltapine-77 grown under ambient (370 µmol mol -1) and enriched (550 µmol 

mol -1) CO2 concentrations for both well-watered and water- stress irrigation managements. 

And found that CO2 enrichment did not significantly changed the ET of cotton. This result 

implies that irrigation water use would not have to be increased to produce cotton in future 

high CO2 world. However, if a concomitant change in climate occurs such as global 

warming cotton ET may be changed in response to such changed weather conditions. 

Michael Bange (2007) studied the impact of climate change on cotton productivity in 

Australia and concluded that increase in CO2 concentration 406-445 ppm in 2020 and 473-

555 ppm in 2050 would increase photosynthetic rate of cotton crop by 23 to 29%. WUE 

would also be improved leading to increased yields. Temperature increase in the beginning 

and end of season would have positive effects while increase in number of severe and hot 

days during anthesis and boll filling would have negative impacts. In a report of National 

Conference of State Legislatives 2008. in Tennessee USA it was concluded that cotton is 

projected to thrive under high levels of temperature and CO2. The yield increases are 

estimated to 6-37 % and capital of 1.2 million $.  Untimely rainfall as well as humid weather 

during later stages of cotton growth, at boll opening stage may complicate defoliation, 

reduce yield and quality and lower the crop ginning outturn percentage Williford (1992), 

Freeland et al., (2004). More rainfall enhances the disease attack such as boll rot. Boyet et 

al., (2004). Parvin et al., (2005) stated that yields are reduced 10.10 kg of lint ha -1 per 

centimeter (22.897 lbs acre -1 inch -1) of accumulated rainfall during harvest. Williford, et 
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al., (1995) research also measured a reduction in lint yield and quality for each successive 

rain event at harvest. Hence the combination of warm dry weather containing abundant 

sunshine and sufficient soil moisture, when the bolls start open and at harvest time will 

maximize the seed cotton yield and lint quality.  
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CHAPTER – III 

MATERIALS AND METHODS 

3.1 SITE AND SOIL 

 Two field experiments at three locations viz, Post Graduate Agricultural Research 

Station (PARS) Faisalabad (31.26 O N, 73.06 O E), Cotton Research Station (CRS) Sahiwal 

(31.58 O N, 72.20O E) and Central Cotton Research Institute (CCRI.) Multan (30.12 O N, 

71.26 O E) were conducted to model the impact of climate change on seed cotton 

(Gossypium hirsutum L.) yield in Punjab, Pakistan during 2005 and 2006 as shown in Table: 

3.1. 

 

Table: 3.1 Summary of field attributes, soil and crop management 

Location Latitude Longitude Altitude Soil textural class Representative 

climate  ON OE (m) USDA Classification 

Faisalabad 31o   26´ 73o   04´ 184 

Lyallpur (loam) Dry 

semi-arid 

 
(Fine loamy, silty, therm) 

Sahiwal 30o   40´ 73o   06´ 172 

Jaranwala (loam) 

Wet 

semi-arid 

(coarse-silty, mixed, 

hyperthermic type 

Calciargids) 

Multan 30o   12´ 71o   26´ 123 

Kalamazoo (loam) 
Dry 

arid 
(Fine, silty loam, mixed, 

therm) 
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3.1.1 Soil analysis     

 A composite soil sample to a depth of 30 cm was obtained from the experimental 

areas with soil auger prior to sowing of the crop. The sample was analyzed for its various 

physio-chemical properties (Appendix 3.1). 

Mechanical analysis                                                                                              

 Percentage of sand, silt and clay was determined by Bouyoucous hydrometer method 

using one percent sodium hexametaphosphate as a dispersing agent. Textural class was 

determined by using the international textural triangle (Moodie et al., 1959). Appendix 3.1 

shows that the soil was loam in   texture, at all three sites.                                                                                  

Chemical analysis                                                                                     

 Soil was analyzed for its various chemical properties by using the method as 

described by Homer and Pratt (1961), for post-harvest soil analysis again composite sample 

to a depth of 30 cm was taken from each experimental unit immediately after harvest of 

crop. The soil was analyzed for N, P, and K.The soil analysis showed soil pH of 8.6, organic 

matter content at 0.235%, total Nitrogen 0.014%, available P 9.9 ppm and available K 335 

ppm for Faisalabad soil, 8.35 pH, 0.645 % organic matter content, 0.04 % total nitrogen, 

8.45 ppm available P, 380 ppm available K for Sahiwal soil and 8.2 pH, 0.75% organic 

matter content, 0.047% total Nitrogen, 15.54 % available P and 335 ppm available K for 

Multan site, respectively in both seasons (Appendix 3.1). 

3.2 DESIGN AND TREATMENTS                                        

 The experiment was laid out in split – split plot design during both seasons at all 

three locations. There were two sowing dates D1, 20 May and D2, 10 June in main plots, 

four cultivars viz; V1= CIM-496, V2= CIM- 506, V3 = NIAB-111 and V4 = SLH-284 in 

sub plots and four nitrogen levels N1= 50 kg N ha-1 , N2 =100 kg N ha-1 (Farmer practice, 

control), N3 =150 kg N ha-1, and N4= 200 kg N ha-1 in sub- sub plots. The experiment 

consisted of three replications with a net plot size of 3 m x 10 m. All the treatments are 

shown schematically in the Fig. 3.1     
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3.3 Crop husbandry                                                                                             

 The crop husbandry operations during both the seasons are summarized in Table 3.2 

and 3.3. The crop was sown on due dates i.e. on 20th, May and 10th June uniformly at 75 cm 

apart, using bed- furrow method with seed rate 25 kg ha -1. Thinning was completed after 

crop emergence to maintain uniform plant-to-plant distance of 30 cm.  Nitrogen was applied 

in the form of urea in two splits, 50 kg ha -1 at sowing, in first split to all experimental units 

and remaining in second split according to treatments at flower initiation before 15th August 

in both seasons .All other agronomic practices such as irrigation, weeding, plant protection 

measures, thinning and earthing-up etc. were kept normal and uniform for all the treatments.        
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Table: 3.2 Crop husbandry operations for the experiment during Kharif 2005                                          

 

Operation Faisalabad Sahiwal Multan 

 20th May  10th June 20th May 10th June  20th May 10th June 

Sowing dates 17-5-05 9-6-05 19-5-05 10-6-05 21-5-05 11-6-05 

Emergence date 23-5-05 13-6-05 25-5-05 14-6-05 27-5-05 16-6-05 

Germination count 28-5-05 18-6-05 30-5-05 19-6-05 1-6-05 21-6-05 

Cultivation  10-6-05 30-6-05 12-6-05 2-7-05 14-6-05 4-7-05 

Cultivation  17-6-05 7-7-05 19-6-05 9-7-05 21-6-05 11-7-05 

Earthing -Up 25-6-05 14-7-05 27-6-05 16-7-05 29-6-05 18-7-05 

P.P. measures  

1st spray 28-6-05 18-7-05 2-7-05 19-7-05 3-7-05 22-7-05 

2nd spray 20-7-05 2-8-05 24-7-05 4-8-05 25-7-05 5-7-05 

3rd spray 5-8-05 17-8-05 7-8-05 19-8-05 9-8-05 20-8-05 

4th spray 18-8-05 30-8-05 20-8-05 31-8-05 22-8-05 19-9-05 

5th spray  2-9-05 11-9-05 5-9-05 12-9-05 7-9-05 13-9-05 

Final spray 17-9-05 26-9-05 22-9-05 27-9-05 24-9-05 30-9-05 

Fertilizer  

N@50kg ha-1 17-5-05 9-6-05 19-5-05 10-6-05 21-5-05 11-6-05 

Rest N  12-05 13-8-05 14-8-05 15-8-05 16-8-05 17-8-05 

Date of sampling  

1 1-7-05 

1-8-05 

1-9-05 

1-10-05 

1-11-05 

8-11-05 

2-7-05 

2-8-05 

2-9-05 

2-10-05 

2-11-05 

9-11-05 

3-7-05 

3-8-05 

3-9-05 

3-10-05 

3-11-05 

10-11-05 

2 

3 

4 

5 

6 (picking once) 
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Table: 3.3 Crop husbandry operations for the experiment during Kharif 2006                                          

 

Operation Faisalabad Sahiwal Multan 

 20th May  10th June 20th May 10th June  20th May 10th June 

Sowing dates 17-5-06 10-6-06 18-5-06 12-6-06 21-5-06 14-6-06 

Emergence date 24-5-06 14-6-06 25-5-06 16-6-06 26-5-06 18-6-06 

Germination count 29-5-06 19-6-06 31-5-06 20-6-06 2-6-06 22-6-06 

Cultivation  10-6-06 30-6-06 12-6-06 2-7-06 14-6-06 4-7-06 

Cultivation  17-6-06 7-7-06 19-6-06 9-7-06 21-6-06 11-7-06 

Earthing -Up 25-6-06 14-7-06 27-6-06 16-7-06 29-6-06 18-7-06 

P.P. measures  

1st spray 25-6-06 18-7-06 2-7-06 19-7-06 3-7-06 22-7-06 

2nd spray 20-7-06 2-8-06 24-7-06 4-8-06 25-7-06 5-7-06 

3rd spray 5-8-06 17-8-06 7-8-06 19-8-06 9-8-06 20-8-06 

4th spray 18-8-06 30-8-06 20-8-06 31-8-06 22-8-06 1-9-06 

5th spray  2-9-06 11-9-06 5-9-06 12-9-06 7-9-06 13-9-06 

Final spray 17-9-06 26-9-06 22-9-06 27-9-06 24-9-06 30-9-06 

Fertilizer  

N@50kg ha-1 17-5-06 10-6-06 18-5-06 12-6-06 21-5-06 14-6-06 

Rest N  12-8-06 13-8-06 14-8-06 15-8-06 16-8-06 17-8-06 

Date of sampling  

1 1-7-06 

1-8-06 

1-9-06 

1-10-06 

1-11-06 

8-11-06 

2-7-06 

2-8-06 

2-9-06 

2-10-06 

2-11-06 

9-11-06 

3-7-06 

3-8-06 

3-9-06 

3-10-06 

3-11-06 

10-11-06 

2 

3 

4 

5 

6 (picking once) 
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3.4    Observations                                                          

 From 10 meter long plot, a 4 meter long area was used for growth and developmental 

studies of crop in each experimental unit and the rest 6 meter long area was retained for final 

harvest data.        

3.4.1 CROP DEVELPOMENT 

In both years five plants were selected at random in each plot for recording the calendar 

timing of different development events, such as emergence, flowering boll formation and 

maturity. Thermal time (growing degree days) was calculated according to Gallagher et 

al.,(1983). It calculates thermal time (Tt) as a function of mean temperature above a base 

temperature (Tb). 

                                                        Tt   =       ∑( T max + T min.) – Tb 

                                                                                        2 

Where Tb is base temperature taken as 12 O C for cotton (FAO, 1978)   

1.  Days taken to emergence 

For this observation the experiment was daily visited and first five emerging plants were 

noted, .the average numbers of days taken to emergence counted.                           

 2.  Days taken to flowering  

For this observation five plants from each plot randomly selected and tagged and observed 

their date of 50% flowering. The average number of days to flowering was noted.                                            

 3.  Days taken to boll formation  

  The same tagged plants in each plot were kept under observation and observed their date 

of boll formation and mean days to boll formation was worked out from date of sowing.                                  

 4.  Days taken to maturity  

The same tagged plants in each plot were kept under observation and observed their date of 

maturity and mean days to maturity were worked out from date of sowing.   

3.4.2 CROP GROWTH 

Sampling  

Three randomly selected plants were harvested at monthly interval after establishment of 

crop from each plot leaving appropriate borders, during the crop season. Fresh weight of each 

fraction (leaf, stem, flowers, squares and boll opened /un-opened) was measured on an 
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electronic balance. These samples were dried under sun for 48 hours and then dry weight was 

determined at 65 O C in an oven to a constant weight. A sub sample of 10 g of leaf lamina 

was taken and leaf area was measured with an area meter (Licor, model 3100, LI COR inc. 

Lincoln, NE). From the measurements of leaf area and oven dry weights following 

parameters were calculated.  

Leaf area index                                                                              

Leaf area index (LAI) was calculated as the ratio of leaf area to land area as suggested by 

(Watson, 1952). 

 LAI  =  Leaf area/ land area                                                                        

Leaf area duration                                                                                          

Leaf area duration (L A D) for each sampling date was estimated according to Hunt (1978).  

LAD  =   (LAI1+LAI2) x (T2-T1) /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 LADs values. 

Crop growth rate (g m-2 d -1)                                                                                                      

Crop growth rate (CGR) was calculated as proposed by Hunt (1978) at each sampling date.   

CGR  =  W2-W1/ (T2 –T1)                                                                                                   

Where W1 and W2 are the total dry weights at times T1 and T2, respectively.  

Mean CGR was calculated by averaging all CGRs calculated at each destructive harvest.                                

Net assimilation rate (g m-2 d -1)                                                                                        

The average net assimilation rate (NAR) was estimated by using the formula of Hunt (1978)  

 NAR  = TDM / LAD                                                                          

Where TDM and LAD are the total dry matter and leaf area duration, respectively. at final 

harvest 

3.4.3 RADIATION INTERCEPTION 

 The fraction of intercepted radiation (Fi) by the green surfaces of the crop canopy was 

measured after 30 days interval from each experimental unit. At Faisalabad, the Fi was 

calculated by placing Ceptometer (Accu PAR V2.5) above and below, at two places, 

randomly in each plot. Transmissivity of the incident radiation was then calculated as      

                                                       Ti = C b / Ca                                                                                                  
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 Where Ti is Transmissivity of incident light, C b and Ca are below and above canopy 

Accupar readings. The fraction of intercepted radiation (Fi) was then calculated by the 

method of Gallagher and Biscoe (1978) as  

Fi  = 1- Ti 

 The (Fi) for Sahiwal and Multan locations was calculated from Beer’s law as 

suggested by Montheith and Elston (1983)                                                                                                         

 Fi =1-exp (- K x LAI)                                                                               

 Where K is an extinction coefficient for total radiation equals to - 0.77 for Cotton 

(Rosenthal and Gerick, 1990) the amount of intercepted PAR (Sa) was determined by 

multiplying values of Fi with daily incident PAR (S i) during the season.  

Sa  =  Fi x S i                                                                                                          

 Photo synthetically active radiation (PAR) was assumed to equal to half (50%) of 

total incident radiation (Szcicz, 1974)                                                                          

3.4.4 RADIATION USE EFFICIENCY  

Radiation use efficiency (RUE) for TDM and seed-cotton yield (SCY) was calculated    

as the ratio of total biomass and seed cotton yield to cumulative PAR (∑ Sa) 

     

RUE TDM          =
     TDM / ∑ Sa 

             RUE S C Y.       =  Seed cotton yield / ∑ Sa 

Alternatively value of RUE was estimated from the regression of TDM on accumulated PAR 

as suggested by Montheith (1977). 

3.4.5 YIELD AND YIELD COMPONENTS 

An area of (1.5 x 6m) from each plot was picked and a sub sample of 10 plants was taken for 

the determination of different yield components. All plants were picked manually for the 

estimation of plot yield and converted into kg ha-1. The following data were collected 

according to standard procedure: 

I. Germination count m-2   

 For germination count, a unit area of one-meter square was taken at random from 

three places in each plot. Germinating seedlings were counted and then averaged in meter 

square was computed.        

                                                                                                              



 32

 ii .Number of plants m-2 at harvest 

 Total number of plants in each plot was counted at final harvest and it was divided to 

total plot area to get plants m-2.                                                                                                                            

Iii . Plant height (cm)                                                                                                                 

 Plant height was determined at maturity with the help of a meter rod. The heights of 

ten randomly selected plants plot -1 was measured from soil surface to the tip of the plant and 

then averaged.                                                                                                                                                       

iv Number of monopodial branches plant -1    

 Number of monopodial branches plant -1 was counted from ten randomly selected 

plants and then averaged in each treatment.                                                                                                      

v. Number of sympodial branches plant -1 

 Numbers of sympodial branches per plant were also counted from ten randomly 

selected plants in each treatment, and average number plant -1 was calculated.  

vi. Number of boll plant - 1 

 For number of bolls plant -1 ten plants were selected randomly and numbers of bolls 

formed per plant were recorded daily. Then average number of bolls per plant was calculated.                         

vii. Number of un-opened boll plant – 1 

For unopened bolls, ten selected plants were examined at maturity and % of un-opened bolls 

was calculated as under:   

% of un-opened bolls = Unopened bolls plant -1 / Total bolls formed plant -1 X 100 

                                                

viii. Number of opened boll plant -1                                   

 The selected ten plants were picked separately counted the number of opened bolls 

plant -1, and then the average was calculated. 

ix. Average boll weight (g)  

 Average weight of boll was obtained by dividing the total yield of seed cotton per 

plant by the total number of bolls picked from that particular plant. Then the average boll 

weight plant -1 was computed for each plot.                    
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x. 100-Cotton- seed weight (g)                                                                                    

 100- Cotton seeds were selected randomly from each plot and weighed.                         

xi.      Seed cotton yield (kg ha-1)   

Crop was picked only once. Seed cotton weight plot -1 was weighed  

In addition, seed cotton yield was worked out on hectare basis.                                                    

xii. Ginning outturn (GOT) %  

 Before ginning, seed cotton samples were dried in the sun, dust and inert matter were 

removed from samples, and these were weighed and ginned separately using single roller 

electric ginner. The lint obtained from each sample was weighed and its ginning outturn 

(GOT) % was calculated by using following formula.                               

 (GOT) % = Weight of the lint/ Weight of seed-cotton x 100                                                                          

xiii. Harvest index (%)                                                                                        

 The harvest index (HI) was calculated by the following formula 

 HI (%) = Economic yield / biological yield x 100   
                                 

3.4.6 Soil samples analysis  

 Composite soil samples were drawn from all experimental sites in both growing 

seasons and analyzed in the laboratory of Agricultural Chemist (Soil Fertility), Ayub   

Agricultural Research Institute, Faisalabad.   

3.4.7. STATISTICAL ANALYSIS 

 All the data obtained were analyzed by employing split-split plot design using 

“MSTATC” statistical package on a computer. The effect of nitrogen levels was analyzed 

using polynomial contrasts with in the analysis of variance structure. Differences among 

treatment means were compared by the least significant difference (LSD) test at 0.05 

probability level as suggested by Steel and Torrie, 1997. The contrasts were made using year/ 

location as described by (Gomes and Gomes, 1984). 

3.4.8 WEATHER DATA 

 The data for weather parameters were obtained for each site from the nearest weather 

observatory. Each observatory provided daily maximum and minimum air temperature (0C), 

rainfall (mm), and daily sunshine hours. DSSAT system’s tool weatherman has option for 
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conversion of sunshine hours to daily solar radiation (M J m-2 day-1). Historical observed data 

on these parameters from 1974 to 2006 were also obtained from Pakistan Meteorological 

Department and used as input data for CSM-CROP GROW Cotton Model in DSSAT.4.2.0 

V. 

3.5.0 CROP GROWTH MODELING  

 Field data collected from the experiments during 2005 and 2006 growing seasons was 

used for calibration and evaluation of CROP GROW-Cotton Model. Standard 

meteorological, soil, plant characteristic and crop management data were obtained for each 

site and were used as input data for the model.                  

 Decision Support System calculated crop genetic coefficients for Agro-Technology 

Transfer (DSSAT) programme, using sub module sensitivity analysis selecting the best 

treatment simultaneously at all three locations and unselecting other treatments. The model 

was run using experimental data of year 2005 for calibration and for genetic co-efficient 

calculation but the validity of the model was assessed by using the independent set of data 

recorded during year 2006 with same set of crop genetic co-efficient. The weather series for 

changed climatic conditions were obtained by modification of observed weather series (Wolf 

and Van Diepen, 1995).     

3.5.1 Model description                       

 CROP GROW-Cotton Model was developed by the scientists of IBNAST 

(International Benchmark Sites Network) project was run within DSSAT (Hoogenboom et 

al., 1994) environment. This model has capabilities to simulate daily crop growth, 

development and yield under different set of climatic and soil conditions with different 

agronomic managements and thus it was selected for the study. weather observations 

(maximum temperature, minimum temperature, precipitation solar radiation), Site 

information (latitude, longitude, altitude, soil physical, chemical and morphological 

properties), crop management data regarding tillage, plant population, planting geometry, 

seed rate, sowing depth, irrigation application, fertilizers, detail of chemicals applied and a 

set of genetic coefficients that describes cultivars in terms of development and seed cotton 

/lint biomass and means of treatments in model language (A & T files) are required to run the 

model. Detailed descriptions of CROP-GROW Cotton Model can be obtained from Jones 
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and Kiniry (1986), Richie et al., (1988 a, b), Lizaso et al., (2001, 2003) Zalud and Dubrovsky 

(2002) and Ritchie and Algarswami (2003).  

3.5.2 Model calibration and evaluation  

 Calibration is a process of adjusting some model parameters to our own conditions.  It 

is also necessary for getting genetic co-efficient for new cultivars used in modeling study. So 

the model was calibrated with data (that included phenology, biomass, LAI, and yield 

components) collected during 2005 at all locations against treatment, May sowing, cv SLH-

284 and 200 kg N ha-1 that performed best in field trials. Cultivar co-efficient successively 

starting from CSDL (critical short day length) and PPSEN slope of the relative response to 

development to photoperiod with time to PODOUR, the time required for cultivar to reach 

final pod load under optimal conditions ( Photo thermal days) . 15 numbers set of 

Coefficients control the phenology, growth and seed cotton yield. (Hoogenboom et al., 

1994). To select the most suitable set of coefficients an iterative approach proposed by Hunt 

et al., (1993) was used. Calculated coefficients for four cotton cultivars and their detailed 

descriptions are given in Appendix (3.2).                           

 To check the accuracy of the model simulations it was run with data recorded against 

remaining thirty-one treatments for all locations in the year 2005 during model calibration. 

The data of year 2006 was used for validation. During all this process available observed data 

on crop phenology (anthesis date, maturity date), crop growth (leaf area index and total dry 

matter production) and  seed cotton yield was compared with simulated values to get 

simulated values very much closer to the observed values. Simulation performance was 

evaluated by calculating different statistic indices like root mean square error (RMSE) 

(Wallach and Goffinet, 1989) and mean percentage difference (MPD) across all locations. 

For individual treatments error (%) between simulated and observed values were calculated. 

Time course simulation of crop biomass and LAI was assessed by an index of arrangement 

(d) (Willmott, 1982) that is an aggregate over all indicators. These measurements were 

calculated as under. 
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 Where Pi and Oi are the predicted and observed values for studied treatments, 

respectively and n is the number of observations. Linear regression analysis between 

predicted and observed seed cotton yield and total dry matter at harvest was done to evaluate 

the validity of model at various experimental sites. Model performance improved as R2 and d 

value approaches to one while RMSE, MPD and error proceed to zero. 

3.5.3. Climate change impact assessment 

 The multi-location and temporal analysis of field trial data is needed while 

conducting studies to document shift in spatial boundaries of crop potential areas, changes in 

phenology, growth and crop productivity etc. Therefore, the study was conducted on three 

locations representing various climatic regions in the Punjab.  

Three locations that were selected for the study are presented in Table: 3.1 with their 

environmental and soil characteristics. The climate change scenarios formulated by Pakistan 

Meteorological Department using synthetic model guided by General Circulation Model 

(GCM) out put were selected for climate change impact assessment (Table: 3.4).  

 The climate change impacts on crop phenology; growth and yield were assessed with 

use of crop growth model run with weather series representing both the present and changed 

climates. In order that the findings obtained by a comparison of yields for different climates 

have a statistical significance, multi-annual (30 years) crop model simulations were run for 

each scenario. 
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 The descriptive statistics, such as means, standard deviations characteristics were 

determined and used for impact assessment.  

Table: 3.4 Climate change scenarios selected for study impact of climate change on seed 

cotton (Gossypium hirsutum L.) yield in Punjab, Pakistan. 

Climate change scenarios Limits/ Periods 

Temperature + 0.3 ºC decade-1 

Rainfall + 1.0 1.5 % decade-1 

Carbon dioxide 360, 550 ppm 

Climatic data base line 1974-2006 

Agriculture data base line 2005 

Prediction Period 2025,2050 

Prediction scenarios 

Variable 2025 2050 

Temperature +0.9 ºC +1.8 ºC 

Rainfall 
No change in rainfall+ 

3% rainfall 

No change in rainfall+ 

6% rainfall 

Source: GOP/UNEP, 1998.   

 This approach is considered more decisive (in a statistical sense) as compared to the 

use of single values related to individual years/ locations. Crop model simulations were run 

with observed soil, physiological, and crop management data during 2005. Observed weather 

series during 2005 and historical observed past data from1974-2006 was provided to CROP-

GROW-Cotton Model in weatherman tool to create separate stations. Sub menu, 

environmental modification of seasonal analysis tool of model has addition, subtraction, 

multiplication and replace options for every weather element. With the help of the sub menu 
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the selected scenarios treatments were opted and the model was run for simulations of crop 

phenology, growth and seed cotton yield under changed climate scenarios. The impact of 

climate change was estimated by comparing model crop yields simulated with use of weather 

series representing the present climate and the changed climate. 

3.5.4. Strategy analysis 

 After assessment of climate change impact on cotton productivity at all locations 

seasonal analysis tool of DSSAT was run with different management options, such as sowing 

date, nitrogen application and varietals comparison, to mitigate the impact of climate change 

and sustained the crop productivity. To determine the optimum sowing date, and variety for 

each location, seasonal analysis driver was run with 7-cotton crop sowing dates. The value of 

the sowing date (SD) varied within the interval (D0 – 15 days and D0 + 15 days), where D0 is 

the sowing date of 2005 for each location and cultivar. The observed historical weather data 

from 1974-2006 were used for assessment of best management option to maximize net return 

under changed climate scenarios. Measurements made about experimental sites during year 

2005 were used as initial conditions for series of model runs. Gross margin ($ ha-1) for each 

nitrogen level was determined by following formula 

             GM Y P N C V      

 Where Y is seed cotton yield (kg ha-1), P is price of seed cotton (500 $/t), N is 

nitrogen application rate (kg ha-1), C is cost of nitrogen (0.45 $/kg) and V is base production 

cost (311.0 $/ha) that was constant for all treatments. Biophysical and Strategic Analysis 

options were used to compare the results under different options. Seed cotton yield and net 

monetary return ha-1 were assessed for each location.  
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CHAPTER – IV 

RESULTS AND DISCUSSION           
4.1. WEATHER                                                                                                                              

 In both the seasons, the Sahiwal and Multan sites were relatively hotter than 

Faisalabad. (Appendices 4.1& 4.2). Mean temperature was higher by approximately 1-2 O C  

at Sahiwal and Multan than Faisalabad site. Whereas the former sites had almost similar 

mean temperature. The pattern of average temperature was similar at all three locations, 

temperatures were higher (33-34 O C from May to August and then decreased to 25-27 O C 

about 7-8 O C toward maturity of the crop. Rainfall was experienced during monsoon (July to 

September) and was variable at all the three sites in both seasons. Sahiwal had low 

precipitation of 162 mm during crop growth period than Multan (227mm) and Faisalabad 

(238 mm) in 2005. Comparable rainfall, in 2006 during crop growth period was 418 mm, 64 

mm and 347 mm, for Sahiwal, Multan and Faisalabad sites, respectively. Incident radiation 

was higher at Sahiwal than Multan and Faisalabad sites (Appendices 4.1& 4.2) Radiation 

receipts were generally close to the long-term means during both the seasons, and the relative 

humidity ranged between 35-70 % at all sites during crop growth seasons.                                     

4.2:  CROP DEVELOPMENT                                 

 Data presented in  (Tables 4.1, 4.2) revealed that thermal time from sowing to boll 

formation during 2005 was 1561 O C days at Faisalabad, 1708 O C days at Sahiwal and 1643 O 

C days at Multan in early sowing (D1, 20th May). Equivalent values in 2006 were 1062 O C 

days, 1720 O C days and 1707 O C days, respectively. In late sowing (D2, 10th June) 

accumulation of growing degree days (GDD) were 27 % (1561 vs 2149 O C days) higher at 

Faisalabad, 25% (1708 vs 2268 O C days) at Sahiwal and 19% (1643 vs 2029 O C days) at 

Multan in 2005 for boll formation. Equivalent values of GDD for the late sowing in 2006 till 

boll formation were 1361 O C days, at Faisalabad, 2265 O C days at Sahiwal and 2219 O C 

days at Multan, respectively.       

 Thermal duration from sowing to maturity varied from 1900 O C days to 3183 O C 

days during 2005 for early sowing at various sites. Equivalent figures in 2006 were 1960 O C 

days to 3468 O C days. For late sowing from sowing to maturity of crop thermal time ranged 
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from 2591 O C days’ to 2942 O C days during 2005 and equivalent figures were 2398 O C days’ 

to 2915 O C days. The crop sown at Sahiwal and Multan accumulated more heat units than 

Faisalabad definitely due to differences in mean temperature.  

Table: 4.1: Phenological data of cotton sown in May and June (2005)                                                         

 

Stage 
Calendar Date 

Calendar Time 

(days) 

Thermal time* 

(O C days) 

FSD SWL MLN FSD SWL MLN FSD SWL MLN 

Sowing 
D1 17/5/2005 19/5/2005 21/5/2005 0 0 0 0 0 0 

D2 9/6/2005 10/6/2005 11/6/2005 0 0 0 0 0 0 

Emergence 
D1 23/5/2005 25/5/2005 27/5/2005 6 6 6 134 142 134 

D2 13/6/2005 14/6/2005 16/6/2005 4 4 5 96 107 125 

Flowering 
D1 16/72005 19/7/2005 20/7/2005 60 61 60 1217 1341 1297 

D2 5/8/2005 6/8/2005 7/8/2005 80 79 78 1140 1243 1234 

Boll 

formation 

D1 2/82005 4/8/2005 6/8/2005 76 76 77 1561 1708 1643 

D2 22/9/2005 24/9/2005 26/9/2005 128 128 128 2148 2268 2029 

Maturity 
D1 19/10/2005 20/10/2005 23/10/2005 155 154 155 2487 3183 2950 

D2 8/11/2005 9/11/2005 10/11/2005 175 174 173 2761 2942 2591 

*Base temperature = 12 O C                                         D1 =3rd Week of May  

FSD = Faisalabad                                                        D2 = 2nd Week of June 

SWL = Sahiwal  

MLN = Multan 
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Table: 4.2 Phenological data of cotton sown in May and June (2006)                                                           

 

Stage 
Calendar Date Calendar Time (days) Thermal time*(O C days)

FSD SWL MLN FSD SWL MLN FSD SWL MLN 

Sowing 
D1 17/5/2006 18/5/2006 21/5/2006 0 0 0 0 0 0 

D2 10/6/2006 12/6/2006 14/6/2006 0 0 0 0 0 0 

Emergence 
D1 24/5/2006 25/5/2006 26/5/2006 7 7 5 109 173 116 

D2 14/6/2006 16/6/2006 18/6/2006 4 4 4 101 110 100 

Flowering 
D1 17/7/2006 18/7/2006 22/7/2006 61 61 62 874 1345 1374 

D2 6/8/2006 7/8/2006 10/8/2006 81 81 81 737 1231 1250 

Boll 

formation 

D1 3/8/2006 5/8/2006 7/8/2006 78 79 78 1061 1720 1707 

D2 29/9/2006 30/9/2006 1/10/2006 137 135 133 1368 2265 2217 

Maturity 
D1 20/10/2006 21/10/2006 22/10/2006 156 156 154 1960 3223 3468 

D2 8/11/2006 9/11/2006 10/11/2006 175 175 173 2398 2915 2829 

*Base temperature = 12 O C                                 D1 =3rd Week of May  

FSD = Faisalabad                                              D2 = 2nd Week of June 

SWL = Sahiwal  

MLN = Multan  

4.3 Plant height (cm) 

 Table: 4.3 presents the treatment effects on plant height at all locations.  Differences 

in plant height between sowing dates were non-significant at Sahiwal and Multan whereas at 

Faisalabad, it remained statistically significant. Crop plants were taller in late sowing D2 by 

6 %( 98 vs104 cm) than the early sowing (D1) probably due to increased soil water contents 

which were result of efficient monsoon spell during vegetative growth of late sown crop. 

Cultivar differences in plant height were significant at all the locations. The cv SLH-284 

produced taller plants followed by NIAB-111and CIM-506 which produced plants of at par 

height. Whereas the c v CIM-496 produced the smallest plant height at Faisalabad site. At 

Sahiwal site cv SLH-284 and NIAB-111 produced plants of at par height, followed by cv 

CIM-496 and cv CIM-506 produced the plants of lowest height. At Multan site cv SLH-284 

produced maximum plant height followed by cv NIAB-111 and cv CIM-496 whereas cv 

CIM-496 remained lowest in plant height. Averaged over locations cv SLH-284 remained on 
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top in producing taller plants followed by cv NIAB-111 and CIM cultivars.  The response of 

nitrogen application at different levels on plant height was significant and response was 

linear at all sites. Averaged over all locations maximum plant height 118 cm was produced 

by N4 treatment 200 kg N ha –1. It increased 13 % taller  plant height  (108 vs 94 cm) at 

Faisalabad , 7.5 %( 12 1 vs  111 cm) at Sahiwal and 8% (119 vs 107 cm) at Multan compared 

to N1 50 kg N ha -1 Averaged over all locations the higher dose of N of 200 kg N ha-1 

increased plant height by 12 % (118 vs 104 cm). compared to the lowest N level of 50 kg N 

ha-1. Overall plants got   more height, 116 cm at Sahiwal as compared to 112 cm at Multan   

and 101 cm at Faisalabad. It might be due to climatic differences as there were more 

sunshine hours and hot weather during both growing seasons at Sahiwal site Appendix 4.1 

and 4.2.           

 Interaction between sowing date and cultivar was significant at all three locations 

Table: 4.4 At Faisalabad site cv SLH-284 and NIAB-111gave maximum plant height than 

CIM-496 and CIM-506 cultivars when sown on 20th May but when sown on 10th June cv 

SLH-284 produced taller plant followed by cv CIM- 506 but cv NIAB-111 and cv CIM-496 

gave minimum plant height which was statistically at par with each other. At Sahiwal and 

Multan sites cv SLH-284 and cv NIAB-111 produced taller plants compared to CIM-496 and 

CIM-506 cultivars in case either sown early or late. 
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Table: 4.3 Effect of sowing date, cultivar and nitrogen level on plant height (cm)    

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                         98.30 b  117.51 NS               113.15 NS          109.65                               

10th June                         103.86 a                   113.81                      110.01                 109.22                              

LSD 5%                          3.59                                                             

B=Cultivar                                                                                                                               

CIM-496                        93.87 c  109.76 b                 106.39 c               103.34 

CIM-506                        101.31 b  106.50 c                 103.55 d               103.78 

NIAB-111                      98.50   b  123.17 a                 117.00 b               112.89 

SLH-284                        110.63 a  123.21 a                 119.38 a               117.74 

LSD5%                           3.32   2.16                       2.17 

C= Nitrogen Level                                                                                                                 

50 kg ha -1                      93.62 c                     111.04 d                 106.91 d               103.85 

100 kg ha -1                    99.96 b                     114.20 c                 109.76 c               107.97 

150 kg ha -1                    102.72 b                   116.85 b                 112.96 b               110.84 

200 kg ha -1                             108.01 a                   120.54 a                 119.38 a                117.7 4                               

LSD 5%                           3.23                          1.07                       0.972                                                              

Contrast                                                                                                                                   

Linear                             **                              **                               ** 

Quadratic                        NS                             NS                              NS  

Cubic                               NS                            NS                              NS                                                             

Year Effect                    NS                            **                                **                                             

Interaction                                                                                                                              

A X B                             **                             **                                **                                                             

Mean                          101.08                       115.66                       111.58                                                           

      Means sharing different letters differ significantly at p≤ 0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                   

NS: Non- significant 
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Table: 4.4 Interaction between sowing date and cultivar affecting plant height (cm) 

 (a) Faisalabad            

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 93.60 c d 95.41 c d 98.02 c 106.69 b 

10th June 
 

94.68 c d 107.20 b 98.99 c 114.57 a 

LSD 5% = 3.22 

                            Means sharing different letters differs significantly at p ≤ 0.05 

 (b) Sahiwal     

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 114.6 b 105.83 c 125.25 a 124.33 a 

10th June 
 

104.92 c 107.17 c 121 a 122 a 

LSD 5% = 3.5 

                            Means sharing different letters differs significantly at p ≤ 0.05 

                              

 (c) Multan                              

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 114.21 b 105.29 c 125.83 a 125.67 a 

10th June 104.42 c 106.67 c 120.58 a 124.75 a 

LSD 5% = 3.49 

                             Means sharing different letters differs significantly at p ≤ 0.05 
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4.3.0: Yield and components of yield                                                               

4.3.1. Seed cotton yield                                                                                                            

 Table: 4.5 presents of treatment effects on seed cotton yield at different sites. Early 

sowing (3rd week of May) significantly enhanced seed cotton yield than late sowing (2nd 

week of June) at all sites in both seasons. Averaged over the locations seed cotton yield was 

29 % higher (2029 vs1446 kg ha-1) in early sowing than late sowing. This may be due to 

longer growing period availability and good crop establishment under mild temperature of 

early season. Cultivar differences in seed cotton yield were also significant and varied for all 

locations. At Faisalabad cv. SLH-284 produced the highest seed cotton yield (1626 kg ha-1) 

followed by NIAB-111 (1504 kg ha-1) and CIM-506 (1473 kg ha-1) which produced seed 

cotton yield statistically at par with each other, whereas cv CIM-496 produced the lowest 

seed cotton yield of (1343 kg ha-1). At Sahiwal site cv. CIM-506 and NIAB-111 produced 

seed cotton yield statistically at par with each other followed by cv. SLH-284, whereas cv. 

CIM-496 gave the lowest yield.  

            At Multan site cv NIAB-111 and SLH-284 produced the  highest but statistically at 

par with each other seed cotton yield followed by cv CIM-506 whereas cv CIM-496 

produced the lowest seed cotton yield. (Table: 4.5).  The Over all performance of cv. SLH-

284 was better regarding seed cotton yield by 8.34 % (1792 vs 1642 kg ha-1) than the cv 

CIM-496 which performed poorly. Differences in N levels significantly affected seed cotton 

yield at all locations. Averaged over all locations the highest N level of 200 kg ha -1 enhanced 

seed cotton yield 29 % (2035 kg ha-1 vs 1444 kg ha-1) compared to the lowest N level of 50 

kg ha -1. 

                  The interaction between sowing date and cultivar were significant at all locations. 

(Table: 4.6). At Faisalabad site when sown in May cv CIM-496 produced the lowest seed 

cotton yield of 1660 kg ha -1 while cv SLH-284 produced the highest (1982 kg ha-1).  But cv 

CIM-506 and NIAB-111 produced seed cotton yield statistically at par with each other. 

However, when sown in June cv SLH-284 again produced the highest seed cotton yield 

(1269 kg ha -1) followed by cv NIAB-111(1215 kg ha -1). Whereas cv CIM-496 and CIM-506 

produced lowest seed cotton yield but at par with each other. At Sahiwal site when sown in 

May cv SLH-284 and NIAB-111 produced at par the highest seed cotton yield of (2294 kg ha 
-1) and (2280 kg ha -1), respectively followed by cv CIM-506 whereas CIM-496 produced the 
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lowest seed cotton yield of (2093 kg ha -1). However when sown in June the highest yield 

was produced by CIM-496 and the lowest by SLH-284.  

              At Multan site cv SLH-284 produced the highest yield when sown in May while it 

produced the lowest yield when sown in June. The interaction between sowing date and 

nitrogen levels was significant at Faisalabad and Sahiwal (Table: 4.7). The data revealed that 

early sown crop when applied nitrogen at higher rate significantly enhanced seed cotton yield 

compared to late sowing or lower nitrogen application. Table 4.8 presents the interactive 

effect of cultivar and nitrogen levels at Faisalabad site. The cv SLH-284 showed the highest 

response to higher N application and produced highest yield of 2076 kg ha -1followed by cv 

CIM-506 (2076 kg ha -1) whereas cv CIM-496 showed nitro-negative response. The nitrogen 

application response was linear in nature for all cultivars. The present studies corroborate the 

findings of other workers. (Ali et al.,2004, Arshad, 2006; Hussain, 2006; and Shabbir, 2007). 
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Table: 4.5 Effect of sowing date, cultivar and nitrogen level on seed cottonyield (kg ha-1) 

Treatment                  Faisalabad                  Sahiwal                 Multan             Mean 

A= Sowing date 

20th May  1933 a   2206 a   1949 a  2029 

10th June  1040 b   1719 b   1579 b  1446      

LSD 5%  85.15   83.35                         10.32 

B=Cultivar 

CIM-496  1343 c   1901 c   1682 c            1642            

CIM-506  1473 b   2014 a   1759 b            1749             

NIAB-111  1504 b   1989 a                  1810 a            1768             

SLH-284                     1626 a                         1945 b                 1804 a            1792          

LSD5%                       33.35                          34.10                  15.20 

C= Nitrogen Level 

50 kg ha -1  1071 d   1748 d               1513 d            1444         

00 kg ha -1  1311 c                         1903 c               1697 c             1637          

150 kg ha -1                 1623 b                         2028 b              1851 b              1882       

200 kg ha -1                         1941 a   2170 a   1994 a               2035        

LSD 5%                     23.49                            21.58                 16.95 

Contrast 

Linear                             **    **                          ** 

Quadratic                        **   NS                          N S 

Cubic                              NS                 N S                          ** 

Year Effect                    **   **           ** 

Interaction 

A X B                  **                           **                               ** 

A X C                             **       **                              NS 

B X C                             **   NS                             N S 

Mean                             1487                        1962                           1764 

Means sharing different letters differ significantly at p≤ (0.05) 
*, **: Significant at 0.05 and 0.01, respectively 
NS: Non significant. 
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Table: 4.6 Interaction between sowing date and cultivar affecting seed cotton yield 
 (Kg ha -1) 
(a) Faisalabad            

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1660 c 1786 b 1793 b 1982 a 

10th June 
 

1026 f 1061 f 1215 e 1269 d 

LSD 5% = 47.16 

                                 Means sharing different letters differs significantly at p ≤ 0.05 

 (b) Sahiwal     

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 2093 c 2146 b 2280 a 2294 a 

10th June 1709 d 1882 e 1690 f 1596 g 

LSD 5% = 38.45 

                            Means sharing different letters differs significantly at p ≤ 0.05 

                              

 (c) Multan                             

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1983 d 2113  c 2155 b a 2220 a 

10th June 1626 f 1765 e 1635 f 1581 g 

LSD 5% = 37.81 

                           Means sharing different letters differs significantly at p ≤ 0.05 

 
 
 

 
 
 
 
 
 



 49

Table: 4.7 Interaction between sowing date and nitrogen level affecting seed cottonyield 

(k g ha-1) 

(a) Faisalabad      

Sowing date Nitrogen level 

 50 kg ha-1 100kg ha-1 150 kg ha-1 200kg ha-1 

20th May 1400 e 1752 c 2141 b 2439 a 

10th June 743 h 889 g 1106 f 1443 d 

 LSD 5% = 33.21 

                      Means sharing different letters differs significantly at p ≤ 0.05  

(b) Sahiwal   

Sowing date Nitrogen level 

 50 kg ha-1 100kg ha-1 150 kg ha-1 200kg ha-1 

20th May 1972 d 2158 c 2288 b 2405 a 

10th June 1525 g 1647 f 1769 e 1935 d 

LSD 5% = 36.98 

                      Means sharing different letters differs significantly at p ≤ 0.05                                                    

Table 4.8 Interaction between cultivar and nitrogen level affecting seed cotton yield  

(kg ha -1) 

 (a) Faisalabad    

Cultivar Nitrogen level 

50 kg ha-1 100kg ha-1 150 kg ha-1 200kg ha-1 

CIM-496 967 i 1190 h 1435 f 1780 d 

CIM-506 976 i 1331 g 1596 e 1990 b 

NIAB-111 1153 h 1311 g 1636 e 1917 c 

SLH-284 1190 h 1410 f 1826 d 2076 a 

LSD 5% = 46.97 

                             Means sharing different letters differs significantly at p ≤ 0.05 
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Fig: 4.1 Relationship between final total dry matter and seed cotton yield at (A) Faisalabad, 
(B), at Sahiwal, (C) at Multan and (D) pooled for all the locations. 
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Fig: 4.2 Relationship between Intercepted PAR (M J m -2) and seed cotton yield (kg ha – 1) 
(A), at Faisalabad (B), at Sahiwal (C), at Multan and (D) pooled for all the locations. 
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4.3.2 Total dry matter accumulation (kg ha - 1)                                                                                           

 Data (Table 4.9) showed that early sowing of cotton significantly enhanced total dry 

matter (TDM) over late sowing at all locations.  On the average basis of all the locations the 

TDM was (11247 kg ha-1) in early sowing and (9336 kg ha -1) in late sowing.  This was due 

to the reason that early planted crop availed longer growing period than late sown crop and 

crop established earlier hence produced more TDM than late sown crop. The effect of 

cultivar was also significant at all locations. At Faisalabad site cv, SLH-284 produced 

maximum TDM (8799 kg ha -1) followed by cv CIM-496. (8386 kg ha -1) whereas cv CIM-

506 (8075 kg ha -1) and NIAB-111(8129 kg ha -1) produced lowest TDM but statistically at 

par with each other. At Sahiwal site cv SLH-284 and NIAB-111 produced the highest TDM, 

statistically at par. Followed by CIM-496.Cv CIM-506 produced the lowest TDM kg ha -1. At 

Multan cv SLH-284 & NIAB-111 produced highest TDM at par with each other. Followed 

by cv CIM-506 whereas cv CIM-496 remained at bottom in TDM production. Overall  cv 

SLH-284 out yielded all other cultivars   and averaged over all locations cv. SLH-284 

produced higher TDM by 7 %( 10651 kg ha-1 vs 9863 kg ha-1) as compared to cv CIM-506 

which produced the lowest TDM. Application of higher N (200 kg ha-1) enhanced TDM yield 

over minimum N (50 kg ha-1) at all the three sites. Mean TDM yields were 11789 kg ha -1, 

10747 kg ha-1, 9715 kg ha-1 and 8915 kg ha-1 at 200,150,100 and 50 kg N ha-1, respectively.  

 Interaction between sowing date and cultivar was only significant at Faisalabad 

(Table: 4.10). When sown early cv. SLH-284 produced maximum TDM, (10230 kg ha-1), but 

late sowing significantly reduced TDM yield (8219 kg ha-1) under Faisalabad conditions. 

Late sowing significantly reduced TDM irrespective of cultivar.  

 The interaction between cultivar and N level was significant at Faisalabad and Multan 

but it was non-significant at Sahiwal (Table: 4.11).  At Faisalabad site cv SLH-284 with 

Nitrogen application @ of 200 kg ha -1 produced the highest dry matter i.e. 9868 kg ha -1 

followed by the same cultivar @ 150 kg N ha -19541 kg ha -1 and it remained at par with cv 

CIM-496 fertilized @ 150 kg N ha -1 Whereas at Multan cv. SLH-284 and NIAB-111 

produced maximum TDM followed by cv. CIM-496 at 200 kg N ha -1. Lower N doses 

significantly reduced TDM production. 

 Total TDM ranged between 6000-13000 kg ha-1 achieved in this study is similar to 

the findings of other workers under similar conditions (Arshad, 2006; Hussein, 2006; and 
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Shabbir, 2007).The response to N application was cubic at Faisalabad and Quadratic at 

Multan and Sahiwal. Fig. 4.2 shows the relationship between intercepted PAR and seed 

cotton yield at various sites and pooled analysis for all the locations. Strong positive and 

linear relationship was observed and the R 2 ranged 74 % at Faisalabad, 89 % at Sahiwal, 92 

% at Multan and 61 % for pooled data of all sites. Figs. 4.1, 4.2 & 4.3 showed that seed 

cotton yield was well correlated with cumulative intercepted PAR, and with total dry matter 

production. Similarly seed cotton yield and total dry matter production had a strong positive 

correlation, support the proposal that light interception is the major determinant of crop 

growth (Montheith 1977, 1981).     
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Fig: 4.3 Relationship between Intercepted PAR (M J m -2) and total dry matter (kg ha– 1)  
(A), at Faisalabad (B), at   Sahiwal (C), at Multan and (D) pooled for all the locations. 
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 Table: 4.9 Effect of sowing date, cultivar and nitrogen level on total dry matter 

production (kg ha -1)  

Treatment                  Faisalabad                  Sahiwal                Multan              Mean       

A= Sowing date                                                                                                                      

20th May   9658 a   12504 a                     11579 a            11247                

10th June  7034 b   10719 b                    10254 b            9336 

LSD 5%   292.65   111.13                       121.27 

B=Cultivar  

CIM-496   8382 b                         11420 b                 10730 c           10177                        

CIM-506  8075 c                         11065 c                 10450 b       9863 

NIAB-111                  8129 c                          11985 a                 11310 a       10474 

SLH-284                    8799 a                          11975 a                 11180 a        10651 

LSD5%  139.40   132.3                    112.10 

C= Nitrogen Level                                                                                                                 

 50 kg ha -1   7366 d                9945 d                9433 d           8914              

100 kg ha -1                 7985 c                  10931 c              10230 c          9715 

150 kg ha -1                 8846 b                  12084 b              11311 b         10747 

200 kg ha -1                         9188 a                  13485 a              12694 a          11789                                

LSD 5%                     124.80                  110.60                83.63                                                                  

Contrast                                                                                                                                   

Linear                             **                                **                              ** 

Quadratic                        **                                **                              ** 

Cubic                              **                               NS                             N S                                                           

Year Effect                    **                              **                                NS                                       

Interaction                                                                                                                              

A X B                              **                             NS                             N S                                                             

B X C                              **                            NS                              **                                                               

Mean                               8346                      11611                          10917                                                         

      Means sharing different letters differ significantly at p≤ (0.05)                                               
*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.10 Interaction between sowing date and cultivar affecting total dry matter 
production (kg ha -1) (a) Faisalabad            

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 8914 b 8417 c 8505 c 9379 a 

10th June 
 

7850 e 7732 e 7752 e 8219 d 

LSD 5% = 197.20 

                                Means sharing different letters differs significantly at p ≤ 0.05 

Table: 4.11 Interaction between cultivar and nitrogen level affecting total dry matter 

production (kg ha -1)  

(a) Faisalabad 

                       Means sharing different letters differs significantly at p ≤ 0.05 

 (C) Multan 

Cultivar Nitrogen level 

50 kg ha-1 100 kg ha-1 150 kg ha-1 200 kg ha-1 

CIM-496 9434 k 9725 h i 10746 f 12082 c 

CIM-506 8797 L 9590 i 10663 f 11752 d 

NIAB-111 9780 h 10295 g 11148 e 12947 a 

SLH-284 9276 j 9778 h 11196 e 12529 b 

LSD 5% = 161.20 

                           Means sharing different letters differs significantly at p ≤ 0.05 

 

 

Cultivar Nitrogen level 

50 kg ha-1 100 kg ha-1 150 kg ha-1 200 kg ha-1 

CIM-496 7522 g 7914 f 8698 c d 9393 b 

CIM-506 7129 h 7865 f 8525 d 8780 c 

NIAB-111 7298 g h 7886 f 8619 c d 8712 c d 

SLH-284 7513 g 8275 l  9541 b 9868 a 

LSD 5% = 249.60 
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Table: 4.12 Effect of sowing date, cultivar and nitrogen level on harvest index (%) 
  

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                     19.92 a                         15.62 a                 16.81 a              17.45                                      

10th June                      14.66 b                         14.32 b                15.58 b              14.85                                     

LSD 5%                       0.76                              0.65                     0.51   

B=Cultivar                                                                                                                               

CIM-496                     15.35 c                          14.75 b                15.68 c               15.26 

CIM-506                     17.61 b                         16.05 a                 16.83 a               16.83 

NIAB-111                   17.89 a b                      14.69 b                 16.04 b              16.20 

SLH-284                     18.31 a                         14.38 b                 16.24 b              16.30   

LSD5%                        0.66                             0.47                      0.25 

C= Nitrogen Level  

50 kg ha -1                   14.65 c                         15.52 a                 16.30 b             15.48 

100 kg ha -1                 16.58 b                         15.32 a                 16.51 a             16.13 

150 kg ha -1                 18.58 a                         14.77 b                 16.80 b             16.71 

200 kg ha -1                          19.33 a                         14.27 c                  15.69 c            16.43                                       

LSD 5%                      1.35                               0.263                      0.190                                                            

Contrast                                                                                                                                   

Linear                             **                              **                             ** 

Quadratic                        NS                             N S                           **                                                               

Cubic                              NS                             NS                            NS                                                               

Year Effect                    **                              N S                            **                                             

Interaction                                                                                                                              

A X B                             **                             **                                **                                                             

Mean                           17.29                         14.97                             16.20                                                         

      Means sharing different letters differ significantly at p< (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    

NS: Non significant 
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Table: 4.13 Interaction between sowing date and cultivar affecting harvest index 

(%) 

(a) Faisalabad            

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 17.98 b 20.90 a 20.60 a 20.19 a 

10th June 
 

12.72 e 14.32 d 15.19 d 16.43 c 

LSD 5% = 0.942 

                               Means sharing different letters differs significantly at p ≤ 0.05 

 (b) Sahiwal     

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 10.15 c 16.34 a 15.75 b 15.29 b 

10th June 14.41 d 16.05 a 14.69 d 14.38 d 

LSD 5% = 0.69 

                                Means sharing different letters differs significantly at p ≤ 0.05 

                              

 (c) Multan                                

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 16.74 c 18.12 a 17.42 b 17.12 c 

10th June 15.91d 17.15 b c 17.28 e 15.45 e 

LSD 5% = 0.68  

                                 Means sharing different letters differs significantly at p ≤ 0.05 
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4.3.3 Harvest index (%)                                                                                                                 

  Harvest index determines the physiological efficiency of plants to convert fraction of 

photo assimilates to economically useful portion i.e. yield.  Differences in harvest index (HI) 

between sowing dates were significant at all sites (Table: 4.12). Early sowing significantly 

enhanced HI than late sowing. Averaged over all locations HI was 17% higher in early 

sowing and 15 % in late sowing. The differences of HI for early and late sowing were more 

prominent at Faisalabad than other two sites and it ranged 20 % for early sowing and 15 % 

for late sowing. Differences in HI between cultivar were also significant at three locations. At 

Faisalabad, maximum HI was for cv. SLH-284 that was statistically at par with NIAB-

111and CIM-506 but minimum for cv. CIM-496. At Sahiwal for CIM-506 HI was highest 

followed by other cultivars. At Multan CIM-506 out yielded other cultivars. Significant 

effects of N on HI were also observed, it was 15%, 16%, 17 % and 16% at N application of 

50,100,150 and 200 kg ha-1.   

Results suggested that an optimum supply of nitrogen is essential for optimizing partitioning 

of dry matter in to seed cotton yield and other parts of cotton plant. Higher the efficiency of 

converting dry matter into economic yield, higher will be the value of HI %. Many workers 

(El Shahawy-MIM, 1999; Bhutta, 1996; Cheema, 2006; Shabbir, 2007) have reported similar 

results. Interaction between sowing date and cultivar was significant at all sites (Table: 4.13), 

which indicates that early sowing increased HI irrespective of cultivar. Overall mean HI 

values were 17%, 15% and 16% at Faisalabad, Sahiwal and Multan, respectively. Thus, the 

seed cotton yield was, therefore, determined by TDM production. This was confirmed by a 

linear relationship between seed cotton yield and TDM (Fig. 4.1). 

4.3.4 Number of plants m-2 after germination.                                                                    

       Sowing dates had significant effect on plant population at Faisalabad, early 

sowing promote crop germination compared to late sowing, with no effect at Sahiwal but at 

Multan late sowing improved plant germination. (Table: 4.14) However, the crop was sown 

with higher seed rate and subsequently by thinning a uniform crop stand 30 cm apart plant-

to-plant space was maintained.  The mean plant population survival was 15, 16 and 17 m-2 at 

Faisalabad, Sahiwal and Multan, respectively. Average number of plant germination 

compares favorably with the values reported by others under similar climatic conditions. 

(Arshad, 2006; Hussein, 2006; and Shabbir, 2007.) 
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4.3.5 Number of sympodial branches plant - 1                                                                                   

Sympodia or number of fruit bearing branches is an important parameter in seed 

cotton yield determination.  Data (Table: 4.15) showed the effect of treatments on the number 

of sympodial (Fruit bearing) branches plant-1. Crop sown in May significantly increased 

sympodial branches plant -1 at Faisalabad 12% (17 vs 15), at Sahiwal 11 %( 23 vs 20) and at 

Multan 10% (20 vs 18), respectively. Averaged over locations early sowing increased 10% 

sympodial branches plant-1 over late sowing. Effect of cultivar on the number of sympodial 

branches plant -1 was also significant at all three sites. Maximum numbers of sympodial 

branches were produced by cv. SLH-284 (21.25) followed by NIAB-111 (19.35) and CIM-

506 (18.43). Nitrogen fertilization significantly enhanced numbers of sympodial branches at 

all locations the highest 200 kg N ha-1produced 4.33% more (17.32 vs 16.62) sympodia than 

the lowest 50 kg N ha-1 dose. The mean numbers of sympodia were 16, 21, and 20, at 

Faisalabad, Sahiwal and Multan, respectively.                                                                       

 Interaction between sowing date and cultivar affecting the number of sympodial 

branches plant -1 was significant at all sites (Table 4.16) In early sown crop cv SLH -284 and 

cv NAIB-111 produced sympodia at par followed by cv CIM-496 & CIM-506 which 

produced sympodia at par to each other. When sown late cv SLH-284 produced maximum 

sympodia followed by cv NIAB-111 and cv CIM-506 whereas cv CIM-CIM-496 produced 

the lowest sympodia. At Sahiwal when sown early cv SLH-284 produced maximum 

sympodia but cv NIAB-111 either sown early or late produced statistically at par number of 

sympodial branches plant -1. The response of CIM cultivars in production of sympodia was 

better when sown early compared to late sowing. Interaction between cultivar and N was 

only significant at Faisalabad, the cv. SLH-284 with maximum N application 200 kg N ha -

1produced maximum sympodia 19 plant -1 followed by the same cultivar at N application 150 

kg N ha -1 (Table: 4.17) The present study corroborated the findings of other researchers 

(Bhutta, 1996; Shirivastave et al., 1996; and Abbas, 1989) Fig 4.4 showed the relationship 

between sympodial branches plant -1 and seed cotton yield. There was a positive relationship 

between these two statistical parameters at all sites and pooled regression analysis and the 

goodness of fit ranged from 49 % to 70 %. 
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4.3.6 Total number of bolls plant - 1                                                                                                       

 The data presented in (Table: 4.18) indicated that the effect of season was significant 

on total number of boll plant -1 at Faisalabad and Sahiwal whereas it was non-significant at 

Multan. Early planting produced 24% more (22.58 vs 17.12) bolls plant -1 compared to late 

planting at Faisalabad and 5 % more (30.72 vs 29.06) at Sahiwal but  at Multan site  the 

effect of sowing date was non significant. The cultivar’s effect was also significant at all 

sites. Averaged over locations cv. SLH-284 produced maximum number of bolls plant -1 (28) 

followed by NIAB-111 which produced 27 boll plant -1. N application also affected 

significantly plant - 1 boll production at all sites. The maximum N dose enhanced 20% (29.15 

vs 23.34) total boll production plant -1   over the lowest N dose. Overall mean total number of 

bolls plant -1 were 19.85, 29.89 and 28.54 at Faisalabad, Sahiwal and Multan, respectively. 

Ali, et al., (2004) has reported similar findings.        

 Interaction between sowing date and cultivar affecting total number of bolls plant -1 

was significant at Faisalabad and Multan (Table: 4.19), cv SLH-284 when sown early at 

Faisalabad produced maximum number of bolls per plant (26) but at Multan cv. NIAB-111 

when sown late produced maximum number of bolls plant -1. (33). Interaction between 

cultivar and N levels was significant at Multan only, the cv. SLH-284 was most responsive to 

applied nitrogen  at Multan when applied maximum N  dose produced highest boll plant -1   

(34)  followed by cv  NIAB-111 (33 ) boll plant -1    (Table: 4.20).    
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4.3.7 Number of mature bolls plant -1                                                                    

  Number of matured or opened boll plant -1 is an important parameter which 

contributes materially towards final seed cotton in cotton crop. Data presented in Table: 4.21 

showed that effect of season was significant at all sites on mature boll plant -1. Averaged over 

locations number of mature boll plant -1 was 26% more (16 vs 12) in early sown crop 

compared with late sown crop due to the reason that early sown crop availed the maximum 

time for continuous supply of photo synthates.  Effect of cultivar was also significant at all 

locations. Number of mature boll plant -1 was more in cv. SLH-284 followed by NIAB-111 

than CIM cultivars.  Nitrogen application significantly affected number of mature boll plant -

1. Significantly higher number of mature bolls was produced in the highest N level treatment 

than the lowest one, 21.78% increase (15.59 vs 12.17) was noted in higher N level than lower 

at Faisalabad .Similar trend have been observed at Sahiwal site. N level and the response was 

quadratic (Faisalabad) or cubic (Multan and Sahiwal in nature) Mean mature bolls plant -1 

were 11.95, 16.39 and 13.80 at Faisalabad, Sahiwal and Multan, respectively.  

Interaction between sowing date and cultivar affecting mature boll plant -1 was significant at 

Faisalabad and Sahiwal but non significant at Multan (Table: 4.22)  Cv SLH-284 produced 

maximum number of mature boll plant -1  either sown early or late followed by NIAB-111 

compared to CIM cultivars at Faisalabad ,similar trend had been noted at Sahiwal site. Fig 

4.5 showed the relationship between opened / mature bolls and seed cotton yiell.There was a 

strong positive relationship between these two parameters and the regression co-efficient 

 (R 2) ranged from 39 % to 91 %.                                                      
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Table: 4.14 Effect of sowing date, cultivar and nitrogen level on number of plants m -2 

counted after germination. 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                   15.23 a                          18.61 NS               17.28 b               17.04                                     

10th June                   14.66 b                         18.48                      17.55 a                16.89 

LSD 5%                     0.35                              0.15                       0.07            

B=Cultivar                                                                                                                               

CIM-496                   15.11                            17.54                      17.08 d                 16.57 

CIM-506                   15.78                            18.55                      17.51 b                 17.28 

NIAB-111                 15.78                            18.82                      17.35 c                 17.38                 

SLH-284                    15.50                            19.29                      17.71 a                17.50    

LSD5%                       0.34                             0.09                         0.052 

C= Nitrogen Level                                                                                                                 

50 kg ha -1                  14.46 c                         18.21                       17.20 d                 16.62     

100 kg ha -1                14.82 b c                      18.34                       17.27 c                 16.81 

150 kg ha -1                15.13 a b                      18.70                       17.70 a                 17.17 

200 kg ha -1                        15.37a                         18.91                        17.70 a                 17.50                                 

LSD 5%                      0.45                              0.03                         0.03                                                               

Contrast                                                                                                                                   

Linear                             **                              **                             ** 

Quadratic                       NS                             NS                            NS                                                              

Cubic                             NS                              NS                            NS                                                         

Year Effect                    NS                            **                                **                                             

Interaction                                                                                                                              

A X B                             NS                             **                                NS                                                            

A X C                             NS                             NS                               **                                

B X C                              NS                            **                                 **                                                            

Mean                             14.94                          18.55                          17.41                                                         
      Mean sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.15 Effect of sowing date, cultivar and nitrogen level on sympodial branches 
plant - 1 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                     17.44 a                        22.51a                   20.88 a            20.27                                        

10th June                     15.46 b                       20.19 b                   19.45 b            18.36                                        

LSD 5%                       0.42                           0.30                       0.31  

B=Cultivar                                                                                                                               

CIM-496                   16.34 c                        19.90 c                   18.38 c              18.20   

CIM-506                   15.55 c                         20.73 b c               19.02 c              18.43 

NIAB-111                 16.19 b                         21.48 b                  20.40 b             19.35    

SLH-284                   17.68 a                          23.28 a                  22.79 a              21.25 

LSD5%                      0.31                               1.08                       1.01 

C= Nitrogen Level                                                                                                                 

50 kg ha -1                 15.81c                         19.74 d                  18.69 d               18.08         

100 kg ha -1               15.97 c                        20.75 c                  19.62 c               18.78 

150 kg ha -1               16.65 b                        21.90 b                  20.70 b               19.75 

200 kg ha -1               17.28 a                         23.00 a                  21.65 a               20.64                                      

LSD 5%                                                                                                                                

Contrast                                                                                                                                   

Linear                             **                              **                                ** 

Quadratic                        *                                NS                              N S                                                           

Cubic                              NS                             NS                               NS                                                            

Year Effect                    NS                            N S                               **                                             

Interaction                                                                                                                              

A X B                             **                             **                                **                       

B X C                             **                             NS                               N S                                                            

Mean                       16.47                              21.35                           20.17                                                          

      Mean sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    

NS: Non significant 
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Table: 4.16 Interaction between sowing date and cultivar affecting sympodial Branches              

plant - 1  

 (a) Faisalabad            

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 17.81 b 17.53 b 18.59 a 18.84 a 

10th June 13.02 e 13.59 d 13.80 d 16.53 c 

LSD 5%=0.445 

                               Means sharing different letters differs significantly at p ≤ 0.05 

 (b) Sahiwal                                                 

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 21.98 b 22.92 b 20.91 b 24.22 a 

10th June 17.82 d 18.55 c 20.05 b 22.33 b 

LSD 5% =2.3 

                             Means sharing different letters differs significantly at p ≤ 0.05 

 (c) Multan           

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 21.09 b c 21.76 a b c 20.75 c 23.30 a b 

10th June 17.73 d 18.20 d 22.00 a b c 23.18 a 

LSD 5% =2.27 

                          Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.17 Interaction between cultivar and nitrogen level affecting sympodial 

branches plant -1  

 
(A) Faisalabad 
Cultivar Nitrogen level 

50 kg N ha - 1 100 kg N ha - 1 150 kg N ha - 1 200 kg N ha - 1 

CIM-496 12.61 k 15.83 g h 16.26 f g 16.97 c d e 

CIM-506 15.05 I j 14.94 j 15.77 h 18.47 f 

NIAB-111 15.42 h i 15.85 g h 16.50 e f 17.01 c d 

SLH-284 16.63 d e f 17.31 c 18.11 b 18.69 a 

LSD 5% = 0.471  

                             Means sharing different letters differs significantly at p ≤ 0.05 
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Fig 4.4 Relationship between sympodial branches plant - 1 and seed cotton yield kg ha - 1 

 (A), at Faisalabad, (B) at Sahiwal, (C) at Multan and (D) pooled for all the locations. 
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Table: 4.18 Effect of sowing date, cultivar and nitrogen level on total number of bolls 
plant - 1 
Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                       22.58 a                        30.72 a                 27.22 NS           26.84                                    

10th June                       17.12 b                        29.06 b                 29.86                 25.34                                    

LSD 5%                        0.90                             0.88                      3.78 
B=Cultivar                                                                                                                              

CIM-496                       18.79 d                       28.54 b                 27.80 b            25.04                   

CIM-506                       18.78 c                        27.54 b                 27.10 b            24.47 

NIAB-111                      19.72 b                       31.67 a                 29.95 a            27.11 

SLH-284                         22.12 a                       31.81 a                 29.34 a            27.75 

LSD5%                            0.44                           1.09                     0.73                                                       

C= Nitrogen level 

50 kg ha -1                       17.76 d                       25.97 d               26.29 d           23.34                       

100 kg ha -1                     19.26 c                       28.01 c                27.66 c           24.97 

150 kg ha -1                     20.61 b                      31.16 b        28.96 b           26.91 

200 kg ha -1                      21.76 a                      34.42 a                 31.27 a           29.15                                      

LSD 5%                           0.28                           0.80                      0.39                                                               

Contrast                                                                                                                                   

Linear                             **                              **                               NS  

Quadratic                        NS                              *                                NS                                                            

Cubic                              **                             NS                               **                                                              

Year Effect                    NS                            N S                               **                                             

Interaction                                                                                                                              

A X B                             **                             NS                              **                       

B X C                               NS                           N S                               **                                                            

Mean                           19.85                          29.89                          28.54                                                          
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.19 Interaction between sowing date and cultivar affecting total number of 

boll plant - 1 

(a) Faisalabad            

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 21.62 c 20.54 d 22.26 b 25.91 a 

10th June 
 

15.95 g 17.01 f 17.01 f 17.18 f 

LSD 5% = 0.634 

                              Means sharing different letters differs significantly at p ≤ 0.05 

 (C) Multan     

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 27.65 d 26.25 e 28.48 c d 29.04 c 

10th June 29.00 c 29.26 c 33.41 a 31.58 b 

LSD 5% = 1.32 

                      Means sharing different letters differs significantly at p ≤ 0.05 

Table: 4.20 Interaction between cultivar and nitrogen level affecting total number of 

boll plant - 1 

(C) Multan     

Cultivar Nitrogen levels 

50 kg ha-1 100kg ha-1 150 kg ha-1 200kg ha-1 

CIM-496 26.06 i 27.80 g h 28.33 f g 31.11 c d 

CIM-506 25.91 i 26.78 h i 28.25 f g 30.09 d e 

NIAB-111 19.32 e f 30.13 d e 31.38 c 32.95 b 

SLH-284 27.25 29.07 e f 30.55 c d 34.37 a 

LSD 5% = 1.10 

                          Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.21 Effect of sowing date, cultivar and nitrogen level on number of opened boll 
plant - 1 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                       14.64 a                       17.49 a                   16.37 a            16.16                                      

10th June                       9.23 b                        16.94 b                    11.23 b           11.91                     

LSD 5%                        1.85                           0.27                         0.29          

B=Cultivar                                                                                                                              

CIM-496                       11.04 c                     15.77 b                      12.26 d             13.02                                    

CIM-506                       11.46 b c                  15.56 c                       13.00 b             13.34 

NIAB-111                     11.58 b                     17.15 a                       14.27 c             14.33 

SLH-284                       13.66 a                     17.07 a                        15.67 a             15.46 

LSD5%                          0.43                         0.37                             0.41                                                 

C= Nitrogen level 

50 kg ha -1                      10.35 d                    14.68 d                        11.48 d              12.17                                

100 kg ha -1                    11.24 c                    15.77 c                         11.31 c              12.77 

150 kg ha -1                    12.45 b                    16.77 b                         14.75 b              14.65 

200 kg ha -1                     13.71 a                    18.32 a                        17.66 a               15.59                               

LSD 5%                           0.24                         0.19                           0.22                                                             

Contrast                                                                                                                              

Linear                             **                              **                              ** 

Quadratic                        *                                **                              **                                                               

Cubic                              NS                              *                                 *                               

Year Effect                    **                             **                                **                                       

Interaction                                                                                                                       

A X B                             **                            **                                 NS 

A X C                             NS                           **                                 NS                              

B X C                             NS                           **                                  NS                                                            

  Mean                         11.95                      16.39                              13.80       
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.22   Interaction between sowing date and cultivar affecting opened boll plant - 1  

(a) Faisalabad  

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 12.45 d 13.53 c 15.34 b 16.92 a 

10th June 
 

8.25 h 8.95 g 9.58 f 10.50 e 

LSD 5% = 0.341 

                             Means sharing different letters differs significantly at p ≤ 0.05 

(b) Sahiwal 

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 16.87 d 17.36 c 17.58 b 18.16 a 

10th June 
 

14.17 h 14.25 g 15.98 f 16.72 e 

LSD 5% = 0.35 

                               Means sharing different letters differs significantly at p ≤ 0.05 
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Fig 4.5 Relationship between opened boll plant - 1 and seed cotton yield kg ha - 1 

 (A), at Faisalabad, (B) at Sahiwal, (C) at Multan and (D) pooled for all the locations. 
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Table: 4.23 Effect of sowing date, cultivar and nitrogen level on average boll weight (g) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May   2.83 a   2.85 a                   2.83 a  2.83                                   

10th June                      2.78 b                        2.83 b                  2.81 b  2.80                                   

LSD 5%                      0.03                             0.04                      0.03 

B=Cultivar                                                                                                                               

CIM-496                     2.70 d                           2.79 c                    2.77 d  2.75               

CIM-506                     2.78 c                           2. 82 c                   2.80 c  2.80 

NIAB-111                   2.95 a                           2.85 b                    2.83 b  2.87 

SLH-284                     2.80   b                          2.89 a                     2.87 a  2.85 

LSD5%                       0.02                              0.03                       0.03                                                            

C= Nitrogen level 

50 kg ha -1                  2.54 d                           2.66 d                     2.64 d         2.61                                   

100 kg ha -1                2.70 c                           2.75 c                     2.74 c                   2.73    

150 kg ha -1                2.90 b                           2.86 b                     2.84 b                  2.87             

200 kg ha -1                3.16 a                           3.08 a                      2.87 a                 2.85                                     

LSD 5%                      0.03                              0.02                        0.02                                                               

Contrast                                                                                                                                   

Linear                             **                              **                               NS   

Quadratic                        **                             * *                               NS                                                            

Cubic                              **                             NS                               NS                                                             

Year Effect                    NS                            **                              **                                             
Interaction                                                                                                                              

A X B                             NS                          **                                  **                       

AX C                              **                           NS                                N S 

B X C                             **                           **                                 N S                                                            

   Mean                         2.81                        2.84                              2.82                                                             
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
      NS: Non significant 
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Table: 4.24 Interaction between sowing date and cultivar affecting boll weight (g)  

 (b) Sahiwal  

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 2.8 c 2.76 e 2.83 d 2.94 a 

10th June 
 

2.72 e 2.88 b 2.83 d 2.83 d 

LSD 5% = 0.065 

                              Means sharing different letters differs significantly at p ≤ 0.05 

 (C) Multan 

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 2.85 b 2.75 c 2.81 b 2.93 a 

10th June 
 

2.71 c 2.87 b 2.86 b 2.82 b 

LSD 5% = 0.061 

                                Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.25 Interaction between sowing date and nitrogen level affecting boll weight (g)  

 (a) Faisalabad  

Sowing date 
Nitrogen Level 

50 kg ha -1 100 kg ha -1 150 kg ha -1 200 kg ha -1 

20th May 2.54 e 2.70 d 2.86 c 3.22 a 

10th June 
 

2.52 e 2.68 d 2.83 c 3.09 b 

LSD 5% = 0.065 

                               Means sharing different letters differs significantly at p ≤ 0.05 

 

Table: 4.26 Interaction between cultivar and nitrogen level affecting boll weight (g)  

 (a) Faisalabad        

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 2.42 h 2.55 g 2.75 e 3.07 b 

CIM-506 2.48 g h 2.65 f 2.83 f 3.16 a 

NIAB-111 2.69 e f 2.84 c 3.03 b 3.22 a 

SLH-284 2.53 g 2.72 e f 2.76 d e 3.17 a 

LSD 5% = 0.07  

                            Means sharing different letters differs significantly at p ≤ 0.05 

 

 

4.3.8 Average boll weight (g)                                                                                            

 Data Table: 4.23 indicated the effect of treatments on average boll weight.  Sowing date had 

significant effect on boll weight at all locations. Early sowing enhanced average boll weight 

by 1.76 % (2.83 vs 2.78 g) at Faisalabad, 0.7 % (2.85 vs 2.83 g) at Sahiwal and 0.7 % (2.83 

vs 2.81 g at Multan site. Averaged over all locations early sowing increased 1.06 % (2.83 vs 

2.80) boll weight compared to late sowing. Differences in boll weight due to cultivar were 

significant at all locations. Averaged over all sites comparatively heavier bolls were 

produced by cv. NIAB-111(2.87g) followed by cv SLH-284. (2.85g) whereas average boll 

weight was lower in CIM cultivars. Effect of increasing N level was also significant 
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regarding average boll weight at all sites. The highest N dose, significantly enhanced boll 

weight. Averaged over all locations the highest N level 200 kg ha- 1 produced 15.53 % 

heavier bolls (3.09 vs  2.60) compared to the lowest N dose 50 kg ha- 1 definitely due to more 

supply of photosynthates and effective boll filling. Overall mean boll weight was 2.81, 2.84 

and 2.82 g at Faisalabad, Sahiwal and Multan, respectively. Many workers have confirmed 

the findings of present study viz (Boquet et al., 1993 Shirivastave et al., 1993 Wankhade and 

Batkhal, 1994; and Shabbir, 2007). 

                   The interaction between sowing date and cultivar affecting average boll weight 

was significant at Sahiwal and Multan (Table: 4.24). cv SLH-284 when sown early produced 

highest average boll weight (2.94 g) followed by cv CIM-506 (2.88 g) when sown late under 

Sahiwal conditions. At Multan site cv SLH-284 when sown early enhanced average boll 

weight (2.93 g).Cultivar NIAB-111 either sown early or late, CIM-496 when sown early and 

cv CIM-506 when sown late produced statistically at par average boll weight plant - 1.   

Table: 4.25 ,the interaction between sowing dates and nitrogen level  affecting average boll 

weight was  significant at Faisalabad Early sown crop applied with highest N level 

significantly enhanced average boll weight plant -1 compared to late sowing and applying low 

N fertilizer. The interaction between cultivars and nitrogen levels was statistically significant 

at Faisalabad but non significant at other locations (Table: 4.26) cultivars NIAB-111,SLH-

284 and CIM-506 when fertilized at highest N rate produced statistically at par average boll 

weight plant - 1 followed by cv CIM-496 ,at the same N level. The increasing N level 

significantly enhanced average boll weight and the relation was linear in nature. (Fig.4.6) 

marked the strong positive relationship between average boll weight and seed cotton yield 

and R 2 ranged between 32 to 60 % at various locations. 
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Fig 4.6 Relationship between average boll weight (g) and seed cotton yield kg ha - 1 

 (A), at Faisalabad (B), at Sahiwal (C), at Multan and (D) pooled for all the locations. 
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4.3.9 Ginning outturn (GOT) %                                                                                       

 The data presented in (Table: 4.27) revealed that early sowing significantly enhanced 

GOT % at Sahiwal and Multan but had no effect at Faisalabad. At Sahiwal early sowing 

increased 16.54 % GOT (36.62 vs 30.56) than the late sowing and at Multan site 13.78 % 

GOT (35.32 vs 30.45).The cultivar effects on GOT % were also significant at all three 

locations.  At Faisalabad site cv SLH -284 showed the highest GOT % followed by NIAB-

111 and CIM-496 whereas CIM-506 showed the lowest GOT %. At Sahiwal site cv SLH-

284, NIAB-111and CIM-506 produced statistically at par GOT % and cv CIM-496 remained 

at bottom in GOT %. At Multan cv SLH-284 and cv CIM-506  showed the highest GOT 

statistically at par with each other followed by cv NIAB-111 and cv CIM-496 which showed 

at par GOT %.Averaged over locations GOT % was more in cv SLH-284.   N application 

significantly affected GOT % at all locations, the highest N dose enhanced 10 % GOT (35.8 

vs 32.55) than the lowest N dose. Mean GOT % was 35.95, 33.59 and 32.89 at Faisalabad. 

Sahiwal and Multan, respectively. The interaction between sowing date and cultivars 

affecting GOT % was significant at all locations.  (Table: 4.28). At Faisalabad Cv SLH- 284 

either sown early or late produced the highest GOT % but cv NIAB-111 produced at par 

GOT % with cv SLH-284 only when sown early. At Sahiwal site cv SLH-284 and CIM-496 

when planted early produced highest at par GOT % followed by cv CIM-506 and cv NIAB-

111 which produced at par GOT %. Late sowing significantly reduced the GOT %   

irrespective of cultivar at Sahiwal site. At Multan site all the cultivars showed lowest GOT % 

when sown late. Interaction between cultivar and N application was also significant at all 

sites; highest N dose increased GOT % in all cultivars. The relationship was linear at 

Faisalabad, Multan and quadratic at Sahiwal. (Table: 4.29). Other workers under similar 

climatic conditions have reported similar findings. (Bhutta, 1996; Ma and Jian, 1994; and 

Turner et al., 1976.), but in contrast (Elyan, 1992) reported reduction in GOT %. 
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4.3.10 CORRELATION BETWEEN SEED COTTON YIELD AND COMPONENTS 

OF YIELD.  

 Simple linear correlation analysis between seed cotton yield and different components 

of yield is presented in Table 4.30. The data showed highly positive correlation between seed 

cotton yield and different components of yield such as lint yield kg ha- 1, total open boll plant 
- 1, average boll weight (g), sympodial branches plant-1, and GOT %. A highly significant 

association between seed cotton yield and TDM was also shown, but HI % and lint yield kg 

ha - 1 show non-significant correlation. 

These significant associations are consistent with earlier findings (El Shahawy-MIM, 1999; 

Abdul Ahab and Hussain 1991 Khan et al., 1993).   
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Table: 4.27: Effect of sowing date, cultivar and nitrogen level affecting (GOT) % 

Treatment              Faisalabad                 Sahiwal               Multan 

___________________________________________________________________________ 

A= Sowing date                                                                                                                     

20th May                     36.17 NS                    36.62 a                35.32 a                 36.03                                     

10th June                      35.67                         30.56 b                30.45 b                32.22                                      

LSD 5%                      0.52                           0.16                      0.097 

B=Cultivar 

CIM-496                    35.72 c                       33.31 b                 32.55 b                33.86                                       

CIM-506                    35.05 d                       33.68 a                  33.27 a               34.00                     

NIAB-111                  36.20 b                       33.62 a                  32.48 b              34.10                                    

SLH-284                     36.71 a                      33.76 a                  32.24 a               34.57                               

LSD5%                       0.41                           0.30                       0.42                               

C= Nitrogen level 

50 kg ha -1                  33.92 d                       33.28 d                  31.46 d               32.55                                      

100 kg ha -1                       35.24 c                       33.14 c                  32.39 c                33.59             

150 kg ha -1                36.53 b                      33.92 b                  35.03 a                 34.58    

200 kg ha -1                 37.99 a                      35.03 a                  34.38 a                 35.80                                     

LSD 5%                      0.21                           0.15                       0.18                                                                    

Contrast                                                                                                                                   

Linear                             **                             **                               ** 

Quadratic                        NS                            *                                 NS                                                             

Cubic                                NS                         NS                               NS 

Year Effect                    NS                             N S                            **                                             
Interaction                                                                                                                              

A X B                             **                           **                                **                     

AX C                              NS                          **                                NS 

B X C                             **                           **                                **                                                                

   Mean                       35.92                        33.59                          32.89                                                         
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.28 Interaction between sowing date and cultivar affecting ginning out turn 

(GOT) %        

(a) Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 36.16 b c 35.08 d e 36.78 a 36.67 a b 

10th June 35.29 d e 35.03 e 35.62 c d 36.76 a 

LSD 5%=0.598 

                              Means sharing different letters differs significantly at p ≤ 0.05 

 (b) Sahiwal                                                 

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 37.20 a 36.47 b 34.19 b 36.77 a 

10th June 30.12 e 32.16 c d 29.84 d 29.10 d 

LSD 5% = 0.765 

                              Means sharing different letters differs significantly at p ≤ 0.05 

 (c) Multan           

Sowing date 
Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 36.19 a 35.76 a b 35.25 b 35.86 a b 

10th June 29.86 e 31.65 c d 30.80 d 31.70 c 

LSD 5% = 0.862 

                         Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.29 Interaction between cultivar and nitrogen level affecting ginning out turn 

(GOT) %    (a) Faisalabad    

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 34.08 g h 34.78 e f 36.05 c d 37.99 a 

CIM-506 34.04 i 34.36 f g 35.65 d 37.17 b 

NIAB-111 33.65 h 35.74 c d 37.01 b 38.41 a 

SLH-284 34.92 e 36.10 c 37.43 b 38.40 a 

LSD 5% = 0.428  

                          Means sharing different letters differs significantly at p ≤ 0.05 
(b) Sahiwal 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 34.12 g h 34.79 e f 36.11 c d 38.09 a 

CIM-506 34.03 i 34.38 f g 35.64 d 37.19 b 

NIAB-111 33.74 b 35.78 c d 37.02 b 38.52 a 

SLH-284 34.93 e 35.14 c 37.48 b 38.64 a 

LSD 5% = 0.07  

                            Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 31.80 f 32.70 d e 33.65 b c 33.95 b 

CIM-506 32.40 e 33.17 c d 34.01 35.25 a 

NIAB-111 31.29 f 32.48 e 33.37 c 34.95 a 

SLH-284 32.38 e 33.28 c 34.09 b 35.37 a 

LSD 5% = 0.532 

                            Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.30 Correlation between Seed Cotton yield and Yield Components. 

 

Serial Number Character Faisalabad Sahiwal Multan 

1 Lint yield 0.81* 0.50 N S 0.12 N S 

2 Total boll plant - 1 0.81* 0.51* 0.77** 

3 Opened boll plant - 1 0.89* 0.48 N S 0.61** 

4 Boll weight (g) 0.92* 0.82** 0.85** 

5 TDM kg ha - 1 0.92* 0.94** 0.99** 

6 Harvest Index % 0.87* 0.50 N S 0.50 N S 

7 (GOT) % 0.89* 0.95** 0.90** 

*          = Significant. 

**        = Highly Significant. 

    N S        = Non –Significant. 
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4.4 GROWTH                                                                                                                

4.4.1 Leaf Area Index                                                                                                       

 Leaf area index (LAI) values steadily increased and continued near to maturity of 

crop, but at Sahiwal site thereafter the LAI was declined, (Figs. 4.8, 4.9, 4.10) due to the 

reason that comparatively high temperature and favorable growing conditions helped in 

translocating the photosynthates to economic yield and senescence of leaves. The sowing 

date had a significant effect on LAI at Faisalabad and Sahiwal but at Multan site late sown 

crop produced comparable high LAI with early sown crop.  (Fig. 4.8). Early planting (3rd 

week of May) significantly enhanced LAI over late planting (2nd week of June). Maximum 

values of LAI 3.73 and 3.93 were reached at Faisalabad and Sahiwal for early sowing; 

comparable values for the late sowing were 2.91 and 3.70, respectively, however at Multan 

maximum LAI value for early and late sowing were 4.21 and 4.26, respectively. (Table: 

4.31).                                                                                        

At all sites, cultivar differences in maximum LAI development were significantly 

small (Fig: 4.11). At Faisalabad site cv SLH-284 and NIAB-111 produced at par maximum 

LAI. Followed by CIM-496 which also produced LAI, at par with cv NIAB-111whereas cv 

CIM-506 produced the lowest LAI. At Sahiwal site cv SLH-284 and NIAB-111 produced at 

par the highest LAI followed by cv CIM-496 (3.82) and CIM-506 (3.57), respectively. At 

Multan cv SLH-284 and cv CIM-496 produced at par maximum LAI Averaged over 

locations cv. SLH-284 produced LAI (3.89), NIAB-111 (3.83), CIM-496 (3.79) and CIM-

506 (3.65).. LAI was significantly but affected by N application and the response was linear 

in nature. Averaged over locations 30% (4.53 vs 3.19) higher LAI value was reached in the 

highest N dose compared to the lowest one. The mean maximum values of LAI were 3.32, 

3.80 and 4.23 at Faisalabad, Sahiwal and Multan, respectively (Table: 4.31)                

                  The interaction between sowing date and cultivar affecting maximum LAI was 

only significant at Multan (Table: 4.32).  cv. SLH-284 produced maximum LAI for late 

sowing, followed by cv. CIM-496, either sown early or late. cv CIM-506 when sown early 

and cv NAIB-111 when sown late produced the lowest LAI under Multan conditions. The 

interaction between sowing date and N level was significant at all sites. (Table: 4.33).  At 

Faisalabad site the interactive effect of early sowing and highest N level was significant. The 

value of LAI was maximum (4.07) in early sown and highest N level treatments whereas it 
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was (3.97) in late sown but fertilized with the same N level. The late sowing and lowest N 

level significantly reduced LAI only 2.68 maximum LAI was achieved, similar trend was 

observed at Sahiwal and Multan locations. The    interaction between cultivar and N levels 

affecting maximum LAI was significant but differential at all sites (Table 4.34). The data 

showed that maximum LAI (4.26) was produced by cv, SLH-284 when highest N was 

applied at Faisalabad, followed by NIAB-111and CIM -496 which produced at par LAI. At 

Sahiwal cv NIAB-111 with maximum N dose produced maximum LAI (4.68). At Multan 

response of highest N dose was dominant and cv SLH-284, CIM-496 and CIM-506 produced 

at par LAI at maximum N level.  A highly significant relationship between seed cotton yield 

and LAI was present at Faisalabad whereas small significant relationships were noted at 

other two sites Fig (4.8). The present study showed that maximum LAI was 3 – 4 at all 

locations at boll formation. LAI from 2 -5 have been reported by many workers for cotton in 

various agro- ecological conditions (Ali et al., 2004; Jones et al., 1980; Wullschleger and 

Oosterhius1992; Pettigrew 2002; and Shabbir 2007).         
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Fig: 4.7 Relationship between leaf area index and seed cotton yield (A), at Faisalabad (B), at 
Sahiwal (C), at Multan and (D) pooled for all the locations. 
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Table: 4.31 Effect of sowing date, cultivar and nitrogen level on maximum leaf area 
index. (LAI) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                        3.73 a                         3.93 a                     4.21 b                3.95                                      

10th June                        2.91 b                         3.70 b                     4.26 a                3.62                                    

LSD 5%                         0.19                            0.02                       0.036             

B=Cultivar 

CIM-496                       3.25 b c                      3.82 b                     4.30 a                3.79                                      

CIM-506                       3.19 c                         3.57 c                     4.21 b                3.65                                     

NIAB-111                     3.39 a b                      3. 89 a                    4.09 c                 3.83                                     

SLH-284                        3.45 a                         3.90 a                    4.33 a                 3.89                           

LSD5%                          0.18                            0.03                       0.06           

C= Nitrogen level 

50 kg ha -1                      2.77 d                         3.21 d                    3.59 d                3.19                                     

100 kg ha -1                            3.01 c                         3.55 c                    3.93 c                3.49        

150 kg ha -1                     3.48 b                         3.91 b                   4.35 b                3.91                 

200 kg ha -1                      4.02 a                         4.51 a                   5.06 a                4.53                                     

LSD 5%                                                                                                

Contrast                                                                                                                                   

Linear                                 **                             **                               ** 

Quadratic                            **                             **                               ** 

 Cubic                                  **                            **                               **                                                           

Year Effect                        NS                             **                               **                                             

Interaction                                                                                                                              

A X B                            NS                                N S                              ** 

AX C                              **                                **                               NS 

B X C                             **                                **                                **                                                           

   Mean                            3.32                             3.80                          4.23                                                  
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.32 Interaction between sowing date and cultivar affecting maximum leaf area 

index (LAI)        

(C) Multan  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 4.57 b c 4.13 e 4.36 d 4.42 c d 

10th June 4.66 b 4.47 c d 4.15 e 5.17 a 

LSD 5%=0. 157 

                              Means sharing different letters differs significantly at p ≤ 0.05 

Table: 4.33 Interaction between sowing date and nitrogen level affecting maximum leaf 

area index (LAI) 

(a) Faisalabad  

Sowing date Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

20th May 2.85 e 3.03 d 3.49 c 4.07 a 

10th June 2.68 f 3.00 d 3.43 c 3.97 b 

LSD 5%=0.05 

 (b) Sahiwal  

Sowing date Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

20th May 3.28 g 3.69 e 4.03 c 4.71 a 

10th June 3.14 h 3.41 f 3.78 d 4.32 b 

LSD 5%=0.095 

(c) Multan  

Sowing date Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

20th May 3.33 f 3.60 e 4.01 d 5.28 a 

10th June 3.23 g 3.68 e 4.23 c 4.49 b 

LSD 5%=0.095 

                              Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.34 Interaction between cultivar and nitrogen level affecting maximum leaf 

area index (LAI) 

(a) Faisalabad 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 2.74 k 2.91 h i 3.38 e 3.96 b 

CIM-506 2.66 L 2.93 h 3.31 f 3.86 c 

NIAB-111 2.85 I j 3.11 g 3.63 d 3.99 b 

SLH-284 2.83 j 3.12 g 3.61 b 4.26 a 

LSD 5% = 0.071 

 

(b) Sahiwal 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 3.25 n 3.59 i 3.88 g 4.54 b 

CIM-506 3.02 o 3.39 k 3.69 h 4.19 d 

NIAB-111 3.33 m 3.59 i 3.97 e 4.68 a 

SLH-284 3.21 p 3.55 j 3.91 f 4.51 c 

LSD 5% = 0.077 

(C)  Multan 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 4.06 g h 4.29 e f 4.76 c 5.34 a 

CIM-506 3.40 j  4.05 g h 4.42 d e 5.33 a 

NIAB-111 3.82 i 3.95 h i 4.19 f g 5.06 b 

SLH-284 4.35 e f 4.58 c d 5.00 b 5.24 a 

LSD 5% = 0.077 

                             Means sharing different letters differs significantly at p ≤ 0.05 
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Fig: 4.8 Time course changes in Leaf area index (A), at Faisalabad (B), at Sahiwal and (C) at 

Multan. The bars represent LSD at 5 %. LAI= Leaf area index 
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Fig: 4.9 Time course changes in Leaf area index (A), at Faisalabad (B), at Sahiwal and (C) at 

Multan. The bars represent LSD 5 %. LAI= Leaf area index 
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Fig: 4.10 Time course changes in Leaf area index (A) at Faisalabad, (B) at Sahiwal and (C) 

at Multan. The bars represent LSD 5 %. LAI= Leaf area index 
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4.4.2 Dry matter accumulation                                                                                           

 At all three sites, total dry matter (TDM) accumulation followed the pattern of 

sigmoid growth curve over time and maintained a positive trend throughout the growth 

period in all treatments (Figs 4.11, 4.12 and 4.13) TDM production increased steadily after 

crop establishment until maturity and responded positively to all treatments. Early sowing 

(3rd week of May) significantly increased TDM over late sowing (2nd week of June) at all 

sites (Fig. 4.12) Averaged over locations, maximum TDM was 934 g m-2 in early sowing and 

824 g m-2  in late sowing. Cultivars differences in TDM production were significant. At 

Faisalabad and Sahiwal cv. SLH-284 and NIAB-111 increased TDM over other cultivars. 

Whereas, at Multan cv. NIAB-111 and CIM-496 enhanced TDM over other cultivars. 

Generally, TDM production responded positively to N application. The highest N dose (200 

kg ha -1) enhanced TDM accumulation (1007g m -2) compared to the lowest N  dose (767 g m 
-2), and the response was cubic (Faisalabad, Sahiwal) or quadratic (Multan).                                                    

  In the present study, the comparatively superior performance of early sowing in TDM 

production may be associated with its higher LAIs during the growing season. This enabled 

the early sown plants to intercept more of the available radiation and thus increasing mean 

CGR (Table: 4 .40). The increase in mean CGR was associated with both the vegetative and 

reproductive phases when CGR differences were also pronounced between the treatments. 

Higher CGR is usually dependent upon rapid expansion of LAI or LAD to intercept available 

radiation especially early in season .The relative poor performance of late sown of cotton 

crop in TDM production was therefore associated with its lower leaf area index or leaf area 

duration. (Table: 4.31& 4.35) and thus less radiation interception during the growing season. 

The other workers (Jones et al 1980; Christinian 1986; Rosenthal and Gerick 1990; 

Wullschleleger and Ooesteruis 1992; Shafiq 2002; Pettigrew 2002; Milory et al., 2003; and 

Arshad, 2006) reported similar growth curves of cotton crop.         
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Fig 4.11 Changes in TDM with time (A), at Faisalabad (B), at Sahiwal and (C) at Multan,  

the bars represent LSD values at 5%. TDM = Total dry matter 
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Fig 4.12 Changes in TDM with time (A), at Faisalabad (B), at Sahiwal and (C) at Multan, the 

bars represent LSD values at 5%. TDM = Total dry matter 
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Fig 4.13 Changes in TDM with time (A), Faisalabad (B), at Sahiwal and (C) at Multan, the 

bars represent LSD values at 5%. TDM = Total dry matter 
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4.5.0 Analysis of growth                                                            

4.5.0 Leaf area duration                                                                                                    

 Table: 4.35 presents the effects of treatments on cumulative leaf area duration (LAD) 

at all locations. At Faisalabad site early sowing enhanced LAD by 12.40 % (379 vs 332), at 

Sahiwal 17 % (412 days vs 342 days) and at Multan site by 8 % (433 days vs 398 days).  

Averaged over locations the early sowing significantly enhanced LAD by 12.5 % ( 408 days 

vs 357 days) than the late sowing. Cultivar differences in LAD were significant but 

differentially affected cumulative LAD. At Faisalabad site cv SLH-284 had longer LAD 375 

days followed by cv NIAB-111 335 days cv CIM-496 and CIM-506 had shorter but at par 

LAD. AT Sahiwal site cv SLH-284 had the longest LAD followed by cv NIAB-111 and 

CIM-496 which had at par LAD values whereas cv CIM-506 had the lowest LAD. At Multan 

site cv CIM-506 had the expanded LAD followed by all other cultivar at par LAD values. 

The N level significantly enhanced LAD at all sites, and the response was mostly linear in 

nature. Averaged over locations the highest N dose enhanced cumulative LAD by 43 % ( 453 

days vs 305 days) compared to the lowest N dose. Overall, mean LAD was 322 days, 377 

days and 415 days at Faisalabad, Sahiwal and Multan, respectively.                                           

   The interaction between sowing dates and cultivars affecting LAD was significant at 

all sites. (Table: 4.36)  At Faisalabad site cv SLH-284 when sown early had longer LAD than 

any other cultivar, at Sahiwal cv CIM-496 when sown early had more LAD value and similar 

trend at Multan site had been noted. Interaction between sowing date and N application 

affecting LAD was also significant at all locations. Early sowing and higher N application 

enhanced LAD over late sown crop with lower N application. (Table: 4.37) Differences in 

TDM or seed cotton yield in response to agronomic treatments may or may not be explained 

by the differences in their maximum leaf area indices. Therefore, variation in yield between 

treatments is sometimes accounted for LAD. The relationship between TDM and LAD was 

linear and positively correlated Fig (4.15) similar relationship was found between LAD and 

seed cotton yield at various sites Fig. (4.14). The relationship between TDM or yield and 

LAD largely depend on climatic conditions prevailing at particular location / season thus 

making it difficult to generalize it for different locations and seasons (Montheith, 1981). 
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Fig: 4.14 Relationship between cumulative LAD and seed cotton yield (A), at Faisalabad 

(B), at Sahiwal (C), at Multan and (D) pooled for all locations. 
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Fig: 4.15 Relationship between cumulative LAD and total dry matter (A), at Faisalabad (B), 

at Sahiwal (C), at Multan and (D) pooled for all the locations. 
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Table: 4.35 Effect of sowing date, cultivar and nitrogen level on leaf area duration 
(days) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                    379 a                             412. a                433a              408                                    

10th June                      332b                             342 b                 398 b             357                                   

LSD 5%                      9.63                              6.26                    6.30 

B=Cultivar 

CIM-496                     326   c                          379 b                416 a b             374                                    

CIM-506                     322   c                           360 c                 418 a                 366                                   

NIAB-111                    335   b                          379 b                415 b                 376                                   

SLH-284                      347   a                           390 a                414 b                 388                                   

LSD5%                        4.37                              2.73                    2.36                             

C= Nitrogen level 

50 kg ha -1                   269 d                                292 d                   353. d               304                                   

100 kg ha -1                       303  c                                 341 c                   390.c                 345         

150 kg ha -1                  352. b                               405 b                  433. b              397  

200 kg ha -1                  405 a                                 470 a                 485. a               453                                    

LSD 5%                       2.04                                   2.33                      2.48                                                            

Contrast                                                                                                                                   

Linear                             **                                       **                        ** 

Quadratic                        **                                       **                        ** 

Cubic                               **                                      **                         NS                                                     

Year Effect                    **                                       **                         **                                             

Interaction                                                                                                                              

A X B                             **                                          **                      **                  

AX C                              **                                          **                      ** 

B X C                             NS                                        N S                     NS                                                         

 Mean                              332                                      377                     415                                                     
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    
      NS: Non significant 
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Table: 4.36 Interaction between sowing date and cultivar affecting leaf area duration 

(LAD) days.      

(A)  Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 331.10 c 333.2 b 345.2 b 357.8 a 

10th June 320 d 310.9 e 324.2 d 335.6 c 

LSD 5%= 6.18 

                              Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 472.30 a 417.32 c 433.87 b 386.69 f 

10th June 387.54 f 419.19 c 398.26 e 415.78 d 

LSD 5%= 4.18 

                     Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 471. 20 a 416.35 c 431.84 b 384.63 f 

10th June 384.63 f 417.33 c 397.00 e 412.15 d 

LSD 5%= 4.13 

                               Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.37 Interaction between sowing date and nitrogen level affecting leaf area 

duration (LAD) days.      

(B)  Faisalabad  

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 280.2 g 315.5 e 363.6 c 408.10 a 

10th June 257.7 h 290.5 f 341.0 d 401.5 b 

LSD 5%= 2.0 

                              Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 361.23 f 393.44 d 443.22 b 523.76 a 

10th June 335.72 g 382.71 e 416.32 c 444.57 b 

LSD 5%= 5.78 

                    Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 360.03 f 391.73 d 441.88 b 520.20 a 

10th June 333.07 g 380.5 e 415.30 c 443.13 b 

LSD 5%= 5.53 

                               Means sharing different letters differs significantly at p ≤ 0.05 

 

 

 

 

 

 

 

 



 103

4.5.2 Net assimilation rate (NAR) (g m- 2 day -1)                                                                                               

 The average net assimilation rate (NAR) of a crop represents the net photosynthetic 

efficiency production per unit LAD (Hunt, 1978). This technique of growth analysis has 

problems with field crops as the micro climate due to faster growth of crop is changed and it 

affects the growth of same crop and changes in photosynthesis / respiration produced 

complex results of different treatments.  The late planting significantly increased NAR over 

early planting at all locations. Averaged over all locations, the NAR was 1.68 % higher (4.74 

g m-2 day-1 vs 4.66 g m-2 day-1) in late sowing compared to early sowing. (Table: 4.38). The 

cultivar’s differences at Faisalabad, NAR value was maximum for cv CIM-496 followed by 

cv CIM-506 and NIAB-111 which were statistically at par with each other. Whereas cv SLH-

284 showed the lowest NAR g m -2 day -1 At Sahiwal site cv SLH-284 and NIAB-111 

showed at par maximum NAR followed by cv CIM-506, whereas cv CIM-496 showed the 

lowest NAR. At Multan cv NIAB-111 and cv CIM-506 at par showed maximum NAR 

followed by cv CIM-496 and cv SLH-284 which showed at par NAR values. 

                Nitrogen application at different levels significantly but differentially affected 

NAR at Faisalabad and Sahiwal. Differences among N levels were, however, non-significant 

at Multan. Lesser levels of nitrogen produced lesser LAI that might have enhanced light 

penetration in to crop canopy which in turn cause high rate of photosynthesis. Besides more 

light penetration in to crop canopy might have suppressed the respiratory losses as enzymes 

responsible for respiration are less active in illuminated environment. Thus an increase in the 

rate of photosynthesis and reduction in respiratory losses probably resulted in high NAR at 

lower level of nitrogen.   The interaction between sowing date and cultivar affecting NAR 

was significant at all sites. Data showed that late sowing increased NAR over early sowing 

irrespective of cultivar at Sahiwal and Multan but decreased at Faisalabad. (Table: 4.39). 

According to Hunt (1978) average values of NAR at about 5-6 g m-2 day -1 were found for a 

range of species. Such variation in mean NAR indicates that differences in yield over a range 

environment are likely to be determined by differences in LAD. 
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4.5.3 Crop growth rate (CGR)                                                                                                        

Table: 4.40 showed the effect of treatments on mean crop growth rate (CGR). Early 

sowing significantly enhanced mean CGR by 20% (6.98 g m- 2 day - 1 vs 5.55g m-2 day -1) at 

Faisalabad, 14% at Sahiwal (7.82g m-2 day -1 vs 6.75g m-2 day -1) but decreased 2.67 % (7.48 

g m -2 day -1 vs 7.25g m-2 day -1) at Multan site probably due to favorable climatic conditions 

for late sown crop at this location. Cultivar differences in mean CGR were small significant 

at all sites, cv. NIAB-111 & SLH -284 showed at par maximum mean CGR followed by  cv 

SLH-284 and cv CIM-496 at par CGR with each other, however cv CIM-506 achieved 

lowest CGR at Faisalabad site. At Sahiwal site significantly higher CGR was noted in cv 

SLH-284 followed by cv NIAB-111 and cv CIM-506 whereas the lowest CGR was recorded 

in cv CIM-496.At Multan site significantly higher CGR was found in cv NAIB-111 followed 

by cv CIM-506 and cv CIM-496 whereas the lowest CGR was noted in cv SLH-284.   At all 

sites N application significantly enhanced mean crop growth rate and the response was linear 

at Faisalabad and Sahiwal or cubic at Multan site. Averaged over locations, mean CGR was 

6.27 g m-2 day -1, 7.31gm-2day -1and 7.36 g m-2 day -1 at Faisalabad, Sahiwal and Multan, 

respectively.                                                                                           

 The interaction between sowing date and cultivar affecting mean CGR was 

significant at all locations (Table: 4.41) At Faisalabad cv SLH-284, when sown early showed 

faster growth than any other cultivar. In early sown crop mean CGR was significantly higher 

irrespective of cultivar. At Sahiwal site the highest mean CGR (8.40 g m- 2 day - 1) was 

recorded in cv SLH-284, when sown early followed by cv NIAB-111 (8.16 g m- 2 day - 1) 

when sown in 3rd week of May. In early sown crop CGR was higher than in late sown crop in 

all the cultivars. At Multan site cv NIAB-111 and cv CIM-506 at par showed the highest 

CGR values when sown late followed by cv CIM-496 when sown early. Similarly cv SLH-

284 showed faster CGR at early sowing date compared to late sowing. Interaction between 

sowing date and N level affecting mean CGR was also significant at all locations (Table: 

4.42) The of N application at different levels significantly affected mean CGR at all 

locations. At Faisalabad early sowing and highest N dosed enhanced mean CGR significantly 

compared to late sowing and lower N levelu. Mean CGR of early sown crop fertilized @ of 

50 kg N ha – 1 was at par to late sown crop fertilized @ of 200 kg N ha – 1. This indicated that 

late sowing crop could be better managed or compensated with higher nitrogen application 
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under Faisalabad conditions. At Sahiwal site early sown crop with highest level 200 kg N ha 
– 1 showed the highest CGR followed by same crop with 150 kg N ha – 1.  The late sowing and 

lower N significantly decreased mean crop growth rate. At Multan site the late sowing and 

200 kg N ha – 1 significantly enhanced mean CGR compared to early sowing and 200 kg N ha 
– 1 level.  

             To expound the factors determining seed cotton yield in different treatments, the crop 

growth was examined throughout the season. Growth analysis showed that treatment 

differences in LAD, NAR and CGR were associated with those in final seed cotton yield. 

(Tables 4.35, 4.40 and Fig. 4.14, 4.15).TDM production during growth especially during 

early stages is considered important for determining the number of bolls per unit area as sink 

capacity. In this study, the treatment such as sowing date cultivars and N levels having higher 

LAD or CGR during the growth produced a greater number of fruiting bearing branches plant 
-1, more number of bolls plant -1 and treatment like late sowing, lesser N application, having 

lower LAD or CGR values during growth produced small number of sympodia, less number 

of bolls plant -1    per unit area. Similar results have been reported by (Flower, 2002; Ahmad, 

2003; and Hussain, 2006). Thus, large sink size achievement may be prerequisite through 

high TDM production during growth, may be and ultimately achieving   higher seed cotton 

yield. 

    In addition to the development of large sink organ, a large amount of non-structural 

carbohydrates (NSC) accumulated during growth may have existed in the mobilizable state 

and could contribute to an increased supply of photosynthates to bolls and thus final seed 

cotton yield through its translocation to bolls. 

       As mentioned above, higher CGR during early growth stage may be necessary to attain a 

higher seed cotton yield. Thus differences in CGR among treatments during the period may 

have resulted from the variation in environmental conditions. In particular, radiation directly 

influences the plant biomass production (Montheith, 1977). Interestingly, there were 

significant differences in the amount of intercepted radiation among treatments during the 

growth period. Thus, differences in CGR could be attributed to variations in the amount of 

intercepted light as well as its utilization efficiency.   

 Generally, CGR is product of RUE, Sa, K and LAI. Among these components a 

significant differences was clearly recorded in RUE during growth (Table 4.51) 
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CGR= LAI x  k x Sax RUE 

 Comparatively superior preference of TDM production under early sowing, high rate 

of N application responded positively and this was associated with their higher LAD, integral 

of LAI over time. This enabled the crop plants in these treatments to intercept more of the 

available radiation and thus higher CGR. Biscoe and Gallagher (1978) reported that higher 

CGR is usually dependent upon rapid leaf expansion of LAI to intercept available radiation 

in the growing season. 
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Table: 4.38 Effect of sowing date, cultivar and nitrogen level on net assimilation rate 
NAR (g m– 2day -1) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                      5.45 b                          5.49 b                    5.02 b                5.32                                       

10th June                      5.59 a                           5.60 a                    5.16 a                5.45                                      

LSD 5%                      0.05                              0.08                        0.03 

B=Cultivar 

CIM-496                     5.58 a                           5.48 c                    5.07 b                538                                        

CIM-506                     5.52 b                           5.54 b                    5.10 a                5.39                   

NIAB-111                   5.53 b                          5.59 a                    5.12 a                  5.41                                 

SLH-284                     5.44 c                           5.58 a                    5.05 b                 5.36  

LSD5%                        0.04                             0.02                       0.02                             

C= Nitrogen level 

50 kg ha -1                    5.78 a                          5.82 a                    5.09                     5.56                                     

100 kg ha -1                        5.59 b                         5.59 b                    5.10                     5.43       

150 kg ha -1                  5.42 c                         5.45 c                     5.09                     5.32  

200 kg ha -1                  5.29 d                         5.32 d                     5.08                     5.23                                    

LSD 5%                        0.01                            0.02                        0.01                                                                

Contrast                                                                                                                                   

Linear                             **                             **                               ** 

Quadratic                        NS                            *                                 NS                                                             

Cubic                                                                                    

Year Effect                    NS                         N S                                **                                             

Interaction                                                                                                                              

A X B                             **                          **                                   **                                                              

   Mean                           5.52                      5.54                              5.09                                                    
      Means sharing different letters differ significantly at p≤ (0.05) P                                              

*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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Table: 4.39 Interaction between sowing date and cultivar affecting net assimilation rate 

NAR (g m-2 day – 1).      

(C)  Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 5.55 b 5.52 b 5.69 a b 5.76 a 

10th June 5.03 d 4.78 e 5.30 c 4.96 d 

LSD 5%= 0.159 

                              Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 3.87 c 4.01 c 4.02 c 3.96 d 

10th June 4.11 b 4.15 a 4.08 b 4.06 b c 

LSD 5%=0.017  

                    Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 5.34 c 5.42 c 5.66 b 6.08 a 

10th June 4.92 f 4.94 f 5.05 e 5.16 d 

LSD 5%= 0.094 

                               Means sharing different letters differs significantly at p ≤ 0.05 

 

 

 

 

 

 

 



 109

Table: 4.40 Effect of sowing date, cultivar and nitrogen level on mean crop growth rate 
CGR (gm– 2 day -1) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                      6.98 a                          7.82 a                    7.25 b                7.35                                       

10th June                      5.55 b                          6.75 b                    7.48 a                6.59 

LSD 5%                      0.33                             0.05                        0.04         

B=Cultivar 

CIM-496                    6.26 b                         7.08 c                        7.19 c                6.84                                     

CIM-506                    6.05 c                         6.89 d                        7.44 b               6.79                   

NIAB-111                  6.39 a                         7.53 b                        7.75 a               7.22                                  

SLH-284                     6.36 a b                      7.76 a                        7.06 d               7.06           

LSD5%                       0.10                         0.61                             0.06                              

C= Nitrogen level 

50 kg ha -1                  5.60 d                       6.31 d                          6.29 d               6.06                                      

100 kg ha -1                      5.91 c                       6.83 c                          7.01 c               6.58         

150 kg ha -1                6.46 b                      7.67 b                          7.70 b               7.27   

200 kg ha -1                7.08 a                      8.46 a                           8.44 a                7.99                                      

LSD 5%                      0.07                        0.03                               0.04                                                              

Contrast                                                                                                                                   

Linear                             **                             **                               ** 

Quadratic                        **                             *                                 NS                                                             

Cubic                              NS                            **                              NS 

Year Effect                    NS                            **                              **                                             

Interaction                                                                                                                              

A X B                             *                              **                                 **                  

AX C                              **                            **                                 **                                                              

    Mean                         6.27                        7.31                                7.36                

      Means sharing different letters differ significantly at p≤ (0.05) p                                              

*, **: Significant at 0.05 and 0.01, respectively                                                                    

NS: Non significant 
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Table: 4.41 Interaction between sowing date and cultivar affecting crop growth rate 

CGR (gm-2 day – 1).      

(A) Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 6.96 b 6.77 c 7.02 b 7.17 a 

10th June 5.57 e 5.33 f 5.76 d 5.55 e 

LSD 5%= 0.155 

                               Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 7.48 e 7.23 d 8.16 b 8.40 a 

10th June 6.68 g 6.56 h 6.90 f 7.13 c 

LSD 5%=0.165  

                    Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 7.29 b 6.51 f 6.76 d 6.92 c 

10th June 6.60 e f 7.57 a 7.62 a 6.71d e 

LSD 5%= 0.119 

                                Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.42 Interaction between sowing date and nitrogen level affecting crop growth 

rate CGR (gm– 2 day – 1).      

(A) Faisalabad   

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 6.22 d 6.58 c 7.17 b 7.94 a 

10th June 4.93 g 5.25 f 5.76 e 6.23 d 

LSD 5%= 0.096 

                              Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 6.79 f 7.26 d 8.25 b 8.97 a 

10th June 5.82 h 6.40 g 7.08 e 7.95 c 

LSD 5%= 0.098 

                    Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 6.11 h 6.43 f 7.09 d 7.84 b 

10th June 6.20 g 6.85 e 7.45 c 8.00 a 

LSD 5%= 0.08 

                              Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.43 Effect of sowing date, cultivar and nitrogen level on fraction of intercepted 
PAR (Fi) at 100- Days after sowing (DAS) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       
A= Sowing date                                                                                                                      

20th May                    0.81 b                              0.89 a                     0.92 a                 0.87                                    

10th June                     0.80 a                              0.76 b                     0.90 b                 0.8        

LSD 5%                      0.007                               0.012                     0.002 

B=Cultivar 

CIM-496                    0.80  NS                         0.83 a b                    0.91 c                 0.85                                  

CIM-506                    0.80                                0.81 c                       0.92 b                 0.84                    

NIAB-111                  0.79                                0.81 b c                    0.90 d                 0.83           

SLH-284                     0.83                                0.84 a                       0.93 a                 0.86             

LSD5%                       0.004                              0.013                         0.002                               

C= Nitrogen level 

50 kg ha -1                   0.71 d                           0.73 d                     0.88 d                 0.77                                    

100 kg ha -1                         0.81 c                            0.80 c                     0.91 c                 0.84                           

150 kg ha -1                 0.83 b                            0.86 b                     0.93 b                 0.87     

200 kg ha -1                 0.87 a                            0.90 a                      0.95 a                 0.91                                  

LSD 5%                      0.028                              0.009                    0.0013                                                           

Contrast                                                                                                                                   

Linear                           **                                 **                              ** 

Quadratic                      **                                 * *                             **                                                             

Cubic                            **                                  **                              **                                                     

Year Effect                  NS                                 N S                           **                                             

Interaction                                                                                                                              

A X B                            **                               *                                   **                  

AX C                             **                              NS                                 ** 

B X C                            **                              NS                                 **                                                           

   Mean                           0.81                          0.82                                 0.91  

      Means sharing different letters differ significantly at p≤ (0.05)                                               
*, **: Significant at 0.05 and 0.01, respectively                                                                    
NS: Non significant 
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4.6.0 GROWTH AND INTERCEPTED RADIATION                       

4.6.1 Fraction of intercepted PAR (F i)                                                                                                 

 Generally, fraction of intercepted PAR (Fi) values continued steadily increasing and 

reached its maximum 100 DAS at all locations. Table 4.43 presents the treatment effect on 

fraction of intercepted PAR (Fi) 100 days after sowing of crop. The date of sowing had 

significant effect on Fi at all locations, at Faisalabad crop sown during May intercepted more 

radiation compared to June sown crop and the Fi values were 80% for June sown crop and 

81% for May sown crop. Early sowing enhanced Fi over late sowing at Sahiwal and Multan 

and the values were reached 89 % and 92 %, respectively (Table: 4.43) equivalent values of 

PAR(Fi), in late sowing were 76% and 90 %, respectively.                                                   

 At all sites differences in maximum Fi among cultivars were significant. Maximum Fi 

values on average were 0.86, 0.83, 0.84 and 0.85 in cv. SLH-284, cv. NIAB-111, cv. CIM-

506 and cv CIM-496, respectively. The Fi was significantly affected by N application at all 

locations. Higher N dose (N4) significantly enhanced Fi over lower N dose (N1), and the 

response was quadratic or cubic at different locations Average Fi values remained  91%, 87 

%, 84 % and 77 % in N level 200,150,100 and 50 kg ha-1. The interaction between sowing 

date and cultivar was significant at all locations. (Table: 4.44) At Faisalabad cv. SLH-284 

gave maximum value of Fi in case either sown early or late but in case of cv NAIB -111 the 

highest Fi value was only achieved when sown early but late sown crop intercepted less 

radiation. At Multan late sown crop intercepted greater radiation as compared to early sown 

crop irrespective of the cultivar. The interaction between sowing date and N level was 

significant at Faisalabad and Multan only. Significantly higher radiation was intercepted by 

late sown crop applied highest N level compared to early sown crop and applied same 

Nitrogen. The June sown crop responded well to applied N.  (Table: 4.44). The interaction 

between cultivars and N level was also significant at Faisalabad and Multan .At Faisalabad 

site cv SLH-284 intercepted maximum radiation followed by cv NIAB-111 and cv CIM-506 

which intercepted at par radiation, however cv CIM-496 intercepted the lowest radiation. At 

Multan site cv CIM-506 when applied the 200 kg N ha – 1 intercepted highest radiation 

followed by NIAB-111 with same N level. Cv SLH-284 with lowest N level intercepted the 

least radiation. (Table: 4.45) 
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Table: 4.44 Interaction between sowing date and cultivar affecting fraction of 

intercepted PAR. (Fi) 100 DAS     

(A) Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 0.54 h 0.65 e 0.72 c 0.77 a 

10th June 0.56 g 0.63 f 0.71 d 0.76 b 

LSD 5%= 0.005 

                             Means sharing different letters differs significantly at p ≤ 0.05 

 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 0.86 f 0.88 d 0.90 c 0.95 b 

10th June 0.87 e 0.88 d 0.90 c 0.96 a 

LSD 5%=0.005 

                   Means sharing different letters differs significantly at p ≤ 0.05 

 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 0.84 f 0.86 d 0.88 c 0.92 b 

10th June 0.85 e 0.86 d 0.88 c 0.93 a 

LSD 5%=0.004 

                   Means sharing different letters differs significantly at p ≤ 0.05 

 

 

 

 

 

 



 115

Table: 4.45 Interaction between cultivar and nitrogen level affecting fraction of 

intercepted PAR (Fi) 100 DAS 

(A) Faisalabad 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 0.53 l 0.65 g h 0.70 f 0.75 c 

CIM-506 0.54 k 0.65 h 0.72 e 0.76 b 

NIAB-111 0.54 k 0.61 i 0.70 f 0.76 b 

SLH-284 0.59 j 0.66 g 0.73 d 0.79 a 

LSD 5% = 0.007 

                            Means sharing different letters differs significantly at p ≤ 0.05 

 

(C)  Multan 

Cultivar Nitrogen level 

50 kg N ha -1 100 kg N ha -1 150 kg N ha -1 200 kg N ha -1 

CIM-496 0.69 o 0.78 l 0.82 j 0.91 c 

CIM-506 0.81 k 0.85 h 0.89 d 0.94 a 

NIAB-111 0.78 m 0.83 i 0.87 g 0.92 b 

SLH-284 0.78 m 0.81 k 0.88 f 0.88 f 

LSD 5% = 0.003 

                              Means sharing different letters differs significantly at p ≤ 0.05 
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Fig: 4.16 Relationship between fraction of intercepted radiation and leaf area index (A), at 

Faisalabad (B), at Sahiwal (C), at Multan and (D) pooled for all the locations. 

LAI = Leaf area index 
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4.6.2 Incident and intercepted radiation  

 (Table: 4.46) presents the treatment response to intercepted photo synthetically active 

radiation PAR (Sa) during the growth cycle at all sites. The values of intercepted PAR were 

23%, 26% and 23% of the incident PAR , at Faisalabad, Sahiwal and Multan, respectively. 

Early sowing enhanced intercepted PAR over the late sowing at all sites. Averaged over 

locations, early sowing enhanced intercepted PAR by 17 % (1647 MJ m-2 vs 1369 MJ m -2) 

as compared to late sowing. Average amount of cumulative intercepted PAR for early sowing 

were 1351 MJm-2, 1787 MJm-2 and 1811 MJm-2 at Faisalabad, Sahiwal and Multan, 

respectively. Equivalent values in late sowing at three locations were 1114 MJ m-2, 1464 MJ 

m-2 and 1525 MJ m-2. Cultivar differences regarding intercepted PAR were significant but 

differential at all sites. Cv SLH-284 intercepted maximum PAR at Faisalabad followed by 

other cultivar those were at par with each other in PAR interception.  At Sahiwal cv SLH-284 

intercepted maximum PAR followed by cultivars NIAB-111 and CIM-496, those intercepted 

at par photosynthetically active radiation, whereas cv CIM-506 intercepted the lowest PAR.  

at Multan CIM-506 was at the top followed by NIAB-111,cv SLH-284 and cv CIM-496 

intercepted the lowest PAR value. Averaged over locations the values of maximum 

intercepted PAR were, 1529, 1507, 1498 and 1490 MJ m-2 for cv.SLH-284, NIAB-111, CIM-

506 and CIM-496, respectively. The N level significantly affected cumulative PAR 

interception at all locations and the response was linear or quadratic in nature. The highest N 

dose averaged over all sites increased 16 %( 1635 MJm-2 vs 1367 MJm-2) cumulative PAR 

interception compared to the lowest one.                                                                      

 Interaction between sowing date and cultivar affecting cumulative PAR interception 

was significant at all sites (Table: 4.47). At Faisalabad cv. SLH-284 when sown early 

intercepted maximum PAR than any other cultivar.  Crop sown in May harvested more PAR 

compared to June sown crop irrespective of cultivars. A similar trend was noted at Sahiwal, 

where early sown crop with cv SLH-284 intercepted maximum PAR followed by cultivars 

NIAB-111 and CIM-496 who were at par in interception of PAR whereas cv CIM-506 

remained at bottom regarding PAR interception.  At Multan site similar behavior of different 

cultivars were noted. Generally, the impact of sowing date was dominant over cultivars as 

early sown crop helped in early crop canopy development consequently it intercepted more 

PAR compared to late sown crop.  
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 The interaction between sowing date and N application was also significant at all sites 

(Table: 4.48). Early sowing and higher N application enhanced PAR interception compared 

to late sowing and lower N level. Relationship between observed and simulated days taken to 

maturity was positive and coefficient of regression was 99 % for Faisalabad and 98 % for 

Sahiwal, Multan and pooled data for all locations. (Fig 4.19).The LAI and PAR interception 

had a linear relationship similarly seasonal TDM accumulation was also linearly related with 

the cumulative intercepted PAR at all locations (Fig 4.17). The common regression 

accounted for 88% variability in pooled data and gave a value of 1.13 g dry matter MJ-1 of 

cumulative intercepted PAR. The values are similar to others who also demonstrated similar 

linear relationships between seasonal TDM accumulation and cumulative intercepted PAR. 

(Kiniry, et al., 2001; and Hussein, 2006 ;)  

 The major effects of treatments were seen in LAI, Fi, and thus on cumulative 

intercepted PAR. The TDM accumulation was well correlated with cumulative intercepted 

PAR and supports that light interception is the major determinant of crop growth (Montheith, 

1981)    
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Table: 4.46 Effect of sowing date, cultivar and nitrogen level on cumulative 

photosynthetically active radiation PAR (S a) MJ m -2. 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       
A= Sowing date                                                                                                                      
20th May                   1351 a                             1778 a                     1811 a             1647                                      

10th June                   1114 b                             1464 b                     1525 b             1368                  

LSD 5%                    74.78                               43.82                       31.14    

B=Cultivar 

CIM-496                 1216  b                              1620. b                   1635 d            1490  

CIM-506                 1218 b                              1577 c                     1700 a            1498                

NIAB-111               1220 b                               1630 b                    1671 b            1507  

SLH-284                 1265 a                                1655 a                     1666 c           1529  

LSD5%                    7.18                                   14.13                       2.32                                 

C= Nitrogen level 

50 kg ha -1               1112 d                                1446 d                      1542d             1367                                    

100 kg ha -1                   1215 c                                 1557c                       1635 c            1469 

150 kg ha -1             1268 b                                1695 b                       1707 b           1557      

200 kg ha -1             1332 a                                 1786 a                       1787 a           1635                                   

LSD 5%                   6.61                                   10.68                          2.66                                                          

Contrast                                                                                                 

Linear                             **                                         **                            ** 

Quadratic                       **                                         * *                            **                                                      

Cubic                              NS                                       N S                           N S                                                  

Year Effect                  **                                           NS                            **                                                    

Interaction                                                                                                                              
A X B                             **                                           *                              **                     
AX C                              **                                          **                              *                                                     
 Mean                             1232                                    1621                        1668                                                   
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: significant at 0.05 and 0.01, respectively NS: Non significant. 

 Incident PAR at Faisalabad =1600 MJm-2, incident PAR at Sahiwal =2178 MJm-2 and 

incident PAR at Multan =2156 MJm-2 
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Table: 4.47 Interaction between sowing date and cultivar affecting cumulative 

photosynthetically active radiation PAR (S a) MJ m -2.     

(A) Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1346 b 1331 c 1323 c 1402 a 

10th June 1086 f 1125 d e 1116 e 1147 d 

LSD 5%=10.16  

                             Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1782 b 1743 c 1783 b 1804 a 

10th June 1458 f 1411 g 1478 e 1510 d 

LSD 5%=6.88 

                    Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1834 b 1810 c 1834 b 1849 a 

10th June 1557 g 1736 d 1650 e 1601 f 

LSD 5%= 5.97 

                              Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.48 Interaction between sowing date and nitrogen level affecting cumulative 

photosynthetically active radiation PAR (S a) MJ m -2.      

(A) Faisalabad  

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 1229 d 1337 c 1394 b 1442 a 

10th June 994 g 1094 f 1143 e 1223 d 

LSD 5%= 9.35 

                             Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 1736 d 1790 c 1833 b 1978 a 

10th June 1467 h 1568 g 1712 f 1770 e 

LSD 5%= 8.36 

                   Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Nitrogen level 

50 kg N ha-1 100 kg N ha-1 150 kg N ha-1 200 kg N ha-1 

20th May 728 e 783 c 1862 b 1954 a 

10th June 475 h 1790 g 1693 f 1758 d 

LSD 5%= 7.28 

                              Means sharing different letters differs significantly at p ≤ 0.05 
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Fig : 4.17 Relationship between seasonal TDM and intercepted PAR  (A), at Faisalabad (B), 

at Sahiwal  (C), at Multan and (D) pooled for all the locations.     
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4.6.3 Radiation utilization efficiency                                                                                            

4.6.4 Radiation use efficiency for TDM (g MJ - 1) 

 Table: 4.49 presents the effect of treatments on radiation use efficiency for TDM   

(RUE TDM) at all locations. The early sowing enhanced RUE TDM over late sowing at all sites 

due to the fact that early planted crop developed crop canopy earlier compared to late planted 

crop , thus early sown crop enhanced light interception , photosynthesis and produced more 

total dry matter compared to late sown crop , increasing RUE TDM . Furthermore early sown 

crop received mild temperatures during early growth stages which helped in increasing 

photosynthesis and decreasing respiration compared to late sown crop which received 

relatively high temperatures that increased respiration and decreased photosynthesis, 

resulting in lower total dry matter production by late planted crop thus decreasing its RUE 

TDM.  Averaged over locations early sowing enhanced RUE TDM by 15 % (1.23 vs 1.04 g MJ-1) 

compared to late sowing. Cultivar differences in RUE TDM were significant at all sites. Every 

cultivar has its own genetic make-up and canopy structure, ability to withstand the adverse 

conditions of climate therefore varied in light interception, photosynthetic efficiency, thus 

having different RUE TDM. The prevailing climatic conditions of various locations also 

significantly affected RUE TDM of same cultivar. The cv SLH-284 and. CIM-496, at 

Faisalabad significantly enhanced RUE TDM to other cultivars and they were statistically at 

par with each other, followed by cv NIAB-111 whereas cv CIM-506 was at bottom in (g MJ - 

1). At Sahiwal CIM-506 enhanced RUE TDM significantly than other cultivars followed by cv 

NIAB-111, while cultivars CIM-496 and cv SLH-284 at par showed the lowest RUE TDM. At 

Multan site NAIB-111 and SLH-284 at par enhanced RUE for TDM production followed by 

cultivars CIM-506 & CIM-496 which produced at par RUE TDM.  Significant differences 

were found in RUE TDM for   N application at all sites. Nitrogen is the major essential 

component of plant cell, proteins and enzymes. It helped to enhance chlorophyll, thus 

increasing photosynthesis, helping in producing more total dry matter.  Averaged over 

locations the highest N level (200 kg ha-1) enhanced RUE TDM by 16.8 %  (1.25 g MJ-1 vs  

1.04 g MJ-1) compared to the lowest N level (50 kg ha-1) overall average RUE TDM was 1.16, 

1.20 and 1.05 g MJ-1 at Faisalabad, Sahiwal and Multan, respectively.                                                                

The interaction between sowing date and cultivar affecting RUE TDM was significant 

at all sites (Table: 4.50). At Faisalabad cv SLH-284 either sown early or late enhanced RUE 
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TDM than other cultivars but cv NAIB-111, only when sown early-enhanced RUE TDM and 

was at par with cv SLH-284. Early sowing irrespective of any cultivar significantly enhanced 

RUE TDM compared to late sowing. At Sahiwal site cultivars CIM-496 and CIM-506 either 

sown early or late at par showed higher RUE TDM  but cultivars SLH-284 and NIAB-111 

showed at par higher RUE TDM only when sown early, in case of late sowing they produced at 

par lower  RUE TDM . At Multan significantly higher RUE TDM was observed in cv SLH-284 

followed by cv NIAB-111when sown early but when sown late these cultivars significantly 

reduced RUE TDM than other cultivars. The present study corroborated the findings of other 

workers. (Rosenthal and Gerik; 1990, Milroy et al., 2003 and Arshad; 2005)           

4.6.5 Radiation use efficiency for seed cotton yield  

  Table: 4.51 showed the effect of treatments on radiation use efficiency for seed cotton 

yield (RUE SCY) at all locations At Faisalabad the results were non- significant, whereas at 

other two sites the late sown crop efficiently used light energy and converted this in to useful 

economic yield perhaps due to variation in environmental conditions prevailing during 

growth cycles of crop at various locations.  Averaged over locations RUE SCY for early and 

late sowing was 0.57 and 0.60 gMJ-1, respectively. The differences in RUE SCY between 

cultivar were significant at all sites. At Faisalabad site cv NIAB-111 and cv CIM-496 

significantly enhanced RUE SCY and produced 0.68 and 0.67 gram seed cotton for every MJ 

of intercepted radiation. At Sahiwal site cv SLH-284 and NIAB-111 at par enhanced RUE 

SCY  over cultivars CIM-496 and CIM-506 that showed at par RUE SCY. At Multan site cv 

NIAB -111 significantly enhanced RUE SCY over any other cultivar followed by cv CIM-496, 

however cv CIM-506 and cv SLH-284 were at par in converting intercepted PAR in to 

economic yield but at lowest rate.  Averaged over all locations cultivar NAIB-111 efficiently 

utilized radiation and produced 0.6-gram seed cotton for every mega joule of radiation. The 

nitrogen application affected significantly radiation use efficiency for seed cotton. The crop 

which was fertilized at higher rate utilized efficiently available radiation 8.0% (0.62 vs 0.57 g 

MJ-1) than the lowest nitrogen level.                                                                                                      

      The interaction between sowing date and cultivar affecting RUE SCY was significant 

at all sites (Table: 4.52), at Faisalabad cv. SLH-284 enhanced RUE SCY when sown in May 

(69 g MJ -1) than any other cultivar, but late sowing of same variety significantly reduced 

RUE Scy 6% (0.69 g MJ -1 vs 0.65 g MJ -1), however cv NIAB-111, either sown early or late at 
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par showed lower RUE SCY ((0.66 g MJ-1). Cv CIM-496 showed at par RUE SCY with CV 

SLH-284 when sown early. At Sahiwal site cv SLH-284 either sown early or late 

significantly at par enhanced RUE SCY followed by cv. CIM-506 when sown late, however cv 

CIM-496 performed lowest in RUE SCY irrespective of sowing time. At Multan site late sown 

crop performed well compared to early sown crop with cultivars CIM-506, NIAB-111 and 

SLH-284, however cv CIM-496 performed poor irrespective of sowing time and showed 

RUE SCY value of 0.55-0.56 g MJ-1. Other workers reported similar results for RUE SCY 

(Rosenthal and Gerick, 1994; Arshad, 2006; Hussein 2006; and Shabbir 2007). 

  Previous reports have shown that N application increases RUE in wheat (Gallagher 

and Biscoe, 1978; Green 1987), the increase may be ascribed to a decreased partitioning of 

current assimilates to the root system (Whitefield and Smith, 1989). 
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Table 4.49 Effect of sowing date, cultivar and nitrogen level on radiation use efficiency 

for TDM (RUETDM) (g MJ -1) 

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                      1.41 a                         1.23 a                      1.07 a                 1.23                                      

10th June                      0.92 b                        1.17 b                       1.03 b                 1.04                                    

LSD 5%                      0.08                            0.04                           0.02  

B=Cultivar 

CIM-496                    1.06 a                           1.17 c                   1.02 b                1.08                                         

CIM-506                    1.15 c                           1.28 a                    1.03 b               1.15                    

NIAB-111                 1.19 b                            1.21 b                   1.07 a                1.15                                    

SLH-284                   1.25 a                            1.16 c                   1.07 a                 1.16                                

LSD5%                     0.02                               0.18                      0.009                               

C= Nitrogen level 

50 kg ha -1                0.94 d                            1.20a b                   0.98 d                1.04                                        

100 kg ha -1                    1.05 c                           1.2 a                        1.03 c                1.09           

150 kg ha -1              1.24 a                           1.19 b                      1.08 b                1.17     

200 kg ha -1             1.43 a                           1.21 a                       1.11 a                 1.25                                       

LSD 5%                    0.019                          0. 015                       0.008                                                                

Contrast                                                                                                                                   

Linear                            **                             NS                            ** 

Quadratic                       **                             NS                            N S                                                               

Cubic                              **                             **                             NS                                                      

Year Effect                    **                             NS                            N S                                            

Interaction                                                                                                                              

A X B                             **                           **                                 **                                                               

    Mean                         1.16                       1.20                                 1.05                                                      

      Mean sharing different letters differ significantly at p ≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    

NS: Non significant 
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Table: 4.50 Interaction between sowing date and cultivar affecting radiation use 

efficiency for total dry matter production (RUE TDM   (g MJ -1)  

(A) Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1.41 c 1.43 b 1.41 a 1.48 a 

10th June 0.83 e 0.87 e 0.91 e 1.06 d 

LSD 5%= 0.035 

                                Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1.03 a 1.2 a 1.18 a 1.30 a 

10th June 1.05 a 1.03 a 0.99 b 0.99 b 

LSD 5%=0.022 

                   Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 1.01 d 1.1 c 1.17 b 1.19 a 

10th June 1.04 e 1.0 3 f 0.98 g 0.98 g 

LSD 5%= 0.021 

                              Means sharing different letters differs significantly at p ≤ 0.05 
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Table: 4.51 Effect of sowing date, cultivar and nitrogen level on radiation use efficiency 

for seed cotton yield RUE SCY (g MJ -1)  

Treatment                  Faisalabad                  Sahiwal                Multan             Mean       

A= Sowing date                                                                                                                      

20th May                     0.67                              0.56 b                    0.48 b                0.57                                       

10th June                     0.65                              0.60 a                    0.56 a                 0.60                                   

LSD 5%                      0.04 NS                        0.017                    0.014 

B=Cultivar 

CIM-496                     0.67 a                          0.56 b                      0.52b                    0.59                                   

CIM-506                     0.65 c                          0.56 b                      0.51  c                   0.57                

NIAB-111                   0.68 a                           0.59 a                      0.52 a                   0.60                                 

SLH-284                    0.66 b                           0.60 a                       0.51 c                    0.59                               

LSD5%                      0.008                             0.007                       0.003                             

C= Nitrogen level 

50 kg ha -1                  0.66 b                              0.57 c                    0.48 d                     0.57                                

100 kg ha -1                      0.64 c                              0.57 c                    0.50 c                     0.57                 

150 kg ha -1                 0.66 b                             0. 58 b                    0.53 b                    0.59 

200 kg ha -1                0.69 a                               0.60 a                     0.56 a                    0.62                               

LSD 5%                     0.007                                0.004                       0.003                                                         

Contrast                                                                                                                                   

Linear                            **                              **                               ** 

Quadratic                       **                              **                              NS                                                               

Cubic                              **                             NS                             NS                                                      

Year Effect                    **                             NS                              **                                      

Interaction                                                                                                                              
A X B                             **                           **                                 **    
                                                                                                        
Mean                                 0.66                        0.58                            0.52                                             
___________________________________________________________________________    
      Means sharing different letters differ significantly at p≤ (0.05)                                               

*, **: Significant at 0.05 and 0.01, respectively                                                                    

NS: Non significant 
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Table: 4.52 Interaction between sowing date and cultivar affecting radiation use 

efficiency for seed cotton yield (RUE SCY   (g MJ -1)  

(A) Faisalabad  

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 0.68 a b 0.67 b c 0.66 b c 0.69 a 

10th June 0.67 b c 0.62 e 0.67 b c 0.65 d 

LSD 5%= 0.011  

                              Means sharing different letters differs significantly at p ≤ 0.05 

(B) Sahiwal 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 0.50 f 0.51 e 0.52 d 0.58 a 

10th June 0.50 f 0.57 b 0.55 c 0.60 a 

LSD 5%= 0.011 

                   Means sharing different letters differs significantly at p ≤ 0.05 

(C) Multan 

Sowing date Cultivar 

CIM-496 CIM-506 NIAB-111 SLH-284 

20th May 0.55 c 0.50 e 0.51 d 0.52 d 

10th June 0.56 c 0.57 b 0.61 a 0.55 c 

LSD 5%= 0.011  

                               Means sharing different letters differs significantly at p ≤ 0.05 
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4.7.0 Crop growth modeling  

4.7.1Calculation of cultivar coefficients and simulation. 

 CSM-CROP GROW-Cotton Model in DSSAT V.4.2.0 requires a set of 15 eco-

physiological coefficients for simulation of phenology, growth and seed cotton yield of 

cultivar. Since such data were not available, the genetic coefficients of four cotton cultivars 

were determined by repeated interactions until a close match between simulated and 

observed phenology, growth and seed cotton yield was obtained. (Appendix -3.2). The CSDL 

(Critical short Day length below which reproductive development progresses with no day 

length effect (for short- day plants) (hours) were same for all the cultivars 23. PPSEN, slope 

of the relative response of development to photoperiod with time, it also did not varied for 

any cultivar and value was 0.01. EM- FL time short-day between emergence and flower 

appearance (R1) (photo-thermal days) for CIM-496 and CIM-506 value was same 49.1, for 

NIAB-111, it was 49.0 but for SLH-284, the optimum value decreased to 40.0. FL-SH, Time 

between first flower and first pod (R3) (photo-thermal days) were 18.0 same for CIM 

cultivars but greater 18.1 for NIAB-111 and 18.2 for SLH-284, respectively. FL-S D, time 

between first flower and first seed (R 5) (photo-thermal days), the values were similar as for 

FL-SH i.e. 18.0 for CIM cultivars, FL-LF 18.1 for NIAB-111 and 18.2 for SLH-284, 

respectively. FL-LF time short-day between leaf emergence and flower appearance (R4) 

(photo-thermal days), the optimum were 99.99 for CIM-496 and NIAB-111, 90.00 for CIM-

506, and 110.99 for SLH-284. LF MAX, maximum leaf photosynthesis rate at 30 O C, 350 

vim CO2, and high light (mg CO2 / m 2-s)  from Reddy Adv. Agron.1977. The values were 

different for all the cultivars   3.99 for CIM-496, 4.00 for 4.00 for CIM-506, 4.09 for NIAB-

111 and 3.99 for SLH-284. SLAVER, specific leaf area of cultivar under standard growth 

conditions. (Cm 2/ g). The optimum values differed only for SLH-284 189 but for all other 

cultivars it remained same 188. SIZLIF, maximum size of full leaf (Three leaflets) (cm2).The 

optimum values differed for all cultivars. 265 for CIM-496, 266 for CIM-506, 287 for NIAB-

111 and 290 for SLH-284, respectively.XRFT, maximum fraction of daily growth that is 

partitioned to seed + Shell. The optimum values were similar for CIM- cultivars 0.850, 0.840 

for NIAB-111 and 0.780 for cv SLH-284.WTPSD, maximum weight of seed (g). The 

optimum values differed for every cultivar 0.183 for cv CIM-496, 0.189 for cv CIM-506, 

0.188 for cv NIAB-111 and 0.180 for cv SLH-284. SFDUR, seed filling duration for pod 
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cohort at standard growth conditions. (Photo-thermal days). The optimum values were 41.9 

for cv CIM-496, 38.0 for cv CIM-506, 39 for cv NIAB-111 and 36.0 for cv SLH-284, 

respectively. SDPDV, average seed / boll under standard growing conditions. (# / boll). The 

optimum value remained similar for all the cultivars 27. and POUDER, time required for 

cultivar to reach final boll load under optimal conditions (photo-thermal days). The optimum 

values were 3.8 for cv CIM-506 and cv SLH-284 and 3.9 for cultivars CIM-496 and cv 

NIAB-111. 

                                                              

4.7.2 Model calibration / validation 

The CROP GROW-Cotton Model in DSSAT (V 4.0.2) was calibrated using 

experimental data from three sites during year 2005 by selecting the best treatment D1V4N4 

(D1=20th May, V4= SLH-284 and N4=200kg N ha-1) at all three locations simultaneously 

and running the model without selecting other experimental treatments for bringing 

simulated values close to observed ones by repeated interactions and changing the cultivar 

coefficient values.  The model performed very well in simulating crop phenology (days to 

anthesis, days to maturity), crop growth (LAI &TDM) and final crop yield (Seed cotton 

yield) for all three sites based on the estimation of the cultivar coefficients (Appendix 3.2). 

The model efficacy and performance of genetic co-efficient were checked by running model 

with independent data set collected during year 2006 at all three sites. The model performed 

equally well with the same set of co-efficient for simulating crop phenology, crop growth and 

seed cotton yield. The corresponding simulation results are described below. 

4.7.3 Comparison of observed and simulated values. 

4.7.3 Crop phenology 

(a) Days to anthesis 

 The data presented in Table: 4.53,4.54 &4.55 showed that at Faisalabad site model 

simulated days to an thesis (flowering) one day higher for planting date, crop applied 

nitrogen @ 50 kg N ha -1 and for different cultivars during year 2005 but simulated same 

number of days for crop applied nitrogen @200 kg N ha -1. According to model simulations 

crop reached, anthesis stage 60-67 days after sowing. The comparable observed values 

ranged from 60-64 days after sowing, it indicated that model is fit and working very well 

under our environmental conditions. Similarly, during year 2006 at Faisalabad site the model 
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simulated days to anthesis two days higher from observed for May sown crop, one day more 

for June sown crop, crop applied N @ 50 kg ha -1, crop applied N @ 200 kg ha -1  and for 

various cultivars. The crop reached anthesis stage in 61-67 days after sowing, according to 

model simulation. The observed values ranged from 62-66, during year 2006, which showed 

that model is robust and it can work well under these set of conditions. The goodness of fit 

(R2) between simulated and observed days to anthesis was also significant 97 % (Fig 4.18). 

Similar excellent estimation of days to anthesis by using Crop Grow Model were reported by 

(Shabbir, 2007). At Sahiwal site model simulated one day higher for the treatments May 

sown crop, late sown crop, N4 (200 kg) level and cv SLH-284 and simulated same values for 

treatments N1(50 kg) level and cv CIM-496, CIM-506 and cv NIAB-111 during year 2005. 

Model simulated days to anthesis one day higher for treatments May sown crop, late sown 

crop, same values for treatments N1 level , cv CIM-496, cv CIM-506 and cv SLH-284, 

however model simulated 3 days higher simulated value for days to anthesis in case of cv 

NIAB-111 during year 2006. The crop reached at anthesis stage 63-65 days during year 2005 

according to model simulation comparable observed values were 62-65 days during year 

2005.The observed values ranged from 56-66 days during year 2006 for different treatments 

comparable simulated values were ranged 57-66 days which are very much close to each 

other with low RMSE values indicating that model is quite fit for simulation under 

determined set of cultivar coefficient. 

The regression analysis indicated a strong positive relation between observed and simulated 

values and R2 value was 86 % (Fig 4.18) At Multan site during year 2005 model simulated 

one day higher for the treatments early sowing, late sowing, and N1 level and for cv SLH-

284. The model simulated same days to reach anthesis for treatments cv CIM-496,cv CIM-

506 and cv NIAB-111. However model simulated 2 days higher for N4 (200 kg) level. 

During year 2006 model simulated same values for days to anthesis for, cv CIM-506 ,cv  

NIAB-111 and cv SLH-284 ,one day higher for May sown crop, June sown crop , N1 

application treatment, N4 application treatment and cv CIM-496. On an average, model 

predicted for crop to reach anthesis stage ranging from 60-67 days after sowing of crop, 

however, the observed data were from 60-66 days after sowing. Irrespective of all sites May 

sown crop reached at anthesis stage somewhat later than June sown crop according to model 

simulations. Similarly the crop, which was, applied higher N dose reached at anthesis stage 
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4-5 days earlier than the crop that was applied low N dose. The behavior of different 

cultivars was according to their genetic make-up. The goodness of fit (R2) for days to 

anthesis was significant and ranged from 0.83 to 0.97 in the data. (Fig.4.18) confirming the 

accuracy of model simulations. 

Table: 4.53 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR  
                   DAYS TO ANTHESIS AT FAISALABAD CALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE 

May Sown 64 65 1.53 1.61 65 67 2.98 1.23 

June Sown 62 63 1.58 1.50 62 63 1.58 1.11 

N 50 kg /ha 66 67 1.49 0.37 66 67 1.49 0.68 

N200 kg/ha 6 0 60 0.0 1.16 60 61 1.63 0.87 

CIM-496 6 4 65 1.5 3 1.27 64 65 1.53 0.99 

CIM-506 6 4 65 1.5 3 1.54 64 65 1.53 0.99 

NIAB-111 6 4 65 1.5 3 1.16 64 65 1.53 0.99 

SLH-284 6 4 65 1.53 1.21 62 63 1.58 1.11 

 

Table: 4.54 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR  

                   DAYS TO ANTHESIS AT SAHIWAL CALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE 

May Sown 64 65 1.26 1.26 66 67 1.49 0.68 

June Sown 62 63 1.67 1.67 56 57 1.75 1.26 

N 50 kg /ha 65 65 1.61 1.61 62 62 0 1.23 

N200 kg/ha 62 63 1.74 1.74 60 62 3.22 1.36 

CIM-496 64 64 0 0.66 61 61 0 1.15 

CIM-506 64 64 0 1.27 61 61 0 1.15 

NIAB-111 64 64 0 1.33 61 64 4.68 1.23 

SLH-284 64 65 1.53 1.46 62 62 0 1.26 
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      Table: 4.55 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR  

                   DAYS TO ANTHESIS AT   MULTAN CALIBRATION/VALIDATION. 

 

Treatment 2005 2006 

Obs. Sim. %+ Error RMSE Obs. Sim. %+ Error RMSE 

May Sown 62 63 1.58 1.24 66 67 1.49 1.02

June Sown 63 64 1.56 0.7 60 61 1.63 1.17

N 50 kg/ha 64 65 1.53 0.19 64 65 1.53 1.04

N200kg/ha 60 62 3.22 0.71 62 63 1.58 1.21

CIM-496 62 62 0 0.48 63 64 1.56 1 

CIM-506 62 62 0 1.12 63 63 0 1 

NIAB-111 62 62 0 0.49 63 63 0 1 

SLH-284 62 63 1.58 0.24 63 63 0 1 
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Fig: 4.18 Relationship between observed and simulated days to anthesis  (A), at  Faisalabad  

(B), at Sahiwal  (C), at Multan and (D) pooled for all locations. 
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(b) Days to maturity 

 The data presented in Table: 4.56,4.57 &4.58 indicate that at Faisalabad site during 

year 2005 the model simulated 2 days higher for days to maturity than the observed ones for 

early sowing and one day higher for late sowing treatment.  According to model simulations 

the May sown crop matured in 173 days whereas June sown crop matured in 147 days. The 

comparable observed values were 171 for May and 146 for June sown crop, respectively. 

This indicated that model has been perfectly calibrated under the set of coefficients. Model 

simulated one day higher for N1 treatment and 2 days higher for N4 application treatment, 

similarly 2 days higher values of simulation were predicted for cv CIM-496, cv CIM-506 but 

one day higher for cv NIAB-111 and cv SLH-284.  During year 2006 the early sown crop 

matured in 174 days and late sown crop matured in 152 days, according to model 

simulations. The observed values for the crop were 173 and 151 days, respectively which 

indicated that model is robust and can work with independent set of data.  

                    The crop, which was applied N @ 200 kg ha-1, matured 11 days earlier 

compared to the crop, which was applied N @ 50 kg ha -1 (154 vs165 days) during year 2005 

according to model simulations. The observed values were 152 and 164 days, respectively, 

which are much closer to each other with low RMSE values. Similar trend was observed 

during year 2006 with independent data set and with same set of cultivar coefficient 

indicating that model can work quite well with other set of data. At Sahiwal site during year 

2005 the model simulated crop maturity in 173 days for early sown crop and 152 days for 

late sown crop comparable observed values for early and late sown crop were 172 and 150 

days, respectively. The simulated and observed values were very much closer to each other. 

The crop which was applied N@ 200 kg ha -1 matured in 162 days with observed values 160 

days during year 2005, some what earlier than the crop which was applied N @ 50 kg ha -1  

(163 days) with same observed and simulated values. 

 During year 2006 model predictions regarding days to maturity were 1-2 days higher 

for different treatments. These values were very much close to each other indicating that 

model is robust. At Multan site the model simulated crop maturity 2 days later for May sown 

crop and 3 days later for June sown crop. Similar trend was observed during year 2006. 

Irrespective of sites model simulated that early sown crop took more time for crop duration, 

making early crop canopy establishment, thus intercepting more light, producing more TDM 
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and seed cotton yield. Similarly crop which was applied higher N, enhanced crop growth 

rate, produced more LAI and more seed cotton yield than the crop which was applied less 

nitrogen. The Regression accounted for variability ranging from 98 % to 99 % at different 

locations (Fig. 4.19) confirming the fitness of model for simulating days to maturity with 

independent set of data,  

 

Table: 4.56 COMPARISONS OF OBSERVED AND SIMULATED VALUES FOR 

DAYS   TO MATURITY AT FAISALABAD CALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+ Error RMSE Obs. Sim. %+ Error RMSE 

May Sown 171 173 1.15 1.12 173 174 0.57 1.45 

June Sown 146 147 0.68 0.78 151 152 0.65 1.23 

N 50 kg /ha 164 165 0.60 1.16 164 165 0.60 1.22 

N200 kg/ha 152 154 1.29 1.74 158 158 0 1.01 

CIM-496 158 160 1.25 1.95 163 165 1.21 0.79 

CIM-506 160 162 1.23 0.65 162 163 0.61 1.23 

NIAB-111 159 160 0.62 0.63 163 164 0.60 1.17 

SLH-284 156 157 0.63 1.12 161 162 0.61 1.23 
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Table: 4.57 COMPARISONS OF OBSERVED AND SIMULATED VALUES FOR 

DAYS TO MATURITY AT SAHIWAL CALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+ Error RMSE Obs. Sim. %+ Error RMSE 

May Sown 172 173 0.57 1.23 174 176 1.13 1.26 

June Sown 150 152 1.31 1.41 144 145 0.68 1.32 

N 50 kg /ha 163 163           0 1.23 160 162 1.23 1.62 

N200 kg/ha 160 162 1.23 1.51 158 160 1.25 1.64 

CIM-496 162 163 0.61 0.78 159 160 0.62 1.24 

CIM-506 162 162            0 1.65 158 160 1.25 0.79 

NIAB-111 162 162  0 1.78 159 161 1.24 0.80 

SLH-284 161 163 1.22 1.91 159 160 0.62 0.89 

 

Table: 4.58 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

                    DAYS TO MATURITY AT MULTAN CALIBRATION/VALIDATION 

Treatment 2005 2006 

Obs. Sim. %+ Error RMSE Obs. Sim. %+ Error RMSE

May Sown 170 172 1.16 1.61 173 175 1.14 1.23 

June Sown 150 153 1.96 1.23 148 149 0.67 1.43 

N 50 kg /ha 161 164 1.82 1.24 162 164 1.21 1.41 

N200 kg/ha 158 159 0.62 1.36 159 162 1.85 1.36 

CIM-496 160 161 0.62 0.47 161 163 1.22 1.47 

CIM-506 160 163 1.84 0.65 160 163 1.84 1.25 

NIAB-111 160 163 1.84 1.21 161 163 1.22 1.61 

SLH-284 160 161 0.62 1.23 161 163 1.22 1.61 
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Fig: 4.19 Relationship between observed and simulated days to maturity   (A), at  Faisalabad  

(B), at Sahiwal  (C), at Multan and (D) pooled for all locations. 
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3.7.4 Crop growth                                             

(a) Leaf area index (LAI) 

 The data in Table 4.59 revealed that at Faisalabad site the model simulated slight 

higher LAI for May sown crop. The simulated values of LAI were 4.17 compared to 

observed values 4.16 during year 2005, for June sown crop model also simulated higher LAI 

2.74 compared to observe 2.56 LAI. Similarly for N1 treatment model simulated 2.87 LAI, 

the comparable observed value was 2.86, for N4 treatment model simulated LAI value 4.07, 

the comparable observed LAI value was 4.01. Model also simulated somewhat higher LAI 

values for different cultivars but these were much closer to the observed ones, indicating that 

model is well calibrated.  During year 2006, at Faisalabad site model simulated LAI 3.31 for 

the crop sown during May, comparable observed value of LAI was 3.27. For late sown crop 

model simulated LAI 2.01 but the observed LAI was 1.95. For N application @ 200 kg N ha - 

1 simulated value by model were 3.12 whereas comparable observed values were 3.09. The 

simulated values for cv CIM-496, cv CIM-506 , cv NIAB-111 and cv SLH-284 were 1.78 

,2.01 ,2.35 and 2.33 , comparable observed values of LAI  for these cultivars were 

1.7,1.99,21.3 and 2.31 respectively. According to observed values model also predicted 

higher values for early sowing, higher N application compared to late sowing and lower N 

application. The values of LAI were noted higher in year 2005 compared to year 2006, at 

Faisalabad for all treatments perhaps due to more favorable climatic conditions during first 

year compared to later one. Table 4.60 presents the comparison of observed and simulated 

values of LAI for different treatments during year 2005 and 2006 at Sahiwal site. Model 

simulated slight higher values of LAI compared to observe one for various treatments. The 

simulated values of LAI for early sown crop, late sown crop, N1 treatment, N4 treatment, cv 

CIM-496, cv CIM-506,cv NIAB-111  and cv SLH-284 were 4.12, 3.98, 3.40, 4.87, 3.98, 

3.76, 3.91 and 4.00 during year 2005 . The comparable observed values of LAI were 4.02, 

3.77, 3.3, 4.81, 3.97, 3.75, 3.89 and 3.94; respectively. Slightly lower values of LAI were 

noted in case of simulated as well as observed during year 2006. compared to year 2005. 

Model simulated higher LAI for early sowing, N4 application compared to late sowing and 

N1 application treatment. The observed values of LAI were also similar indicating that model 
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is robust and can be used as reliable tool for simulating with independent set of data with 

same cultivar coefficient.  

Table: 4.61 showed the comparison of observed and simulated values of LAI for different 

treatments at Multan site. During year 2005, model simulated slight lower value of LAI for 

early sown crop compared to observe one. The LAI value predicted was 3.16 and the 

observed LAI was 3.25. However, for late sown crop model simulated slight higher value 

(3.22) compared to observed, LAI (3.11). The higher values of LAI were simulated by model 

for treatments N4 application and for various cultivars compared to observed values. During 

year 2006 at Multan site model simulated LAI 4.36 for early sowing compared to observe 

value 3.11, for late sowing, mode simulated LAI 3.94, compared to observed LAI, 3.57.   For 

N1 application treatment LAI was simulated by the model (3.41) compared to observed value 

of LAI (2.32). The crop applied higher N performed well according to model simulations and 

produced LAI of 4.07 and 3.12 during year 2005 and 2006 respectively compared to 

observed values of 4.01 and 3.09 during corresponding years. Similarly somewhat higher 

LAI was simulated for different cultivars. AT Sahiwal site model simulated LAI for early 

sown crop 4.12 and 3.98 for late sown crop compared to observed values of 4.02 and 3.77 

during year 2005 the corresponding simulated values were 3.98 and 3.58, respectively and 

the observed values were 3.85 and 3.56 which were close to each other with low RMSE 

value indicating that model is efficient and simulates well in local environment. The model 

simulated 3.4 LAI for crop which was applied less N and 4.87 LAI for crop which applied 

higher N during year 2005. Observed values of LAI were 3.3 and 4.81.The model simulated 

LAI for crop which was applied N @ of 200 kg N ha -1 were (4.90) during year 2006 

however observed LAI values were 4.89. . The model overestimated LAI for different 

cultivars. At Multan site model under estimated LAI of early and over estimated LAI for late 

sown crop in contrast to other locations perhaps due to dry and hot environment during crop 

growth season .The simulated values for LAI for early and late sown crop were 3.16 and 3.22 

during year 2005, the corresponding observed values were 3.25 and 3.17. However the 

values were higher for crop which was applied higher N .The R2 values ranged to 95 to 98 % 

at various locations Fig (4.20) 
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(b) Total dry matter (TDM kg ha-1) 

         A significant and positive correlation among simulated and observed TDM were noted 

in both the seasons at all three sites (Fig. 4.21). The model over estimated TDM than the 

observed values indicating that there was a potential of producing more TDM under these set 

of agro-ecological conditions. The percentage variation accounted for (R2) in the data ranged 

from 69 to 95 %.The percentage error at Faisalabad ranged from 0.39 to 6.87%, at Sahiwal 

0.95 to 7.5% and at Multan 2.07 to 7.9% for various treatments among simulated and 

observed values. At Faisalabad site the simulated values of TDM ranged from 7550 kg ha-1 to 

9878 kg ha -1 during year 2005 for different treatments and comparable observed values 

ranged from 7333 kg ha-1 to 9449 kg ha-1 for various treatments. During year 2006 the 

simulated values for TDM ranged from 7100 kg ha-1 to 9110 kg ha-1 and comparable 

observed values for various treatments ranged from 7095 kg ha -1  to 8889 kg ha-1. (Table: 

4.62, 4.63 and 4.64). The crop at Sahiwal produced comparatively more TDM than other two 

locations as simulated by the model. The simulated values for TDM during year 2005 ranged 

from 9700 to 13000 kg ha-1. Comparable observed values ranged from 9643 to13059 kg ha-

1.During year 2006 simulated values for various treatments ranged from 10556 to 14156 kg 

ha-1 and the comparable observed values were 10247 kg ha -1 to 13112 kg ha-1. Table: 

(4.62,4.63 &4.64.) 
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Table: 4.59 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

MAXIMUM LEAF AREA INDEX AT FAISALABADCALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE

May Sown     4.16 4.17 0.23 1.47 3.27 3.31 1.2 0 0.65 

June Sown 2. 56 2.74 6.56 0.10 1.95 2.01 2.98 0.02 

N 50 kg /ha    2.86 2.87 0.34 1.78 2.6 2.69 3.34 0.78 

N200 kg/ha    4.01 4.07 1.47 1.12 3.09 3.12 0.96 1.27 

CIM-496    3.28      3.3 0       0.60 1.17 1.70 1.78 4.49 0.47 

CIM-506    3. 24 3.31 2.11 0.97      1. 99 2.01 0.99 0.01 

NIAB-111  3.4 4 3.45 0.28 1.78 2.13 2.35 9.36 0.47 

SLH-284  3.5 0 3.70 5.4 0.13 2.31 2.33 0.85 1.78 

 

Table: 4.60 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

   MAXIMUM LEAF AREA INDEX AT SAHIWAL CALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+ Error RMSE Obs. Sim. %+ Error RMSE 

May Sown 4.02 4.12 2.42   0.95    3.85     3.98 3.2 6 0.94 

June Sown 3.77 3.98 0.26 1.76     3.56     3.58 0.55 1.76 

N 50 kg /ha 3.30 3.40 2.94 0.78     3.12      3.21 2.8 0 0.79 

N200 kg/ha       4.81 4.87 1.23 1.11     4.23      4.51 6.2 0 0.23 

CIM-496 3.97 3.98 0.25 1.85     3.67       3.71 1.0 7 1.27 

CIM-506 3.75 3.76 0.26 1.78     3.40      3.60 5.5 5 0.16 

NIAB-111 3.8 9 3.91 0.51 1.72     3.90      4.00 2. 5 0.79 

SLH-284    3.9 4 4.00 1.50 1.23     3.86      3.97 2.77 0.84 
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Table: 4.61 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

  MAXIMUM LEAF AREA INDEX (LAI) AT MULTAN CALIBRATION/VALIDATION. 

Treatment 2005 2006 

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE

May Sown 3.25 3.16 2.76 1.23 3.11 4.36 6.88 0.11 

June Sown 3.17 3.22 2.48 0.99 3.57 3.94 9.39 1.81 

N 50 kg /ha 3.11 3.27 4.89 1.21 2.32 3.41 3.81 1.22 

N200 kg/ha 4.21 4.31 2.32 1.17 4.89 4.90 0.20 1.79 

CIM-496     3.09 3.13 1.27 1.45 3.27 4.10 20.24 0.98 

CIM-506     3.36 3.21 4.4 0.78 3.89 4.13 5.81 1.87 

NIAB-111 3.23 3.27 1.22 0.99 3.66 3.93 6.87 1.88 

SLH-284 3.25 3.29 1.21 1.14 3.76 3.94 4.56 1.23 
  

 

 

Table: 4.62     C0MPARISON OF OBSERVED AND SIMULATED VALUES FOR 

                   TDM kg ha -1 AT FAISALABAD CALIBRATION/VALIDATION. 

Treatment 
2005 2006   

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE

May Sown 9762 9 878 1.17 478 8595 8674 0.91 321 

June Sown 7333 7550 2.87 266 7260 7541 3.72 317 

N 50 kg /ha 7684 7973 3.62 384 7095 7100 0.07 289 

N200 kg/ha 9449 9876 4.32 396 8851 9110 2.84 357 

CIM-496 8397 9017 6.87 367 8073 8099 0.32 386 

CIM-506 8222 8651 4.95 354 7808 8006 2.47 378 

NIAB-111 8776 8841 0.73 349 7940 8200 3.17 354 

SLH-284 8794 8829 0.39 348 8889 9000 1.23 369 
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Table: 4.63 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

                TDM kg ha -1 AT SAHIWAL CALIBRATION/VALIDATION. 

Treatment 
2005 2006   

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE 

May Sown 12073 13 000 7.13 489     12933 13121 1.43 516

June Sown 10426 10 96 3 4.89 428     11011 11014 1.98 487

N 50 kg /ha     9643 9700 0.58 417     10247 10556 2.92 435

N200 kg/ha 13059 14126 7.55 526     13910 14156 1.73 522

CIM-496 11054 114 90 3.81 399     11784 12111 2.70 432

CIM-506 10689 10941 2.30 289     11440 12563       8.9 436

NIAB-111     11245 11584 2.92 377     12684 12666   2.22 442

SLH-284 11671 11784 0.95 385      12278 13114  6.3 458

 

Table: 4.64 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

                      TDM kg ha - 1 AT MULTAN CALIBRATION/VALIDATION. 

Treatment 2005 2006   

Obs. Sim. %+Error RMSE Obs. Sim. %+Error RMSE 

May Sown 13116 12146 7.9 523 11085 12987 14.64 510 

June Sown 11855 12106 2.07 479 10082 11284 10.65 412 

N 50 kg/ha 9543 9774 2.36 378 9222 9345 1.31 378 

N200kg/ha 13065 14051 7.01 517 12127 12418 0.73 356 

CIM-496 11054 11622 4.88 485 10397 10786 3.60 378 

CIM-506 10587 10 878 2.67 489 10200 11105 8.14 381 

NIAB-111 11585 12105 4.29 491 11042 12120 8.89 394 

SLH-284 11477 11 979 4.19 488 10694 10891 1.80 377 
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Fig: 4.20 Relationship between observed and simulated leaf area index (LAI) (A), at 

Faisalabad (B), at Sahiwal (C), at Multan and (D) pooled for all locations. 
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Fig: 4.21 Relationship between observed and simulated total dry matter (TDM) kg ha -1 (A), 

at Faisalabad (B), at Sahiwal (C), at Multan and (D) pooled for all locations. 
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4.7.5 Seed cotton yield  

 Fig 4.22 illustrates the scatter of simulated and observed seed cotton yields around the 

regression line. At all locations simulated seed cotton was reasonably close to observed yield 

with no point outside standard error of mean observed yield. The agreement between 

simulated and observed seed cotton yield establishes the strong robustness of the model in 

simulating the climatically potential crop phenology, growth. and yield for these locations, 

seasons and sowing dates in differ rainfall, temperature and radiation regimes. The regression 

coefficient ranged from 0.93 to.99 at various locations. Differences in yield over sites and 

years show that primary determinants of crop growth and yield are rainfall, temperature and 

radiation (Appendix 4.1 &4.2) under hot and dry climate like Multan even late sown crop 

performed well. During year 2006 lower yield at Faisalabad may be attributed to high soil 

water contents as a result of more rainfall and low radiation interception by the crop due to 

cloudy and foggy weather. The observed figures may be inadequate representation of the 

large variability associated with the trials.  

                     Nevertheless, it is evident that the CROP GROW Cotton Model simulates 

phenology, growth and yields under well defined agro-ecological conditions and can be used 

in variable environments of the country where rainfall, temperature and radiation intensity 

fluctuates considerably to determine potential crop duration, growth and yield. The model 

slightly overestimated seed cotton yield at all three sites. During year 2005 at Faisalabad, the 

seed cotton yield ranged from 1314 kg ha-1 to 2537 kg ha-1 as simulated by model for various 

treatments comparable observed values were 1299 to 2441 kg ha-1. During year 2006 

simulated seed cotton yield trend was similar but with low figures. At Sahiwal site model 

also slightly over estimated simulated seed cotton yield than the observed one. The simulated 

seed cotton ranged from 1670 kg ha- to 2263 kg ha-1. Comparable observed values for seed  

cotton was ranged from 1650 to 2092 kg ha-1 during year 2005. Similar trend was noted 

during next year with different values. At Multan site model simulated seed cotton yield with 

same trend for early as well as for late sown crop in contrast to other two locations perhaps 

due to hot and dry climate with very low rainfall. The simulated seed cotton yield ranged 

from 1700 kg ha -1 to 2140 kg ha -1. Comparable observed values for seed cotton yield ranged 

from 1590 to2073 kg ha-1 for different treatments. Similar trend was noted during next year. 

(Tables: 4.65, 4.66 and 4.67). 
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Table: 4.65    COMPARISON OF OBSERVED AND SIMULATED VALUES FOR   

SEED COTTON YIELD kg ha -1 AT FAISALABAD CALIBRATION/VALIDATION. 

Treatment 2005 2006 

  Obs.   Sim. %+Error   RMSE    Obs.    Sim.  %+Error   RMSE

May Sown   2322   2521      7.8     212    774    807 4.08     76 

June Sown   1347   1445      6.78     105     449    558 19.53     39 

N 50 kg /ha   1299   1314      1.14      117     433    450 3.77     42 

N200 kg/ha   2441   2537      3.78      224     814    876 7.07     95 

CIM-496   1659   1770      6.27      156     553    555 0.36     76 

CIM-506   1785   1889      5.50      158     595     600 0.83     85 

Niab-111   1909   2056      7.14       191     636     700 9.14     88 

SLH-284   1986   2021       1.73      202     662      701         5.56     89 

 

Table: 4.66   COMPARISON OF OBSERVED AND SIMULATED VALUES FOR   

SEED COTTON YIELD kg ha -1 AT SAHIWAL CALIBRATION/VALIDATION 

Treatment 2005 2006 

Obs. Sim. %+ -Error RMSE Obs. Sim. %+Error RMSE 

May Sown 2 092 2145 2.47 212 2318 2415 4.01 236 

June Sown 1 641 1703 3.05 106 178 6 1790 0.22 118 

N 50 kg /ha 1650 1670 1.19 111 1846 1912 3.45 126 

N200 kg/ha 2091 2263 7.60 231 2248 2350 4.34 244 

CIM-496 1804 1957 7.81 198 1997 2041 2.14 189 

CIM-506 1888 1993 5.26 202 2139 2219 3.60 197 

Niab-111 1 894 2042 7.24 205 2083 2174 4.18 199 

SLH-284 1900 2127 10.67 216 19 8 9 2 0 85 4.60 195 
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Table: 4.67 COMPARISON OF OBSERVED AND SIMULATED VALUES FOR 

           SEED COTTON YIELD kg ha -1 AT MULTANCALIBRATION/VALIDATION. 

Treatment 2005 2006 

   Obs.    Sim. %+ -Error RMSE    Obs.    Sim. %+ Error     RMSE 

May Sown 2073 2113 1.89 225 1985 2058 3.54 224 

June Sown 2 055 2146 4.24 223 2056 2158 4.72 226 

N 50 kg /ha 1590 1700 6.47 176 1831 1900 3.63 198 

N200 kg/ha 2 056 2140 2.28 226 1929 2087 7.57 195 

CIM-496 1804 1905 5.30 187 2019 2049 1.46 224 

CIM-506 1888 1971 4.21 195 2011 2143 6.15 227 

Niab-111 1894 2000 5.3 198 2 0 3 9 2100 2.90 218 

SLH-284 1875 1911 1.88 197 2014 2116 4.82 219 
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Fig: 4.22 Relationship between observed and simulated seed cotton yield kg ha -1  

(A), at Faisalabad (B), at Sahiwal (C), at Multan and (D) pooled for all locations. 
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4.8.0 Cotton productivity under changed climate scenarios 

4.8.1  What is climate change? 

 Any long term change in the statistics of weather elements for a long period of time 

that may range from decades to millions of years. The weather elements include temperature, 

precipitation, CO2 concentration etc.  

Basis for climate change 

(a) Natural 

I. Orbital variation 

II. Solar output variation 

III. Plate tectonics movements 

IV.  Occasion variability 

V. Volcanism 

(b) Man made activities 

I   increasing global population  

II Urbanization i.e. shifting trend of mankind towards cities. 

III Industrialization (emission of green house gases CO2, SO2, N2O, CFC etc,) 

IV Pollution (air & water). 

V   Fossil fuel burning. 

VI.Agricultural activities / livestock population. 

VII. Excessive use of nitrogenous fertilizers and chemicals viz herbicides and 

insecticides. 

 The impacts of climate change on phenology, growth and yield of cotton were 

assessed with the use of CMS CROP–GROW-Cotton Model in DSSAT V.4.0.2, run with 

weather series representing both the present and changed climates. In order that the findings 

obtained by a comparison of model yields for different climates are reliable and more 

accurate, multi annual crop model simulations were run for each scenario. Comparison of 

simulations under current and future changed climate was determined to study the impact of 

climate change on cotton production. The crop simulations were run with observed soil, 

physiological and crop management data for each individual year and site. Observed weather 

series for 2005 were used in present climate simulations. The weather series for simulations 

in the future changed climate were obtained by a direct modification in 30 years observed 
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weather series according to climate, change scenarios (Table: 3.3) as suggested by GOP/ 

UNEP (1998).  After calibration by selecting best treatment at all three locations with the 

same set of coefficients the model was provided 30 year past climate data (Maximum 

temperature, minimum. temperature, rainfall and daily radiation), weather data of crop 

growth seasons calculated at meteorological observatories nearest to experimental sites in 

weatherman tool of the model by creating separate weather stations with all geographical 

information. With the help of environmental modification menu available in model 

(Addition, subtraction, replace and multiplication options). 

4.8.2 Impact of CO2 Levels 

The data presented in Table 4.68 revealed that the model simulations sophisticated the impact 

of change in CO2 concentration i.e. from 330 ppm to 550 ppm under current temperature and 

precipitation, on days to anthesis, days to maturity, leaf area index, total dry matter 

production and seed cotton yield of different cotton cultivars grown at various experimental 

sites of Punjab-Pakistan. 

                  The rise in CO2 concentration had significant positive but differential impacts on 

crop growth, development and seed cotton yield of different cotton cultivars as well as on 

various locations. The crop duration increased with increasing CO2 concentration, anthesis 

days increased 7.7 %, 6.1%, 4.8% and 6.2 % for cultivars CIM-496, CIM-506, NIAB-11 and 

SLH-284 respectively at Faisalabad site. Averaged for different cultivars anthesis days 

increased 6.2 % when CO2 concentration rose from 330 ppm to 550 ppm. Similarly maturity 

days also increased slightly and on average basis of different cultivars crop maturity days 

increased 2.5 % (Table 4.68) at 550 ppm level compared to 330 ppm level at Faisalabad site. 

The increased CO2 concentration enhanced maximum leaf area index by 0.6%, 1.5 %.1.7% 

and 1.1% for cultivars CIM-496, CIM-506, NIAB-11 and SLH-284 respectively at 

Faisalabad site. Averaged for the entire cultivars maximum leaf area index increased by 1.3 

% (3.32 vs 3.36) at increased CO2 concentration. The total dry matter was 8433, 8163, 8234 

and 8896 kg ha -1 at 550 ppm and 8382, 8075, 8129 and 8799 kg ha -1 at 330 ppm CO2 

concentration at Faisalabad for cultivars CIM-496, CIM-506, NIAB-11 and SLH-284 

respectively. The seed cotton yield also increased by 4.3 % on the basis of all cultivars at 

Faisalabad by increasing CO2 concentration from 330 ppm to 550 ppm according to model 

simulations. At Sahiwal site rising CO2 level enhanced anthesis days by 2.9 %, maturity days  
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by 2.4 %, maximum leaf area index by 3.46 %, total dry matter production by 4.2 % and seed 

cotton yield by 5.1% on all cultivar average basis. The cv CIM-496 and cv NIAB-111 

enhanced seed cotton yield at 6% under changed climate scenarios of 550 ppm level at 

Sahiwal as predicted by model. At Multan site 550 ppm CO2 level enhanced development, 

growth and seed cotton yield of different cotton cultivars compared to 330 ppm CO2 level. 

The anthesis days increased by 6.2 % ,maturity days increased by 3.3 % , Maximum leaf area 

index enhanced by 4.5 % and seed cotton yield by 5.4 % on average of all cultivars basis. 

The seed cotton yield increase was simulated more at Multan site by cv SLH-284 9.8% (1804 

vs 2000 kg ha-1) and NIAB-111 6.9 % (1810 vs 1945 kg ha-1) according to model simulations 

at enriched CO2 level. Similar findings have been reported by Paul et al., (1994) who 

concluded that there were positive consequences of increased CO2 level on cotton plant 

biomass, PAR absorption and RUE. Michael Bange (2007) also reported that increase in CO2 

concentration 406-445 ppm in 2020 and 473-550 ppm in 2050 would increase photosynthetic 

rate of cotton crop by 23 to 29 %. Water use efficiency would also be improved leading to 

increased yield. (Tarnka et al., 2007 and Sultana et al., 2009) also explain the doubling of 

CO2 source an increase in simulated yield of different crops by intensification of 

photosynthesis and improved water use efficiency. 

4.8.3 Impact of change in temperature  

 The effect of temperature is dominant on rate of photosynthesis and other cycles of 

plants including growth and development. Plant growth can be ceased at too lower or too 

higher limits. (Montheith, 1991) The data presented in table (4.69, 4.70, 4.71 and 4.72) 

showed the impact of increased temperatures and CO2 concentrations that are expected 

during 2025 and 2050. Different cotton cultivars showed different response at different 

locations as simulated by model explained below. 

Cotton cultivar CIM-496     

 The data Table: 4.69 indicated that 0.9 O C increase in temperature that is expected in 

year 2025 will decrease crop duration 2-5% at various locations of Punjab-Pakistan. The 

decline in crop duration was higher 6-9 % with increase in temperature 1.8 O C that is 

expected in year 2050. The higher temperature scenario from the base line showed severe 

negative effects at Sahiwal location compared to other locations. There was 13.56 % 

reduction in anthesis days, 10.56 % reduction in crop maturity days, 10 % reduction in 
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maximum LAI, 16 % reduction in total dry matter production and 21 % reduction in seed 

cotton from the base line when temperature was raised to 1.8 O C . These negative effects 

were, however lowered somewhat at elevated CO2 concentration 550 ppm. At Faisalabad site 

the reduction in anthesis days was 3.45 % at 0.9 O C and 7.4 % at 1.8 O C, 1.19 % in maturity 

days at 0.9 O C and 6.25 % at 1.8 O C, 1.71 % reduction in LAI at 0.9 O C and 3.17 % at 1.8 O 

C, the total dry matter was declined 1.25 % at 0.9 O C and 5.49 % at 1.8 O C. Similarly seed 

cotton yield also declined 2 % at 0.9 O C and 20 % at 1.8 O C as predicted by model. The 

reduction in seed cotton yield is more probably due to the fact that sudden heat wave resulted 

in flower and boll drops. The elevated CO2 helped in reducing the negative effects of high 

temperature to some extent as predicted by the model. At Multan site there were small 

negative effects of 0.9 O C rise in temperature at both CO2 level however 1.8 O C raise in 

temperature would effect negatively crop duration, growth and yield. There were 7.14 % 

reduction in anthesis days, 6.25 % reduction in maturity days, 12.5 % reduction in maximum 

LAI and 7 % reduction in seed cotton yield, respectively as predicted by model. Similar trend 

was observed under elevated CO2 level. The temperature effects on growth yield and its 

components are of very compound nature. The response of crop to changing temperature 

depends upon the optimum temperature of growth, photosynthesis, yield and its components 

(Villalobos et al., 1990; Rob et al., 2009; Reidsma et al., 2010) which are closely related 

with each other. 
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Cotton cultivar CIM-506 

 Table 4.70 showed the effect of increased temperature under different CO2 

concentrations on phenology, growth and yield of cotton cultivar CIM-506 at various 

locations. Temperature affected cotton cultivar in a similar way as in CIM-496. Table 4.70 

showed that 0.9 O C increase in temperature that is expected in 2025 did not significantly 

affected crop duration, growth and seed cotton yield of cotton cultivar CIM-506 at Faisalabad 

under both CO2 concentrations but at Sahiwal and Multan sites the increasing temperature 

0.9 O C had small negative effects, however these negative effects were reduced under 550 

CO2 level compared to 330 CO2 level. The negative effects were more at increased scenario 

of temperature 1.8 O C at all the sites and it was more prominent at Sahiwal location 

compared to other locations. The increase of 1.8 O C at Sahiwal at 330 ppm CO2 level 

reduced anthesis days 10.34 %, maturity days 6 %, maximum LAI 12 %, total dry matter 

production 11 % and seed cotton yield up to 17 %. The negative effects were compensated at 

550 ppm CO2 level and reduction in anthesis days was 8%, maturity days 5%, maximum LAI 

8%, total dry matter production 9% and seed cotton yield up to 12%, respectively of cotton 

cultivar CIM-506. Increasing temperature 1.8 O C showed comparatively more negative 

effects at Faisalabad site compared to Multan site for cotton cultivar CIM-506 as simulated 

by model. The reduction in anthesis days were 5%, maturity days 4%, maximum LAI 3%, 

total dry matter accumulation (TDM) 6% and seed cotton yield 9% at 330 ppm CO2 level 

comparable reduction at 550 CO2 level were 3%, 2%, 3%, 4% and 5.52%, respectively. At 

Multan site reduction in anthesis days were 4%, maturity days 2%, maximum LAI 9%, total 

dry matter accumulation 6% and seed cotton yield 7% at 330 ppm CO2 level compared 

reductions at 550 ppm CO2 level were 2% ,2%, 3%, 3% and 4%, respectively. The 

deleterious effect of higher temperature on crop productivity had already been predicted by 

different research workers. Baker and Allen (1993) concluded that a small increase in 

temperature can dramatically reduce yield. However crop responses to expected increases in 

temperature also depend on interactions with CO2 enrichment and various crop species 

(Polley, 2002)  
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Cotton cultivar NIAB-111  

  Table 4.71 presented the effect of increased temperature under different CO2 

concentrations on phenology, growth and yield of cotton cultivar NIAB-111 at various 

locations. Increase in temperature 0.9 O C had significant negative impact on phenology, 

growth and seed cotton yield of cotton cultivar NIAB-111 at Sahiwal location under both 

CO2 levels compared to other locations. The negative effects were comparatively less less 

than 550 ppm level compared to 330 ppm level as simulated by the model. The increase in 

1.8 O C had very severe negative impacts at Sahiwal location when the CO2 level was 330 

ppm and the anthesis days reduced to 16%, maturity days 9%, maximum LAI 8%, total dry 

matter accumulation 18% and seed cotton yield up to 21% ,respectively. The adverse effects 

were comparatively smaller at 550 ppm CO2 level and reduction in anthesis days was 

12%,maturity days 4%, maximum LAI 3%, total dry matter production 13% and seed cotton 

yield by 12% as predicted by the model for cotton cultivar NIAB-111 at Sahiwal location 

under future changed climate scenarios of 2050. The increase of 1.8 O C temperatures 

affected more negatively, the phenology, growth and seed cotton yield of cotton cultivar 

NIAB-111 at Faisalabad site than at Multan site. At Faisalabad the adverse effects of 

increased temperature were noted more at 550 ppm level of CO2 compared to 330 ppm CO2 

level but at Multan site CO2 enrichment compensated the adverse effects of elevated 

temperatures for cotton cultivar NIAB-111 during future changed climate scenarios as 

predicted by the model. The prominent adverse effects of increased 1.8 O C temperature 

scenarios at Sahiwal site compared to other two locations might be due to the fact that 

Sahiwal site was relatively hotter with 1-2 O C high temperature than other two sites. 
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Cotton cultivar SLH-284  

 Table 4.72 presented the effect of increased temperature under different CO2 

concentrations on phenology, growth and yield of cotton cultivar SLH-284 at various 

locations. This cotton cultivar showed relatively more resistant to adverse changed climatic 

conditions of future than all other cotton cultivars as predicted by model simulations. 

Increasing 0.9 O C temperature had not any significant adverse effect on phenology, growth 

and yield of cotton cultivar SLH-284 under both CO2 levels at Faisalabad and Multan sites 

but at Sahiwal location, the future scenarios of 2025 had some negative effects and reduced 

anthesis days 8 %, maturity days 5 %, maximum LAI 7 %, total dry matter accumulation 4 % 

and seed cotton yield by 5 %, respectively at 330 ppm CO2 level. The elevated CO2 

concentration compensated the adverse effects and comparable reduction in anthesis days 

was 6 %, maturity days 4 %, maximum LAI 1 %, total dry matter production 3 % and seed 

cotton yield 4 % at 550 ppm CO2 level.  Table 7.73 further indicated that increasing 

temperature 1.8 O C had significant adverse effects on phenology, growth and seed cotton 

yield of cotton cultivar SLH-284 at Sahiwal and Multan site. The adverse effects of future 

2050 climate scenario were comparatively less at Faisalabad. The seed cotton reduction by 

increasing 1.8 O ranged 5-6 % at Faisalabad compared to 10-14 % under different CO2 

concentrations. The 550 ppm CO2 level relatively compensated the adverse effects of 

elevated temperature scenarios at Sahiwal and Multan locations for cotton cultivar SLH-284.    
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Impact of change in rainfall scenarios 

(A) Impact of increased rainfall scenarios. 

 Table 4.73 showed the impact of increase in rainfall on phenology, growth and yield 

of different cotton cultivars grown at various locations as simulated by the model. It is 

evident from the data that 3 % increase in current rainfall enhanced the crop duration and at 

Faisalabad site anthesis days increased by 1.66 %, 1.58 %, 6.25 % and 4.6 % for cv CIM-

496, CIM-506, NIAB-111 and cv SLH-284, respectively. Similarly maturity days also 

increased by 1 %, 2.4 %, 1.68 %, and 4.4 % for these cultivars. Maximum leaf area index 

was decreased to some extent as predicted by model probably due to cloudy weather, 

decreased PAR absorption and enhanced insect and disease attack. Several workers have 

reported that humid weather during crop growth may complicate defoliation, reduce yield 

and quality and lower the GOT % (Williford, 1992; Freeland et al., 2004). More rain fall 

enhances insect and disease attack such as boll rot. (Boyet et al., 2004). The total dry matter 

also decreased by increased rainfall at 3% and reduction was 3- 4 % for different cultivars at 

Faisalabad site as simulated by the model. The reduction in maximum LAI and total dry 

matter lead to 2-6 % decreased seed cotton yield for different cultivars at Faisalabad at 3% 

increased rainfall scenarios as predicted by the model. Increasing rainfall 6 % enhanced crop 

duration and anthesis days increased by 5 %, for cv CIM-496 and cv CIM-506 and 10-12 % 

for cv SLH-284 and cv NIAB-111 at Faisalabad. Maturity days also increased 4.5 %, 8 %, 

for CIM-496 and CIM-506 cultivars and 7 % for NIAB-111 and SLH-284 cultivars as 

simulated by the model. Increasing rain fall at 6 % showed negative impacts on maximum 

leaf area, total dry matter production and seed cotton yield according to model prediction for 

different cultivars. 

Maximum LAI decreased 5-12 %, total dry matter reduced to 4-6 % and seed cotton yield 

decreased by 3-15 % for different cultivars, according to model simulations. At Sahiwal site 

similar trend was showed by the model simulations for different cultivars increasing rainfall 

at 3 % enhanced crop duration and the anthesis days increased 3-4 %, maturity days 

increased by 2-5 % maximum LAI decreased by 3-17 %, total dry matter production 

decreased by 2-16 % and seed cotton yield reduced by 2-11 % for different cultivars as 

predicted by model under 3 % increased rainfall scenarios at Sahiwal site for different 

cultivars. Increasing rainfall at 6 % further enhanced crop duration and reduced growth and 
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yield parameters at Sahiwal for different cultivars according to model simulations. Anthesis 

days increased by 3-7 %, maturity days increased by 3-10 %, maximum LAI decreased by 6-

27 %, total dry matter was decreased 6-17 % and seed cotton decreased by 6-22 % for 

different cotton cultivars as simulated by model. At Multan site increased scenario of rainfall 

3% enhanced crop duration, decreased crop growth and yield attributes. Anthesis days 

enhanced by 3-9 %, maturity days enhanced by 2-7 %, maximum LAI reduced by 7-15 %, 

total dry matter decreased by 4-11 % and seed cotton yield decreased by 8-16 % as predicted 

by the model. Increasing rainfall 6 % enhanced crop duration and reduced growth and yield 

of different cultivars at increased rate. Anthesis days increased by 5-11 %, maturity days 

enhanced by 6-9 % , maximum LAI reduced by 8-21 % , total dry matter production 

decreased by 7-12 % and seed cotton yield reduced by 8-16 % as predicted by the model. The 

present model simulations corroborated the findings of Williford (1995) , who concluded that 

for each successive rain event yield and quality of cotton crop decreased and Parvin et al., 

(2005) stated that yields are reduced 10 kg of lint ha -1  cm -1 of accumulated rainfall during 

harvest (22.9 lbs acre -1 inch -1).  
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(B) Impact of decreased rainfall scenarios 

 Table 4.74 presents the impact of decreased rainfall on phenology , growth and seed 

cotton yield different cotton cultivars grown at various locations as simulated by the model. 

Decreasing rainfall 3 % did not significantly affected phenology, growth, or seed cotton yield 

of different cotton cultivars at various locations rather it improved slightly all the parameters. 

However decreasing 6 % rainfall showed negative impacts and the cv CIM-496 reduced 

anthesis days by 3.33 %, maturity days 2 %, maximum LAI 4 %, total dry matter production 

3 % and seed cotton yield by 4 %, respectively at Faisalabad. Cv CIM-506 also showed 

similar pattern and with decreasing 6 % rains anthesis days decreased by 3 %, maturity days 

2 %, maximum LAI 6 %, total dry matter production 7.5% and seed cotton yield by 6 %. CV 

NIAB-111 reduced anthesis days by 3%, maturity days 4%, maximum LAI 8 %, total dry 

matter production 7 % and seed cotton yield by 5 % at Faisalabad as predicted by the model. 

Cv SLH-284 showed more sensitivity than other cultivars and anthesis days decreased by 5 

%, maturity days 2 %, maximum LAI 10 %, total dry matter production 7 % and seed cotton 

yield by 16.5%, respectively at Faisalabad as predicted by the model. At Sahiwal site 

decreasing 3% rainfall slightly improved growth, development and yield parameters for 

different cultivars, however decreasing 6 % rainfall had detrimental impacts and cv CIM-496 

decreased anthesis days 8%, maturity days 3 %, maximum LAI7% and seed cotton yield 8 % 

as simulated by the model. Cv CIM-506 showed more response than cv CIM-496 and 

decreasing 6 % rainfall decreased anthesis and maturity days 5%, maximum LAI 6 % , total 

dry matter production 10 % and seed cotton yield by 13 % as simulated by the model. Cv 

NIAB-111 showed the highest response to decreased 6 % rainfall scenarios and according to 

model simulations anthesis days decreased by 3 %, maturity days 4 %, maximum LAI 13 %, 

total dry matter production 18 % and seed cotton yield 20 % at Sahiwal location. Cv SLH-

284 also showed negative response at this location to 6 % decreased rainfall scenarios and 

anthesis days decreased by 4 %, maturity days 2 %, maximum LAI 10% , total dry matter 

production 17 % and seed cotton yield by 11% as simulated by the model. The response of 

decreased rainfall 6 % was severe at Multan site probably due to the reason that the rainfall 

receipts during crop growing season were almost half at this location than other two locations 

and climate of this site was arid-hot (Appendices- 4.1 & 4.2). Cv CIM-496 responded 

negatively to decreased 6 % rainfall scenario and the anthesis days decreased 4%, maturity 
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days 5 %, maximum LAI 15 %, total dry matter reduced 8 % and seed cotton yield by 13 % 

as predicted by the model at this site. The negative response to 6% decreased scenarios of 

rainfall was more strong by cv CIM-506 and anthesis days decreased by 2%, maturity days 2 

%, LAI 11 %, TDM 14 % and seed cotton yield by 16 % as simulated by the model. The cv 

NIAB-111 showed the highest resistant to decreased 6 % rainfall and seed cotton reduction 

was minimum 9 % (Table 4.75). The detrimental effects of decreased 6 % rainfall were the 

most severe on cv SLH-284 at Multan site as shown by the model simulations, the anthesis 

days shortened by 7 %, maturity days 3 %, LAI 16 %, TDM 12 % and seed cotton yield by 

22.5 % respectively as predicted by the model.  



 169



 170

 

4.8.4 ADAPTATIONS STRATEGIES 

          To avoid or at least reduce negative impacts and exploit possible positive effects of 

climate change, several agronomic adaptations strategies are required for safe crop 

production under changed future climatic scenarios. The yields may apparently be modified 

by various management responses such as , adjustments in sowing time and planting density, 

fertilization application, irrigation application keeping in view the weather forecasts, 

applying soil water covering management practices ( such as mulching, appropriate crop 

rotation or minimum tillage eventually zero-tillage methods), breeding such varieties with 

conventional as well as with new breeding techniques of genetic engineering and bio-

technology which have better resistance potential against adverse effects of climate. Use of 

modern techniques of agronomy, engineering and allied disciplines to have better 

understandings of adverse effects of climate changes and planning better mitigation 

strategies. Development of better forecasting system with the help of media and information 

technology at site-specific level. (IPPC, 2001; Bindi and Olesen, 2000; Harrison et al., 1995 

Watson et al; ,1995). The previous studies exposed that CSM-Crop-Grow Cotton Model in 

DSSAT V. 4.2.2 simulated well variations in the sowing date, cultivar adjustments, influence 

of different doses of nitrogen. The following adaptation strategies were selected for 

mitigation of climate change impact: change in sowing date, use of different cultivar and 

nitrogen rates. 

                  It is evident from the results discussed above that cotton production was more 

sensitive to change in temperature and rainfall rather than CO2 in semiarid regions of Punjab, 

Pakistan. Our concerned regions had extremes of temperature and variable rainfall intensity 

and distributions during crop growth season of cotton. (Appendix 4.1& 4.2) So management 

strategies were evaluated with expected increase 0.9 O C (2025), 1.8 O C (2050) in present 

mean temperature and 3 %, 6 % increased or decreased rainfall scenarios.   

4.8.5.1 Evaluation of cotton cultivars and planting dates for 2025 

 a) Yield analysis 

 Cotton crop has to face high temperatures at the time of sowing and low temperatures 

at the time of maturity in Kharif season, under climatic conditions of Punjab, Pakistan. High 

temperatures generally speed up crop development and shorten crop growth period for yield 
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formation. Therefore planting date is very critical in semi-arid / arid areas of Pakistan. There 

is always yield losses associated with inappropriate sowing time. 

 The 30-years crop model simulations were run to determine the best planting date and 

suitable cotton cultivar for semi-arid /arid irrigated regions of Punjab, Pakistan for future 

temperature scenarios i.e. 0.9 O C increase in present temperature for 2025 and 1.8 O C 

increase in present temperature for 2050. The value of the planting date (PD) varied within 

the interval (D0 -60 days and D0 +30 days), where D0 is the planting date of 2005 for each 

location. It was assumed that weather and soil conditions would allow for the field operations 

to be done on selected date. The analysis established that early planting of cotton crop 

enhanced seed cotton considerably at all three locations. (Table 4.76) The increase in seed 

cotton yield varied from 5-23% on an average basis for different cultivars and delaying 

planting date significantly decreased seed cotton yield at all locations for different cotton 

cultivars under changed scenarios of 2025, as predicted by the model. The reduction in seed 

cotton varied from 6-21%. The reason of reduction in yield might be the shift of the sowing 

time and vegetative period into the weeks of higher temperature that cause shortening of crop 

duration. For all the cultivars and locations, the simulated yield 15-30 days delay in current 

planting date showed an increase in the risk of obtaining very low yields for the late planting 

dates.     
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b) Economic strategic analysis 

 Economic analysis option of the seasonal analysis tool calculated net monetary return 

for different planting dates and cultivars at each location under 0.9 O C increase in mean 

temperature. Table 4.77 showed that there was there was a continuous increase in monetary 

return ha -1 up to 60 days early planting in current planting date at Faisalabad and Sahiwal 

under 0.9 O C increase in temperature but at Multan site maximum monetary was predicted 

on 15 days delay in current planting date. Finally to evaluate economic dominance of the 

planting date and cultivar for each location Mean-Gini Dominance (MGD) analysis was 

performed. This analysis (Table 4.77) showed that 60 days early in current planting date will 

be the best planting date for semi-arid areas like Faisalabad and Sahiwal of Punjab and 15 

days delay in current planting date in arid areas like Multan to sustain cotton productivity 

under 0.9 O C increase in temperature in 2025. This analysis further showed that cv SLH-284 

was most efficient at Faisalabad and Sahiwal locations. While at Multan site cv CIM-506 

was efficient that gave maximum monetary return at above said planting dates. 
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4.8.5.2 Evaluation of cotton cultivars and planting dates for 2050 

 a) Yield analysis 

 Cotton crop has to face high temperatures and erratic rainfall at the time of sowing 

and low temperatures at the time of maturity in Kharif season, under climatic conditions of 

Punjab, Pakistan. High temperatures generally speed up crop development and shorten crop 

growth period for yield formation. Un-expected rainfall at sowing time cause crustation and 

reduced germination. Therefore planting date is very critical in semi-arid / arid areas of 

Pakistan. There is always yield losses associated with inappropriate sowing time. 

 The 30-years crop model simulations were run to determine the best planting date and 

suitable cotton cultivar for semi-arid /arid irrigated regions of Punjab, Pakistan for future 

temperature scenarios i.e. 1.8 O C increase in present temperature for 2050. The value of the 

planting date (PD) varied within the interval (D0 -60 days and D0 +30 days), where D0 is the 

planting date of 2005 for each location. It was assumed that weather and soil conditions 

would allow for the field operations to be done on selected date. The analysis established that 

early planting of cotton crop enhanced seed cotton considerably at all three locations. (Table: 

4.75 & 4.76) The increase in seed cotton yield varied from 10-47 % on an average basis for 

different cultivars and delaying planting date significantly decreased seed cotton yield at all 

locations for different cotton cultivars under changed scenarios of 2050, as predicted by the 

model. The reduction in seed cotton varied from 42-147 % by delay in current planting date. 

The reason of reduction in yield might be the shift of the sowing time and vegetative period 

into the weeks of higher temperature that cause shortening of crop duration. For all the 

cultivars and locations, the simulated yield 15-30 days delay in current planting date showed 

an increase in the risk of obtaining very low yields for the late planting dates.   
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b) Economic strategic analysis 

 Economic analysis option of the seasonal analysis tool calculated net monetary return 

for different planting dates and cultivars at each location under 1.8 OC increase in mean 

temperature. Table 4.78 showed that there was a continuous increase in monetary return ha -1 

up to 60 days early planting in current planting date at Faisalabad and Sahiwal under 1.8 O C 

increase in temperature but at Multan site maximum monetary was predicted on 15 days 

delay in current planting date. Finally to evaluate economic dominance of the planting date 

and cultivar for each location Mean-Gini Dominance (MGD) analysis was performed. This 

analysis Table (4.78) showed that 60 days early in current planting date will be the best 

planting date for semi-arid areas like Faisalabad and Sahiwal of Punjab and 15 days delay in 

current planting date in arid areas like Multan to sustain cotton productivity under 1.8 O C 

increase in temperature in 2050. This analysis further showed that cv SLH-284 was most 

efficient at Faisalabad and Sahiwal locations. While at Multan site cv CIM-506 was efficient 

that gave maximum monetary return at above said planting dates. 
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CHAPTER-V 

SUMMARY  
 The study was undertaken to model the impact of climate change on cotton production 

under semi-arid and arid conditions of Punjab, Pakistan. The data required to run the model was 

collected from field experiments conducted at three sites viz: Post- Graduate Agriculture 

Research Station (PARS), University of Agriculture Faisalabad, Cotton Research Station 

Sahiwal (CRS), and Central Cotton Research Institute (CCRI) Multan. Measurements of crop 

growth and environmental variables were made to establish the causes underlying the 

variations in seed-cotton yield associated with sowing time, cultivar and nitrogen application 

rate. Results obtained are summarized as under: 

 Early sowing of cotton significantly enhanced TDM kg ha -1 as compared to late 

sowing at all sites, and on average, it varied from 11247 kg ha-1 in May sowing to 

9336 kg ha-1 in June sowing. The cv. SLH-284 on an average produced the highest 

TDM kg ha-1 (10651) while the other cultivars produced comparable total dry matter. 

The highest TDM of 11789 kg ha-1 was produced by crop, which was fertilized @ 

200 kg N ha-1 compared to the lowest N level 50 kg ha-1 on an average basis of all 

three experimental sites. Final mean TDM yields at Faisalabad, Sahiwal and Multan 

were 8346, 11611 and 10917 kg ha-1, respectively. 

 Early sowing (3rd week of May) enhanced LAI over late sowing (2nd week of June) 

significantly throughout the growth. At all sites. Cultivar differences in LAI 

development were significant but comparable. Peak LAI values were reached at 100 

DAS in all the treatments. The development of LAI up to maximum value was 

linearly related to accumulated thermal time above a base temperature of 12O C in all 

the treatments. Treatments like early sowing or higher N application enhanced TDM 

over late sowing and lower N application mainly due to enhanced leaf area duration 

(LAD). Both TDM and seed-cotton yield production were linearly correlated with 

cumulative LAD in both the seasons. Maximum LAI of 3.95 was produced by early 

sown crop compared to late sown crop that produced 3.62 LAI on the basis of all 

sites.  Similarly the highest N level produced 4.53 LAI than the lowest one 3.19.  
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 Early sowing enhanced seed cotton yield over late sowing by 29% (2029 Vs 1446 kg 

ha-1),  

 The nitrogen application had a significant and prominent impact and maximum seed 

cotton yield of (2035 kg ha-1 )was produced by crop which was applied N@ 200 kg 

ha-1   compared to the crop(1444 kg ha-1 )which was applied N@ 50 kg ha-1   on an 

average basis.   The mean seed cotton yields were 1487, 1962 and 1764 kg ha-1    at 

Faisalabad, Sahiwal and Multan. The crop performed well at Sahiwal compared to 

other to sites. 

 Different treatments differ significantly in harvest index (HI). In Early sown crop HI 

was more (17.45) compared to late sown crop (14.85). The HI of crop which was 

applied N@ 150 kg ha-1 was higher and at par with N@ 200 kg ha-1.  The mean HI at 

Faisalabad, Sahiwal and Multan were 17.29, 14.87 and 16.20, respectively. 

 Early sowing affected significantly sympodial branches per plant over late sowing. 

May sown crop produce 10 % more sympodia (20.27 Vs 18.36) than June sown crop 

on the basis of average of all locations. Cultivar SLH-284 produced the highest 

sympodial branches per plant when sown early and applied N @ 200 kg ha-1. The 

highest N level also prominently increased sympodial branches over the lowest N 

level at all sites. The mean sympodial branches per plant at Faisalabad, Sahiwal and 

Multan were 16.47, 21.35 and 20.17, respectively. 

   The number of mature bolls plant-1 was significantly affected by sowing date. 

Averaged over all locations, early sown crop produced 26 % more mature bolls plant-

1 over late sown crop (16.16 Vs 12.00). Similarly higher N level also significantly 

(21.43 %) enhanced mature bolls than the lowest N level (15.49 vs. 12.17) on average 

of all sites basis. The mature bolls plant-1 was 11.95 at Faisalabad, 16.39 Sahiwal and 

13.80 Multan.   

 Different treatments significantly affected average boll weight. Comparatively 

heavier bolls were found in early sown crop compared to late sown crop. Averaged 

over all locations the boll weight of early-planted crop was 2.83 g than late sown 

crop, which produced average boll weight of 2.80 grams. cv NIAB-111 produced 

heavier bolls with average boll weight  2.87 grams on followed by  cv SLH-284. The 
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crop that was applied higher N produced heavier boll weight of 2.85 g on an average 

basis than the crop that was applied low N level (2.61 g ). The mean boll weight g at 

Faisalabad, Sahiwal and Multan was 2.81, 2.84 and 2.82, respectively.  

 Early sowing of cotton significantly enhanced mean crop growth rate 10% (7.35 g m-2 

day -1  vs 6.59 g m-2 day -1) over the late sown crop The mean CGR was higher in cv 

NIAB-111 followed by cv SLH-284.The crop which was applied higher N rate 

showed 24% faster CGR (7.99 g m-2 day -1  vs 6.06 g m-2 day -1 ) compared to crop 

that was applied the  lowest N.The mean values of CGR at Faisalabad, Sahiwal and 

Multan remained 6.27, 7.31 and 7.36 g m-2 day -1, respectively. 

 Early sowing significantly enhanced fraction of intercepted radiation (Fi) over the late 

sowing, and it reached at more than 90% by 100 DAS in all the treatments. TDM 

production was strongly and linearly related to cumulative intercepted PAR (R2 = 94 

– 98%). Seasonal TDM or seed-cotton yield between the treatments were mainly 

associated with the amount of PAR absorbed, and to a lesser degree on its efficiency 

of utilization. Radiation utilization efficiency (RUE) for TDM varied from 1.05 g MJ-

1 to 1.20 g MJ-1 of  intercepted PAR at different locations  

 CROP-GROW Cotton model in DSSAT V (4.0.2) model was used to simulate the 

growth; development and Seed cotton yield of cotton crop sown on different dates 

under adequate water and variable nutrient supplies. The model simulated phenology, 

development and seed-cotton yield of four cotton cultivars reasonably good and the 

average error was less than 10%.  

 The CROP-GROW Cotton model was calibrated for phenology, development and 

seed cotton yield using data of experiments conducted in 2005 at three locations and 

cultivar coefficient for four cotton cultivars were determined, and the model was 

checked for its validation using data of all three locations during year 2006 with same 

set of cultivar coefficient. The model was robust and simulated phenology, growth 

and yield quite well. The average error between simulated and observed values 1 to 

9%. 

 The CROP-GROW Cotton Model, calibrated and validated for the four cotton 

cultivars, was used to simulate potential seed cotton yields under various scenarios of 
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changed climate at all three. Locations by providing 30 years historic past climate 

data from 1974-2006.  

 Under changed climate Scenarios of 2025, 2050 (increased temperature) it was 

concluded that. Increase in CO2 Concentration from 330 ppm to 550 ppm would have 

positive impacts on cotton growth and yield, due to carbobdioxide fertilization.   

 The time course simulations of CMS-Crop-Grow cotton Model were also satisfactory 

and d-index values ranged from 90-99 % for crop biomass and seed cotton yield. 

 The results of this study showed that increase in temperature 0.9 O C (2025) would 

not affect significantly crop growth and yield but increase in temperature1.8 O C 

(2050) would affect crop growth and yield negatively and reduction in crop duration , 

growth and yield have been observed. 

 Optimization of planting date and cultivars selection with seasonal analysis tool 

showed that cv SLH-284 was most efficient at Faisalabad and Sahiwal sites. While at 

Multan site cv CIM-506. The former cultivar gave maximum monetary return when 

planted 60 days earlier and the later gave maximum monetary when planted 15 days 

late from current planting date at Multan under predicted  changed climate scenarios 

of 2025 and 2050.   

 Sowing time of cotton crop needs to be re-investigated at different Agro-ecological 

zones of Punjab as concluded by this study. 

 Shrinkage of cotton zone is mainly due to climate change, which has disturbed the 

cropping pattern of some districts of Punjab like Faisalabad, Okara, Pakpattan and 

Sahiwal. 

 

CONCLUSIONS 

1. Based on the results, the following conclusions can be drawn. The seed cotton 

yield among various treatments was related to their photosynthetic activity. At 

all locations, treatments like early sowing, and cv SLH-284 with higher N 

level increased yield due to greater LAI,LAD and light interception. Thus 

crop growth and yield can be analyzed satisfactorily from measurements of 

intercepted PAR and RUE.  
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2. May sowing of cotton crop in Faisalabad and Sahiwal can increase seed cotton 

yield significantly up to 29 % on average than June sowing. Similarly Higher 

nitrogen application @ 200 kg ha-1 can increase seed cotton yield up to 29.1 % 

than lower N level 50 kg ha-1. The higher seed cotton yield was primarily due to 

higher LAI, TDM production. 

 

3. Testing of CMS-CROP-GROW Cotton Model in DSSAT and application in 

this study confirmed that this model could be acceptable for use as a research 

tool in the variable agro-environment of Punjab, Pakistan. However, some 

model inputs for Punjab need to be determined including genetic coefficients 

of various cotton cultivars and the minimum data set for soils and weather 

data as a whole country level. 

4. Climate change analysis indicated strong influence of temperature increase 

(1.8 O C) on cotton production in Punjab. The yield will be substantially 

decreased with increasing temperatures up to 1.8 O C in region. Under the 

present scenarios, it would seem that average cotton yield will decrease by 20 

% beyond 2050. However, the variability of yield at different sites is likely to 

increase significantly.  

5. Increasing or decreasing 6 % rainfall scenarios would affect cotton growth 

and yield negatively and drastic yield reduction was observed from the 

current.    

 

Future Research 

 Emphasis should be put on modeling development, growth and yield of different 

field crops under different climatic conditions of Pakistan. 

 Studies on cropping system /cropping pattern needs to be investigated i.e. 

shrinkage of agro-ecological zones, creation of new zones and subsequent 

problems related to such changes.  

 Sowing time of cotton crop needs to be re-investigated in different agro-

ecological zones of Punjab Pakistan as concluded by this study. 
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 Critical study of impact of rainfall and temperature on different crop growth 

stages of cotton crop in Punjab needs attention of research workers. 

 Impact of climate changes on various harmful insects, new diseases and weeds 

and the prospects of their damages and mitigation strategies development is also 

another field of research. 
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Appendix 3.1: Physical and chemical analysis of experimental soil  

Determination Unit Faisalabad Sahiwal Multan 

a) Physical Analysis     

Sand % 40.69 38.55 37.71 

Silt % 42.93 41.25 44.69 

Clay % 16.38 20.20 17.60 

Textural class  Loam Loam Loam 

b) Chemical analysis     

pH - 8.7 8.3 8.2 

Total soluble salts % 0.22 0.12 0.07 

Organic matter % 0.23 0.62 0.72 

Total nitrogen % 0.01 0.03 0.04 

Available phosphorus  P p m 10.5 8.1 14.2 

Potassium P p m 390 320 380 

 

Source: Agricultural Chemist (S.F.), Ayub Agricultural Research Institute, 
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Appendix 3.2 GENETIC COEFFICIENT FOR COTTON FOUR CULTIVARS 
 
    Cotton Cultivar Coefficients: Cr g r o 040 Model 
 COEFF   DEFINITIONS 

• ! ECO# Code for the ecotype to which this cultivar belongs (see *.eco file) 

• ! CSDL    Critical Short Day Length below which reproductive development 

• !         Progresses with no day length effect (for short-day plants) (hour) 

• ! PPSEN   Slope of the relative response of development to photoperiod with time 

• !         (Positive for plants) (1/hour) 

• ! EM-FL   Time short-day between plant emergence and flower appearance (R1) 

• !         (Photo thermal days) 

• ! FL-SH   Time between first flower and first pod (R3) (photo thermal days) 

• ! FL-SD   Time between first flower and first seed (R5) (photo thermal days) 

• ! SD-PM   Time between first seed (R5) and physiological maturity (R7) 

• !         (Photo thermal days) 

•! LFMAX   Maximum leaf photosynthesis rate at 30 C, 350 vim CO2, and high light 

•!         (mg CO2/m2-s)---from Reddy Adv. Argon. 1997? 

•! SLAVR   Specific leaf area of cultivar under standard growth conditions 

•!         (Cm2/g) 

•! SIZLF   Maximum size of full leaf (three leaflets) (cm2) 

•! XFRT    Maximum fraction of daily growth that is partitioned to seed + shell 

•! WTPSD   Maximum weight per seed (g) 

•! SFDUR   Seed filling duration for pod cohort at standard growth conditions 

•!         (Photo thermal days) 

•! SDPDV   Average seed per pod under standard growing conditions (#/pod) 

•! PODUR   Time required for cultivar to reach final pod load under optimal 

•          Conditions (photo thermal days) 
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                  COTTON CO – EFFICIENTS 
ECO # VRNAME CSDL PPSEN EM-

FL 

FL-

SH 

FL-

SD 

SD-

PM 

FL-LF LFMAX SLAVR SIZLF XRFT WTPSD SFDUR SDPDV PODUR 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

PA0001 CIM - 496 23 0.01 49.1 18.0 18.0 59.7 99.99 3.99 188 265 0.850 0.183 41.9 27 3.9 

PA0002 CIM - 506 23 0.01 49.1 18.0 18.0 60.9 90.00 4.00 188 266 0.850 0.189 38.0 27 3.8 

PA0003 NAIB-111 23 0.01 49.0 18.1 18.1 60.0 99.99 4.09 188 287 0.840 0.188 39.0 27 3.9 

PA0004 SLH - 284 23 0.01 40.0 18.2 18.2 66.6 110.99 3.99 189 290 0.780 0.180 36.0 27 3.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 203

Appendix 4.1: Monthly mean weather conditions during crop growth season (2005)                                

 

           Source:      Observatory, plant physiology section (A.A.R.I., Faisalabad) 

                              Observatory, Maize& Millet, Research Institute Sahiwal.          

                              Observatory, Central Cotton Research Institute, Multan 

                              Pakistan Meteorological Department (PMD)  

                           (* shows long term means of weather conditions during 1974-2006) 

 

 
 
 
 
 
 

Month Mean temperature 

 (O C ) 

Rainfall (mm) Total Sunshine (HRS) Relative humidity 

(%) 

FSD SWL MNL FSD SWL MNL FSD SWL MNL FSD SWL MNL

May 29.65 31.30 33.20 18.40 39.00 12.50 285.10 287 276.52 35.55 45.70 37.87

 31.4* 32.85* 32.4* 14.4* 17.4* 9.8* 296* 298 293.5* 37* - 9.8* 

June 34.15 35.87 34.69 36.00 28.00 - 290.30 290 276.30 38.35 43.80 46.67

 33.5* 35.15* 35.5* 44.8* 39.3* 12.3* 269.3* 271 266.8* -* - 12.3*

July 31.05 33.25 32.53 101.20 53.00 134.30 218.50 218 256.37 70.05 62.80 65.34

 32.5* 33.75* 33.9* 108.3* 149.8* 61.3* 247.3* 248 265* 61* - 61.3*

Aug, 33.10 33.85 31.62 17.60 - 71.30 276.05 296 293.26 66.00 60.15 70.82

 31.65* 32.65* 33.0* 84.7* 134.5* 32.6* 257.2* 276 277.6* 66* - 1.3* 

Sep. 29.60 31.20 29.49 105.50 42.00 8.50 264.35 278 271.80 76.65 70.10 82.13

 29.85* 30.70* 31.0* 40.00* 55.4* 10.8* 269.8* 295 277.6* 60* - 32.6*

O Ct. 29.05 26.90 25.27 4.90 - - 286.15 235 292.64 73.10 65.00 72.43

 25.25* 26.20* 18.2* 4.6* 14.6* 1.7* 273.8* 234 274.9* 55* - 10.8*

Nov. 18.85 21.60 19.67 - - - 228.50 231 234.30 70.80 64.45 75.3 

 19.25* 20.1* 10.9* 3.9* 5.9* 2.3* 273.9* 278 255* 63* - 2.3* 
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Appendix 4.2 Monthly mean weather conditions during crop growth season (2006) 

 
           Source:      Observatory, plant physiology section (A.A.R.I., Faisalabad) 

                              Observatory, Maize& Millet, Research Institute Sahiwal.          

                              Observatory, Central Cotton Research Institute, Multan 

                              Pakistan Meteorological Department (PMD)  

                           (* shows long term means of weather conditions during 1974-2006) 

 

 

Month Mean temperature(0 C ) Rainfall (mm) Total Sunshine (HRS) Relative humidity 

(%) 

FSD SWL MNL FSD SWL MNL FSD SW

L 

MNL FSD SWL MNL

May 33.15 34.90 34.95 22.40 23 - 289.35 290 244.90 39.40 47.6 43.05

 38.4* 32.85* 32.4* 16.2* 17.4* 9.8* 293* 293 293.5* 37* - 9.8* 

June 31.70 33.4 33.35 46.20 69 16.20 292.15 293 252.00 45.50 46.35 50.65

 33.5* 35.15* 35.5* 27.9* 39.3* 12.3* 269.3* 271 266.8* -* - 12.3*

July 32.15 34.10 34.20 45.20 61.65 1.50 217.20 270 238.08 66.35 61.65 62.25

 32.5* 33.75* 33.9* 115* 149.8* 61.3* 247.3* 248 265* 61* - 61.3*

Aug, 30.70 32.85 31.80 120.50 67.65 39.10 234.15 276 285.51 78.60 67.65 72.50

 31.65* 32.65* 33.0* 89.9* 134.5* 32.6* 257.2* 258 277.6* 66* - 1.3* 

Sep. 28.85 30.85 29.65 88.00 63.95 - 273.15 268 286.50 67.70 63.95 69.65

 27.1* 30.70* 31.0* 28.7* 55.4* 10.8* 269.8* 272 277.6* 60* - 32.6*

O Ct. 24.45 27.4 26.60 13.20 61.8 1.00 263.55 289 260.00 68.90 61.80 73.30

 25.25* 26.20* 18.2* 3.8* 14.6* 1.7* 273.8* 276 274.9* 55* - 10.8*

Nov. 19.05 25.35 20.35 12.00 71.3 6.20 181.55 257 181.50 73.85 71.30 77.55

 19.25* 20.1* 10.9* 3.0* 5.9* 2.3* 273.9* 278 255* 63* - 2.3* 
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