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CHAPTER-I 

1. INTRODUCTION 

Cotton is the world most important industrial crop which is being grown under diverse agro-

climatic conditions on about 33-35 million hectares (Memon et al., 2014). It represents about 

2.5% of world arable land and 38% of the world fibre market (Pan et al., 2008). Although cotton 

is mainly cultivated for its fiber but every kg of lint produced is accompanied by about 1.65 kg 

seed which is used for oil extraction and preparation of animal feed cakes (Sunilkumar et al., 

2006). With the production of 43.45 million metric tons, it is the fourth most important oilseed 

crop in the world following soybean, rapeseed, and sunflower (Statista, 2019). Pakistan holds a 

unique position in the world being the fourth largest producer and the third-largest consumer of 

cotton. It is grown on an area of 2.37 million hectares with a production of 9.861 million bales. 

It contributes to 0.8% in gross domestic production (GDP), 4.5% value addition in agriculture, 

and 66.0% domestic oil production (Government of Pakistan, 2019). The crop is the source of 

income for about 100 million rural family units which are directly engaged in various cotton 

production practices (Pan et al., 2008). Its cultivation is stretched over 1200 km in sandy loam 

to clay loam soil of Indus valley (Latitude 27-33◦ N and altitudes 27-153m) and climatic 

conditions fall in semi-arid to arid features (Raza and Ahmad, 2015 and Malik and Ahsan, 

2016). 

The sunflower is a non-conventional oilseed crop that was first time introduced in Pakistan 

during 1960 (Burney et al., 1990). It is being grown on an area of 106.8 thousand hectares with 

the production of 54000 tons oil and represents 10.8% of total domestic oil production 

(Government of Pakistan, 2019). It is considered an opportunity crop for areas characterized by 

scared water supply. It is being cultivated in most the countries for its edible oils (Abdou et al., 

2011). Following the soybean and rapeseed, it is recognized as the third most important world 

vegetable oilseed crop (Statista, 2019), is grown on 22.0 million hectares with an annual 

production of 9.0 million tons (Elsheikh et al., 2015). Its oil is used for cooking, the raw material 

for soap, paints, and cosmetics industries (Bamgboye and Adejumo, 2007). Its seed contains 

40-50% oil contents and 40% digestible protein (Amin et al., 2017). 

Pakistan has been characterized as a deficit in edible oils with domestic production of 500 

thousand tons which contributes only 17.1% of the country requirement and the rest (82.9%) is 
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met from imports which is a huge burden on the country amounting to US$ 1.455 billion 

(Government of Pakistan, 2019). There is great emphasis on sunflower cultivation in Pakistan 

to meet the ever-rising demand for edible oils in accordance with population growth. The 

sunflower fits well in our cropping systems following cotton for spring planting. Therefore, its 

cultivation can save a huge drain of national capital being invested for the import of edible oils. 

The cotton in South Punjab is grown in wheat-cotton, maize-cotton and sunflower-cotton 

sequence.  The implication of crop succession in production planning at farm level is very 

important. It should not only consider the residual effects of previous crops but it should fulfill 

the future need for high yield. The cotton-sunflower is an important oil-based cropping system 

of the South Punjab, Pakistan. The main issue of this cropping system is that cotton sowing get 

late due to late harvesting of sunflower. The sowing time adjustment and genotype selection on 

the basis of maturity time is key factor to overcome the issue (Tariq et al., 2021). The sunflower 

planting and harvesting are completed during January and early May. While cotton is planted 

in May and harvested during early December (Figure 1.1). The crops grown in the sequence 

determines the planting time of the next crop by making the land fallow. Hence, it can be 

concluded that cropping season moves with cropping system. The planting time and genotypes 

are key factors for crop duration.   

 

Figure 1.1: Developmental overview of the cotton-sunflower cropping system 
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It has been estimated by various climate change assessment reports that the current CO2 

concentration in the atmosphere may increase from 400 ppm to 660 ppm by 2060 and 790 ppm 

in 2090 (Intergovernmental Panel on Climate Change, 2007 and 2014). It will result in increased 

global mean temperature due to its capacity to absorb solar radiations. The global temperature 

may rise from 1.4 to 5.8 °C by the 21st century as projected by General Circulation Models 

(Reddy et al., 2002). Similarly, the temperature record in Pakistan from 1901 to 2010 (110 

years) indicated an average increase of 0.66 °C (Gadiwala and Burke, 2013). Heat and drought 

are interlinked stresses which will be closely associated with high CO2 concentration in the 

future. The CO2 is the main driver for climate change on the one hand and yield promoter 

through its direct role in photosynthesis on other hand (Tubiello et al. 2007). However, a 

contradiction exists for C3 crops including cotton where CO2 fertilization sometimes may impart 

positive effects on yield and sometimes adverse effects may be expected (Roudier et al., 2011). 

The main indicators of climate change are increased mean surface temperature, frequent and 

severe drought occurrence, heat waves, changing precipitation patterns, melting of glaciers, 

cyclones, and frequent floods (Deka, 2007; Frank, and Elizabeth, 2012). The first decade of 

twenty-first century (2001-10) is regarded as a decade of climate change because the 

temperature of the land surface and ocean exceeded the previous record. The number of rainy 

days was more in 2015 in most of cotton growing districts of Punjab than the long term average 

which made the mechanical operations impossible. 

Climate change will adversely affect cotton productivity through increased frequency and 

duration of extreme temperature, limited water supply, and changing the time of precipitation 

onset. The prevalence of high temperature during the reproductive period will shorten the period 

of boll development resulting in under the development of fiber. The cotton yield is likely to 

decrease by 40% in central Asia (Kato et al., 2012). Furthermore, the yield of corn, soybean, 

and cotton in the US may drop from 36-40% and 63-82% in low (B1) and high greenhouse 

emission (GHG) scenario (A1F1), respectively (Schlenker and Roberts, 2009). The results of 

climate change impact assessment in Europe on sunflower revealed a decrease of  0.05 t ha-1 

decade-1 is expected up to 2020. However, the yield was likely to increase by the same rate 

beyond 2020 (Harrison and Butterfield, 1996). Climate change may impart positive or negative 

impacts which vary from region to region. For instance, in the warming scenario of the third 

decade of the 21st century, the yield of sunflower is expected to decline in southern Europe, 
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while it would be improved in Northern parts of France and Germany (Debaeke et al., 2017). 

The areas in sunflower cultivation are shifting in Europe towards north from south by 180 km 

with 1 °C  increase in annual mean temperature (Seguin, 2003) and would shift to a higher 

altitude at the rate of +150 m with 1 °C  rise (Debaeke et al., 2017). 

The climate changes in form of elevated temperature, variations in rainfall, and other variables 

necessitate the development of adaptation measures to bring long-term sustainability in crop 

productivity. The adaptation means to change the practices according to the nature of weather 

extremes. The agronomic measures adopted by farmers can modify the crop response to climate 

change. The development and use of cultivars that can better withstand heat period are 

suggested for long term adaptation. The modification in crop management practices offers short 

term adaptation through better utilization of the favorable environment and to offset the adverse 

effect. Shifting planting time, cultivars selection, fertilization, and improved plant protection 

are some key adaptation strategies (Debaeke and Aboudrare, 2004; Cao et al., 2011; Debaeke 

et al., 2017).  

The climate change issue can be addressed through long-term experimentation on sowing dates 

taking in accounts the precipitation time, amount and frequency, temperature extremes and 

sunshine availability, etc. But the approach is time-consuming and did not provide a timely 

solution for the problem. In this regard, crop growth and simulation models could be an efficient 

solution by integrating the short-term experiments and long-term weather data of the 

experimental site. The models had been used to analyze the physiological traits of the crops 

keeping in view the interaction among three biophysical variables including crop, enviornmnet 

and management. Therefore, the key plant process contributing in the yield can be modelled to 

simulate the yield, growth and other developmental processes. The data generated from field 

experiments is used for model development and improving the accuracy of simulations for 

assessing climate change impacts and further development of adaptation strategies (Craufurd et 

al., 2013). Therefore, it can be concluded that crop modelling can significantly contribute in 

global food production in changing climate. The model would help the farmers to develop site-

specific technology and planting time decisions in accordance with the most prevailing regional 

pattern of stress. However, sound calibration and validation of models is pre-requisite to 

ascertain the model efficiency to reproduce the relevant crop responses. The models such as 

DSSAT (Decision Support System for Agro-technology Transfer) is mathematical presentation 
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of processes associated to various disciplines, for example physics, biology and chemistry. The 

DSSAT was developed by International Benchmark Site for Agro-technology Transfer 

(International Benchmark Sites Network for Agrotechnology Transfer, 1989). It uses soil, 

climate, cultivar and crop management data as input for simulation process (Hunt et al., 2001). 

The DSSAT model is detailed process-oriented model which takes in account the daily crop 

developmental processes (Jones et al., 2003). It covers more than 28 crop models including 

fiber, legumes, cereals, oil, roots, fruits and vegetable crops. The CROPGRO-Cotton, a 

cropping system model (CSM) is available as a component of DSSAT. These models are being 

widely applied in many cotton production regions of the world. For instances, it has been used 

to simulate the climate change impact on cotton in Georgia for water use efficiency (Garcia y 

Garcia et al., 2010), Cameroon for CO2 concentrations and conservation agriculture 

(Gérardeaux et al., 2013), and Lower Mississippi Delta for planting time optimization (Anapalli 

et al., 2016). Furthermore, Paz et al., (2012) evaluate the impact of El Niño/La Niña Southern 

Oscillation in combination with varying planting time on cotton yield in various 

cottonproducing regions of Georgia state, USA. It has been used in past for climate change 

impact assessment on the ground nut, sorghum, maize, and soybean (Tingem et al., 2009). It 

simulates daily crop growth and development stages (emergence, first leaf, flower, crack boll 

appearance, 90% boll opening), growth, partitioning, stress, and yield (Thorp et al., 2014). The 

model was selected for its successful application for the assessment of climate change impact 

on cropping systems (Paz et al., 2012 and Gérardeaux et al., 2013). Although significant work 

on the impact of sowing dates of cotton (Deho et al., 2012; Ali et al., 2009; Usman et al., 2016) 

and sunflower (Qadir et al., 2007, Saleem et al., 2008; Dutta, 2011) has been evaluated in the 

past. However, information regarding the impact of sowing dates in cotton-sunflower cropping 

system with special reference to climate change is lacking. Therefore, it is critical to examine 

the crop growth and yield response of the cotton-sunflower cropping system in a changing 

climate.    

The objectives include 

1. To estimate the growth and yield response of cotton and sunflower cultivars planted at 

variable planting dates 

2. To evaluate the performance of DSSAT model and its application  for climate change 

impact assessment on cotton-sunflower cropping systems 
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3. To identify and recommend promising adaptation measures to ameliorate the adverse 

effects of climate change for cotton-sunflower cropping system  
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CHAPTER-II 

2. REVIEW OF LITERATURE 

2.1 Cotton 

2.1.1 Effects of sowing dates 

Being an annual crop, cotton is very responsive to environmental conditions (Gormus and 

Yucel, 2002). The potential yield can be achieved by optimizing planting windows (Soomro et 

al., 2001). The impact of optimum planting time and moisture supply for Bt. cotton with respect 

to growth, productivity, and quality were investigated. It was concluded that early planting in 

June produced 418 and 1223 kg ha-1 higher seed cotton productivity than July and August 

planting, respectively. The lower yield in late sowing was mainly attributed due to low green 

bolls and total bolls at maturity. Among the lint quality traits, only fibre length and uniformity 

ratio were significantly reduced in late planting. The water use efficiencies for economics and 

biological yield were poor in late planting. In this study, the authors concluded that sowing dates 

are more important than irrigation regimes for higher seed cotton yield (Hallikeri et al. 2009). 

The results of three years field investigations (2001, 2002 and 2003) concluded that cotton 

accumulated more vegetative biomass in late planting in comparison with optimal planting. The 

fruiting setting was also affected by the sowing date because the fruit-bearing node was lower 

in optimal planting. The optimal planting produced 2180, 580 and 920 kg ha-1 more seed cotton 

yield than late planting for the first, second and third year (Nuti et al. 2006). The germination 

characteristics, phenological development, and fibre traits response of cotton was evaluated 

across sowing dates from 14th February to 15th May at the biweekly intervals (Shah et al., 2017). 

It was observed that the time taken to germination, 50% germination and mean germination 

time were reduced with delay in sowing. Similarly, lower values of plant height, monopodial 

and sympodial branches, bolls, boll weight and seed cotton productivity, biological yield, and 

ginning turnout were achieved in late sowing. 

The studies regarding the impact of four sowing dates 15th April to 1st June on seed cotton 

productivity, fiber, and seed characteristics were evaluated by Deho et al. (2012). It was 

indicated that 01st May planting produced superior boll weight, seed cotton productivity, seed 

index besides seed germination (%). While 15th April and 15th May sown crop produced 

statistically similar plant height and No. of sympodial branches. Maximum ginning outturn and 
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staple length values were documented for 01st June planting. The sowing dates alter the climatic 

conditions at various phenological stages. For example, the late planting of cotton in climatic 

conditions of the Cukurova region of Turkey observed low temperature during the boll 

development stage and produced a low yield. While, earliness was increased from 106 to 114 

days with 14 days delay from 10th May to 24th May. The lint %age, 2.5% span length, fibre 

strength, micronaire, and uniformity ratio did not change significantly in response to planting 

dates (Gormus and Yucel, 2002). The relationship of various climatic conditions at different 

phenological stages to yield was studied through sowing dates. An increase of 782.6 kg ha-1 in 

seed cotton productivity was observed with every 1 °C  rise in diurnal mean temperature (DTR) 

between peak bloom and maturity. While every increase in a sunshine hour at squaring 

(budding) to anthesis improved seed cotton yield by 0.0121 kg ha-1. Higher productivity in early 

planting was mainly attributed to more accumulated temperature. Furthermore, it was reported 

that seed cotton yield and water use efficiency were lower in late planting. The late planting 

speeds up the vegetative and reproductive development processes and resulted in poor yield. 

The lowest ginning turnout was obtained in the last sowing dates (Huang, 2016). 

The changing in sowing dates push the different phenological stages to various environmental 

conditions like accumulated temperature, humidity and sunshine hours etc. It was clear from 

the results that flowering time and days required to transform flowering to boll formation were 

less in the late planting system. The lint yield, boll weight, lint %age, fibre length, and strength.  

However, boll numbers and micronaire values were significantly affected by the planting time 

(Dong et al., 2006). The sowing time determines the plant shape, hence, choice of sowing is 

also important for traits related to mechanical picking like early maturity, plant shape, yield, 

and fibre quality. The nodal position of the first fruiting bearing branch was improved, while 

the number of fruit-bearing branches and boll opening %age were gradually decreased with 

delayed sowing. The sowing dates impact on boll distribution as fewer bolls were concentrated 

in the lower plant portion and more in the upper portion in case of late planting. It was observed 

that planting at the end of April or early May is a better choice for mechanical picking. (Wang 

et al., 2016). in the results of five years trial from 2001-2005 revealed that yield showed a 

decreasing trend with a delay in planting. The first planting in each year produced better seed 

cotton yield and GOT. While, the reverse occurred for strength and lint yellowness for which 

higher values were obtained from last planting (Wrather et al., 2008). 



8 

 

The results on yield and fibre quality response to sowing dates including 25th April, 25th May, 

and 10th June revealed that boll numbers, boll weight, lint percentage, and lint productivity were 

reduced with late planting. The fibre length, mean strengthen rate of rapid growth (VRG), and 

steady growth period of fibre strength (VSG) initially increased followed by a decrease in late 

planting (Liu et al., 2015). The results of another study conducted by Khan et al. (2017) 

indicated that yield contributors like bolls (m-2), boll weight (g), lint (%age), seed cotton yield, 

and lint yield were decreased with delay in sowing from 20th May to 04th June. Time taken from 

planting to squaring, blooming besides boll opening was also reduced. 

The results of experiments on sowing dates impacts on cotton water use and nitrogen use 

efficiency reported a decreasing trend in seasonal water use and water use efficiency (Braunack 

et al., 2012). Results of sowing dates on productivity related parameters demonstrated that boll 

weight, boll numbers, and seed cotton yield increased up to 15th May followed by a decline. The 

yield was declined by 3275 kg ha-1 from 15th May to 15th July (Hassan et al., 2003). The upland 

cotton performance for fibre traits to various sowing dates was studied. The impact of planting 

time remained non-significant for micronaire and uniformity index. The fibre strength increased 

with every delay in planting and staple length was improved only up to 10th May. The seed 

cotton started decreasing from 25th April, however, 10th April produced less yield than 25th April 

(Awan et al., 2011). 

The planting dates are also adjusted to address the issue of various diseases in addition to yield. 

One of such example from Pakistan and Brazil is the management of cotton leaf curl disease 

and Ramularia leaf spot disease. Early planting for cotton in Pakistan is preferred for virus 

disease management (Ali et al., 2014), and planting during the third week of January in Brazil 

is the safe window for planting (Ascari et al. 2016). The disease management through planting 

time adjustment is basically to escape the crop vulnerable growth stage at the time of disease 

appearance. The planting window is now defined in Pakistan to manage the pink bollworm and 

early planting is being discouraged. 
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2.1.2 Effects of cultivars 

The cultivars impact on yield formation and quality traits was evaluated for twelve genotypes. 

The seed cotton and fibre yield exhibited significant responses among genotypes. The genotype 

STV- 468 exceeded the other genotypes for seed cotton, fibre yield, and GOT. The longest fibre 

27.96 mm was produced from SAHIN 2000, while BA 119 produced the shortest fibre and 

highest elongation %age. The genotype GW-TEKS produced strong fibre and CMR-24 gave 

the week fibre (Karademir et al., 2011). The field performance of twenty three (23) cotton 

genotypes was evaluated for phenological, yield formation, and lint quality aspects. The 

genotypes displayed remarkable differences for studied traits (Bakhsh et al., 2019). The studies 

regarding the evaluation of thirteen genotypes for morphological traits related to earliness 

revealed differences among genotypes. The appearance of the first flower, sympodial branch 

position bearing first effective bolls, length of the sympodial branch, boll opening, boll weight, 

and seed cotton yield were different among genotypes (Saeed et al., 2008). The genotypes were 

screen out for drought tolerance under Faisalabad, conditions. Significant differences regarding 

water potential, osmotic potential, stomatal conductance, and canopy temperature were 

observed among genotypes both in well water and drought conditions. The maximum water 

potential (1.94 -MPa) in drought and osmotic potential (0.30 -MPa) and stomatal conductance 

(79.5 m mol m-2 s-1) in well water conditions were recorded in BH-190. The genotype BH-190 

has remained the best performer in drought over the rest of the genotypes (Ahmad et al., 2019). 

The genotypes evolved different backgrounds were compared for fibre traits. In total 16 

genotypes, two from arboreum (PA 225, PA 402 and Y-1), three from hirsutum (LRA  5166, 

NH 615, PH 348), two from Apomictic lines (IS 181-7-1-19, IS-244-43-5-1-1-1-1), three from 

intraspecific hybrids (Phule 492, RHC 003, RHC 004), three from interspecific hybrids (Phule 

388, RHCb 001, RHC 006) and one standard check (DCH-32). The genotypic differences 

existed for fibre traits including length, strength, uniformity, maturity and short fibre index (Koli 

et al., 2014). The comparative yield and earliness performance of eight genotypes were studied. 

The genotypes varied for days to flowering, nodal position for the first sympodial branch,first 

flower bearing nodes, length of the sympodial branch , numbers of sympodial branches, bolls 

per plant. The genotype SINDH-1 required minimum days to flowering and BT-121 had the 

shortest sympodial branches and Haridost produced the lowest bolls per plant besides seed 

cotton productivity (Memon et al., 2017). Similarly, eight other genotypes evaluated for 
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variations in yield and lint quality. In these genotypes, the difference in seed cotton yield, bolls, 

boll weight, GOT, fibre length, micronaire, and fibre strength were observed. Morever, it was 

concluded that none of genotypes remained superior for all observation (Ahmed et al., 2019). 

In another study, four genotypes performance were evaluated for cotton leaf curl disease in 

addition to yield and quality. The cultivar CIM-496 was the tallest, VH-44 had the highest 

number of bolls, and  BT-121 produced higher seed cotton yield. The genotype BH-162 was the 

most susceptible for virus attack and BT-121 was regarded as tolerant (Aziz et al., 2010). The 

cultivars differed significantly regarding interception of photosynthetically active radiations and 

other physiological efficiencies. The highest value of cumulative intercepted radiations, 

radiations use efficiency of total dry matter, seed cotton, lint yield, and cotton seed yield were 

obtained from CIM-573. The cultivars differed for agronomic nitrogen use efficiency and 

economic nitrogen use efficiency (Ahmad et al., 2015). 

2.1.3 Effects of sowing dates and cultivars 

The yield response of three cotton cultivars i.e CIM-446, CIM-473, and FH-901 were evaluated 

against five sowing dates, commenced from 1st May to 30th June. The delay up to 30th June 

produced 48.8% of the yield obtained from 15th May. The seed cotton yield was differed by 

7.7% and 5.4% among cultivars (Ali et al. 2004). The genotypic responses of seven cultivars 

were checked against six sowing dates maintained at a biweekly intervals from 15th March 

through 01st June. The genotypes mean across sowing time revealed variations in sympodial 

branches, bolls, boll weight, and seed cotton yield. Similarly, data on sowing dates means across 

genotypes indicated the variations in recorded parameters. The genotype DNH-105 had been 

the best yield producer at 15th March. While, the maximum seed cotton yield was harvested 

from 01st April and further 60 days delayed planting reduced the yield by 1153.4 kg ha-1 (Khan 

et al., 2017). The impact of genotypes and sowing dates was assessed in Mediterranean 

conditions concerning phenology and growth indexes. The phenological development of the 

cultivars did not vary significantly with each other. The duration of sowing to emergence, 

emergence to squaring,, flower to boll open and dry matter accumulation and growth rate was 

was affected in response to sowing dates (Barradas and López-Bellido, 2009).  

The impact of sowing dates i.e 20th May and 10th June on morphological traits of four cultivars 

(CIM-496, NIAB-111, SLH-284, and CIM-506) was studied. The results revealed that the 

number of monopodial, sympodial, seed index, and harvest index did not differ significantly in 
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sowing dates. While, boll numbers, seed cotton yield, GOT and total dry matter yield was low 

in 10th June planting (Arshad et al., 2007). The results of sowing dates (10th May, 01st June, and 

20th June) trials on seed cotton yield and lint yield were evaluated on medium (CIM-473) and 

tall (CIM-482) genotypes. The tall genotype produced more bolls (m-2) in 2004 and less bolls 

(m-2) in 2005. While its boll weight and seed index remained higher. Meanwhile, the medium 

genotype was a high yield performer by producing 313.0 kg ha-1 additional seed cotton yield. 

The crop planting vide 20th June, produced bolls with more weight over first planting. 

According to fibre length and strength, high quality lint was produced in the second season 

which may be due to variations in the environment (Ali et al., 2009). 

The yield and quality responses of four Egyptian cotton genotypes (Giza 86, 10229 × G86, Giza 

88 and [G84 × (G70 × 51B)] × P62) to 15th April, 30th April, and 15th May planting were 

assessed in term of phenology, seed cotton, and lint quality. The days for flowers appearance 

and boll opening were decreased with delay in planting. The bolls, boll weight, and seed cotton 

yield were also reduced. Lint quality in terms of fibre length, strength, uniformity index, and 

fibre elongation was deteriorated in case of late planting. The genotype 10229 × G86 exceeded 

the rest of the genotypes with regard to open bolls, boll weight, seed cotton yield, and least 

count strength product. The sowing time × genotypes interaction was non-significant for seed 

index, seed cotton yield, and lint quality (Elayan et al. 2015). Furthermore, the various sowing 

dates were imposed to provide the range of temperature to elaborate its impact on fibre. Overall 

three cultivars, two from hirsutum (Siokra L23i and Sicot 50i) and one from barbadense (Pima 

S7) were planted from end of March to the end of June. The fibre length responses were 

significant, being shortest in April and longest in June. It was suggested that lower values of 

fibre length and strength in March and April sowing were attributed towards low temperature 

at boll development. The maximum fibre length and strength across the cultivars were produced 

from Pima S7 followed by Siokra L23i and Sicot 50i. The cultivars to sowing date interaction 

was significant for the first year in which Pima S7 produced the longest fibre in April and Siokra 

L23i had the shortest fibre in June planting (Yeates et al., 2010).  

The genotypes differed significantly for the time required for squaring, flowering, boll bursting, 

and maturity. The cumulative growing degree days accumulation for sowing to squaring, 

sowing to flowering, sowing to boll bursting changed in late sowing. The hybrids varied in 

periodic leaf area index asDHH-263 produced higher values at 50 and 110 DAS, while,  NCS-
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145BG-II had higher values at 80 DAS and 140 DAS. The changing the sowing time from July 

11th to August 04th extended the time to attain squaring and flowering. The growing degree days 

accumulation from sowing to squaring and sowing to flowering was improved. The plant height 

and number of sympodia were decreased in late sowing in both at 80 and 140 days after sowing. 

The influence of cultivars remained significant on span length (25%), uniformity, fibre strength, 

and fibre index. The span length, uniformity ratio, micronaire, fibre strength, elongation, and 

maturity was reduced with delay in sowing. However, the short fibre contents increased in 

response to late sowing (Ban et al., 2015).  

Experiments were conducted to evaluate sowing dates impacts on yield attributes, lint index, 

and oil contents of two diverse genotypes i.e Khalifa (medium) and Burhan (tall) under rainfed 

conditions. The sowing dates included 15th July, 25th July, and 04th August. The lint yield, seed 

yield, and oil contents exhibited a decreasing trend with late planting. However, seed index and 

lint index were improved with delaying planting. The higher lint yield was achieved from 

cultivar Khalifa and more seed yield and seed index was produced from cultivar Burhan 

(Mohamed et al., 2016). The genotypes response to four planting times maintained at a biweekly 

intervals from 16th April to 01st June. All the genotypes displayed similar behavior to planting 

dates. The genotype CRIS-533 produced more seed cotton over CRIS-585 and CRIS-342, 

respectively. The GOT and staple length were high in CRIS-585. Delayed planting from 16th 

April to 01st May improved yield and subsequent delays reduce seed cotton yield and also 

deteriorated quality (Soomro et al., 2014). The impact of four sowing dates ranged from the 2nd 

week of April to the 1st week of June on three genotypes was studied. The results showed that 

leaf area index decreased at vegetative phase, square, flower and boll formation stage and 

physiological maturity. The leaf area index was differed among genotypes at these stages.The 

branches, bolls, seed cotton, lint, seed cotton, and cotton seed was reduced in response to late 

sowing (Premdeep et al., 2017). 

Similarly, Usman et al. (2016) tested the impact of six sowing dates including 20th March, 04th 

April, 19th April, 04th May, 19th May, and 03rd June on the growth and yield performance of four 

promising cultivars including Ali Akber-703, CIM-598, CIM-599, and CIM-602. Early planting 

promoted vegetative growth rather than lint yield. The significant sowing dates and genotypes 

effects were recorded for seed cotton yield. Shifting sowing dates towards and away from 19th 

April adversely affected seed cotton yield.  The genotypes exhibited significant response for 
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branches, yield forming traits, GOT, fibre length, and strength (Iqbal and Khan, 2011). The 

results of an experiment conducted by Patel et al. (2016) to evaluate the sowing dates starting 

from 19th May to 20th June at 11 days interval on two varieties for seed cotton productivity and 

other growth characteristics. The 19th May planting resulted in maximum plant height at 30, 60, 

90, and 120 days after planting. The sympodial and monopodial branches reduced in late 

planting. The seed cotton productivity was decreased by 961 kg ha-1 and stalk yield was reduced 

by 1819 kg ha-1 with shifting planting from 19th May to 20th June. 

The sowing dates induced variations in accumulation of growing degree days and photothermal 

units at sowing to emergence (P1), emergence to the seedling stage (P2), seedlings to squaring 

(P3), squaring to flowering (P4), flowering to boll formation (P5) and boll setting to boll bursting 

(P6) across four sowing dates starting from June 21st to July 12th. All the cultivars accumulated 

the same growing degree days at P1 which differed among cultivars at subsequent 

stages(Waghmare and Singh, 2017).   

The role of planting time on cellulose and sucrose contents of two cotton cultivars including 

Kemian 1 and Sumian 15 was elaborated by Hu et al. (2016). The results showed that Acid 

Invertase, Sucrose Phosphate Synthase, Sucrose Synthesis gene activity, and relative expression 

of Sucrose Phosphate Synthesis gene 1, 2, and 3 were higher in late planting in both cultivars 

over optimum planting. Meanwhile, the relative expression level of the Sucrose Synthesis gene 

A, B, C, and D was reduced in late planting. Furthermore, seed and embryo weight, oil, and 

protein contents in the embryo of these two cultivars were evaluated against 25th April, 25th 

May, and 10th June. These values were higher for 25th April than other dates. The bolls of late 

planting crop took more days to attain maturity (Wei et al., 2017).  

The response of three cultivars i.e Sadori, Chandi-95, and Malmal to the sowing date (April 

15th, May 1st, May 15th, and June 1st was determined with respect to sympodial branches, seed 

cotton productivity, seed characteristics besides staple length. The sowing dates generated 

differences in these observation. The longest fibre and seed oil contents were obtained from 

Chandi-95, while seeds of Sadori exhibited the maximum seed germination. The longest 

fibre,highest oil contents of the seedswere produced from the May 1st sown crop. Whereas, 

maximum seed germination was reported from seeds picked from May 15th sowing (Deho et 

al., 2014). The growth analysis and dry matter portioning of diverse genotypes were performed 

in two years trial during 1998-99 and 2000-01. The sowing dates comprised of October 16, 1998 
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& November 05th, 1998 and October 19th, 2000, and November 29th, 2000. The genotypes 

HQ95, S-102, CSX 118, and SC189 exhibited in reduction due to late sowing in the first year. 

However, during second year, it was greater in late sowing. The genotypes response to sowing 

dates was inconsistent across experimental years for recorded parameters. The leaf area index 

and leaf area duration got improved in late sowing (Bange and Milroy, 2004). The crop 

responses to sowing dates of various genotypes were recorded about morphological, yield and 

quality attributes. The sowing dates affected these traits of various genotypes. The authors 

concluded that these variations were results of changes in temperature (maximum and 

minimum), relative humidity, sunshine hours and crop evapotranspiration. Different sowing 

dates changes the values of these weather variables. The congenial weather condition improves 

the crop growth performance and vice versa. Keeping in view, the greater sensitivity of cotton 

to weather conditions, the re-adjustment in sowing dates is crucial in various growing regions 

(Sankaranarayanan et al., 2020). 
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2.1.4 Cotton modelling 

The maximum growth benefits from environmental parameters can be derived by varying 

planting dates to coincide the growth stage with optimum growth conditions. The crop models 

are important tools to understand the implications of climate change in terms of temperature, 

rainfall, atmospheric CO2, and solar radiations. The data regarding sowing and harvesting dates 

are very important for crop modelling process. 

The results from CROPGRO model to assess the different climate change projections revealed 

that cotton season is likely to shorten by 0.01 days year-1 with the expected increase in 

temperature of 0.05°C year-1 in Cameroon region. The yield increases of 1.3 kg ha-1 year-1 was 

expected during 2005-2050 on account of elevated temperature and less rainfall. While, higher 

CO2 will improve the cotton yield by 30 kg ha-1 (Gérardeaux et al., 2013). Climate change 

impact studies in irrigated and rainfed cotton in Lower Mississippi (LM) Delta revealed that 

preponement of planting time about two weeks will improve irrigated cotton yield by 9%, 12%, 

11%, and 2% in RCP 2.6, RCP 4.5, RCP 6 and RCP 8.5, respectively and minimize the risks 

associated with various climate change scenario. However, the strategy of early planting under 

rainfed conditions is less effective (Anapalli et al., 2016). The results from the simulation study 

in Cameroon (2005-2050) revealed that the cotton growing cycle was reduced mainly from 

reduced duration from emergence to flowering (E-F) and emergence to maturity (E-M). 

Flowering and maturity were preponed 1.23 days and 2.2 days after every ten years subject to 

the same cultivar is grown. The one way to reduce the adverse effects of future climate is from 

5-10 days late planting and the other way is to delay the flowering time to assist late maturity 

(Gérardeaux et al., 2013). 

The studies regarding climate change impacts assessment through DSSAT V4.6 were carried 

out for Kebabo, Dansha, and Amibara regions of Ethopia. It was indicated that expected cotton 

yield losses due to early planting in Amibara under RCP 4.5 may be up to 16.5% in the near 

term, 16.97% in mid-term, and 8.61% in the end term. The corresponding decrease under RCP 

8.5 would be 18.06%, 19.53%, and 20.32%. However, the losses in normal planting are low in 

both RCP 4.5 and RCP 8.5. The future yield reduction for the Dansha region would be up to 

22% with early and normal planting. Under RCP 4.5, the yield is likely to increase in the near 

term in Kebabo regions with the exception of late planting. For late planting, the yield reduction 

in the near term would be 3.4% under RCP 4.5 (Asaminew et al., 2017). The future cotton yield 
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was simulated through GOSSYM for future GHG emission scenarios under the Mississippi 

Delta. The simulation results revealed a 54% yield increase with the increase in CO2 from 200 

to 900 ppm. Because rising CO2 is not the only a phenomenon of climate change conditions and 

the overall impact of cumulative changes revealed a 9% reduction for the future (Reddy et al., 

2002). 

The warming trend (1980-2015) on cotton phenology was simulated through CSM-CROPGRO-

Cotton model under, Punjab, Pakistan climate. The results highlighted sowing had been earlier 

by 5.35 days, emergence by 5.08 days, anthesis by 2.87 days, and maturity by 1.12 days per 

decade. Similarly, the time, the time between sowing to anthesis had been shortened by 2.45 

days, anthesis to maturity by 1.76 days, and sowing to maturity by 4.3 days per decade. The 

model predictions showed even more accelerated phenological events than observed values. 

The negative impacts of warming may be reduced up to 30.2% with the evolution and 

introduction of such cotton cultivars which have higher growing degree days requirement 

(Ahmad et al., 2017). However, impact varies with geographical locations, for instance, the 

rising temperature trend from 1981-2010 has prolonged the total growth period of cotton in 

Northwest China (Huang and Ji 2015) and reduced the growing length in Punjab, Pakistan from 

1980-2015 (Ahmad et al., 2017) and in Mississippi Delta, USA (Reddy et al., 2002). 
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2.1.5 Impact of climate change 

The atmosphere of the earth has been changed in terms of the proportion of various gases 

resulted from human intervention in energy and land use since the Industrial Revolution 

(Mearns, 2000). The concentration of greenhouse gases including carbon dioxide (CO2), 

methane (CH4), nitrous oxide (N2O), sulfur dioxide (SO2), and water vapors have a major 

impact on agricultural productivity through direct effects on plant functions and indirect effects 

on climate. According to Kreft and Eckstein (2013), Pakistan holds 12th position in Global 

Climate Change Risk Index as determined by the occurrence of extreme weather events from 

1993 to 2012. The major extreme weather incidences in the last two decades in Pakistan were 

the drought period of 1998-2001, 620 mm rainfall in ten hours at Islamabad, heavy floods in 

Sindh and KPK in 2003 and 2007, respectively (Gadiwala and Burke, 2013). The size of glaciers 

is shrinking by increased surface mean temperature and it is very critical because 1/6th of the 

population is living in the river basins fed by glaciers (Stern, 2007). 

The arid environment is very important for Pakistan as two-third of the area lies in this category 

(Chaudhry and Rasul., 2004). These are regions where the ratio between mean annual rainfall 

and potential evapotranspiration range from 0.05 to 0.20 (UNEP, 1992). The distinct features 

of arid climate include high temperature, low rainfall, and high evaporation. Therefore, these 

regions are highly vulnerable to climate change caused by abrupt changes in rainfall patterns 

(Narisma et al. 2007). The arid regions are more prone to drought and may experience crop 

failure if not supplemented with irrigation. The projected changes in temperature and low 

rainfall could decrease food availability. 

The most important contribution of increasing concentration greenhouses gases in the 

atmosphere has been appearing as warming earth surface, known as global warming. The 

elevated mean air temperature may be the result of the combined or individual impact of 

minimum or maximum temperature. The magnitude of the rise in daily minimum temperature 

is relatively higher than maximum since the end of the 21st century (Menzel et al. 2001). Certain 

evidences are present in the literature indicating the importance of changes in the lower limit of 

temperature for measuring crop phenology (Alward et al., 1999; Hatfield et al., 2011). The 

minimum temperature of about 12-15 °C  is required for cotton growth and development (Reddy 

et al.,1997), while the optimum temperature range for whole season crop growth is 25-35 °C 

(CIRAD, 2006). There is also optimum temperature for different yield related traits like mean 
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temperature about 25-26 °C, 28 °C, and >20 °C was optimum for individual boll growth, boll 

harvest index, and boll size, respectively. Whereas, boll number, boll filling duration, and 

overall yield decrease beyond 30 °C (Reddy et al., 2005). The high temperature during the night 

is very crucial for the rate of respiration and a twofold increase in cotton has been reported as a 

consequence of a 1.86 increase in Q10 because of the temperature range from 28 to 42.5 °C 

(Salvucci and Crafts-Brandner, 2004). The photosynthesis and carbohydrate production 

declined due to higher day temperature (Bibi et al., 2008). The retention of the fruiting structure 

is determined by day and night temperature. The plants grown in 36/28°C day/night temperature 

retained 30% less bolls in comparison with plants received relatively low day/night i.e 30/22°C 

(Zhao et al., 2005). The surrounding temperature affects the developing fiber in bolls through 

impacting carbohydrates supply from photosynthesis. The optimum temperature for boll and 

longer fiber development is 25 °C and the further temperature rise promoted the uniformity in 

fiber length but it was also accompanied with more mote-short fiber. The maturity and fiber 

fines were positively associated with increasing temperature upto 26 0C and reduced beyond 32 

°C (Reddy et al., 1999). 

Cotton in Pakistan is planted in hottest areas where maximum temperature sometimes 

approaches about 50 °C  to adversely affect the crop performance from heat stress (Khan et al., 

2008). The number of seeds per boll is an important cause and component of intra-year yield 

variability and seed cotton yield, respectively. It was concluded that each degree rise in ambient 

temperature did not reduce the seed weight. Even though it was enough to reduce the number 

of seeds per boll which resulted in intra-year yield variability (Pettigrew, 2008). The results 

were further confirmed by Lewis (2000) that plants exposed to high monthly maximum mean 

temperature (36.6°C) in the month of July produced 23.6 seeds per boll which were improved 

to 28.0 for a year when July observed relatively low temperature (32.2 °C). 

The volume of summer precipitation in Pakistan may increase up to 60% which may reduce 

crop yield and destroy irrigation systems resulting in heavy flooding (Masters et al., 2010). The 

impact of frequent rainfall on cotton production was witnessed in the year 2015 where lint yield 

was dropped from 802 to 582 kg ha-1 (Government of Pakistan, 2016). The increased 

temperature at the early and late growth season may extend the growth and developmental 

window (Bange, 2007). The increasing trend of temperature might be useful for cold regions to 

extend the growth period and quite alarming to warmer regions where plant growth and 
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development will be hastened and yield could be reduced. However, the cotton yield is more 

likely negatively affected in countries like Sudan, India, and Pakistan with prevailing high 

temperature. For crops of arid environment, the temperature rise is more determinantal and it 

would appear in form of heat stress because the temperature of these regions is already very 

close to physiological maxima. 

The other important prospective of climate change is the impact of rising CO2 on crop 

production through its basic role in photosynthesis. In general, the rise in CO2 concentration in 

the atmosphere would improve crop productivity through the enhancement of photosynthesis 

which is known fertilization effect. The plants with C3 photosynthetic pathways such as cotton 

may have the advantage of projected CO2 enrichment in the atmospheric over C4 plants through 

enhancing photosynthesis due to higher concentration of Rubisco and decreased photo-

respiration. The high CO2 concentration would keep the stomata partially closed which 

ultimately results in reduced water losses from transpiration. It would translate to higher water 

use efficiency in such circumstances (Reddy et al., 2000; Long et al., 2004). Increasing the CO2 

concentration in the atmosphere from 360 to 540 ppm resulted in 10% higher seed cotton yield 

without considering the changes in other climatic parameters. While, the yield reduction by 9% 

was expected by considering the future expected changes in other climatic factors (Reddy et al., 

2002a). It was further confirmed in another study that increasing CO2 levels from 320 to 720 

mmol mol-1
 resulted in about an 80% increase in photosynthesis at 26-28 °C and decreased to 

40% at 20-32 °C in cotton (Reddy et al., 2000). Therefore, it was concluded that increasing CO2 

concentration did not compensate for the negative impact of elevated temperature. The other 

aspect of the increasing trend of CO2 may be in form of changing precipitation patterns, 

heatwaves, and limited water supply which ultimately shift the planting area (Oosterhuis, 2013). 

Climate change may have a negative impact on cotton yield (Siddiqui et al., 2014) because the 

temperature of cotton growing areas of Pakistan is already high. Pakistan (Punjab) have the 

highest growing season mean temperature (36.8 °C ) after Sudan (Gezira) and India (North) 

with 41.8 °C and 37.5 °C, respectively (ICAC, 2009). The yield decreases by 36% and 11% for 

corn in Po valley of Italy (Ciais et al. 2005) and southern Europe, respectively (Knox et al., 

2016) and 9% in fiber yield of cotton in Mississippi Delta, USA (Reddy et al., 2002; Masters et 

al., 2010) have been documented. The increased temperature could have negative impacts on 

yield through higher shedding rates of fruiting structures (Tariq et al., 2017). The temperature 
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incidence above the physiological maxima at flowering in cotton is critical to drastically reduce 

the yield. 
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2.2 Sunflower 

2.2.1 Effect of sowing dates 

Sunflower cultivars possess a vide genetic variations for maturity time but planting time also 

imparts a significant impact on days taken to maturity in addition to irrigation and weather 

conditions. The duration to complete the specific growth stage and accumulation of heat units 

indicates the growing season length (emergence to physiological maturity) which varies in 

diverse cultivars (Kaya et al., 2004). The results of an experiment on sowing dates in 

combination with irrigation scheduling revealed that average across the irrigation treatments the 

plant height, head diameter, head weight, seed weight per head, 100-achene weight and achene 

yield was reduced with delay in sowing from 01st June to 01st July (Abdou et al., 2011). 

The yield and growth response to early and late sowing dates were analyzed in two independent 

experiments during 1988-89 and 1996. The sowing on December 21st, 1988 and March 21st, 

1989 was regarded as early and late sowing, respectively for the first trial. While, February 07th, 

1996 and April 09th, 1996 was referred as early and late sowing, respectively. The benefits of 

early sowing indicated that early planting improved biomass yield, yield, grain weight, and 

grains number. The pattern of increasing leaf area index and aerial biomass highlighted 

relatively low values across observation dates. The radiations use efficiency of both the planting 

dates remained identical for both earlyand late plantingin 1988-89. While radiations use 

differences for early and late planting during 1996 were clearer with values of 1.34 and 1.16 (g 

MJ-1), respectively. The early planting had greater evapotranspiration, transpiration, and harvest 

index values. The improved canopy development values in early planting were suggested as a 

main factor behind improved radiation use efficiency (Soriano et al., 2004). 

The influence of four sowing dates including late July, Early August, mid August, and late 

August were evaluated in terms of days to reach flowering, maturity, and other yield traits. The 

delayed flowering occurred in the case of early planting in the first season, while in the second 

season, the late July planting required maximum days for flowering. The days to maturity were 

continuously decreased from first planting to the last planting in both the seasons. The planting 

in late August produced taller plants and the highest percentage of filled seeds irrespective of 

seasons. The yield response to sowing dates varies with season, it declined from late July up to 

mid August and then improved in late August in the first season. While, in the second season, 

it was maximum in early August and decreased later on (Amin et al., 2017). The results of 
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studies regarding combined effects of sowing dates and irrigation levels on various yield 

attributes were conducted. It was indicated that respective values were decreased due to late 

sowing from 05th May to 05th June (Asbagh et al., 2009). 

Studies were conducted to evaluate the autumn sunflower response to sowing dates and sowing 

methods. The Hysun-33 was tested against four sowing dates started from the first week of 

August at 15 days interval. The maximum head diameter achenes per head, and achene yield 

were produced from mid August planting. While heavier achenes were produced from late 

August.. The increasing trend of achene oil contents was observed with delay in planting and 

the highest values were registered from mid September planting. The stearic and linoleic acid 

were positively and oleic acid levels were negatively associated with the delay in planting 

(Saleem et al. 2008). The result of the experiments on sowing date along with variable nitrogen 

rates depicted non-significant plant height response to sowing dates. While stem diameter, head 

diameter, achenes yield, and biological yield was reduced with the 30 days delay in planting 

from 05th May to 05th June (Soleymani et al., 2013). 

The sowing dates impact on water use efficiency of sunflower hybrid Romsun HS 90 was tested. 

The differences in total water use were observed under un-irrigated conditions and 

supplementary irrigation at the budding and flowering stage. Except for treatment where 

irrigation was applied for 100% restoration of evaporation was applied, the water use was less 

in late planting. Total shoot dry weight, achene yield, and irrigated water use efficiency were 

reduced with late planting (Perniola et al., 2006). The phenological and yield formation traits 

of sunflower hybrid BARI Surjomukhi-2 across 10th November to 20th December at 10 days 

interval. The vegetative growth period was extended,  while, flowering, seed formation, and 

crop growth duration were reduced due to late planting. The sowing dates produces changes in 

plant height, yield, head diameter, seeds per head, the weight of seeds per head, and 1000-

achene weight.  The crop planted vide 10th November had the maximum number of unfilled 

seeds and 20th December had minimum unfilled seeds in the heads. The 20th November planting 

was regarded as the optimum planting window (Ahmed et al., 2015).  

The impact of varying planting dates was studied in two years trial. In the first year, dates 

include 03rd October, 04th November, and 02nd December, while for the second year, the planting 

was delayed by 02 days in each treatment. No clear trend for plant height was observed for 

sowing dates across two locations. The crop planted in October had the highest lodging and boll 
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weevil score in the first year, whereas during the year, these values were highest for November 

planting. The delayed planting extended the time for emergence, flowering, and maturity. The 

sclerotinia head rot was decreased in late planting. The late planting reduced the harvest index 

and improved the head diameter, achene, and oil yield (Esechie, 1995). 

2.2.2 Effect of hybrids 

The sunflower hybrids are classified into three groups based on the length of the growing 

season. The hybrids which require less than 100, 100-120, and 120-140 days to complete growth 

are regarded as early, mid, and late maturity groups (Fick and Miller, 1997). The comparative 

growth and yield performance of ten hybrids, which belongs to Turkey and Germany, was 

elaborated. The plant height at emergence (E), vegetative emergence (VE), visible bud stage 

(R1), immature bud (R3), first flowering (R5.1), 50% flowering (R5.5), last flowering (R6), and 

physiological maturity (R9) was measured and hybrids depicted significant variation other than 

at E and VE stage. The yield related traits also differed significantly in the hybrids and resulted 

in great variations in the final yield. The phenological days to reach the above mentioned growth 

stages differed significantly. These differences were present from genetic and environmental 

influence (Canavar et al., 2010). 

The differences among twelve hybrids were studied for leaf area and yield attributes. The hybrid 

SF-187 and Ausigold-62 displayed the highest and lowest yield, respectively (Sarwar et al., 

2013). The eight hybrids were screened out for differences in the growth stage and other 

agronomic traits. The hybrids exhibited great variations for time to reach flowering.However, 

no huge differences in maturity time were observed in hybrids. The hybrids also varied in plant 

height, head diameter, and achene yield, respectively. Hybrid-14021 was screen out as a 

promising hybrid for farmers of the region (Ullah et al., 2018). The earliness and yield potential 

of fourteen hybrids were evaluated at Khuzdar, Quetta, and Loralai in Pakistan. The maturity 

days varied between 83 and 94. These responses were further modified from experimental 

location, for example, Parsun-1 took 85 days at Quetta, 84 days at Khuzdar, and 81 days at 

Loralai. The hybrid means across locations showed that Parsun-1 was the short duration and 

Parsun-2 was the long duration hybrid. The hybrid response varied for yield at the location, as 

the Hysun-33 has exceeded other hybrids at Quetta and Khuzdar but could not compete 

Ausigold-61 at the Loralai location. Across location, the Hysun-33 was the top yield performer 

which was followed by Parsun-1 (Taran et al., 2014). The comparative performance of two 
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hybrids i.e S-278 and Hysun-33 was evaluated in combination with potassium fertilization. It 

was indicated that Hysun-33 produced more plant height and harvest index than S-278. While, 

S-278 exceeded the Hysun-33 with respect to head diameter, achenes, 1000-achene weight, 

achene, and stalk yield (Zaidi et al., 2012).  

The productivity and fatty acid composition of four hybrids were compared in the field. It 

appeared that the hybrid took maximum time and photothermal units to complete flowering and 

NK-278 falls at the lowest values. The taller plants with the highest number of leaves, bigger 

heads with maximum achenes number, and achene yield were also produced from Hysun-33. 

The maximum oil contents (40.2%) and minimum (35.8%) were obtained from Hysun-33 and 

NK-S-278, respectively. The hybrids differences for maturity days created variations in 

environmental conditions at seed development which might be another reason for differences 

in oil quality in addition to genetic contribution. Therefore hybrids differed in oleic acid,linoleic 

acid and palmitic acid. The lowest oleic acid (13.8%), linoleic acid (70.1%), stearic acid (4.0%), 

and palmitic acid (5.2%) from achieved from SMH-0917, NK-S-278, SMH-0907, and Hysun-

33, respectively (Iqrasan et al., 2017). The yield variations in three hybrids were studied in 

Mediterranean climatic conditions. The hybrids differed for yield attributes and oil yield. On an 

overall basis, the maximum values of saturated (20.03%), polyunsaturated (44.53%), palmitic 

acid (11.79%), stearic acid (5.9%), and linoleic acid (47.2%) were present in the seeds of 

PR64E83. The seed of Oleko was rich in monosaturated fatty acid and oleic acid with the 

respective value of 86.67% and 86.07% (Papatheohari et al., 2015). 

The group of single cross hybrid and triple cross hybrids was evaluated for achene yield. The 

highest (4.72 t ha-1) was produced from FAKIR among single crossed and 4.34 t ha-1 from 

ORION among three crossed hybrids. Among the crosses, the single crossed hybrid exceeded 

the triple cross by producing 0.21 t ha-1 more achene yield (Mijić et al., 2007). The comparative 

agronomic performance of ten autumn planted local sunflower hybrids in combination with two 

standards was checked. It was clear from the results that hybrids exhibited great variations in 

phenology. Late flowering initiation, completion, and maturity were observed for Hysun-33. 

The achene weight of NKS-278 was the highest among hybrids used in the study. The hybrids 

differed in  achene yield, oil contents,  stearic acid, palmitic acid, protein , oleic acid  and linoleic 

acid (Khan et al., 2018). 
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The variations in flowering time and its completion time in addition to yield attributes were 

studied among fourteen autumn planted hybrids. The plant population, flower initiation and 

completion, maturity time, head diameter, seed weight (100-seed), achene yield and oil contents 

varied among hybrids. The hybrid FH-415 exhibited early maturity, while Hysun-33 in first 

season and SMH-0907 in second season  displayed late maturity. The hybrid FH-415 and SMH-

0927were the best yield performers during 2010 and 2011, respectively (Rafiq et al., 2016). The 

occurrence of R1, R2, R3, R4, R5.1, R5.7, R5.10, R6, and R7 in DK3900 was late by 06, 06, 

06, 05, 08, 07, 06, and 05 days, respectively than DK4030. The calendar days differences among 

hybrids for emergence, R4, R5.1, R5.7, R6, and R7 were 06, 01, 02, 01, 01, and 01 days, 

respectively. The growing degree days differences among hybrids for emergence, R2, R3, R4, 

R5.1, R5.7, R5.10, R6, and R7 were 100.2, 18.5, 12.4, 25.2, 29.8, 36.3, 1.2, 20.6 and 19.3 days, 

respectively (Lindström and Hernández, 2015).  

The genetic differences among thirteen hybrids were evaluated in saline conditions. The hybrids 

varied for emergence, flowering, flower completion and days to maturity. The hybrid hysun-38 

and G-101 were short and long duration hybrids according to days to flowering and flowering 

completion. While Hysun-33 was the early maturing hybrids than other hybrids. The hybrid 

P64A94 produced the tallest plants and DKS-4040 outperformed the for achene yield (Hussain 

et al., 2012). Similarly, the yield performance of three genotypes in saline and non-saline 

conditions was studied by Hossain et al. (2018). The genotypes exhibited a difference of plant 

height, leaf number, stem diameter, disc diameter, biomass, seeds, filled seed, filled seed 

weight, seed weight (1000 grains), and harvest index in non-saline conditions. The performance 

of the KU-SL-1 was optimum in saline conditions, while Hysun-33 performed satisfactorily in 

both conditions. 

The diversity in agronomic and yield traits of the six hybrids was compared. All the observed 

parameters displayed a range of plant height, the number of leaves, stem girth, head diameter, 

seeds (per head), the weight of seed (per head), seed index, seed yield, and oil contents. The 

hysun-33 resulted in maximum values for recorded observations over the rest of the hybrids. 

Besides the leaf number per plant, the S-278 generated the lowest values for the rest of the 

observations (Memon et al., 2015). The heterotic performance of six female and three male lines 

was studied with respect to flowering time, stem girth, head diameter, 1000-seed weight, seed 

yield, oil, and protein contents. The line ARG-0405 showed late flowering (56.0 days) and SF-
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187 showed early flowering (52.5 days) among female lines. The lines RHP-46 and RHP-64 

required maximum time (51.25 days) and ARG-0106 required minimum time (50.75 days) for 

flowering. The SF-187 resulted in highest seed yield  and oil contents across both female and 

male lines. The result of crosses between SF-187 x RHP-46 resulted in the highest seed yield 

and oil contents (Depar et al., 2017). 

2.2.3 Effects of sowing dates and hybrids 

Yield and yield components are specific for different hybrids but influenced by various 

production practices including sowing dates. The planting dates impact in both spring and 

autumn sunflower on growing degree days accumulation and yield performance of sunflower 

hybrids including SMH-9706, Super-25, Parsun-1, Hysun-33, and Award). The planting dates 

significantly differed for growing degree days accumulation. The highest growing degree days 

in spring and autumn planting were accumulated in 28th February and 11th July planting, 

respectively and followed by a progressive decrease with further delay. A similar trend was 

recorded for head diameter and achene yield during both the planting seasons. Hysun-33 

accumulated the highest growing degree days besides producing the highest achene yield in 

both spring and autumn planting (Qadir et al., 2007). The response of nine hybrids to five 

sowing dates was studied in Turkey. The results highlighted that plant height, head diameter, 

1000-achene weight, oil contents, seed yield, and oil yield were reduced with each delay in 

sowing. The maximum seed and oil yield among sowing dates were recorded from April 20th 

and SanbroMr among hybrids (Demir, 2019). 

The studies on the physiological basis of low yield in late sowing were investigated in Argentina 

with the objective to improve the selection process for yield improvement, particularly in late 

sowing. The differences in time to anthesis, oil corrected grains, and biomass yield and harvest 

index across hybrids were recorded. Shifting sowing from October to December resulted in a 

reduction in oil corrected grains yield, biomass yield, harvest index, flowering time, 

accumulated intercepted radiations during anthesis (A) to physiological maturity (PM) and 

radiations use efficiency. The leaf area index gradually increased up to anthesis followed by a 

decline in both the sowing dates. However, the December sowing outperformed the October 

sowing during the initial two months of crop development and later on, it produced the lower 

values. The yield variations across sowing dates were quite high than the genotypes factor. The 

hybrids with a long duration of grain filling (stay green traits) had superior yield in December 
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sowing with their counterpart hybrids without stay green trait. Such variations appear due to the 

amount of intercepted variations at grain filling. It was concluded that hybrids equipped with 

stay green trait, would perform better in late sown conditions (Vega and Hall, 2002). 

The accumulation of growing degree days in Samsun-3 was reduced from 2133.5 to 2073.4 with 

the delay in sowing from 19th June to 03rd July in early planting. Whereas, the growing degree 

days were reduced up to 26th June followed by an increase in subsequent dates. In cultivar 

Funtaa, the growing degree days were increased with delay in planting up to 26th June in early 

and decreased in late planting up to 26th June. The early sown crop attained maximum height at 

R5 with 26th June planting. The appearance of flowering and symptoms of physiological 

maturity was earlier in Samsun-3 in both early and late planting. In late planting, the yield was 

gradually decreased with each successive delay in planting time. No specific trend appeared for 

oil contents across planting dates but protein contents presented a slight increase from 14th 

August to 28th August. The Samsun crossed the Funtua in early and the reverse occurred for late 

planting (Oshundiya et al., 2014). 

Impact of three planting dates started from 20th May at 15 days interval on yield and yield 

attributes of six sunflower hybrids.Grains per head were significantly reduced and 1000-achene 

weight was improved in late planting. While there were no significant variations among other 

observed traits across sowing dates. However, hybrids exhibited significant differences for 

various yield and agronomic parameters except harvest index, number of achenes per head, and 

1000-achenes weight. The Euroflor was the best performer with for yield and head diameter. 

The hybrid Azargol was the tallest and Sirna was the short stature hybrid (Fetri et al., 2013). 

Furthermore, the planting time influence (1st May, 1st June, and 1st July) was evaluated on yield 

components of two hybrids i.e Vidoc and Euroflora. The planting dates imparts significant 

impacts on the vegetative and reproductive development of sunflower through various growth 

and yield components. The plant height and stem diameter were improved with delay in sowing 

from 1st May to 1st July. While achene yield along with its components including head diameter 

and 100-achene weight were decreased and oil percentage in achenes were improved with late 

planting. The Vidoc cultivar has taller plants with a thin stem and outperformed the Euroflora 

by producing 0.26 tones ha-1 more achenes. While the achenes obtained from Euflora were rich 

in oil by having 0.83% more oil contents. The maximum oil contents (39.09%) on 01st May 
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were presented by Vidoc. Whereas, Euflora produced higher oil contents in achenes on 01st June 

and 01st July (Allam et al., 2003). 

Three genotypes such as Pobednik, Rimi, and Miro were evaluated against eight sowing dates. 

The results indicated that Pobednik and Rimi produced maximum oil yield at 30th April planting. 

The Miro hybrid produced maximum oil yield on 20th March and 10th April. Across the 

genotypes, Miro produced the lowest oil yield. From sowing dates, the highest oil yield was 

received from 10th April, 20th April, and 01st May, respectively (Balalić et al., 2007). 

Furthermore, sowing dates impacts on phenological development, seed filling (%), oil contents, 

and other yield related observations of three hybrids (KBSH 1, PAC 1091, and KBSH 44) was 

studied. The results showed that plant height, flowering time, maturity time, and oil contents 

were decreased with delay in planting time from 15th November. The seed filling,achene weight, 

and yield were highest in 30th November planting and decreased in late planting. The hybrid 

KBSH 44 produced the highest yield due to better seed filling, more time for 50% flowering 

and maturity, and 100 achenes weight. The highest oil contents were achieved in KBSH 1 

followed PAC 1019 and KBSH 44 (Dutta, 2011).  

The two years field trials comprising of five planting dates, started from 13th August to 10th 

September (first year) and 21st July to 1st September (second year) on yield performance of two 

sunflower hybrids (Funtua and Isanka). Oil contents remained non-significant across sowing 

dates. However, non-significant yield differences were recorded among two hybrids due to 

similar agronomic characters of both hybrids (Lawal et al. 2011). The role of planting time and 

hybrids was studied regarding their impact on achene composition. Overall nine hybrids along 

with three sowing times were selected across three locations. Great variations in oil yield were 

observed forfirst two sowing dates. The sowing dates impact was variable across the locations. 

The highest oleic acid contents were presented from the seeds of DKF3510 and PR64H41 

followed by PR63M80 and PR63M91. The variations in the mean oil contents due to hybrids 

and sowing dates across locations were 37.3% to 42.9% and 34.5% to 46.3%, respectively. The 

hybrids mean depicted that total saturated fatty acids varied by 6.3% to 13.0%.  Depending upon 

locations, the oil contents declined with a delay in planting. The sowing dates push the seed 

development to a variable temperature which has a key role in the fatty acid composition. 

Therefore, oil achieved from different planting times had variations in quality (Zheljazkov et 

al., 2011).  
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The results of two years  field trials on the impact of three sowing dates on the performance of 

two hybrids revealed that taller plants, bigger heads, heavy achenes, higher achenes yield, oil 

contents, and oil yield were recorded from April 22nd during both the years.  Among the 

cultivars, Teknosol was taller than Sirena. While, Sirena produced higher values for 1000-seed 

weight, seed yield, oil contents, and oil yield than Teknosol (Ozturk et al., 2017). The response 

of genotypes to sowing dates was assessed with respect to oil contents, protein contents, achene 

yield, and fatty acids compositions. The yield, seed weight, oil cotents, protein contents and 

fatty acids values differed  across genotypes. The sowing dates mean across genotypes depicted 

non-significant variations in achene oil contents in all years. While the achene yield was 

significant only for the third year. There were increasing protein contents and seed weight in 

the late sown crop. The concentration of palmitic acid, stearic acid, and linoleic acid was 

decreased due to late sowing. However, the oleic acid contents were higher in late sowing over 

early sowing (Roche et al., 2004).  

The differences in oil and fatty acid composition were studied in two years across sixteen 

accessions. It was clear from results that genotypic differences in oil contents, palmitic, stearic, 

oleic, linoleic, saturated and unsaturated fatty acid. The oil of these hybrids was further 

investigated regarding tocopherol besides phytosterol contents. Ranges of α-tocopherol, β-

tocopherol, γ-tocopherol, total tocopherol, Campesterol, Stigmasterol, β-sitosterol, and total 

sterol were varied among accession. The oil contents reduced from 35.6% to 30.5%, stearic acid 

3.8% to 2.9%, oleic acid from 70.3% to 55.7%, and saturated fatty acid (SFA) from 8.8% to 

7.8% by changing sowing from May 07th to June 17th. While late sowing improved the linoleic 

acid and unsaturated fatty acid (USFA). However, palmitic acid initially decreased and then 

start increasing from June 07th to June 17th, respectively. Similarly, total tocopherol and total 

phytosterol reduced from 209.7 to 171.9 µg g-1 and 2377.3 to 1748.0 µg g-1 (Piao et al., 2014).  

The genotype means across sowing dates revealed non-significant variations for achene yield. 

The 1000-achene weight besides oil contents was greater in Platon, while Vyp produced a 

greater number of achenes. The Vyp 70 genotype produced a higher amount of fatty acids 

including palmitic acid, linoleic acid, and behenic acid. While the oil obtained from Platon had 

greater stearic acid and oleic acid. Genotypes did not differ significantly with regards to myristic 

acid, linoleic acid, arachidic acid, eicosenoic acid, and lignoceric acid. The achene yield, 100-

achene weight, achenes number, and oil contents were reduced with delay in sowing from end 
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March to mid April. The concentration of stearic acid and linoleic acid was reduced in late 

sowing. While palmitic acid and oleic acid concentration increased with delay in sowing. The 

rest of the aforementioned fatty acids did not show statistical variations (Flagella et al., 2002). 
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2.2.4 Sunflower modelling 

The regional climate model (RCM) indicated that the flowering duration of the sunflower will 

take 4-6 days less and the harvesting time was 7-12 days in advance as a result of 1 °C rise in 

air temperature. Furthermore, the crop at grain filling would observe additional 14 days with a 

high temperature in southwestern parts of France in comparison with baseline like Toulouse. 

The results of STICS model suggested that early planting and use of late maturing varieties may 

increase sunflower yield in France (Guilioni et al., 2010). Similarly, a 15% yield increase was 

estimated in south Italy, by shifting planting two weeks earlier than the present (Tubiello et al., 

2000). 

It was reported from simulating the climate change impact using Goddard Institute for Space 

Studies and Geo-Physical Fluid Dynamics Laboratory models that doubling the CO2 would 

increase the leaf area index, crop growth rate, achene yield besides total biomass and decrease 

the days to maturity and harvest index of sunflower (Koocheki et al., 2006). The phenology is 

the periodic appearance of different development stages. It is an important indicator of crop 

evolutionary response to climate change especially with respect to rising temperature. Thus, the 

early and delayed occurrence of different phenological events determines the total growth 

period and has greater impact on the final harvest and productivity of the cropping system. The 

duration of the growing season is generally prolonged with rising temperature in thermophilic 

and shortens for coolphilic crops. The prolonged crop duration may disturb the planting 

schedule of the subsequent crops within the cropping pattern. The rate of crop development is 

mainly determined by ambient temperature among environmental variables (Luo, 2011). The 

CSM-CROPGRO-Sunflower model was used to assess the impact of climate warming from 

1980-2016 on sunflower phenology in Punjab, Pakistan environment. The temperature has 

increased by 0.9 °C for spring and 0.8 °C for the autumn season. Because of the temperature 

rise in spring, the sowing has been advanced by 6.6 days, emergence by 6.3 days, anthesis by 

3.8, and maturity by 2.2 days per decade. The reverse has been observed for autumn where these 

stages were late by 5.7 days, 5.4, 3.1 days, and 1.8 days per decade. The results also revealed 

per decade reduction in spring sunflower with respect to attain anthesis from sowing was 

reduced by 2.8 days, maturity from anthesis by 1.6 days, and maturity from sowing 4.4 days. 

While, corresponding values for autumn sunflower were 2.5 days, 1.2 days, and 3.8 days. The 
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CSM-CROPGRO-Sunflower simulated phenological stages were relatively earlier than 

observed phenology (Tariq et al., 2018).  

The impact of doubling the atmospheric CO2 concentrations from 350 to 700 ppm was evaluated 

through CropSyst and GCMs on maize, soybean, and sunflower based rotations. It was revealed 

that the yield of these crops would depress due to increasing CO2 in the atmosphere in climate 

change until and unless production practices are changed. The early planting and slow maturing 

cultivars may be successful adaptation strategies for spring-summer and winter crops, 

respectively (Tubiello et al. 2000). 
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2.2.5 Impact of climate change  

Pakistan is included among the countries most vulnerable to climate change due to frequent 

exposure to extreme events and poor farmers adaptative capacity (Abid et al., 2015). Climate 

change may impact the land use system, resource use efficiency, crop diversity, cropping 

pattern, growth season, demand for water and energy, and ultimately influence the yield of 

crops. Therefore, the risks linked to climate change have great importance for sustainable crop 

production systems. It is supposed that climate change could adversely affect agriculture 

production and shift the cropping systems (Patil et al., 2015). 

It was projected by IPCC special report emission scenarios (A2 and B2) that an increase in mean 

temperature would shorten the duration of phenological development, maturity time and may 

cause frequent heat stress at anthesis in a Mediterranean environment, considering 1961-1990 

as a baseline (Moriondo et al., 2011). Since, warming accelerated the phenology of sunflower 

(Tariq et al., 2018), it would lead to an overall reduction in the growing season. The sunflower 

is characterized as day neutral plant and shortening the growth period may only be accomplished 

by improving the daily thermal unit supply. However, for cold regions, the rising temperature 

would increase the crop duration and long duration hybrids would require an extended growing 

period for their potential yield. 

Global warming is an important component of the climate change phenomenon and it has a 

major threat for agriculture in the arid environments caused by reduced water supply. The 

temperature affects photosynthesis through an indirect effects on stomatal conductance and 

direct effects on biochemical processes. High temperature increases vapour pressure deficit 

(VPD) and stomata are closed to conserve water which is accompanied by the reduced gaseous 

exchange in process of photosynthesis. The rate of photosynthesis increases with temperature 

up to thermal optimum and declines with further increase in temperature (Way et al., 2015). The 

sunflower yield and production are highly influenced by adverse environmental conditions 

during crop growth (Černý et al., 2013). The ambient temperature above 31 °C during anthesis 

is quite detrimental for sunflower from its effect on the fertilization process (Chimenti and Hall, 

2001). 

The results of experiments on sunflower photosynthetic response showed doubling the CO2 

concentration increases net photosynthesis by about 50% in individual leaves from the upper 

canopy (Sims et al., 1999). The early leaf senescence may occur in an environment enriched 
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with high CO2 concentration by altering the carbon to nitrogen ratio, soluble sugar 

concentrations, and oxidative status of leaves (De la Mata et al., 2012). The sunflower was 

exposed to various CO2 concentrations from 370-550 ppm to assess the yield and oil quality 

response to CO2. The shoot biomass and yield were positively affected with the respective 

increase of 61-68% and 35-46%. The quality parameters including oil, carbohydrates, and 

unsaturated fatty acids were improved and protein contents were reduced at high CO2 levels 

(Pal et al., 2014). The sunflower exposure for 16-42 days at 33/19 °C (day/night temperature) 

led the reduction of leaf growth and increased the levels of soluble protein in leaves. It was 

further observed that the degradation of soluble protein in leaves is accelerated at high 

temperature. Therefore, its indirect effects appeared in form of reduced photosynthesis, mainly 

from low photosynthesis pigments and poor gaseous exchange from stomata (De la Haba et al., 

2014). 

The study on the assessment of CO2 (380-700ppm) impact on plant water contents, root and 

shoot characteristics, and gas exchange under well and deficit water supply. It was observed 

that root biomass was positively affected by the CO2 supply. Although, drought decreased the 

transpiration rate, gaseous exchange, and leaf water contents but it was ameliorated the negative 

impact of drought through high net photosynthetic rate (Vanaja et al., 2011). However, Tezara 

et al. (2002) concluded that CO2 marginally improved net photosynthesis in sunflower under 

deficit moisture. 
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2.3 Adaptation to climate change 

The impact of climate change varies among farmers because of differences in technical 

knowledge and resources. There are certain adaptations to climate change at farmers level like 

shifting of planting to cooler parts of the year to manage the rising temperature (Sultana et al., 

2009), sowing of fast maturing and drought tolerant varieties to cope with the problem of 

drought (Lobell and Burke, 2010). The crop response to climate change is mostly assessed by 

phenological development and modification in planting time alters the growing degree days 

which results in variations in crop yield. Changing the planting dates of the annual crop is an 

important strategy to modify the thermal conditions during the crop growth period. Therefore, 

planting dates continue to change according to climatic, socio-economic, and technological 

factors (Kucharik, 2006). The management option to cope with climate change include breeding 

for stress tolerant varieties, manipulating maturity, adjusting planting windows and monitoring 

weeds, insects and disease infestation, etc. The important opportunity associated with climate 

warming is the flexibility in planting time and prolonged growing season due to delayed harvest 

and area shift under cotton cultivation would be observed. Hence, more yield is expected on 

account of early planting and prolonged growth period where prevailing temperature is already 

low enough to squeeze the crop season. Unlucky, the cotton of the arid and semi-arid regions 

may be adversely affected by heat and drought stress as a consequence of the temperature rising 

trend.
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CHAPTER-III 

3. MATERIALS & METHODS 

3.1 Soil and climatic characteristics 

The two years field investigations on cotton-sunflower cropping system were performed in the 

arid environment at Central Cotton Research Institute Multan, Pakistan during 2017-18 and 

2018-19. The area was located at 30o 12’N, 71o 28’E, and 123 m a.s.l. The pre-sowing soil 

sampling to determine the textural class and other physical and chemical properties was carried 

out through composite soil samples, collected from four consecutive cores i.e. 0-30 cm (core 1), 

30-60 cm (core II), 60-90 cm (core III) and 90-120 cm (core IV). The soil was silt loam, well 

drained, calcareous, alkaline, and belongs to the Miani series. The physico-chemical soil 

properties were determined across these four cores using standard protocols and properties are 

given in Table 3.1a. The climate of the experimental site was arid-irrigated with very hot 

summer and mild winter. It observed four distinct climates in form of spring, summer, autumn, 

and winter. The maximum (T max) and minimum temperature (T min) in summer touch 45 °C 

and 32 °C, while in winter T max and T min fall up to 11 °C  and 5 °C, respectively. The summer 

months received higher precipitation than the winter season. The climatic data was obtained 

from a local weather station, present 500 away from the site and average monthly climatic 

conditions are described in Table 3.1b.   

Table 3.1a: Physical and chemical properties of the experimental site 

Properties Sampling depth (cm) 

0-30 30-60 60-90 90-120 

Soil separates Sand (%) 65.0 22.5 15.0 12.5 

Silt (%) 20.0 61.3 68.8 77.5 

Clay (%) 15.0 16.3 16.3 10.0 

EC (dS/m) 3.76 5.03 6.93 6.44 

pH 8.60 8.85 8.70 8.70 

Organic matter (%) 0.49 0.33 0.28 0.26 

Nitrogen (%) 0.040 0.022 0.012 0.014 

Available phosphorus (ppm) 3.74 2.01 2.18 2.13 

Exchangeable potassium (ppm) 126.1 68.7 80.9 76.4 

SAR 8.75 10.4 9.2 9.0 

Saturation (%) 36.0 36.0 36.0 38.0 

Exchangeable sodium 

(mmolc/100g) 
1.28 1.66 1.71 1.85 
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Table 3.1b: Weather parameters of the experimental site 

Months Max. 

Temperature 

(°C) 

Min. 

Temperature 

(°C) 

Solar Radiations 

(MJ m-2 day-1) 

Total rainfall 

(mm) 

2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 

May 39.7 38.6 28.3 27.1 17.2 18.9 0.1 4.0 

Jun 37.5 38.9 28.7 30.3 17.0 15.5 45.6 2.0 

Jul 37.3 36.6 30.0 29.8 20.7 18.3 4.9 9.0 

Aug 35.2 35.9 28.4 28.9 20.6 15.5 30.0 2.0 

Sep 35.4 34.9 25.8 24.8 19.0 17.5 10.0 0.0 

Oct 33.7 29.3 20.3 16.8 15.5 13.2 -- 0.0 

Nov 22.2 28.2 13.8 9.6 9.1 9.7 4.2 0.0 

Dec 20.4 21.2 8.9 7.3 9.5 10.2 16.0 0.0 

Jan 19.7 17.6 7.6 8.0 9.3 9.2 -- 11.0 

Feb 22.8 19.0 12.2 9.9 11.8 13.8 6.8 25.1 

Mar 30.3 24.1 16.7 15.0 17.0 17.2 -- 21.0 

Apr 36.1 34.9 22.8 23.0 22.0 20.2 -- 12.7 

 

3.1.1 Treatments details and crop management for cotton 

The soil was prepared with cross wise chiseling, repeated cultivation with cultivator, laser land 

leveling, and bed formation. The impact of sowing dates was evaluated on cotton using the 

following treatments.  

Factor A: Genotypes (Main Plots)   Factor B: Sowing dates (Sub-plots) 

V1 = Cyto-179      D1 = 10th May 

V2 = CIM-602      D2 = 25th May 

V3 = FH-142       D3 = 09th Jun 

       D4 = 24th Jun   

The treatments were arranged according to Randomized Complete Block Design (RCBD) in a 

split manner along with four repeats. The layout plan is given in Figure 3.1.1. Net plot area was 

4.57× 7.0 m for both crops consisting of six rows. The cotton was sown by hand dibbling of 

delinted seed at the rate of 20 kg ha-1 in 75 cm spaced rows and 22.5 cm inter plant distance in 
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beds-furrows planting system. The gap was filled during third irrigation. The crop was first time 

irrigated immediately after sowing to ensure uniform germination, while further irrigations upto 

crop maturity were planned keeping in view the crop need. The thinning was completed within 

one month of planting to maintain the recommended distance (75 cm) by uprooting the diseased 

and weak plants. The cotton was fertilized with 150 and 80 kg nitrogen and phosphorus in the 

form of urea and Di-ammonium Phosphate (DAP). The phosphorus fertilizer  

was incorporated with soil preparation and nitrogen was split in three equal splits (pre-sowing, 

flowering, and boll setting). Dual Gold 960 EC (2.0 L ha-1) was applied within 24 hours of 

sowing on moist beds as pre-emergence weed control. Other agronomic practices including 

weed control, inter-culturing, and plant protection measures were adapted as per need of the 

crop. A similar package of practices was followed for both years.  

 

 

Figure 3.1.1: Layout plan for cotton experiments during 2017 and 2018 
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3.1.2 Observations 

The observations regarding phenology, growth, yield and yield components, oil contents, and 

crop development was recorded using the following procedure 

3.1.2.1 Crop phenology 

It covers the days taken to emergence, squaring, flowering, and boll split from date sowing. For 

this, the six plants from the central two rows were tagged at the seedlings stage for subsequent 

phenological observation. These plants were daily visited during the expected period of the 

advent of a particular stage. 

3.1.2.1.1 Number of days for emergence 

The days required for emergence were noted by counting the plants on daily basis and the date 

of the constant stand was taken as days to emergence. 

3.1.2.1.2 Number of days for squaring 

It was considered on the appearance of the visible square on 50% of marked plants. 

3.1.2.1.3 Number of days for flowering 

These were recorded by measured on the appearance of flower on 50% population. 

3.1.2.1.4 Number of days for first boll split 

The days to first boll split were considered on the appearance of boll cracking on 50% plants. 

3.1.2.2 Yield and its attributes 

3.1.2.2.1 Plant height 

Average plant height at maturity was recorded from five randomly marked plants by taking the 

height from cotyledonary node to top using meter rod. 

3.1.2.2.2 Number of nodes on the main stem 

The nodes on the main stem were counted from five plants, used for plant height, and averaged 

into a single plant. 

3.1.2.2.3 Height to node ratio (HNR) 

It was worked out in cm by dividing the plant height with nodes on the stem. 

3.1.2.2.4 Bolls plant-1 

These were measured by counting the mature bolls from five randomly marked plants. 

3.1.2.2.5 Mean boll weight (g) 

It was recorded by picking the fully opened fifty bolls and weighed. 
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3.1.2.2.6 Seed cotton harvest (kg ha-1) 

Seed cotton was manually picked from central rows pair from every plot, recorded, and 

converted on ha-1. 

3.1.2.2.7 Seed index (g) 

The weight of hundred seeds was recorded after the ginning process. 

3.1.2.2.8 Biomass (kg ha-1) 

It was represented by adding seed cotton to the weight of above ground biomass on a dry matter 

basis. 

3.1.2.2.9 Harvest index (%) 

The economic yield was divided by biological yield and then multiplied by hundred to record 

the harvest index in percent. 

Harvest index (𝐻𝐼) =
𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑦𝑖𝑒𝑙𝑑

𝐵𝑖𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
 × 100 

3.1.2.2.10 Oil contents  

The oil contents from seeds were quantified using Soxhlet apparatus according to the method 

described by Porto et al. (2013).  

3.1.2.2.11 Ginning out turn (%) 

A known mass of sub sample of seed cotton was ginned with micro saw gin to determine the 

ginning out turn according to the equation given below 

𝐺𝑖𝑛𝑛𝑖𝑛𝑔 𝑡𝑢𝑟𝑛𝑜𝑢𝑡 (𝐺𝑂𝑇) =
𝐿𝑖𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑒𝑒𝑑𝑐𝑜𝑡𝑡𝑜𝑛 (𝑔)
× 100 

3.1.2.3 Lint quality 

The lint after ginning was stored at room temperature and quality was assessed. The fiber length 

(mm), fiber strength (tppsi), micronaire, and uniformity index (%) were used for lint quality and 

these traits were measured with High Volume Instrument (HVI-900-A) according to the 

procedure set by ASTM- D-5867 (1997) using HVI-900-A, USTER). While yellowness (Rd) 

and brightness (+b) were also assessed. 
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3.2 Treatments detail and crop management of sunflower 

Normal seed bed preparation using harrowing, cultivation, and ridging was carried out for 

sunflower planting after cotton harvesting. The impact of the following treatments was 

evaluated   

Factor A: Hybrids (Main plots)   Factor B: Sowing dates (Sub-plots) 

H1 = Hysun-33      D1= 20th Dec 

H2 = S-278       D2 = 04th Jan 

H3 = NK-Armoni      D3 = 19th Jan 

        D4 = 03rd Feb 

The sunflower hybrids were sown with 5 kg seed ha-1 in 75 cm apart rows and 22.5 cm inter 

plant spaces. The Figure 3.2.1 represents the treatment layout plan. Each plot was comprised of 

six rows, 7.0 m long. Two to three seeds per hole were dropped and thinned to one seedling at 

the two to three leaf stage. The sunflower was fertilized with 150 kg N ha-1 and 100 kg P ha-1 

from urea and DAP. The crop received complete P and the first split of N was applied at 

planting, the second split at thinning, and the third split at the flowering stage. The first irrigation 

was applied the same day soon after sowing and subsequent irrigation was applied at biweekly 

intervals up to maturity keeping in view the crop requirement. Other agronomic practices 

including gap filling, thinning, earthing up, weeding, irrigation, and plant protection measures 

were carried out as per need of the crop. Similar practices were followed for both years. The 

manual harvesting of the crop was carried out at maturity, indicated by yellowing of back of 

heads and bracts became brown. 
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Figure 3.2.1: Layout plan for sunflower experiment during 2017/18 and 2018/19 

3.2.1 Observations 

The observation regarding phenology, crop growth, yield, and components were measured 

according to the following procedure. 

3.2.1.1 Crop phenology 

The sowing dates impacts on the phenology of various hybrids were assessed through days 

required for emergence, days required for budding, days required for flowering, and days 

required for maturity. For these, six uniform plants from central two rows were tagged at 

seedlings to record subsequent phenology. The plants were daily visited during the expected 

period of the advent of a particular stage. The days were taken from the date of sowing. 

3.2.1.1.1 Days to emergence 

The field was daily visited and emergence was recorded till a constant stand. The date at which 

no subsequent increase in emergence count was recorded as days to emergence. 

3.2.1.1.2 Days to budding 

It was recorded on the appearance of buds on 50% of marked plants. 

3.2.1.1.3 Days to flowering 

It was considered at the appearance of one open floret at 50% of six tagged plants in each plot.  
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3.2.1.1.4 Days to maturity 

It was taken as when 50% heads of six tagged plants turned yellow and bracts turn into brown 

color. 

3.2.1.2 Yield and its attributes 

3.2.1.2.1 Plant height 

The plant height was documented from five randomly marked plants with meter rod from 

ground level upto heads receptacles. 

3.2.1.2.2 Disc diameter (cm) 

The disk diameter was determined at the maximum width with measuring tape from five 

randomly selected plants at harvesting. 

3.2.1.2.3 1000-Achene weight (g) 

It was worked out by weighing the weight of 1000 achenes and adjusted at 10% moisture 

contents. 

3.2.1.2.4 Achene yield (kg ha-1) 

Heads of central pair of rows of the individual plot were manually harvested, dried, and 

threshed. The achene weight was converted into a hectare basis and yield was set at 10% seed 

moisture. 

3.2.1.2.5 Biomass (kg ha-1) 

It was measured by adding the whole plant biomass (vegetative and reproductive) and 

subsequent conversion to per hectare basis. 

3.2.1.2.6 Harvest index (%) 

It was determined by dividing the economic yield by biomass using formula 

𝐻𝑎𝑟𝑣𝑒𝑠𝑡 𝐼𝑛𝑑𝑒𝑥 (𝐻𝐼) =
𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑦𝑖𝑒𝑙𝑑

𝐵𝑖𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
 × 100 

3.2.1.2.7 Oil (%) 

The oil % of achenes were quantified through Soxhlet apparatus as suggested by Porto et al. 

(2013). 
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3.3 Crop growth and development  

3.3.1 Crop growth parameters 

The destructive sampling was carried out from outer pairs of rows for calculating LAI (leaf area 

index) and TDM (total dry matter). The observation on following growth, development, and 

yield were recorded according to the following procedures 

3.3.1.1 Biomass accumulation (kg ha-1) 

Two plants from outer pairs of rows were harvested from the ground surface at a 20-days 

interval from 20 DAP to maturity, dried in an oven to attain constant weight. 

3.3.1.2  Leaf area index 

All the leaves from two plants were detached and freshly weighed for leaf area indices. The 

sub-sample of five grams of fresh leaf was further used to record the total leaf area (Watson, 

1947). LAI was worked out with the given equation  

𝐿𝑒𝑎𝑓 𝑎𝑟𝑒𝑎 𝑖𝑛𝑑𝑒𝑥 =  
𝐿𝑒𝑎𝑓 𝑎𝑟𝑒𝑎

𝐺𝑟𝑜𝑢𝑛𝑑 𝑎𝑟𝑒𝑎
 

3.4 Weather data 

The daily weather data in term of T max, T min, mean relative humidity (RH), sunshine hours 

(SSH), wind speed (WS), and precipitation (RF) were obtained from the metrological 

observatory, located near to experimental site.  

3.5 Crop growth modelling 

The data obtained for various growth and yield parameters from field experiments were used 

for calibration, evaluation, and application of CSM-CROPGRO. It uses soil factors, crop 

management, cultivars, and climate as an input. The soil characters used are colour, hydraulic 

conductivity, bulk density, slope, drainage upper and lower limit, saturation, organic carbon, 

and soil nitrogen contents. The crop management date includes the date, method, and amount 

of irrigation and fertilizer application, tillage and seeding depth, planting date, population, and 

harvesting time. While, routine weather parameters like daily Tmax, Tmin solar radiations, 

precipitation, and wind speed. The soil profile was comprised of four layers i.e. 0-30 cm, 30-60 

cm, 60-90 cm, and 90-120 cm. Cultivars specific genetic coefficient was determined to best 

simulate the experimental results. Validation of these models was carried out with next year’s 

experiment data sets and independent data sets. Crop simulation models linked to Decision 

Support Systems were employed according to Hoogenboom et al. (2010). The model DSSAT 
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was used for sensitivity analysis following the completion of the validation process. The 

outcome of this activity be crops (cotton-sunflower), soil, and observed climatic data for field 

experiments. This data was input for DSSAT. 

3.6 Climate change impact assessment 

Historical weather data regarding daily precipitation (RF), maximum temperature (T max) and 

minimum temperature (T min), solar radiations (SR), wind speed (WS), evaporation, and 

relative humidity was acquired from the official Meteorological Department (PMD). The 

climate change scenarios were developed by the official Metrological Department (PMD) using 

climate models for the five General Circulation Models (GCMs). These are based on baseline 

daily climate data, with present weather parameters perturbed with the help of variations in 

different climatic models output for the future scenario in comparison of those same model 

outputs for the one main period; “mid-century” = 2040-2069 to the baseline climate period 

(1980-2012) using RCP 8.5 was selected for integrated impact assessment. The model 

simulations were made according to optimum growth conditions, current climate, and climate 

change scenarios. The impact of climate change was measured by comparing the model 

simulated crop yield by using historical weather series, which are represented by the current 

climate and changing climate scenario.  

3.7 Statistical analysis 

Data on growth and yield parameters were subjected to Fischer’s analysis of variance (ANOVA) 

and treatments significance was tested according to the Least Significance Test (LSD) at 5% 

(Steel et al., 1997). The accuracy of the model was observed regarding observed and simulated 

values using error (%) and root mean square error (RMSE) 

 

Error (%) = [
𝑆𝑖 − 𝑂𝑖

𝑂
] × 100 

 

Root Mean Square Error (𝑅𝑀𝑆𝐸) = √
1

𝑁
∑  (Oi −  Si)2N

i=1 ..................(Araya et al., 2010) 

The Oi in the above equations is the Observed value, Si denotes the Simulated value 
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CHAPTER-IV 

 

4. RESULTS 

 

4.1 IMPACT OF CULTIVARS AND SOWING DATES ON GROWTH YIELD OF 

COTTON 

4.1.1 GROWTH AND MORPHOLOGICAL CHARACTERS 

4.1.1.1 Main stem height (cm) 

The data presented in Table 4.1.1.1 revealed the non-significant differences in plant height in 

cultivars during both years. The low plant height was recorded in cultivars in 2018 than 2017 

which was 5.7, 8.6, and 3.6 cm less for Cyto-179, CIM-602, and FH-142, respectively. 

However, significant differences were recorded for plant height due to various sowing dates 

which showed a decreasing trend with delay in sowing. Therefore, the highest (100.4 and 80.5 

cm) and lowest plant height (54.8 and 56.7 cm) were recorded for May 10th and June 24th 

sowing, respectively in both years. The plant height was reduced from 100.4 to 54.8 cm in 2017 

and 80.5 to 56.7 cm in 2018 with a delay in sowing from May 10th to June 24th. The early sowing 

avails maximum duration to complete its growth cycle and vice versa for late sowing. The years 

effect on plant height was more prominent for May 10th than other sowing dates. It produced 

19.9 cm more plant height in 2017 over 2018. The interaction between cultivars and sowing 

dates (A × B) was non-significant for plant height during both years. The year 2017 produced 

more plant height (75.2 cm) than 2018 (69.3 cm). 

4.1.1.2 Nodes on the main stem 

It was revealed from data in Table 4.1.1.2 that the impact of cultivars was non-significant for 

the number of nodes on the main stem and the trend was consistent for both years. Like plant 

height, relatively a smaller number of nodes in all cultivars were produced in 2018 than in 2017. 

The respective reductions for Cyto-179, CIM-602, and FH-142 were 3.6, 2.6, and 1.4. The nodes 

were significantly decreased with each successive delay in sowing from May 10th to June 24th 

during 2017. While May 10th and May 25th sowing produced a statistically similar number of 

nodes during 2018. The number of nodes per plant was decreased from 33.2 to 21.1 and 26.4 to 

20.9 in 2017 and 2018, respectively. The corresponding decrease in 2018 for May 10th, May 

25th, June 09th, and June 24 was 6.8, 2.5, 0.7, and 0.2. The interactive effect of cultivars and 
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sowing dates (A × B) were non-significant for the number of nodes during both years. Like 

plant height, the number of nodes on the main stem was relatively higher in 2017 (26.7) than in 

2018 (24.1). 
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Table 4.1.1.1. Effect of cultivars and sowing dates on main stem height (cm) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 76.5 70.8 73.7 

V2 = CIM-602 76.5 67.9 72.2 

V3 = FH-142 72.7 69.1 70.9 

LSD (5%) 5.49 8.26  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 100.4a 80.5a 90.5 

D2 = May 25th 79.6b 74.3b 77.0 

D3 = Jun 09th 66.1c 65.7c 65.9 

D4 = Jun 24th 54.8d 56.7d 55.8 

LSD (5%) 5.41 5.51  

Significance * *  

Interaction (A × B) NS NS  

Means 75.2 69.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.1.2. Effect of cultivars and sowing dates on the number of nodes on the main 

stem  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 27.3 23.7 25.5 

V2 = CIM-602 26.9 24.3 25.6 

V3 = FH-142 25.8 24.4 25.1 

LSD (5%) 1.44 2.19  

Significance  NS NS  

B. Sowing dates    

D1 = May 10th 33.2a 26.4a 29.8 

D2 = May 25th 28.2b 25.7a 27.0 

D3 = Jun 09th  24.2c 23.5b 23.9 

D4 = Jun 24th 21.1d 20.9c 21.0 

LSD (5%) 2.08 1.62  

Significance * *  

Interaction (A × B) NS NS  

Means 26.7 24.1  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.1.3 Height to node ratio (HNR) 

The impact of cultivars was non-significant for HNR during both years (Table 4.1.1.3). The 

cultivars mean across the years revealed that Cyto-179 produced HNR values followed by FH-

142 and CIM-602. The sowing dates significantly affected the HNR only for 2017. The 

maximum (3.03 cm) and minimum (2.61 cm) HNR was recorded from May 10th and June 24th 

sowing, respectively in 2017. Although HNR was also reduced in late sowing in 2018 but the 

differences were statistically non-significant. The plant height and number of nodes per plant 

are two important parameters to determine HNR. Therefore, HNR, plant height, and nodes on 

the main stem exhibited a similar response to sowing dates. The interaction between cultivars 

and sowing dates (A × B) were non-significant for HNR in both years. The year average values 

indicated that relatively more HNR in 2018 (2.87 cm) than in 2017 (2.80 cm). 
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Table 4.1.1.3. Effect of cultivars and sowing dates on height to node ratio (HNR) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 2.79 3.00 2.90 

V2 = CIM-602 2.82 2.80 2.81 

V3 = FH-142 2.79 2.82 2.81 

LSD (5%) 0.21 0.32  

Significance  NS NS  

B. Sowing dates    

D1 = May 10th 3.03a 3.05 3.04 

D2 = May 25th 2.83ab 2.88 2.86 

D3 = Jun 09th  2.73b 2.81 2.77 

D4 = Jun 24th 2.61b 2.75 2.68 

LSD (5%) 0.19 0.23  

Significance  * NS  

Interaction (A × B) NS NS  

Means 2.80 2.87  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.2 YIELD AND YIELD COMPONENTS 

4.1.2.1 Number of bolls plant-1 

The data about number of bolls per plant revealed the significant impact of cultivars and sowing 

dates in both the years (Table 4.1.2.1). The maximum number of bolls per plant was recorded 

from the CIM-602, while Cyto-179 and FH-142 produced a statistically similar number of bolls 

in both years. The highest values (24.5 and 27.2 bolls per plant) were recorded from 10th May 

sowing. It produced 3.3 & 4.1, 4.9 & 6.8 and 7.7 & 9.9 more bolls per plant over 25th May, 09th 

June, and 24th June, respectively in 2017 and 2018. The interactive impact of cultivars and 

sowing dates (A × B) remained non-significant. The years means indicated that 1.6 more bolls 

were produced in 2018 than in 2017.   

4.1.2.2 Average boll weight (g) 

The significant differences were detected for average boll weight across cultivars and sowing 

dates (Table 4.1.2.2). The boll weight of cultivar Cyto-179 and FH-142 was statistically similar 

but higher than CIM-602 in both the years. The cultivar FH-142 produced 0.77 and 0.54 g higher 

boll weight in 2017 and 2018, respectively than CIM-602. The highest boll weight (2.93 and 

2.82 g) was produced in 25th May sowing followed by a decline in subsequent sowing dates. 

The lowest boll weight (2.61 and 2.64 g) was obtained from June 24th during 2017 and 2018. 

The 10th May sowing was at the second position in 2017 but it became third during 2018 because 

boll weight achieved from 24th June was higher than boll weight of 09th June. The interactive 

effects between cultivars and sowing dates (A × B) were non-significant for boll weight. 

Relatively more boll weight (0.06 g) was achieved in 2017 than in 2018.  

4.1.2.3 Seed cotton yield (kg ha-1) 

The effect of cultivars and sowing dates were significant for seed cotton yield during both years 

(Table 4.1.2.3). The cultivar Cyto-179 exceeded the other cultivars by producing 243.4 & 253.5 

and 78.9 & 100.4 kg ha-1 more seed cotton yield than CIM-602 and FH-142, respectively. The 

yield differences between Cyto-179 and FH-142 were non-significant in 2017 and became 

significant in 2018. All the cultivars produced higher seed cotton yield in 2018 in comparison 

with 2017. The highest seed cotton yield (2504.7 and 2617.9 kg ha-1) and the lowest (1623.2 

and 1707.3 kg ha-1) was produced from May 10th and June 24th sowing, respectively in both 

years. The seed cotton yield was decreased by 881.5 and 910.6 kg ha-1 with shifting sowing 

from May 10th to June 24th. The seed cotton yield of all the sowing dates was improved in 2018 

where May 10, May 25th, June 09th, and June 24th produced 113.2, 76.4, 113.4 and 84.1 kg ha-1 
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more seed cotton. The interactive effects of the cultivars and sowing dates (A × B) were non-

significant. The years mean values across cultivars and sowing dates indicated the 96.7 kg ha-1 

more seed cotton yield in 2018 than in 2017. 

4.1.2.4 Lint yield (kg ha-1) 

The significant differences for lint yield were observed across cultivars and sowing dates (Table 

4.1.2.4). The lint yield exhibited a similar response to seed cotton yield because of their close 

association. The highest lint yield (836.3 and 876.0 kg ha-1) were achieved from cultivar Cyto-

179 followed by FH-142 (776.6 & 824.3 kg ha-1) and CIM-602 (686.3 & 735.5 kg ha-1). The 

performance of all the cultivars was improved in 2018 than in 2017. The years means for 

cultivars indicated that Cyto-179 produced 145.3 and 55.7 kg ha-1 more lint than CIM-602 and 

FH-142, respectively. The maximum lint yield (948.7 and 982.8 kg ha-1) was recorded from 

May 10th followed by a significant decrease with each successive delay in both the years. The 

cotton sown on June 24th produced 375.9 and 358.0 kg ha-1 less lint yield than May 10th, 

respectively in 2017 and 2018. The shifting sowing from May 10th to May 25th, May 25th to 

June 09th, and June 09th to June 24th reduced lint yield by 91.1, 171.2, and 113.6 kg ha-1 in 2017. 

The respective reduction in 2018 was 101.6, 122.4, and 134 kg ha-1. The interaction between 

sowing dates and cultivars for cotton seed yield was non-significant. The year 2018 produced 

45.5 kg ha-1 more lint yield than 2018 due to differences in climatic conditions. 
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Table 4.1.2.1. Effect of cultivars and sowing dates on a number of bolls per plant  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 19.8b 21.8b 20.8 

V2 = CIM-602 23.4a 23.6a 23.5 

V3 = FH-142 18.5b 20.7b 19.6 

LSD (5%) 2.27 1.79  

Significance * *  

B. Sowing dates    

D1 = May 10th 24.5a 27.2a 25.9 

D2 = May 25th 21.2b 23.1b 22.2 

D3 = Jun 09th 19.6b 20.4c 20.0 

D4 = Jun 24th 16.8c 17.3d 17.1 

LSD (5%) 1.71 2.00  

Significance * *  

Interaction (A × B) NS NS  

Means 21.2 22.8  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.2.2. Effect of cultivars and sowing dates on average boll weight (g)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 2.98a 2.89a 2.94 

V2 = CIM-602 2.25b 2.35b 2.30 

V3 = FH-142 3.02a 2.89a 2.96 

LSD (5%) 0.16 0.20  

Significance * *  

B. Sowing dates    

D1 = May 10th 2.78ab 2.67b 2.73 

D2 = May 25th 2.93a 2.82a 2.82 

D3 = Jun 09th 2.67b 2.71ab 2.69 

D4 = Jun 24th 2.61b 2.64b 2.63 

LSD (5%) 0.22 0.13  

Significance * *  

Interaction (A × B) NS NS  

Means 2.75 2.69  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.2.3. Effect of cultivars and sowing dates on seed cotton yield (kg ha-1)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 2184.9a 2292.2a 2238.6 

V2 = CIM-602 1941.5b 2038.7c 1990.1 

V3 = FH-142 2106.0a 2191.8b 2148.9 

LSD (5%) 141.47 97.8  

Significance * *  

B. Sowing dates    

D1 = May 10th 2504.7a 2617.9a 2561.3 

D2 = May 25th 2279.2b 2355.6b 2317.4 

D3 = Jun 09th 1902.8c 2016.2c 1959.5 

D4 = Jun 24th 1623.2d 1707.3d 1665.3 

LSD (5%) 101.35 128.31  

Significance * *  

Interaction (A × B) NS NS  

Means 2077.5 2174.2  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.2.4. Effect of cultivars and sowing dates on lint yield (kg ha-1)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 836.3a 876.0a 856.2 

V2 = CIM-602 686.3c 735.5c 710.9 

V3 = FH-142 776.6b 824.3b 800.5 

LSD (5%) 56.93 44.34  

Significance * *  

B. Sowing dates    

D1 = May 10th 948.7a 982.8a 965.8 

D2 = May 25th 857.6b 881.2b 869.4 

D3 = Jun 09th 686.4c 758.8c 722.6 

D4 = Jun 24th 572.8d 624.8d 598.8 

LSD (5%) 44.07 47.71  

Significance * *  

Interaction (A × B) NS NS  

Means 766.4 811.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.2.5 Cotton seed yield (kg ha-1) 

The data regarding cotton seed yield revealed the significant effect of the cultivars in 2018 only 

(Table 4.1.2.5). Like seed cotton and lint yield, the cotton seed yield remained maximum in 

Cyto-179 followed by FH-142 and CIM-602. It produced 93.5 & 113 kg ha-1 and 19.3 & 48.6 

kg ha-1 more cotton seed yield than CIM-602 and FH-142 in 2017 and 2018, respectively. In 

2018, the differences in cotton seed yield between Cyto-179 and FH-142 remained non-

significant with each other but statistically greater than CIM-602. The cotton seed yield 

significantly reduced with each successive delay in sowing. The reduction of 505.6 and 552.5 

kg ha-1 cotton seed was observed with shifting sowing from May 10th to June 24th in 2017 and 

2018. Changing sowing time from May 10th to May 25th, May 25th to June 09th and June 09th to 

June 24th reduced cotton seed yield by 134.4 & 160.7, 205.2 & 216.9, and 166 & 174.9 kg ha-1 

for 2017 and 2018. The interactive effects of cultivars and sowing time were non-significant for 

cotton seed yield in both years. Likewise, seed cotton and lint yield, the years means across 

cultivars, and sowing time revealed that 51.2 kg ha-1 additional cotton seed yield was obtained 

in 2018 due to more conducive climatic conditions.   

4.1.2.6 Ginning out turn percentage (GOT, %) 

The ginning out turn values were responsive to cultivars and sowing dates (Table 4.1.2.6). 

Regardless of years, the cultivar Cyto-179 produced seed cotton with the highest lint %age. Its 

lint mass was higher by 3.0% and 1.6% than CIM-602 and FH-142, respectively in 2017 and 

corresponding values for 2018 were 2.1% and 0.6%. The lint mass in the seed cotton was 

decreased from 37.8% to 35.2% with delayed sowing dates from 10th May to 24th June in 2017. 

The trend was inconsistent for 2018. The lint content achieved from the first two sowing dates 

in 2017 were non-significant with each other but significantly higher than the last two sowing 

dates. Whereas, the first three sowing dates were non-significant in 2018 but higher than the 

last sowing dates. The interactive effects between cultivars and sowing dates were non-

significant for lint mass. The superior values of ginning out turn among years the was achieved 

from 2018.  
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Table 4.1.2.5. Effect of cultivars and sowing dates on cotton seed yield (kg ha-1)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 1348.7 1416.2a 1382.5 

V2 = CIM-602 1255.2 1303.2b 1279.2 

V3 = FH-142 1329.4 1367.6a 1348.5 

LSD (5%) 94.28 56.50  

Significance NS *  

B. Sowing dates    

D1 = May 10th 1556.0a 1635.0a 1595.5 

D2 = May 25th 1421.6b 1474.3b 1448.0 

D3 = Jun 09th 1216.4c 1257.4c 1236.9 

D4 = Jun 24th 1050.4d 1082.5d 1066.5 

LSD (5%) 66.60 84.48  

Significance * *  

Interaction (A × B) NS NS  

Means 1311.1 1362.3  

Means sharing the different letters in column differs significantly at P = 0.05*,  NS = Non-

significant  
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Table 4.1.2.6. Effect of cultivars and sowing dates on ginning out turn (%)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 38.2a 38.2a 38.2 

V2 = CIM-602 35.2c 36.1b 35.7 

V3 = FH-142 36.6b 37.6a 37.1 

LSD (5%) 1.14 0.57  

Significance * *  

B. Sowing dates    

D1 = May 10th 37.8a 37.5a 37.7 

D2 = May 25th 37.6a 37.4a 37.5 

D3 = Jun 09th 36.0b 37.6a 36.8 

D4 = Jun 24th 35.2b 36.6b 35.9 

LSD (5%) 1.01 0.68  

Significance * *  

Interaction (A × B) NS NS  

Means 36.7 37.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant  
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4.1.2.7 Seed index (g) 

The seed index was neither affected by cultivars nor by sowing dates or by their interactions 

(Table 4.1.2.7). It ranged from 7.39 to 7.50 g in 2017 and 7.41 to 7.61 g in 2018 among cultivars. 

While, among sowing dates, it ranged from 7.40 to 7.55 g and 7.38 to 7.61 g during 2017 and 

2018, respectively. The cultivars mean over years indicated that maximum seed index (7.55) 

was recorded from Cyto-179 and minimum (7.40) from CIM-602. Similarly, yearly means of 

sowing dates indicated that the seed index was reduced with delay in sowing up to June 09th. 

However, it was increased with further delay in sowing from June 09th to June 24th. The better 

seed index values were recorded in the year 2018 over 2017.  

4.1.2.8 Oil contents 

The significant differences among cultivars and sowing dates were displayed for oil contents 

(Table 4.1.2.8). The highest oil contents (14.8% & 15.8%) were obtained from cotton seeds of 

CIM-602 followed by FH-142 (14.2% & 14.7%) and Cyto-179 (14.0% & 14.5%), respectively. 

It produced 0.6% and 0.8% higher oil contents in 2017 than FH-142 and Cyto-179, while the 

respective increase for 2018 was 1.1% and 1.3%. The oil contents of Cyto-179, CIM-602 and 

FH-142 was improved in 2018 from 14.0% to 14.5%, 14.8% to 15.8% and 14.2% to 14.7%, 

respectively. The oil contents were initially high which decreased from May 10th to  May 25th 

sowing. However, further delay in sowing improved the oil contents and the maximum values 

were recorded from June 24th sowing. The oil contents obtained from May 10th, May 25th, June 

09th and June 24th were 14.1% & 14.9%, 13.6% & 14.3%, 14.1% & 14.6% and 15.6% & 16.3%, 

respectively. All the sowing dates produced relatively higher oil contents values in 2018 than 

2017. The interactive effects of cultivars and sowing dates were non-significant in both the years 

for oil contents. The average across cultivars and sowing dates highlighted 0.7% more oil 

contents in 2018 than in 2017.        

4.1.2.9 Oil yield (kg ha-1) 

The oil yield is the function of cotton seed yield and oil contents of the seed. There were non-

significant differences in oil yield among cultivars, however sowing dates differed significantly 

(Table 4.1.2.9). The highest oil yield (188.3  kg ha-1) was produced from FH-142 in 2017. While 

CIM-602 produced maximum oil yield (205.4 kg ha-1) in 2018. The highest oil yield (219.3 & 

242.9 kg ha-1) was recorded from May 10th in both years and decreases significantly with delay 

in sowing. However, June 09th and June 24th sowing did not differ significantly with each other 

during both years. The minimum oil yield (163.4 & 175.7 kg ha-1) was recorded from June 24th. 
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The interaction between cultivars and sowing dates remained non-significant for oil yield in 

both years. The years means across cultivars and sowing dates revealed that the year 2018 

produced 16.5 kg ha-1 more oil yield in comparison with 2017.  
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Table 4.1.2.7. Effect of cultivars and sowing dates on seed index (g) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 7.48 7.61 7.55 

V2 = CIM-602 7.39 7.41 7.40 

V3 = FH-142 7.50 7.53 7.52 

LSD (5%) 0.59 0.29  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 7.55 7.61 7.58 

D2 = May 25th 7.43 7.53 7.48 

D3 = Jun 09th 7.45 7.38 7.42 

D4 = Jun 24th 7.40 7.52 7.46 

LSD (5%) 0.50 0.37  

Significance NS NS  

Interaction (A × B) NS NS  

Means 7.46 7.51  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.2.8. Effect of cultivars and sowing dates on oil contents (%) 

Treatments 2017 2018 Means 

C. Cultivars    

V1 = Cyto-179 14.0b 14.5b 14.3 

V2 = CIM-602 14.8a 15.8a 15.3 

V3 = FH-142 14.2b 14.7b 14.5 

LSD (5%) 0.58 0.37  

Significance * *  

D. Sowing dates    

D1 = May 10th 14.1b 14.9b 14.5 

D2 = May 25th 13.6c 14.3b 14.0 

D3 = Jun 09th 14.1b 14.6b 14.4 

D4 = Jun 24th 15.6a 16.3a 16.0 

LSD (5%) 0.45 0.63  

Significance * *  

Interaction (A × B) NS NS  

Means 14.3 15.0  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.2.9. Effect of cultivars and sowing dates on oil yield (kg ha-1) 

Treatments 2017 2018 Means 

E. Cultivars    

V1 = Cyto-179 187.5 203.5 195.5 

V2 = CIM-602 184.7 205.4 195.1 

V3 = FH-142 188.3 201.0 194.7 

LSD (5%) 17.90 13.43  

Significance NS NS  

F. Sowing dates    

D1 = May 10th 219.3a 242.9a 231.1 

D2 = May 25th 193.1b 210.8b 202.0 

D3 = Jun 09th 171.6c 183.6c 177.6 

D4 = Jun 24th 163.4c 175.7c 169.6 

LSD (5%) 10.12 14.91  

Significance * *  

Interaction (A × B) NS NS  

Means 186.8 203.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.3 BIOMASS PRODUCTION 

4.1.3.1 Total dry matter production (kg ha-1) 

The impact of sowing dates and cultivars were significant for dry matter yield (Table 4.1.3.1.). 

The cultivar Cyto-179 produced the maximum dry matter yield followed by FH-142 and CIM-

602, respectively in both the years. It produced 569.3 & 514.4 kg ha-1 and 89.7 & 278.9 kg ha-

1 higher dry matter yield than CIM-602 and FH-142, respectively during both the years. Each 

cultivar during 2018 differed significantly, while, Cyto-179 and FH-142 produced statistically 

similar dry matter yield in 2017. There was a decreasing trend for dry matter yield in association 

with sowing dates. The reduction for the first and second year with changing sowing dates from 

May 10th to June 24th was 1541.0 and 1640.6 kg ha-1, respectively. In comparison with May 

10th, the loss in dry matter yield was 4.3% & 5.4%, 11.6% & 12.1%, and 19.4% & 20.0% for 

May 25th, June 09th and June 24th, respectively in both the years. The interaction between 

cultivars and sowing dates were non-significant during both the years. Similar to seed cotton 

yield, the year 2018 recorded higher values for dry matter yield than 2017 by producing 193.0 

kg ha-1 more yield. 

4.1.3.2 Harvest index (%) 

The harvest index values displayed non-significant variations for cultivars and significant for 

sowing dates (Table 4.1.3.2). The maximum (29.1% & 29.6%) and minimum (28.0% & 28.2%) 

harvest index values were achieved from Cyto-179 and CIM-602 during 2017 and 2018. There 

was a decreasing trend of harvest index with delay in sowing. It was reduced from 31.5% to 

25.3% in 2017 and 31.9% to 26.0% in 2018. Statistically, the May 10th sowing did not result in 

higher harvest index values than May 25th in 2017 and 2018. Whereas, the harvest index values 

did not varied for June sown crop (June 09th and June 24th) in 2018. The harvest index values 

were improved from 31.5% to 31.9%, 30.0% to 30.4%, 27.1% to 28.0% and 25.3% to 26% in 

2018 over 2017 for May 10th, May 25th, June 09th and June 24th, respectively. The interactive 

effects of cultivars and sowing dates remained non-significant for harvest index. The year 2018 

produced superior harvest index values than 2017.  
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Table 4.1.3.1. Effect of cultivars and sowing dates on dry matter yield (kg ha-1) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 7464.0a 7701.7a 7582.9 

V2 = CIM-602 6894.7b 7187.3c 7041.0 

V3 = FH-142 7374.3a 7422.8b  7398.6 

LSD (5%) 229.30 108.66  

Significance * *  

B. Sowing dates    

D1 = May 10th 7945.3a 8206.3a 8075.8 

D2 = May 25th 7602.7b 7761.7b 7682.2 

D3 = Jun 09th 7025.0c 7215.3c 7120.2 

D4 = Jun 24th 6404.3d 6565.7d 6485 

LSD (5%) 165.96 189.10  

Significance * *  

Interaction (A × B) NS NS  

Means 7244.3 7437.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.3.2. Effect of cultivars and sowing dates on harvest index (%) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 29.1 29.6 29.4 

V2 = CIM-602 28.0 28.2 28.1 

V3 = FH-142 28.4 29.4 28.9 

LSD (5%) 1.61 1.65  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 31.5a 31.9a 31.7 

D2 = May 25th 30.0a 30.4a 30.2 

D3 = Jun 09th 27.1b 28.0c 27.6 

D4 = Jun 24th 25.3c 26.0c 25.7 

LSD (5%) 1.64 2.01  

Significance * *  

Interaction (A × B) NS NS  

Means 28.5 29.1  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.4 LINT QUALITY  

4.1.4.1 Fibre length (mm) 

The cultivars differed significantly for the fibre length during both years (Table 4.1.4.1). The 

cultivars mean across the sowing dates revealed that cultivar CIM-602 produced lint with a 

maximum fibre length of 26.6 and 26.4 mm during 2017 and 2018. Its fibre was longer by 1.7 

and 0.3 mm than those of Cyto-179 and FH-142 in 2017 and 2018. It was also identified that 

cultivar CIM-602 sustained fibre length in both years. While, fibre length of Cyto-179 and FH-

142 varied from 24.9 to 26.1 mm, depicting 4.6% variation among the years. Furthermore, the 

cultivar Cyto-179 and FH-142 did not produce statistically different fibre length with each other 

across both the years. The fibre length did not respond to sowing dates as well as cultivars and 

sowing dates interaction in both the years. The years mean across cultivars and sowing dates 

highlighted that climatic conditions of the year 2018 were more conducive for fibre length than 

those of the year 2017.  

4.1.4.2 Fibre strength (g/tex) 

The fibre strength was significantly influenced by the cultivars and sowing dates and non-

significantly by their interaction (Table 4.1.4.2). The stronger fibres in both years were 

produced from CIM-602 followed by Cyto-179 and FH-142. While the differences between 

Cyto-179 and FH-142 were statistically non-significant. Like fibre length, stronger fibre was 

produced in 2018 than 2017 with the corresponding increase for Cyto-179, CIM-602 and FH-

142 was 25.8 to 27.6 (g/tex), 27.5 to 28.6 (g/tex) and 25.2 to 27.5 (g/tex). The maximum fibre 

strength for sowing dates in 2017 (26.7 g/tex) and 2018 (28.6 g/tex) was recorded from May 

10th and June 09th, respectively. While the rest of the dates did not produce significant 

differences with each other. The minimum fibre strength values in 2017 and 2018 were obtained 

from June 24th (25.9 g/tex) and May 10th (27.5 g/tex), respectively. The fibre strength improved 

in 2018 than 2017 and the respective increase for May 10th, May 25th, June 09th and June 24th 

was 26.7 to 27.5 (g/tex), 26.1 to 27.7 (g/tex), 26.1 to 28.6 (g/tex) and 25.9 to 27.8 (g/tex). The 

mean fibre strength value over the treatments was greater in 2018 over 2017 due to variations 

in climatic conditions.  
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Table 4.1.4.1. Effect of cultivars and sowing dates on fibre length (mm) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 24.9b 26.1b 25.5 

V2 = CIM-602 26.6a 26.4a 26.5 

V3 = FH-142 24.9b 26.1b 25.5 

LSD (5%) 0.47 0.29  

Significance * *  

B. Sowing dates    

D1 = May 10th 25.9 26.1 26.0 

D2 = May 25th 25.5 26.3 25.9 

D3 = Jun 09th 25.2 26.2 25.7 

D4 = Jun 24th 25.4 26.2 25.8 

LSD (5%) 0.62 0.45  

Significance NS NS  

Interaction (A × B) NS NS  

Means 25.5 26.2  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.4.2. Effect of cultivars and sowing dates on fibre strength (g/tex)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 25.8b 27.6b 26.7 

V2 = CIM-602 27.5a 28.6a 28.1 

V3 = FH-142 25.2b 27.5b 26.4 

LSD (5%) 0.65 0.68  

Significance * *  

B. Sowing dates    

D1 = May 10th 26.7a 27.5b 27.1 

D2 = May 25th 26.1b 27.7b 26.9 

D3 = Jun 09th 26.1b 28.6a 27.3 

D4 = Jun 24th 25.9b 27.8b 26.8 

LSD (5%) 0.61 0.51  

Significance * *  

Interaction (A × B) NS NS  

Means 26.2 27.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.4.3 Micronaire value (Mic) 

The micronaire value depicts the fibre fineness which was only affected by cultivars (Table 

4.1.4.3). Each cultivar produced significantly different micronaire values in 2017 but the 

differences between Cyto-179 and FH-142 disappeared in 2018. The cultivar CIM-602 

produced fine fibre in the first year with micronaire value of 3.9 but it was shifted to average 

grade in the second year with micronaire value of 4.2. The cultivar FH-142 produced coarse lint 

with micronaire value of 4.5 and 4.4 in 2017 and 2018. The CIM-602 produced superior lint 

with 10.30% & 2.38% and 15.38% & 4.76% less micronaire values than Cyto-179 and FH-142, 

respectively during both the years. The micronaire values slightly decreased from May 10th to 

June 09th which again started increasing at June 24th but statistically sowing dates impact 

remained non-significant. The interaction between cultivars and sowing dates was non-

significant for micronaire. The less fine fibre was produced in 2018 in comparison with 2017 

due to variations in climatic conditions. 

4.1.4.4 Uniformity index (%) 

The uniformity trait in lint quality measures the distribution of various fibre lengths in the 

sample. None of the main treatment factors nor their interaction had significantly affected the 

uniformity index (Table 4.1.4.4). The uniformity index of CIM-602 was below the rest of the 

cultivars over the years. The uniformity ratio was gradually decreased with a delay in sowing 

in 2017. However, the sowing in the month of May (10th and 25th) and June (09th and 24th) 

produced almost similar uniformity with each other in 2018. The lint produced in 2018 

displayed a less uniformity ratio than in 2017 for both cultivars and sowing dates.  

4.1.4.5 Lint reflectance (Rd, %) 

Lint reflectance determines the colour grade of the sample and also known as whiteness. The 

data in Table 4.1.4.5 reflected the non-significant impact of cultivars, sowing dates, and their 

interactions. However, it was obvious from cultivars means over the years that Cyto-179 

produced relatively better colour grade followed by FH-142 and CIM-602. The lint achieved 

during the second year has better colour grade than 2017 in both cultivars and sowing dates. 

Similarly, sowing dates means across years showed that May 25th sowing produced better lint 

colour grade than other sowing dates. The years means across cultivars and sowing dates 

revealed 2.0% more lint reflectance in 2018 than 2017.   
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4.1.4.6 Lint yellowness (+b) 

The data regarding lint yellowness in Table 4.1.4.6 revealed non-significant differences among 

cultivars, sowing dates, and their interaction in both years. The cultivars mean across years also 

showed no variation in yellowness values. Likewise, sowing dates means across cultivars 

indicated that lint yellowness was slightly increased with successive delay in sowing. The lint 

produced during 2017 showed relatively less yellowness than in 2018.   
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Table 4.1.4.3. Effect of cultivars and sowing dates on micronaire value (Mic)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 4.3b 4.3a 4.3 

V2 = CIM-602 3.9c 4.2b 4.1 

V3 = FH-142 4.5a 4.4a 4.5 

LSD (5%) 0.17 0.15  

Significance * *  

B. Sowing dates    

D1 = May 10th 4.4 4.5 4.4 

D2 = May 25th 4.2 4.4 4.3 

D3 = Jun 09th 4.0 4.2 4.1 

D4 = Jun 24th 4.2 4.3 4.3 

LSD (5%) 0.35 0.26  

Significance NS NS  

Interaction (A × B) NS NS  

Means 4.21 4.32  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.4.4. Effect of cultivars and sowing dates on uniformity index (%) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 82.2 81.1 81.7 

V2 = CIM-602 81.5 80.3 80.9 

V3 = FH-142 82.2 81.3 81.8 

LSD (5%) 1.06 1.21  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 82.4 81.0 81.7 

D2 = May 25th 82.0 81.2 81.6 

D3 = Jun 09th 81.8 80.6 81.2 

D4 = Jun 24th 81.7 80.9 81.3 

LSD (5%) 1.09 1.21  

Significance NS NS  

Interaction (A × B) NS NS  

Means 82.0 80.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.4.5. Effect of cultivars and sowing dates on lint reflectance (%)  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 69.2 70.7 70.0 

V2 = CIM-602 67.4 69.6 68.5 

V3 = FH-142 68.0 70.2 69.1 

LSD (5%) 2.32 1.51  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 66.7 70.7 68.7 

D2 = May 25th 69.2 70.6 69.9 

D3 = Jun 09th 68.3 69.7 69.0 

D4 = Jun 24th 68.6 69.8 69.2 

LSD (5%) 1.90 1.45  

Significance NS NS  

Interaction (A × B) NS NS  

Means 68.2 70.2  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.4.6. Effect of cultivars and sowing dates on lint yellowness (%) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 8.3 8.9 8.6 

V2 = CIM-602 8.3 8.8 8.6 

V3 = FH-142 8.3 8.9 8.6 

LSD (5%) 0.39 0.12  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 8.2 8.8 8.5 

D2 = May 25th 8.3 8.9 8.6 

D3 = Jun 09th 8.4 8.9 8.6 

D4 = Jun 24th 8.5 8.9 8.7 

LSD (5%) 0.32 0.23  

Significance NS NS  

Interaction (A × B) NS NS  

Means 8.3 8.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.5 MORPHOPHYSIOLOGICAL PARAMETERS 

4.1.5.1 Crop growth rate (g m-2 day-1) 

The crop growth rate differences among cultivars were significant during both 2017 and 2018 

(Table 4.1.5.1). The cultivars Cyto-179 exhibited maximum crop growth rate (4.33 & 4.12 g m-

2 day-1) and the minimum (4.00 & 3.83 g m-2 day-1) was recorded from CIM-602. The year 2018 

exhibited 0.21, 0.17, and 0.37 g m-2 day-1 less growth rate for Cyto-179, CIM-602, and FH-142 

than 2017. The crop growth rate in 2017 was improved from 4.07 g m-2 day-1 to 4.27 g m-2 day-

1 by delay in sowing from May 10th and June 24th. While during 2018, it was improved with 

delay in sowing up to June 09th and then declined with further delay in sowing. Similarly, the 

crop growth rate during 2017 was higher by 0.16, 0.24, 0.25, and 0.29 g m-2 day-1 against May 

10th, May 25th, June 09th, and June 24th than 2018.  The interactive effects of cultivars and 

sowing dates were non-significant for crop growth rate during 2017 and 2018. On the overall 

basis of sowing dates, the year 2017 resulted in 0.24 g m-2 day-1 higher growth rate in 2018.  

4.1.5.2 Maximum leaf area index  

The maximum leaf area index was significantly affected by cultivars in 2017 and by sowing 

dates in 2017 and 2018 (Table 4.1.5.2). Among the cultivars, the maximum leaf area index (2.92 

and 3.01) was obtained from Cyto-179 in both the years. While the CIM-602 produced the 

lowest values of leaf area index (2.76 and 2.89). The cultivar Cyto-179, CIM-602, and FH-142 

produced 0.09, 0.13, and 0.12 higher leaf area index in 2018 over 2017. Among the sowing 

dates, the highest values (3.26 and 3.34) were obtained from May 10th and the lowest (2.47 and 

2.58) from June 24th in both the years. Every delay in sowing from May 10th to June 24th resulted 

in significant reduction during both the years. The sowing on May 10th, May 25th, June 09th, and 

June 24th produced 0.08, 0.14, 0.14, and 0.11 higher leaf area index in 2018 than in 2017. There 

was non-significant interaction between cultivars and sowing dates for maximum leaf area 

index. The year means across the sowing dates and cultivars revealed that the year 2018 

produced a higher leaf area index (2.95) than 2017 (2.84).  
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Table 4.1.5.1. Effect of cultivars and sowing dates on crop growth rate (g m-2 day-1) 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 4.33a 4.12a 4.23 

V2 = CIM-602 4.00b 3.83c 3.92 

V3 = FH-142 4.33a 3.96b 4.15 

LSD (5%) 0.13 0.05  

Significance * *  

B. Sowing dates    

D1 = May 10th 4.07b 3.91 3.99 

D2 = May 25th 4.22a 3.98 4.10 

D3 = Jun 09th 4.26a 4.01 4.14 

D4 = Jun 24th 4.27a 3.98 4.13 

LSD (5%) 0.09 0.10  

Significance * NS  

Interaction    

A × B NS NS  

Means 4.21 3.97  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.5.2. Effect of cultivars and sowing dates on maximum leaf area index 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 2.92a 3.01 2.97 

V2 = CIM-602 2.76b 2.89 2.83 

V3 = FH-142 2.83ab 2.95 2.89 

LSD (5%) 0.11 0.17  

Significance * NS  

B. Sowing dates    

D1 = May 10th 3.26a 3.34a 3.30 

D2 = May 25th 2.94b 3.08b 3.01 

D3 = Jun 09th 2.67c 2.81c 2.74 

D4 = Jun 24th 2.47d 2.58d 2.53 

LSD (5%) 0.12 0.16  

Significance * *  

Interaction    

A × B NS NS  

Means 2.84 2.95  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.6 PHENOLOGY 

4.1.6.1 Days to emergence 

The data presented in Table 4.1.6.1 revealed that neither the effect of cultivars and sowing dates 

nor their interaction has been significant for days to emergence. There has been a decreasing 

trend in days to emergence corresponding to sowing dates. The days to emergence varied from 

7.4 to 7.7 in 2017 and 7.3 to 7.9 days in 2018. The final emergence took more than seven days 

to complete the emergence in all treatment factors in both the years. The years mean across 

cultivars and sowing dates indicated that days to emergence in 2018 was increased to 7.47 to 

7.56 days.   

4.1.6.2 Days to squaring 

The data regarding days to squaring revealed a significant impact of cultivars and sowing dates 

during both the years (Table 4.1.6.2). The cultivars differed from 36.3 to 44.1 days in 2017 and 

36.8 to 47.3 days in 2018. The earlier squaring was attained in cultivar FH-142 across both 

years and late squaring was observed in Cyto-179 in both years. The appearance of squaring 

was earlier by 7.8 & 10.5 days and 4.1 & 4.0 days than Cyto-179 and CIM-602, respectively in 

2017 and 2018. The cultivar Cyto-179, CIM-602, and FH-142 took 3.2, 0.4, and 0.5 less days 

for squaring in 2017 than in 2018. The delay in sowing significantly decreased the days to 

squaring in both the years. It decreased from 41.7 to 38.5 days in 2017 and 43.5 to 39.8 days in 

2018 with a delay in sowing from May 10th to June 24th. The sowing at May 10th and May 25th 

did not produce significant differences with each other in 2017 but statistically higher figures 

than June 24th. During 2018, each delay in sowing significantly reduced the squaring time. The 

squaring appears late in 2018 by 1.9, 1.1, 1.1, and 1.3 days than 2017 for May 10th, May 25th, 

June 09th, and June 24th, respectively. The interaction between cultivars and sowing dates for 

this trait were non-significant in both years. The years mean across cultivars and sowing dates 

revealed the 1.3 days earlier squaring in 2017 than 2018.    

4.1.6.3 Days to flowering 

The cultivars differed significantly in days to flowering in both the years but the sowing date 

impact was significant only in 2017 (Table 4.1.6.3). The cultivars varied from 47.2 to 56.9 in 

2017 and 47.1 to 58.1 days to flowering in 2018. The cultivar FH-142 and Cyto-179 took 

minimum (47.2 and 47.2) and maximum days (56.9 and 58.1) to flowering in 2017 and 2018, 

respectively. The advent of flowering was earlier in FH-142 by 9.7 & 1.1 days and 3.0. & 3.2 

days than Cyto-179 and FH-142. The cultivar Cyto-179 required 1.2 more days for flowering 
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in 2018 than in 2017. The time to flowering was decreased with delay in sowing from May 25th 

in 2017 and from May 10th in 2018. It was reduced from 53.0 to 50.3 days in 2017 and 53.3 to 

50.8 days in 2018. The sowing in the month of May (10th and 25th) required statistically similar 

days to flowering and June sowing (09th and 24th) did not differ with each other in 2017. The 

flowering time extended in 2018 from 51.0 to 53.3 days, 50.3 to 51.0 days on May 10th and June 

24th sowing.  The interaction between cultivars and sowing time was non-significant for days to 

flowering. The years mean across cultivars and sowing time revealed that year 2018 took 0.5 

more days than in 2017. 

4.1.6.4 Days to boll split 

The data on days to first boll split indicated a significant impact of cultivars and sowing dates 

during both the years (Table 4.1.6.4). The cultivars differed from 111.0 to 126.8 days in 2017 

and 113.5 to 134.1 days in 2018. The cultivar FH-142 required 15.8 & 20.6 days and 3.5 & 4.5 

days less in 2017 and 2018 than Cyto-179 and CIM-602, respectively. The boll split time was 

extended from 126.8 to 134.1 days, 114.5 to 118.0 days, and 111.1 to 113.5 days in Cyto-179, 

CIM-602, and FH-142, respectively in 2018 than 2017. The minimum days (116.0 and 120.1 

days) to boll split were recorded in June 09th in 2017 and 2018. While maximum days were 

required in May 25th in 2017 and June 24th in 2018. The sowing on May 10th, May 25th, and 

June 09th required statistically similar days to boll split, but higher than June 24th in 2018. The 

flowering occurred late in 2018 than in 2017 which was extended from 117.1 to 120.7 days, 

118.7 to 120.7 days, 116.0 to 120.1 days, and 118.0 to 126.0 days against May 10th, May 25th, 

June 09th, and June 24th sowing, respectively. The interactive effects of cultivars and sowing 

dates remained non-significant. The means of years across cultivars and sowing time also 

revealed that the year 2018 took 4.5 more days than 2017 for the advent of flowering. 
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Table 4.1.6.1. Effect of cultivars and sowing dates on time to emergence  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 7.4 7.8 7.6 

V2 = CIM-602 7.6 7.4 7.5 

V3 = FH-142 7.4 7.4 7.4 

LSD (5%) 0.66 0.48  

Significance NS NS  

B. Sowing dates    

D1 = May 10th 7.7 7.9 7.8 

D2 = May 25th 7.4 7.8 7.6 

D3 = Jun 09th 7.4 7.3 7.4 

D4 = Jun 24th 7.4 7.3 7.4 

LSD (5%) 0.43 0.60  

Significance NS NS  

Interaction (A × B) NS NS  

Means 7.47 7.56  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.2. Effect of cultivars and sowing dates on time to squaring  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 44.1a 47.3a 45.7 

V2 = CIM-602 40.4a 40.8b 40.6 

V3 = FH-142 36.3b 36.8c 36.6 

LSD (5%) 1.14 1.69  

Significance * *  

B. Sowing dates    

D1 = May 10th 41.7a 43.6a 42.7 

D2 = May 25th 40.9ab 42.0b 41.5 

D3 = Jun 09th 40.0b 41.1c 40.6 

D4 = Jun 24th 38.5c 39.8d 39.2 

LSD (5%) 1.06 0.85  

Significance * *  

Interaction (A × B) NS NS  

Means 40.3 41.6  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.3. Effect of cultivars and sowing dates on time to flowering  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 56.9a 58.1a 57.5 

V2 = CIM-602 50.2b 50.3b 50.3 

V3 = FH-142 47.2c 47.1c 47.2 

LSD (5%) 1.78 2.42  

Significance * *  

B. Sowing dates    

D1 = May 10th 51.0a 53.3 52.2 

D2 = May 25th 53.0ab 52.3 52.7 

D3 = Jun 09th 50.8b 50.8 50.8 

D4 = Jun 24th 50.3b 51.0 50.7 

LSD (5%) 1.59 2.21  

Significance * NS  

Interaction (A × B) NS NS  

Means 51.4 51.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.4. Effect of cultivars and sowing dates on time to boll split  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 126.8a 134.1a 130.5 

V2 = CIM-602 114.5b 118.0b 116.3 

V3 = FH-142 111.0c 113.5c 112.3 

LSD (5%) 1.25 2.15  

Significance * *  

B. Sowing dates    

D1 = May 10th 117.0ab 120.7b 118.9 

D2 = May 25th 118.7a 120.7b 119.7 

D3 = Jun 09th 116.0b 120.1b 118.1 

D4 = Jun 24th 118.0a 126.0a 122.0 

LSD (5%) 1.74 3.15  

Significance * *  

Interaction (A × B) NS NS  

Means 117.4 121.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.6.5 Emergence to squaring (days) 

The data pertaining to days required for the transformation from emergence to squaring revealed 

a significant impact of cultivars and sowing dates in 2017 and 2018 (Table 4.1.6.5). The 

cultivars varied from 28.9 to 36.7 days in 2017 and 29.3 to 39.5 days in 2018 for days to reach 

squaring after emergence. The advent of squaring following the emergence was delayed in 2018 

than 2017 from 36.7 to 39.5 days, 32.8 to 33.3 days, and 28.9 to 29.3 days for Cyto-179, CIM-

602, and FH-142, respectively. The cultivar Cyto-179 and CIM-602 did not differ significantly 

with each other in 2017, while significantly different in 2018 for days required from emergence 

to squaring. The days to reach squaring from emergence were reduced with delay in sowing. 

The sowing in the month of May (10th and 25th) required statistically similar days for squaring 

from emergence in 2017. However, the differences in 2018 were significant at these sowing 

dates. During 2017 and 2018, the sowing on May 25th and June 09th  required statistically similar 

days. The days from emergence to squaring were significantly less in June 24th than June 09th 

sowing during both the years. The shifting sowing from May 10th to June 24th reduced the days 

required from emergence to squaring by 2.9 days in 2017 and 3.3 days in 2018. The crop sown 

on May 10th, May 25th, June 09th, and June 24th required 1.7, 0.8, 1.2, and 1.3 more days to attain 

squaring from flowering in 2018 than 2017. The interactive effects of cultivars and sowing dates 

were non-significant. The year 2018 required 1.2 more days to attain squaring after emergence 

than in 2017. 

4.1.6.6 Emergence to flowering (days)  

The days to flowering from emergence differed significantly across cultivars in both the years, 

while sowing dates effects were significant only for 2017 (Table 4.1.6.6). The cultivars differed 

from 39.8 to 49.5 days in 2017 and 39.7 to 50.3 days in 2018. The days required from emergence 

to reach flowering were extended from 49.5 to 50.3 days and 42.6 to 42.8 days in 2018 

corresponding to Cyto-179 and CIM-602. While it was shortened by 0.1 days for FH-142 in 

2018 over 2017. The duration of emergence to flowering started reduction onward to May 25th 

in 2017 and from May 10th during 2018. The reduction ranged from 45.6 to 42.8 days in 2017 

and 45.3 to 43.6 days in 2018. The May sowing (10th and 25th) in 2017 produced statistically 

non-significant differences for days required to flowering from the emergence and June sowing 

(09th and 24th) also produced non-significant differences.  The days required for flowering from 

emergence were higher in 2018 by 1.9, 0.3, and 0.9 days for May 10th, June 09th, and June 24th, 

respectively. While these were less by 1.0 day in 2018 over 2017 for May 25th sowing. The 
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cultivars did not interact with sowing dates for days required from emergence to flowering. 

Furthermore, year means of cultivars and sowing dates indicated only 0.7 more days were 

required in 2018. 

4.1.6.7 Emergence to boll split (days) 

The cultivars and sowing dates differed significantly for days to emergence to boll split (Table 

4.1.6.7). The days from emergence to boll split varied among cultivars from 103.6 to 119.3 days 

in 2017 and 106.1 to 126.3 days in 2018. Likewise, earlier stages including emergence to 

squaring and emergence to flowering took more time in 2018. The cultivars Cyto-179, CIM-

602, and FH-142 required 119.3, 106.9, and 103.6 days in 2017 against 126.3, 110.6, and 106.1 

days, respectively in 2018. The crop sown on May 25th required a maximum duration (111.3 

and 112.9 days) to attain boll split from emergence in 2017 and 2018. The minimum duration 

(108.6 and 112.8 days) was required in June 09th in 2017 and 2018. The days to reach the boll 

split stage from emergence were initially increased from May 10th to May 25th and then started 

decreasing for June 09th in both years. The interactive effects of cultivars and sowing time were 

also non-significant. Furthermore, the emergence to the boll split stage was attained 4.4 days 

earlier in 2017 than in 2018. 

4.1.6.8 Squaring to flowering (days) 

The data on days required from squaring to flowering is presented in Table 4.1.6.8. The cultivars 

and sowing dates differences were significant during 2017. It ranged from 9.8 to 12.8 days in 

2017 and 9.5 to 10.9 days in 2018. All the cultivars differed significantly with each other in 

2017, The squaring to flowering in CIM-602 was achieved by 3.0 & 1.4 days and 1.1 & 0.9 

days earlier than Cyto-179 and FH-142, respectively during 2017 and 2018. The completion of 

this phase was earlier in 2018 than in 2017 for Cyto-179, CIM-602, and FH-142, respectively. 

There was no specific trend response of duration of squaring and flowering with delay in 

sowing. The crop sown on May 25th required a maximum duration (12.1days) in 2017 and June 

24th (11.3 days) during 2018. While crop sown on May 10th required minimum duration (9.3 

and 9.7 days) during both the years. The duration of squaring to flowering was shortened in 

2018 by1.8, 1.0, and 0.5 days in, May 25th, June 09th, and June 24th, respectively. The interaction 

between cultivars and sowing dates remained non-significant in both the years. The means of 

the year across cultivars and sowing dates displayed 0.8 more days are required in 2017 for 

squaring to flowering.  

 



89 

 

4.1.6.9 Squaring to boll split (days) 

The data in Table 4.1.6.9 revealed a significant impact of cultivars, sowing dates, and their 

interaction during both years. The cultivar Cyto-179 required maximum duration (87.8 and 96.5 

days) from flowering to boll split in June 24th sowing in 2017 and 2018. The minimum duration 

(71.5 days) in 2017 was required for CIM-602 in May 10th sowing. While FH-142 recorded 

minimum duration (73.8 days) in June 09th sowing in 2018. The duration of squaring to boll 

split in CIM-602 was improved from 71.5 to 75.0 days in 2017 and 74.0 to 82.5 days in 2018 

with a delay in sowing from May 10th to June 24th. The other two cultivars did not represent a 

specific trend in response to sowing dates. Both Cyto-179 and CIM-602 took maximum days 

from squaring to boll split in June 24th sowing in 2017 and 2018. While FH-142 required 

maximum duration in May 25th in 2017 and June 24th in 2018. The minimum duration for this 

observation was in May 10th for Cyto-179 and CIM-602 in both years. While FH-142 completed 

the stage in minimum time in June 09th sowing during 2017 and 2018. The years mean across 

cultivars and sowing dates revealed that stage was completed 3.1 days earlier in 2017. 

4.1.6.10 Flowering to boll split (days) 

It was revealed from Table 4.1.6.10 that the duration of flowering to boll split was significantly 

affected by cultivars, sowing dates, and their interactions during 2017 and 2018. The maximum 

days (69.8 and 75.9) was required by Cyto-179 and the minimum days (63.8 and 66.4) was 

required by FH-142 and the trend was same in both the years. The cultivar average across 

sowing dates Cyto-179, CIM-602 and FH-142 required 6.1, 3.5, and 2.6 days more in 2018 than 

respective values in 2017. The Cyto-179 required maximum duration (73.5 and 85.0 days) for 

completion of flowering to boll split stage in June 24th sowing in 2017 and 2018. The cultivar 

CIM-602 required maximum duration (65.8 and 69.0 days) in June 09th and June 24th in 2017 

and 2018, respectively. The maximum duration (65.3 and 68.3 days) cultivar FH-142 in May 

25th in 2017 and June 24th in 2018. The minimum duration for Cyto-179 was 68.0 and 69.8 in 

May 25th and May 10th in 2017 and 2018. The May 10th and May 25th sowing resulted in the 

minimum duration (62.5 and 65.0 days) in CIM-602 in 2017 and 2018. Whereas, the FH-142 

completed the stage in minimum time (60.8 and 63.3 days) in June 09th sowing in 2017 and 

2018. The year 2018 required 4.0 more days than 2017 to complete the flowering to boll split 

stage. 
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Table 4.1.6.5. Effect of cultivars and sowing dates on days required for emergence-

squaring   

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 36.7a 39.5a 38.1 

V2 = CIM-602 32.8a 33.3b 33.1 

V3 = FH-142 28.9b 29.3c 29.1 

LSD (5%) 0.98 1.98  

Significance * *  

B. Sowing dates    

D1 = May 10th 34.0a 35.7a 34.9 

D2 = May 25th 33.5ab 34.3b 33.9 

D3 = Jun 09th 32.6b 33.8b 33.2 

D4 = Jun 24th 31.1c 32.4c 31.8 

LSD (5%) 1.78 1.12  

Significance * *  

Interaction (A × B) NS NS  

Means 32.8 34.0  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.6. Effect of cultivars and sowing dates on days required for emergence-

flowering  

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 49.5a 50.3a 49.9 

V2 = CIM-602 42.6b 42.8b 42.7 

V3 = FH-142 39.8c 39.7c 39.8 

LSD (5%) 1.67 2.61  

Significance * *  

B. Sowing dates    

D1 = May 10th 43.4ab 45.3 44.4 

D2 = May 25th 45.6a 44.6 45.1 

D3 = Jun 09th 43.3b 43.6 43.5 

D4 = Jun 24th 42.8b 43.7 43.3 

LSD (5%) 1.60 2.25  

Significance * NS  

Interaction (A × B) NS NS  

Means 44.0 44.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.7. Effect of cultivars and sowing dates on days required for emergence-boll 

split 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 119.3a 126.3a 122.8 

V2 = CIM-602 106.9b 110.6b 108.8 

V3 = FH-142 103.6c 106.1c 104.9 

LSD (5%) 1.48 1.77  

Significance * *  

B. Sowing dates    

D1 = May 10th 109.3bc 112.8bc 111.1 

D2 = May 25th 111.3a 112.9a 112.1 

D3 = Jun 09th 108.6c 112.8c 110.7 

D4 = Jun 24th 110.6ab 118.7ab 114.7 

LSD (5%) 1.88 2.06  

Significance * *  

Interaction (A × B) NS NS  

Means 109.9 114.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.8. Effect of cultivars and sowing dates on days required for squaring-flowering 

Treatments 2017 2018 Means 

A. Cultivars    

V1 = Cyto-179 12.8a 10.9 11.9 

V2 = CIM-602 9.8c 9.5 9.7 

V3 = FH-142 10.9b 10.4 10.7 

LSD (5%) 0.97 1.38  

Significance * NS  

B. Sowing dates    

D1 = May 10th 9.3c 9.7 9.9 

D2 = May 25th 12.1a 10.3 11.2 

D3 = Jun 09th 10.8bc 9.8 10.3 

D4 = Jun 24th 11.8ab 11.3 11.6 

LSD (5%) 1.14 2.02  

Significance * NS  

Interaction (A × B) NS NS  

Means 11.1 10.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.9. Effect of cultivars and sowing dates on days required for squaring-boll split 

Cultivars × 

Sowing dates 
V1 = Cyto-179 V2 = CIM-602 V3 = FH-142 Means 

2017 

D1 = May 10th 80.0b 71.5e 74.5c-e 75.3c 

D2 = May 25th 82.0b 74.8cd 76.5c 77.8b 

D3 = Jun 09th 80.8b 75.0cd 72.3de 76.0c 

D4 = Jun 24th 87.8a 75.0cd 75.8c 79.5a 

Means 82.7a 74.1b 74.8b 77.2 

LSD V = 1.65 D = 1.73 V × D = 3.00  

2018 

D1 = May 10th 80.8b-e 74.0f 76.5e-g 77.1b 

D2 = May 25th 84.3bc 74.8fg 77.0d-g 78.7b 

D3 = Jun 09th 85.5b 77.8d-f 73.8g 79.0b 

D4 = Jun 24th 96.5a 82.5b-d 79.8c-f 86.3a 

Means 86.8a 77.3b 76.8b 80.3 

LSD V = 3.02 D = 3.12 H × D = 5.40  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.1.6.10. Effect of cultivars and sowing dates on days required for flowering-boll 

split 

Cultivars × 

Sowing dates 
V1 = Cyto-179 V2 = CIM-602 V3 = FH-142 Means 

2017 

D1 = May 10th 68.5bc 62.5fg 64.8ef 65.3b 

D2 = May 25th 68.0b-d 63.8e-g 65.3d-f 65.7b 

D3 = Jun 09th 69.3b 65.8c-e 60.8g 65.3b 

D4 = Jun 24th 73.5a 65.3d-f 64.5ef 67.8a 

Means 69.8a 64.3b 63.8b 66.0 

LSD V = 1.73 D = 1.82 V × D = 3.15  

2018 

D1 = May 10th 69.8c-e 65.3ef 67.3d-f 67.4b 

D2 = May 25th 73.3bc 65.0ef 66.8d-f 68.3b 

D3 = Jun 09th 75.5b 69.0c-f 63.3f 69.3b 

D4 = Jun 24th 85.0a 71.8b-d 68.3c-f 75.0a 

Means 75.9a 67.8b 66.4b 70.0 

LSD V = 3.78 D = 3.06 H × D = 5.30  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.1.7 CROP GROWTH MODELING (COTTON) 

4.1.7.1 Cultivars coefficients 

The set of eighteen eco-physiological genetic coefficients is necessary for simulation purposes 

of growth, phenology, and seed cotton yield of cotton crop cultivars through DSSAT-CSM-

CROPGRO-Cotton model. Due to the unavailability of genetic coefficients data, these were 

estimated through trial-and-error manual method for three cotton cultivars until a close match 

between observed and predicted growth, yield, and phenology of cotton cultivars were gained 

(Table 4.1.7.1a and b). The CSDL and PPSEN value of all cotton cultivars were the same with 

the figure of 23 hours and 0.01/hour, respectively. EM-FL value was maximum for Cyto-179 

followed by CIM-602 and FH-142 with the respective values of 48, 41, and 38 photothermal 

days. The genetic coefficient FL-SH was the same (9.0 photothermal days) in all cultivars. The 

highest (19.0 photothermal days) and lowest (16 photothermal days) FL-SD values were for 

FH-142 and CIM-602, respectively. SD-PM values of Cyto-179, CIM-602, and FH-142 were 

42, 40, and 37 photothermal days, respectively. The highest FL-LF value (77 photothermal 

days) was for CIM-602 and followed by Cyto-179 (74 photothermal days) and FH-142 (72 

photothermal days). All the cultivars had the same values of LFMAX, XFRT, WTPSD, 

SDPDV, SDPRO, and SDLIP with respective values of 1.05 CO2/m
2-s, 0.63, 0.18 g, 27 per pod, 

0.15 g protein per g seed, and 0.12 g oil per g seed. The highest SFDUR value (34 photo thermal 

days) was for CIM-602 and the lowest (31 photo thermal days) for FH-142. The lowest and 

highest PODUR value i.e 9 and 12 photo thermal days corresponded to Cyto-179 and FH-142, 

respectively.  

4.1.7.2 Model calibration 

The task of calibration of the CSM- CSM-CROPGRO-Cotton model was performed with the 

results obtained from sowing date May 10th during 2017 for all cultivars. The data in Table 

4.1.7.2 demonstrated that model calibration was well for all cultivars. The difference between 

simulated and observed values for anthesis was one (01 day) for both Cyto-179 and CIM-602, 

while it was 02 days for FH-142. The differences of 02 days regarding maturity days were 

recorded in Cyto-179 and CIM-602. The RMSE value was zero for FH-142 for maturity days 

due to no differences of observed and simulated value. The values of simulated maximum leaf 

area index (LAI) were 3.22, 2.81, and 2.69 for Cyto-179, CIM-602, and FH-142 corresponding 

to observed values of 3.38, 3.18, and 3.21. The error values ranged from -4.73 to -16.20 for this 
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trait in these cultivars. The simulated seed cotton yield was 2925, 2188, and 2692 kg ha-1 for 

Cyto-179, CIM-602, and FH-142, respectively against field obtained values of 2665, 2320, and 

2529 kg ha-1, with the respective error values of 9.76, -5.69, and 6.45 kg ha-1. Furthermore, the 

simulated biomass was close to the observed biomass with error values of was 1.08, 2.13, and -

1.22 kg ha-1 for Cyto-179, CIM-602, and FH-142, respectively. 
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Table 4.1.7.1a. Genetic coefficients of cotton cultivars 

Cultivar CSDL PPSEN 
EM-

FL 

FL-

SH 

FL-

SD 

SD-

PM 

FL-

LF 
LFMAX SLAVR SIZLF XFRT WTPSD SFDUR SDPDV PODUR THRSH SDPRO SDLIP 

Cyto-

179 
23.0 0.01 48.0 9.0 18.0 42.0 74.0 1.05 145.0 265.0 0.63 0.18 33.0 27.0 9.0 68.0 0.15 0.12 

CIM-

602 
23.0 0.01 41.0 9.0 16.0 40.0 77.0 1.05 145.0 215.0 0.63 0.18 34.0 27.0 12.0 61.0 0.15 0.12 

FH-142 23.0 0.01 38.0 9.0 19.0 37.0 72.0 1.05 145.0 235.0 0.63 0.18 31.0 27.0 10.0 65.0 0.15 0.12 

 

Table 4.1.7.1b. Description of genetic coefficients 

Genetic 

Coefficients 

Description 

CSDL Critical Short Day Length below which reproductive development progresses with no day length effect (hours) 

PPSEN Slope of the relative response of development to photoperiod with time (positive for short day plants) (1/hour) 

EM-FL Time 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) 

FL-LF Time between first flower (R1) and end of leaf expansion (photo-thermal days) 

LFMAX Maximum leaf photosynthesis rate at 30 °C, 350 vpm CO2, and high light (mg CO2/m
2-s) 

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) 

THRSH Threshing percentage. The maximum ratio of (seed/(seed+shell)) at maturity.  

SDPRO Fraction protein in seeds (g(protein)/g(seed)) 

SDLIP Fraction oil in seeds (g(oil)/g(seed) 
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Table 4.1.7.2. Summary of observed and simulated results during model calibration with 

data recorded from at sowing date 10th May in 2017 

Variables Units Cultivars Obs. Sim. Error (%) 

Anthesis Day Cyto-179 58 59 1.72 

  CIM-602 51 52 1.96 

  FH-142 47 49 4.26 

Maturity Day Cyto-179 126 128 1.59 

  CIM-602 113 115 1.77 

  FH-142 112 112 0.00 

Max. LAI  Cyto-179 3.38 3.22 -4.73 

  CIM-602 3.18 2.81 -11.64 

  FH-142 3.21 2.69 -16.20 

Maturity yield kg ha-1 Cyto-179 2665 2925 9.76 

  CIM-602 2320 2188 -5.69 

  FH-142 2529 2692 6.45 

Total biomass kg ha-1 Cyto-179 8324 8414 1.08 

  CIM-602 7548 7709 2.13 

  FH-142 7964 7867 -1.22 

Obs. = Observed; Sim. = Simulated 
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4.1.7.3 Model evaluation 

The model evaluation is the next step to calibration and it was completed for days to anthesis, 

days to maturity, maximum LAI, seed cotton yield, and total dry matter values obtained in the 

field from the remaining three sowing dates for all cotton cultivars during 2017 and all sowing 

dates during 2018. The model performance about time course data was well during both years 

(Figure 4.1.7.3a and b). Accuracy of the model simulations and performance of all cotton 

cultivars genetic coefficients were assessed by model evaluation. The evaluation results are 

explained in the following sections. 

4.1.7.4 Days to anthesis 

The results in Table 4.1.7.4. indicated that during 2017, error values for days to anthesis for 

cultivar Cyto-179 were gained 1.69, 1.79, and 1.79% for sowing date May 20th, June 09th, and 

June 24th, respectively. Model performance was good for all sowing dates for all cultivars during 

both years. RMSE value was 1 day for all sowing dates for Cyto-179. The maximum error value 

between simulated and observed days to anthesis was 2.04% for cultivar CIM-602. The error 

values of 2.08, 0.00, and 0.00% for cultivar FH-142 at May 25th, June 09th, and June 24th, 

respectively during 2017. RMSE value 1 and 0.58 day was gained for cultivar CIM-602 and 

FH-142 for all sowing dates treatments during 2017. During 2018, the respective error values 

for cultivar Cyto-179, CIM-602, and FH-142 ranged from 0.00 to 1.75%, 0.00 to 4.08%, and -

2.13 to 4.26% in various sowing dates. Model statistical values were gained under an acceptable 

range for all cultivars during 2018. The highest RMSE value (1.32 day) for days to anthesis was 

gained for FH-142 and the lowest RMSE (0.71 day) was obtained for Cyto-179. Error values 

for CIM-602 were gained 0.00, 1.96, 4.08, and 0.00% corresponding to May 10th, May 25th, 

June 09th, and June 24th. 

4.1.7.5 Days to maturity 

Table 4.1.7.5 illustrated that the evaluation of the model was good for all cotton cultivars during 

both years. In 2017, error values gained for simulated and observed days to physiological 

maturity of Cyto-179 were 0.79, 2.40, and 1.55% for sowing date May 25th, June 09th, and June 

24th, respectively. The corresponding error values for CIM-602 and FH-142 were -0.86, -0.87 

& 1.75 and -0.88, 2.78 and 0.90%, respectively. The respective RMSE value was 2.16, 1.41, 

and 1.92 days for the all-sowing dates for cultivar Cyto-179, CIM-602, and FH-142 in 2017. 

The mode predicted 01-day earlier maturity in CIM-602 with May 25th and June 09th and 01 

day earlier in FH-142 with May 25th sowing. While during 2018, the respective error values for 



101 

 

Cyto-179, CIM-602, and FH-142. was ranging from -2.27 to 1.50%, -1.69 to 1.65%, and -0.88 

to 2.73% vide sowing dates. The highest RMSE value (2.65 days) was gained for FH-142 

followed by Cyto-179 and CIM-602 with the values of 2.29 and 1.73 days. The error values at 

May 10th, May 25th, June 09th and June 24th were -1.54, -2.27, 1.50 and 1.41% for Cyto-179, -

1.71, 0.00, -1.69 and 1.65% for CIM-602 and -2.61, -0.88, 2.73 and 2.61% for FH-142 in second 

year. The statistical values of the model obtained with this data were under the acceptable range 

for all cultivars.  
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Figure 4.1.7.3a: Effect of cultivars and sowing dates on leaf area index and biomass of cotton 

during 2017 
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Figure 4.1.7.3b: Effect of cultivars and sowing dates on leaf area index and biomass of cotton 

during 2018      
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Table 4.1.7.4 Comparison of simulated and observed days to anthesis  

Sowing dates 
Cyto-179 CIM-602 FH-142 

Obsa. Simb. Error (%) Obsa. Simb. Error (%) Obsa. Simb. Error (%) 

2017          

May 25th  59 60 1.69 52 53 1.92 48 49 2.08 

Jun 09th  56 57 1.79 49 50 2.04 47 47 0.00 

Jun 24th  56 57 1.79 49 50 2.04 47 47 0.00 

RMSEc (days) 1  1  0.58  

2018          

May 10th  60 60 0.00 52 52 0.00 48 49 2.08 

May 25th  59 60 1.69 51 52 1.96 47 49 4.26 

Jun 09th  57 58 1.75 49 51 4.08 47 48 2.13 

Jun 24th  57 57 0.00 49 49 0.00 47 46 -2.13 

RMSE (days) 0.71  1.23  1.32  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 

    

Table 4.1.7.5 Comparison of simulated and observed days to physiological maturity 

Sowing dates 
Cyto-179 CIM-602 FH-142 

Obsa. Simb. Error (%) Obsa. Simb. Error (%) Obsa. Simb. Error (%) 

2017          

May 25th  127 128 0.79 116 115 -0.86 113 112 -0.88 

Jun 09th  125 128 2.40 115 114 -0.87 108 111 2.78 

Jun 24th  129 131 1.55 114 116 1.75 111 112 0.90 

RMSEc (days) 2.16  1.41  1.92  

2018          

May 10th  130 128 -1.54 117 115 -1.71 115 112 -2.61 

May 25th  132 129 -2.27 116 116 0.00 114 113 -0.88 

Jun 09th  133 135 1.50 118 116 -1.69 110 113 2.73 

Jun 24th  142 144 1.41 121 123 1.65 115 118 2.61 

RMSE (days) 2.29  1.73  2.65  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 
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4.1.7.6 Maximum leaf area index  

The model performed well for the evaluation of the maximum LAI of all cultivars during 2017 

and 2018. The error (%) of observed and simulated maximum LAI is presented in Table 4.1.7.6. 

It was revealed that error values in 2017 were -6.9, 4.4, and 9.6% for Cyto-179 against May 

25th, June 09th, and June 24th sowing dates.  The corresponding values for CIM-602 and FH-142 

in 2017 were -2.14, 3.45 & 9.58% and 11.19, 4.85 and 3.27%, respectively. The maximum 

RMSE value (0.21) was gained in FH-142 and it was followed by Cyto-179 and CIM-602 with 

RMSE values of 0.20 and 0.15 and these values were acceptable range. During 2018, error value 

for Cyto-179, CIM-602 and FH-142 ranged from -4.64 to 13.79%, -2.46 to 14.51% and -1.42 

to 10.3%, respectively. The corresponding error values in 2018 for Cyto-179, CIM-602 and FH-

142 at May 10th, May 25th, June 09th and June 24th had been -4.64, 3.85, 11.23 & 13.79%, -2.46, 

6.95, -8.03 & 14.51% and -10.3, -8.09, 1.42 & 8.17%. Both the CIM-602 and FH-142 produced 

equal values of RMSE (0.24), while Cyto-179 had RMSE value of 0.26. 

4.1.7.7 Seed cotton yield (kg ha-1) 

The simulated and observed seed cotton yield was compared and results are described in Table 

4.1.7.7. It was clear that model evaluation has been good for seed cotton yield in both years. 

The statistical values gained were the acceptable range for all cultivars during both years. The 

error values for cultivar Cyto-179 during 2017 were 18.78, 14.25 and 15.54% for the sowing 

dates treatments May 25th, June 09th, and June 24th, correspondingly. While, these values for 

CIM-602 and FH-142 were -3.02, 15.08 & 16.57% and -2.90, 15.18 & 17.75% during 2017. 

The highest RMSE value in 2017 was recorded for Cyto-179 with the value of 341.49 kg ha-1 

and it was followed by FH-142 and CIM-602 with the value of 242.75 and 215.35 kg ha-1, 

respectively. During 2018, the error values of -5.52, -5.89, 6.64 & 9.00%, -5.79, -3.11, -9.14 & 

7.65% and 12.00, -11.36, 6.55 and 12.14% were recorded in Cyto-179, CIM-602 and FH-142 

corresponding to sowing dates May 10th, May 25th, June 09th and June 24th, respectively. The 

highest RMSE value (242.25 kg ha-1) between model predicted and field observed seed cotton 

yield in 2018 was obtained from FH-142 and followed by Cyto-179 and CIM-602 with RMSE 

value of 151.36 and 131.38 kg ha-1. The highest error value between simulated and observed 

seed cotton yield during 2017 and 2018 was 18.78% for cultivar Cyto-179 and 12.14% for 

cultivar FH-142. 
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4.1.7.8 Total dry matter (kg ha-1) 

Table 4.1.7.8 indicated that CSM-CROPGRO-Cotton model well evaluated the total dry matter 

of all cultivars during both years. Model statistical values were attained under the acceptable 

range for all cotton cultivars during 2017 and 2018. The model simulated values of dry matter 

were over than observed total dry matter for Cyto-179 in 2017 against all sowing dates. The 

respective error values of total dry matter for Cyto-179, CIM-602 and FH-142 during 2017 had 

been 6.86, 11.17 & 13.73%, -3.58, 4.40 & 11.45% and 10.58, 7.27 & 13.75% for the sowing 

dates treatments May 25th, June 09th and June 24th. Corresponding to Cyto-179, CIM-602, and 

FH-142, the RMSE values during 2017 were 762.68, 461.76, and 767.28 kg ha-1 for all sowing 

dates. The maximum error value (13.75%) during 2017 was for cultivar FH-142 at sowing date 

June 24th and the minimum error (-3.58%) was obtained from CIM-602 vide May 10th sowing. 

While during the second year of study, the error value was ranged from -1.96 to -5.80% for 

cultivar Cyto-179, -2.87 to 7.86% for CIM-602, and -2.20 to 6.28% for FH-142. In 2018, the 

error values of -1.96, -4.31, -5.80 &-4.68%, -3.22, -2.87, 5.40 & 7.86% and -2.20, -3.63, -3.47 

& 6.28% was achieved for Cyto-179, CIM-602 and FH-142, respectively for sowing dates May 

10th, May 25th, June 09th and June 24th. The maximum RMSE value between model predicted 

and field observed total dry matter in 2018 was attained 350.59 kg ha-1 for cultivar CIM-602. It 

was followed by Cyto-179 and FH-142 with RMSE values of 331.45 and 291.60 kg ha-1, 

respectively in 2018. 
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Table 4.1.7.6. Comparison of simulated and observed maximum leaf area index 

Sowing 

dates 

Cyto-179 CIM-602 FH-142 

Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 

2017          

May 25th  3.05 2.84 -6.9 2.81 2.75 -2.1 2.95 2.62 -11.2 

Jun 09th  2.7 2.82 4.4 2.61 2.7 3.4 2.68 2.55 -4.9 

Jun 24th  2.51 2.75 9.6 2.4 2.63 9.6 2.45 2.53 3.3 

RMSEc  0.20 0.15 0.21 

2018          

May 10th  3.45 3.29 -4.6 3.25 3.17 -2.5 3.3 2.96 -10.3 

May 25th  3.12 3.24 3.8 3.02 2.81 -7.0 3.09 2.84 -8.1 

Jun 09th  2.85 3.17 11.2 2.74 2.52 -8.0 2.81 2.77 -1.4 

Jun 24th  2.61 2.97 13.8 2.55 2.92 14.5 2.57 2.36 -8.2 

RMSE  0.26 0.24 0.24 

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 

 

Table 4.1.7.7. Comparison of simulated and observed seed cotton yield (kg ha-1) 

Sowing  

dates 

Cyto-179 CIM-602 FH-142 

Obsa

. 
Simb. 

Error 

(%) 
Obsa

. 
Simb. 

Error 

(%) 
Obsa. Simb. 

Error 

(%) 

2017          

May 25th  2375 2821 18.8 2152 2087 -3.0 2310 2243 -2.9 

Jun 09th  2000 2285 14.3 1791 2061 15.1 1917 2208 15.2 

Jun 24th  1699 1963 15.5 1503 1752 16.6 1668 1964 17.7 

RMSEc (kg ha-1) 341.49 215.35 242.75 

2018          

May 10th  2735 2584 -5.5 2452 2310 -5.8 2667 2347 -12.0 

May 25th  2446 2302 -5.9 2254 2184 -3.1 2367 2098 -11.4 

Jun 09th  2122 2263 6.6 1881 1709 -9.1 2046 2180 6.5 

Jun 24th  1866 2034 9.0 1568 1688 7.7 1688 1893 12.1 

RMSE (kg ha-1) 151.36 131.38 242.25 

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 
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Table 4.1.7.8. Comparison of simulated and observed total dry matter (kg ha-1) 

Sowing 

dates 

Cyto-179 CIM-602 FH-142 

Obsa. Simb. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 
Obsa. Simb. 

Error 

(%) 

2017          

May 25th  7729 8259 6.9 7337 7074 -3.6 7742 8561 10.6 

Jun 09th  7263 8074 11.2 6608 6899 4.4 7204 7728 7.3 

Jun 24th  6540 7438 13.7 6086 6783 11.5 6587 7493 13.8 

RMSEc (kg 

ha-1) 
762.68 461.76 767.28 

2018          

May 10th  8417 8252 -2.0 7944 7688 -3.2 8258 8076 -2.2 

May 25th  7905 7564 -4.3 7688 7467 -2.9 7692 7413 -3.6 

Jun 09th  7479 7045 -5.8 6912 7285 5.4 7255 7003 -3.5 

Jun 24th  7006 6678 -4.7 6205 6693 7.9 6486 6893 6.3 

RMSE (kg 

ha-1) 
331.45 350.59 291.60 

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 
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4.1.8 CLIMATE CHANGE IMPACT ASSESSMENT 

4.1.8.1 Model sensitivity analysis  

Following the calibration and evaluation process, CSM-CROPGRO-Cotton model was run by 

using baseline weather data from 1980 to 2019. The model sensitivity analysis was performed 

with sowing date treatment May 10th for cotton cultivars Cyto-179, CIM-602, and FH-142 

which was already designated for the calibration process. The model sensitivity CTWN (CO2, 

temperature, rainfall, and nitrogen) analysis is illustrated in Figures 4.1.8.1a & b. Nine various 

levels of CO2 (350, ambient, 450, 500, 550, 600, 650, 750, and 800 ppm) were used for model 

sensitivity analysis. Although the model exhibited sensitivity at each level of CO2, it was low 

in comparison with rainfall, temperature, and nitrogen rates. The seed cotton yield was increased 

in association with an increasing levels of CO2. Being an important part of CTWN analysis, the 

model sensitivity analysis was also done for change in average temperature including -1, 

ambient, 1, 2, 3, 4, 5, 6, 7, and 8 °C. The model also displayed sensitivity with each level of 

changing temperature. The seed cotton yield was enhanced at -1 °C temperature reduction as 

compared to ambient temperature, however, it was negatively affected by elevated temperature 

over ambient temperature. For rainfall, seven levels including ambient, -15, -30, -45, -60, -75 

and -90% were considered for model sensitivity analysis. The model showed sensitivity at each 

level of rainfall. The seed cotton yield was decreased with a reduction in rainfall as compared 

to ambient rainfall. With regard to nitrogen, ten different levels like 30, 60, 90, 120, 150, 180, 

210, 240, 270, and 300 kg ha-1 were used for model sensitivity analysis. The yield was improved 

with each increase in nitrogen. 

4.1.8.2 Climate change impact assessment  

Five GCMs including CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5, and MPI-ESM-MR 

at RCP 8.5 were considered for assessment of climate change impact during the cotton growing 

season to the end of mid-century (2069). These global circulation models (GCMs) projected 

that average temperature may increase from 1.9 to 3.8 °C to the end of mid-century as per RCP 

8.5. Therefore, the climate of the end of mid-century will be characterized as severe warming. 

Most of the GCMs indicated the reduction and high variability of precipitation to the end of 

mid-century. The solar radiation received during a future scenarios will be different as compared 

to baseline weather data (1980 to 2019). The seed cotton yield was high at baseline as compared 

to all GCMs.  
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Figure 4.1.8.1a: Model sensitivity analysis at different nitrogen (a-c) and Tave Change (d-

f) 
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Figure 4.1.8.1b: Model sensitivity analysis at various rainfall (a-c) and CO2 (d-f) 
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4.1.8.3 ADAPTATION STRATEGIES 

The seed cotton yield showed great vulnerability to all future scenarios of climate change 

without proper adaptation strategies. These strategies have great potential to minimize the yield 

losses of all cotton cultivars as a result of future climate warming. The adjustment in sowing 

dates was used as an adaptation option. DSSAT-CSM-CROPGRO-Cotton model simulated 

results indicated that shifting sowing 15 to 20 days earlier than the current planting window will 

compensate for the negative effect of climate change in future scenarios (Figure 4.1.8.3). When 

all mentioned adaptation options in the CSM-CROPGRO-Cotton model were used then results 

showed that seed cotton yield was increased at each GCM (General circulation models) with 

adaptation strategies as compared to without adaptation strategies in all GCMs for all cotton 

cultivars. 
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Figure 4.1.8.3. Simulated seed cotton yield as affected by sowing dates for future scenario 
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4.2 SUNFLOWER 

4.2.1 GROWTH AND MORPHOLOGICAL CHARACTERS 

4.2.1.1 Plant height (cm) 

Both the hybrids and sowing dates significantly affected the plant height during 2017-18 and 

2018-19, while their interactions were non-significant (Table 4.2.1.1). The maximum plant 

height (121.6 & 133.4 cm) was obtained from hybrid Hysun-33 in 2017-18 and 2018-19, 

respectively. It was followed by NK-Armoni (114.6 cm) in 2017-18 and S-278 (120.0 cm) in 

2018-19. The plant height varied by 13.6 and 19.9 cm during 2017-18 and 2018-19, respectively 

among hybrids. All the hybrids during 2017-18 resulted significantly different plant height, 

while these differences were non-significant in NK-Armoni and S-278 with each other in 2018-

19. All the hybrids except NK-Armoni, produced taller plants during 2018-19 in which hybrid 

S-278 and Hysun-33 produced 12.0 and 11.8 cm greater plant height. There was a decreasing 

trend of plant height in late sowing. The variations in plant height due to sowing dates were 

29.7 and 31.0 cm during 2017-18 and 2018-19. The maximum plant height (128.9 & 136.0 cm) 

was recorded in December 20th and the minimum plant height (99.2 & 105.0 cm) was obtained 

from February 03rd during 2017-18 and 2018-19. The plant height differences in December 20th 

and January 04th during both years were non-significant. While January 19th and February 03rd 

sowing resulted statistically different plant height during 2018-19 only. The year 2018-19 

produced 7.1, 5.1, 11.5, and 5.8 cm taller plants in December 20th, January 04th, January 19th, 

and February 03rd, respectively than 2017-18. The years means across hybrids and sowing dates 

produced 7.6 cm higher plant height values in 2018-19 over 2017-18.     
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Table 4.2.1.1. Effect of sowing dates on plant height (cm) of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33 121.6a 133.4a 127.5 

H2 = S-278 108.0c 120.0b 114.0 

H3= NK-Armoni 114.6b 113.5b 114.1 

LSD (5%) 4.79 6.58  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 128.9a 136.0a 132.5 

D2 = Jan 04th 126.1a 131.2a 128.7 

D3 = Jan 19th 104.8b 116.3b 110.6 

D4 = Feb 03rd  99.2b 105.0c 102.1 

LSD (5%) 8.12 5.18  

Significance * *  

Interaction (A × B) NS NS  

Means 114.7 122.3  

Means sharing the different letters in column differs significantly at P = 0.05*,  NS = Non-

significant 
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4.2.2 YIELD AND YIELD COMPONENTS 

4.2.2.1 Disc diameter (cm) 

The data in Table 4.2.2.1 revealed the significant differences among hybrids and sowing dates 

and non-significant interaction for disc diameter. The maximum disc diameter during 2017-18 

and 2018-19 was recorded from S-278 (11.6 cm) and NK-Armoni (10.9 cm), respectively. 

However, the minimum disc diameter (10.5 & 10.2 cm) was obtained from Hysun-33 

irrespective of the experimental year. The disc diameter differences due to hybrids were up to 

1.1 cm and 0.7 cm in 2017-18 and 2018-19, respectively. The disc diameter of S-278 was 

statistically similar with NK-Armoni in 2017-18 and 2018-19. Except, NK-Armoni, the rest of 

the hybrids produced smaller heads in 2018-19. The maximum reduction (0.9 cm) in 2018-19 

was displayed in S-278. While disc diameter of Hysun-33 exhibited less (0.3 cm) reduction in 

2018-19. The disc diameter displayed a decreasing trend with delay in sowing from December 

20th to January 19th. However, February 03rd had a higher disc diameter than January 19th. The 

maximum differences of 1.2 and 2.2 cm due to sowing dates were observed during 2017-18 and 

2018-19, respectively. The sowing on December 20th and January 04th resulted in statistically 

similar disc diameter with each other. While differences of disc diameter on January 19th and 

February 04th were significant only in 2018-19. Except, December 20th, the sowing in January 

04th, January 19th, and February 03rd observed reduction of 0.3, 0.9, and 0.4 cm, respectively in 

2018-19. The year average of hybrids and sowing dates showed 0.4 cm less disc diameter in 

2018-19 than 2017-18.   

4.2.2.2 Number of achenes per head 

The data regarding the number of achenes per head was significantly affected by hybrids, 

sowing dates, and their interactions in 2017-18 and 2018-19 (Table 4.2.2.2). The highest number 

of achenes per head (948.6) in 2017-18 was obtained from S-278 at February 03rd. While, during 

2018-19, the highest number of achenes per head (792.4) was obtained from S-278 on December 

20th sowing. The minimum number of achenes per head (802.8) and (558.3) in 2017-18 and 

2018-19 was produced in NK-Armoni and Hysun-33, respectively in January 19th sowing. 

Although, the number of achenes per head was significantly affected by sowing dates but no 

specific trend was observed. The hybrid Hysun-33 had maximum achenes per head (938.8 and 

771.7) in January 04th than December 20th. While S-278 produced the maximum number of 

achenes (948.6 and 792.4) on February 04th in 2017-18 and December 20th in 2018-19. The NK-
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Armoni had the maximum number of achenes per head (901.7 and 757.7) in December 20th and 

January 04th, respectively in 2017-18 and 2018-19. The numbers of achenes per head produced 

in Hysun-33 were not significant at all sowing dates other than January 04th in 2017-18. The 

maximum number of achenes achieved from February 03rd in S-278 did not differ statistically 

with January 04th and January 19th in 2017-18. Except January 19th, the hybrid NK-Armoni 

produced statistically similar values in 2017-18 on the rest of the sowing dates. Similarly, both 

the January 19th and February 03rd did not differ significantly for achenes number in Hysun-33 

in 2018-19. The number of achenes in hybrid S-278 were non-significant for sowing dates from 

January 04th to February 03rd in 2018-19. The hybrid NK-Armoni did not differ for achenes 

number at all sowing dates in 2018-19.  The great variations among years for the number of 

achenes per head were observed in years in which 179.7 more achenes were obtained in 2017-

18 in comparison with 2018-19.   

4.2.2.3 1000-achene weight (g) 

The sowing dates, hybrids, and their interactive effects were significant for 1000-achene weight 

during both the years (Table 4.2.2.3). The hybrid S-278 had the maximum 1000-achene weight 

(50.3 g) in 2017-18, while, the NK-Armoni outperformed the other hybrids in 2018-19 with an 

achene weight of 61.9 g. The maximum 1000-achene weight of all the hybrids during 2017-18 

was recorded from December 20th sowing in Hysun-33, S-278, and NK-Armoni in decreasing 

order. The hybrid Hysun-33 and NK-Armoni produced statistically similar 1000-achene weight 

at December 20th and February 03rd sowing in 2017-18. All the hybrids exhibited a decreasing 

trend of 1000-achene weight with delay in sowing from December 20th to January 19th in both 

the years. However, 1000-achenes weight was higher in February 03rd sowing than January 19th. 

In 2018-19, the hybrid NK-Armoni outperformed the other hybrids for 1000-achenes weight at 

all sowing dates other than February 03rd in which the highest values were recorded from Hysun-

33. The minimum values in all the hybrids were recorded from January 19th sowing in both the 

years. The year 2018-19 produced relatively heavier achenes weight over 2017-18. 

4.2.2.4 Achene yield (kg ha-1) 

Table 4.2.2.4 revealed significant differences in achenes yield due to sowing dates, hybrids, and 

their interactions. The highest achenes yield (2174.0 and 2192.0 kg ha-1) in 2017-18 and 2018-

19 was produced from NK-Armoni at December 20th which was statistically at par with sowing 

S-278 at the same sowing dates. It produced 8.1% & 21.0% and 0.83% & 1.25% more achenes 
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yield at December 20th sowing over Hysun-33 and S-278, respectively in 2017-18 and 2018-19. 

The hybrids Hysun-33 resulted in maximum achene yield on January 04th during both 2017-18 

and 2018-19. In 2018-19, the highest achene yield at January 04th, January 19th, and February 

04th was produced from NK-Armoni. Changing the sowing time from December 20th to January 

04th did not display significant yield differences in S-278 and NK-Armoni in 2017-18. The 

respective differences in 2018-19 were only significant in S-278. The reduction in achene yield 

of Hysun-33, S-278, and NK-Armoni due to sowing dates was 264 & 583, 64 & 454, and 230 

& 309 kg ha-1, respectively during 2017-18 and 2018-19. All the hybrids resulted statistically 

similar values at January 04th sowing in 2017-18. The delay of sowing from December 20th to 

January 04th did not result significant reduction for NK-Armoni. The minimum achene yield 

was obtained from January 19th irrespective of the hybrids and experimental years. However, 

the achene yield was higher in February 03rd sowing than January 19th sowing. The lowest 

achenes yield was in all the hybrids during both the years from January 19th sowing. In 

conjunction with other yield components, the higher achenes yield was obtained in 2017-18 

than 2018-19. 
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Table 4.2.2.1. Effect of sowing dates on disc diameter (cm) of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33 10.5b 10.2b 10.4 

H2 = S-278 11.6a 10.7ab 11.2 

H3= NK-Armoni 10.9ab 10.9a 10.9 

LSD (5%) 0.80 0.52  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 11.5a 11.6a 11.6 

D2 = Jan 04th 11.4a 11.1a 11.3 

D3 = Jan 19th 10.3b 9.4c 9.9 

D4 = Feb 03rd  10.7b 10.3b 10.5 

LSD (5%) 0.49 0.66  

Significance * *  

Interaction (A × B) NS NS  

Means 11.0 10.6  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.2.2. Interactive effect of hybrids and sowing dates on number of achenes per 

head 

Hybrids × 

Sowing dates 
H1 = Hysun-33 H2 = S-278 

H3 = NK-

Armoni 
Means 

2017-18 

D1 = Dec 20th 860.1b 882.0b-d 901.7a-c 866.2bc 

D2 = Jan 04th 938.8ab 907.8a-c 889.3a-d 912.0a 

D3 = Jan 19th 837.2de 941.3ab 802.8e 860.4c 

D4 = Feb 03rd 849.6c-e 948.6a 894.1a-d 897.4ab 

  Means 860.1b 919.9a 872.0b 884.0 

  LSD H = 38.26 D = 35.44 V × H = 61.40  

2018-19 

D1 = Dec 20th 682.0c 792.4a 717.3a-c 730.6a 

D2 = Jan 04th 771.7ab 697.1bc 757.7a-c 742.1a 

D3 = Jan 19th 558.3d 721.5a-c 703.1bc 660.9b 

D4 = Feb 03rd 593.4d 733.5a-c 723.3a-c 683.4b 

   Means 651.3b 736.1a 725.3a 704.3 

   LSD H = 51.9 D = 44.47 H × D = 77.03  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.2.3. Interactive effect of hybrids and sowing dates on 1000-achene weight (g) 

Hybrids × 

Sowing dates 
H1 = Hysun-33  H2 = S-278 

H3 = NK-

Armoni 
Means 

2017-18 

D1 = Dec 20th 49.3ab 50.3a 48.9ab 49.5a 

D2 = Jan 04th 45.8c-e 48.4ab 48.1a-d 47.4b 

D3 = Jan 19th 40.8f 44.8e 47.0b-e 44.2c 

D4 = Feb 03rd 48.3a-c 45.6de 47.9a-d 47.3b 

Means 46.0b 47.3ab 48.0a 47.1 

LSD H = 1.42 D = 1.47 H × D = 2.55  

2018-19 

D1 = Dec 20th 54.8d-f 55.8c-e 61.9a 57.5a 

D2 = Jan 04th 54.3d-f 55.2c-f 58.3bc 55.9a 

D3 = Jan 19th 52.1f 48.8g 54.1ef 51.6b 

D4 = Feb 03rd 59.1ab 52.5f 57.1b-d 56.2a 

Means 55.1b 53.1b 57.8a 55.3 

LSD H = 2.05 D = 1.63 H × D = 2.82  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 



122 

 

Table 4.2.2.4. Interactive effect of hybrids and sowing dates on achene yield (kg ha-1) 

Hybrids × 

Sowing dates 
H1 = Hysun-33  H2 = S-278 

H3 = NK-

Armoni 
Means 

2017-18 

D1 = Dec 20th 2011.0bc 2156.0a 2174.0a 2113.7ab 

D2 = Jan 04th 2129.0a 2121.0ab 2115.0ab 2121.7a 

D3 = Jan 19th 1865.0d 2092.0ab 1944.0cd 1967.0c 

D4 = Feb 03rd 1947.0cd 2105.0ab 2112.0ab 2054.7b 

Means 1988.6b 2118.5a 2086.2a 2064.2 

LSD H = 97.16 D = 61.16 
H × D = 

105.93 
 

2018-19 

D1 = Dec 20th 1812.0de 2165.0ab 2192.0a 2056.3 a 

D2 = Jan 04th 2021.0bc 1874.0cd 2156.0ab 2017.0a 

D3 = Jan 19th 1438.0f 1711.0e 1883.0cd 1677.3c 

D4 = Feb 03rd 1674.0e 1792.0de 1983.0c 1816.3b 

Means 1736.2c 1885.5b 2053.5a 1891.7 

LSD H = 104.12 D = 81.50 
H × D = 

141.16 
 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.2.2.5 Oil contents (%) 

The data on oil contents response to hybrids and sowing dates revealed significant variations 

(Table 4.2.2.5). The maximum oil contents (40.7% & 41.3%) were produced from S-278 in 

2017-18 and 2018-19. It was followed by NK-Armoni (38.8% & 39.6%) and Hysun-33 (38.5% 

and 39.3%) during both study years. The hybrids Hysun-33, S-278, and NK-Armoni exhibited 

0.8%, 0.8%, and 0.8% higher oil contents during 2018-19 in comparison with respective values 

achieved in 2017-18. There were non-significant differences between Hysun-33 and NK-

Armoni for oil contents. There was a decreasing trend of oil contents with a delay in sowing 

beyond January 04th. However, these values were improved from December 20th to January 04th. 

The achenes harvested from February 03rd sown crop was the minimum but statistically similar 

to December 20th in 2017-18 and 2018-19. Similarly, achenes of January 04th sown crop had 

similar oil contents to those of January 19th in 2018-19. The sowing dates December 20th, 

January 04th, January 19th, and February 03rd had 0.9%, 0.7%, 0.5%, and 0.6% more oil contents 

in 2018-19 than 2017-18. The interactive effects of hybrids and sowing dates remained non-

significant with respect to oil contents. The years means of hybrids and sowing dates showed 

0.8% more oil contents in 2018-19 than 2017-18.   

4.2.2.6 Oil yield (kg ha-1) 

The oil yield showed significant variations with respect to hybrids and sowing dates in both the 

years (Table 4.2.2.6a). While the interaction was significant only for 2018-19 (Table 4.2.2.6b). 

The highest oil yield (862.9 kg ha-1) was achieved from S-278 followed by NK-Armoni (810.0 

kg ha-1) and Hysun-33  (765.7 kg ha-1) in 2017-18. It produced 97.2 and 52.9 kg more oil yield 

than Hysun-33and NK-Armoni, respectively. The crop sown on January 04th produced 

maximum oil yield (859.2 kg ha-1) followed by December 20th (819.9 kg ha-1), February 03rd 

(790.1 kg ha-1), and January 19th (782.2 kg ha-1), respectively. The data regarding interactive 

effects of hybrids and sowing dates in 2018-19 revealed the highest oil yield (875.9 kg ha-1) 

from S-278 in December 20th sowing followed by NK-Armoni at same sowing dates. The NK-

Armoni produced maximum oil yield (871.7, 743.7, and 768.0 kg ha-1) in 2018-19 at January 

04th, January 19th, and February 03rd than its counterparts. The oil yield of S-278 and NK-

Armoni was reduced from 875.9 to 712.2 kg ha-1 and 871.7 to 743.7 kg ha-1. The oil yield of S-

278 and NK-Armoni did not differ statistically at December 20th and January 04th. All the 

hybrids at January 04th produced similar oil yield with each. The lowest oil yield (568.3 kg ha-
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1) was obtained from Hysun-33 at January 19th. The years average of hybrids and sowing dates 

displayed 54.6 kg ha-1 additional oil yield in 2017-18 than 2018-19. 
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Table 4.2.2.5. Effect of sowing dates on oil contents (%) of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33 38.5b 39.3b 39.1 

H2 = S-278 40.7a 41.3a 41.0 

H3= NK-Armoni 38.8b 39.6b 39.2 

LSD (5%) 0.96 1.42  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 38.8bc 39.7b 39.3 

D2 = Jan 04th 40.5a 41.2a 40.9 

D3 = Jan 19th 39.7ab 40.2ab 40.0 

D4 = Feb 03rd  38.5c 39.1b 38.8 

LSD (5%) 1.09 1.13  

Significance * *  

Interaction (A × B) NS NS  

Means 39.3 40.1  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 

  



126 

 

Table 4.2.2.6a. Effect of sowing dates on oil yield (kg ha-1) of various hybrids 

Treatments 

2017-18 

A. Hybrids Oil yield 

H1 = Hysun-33 765.7b 

H2 = S-278 862.9a 

H3= NK-Armoni 810.0b 

LSD (5%) 48.47 

Significance * 

B. Sowing dates  

D1 = Dec 20th 819.9b 

D2 = Jan 04th 859.2a 

D3 = Jan 19th 782.2c 

D4 = Feb 03rd 790.1bc 

LSD (5%) 34.82 

Significance * 

Interaction (A × B) NS 

Mean 812.9 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.2.6b Interactive effect of hybrids and sowing dates on oil yield (kg ha-1) 

Means sharing the different letters in column differs significantly at P = 0.05*,  NS = Non-

significant 

  

Hybrids × 

Sowing dates 
H1 = Hysun-33 H2 = S-278 

H3 = NK-

Armoni 
Means 

2018-19 

D1 = Dec 20th 704.cd 875.9a 871.7a 817.2a 

D2 = Jan 04th 817.3ab 804.7ab 871.5a 831.1a 

D3 = Jan 19th 568.3e 712.2cd 743.7bc 674.7b 

D4 = Feb 03rd  642.1de 720.2c 768.0bc 710.1b 

Means 682.9b 778.2a 813.7a 758.3 

LSD H = 38.28 D = 44.31 H × D = 76.75  
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4.2.3 MORPHOLOGICAL PARAMETERS 

4.2.3.1 Crop growth rate (gm-2 day-1) 

The data regarding crop growth rate revealed the significant impact of hybrids, sowing dates, 

and their interactions (Table 4.2.3.1). The crop growth rate was improved in late sowing. The 

improvement in crop growth rate of Hysun-33 was from 4.47 to 5.31 gm-2 day-1 in 2017-18 and 

3.92 to 4.50 gm-2 day-1 in 2018-19. The increase for hybrid S-278 was from 4.33 to 4.82 gm-2 

day-1 in 2017-18 and from 4.10 to 4.55 gm-2 day-1 in 2018-19. The crop growth rate of NK-

Armoni was improved from 3.87 to 4.38 gm-2 day-1 in 2017-18 and 3.77 to 4.31 gm-2 day-1 in 

2018-19. The maximum crop growth rate of Hysun-33 in 2017-18 was 5.31 (gm-2 day-1) and in 

2018-19 was 4.65 (gm-2 day-1) in February 03rd and January 04th, respectively. The S-278 gave 

the maximum crop growth rate of 4.82 and 4.55 gm-2 day-1 during both the years from February 

03rd. Both the hybrids Hysun-33 and S-278 showed minimum crop growth rate in December 

20th sowing in both the years. However, NK-Armoni exhibited a minimum crop growth rate in 

January 04th in 2017-18 and December 20th in 2018-19. The year grand means revealed a 0.26 

(gm-2 day-1) greater crop growth rate in 2017-18 than 2018-19.    

4.2.3.2 Maximum leaf area index 

The Table 4.2.3.2 displayed significant variations in the maximum leaf area index due to hybrids 

and sowing dates. However, the interaction was non-significant for this parameter. The highest 

value (2.21 & 2.11) of leaf area index during both the years was recorded from Hysun-33 

followed by S-278 (1.80). The hybrid NK-Armoni produced the minimum leaf area index 

during both the years with the value of 1.51 and 1.58. The hybrid Hysun-33 exhibited a 

reduction in leaf area index in 2018-19 from 2.21 to 2.11. However, the leaf area of S-278 

remained unchanged in experimental years. While the leaf area index of NK-Armoni was 

improved from 1.51 to 1.58 in 2018-19. The leaf area index response to sowing dates showed a 

decreasing trend in 2017-18 in which it was reduced from 1.91 to 1.75 with a delay in sowing 

from December 20th to February 03rd. While, during 2018-19, it was reduced beyond January 

19th to February 03rd. The respective reductions were 1.90 to 1.69. The first two sowings i.e 

December 20th and January 04th produced statistically similar leaf area index during 2017-18. 

While it did not differ significantly during 2018-19 for the first three sowing dates i.e December 

20th, January 04th, and January 19th. The year 2018-19 showed improvement in leaf area index 

over 2017-18 at January 04th and January 19th, while it was reduced for December 20th and 
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February 03rd. The average of years across hybrids and sowing dates indicated slightly higher 

leaf area index values (0.5%) in 2017-18 in comparison with 2018-19. 
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Table 4.2.3.1. Effect of sowing dates on crop growth rate (gm-2 day-1) of various hybrids 

Hybrids × 

Sowing dates 
H1 = Hysun-33 H2 = S-278 

H3 = NK-

Armoni 
Means 

2017-18 

D1 = Dec 20th 4.47d 4.33d 3.88f 4.22d 

D2 = Jan 04th 4.84b 4.40d 3.87f 4.37c 

D3 = Jan 19th 4.95b 4.65c 4.16e 4.59b 

D4 = Feb 03rd 5.31a 4.82b 4.38d 4.84a 

Means 4.89a 4.55b 4.07c 4.51 

LSD H = 0.07 D = 0.10 H × D = 0.17  

2018-19 

D1 = Dec 20th 3.92gh 4.10e-g 3.77h 3.93c 

D2 = Jan 04th 4.65a 4.15d-f 3.96fg 4.25b 

D3 = Jan 19th 4.50ab 4.44bc 4.20de 4.38a 

D4 = Feb 03rd 4.40bc 4.55ab 4.31cd 4.42a 

Means 4.37a 4.31a 4.06 4.25 

LSD H = 0.12 D = 0.10 H × D = 0.17  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.3.2. Effect of sowing dates on maximum leaf area index of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33 2.21a 2.11a 2.16 

H2 = S-278 1.80b 1.80b 1.80 

H3= NK-Armoni 1.51c 1.58c 1.55 

LSD (5%) 0.07 0.04  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 1.91a 1.88a 1.90 

D2 = Jan 04th 1.88a 1.90a 1.89 

D3 = Jan 19th 1.83b 1.85a 1.84 

D4 = Feb 03rd  1.75c 1.69b 1.72 

LSD (5%) 0.04 0.05  

Significance * *  

Interaction (A × B) NS NS  

Means 1.84 1.83  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.2.4 BIOMASS PRODUCTION 

4.2.4.1 Total biomass production 

The dry matter yield differed significantly with hybrids, sowing dates, and their interactions 

during 2017-18 and 2018-19 (Table 4.2.4.1). The dry matter yield of Hysun-33 gradually 

declined with delay in sowing from January 04th to February 03rd in both the years. It was 

reduced from 6539 to 6105 kg ha-1 and 6747 to 5629 kg ha-1 in 2017-18 and 2018-19. The 

reduction in dry matter yield of S-278 and NK-Armoni started from December 20th to February 

03rd during both the years. The dry matter yield of S-278 and NK-Armoni was reduced from 

6029 & 6392 and 5392 & 5883 kg ha-1 to 5547 & 5829 and 5038 & 5511 kg ha-1, respectively 

during 2017-18 and 2018-19. The NK-Armoni produced statistically similar dry matter yield in 

the first three sowing dates in 2017-18. While, during 2018-19, it produced a statistically similar 

yield in the last three sowing dates. The shifting of sowing from December 20th to January 04th 

did not produce significant variations in dry matter yield of S-278 in 2017-18. The lowest dry 

matter yield of all the hybrids was observed in February 03rd sowing irrespective of 

experimental years. The minimum value of dry matter yield (5038 and 5511 kg ha-1) was 

recorded in February 03rd from NK-Armoni. The overall average of hybrids and sowing dates 

showed that year 2018-19 registered 164.6 kg ha-1 higher dry matter yield than 2017-18. 

4.2.4.2 Harvest index 

The data on the harvest index is presented in Table 4.2.4.2a and b. It showed the harvest index 

was influenced by the hybrids and sowing dates during both the years. However, interaction 

was significant only for 2018-19. The hybrid NK-Armoni represented the maximum harvest 

index (40.0 and 36.2%) in 2017-18 and 2018-19. The minimum (31.7% and 28.4%) harvest 

index values during 2017-18 and 2018-19 were recorded from Hysun-33. The hybrids Hysun-

33, S-278, and NK-Armoni produced 3.3%, 5.1%, and 3.8% higher harvest index in 2017-18 

than 2018-19. No clear trend was observed for harvest index response to sowing dates. During 

2017-18, it was decreased from 36.2% to 34.5% with a delay in sowing from December 20th to 

January 19th. During 2018-19, it was decreased from 33.6% to 29.1% with a delay in sowing 

from December 20th to January 19th. The maximum harvest index during 2017-18 (37.2%) and 

2018-19 (33.6%) was recorded at February 03rd and December 20th sowing. The sowing on 

December 20th, January 19th, and February 03rd produced statistically similar harvest index in 

2017-18. The sowing dates December 20th and January 04th had statistically similar harvest 
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index during 2018-19. All the sowing dates resulted in improved values of harvest index in 

2017-18 in comparison with respective values in 2018-19. The improvement in harvest index 

in the first year was 2.6%, 3.3%, 5.4%, and 5.0% in December 20th, January 04th, January 19th, 

and February 03rd. The year means across hybrid and sowing dates revealed 4.1% greater values 

in 2017-18 than 2018-19.   
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Table 4.2.4.1. Interactive effect of hybrids and sowing dates on total dry matter yield 

Hybrids × 

Sowing dates 
H1 = Hysun-33 H2 = S-278 

H3 = NK-

Armoni 
Means 

2017-18 

D1 = Dec 20th 6211.0b 6029.0bc 5392.0ef 5877.3a 

D2 = Jan 04th 6539.0a 5938.0cd 5229.0fg 5902.0a 

D3 = Jan 19th 6192.0b 5812.0d 5205.0fg 5736.3b 

D4 = Feb 03rd 6105.0bc 5547.0e 5038.0g 5563.3c 

Means 6261.8a 5831.5b 5216.0c 5769.7 

LSD H = 84.77 D = 124.57 
H × D = 

215.76 
 

2018-19 

D1 = Dec 20th 6121.0c 6392.0b 5883.0c-f 6132.0a 

D2 = Jan 04th 6747.0a 6011.0cd 5738.0e-g 6165.3a 

D3 = Jan 19th 5938.0c-e 5865.0c-f 5547.0g 5783.3b 

D4 = Feb 03rd 5629.0fg 5829.0d-f 5511.0g 5656.3b 

Means 6108.8a 6024.2a 5669.8b 5934.3 

LSD H = 166.17 D = 134.86 
H × D = 

233.59 
 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.4.2a. Effect of sowing dates on harvest index (%) of various hybrids 

Treatments 

2017-18 

C. Hybrids Harvest index 

H1 = Hysun-33  31.7c 

H2 = S-278 36.3b 

H3= NK-Armoni 40.0a 

LSD (5%) 1.01 

Significance * 

D. Sowing dates  

D1 = Dec 20th 36.2a 

D2 = Jan 04th 36.2a 

D3 = Jan 19th 34.5b 

D4 = Feb 03rd 37.2a 

LSD (5%) 1.16 

Significance * 

Interaction (A × B) NS 

Mean 36.0 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.4.2b Interactive effect of hybrids and sowing dates on harvest index (%) 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 

  

Hybrids × 

Sowing dates 
H1 = Hysun-33 H2 = S-278 

H3 = NK-

Armoni 
Means 

2018-19 

D1 = Dec 20th 29.6cd 33.9b 37.3a 33.6a 

D2 = Jan 04th 30.0c 31.2c 37.6a 32.9ab 

D3 = Jan 19th 24.2e 29.2d 33.9b 29.1c 

D4 = Feb 03rd  29.7cd 30.7cd 36.0a 32.2b 

Means 28.4c 31.2b 36.2c 31.9 

LSD H = 1.39 D = 1.02 H × D = 1.83  
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4.2.5 PHENOLOGY 

4.2.5.1 Days to emergence 

The data regarding days to emergence indicated that hybrids did not differ significantly for days 

to emergence. While the sowing dates significantly affected the days to emergence (Table 

4.2.5.1). The days to emergence varied from 14.9 to 15.5 days in 2017-18 and 18.6 to 19.1 days 

in 2018-19. The hybrid S-278 and NK-Armoni exhibited the minimum time for emergence 

during 2017-18 and 2018-19, respectively. The days to emergence were reduced with delay in 

sowing during both the years. Therefore, the December 20th sowing took the maximum time 

(16.3 & 24.2 days) and February 03rd took the minimum time (13.3 & 12.5 days) to emergence 

during both the years. It showed that emergence time was reduced by 3.0 days in 2017-18 and 

11.7 days in 2018-19 with changing sowing from December 20th to February 03rd. The sowing 

on December 20th, January 04th, and January 19th took 7.9, 6.2, and 1.2 days more in 2018-19 

than their respective values in 2017-18. While February 03rd sowing took 0.8 days less in 2018-

19 than 2017-18. The interaction between hybrids and sowing dates remained non-significant 

for days to emergence irrespective of experimental years. The years average across hybrids and 

sowing dates exhibited that emergence was late by 3.6 days in 2018-19 than 2017-18.   

4.2.5.2 Days to budding 

The days to budding were significantly differed among hybrids and sowing dates and non-

significantly by their interactions (Table 4.2.5.2). The hybrid Hysun-33 required maximum days 

(47.3 and 50.9) to budding during both the years. It was followed by S-278 with values of 45.1 

and 49.1 days in 2017-18 and NK-Armoni with vaues of 41.1 and 44.3 days in 2018-19. All the 

hybrids differed significantly with each other during both years. Furthermore, the advent of 

budding was late by 3.6, 4.0, and 3.2 days in Hysun-33, S-278, and NK-Armoni in 2018-19 in 

comparison with respective values in 2017-18. There was decreasing trend with delay in sowing 

in days required for budding across all hybrids. The highest number of days (55.0 & 59.5) 

required to attain budding was observed in December 20th sowing during both the years. The 

minimum values for days to budding (35.4 and 37.8) were observed for February 03rd sowing, 

irrespective to the experimental year. The budding stage advent was earlier in February 03rd by 

19.9 & 21.7 days, 10.3 & 12.3 days and 6.2 & 7.3 days than December 20th, January 04th and 

January 19th sowing in 2017-18 and 2018-19. The budding stage was attained late by 4.5, 4.4, 

3.5, and 2.4 days in December 20th, January 04th, January 19th, and February 03rd, respectively. 
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The years grand mean highlighted that the budding stage was late by 3.6 days in 2018-19 than 

2017-18.  

4.2.5.3 Days to anthesis 

The days to anthesis were significantly affected by hybrids and cultivars during 2017-18 and 

2018-19, while the interaction was only significant during 2018-19 (Table 4.2.5.3a and b). The 

maximum days to anthesis (61.3) were recorded in Hysun-33 and followed by S-278 (56.3 days) 

and NK-Armoni (51.5 days) in 2017-18. There was a decreasing response of days to anthesis 

with delay in sowing. Every successive delay in sowing from December 20th to February 03rd 

reduced significantly the advent of anthesis. It was decreased from 68.3 days to 44.3 days. 

During 2018-19, the reduction in days to anthesis for Hysun-33, S-278, and NK-Armoni was 

from 83.0 to 58.0 days, 77.0 to 52.0 days, and 72.0 to 49.0, respectively. It is clear that the 

maximum reduction of 25 days was observed for Hysun-33 and S-278, while NK-Armoni 

showed 23 days reduction. The time to attain anthesis was significantly reduced with each delay 

in sowing in all the hybrids. The hybrid Hysun-33, S-278, and NK-Armoni took maximum days 

(83.0, 77.0, and 72.0 days) to attain anthesis for December 20th sowing. The Hysun-33 in 

February 03rd sowing required statistically similar days to anthesis with NK-Armoni in January 

19th sowing. Delaying the sowing from December 20th to January 04th resulted a reduction of 

8.0, 7.0, and 9.0 days in Hysun-33, S-278, and NK-Armoni. The corresponding decrease from 

January 04th to January 19th was 8.0, 8.0, and 6.0 days for these hybrids. The subsequent delay 

in sowing from January 19th to February 03rd resulted 9.0, 10 and 8.0 days earlier advent of 

anthesis in respective hybrids under consideration. The anthesis stage was late by 9.1 days in 

2018-19 in comparison with 2017-18. 

4.2.5.4 Days to maturity 

The hybrids and sowing dates significantly affected the days to maturity (Table 4.2.5.4) during 

2017-18 and 2018-19. The maximum duration was required by Hysun-33 (104.3 and 111.3 

days) in 2017-18 and 2018-19, respectively. The hybrid NK-Armoni required 4.8 & 5.0 and 8.3 

& 8.0 more days than S-278 and NK-Armoni in 2017-18 and 2018-19. The hybrids Hysun-33, 

S-278, and NK-Armoni required 7.0, 6.8, and 7.3 more days to attain maturity in 2018-19 in 

comparison with 2017-18. The days to maturity were reduced significantly with each delay in 

sowing. Across the sowing dates, the days were reduced from 112.0 to 88.3 days in 2017-18 

and 118.7 to 95.3 days in 2018-19. The reduction in maturity days due to late sowing was up to 
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23.7 and 23.4 days in 2017-18 and 2018-19, respectively. The sowing time December 20th, 

January 04th, January 19th, and February 03rd required 6.7, 7.3, 7.0, and 7.0 more days in 2018-

19 than respective values in 2017-18. The interactive effects of hybrids and sowing dates were 

non-significant for days to maturity. The years means across hybrids and sowing dates revealed 

that the year 2018-19 took 7.0 more days than 2017-18.   
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Table 4.2.5.1. Effect of sowing dates on days to emergence of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  15.5 18.7 17.1 

H2 = S-278 14.9 19.1 17.0 

H3= NK-Armoni 15.2 18.6 16.9 

LSD (5%) 1.21 2.11  

Significance NS NS  

B. Sowing dates    

D1 = Dec 20th 16.3a 24.2a 20.3 

D2 = Jan 04th 15.7a 21.9b 18.8 

D3 = Jan 19th 15.4a 16.6c 16.0 

D4 = Feb 03rd  13.3b 12.5d 12.9 

LSD (5%) 1.27 1.86  

Significance * *  

Interaction (A × B) NS NS  

Means 15.2 18.8  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.2. Effect of sowing dates on days to budding of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  47.3a 50.9a 49.1 

H2 = S-278 45.1b 49.1b 47.1 

H3= NK-Armoni 41.1c 44.3c 42.7 

LSD (5%) 1.43 0.83  

Significance NS NS  

B. Sowing dates    

D1 = Dec 20th 55.0a 59.5a 57.3 

D2 = Jan 04th 45.7b 50.1b 47.9 

D3 = Jan 19th 41.6c 45.1c 43.4 

D4 = Feb 03rd  35.4d 37.8d 36.6 

LSD (5%) 1.52 1.11  

Significance * *  

Interaction (A × B) NS NS  

Means 44.5 48.1  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.3a. Effect of sowing dates on days to anthesis of various hybrids 

Treatments 

2017-18 

A. Hybrids Days to anthesis 

H1 = Hysun-33  61.3a 

H2 = S-278 56.3b 

H3= NK-Armoni 51.5c 

LSD (5%) 1.47 

Significance * 

B. Sowing dates  

D1 = Dec 20th 68.3a 

D2 = Jan 04th 59.7b 

D3 = Jan 19th 53.0c 

D4 = Feb 03rd 44.3d 

LSD (5%) 1.18 

Significance * 

Interaction (A × B) NS 

Mean 56.3 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.3b Interactive effect of hybrids and sowing dates on days to anthesis 

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 

  

Hybrids × 

Sowing dates 
H1 = Hysun-33  H2 = S-278 

H3 = NK-

Armoni 
Means 

2018-19 

D1 = Dec 20th 83.0a 77.0b 72.0d 77.3a 

D2 = Jan 04th 75.0c 70.0e 63.0g 69.3b 

D3 = Jan 19th 67.0f 62.0g 57.0h 62.0c 

D4 = Feb 03rd  58.0h 52.0i 49.0j 53.0d 

Means 70.8a 65.3b 60.3c 65.4 

LSD H = 0.68 D = 0.90 H × D = 1.56  
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Table 4.2.5.4. Effect of sowing dates on maturity days of various hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  104.3a 111.3a 107.8 

H2 = S-278 99.5b 106.3b 102.9 

H3= NK-Armoni 96.0c 103.3c 99.7 

LSD (5%) 1.57 2.86  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 112.0a 118.7a 115.4 

D2 = Jan 04th 103.0b 110.3b 106.7 

D3 = Jan 19th 96.3c 103.3c 99.8 

D4 = Feb 03rd  88.3d 95.3d 91.8 

LSD (5%) 1.36 2.43  

Significance * *  

Interaction (A × B) NS NS  

Means 99.9 106.9  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.2.5.5 Emergence to budding 

There was a significant impact of hybrids and sowing dates on the duration of emergence to 

budding (Table 4.2.5.5). The hybrids varied from 25.9 to 31.8 days in 2017-18 and 25.6 to 32.3 

days in 2018-19. The Hysun-33 completed the emergence to budding phase in maximum 

duration i.e 31.8 days for 2017-18 and 32.3 days for 2018-19. The NK-Armoni completed the 

emergence to budding phase in minimum days (25.9 & 25.6 days) in both the years. However, 

both the Hysun-33 and S-278 showed statistically similar values for the duration of emergence 

to budding with each other in 2018-19. The length of emergence to the budding phase was 

reduced with changing sowing from December 20th to February 03rd. It varied from 22.1 to 39.0 

days in 2017-18 and 25.3 to 35.3 days in 2018-19. The maximum and minimum duration of this 

phase was recorded for December 20th and February 03rd in 2017-18 and 2018-19. The sowing 

in the month of January (04th and 19th) completed the emergence to the budding stage in 

statistically similar days in 2018-19. Except January 19th and February 03rd, the other sowing 

dates (December 20th and January 04th) required 3.7 and 1.8 more days in 2017-18 to complete 

the emergence to the budding stage. The interactive effects of hybrids and sowing time remained 

non-significant during both the years. The years means across hybrids and sowing dates 

revealed years did not varied for completion of this stage. 

4.2.5.6 Emergence to anthesis 

Both the hybrids and sowing dates significantly affected the duration of emergence to anthesis 

stage (Table 4.2.5.6). The ranges for hybrids were 36.3 to 45.8 days in 2017-18 and 41.6 to 52.1 

days in 2018-19. The hybrid Hysun-33 took maximum days (45.8 & 52.1) followed by S-278 

(41.4 & 46.2 days) and NK-Armoni (36.3 & 41.6 days). The completion of the emergence to 

anthesis stage was late in 2018-19 by 6.3, 4.8, and 5.3 days for Hysun-33, S-278, and NK-

Armoni, respectively. There was a decreasing trend for the duration of emergence to anthesis 

phase with delay in sowing dates. Each delay in sowing significantly reduced the duration 

during both 2017-18 and 2018-19. It ranged from 31.0 to 52.0 days in 2017-18 and 40.6 to 53.2 

days in 2018-19. The maximum duration was required for December 20th in 2017-18 and 2018-

19. However, the minimum duration was required for the February 03rd sowing. The year 2018-

19 required 1.2, 3.4, 7.8, and 9.6 days more for December 20th, January 04th, January 19th, and 

February 03rd in comparison with respective values in 2017-18. The interactive effects of 

hybrids and sowing dates were non-significant for the duration of emergence to anthesis. The 
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years means of hybrids and sowing dates revealed that the phase was completed 5.5 days late 

in 2018-19 than 2017-18.   

4.2.5.7 Emergence to maturity 

The duration of emergence to maturity differed significantly for hybrids and sowing dates 

during both the years (Table 4.2.5.7). Among the hybrids, the Hysun-33 took maximum duration 

(88.8 and 92.6 days) in 2017-18 and 2018-19. While NK-Armoni required minimum duration 

(80.8 & 84.6 days) for emergence to maturity phase in both years. All the hybrids in 2017-18 

produced significant differences, while the hybrids NK-Armoni and S-278 did not result 

significant variations with each other in 2018-19. Like other phases, the emergence to maturity 

phase lasted for long period in 2018-19 by 3.8, 2.6, and 3.8 days for Hysun-33, S-278, and NK-

Armoni, respectively. The days for the emergence to maturity phase were shortened from 95.7 

to 75.0 days in 2017-18 and 94.5 to 82.9 days with delay in sowing. The duration got shorter 

significantly with each successive delay in sowing from December 20th to February 03rd in 2017-

18. Whereas, in 2018-19, the sowing on January 19th did not differ significantly with February 

03rd. The duration of emergence to maturity was longer in 2018-19 by 1.1, 5.9, and 7.9 days for 

January 04th, January 19th, and February 03rd than its respective values in 2017-18. While it was 

completed earlier by 1.2 days for December 20th sowing in 2018-19 than 2017-18. The 

interaction between hybrids and sowing dates stood non-significant during both the years. 

Average of years across hybrids and sowing dates indicated that the emergence to maturity 

during 2018-19 was late by 3.4 days than 2017-18.   

4.2.5.8 Budding to anthesis 

The duration of budding to anthesis differed significantly for hybrids and sowing dates during 

both the years (Table 4.2.5.8). The hybrids Hysun-33 required maximum duration for budding 

to anthesis phase with values of 13.9 and 19.8 days for 2017-18 and 2018-19, respectively. It 

was followed by S-278 and NK-Armoni with values of 11.1 & 16.1 days in 2017-18 and 10.4 

& 16.0 days in 2018-19. This phase lasts for 5.9, 5.0, and 5.6 more days in 2018-19 than 2017-

18 in Hysun-33, S-278, and NK-Armoni, respectively. The duration of the budding to anthesis 

phase was reduced onward from January 04th to February 03rd. While the phase was completed 

earlier in December 20th by 1.0 and 1.5 days than January 04th. The maximum duration of 

budding to anthesis (14.0 & 19.3 days) was recorded in January 04th and the minimum (8.9 & 

15.3 days) was recorded in February 03rd sowing. The duration of budding to anthesis existed 
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4.8, 5.3, 5.5, and 6.4 more days in December 20th, January 04th, January 19th, and February 03rd, 

respectively in 2018-19 than its respective value in 2017-18. The first two sowings (December 

20th and January 04th) did not produce a significant variation with each other during 2017-18. 

While December 20th sowing did not result in significant variations with January 19th for the 

duration of budding to anthesis in 2018-19. The interactive effects of hybrids and sowing dates 

remained non-significant for the duration of budding to anthesis. The phase was completed later 

by 5.5 days in 2018-19 than 2017-18.  

4.2.5.9 Budding to maturity 

The results presented in Table 4.2.5.9 highlighted the non-significant variations for hybrids in 

2017-18 and 2018-19, while sowing dates significantly affected only during 2017-18. The 

hybrids varied from 54.4 to 56.9 days in 2017-18 and 57.1 to 60.3 days in 2018-19 with respect 

to the duration of the budding to maturity phase. The phase lasts for a maximum duration (56.9 

and 60.3 days) in 2017-18 and 2018-19 for Hysun-33. Whereas, S-278 required minimum 

duration (54.4 and 57.1 days) in 2017-18 and 2018-19. The completion of the budding to 

maturity stage was late by 3.4, 2.7, and 4.1 days in Hysun-33, S-278, and NK-Armoni, 

respectively in 2018-19 with their respective values in 2017-18. The maximum duration of 

budding to maturity phase (57.3 and 60.3 days) was recorded from January 04th sowing and the 

minimum (52.9 and 57.6 days) was from February 03rd during both the years. The sowing on 

January 04th although had higher values but non-significant with December 20th sowing in 2017-

18. Similarly, January 19th and February 03rd also produced statistically similar values with each 

other.  The completion of phase was late in 2018-19 than 2017-18 by 2.5, 3.0, 3.5, and 4.7 days 

in December 20th, January 04th, January 19th, and February 03rd, respectively. The hybrids and 

sowing interaction were non-significant for the budding to maturity stage. The years average of 

hybrids and sowing dates indicated that the phase was completed late in 2018-19 than 2017-18 

by 3.4 days.   

4.2.5.10    Anthesis to maturity 

The impact of hybrids and sowing dates was non-significant during both 2017-18 and 2018-19 

for the duration of anthesis to maturity (Table 4.2.5.10). The hybrid varied from 43.0 to 44.5 

days in 2017-18 and 40.5 to 43.0 days in 2018-19. The maximum duration (44.5 and 43.0 days) 

was observed for Hysun-33 in 2017-18 and 2018-19. The minimum duration (43.0 and 40.5 

days) was observed in Hysun-33 during both the years. The hybrid Hysun-33, S-278, and NK-
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Armoni completed the anthesis to the budding stage by 2.5, 2.3, and 1.5 less days in 2018-19 

than 2017-18. Among the sowing dates, the February 03rd sowing required a maximum duration 

of 44.0 and 42.3 days in 2017-18 and 2018-19. The minimum duration of 43.3and 41.0 days 

was required from January 04thsowing in both the years. The year 2017-18 required 2.4, 2.4, 

2.0, and 1.7 more days than 2018-19 for December 20, January 04th, January 19th, and February 

03rd, respectively. The non-significant interactions between hybrids and sowing dates were 

observed for the duration of anthesis to maturity. The average of hybrids and sowing dates 

indicated 2.1 days late completion of the phase in 2017-18 than 2018-19. 
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Table 4.2.5.5. Effect of sowing dates on emergence-budding duration (days) of various 

hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33 31.8a 32.3a 32.1 

H2 = S-278 30.3b 30.1a 30.2 

H3= NK-Armoni 25.9c 25.6b 25.8 

LSD (5%) 1.35 2.34  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 39.0a 35.3a 37.2 

D2 = Jan 04th 30.0b 28.2b 29.1 

D3 = Jan 19th 26.2c 28.5b 27.4 

D4 = Feb 03rd  22.1d 25.3c 23.7 

LSD (5%) 1.62 2.02  

Significance * *  

Interaction (A × B) NS NS  

Means 29.3 29.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.6. Effect of sowing dates on emergence-anthesis duration (days) of various 

hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  45.8a 52.1a 49.0 

H2 = S-278 41.4b 46.2b 43.8 

H3= NK-Armoni 36.3c 41.6c 39.0 

LSD (5%) 1.66 2.10  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 52.0a 53.2a 52.6 

D2 = Jan 04th 44.0b 47.4b 45.7 

D3 = Jan 19th 37.6c 45.4c 41.5 

D4 = Feb 03rd  31.0d 40.6d 35.8 

LSD (5%) 1.59 1.83  

Significance * *  

Interaction (A × B) NS NS  

Means 41.1 46.6  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.7. Effect of sowing dates on emergence-maturity duration (days) of various 

hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  88.8a 92.6a 90.7 

H2 = S-278 84.6b 87.2b 85.9 

H3= NK-Armoni 80.8c 84.6b 82.7 

LSD (5%) 2.34 3.46  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 95.7a 94.5a 95.1 

D2 = Jan 04th 87.3b 88.4b 87.9 

D3 = Jan 19th 80.9c 86.8bc 83.9 

D4 = Feb 03rd  75.0d 82.9c 79.0 

LSD (5%) 1.89 3.64  

Significance * *  

Interaction (A × B) NS NS  

Means 84.7 88.1  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.8. Effect of sowing dates on budding-anthesis duration (days) of various 

hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  13.9a 19.8a 16.9 

H2 = S-278 11.1b 16.1b 13.6 

H3= NK-Armoni 10.4b 16.0b 13.2 

LSD (5%) 1.20 1.16  

Significance * *  

B. Sowing dates    

D1 = Dec 20th 13.0a 17.8b 15.4 

D2 = Jan 04th 14.0a 19.3a 16.7 

D3 = Jan 19th 11.4b 16.9b 14.2 

D4 = Feb 03rd  8.9c 15.3c 12.1 

LSD (5%) 1.50 1.01  

Significance * *  

Interaction (A × B) NS NS  

Means 11.8 17.3  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.9. Effect of sowing dates on budding-maturity duration (days) of various 

hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  56.9 60.3 58.6 

H2 = S-278 54.4 57.1 55.8 

H3= NK-Armoni 54.9 59.0 57.0 

LSD (5%) 2.56 2.77  

Significance NS NS  

B. Sowing dates    

D1 = Dec 20th 56.7ab 59.2 58.0 

D2 = Jan 04th 57.3a 60.3 58.8 

D3 = Jan 19th 54.8bc 58.3 56.6 

D4 = Feb 03rd  52.9c 57.6 55.3 

LSD (5%) 2.17 2.66  

Significance * NS  

Interaction (A × B) NS NS  

Means 55.4 58.8  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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Table 4.2.5.10. Effect of sowing dates on anthesis-maturity duration (days) of various 

hybrids 

Treatments 2017-18 2018-19 Means 

A. Hybrids    

H1 = Hysun-33  43.0 40.5 41.8 

H2 = S-278 43.3 41.0 42.2 

H3= NK-Armoni 44.5 43.0 43.8 

LSD (5%) 1.98 2.31  

Significance NS NS  

B. Sowing dates    

D1 = Dec 20th 43.7 41.3 42.5 

D2 = Jan 04th 43.3 41.0 42.2 

D3 = Jan 19th 43.3 41.3 42.3 

D4 = Feb 03rd  44.0 42.3 43.2 

LSD (5%) 1.28 2.74  

Significance NS NS  

Interaction (A × B) NS NS  

Means 43.6 41.5  

Means sharing the different letters in column differs significantly at P = 0.05*, NS = Non-

significant 
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4.2.6 CROP GROWTH MODELLING (SUNFLOWER) 

4.2.6.1 Genetic coefficients 

The simulation process in CSM-CROPGRO-Sunflower model for growth, phenology, and 

achene yield of sunflower is performed through eighteen eco-physiological genetic coefficients. 

Because of the unavailability of genetic coefficients data, these were manually estimated by 

trial-and-error method for three sunflower hybrids up till a close match was between observed 

and predicted values were gained.  The PPSEN, FL-LF, SIZLF, WTPSD, SFDUR, SDPDV, 

PODUR, and SDPRO value for all three hybrids was the same (-0.19/hour, 14 phot-thermal 

days, 200 cm-2, 0.07 g, 24 photo-thermal days, 2.0 per pod, 4.5 photo-thermal days and 0.14 

photo-thermal days, respectively). CSDL values of 14, 12, and 13 hours were for Hysun-33, S-

278, and NK-Armoni, respectively. The NK-Armoni had the highest EM-FL value (21.2 photo-

thermal days) followed by S-278 and Hysun-33 with values of 20.5 and 18.2. The genetic 

coefficient FL-SH ranged from 6.3 to 7.0 photo-thermal days, being maximum for Hysun-33 

and minimum for S-278. The respective FL-SD and SD-PM values were 10.2, 12.4 & 11.2 and 

29.6, 27.6 & 25.6 photo-thermal days for Hysun-33, S-278, and NK-Armoni. The highest 

LFMAX and THRSH values of 1.90 mg CO2/m
2-s and 69.0, respectively was observed for 

Hysun-33. Similarly, maximum SLAVR and XFRT values of 240 and 0.70, respectively were 

obtained for S-278. The corresponding SDLIP values for Hysun-33, S-278, and NK-Armoni 

were 0.42, 0.44, and 0.42 g oil per g seed (Table 4.2.6.1a and b). 

4.2.6.2   Model caliberation 

The task of calibration of CSM-CROPGRO-Sunflower model was carried out with results 

obtained by hybrid Hysun-33 at January 04th sowing, while results obtained from December 

20th were used for S-278 and NK-Armoni during 2017-18. The results given in Table 4.2.6.2 

demonstrated that model calibration was well for all hybrids. The comparison of observed and 

simulated values indicated that days to anthesis were differed by 02 days for Hysun-33 and 01 

days for S-278 and NK-Armoni. Likewise, the maturity days were differed by 01 days for 

Hysun-33 and 02 days for S-278 and NK-Armoni. The simulated values of all the hybrids 

showed that maturity time was earlier than field observations. Corresponding to Hysun-33, S-

278, and Nk-Armoni, the error values of 3.13, 1.47 & 1.59% and -0.93, -1.79 & -1.85% were 

obtained for anthesis and maturity. The simulated values for maximum LAI were greater by 

0.02 in Hysun-33 and S-278 and 0.01 for NK-Armoni. The error values obtained for maximum 
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LAI varied between 0.61 to 1.08%. The respective simulated achene yield of Hysun-33, S-278, 

and NK-Armoni was 109, 93 and 82 kg ha-1 higher. The dry matter yield differences had been 

221, 97, and 118 kg ha-1 in Hysun-33, S-278, and NK-Armoni, respectively. Observed achene 

yield and biomass were close to simulated biomass. The error values of 5.12, 4.31, and 3.77% 

were produced for achene yield of Hysun-33, S-278, and NK-Armoni. While the corresponding 

error values for biomass were 3.38, 1.61, and 2.19%. The maximum error values were gained 

from Hysun-33 regarding anthesis, achene yield, and biomass. 

4.2.6.3 Model evaluation 

The DSSAT-CSM-CROPGRO-Sunflower model was evaluated using field observed data of 

remaining sowing dates for all hybrids during 2017-18 and all sowing dates during 2018-19. 

The Figure 4.2.6.3a and b highlighted that model performance was well for both years for time 

course data. The performance of genetic coefficients of all hybrids and accuracy of the model 

simulations were assessed by model evaluation. The corresponding results are explained as 

follows.  

4.2.6.4 Days to anthesis 

Table 4.2.6.4 indicated that model evaluation for anthesis was well for all hybrids in both years. 

During 2017-18, the error values of Hysun-33 for anthesis were 1.35, 3.13, 1.72 and 2.04% for 

sowing date December 20th, January 04th, January 19th, and February 03rd. While these values 

were 1.47, 1.67, 1.89 and 2.27% for S-278 and 1.59, 1.82, 2.08 and 2.50% for NK-Armoni.  

RMSE value was 1.32, 1.00 and 1.00 days for all sowing dates for Hysun-33, S-278 and NK-

Armoni. The higest error value in Hysun-33 was obtained in January 04th, while it was February 

03rd in S-278 and NK-Armoni. During 2018-19, error values ranged from 0.00 to 2.67% for 

hybrid Hysun-33, 1.30 to 3.85% for S-278, and -2.78 to 3.51% for NK-Armoni. Model 

statistical values were gained under acceptable range for all hybrids during 2018-19. The highest 

error value in Hysun-33, S-278 and NK-Armoni was obtained in January 04th, February 03rd 

and January 19th, respectively. The maximum accuracy was obtained in Hysun-33 in February 

03rd sowing with no error. The highest RMSE value of 1.80 days was gained for NK-Armoni 

followed by S-278 and Hysun-33 with respective values of 1.58 and 1.50 days. 
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Table 4.2.6.1a: Genetic coefficients of sunflower hybrids 

Cultivar CSDL PPSEN 
EM-

FL 

FL-

SH 

FL-

SD 

SD-

PM 

FL-

LF 
LFMAX SLAVR SIZLF XFRT WTPSD SFDUR SDPDV PODUR THRSH SDPRO SDLIP 

Hysun-33 14 -0.19 18.2 7.0 10.2 29.6 14.0 1.90 231 200 0.66 0.07 24.0 2.0 4.5 69.0 0.14 0.42 

S-278 12 -0.19 20.5 6.3 12.4 27.6 14.0 1.60 240 200 0.70 0.07 24.0 2.0 4.5 68.0 0.14 0.44 

NK-Armoni 13 -0.19 21.2 6.5 11.2 25.6 14.0 1.70 215 200 0.61 0.07 24.0 2.0 4.5 67.0 0.14 0.42 

 

Table 4.2.6.1b: Description of Genetic coefficients 

Genetic 

Coefficients 

Description 

CSDL Critical Short Day Length below which reproductive development progresses with no day length effect (hours) 

PPSEN Slope of the relative response of development to photoperiod with time (positive for short day plants) (1/hour) 

EM-FL Time 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) 

FL-LF Time between first flower (R1) and end of leaf expansion (photo-thermal days) 

LFMAX Maximum leaf photosynthesis rate at 30 °C, 350 vpm CO2, and high light (mg CO2/m
2-s) 

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) 

THRSH Threshing percentage. The maximum ratio of (seed/(seed+shell)) at maturity.  

SDPRO Fraction protein in seeds (g(protein)/g(seed)) 

SDLIP Fraction oil in seeds (g(oil)/g(seed) 
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Table 4.2.6.2: Model Calibration 

Variables Units Cultivars Obs. Sim. Error (%) 

Anthesis Days Hysun-33 64 66 3.13 

  S-278 68 69 1.47 

  NK-Armoni 63 64 1.59 

Maturity Days Hysun-33 108 107 -0.93 

  S-278 112 110 -1.79 

  NK-Armoni 108 106 -1.85 

Max. LAI  Hysun-33 2.29 2.31 0.87 

  S-278 1.85 1.87 1.08 

  NK-Armoni 1.63 1.64 0.61 

Maturity 

yield 
kg ha-1 Hysun-33 2129 2238 5.12 

  S-278 2156 2249 4.31 

  NK-Armoni 2174 2256 3.77 

Total 

biomass 
kg ha-1 Hysun-33 6539 6760 3.38 

  S-278 6029 6126 1.61 

  NK-Armoni 5392 5510 2.19 

Obs.= Observed; Sim.= Simulated 
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Figure 4.2.6.3a: Effect of hybrids and sowing dates on leaf area index and biomass of sunflower 

during 2017-18 
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Figure 4.2.6.3b: Effect of hybrids and sowing dates on leaf area index and biomass of sunflower 

during 2018-19 
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Table 4.2.6.4 Comparison of simulated and observed days to anthesis  

Sowing 

dates 

Hysun-33 S-278 NK-Armoni 

Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 

2017-18          

Dec 20th  74 75 1.35 68 69 1.47 63 64 1.59 

Jan 04th  64 66 3.13 60 61 1.67 55 56 1.82 

Jan 19th  58 59 1.72 53 54 1.89 48 49 2.08 

Feb 03rd  49 50 2.04 44 45 2.27 40 41 2.50 

RMSEc 

(days) 
1.32  1.00  1.00  

2018-19          

Dec 20th  83 85 2.41 77 78 1.30 72 70 -2.78 

Jan 04th  75 77 2.67 70 71 1.43 63 65 3.17 

Jan 19th  67 68 1.49 62 64 3.23 57 59 3.51 

Feb 03rd  58 58 0.00 52 54 3.85 49 50 2.04 

RMSE (days) 1.50  1.58  1.80  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 
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4.2.6.5 Days to maturity 

The error values given in Table 4.2.6.5 revealed that the evaluation of the model had been good 

for all sunflower hybrids during both years. During 2017-18, the model simulated days to 

maturity of Hysun-33 were earlier by 01 day at December 20th, January 04th and January 19th 

and respective error values were -0.86, -0.93 and -0.99. While no difference between simulated 

and observed values were gained at February 03rd in Hysun-33 and S-278. Corresponding to 

December 20th, January 04th, January 19th, and February 03rd, the error values were -1.79, -0.98, 

-1.04 and 0.00% for S-278 and -1.85, -1.01, -1.09 and -1.18% for NK-Armoni. The RMSE value 

was 0.87, 1.23 and 1.32 days for all sowing dates for hybrid Hysun-33, S-278 and NK-Armoni, 

respectively during 2017-18. During 2018-19, the error value ranged from 0.00 to 0.87% for 

hybrid Hysun-33, 0.00 to 1.83% for S-278 and 0.00 to 0.93% for NK-Armoni. There was no 

variation between simulated and field observed data for all hybrids at January 19th in 2018-19. 

According to December 20th, January 04th, January 19th and February 03rd, the error values of 

0.81, 0.87, 0.00 and 0.00% was obtained for Hysun-33. The respective values for S-278 and 

NK-Armoni were 0.85, 1.83, 0.00 & 0.00% and 0.00, 0.93, 0.00 and -1.09%. The model 

simulated maturity days was late for Hysun-33 and NK-Armoni in all sowing dates except 

February 03rd. The highest RMSE value 1.12 days was gained in S-278 and the lowest value 

0.71 days was attained in NK-Armoni during 2018-19. 

4.2.6.6 Maximum leaf area index 

The model performance had been well for evaluating maximum LAI of all hybrids during 2017-

18 and 2018-19. In 2017-18, the error values of 0.89, 0.87, 1.81 and 1.42% was gained for 

Hysun-33 against December 20th, January 04th, January 19th and February 03rd. The 

corresponding values were 1.08, 0.55, 1.67 and 1.16% in S-278 and 0.61, 1.32, 3.40 and 1.42% 

in NK-Armoni. The highest RMSE (0.03) was gained from Hysun-33 and NK-Armoni. It was 

followed by S-278 with RMSE values of 0.02. In 2017, the highest error values in all hybrids 

were gained for January 19th sowing. The lowest error values in Hysun-33 and S-278 were 

observed in 04th January, while it was December 20th for NK-Armoni. In 2018-19, The error 

values at December 20th, January 04th, January 19th and February 03rd were 1.40, 0.90, 0.93 and 

1.55% in Hysun-33. The respective values were 1.60, 1.61, 1.66 and 2.44% for S-278 and -0.61, 

1.23, 1.87 and -0.68% for NK-Armoni. The highest RMSE values (0.03) were gained in Hysun-

33 and S-278 and it was followed by NK-Armoni with RMSE value of 0.02. The lowest error 
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value in Hysun-33 was gained in January 04th, whereas, it was lowest in S-278 and NK-Armoni 

for December 20th. The February 03rd sowing produced maximum error values in Hysun-33 and 

S-278. However, January 19th sowing produced maximum error values for NK-Armoni. During 

2017-18, the model simulated values of maximum LAI were higher than field observed values 

in all cultivars in all sowing dates. The similar results were gained in second year except for 

NK-Armoni in which simulated values had been low at December 20th and February 03rd sowing 

(Table 4.2.6.6). 

4.2.6.7 Achene yield (kg ha-1) 

The comparison of model simulated and field observed achene yield is presented in Table 

4.2.6.7. It is clear from table that simulated values are very close to field recorded yield of all 

hybrids.  During 2017-18, the error values of 3.33, 5.12, 4.50, and 3.44% were gained in Hysun-

33 with December 20th, January 04th, January 19th and February 03rd, respectively. The 

corresponded values were 4.31, 3.21, 3.63 and 4.42% in S-278 and 3.77, 3.88, 3.81 and 3.98% 

in NK-Armoni. The maximum RMSE value of 83.54 kg ha-1 was gained from Hysun-33 and 

closely followed by S-278 and NK-Armoni with values of 83.21 and 80.51 kg ha-1. In 2018-19, 

the error values were ranged from 2.99 to 8.21% for hybrid Hysun-33, 3.05 to 5.03% for S-278, 

and 3.24 to 4.22% for NK-Armoni. The maximum error values in Hysun-33 and S-278 were 

obtained from January 19th sowing date. Whereas, January 04th sowing produced the highest 

error value in NK-Armoni. The February 03rd, December 20th and January 19th sowing resulted 

in minimum error %age in Hysun-33, S-278 and NK-Armoni, respectively. The highest RMSE 

from all sowing dates was gained in Hysun-33 with value of 79.59 kg ha-1 and followed by S-

278 and NK-Armoni with RMSE value of 76.08 and 74.36 kg ha-1, respectively. 

4.2.6.8 Total dry matter yield (kg ha-1) 

The Table 4.2.6.8 indicated that the CSM-CROPGRO-Sunflower model well evaluated the total 

dry matter yield for all hybrids during both years. In 2017-18, the error values of simulated and 

observed total dry matter had been 1.06, 3.38, 0.34 and 1.98% in Hysun-33 with December 20th, 

January 04th, January 19th and February 03rd, respectively. Corresponding to these sowing date 

treatments, these values were 1.61, 1.06, 2.24 and 4.49% in S-278 and 2.19, 3.08, 2.44 and 

2.60% in NK-Armoni. The highest RMSE values (151.89 kg ha-1) were gained in S-278 and 

followed by NK-Armoni and Hysun-33 with values of 135.22 and 130.65 kg ha-1, respectively. 

In 2018-19, the error values of 1.85, 1.29, 2.36 and 1.69% was obtained in Hysun-33 vide 
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sowing at December 20th, January 04th, January 19th and February 03rd, respectively. Whereas, 

these values had been 2.28, 1.98, 1.82 and 1.60% in S-278 and 1.87, 2.47, 1.55 and 1.63% in 

NK-Armoni. The maximum RMSE (117.87 kg ha-1) was gained from S-278 and respective 

values of 110.64 and 109.27 kg ha-1 were obtained in Hysun-33 and NK-Armoni. In both years, 

the model overestimated total dry matter production as compared to field observation. The 

minimum error value in Hysun-33 was from January 04th sowing in both 2017-18 and 2018-19. 

While, sowing January 04th resulted minimum error in S-278 in 2017-18 and February 03rd in 

2018-19. Meanwhile, sowing on December 20th in 2017-18 and January 19th in 2018-19 had 

minimum error in NK-Armoni. 
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Table 4.2.6.5 Comparison of simulated and observed days to maturity 

Sowing 

dates 

Hysun-33 S-278 NK-Armoni 

Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 

2017-18          

Dec 20th  116 115 -0.86 112 110 -1.79 108 106 -1.85 

Jan 04th  108 107 -0.93 102 101 -0.98 99 98 -1.01 

Jan 19th  101 100 -0.99 96 95 -1.04 92 91 -1.09 

Feb 03rd  92 92 0.00 88 88 0.00 85 84 -1.18 

RMSEc 

(days) 
0.87  1.23  1.32  

2018-19          

Dec 20th  123 124 0.81 118 119 0.85 115 115 0.00 

Jan 04th  115 116 0.87 109 111 1.83 107 108 0.93 

Jan 19th  108 108 0.00 103 103 0.00 99 99 0.00 

Feb 03rd  99 98 -1.01 95 95 0.00 92 91 -1.09 

RMSE (days) 0.87  1.12  0.71  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 

  

Table 4.2.6.6 Comparison of simulated and observed maximum leaf area index 

Sowing 

dates 

Hysun-33 S-278 NK-Armoni 

Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 
Obsa

. 
Simb

. 
Error 

(%) 

2017-18          

Dec 20th  2.24 2.26 0.89 1.85 1.87 1.08 1.63 1.64 0.61 

Jan 04th  2.29 2.31 0.87 1.83 1.84 0.55 1.51 1.53 1.32 

Jan 19th  2.21 2.25 1.81 1.80 1.83 1.67 1.47 1.52 3.40 

Feb 03rd  2.12 2.15 1.42 1.72 1.74 1.16 1.41 1.43 1.42 

RMSEc  0.03  0.02  0.03  

2018-19          

Dec 20th  2.14 2.17 1.40 1.88 1.91 1.60 1.63 1.62 -0.61 

Jan 04th  2.21 2.23 0.90 1.86 1.89 1.61 1.62 1.64 1.23 

Jan 19th  2.14 2.16 0.93 1.81 1.84 1.66 1.60 1.63 1.87 

Feb 03rd  1.94 1.97 1.55 1.64 1.68 2.44 1.48 1.47 -0.68 

RMSE  0.03  0.03  0.02  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 
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 Table 4.2.6.7 Comparison of simulated and observed achene yield (kg ha-1) 

Sowing dates 
Hysun-33 S-278 NK-Armoni 

Obsa

. 
Simb. 

Error 

(%) 
Obsa

. 
Simb. 

Error 

(%) 
Obsa. Simb. 

Error 

(%) 

2017-18          

Dec 20th  2011 2078 3.33 2156 2249 4.31 2174 2256 3.77 

Jan 04th  2129 2238 5.12 2121 2189 3.21 2115 2197 3.88 

Jan 19th  1865 1949 4.50 2092 2168 3.63 1944 2018 3.81 

Feb 03rd  1947 2014 3.44 2105 2198 4.42 2112 2196 3.98 

RMSEc (kg ha-1) 83.54  83.21  80.51  

2018-19          

Dec 20th  1812 1868 3.09 2165 2231 3.05 2192 2267 3.42 

Jan 04th  2021 2097 3.76 1874 1963 4.75 2156 2247 4.22 

Jan 19th  1438 1556 8.21 1711 1797 5.03 1883 1944 3.24 

Feb 03rd  1674 1724 2.99 1792 1851 3.29 1983 2050 3.38 

RMSE (kg ha-1) 79.59  76.08  74.36  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 

 

Table 4.2.6.8 Comparison of simulated and observed total dry matter (kg ha-1) 

Sowing dates 
Hysun-33 S-278 NK-Armoni 

Obsa. Simb. Error (%) Obsa. Simb. Error (%) Obsa. Simb. Error (%) 

2017-18          

Dec 20th  6211 6277 1.06 6029 6126 1.61 5392 5510 2.19 

Jan 04th  6539 6760 3.38 5938 6001 1.06 5229 5390 3.08 

Jan 19th  6192 6213 0.34 5812 5942 2.24 5205 5332 2.44 

Feb 03rd  6105 6226 1.98 5547 5796 4.49 5038 5169 2.60 

RMSEc (kg ha-1) 130.65  151.89  135.22  

2018-19          

Dec 20th  6121 6234 1.85 6392 6538 2.28 5883 5993 1.87 

Jan 04th  6747 6834 1.29 6011 6130 1.98 5738 5880 2.47 

Jan 19th  5938 6078 2.36 5865 5972 1.82 5547 5633 1.55 

Feb 03rd  5629 5724 1.69 5829 5922 1.60 5511 5601 1.63 

RMSE (kg ha-1) 110.64  117.87  109.27  

Obsa. = Observed; Simb. = Simulated; RMSEc. = Root mean square error 
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4.2.7 CLIMATE CHANGE IMPACT ASSESMENT 

4.2.7.1 Model sensitivity analysis 

Following the calibration and evaluation of the CSM-CROPGRO-Sunflower model, it was run 

with baseline weather (1980-2019). The calibrated sowing date January 04th was used for model 

sensitivity analysis of hybrid Hysun-33 and December 20th sowing date was for S-278 and NK-

Armoni. The model sensitivity (CTWN analysis) was performed for different CO2 levels, 

temperature, rainfall and nitrogen. For CO2, nine levels like 350, ambient, 450, 500, 550, 600, 

650, 750, and 800 ppm were included. The model demonstrated less sensitivity for CO2 as 

compared to other components like rainfall, temperature and nitrogen. The changes in average 

temperature were -1, ambient, 1, 2, 3, 4, 5, 6, 7, and 8 °C. The model also showed sensitivity to 

change in temperature. The achene yield is reduced as a result of increasing temperature over 

ambient level and vice versa. The precipitation levels included ambient, -15, -30, -45, -60, -75 

and -90%. The model also demonstrated sensitivity to changes in precipitation and yield was 

likely to decrease with decrease in precipitation over ambient level. For nitrogen levels, 30, 60, 

90, 120, 150, 180, 210, 240, 270, and 300 kg ha-1 were evaluated for model sensitivity analysis. 

The increase in achene yield with increasing nitrogen rate were shown (Figure 4.2.7.1). 

4.2.7.2 Climate change impact assesment 

The assessment of climate change impact in sunflower growing season was made to end of mid-

century (2069) through five global circulation models (GCMs) including CCSM4, GFDL-

ESM2M, HadGEM2-ES, MIROC5, and MPI-ESM-M) at RCP 8.5. The different GCMs 

projected that average temperature can be increase by1.9 to 3.8 °C at RCP 8.5 to the end of mid-

century.. By the end of mid century, the sever climate warming was projected. The precipitation 

can be reduced and high variability is expected to the end of mid-century. The solar radiations 

received in future would be totally different from baseline weather data (1980 to 2019). The 

higher achene yield was likely to produce at baseline in comparison to all GCMs. Sunflower 

yield will be reduced in the future at all GCMs as compared to baseline. 
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Figure 4.2.7.1: Model sensitivity analysis at different nitrogen (a-c), Tave Change (d-f) and 

rainfall (g-i) for sunflower  
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4.2.8 ADAPTATION STRATEGIES 

The achene yield will be reduced in all future scenarios without proper adaptation strategies. 

These strategies would be helpful to minimize the adverse impacts of climate change in future 

scenarios on yield performance of sunflower hybrids. These tested adaptation strategies 

included sowing dates. DSSAT-CSM-CROPGRO-Sunflower model simulated results indicated 

that earlier sowing by 15 to 20 days than current sowing window will compensate for the 

negative effect of climate change in future scenarios (Figure 4.2.8). When all mentioned 

adaptation options were used in CSM-CROPGRO-Sunflower model the results showed that 

achene yield was increased at each GCM with adaptation strategies as compared to without 

adaptation strategies in all GCMs for all sunflower hybrids. 
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Figure 4.2.8. Simulated achene yield as affected by sowing dates for future scenario 
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4.3  DISCUSSION 

4.3.1   Cotton 

The cultivars showed non-significant effects on plant height in contrast to previous results 

(Kamran et al., 2017; Bakhsh et al., 2019), while non-significant variations were witnessed 

among cultivars (Usman et al., 2016). The higher plant height during the first year was due to 

more rains in which crop exhiibited for excessive vegetative growth. The nodes and height to 

node ratio did not vary significantly because of close association with plant height. The crop 

sown earlier produced taller plants than the late sown crop. The late sown crop generally avails 

mild temperature leading to a reduced rate of high temperature mediated shedding. In these 

circumstances, the crop showed lesser towards vegetative growth, and lesser plant height. 

Furthermore, the sowing dates determine the crop duration which is reduced with delayed 

sowing, and thus shorter plants are produced in late sowing (Awan et al., 2011). The plant height 

was reduced from 105 cm to 89 cm with a delay in sowing from early May to early June (Usman 

et al., 2016). The height to node ratio is based on plant height and nodes, it was decreased with 

successive delay in sowing. The decreasing values of main stem nodes are similar, while the 

height to node ratio is opposite to those of (Pettigrew et al., 2009).  

The significant differences for various yield forming traits and seed cotton yield existed in these  

experiments. The differences among cultivars for boll numbers, boll weight, and seed cotton 

yield have been ranged from 11.0% to 26.5%, 5.58% to 66.7% and 17.4% to 55.8%, respectively 

in the literature (Ahmad et al., 2008; Ali et al., 2009; Ahmad et al., 2019). The differential 

cultivars response for seed cotton yield was mainly from variations in boll numbers which 

depicts the heat tolerance level of the cultivars (Saleem et al., 2014). The heat tolerant cultivars 

produced viable pollens which are further successfully transformed into bolls. The years means 

of sowing dates indicated that 896 kg seed cotton was lost in late sowing with delay in sowing 

from May 10th to June 24th. This reduction is attributed to less leaf area index development and 

shorter plants achieved with late sowing. The influence of boll numbers rather than boll weight 

in yield formation had been very important in present experiments. The seed cotton yield was 

closely linked to the number of bolls which reduced in late planting due to the short season, 

resulting in reduced yield in late sowing. Furthermore, the bolls developed in the late season 

have to face the cold temperature which prevents boll opening and the ratio of unopened bolls 

is generally high in late sowing. Although boll weight initially increased from May 10th to May 
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25th but it did not compensate for the reduction of bolls numbers. The smaller bolls in late 

sowing are the results of poor photosynthates supply and less time for boll development. The 

decline in seed cotton yield and its associated traits have been witnessed in literature. For 

instance, delaying sowing from June to August reduced the bolls number, boll weight, and seed 

cotton yield from 32.0 to 17.5 (per plant), boll weight 4.83 to 4.37 (g), and seed cotton yield 

from 2227 to 1004 (kg ha-1), respectively (Hallikeri et al., 2009). Furthermore, 0.15 g less boll 

weight, 32.7 less bolls (m-2), and 1434.6 kg ha-1 less seed cotton yield was obtained by delaying 

sowing from May 20th to June 04th (Khan et al., 2017). There are conflicts in the literature 

regarding boll weight response to late sowing, some studies showed an increasing trend (Ali et 

al., 2009; Usman et al., 2016), while others reported a decreasing trend (Braunack et al., 2012; 

Shah et al., 2017; Khan et al., 2017). The boll weight was improved in late planting in the second 

year trial (Dong et al., 2006). Although boll weight was less in 2018, but the still higher yield 

was achieved on account of more boll number. 

The seed cotton is comprised of lint and seed which are important for textile and oil extraction 

industries, respectively. The cotton seed reduced by 5.9 q ha-1 with delay in sowing from the 2nd 

week of April to the 01st week of June and genotypic variations for cotton seed was 4.4 q ha-1 

(Premdeep et al., 2017). The lint yield and GOT (%) are most strongly correlated, i.e. higher the 

GOT, the higher would be lint mass. Generally, lint is 40% and seed is 60% of seed cotton. The 

cultivars having a higher lint proportion (GOT) are preferred in the textile sector. Being a 

polygenic trait, it is very responsive to environmental conditions, hence, significantly influenced 

by both cultivars and sowing dates. The cultivar Cyto-179 characterizes with high GOT (38.2%) 

produced the highest lint yield (856.2 kg ha-1). Similar to our findings, the cultivars differences 

for lint yield and GOT had been documented in the literature (Mohamed et al., 2016; Ahmad et 

al., 2019; Bakhsh et al., 2019). The impact of sowing time on lint %age and lint yield was 

significant. The lint yield is a function of GOT and seed cotton yield, hence the trend of 

treatment response remained similar to these parameters. Corresponding to lower values of seed 

cotton and GOT in late sowing, the less lint mass was obtained from late planting. The reduction 

in lint yield from 2685 to 1577 and 1197 to 1090 kg ha-1 with delay in planting was documented 

in the results of Braunack et al. (2012) and Pettigrew et al. (2009), respectively. The seed index 

varied by 7.3% among cultivars and 1.6% among sowing dates (Ali et al., 2009). The cultivars 

and sowing dates accounted for 30.0% and 14.2% variations in total dry matter yield (Arshad 
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et al., 2007). The harvest index indicates the ratio of seed cotton and total dry matter yield, the 

decreasing trend in late sowing elaborates that both the variables did not reduce in the same 

proportions (Shah et al., 2017). The results are in accordance with the findings of Pettrigrew et 

al. (2009) where it was reduced from 0.23 to 0.11 with a one-month delay in sowing from the 

first week of April to the first week of May. The cultivars varied for harvest index from 21.6 to 

23.1 (Arshad et al., 2007). The dry matter yield represents the total aboveground biomass 

including vegetative and reproductive parts. The cultivars differences arose from the variations 

in plant height and other pant structures like leaves, branches, and fruiting bodies. The earlier 

sowing had the maximum values for total dry matter due to the prolonged growing season in 

comparison with late sowing. The differences of 84.7 and 165.3 kg ha-1 in total dry matter yield 

were reported for cultivars and sowing times, respectively (Arshad et al., 2007). Both the 

cultivars and sowing dates exhibited significant variations in oil contents due to genetic 

variations and imposition of various climatic conditions during seed development, respectively. 

There were changing trends for oil yield with respect to cotton seed yield. It occurred due to 

variations in oil contents among cultivars and sowing dates.  

The reduction in crop growth rate in response to delay in sowing has been witnessed in the 

results of Ali et al. (2009). The differences in crop growth rate values among various genotypes 

confirmed the results of Bange and Milroy (2004). The leaf area is an important platform for 

the provision of assimilates to reproductive organs. In accordance with the these results, the 

cultivars mean across sowing date differed in leaf area index from 0.59 to 0.78 at 50 days crop 

age, 0.98 to 1.48 at 80 days age, 1.97 to 2.79 at 110 crop age, and 1.56 to 2.19 at 140 days crop 

age. The values of leaf area index were reduced from 1.16 to 0.19 at 50 days, 1.59 to 0.88 at 80 

days, 2.64 to 1.94 at 110 days, and 2.13 to 1.58 at 140 days crop age with a delay of 21 days in 

sowing from July 11 to August 02. The leaf area index reached at maximum values at 110 days 

followed by a decline (Ban et al., 2015). Similarly, reduction in leaf area index with delay in 

sowing has also been observed at various phenological stages with the delay in sowing from 

mid April to early June. Initially, the cultivars did not differ significantly for leaf area index, 

but such differences become more prominent and significant at later growth stages (Premdeep 

et al., 2017).  

The fibre length is the key quality parameter for lint processing in the textile industry. The 

remarkable differences for fibre length in 2017 and 2018 actually showed the crop response to 
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environmental conditions. The production of similar fibre length of the CIM-602 in 2017 and 

2018 indicates its genetic strength to maintain fibre length in varying environmental conditions. 

The fibre length mainly depends upon the environment and genotypes (Bednarz et al., 2005). 

The differences among the years actually revealed that both the years have different climatic 

conditions. No doubt, CIM-602 had been not a good yield performer but even then, its 

cultivation should be preferred wherever quality lint is more valuable. Depending on the number 

of tested genotypes, the variations in fibre length by 5.2% (Ahmad et al., 2019), 0.7% (Ali et 

al., 2009), and 10.4% (Bakhsh et al., 2019). The results of the this study indicated that fibre 

length was seldom affected by sowing dates. Although few researchers including Awan et al. 

(2011) and Braunack et al. (2012) agreed that sowing dates have significant impacts but most 

of them (Bednarz et al., 2005; Dong et al., 2006; Ali et al., 2009; Gormus and Yucel, 2002; Nuti 

et al., 2006; Hussain et al., 2000; Saleem et al., 2014) identified the non-significant impact. 

According to USDA (2001) grading, the fibre length achieved in various treatments falls in the 

medium range. 

The fibre strength indicates the durability of fibre in various manufacturing processes. The 

cultivar CIM-602 produced 1.7 & 1.0 (g/tex) and 2.3 & 1.1 (g/tex) stronger fibre than Cyto-179 

and FH-142 in 2017 and 2018. The higher values in the second year are the result of more 

conducive environmental conditions for fibre development. The variations for fibre strength 

among cultivars had been 14% (Ahamd et al., 2019), 0.2% (Ali et al., 2009), and 13.1% (Bakhsh 

et al., 2019). Their fibre strength did not show a specific trend response to sowing time in both 

the years but the differences were significant. The fibre strength responded significantly to 

sowing dates has already been confirmed by Awan et al. (2011). The lint with stronger fibre 

was produced in late sowing in the results of studies by (Braunack et al., 2012) are comparable 

to the second year results of the this study in which it was improved up to June 09th sowing. The 

differences in fibre strength values across the sowing dates represent the impact of variation in 

climatic parameters induced by sowing dates. The values fall between intermediate to average 

strength (USDA, 2001). The results regarding fibre length are according to those of Dong et al. 

(2006) and fibre strength and miconaire were opposite to them. The micronaire value represents 

the fibre finess, so, lesser the micronaire values, the finer is lint. The microniare values differed 

by 8.3% (Ahamd et al., 2019), 11.5% (Ali et al., 2009), and 26.7% (Bakhsh et al., 2019) across 

cultivars. Unlike to results of Braunack et al. (2012), the impact of sowing date on micronaire 
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value remained non-typical and non-significant. As per USDA standards, the better micronaire 

values were achieved from CIM-602 which produced fine to average lint quality. The cultivars 

have a more prominent role in determining fibre quality rather than crop management (Bednarz 

et al., 2005). The uniformity index falls in intermediate rating according to USDA rating. The 

cultivars differences for uniformity up to 5.7% have been witnessed in the literature (Bakhsh et 

al., 2019). The uniformity index did not respond to sowing time (Awan et al., 2011).  

The whiteness (Rd) and yellowness (+b) actually indicate the colour grade of the lint. These are 

important with respect to the dying process for colour absorption as well as retention. The 

whiteness and yellowness fall good ordinary colour class following the rating made by USDA. 

The lint colour turns yellow from white with the action of various environmental factor like 

moisture. Hence, both the treatment factors including sowing dates and cultivars do not 

influence the colour grades. The lint harvested from advanced sowing was yellow (Pettigrew et 

al., 2009), while Wrather et al. (2008) reported that higher yellowness values were observed 

with delayed planting. However, no such observations are present in the data of the this study. 

There had been smog condition for 15 days at maturity stage in 2017 which deteriorated the 

colour quality of the lint in the first year. The lowest lint reflectance values in the first year from 

May 10th was due to more open bolls at the time of smog. Very minute differences in lint 

yellowness (2.30%) and brightness (2.3%) were documented from the previous results of studies 

conducted by Ali et al. (2009). Because no specific trend response of fibre quality was noted, 

therefore, no sowing date can be recommended to ensure fibre quality. The absence of 

interaction between cultivars and sowing dates revealed a similar response of cultivars to 

sowing dates. 

The non-significant response of cultivars for emergence time revealed that these cultivars did 

not have variations in the seed. Unlike the results of Shah et al. (2017), the sowing dates did not 

vary significantly for emergence. These contradictions are quite justifiable due to great 

variations in temperature at first sowing (mid February) and last sowing (mid May). While, in 

the case of these experiments, the temperature did not vary greatly during germination at various 

sowing dates. The cultivar FH-142 attained squaring stage (7.8 & 10.5 days) and (4.1 & 4.0) 

days earlier in 2017 and 2018 than Cyto-179 and CIM-602. The cultivar FH-142 required 9.7 

& 11.0 days and 3.0 & 3.2 days less to flowering in 2017 and 2018 than Cyto-179 and CIM-

602, respectively. The advent of the boll split stage was earlier in FH-142 by 15.8 & 20.6 days 
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and 3.5 & 4.5 days than Cyto-179 and CIM-602 respectively in 2017 and 2018. In contrast to 

the these results, the non-significant differences of cultivars for phenological events have 

already been confirmed by Barradas and López-Bellido (2009). While the results reported by 

Bakhsh et al. (2019) indicated significant variations in days to first square and flower formation 

in 23 genotypes with the difference of 10 days and 12.3 days.. Similarly, a flowering time 

difference of 7.5 days among thirteen (13) cultivars was observed in another study (Ahmad et 

al., 2008). The time to reach the boll split stage varied by 10.9% among six cultivars (Ban et 

al., 2015). The significant differences in the advent of phenological events in cultivars displayed 

that cultivars differed in growing degree days requirement. The phenological events including 

squaring, flowering, and boll split have been earlier in late sowing. The sowing in mid May 

reduced the time for squaring by 5.5 days than sowing in mid February (Shah et al., 2017).  The 

interannual variations among treatments might be the results of variations in climatic conditions 

between both the experimental years. The days to flowering was shortened by 2.7 days in 2017 

and 2.5 days in 2018 with delay in sowing. Similarly, Dong et al. (2006) also documented the 

reduction in days to flowering from 104 to 94 days from April 15 to May 05 in 2003 and 104.3 

to 93.0 days in 2004 with delay in sowing from April 18th to May 08th. The boll split has been 

earlier by 7.1 days as a result of 45 days delay from April 15th (Elayan et al., 2015). The number 

of growing degree days accumulation increased in late sowing, which accelerates the advent of 

phenological stages, resulting in a smaller number of days required in late sowing (Shah et al., 

2017). The crop required relatively more time for the appearance of squaring, flowering, and 

boll burst which might be the result of variations in climatic conditions. 

More days from the transformation of emergence to squaring in 2018 was mainly due to late 

squaring rather than emergence. The cultivars differed by 9.7 and 10.6 days for days required 

to flowering from emergence. The emergence to boll split was earlier in Cyto-179, CIM-602, 

and FH-142 by 7.0, 3.7, and 2.5 days in 2017 than 2018. The completion of emergence to boll 

split differed by 2.7 days in 2017 and 5.9 days in 2018 with shifting sowing dates. Shifting 

sowing from May 10th to June 24th significantly changed the duration of squaring to flowering 

in 2017. The crop sown through a range of sowing dates pushes these stages to various 

temperature which is main driver of phenology and changed the duration of various stages. The 

duration of squaring to boll split was differed by 4.2 and 9.2 days in 2017 and 2018 among 

sowing dates. The duration of flowering to boll split varied among cultivars by 6.0 and 9.5 days 
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in 2017 and 2018. While, it was differed by 2.5 days in 2017 and 7.6 days in 2018. Depending 

upon heat units accumulation, the days to emergence to squaring were shortened by 6 days from 

52 to 46 days, while the length of the square to flowering was extended by 03 days from 19 to 

22 days with the delay in sowing from July 6th to August 03rd (Hebbar et al., 2002).  In 

accordance with the these results, Dong et al. (2006) also reported that the duration of flowering 

to boll opening was increased by 1.5 days with the shift in planting from April 15th to May 05th 

in the first year and 2.8 days from April 08th to May 08th in the second year. The duration of 

emergence to squaring and first flower to boll opening was shortened by 19.0 and 15.5 days, 

respectively across sowing dates (Barradas and López-Bellido, 2009). The duration of various 

phenophases depends upon the prevailing temperature. The duration of emergence to squaring, 

squaring to flowering, and flowering to boll split was decreased by 1.94, 1.96, and 1.28 days 

per decade with a rise in temperature from 1981-2012 (Wang et al., 2017).  

Like other cotton producing regions of the world, the results of present study reveals that cotton 

production in south Punjab is vulnerable to climate change. The global warming, increasing 

concentration of CO2 and changing rainfall patterns are key factors of climate change having 

direct impact on the cotton production. The high temperature is already a constrains of cotton 

production in arid environment and further increase in temperature will result significant yield 

penality in these environment. Out of other negative consequences of elevated temperature, 

abcission of fruiting structure will be major factor of yield losses (Tariq et al., 2017). Decision 

support systems are being widely used in the world to examine the uncertainity of crop 

production under changing climate. The field data was used for calibration and evaluation of 

model for its further application for climate change impact assessment. The accuracy of model 

was tested with regards to phenology, growth, yield and biomass production and the results 

produced by the model was satisfactory as previously reported by Rahman et al. (2019). The 

error and root mean square error (RMSE) were in acceptable range. In this study, we analyze 

the impact of elevated temperature, CO2, precipitation and nitrogen levels on cotton yield in the 

future. Offcourse, rising CO2 may have yield promoting impacts on cotton, however, it 

contribute to global warming which will offset its positive effects. The model predicted the 

results highlighted that cotton responses to these variables were interesting. The rising 

temperature will reduce the yield drastically and accelerate the phenology and similar fidndings 

have already been described in the results of Ahmad et al. (2017) and Reddy et al. (2002).  
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The model provides insight into the importance of adjusting crop production practices to 

overcome the negative impacts of the climate change. It was reveaed from model results that 

simulated future yield will be far less than the baseline without proper adaptation strategies. The 

development of climate resilient cultivars and early sowing of cotton have been identified as 

potential adaptation strategies. The early planting over current sowing window has already been 

recommended as an adaptation strategy in the results of Rahman et al. (2018).  
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4.3.2   Sunflower 

The hybrid differences in plant height reveal the genetic variations in studied hybrids and similar 

results had been observed by Ali et al. (2004). The delay in sowing was accompanied by 

reduction in plant height. The growth season from emergence to maturity of the early sown crop 

(December 20th) was 95.1 days which was reduced to 79.0 days in February 03rd sowing (Table 

4.2.5.7.). Hence, higher plant height values in early sowing were due to the advantage of more 

growth period. Similar results were reported from Baghdadi et al. (2014) who observed a 

reduction in plant height in late sowing. The plant height differences were greater for sowing 

dates than that of hybrids irrespective of experimental year. The plant height variations due to 

hybrids were 13.6 cm in 2017-18 and 19.9 cm in 2018-19, while the respective variations due 

to sowing dates were 29.7 cm and 31.0 cm. The plant height differences among years were 

mainly because of various amount of precipitation and temperature variability.  

The disc diameter is important for a number of achenes and finally yield. The differences in 

disc diameter among hybrids and sowing dates were reported in the results of Demir (2019). He 

observed that head diameter varied from 15.8 to 18.8 cm among hybrids and reduced from 150.2 

to 126.5 cm with a delay in sowing from April to May 20th. The head diameter decreased in the 

late sowing. The February 03rd sowing faces the maximum temperature at grain formation but 

improved disc diameter might be the results of the improved population of pollinators. 

Reduction in disc diameter in late sowing might be the result of rising temperature trends in late 

sowing. The response to sowing dates for a number of achenes per head was further modified 

by the genetic constitution. The sowing dates affected the achene yield by determining the 

duration of phenological stages (especially anthesis to maturity). The hybrid varied by 59.8 and 

84.8 achenes per head in 2017-18 and 2018-19, respectively and respective variations due to 

sowing dates were 51.6 and 81.2 in 2017-18 and 2018-19. The differences in a number of 

achenes were due to hybrids and sowing dates are the results of variations in abortion of achenes. 

While studying the sowing dates and hybrids response for a number of achenes per head, 

Flagella et al. (2002) observed a variation of 61 achenes in two hybrids and a reduction up to 

81 achenes per head as a result of the delay of sowing from last week of March to the third week 

of April. The hybrid NK-Armoni produced the maximum 1000-achene weight in both the years 

and variations among hybrids for this trait is due to differences in seed setting ability of hybrids 

in a different environment. The delay of sowing dates caused a reduction in 1000-achene weight. 
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The lower values of reduced 1000-achene weight in late sowing were caused by an increase in 

temperature at grain formation (Hocking and Stapper, 2001). The 1000-achene weight 

differences of 2.0 and 3.23 g were observed in two hybrids and six cultivars, while these 

differences of 4.6 & 11.12 g out of two and five sowing dates were witnessed in the results of 

Flagella et al. (2002) and Demir (2019), respectively. The process of yield formation is very 

sensitive to ecological conditions and changing the sowing time alters the prevailing weather 

conditions during seed formation. The differences in achenes number and 1000-achenes weight 

resulted in the overall differences in achene yield across hybrids and sowing dates. The late 

sowing pushes the seed formation to high temperature which resulted in reduced head diameter, 

a smaller number of achenes, and reduced achene weight. The differences of 425 kg ha-1 among 

twelve hybrids (Sarwar et al., 2013), 0.1 t ha-1 among two hybrids (Flagella et al., 2002), and 

516 kg ha-1 in three hybrids (Ishfaq et al., 2009). The cultivars differences in yield even at the 

same sowing dates depicted their relative tolerance level to various abiotic stress. The early 

sown crop remained in the field for a longer duration and avails cooler weather at the flowering 

stage, while it was pushed to high temperature during late sowing and results in poor yield. 

Delaying the sowing from 4th week of March to 03rd week of April (Flagella et al., 2002), April 

20th to May 20th (Demir, 2019), and August 10th to August 30th (Ali et al., 2004) reduced the 

yield by 0.42 t ha-1, 1.01 t ha-1 and 110.0 kg ha-1, respectively. Although the yield was reduced 

with each delay in sowing, however, despite the high temperature at anthesis, the February 03rd 

produced more yield than January 19th. It happened because of the co-incidence of pollinator 

emergence with anthesis stage in the late sown crop. The improved pollination as a result of the 

enhanced population of pollinators in the field improved the seed setting process in late sown 

and thus compensated the yield losses resulted from high temperature stress. 

The oil concentration in the achene is key parameter for oil extracting industries and considered 

for a premium price. The achene is composed of pericarp and kernel, where oil contents are 

concentrated in the kernel. The differences among oil concentrations of various hybrids may be 

due to differences in the ratio of pericarp and kernel in achene. The variations in oil 

concentration of the same hybrid due to sowing dates were mainly because of the proportion of 

kernel and oil contents. The hybrids differed by the oil contents which are according to previous 

results of Flagella et al. (2002) where oil contents were differed by 1.3% and 6.6 g kg-1 (Özer 

et al., 2004). Environmental conditions have a very key role in the accumulation of oil contents 
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in the seed. The accumulation of oil is commenced from 7-10 days after flowering (Mantese et 

al., 2006). Although oil concentration is a genetically controlled traits but management practices 

also affected it. During flowering, every 1 0C rise in temperature resulted in a reduction in oil 

contents up to 1% (Triboï-Blondel et al. 2000). The sowing dates induced the variations in the 

environment at seed development. The temperature at the grain formation stage gradually 

increases with successive delays in sowing which results in a reduction of achenes oil contents. 

Reduction in duration of grain filling stage in late planting was also referred to as one of the 

important causes of reducing oil contents in late planting (De la Vega and Hall, 2002). The 

differences of 3.6% and 0.33% in oil contents against a range of sowing dates Flagella et al. 

(2002) and Lawal et al. (2011), respectively. The oil yield is the product of oil contents and 

achene yield. The higher oil yield of S-278 in 2017-18 was due to its high oil contents and 

achene yield. The differences in achene yield and oil contents against sowing dates contributed 

to variations in oil yield. The results of the this study indicated more influence of sowing dates 

on oil contents than those of hybrids. However, the Balalic et al. (2012) concluded that 

variations in oil contents are mainly from genetic (70%) and substantially affected by sowing 

dates (7%). However, oil yield was less influenced by hybrids (11%) and more by sowing dates 

(11%). The contradiction might be the results of the genetic makeup of hybrids and differences 

in environmental conditions imposed through sowing dates. The cool climate is conducive for 

oil accumulation; hence, the oil contents were gradually reduced with late sowing due to high 

temperature at flowering (Pritchard et al. 2000). Although temperature increase reduces the oil 

contents but despite facing high temperature, the increased oil yield in February 03rd over 

January 19th is mainly from higher achene yield. The oil contents and oil yield differed by 7.5% 

and 511 kg ha-1 among cultivars and 4.8% and 253 kg ha-1 across sowing date (Ozturk et al., 

2017). 

The crop growth rate depicts the speed of dry matter accumulation which is very important in 

production. The great variations among hybrids for crop growth rate might be the results of 

differences in crop developmental rates. Such variations with respect to hybrids were already 

communicated in the results reported by Ishfaq et al. (2009). The crop growth rate is measured 

from gains in total dry matter in a specific time. The higher crop growth rate in later sowing 

dates is due to the early completion of maturity. It happened because of the close association of 

temperature with crop development. The leaf area index is an important growth trait for its basic 
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role in photosynthesis. The differences in leaf area index with respect to hybrids revealed the 

differences in both the size and number of leaves. The differences in leaf area index across 

hybrids up to 1.5 had been reported in the results of Sarwar et al. (2013). The leaf area index 

was reduced by delaying sowing and findings has been observed in results reported by Piao et 

al. (2014).  

The total biomass differences in hybrids might be from specific interactions to the environment 

in terms of growth and overall crop duration. Despite the slow crop development in early 

sowing, it gained the highest biomass because it last in the field for a longer period. While late 

sown exhibited rapid development but even though it did not exceed the early sowing due to 

short growth season. The hybrid differences up to 315 g m-2 and sowing dates differences were 

48.4 g m-2 were observed (Fetri et al., 2013). The harvest index represents the proportion of 

economic yield to the biological yield. The non-significant differences among hybrids basically 

revealed that dry matter partitioning was not affected by hybrids.  

In contrast to the results of Hussain et al. (2012), the hybrids did not impart variations in 

emergence time. However, it looks to be controlled by sowing dates due to temperature 

variation. The differential hybrid response with respect to days to budding stage and emergence 

to the budding stage is the according to the results of Goyne and Hammer (1982). Furthermore, 

Hussain et al. (2012) recorded a difference of 5.7, 10.3, and 8.7 days for emergence, flowering, 

and maturity time among thirteen hybrids. The length of emergence to flowering, emergence to 

maturity, and flowering to maturity was also differed by 10.0, 8.0, and 2.0 days, respectively 

among hybrids. The advent of various phenological stages at different times indicated the 

variations in degree days requirement of hybrids. The differences in length of emergence to 

budding phase among hybrids were mainly due to variations in the advent of the budding stage, 

not due to emergence time. The changing of the sowing dates pushes the crop specific stage in 

a range of environments. Among the environmental variables, the temperature is the key factor 

to accelerate the advent of phenology. The flowering and maturity were attained earlier by 3.23 

and 6.1 days, while the length of flowering to maturity was reduced by 2.87 days with shifting 

sowing from July 01 to July 21st, respectively (Ulla et al., 2016). Earlier onset of various 

phenological stages in response to rising temperature was already described by (Tariq et al., 

2018). The reduction in anthesis and maturity date and duration of sowing to maturity by 1.7, 

1.0, and 1.3 days, respectively were observed in spring sunflower, with every 0C rise in 
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temperature. The reduction in days to flowering by 13 days with delay in sowing from June 07th 

to July 17th. While, the duration of flowering to maturity was decreased by 05 days with shifting 

sowing from May 07th to May 17th (Piao et al., 2014). Consequent, upon shortening the length 

of budding, anthesis, and maturity time, the crops season was shortened in late sowing. Hence, 

both the achene yield and biomass production were low in late sowing. The duration of anthesis 

to maturity is very important with respect to yield formation. The long duration of the grain 

filling stage, particularly noted with early sowing also results in better seed setting and improved 

yield. The sowing time reduces the whole growing season up to 08 days with a delay in sowing 

from November 10th to December 20th (Ahmed et al., 2015). 

The climate change is serious challenege for crop production and crop models are used for 

simulating crop yield according various ranges of climatic variables. The resuts of the present 

study showed model evaluation had been fairly good regarding field observed data on 

phenology, growth, achene yield and biomass production. The error and RMSE values obtained 

in the comparison of field observed and simulated data were satisfactory which revealed that 

model can be successfully applied for simulating sunflower yield in future climate change 

scenarios. The accurate application of this model about various agronomic management had 

been reported in various studies (Nasim et al., 2016; Awais et al., 2017; 2018). Among the 

climatic variables, impact of temperature, precipitation and CO2 concentration are highly 

important for simulating future yield. The climatic projections showed that sunflower will 

observe different weather conditions in future as compared to present situation. The rising 

temperature will accelerate the advent of the phenological events and ultimately growth 

shortened the overall crop  growth season as already reported by Tariq et al. (2018). The 

negative impacts of rising temperature was also presented in the results of Nasim et al. (2016) 

in which it was estimated that yield will be reduced by 25% in 2050 as a result of 2 °C rise in 

temperature. The results of model sensitivity analysis indicated than sunflower is highly 

vulnerable to changing climatic variables. Considering the future temperature and changes in 

precipitation will negatively impact the yield. The increased nitrogen rates will produce higher 

yield. Therefore, higher nitrogen application can be effective adaptation strategy in addition of 

cultivars selection and adjusting sowing dates. 

It is very clear that future yield will be far less than basline with current management. It 

highlighted that proper adaptaions strategies should be identified to reduce the negative impacts 
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of the climate change in future. One of the potential adaptation strategies, early sowing by 15-

20 days than current sowing time can be very supportive for achieving better yields in the future 

and similar finding was highlighted by Nasim et al. (2016) and Awais et al. (2018). The early 

sowing as an adaptation strategy may be for advancing the seed formation to cold environment.  
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CHAPTER -V 

5. SUMMARY 

The impact assessment of climate change is a basic step towards designing effective adaptation 

strategies. The proposed study was the model based assessment of regional climate change 

impacts on the cotton-sunflower cropping system. The experiments were performed in the arid 

environment to quantify growth, phenology, and productivity response of cotton-sunflower 

cropping system to sowing dates. The soil was silt loam, well drained, calcareous, alkaline, and 

belongs to the Miani series. The experiments on cotton were continued for two years from 2017 

to 2018 and sunflower was conducted during 2017-18 and 2018-19. In the first experiment, the 

cotton genotypes (Cyto-179, CIM-602, and FH-142) were sown on May 10th, May 25th, June 

09th, and June 24th. In the second experiment, the sunflower hybrids (Hysun-33, S-278, and NK-

Armoni) were sown on December 20th, January 04th, January 19th, and February 3rd. The 

treatments were arranged in Randomized Complete Block Design (RCBD) in split plot 

arrangement having four replications. The cotton genotypes and sunflower hybrids were 

allocated in main plots and sowing dates were kept in sub-plot. The standard procedure was 

followed to record required observations. The raw data on various recorded observations were 

subjected to statistical analysis using Fisher’s analysis of variance technique and significance 

of means comparison was assessed through the least significance test at 5% probability level.  

The experimental data were used for calibration and validation of the Decision Support System 

for Agrotechnology Transfer (DSSATv4.7) to simulate growth besides productivity response of 

cotton besides sunflower. The model simulations were performed under optimum growth 

conditions, current climate, and climate change scenarios. Model accuracy was assessed by 

comparing the observed and simulated values by using various approaches. Climate change 

scenarios developed by Pakistan Metrological Department (PMD) employing climate models 

for the five General Circulation Models (GCMs) were based on historical baseline daily climate 

data, with each day’s weather variables perturbed employing changes in climate model outputs 

for future time periods versus those same model outputs for the one main period; “mid-century” 

2040-2069 to baseline climate period (1980-2019) using RCP 8.5 was selected for integrated 

impact assessment. 
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5.1 Cotton experiments 

The results pertaining to the impact of sowing dates on development and productivity attributes 

of cotton genotypes indicated that plant height, nodes, and height to node ratio did not differ 

among genotypes during both the years. The genotype CIM-602 produced a higher number of 

bolls but it was accompanied by the lowest boll weight and hence produced low seed cotton 

yield. The Cyto-179 produced the highest seed cotton productivity, lint productivity, cotton seed 

yield, ginning out turn, dry matter yield, harvest index, crop growth rate and maximum LAI 

during 2017 and 2018. The cultivar CIM-602 produced the minimum values for these 

parameters. The maximum seed oil contents, fibre length, and fibre strength were achieved from 

CIM-602. While the lowest fibre length and strength were recorded from FH-142. The seeds 

harvested from Cyto-179 were recognized with the lowest oil contents during 2017 and 2018. 

The Cyto-179 took the maximum time for squaring, flowering, and maturity during 2017 and 

2018. The appearance of the aforementioned phenological events was earlier in FH-142 

irrespective of experimental years. It completed emergence to squaring, emergence to flowering 

and emergence to boll split stage in minimum duration.  

The crop sown on May 10th produced the highest plant height, nodes, height to node ratio, bolls, 

seed cotton productivity, lint yield, cotton seed yield, ginning out turn, seed index, dry matter 

yield, and harvest index. The was a decreasing trend for these aforementioned observations in 

response to late sowing. The oil yield was reduced with delay in sowing, while, oil contents was 

maximum were the maximum in June 24th sowing during both years. No clear trend response 

of lint quality to sowing dates was recorded during both years. The days to attain squaring was 

shortened with a delay in sowing from May 10th to June 24th. While, the flowering time was 

shortened with delay in sowing from May 25th in 2017 and May 10th in 2018. The duration of 

emergence to squaring was reduced with delay in sowing from May 10th, whereas, duration of 

emergence to flowering was shortened in response to sowing from May 25th in 2017 and May 

10th in 2018. The length of squaring to flowering and flowering to boll split did not display a 

clear response towards sowing dates. 

5.2   Model application for cotton 

DSSAT-CSM-CROPGRO-Cotton model was calibrated with best performing treatment (10th 

May 2017). The model performance was evaluated with respect to anthesis time, maturity time, 

maximum leaf area index, maturity yield, and total biomass. The model performance was 
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satisfactory in which simulated values were close to observed values. Following the calibration, 

the CSM-CROPGRO-Cotton model was run with baseline weather data (1980-2019). Model 

sensitivity analysis was carried out for CO2, temperature, precipitation and nitrogen (CTWN). 

The model showed a low impact of rising CO2 concentration on seed cotton yield. The rising 

temperature and decreasing precipitation trends will reduce the seed cotton yield in future. 

Furthermore, the yield will improve with increasing nitrogen level. The earlier planting about 

15-20 days in comparison with the current sowing window would compensate for the negative 

impact of climate change. 

5.3   Sunflower experiments 

The results revealed that Hysun-33 was the taller hybrid during 2017-18 and 2018-19, while, 

maximum achenes number was recorded in S-278. The NK-Armoni produced heavy achene 

weight with an average value of 48.0 g in 2017-18 and 57.8 g in 2018-19. The achene yield 

recorded from S-278 was the highest in 2017-18 and NK-Armoni produced the maximum yield 

during 2018-19. The achenes of S-278 were rich in oil contents with the average value of 40.7% 

and 41.3%. It produced the highest oil yield in 2017-18 and NK-Armoni produced the maximum 

oil yield during 2018-19. The Hysun-33 was at top ranking for CGR and maximum leaf area 

index during both years. The hybrid Hysun-33 had the maximum dry matter yield in 2017-18 

and 2018-19. The NK-Armoni resulted in maximum harvest index over the rest of the hybrids 

in both years. The Hysun-33 was the late hybrid and NK-Armoni was regarded as early maturing 

hybrid. Similarly, it also required maximum duration for emergence to budding, emergence to 

anthesis, emergence to maturity, budding to anthesis, budding to maturity, and anthesis to 

maturity. 

The delay in sowing from December 20th to February 03rd was accompanied by reduction in 

plant height. The 1000-achene weight was reduced from December 20th to January 19th during 

both the years. The highest achene yield was recorded in December 20th and January 04th, 

respectively during 2017-18, and lowest achene yield were obtained from January 19th during 

both years. The oil contents started decreasing from January 04th to February 03rd. The same 

trend for oil yield was observed in 2017-18, while February 03rd produced higher oil yield than 

January 19th in 2018-19. The leaf area index reduced and the crop growth rate improved in late 

sowing. The dry matter yield was the highest in January 04th during 2017-18 and 2018-19. The 

hybrid Hysun-33 produced maximum dry matter yield in January 04th, while S-278 and NK-
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Armoni had maximum dry matter yield at December 20th. The lowest harvest index was 

obtained from January 19th, while February 03rd and December 20th had the highest harvest 

index in 2017-18 and 2018-19, respectively. The emergence, budding, anthesis, and maturity 

occurred earlier with late sowing. Furthermore, the duration between various phenological 

stages was lessened with late sowing. 

5.4 Model application for sunflower 

CSM-CROPGRO-Sunflower model was calibrated with the results of January 04th, 2017-18 for 

Hysun-33 and 20-December, 2017-18 for S-278 and NK-Armoni. The model performance for 

anthesis and maturity date, maximum leaf area index, achene yield, and biomass production 

were well. The simulated values were very close to the observed data. The model was evaluated 

for the rest of the sowing dates for both years. The model was run with baseline weather data 

from 1980-2019. The model sensitivity analysis indicated that the model was less sensitive to 

CO2 in comparison with rainfall, temperature, and nitrogen rates. The rising CO2, increasing 

rainfall, decreasing ambient temperature and increasing nitrogen rates will result in improved 

achene yield. The 15-20 days earlier planting than the current planting window would decrease 

the negative impact of climate change on the sunflower.  

5.5 Conclusion 

The cultivar Cyto-179 exceeded the CIM-602 and FH-142 with regard to seed cotton 

productivity. Seed cotton productivity was lost by 881.5 and 910.6 kg ha-1 due to delay in 

sowing from May 10th to June 24th in 2017 and 2018, respectively. Despite, higher oil contents 

in cotton seed in late sowing, it did not produce higher oil yield on account of low cotton seed 

yield. The cultivar FH-142 was recognized as early maturing cultivars based on days to 

squaring, flowering, and maturity. The phenological stages got advanced in late sowing in 

comparison with an early sowing. 

The hybrid Hysun-33 gave the maximum achene and dry matter yield in January 04th sowing, 

while both S-278 and NK-Armoni produced the maximum values from December 20th sowing. 

The appearance of buds, flowers, and maturity symptoms was earlier in NK-Armoni, followed 

by S-278 and Hysun-33 during both years. The advancement of these phenological events was 

also witnessed due to delay in sowing. The time to reach budding, flowering, and anthesis from 

emergence was reduced as a result of late sowing. The seed harvested from S-278 were rich in 

oil contents followed by NK-Armoni and S-278.  
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Keeping in view the greater sensitivity of cotton yield to sowing dates, it is recommended that 

sunflower sowing must be brought earlier to end December to make the land fallow for cotton 

cultivation. In this regard, the use of short duration sunflower hybrids may be preferred for 

cotton-sunflower cropping system. It was projected that both the crops will have to face 

different environmental conditions during growth seasons. The models indicated that future 

climate change would reduce the yield of both the crops without modification in crop 

management practices. The impact of temperature, rainfall and nitrogen was more visible on 

yield. The earlier planting (15-20 days) of both the crops over current sowing time would 

compensate the negative impact of the climate change on cotton-sunflower cropping system. It 

is suggested that future studies especially with regards to climate change should be planned at 

cropping system rather to focus on individual crops. The results of the study are valuable for 

the cotton and sunflower growers of South Punjab for sustaining yield of both crops through 

knowledge of future climatic changes and application of adaptation package. 
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