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ABSTRACT 

The multifarious interactions among the climate change, human and animal health, 

and vulnerability of agriculture needs to be explored. In order to validate the 

hypothesis that climatic variables and CO2 elevation are affecting the nutritional 

quality of cottonseed (Gossypoium Hirsutum L.), the current study investigated the 

nutritional, mineral, fatty acid, tocopherol and gossypol contents of cottonseed from 

cotton fields, green houses, and open top chambers. In the first phase about eleven 

cotton varieties, both genetically modified (Bt) and indigenous, were collected from 

the cotton fields of Faisalabad, Sahiwal, Sargodha, Jhang, Raiwand, Rahim Yar Khan, 

Multan and Vihari. In the second phase about 16 varieties (8 Bt and 8 indigenous) 

were grown at ambient (400 μmol mol
-1

) and elevated (800 μmol mol
-1

) 

concentrations of CO2 in the greenhouses. Upon maturity cotton bolls were picked 

and the ginned seeds were analyzed for a variety of physico-chemical and nutritional 

parameters. In the third phase three cotton varieties namely FH-142, FH-942, and 

MNH-886 were grown in 3 factor factorial Complete Randomized Block Design in 

two consecutive open top chambers. The cultivars were exposed to drought, double 

dose nitrogen fertilization and ambient (400 μmol mol
-1

) and elevated (800 μmol  

mol
-1

) CO2 concentrations. The procured seeds from the three phases were analyzed 

for proximate, minerals, amino acids, physcio-chemical attributes of oils, fatty acid 

composition, tocopherol content, and (+) -, (-) -, gossypol in the seed meals and crude 

oils. Previously known standard procedures and some altered procedures were utilized 

for the chemical analyses. Samples were analyzed in triplicates (except fatty acids and 

tocopherols which were analyzed in duplicates in the 88 seed samples from eight 

districts). Mean, standard deviation, analysis of variance (ANOVA), student “t”, co-

efficient of correlation and regression models were developed using SPSS 20. Results 

were stated as significant (p<0.05), non-significant (ns) at p>0.1 and trend response at 

0.05<p<0.1.  

Variations among the genotype in the mean proximate composition showed 

nutritional composition of cotton cultivars fell well within the standards for 

cottonseed but with significant intra genotypic variations. Genotypes NS-161 (23.4 

g/100g), NIAB-112 (24.49 g/100g), VH-300 (24.45 g/100g) and RH-627 (22.87 

g/100g) contained lower percent protein. Percent oil contents were higher in VH-300 



 xv 

(21.19 g/100g), BH-176 (19.48 g/100g), NS-161 (19.61 g/100g) and RH-627 (17.32 

g/100g), while it was low in FH-142 (17.62 g/100g) and MNH-886 (17.32 g/100g). 

Crude fiber remained consistent across the cultivar with the exception of NIAB112 

which contained higher percent fiber. The mean ash content was significantly variant, 

MNH-886, AA-904, NS-161, BH-176, RH-627 contained highest percent ash. The 

impact of environmental variation was highly significant. Protein content was higher 

in the genotypes from Sahiwal (23.71 g/100g), Sargodha (23.34 g/100g), Faisalabad 

(23.16 g/100g) and Jhang (24.30 g/100g). Protein content of Rahim Yar Khan was the 

lowest (21.84 g/100g). Percent oil yield was higher in the cottonseeds of Rahim Yar 

Khan (19.29%), Faisalabad (18.038 g/100g), and Multan (18.025%). Percent fiber 

was highest in the seeds of Jhang (26.84 g/100g), Faisalabad (26.64 g/100g), and 

Vihari (26.27 g/100g). The correlation co-efficient was positively significant for oil 

yield, and inverse for protein. The regression model indicated temperature being a 

strong predictor of proximate composition.  

Genotype variations among the fatty acids of the eleven cultivars from eight agro 

environments showed myristic acid to be the most consistent fatty acids. Palmitic and 

stearic acids were significantly different. Among the genotypes oleic acid was higher 

in RH-627 (17.443%), BH-176 (18.124%) and NIAB-112 (18.146%), contained 

higher concentrations. The concentrations of g-linolenic acid was higher in BH-176 

(5.289%) FH-142 (5.027%), and IRNIBGE-4 (5.303%). Linoleic acid was higher in 

MNH-886 (0.428%), NIAB-112 (0.392%) and BH-176 (0.381%). District wise 

variation showed that myristic acid was lowest in the cultivar of Faisalabad and 

highest in Jhang’s. Stearic acid was higher in the seeds of Rahim Yar Khan (3.183%), 

Faisalabad (2.865%) and Sahiwal (3.434%). Among the climatic variables 

temperature and rainfall were strong predictors of fatty acids composition. Intra-

varietal differences in tocopherol showed NIAB-112 (253.82 mg kg
-1

), FH-942 

(226.053 mg kg
-1

), and FH-142 (223.65 mg kg
-1

) contained higher α-tocopherol. The 

genotype IRIBGE-4, FH-904, and BH-176 contained higher beta + gama tocopherols 

respectively (312.1,
 
302.38, and

 
300.09 mg kg

-1
). Mean delta-tocopherol was highest 

in BH-176 (2.05 mg kg
-1

). The cultivars from Rahim Yar Khan contained higher α-

tocopherol (288.27 mg kg
-1

) while the cultivars of Multan contained higher β+γ-

tocoperols δ-tocopherol was higher in the seeds of Sargodha (1.790 mg kg
-1

). 
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Genotype variations in the gossypol content (mg kg
-1

) were highly significant. The 

variety FH-942 contained higher (+)-, gossypol (2.335 mg kg
-1

) while (-)-, gossypol 

was higher in MNH-886 (1.792 mg kg
-1

) total gossypol was highest in VH-303 (9.189 

mg kg
-1

). The cocnetration of (+)-, gossypol was highest in the seeds of Rahim Yar 

Khan (2.598 mg kg
-1

), while the concentration (-)-, gossypol was higher in the seeds 

of Jhang (1.8355 mg kg
-1

). Temperature was positively correlated with (-)-, gossypol. 

The effect of elevated CO2 showed increase in the mean crop yield by 25.5%. The 

mean effects on the proximate composition showed a decline of 11.09% in protein 

while mean percent oil was increased by 13.32%. Mean ash content declined by 

13.37% in the whole seed. 

The effect of CO2 elevation was more deleterious on iron (mg kg
-1

), which declined 

by 16.66% percent in all the genotypes. Decline in calcium and zinc contents were 

68.75% and 26.99% respectively. Manganese was also significantly affected. The 

uptake of Cd increased at elevated CO2 concentrations. 

The effects of elevated carbon dioxide on mean amino acids indicated 10.25% decline 

in threonine, 11.6% in serine, 13.6% in glutamine, 12.6% in alanine, 10% in tyrosine, 

and 7.14% in glycine. Valine increased by 12.23% while arginine increased by 16.0% 

Physiochemical properties of the oil were least affected except for iodine value. 

Variable responses of cotton cultivars in the fatty acids composition were observed. 

The overall effect of CO2 elevation was a 7.21% decline in stearic acid, 10.10% in 

oleic acid, and 34.66% in behenic acid while g-linolenic acid increased by 20.24%. 

The mean percent increase in arachidic acid and tricosanoic acid was 15.04% and 

22.22% respectively. Elevation of CO2 on the tocopherol content showed significant 

increase in alpha-, and beta + gama- tocopherols (17.68% and 11.71%) with greater 

intra-genotype variation in responses. 

The effect of elevated CO2 on the gossypol content (mg kg
-1

) was quite variable. An 

increase of 125.60% to 9.865% occurred in the (+)-, gossypol while (–)-, gossypol 

increased by 120.80% to 24.03%. Decline in the gossypol also occurred in some 

varieties. Total gossypol increased by 90.58% to 1.593%. These increases are 

beneficial in the context of plant protection but lethal to animal and human health. 
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In the open top chambers, elevated CO2 caused significant mean increase in total yield 

under CO2 elevated alone (70.74%), double dose nitrogen and elevated CO2 (51.91%) 

and under drought, double dose nitrogen and CO2 elevated (30.67%). Under the 

elevated CO2 percent protein declined by 8.97% in the whole seed, while this decline 

was 9.88% under drought and elevated CO2 and 10.36% under double dose nitrogen, 

drought and elevated CO2. Similar trends were also observed in the crude fiber and 

percent ash. The oil contents increased by 9.67% under CO2 elevation, 10.63% under 

drought and elevated CO2 and 10.86% under drought + double dose nitrogen and 

elevated CO2. The effects of CO2 elevation on the amino acid content was variable 

among the three genotypes. Aspartic acid and glutamine generally increased under the 

CO2 elevation. While amino acid, concentrations declined for rest of the amino acids 

and in all the three varieties. Under the double dose nitrogen intra amino acid shifts 

were observed with increase in aspartic acid, threonine, serine, glutamine and decline 

in valine, methionine, isoleucine, tyrosine and histidine. Under drought, double dose 

nitrogen and elevated CO2 all the amino acids declined. 

Physic-chemical characteristics of the seed oils were least affected by the abiotic 

stresses in the open top chamber except for non- significant variations in the iodine 

value and free fatty acids which corresponded to the subsequent effects of elevated 

CO2 on the degree of unsaturation and percent oleic acid in the oils. Under the 

elevated CO2, the proportion of short to medium chain fatty acids increased. Palmitic 

acid and stearic increased while oleic acid and linolenic decreased. Double dose 

nitrogen fertilization and elevated CO2 caused increase in the mean myristic acid 

(14.19%), under drought (5.92%), double nitrogen fertilization (30.57%). Double 

dose nitrogen and elevated CO2 cause a decline in the myristic acid while it increased 

under double dose nitrogen + drought + elevated CO2. Stearic acid declined by 14.5%, 

and 12.94% under elevated CO2 and under drought respectively. Linolenic acid 

declined under elevated CO2 (22.78%) drought (40.44%) nitrogen fertilization 

(10.52%) and nitrogen fertilization and elevated CO2 (35.73%). 

The cumulative effect on the mean tocopherol content an increase in α-tocopherol 

under elevated CO2 (15.06%), decline under drought (6.37%), increase under double 

dose nitrogen (8.35%) and increase under nitrogen and elevated CO2 (23.30%). 

Similar trends were also observed in the beta + gama- tocopherol while delta-

tocopherol was not detected in most of the oil samples. Enhanced CO2 caused 
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reduction in the (+) - gossypol (15.95%) and an increase in the (-)-gossypol (77.45%) 

and total gossypol (17.84%). Under drought the concentrations of (-)- gossypol 

increased (63.18%). Drought and elevated CO2 caused a decline in (+)- gossypol (-

14.87%), and an increase in (-)- gossypol (79.82%) and total gossypol (19.02%). 

Under the double dose nitrogen (+) gossypol declined (-10.51%) and (-) gossypol and 

total gossypol increased (44.04% and 17.82%). Double nitrogen under elevated CO2 

resulted in similar alterations. However under multiple stresses these effects were not 

significant. 

The study reveals that nutritional composition of the cotton genotypes across the 

cotton growing belt of Punjab, Pakistan, is quite variable indicating genotypic and 

environmental influences. Under the elevated CO2 alone and along with other abiotic 

stresses cotton cultivars responded variably. It can be expected that under the changed 

climatic conditions, chemical and nutritional composition of the cotton seeds will be 

greatly altered. 
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Chapter – 1 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Climate Change  

Climate change has become a reality that the world needs to accept.   

“The warming of the climate system is unequivocal” [1]. 

This change in the global climate is the result of both natural and anthropogenic 

activities. As defined by intergovernmental panel on climate change, climate change 

is any change in the average statistical distribution of weather conditions over period 

of time that may range from decades to millions of years [1]. This change may be 

limited to a specific region or may occur across the globe. Climate is changing at its 

own pace naturally, 4 – 5 billion years ago, since the beginning of the evolution of 

earth. This change has recently gained momentum due to the unintended 

anthropogenic derangements. These disturbances may affect both human health and 

the atmosphere on which life depends. The multi-faceted interactions among the 

humans, microbes and other ecosystems are reflected in the increase of greenhouse 

gases (CO2, CH4, N2O), warming across the globe along with the changes in 

frequency and intensity of the extreme weathers and cryosphere [2]. 

1.1.1 Atmospheric Increase of CO2                 

Carbon dioxide is an important greenhouse gas and its atmospheric increase has 

occurred since industrial revolution. Industrial revolution brought about the 

withdrawal of long stored money from the huge bank vaults to circulate in the global 

“carbon economy”. A variety of greenhouse gases affect climate but the greatest 

concern is the production of carbon dioxide. Not only is it being produced in greater 

quantity but due to the fact that a carbon dioxide molecule once formed remain stable 

in the atmosphere for one hundred year is building up its atmospheric concentration 

[3]. From the pre-industrial 280 ppm its concentration has increased to 390 ppm in 

2005 to the 400 mol mol
–1

 in 2015 [4]. The growth rate of CO2 has been reduced 

1ppm per year in 1960’s but after 2000 it has reached to 2ppm yr
-1

. According to 

IPPC, the current rate of increase is about 1.9 mol mol
–1

 per year and by the end of 

this century may reach to 500 – 1000 mol mol
–1

[5]. This accelerated growth of CO2 

might be attributed to the decreasing ability of ocean and terrestrial biosphere to take 

up more CO2 [6]. 
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Figure 1.1: Historical trends in CO2 concentrations  

It is proposed that in case of continuous increase of CO2 at its current rate, it can be 

expected that by the year 2050, its concentration value will be 560 ppm i.e. twice the 

pre-industrial value. However this ranges to 490 – 1260 ppm yr
–1

 which will be 75 – 

350% above the pre-industrial levels [1]. 

 
Figure 1.2: CO2 Atmospheric levels in 2016  
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Along with carbon dioxide, the global atmospheric concentration of methane (CH4) 

has increased from a pre-industrial value of about 715 ppb and reached to 1774 ppb in 

2005. The global atmospheric concentration of nitrous oxide (N2O) increased its pre-

industrial value of about 270 ppb to 319 pbb in 2005. The concentrations of 

chlorofluorocarbon (CFCs) and hydro chlorofluorocarbons (HCFCs) declined after 

the Montreal protocol ban though their concentrations raised steadily after 1828. The 

concentrations of the substitutes for CFCs, hydro fluorocarbon (HCFCs), per 

fluorocarbons (PFCs) and sulfur hexafluoride (SF6) have increased from a zero pre-

industrial background concentrated due to the anthropogenic activities [1]. 

1.1.2 Sources and Sinks of Atmospheric CO2 

The increase in the atmospheric carbon dioxide concentration at any time is 

determined by the balance between its sources and sinks .Sinks refers to the processes 

that remove carbon dioxide from the atmosphere. Sources of carbon dioxide are both 

natural and anthropogenic [1]. 

1.1.3 Natural Sources and Sinks  

The two major sources from the nature are plants and animal respirations, and oceans. 

However these natural sources of carbon dioxide do not contribute CO2 addition as it 

is being removed by the natural sinks. This mechanism is called carbon cycle. Carbon 

dioxide from plants’ and animals’ respiration is removed by plants’ photosynthesis 

through storage of this carbon in the form of carbohydrates in plant’s carbon biomass. 

The ocean – atmosphere exchange where CO2 released at the sea level is absorbed 

back in to the ocean. Sometimes this absorption by the natural sunk is more than its 

release resulting in decreased atmospheric carbon dioxide concentration by the 

process called sequestration. Volcanic eruption release carbon from deep rocks in the 

earth’s crust but it is not of major concern as the amount of CO2 released is quite 

small[1]. 

1.1.4 Anthropogenic Sources and Sinks  

Anthropogenic activities are the greater sources of CO2 than the natural sources. 

Burning of fossil fuels like coal, natural gas and petroleum adds highest amount of 

carbon dioxide to the atmosphere. These fossil fuel combustion accounts for 75% of 

the human caused carbon dioxide. Almost all the carbon stored in fuel is entitled in 

the form of carbon dioxide. Coal, natural gas and oil are used for generation of 
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electricity and power plants both at domestic and ndustrial levels. Industries and 

transportation consume huge amounts of energy and release greater amount of CO2 in 

to the atmosphere. Deforestation which is the permanent removal of forests, have 

added to increased CO2 concentration due to the facts that firstly plants are involved 

in carbon sequestration and secondly quick burning or slow decomposition of trees. 

Fossil fuel combustion accounts for about 75% of human causesd CO2 emissions [1]. 

According to Le et al, between 2000 and 2008 an increase of about 20% accounted 

only for emission from fossil fuels. Out of the total annual CO2 emission, 43% 

remained in the atmosphere, while the rest were absorbed by land or oceanic carbon 

sinks between 1959 and 2008. However, the decrease in the CO2 uptake efficiency of 

the sinks has occurred due to changes in the climate [6].  

1.2 Effects of Elevated CO2 on Environment  

Increase in the atmospheric carbon dioxide will cause a number of environmental 

changes. Together with other greenhouse gases it leads to an increased earth’s 

temperature, diminishing trends in the cryosphere, and changes in other ecosystems 

and agriculture. 

1.2.1 Effect on Temperature  

Global mean temperature is continuously raising mainly due to the increased 

concentration of greenhouse gases. Termed as global warming, the extent and exact 

range of temperature increase, though is difficult to calculate, is being estimated to 

have increased by 0.76
o
C + 0.19

o
C in the past 100 years. It has been estimated that 

during the 21
st
 century global mean temperature will further rise to 1.1

o
C – 6.4

o
C. For 

each doubling of carbon dioxide global temperature increase of 2 – 4.5
o
C with central 

official projection of 3.26
o
C is claimed [1]. According to IPCC ,2007, global climate 

change models surface air temperature is estimated to warm 1.1 – 2.9
o
C “low 

scenario” or 2.4 – 6.4
o
C “high scenario” by the end of the 21

st
 century relative to 1990 

[1]. 

1.2.2 Effect on Cryosphere 

Any change in the earth atmosphere has a direct effect on the cryosphere. The 

cryosphere consists of snow, rivers ice, lake ice, sea ice, ice caps, ice shelves, ice 

sheets and frozen grounds. In the past different variations have occurred to the water 

bodies; however, the present changes are being correlated to the rise in the surface air 
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temperature. It is observed that snow covers has decreased in many regions with an 

annual 5% drop in the spring and summer season. The arctic sea ice has also 

decreased with an annual mean decline of 2.7 + 0.6% per decade since 1987 – 1997. 

Glaciers and ice caps have also decreased and the observed mean loss is 0.77 + 0.22 

mm yr
–1

 Sea Level Equaling (SLE). Ice sheets in the Greenland and Antarctica have 

also decreased as a result of melting and corresponding increased flow speed, while 

the seasonal frozen grounds have been reduced by 15% during 1901 – 2002[1]. 

1.2.3 Effect on Sea Level, Perceptions, Drought and Extreme Events 

Global mean sea levels have risen. As a result of global rise in temperature, the rise in 

the sea level has estimated to be 1.7 + 0.5 mm yr
–1

 with a rate of 1.8 + 0.5 mm yr
–1

 

during 1961 – 2003. This rise in the sea level, however, is not uniform with a several 

time higher than the mean rise in some regions and decline in the level in others. This 

rise in the sea level is attributed to the thermal expansions in oceans. As observed the 

rise from thermal expansion is 1.6 + 0.00 mm yr
–1

 while from other sources it is 

reported to be 2.8 + 0.7 mm yr
–1

. Changes in the precipitation patterns have also been 

observed. Precipitation levels has increased in the northern areas between 1900 and 

2005 and declined in the tropics since 1970. The net impact is increased wet in North 

and South America, Northern Europe and Northern and Central Asia and increased 

drying of areas like Sahel, the Mediterranean, Southern Africa and parts of Southern 

Asia. Resultantly at lower latitudes the amount of heavy precipitation has increased 

although total amount of water vapour has increased in the atmosphere. After 1970’s 

drought has become a common feature in the tropics and subtropics and visible 

changes are being observed in the mean global monsoon. An increase in the 

frequency, intensity and weather related extremes such as heat waves, droughts, flood 

and hurricanes have also been observed. In the past 50 years an increase in the 

occurrence of hot days and warm nights and decrease in the occurrence of cold days 

and cold nights are being observed [1]. 

1.3 Effect of Elevated CO2 on Agriculture  

Agriculture is most vulnerable to climate change. Vulnerability refers to the 

susceptibility or inability of coping of a system to the detrimental effects of climate 

change, including climatic variability and extremes. It is the system’s sensitivity and 

adaptive capacity to the characters, magnitude and rate of climate change [2]. The 
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release of carbon dioxide into the atmosphere and its subsequent effects on agriculture 

and food quality is a global challenge. Agriculture is sustaining all kinds of life on 

earth and with the increase in population the demand for increased food production 

has also been raised. In order to meet the demand of estimated 8.7 – 11.3 billion 

population by the year 2050 crop productivity needs to be increased by 50% to meet 

the global food demand [8-10]. Keeping in view the changed climatic scenario it is 

difficult to predict how far the global food production will meet the demand and 

agricultural production will be affected by the changed climate in addition that the 

current crops are already growing in a much changed climate than the pre-industrial 

age [11]. It is also inappropriate to assume that plants will balance their nutritional 

quality by adjustments in their physiology. Plants’ nutritional quality and composition 

are flexible and to a considerable degree reflect their environment [12]. The future 

ecosystem’s function and the yield of agricultural crops can be affected by elevated 

carbon dioxide [13]. Increased CO2 exert direct effects on plant’s physical structures 

and carbon nitrogen balance of crop species [14] and in turn alter their growth and  

tolerance to drought stress [15, 16], and their susceptibility to pests and herbivores 

[17]. Crop responses to climate change are usually more pronounced from the local 

climatic variability than the global climate. It is, therefore, expected that crops 

responses to climate change may be different in regions and plant species [1]. 

The physiological and biochemical responses of plants to elevated CO2 has been 

called as “CO2 fertilization effect” and have been studied in plants with different 

photosynthetic pathway [18]. Based on their responses to CO2 photosynthetic 

pathways plants have been divided into two major divisions; C3 and C4. As reported 

by many studies the impact of carbon dioxide elevation is greater for C3 plants than 

C4 and CAM plants [19]. The three major functions of plants that can be affected by 

elevated carbon dioxide are photosynthesis, transpiration, biomass production and 

yields in crops and plants [20]. 

1.3.1 Effect on Photosynthesis  

The photosynthetic organs of the plants along with some reproductive organs remain 

under the direct influence of atmosphere. The guard cells of the stomata can directly 

sense any change in the atmospheric CO2 through stomatal conductance [21]. Rubisco 

(ribulose 1, 5 – biphosphate carboxylase oxygenase) is an enzyme present in C3 

plants. The C3 plants have derived their name from the mechanism involved in the 
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Calvin cycle of photosynthesis. Under this process one molecule of carbon dioxide 

combines with one molecule of ribulose – 1, 5 – biphosphate giving rise to two 

molecules of 3 – phosphoglycerate, a three carbon compound, thus give the name C3 

to these plants. The C4 plants owe their name to the mechanism in which C2(HCO3) 

combines with phosphoenol pyruvate (a three carbon compound) and give 

oxaloacetate – a four carbon compound. A series of enzymes are involved in this 

catalytic process in C4 plants. Rubisco is also involved in the loss of some carbon 

dioxide fixed by the Calvin cycle [22]. Since carbon dioxide is the major component 

of photosynthesis, C3 plants will benefit from the doubling of the atmospheric CO2 

owing to their increased CO2:O2 ratio the Rubisco will fix more C2 [23], however the 

mechanism of such CO2 signaling is not well understood [24]. Theoretical analysis 

has suggested that photosynthesis might increase by 38% when atmospheric carbon 

dioxide increases [25]. In practice, this increase is not this much high. Generally, 

photosynthesis for C3 plants increases by 34% and for C4 plants by 10 when exposed 

to elevated CO2 concentration [26]. 

1.3.2 Effect on Growth, Biomass and Yield  

Carbon dioxide enhancement can affect plant structure, transiently enhances the 

relative growth rate (RGR) of plants, and increases biomass and yield [27-29]. It can 

alter the timings of developmental stages of plants [30], and due to accelerated growth 

induces earlier leaf senescence [31]. Plants exposed to elevated CO2 are reported to 

have increased leaf area, leaf area index, leaf area duration and leaf thickness which 

cause accumulation of non – structural carbohydrates [28, 30, 32]. Under elevated 

CO2 plants tend to produce more number of mesophyll cells and chloroplasts, longer 

stems, extended larger roots with altered branching patterns [19, 33]. Due to the 

higher carbon gain in root length, diameter and numbers of roots increases along that 

lateral root production is stimulated [34, 27]. Stulen and Hertog reported a shift in 

biomass allocation from leaves to roots [35].  

In terms of yield and biomass crops’ responses are quite different among different 

varieties of the same crop. An increase of 31% in plant biomass, 25% in seed mass, 

19% in the number of flowers and 18% increase in the number of fruits have been 

reported by Jablonski in 79 different crops [36]. Though their results have shown a 

consistent increase in seed yield; seed nitrogen concentration is consistently found to 

be lower. Ziska has shown increased grain yield but decreased grain and flower 
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protein in various wheat cultivars [37]. An increases of 42% in the number of seeds in 

rice, 29% in soybean, 15% wheat and 5% maize are also observed [38]. They also 

estimated a 30% increase in grain yield of one variety and 15% in another variety of 

rice. An increase of 40% in potato tubers and 50% biomass increase in sugarcane are 

also reported by Miglietta and Dsouza [39, 40]. 

1.3.3 Effect on Respiration and Transpiration  

Under elevated CO2 the rate of respiration is increased in some species but decreased 

in others [41]. Opposite to some previous studies, elevated CO2 has been reported to 

reduce in mitochondrial respiration. The doubling of CO2 has been reported to reduce 

the rate of respiration by 15 – 18% per unit dry weight [42]. 

Elevated carbon dioxide is reported to increase transpiration. Transpiration is the 

movement of water vapour from leaf to atmosphere through stomata utilizing the 

same path carbon dioxide travel during photosynthesis but in the opposite direction. 

Elevated carbon dioxide increase stomata opening and conductance causing increased 

uptake of carbon dioxide and transpiration rate [43]. For both C3 and C4 plant 

consistent decreased rates of transpiration is reported [23, 44] resulting in decreased 

use of water and increased water use efficiency [26]. Such results leads to the 

conclusion that increased atmospheric CO2 has positive effects on plants’ growth, 

biomass and yield largely due to accelerated photosynthetic rates. As an activator and 

substrate for Rubisco, elevated atmospheric CO2 will exert positive effects on various 

metabolic aspects of plant metabolism such as promotion of stomatal closure and 

influencing of respiration and hormone levels [30]. However, the confounding effects 

of water and mineral supply and other stresses need to be taken into consideration. 

1.3.4 Effect on Nutritional Quality of Food  

The corresponding effects of elevated carbon dioxide on the food and crops’ 

nutritional quality is not well documented. Under elevated carbon dioxide plants tend 

to accumulate more non – structural carbohydrates and phenolic compounds at the 

expense of protein and mineral content [45]. As a result of this higher carbohydrate 

storage dilution of other nutrients is caused presumably due to the “dilution principle” 

[46, 47]. As presumed plants might benefit from doubling of atmospheric carbon 

dioxide leading to 30 – 40% increase in crop yield but the confounding effects on the 

nutritional quality and mineral supply shall not be over looked [48]. From a four year 



 9 

research program with wheat (Triticumn aestivum L) greater loss in seed N has been 

observed when elevated CO2 exposure is accompanied by low nitrogen treatment. 

This indicate nutritive value of crops will decrease with the changed future global 

environment [49]. As suggested for some crops enormous amount of nitrogen 

fertilization will be needed which might be impractical in terms of its cost and the 

environmental damage it will cause [50]. 

As reported CO2 treatment increased total phenolics, starch and total soluble sugars 

[51] but decreased elemental nutrient content, crude protein and lysine and all protein 

types and fractions of wheat grain [52, 53]. Similar investigations by Hogy reported a 

decline in most of the amino acids, sugar and its derivatives while glucusonic acid 

pyruvate content increased significantly [54]. The nutritional quality of rice cultivars 

are also found to alter under elevated CO2 [55]. Starch and sucrose content increased 

while grain protein decreased significantly [56]. An increase in dry matter, decrease in 

fat and raw protein in soybean under elevated CO2 are also reported [57]. Several 

reports on the response of rice cultivars to elevated CO2 has shown increased starch, 

gel consistency, reduced protein, decrease in surface hardness, increase in viscosity 

and breakdown peaks [58, 59, and 60]. Reduction in protein and sulphur content of 

barley grain is also reported by Erbs [60]. Concerns about the atmospheric 

enhancement CO2 and its subsequent relationship to global warming has drawn the 

attention of researchers from diverse areas to the effects of combined stresses on crop 

production and food quality [61]. As reported crops response to elevated CO2 is 

positive and to high temperature is negative [62]. Some studies, however, have shown 

that CO2 elevation can partially alleviate some of the adverse effects of high 

temperature, salinity [64] and ultraviolet – B radiation [64]. However the multiple 

climatic statistical crop models of Lobelle, on six perennial food crops and the effects 

of temperature induced predicted decreased crops’ yield by 2050 [65]. The effect of 

five – regimes of temperature and two CO2 concentrations has no effects on seed 

composition and transcript, while temperature alone has pronounced effects on mature 

seeds’ composition [66, 67]. As postulated by Long under higher temperature 

elevated CO2 increase net CO2 assimilation and the carbon pools tend to facilitate the 

dissipation of excess light energy causing reduced photo inhibition and increase plant 

productivity [68], however, a study on both heat – sensitive and heat tolerant lines of 
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cowpea has shown no direct beneficial effects of elevated CO2 at high temperature 

[69]. 

There are some factors which correlate with elevated CO2 and air temperature. 

According to IPCC, global warming is likely to affect precipitation patterns around 

the globe in such a way that there will be flooding in one region and severe drought 

conditions in another region [1]. Drought along with CO2 elevation and temperature 

rise decease growth [63]. Under such conditions the likelihood of increased insect 

infestations and disease outbreaks and compositional change in the soil nutrients [70]. 

A variety of other biotic and abiotic stresses will influence the morphological, 

physiological and biochemical responses of the crops to elevated carbon dioxide 

enhancement. Even a subtle change in the food crops may affect both human health 

and other ecosystems [54]. As suggested the resultant increased microbial quotient, 

soil erosion, soil loss due to increased rainfall, increased sedimentation in streams and 

dams, increased by spells and wind erosion due to decreased rainfall will severely 

hamper food production in the climatically changed world. 

1.4 Gossypium Hirsutum L. (Upland Cotton) 

1.4.1 Historical Perspective  

Cotton (Gossypium Sp.) is one of the earliest and most important non-food crop in the 

world, belonging to the Malvacea family and the tribe gossypieae, gossypium grows 

naturally as a perennial shrub or tree. Domesticated versions or for commercial 

purpose they are being cultivated as annual crops which are drought and salt tolerant 

that grew well in marginal, arid environments. More than 50 natural species of cotton 

are present worldwide. Traditionally four species are being grown; hirsutum, 

barbadense, arboretum and herbacium around the world [71]. About 7000 years ago 

the earliest archeological evidences for cotton use have been found in the Neolithic 

occupation of Mehrgarh in Kachi plain of Balochistan, Pakistan. In the sixth 

millennium BC, Gossypium arobreum was cultivated in the Indus valley of India and 

Pakistan, from where it spread over to Africa and Asia. Gossypium herbacium was 

first cultivated in Arabia and Syria. Abundant archeological evidences have suggested 

the cultivation and use of G. arboreum by the Harrapan civilization in Pakistan. 

Mehrgarh, the earliest agricultural site in the Indus valley has evidences of 

cottonseeds and fibers beginning about 6000 BP. The fragments of cotton textiles at 
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Mohenjo Daro has been dated back to the fourth millennium B.C. Mohenjo Daro was 

the center of cotton finished cloth and raw material from the South Asia about 6450 – 

5000 years back [72]. Evidences of cotton has been found at Arjan in Iran (late 7
th

 

early 6
th

 centuries BC), Kerameikos in Greece (5
th

 century BC), and Nimrud in Iraq 

(8
th

 – 7
th

 centuries B.C). The Assyrian records of Sennacherib (705 – 681 BC) has 

reported that cotton was grown in the botanical gardens at Ninveh however due to 

being tropical and subtropical in nature it did not spread out the Indian subcontinent. 

Cotton cultivation was first seen (ca 600 – 400 BC) at Qal’atal – Bahrain, Persian 

Gulf and Qasr Ibrahim, in Al-Zarqa, Kellis in the Northern Africa, at Karalepe in 

Uzbekistan (ca 300 – 500 AD) and Xin Jiang (China) by the 8
th

 century AD [73]. 

Between 900 – 1000 AD cotton has been well adopted by the Islamic Agricultural 

Revolution. Evidences of cotton cultivation have also been found around the Nile 

Valley of Egypt and the use of finished cotton cloth in the palaoces of Pharoah. The 

American species, G. hirsutum, in Mesoamerica comes from the Tehuacan valley 

(4000 and 2300 BC) and Guila Naquitz Oaxaca, Mexico. The first clear evidence of 

pima cotton is found at Ancon – Chillon area of Peru (2500 BC) [74]. According to 

Yafa from the Indus River Valley Civilization of Mohenjo Daro to the Tehuacan 

valley to the Nile valley of Egypt cotton has served mankind throughout its history for 

fulfilling its apparel needs [75].  

1.4.2 Growth and Development of Cotton Plant  

Cotton is grown mainly in the longitudinal band between 37
o
N and 32

o
S and its 

cultivation has extended to 45
o
N in China [76]. It is a unique plant as it is perennial 

with an indeterminate growth habit and possess the most complex structure than any 

other major field crop. Cotton proceed through a number of stages during its growth 

and development. Oostertuis has divided the growth into four main stages [77]: 

1.  Germination, emergence and seedling establishment. 

2. Leaf area – canopy development  

3. Flowering and boll development  

4. Maturation 
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Figure-1.3: Stages of germination and seedling emergence  

The overall pattern of growth and development of the cotton plant ensue a 

characteristics arched curve. In the emergence and root growth stage the progress is 

usually slow. There is an exponential increase in the growth rate during the canopy 

formation, flowering and boll development stages. During the final or boll maturation 

phase the growth rate slows down again.The transitions among these sequential stages 

are subtle and not always clearly distinguishable [77]. 

 

 

Figure-1.4: The growth and development of the cotton 

1.4.3 Patterns of Nutrient Uptake by the cotton plant 

The pattern of nutrient uptake by the cotton plant is parallel to its dry matter increase 

by the corp. nutrient uptake is low during the early season when the seedling is 

developing, increases dramatically after flowering and early boll development. 

Nutrient uptake rate occurs few weeks after flowering and reaches a maximum at boll 

maturation. Several studies have documented this characteristic pattern of nutrient 
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uptake and the subsequent utilization by the cotton plant. However, an element of 

uncertainty will always prevail because of changes in the environment and plant 

demand, the ability of the soil to meet this demand, decline in root growth boll 

development, increase in nematode populations, and other production problems [78]. 

Cotton plant depend upon the availability of N and water during the season for its 

growth and yield. Nitrogen fertilization is crucial for cotton production since soils in 

which cotton is grown at most of the times are deficient in N, and this N fertilization 

adds significant cost in cotton production. Nitrogen is involved in various 

fundamental process such as protein synthesis, photosynthesis, carbon partitioning, 

and enzyme and hormone activity. Nitrogen deficiency can cause short and stunted 

plants with pale green leaves which may hang vertically or fold inward, later necrosis 

and leaf death and premature senescence occur [78]. Total seasonal N requirements 

range from 50-300 Kg N/ha depending on the growing season and yield potential. The 

lint and seeds remove approximately 43-60% of the total plant N. During fruit 

development the fruit becomes the dominant sink of N causing a redistribution within 

the plant. The daily uptake peak ranges 0.6 – 5.7 kg / N ha/ day in dry land and 1.5 – 

4.6 kg N / ha / day in well irrigated lands [78]. 

Plant nutrition critically depends on an adequate supply of water for uptake, 

translocation, metabolic functions and growth. Therefore, drought stress and irrigation 

tend to alter efficiency of fertilization and the sunbequent growth and yield. Although 

cotton exhibit greater tolerance to drought due to the inherent mechanisms involved in 

root growth, osmotic adjustment and selective fruit shedding, drought generally tend 

to decrease growth and yield. Drought also augment the effects of high temperature 

[78]. 
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Figure-1.5:  NPK uptake distribution by the cotton plant  

1.4.4 Structure of Cottonseed  

A mature cotton seed contains all of the organs necessary to produce a small seedling. 

The seed is ovoid, dark brown in color, rounded at one end (the chalaza) and pointed 

on the other (the micropyle). The tip of the primary root, or radical, faced the 

micropyle, white the precursors of the stem and cotyledons are visible inside the seed. 

There is a seed coat, testa and an embryo located with the two cotyledons while the 

remaining is endosperm. The chalaza is the primary site of water and oxygen 

absorption during germination. The radical also called the primary root is the first 

emerge though micropyle. Cotyledons are folded inside the seed along the hypocotyle 

below them to nourish and elongate, and push the seedling through the soil. The 

gossypal glands are located and visible throughout inside of the seed and later develop 

in the tissues of the growing plant. The seed coat is covered with two types of fibers: 

long staple fibers and short linters [79]. 
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Figure-1.6: Structure of cottonseed 

1.4.5 Factors Affecting Nutrient Composition  

Cotton is a major cash crop known to be the source of world’s most important textile 

fibers, the second best source of plant protein after soybean and the fifth oil producing 

plant. Cotton is indeed nature’s food and fiber plant. The single-celled seed trichomes 

cotton fibers are developed from the ovule epidermis [80]. About 30% of the seed 

epidermal cells differentiate into spinable fibers [81]. Cotton fibers develop in four 

stages;  

(i) fiber cell initiation 

(ii) Fiber cell elongation / primary cell wall which occurs up to 20 days past – 

anthesis,  

(iii) Fiber cell synthesis or secondary cell wall which occurs between 5 to 15 days 

post – anthesis  

(iv) Maturation of the fiber  

 In maturation phase the fibers dehydrate and produce mature cotton lint. This occurs 

in 45 – 50 days post – anthesis [80, 82]. As reported carbohydrate and energy 
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metabolisms are involved in fiber development and carbon skeletons for the synthesis 

of cell wall polysaccharides and fatty acids [83, 84] and action cytoskeleton to initiate 

synthesis of the secondary cell wall [84]. Fuzzy or linted cottonseed is the linted 

cottonseed remaining after the ginning processes. Cottonseed consists of four major 

parts the seed oil, the seed meal, the hull and linters in addition to a natural 

polyphenol gossypol which has an antioxidant and pharmaceutical properties [85]. 

Studies on plant growth and development has shown that the quality of cottonseed can 

be directly determined by the availability, composition and concentrations of mineral 

and non-mineral nutrients. Nutrients like N, C, S, K, Ca, Zn and Fe are required for 

their direct or indirect role in protein synthesis. The synthesis of oil need elements 

such as C and N. Similarly carbohydrates synthesis need C, K, B, while metabolism 

demand Cu, Zn, Fe, and Mg. For the integrity of cell membrane and structure of cell 

wall Ca and B are essential. Phosphorus is a prerequisite for cell membrane lipid 

synthesis, energy transfer and phosphorylation reactions, carbohydrate metabolism, 

nutrient active uptake processes (P) osmoregulation, stomatal closure, carbohydrate 

movement, and nutrient mobility [86]. It is, therefore, imperative to maintain level of 

minerals in the seeds of major crops especially in the protein and oil yielding crops. 

This is not only critical from physiological view point but also to human nutrition. 

Although the genetic basis are not known, nutrient uptake, translocation, 

redistribution and accumulation are considered to be the process regulating nutrient 

concentrations in seeds [87]. 

1.5 The Cottonseed 

1.5.1  Historical Perspective of Cottonseed Utilization 

It was not until the development of and widespread use of cotton gins that the limited 

volume of the available cottonseed was either replanted [88, 90], fed to ruminants 

[91], or was used as a fertilizer in corn and cotton fields. Before application the seeds 

were first fermented either by composting (keeping them wet in large heaps) or by 

covering in deep furrows [92, 93]. At that time these two uses of cottonseed were only 

feasible and economical within the close proximity of the cotton ginneries due to poor 

land transportation facilities. Those large piles of cottonseed soon caused unrestricted 

malodorous stinks. The burning of those heaps resulted in uncontrollable fires due to 
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the inherent flammable seed oil and linters. As written by Sharkey, another complaint 

was;   

“land where piles of seed had remained for some time refused to bring forth any 

plants at all” [93, p. 354] 

The presence of toxic gossypol, killed all the livestock driving the farmers to keep the 

seeds out of reach. According to Brooks  

“in order to protect the hogs . . . the seed were enclosed [sic] in pens, and both cattle 

and hogs were carefully guarded to see that they did not feed on them”[92, p. 353].  

Similar concerns were raised when cottonseed cakes were proposed as an animal 

feeds. The burning of the hulls for fuel was the earliest and limited option available 

for disposing off the residual products [93]. The most common disposal method at 

that time was dumping of the cottonseed in to flowing streams so they can be washed 

away [94]. As written by Sharkley most the farmers opted to  

 “dump them into creeks or swamps where the cattle and hogs could not find them” 

[93, p.353]  

This practice however caused   

“a miasmic stench which was not only very offensive, but was thought to produce 

malaria and other diseases” [93, p.353].  

These problem of these residual products became so important that  

 “it was seriously considered to discontinue the production of cotton, since the seed 

were injurious to man, beast, and plant” [93, p.354].  

The Revised Code of Mississippi of 1857 and the environmental regulation of 

America imposed a fine of $200 (which is equal to $5600 in 2017) for  

“throw[ing] or permit[ting] to be thrown the cottonseed from [any cotton-gin] into 

any river, creek, or other stream of water which may be used by the inhabitants for 

drinking or fishing therein” (Article 19) [94] 

1.5.2 Development and Uses of Cottonseed By-Products 

The environmental impact of cottonseed caused some environmentalists and critics to 

discern the arousing problems and demanded the abolishing of cotton production 

altogether [95]. On the other hand, it was also proposed by few that some profitable or 

worthwhile opportunities might be seeked in the huge piles and dumps of those linter 

packed cottonseed. The first five decades of the nineteenth century saw numerous 

efforts to generate wealth out of those wastes. The  major obstacles listed were; the 
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obsolete crude oil extraction technique and lower oil outputs since un removed linters 

on the seeds tended to absorb much of the extracted oil [96],  the luxious availability 

of animal lard or fat in the market,  and the unpopularity of vegetable oils at that time 

[97, 98]. As written by Grimshaw cottonseed was long  

“considered a refuse for which there was no use; long burned or thrown away”, but 

that “its main and by-products are now very important elements in our national 

industries. The garbage of 1800 became the fertilizer of 1870, the cattle food of 1880, 

and is now made to yield table food and useful articles of industrial pursuits”. [98, p. 

191-192]. 

As proposed by Nixon the oil was, 

 “more widely known throughout the world and used for a greater variety of purposes 

than any other oil”, was by then most valuable, while  “residuum after its expression 

best cattle food”, [99] 

The ashes of the hulls were considered a valuable fertilizer and was also a source of  

“potash of high commercial value” [99] 

While the leftover residual after the refinment of crude oil provided a  

“most excellent stock for laundry and toilet soaps”,[99]  

It can be concluded here that the pioneers of cottonseed oil had set an ecxelllent 

targets on the upcoming huge oil market [100]. Cottonseed has rightly been called 

both “white gold” [88] and the “golden goose” [100] by industrial specialists and 

historians due to its unique characteristics  of being “innovative, versatile and 

inexpensive” alternative to many scarce resources. As described by NCPA the first 

golden egg was laid by the cottonseed golden goose when the seed were turned into 

valuable by-products [101]. From one ton of cottonseed, by weight, only 4% (80 lbs.) 

of the leftover material cannot be used commercially and is disposed off as waste 

[100]. From the remaining 96% by weight: 45% (900 lbs.) turn in to cottonseed meal, 

27% (540 lbs.) are made into hulls, 16% (320 lbs.) are recovered as crude oil, and 8% 

(160 lbs.) is composed of the most  versatile light weight linters [102].The modern 

effiecient technologies the percent recovery of crude oil and meals has increased 

appreciably. The versatility of the cottonseed had added to numerous and wide-range 

by-products which are not merely relevant to agriculture, food production, or 

livestock [103, 104]. Itself a leftover material, after oil extraction, the dried and 

pulverized cottonseed cake is considered as the most valued by-product since it 

contains nine times more phosphoric acid and potash [102]. Along that the seed cake 
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is used as livestock feed and a large scale fertilizer, it can be used in as described by 

Keller and Bishop; 

 “make bread, crackers, and other such foods” [105, p. 245]. 

 In livestock and aquaculture feed cottonseed is used as a protein source. In the fields 

it is used as a fertilizer and soil conditioner. Industrially it is used for furfural 

production, oil-well packing material [100] and as fuel in the oil mills [100,105, 106]. 

Since the popularity of the cottonseed meal among the dairy men and stockraisers the 

husks are no longer used for fuel. An array of diverse products are made from 

cottonseed linters [95].  As propsed by Charles Lipsett, if multiple cuts are applied to 

remove the linters, the first four cuts will give longer and more uniform “chemical 

grade” linters which can be used in the manufacturing of synthetic textile fibers such 

as rayon, high quality paper, and plastics [106]. The fifth and up cuts will generate the 

“felter grades”  linters that can be utilized in as stuffing in mattresses and upholstery, 

as roofing mterial and in the making of building papers [107]. In addition, these 

linters have become an essential reagent, used in the synthesis of cellulose products 

i.e. viscose rayon, cellulose acetate, celloulose esters, cellulose nitartes, and ethers. 

These linters are used by the industries involved in the producton of cleaning 

products, furniture, and synthetic fibres [100,106,107]. Similarly these chemical grade 

linters are considered extremely valuable as a raw material for rag content paper as 

they are uniform in size, are devoid of colour and contamination.  [107]. Owing to 

their uniform quality and 100% cellulosic composition the linters has made  possible 

the economical production of the much diverse and unrelated pharmaceuticals, paints, 

emulsions, solid propellants, dynamites, plastics, adhesive tapes, X-rays and 

photography films, edible food casings, and ice creams. Just like the petroleum or 

“liquid gold”, the cottonseed linters well represent the concept of “white gold or the 

“golden goose” as these cellulosic fibers can furnish their hydrocarbons to countless 

uses and products [108, 101].  
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Figure 1.7: The Various Uses of Cottonseed 

1.5.3 Nutrients Composition of Cottonseed Meal 

In the cotton producing areas cottonseed meal (CSM) is the most abundant and 

common protein source for livestock. The major limitation is the presence of anti-

nutritional factor gossypol and cyclopropenoid fatty acids [110].Cottonseed meal 

contains variable proportion of crude protein ranging from 26 – 50.67%. According to 

Sahin and Zotte the undecorticated seed meal contains low protein (25 – 26.20%)  

[111, 112]. However, decortication increased the protein up to 50% and lowered its 

crude fiber by 11.92% [113]. 

After the crushing and oil extraction processes the second most valued product is 

cottonseed meal. This seed meals consist of multiple nutrients such as the macro 

nutrients proteins, carbohydrates and the micro nutrients, vitamins, mineral and 

antioxidants. It is considered as an attractive dietary and nutritional source. Cotton 

seed hull and linters are substitutes for pastures and they are important raw material in 

many chemical industries ranging from dietary fiber preparation to computer and 

electric industry [85]. The functional products such as wood adhesives, bio plastics 

and films, super absorbent hydrogel, antioxidant meal hydrolysates, and bio – oil and 

biocolor, utilize the chemical components i.e.  protein, peptides, and carbohydrates, 

from meal [114]. The protein content is highly variable as it depends on the amount of 

debunking and on the efficiency of oil extraction. The various methods used for oil 

extraction are also attributed to the large range of residual oil present in the cotton 
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seed meal. Although cottonseed meal is rich in lysine than soybean meal (4% vs. 6% 

of the protein) and since the protein content is generally lower, the total content of 

lysine and essential amino acid is lower for cottonseed meal [115]. 

1.5.4 Cottonseed Oil  

1.5.4.1 Historical Perspective  

Cottonseed oil is considered as the most versatile, economical, and valuable edible oil 

and its utility at domestic and industrial level several centuries back to China [101, 

102, 106, and 108].  Keller and Bishop proposed that 

 “the English people seem to have been the first of western nations to make oil from 

cottonseed; in [the United States] the industry dates from about 1870 [105] 

Historically, the extraction of cottonseed oil is believed to start in the 1800s utilizing 

hydraulic presses, a screw and lever, or wedge, and presses [96, 101]. The French oil 

foundaries used vertical wooden screws being attached to a heavy beam [96].When 

the cottonseed processors started hulling of the seeds the mills of the 1820s and 

1830s, engaged horses for crushing of the cottonseed kernels. As written by Ogden; 

“like olives by millstones on edge running over them in a space hollowed out of a flat 

rock. Crushed cottonseeds were enveloped in haircloth, placed in a mortar, and 

mashed with a heavy pestle, moved by animal or water power, until the oil flowed 

out” [96]. 

The advancements of the early twentieth century caused building of larger and more 

complex oil mills. The  small scale -kettle process of solvent extraction and refining 

during the early 20th century caused more efficient extraction and progressed to 

continuous refining during the 1940s [103]. Evidences of industrial refining of 

cottonseed are reported in or before the 1910s, developed solvent extraction and 

refinement of the miscella (a mixture containg solvent, condensed oil, impurities, 

other and by-products) started lately. It was based on the mature technology from the 

1957 patent, and was called as the Ranchers Process [103]. As reported in the year 

2013, China, India, Pakistan, Brazil and the United States were the world’s top 

cottonseed oil producers, with China and India being the top two transcending the rest 

with 1,500,000 tons and 1,250,000 tons of oil production, respectively. Brazil and the 
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U.S. ranked third and fourth respectively with at 380,000 and 327,000 tons annualy 

[99]. When trans fat oils were banished in 2006, by the health authorities in 

restaurants, the demand for cottonseed oil increased gravely. The National Cottonseed 

Products Association tended to predict that for the first time in a decade more 

cottonseed will be comminuted for oil than being fed to livestock [101]. 

1.5.4.2 Nutritional Composition of Cottonseed Oil 

Cotton seed oil is extracted from the cottonseed kernel. Chemically the oil composed 

of triglycerides, the most common combination in the vegetable oils, a glycerol 

molecule being bonded to fatty acids [103]. Fatty acids that most abundantly make up 

the cottonseed oil, by weight, are the linoleic acids , palmitic acid, and oleic acid that 

contribute up to 54%,  27%, and 18% respectively [101, 103]. The oil consists of a 2:1 

ratio of polyunsaturated to saturated fatty acids. Generally it contains 65–70% 

unsaturated fatty acids6, of which 18–24% is monounsaturated oleic acid, and 42–

52% polyunsaturated linoleic and stearic fatty acids. Like other vegetable oils it is 

cholesterol free and the presence of unsaturated, linoleic and oleic, the nutritional 

profile of cottonseed oil reached to the highly prized 70% unsaturated fatty acid level 

placing it highest among vegetable oils [101]. These unsaturated fatty acids helps 

reduce the dietary intake of saturated fat intake and make it a “Heart Oil” among the 

vegetable oils [101].  Cottonseed oil contains appreciable amount of tocopherol being 

rich in the most valued among the natural anti-oxidants, alpha-tocopherol also as 

known as vitamin E [103]. The high levels of vitamin E exert its antioxidant potential 

in the form of extending the shelf life of the oil and adds to its nutritional value [101]. 

The oil has also been described as “naturally hydrogenated” by virtue of high levels of 

oleic, palmitic acid stearic acids. It is also considered as the most stable frying oil 

without less need for further processing. Owing to the natural composition the oil will 

prolong the shelf life of food products and and other oils when blended. Cottonseed is 

also used as a standard against which the organoleptic properties of other edible oils 

are tested [106].  Deodorized, bleached and refined cottonseed oil has almost no 

flavor. As described by Niemiec, the oil has a “mild, nutty” flavor [100]. It is more 

stable than canola or soybean oil at high or deep-frying temperatures [102, 108]. 

Refined and decolorized cottonseed oil is acknowledged as one of the purest cooking 

medium. It adds to enhance the flavour of the food cooked in it and its high smoke 

point of 232.2 ◦C does not befoul the quality of the food products [103].  
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1.5.5 Gossypol in the Cottonseed 

The complex polyphenolic compound, gossypol, is highly colored yellow pigment 

and is found naturally in the small intercellular pigment glands of cotton plant’s 

leaves, stems, roots, and seeds.To the cotton plant this gossypol contribute toxicity but 

is regarded as an undesirable component during processing of seed cake and oil . It is 

not after the discovery of its antitumor and male infertility activities, that gossypol is 

considered as a natural value added product. The beneficial physiological and 

chemical properties of gossypol created much excitement and an enormous amount of 

research, focused on the preparation of gossypol derivatives for medicinal 

applications, has ensued. For well over hundred years, gossypol has been known for 

its unique antifertility, anticancer, biological activities, toxicity to non-ruminant 

animalsand humans, and plants’ defense agent. On one hand, the genetists and 

researchers are working to produce high quality glandless cotton starins free of 

gossypol to lessen the possibility of its toxicity, on the other hand by using its 

binaphthyl structure, functionality, and extraordinary biological activities, the 

researchers are working deligently to synthesize potentially important value added 

products from gossypol [109-116].  

Gossypol, is a 1, 1′6, 6′, 7, 7′-hexahydroxy-5, 5′-di-isopropyl-3, 3′-dimethyl-(2, 2′-

binaphthalene)-8, 8′-dicarboxaldehyde which is naturally present in cotton plants 

[115]. It is considered as an important part of the cotton plant’s natural defense 

system against pathogenic fungi and insects. It was discovered by Longmore and 

Marchlewski at the end of 19
th

 century [117, 119]. Gossypol is a mixture of two 

enantiomers, (−) and (+) gossypol [115, 120,121]. The (−) gossypol enantiomer is the 

most biologically active form and is eliminated more slowly [122].  It is therefore 

considered more toxic than the (+) gossypol [121,123]. The Gossypium species 

produces both enantiomers in varying proportions, which is genetically determined 

[115,124-126]. For example, the (−) gossypol proportion ranges from 33.8 to 47.0% 

in the seeds of upland variety (G. hirsutum) [127, 128] and from 24.9 to 68.9% in the 

seeds of G.barbadense [122]. Two gossypol forms have been observed, free and 

bound [129]. The bound form is produced via covalent bonds between gossypol and 

the free epsilon-amino groups from lysine and arginine [116, 130,131] through the 

browning or Millard reaction [117]. However, this reaction reduces the availability of 

amino acids for absorption by the animal with lysine being the most affected [131]. 
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In addition to its harmful effects, gossypol and its derivatives have plausible 

therapeutic utility.  Gossypol compounds have shown promising in vitro activities 

against some viruses more specifically the human immunodeficiency virus [132, 133] 

and H5N1 influenza virus [134,135] and several bacteria and yeasts [136-139]. 

Gossypol is a promising treatment for leukemia [140], lymphoma [141], colon 

carcinoma [142], breast cancer [143, 144], myoma [145], prostate cancer [146], and 

other malignancies [147-150]. Furthermore, it was used in China, in 1970, to treat 

uterine fibroids, endometriosis, and uterine bleeding in women [144]. 

1.5.5.1 The Chemical Structure of Gossypol 

 Structurally gossypol consists of two naphthalene rings linked by a single 

internaphthyl bond between the 2- and 2′-carbon atoms. To this dimeric naphthalenic 

framework six hydroxyl groups are attached. Two of the six hydroxyl groups lodged 

in the 1- and 1′-positions. Commonly these positions are called as the peri positions. 

These two 1- and 1′-hydroxyl groups are more reactive than the remaining four 

hydroxyl groups at the 6, 6′- and 7, 7′-positions. The presence of the aldehyde groups 

and hydrogen bonding at the 8- and 8′-positions give gossypol a rich chemistry.  

  

Figure 1.8: The enantiomer (+ and -) structures of gossypol. 

 

Figure 1.9: Structure of Gossypol with Naphthalene ring 
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These two aldehyde groups are proposed to play a role in the tautomeric forms of 

gossypol and are suggested to be the main grantor of gossypol’s toxicity [153]. The 

four alkyl moieties, two methyl and two isopropyl groups inhabit the 3, 3′- and 5, 5′-

positions and are located along same side of the planar naphthalene rings. These 

groups ascertain the lipophilic region of the gossypol while the hydroxyl and aldehyde 

groups on the other side of the naphthalene ring represent the lipophobic region of the 

molecule [119].  

1.5.5.2 Stereochemistry of the Gossypol 

The interaction between the gossypol’s 3, 3′-methyl and 1, 1′-hydroxyl constituents 

cause clogging around the 2, 2′-internaphthyl bond and thereby restricts rotation 

around this bond.(Figure 1.9). This blocked rotation leads to atropisomerism of the C2 

symmetric gossypol enantiomers. The X-ray crystallographic studies on crystalline 

gossypol has shown that the dihedral angle between the dimeric naphthalene rings in 

crystalline gossypol is situated in 20° of perpendicular [154]. The (+) - and the (−)-

enantiomers designate to the (S)-gossypol (P-form) and (R)-gossypol (M)-form 

enantiomers. The absolute configuration of the gossypol enantiomers were determined 

by the vibrational circular dichroism measurements and density functional theory 

calculations [155, 156]. Both (+) - and the (−) - enantiomers are found abundantly in 

cottonseed. The relative proportions of these enantiomers may be different in different 

species and cotton genotypes. The variety Gossypium barbadense, also known as 

pima cotton, outweigh in the concentration of (−) - gossypol, whereas in G. Hirsutum 

or upland cotton the (+)-enantiomer dominates [157]. The tropical tree thespesia 

populnea has been reported by several research to be a source of enantiomerically 

pure (+)-gossypol [158-160]. Since the (−) - and (+)-gossypol enantiomers are 

dissimilar in their pharmacological activities [161], their optical stability is considered 

to posses central importance in the pharmacological studies that involve gossypol. 

Computational studies on gossypol racemization carried out by Jaroszewski and 

coworkers [162] carried out computational racemization studies and suggested above 

50 kcal/mol energy barriers for the rotational inversion around the 2-, 2′-internaphthyl 

bond.  
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1.6 Cotton and Climate  

Cotton needs favorable growing conditions in terms of temperature, sunshine and soil 

moisture. For proper boll opening and harvesting a marked dry season is 

required.Cotton plant’s responses to the changing climate depends on the stage of 

development of the plant. The key stages in cotton plant development are: (i) 

circumstances that prevails at the planting time, (ii) condition of plant development 

during the early season, at flowering time, boll formation stage and conditions at the 

end of season [163]. The rise in the global temperature, as a result of climate change, 

particularly in the cotton producing regions and areas will have negative impacts 

causing increased shedding of flower buds and boll retention; the most common cause 

of fruit loss [163]. Higher carbon dioxide in the contiguous vicinity of the cotton plant 

will increase photosynthetic activity. As the amount of carbon dioxide increases in the 

atmosphere cotton will grow more zealously [164]. Resultantly leaves are likely to be 

of larger size which potentially will increase the photosynthetic surface area which 

will further facilitate plant’s growth. With the increase in carbon dioxide the number 

of branches and fruiting sites will also increase which inturn would lead to higher lint 

yields [163]. Although increased photosynthesis as a result of elevated carbon dioxide 

will foster vegetative growth but the resultant rise in temperature, drought and 

humidity along that reproductive growth is not automatic it will become critical to 

achieve optimal growth and yield [165]. As reported at temperature above 30
o
C most 

of the fruit will be lost regardless of carbon dioxide concentrations [163]. 

Higher levels of photosynthesis can inturn lead to increased demand for inputs such as 

water and soil nutrients in addition that cotton plant will be having a competition with 

the weeds [163, 166]. The critical periods in the development of cotton and weeds 

will coincide. Climate change will be more beneficial to weeds due to highly 

developed genetic variation and selective ecological adaptations in weeds than in 

cultivated plants [167]. Furthermore increase in the atmospheric carbon dioxide will 

decrease the nutritional value for pests due to an increased ratio of carbon to nitrogen 

in plant tissues. Increased carbon dioxide and temperature fluctuations will affect pest 

population [168]. Since pests can better adapt their body temperatures to their 

environment Karl have shown that increased temperature will enhance pests’ 

metabolism and population rate causing existence of different plant variations, novel 

species and increased pests pressure. Furthermore higher atmospheric carbon dioxide 
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will have impacts on pests’ management tools and may reduce the effectiveness of 

certain insecticides and pesticides [168]. Under elevated carbon dioxide genetically 

modified Bacillus thuringiensis (BT) cotton shows less BT toxin as reported by  

Wu [70]. 

1.7 The Role of Cotton in Pakistan’s Economy  

Gossypium hirsutum or upland cotton is Pakistan’s major commercial crop grown on 

the 15% of the country’s arable land and is cultivated by 1.6 million farmers [169]. 

Pakistan is the fourth largest producer, third largest consumer and possess the third 

largest global spinning capacity after China and India [170]. It is the backbone of our 

national economy, both agrarian and industrial. By providing employment to about 15 

million people (30% of the country’s workforce) it contribute 9.5% to the GDP [171]. 

Cotton seed oil meets 53 – 60% of edible oil needs [172]. Punjab and Sindh are the 

main cotton producing provinces with 79% and 20% of the total respectively in 2008 

– 2009. This cotton belt extends over about 1200 km long the Indus River and its 

tributaries, between latitude 23
o
N and 33

o
N, and at altitudes from 153 meters in the 

North to 27 meters in the South. Soil textures vary from sandy loam to clay loam with 

clay loam being more dominant towards the south [173]. Due to very limited rainfall, 

agriculture in the Indus Valley depends entirely on irrigation. Cotton takes third 

biggest share of fresh water in Pakistan [173]. 

The impacts of climatic change on the Himalayan glaciers will be particularly 

important to the Indus River basin as it heavily depends on melt water [174]. If the net 

water availability from the Indus River decreases, farmers will abandon cotton 

cultivation. A future rise in the temperature coupled with decreased rainfall and the 

induced secondary sanitization due to poor quality of ground water, will have 

negative impacts on cotton production [175]. 

As an agricultural state Pakistan’s economy and the food security of its population are 

highly dependent on this sector. Pakistan has already been placed in the heat surplus 

zones of earth due to its geographic location and climatic changes. Food insecurity 

and the subsequent malnutrition is a challenge of public health concern which needs 

to be dealt with at all levels. With the existing poor economic circumstances and food 

insecurity the effect of climatic degradation would be even more serious affecting 

lives of all the people and trades. Research on cotton plant around the globe in general 
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and in Pakistan in particular focused on the production of stress resistant varieties or 

the effects of climatic conditions on the cotton plant responses only. Little attention 

has been paid to the effects of climatic changes, particularly the rise in carbon 

dioxide, on the nutritional composition cotton seed and its products.  

1.8 Aims and Objectives of the Study 

The current study aimed to undertake the crucial aspects of the effects of climatic 

degradation on the nutritional composition with the following main objectives: 

 To assess the physicochemical and nutritional composition of cotton seed oils 

and meals from commonly grown genotypes in Pakistan. 

 To analyze the effects of elevated carbon dioxide on the physiochemical and 

nutritional composition of cotton seeds oils and cakes grown in closed glass 

green houses. 

 To ascertain the effects of multiple stresses, drought, carbon dioxide elevation, 

and nitrogen fertilization on the nutritional composition of cotton cultivars in 

the open top field chambers. 

 To open new vista of avenues to widen the prospects of environmental research 

focused on human nutrition, food quality and climate change. 
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Chapter – 2 

MATERIAL AND METHODS   

Based upon the stated objectives, the whole scheme of this experimental work was 

divided into two phases. In the first phase field work and experimentation were 

conducted while in the second phase comprehensive lab analyses were performed. 

2.1  Filed Work  

2.1.1 Procurement of Cotton Seeds from Cotton Fields 

In order to assess the nutritional composition of the cottonseed oil and cakes grown 

under the existing agro-climactic conditions of Pakistan eleven cotton genotype seeds 

samples (both biotech and conventional) from eight different districts of Punjab (Fig-

1) were collected from the cotton fields of Punjab province. This served as a baseline 

manifesting the current nutritional composition of upland cottonseeds cultivated in 

this region. The varieties selected were: MNH-886, RH-627, AA-904, BH-176, 

NIAB-112, FH-942, VH-300, VH-303, FH-142, IRNIBGE-4, NS-161. The climatic 

data for the mean monthly minimum / maximum temperature (°C), humidity at  

0000 UTC (%) and 1200 UTC (%), and precipitation (mm) was procured from the 

respective meteorological stations with the assistance of the Pakistan Meteorological 

Department, Karachi, Pakistan (Appendix-1). Soil samples collected from the fields 

were brought to the Soil Science Division of Ayub Agricultural Institute, Faisalabad 

and were tested for a number of parameters (Appendix-2) 
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Figure – 2.1: Constructed map of the seed collection sites of cotton fields of 

Punjab, Pakistan 

2.1.2  Exposure of Cotton Cultivars to CO2 Elevation in Closed Glass Chambers  

A. Experimental Design  

Based upon the hypothesis that keeping other climatic factors constant CO2 elevation 

alone can alter the nutritional composition of cotton seeds a one-way experimental 

design was adopted. 

B. Gossypium Hirsutum L.  Varieties and Growth  

Varieties selected for this investigation were eight indigenous/conventional varieties 

(FH-682, FH-942, FH-1000, FH-87, FH-634, CIM-496, FH-900, FH-901) and eight 

biotech varieties (A-1, FH-142, FH-172, FH-113, sitara-009, CIM-598, MNH-886, 

FH-114). The pedigree/parentage of the genotypes is given in Table-2.1 Seeds of the 
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respective varieties were first grown in polyethylene tubes till germination and later 

were shifted to earthen pots in five replication of each variety.  The pots were 30cm 

wide having 45cm depth. All the pots were properly irrigated and herbicides and 

herbicides and pesticides were sprayed on need based basis in order to avoid plants’ 

loss. Cotton cultivars were grown inside the acrylic glass chambers /greenhouses 

located at the Cotton Research Institute, Ayub Agricultural Research Institute, 

Faisalabad, Pakistan. The green houses were constructed on a leveled ground to 

benefit from maximum receival of solar energy. There green houses were well lit 

having both solar and electric lights, heaters and heavy exhaust fans. The walls and 

ceilings were made of high quality acrylic glass with aluminum panels. For maximum 

strengths foundation walls and side pillars were made of concrete and bricks while the 

floors were also covered with cement and concrete. These spacious chambers allowed 

enough space for all the potted varieties along with their replications. 
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Table 2.1: List of G. Hirsutum L. Varieties and their Parentage  

S.No Varieties Pedigree/parentage  

1. FH-682 (13-557 ×Ala (68) × (Lankart-57) 

2. FH-942 FH-900 (S) × CIM-121 (hybridization) 

3. FH-1000 [{(124-FX Babdal) × (MS-39 × Mex × 12) × 7203-14-4 

Arizona] × [{(124-FX Babdal) × [MS-3a × Mex × 12} × 

7203-14-Arizona] 

4. FH-87 AC-134 × Pay Master  

5. FH-634 CEDEX-B-557 

6. CIM-469 CIM-425 × 755-6/93 (1993) 

7. FH-900 (FH-672 ×AET-5) × (B-557 × LRA-5166) 

8. FH-901 Coker 9314 × (124-FX Babdal) × Coker 100WA) × W1106) 

× (W1104 × {C124 FX Babdal) × MS-39 x Mex) 

9. A-1 FVH-53 × {FVH-53 x Exotic Bt} 

10. FH-142 CLCUV-heat tolerant 

11. FH-172A --------------------------  

12. FH-113 FH-925 ×Boll gard  

13. Sitara-009 {(CIM-496 × Sitara 008) × [MNH-796]} 

14. CIM-598 CIM 446 × IR-CIM-448 

15. MNH-886 FH 207 × MHN 770 ×Boll gard-1  

16. FH-114 Non Bt early maturing cotton lines FH-925 with austration Bt 

variety boll gard-1 (cry/1AC)  

17 AA-904 ------------------------- 

18 IRNIBGE-4 IRBINGE _2S-12 x LRA- 5166 

19 VH-300 Non-Bt 

20 BH-176 ------------------------- 

21 NS-161 

 

------------------------- 

22 NIAB-112 NIAB-111 x NIAB-999 

23 VH-303 ----------------------- 

24 RH-627 ------------------------ 
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C. Injections of CO2 and Monitoring  

Cotton cultivars were grown at two partial pressures of CO2 i.e.  ambient 400 mol 

mol
-1

 [aCO2] and elevated 800mol mol-1 [eCO2] in the control and experimental 

chambers respectively. In the experimental chamber pure CO2 gas was released from 

CO2 cylinders purchased from the local market and were fixed inside the chamber. 

CO2 was released from cylinders through perforated plastic pipes. These plastic pipes 

were fixed in a manner of frame and were adjusted at the plants canopy level 

throughout the growth from germination until the final harvest. In both of the 

chambers the concentration of the CO2 was monitored regularly by a gas analyzer 

with multi IR detectors (Max-42 A- Oldham, France). The concentrations of CO2 was 

regularly cross checked with a handy NIR sensor CTSI’S IAQ CALS
TM

 Indoor Air 

Quality Meters 7515, USA. 

D. Measurement and Monitoring of Temperature  

In order to achieve uniform temperatures from both of the chambers temperatures 

were continuously recorded with both digital and glass thermometers. In the 

experimental chamber whenever the temperature increased due CO2 supply the hot air 

was evacuated by heavy exhaust fans. Temperature record is given in Table 2.2. 

Average temperature at the time of sowing and germination was 27.24ºC. Mean 

temperature throughout the growing season was 37.69ºC. 
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Table-2.2: Temperature Record (Green Houses) 

Dates  Temperature (Min-Max) 

April  May  June  July  August  September  October  November  

1  21-35 26-39 28-38 27-38 27-37 25-37 18-31 

2  21-35 27-39 29-37 28-38 27-37 26-36 19-31 

3  22-37 26-39 28-37 27-37 26-37 24-35 19-31 

4 19-29 21-37 27-38 28-38 26-38 26-36 24-35 19-30 

5 19-29 21-37 23-34 27-37 26-36 26-36 24-35 18-28 

6 20-30 21-38 24-35 29-37 27-33 26-36 23-35 18-28 

7 20-31 22-38 24-35 29-38 27-35 26-35 22-36 18-28 

8 20-31 26-39 22-35 31-38 27-33 25-34 24-35 18-26 

9 19-30 26-39 23-33 30-37 27-33 25-34 24-36 19-26 

10 20-32 26-38 26-37 29-37 27-36 26-34 21-33 18-26 

11 21-31 26-37 26-39 27-37 27-369 27-34 22-33 18-26 

12 21-32 26-38 27-39 27-37 27-36 25-35 22-34 19-27 

13 22-33 27-39 27-40 27-37 27-36 26-35 20-31 15-27 

14 21-35 23-39 26-40 26-38 28-35 26-37 22-33 17-27 

15 21-36 24-39 26-41 26-35 28-36 27-36 22-33 18-27 

16 20-36 24-40 26-40 26-35 28-35 27-36 21-33 17-29 

17 21-35 26-40 26-39 27-35 26-33 26-36 22-34 15-29 

18 20-33 26-39 27-41 28-37 27-33 27-36 22-34 15-29 

19 20-31 24-39 28-39 29-39 28-36 26-38 24-35 15-27 

20 20-33 27-41 27-40 26-39 27-36 25-38 24-33 12-28 

21 20-34 24-41 28-40 27-39 26-35 26-37 24-33 12-28 

22 20-36 26-42 28-39 27-39 27-35 24-36 34-33 12-27 

23 22-36 26-40 28-38 27-40 27-36 25-35 26-33 10-29 

24 21-37 22-40 27-37 28-39 27-36 24-36 25-33 10-27 

25 21-37 22-40 24-33 27-39 27-36 22-35 24-33 10-28 

26 22-37 22-41 26-38 29-36 27-35 23-37 24-31 10-27 

27 20-36 24-43 27-38 29-40 27-36 19-37 23-31 11-27 

28 22-36 27-40 28-36 26-36 28-36 20-37 22-31 10-27 

29 21-37 22-41 28-39 27-36 24-30 20-37 22-31 10-25 

30 21-37 24-40 29-40 26-36 27-33 20-38 21-33 11-26 

31 22-37 22-39 27-41 24-35 27-33 20-37 21-33 11-26 

Mean  20-35 25-41 27-40 28-39 27-36 25-37 21-34 12-28 
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E. Soil analysis  

Local soil of sandy clay loam texture was used in both tubes and pots. Details of the 

physical and chemical characteristics of the soil are given in Table-2.4. These 

analyses were performed right before filling the tubes and pots and before sowing in 

the open top chambers. 

F. Harvest and Sampling of the Cultivars  

Upon maturity the bolls were pick manually and stored in polyethylene bags until the 

final harvest. The collected samples were then ginned on an automatic local ginning 

machine where fibers/lints and seeds were separated. Fiber samples were stored in 

brown paper bags while seeds were stored first in brown paper bags and then 

polyethylene bags in order to avoid moisture and light absorption. 

2.1.3 Exposure of Cotton Cultivars to Elevated CO2, Nitrogen and Water 

 Stress/Drought in the Open Top Field Chambers 

In order to assess the combined effects of enhanced CO2 with drought and nitrogen 

fertilization, a three factor factorial RCBD (Randomized Complete Block Design) 

was designed in the open top field chambers. 

A. Construction of Open Top Chambers  

In order to alleviate the effects of the closed glass green houses two separate open top 

chambers were indigenously constructed exclusively from locally available materials. 

The two rectangular space aluminum frames with clear top were fixed in the open 

fields of Cotton Research Institute (CRI), Ayub Research Institute, Faisalabad, 

Pakistan to sufficiently and adequately cover plots of 15
'
 x 8

'
 feet each. These 15

'
.5

'
 × 

8
'
.5

'
 strongly built frames were about 8 feet high on the sides while the height of the 

top of mid of the shallow arches were about 10 feet. The frames were fixed in the 

fields in such manners to resist winds, storms and heavy rains. A 6' × 25' feet utility 

grade poly vinyl chloride plastic film was used as a covering. Each chamber was 

covered with three layers of the PVC sheets (3-4mm) to achieve 8mm width (equal to 

the width of twin panel acrylic sheets commonly used in green houses) and open top 

chambers internationally for maximum strength, protection and efficient mobility of 

CO2 inside the chamber. The shallow arches of the chamber allowed efficient escape 
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of the CO2, flow of natural air, equal showering of precipitations and efficient 

adjustments in the day and night time changes in temperatures. 

B. CO2 Injection and Monitoring  

Cotton cultivars were grown at two levels of partial pressures of CO2. The 

experimental chambers received 800 + 75 mmol mol
-1

 CO2 [eCO2] while in the 

control chamber plants were grown at 405 + 70 mmol mol
-1

 (mean CO2 atmospheric 

concentration during the time of experimentation in Ayub Agricultural Research 

Institute, Faisalabad, Pakistan). 

Carbon dioxide was pulled into the chamber via a supply PVC pipe from CO2 

cylinders purchased from the local market. Flow from this main supply pipe was 

continuously regulated with the help of a water pump attached to the cylinder on one 

end and the supply pipe on the other. This water pump was purchased from the local 

market and it helped in the regulation of uniform flow of CO2 throughout the daytime 

exposure of the cultivars to CO2 elevation. Inside the chamber an adjustable network 

of perforated plastic pipes (similar to green house) was fixed. The CO2 was pulled 

into this network and plants throughout their growth period up till bolls maturity were 

exposed to this CO2 canopy. In both of the chambers CO2 was constantly monitored 

by the gas analyzer with multi IR detectors (Max-42 A Oldham, France). The 

concentration of CO2 was regularly checked with handy NIR sensor (TSI’S IAQ-

CALCTM Indoor Air Quality Meters 7515, USA) many times throughout the day to 

ensure uniform supply of 800m mol mol
-1

 supply. Minimum and maximum 

temperatures along with humidity were noted on daily basis. 

C. Experimental Design and Abiotic stresses  

About three varieties of upland cotton (FH-142 (Bt), FH-142 (non-Bt), MNH-886 (Bt) 

were sown manually with single row hand drill with 22cm plant and 2.5 (0.762m) line 

spacing and 34% soil moisture in three capacity replications each. A three factor 

factorial design in RCBD (Randomized Complete Block Design) arrangement was 

followed in both of the chambers except for the variation in CO2 injections in the 

experimental and control chambers. Plants were grown with following stresses. 

T1: Double dose of recommended nitrogen @ 140kg/Acre + normal irrigation  

(8 irrigations, 75cm). 
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T2: Normal dose of recommended nitrogen @ 69kg/Acre + normal irrigation (75cm). 

T3: Double dose of recommended nitrogen + drought (4 irrigations 75cm).  

T4: Normal dose of recommended nitrogen + drought (4 irrigations 75cm). 

Whole of the phosphorus in the form of DAP @ 46kg/Acre
-1

 was applied at the time 

of sowing while nitrogen in the form of urea @ 69kg/Acre
-1

 as normal dose and 

+140kg/Acre
-1

 as double dose was applied in 1/3 splits i.e. first at the time of sowing, 

secondly with first irrigation and last 1/3
rd

 with second irrigation. Hand weeding 

method was employed four times. The records of fertilizers, pesticides, soil data, 

mean precipitations and relative humidity during experimental setup, and temperature 

are given in Tables-2.3, 2.4, 2.5, and 2.6 respectively. 

D. Harvest and sampling  

Cotton bolls were hand-picked at maturity. After the final boll picking total yield was 

measured by digital electronic balance. Before weighing, samples were hand cleaned 

by removing dried leaves, soil particles and other dried plant materials. Seeds and 

fibers were separated in local ginning machine and were stored first in brown paper 

envelops and then plastic bags. 
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Table- 2.3: Fertilizers and Pesticides Record 

S.No Parameters  Nature  Objective  

1. Fertilizers  Urea + 140kg/Acre and 69kg/Acre DAP 

46kg P/Acre 

Fertilizers  

2. Pesticides  Ameda cloprid + difenthrine (5 sprays)  White fly  

Dimethoate + asephate (3 sprays) Jassids  

Pyriproxfin + lamda (2 sprays) Dusky & red 

cotton bugs  

Amemectin (1 spray) Army worm  

3. Herbicide  Pendimfthaline (pre emergence)  

@ 400mL/Acre 

Weed control  

Table-2.4: Soil Analysis (Green Houses and Open Top Chambers) 

Parameters Concentrations  

Electrical conductivity ds/m 2.2 

pH 8.16 

Organic matter  % 0.67% 

Total nitrogen  % 0.023% 

Available P mg/kg 7.83 

Available K mg/kg 208 

EDTA Zn mg/kg 1.8 

EDTA Cu mg/kg 2.4 

EDTA Fe mg/kg 53 

EDTA Mn mg/kg 43 

Textural class  loamy clay 

Soil moisture % 34 

Table-2.5: Mean Amount of Precipitation and Relative Humidity during     

                 Experimentation  

Months  Rain mm/meter/Sq 

meter  

Humidity (%) 

April  19 74% 

May  1.4 55.0 

June  60.2 77.0 

July  144.9 83.0 

August  03 89.0 

September  03 88.0 

October  -- 89.0 

November  1.6 76.1 

Total  233.11  
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Table-2.6: Temperature Record (Open Top Chambers) 

Dates  Temperature (Min-Max) 

April  May  June  July  August  September  October  November  

1  21-34 26-39 28-37 27-37 27-37 25-37 19-31 

2  21-35 26-39 29-37 28-37 27-37 26-36 19-31 

3  22-37 26-39 28-37 27-37 26-37 24-35 19-31 

4  21-37 26-38 28-37 26-38 26-36 24-35 19-30 

5  21-37 23-34 27-37 26-36 26-36 24-35 18-28 

6  21-38 24-35 29-37 27-33 26-36 23-35 18-28 

7  22-38 24-35 29-38 27-35 26-35 22-36 18-28 

8  26-39 22-35 31-38 27-33 25-34 24-35 18-26 

9 19-30 26-39 23-33 30-37 27-33 25-34 24-36 19-26 

10 19-29 26-38 26-37 29-37 27-36 26-34 21-33 18-26 

11 20-30 26-37 26-39 27-37 27-36 27-34 22-33 18-26 

12 20-31 26-38 27-39 27-37 27-36 25-35 22-34 19-27 

13 20-31 27-39 27-40 27-37 27-36 26-35 20-31 15-27 

14 19-30 23-39 26-40 26-38 28-35 26-37 22-33 17-27 

15 20-32 24-39 26-41 26-35 28-36 27-36 22-33 18-27 

16 21-31 24-40 26-40 26-35 28-35 27-36 21-33 17-29 

17 21-32 26-40 26-39 27-35 26-33 26-36 22-34 15-29 

18 22-33 26-39 27-41 28-37 27-33 27-36 22-34 15-29 

19 21-35 24-39 28-39 29-39 28-36 26-38 24-35 15-27 

20 21-36 27-41 27-40 26-39 27-36 25-38 24-33 12-28 

21 20-36 24-41 28-40 27-39 26-35 26-37 24-33 12-28 

22 21-35 26-42 28-39 27-39 27-35 24-36 34-33 12-27 

23 20-33 26-40 28-38 27-40 27-36 25-35 26-33 10-29 

24 20-31 22-40 27-37 28-39 27-36 24-36 25-33 10-27 

25 20-33 22-40 24-33 27-39 27-36 22-35 24-33 10-28 

26 20-34 22-41 26-38 29-36 27-35 23-37 24-31 10-27 

27 20-36 24-43 27-38 29-40 27-36 19-37 23-31 11-27 

28 22-36 27-40 28-36 26-36 28-36 20-37 22-31 10-27 

29 21-37 22-41 28-39 27-36 24-30 20-37 22-31 10-25 

30 21-37 24-40 29-40 26-36 27-33 20-38 21-33 11-26 

31 22-37 22-39 27-41 24-35 27-33 20-37 21-33 11-26 

Mean  20-35 24-41
0
C 27-40 28-38 27-36 25-37 21-34 11-28 
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2.2 Laboratory & Chemical Analyses of the Seed Samples  

Seed samples procured from cotton fields of Punjab, green houses, and open top 

chambers were packed intact and transported to the University of Peshawar for 

physical, chemical, and nutritional analysis. 

2.2.1 Seed Analyses  

A. Seed index  

After ginning 100 healthy seeds were randomLy selected. They were weight for linted 

seed index. Each sample was treated with concentrated sulfuric acid to remove the 

inherent livt on the seeds. Later seeds were neutralized with an alkali buffer and dried 

in oven till constant weight. These acid delinted samples both linted or fuzzy seeds 

samples and acid delinted samples were weighed on a digital electronic balance in 

gram. The weights of 100 seeds served as seed index per 100 seeds. 

B. Seed volume  

Volume of all the seeds was determined by putting 100 delinted seeds in a 50cc 

graduated cylinder and from a 100cc burette ethanol was poured slowly to cover the 

seeds until the volume of 40 was achieved in the cylinder. The amount of displaced 

ethanol was subtracted from the 40mL volume in the cylinder. These volumetric 

displacements served as volumes of the respective cotton seed samples. 

C. Ginning out turn   

G.O.T or lint percent of each sample was determined by the formula. 

G.O.T (Lint %) = 
samplecottonseed ofWeight

sampleinlint ofWeight
 

D. Percent hull and kernel  

After delinting, the samples were further separated into hull and kernel by grinding 

the seed samples in a domestic grinding machine and sieving each sample through a 

0.2mm sieve both of the fractions were weighed on a digital electronic balance and 

were calculated for average percent hull and kernel or meal. 

2.2.2 Chemical Analyses of Seed Oils 

A. Oil Extraction  

In order to procure crude oil seed samples from all the experiments were grounded 

finely and sieved to remove linters manually. Seed materials were weighed and 
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soaked in 250-500mL of n - hexane (based on weights of the samples) for 24 hours. 

After soaking the extracts were filtered through Watman No 40 filter paper. The 

filtered extracts were concentrated with the help of a rotatory evaporator under 

reduced pressure at 40-50
o
C. Oils were transferred to measuring cylinders. These 

measuring cylinders were then placed over water bath for complete evaporation of 

solvent for about 3 hours. The volumes of the oils were recorded and expressed as 

percent oil content as follows. 

Percent oil yield (W/W) = 100x
extractionoilforusedmaterialseedtheofwtTotal

oiltheofWt
 

B. Physico-chemical/Quality Parameters of the Oils  

The physicochemical tests of the crude oil samples were determined as per procedures 

of AOAC [176] 

i. Color Determination  

The color of the oil samples were measured with a Tintometer in a 1-inch measuring 

cell through AOAC method CC 13 b-45[178]. 

ii. Determination of Refractive Index 

Procedure 

The refractive index of the respective oil samples was determined by Abbe refracto 

meter (Model A- 80251 US). About two drops of oil from each sample was placed on 

the prism of the refractometer with the help of syringe. The prism was firmLy closed 

by tightening the screw head. The apparatus was allowed to stand for 5 minutes. 

Afterwards reading was recorded from the display screen. 

iii. Determination of Density 

Procedure 

The mass and volume of the oils were determined with the specific gravity bottle and 

the densities were calculated as. 

  = m/v 

Where  

 = density (kg/m
2
) 

m = mass (kg) 

v = volume (m
1
) 
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iv. Determination of Specific Gravity 

The Specific gravity is the density of any liquid material to the density of water at a 

specific temperature. 

Procedure 

The specific gravity of the respective oil samples was performed in a specific gravity 

bottle. A clean 25 mL specific gravity bottle was weighted (W
o
). The bottle was then 

filled with water to the brim and stoppered. Extra water spilled out. The spilled water 

on the bottle and stopper was wiped off carefully and the bottle was reweighed (W1). 

The same procedure was repeated by using oil samples instead of water and the 

weighing was done again (W2). The specific gravity of the respective oil samples 

were calculated by using the following formula. 

Specific gravity of test sample = 
W0- W1

W0- W2
 

Where  

W0 = Weight of empty specific gravity bottle  

W1 = Weight of water + specific gravity bottle  

W2 = Weight of test sample + specific gravity bottle  

v. Determination of Moisture  

Procedure 

About 2g oil from the respective sample was heated in a petri dish (W1) at 105
0
C for 

4-6 hours in oven. The petri dish was removed from the oven and placed in 

desiccators for 30 minutes for cooling. After cooling, the petri dish was weighed (W2) 

again. Percent moisture was calculated as follows: 

Percent moisture = 100
   W1

W2
  

vi. Determination of Saponification Value 

a) Reagents and Chemicals  

 Alcoholic potassium hydroxide. (O.5N) 

 Hydrochloric acid (O.5N accurately standardized). 

 Phenolphthalein indicator (1% solution in 95% ethanol). 
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b) Procedure 

 For the estimation of saponification value 50 mL of oil sample was taken into a 

conical flask and 50 mL of alcoholic potassium hydroxide was added to it. The flask 

was attached to a reflux condenser and was heated for about one hour with an 

intermittent shaking. When the solution got clear it was the indication that the process 

of saponification was completed. To this clear solution 1mL of 1% phenolphthalein 

indicator was added. The hot excess alkali was then titrated with 0.5N hydrochloric 

acid to the point that the solution turned colourless. Simutaeously a blank titration was 

also performed. The saponification value was calculated as: 

SV = 
 

 g sample ofWeight 

56.1xNxS-B
 

Where  

S = sample titre value  

B = blank titre value  

N = normality of the HCl 

56.1 = molecular weight of KOH 

vii. Determination of Iodine Value /Number 

a) Reagents and Chemicals 

 Glacial acetic acid 

 Wiji’s solution: About 16.2g iodine mono chloride was dissolved in a 

volumetric flask with glacial acetic acid. The Wiji’s solution was stored in 

amber bottle sealed with paraffin until it was used. 

 Potassium iodide (KI) solution 15% in freshly boiled water. 

 Starch indicator 1% was made by making slurry in cold water and then diluted 

up to 100mL with boiled distilled water. 

 Chloroform. 

 Standard sodium thiosulfate solution (0.1N). 

b) Procedure  

About 0.4g of respective oil was weighed and taken into a stoppered flask. 10 mL of 

chloroform and 6.3 mL of the Wiji’s solution was added to the flaks. The flasks were 

then placed in dark for about 30 minutes at room temperature with occasional 

shaking. Later 20 mL of 15 % potassium iodide solution and 100 mL of distilled 
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water were added to the flask. This resulting solution was then titrated against 0.1N 

sodium thiosulfate, with starch as an indicator. Titration was performed till the point 

when the blue black coloration became colorless. Simultaneous blank titration was 

also carried out with 10mL chloroform. Iodine value was then calculated by the 

following formula: 

Iodine value = 
 

 gweightSample

69.12xNxS-B
 

Where  

B = 0.1N odium thiosulfate required (mL) by blank. 

S = 0.1N sodium thiosulfate required (mL) by sample. 

N = normality of sodium thiosulfate solution. 

viii. Determination of Peroxide Value  

a) Reagents and Chemicals 

 Glacial acetic chloroform solution (3:2). 

 Saturated potassium iodide solution: dissolved excess KI in distilled water. 

Excess solid must remain. Stored in dark. 

 Standard sodium thiosulfate solution (0.1N). 

 Starch indicator 1%. Make a slurry in cold water and then diluted up to 100mL 

with boiled distilled water. 

b) Procedure 

About 5g of oil sample was dissolved in a 25m1 glacial acetic acid-chloroform 

mixture (in the ratios of 3:2). To this a 0.5 mL KI solution was added. The solution 

was allowed to stand for a minute with occasional shaking. Afterwards 30m1 of 

distilled water was added. The mixture was then titrated against standard sodium 

thiosulfate solution using starch indicator. The flasks were shaken vigorously to 

release all iodine from chloroform layer, until blue color just disappeared. The volume 

of the titrant (Na2 S2O3) consumed was recorded. A simultaneous blank titration was 

also performed using the same steps except the oil sample. Peroxide value was then 

calculated by the following formula: 

PV = 
 

W  N2 V

1000N1B-S




 

Where  
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Peroxide value = mEq peroxide per kg of sample 

S = volume of titrant for sample 

B = volume of titrant for blank 

N
1
 = normality of sodium thiosulfate solution 

Where as 

V = volume of potassium hydroxide used 

N
2
 = normality of Potassium hydroxide 

W = weight in g of the sample 

ix. Determination of Free Fatty Acid Value 

a) Reagents and Chemicals 

 Ethanol 95% 

 Standard sodium hydroxide 0.1N 

 Hydrochloric acid 0.1N 

 Phenolphthalein Indicator 

b) Procedure  

About 5g of oil was taken in Erlenmeyer flask. To the flask about 50mL of 

neutralized ethanol along with the few drops of phenolphthalein indicator was added. 

The flasks were shaken well to dissolve the mixture completely. The solution was 

titrated, against NaOH until pink color appeared and was stable for at least 20 

seconds. 

Where: 

% of FFA = 
W

100082.2NF 
 

Where  

%FFA = percent free fatty acid (g/100g) expressed as oleic acid 

V= Volume of NaOH titrant (mL)  

N = Normality of NaOH titrant 

82.2 = MW of oleic acid 

W = Sample mass (g) 
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C. Fatty Acids Analysis  

For the purpose of fatty acids, the extracted oils from seeds were subjected  

(i) Derivatization to methyl esters (ii) identification by GC-MS. 

a) Reagents and chemicals  

1. Boron triflouride solution (BF3): 10% in methanol 

2.  Methanolic sodium hydroxide solution (0.5 N: 2.0g NaOH / 100 mL CH3OH) 

3. Methanol (HPLC grade) 

4. n-Hexane (HPLC grade) 

5. Sodium chlorie (saturated solution: 36 gm NaCl / 100 mL H2O) 

6. Tridcanoic acid methyl ester (internal standard: 13.7 mg / mL hexane) 

b) Methyl esterification of the oil samples  

Oil samples (25-40mg) were taken into FAMEs tubes and 1.5mL methanolic sodium 

hydroxide (0.5N) was added. The tubes were Stoppard with screw capes and were 

heated in a boiling water bath for 05 minutes. After cooling at room temperature 2.5 

mL BF3 (10% MeOH) was added and again heated in boiling H2O bath for 30 

minutes. The tubes were cooled at room temperature and 5mL brine solution + 1 mL 

n-hexane was added. The tubes were shaken vigorously on vortex and the layers were 

allowed to separate. The upper (n-hexane) layer was taken through pasture tubes. This 

step was repeated in the same manner and the volumes were adjusted to 2 mL, then 

were filtered through 45 m membrane filter, and  transferred to the GC vials and 

were injected into GC-MS following the procedure of AOAC method 991-39[178]. 

c) Identification of fatty acids by Gas Chromatographic Mass Spectrometry  

The methyl esters (having lower boiling points than fatty acids) were analyzed for 

their respective fatty acids composition by schimadzu GCMS-QP 2010 plus using 

capillary column TRBFFAP (30m x 0.25mm i.d) at a column over temperature 50
o
C – 

220
o
C with a rise of 5

o
C/min. helium was used as a carrier gas and the total flow was 

adjusted to 77.1mL/min while column flow was 3.29 mL/min at a split ratio of 20.0. 

The temperatures of injector, interface and ion source were set at 240
o
C, 240

o
C, and 

250
o
C respectively. The peaks were identified by comparison of their retention time 

with those of the standard methyl esters (FAMEs standard mix, 37 components, sigma 

Aldrich) analyzed under the same conditions. The values of fatty acids of the 



 47 

respective genotypes were calculated as percentage of mg/kg be obtained from the 

GCMS analysis.  

D. Analysis of Tocopherols  

Determination of the tocopherol isomers (-, -, -, and -) in the cotton seeds’ oil 

samples was performed by a modified procedure mentioned elsewhere by HPLC 

[179]. 

a) Reagents and Chemicals  

i. Tocopherol Standards -tocopherol (M.W – 430.7) and - tocopherol (> 96% 

HPLC) T 1782 were purchased from sigma Aldrich USA while delta – tocopherol 

lot: LC 1802V and  - tocopherol (90 + %) lot: LC 18838V were procured from 

Supelco, USA. 

ii. Stock reagents for derivatization and for mobile phase were of HPLC grade and 

were procured from Merck. 

1. Acorbic acid 

2. Ethanol 

3. Potasium hydroxide (KOH) 

4. n-Hexane 

5. Methanol 

6. Acetonitrile  

b) Sample Preparation  

Samples were prepared by weighing exactly 0.1g of oil samples in test tubes with 

Teflon caps. About 0.05g of ascorbic acid was added followed by the addition to 5mL 

of 90% ethanol and 0.5mL of 80% aqueous (W/V) potassium hydroxide. The contents 

were thoroughly mixed by vortexing on a vortex machine for 1-2 minutes. The tubes 

were purged with nitrogen and tightly capped. The tubes were then incubated at 70
o
C 

for 30 minutes in a water bath with occasional mixing and vortexing. Later the test 

tubes were cooled at room temperature. After cooling 3mL of deionized water and 

50mL n-hexane were added and the tubes were again vortexed for 30 seconds 

following centrifuging for 10 minutes. The top hexane layers were separated by 

Pasteur pipettes in separate tubes and the aqueous layers were re-extracted with the 

same procedure. These hexane layers were evaporated till dried with nitrogen 

streaming. 
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c) Instrumentation and Chromatographic Conditions  

To re dissolve the extract 01mL of the mobile phase was added and transferred to 

HPLC vials. About 20µl of the sample volume was injected into a C-18 column (25 x 

4.6 nm; Supelco Inc.) into Perkin Elmer series 200 HPLC with auto- sampler, pump, 

column oven and UV detector with a binary mixture of acetonitrile: MeOH (50 : 50 

V/V) mobile phase at a run time of 12 minutes and flow rate of 10mL/L/min. 

Detection of the respective tocopherols were performed at 29.5nm and were identified 

by comparison of their retention times with those of the standards. Quantification of 

the tocopherols was performed by comparison of the peak areas of the respective 

standards as per external standard calibration. The retention times of - tocopherol 

and -tocopherols were same therefore the concentration of - and - tocopherols 

were determined as sum of both the isomers ( +), therefore, the quantification and 

the impacts of the stresses could not be determined on these isomers individually. 

2.2.3 Chemical Analyses of Seed and Seed Meals  

A. Proximate Analysis  

i. Sample Preparation  

Cotton seeds were grinded by means of electric lab grinding machine and were stored 

in opaque plastic bottles for its proximate composition by standard procedures and 

protocols of Association of Official Analytical Chemists (AOAC) [176-178]. 

ii. Estimation of moisture or water contents  

The moisture content was determined through the AOAC official method No. 930.15 

[177]. About 5gm sample of each of sample was taken in triplicates in a pre-weighed 

and dried petri dishes. The petri dishes were then placed in oven at 105 ºC for 6 hours 

or until constant weight.Afterwards, the petridishes were transferred to desicators for 

30 minutes to cool. After cooling, the samples were weighed again and percent 

moisture was calculated by the following formula: 

Moisture (%) = 100 
W1

 W2- W1
  

Where,  

W1= initial weight of sample and  

W2= final weight of sample. 
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iii. Estimation of Ash content  

The percent crude ash content of the cottonseed samples were determined with the 

official AOAC method No. 942.05 [178]. About 5 g of each sample in triplicates were 

weighed and allowed to burn on a slow flame in lab oven. Afterwards the samples 

were then placed in the muffle furnace at 550 °C until the formation of white grey 

ash. The ash content was calculated by using the following formula: 

Ash (%) = 100 
W1

 W2- W1
  

Where: W1 = weight of the sample after drying 

              W2 = weight of the sample after ashing. 

iv. Estimation of Crude Protein  

a) Chemicals and Reagents 

1. Concentrated sulfuric acid (H2SO4) 

2. Sodium hydroxide solution (40%) 

3. HCL (standard) 0.1N 

4. Digestion mixture  

 containing  

100 parts potassium sulphate (K2SO4) 

06 parts copper sulphate (CuSO4) 

02 parts selenium (Se) 

5. Boric acid, and indicator (100 g Boric acid dissolved in 1.5 liter water) 

6. Bromocresole green and methyl red indicator (prepared by mixing 0.078g of 

Bromocresole green and 0.18mL methyl red in ethanol).  

b) Procedure 

To determine crude protein of the three seed fractions, i.e. whole linted seed, linted 

seed meal, and decorticated seed meal (acid delinted and sieved), the AOAC official 

Kjeldhal method No. 984.13 was used [178]. About 1g of finely ground sample was 

digested with 1.5g (approx.) of digestion mixture and 7 mL of conc. H2SO4 in a 

digestion tube. In order to ensure complete digestion, the mixture of the digestion tube 

was placed in digestion assembly to heat and boil until the formation of green colour. 

The solution was then cooled. After the digestion process, the mixture was taken to 

Kjeldhal apparatus for distillation. To make it alkaline 40% NaOH solution and 

distilled water was added. Later this solution was condensed in a flask containing 4% 
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boric acid solution and the indicator. The distilled solution was then titrated against 

0.1N HCl solution. Simultaneous blanks were performed in each step to ensure the 

absence of any amount of nitrogen addition from the reagents. The reading of the 

volume in the titration apparatus was noted and %N of the sample was calculated as 

follows:  

%N = (S-B)  0.014 100  V  N 

        Weight of sample  

Where, 

 N (%) = percent nitrogen of the sample 

S = sample reading 

B = blank reading 

N = normality of HCl 

V = volume 

0.014= milliequivialent of nitrogen i.e. 14/1000. 

Percent crude protein (% CP) was calculated by multiplying % N with 6.25(N factor) 

as given in the following formula: 

% of protein (%CP) = % N × 6.25  

v. Estimation of Crude Oil Content  

The percent crude oil content of the respective seed samples was determined through 

the official method of AOAC number 920.39 [178]. 2.0g of the respective defatted 

seed meals were weighed, wrapped in filter paper and placed in thimbles. The 

thimbles were paced in the extraction tubes and 150 mL or till complete soaking of 

the samples, anhydrous petroleum ether was added and the tubes were connected to 

the Soxhlet apparatus. Distilled water flowed through the apparatus. After 4-6 of 

extraction the flasks were disconnected, samples in the filter paper were removed and 

were dried in the oven while thimbles containing the extracted oil were placed in 

desicator for cooling.Fat content in the samples was determined as under: 

Crude Fat = 100 
W1

W2
  

Where, 

 W2 = weight of ether extract  

 W1 = weight of sample  

The percent oil yields in the whole linted seeds were extracted with n-hexane under 

vacum in rotatory evaporator and were determined as percent oil yield. 
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vi. Determination of Crude Fiber  

This method was based on the AOAC method No 962.09 [178]. For crude fiber 

content the samples were digested in sulphuric acid and sodium hydroxide solutions 

and the residue calcined. The difference in weight after calcinations indicated the 

quantity of fiber present. 

a) Chemicals and Reagents  

1. Sulphuric acid solution 0.255N. 

2. Potassium hydroxide (KOH= 0.223 M) = 12.5 g of KOH dissolved in 

deionized water and diluted to 1 liter. 

3. M-acetanol 

b) Procedure  

i. 1 to 2 g of seed samples were placed in the clean crucibles and placed in the 

crucible stand. The crucible stand was hooked and fixed in the hot extraction 

unit. 

ii. 150 mL of 0.128 M pre heated sulphuric acid was added. 

iii. Few drops of M-acetanol were also added to prevent sediment formation and 

condensers/crucibles were hooked and fixed in the extraction unit. Heat was 

adjusted and the mixtures were boiled for exactly 30 minutes constantly 

maintaining the volume of distilled water. Filteration was done and when 

necessary reversed pressure was applied to remove the sediments. 

iv. Washing was done three times with deionized water (30 mL) with spraying 

device and was sucked as dry as possible.  

v. In the second reagent system about 150 mL of preheated potassium hydroxide 

solution was added to each sample and the whole procedure was repeated for 

another 30 minutes.  

vi. The filtration crucible were loosened and transferred to the crucible stand 

where they remained to stand at 100 ºC overnight. Later they were cooled in 

desicators.  

vii. Samples in each crucibles was placed in a muffle furnace and were ashed at 

500 ºC  for at least three hours and were then cooled in desicator and  were 

quickly weighed with the residue inside 

viii. The percent crude fiber was calculated as per formula  
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  (%)content  fibre Crude  100 
W1

W2-W3
  

 

Where, 

W1 = weight of sample (g) 

W2 = weight of crucible after ashing (g) 

W3 = weight of crucible with dry residues (g) 

B. Elemental Analysis  

Elements/minerals in the seed samples were determined by wet digestion and atomic 

absorption spectrophotometer (AAS – Perkin Elmer – Aanalyst 700 (equipped with 

standard burner, air acetylene flame and solid state detector). 

Two macro minerals calcium (Ca) and phosphorus (P) four micro minerals Zn, Cu, 

Fe, Mn, and one heavy metal (Cd) were determined. About 0.5mg of ground 

cottonseed meal from each samples were digested with 10mL acid mixture (HNO3 

H2SO4 HCLO4 in the ratios of 5:1:1) inside the digestion chamber at 80
o
C. The 

recovered digests were filtered through Whatman No. 42 filter papers and were 

diluted with distilled water up till 50mL volume. Samples were introduced into AAS 

and each element was determined by using hollow cathode lamp as radiation source at 

their respective wavelengths. Results of each element were reported as mg/kg of the 

cotton seeds in triplicates except for the duplicate determination from 88 samples of 

the eleven cottonseeds varieties from eight districts. 

C. Analysis of Amino Acids  

a) Reagents and chemicals  

i. An amino acid standard AAS-18-5m amino acid analysis standard (lot NO-

SLBJ 0264V) was procured from sigma Aldrich Fluka USA. 

ii. Stock reagents for derivatization and mobile phase were of HPLC grade and 

obtained from Merck. 

1. Sodium citrate tribasic (Na3C6H5O3 - 2H2O, Mw = 294.10). 

2. Ethanol (99.5%) 

3. Perchloric acid (HCLO4 60%). 

4. Boric acid (H3BO3).  

5. Sodium carbonate (Na2CO3). 
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6. Sodium hydroxide (NaOH). 

7. Sodium hypochloride (7-10% NaCl sln). 

8. O-Phthaladehyde. 

9. N-Acetyl cysteine. 

10. 0.1N HCl. 

b) Instrumentation and chromatographic conditions  

The gradient HPLC system (Agilent 1100 series, USA) equipped with auto injector, 

column compartment, fluorescent detector (G1315B), quaternary pumps and vacuum 

degasser was used. Separation of amino acids was achieved on XDB C18 column 2.1 x 

150mm, 5 particle size) at 40
0
C. Peaks were eluted and monitored with fluorescent 

detector with excitation wave length ex = 350nm while emission was em = 450nm. 

About 3 mobile phases were prepared and used to obtain best possible resolution of 

the components. 

c) Preparation of mobile phases  

i) Mobile phase – A  

Mobile A was prepared by using 2.0N sodium citrate (pH 3.20) adjusted by per 

chloric acid including 7% of ethanol. 

i. 58.8 g/39.2 g/16.6 g of sodium citrate tribasic acid (Na3C6H5O7 - 2H2O) Mw 

294.10 was weighed. Sodium citrate was dissolved in 2.5/1.5L/800mL double 

distilled water.  

ii. Double distilled was added to make 32/22/1L and was shaken vigorously. The 

pH of this mobile phase was adjusted to 3.20 by adding per chloric acid if 

needed. The mobile phase was filtered through 0.4m membrane filter. 

ii) Mobile phase – B  

This mobile phase consisted of 0.6N sodium citrate (pH-10) and 0.2M boric aid 

adjusted by 40N NaOH.  

i. About 58.8g of sodium citrate tribasic acid (Na3C6H5O7 - 2H2O) Mw 294.10 and 

12.4g of boric acid were dissolved in 800mL double distilled water and shaker 

vigorously until and the crystals were dissolved. 

ii. About 30mL of 4N, sodium hydroxide aqueous solution was added and double 

distilled water was added to make the volume up to 1 liter solution.  
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iii. pH of the solution was measured and adjusted to 10.0 by adding 4.0N NaOH if 

necessary. The mobile phase was filtered through 0.45m membrane filter. 

iii) Mobile phase – C  

This mobile phase consisted of 4.0gm of 0.2M sodium hydroxide being dissolved in 

450mL of distilled water. More distilled water was added to make the volume up till 

500mL. The solution was filtered through 0.45m membrane filter. This solution was 

used for analysis without fine adjustment of pH. 

iv)  Preparation of buffer and reaction solutions  

1) Buffer solution  

122 g/40.78 g/L of sodium carbonate was weighed and 2.5L/600mL of double 

distilled water was added to it and 40.7g/13.53g of boric acid was added to it. The 

solution was vigorously shaken until the crystals dissolved. The volume was made up 

to 3L/1L. 

2) Reaction solution A  

0.2g of sodium hypochlorite was added to 500gm of the above buffer solution and 

was shaken vigorously. It was filtered through 0.45m membrane filter. 

3) Reaction solution B  

About 0.4g of OPA (O-phthaldehyde) was dissolved into 7mL of ethanol. To this 

ethanol solution 450mL of the above buffer solution was added. Further, 0.5g 

(500mg) on N-acetyl cysteine was added to this solution. The solution was allowed to 

stand for one hour until the colour turned yellow. Shaken vigorously the volume was 

made up to 500mL and filtered through 0.45μm membrane filter.  

v) Sample preparation and analysis  

Pre-column derivatization of the samples were done manually just before injection 

into the column. The defatted cotton seeds meal samples were passed through 0.5mm 

pore sized sieve to obtain uniform particle size. Screw capped tubes were used for the 

process of hydrolysis. The tubes were in 0.1M HCL overnight to avoid contamination. 

About 0.2g of each sample was weighed accurately with analytical balance and added 

to 12mL of 6M HCL. The tubes were flushed with nitrogen and capped immediately. 

These samples containing HCL were kept in oven for about 24 hours. After cooling at 

room temperature the HCL was removed by letting the samples dry. The samples 
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were reconstituted with 3mL of 0.02M HCL and filtered through 0.22μm membrane 

filter to all the remove small sized contaminants. The tubes were centrifuged. For 

derivatization of protein monomers 02 mL of reaction solution A and B were added. 

The OPA/ethanol borate solutions were unstable and were prepared daily. All the 

samples were prepared in triplicate. The standard amino acid mixture was prepared by 

mixing 4.75μM/mL of the standard in 0.1M HCL and stored at 4
o
C. About 20μL of 

the standard amino acid solution and samples each were injected with a flow rate of 

0.5mL/min, column temperature of 40
0
C, runtime 25 minutes and excitation and 

emission wave lengths of 350nm and 450nm respectively. Chromatograms of the 

samples were matched for their peak areas with those of the standard amino acid 

mixture and the results were quantified mathematically. The values obtained were 

later converted to g/16g N in each respective sample. 

D. Determination of (+)-, (-) – and Total Gossypol in Seed Meals and Crude 

 Oils 

Determination of the (+), (-)-, and total gossypol in the cotton seeds meals and oil 

samples were performed by a modified producer mentioned elsewhere by HPLC 

[119]. 

i)  Reagents and Chemicals  

A (+), (-) gossypol (2, 2
/
-bis-8 formul-1, 6, 7 trihydroxy-5-isopropyl-3-

methylnaphthalene) standard (98.2% pure) was obtained from sigma Aldrich, 

Germany. Stock reagents for derivatization and mobile phase were procured from 

Merck. 

1. Acetonitrile (HPLC grade). 

2. Methanol (99% HPLC grade). 

3. Potassium dihydrogen phosphate. KH2PO4. 

4. Phosphoric acid H3PO4 (reagent grade). 

5. Acetone. 

6. Chloroform. 

ii) Instrumentation and chromatographic conditions  

A quaternary gradient HPLC, (Agilent 1260 infinity, Germany) equipped with auto 

injectors, quaternary pump, thermo stated column compartment, UV-visible diode 

array (DAD) and vacuum degasser, was used. Separation of the gossypol enantiomers 
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were achieved on a C.18 column (4.6m-25cm) at column temperature of 40
0
C, flow 

rate 20mL/min, and wavelength 233nm. Peaks elution were monitored carefully. 

iii) Preparation of the mobile phase  

Mobile phase consisted of 85% acetonitrile and 15mM of KH2PO4. The pH of the 

mobile phase was adjusted to 3.0 by adding few drops of phosphoric acid. The 

solution was sonicated and filtered under vacuum and was made freshly every day 

throughout the experimentation. 

iv) Sample preparation  

About 0.3g of defatted cottonseed meal, grounded and sieved through 0.5mm pore 

size sieve whole cotton seed meals and 1.0 gm of extracted crude cottonseed oils were 

soaked in 25mL acetone for 16 hours. The extracts were filtered through Whatman 42 

filter paper and were concentrated and evaporated on a rotatory evaporator under 

reduced pressure of 40-45
o
C. About 1mL of 1.0% acetic acid in chloroform was 

added. The tubes were sonicated and then evaporated on a water bath at 25
o
C. After 

this derivatization 5m methanol was added and the samples were sonicated again. To 

these 5mL more of methanol and 15mL of η-hexane were added. Shaken vigorously, 

the partitioning was performed in the partitioning funnels. Repeated partitioning 

(twice) were performed with 15mL η-hexane and the final volume was made with 

MeOH if needed. The samples were filtered through 0.22μm micro porous 

membranes. About 2μl-5μl of the samples were injected with a flow rate of 

2.0mL/min, at a column temperature of 40
o
C and wave length of 233nm for 5 

minutes. Chromatograms obtained from the samples were compared with the 

respective retention times of (+), (-) gossypol standard and the results were quantified 

mathematically. Total gossypol was calculated from the sum of +, - gossypol percent. 

2.3 Statistical Analysis  

The collected data was subjected to a comprehensive statistical analysis. Mean and 

standard deviations were calculated for each triplicate and duplicate data. Using IBM 

SPSS version 20 (SPSS/n/c, USA) ANOVA, coefficient of variation, coefficient of 

correlation, and univariate regression were determined as per the requirement of the 

data at probability level being significant P < 0.05, P < 0.01, and follow a trend P 

>0.05 and  < 0.1. Respective P levels are mentioned with the results. 
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Physical distribution i.e. total yield and G.O.T percent of the seeds were done singly 

due limited samples from the experimental set ups so are presented as a single result. 

Fatty acids profiles and tocopherol concentrations of the cotton cultivars from the 

cotton fields of Punjab were determined in duplicates due to the high cost of lab 

analyses. Determination of amino acids in the 88 samples could not be performed due 

to the non- availability of funds.  
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Chapter – 3 

RESULTS AND DISCUSSION 

As an agricultural state, Pakistan’s economy and food security of its population is 

highly dependent on this sector. Pakistan has already been placed in the heat surplus 

zones of the earth, due to its geographic location and climatic changes that are already 

visible here. Food insecurity and the subsequent malnutrition is a challenge of public 

health concern which needs to be dealt with at all levels. With the existing poor 

economic circumstances and food insecurity, the effects of climatic degradation 

would serious affect lives of all the people and trades. Up till now research on cotton 

plant around the globe in general and Pakistan in particular focused on the production 

of stress resistant varieties or evaluating the effects of environmental conditions on 

the cotton plant’s responses.  Little attention has been paid to the effects of climatic 

changes on the nutritional composition of cotton seed. The data what so ever available 

is scanty both quantitatively and qualitatively. The current study was an effort to 

investigate the impact of climatic degradation on the nutritional composition of 

cottonseed. The work was performed in three main phases. Firstly the seed samples 

were collected from the cotton fields of eight districts of Punjab, Pakistan. In the 

second phase sixteen cotton cultivars were subjected to two atmospheric CO2 

concentrations in green houses. In the third phase indigenous open top chambers were 

constructed for the first time in Pakistan and three cotton genotypes were subjected to 

three climatic stresses in Random Complete Block Design. The seeds procured from 

each phase were analyzed for proximate composition, mineral composition, Physico-

chemical tests of seed oils, fatty acids composition of the oil, the alpha-, beta -,   

gama-, delta-, and total tocopherol composition in oil, and (+)-, (-) -, and total 

gossypol in both seed meals and oils. 

3.1 Nutritional Composition of Cottonseed from Punjab 

3.1.1 Proximate Composition 

3.1.1.1 Genotype variations in the proximate composition  

Variations in the mean proximate parameters of the eleven cotton genotypes are given 

in Table 3.1. The percent dry matter of all genotypes were according to the standards 

of NCPA [180]. Crude protein content of the varieties indicated highest percent 

protein in NIAB-112 and VH-300. Significantly lower protein content was observed 
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in MNH-886 and BH-176, though these finding fell well within the standards of 

National Cottonseeds Products Association (NCPA) for cottonseed. Crude protein 

content of the seed meal was highest in NS-161, NIAB-112, VH-300 and RH-627, 

variations in protein concentrations were found to be highly significant across the 

whole data set (Appendix 3) among the same genotype indicating phenotypic 

responses to environmental conditions. Results of the percent oil indicated that mean 

oil content of VH-300, BH-176, NS-161 and RH-627 were higher while it was lower 

for FH-142 and MNH-886. Phenotypic response of percent oil was found to be 

significant for whole seed and seed meal. Variations in the crude fiber was found to 

be higher for NIAB-112 while fiber content remained consistent across the whole data 

set and among the cotton genotypes. Significant variation in the fiber content in the 

same genotype might be attributed to the environmental conditions in which the 

cotton cultivars were grown.  

The means of ash content of the varieties were found to be significantly variant 

among the genotypes and across the data set (Appendix 3). The mean ash contents 

were found to be highest in MNH-886, AA-904, NS-161, BH-176 and RH-627. The 

ash contents of seed meal were highest in AA-904, FH-142 and MNH-886 

respectively. 

The findings of the present study are in close agreement with the standards of 

NCPA, NRC, Dairy One [180-182] and variations in the proximate components 

among the cotton genotypes are according to the findings of other studies on cotton 

and soybean [183-185]. 
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Table -3.1 Genotypes variations in the proximate composition  

 
Genotypes % dry 

matter  

Crude protein (g/100g) Percent oil (g/100g) Crude fiber (g/100g) Crude ash (g/100g) 

Whole 

seed  

p/ 

level  

Seed meal  p/  

level  

Whole 

seed  

p/ 

level  

Seed 

meal  

p/  

level  

Whole 

seed  

p/  

level  

Seed 

meal  

p/  

level  

Whole 

seed  

p/  

level  

Seed 

meal  

p/  

level  

MNH-886 94.72 

1.90 

22.37 

1.20 

0.000 39.87 

0.876 

0.000 17.32 

11.34 

0.000 6.12 

7.25 

0.000 27.17 

8.60 

0.000 3.97 

2.53 

0.000 4.22 

9.59 

0.000 7.44 

4.36 

0.000 

AA-904 94.58 

2.71 

23.54 

3.18 

0.000 39.81 

6.64 

0.000 18.46 

9.98 

0.000 6.20 

7.46 

0.000 2.81 

12.03 

0.000 3.58 

8.76 

0.000 4.16 

7.28 

0.000 7.61 

3.85 

0.000 

FH-942 95.19 

1.85 

23.39 

6.38 

0.000 38.44 

4.65 

0.000 19.74 

11.70 

0.000 6.52  

11.67 

0.000 27.78 

5.83 

0.000 5.51  

9.56 

0.000 2.82 

8.42 

0.000 7.43 

2.56 

0.000 

IRNIBGE-4 94.21+ 

2.21 

23.94+ 

4.29 

0.000 38.12+ 

13.70 

0.000 18.62+ 

8.766 

0.000 5.34+ 

8.67 

0.000 28.35+ 

8.96 

0.000 4.21+ 

5.48 

0.000 2.57 

3.37 

0.000 6.27 

7.54 

0.000 

FH-142 94.86+ 

4.23 

23.18+ 

7.92 

0.000 39.12+ 

12.53 

0.000 17.62+ 

8.766 

0.000 5.77+ 

7.64 

0.000 27.97+ 

13.41 

0.000 3.86+ 

4.44 

0.000 2.97+ 

9.42 

0.000 7.61+ 

4.81 

0.000 

VH-300 95.47+ 

2.36 

24.45+ 

8.89 

0.000 40.49+ 

9.34 

0.000 21.19+ 

6.459 

0.000 6.54+ 

11.34 

0.000 28.04+ 

7.52 

0.000 3.47+ 

7.669 

0.000 2.86+ 

6.33 

0.000 5.02+ 

3.99 

0.000 

BH-176 95.118+ 

2.97 

22.87+ 

7.13 

0.000 39.40+ 

7.99 

0.000 19.48+ 

6.97 

0.000 5.511+ 

11.80 

0.000 28.62+ 

5.25 

0.000 3.38+ 

8.71 

0.000 4.12+ 

7.56 

0.000 5.02+ 

7.08 

0.000 

NS-161 95.14+ 

3.55 

23.41+ 

7.19 

0.000 40.68+ 

8.66 

0.000 19.61+ 

2.66 

0.000 5.40+ 

7.076 

0.000 28.006+ 

7.53 

0.000 3.11+ 

6.84 

0.000 4.55+ 

0.86 

0.000 6.83+ 

3.59 

0.000 

NIAB-112 94.74+ 

2.10 

24.49+ 

9.57 

0.000 40.41+ 

11.74 

0.000 18.85+ 

15.53 

0.000 4.92+ 

6.773 

0.000 29.24+ 

7.61 

0.000 3.18+ 

4.61 

0.000 3.58+ 

5.42 

0.000 6.64+ 

4.52 

0.000 

VH-303 94.11+ 

8.33 

23.43+ 

3.88 

0.000 39.78+ 

6.28 

0.000 18.10+ 

13.33 

0.000 6.79+ 

9.58 

0.000 28.900+ 

11.54 

0.000 4.74+ 

8.56 

0.000 3.53+ 

1.40 

0.000 6.33+ 

5.16 

0.000 

RH-627 94.12+ 

1.48 

23.30+ 

658 

0.000 40.28+ 

11.97 

0.000 19.24+ 

6.939 

0.000 6.72+ 

14.75 

0.000 28.12+ 

5.04 

0.000 4.12+ 

1.16 

0.000 4.09+ 

7.23 

0.000 5.75+ 

7.41 

0.000 
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3.1.1.2 Effect of location on the proximate composition  

The impact of environmental variations on the proximate composition of whole 

cottonseed and Delinted Seed Meals is given in Table 3.2. The relationship and the 

predictive effects of climatic variables are given in Table 3.3 and Table 3.4. The 

percentage of the dry matter calculated as the moisture free content showed highest 

percent dry matter being found in the samples of Multan, Rahim Yar Khan, Raiwand 

and Vihari. The percent dry matter of all the locations were according to the value of 

NCPA. Results of the crude protein (%) showed higher protein in the seeds of 

Sahiwal, Sargodha, Faisalabad, Jhang and Raiwand. Protein content of the 

cottonseeds from Rahim Yar Khan was the lowest among the locations. Significant 

intra-varietal differences however were there in all the genotypes indicating greater 

influence of the genetic makeup of the phenotypes. The crude protein content of the 

seed meals from different locations were also significantly different. The values of 

dry matter percent and percent crude protein were found to be similar to the standards 

of NCPA, NRC, Dairy One [180-182] and protein content of the studies on cotton 

seed from Pakistan [183, 184]. 

The percent oil content from different districts showed higher oil yields from the 

cottonseed of Rahim Yar Khan, Multan and Faisalabad while Raiwand gave the 

lowest oil yield on the basis of 100% dry matter basis. The crude oil content of the 

seed meal was found to be higher in the seed samples of Rahim Yar Khan, Raiwand, 

Sahiwal, Jhang and Faisalabad. The oil content of the whole seeds in the current data 

was similar to the standards of NCPA, NRC, Dairy One [180-182] and oil yield from 

other studies [183, 184], however the percent fat of the seed meals of the present work 

were higher than NCPA and NRC but fell well within the standards of Dairy One. The 

higher significant differences of both the whole and seed meal indicate greater intra-

varietal variations among the genotypes and variable responses of these phenotypes 

grown under variable agro climatic environments. 

Results of the mean crude fiber content of the cottonseeds from different locations 

showed significantly variable responses of the cultivars. Crude fiber was highest in 

the cottonseeds of Jhang (26.84 + 9.41), Faisalabad (26.64 + 9.47) and Vihari (26.27 

+ 11.45). The cottonseeds from Sargodha and Multan contained comparatively lower 

crude fiber (24.87 + 7.84 and 24.87 + 18.06 respectively). The fiber contents of the 

cottonseed meals were highest in the cultivars of Jhang (5.28 + 11.88), Raiwand (5.03 
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+ 7.12) and Sargodha (4.23 + 1.92). The highest significance level (p < 0.05) showed 

greater variations among the genotypes under different climates. The fiber content of 

both the whole seeds and seed meals were according to the standards of NCPA, NRC, 

Dairy One and the crude fiber of cottonseeds from other studies.  

Intra-varietal variations of the crude ash content (%) indicated highest mean percent 

ash in the cottonseeds of Faisalabad and Sargodha while it was lower from Rahim Yar 

Khan. The mean ash content was according to NCPA, NRC and Dairy One standards 

[180-182]. These results were also similar to other studies conducted in Pakistan [183, 

184].  

The co-efficient of correlation of the relationship among the proximate components 

and climatic variables (Table-3.3) indicated that protein had a significant inverse 

correlation with fat and positive relationship with percent dry matter. Crude fat had a 

significant inverse relationship with percent dry matter while ash percent had a non-

significant inverse relationship with crude fiber. Among the climatic variables 

temperature had a significant inverse correlation with crude protein, positive 

relationship with crude fat and non-significant correlation with the rest of proximate 

components. The effect of rainfall on the proximate parameters were non-significant 

for all though it was inverse for protein, ash, and dry matter. Atmospheric humidity 

showed inverse relationship with protein, fat and ash percent. 

In order to better understand the effect of climatic variable on the nutritional 

composition of cottonseed a regression model for the present work was developed 

(Table 3.4). The predictability of the environmental variables were temperature, 

rainfall, humidity and their mutual impacts. As evident atmospheric temperature 

strongly affected protein, fat and ash. The correlation co-efficient of the rainfall with 

proximate components (Table 3.3) though was non-significant but regression co-

efficient showed significant contribution of rainfall in the accumulation of protein, ash 

and fiber content. The impact of atmospheric humidity in the present work was 

significant for protein, fats, ash and fiber. The multiple effects of the climatic 

variables were significant for protein, fats and ash in temperature × rain interaction. 

The effects of temperature × rain × humidity interaction showed climatic conditions 

exerts significant impacts on the protein, fats and ash content. Keeping in view this 

multiple variable scenario it could be assumed that environmental variations had a 
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strong predictors of the nutritional composition of the cottonseed. Such type of 

interactions could not be traced in literature however the effect of temperature on 

protein and percent oil of the present work were found to be similar to the findings of 

other studies [183, 184]. 

For the present study, along with lowering of the protein content of the seed 

temperature elevation resulted in increased oil accumulation. As evident from the 

present data the districts in which mean maximum temperature was higher had low 

rainfall and dry conditions might have contributed to the differences in percent protein 

and percent oil yields (Appendix – 1). However, reports from drought studies on the 

oil yield had shown that the effect of water stress depends on the severity of the stress 

[185]. In some field studies it was shown that irrigation did not affect the oil 

concentrations [186]. The present findings had shown significant genotypic and 

environmental variations on the proximate composition, although the mechanism of 

how this genetics and environment affect the nutritional quality of cottonseed is not 

yet understood as suggested in other studies [187]. 
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Table-3.2 Environmental mean proximate composition of cotton genotypes (P = 0.000) 

   

Genotypes % dry matter Crude protein (g/100g) Percent oil (g/100g) Crude fiber (g/100g) Crude ash (g/100g) 

  Whole seed  Seed meal  Whole seed  Seed meal  Whole seed  Seed meal  Whole seed  Seed meal  

Sahiwal  94.492+ 0.98 23.71+ 6.864 39.42+ 11.13 17.59+ 4.72 6.54+ 2.24 25.27+ 7.97 3.49+ 1.96 3.77+ 0.72 7.30+ 9.48 

Sargdha  95.923+ 1.26 23.34+ 6.83 39.14+ 11.91 17.22+ 5.65 5.93+ 2.07 24.87+ 7.84 4.23+ 1.92 4.01+ 0.84 7.28+ 6.24 

Multan  95.91+ 1.14 22.12+ 9.64 38.89+ 7.20 18.08+ 4.93 5.97+ 1.98 24.87+ 18.06 3.91+ 6.48 3.75+ 6.75 6.98+ 8.32 

Faisalabad  95.16+ 1.13 23.16+ 7.78 40.33+ 13.83 18.04+ 4.86 6.01+ 5.96 26.64+ 9.47 4.16+ 7.06 4.09+ 2.73 7.40+ 2.43 

Rahim Yar Khan  95.62+ 1.63 21.84+ 8.36 38.93+ 4.47 19.29+ 8.96 6.65+ 2.19 26.13+ 8.55 3.62+ 0.16 3.19+ 8.43 6.06+ 3.41 

Jhang  95.38+ 1.12 24.30+ 4.27 40.25+ 27.52 16.78+ 13.62 6.33+ 2.35 26.84+ 9.41 5.38+ 11.88 3.80+ 9.78 7.23+ 7.46 

Raiwand  95.03+ 3.10 22.44+ 9.48 40.83+ 15.31 17.35+ 7.44 5.52+ 3.35 25.78+ 7.33 5.03+ 7.12 3.78+ 5.77 7.23+ 8.37 

Vihari  96.80+ 2.91 23.11+ 7.42 39.81+ 16.19 18.69+ 7.76 5.97+ 11.3 26.27+ 11.45 3.80+ 1.88 3.93+ 5.15 7.97+ 5.33 
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Table-3.3:  Correlation co-efficient of proximate composition and climatic  

        variables 

 Proteins %oil Ash Fiber Dry matter 

Protein  -0.312** 0.053 -0.159 0.370** 

Percent oil    -0.259 -0.041 -0.246** 

Ash     -0.042 0.015 

Fiber      -0.108 

Dry matter  0.370** -0.246** 0.015 -0.108 1 

Temperature  -0.733** 0.607* -0.385 0.512 -0.256 

Rainfall  -0.320 0.305 -0.416 0.053 -0.558 

Humidity  -0.231 -0.432 -0.386 0.453 0.111 

* Correlation is significant at p<0.01. 

** Correlation is significant at p<0.05. 

Table-3.4 Regression model of the climatic variable and proximate composition  

Constants  ANOVA of constants  Regression co-efficient  

F  Significance B  Std Error  Beta Significance  

Temperature 

Protein  7.303 0.035 55.138 12.246 -0.741 0.018 

Fats  3.496 0.111 -19.113 18.862 0.607 0.055 

Ash  7.954 0.030 12.315 3.5799 -0.755 0.014 

Fiber  3.735 0.101 11.681 8.026 0.619 0.196 

Rain fall 

Protein  0.683 0.440 23.575 1.906 -0.320 0.000 

Fats  0.616 0.463 14.257 2.943 0.305 0.097 

Ash  1.255 0.305 3.036 0.749 -0.416 0.007 

Fiber  1.551 0.259 23.851 2.699 0.453 0.000 

Humidity 

Protein  0.388 0.582 24.272 3.841 -2.231 0.001 

Fats  1.373 0.286 21.515 4.634 -0.432 0.004 

Ash  1.051 0.345 3.743 1.491 -0.386 0.046 

Fiber  0.017 0.900 26.985 1.540 0.053 0.000 

Temperature × Rain 

Protein  0.945 0.449 37.048 12.515 -0.429 0.032 

Fats  3.171 0.129 -18.437 14.684 0.696 0.055 

Ash  4.158 0.086 11.972 3.686 -0.694 0.058 

Fiber  1.631 0.285 11.389 8.764 0.617 0.132 

v. Temperature × Rain × Humidity  

Protein  0.582 0.658 39.162 14.636 -1.036 0.055 

Fats  18.981 0.008 -5.362 6.983 -0.778 0.015 

Ash  3.688 0.120 13.644 3.701 3.686 0.021 

Fiber  2.970 0.160 6.258 7.488 0.713 0.069 



 

 

66 

3.1.2 Mineral composition of the seeds   

3.1.2.1 Genotype variations in the mineral content  

Intra-varietal variations in the mean two macro, four micro and one heavy metal 

concentrations of the cottonseed are given in Table-3.5. Results indicated 

inconsistency within the same genotype across the whole data set (Appendix – 4) 

along that significant variations (p<0.05) were found among the phenotypes. Results 

of the present work indicated highest calcium concentrations (mg/kg
-1

) in the 

genotypes NS-161, RH-627, VH-303, IRNIBGE-4 and FH-142. Calcium content was 

lower in MNH-886. The concentration of the phosphorus was found to be higher in 

IRNIBGE-4, FH-142, NS-161, BH-176 and VH-303. Phosphorus content was found 

to be lower in VH-300 among the tested varieties. Among the micro minerals the 

concentration of copper was found to be higher in the genotypes BH-627 and FH-942. 

The present work revealed higher iron (mg/kg
-1

) content in IRNIBGE-4, VH-303 and 

MNH-886 with greater phenotypic variations within the same variety. The 

concentration of zinc was found to be higher in IRNIBGE-4, RH-627 and NS-161. 

The genotype VH-300 gave lower concentrations of zinc. Results of manganese 

concentrations indicated that FH-942 and NS-161 contained highest manganese 

(mg/kg
-1

) while MNH-886 contained lower concentrations. Variations in the cadmium 

(mg/kg
-1

) indicated that NIAB-112 contained highest level of this heavy metal across 

the whole data set. The level of significance (p<0.05) was significant for AA-904 and 

NS-161, non-significant for FH-942, FH-142 and NIAB-112 while rest of the 

genotypes followed the significance trend p<0.1. The findings for the cadmium 

content showed variation within the same variety were mostly non-significant. The 

highest levels of significant variations in the mineral contents within the same 

phenotypes might be the effect of climatic variables or agricultural practices under 

which the cultivars were grown.  

The contents of all the macro minerals and micro minerals except cadmium was found 

according to the values of NCPA, NRS, Dairy One [180-182] and findings of  an 

another study on cottonseeds [183]. It can be postulated here that genotypic variations 

in mineral concentrations are attributed to the genetic makeup of the cultivars or the 

environmental, agricultural practices and fertilization techniques during the growing 

period. 
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Table -3.5 Genotype variation in the mean mineral concentrations  

 Macro mineral (mg kg
-1

) Micro minerals (mg kg
-1

) Heavy metal (mg kg
-1

) 

Calcium P/level Phosphorus p/level Copper p/level Iron p/level Zinc  p/level Manganese p/level Cadmium  p/level 

MNH-886 0.071+0.336 0.001 1.609+0.112 0.000 12.17+0.692 0.000 140.43+32.03 0.000 67.75+11.70 0.000 12.83+3.22 0.000 0.0244+0.036 0.099 

AA-904 1.048+0.041 0.000 1.591+0.329 0.000 11.29+3.008 0.000 117.56+22.17 0.000 64.69+8.38 0.000 13.20+4.81 0.000 0.2814+0.265 0.020 

FH-942 0.937+0.106 0.000 1.520+0.297 0.000 7.61+1.586 0.000 110.39+17.43 0.000 54.99+8.23 0.000 20.71+4.97 0.000 0.1833+0.332 0.0162 

IRNIBGE-4 1.029+0.127 0.000 1.824+2.747 0.000 8.23+4.155 0.000 151.22+58.62 0.000 76.62+9.04 0.000 17.29+3.95 0.000 0.2279+0.261 0.0043 

FH-142 1.029+0.298 0.000 1.797+0.371 0.000 11.77+4.045 0.000 115.22+58.31 0.000 51.07v14.30 0.000 13.68+4.67 0.000 0.3667+0.608 0.0132 

VH-300 1.158+0.175 0.000 1.229+0.185 0.000 9.57+2.643 0.000 101.17v21.93 0.000 50.99+11.20 0.000 16.09+2.58 0.000 0.0608+0.104 0.0114 

BH-176 0.945+0.372 0.000 1.694+0.508 0.000 11.99+.595 0.000 100.95+11.35 0.000 55.11+17.94 0.000 17.97+4.17 0.000 0.217+0.0294 0.0076 

NS-161 1.191+1.551 0.000 1.826+0.289 0.000 8.40+1.327 0.000 130.60+22.16 0.000 70.99+8.04 0.000 20.13+4.16 0.000 0.6019+0.458 0.0007 

NIAB-112 1.112+0.182 0.000 1.556+0.299 0.000 9.78+0.439 0.000 87.95+10.85 0.000 68.63+13.89 0.000 15.98+5.10 0.000 2.710+6.309 0.0064 

VH-303 1.099+0.078 0.000 1.658+0.169 0.000 11.62+4.367 0.000 149.74+21.96 0.000 64.66+7.630 0.000 19.85+4.98 0.000 0.2098+0.311 0.098 

RH-627 1.114+0.072 0.000 1.499+0.427 0.000 7.24+1.489 0.000 134.34+40.00 0.000 76.72+6.92 0.000 14.77+3.65 0.000 0.3205+0.430 0.073 
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3.1.2.2 District wise variation in the minerals content  

The impact of environmental variations on the mineral contents of cottonseed (mg 

kg
1
) is given in Table 3.6. The correlation co-efficient and regression model for the 

association of minerals with crude ash and climatic variables are given Table 3.7 and 

Table 3.8 respectively. Significant intra locality variations (p<0.05) were found in the 

calcium content of the cultivars from Sahiwal, Rahim Yar Khan, Jhang and Multan. 

Multan gave higher calcium concentrations while the cultivars from Faisalabad and 

Sargodha contained lower calcium levels. The cottonseed samples from Faisalabad, 

Jhang and Raiwand contained higher phosphorus levels as compared to the lower 

levels from the samples of district Vihari. The copper content was found to be higher 

from the cultivars of Rahim Yar Khan, Raiwand, Multan and Vihari while it was 

lower from Faisalabad. The findings of the Fe concentrations indicated higher content 

in the cultivars form Multan and Rahim Yar Khan and lower in Sahiwal. The cultivars 

from Faisalabad and Raiwand contained higher zinc levels while low levels were 

found in the cultivars of Sargodha and Multan. Manganese was found to be higher in 

the cultivars of Jhang and Sahiwal and lower in the seeds of Vihari and Rahim Yar 

Khan.  

The cadmium concentrations were found higher in the cottonseeds from Faisalabad. 

Intra-varietal differences among the genotypes of Faisalabad was non-significant 

indicting the strong influence of the climatic or environmental impacts. Faisalabad 

being a heavy industrial area might have added to the higher cadmium levels 

irrespective that the samples were collected from the cotton fields of Faisalabad 

district. This heavy level of cadmium may be a potential health risk and needs to be 

explored further on other varieties and different localities of this district. 

The correlation co-efficient (Table 3.7) indicated that calcium had a significant 

inverse relationship with copper and significant positive correlation with iron. 

Phosphorus had an inverse significant relationship with copper and positive 

correlation with zinc. Correlations of copper was inverse with all the micro minerals 

although they were non-significant. Iron had a positive significant correlation with 

zinc. The effect of climatic variables showed non-significant inverse relationship of 

temperature with phosphorous, iron and zinc. Rainfall and humidity had an inverse 

non-significant relationship with calcium. Atmospheric humidity had a significant 

positive correlation with zinc. The correlation of crude ash from the respective 
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varieties with the minerals indicated an inverse relationship with all the minerals 

though they were non-significant. 

Regression model for climatic variables and mineral concentrations (Table-3.8) 

showed that being a constant predictor, crude ash can determine the levels of minerals 

in the respective genotypes except for cadmium. The regression coefficients were 

significant for temperature to iron and zinc. As evident from the table, an increase in 

the atmospheric temperature will result in lower concentrations of iron and zinc and 

vice versa. The coefficient of rainfall for all the minerals were non-significant except 

for phosphorus which followed the trend p<0.1. The predictability of humidity, 

temperature × rainfall, temperature ×  humidity, temperature ×  rainfall ×  humidity 

were  all non-significant indicating mineral concentration of the cotton genotypes 

were mostly affected by genetic makeup, fertilization and agricultural practices. 

The mineral concentrations from all the locations of Punjab fell well within the 

standards of NCPA, NRS, Dairy One and other studies [180-184]. 
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Table-3.6 District wise variation in the mean mineral contents  

 Macro Minerals (mg kg
-1

) Micro Minerals (mg kg
-1

) Heavy metal  

(mg kg
-1

) 

Calcium p-

level 

Phosphorus p-

level 

Copper p-

level 

Iron p-

level 

Zinc p-

level 

Manganese p-

level 

Cadmium p-

level 

Faisalabad  0.977±0.206 0.000 1.824±0.379 0.000 8.52.3.107 0.000 113.89±41.29 0.000 67.41±12.62 0.000 17.03±5.14 0.000 2.141±5.362 0.215 

Rahim 

Yar Khan 

1.128±0.96 0.000 1.524±0.382 0.000 10.13±3.669 0.000 134.85±53.87 0.000 66.52±13.54 0.000 14.86±4.70 0.000 0.200±0.379 0.108 

Sahiwal  1.106±0.871 0.000 1.536±0.573 0.000 10.38±3.617 0.000 108.10±21.63 0.000 64.59±19.04 0.000 17.97±4.85 0.000 0.403±0.525 0.029 

Sargodha 0.996±1.214 0.000 1.554±0.673 0.000 9.85±2.744 0.000 111.26±27.14 0.000 58.25±13.02 0.000 16.46±7.33 0.000 0.378±0.719 0.007 

Jhang 1.017±1.118 0.000 1.640±0.499 0.000 9.51±2.962 0.000 120.80±29.54 0.000 65.56±12.89 0.000 18.12±4.40 0.000 0.406±0.448 0.013 

Raiwand  0.909±0.420 0.000 1.676±5.341 0.000 10.43±6.618 0.000 106.94±49.00 0.000 68.12±10.98 0.000 17.39±5.79 0.000 0.121±0.240 0.128 

Multan  1.095±0.324 0.000 1.498±2.37 0.000 10.49±3.319 0.000 138.76±29.14 0.000 56.99±14.53 0.000 17.44±5.30 0.000 0.097±0.215 0.164 

Vihari  1.056±0.618 0.000 1.361±0.336 0.000 10.46±1.808 0.000 121.07±34.17 0.000 63.26±13.32 0.000 13.45±4.41 0.000 0.042±0.061 0.046 

 



 

 71 

Table-3.7 Correlation co-efficient of the climatic variables for minerals 

 Calcium  Phosphorus  Copper  Iron  Zinc  Manganese  Cadmium  

Calcium   0.042 -0.211* 0.228* -0.025 0.008 0.017 

Phosphorous    -0.252* 0.0987 0.255* 0.123 0.124 

Copper     -0.208 -0.174 -0.033 -0.009 

Iron      0.221* 0.096 -0.161 

Zinc       -0.113 0.054 

Manganese        -0.104 

Cadmium         

Temperature  0.361 -0.146 0.439 -0.057 -0.139 0.690 0.353 

Rainfall  -0.176 -0.507 0..449 -0.156 0.370 0.232 -0.146 

Humidity  -0.537 -0.068 0.358 -0.096 0.832* -0.235 -0.614 

Crude ash  -0.047 -0.207 -0.003 -0.048 -0.095 -0.197 -0.011 

* Corrrelation significant at 0.05 

Table 3.8 Regression model of the climatic variables and mineral concentrations 

     (mg kg
-1

) 

Constants/ 

predicators  

ANOVA co-efficient  Unstandardized  

co-efficient  

Standardized  

co-efficient  

F Significant  B Std. Error  Beta  Significant  

Crude Ash 

Calcium  0.191 0.664 1.069 0.086 -0.047 0.000 

Phosphorus  3.863 0.053 1.823 0.131 -0.207 0.000 

Copper  0.001 0.975 10.005 1.174 -0.003 0.000 

Iron  0.200 0.656 113.557 13.814 0.048 0.000 

Zinc  0.970 0.377 68.189 5.113 -0.095 0.000 

Manganese  3.465 0.066 19.723 1.756 -0.197 0.000 

Cadmium  0.010 0.919 0.544 0.722 -0.011 0.453 

Temperature 

Calcium  0.900 0.379 -3.017 3.921 0.361 0.471 

Phosphorus  0.130 0.731 1.697 1.407 -0.146 0.073 

Copper  1.432 0.277 -24.395 30.572 0.439 0.445 

Iron  0.020 0.892 202.669 621.360 -0.057 0.055 

Zinc  0.118 0.743 118.049 146.503 -0.139 0.057 

Manganese  5.463 0.058 -55.972 29.450 0.690 0.106 

Cadmium  0.856 0.391 -0.378 0.429 0.35 0.419 

Rainfall 

Calcium  0.191 0.677 -0.005 0.007 -0.274 0.534 

Phosphorus  2.072 0.200 1.738 0.135 -0.507 0.069 

Copper  1.516 0.264 0.065 0.053 0.449 0.264 

Iron  0.149 0.713 -0.414 1.072 -0.156 0.713 

Zinc  0.954 0.366 53.505 0.240 0.370 0.366 

Manganese  0.341 0.581 0.040 0.069 0.232 0.581 

Cadmium  0.131 0.730 0.042 0.001 -0.146 0.730 
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3.1.3 Physicochemical characteristics of the oils 

3.1.3.1 Genotype variations in the physico-chemical characteristics of oil 

Intra-varietal mean differences in the physico-chemical parameters of the oils from 

the eleven genotypes are given in Table- 3.9. Quality parameters of all the genotypes 

across all the districts were according to the CODEX Alimentarius Standards for 

cotton seed oil [188]. The colours (1-in cell) were quite variable and the mean 

differences were highly significant from the whole data set. Mean values of red units 

of BH-176 (12.68 + 0.46), FH-942 (12.72 + 0.19), VH-300 (12.80 + 0.66), and NIAB-

112 (12.71 + 0.28) were significant at P≤0.05. Comparatively higher mean red units 

being observed in AA-904 (12.95 + 0.05), FH-942 (12.72 + 0.19), VH-300 (12.80 + 

0.66), and NIAB-112 (12.71 + 0.28). The mean yellow nits were found higher in VH-

303 (71.91 + 0.19), VH-300 (68.46 + 0.03), MNH-886 (68.91 + 0.71), and FH-142 

(68.92 + 0.1). The greater variations observed signify the presence of polar compound 

and the effect of growing conditions on the condensation of colour compound in the 

cell matrix from which the oils were extracted. The higher accumulation of these 

natural pigments or colour in the oil might not of an advantage since almost whole of 

the pigments tend to bleached out during the refining process. Intra genotype 

variations in the density (g/cm
2
) and refractive index (40

0
C) were comparatively 

lower however variations were significant across the whole data set were significant 

indicating the effects of agro-environmental conditions. The mean variation viscosity 

(cps) was significant among the varieties. The values observed were found to be 

higher in BH-176 (73.2 + 1.72), AA-904 (72.5 + 0.98), FH-942 (72.9 + 1.59), RH-627 

(72.5 + 1.19), VH-300 (72.5 + 6.93), NIAB-112 (72.3 + 2.70), and IRNIBGE-4 (73.0 

+ 3.01). Saponification values (mg KOH/g oil) ranged from 163.65 to 192.37. Higher 

Mean saponification values were observed in FH-142 (192.37 + 6.47), BH-176 

(190.17 + 11.70), RH-627 (189.9 + 1.58), and NIAB-112 (187.1 + 9.90). Variation 

among the genotypes for free fatty acid values (% oleic acid) was significant in most 

of the varieties. Since free fatty acid was determined as percent of the oleic acid in the 

oil, the significant variations might be due to the effect of agro-climatic conditions on 

the percent oleic acid in the oil. Iodine values (g of I2/100 g oil) across the eleven 

genotypes were quite varied. Iodine value ranged from 96.98 to 116.2 g of I2/100 g 

oil. The peroxide values of the oils from all the genotypes were quite low and the 

differences were insignificant. This indicated that cottonseed grown across Pakistan is 

suitable for human consumption. These low values might be attributed to the fact that 

peroxide values of the respective oil samples were determined right after extraction 



 

 73 

and the storage of the samples at freezing temperature or the presence of antioxidants 

in the crude oils. The findings of the current study are in strong agreement with the 

studies of Anwar et al., and Ma et al [189, 190] on soybean seed oil and Farooq et al., 

on the intra-varietal differences in the physico-chemical composition of okra 

(Hibiscus Esculentus) seed oil [191]. 
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Table-3.9 Mean Genotype variations in the physico-chemical characteristics  

Genotype  Colour (1-in cell) 

 

Density g/cm
2
 

24
0
C 

Refractive 

index (40
0
C) 

Viscosity (cps) Saponification 

value (mg 

KOH/g oil 

Free fatty acid 

content  

(% as oleic acid) 

Iodine value  

(g I/100g oil)

  

Peroxide values 

(MEq/kg) 

 Red           

Units 

P-

Level 
Yellow 

units 

P-

Level 

 P- 

Level 

 P-

Level 

 P-

Level 

 P-

Level 

 P-Level  P-

Level 

 P-

Level 

BH-176 12.68+ 

0.46 

0.038 68.70+ 

1.71 

0.021 1.23+ 

0.02 
ns 1.47+ 

1.02 

ns 73.2+ 

1.72 

0.023 190.7+ 

11.70 

0.041 2.21+ 

1.45 

ns 116.2+ 

1.77 

ns 1.20+ 

0.56 

ns 

AA-904 12.95+ 

0.05 

ns 68.33+ 

2.20 

0.059 1.33+ 

1.11 
ns 1.472+ 

1.1 

ns 72.5+ 

0.98 

0.041 183.5+ 

1.10 

0.056 1.99+ 

3.64 

0.041 102.3+ 

5.70 

ns 1.09+ 

3.50 

ns 

FH-142 12.55+

0.13 

ns 68.92+ 

0.1 

0.021 1.19+ 

4.75 
ns 1.64+ 

0.89 

ns 71.5+ 

1.42 

Ns 192.37+ 

6.47 

0.037 1.09+ 

7.57 

ns 105.81+ 

3.26 

0.063 1.03+ 

3.89 

ns 

NS-161 12.62+

0.45 

0.061 65.90+ 

0.20 

0.029 1.21+ 

0.01 
ns 1.48+ 

0.68 

ns 71.1+ 

1.11 

0.062 180.0+ 

1.49 

ns 1.83+ 

5.49 

ns 99.89+ 

6.20 

0.059 1.03+ 

1.99 

ns 

FH-942 12.72+

0.19 

0.069 69.32+ 

0.26 

0.038 1.25+ 

0.71 
ns 1.47+ 

1.12 

ns 72.9+ 

1.59 

0.051 169.9+ 

8.49 

0.071 2.02+ 

6.99 

ns 108.4+ 

4.12 

0.013 1.037+ 

8.02 

ns 

RH-627 12.43+

0.18 

ns 65.44+ 

0.32 

0.024 1.15+ 

0.12 
ns 1.49+ 

0.56 

ns 72.5+ 

1.19 

ns 189.9+ 

1.58 

ns 3.09+ 

1.73 

0.039 109.5+ 

3.95 

0.041 1.09+ 

3.50 

ns 

VH-300 12.80+

0.66 

0.035 68.46+ 

0.03 

0.069 0.98+ 

0.07 
ns 1.47+ 

0.81 

ns 72.5+ 

6.93 

0.019 184.9+ 

1.95 

0.029 2.91+ 

4.15 

0.047 108.91+ 

2.88 

ns 1.12+ 

4.48 

ns 

VH-303 12.26+

0.48 

ns 71.91+ 

0.19 

0.023 1.31+ 

0.70 
ns 1.47+ 

1.12 

ns 71.5+ 

1.37 

ns 181.0+ 

1.81 

0.044 1.91+ 

5.41 

ns 104.71+ 

1.81 

ns 1.21+ 

1.44 

ns 

NIAB-112 12.71+ 

0.28 

0.051 68.32+ 

1.21 

0.061 1.29+ 

1.21 
ns 1.47+ 

1.06 

ns 72.3+ 

2.70 

0.038 187.1+ 

9.93 

0.59 2.42+ 

4.97 

ns 113.7+ 

1.76 

0.061 1.27+ 

7.57 

ns 

IRNIBGE

-4 

12.65+ 

0.94 

ns 67.07+ 

0.69 

0.041 0.98+ 

3.25 
ns 1.47+ 

0.56 

ns 73.0+ 

3.01 

0.073 179.1+ 

2.24 

0.067 2.98+ 

3.01 

ns 108.03+ 

2.43 

0.053 1.28+ 

3.22 

ns 

MNH-886 12.54+ 

0.82 

ns 68.91+ 

0.71 

0.019 1.25+ 

1.20 
ns 1.47+ 

1.32 

ns 72.2+ 

1.21 

ns 163.65.

9+ 

3.15 

ns 1.36+ 

3.03 

ns 96.98+ 

7.01 

0.027 1.08+ 

7.29 

ns 

Overall 

Mean 

 

12.58+ 

1.29 

0.000 69.81+ 

2.31 

0.000 1.25+ 

0.98 
0.000 1.49+ 

1.09 

0.000 72.56+ 

1.68 

0.000 187.96+ 

4.51 

0.000 2.65 0.000 109.8+ 

7.58 

0.000 1.05+ 

0.98 

0.000 
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3.1.3.2 District wise variations in the physico-chemical characteristics of oil 

Mean variation in the Physico-chemical parameters of the crude oils from the eight 

growing environments is presented in Table- 3.10. The colour (1-in cell) for red units 

were quite varied from the oils of Rahim Yar Khan (12.74 + 1.43), Multan (12.73 + 

1.69), Sargodha (12.71 + 1.67) and Vihari (12.71 + 1.55). Higher red units were 

observed in Rahim Yar Khan, Multan, Sargodha, Vihari and Faisalabad. The mean 

yellow units were higher in the oil samples of Multan (71.91 + 6.19), Rahim Yar 

Khan (69.44 + 3.32), Faisalabad (69.99 + 6.26) and Raiwand (68.88 + 6.71). The 

values of density (g/cm
2
) and refractive index (40

0
C) were observed to be varied but 

insignificant within the same district though this difference was significant across the 

whole data set. The mean values for viscosity (cps) were significantly different in the 

crude oils of Faisalabad (71.1 + 1.26), Sahiwal (72.9 + 1.11), and Raiwand (73.0 + 

1.21). Mean differences in the saponification values (mg KOH/g oil) were found to be 

significant for Rahim Yar Khan (189.9 + 8.49), Sargodha (187.1 + 4.93), Raiwand 

(186.1 + 2.24), Vihari (188.9 + 3.15) districts. Higher saponification values were 

observed in the oil samples of Rahim Yar Khan, Sahiwal and Vihari. Differences in 

the free fatty acid values were significant only in Faisalabad (2.02 + 6.99) and Rahim 

Yar Khan (3.09 + 1.73). The overall difference was significant for the whole data set. 

Iodine value (g of I2/100 g oil) was variable. The significantly different iodine value 

at Faisalabad, Rahim Yar Khan, Multan, Sargodha, and Raiwand might be attributed 

to the differences in the total unsaturated fatty acids in the oils of the respective 

localities. Peroxide values from all districts were found to be quite low indicating less 

negative impact of growing conditions on the stability of oils to oxidation. The 

coefficient of correlation for the physico-chemical characteristics and climatic 

variables showed a non-significant relationship. Atmospheric temperature had inverse 

but insignificant correlation with refractive index. The correlation of rainfall was 

significantly inverse with red units of colour (1-in cell) and iodine value indicating a 

decline in rainfall during the seed filling stage will cause the increased levels of 

condensation of pigments in the seed and affect the degree of unsaturation in the oils. 

Results of the current study are similar to the findings of another study on the physico 

chemical characteristics of cottonseed oil in Turkey [192].  
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Table-3.10 Mean environmental variations in the physico-chemical characteristics 

 Colour (1-in cell) 

 

Density 

(g/cm
2
) 

Refractive 

index (40
0
C) 

Viscosity (cps) Saponification 

value (mg 

KOH/g oil 

Free fatty acid 

content  

(% as oleic 

acid) 

Iodine value  

(g I/100g oil)  

Peroxide 

values 

(MEq/kg) 

 Red 

units 
 

P-

Level 
Yellow 

units  

P-

Level 

Means+ 

S.D 

P-

Level 

Means+ 

S.D 

P-

Level 

Means+ 

S.D 

P-

Level 

Means+ 

S.D 

P-

Level 

Means+ 

S.D 

P-

Level 

Means+ 

S.D 

P-

Level 

Means+ 

S.D 

P-

Level 

Faisalabad  12.70+ 

1.06 

ns 69.99+ 

6.26 

ns 1.25+ 

0.71 

ns 1.642+ 

1.21 

ns 71.1+ 

1.26 

0.062 189.0+ 

1.49 

ns 2.02+ 

6.99 

0.057 118.89+ 

1.60 

0.057 1.03+ 

0.89 

ns 

Rahim Yar 

Khan  

12.74+ 

1.43 

0.043 69.44+ 

3.32 

ns 1.15+ 

0.12 

ns 1.468+ 

0.67 

ns 72.9+ 

1.19 

Ns 189.9+ 

8.49 

0.037 3.09+ 

1.73 

0.067 124.4+ 

2.12 

0.042 1.03+ 

1.99 

ns 

Sahiwal  12.68+ 

2.37 

ns 68.46+ 

2.03 

ns 0.98+ 

0.07 

ns 1.473+ 

1.08 

ns 72.5+ 

0.92 

0.037 189.9+ 

1.58 

ns 2.91+ 

4.15 

ns 109.5+ 

3.95 

ns 1.04+ 

0.02 

ns 

Multan  12.73+ 

1.69 

0.069 71.91+ 

6.19 

ns 1.31+ 

0.70 

ns 1.479+ 

1.64 

ns 72.5+ 

1.12 

Ns 187.9+ 

5.95 

ns 2.93+ 

5.41 

ns 117.51+ 

2.02 

0.029 1.09+ 

1.50 

ns 

Jhang 12.69+ 

2.42 

ns 68.45+ 

4.21 

ns 1.29+ 

1.21 

ns 1.472+ 

1.43 

ns 71.5+ 

1.04 

Ns 189.0+ 

3.41 

ns 2.42+ 

4.97 

ns 104.71+ 

1.81 

ns 1.02+ 

0.08 

ns 

Sargodha  12.71+ 

1.67 

0.041 67.17+ 

4.69 

ns 0.98+ 

3.25 

ns 1.469+ 

0.62 

ns 72.3+ 

0.73 

Ns 187.1+ 

4.93 

0.062 2.18+ 

3.01 

ns 122.7+ 

1.76 

0.051 1.21+ 

0.84 

ns 

Raiwand  12.65+ 

0.88 

ns 68.88+ 

6.71 

ns 1.25+ 

1.20 

ns 1.472+ 

1.23 

ns 73.0+ 

1.21 

0.056 186.1+ 

2.24 

0.031 1.36+ 

3.03 

ns 108.03+ 

2.43 

0.067 1.17+ 

0.57 

ns 

Vihari  12.71+ 

1.55 

0.030 69.05+ 

5.19 

ns 1.25+ 

0.71 

ns 1.473+ 

1.62 

ns 72.2+ 

1.07 

Ns 188.9+ 

3.15 

0.037 2.49 + 

1.37 

ns 114.98+ 

7.01 

0.069 1.28+ 

1.22 

ns 

Overall Mean 12.69+ 

0.033 

0.000 69.16+ 

4.68 

0.000 1.18+ 

3.33 

0.000 1.49+ 

0.98 

0.000 72.25+ 

6.54 

0.000 186.47+ 

9.57 

0.000 2.42+ 

.59 

0.000 111.96+ 

8.70 

0.000 1.10+ 

0.99 

0.000 

Correlation Coefficients 

Temperature 0.386  0.225  0.616  -0.056  0.048  -0.023  -0.094  0.527  0.377  

Rain fall -

0.872
**

 

 -0.375  -0.188  0.543
*
  -0.535  -0.675  -0.601  -0.842

**
  -0.268  

Humidity 0.662
*
  0.244  -0.186  -0.011  0.071  -0.106  0.205  0.435  0.662  

* Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).    
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3.1.4 Fatty acid composition of seed oils 

3.1.4.1 Genotype differences in the fatty acid composition of the cottonseed  oils 

Fatty acid profiles, intra-varietal differences, and correlation among fatty acids of the 

eleven genotypes commonly grown in Punjab, Pakistan are given in Table –3.11 and 

Table 3.12 respectively. The data presented is the means, standard deviation, 

ANOVA significance (p<0.05) of the full data set (Appendix – 5 (A) & (B)). 

Variation among the fatty acids and their inverse relationship was found to be almost 

the same as that found in the full data set however some variability were also found. 

Among these eleven genotypes (Table 3.11) myristic acid remained almost similar 

while VH-300 had a mean higher myristic acid across the data. The mean palmitic 

acid and stearic acid followed a significantly different but relatively stable difference 

across the whole data set. Among the genotypes RH-627, BH-176, NIAB-112, FH-

942 and  

IRNIBGE-4 showed higher levels of oleic acid. The concentrations of g-linolenic acid 

(C18 ω 6) were comparably higher in BH-176, FH-142 and IRNIBGE. The linolenic 

acid (C18ω3) concentrations were higher in AA-904 and NIAB-112. These two 

phenotypes also contained higher levels of arachidic acid. The concentrations of 

tricosanoic acid (C22:0) was higher in FH-942 while behenic acid (C24:0) was higher 

in AA-904, MNH-886, RH-627, and BH-176. The concentrations of linoleic acid 

(C18:2c) were higher in AA904, FH-942 and VH-303. The concentrations of all the 

fatty acids across the genotype lines were significantly different from each other 

indicating intra-varietal responses of the cotton genotypes being affected largely by 

the genetic make-up and agro environmental conditions. As evident from the means, 

variations in the fatty acid among the genotypes were more obvious in C18:1C, 

C18:3n3, and C24:0. The concentrations of C16:0 and C18:2 showed a general 

inverse relationship except for MNH-886 in which the concentrations of both of the 

fatty acids were comparatively low as compared to the rest of the varieties. Among 

the genotypes; BH-176 and IRNBGE contained higher levels of oleic acid, linoleic 

acid, g-linolenic acid and linolenic acid. This trend was uniform across the whole data 

set. 

The association among fatty acid based on correlation co-efficient among the 

genotypes means is shown in Table 3.12. Among the fatty acids, myristic acid had a 

negative correlation with C18:0 indicating an inverse relationship. Myristic acid also 
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had an inverse relationship with linoleic acid, linolenic acid and most of the 20-24 

carbon atoms fatty acids. Palmitic acid showed an inverse relationship with 

palmitoleic acid, linoleic acid and linolenic acid. The inverse relationship with 

palmitoleic acid might be attributed that these two are neighboring fatty acids when 

are examined on the pathway of the synthesis of fatty acids. The inverse relationship 

between C16:0 and C18:2C and C18:3n3 indicate cottonseed oils with low C16:0 may 

contain higher levels of C18:2C and C18:3n3. These fatty acids are 70% of the total 

fatty acids content of the cottonseed oil and the correlation shows the dominant role of 

these fatty acids in the biochemical pathway of the synthesis of fatty acids across the 

branch points of the relationship of C18:0 (Stearic acid). A significant relationship 

was found between stearic acid, linoleic acid, linolenic acid, arachidic acid and 

behenic acid. Its relationship was inverse with g-linolenic acid while oleic acid 

showed significant positive correlation with g-linolenic acid, linolenic acid, arachidic 

acid, tricosanoic acid and behenic acid, while linoleic acid showed an inverse 

relationship (negative correlation) with linolenic acid. The correlation of linolenic 

acid was significant with arachidic acid, tricosanoic acid, and behenic acid (C24:0). 

The genotype variation among the fatty acids of the current study are in agreement 

with the findings of similar studies on cotton seed oil [193-195],  soybean oil [196, 

197], and kaki pulp oil [198]. The inverse relationship found between C18:1C and 

C18:2C in the current study are in conformity with the phenomena that FAD-II which 

catalyzes the formation of C18:2 from C18:1 has a strong influence on the distribution 

of fatty acids [194, 197]. Based on the current findings it is speculated that cottonseed 

grown in Pakistan has a standard nutritive value and further modifications might be 

possible among the genotypes. By decreasing the levels of C16:0 it might be possible 

to breed cottonseed oils with higher levels of C18:2 which will make this oil more 

health friendly. The correlation analyses however does not establish cause effect and 

represent a narrow range of genotypes in addition to that intra varietal differences in 

responses were also high. Further investigations are needed to study variability on 

longitudinal basis involving more locations and genotypes over several years to 

establish these findings. 
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Table-3.11 Genotype variation and genotype means of cottonseed fatty acids profile 

Fatty acid/ varieties MNH-886 RH-627 

 

AA-904 BH-176 NIAB-112 FH-942 VH-300 FH-142 IRNIBGE-4 VH-303 NS-161 

C6:0; Hexaonic acid, 

methyl ester  

0.067+ 

0.030 

0.027+ 

0.247 

0.024+ 

0.021 

0.011+ 

.040 

0.0178+ 

0.057 

0.023+ 

0.018 

0.023+ 

0.026 

0.019+ 

0.177 

0.013+ 

0.009 

0.017+ 

0.006 

0.166+ 

0.178 

C8:0; Caprylic acid 

methyl ester  

0.009+ 

0.020 

0.023+ 

0.004 

0.028+ 

0.340 

0.0303+ 

0.036 

0.022+ 

0.300 

0.015+ 

0.016 

0.023+ 

0.019 

0.011+ 

0.008 

0.015+ 

0.109 

0.084+ 

0.031 

0.150+ 

0.034 

C 10:0; Capric acid 0.020+ 

0.018 

0.0207+ 

0.290 

0.056+ 

0.079 

0.020+ 

0.013 

0.0397+ 

0.052 

0.011+ 

0.016 

0.025+ 

0.022 

0.233*+ 

0.580 

0.118+ 

0.047 

0.009+ 

0.401 

0.029+ 

0.004 

C 12:0; Lauric acid 

methyl ester 

0.034+ 

0.017 

0.048+ 

0.240 

0.055+ 

0.0256 

0.057+ 

0.192 

0.037+ 

0.014 

0.035+ 

0.013 

0.041+ 

0.020 

0.039+ 

0.007 

0.066+ 

.082 

0.041+ 

0.073 

0.042+ 

0.091 

C 13:0; Tridecanoic 

acid methyl ester  

0.826+ 

0.064 

ND 0.012+ 

0.264 

0.011+ 

0.057 

0.010+ 

0.019 

ND ND ND ND ND 0.026+ 

0.031 

C 14:0; Myristic acid 

methyl ester 

1.092+ 

0.043 

1.123+ 

0.328 

1.416+ 

0.257 

1.1899+ 

0.913 

1.065+ 

0.180 

1.163+ 

0.092 

1.212+ 

0.126 

1.199+ 

0.077 

1.120+ 

0.198 

1.525+ 

0.05 

1.163+ 

0.146 

C 15:0; Pantadecanoic 

acid methyl ester 

0.045+ 

0.02 

0.045+ 

0.532 

0.050+ 

0.030 

0.074+ 

0.065 

0.362+ 

1.432 

0.042+ 

0.009 

0.058+ 

0.040 

0.045+ 

0.010 

0.377+ 

0.019 

0.049+ 

0.026 

0.041+ 

0.015 

C 16:0; Palmitic acid 

methyl ester 

22.783+ 

0.006 

23.79+ 

1.269 

23.970+ 

1.880 

23.270+ 

1.381 

23.909+ 

2.174 

23.705+ 

0.807 

23.896+ 

2.391 

23.303+ 

1.204 

23.49+ 

1.195 

23.307+ 

1.425 

23.16+ 

1.46 

C 16:1; Palmitoleic 

acid methyl ester 

0.849+ 

0.923 

0.933+ 

0.153 

0.935+ 

0.183 

0.777+ 

0.325 

0.766+ 

0.135 

0.950+ 

0.378 

0.816+ 

0.073 

0.908+ 

0.441 

0.927+ 

0.280 

0.904+ 

0.507 

0.897+ 

0.152 

C 17:0; Margaric acid 

methyl ester 

0.149+ 

0.062 

0.128+ 

0.490 

0.152+ 

.079 

0.169+ 

0.094 

0.135+ 

0.056 

0.113+ 

0.042 

0.136+ 

0.099 

0.171+ 

0.212 

0.108+ 

0.056 

0.900+ 

0.037 

0.096+ 

0.530 

C 17:1; 

Hepatadecenoic acid 

methyl ester  

0.971+ 

1.562 

0.114+ 

0.541 

ND 0.151*+ 

0.039 

0.036+ 

0.019 

ND ND ND ND ND ND 

C 18:0; Stearic acid 

methyl ester 

3.045+ 

0.732 

3.438+ 

0.806 

3.422+ 

0.860 

3.666+ 

1.739 

3.489+ 

0.736 

3.133+ 

0.522 

3.059+ 

0.694 

2.874+ 

0.406 

3.264+ 

0.411 

2.814+ 

0.058 

2.948+ 

0.378 

C 18:1c; Oleic acid 

methyl ester 

14.678+ 

1.763 

17.443+ 

2.638 

15.560+ 

2.662 

18.124+ 

2.089 

18.146+ 

1.829 

14.739+ 

0.702 

15.700+ 

1.092 

15.011+ 

1.863 

15.284+ 

1.196 

14.707+ 

0.520 

14.649+ 

1.616 
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C 18:1n9t; Elaidic acid 

methyl ester 

1.772+ 

15.160 

1.099+ 

0.598 

1.426+ 

0.599 

1.338+ 

0.286 

1.373+ 

0.339 

1.348+ 

0.103 

1.352+ 

0.314 

1.414+ 

0.203 

1.392+ 

0.189 

1.300+ 

0.824 

1.380+ 

0.181 

C 18:2c; Linoleic acid 

methyl ester 

43.59+ 

7.743 

47.94+ 

3.506 

51.85+ 

3.201 

48.06+ 

1.434 

46.56+ 

3.865 

50.43+ 

0.048 

48.36+ 

1.501 

48.73+ 

2.180 

48.51+ 

1.036 

50.37+0.8

99 

49.65+ 

1.474 

C 18:2t; 

Octadecadicnoic acid 

methyl ester 

0.940+ 

1.156 

0.297+ 

0.780 

0.308+ 

0.154 

0.572+ 

0.093 

0.209+ 

0.079 

0.209+ 

0.150 

0.605*+ 

0.427 

0.279+ 

0.090 

0.224+ 

0.037 

0.386+ 

0.202 

0.350+ 

0.216 

C 18:3n6; g-linolenic 

aicd  methyl ester 

4.28+ 

0.485 

4.36+ 

.730 

4.79+ 

1.976 

5.29+ 

0.518 

4.97+ 

0.648 

4.62+ 

1.700 

4.39+ 

0.691 

5.03+ 

0.731 

5.30+ 

0.873 

4.60+ 

1.761 

5.41+ 

0.767 

C 18:3n3; Linolenic 

acid  methyl ester 

0.428+ 

2.285 

0.342+ 

0.159 

0.287+ 

0.591 

0.381+ 

0.161 

0.392+ 

0.183 

0.239+ 

0.120 

0.294+ 

0.289 

0.018+ 

0.041 

0.235+ 

0.057 

0.326+ 

0.168 

0.294+ 

0.132 

C 20:0; Arachidicacic 

acid methyl ester 

0.325+ 

0.126 

0.386+ 

0.114 

0.414+ 

0.116 

0.389+. 

132 

0.457+ 

0.174 

0.320+ 

0.109 

0.367+ 

0.071 

0.332+ 

0.065 

0.389+ 

0.090 

0.323+ 

0.08 

0.389+ 

0.097 

C 22:0; Behenic acid 

methyl ester 

0.078+ 

0.061 

ND ND ND ND ND ND ND ND ND ND 

C 23:0; Tricosanoic 

acid methyl ester 

0.028+ 

0.731 

ND ND ND ND ND ND ND ND ND ND 

C 24:0; Lignoceric acid 

methyl ester 

0.028+ 

0.370 

0.213+ 

0.050 

0.200+ 

.853 

0.184+ 

0.079 

0.259+ 

0.165 

0.162+ 

0.044 

0.161+ 

0.030 

0.132+ 

0.049 

0.174+ 

0.860 

0.202+ 

0.467 

0.183+ 

0.048 

% saturated  28.56 + 

4.10 

27.59 + 

12.7 

26.55 + 

7.31 

30.56 + 

7.47 

31.93 +  

5.91 

29.08 + 

12.74 

27.71 + 

4.67 

28.73 +  

9.39 

30.34 + 

8.36 

29.31 + 

4.25 

29.23 + 

5.62 

% unsaturated  66.99 + 

7.39 

71.27 + 

8.45 

71.53 + 

5.22 

67.89 + 

7.93 

67.03 +  

8.33 

68.63 + 

14.11 

67.93 + 

4.50 

68.41 +  

4.41 

70.98 +  

8.33 

68.22 + 

9.11 

68.54 + 

15.02 

18/16 ratio  0.367 + 

3.61 

0.365 + 

5.21 

0.384 + 

6.70 

0.356 + 

6.41 

0.393 +  

5.69 

0.388 +  

9.02 

0.377 + 

8.23 

0.362 +  

9.76 

0.394 +  

6.20 

0.355 + 

6.25 

0.394 + 

2.67 

20-24 ratio  0.582 + 

9.91 

1.129 + 

8.28 

0.626 + 

8.62 

1.165 + 

4.73 

1.165 +  

4.02 

0.661 +  

4.37 

0.856 + 

4.75 

0.577 +  

2.86 

0.771 +  

6.20 

0.879 + 

8.00 

0.942 + 

4.47 

*Variation is not significant at P≤0.050 
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Table-3.12 Correlation coefficient among the fatty acids (genotype) 

 C16:0 C16: 1c C18:0 C18: 1c C18:1n 9t C18: 2c C18: 2t C18: 3n6 C18: 3n3 C20:0 C22:0 C24:0 

C14:0 .348
**

 .321
**

 -.268
*
 -.135 -.326

**
 .519

**
 -.180 -.146 -.086 .081 -.138 -.139 

C16:0  .197 -.649
**

 .327
**

 -.639
**

 -.313
**

 -.298
**

 -.310
**

 -.041 .156 -.099 .061 

C16: 1c   -.063 .040 -.239
*
 .202 -.154 .109 .231

*
 .426

**
 .268

*
 .076 

C18:0    -.323
**

 .645
**

 -.415
**

 .393
**

 -.117 .293
**

 .307
**

 .340
**

 .277
*
 

C18: 1c     -.378
**

 -.172 -.295
**

 -.052 .068 -.191 -.077 .386
**

 

C18:1n 9t      -.727
**

 .816
**

 -.385
**

 .060 .157 -.033 .357
**

 

C18: 2c       -.660
**

 .315
**

 -.135 -.140 .167 -.095 

C18: 2t        -.317
**

 .268
*
 .190 -.053 .036 

C18: 3n6          .303
**

 .017 -.144 

C18: 3n3           .423
**

 .085 

C20:0           .234
*
 .412

**
 

C22:0            .421
**

 

C24:0            .612
**

 

C24:0             

* Correlation significant at p<0.05 

**Correlation significant at p<0.01 
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3.1.3.2 District wise differences in the fatty acids’ profiles  

The mean effect of the environment on the fatty acid composition of the cottonseed 

oils from the eight districts of Punjab is given in Table 3.13. Of the eight districts 

under the study palmitic acid was lowest in the genotypes of Faisalabad (22.859 + 

1.476) district and highest in Jhang (22.352 + 1.391). Myristic acid was lower in 

Sahiwal (1.009 + 0.510) and Raiwand (1.145 + 0.165) and higher in Multan (1.277 + 

0.190) and Rahim Yar Khan (1.204 + 0.178). Palmitoleic acid (C16:1) was higher in 

Jhang, Sargodha and Rahim Yar Khan. The concentrations of stearic acid (C18:0) was 

higher in Sahiwal (3.434 + 0.869), Multan (3.299 + 0.557), Rahim Yar Khan (3.183 + 

0.529). The concentration of oleic acid (C18:1c) was highest in Sargodha (17.538 + 

2.190) and Raiwand (16.879 + 2.528). The concentration of oleic acid was low in 

Rahim Yar Khan (14.251 + 2.893), Sahiwal (14.362 + 1.491) and Faisalabad (13.886 

+ 1.433). The concentrations of linoleic acid (C18:2c) was lowest in Rahim Yar Khan 

Sahiwal (44.758 + 15.475), Vehari Sahiwal (45.706 + 3.607). These two 

environments had high mean temperature, low precipitations and relative humidity as 

reflected in the meteorological data of the Pakistan Meteorology Department 

(Appendix – 1). The concentrations of both g-linolenic and linolenic acid (C18ω6 and 

C18 ω3) were also found to be comparatively low in the seed oils from higher 

temperature environments. Our data is consistent with the findings of other studies on 

cotton seed oil and differences in the fatty acids of the current study are also similar to 

effects of environment on the fatty acid profiles of soybean oil [183,185]. Higher 

temperature and dry land fields cause synthesis of more saturated and longer chain 

fatty acids than unsaturated fatty acids essentially by the desaturation process [187]. 

The decreased levels of the omega fatty acids in the current study appeared to be 

compensated by the relative increase in C16:0 as evident from the result of Multan, 

Rahim Yar Khan and Sargodha. Reductions in the C18:2C across the eight districts 

(environment means) tended to be compensated by the subsequent increased 

proportion of several individual saturated fatty acids more specifically the arachidic 

acid and behenic acid. The concentrations of C18:1 (1n-9t) and C18:2t were highest in 

Rahim Yar Khan’s genotypes. Relative to our findings, Cheesebrought [199] 

proposed that at higher temperatures the activities of FAD-II and FAD-III desaturases 

in soybean were reduced with complete cessation of FAD-II at temperatures above 

35
0
C resulting in decreased proportion of C18:2 and C18:3. These compensation 

suggest the sensitivity of FAD-I activity in cottonseed environment. Although C16:0 
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appeared to be higher at high temperature and reduced moisture, relatively high C16:0 

concentrations were also observed in Raiwand, Sahiwal and Sargodha suggesting 

other environment factors such as soil composition and planting dates contributing to 

the synthesis of individual fatty acids.  

Among the climatic variables temperature and rainfall were found to be the most 

important variables. Based on correlation co-efficient results (Table 3.14) it was 

observed that majority of the fatty acids had significant positive or inverse 

relationships which further strengthened our hypothesis that agro environmental 

conditions impact and cause variations in the fatty acid profiles of the cotton 

genotypes grown across the cotton belt of Pakistan. Since temperature and rainfall had 

an inverse relationship with most of the fatty acids a regression model for the effect of 

temperature and rainfall on the respective fatty acids were developed (Table 3.15). 

Significant explanatory regressions were obtained for all fatty acids on temperature 

and rainfall. The linear regression equation indicated strong impacts of temperature 

and low water on fatty acids except for the trans -isomers indicating both of these 

parameters to be significant predictors of fatty acid profiles. Similar regression could 

not be traced in literature, however, the effects of climatic variable on individual 

amino acids showed temperature, solar radiation and precipitations to be predicators 

of amino acid contents in soybean [200]. 
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Table -3.13 District wise variation in the fatty acids  

Fatty acid/districts Sahiwal  Multan  Faisalabad  Rahim Yar Khan  Jhang  Sargodha  Raiwand  Vihari  Total mean  

C6:0; Hexaonic acid, 

methyl ester  
0.099+0.174 0.015+0.004 0.020+0.157 0.036+0.018 0.036+0.028 0.021+0.023 0.010+0.002 0.013+0.004 0.026+0.044 

C8:0; Caprylic acid 

methyl ester  
0.084+0.004 0.016+0.016 0.174+0.331 0.010+0.003 0.0163+0.016 0.028+0.034 0.018+0.027 0.016+0.013 0.031+0.105 

C 10:0; Capric acid 0.023+0.022 0.031+0.039 0.178+0.533 0.058+0.009 0.020+0.023 0.043+0.168 0.027+0.028 0.024+0.016 0.048+0.202 

C 12:0; Lauric acid 

methyl ester 

0.013+0.341 0.044+0.12 0.041+0.009 0.045+0.012 0.039+0.0220 0.052+0.029 0.060+0.829 0.403+0.019 0.045+.033 

C 14:0; Myristic acid 

methyl ester 

1.009+0.510 1.277+0.190 1.192+0.127 1.204+0.178 1.201+0.205 1.283+0.325 1.145+0.165 1.089+0.173 1.189+0.234 

C 16:0; Palmitic acid 

methyl ester 

23.29+1.708 23.09+2.046 22.86+1.476 23.57+1.802 3.35+0.391 23.63+1.625 24.11+0.851 23.26+0.826 23.53+1.609 

C 16:1; Palmitoleic 

acid methyl ester 

0.847+0.158 0.938+0.178 0.849+0.177 0.960+0.328 0.744+0.398 0.973+0.441 0.545+0.24 0.826+0.267 0.883+0.323 

C 18:0; Stearic acid 

methyl ester 

3.434+0.869 3.299+0.557 2.865+0.387 3.183+0.529 1.066+0.398 2.765+0.238 2.875+0.429 3.874+1.241 3.199+0.744 

C 18:1c; Oleic acid 

methyl ester 

14.36+1.491 15.36+2.053 13.89+1.433 14.25+2.893 16.32+1.658 17.54+2.190 16.88+2.528 17.62+3.108 15.85+2.678 

C 18:1n9t; Elaidic 

acid methyl ester 

1.545+0.168 1.367+0.487 1.345+0.407 5.308+12.933 1.404+0.241 1.295+0.475 1.201+0.353 1.253+0.281 1.877*+4.816 

C 18:2c; Linoleic 

acid methyl ester 

49.285+1.381 48.816+5.001 52.032+3.897 44.758+15.474 49.210+3.238 50.284+2.25 49.593+2.111 45.706+3.607 48.959+6.480 

C 18:2t; 

Octadecadicnoic 

acid methyl ester 

0.287+0.230 0.207+0.087 0.257+0.109 0.857+1.802 0.756+1.290 0.194+0.587 0.239+0.074 0.245+0.053 0.391*+0.834 

C 18:3n6; g-

linolenic aicd  

methyl ester 

5.589+1.271 4.957+1.618 5.078+1.920 2.820+2.724 5.513+1.278 4.593+0.565 5.059+0.619 4.489+0.321 4.699+1.676 
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C 18:3n3; Linolenic 

acid  methyl ester 

0.390+0.195 0.2005+0.085 0.339+0.125 0.289+0.123 0.381+0.260 0.371+0.167 0.347+0.186 0.238+0.105 0.316+0.167 

C 20:0; 

Arachidicacic acid 

methyl ester 

0.457+0.109 0.426+0.093 0.393+0.053 0.426+0.081 0.392+0.109 0.362+0.117 0.350+0.155 0.27+0.097 0.384+0.109 

C 22:0; Behenic acid 

methyl ester 

0.054+0.015 0.039+0.008 0.045+0.024 0.029+0.003 0.090+0.158 0.077+0.086 0.082+0.09 0.0297+0.016 0.056*+0.075 

C 23:0; Tricosanoic 

acid methyl ester 

0.158+0.06 0.143+0.047 0.115+0.028 0.109+0.023 0.132+0.049 0.401+0.389 0.121+0.030 0.125+0.430 0.451*+0.783 

C 24:0; Lignoceric 

acid methyl ester 

0.121+0.044 0.108+0.436 0.090+0.071 0.149+0.796 0.138+0.082 0.083+0.042 0.056+0.274 0.122+0.073 0.402+0.681 

% saturated  28.512+0.156 28.379+0.036 27.550+0.174 28.631+0.167 29.757+0.581 29.713+0.341 28.747+1.277 28.702+0.772 27.98+1.267 

% unsaturated  71.305+1.23 72.991+0.231 70.138+1.204 71.061+0.192 68.45+0.178 72.249+0.565 71.646+0.85 71.21+0.241 69.31+1.588 

18/16 ratio  0.349+0.089 0.318+0.271 0.312+0.093 0.322+0.044 0.342+0.0280 0.362+0.125 0.350+0.160 0.317+0.202 0.309+0.952 

20-24 ratio  0.694+10.7 0.567+4.67 0.617+4.38 0.719+5.11 0.715+3.22 0.651+5.16 0.723+2.65 0.724+7.72 0.682+12.82 

*Means are not significant at p<0.05  
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Table-3.14 Correlation co-efficient of fatty acids with environments (districts) 

Fatty acid/ 

districts 

C14:0 C16:0 C16:1 C18:0 C18:1C C18:2C C18:2t C18:3n6 C18:3n3 C20:0 C22:0 C24:0 

C14:0  0.383** -0.321** -0.364** 0.255* -0.300** -0.208 0.18 0.086 0.138 0.079 0.061 

C16:0   0.197 -0.649** 0.327** 0.313** -0.298** 0.310** 0.041 0.081 -0.099 0.076 

C16:1    -0.063 0.040 0.202 -0.154 0.109 0.231 0.156 0.268* 0.277* 

C18:0     -0.323** -0.415** 0.393** -0.117 0.293** 0.426** 0.340** 0.386** 

C18:1C      -172 -0.295** -0.052 0.068 -0.077 -0.357 0.099 

C18:2C       -0.660** 0.315** -0.135 -0.157 0.167 0.036 

C18:2t        -0.317** 0.265** -0.140 -0.053 -0.144 

C18:3n6         0.084 0.190 0.017 0.085 

C18:3n3n          0.303 0.423 0.412 

C20:0           0.234 0.241 

C22:0            0.621* 

C24:0             

Temp  -0.011 -0.021 -0.003 -0.079 -0.094 -0.125 -0.195 -0.085 -0.23 -0.278 -0.170 -0.434 

Rain  -0.116 0.053 0.132 0.099 0.154 -0.078 -0.139 0.279* -0.080 -0.103 -0.089 0.056 

Humidity  -0.001 -0.104 -0.008 0.106 0.113 0.203 -0.279 -0.064 -0.032 -0.074 0.103 0.316 

* Correlation significant at p<0.05 

**Correlation significant at p<0.01 
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Table-3.15: Regression Model for Fatty Acids and Climate Variables 

Varieties/constant 

predicators 

ANOVA  Regression co-efficient  Significance 

F-

values 

Significance Standardized 

Co-efficient 

    B Error 

Temperature 

C 14:0; Myristic acid  0.010 0.922 1.216 0.445 0.008 

C 16:0; Palmitic acid  0.038 0.846 24.222 4.839 0.000 

C 16:1; Palmitoleic  0.001 0.981 0.880 0.516 0.092 

C 18:0; Stearic acid  0.542 0.464 5.319 2.518 0.044 

C 18:1c; Oleic acid  0.769 0.383 23.318 8.290 0.006 

C 18:2c; Linoleic acid  0.477 0.516 53.233 29.048 0.060 

C 18:2t; 

Octadecadicnoic acid  
3.382 0.069 -2.348 1.513 0.124 

C 18:3n6; g-linolenic  0.624 0.432 6.999 2.886 0.012 

C 18:3n3; Linolenic  4.746 0.032 0.916 0.277 0.001 

C 20:0; Arachidicacic  6.946 0.010 0.879 0.191 0.000 

C 22:0; Behenic acid  2.537 0.115 0.415 0.141 0.004 

C 24:0; Lignoceric  11.097 0.001 0.365 0.072 0.000 

Precipitations 

C 14:0; Myristic acid  1.169 0.283 1.268 0.093 0.000 

C 16:0; Palmitic acid  0.245 0.622 22.799 1.019 0.000 

C 16:1; Palmitoleic  1.503 0.224 0.742 0.108 0.000 

C 18:0; Stearic acid  0.855 0.358 2.821 0.530 0.000 

C 18:1c; Oleic acid  2.080 0.153 13.675 1.734 0.000 

C 18:2c; Linoleic acid  0.520 0.473 49.983 3.538 0.000 

C 18:2t; 

Octadecadicnoic acid  
1.682 0.198 0.827 0.322 0.012 

C 18:3n6; g-linolenic  7.287 0.008 3.212 0.586 0.000 

C 18:3n3; Linolenic  0.544 0.463 0.356 0.060 0.000 

C 20:0; Arachidicacic  0.885 0.350 0.412 0.040 0.000 

C 22:0; Behenic acid  0.686 0.410 0.215 0.030 0.000 

C 24:0; Lignoceric  0.257 0.614 0.120 0.016 0.000 
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3.1.5 Tocopherol composition of the seed oils 

3.1.5.1 Genotype variations in tocopherols  

Intra-varietal differences in tocopherol content of cottonseed oils are given in  

Table 3.16. Results of the mean differences among the genotypes remained consistent 

throughout the whole set (Appendix – 7(A) & (B)). Intra-varietal differences in the α-

tocopherol (mg kg
-1

) were significantly different in all the genotype and genotype × 

environments (districts). The content of α-tocopherol was highest in FH-904 

(259.4826 + 36.182), NIAB-112 (253.824 + 37.27), RH-627 (234.1788 + 43.41), VH-

303 (203.4775 + 38.727), FH-142 (223.6500 + 56.45) and FH-942 (226.0537 + 

67.684). Differences in the alpha-tocopherol were significantly different depicting the 

influence of some environmental factors. The concentrations of beta + gama 

tocopherol also showed significantly varied content across all the eleven genotypes. 

The highest means beta + gama tocopherol was observed in VH-300 (394.788 + 

47.915) followed by FH-904 (302.3875 + 43.806), BH-176 (300.0912 + 42.664) and 

IRNIBGE-4 (312.1387 + 41.755). The mean delta tocopherol concentrations were 

non-significantly different among the genotypes except for BH-176, FH-904 and 

NIAB-112. FH-942 which followed a trend of significance of p<0.1 while delta-

tocopherol was not detected in VH-300 across the locations indicating absence or 

concentrations below the limit of detection. Significantly different values of mean 

total tocopherols were observed across all the genotypes. Among the various varieties 

studied FH-904 (582.0176 + 55.143) had highest total tocopherol followed by FH-942 

(520.2555 + 90.7078), RH-627 (524.1767 + 74.1658), NIAB-112 (530.7858 + 

121.868), and IRNIBGE-4 (524.3225 + 77.952). Genotypes responses to tocopherol 

accumulation across the eight districts in the whole data showed comparatively higher 

concentrations at warmer climates with low rain falls. The tocopherol composition 

among the genotypes FH-904 contained significantly greater amounts of alpha (α)-, 

beta + gama (β+γ) -, delta (δ)-, and total tocopherols. The genotype RH-627 content 

remained consistently stable in α-, β+γ tocopherols while δ- tocopherol was observed 

in only three samples. The genotype VH-300 contained comparatively higher β+γ 

tocols while an increased value was observed in α-tocopherol of the same variety 

from Rahim Yar Khan. The Bt genotypes NIAB-112 and IRNIBGE-4 also contained 

appreciable amounts of all tocol isomers except the δ- tocopherol.  The data over all 

showed that non-Bt or indigenous varieties accumulated more tocopherols than the Bt 
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phenotypes. As suggested this higher concentration of tocopherols in non-Bt and 

lower concentration in their Bt counterparts might be due to the limited gene pool in 

the Bt genotypes [201]. 

Genotype variations among the mean tocopherol of seed and seed oils were also 

observed in other studies. Results of the current study are in strong agreement with 

the genotype based tocopherol contents in brassica napus [202], sunflower [203, 204], 

canola [205], soybean oil [206] and cotton seed [183]. The tocopherol content of all 

the genotypes studied in current work fell well within the ranges recommended by 

CODEX Alimentarius [188]. 
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 Table-3.16 Mean genotype based variation in the tocopherol content  

Genotype  α-tocopherol (mg kg
-1

) p/level  β+γ tocopherol (mg kg
-1

) p/level  δ-tocopherol 

(mg kg
-1

) 

p/level  Total tocopherol 

(mg kg
-1

) 

p/level  

BH-176 162.25+68.204 0.000 300.12+42.664 0.000 2.056+1.921 0.019 478.29+80.955 0.000 

FH-904 259.49+36.1823 0.000 302.45+43.806 0.000 0.944+0.9809 0.030 582.22+55.143 0.000 

FH-142 223.65+56.454 0.000 273.13+39.2443 0.000 1.041+2.941 0.351 496.52+59.0100 0.000 

NS-161 209.59+54.816 0.000 276.37+50.801 0.000 1.286+2.127 0.131 482.59+53.7049 0.000 

FH-942 226.06+67.684 0.000 292.94+34.4570 0.000 1.840+.588 0.084 520.36+90.7073 0.000 

RH-627 234.18+43.419 0.000 263.17+39.458 0.000 0.114+0.208 0.171 524.23+74.1658 0.000 

VH-300 147.92+80.294 0.000 394.79+47.915 0.000 ND* -- 524.25+82.903 0.000 

VH-303 203.48.727 0.000 293.06+11.445 0.000 0.089+0.2531 0.351 503.58+44.838 0.000 

NIAB-112 253.82+37.277 0.001 265.55+125.489 0.000 1.480+1.348 0.017 530.88+121.868 0.000 

IRNIBGE-4 210.48+60.610 0.000 312.14+41.755 0.000 1.120+1.882 0.136 524.32+77.952 0.000 

MNH-886 189.81+35.089 0.000 262.62+34.600 0.000 0.132+0.2413 0.167 440.89+60.0087 0.000 

 * ND (Not Detected) 
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3.1.5.2 District wise variation in the mean tocopherols  

The effect of environment or location on the expression of tocopherol in the cotton 

phenotypes are given in Table 3.17. The heritability of tocopherol under different 

environmental conditions showed that irrespective of genotypic differences 

environmental interactions also contribute to variations in the tocopherols content 

across cultivars. Results showed that at temperature > 40
o
C (PMD data for mean 

monthly maximum temperature) the content of α- β+γ- were relatively higher than at 

mean temperature < 40
o
C. The concentration of α-tocopherol was higher in the 

genotypes grown in Rahim Yar Khan (288.2745 + 53.930) followed by Multan 

(249.6118 + 35.6775) and Vihari (248.8564 + 47.995) respectively. Highest β+γ 

tocopherol concentrations were observed among the genotypes from Multan 

(313.3100 + 49.377), Vihari (312.5873 + 26.314) and Rahim Yar Khan (308.3909 + 

49.2080) respectively. The concentrations of δ-tocopherol were higher in the oil seed 

oils of Sargodha (1.7905 + 2.627), Multan (1.6067 + 2.086) and Faisalabad (1.1084 + 

1.46) exhibiting that the synthesis of δ- tocopherol was not directly affected by 

environmental variables alone. Significant but consistent variations in the genotypes 

under different climates were evident in the full data set (Appendix – 7(A) & (B)). 

Though some deviations were also observed the mean total tocopherol concentrations 

were higher in the genotypes of Rahim Yar Khan, Multan and Vihari respectively. 

Sahiwal showed accumulation of lowest mean tocopherols’ accumulation. 

Correlation co-efficients between the tocopherol content and environmental variables 

were calculated separately (Table 3.18). As evident correlation between α- and β+γ or 

between α- and δ or β+γ and δ tocoperol was not significant. Similarly α- tocopherol 

was not correlated with total tocopherol while β+γ tocopherol had a significant 

correlation with the total tocopherols. The concentration of δ-tocopherol was not 

correlated with total tocopherol. Among the growing conditions, temperature had a 

significant positive correlation with α-tocopherol and had a significant inverse 

correlation with β+γ tocopherol. Rainfall had a significant inverse correlation with δ-

tocopherol. The correlation co-efficients between rainfall and α-tocopherol or rainfall 

and β+γ tocopherol was not significant. Total tocopherol had an insignificant inverse 

correlation. Humidity showed positive significant correlation with β+γ tocols and 

insignificant positive relationship with total tocopherols. The α-tocopherol and δ-

tocopherol had an inverse correlation with humidity when climatic conditions were 
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kept constant i.e at a single district the correlations co-efficient were insignificant 

indicating a missing parameter that might had affected the relationship. Although the 

findings of the current study indicate that β+γ tocols contribute to total tocopherol, 

temperature had a positive relationship with α-tocopherol and precipitations had a 

strong inverse relationship with δ- tocopherol, while humidity had an inverse 

relationship with β+γ tocopherols. As suggested tocopherol synthesis in seeds is 

dependent and regulated by plastid development and lowr temperature which in turn 

can lead to lower oil content [201-206]. Similarly repots from a study on soyabean 

seed oil indicated that level of seed maturation and linoleic acid concentrations are the 

strong predictors of tocopherol content. Higher linolenic acid is speculated to casue 

higher accumulation of tocopherols [206]. It is postulated from the current study that 

altered percent oil and linolenic acid concentrations from different districts might 

have caused the highly significant variations in tocopherols. (Regression model for 

the percent oil and individual fatty acids and tocopherols is not presented here). The 

findings are in agreement with similar genotypes environment influence studies on 

canola [205] and soybean oil [206]. 
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Table 3.17 Environmental variation in the mean tocopherol content of cotton seed  

Genotype  α-tocopherol  

(mg kg
-1

) 

p/level  β+γ tocopherol (mg kg
-1

) p/level  δ-tocopherol 

(mg kg
-1

) 

p/level  Total tocopherol 

(mg kg
-1

) 

p/level  

Sahiwal  222.1756.002 0.000 253.2628.7198 0.000 0.45070.8733 0.118 477.6955.142 0.000 

Sargodha  219.39+70.995 0.000 273.15+34.686 0.000 1.7905+2.627 0.047 493.35+86.803 0.000 

Multan  249.62+35.6775 0.000 313.31+49.377 0.000 1.6067+2.086 0.029 572.03+62.1793 0.000 

Faisalabad  195.86+45.7833 0.000 259.55+92.3703 0.000 1.1084+1.46 0.088 489.16+95.127 0.000 

Rahim Yar Khan  288.37+53.930 0.000 308.39+49.2080 0.000 0.5162+0.909 0.089 587.99+72.611 0.000 

Jhang  209.35+46.6232 0.000 272.17+28.959 0.000 0.8985+1.680 0.107 479.93+71.589 0.000 

Raiwand  197.64+38.6511 0.000 265.89+50.916 0.000 0.1379+0.857 0.341 484.93+43.100 0.000 

Vihari  248.87+47.995 0.000 312.69+26.314 0.000 0.9364+1.805 0.116 565.58+62.463 0.000 
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Table-3.18 Correlation coefficient of tocopherols and climate variables 

S.No Parameters  α-tocopherol  β+γ tocopherol  δ-tocopherol  Total 

tocopherol  

1. α-tocopherol   0.030 0.012 0.018 

2. β+γ tocopherol   0.062 0.617** 

3. δ- tocopherol    0.13 

4. Total 

tocopherol  

0.018 0.617** 0.13 1 

5. Temperature  0.626* -0.221 0.010 0.158 

6. Rainfall  0.607 0.002 -0.862** -0.328 

7. Humidity  -0.256 0.700* -0.559 0.174 

* Correlations is significant at p<0.01. 

** Correlation is significant at p<0.05. 
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3.1.6 The composition of (+), - (-), and total gossypol in the seed meals 

3.1.6.1 Genotype variation in gossypol components  

Intra varietal differences in the gossypol components (mg kg
-1

) are given in  

Table 3.19. Significant variable differences were found in all three gossypol forms 

among the eleven genotypes.  The concentration of (+)-, gossypol was highest in FH-

942 (2.3357 + 0.063), VH-300 (2.2120 + 0.042), VH-303 (1.9480 + 0.09), FH-142 

(1.9010 + 0.013), NIAB-112 (1.6828 + 0.078), IRNIBGE-4 (1.9704 + 0.037) and NS-

161 (1.8586 + 0.0456) respectively. Results were significant at p<0.05 and differences 

were consistent among all the varieties obtained from the full data set (Appendix – 6 

(A) & (B). The concentration of (–)-, gossypol was highest in MNH-886 (1.7918 + 

0.025), RH-627 (1.5794 + 0.0607), NS-161 (1.5740 + 0.0997), FH-942 (1.287 + 

0.079), VH-303 (1.3690 + 0.099), IRNIBGE-4 (1.4061 + 0.073), and VH-300 (1.1862 

+ 0.077) respectively variations among the genotypes were highly significant. Mean 

total gossypol (mg kg
-1

) was highest in VH-303 (4.1898 + 0.5034), VH-300 (4.0233 + 

0.597), MNH-886 (3.7172 + 0.722), NIAB-112 (3.3705 + 0.584), IRNIBGE-4 

(3.8613 + 0.979) and BH-176 (3.5743 + 0.9433). Variability in the total gossypol was 

highly significant among the varieties. Correlation co-efficient based on genotype 

arrangement of the data was positively significant for temperature to (+)-, gossypol 

and total gossypol, total gossypol had negative but significant correlation with (-) - 

gossypol. The correlation of rainfall with gossypol components showed significantly 

positive relationship with (+)-, gossypol and negatively significant correlation to total 

gossypol. Humidity was positively correlated to (+)-, gossypol. The data overall 

showed significant variations among the genotypes with consistently high (+), (-) and 

total gossypol in the genotypes NS-161, FH-942, RH-627, VH0300, VH-303, NIAB-

1122, MNH-886 and FH-142 throughout the whole data set though the concentrations 

of the respective gossypols were quite varied from different locations (Appendix- 6 

(A) & (B)). These variations among these genotypes might be attributed to the 

environment where the studied cultivars were grown. The proportion of positive to 

negative was not significant though both of them significantly contributed to total 

gossypol. 

Gossypol, a polyphenolic binaphtyl dialdehyde, is stored in the pigment glands of 

cotton. It is not only an important plant toxin to a variety of cotton pests but is also an 

important phytochemical having immense therapeutic properties against cancer, is 
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anti HIV, antioxidant, and possesses male contraceptive properties [207]. As 

suggested the gossypol concentration in cotton depends mainly on the genetic type of 

pigment glands. Glanded cotton contain gossypol both in seeds and plants while non-

glanded cotton showed absence or low-gossypol in seeds, roots, stems as well as in 

leaves. It is toxic to human and non-ruminant animal but its absence reduces the 

plants resistance to pests, disease and even rats. Therefore cotton varieties with 

glanded roots and stems but glandless seeds are highly desired [208]. Generally, G. 

barbadense contain more and G. hirsutum less gossypol. The current study revealed 

wide variation in the amount of gossypol in the seeds of various genotypes. These 

results are in agreement with various studies carried out on the genotype variations 

among the gossypol components [209-211] but are quite higher than the findings of 

another study [212]. The higher values (mg/kg
-1

) of the present study might be 

attributed to the precision and accuracy of the HPLC based method adopted which 

gave almost double levels with an additional advantage of the separation of (+) and (-) 

gossypol. Our study is the first reported study of the gossypol content of cotton 

genotype grown in Pakistan with the benefit of the utilization and development of 

HPLC based method and subsequent separation of the gossypol in to the (+) -, (-) - 

enantiomers. 
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Table-3.19 Genotype based variations in the mean gossypol of cottonseeds  

Genotypes (+)- gossypol (mg kg
–1

)  (-) - gossypol (mg kg
–1

) Total gossypol  

(mg kg
–1

) 

Mean+SD p/level  Mean+SD p/level  Mean+SD p/level  

NS-161 1.859+1.0456 0.007 1.574+0.0997 0.000 3.108+0.8604 0.000 

BH-176 1.204+0.0087 0.000 0.655+0.005 0.000 3.574+0.9433 0.000 

FH-942 2.337+0.063 0.000 1.288+0.079 0.011 3.709+0.587 0.000 

RH-627 1.532+0.041 0.011 1.579+0.0607 0.006 3.253+0.6511 0.000 

VH-300 2.212+0.042 0.000 1.186+0.077 0.010 4.023+0.597 0.000 

VH-303 1.948+0.009 0.000 1.369+0.099 0.000 4.189+0.5034 0.001 

MNH-886 1.617+0.050 0.000 1.792+0.025 0.002 3.717+0.722 0.000 

NIAB-112 1.683+0.078 0.002 0.973+0.025 0.001 3.371+0.984 0.000 

FH-142 1.101+0.013 0.004 0.9734+0.009 0.000 3.428+1.596 0.000 

IRNIBGE-4 1.970+0.037 0.007 1.406+0.073 0.005 3.861+0.979 0.000 

AA-904 1.356+0.041 0.000 0.784+0.0139 0.001 3.098+0.9771 0.000 

Overall mean  1.848+0.986 0.000 1.272+0.5738 0.000 3.578+0.8845 0.000 

Correlation co-efficients 

i. Temperature  0.405* -0.443** 0.308** 

ii. Rainfall  0.433* -0.405 -0.350** 

iii. Humidity  0.433* -0.438 -0.019 

* Correlation is significant at p<0.01. 

** Correlation is significant at p<0.05. 
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3.1.6.2 Environment based variation in the mean gossypol component  of 

 cotton genotypes 

Determination of environmental influences on quality traits of seeds and the 

subsequent genetic improvement in upland cotton is important from breeders and 

industrialists view point. Variation in the environmentral based mean gossypol 

components of cotton genotypes given in Table 3.20. Highly significant effects were 

identified in the current study. The mean genotype × environment variation in the 

(+)-, gossypol was higher for Rahim Yar Khan (2.8959  0.894), Multan (2.5988  

0.639)and Sargodha (2.0282  0.569). Mean (-)-, gossypol was higher in Jhang 

(1.83577  0.728), Sargodha (1.5245  0.262), Raiwand (1.4827  0.729), Sahiwal 

(1.2030  0.494) and Faisalabad (1.2878  0.5192). Total gossypol content was higher 

in the genotypes of Jhang, Sargodha, Multan and Faisalabad. These differences were 

highly significant (p<0.005) for all the districts indicating an intra- environment and 

intra- varietal variations.  

Co-efficient of correlation of gossypol components with climatic variables  

(Table 3.20) showed significant positive correlations of temperature with negative 

gossypol and non-significant positive correlation with (+)-, and total gossypol. 

Rainfall had an inverse correlation with (+)-, gossypol (though non-significant) and 

total gossypol (highly significant). Humidity had an inverse non-significant 

correlation with all the gossypol components. In order to further validate the findings 

regression model for gossypol components with climatic variables were developed 

(Table 3.21). Significant explanatory regressions were obtained for (+)-, gossypol on 

rain × humidity, temperature to (-)-, gossypol, rain on (-)-, gossypol, temperature on 

total gossypol, temperature × rain and rain on total gossypol. It indicated that 

temperature and rain were the best predicators for the gossypol components of the 

cotton. It can be concluded findings that low rainfall, higher atmospheric temperature 

might had caused greater accumulation of gossypol in the seeds. 

The findings of the study are in agreement with several other studies [213, 214]. The 

positive correlation of temperature with gossypol are similar to the findings of other 

studies related to environmental variations and the effects of nutrient composition of 

cotton seed kernels and the subsequent effects of gossypol content [215]. The effect of 

humidity on gossypol could not be traced in literature but since humidity is strongly 

correlated with rain and temperature fluctuations, it is expected that environmental 
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humidity will affected gossypol content. As evident form the data set and means high 

temperature (Appendix-1) and low rainfall during the seed filling time might have 

caused greater accumulation of gossypol components in the seeds grown in the drier 

districts of Punjab i.e Rahim Yar Khan Multan and Vihari. Due to the future proposed 

climate change and cotton genotypes grown in Sindh and KPK province need to be 

further explored in order to help geneticists and breeders to develop more 

environment friendly and improved varieties and their performance. This is the first 

reported study from Pakistan on the genotype × environment interrelationship of the 

gossypol components however a much longer duration (cultivars over years) needs to 

be done. 
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Table -3.20 District wise variation and coefficient of correlation in gossypol   

         of cottonseed  

Genotype  (+)-, gossypol (mg kg
-1

) (-)-, gossypol  

(mg kg
-1

) 

Total gossypol (mg kg
-1

) 

Mean+SD p/level  Mean+SD p/level  Mean+SD p/level  

Faisalabad  1.493+0.472 0.000 1.288+0.5192 0.000 3.018+0.318 0.000 

Rahim Yar Khan  2.896+0.894 0.000 0.881+0.365 0.000 2.941+0.777 0.000 

Sahiwal  1.183+0.585 0.000 1.203+0.494 0.000 2.939+0.779 0.000 

Multan  2.599+0.639 0.000 0.829+0.356 0.006 3.398+0.718 0.000 

Jhang 1.512+0.626 0.000 1.836+0.728 0.000 4.306+1.626 0.000 

Sargodha  2.028+0.569 0.000 1.543+0.262 0.000 4.022+1.3599 0.001 

Raiwand  1.219+0.732 0.000 1.483+0.729 0.000 3.072+0.446 0.000 

Vihari  1.616+0.742 0.000 0.979+0.261 0.000 2.897+1.056 0.000 

Overall mean  1.849+0.860 0.000 1.272+0.574 0.000 3.578+0.887 0.000 

Correlation co-efficients 

i. Temperature  0.415 0.811* 0.232 

ii. Rainfall  -0.060 0.563 -0.838* 

iii. Humidity  -0.590 0.130 -0.019 

* Correlation is significant at p<0.01. 

**Correlation is significant at p<0.05. 
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Table-3.21 Regression models of the climate variables for gossypol components. 

Constant variable 

(constant 

predictors) 

ANOVA/unstandardized 

co-efficients  

Regression co-efficients  

F Significance Beta  Standard 

error  

significance 

(+)-, gossypol 

Temperature  11.426 0.28 -0.046 0.354 0.135 

Temperature ×rain  4.335 0.130 0.024 0.594 0.970 

Temp × rain × 

humidity  

2.497 0.299 -1.037 1.730 0.610 

Rain  1.858 0.245 0.241 1.167 0.019 

Rain ×humidity  0.935 0.483 1.034 1.890 0.622 

(-)-,gossypol 

Temperature  0.834 0.413 0.754 1.166 0.019 

Temperature × rain  1.480 0.357 -0.802 1.535 0.637 

Temp × rain × 

humidity  

0.732 0.621 -2.292 4.800 0.080 

Rain  3.915 0.910 2.678 0.764 0.000 

Rain × humidity  0.817 0.061 2.153 1.105 0.133 

Total gossypol 

Temperature  0.228 0.044 2.584 1.162 0.090 

Temperature × rain  0.722 0.531 3.946 1.638 0.095 

Temp × rain × 

humidity  

0.998 0.536 -0.374 4.103 0.936 

Rain  1.629 0.271 4.460 1.110 0.000 

Rain × humidity  0.641 0.586 4.173 1.878 0.113 
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3.2 Effect of elevated atmospheric CO2 on the nutritional 

composition of Gossypium Hirsutum L. seeds grown in the 

green houses 

3.2.1 Effect of CO2 elevation on yield and seed quality parameters 

The results obtained for total crop yield, G.O.T percent, seed index of linted seeds, 

seed index of acid delinted seeds, and seed volume, and the overall mean effects of 

elevated CO2 on seed quality parameters are given in Table 3.22 .Results indicated 

that CO2 elevation significantly increased the mean crop yield by 25.51%. Intra 

varietal differences were found throughout the 16 genotypes studied. The highest 

yield was obtained in FH-142 (38.09%), CIM-496 (31.74%), A-1 (25.92%), and FH-

901 (22.95%) respectively. Increase in the percent G.O.T was least affected, the 

highest increase being found in FH-87 (4.59%), A-1 (3.35%), and CIM-496 (3.53%). 

The seed index of linted seeds was found to be highest in FH-1000, FH-113, FH-900, 

FH-142, and CIM-496 respectively. Increase in the seed index of acid delinted seeds 

was quite low. The highest increase in the seed index of delinted seeds was found in 

genotype FH-114 while a decline of 6.41% also occurred in A-1. Seed volume was 

also least affected under the carbon dioxide elevation. Seed volume increased in FH-

114 and FH-113 while seed volume of FH-142 and A-1 decreased though non-

significantly. The findings of the current study are in strong agreement with the 

findings of Miyagi and Thomas who reported that seed production may increase from 

0.84-2.12% under elevated CO2 [216, 217]. The current findings however are quite 

lower to the reported results of Kimball where seed size and index were significantly 

affected by free air carbon dioxide elevation[218].They reported 40% increase 

(seed+lint), while the lint fiber portion yield increased by 54%. Similarly a study on 

the effect of elevated temperature and carbon dioxide on soybean seeds reported that 

seed size in soybean was not affected by elevated CO2 [218]. The lower percent yield 

of the current study might be attributed to the constraints in the root system in the 

pots.  

Results of the mean effects of the elevated CO2 on the seed quality parameters 

indicated that the percent linters as Ginning out Turn increased by 5.73% while seed 

index (weight (g) of 100 seeds) for the linted/fuzzy seeds showed significant (0.034) 

9.50% gain and acid delinted seeds showed insignificant but positive changes (2.37%) 
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respectively. The seed index and seed volume of delinted seeds did increased 

appreciably. The physical fraction (expressed as percentages of fractions recovered 

from the weights of the cotton seeds) indicated insignificant positive effects of CO2 

on seed % linters, seed kernel/meal, and hull (data not shown here). The seed quality 

parameter being important from the breeders’ point of view indicated a significant (P 

< 0.007) mean 25.51% increase in the total yield of the cotton cultivars. These results 

were in conformity with the findings of Kimball and Reddy who reported increase of 

up to 63% yield of the cotton under elevated CO2 [218, 163]. Intra-varietal increase in 

the yield was up 38.09%, 31.74% in our study. The G.O.T (%) indicated an overall 

increase however effect on seed index was low. The results reported by Kimball also 

showed little change in the seed weight of grains were in compliance with our 

findings [218]. According to other studies [219, 220] this little gain in the seed weight 

might be attributed to the microcosm environment of the pots in which the cultivars 

were grown or due to the fact that cotton being C3 plant will be least affected by the 

climatic factors [220]. The insignificant differences in the seed volume of the current 

study is an indicator that seed surface area will not be affected under CO2 elevation 

which is an important component of the cotton breeding selection index [221] and 

confirm the effects of CO2 on seed index and seed volume [222].The insignificant but 

positive increase in the percent seed Kernel and percent lint (% of lint remove during 

delinting) might be attributed to the translocation of carbohydrates that can cause an 

increase in the seed weight and reduction in the nitrogen concentrations[166]. 
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Table-3.22: Effect on yield and seed quality parameters 

Varieties CO2 

Concentrations 

Total 

Yield (gm) 

G.O.T% 

 

Seed Index 

linted/fuzzy seeds 

Seed Index 

Delinted seeds 

Seed  

Volume 

FH-682 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

66 

73 

+9.58 

37.9 

39.0 

+2.90 

10.0±0.11 

10.2±0.65 

+2.00 

8.44±0.06 

8.59±0.09 

+1.78 

7.1±0.02 

7.2±0.19 

+1.4 

FH-942 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

71 

85 

+16.70 

41.0 

42.5 

+3.65 

8.80±0.91 

10.70±0.58 

+8.50 

8.70±0.25 

8.94±0.04 

 +2.76 

6.5±0.06 

6.7±0.02 

+2.9 

FH-1000 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

55 

65 

+18.19 

38.5 

39.0 

+1.29 

9.5±0.81 

12.32±0.59 

+23.67 

9.32±1.30 

9.44±0.81 

+1.29 

6.3±0.17 

6.5±0.09 

+3.17 

FH-87 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

73 

83 

+13.69 

39.2 

41.0 

+4.59 

10.0±0.51 

10.3±0.29 

+3.00 

8.18±0.91 

8.15±1.17 

+0.04 

7.2±0.02 

7.3±0.07 

+1.38 

FH-634 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

65 

71 

+9.23 

37.6 

38.0 

+1.06 

10.3±0.31 

10.6±0.58 

+2.92 

8.90±0.92 

8.89±0.14 

-0.11 

7.4±0.11 

7.4±0.02 

0.00 

CIM-496 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

43 

63 

+31.74 

37.8 

39.0 

+3.53 

9.5±0.19 

10.8±0.45 

+13.69 

8.34±0.71 

8.35±0.38 

+0.012 

7.3±0.08 

7.4±0.16 

+1.38 

FH-900 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

43 

53 

+18.86 

38.0 

39.4 

+3.68 

8.4±0.48 

10.3±0.57 

+22.62 

7.33±0.71 

7.460.56 

+1.78 

7.3±0.03 

7.3±0.02 

0.00 

FH-901 (NBt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

61 

75 

+22.95 

40.0 

41.0 

+2.5 

10.2±0.37 

10.8±0.11 

+5.89 

8.42±0.29 

8.66±1.02 

+2.86 

7.2±0.04 

7.3±0.02 

+1.38 

A-1 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

54 

68 

+25.92 

38.7 

40.0 

+3.35 

11.07±0.28 

10.76±0.51 

+6.24 

10.76±0.47 

10.07±0.63 

-6.41 

7.2±0.44 

7.1±0.42 

-1.38 

FH-142 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

42 

58 

+38.09 

37.9 

38.0 

+0.26 

8.2±0.41 

10.4±0.65 

+26.83 

8.28±0.03 

8.47±0.35 

+2.30 

7.5±0.11 

7.3±0.48 

-2.66 

FH-172A (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

68 

71 

+4.22 

38.5 

39.0 

+1.29 

10.0±0.23 

10.49±0.14 

+4.90 

8.46±0.33 

8.49±0.29 

+0.35 

6.2±0.02 

6.2±0.02 

0.00 

FH-113 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

83 

87 

+4.82 

39.7 

41.0 

+2.51 

9.5±0.62 

12.4±0.25 

+30.53 

8.35±1.19 

8.58±0.43 

+2.59 

6.3±0.21 

6.5±0.37 

+3.17 

Sitara-009 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

63 

71 

+12.69 

38.6 

39.0 

+1.04 

9.8±0.31 

10.2±0.15 

+3.50 

8.48±0.62 

8.57±0.02 

+1.10 

6.3±0.05 

6.3±0.02 

0.00 

CIM-598 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

62 

71 

+14.52 

39.1 

39.5 

+1.02 

10.0±0.19 

10.8±0.25 

+7.41 

8.22±0.50 

8.21±0.02 

+0.13 

6.3±0.06 

6.2±0.27 

-1.58 

MNH-886 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

50 

59 

+18.0 

38.0 

38.2 

+0.53 

10.02±0.23 

10.3±0.14 

+2.80 

8.38±1.02 

8.61±0.56 

+2.75 

7.2±0.28 

7.2±0.76 

0.00 

FH-114 (Bt) 
400mol mol

–1
 

800mol mol
–1

 

% Change 

62 

69 

+11.29 

38.2 

39.0 

+2.09 

9.5±0.53 

10.9±0.41 

+14.75 

8.6±0.27 

9.1±0.71 

+5.82 

6.5±0.14 

6.8±0.25 

+4.41 

Overall Mean 

 

400mol mol
–1

 

800mol mol
–1

 

% Change 

54.87 

68.875 

+25.51 

0.07 

38.66 

40.87  

+5.73 

ns 

9.72±1.53 

10.59±2.96 

+9.50 

ns 

8.1±2.47 

9.9±2.40 

+2.37 

ns 

6.41±1.0 

6.51±1.91 

+1.69 

ns 
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3.2.2 Effect on the proximate composition 

The effects of elevated carbon dioxide on the proximate composition of individual 

cotton cultivars and the mean effects are given in Table 3.23 and Table 3.24 

(Appendix – 8). Results indicated that percent moisture was least affected by the CO 

elevation in both whole linted seeds and decorticated seed meals. Elevation of CO2 

had significant declining effects on the percent crude protein. The highest percent 

decline in crude protein occurred in FH-901 (24.60%, 14.44%, 14. 73%) in the whole 

linted seeds, linted seed meal, and decorticated seed meal respectively. Percent 

decline in all the three fractions studied were significant (P≤0.05) in FH-900 (24.45%, 

29.73%, 9.97%), FH-172A (17.95%, 20.09%, 20.13%), FH-1000 (13.18%, 10.60%, 

27.45%), FH-114 (11.46%, 5.57%, 12.68%), FH-113 (11.0%, 7.69%, 13.31%) 

respectively. Results of the percent crude fiber showed variable though insignificant 

trends. Percent fiber increased in FH-1000, CIM-496, FH-900, A-1, FH-142, FH-113. 

This increase in the whole seeds and linted seed meals were almost parallel to the 

increase in seed index of linted seeds signifying the positive impacts of CO2 on the 

accumulation of short staple linters on the seeds. However significant decline in the 

crude fiber was observed in FH-114, FH-172A, and FH-634. Decline in the crude 

fiber was non -significant in the rest of the phenotypes. The effects of CO2 indicated 

favourable effects on the percent oil yield. Crude oil increased in all of the genotypes 

though intra-varietal differences in the responses were observed. The percent increase 

in oil yield as crude fat increased significantly in FH-942 (14.95%), CIM-496 

(10.346%), FH-901 (18.632%), A-1 (14.314%), FH-172A (15.82%), and MNH-886 

(18.69%). The significant of differences were more obvious in the whole seeds than in 

the linted seed meals and decorticated seed meals. Results of the percent ash showed a 

uniform decline among all the genotypes. These declines were more significant in the 

decorticated seed meals indicating the impacts of CO2 on the decreased levels of 

minerals in seeds’ matrix. The percent declines were highest in FH-1000 (21.22%), 

FH-634 (15.13%), FH-900 (20.19%), A-1 (19.92%), Sitara-009 (13.97%), CIM-598 

(14.82%), and FH-114 (22.54%).  

The mean proximate composition of whole linted seed, linted seed meal and acid 

delinted seed meals of the cotton varieties showed considerable varied intra-varietal 

responses to CO2 elevation. The responses of the cotton cultivars were consistent 

throughout the whole data set however intra-varietal variations were found. The mean 
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effects (Table – 3.24) showed consistent decline in the crude protein at the elevated 

CO2 concentration. The mean percent declines (11.09% and 1.16%) were highly 

significant in Whole Linted Seed (WLS), Delinted Seed Meals (DSM), and Linted 

Seed Meals (LSM). The highest mean declines were 23.20% in the whole seed, 

18.48% in the LSM to 17.78% in DSM at elevated CO2. Crude fat (n-hexane 

extracted) varied considerably among the varieties however the net effect of CO2 

elevation was a 13.32% increase in the percent oil of the whole seed. Similar trend 

were also observed in the crude oil content of LSM and DSM. The percent curde ash 

throughout the seed and seed products (LSM and DSM) declined significantly at 

elevated CO2 concentrations (13.37%, 4.89%, and 14.02% respectively). The findings 

of the current study showed significant decline in the crude protein content of the 

cotton seed and are in agreement with the findings of other similar studies who 

reported significant decline in total nitrogen and crude protein in grain seeds [222]. 

Hocking and Meyer attributed this marked reduction in protein synthesis to the 

limited size of amino acid pool in the leaves resulting in the lower levels of nitrogen 

and protein in the grain seeds [223]. As demonstrated in another study CO2 

enhancement may increase the seed yield due to the overall increase in the total crop 

yield but cause reduced grain protein [224]. Results of our study also confirm the 

findings of a previous work [200] where a 3.9-14% decline in the protein content of 

grains and the reduction was reported to be dependent upon the exposure systems and 

rooting volume. Similar significant reductions in the total protein and increases in 

total yield of rice, wheat, and rapeseed meal grown under CO2 enrichment were also 

observed by others [225-227]. The significant decline in the crude fiber content of 

cotton seeds in our study might had contributed to the insignificant percent increase in 

the kernel/meal weight or as reported by Uprety et al. that seed index is strongly 

correlated with increase in yield of percent oil and carbohydrate content of seeds 

[228]. The decline in the crude fiber content was also attributed to the CO2 induced 

changes in C/N ratio [227]. This reduction, as reported by Clandinin and Robblee will 

minimize the liginin content of the seed meal and will adversely affect protein and 

amino acid digestibility of the feed in monogastric animals [227]. Since crude fiber in 

mainly cellulose and hemi-cellulose thus overall reduction will result in the reduced 

nutrients value and lowered metabolic energy of the cottonseed meals. We found 

significant increase in the percent oil content in our study which is in agreement with 

the findings of other studies which reported significant increase in the oil content of 
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brassica, mango, and soybean respectively [228-230]. As suggested this increase in 

the seed oil content might had been possible at the expense of protein due to the 

participation of additional CO2 in the formation of abundant Malonyl CoA under 

elevated CO2 which possibly play a role in the biosynthesis of fatty acids [230]. 



 

 108 

  Table-3.23 Effect on the proximate composition  

Varieties CO2 

concentrations 

% Moisture 

WLS 

%Moisture 

DSM 

Crude protein (%) Crude fiber (%) 

WLS* LSM** DSM*** WLS LSM DSM 

FH-682 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.46±6.2 

5.16±3.1 

-1.885 

ns 

5.37±2.23 

5.82±0.87 

+4.94 

ns 

25.36±3.2 

22.49±0.48 

-12.76 

0.023 

29.89±4.6 

25.69±2.6 

-16.348 

0.047 

40.15±2.55 

39.48±1.2 

-14.009 

ns 

24.02±3.80 

21.99±2.61 

-8.45 

Ns 

18.83±4.1 

19.07±6.74 

-1.258 

Ns 

3.23± 

3.24± 

-0.04 

ns 

FH-942 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.37±0.66 

5.46±2.7 

+6.313 

ns 

5.05±0.56 

5.72±1.23 

+7.67 

ns 

23.85±6.9 

19.94±2.6 

-19.60 

0.016 

26.95±2.24 

22.86±12.1 

-17.891 

0.021 

41.15±2.55 

38.48±1.2 

-14.009 

0.061 

23.82±0.58 

21.77±6.2 

-8.606 

Ns 

18.25±8.79 

17.37±4.48 

-4.82 

Ns 

4.86± 

4.20± 

-3.58 

ns 

FH-1000 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.11±3.6 

5.47±7.4 

4.615 

ns 

5.31±0.94 

5.62±1.24 

+5.83 

ns 

23.09±2.0 

20.40±0.67 

-13.18 

0.026 

27.11±9.7 

24.51±12.6 

-10.607 

0.031 

45.19±1.14 

40.86±2.35 

-10.597 

0.008 

18.13±2.82 

19.99±4.1 

+10.59 

0.004 

17.98±1.10 

19.44±0.02 

+7.51 

Ns 

4.42± 

4.54± 

+2.66 

ns 

FH-87 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.03±0.72 

4.27±5.1 

–3.47 

ns 

6.14±0.89 

5.86±1.40 

–4.24 

ns 

23.98±2.1 

22.21±2.3 

-8.341 

ns 

26.92±0.76 

24.35±7.21 

-9.938 

ns 

40.54±3.54 

39.91±3.3 

-3.889 

ns 

23.90±3.6 

23.81±5.4 

-0.3897 

Ns 

17.38±0.09 

17.85±3.8 

+2.70 

ns 

4.31± 

5.51± 

+4.43 

ns 

FH-634 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.08±5.6 

5.32±5.1 

+7.32 

ns 

5.71±1.23 

6.24±1.74 

+6.44 

ns 

24.60±2.2 

23.35±7.6 

-5.385 

ns 

28.64±1.92 

27.02±2.41 

-5.995 

ns 

39.15±7.11 

38.36±2.89 

-12.48 

ns 

24.89±0.08 

21.22±6.5 

-14.744 

0.051 

19.84±0.40 

17.96±0.09 

-9.475 

ns 

3.81± 

3.37± 

-1.37 

ns 

CIM-496 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.63±2.7 

5.01±5.7 

–7.10 

ns 

5.32±0.74 

4.94±0.23 

–6.91 

ns 

20.07±1.8 

19.21±3.4 

-10.662 

0.051 

26.29±9.28 

23.22±9.99 

-3.221 

ns 

42.82±4.13 

38.70±3.50 

-13.229 

0.046 

23.43±2.46 

25.28±4.40 

+7.318 

Ns 

17.50±6.00 

18.48±8.71 

+5.248 

ns 

3.31± 

3.36± 

+0.12 

ns 

FH-900 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.19±6.0 

4.89±11.0 

–4.78 

ns 

5.05±1.25 

5.69±1.56 

+12.73 

0.032 

23.34±4.4 

17.35±2.8 

-24.452 

0.002 

27.18±6.00 

20.95±8.4 

-29.737 

0.000 

38.30±1.49 

33.91±6.11 

-19.976 

0.039 

21.27±2.56 

23.76±2.48 

+4.78 

Ns 

17.62±1.10 

18.29±0.03 

+3.66 

ns 

4.41± 

4.35± 

-0.56 

ns 

FH-901 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.81±4.6 

4.89±5.8 

–12.83 

0.067 

5.29±0.58 

5.48±1.4 

+2.91 

ns 

21.37±3.0 

17.15±2.8 

-24.606 

0.005 

25.12±4.2 

21.95±1.9 

-14.441 

0.036 

43.16±2.5 

36.80±3.9 

-14.73 

0.029 

27.62±0.91 

23.55±3.21 

-14.73 

0.046 

19.17±2.2 

17.90±3.5 

-6.662 

ns 

4.09± 

4.29± 

+4.66 

ns 

A-1 400mol mol–1 

800mol mol–1 

% Change 

P-level 

4.90±2.1 

4.76±3.7 

–2.76 

ns 

5.32±1.56 

594±1.3 

+6.65 

Ns 

22.85±0.58 

22.37±9.93 

-6.616 

ns 

27.37±8.81 

27.25±1.2 

-0.440 

ns 

45.41±7.3 

41.62±3.47 

-9.106 

ns 

20.57±2.73 

22.12±0.56 

+7.007 

Ns 

18.25±0.95 

17.87±1.61 

+2.08 

ns 

4.00± 

4.27± 

+6.32 

ns 
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FH-142 400mol mol–1 

800mol mol–1 

% Change 

P-level 

4.02±3.9 

4.12±9.7 

+2.49 

ns 

6.25±0.87 

5.48±0.54 

–10.32 

0.082 

23.53±1.65 

21.05±2.08 

–10.54 

0.067 

28.21±4.4 

26.32±7.21 

-8.104 

ns 

42.15±3.23 

38.23±4.16 

-9.30 

ns 

20.93±0.02 

24.69±2.31 

+15.22 

0.041 

17.04±1.15 

19.73±3.49 

+13.63 

0.059 

3.29± 

3.47± 

+3.84 

ns 

FH-172 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.81±2.4 

5.15±9.1 

–9.35 

0.032 

5.07±1.6 

5.19±1.74 

+2.66 

ns 

22.99±1.87 

19.49±3.3 

-17.95 

0.024 

26.24±8.11 

24.85±18.5 

-20.09 

0.041 

43.74±1.15 

36.41±2.3 

-20.138 

0.006 

26.83±0.98 

21.46±1.98 

-13.722 

0.026 

19.53±1.90 

17.35±3.03 

-11.33 

ns 

3.42± 

 

3.47± 

+2.7 

FH-113 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.51±4.1 

5.22±5.5 

–5.26 

ns 

5.38±1.45 

5.96±1.78 

+7.78 

ns 

23.00±0.91 

20.72±2.90 

-11.00 

0.014 

25.05±7.58 

23.26±9.47 

-7.695 

ns 

43.75±4.6 

37.77±2.6 

-13.31 

0.027 

19.72±6.57 

20.83±1.40 

+5.62 

Ns 

17.27±0.98 

18.58±0.29 

+7.58 

ns 

3.52± 

3.04± 

+4.18 

ns 

Sitara 

009 
400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.81±2.7 

5.58±3.6 

–2.95 

ns 

5.24±2.30 

5.63±2.6 

+4.74 

ns 

22.20±2.4 

20.41±2.7 

-8.77 

ns 

28.26±6.1 

26.01±10.94 

-8.650 

ns 

40.68±1.96 

36.77±4.98 

-7.074 

ns 

27.94±1.51 

23.21±3.97 

-16.92 

0.029 

19.98±0.16 

16.20±11.14 

-18.91 

0.071 

3.43± 

3.25± 

-6.46 

ns 

CIM-598 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.83±2.6 

5.95±6.3 

+1.95 

ns 

5.36±1.56 

5.15±1.81 

–2.91 

ns 

23.45±0.47 

21.61±1.9 

-8.514 

ns 

28.80±3.60 

27.68±13.12 

-4.046 

ns 

40.34±3.83 

39.10±6.1 

-4.859 

ns 

23.35±1.57 

19.60±3.14 

-16.05 

Ns 

18.70±0.78 

17.21±0.18 

-7.96 

ns 

4.31± 

4.20± 

-2.81 

ns 

MNH-

886 
400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.35±3.9 

5.82±5.7 

+7.04 

ns 

6.24±0.69 

5.41±1.63 

–8.32 

ns 

23.72±3.3 

22.17±1.18 

-6.991 

ns 

29.60±3.0 

28.34±6.1 

-4.446 

ns 

42.66±3.0 

41.90±4.6 

-6.086 

ns 

23.64±1.46 

19.94±1.49 

-15.65 

Ns 

17.01±2.58 

19.88±6.20 

+9.89 

ns 

4.42± 

4.34± 

1.843 

ns 

FH-114 400mol mol–1 

800mol mol–1 

% Change 

P-level 

5.62±2.6 

5.91±9.2 

+4.60 

ns 

5.44±2.66 

4.78±3.10 

+9.41 

ns 

22.75±5.6 

20.42±1.93 

-11.413 

0.019 

29.14±2.4 

27.60±12.8 

-5.579 

ns 

45.59±2.4 

38.28±2.9 

-12.68 

0.026 

24.26±0.69 

20.14±7.12 

-16.98 

0.034 

17.96±2.1 

16.01±0.92 

-10.57 

ns 

3.87± 

3.42± 

-1.16 

ns 

FH-682 400mol mol–1 

800mol mol–1 

% Change 

P-level 

22.43±4.49 

25.76±1.25 

 +14.86 

0.031 

2.1±6.4 

2.23±11.2 

+6.19 

ns 

5.4±6.62 

6.3±9.78 

+15.09 

0.059 

4.05±2.5 

3.59±2.69 

-11.35 

ns 

4.55±2.51 

4.01±1.91 

-11.86 

ns 

6.76±2.5 

5.79±0.8 

-14.34 

0.056 

  

FH-942 400mol mol–1 

800mol mol–1 

% Change 

P-level 

23.72±3.26 

27.89±1.57 

+14.95 

0.025 

1.6±2.71 

2.3±6.38 

+13.04 

0.007 

6.01±2.7 

6.08±2.4 

+3.6 

ns 

4.96±5.29 

3.58±2.65 

-11.35 

0.040 

5.05±2.5 

4.33±2.25 

-14.25 

0.039 

6.35±1.1 

5.75±0.51 

-9.44 

Ns 
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Varieties CO2 Concentrations Crude fat (%) Ash (%) 

WLS LSM DSM WLS LSM DSM 

FH-1000 400mol mol–1 

800mol mol–1 

% Change 

P-level 

26.74±6.88 

27.89±3.15 

+4.123 

Ns 

2.8±1.90 

3.1±2.69 

+9.67 

Ns 

5.03±3.9 

5.48±7.22 

+8.30 

Ns 

4.69±5.08 

3.78±0.48 

-19.40 

0.039 

5.13±2.61 

4.09±1.80 

-20.27 

0.014 

6.55±5.8 

5.16±2.6 

-21.22 

0.007 

FH-87 400mol mol–1 

800mol mol–1 

% Change 

P-level 

27.66±1.68 

31.29±2.45 

+11.60 

ns 

2.55±0.20 

2.00±11.7 

+2.25 

ns 

5.66±5.2 

5.79±0.91 

+2.24 

ns 

4.31±9.13 

4.08±3.35 

-5.33 

ns 

5.16±1.45 

4.95±2.25 

-4.07 

ns 

7.07±1.09 

6.49±2.41 

-8.20 

ns 

FH-634 400mol mol–1 

800mol mol–1 

% Change 

P-level 

24.89±4.44 

26.3±0.067 

+5.36 

ns 

2.26±0.11 

2.46±0.25 

+4.97 

ns 

6.017±7.3 

3.18±3.9 

+2.75 

ns 

5.31±2.15 

4.65±1.78 

-12.49 

0.041 

5.63±0.96 

4.86±0.05 

-13.67 

0.019 

7.53±5.71 

6.39±0.56 

-15.13 

0.037 

CIM-496 400mol mol–1 

800mol mol–1 

% Change 

P-level 

19.68±3.41 

26.58±6.00 

+10.346 

0.021 

2.92±0.04 

3.09±0.20 

+5.82 

ns 

5.62±2.8 

5.87±17.7 

+4.44 

ns 

4.29±4.00 

3.92±0.68 

-8.62 

ns 

5.06±1.45 

4.66±3.94 

-7.90 

ns 

7.21±4.655 

6.33±0.03 

-12.20 

0.067 

FH-900 400mol mol–1 

800mol mol–1 

% Change 

P-level 

23.83±1.41 

24.77±0.98 

+3.794 

ns 

2.72±7.5 

2.86±3.0 

+3.90 

ns 

6.33±3.33 

6.81±16.1 

+7.04 

Ns 

4.08±2.8 

3.58±1.60 

-12.25 

0.017 

4.67±7.59 

3.77±0.11 

-19.27 

0.029 

7.13±0.090 

5.69±2.4 

-20.19 

0.035 

FH-901 400mol mol–1 

800mol mol–1 

% Change 

P-level 

22.49±2.2 

27.64±1.64 

+18.632 

0.031 

2.91±0.7 

3.31±3.11 

+12.08 

0.059 

5.42±4.3 

5.55±7.62 

+4.5 

ns 

4.65±0.35 

4.25±1.80 

-8.60 

ns 

5.20±0.26 

4.73±0.19 

-9.04 

ns 

5.92±3.7 

5.09±2.3 

-14.02 

ns 

A-1 400mol mol–1 

800mol mol–1 

% Change 

P-level 

17.277±0.23 

20.21±1.71 

+14.314 

0.031 

2.77±1.98 

3.06±0.62 

+9.47 

0.016 

5.51±7.9 

6.05±4.8 

+8.92 

Ns 

3.27±2.94 

2.89±1.65 

-11.62 

0.041 

4.87±2.13 

4.31±2.00 

-11.49 

0.021 

7.63±1.46 

6.11±2.6 

-19.92 

0.032 

FH-142 400mol mol–1 

800mol mol–1 

% Change 

P-level 

26.51±3.02 

25.93±2.77 

+2.236 

ns 

2.30±2.3 

2.39±0.99 

+3.56 

ns 

5.07±8.8 

5.35±0.63 

+5.52 

ns 

4.28±3.02 

3.73±1.16 

-11.68 

ns 

5.73±0.41 

4.90±1.36 

-14.48 

0.036 

7.19±3.83 

6.03±1.96 

-16.13 

0.022 

FH-172A 400mol mol–1 

800mol mol–1 

% Change 

P-level 

27.22±1.20 

32.32±2.26 

+15.82 

0.037 

2.35±1.69 

2.43±5.3 

+3.40 

ns 

5.32±1.3 

6.05±2.7 

+12.06 

ns 

2.55±0.47 

2.19±2.1 

-14.11 

0.035 

5.26±1.56 

4.67±1.98 

-11.21 

0.027 

7.64±2.9 

6.43±0.87 

-15.83 

0.057 
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Varieties CO2 Concentrations Crude fat (%) Ash (%) 

WLS LSM DSM WLS LSM DSM 

FH-113 400mol mol–1 

800mol mol–1 

% Change 

P-level 

27.22±1.97 

29.01±1.46 

+6.170 

Ns 

2.12±1.40 

2.08±0.85 

+1.886 

Ns 

5.86±9.7 

5.57±3.6 

+4.94 

Ns 

4.38±2.48 

3.87±4.00 

-11.63 

0.061 

4.25±11.7 

3.89±1.98 

-8.47 

Ns 

7.06±1.12 

5.86±0.95 

-16.99 

0.061 

Sitara 

009 
400mol mol–1 

800mol mol–1 

% Change 

P-level 

24.0±3.83 

27.37±1.71 

+12.31 

0.061 

3.45±1.16 

3.69±1.87 

+6.50 

ns 

6.93±1.6 

7.11±0.09 

+2.53 

ns 

5.09±1.68 

4.56±1.90 

-10.41 

0.048 

5.65±3.31 

4.73±7.7 

-16.83 

0.041 

7.30±1.12 

6.28±2.4 

-13.97 

0.019 

CIM-598 400mol mol–1 

800mol mol–1 

% Change 

P-level 

25.16±5.19 

32.19±15.22 

+21.839 

0.001 

2.68±4.29 

2.91±2.90 

+8.58 

ns 

6.98±3.7 

7.10±8.2 

+1.72 

ns 

4.44±0.98 

3.68±0.44 

-12.61 

ns 

4.05±1.02 

3.39±0.26 

-16.29 

0.037 

7.22±1.66 

6.15±1.20 

-14.82 

0.030 

MNH-

886 
400mol mol–1 

800mol mol–1 

% Change 

P-level 

23.83±1.77 

27.77±2.82 

+18.69 

0.027 

1.42±1.4 

1.58±0.05 

+11.26 

0.002 

6.97±3.9 

7.36±13.7 

+5.29 

ns 

4.05±0.38 

3.73±0.06 

-7.90 

ns 

4.27±2.00 

3.88±0.84 

-9.74 

ns 

7.30±0.09 

6.27±0.14 

-14.10 

0.036 

FH-114 400mol mol–1 

800mol mol–1 

% Change 

P-level 

17.277±1.95 

20.21±5.66 

+14.547 

ns 

2.83±8.4 

2.91±0.97 

+2.82 

0.009 

6.17±2.2 

6.19±0.95 

+0.323 

ns 

4.37±1.70 

3.86±0.97 

-11.67 

0.019 

4.75±1.49 

4.36±1.61 

-8.42 

ns 

7.22±1.72 

5.59±7.5 

-22.57 

0.033 

  * WLS = Whole Linted Seed  

  ** LSM = Linted Seed Meals  

  *** DSM = Delinted Seed Meals  
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Table – 3.24 Mean effects of CO2 elevation on proximate composition 

WLS, Whole Linted Seed, LSM, Linted Seed Meal, DSM Decorticated Seed Meal  

Significance at P≤0.05 level 

 

  

Parameters CO2 

Concentrations 

Mean Minimum Maximum SD P 

level 

Crude Protein% 

1. WLS 400mol mol–1 22.39 20.07 27.35 1.63708 
0.009 

                   800mol mol–1 22.23 19.49 25.36 1.93090 

2. LSM 400mol mol–1 24.94 20.95 29.89 2.79339 
0.039 

 800mol mol–1 26.87 25.05 28.64 1.10074 

3. DSM 400mol mol–1 40.41 26.80 46.10 4.73029 
0.000 

 800mol mol–1 44.89 35.16 48.66 3.67301 

Crude Fiber% 

1. WLS 400mol mol–1 22.21 18.13 26.83 2.08582 
0.017 

                   800mol mol–1 23.86 19.72 27.94 2.17655 

2. LSM 400mol mol–1 17.78 16.06 19.84 1.09173 
0.047 

 800mol mol–1 18.48 17.04 19.98 .88500 

3. DSM 400mol mol–1 3.79 3.02 4.86 .54232 
0.003 

 800mol mol–1 3.98 3.02 5.51 .69357 

Crude Fat% 

1. WLS 400mol mol–1 23.88 17.27 27.66 3.34231 
0.032 

                   800mol mol–1 27.06 20.21 32.32 3.41336 

2. LSM 400mol mol–1 2.47 1.60 2.99 0.38709 
ns 

 800mol mol–1 2.87 2.00 3.90 0.53726 

3. DSM 400mol mol–1 5.69 5.03 7.00 0.53231 
0.041 

 800mol mol–1 6.167 3.18 7.11 0.99539 

Ash% 

1. WLS 400mol mol–1 4.35 3.37 4.96 .36876 
0.017 

                   800mol mol–1 3.50 2.43 5.31 .78695 

2. LSM 400mol mol–1 3.89 5.96 4.9719 .57092 
0.000 

 800mol mol–1 3.07 5.73 4.0806 .79482 

3. DSM 400mol mol–1 5.92 7.64 7.1512 .47416 
0.003 

 800mol mol–1 5.09 7.19 6.2800 .63992 
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3.2.3 Effect on the mineral composition 

The results of the mineral concentration (Table 3.25) as affected by the elevated CO2 

showed a varied pattern. The data showed iron (Fe) being the most vulnerable nutrient 

affected by elevated CO2 (declined in 100% of samples). The range of decline in Fe 

was 36.58 in FH-634, 31.74% in FH-901, 27.99% in CIM-496, 26.89% in MNH-886, 

25.59% in FH-142, and 25.38% in A-1 genotype. Decline in the rest of the samples 

ranged from 7.28% to 2.74%.  Percent change in the calcium (ca) and Zinc (Zn) 

exhibited a uniform decline in 68.75% samples, however the percent decline was 

more obvious for calcium. The percent decline for ca was 64.09% in FH-901, 43.04% 

in Sitara-009, 39.11% in FH-1000, and 28.31% in MNH-886 respectively. Effects of 

elevated CO2 on Zn content showed highest decline in FH-113 (26.99%), followed by 

Sitara-009 (20.60%), FH-1000 (18.52%), MNH-886 (10.19%) and FH-114 (6.58%) 

respectively. Data regarding the effects of elevated CO2 on the Cu concentration 

exhibited highest decline in FH-142 (39.95%), Sitara-009 (26.66%), FH-172A 

(28.58%), FH-942 (28.12%), and FH-634 (26.56%) respectively. The percent decline 

in manganese was found to be highest in FH-1000 (27.40%), Sitara-009 (26.87%), 

FH-142 (18.34%), FH-114 (20.0%), CIM-598 (19.36%), and MNH-886 (18.51%). An 

interesting finding of the current study is an increase of Cd in some varieties from the 

elevated CO2 chamber ranging from 200% in CIM-496, 16.6% in FH-634, 90% in 

FH-682, 54.54% in FH-114, 44% in FH-172A, 42% in FH-113 respectively.  The 

analysis of data showed that elevated CO2 shifts cottonseed minerals towards lower 

concentrations across all the five minerals. similar results were also found by Loladze 

suggesting that overall mineral concentrations declined significantly in herbaceous 

plants, crops, foliar and edible tissues including wheat and rice from both FACE and 

non-FACE studies [46]. Loladze also suggested an overall decline of -7.2% to -5.6%, 

wild -9.7% to -7.6%, herbaceous -7.5% to 5.1%, tissues and grains -7.2% -8.6% to -

5.6% effects of eCO2 on C3 plants. Schaffer also found leaf mineral element 

concentrations as generally lower (-16%) for trees and brassica grown at high ambient 

CO2 concentration presumably due to a dilution effect from increased growth rate 

[229, 230]. According to Wooden nutrient uptake did not increase with the increased 

growth resulting in significant dilution of elements in leaf tissues [231]. The 

elemental levels in some of the varieties in this study also increased. As found by 

Grotenhuis and Bugbee [232] elevated CO2 had no effects on either macro or 

micronutrient concentrations in plants. Similar findings were also reported by 
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Luxmore who found increase in dry weight and uptake of N, ca, Al, Fe, Zn, Sr in 

Virginia Pine under CO2 enrichment [233]. This greater uptake was attributed to an 

increased root weight. The rise in Zn uptake may had resulted from increased pH
 
in 

the rhizosphere since under elevated CO2 cations were more readily absorbed than 

anions.  Results of iron (Fe) showed as being the most affected mineral by elevated 

CO2 with highly significant mean decline (mg/kg). Results for mineral decline of this 

study coincide with the findings of another study where a 32.05% decline in Ca, -

18.5% in Zn occurred as a result of levated CO2 and water stress [234]. Another study 

also found reported that mineral concentration of the plant tissues significantly 

declined for N, P, K, Ca, Mg, Mn, Fe, and Zn for up to 20%  although increase in 

absolute amounts per individual mineral up to 20% were also observed. This rise was 

attributed to the enhanced dry matter accumulation in the elevated CO2 supply [235]. 

As suggested by Loladze CO2 effects on the plant ionomes were surprisingly robust as 

enhanced CO2 significantly reduced N, P, Ca, S, Zn, and Mg [48]. In a longitudinal 

study by Penvelas and Matamala the mineral content (dry weight basis) i.e. the 

percent values of Ca, Cu, Fe, P, Mg, Mn, K, Na, S, Zn were  found to be always lower 

than any other  over a  period of three centuries in herbarium specimens of C3 plants. 

They proposed that elevated atmospheric CO2 and other anthropogenic environmental 

modifications plausibly change the mineral content of plants [236]. Similar declines in 

the leaf mineral content (N, P, K, Ca, and Mg) were also observed in beans under high 

CO2 [237]. As suggested, CO2 enrichment might have resulted in larger root systems 

which inturn would have led to decline in the overall mineral concentration in plants 

[238, 239].  It is suggested that this increase in the atmospheric CO2 is the possible 

cause of changes in the mineral content of plants. This overall decline in mineral 

concentrations under CO2 enrichment is attributed to the larger root systems which 

appear to be unable to gather proportionally more nutrients [240] however, similar 

decline in Fe, Zn, Ca were attributed to the dilution effect induced by the increase in 

carbohydrate content in seeds [241].  

The effects of CO2 enhancement on the mean elemental composition showed that 

although intra-varietal differences in the responses were observed the mean decline 

followed the trend P≤0.1 in manganese. The decrease in Fe, ZN, Cu, and Cd were 

significant at P≤ 0.05. The data showed iron being the most vulnerable nutrient 

affected by CO2 elevation. Decline in the mean iron was observed in all of the 
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varieties at CO2 800µmol mol-
1. 

 The mean percent decline in the Fe was 23.02%, in 

the Zn 10.41%, and Cu 18.20%. A significant uptake of Cadmium was also observed 

in some of the cotton varieties grown at 800µmol mol-
1
.
 
It can be postulatd from the 

findings of the current study that enhanced CO2 alone can deleteriously effect the 

mineral concentration of cottonseed.
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Table-3.25 Elemental composition of cotton cultivars grown at two levels of CO2 

  
 

S. 

No 

Varieties/ 

CO2 

Cocnetrations 

Calcium 

(mg kg
–1

) 

Iron  

(mg kg
–1

) 

Zinc  

(mg kg
–1

) 

Copper  

(mg kg
–1

) 

Manganese 

(mg kg
–1

) 

Cadmium 

(mg kg
–1

) 

1 FH-682 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.98±0.02 

1.79±0.01 

-9.59 

ns 

 

116.45±0.002 

96.59±0.02 

-16.66 

0.021 

 

73.03±0.03 

71.81±0.060 

-5.29 

ns 

 

17.1±0.08 

14.5±0.01 

-15.20 

0.041 

 

27.3.0±0.03 

25.0±0.02 

-8.51 

ns 

 

0.000 

0.09±0.01 

+90 

2 FH-942 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.187±0.03 

0.961±0.02 

-19.35 

0.026 

 

137.2±0.04 

102.55±0.03 

-25.29 

0.033 

 

84.69±0.03 

82.77±0.03 

-7.78 

ns 

 

12.8±0.02 

9.2±0.019 

-28.12 

0.012 

 

23.2±0.03 

20.0±0.02 

-13.79 

0.038 

 

0.000 

0.000 
 

3 FH-1000 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.36±0.02 

0.828±0.012 

-39.11 

0.002 

 

128.47±0.02 

118.19±0.01 

-7.28 

0.013 

 

91.91±0.004 

86.00±0.02 

-18.52 

0.073 

 

17.3±0.03 

16.0±0.04 

-6.43 

ns 

 

18.83±0.07 

13.67±0.02 

-27.40 

0.026 

 

0.000 

0.000 

 

4 FH-87 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.403±0.01 

1.427±0.02 

+1.42 

ns 

 

133.3±0.04 

96.09±0.02 

-27.97 

0.029 

 

87.9±0.03 

73.7±0.02 

-16.17 

0.017 

 

17.7±0.02 

15.4±0.06 

-12.99 

ns 

 

20.2±0.02 

17.6±0.03 

-12.87 

0.054 

 

0.011±0.02 

0.032±0.01 

+1.90 

ns 

5 FH-634 

400mol mol–1 

800mol mol–1 

% Change 

P-level l 

 

1.060±0.003 

0.934±0.02 

-11.89 

0.011 

 

181.69±0.02 

115.21±0.03 

-36.58 

0.006 

 

74.85±0.008 

71.00±0.03 

-11.04 

ns 

 

12.8±0.02 

9.4±0.15 

-26.56 

0.015 

 

25.2±0.04 

22.7±0.12 

-9.92 

0.053 

 

0.006±0.01 

0.016±0.01 

+166.6 

0.000 

6 CIM-496 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.413±0.02 

1.318±0.02 

-7.09 

ns 

 

154.55±0.014 

111.29±0.03 

-27.99 

0.028 

 

81.31±0.04 

72.77±0.01 

-10.50 

ns 

 

14.1±0.02 

15.1±0.05 

+7.09 

ns 

 

25.5±0.01 

19.67±0.03 

-22.86 

0.019 

 

0.01±0.01 

0.03±0.01 

+200 

0.000 

7 FH-900 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.258±0.02 

1.063±0.014 

-15.49 

ns 

 

176.29±0.04 

136.67±0.02 

-22.74 

0.029 

 

80.70±0.04 

76.04±0.06 

-15.17 

ns 

 

16.7±0.08 

15.3±0.01 

-8.38 

ns 

 

 

27.32±0.04 

27.17±0.02 

-0.18 

ns 

 

0.00 

0.024±0.01 

+24 

8 FH-901 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.838±0.03 

0.660±0.01 

-64.09 

0.002 

 

186.72±0.01 

127.44±0.02 

-31.74 

0.013 

 

81.31±0.03 

73.38±0.02 

-9.75 

ns 

 

15.9±0.01 

13.5±0.04 

-13.33 

0.031 

 

23.17±0.03 

22.4±0.02 

-3.32 

ns 

 

0.00 

0.027±0.01 

+27 

9 A-1 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.440±0.02 

1.498±0.02 

+3.47 

ns 

 

131.94±0.06 

98.45±0.01 

-25.38 

0.011 

 

79.56±0.012 

75.86±0.011 

-12.64 

0.054 

 

13.9±0.02 

15.0±0.09 

+7.91 

ns 

 

22.3±0.02 

19.8±0.02 

-11.21 

ns 

 

0.00 

0.032±0.01 

+32 

10 FH-142 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.042±0.02 

.917±0.04 

-11.99 

ns 

 

170.36±0.04 

126.75±0.02 

-25.59 

0.027 

 

85.86±0.040 

77.72±0.03 

-9.48 

0.073 

 

17.6±0.02 

11.8±0.04 

-32.95 

0.010 

 

20.33±0.04 

16.6±0.03 

-18.34 

0.026 

 

0.000 

0.000 
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11  FH-172A 

400mol mol–1 

800mol mol–1 

% Change 

P-level l 

 

1.457±0.004 

1.486±0.01 

+2.068 

ns 

 

165.98±0.01 

133.77±0.03 

-19.40 

ns 

 

77.32±0.03 

68.71±0.06 

-11.06 

ns 

 

15.4±0.02 

11.2±0.04 

-28.58 

0.015 

 

25.00±0.16 

25.2±0.02 

-0.8 

ns 

 

0.05±0.02 

0.09±0.001 

+44.0 

0.000 

12 FH-113 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.890±0.02 

1.926±0.03 

+1.59 

ns 

 

160.36±0.03 

127.70±0.01 

-10.34 

ns 

 

83.75±0.04 

61.72±0.03 

-26.99 

0.007 

 

15.6±0.03 

13.4±0.13 

-16.41 

0.037 

 

30.00±0.03 

30.33±0.02 

+1.10 

ns 

 

0.007± 

0.012± 

+42.0 

0.000 

13 Sitara-009 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

 

1.273±0.02 

0.725±0.04 

-43.04 

0.001 

 

 

147.74±0.02 

117.30±0.02 

-20.60 

0.009 

 

 

79.48±0.05 

63.06±0.04 

-20.65 

0.018 

 

 

15.0±0.02 

10.7±0.03 

-28.66 

0.012 

 

 

19.83±0.02 

14.50±0.03 

-26.87 

0.012 

 

 

0.00 

0.010± 

+10.0 

14 CIM-598 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.877±0.10 

1.704±0.03 

-9.09 

ns 

 

153.45±0.02 

133.12±0.04 

-13.24 

ns 

 

68.18±0.01 

64.14±0.07 

-14.33 

0.038 

 

13.2±0.04 

14.7±0.08 

+8.93 

0.056 

 

22.2±0.02 

17.9±0.5 

-19.36 

0.063 

 

0.000 

0.015± 

+15.0 

15 MNH-886 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.176±0.02 

0.843±0.014 

-28.31 

0.016 

 

179.68±0.02 

131.35±0.03 

-26.89 

0.024 

 

86.88±0.02 

74.14±0.02 

-10.19 

0.022 

 

18.2±0.04 

16.1±0.03 

-11.56 

0.049 

 

27.00±0.06 

22.00±0.03 

-18.51 

0.058 

 

0.000 

0.000 

 

16 FH-114 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

1.170±0.04 

.860±0.003 

-26.49 

0.003 

 

161.03± 

132.09± 

-17.97 

0.011 

 

79.46± 

77.52± 

-6.58 

ns 

 

14.9±0.03 

15.1±0.02 

+1.34 

ns 

 

20.17±0.03 

20.00±0.04 

-0.67 

ns 

 

0.011±0.01 

0.017±0.02 

+54.54 

0.001 

 Overall 

Means 

400mol mol–1 

800mol mol–1 

% Change 

P-level 

 

 

1.495±7.674 

1.137±8.15 

-23.94 

0.011 

 

 

 

154.63±8.22 

119.03±3.87 

-23.02 

 

0.008 

 

 

82.20±5.37 

73.64±5.21 

-10.41 

 

0.023 

 

 

16.53±7.25 

13.52±4.73 

-18.20 

 

0.036 

 

 

23.96±5.75 

19.63±11.07 

-18.63 

 

0.063 

 

 

0.0059±9.37 

0.0246±3.84 

+318.4 

 

0.000 

*ns: non-significant at P<0.053 
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3.2.4 Effect of CO2 enrichment of amino acids profiles 

The results obtained for the amino acids composition grown at two levels of CO2 

concentration indicated (Figures 1-16) and the mean effects of CO2 elevation (Table 

3.26) indicated a high variability among individual amino acids from the elevated 

chambers. Responses across the whole data set were variant (Appendix – 9(A), (B) & 

(C)) though decline in the concentration (g/16g N) were uniform in aspartic acid, 

glycine, isoleucine, leucine, phenylalanine, and lysine. Arginine and glutamine 

increased in most of the genotypes with greater intra-varietal variations. Variations in 

individual genotypes were found to be quite variable, both intra-varietal and intra 

amino-acids. However, cultivars responses the elevated CO2 showed a mean 10.25% 

decline in threonine, 11.6% in serine, 13.6% glutamine, 12.6% alanine, 10.0% 

tyrosine and 7.14% in glycine. A 12.23% increase in valine, 3.96% leucine, and 0.66 

in aspartic acid were also observed. The 16.0% increase in the arginine in the current 

study was due to high variability from the ambient CO2 in the four tested genotypes 

i.e. FH-113, FH-114, 172A, FH-1000(Appendix-). The multivariate linear variance 

(LSD < 0.05) showed insignificant impact of the declined crude protein under 

elevated CO2 on amino acid content (data not shown here) indicating amino acid 

responses to CO2 elevation were independent of the decline in the percent crude 

protein.  

The significant declines in majority of the proteingoenic amino acids were more 

obvious in the current study. This decline, with greater coefficient of variation in the 

samples from the elevated CO2 chamber, was uniform throughout the essential and 

non-essential amino acids. The findings of other studies also found similar decreased 

concentration of most amino acids in wheat and barley under elevated CO2 

atmospheric concentrations [242, 243]. This reduction in amino acid will have 

negative impacts on the synthesis of nutrients and nutritive value of cotton seeds both 

as a food and feed. 
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Figure 3.1 Comparative analyses of amino acids at two atmospheric CO2 in FH-682 

 

 

Figure 3.2 Comparative analyses of amino acids at two atmospheric CO2 in FH-942 
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Figure 3.3 Comparative analyses of amino acids at two atmospheric CO2 in FH-1000 

 

 

Figure 3.4 Comparative analyses of amino acids at two atmospheric CO2 in FH-87 
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Figure 3.5 Comparative analyses of amino acids at two atmospheric CO2 in FH-634 

 

 

Figure 3.6 Comparative analyses of amino acids at two atmospheric CO2 in CIM-496 
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Figure 3.7 Comparative analyses of amino acids at two atmospheric CO2 in FH-900 

 

 

Figure 3.8 Comparative analyses of amino acids at two atmospheric CO2 in FH-901 
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Figure 3.9 Comparative analyses of amino acids at two atmospheric CO2 in A-1 

 

 

Figure 3.10 Comparative analyses of amino acids at two atmospheric CO2 in FH-142 
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Figure 3.11 Comparative analyses of amino acids at two atmospheric CO2 in FH-172A 

 

 

Figure 3.12 Comparative analyses of amino acids at two atmospheric CO2 in FH-113 

0

5

10

15

20

25

C
o

n
c.

 g
/1

6
g 

N
 

Amino Acids 

Ambient Elevated

0

5

10

15

20

25

C
o

n
c.

 g
/1

6
g 

N
 

Amino Acids 

Ambient Elevated



 

 125 

 

Figure 3.13 Comparative analyses of amino acids at two atmospheric CO2 in Sitara-009 

 

 

Figure 3.14 Comparative analyses of amino acids at two atmospheric CO2 in CIM-598 

0
2
4
6
8

10
12
14
16
18
20

C
o

n
c 

g/
1

6
gN

 

Amino Acids 

Ambient Elevated

0

2

4

6

8

10

12

14

A
C

o
n

. g
/1

6
g 

N
 

Amino Acids 

Ambient Elevated



 

 126 

 

Figure 3.15 Comparative analyses of amino acids at two atmospheric CO2 in MNH-886 

 

 

Figure 3.16 Comparative analyses of amino acids at two atmospheric CO2 in FH-114 
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Table-3.26 Effect on mean amino acids concentrations  

 

Amino 1acids 

Mean amino acid concnetrations  

(gm / 16gm N) 

Coefficient of 

Variation  

Minimum 

Concentrations 

Maximum 

Concentrations P Values 

400mol 

mol
–1

 

800mol mol
–1

 % 

Change 
400mol 

mol
–1

 

800mol 

mol
–1

 

400mol 

mol
–1

 

800mol 

mol
–1

 

400mol 

mol
–1

 

800mo

l mol
–1

 

Aspartic acid 7.51±1.75 7.45.99±0.85 +0.66 8.7 18.45 3.15 5.68 8.90 8.79 0.09 

Threonine 3.90±1.78 3.50±0.83 -10.25 7.8 27.42 2.66 2.00 10.38 5.95 0.002 

Serine 3.28±2.12 2.71±0.83 -11.6 8.51 33.45 0.97 1.45 10.27 3.83 0.000 

Glutamine 14.00±4.53 12.36±2.38 -13.26 8.75 28.06 2.02 10.37 17.46 17.61 0.007 

Glycine 4.22 3.26  3.9±0.42 -7.14 8.9 28.79 2.37 2.92 16.30 4.40 ns 

Alanine 3.56± 2.16 3.11±0.35 -12.6 7.74 37.7 1.20 2.44 11.12 3.94 ns 

Valine 3.67±0.91 3.25±0.57 +12.23 7.98 47.83 0.98 2.46 4.39 4.68 0.051 

Methionine 1.26±0.48 1.10±.51 -8.3 8.37 48.16 0.00 0.00 1.86 1.89 0.032 

Isoleucine 2.37±0.67 2.34±0.67 -1.28 7.97 55.98 0.59 1.59 3.24 3.92 0.067 

Leucine 3.79±1.20 3.64±1.45 -83.96 7.63 37.47 1.75 0.00 5.84 5.79 ns 

Tyrosine 2.03±0.91 1.8±0.63 -10.0 8.31 68.56 .88 0.58 4.11 2.81 ns 

Phenyalanine 3.28±0.42 3.07±0.63 -5.46 6.61 35.68 2.41 2.20 4.13 3.98 0.024 

Histidine 1.55±0.31 1.48±.48  -4.53 9.07 28.07 0.99 0.87 2.10 2.26 0.016 

Lysine 3.89±1.23 3.66±1.02 -5.9 7.8 37.59 1.51 2.07 6.61 5.42 0.049 

Arginine 9.48±3.52 11.09±2.31 +16.0 7.75 56.78 .83 6.99 16.24 17.94 0.000 

*ns: non-significant at P<0.05 
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3.2.5 Effect on physico-chemical characteristics of the oils 

3.2.5.1 Effect of CO2 enhancement on the physical characteristics of oils 

Elevated CO2 concentration is known to alter the yield, composition, and chemical 

characteristics of plants. The effect on physical characteristics of cottonseed oil grown 

under two partial pressures of atmospheric CO2 concentrations is presented in  

Table 3.27. Quality parameters such as colour, density, refractive index, and viscosity 

were least affected by CO2 elevation. The data showed an overall non-significant 

impact of CO2 on the physical attributes of the oil. 

The colour (1 in cell) showed non-significant effect though some intra-varietal 

differences in the colour concentration (red units as well as yellow units) from both 

chambers were observed. The mean red units were 12.52 (1 in cell) in the oils from 

controlled green house while the mean red units from elevated CO2 green house were. 

12.59+0.081. The percent effect was 7.0% increase in the red units in the seed oils 

from elevated CO2 concentrations the mean yellow units (1 in cell) were 65.73+0.891 

from the green house with 400 µmol mol
-1

 CO2 concentration while mean yellow 

units (1 in cell) were 66.17+0.031 from the green houses with 800 µmol mol
-1

 CO2 

concentration. The net effect was 0.67% increase in the red units (1 in cell) of the seed 

oil which was non-significant. 

The density, or more precisely, the volumetric mass density, is the mass per unit 

volume of a substance. The mean density of cottonseed oil from both of the green 

houses was 1.09+0.073. These values were comparable to the density of seed oils 

from corn, rapeseed, soybean, milkweed, coconut and crambo seed oils [244]. 

The refractive index being the degree of the deflection of a beam of light when passed 

from one transparent medium to another measures the number of carbon atoms in the 

fatty acid and the number of double bond in the fatty acids chain. The mean refractive 

index obtained from the controlled green house cotton seed oil 1.406+0.020 and from 

the elevated CO2 green house was 1.408+1.153. Both of these values were in close 

agreement with the values reported for soybean (1.466-1.470) , sunflower (1.467-

1.469), cottonseed oil (1.458-1.468), coconut oil (1.448-1.450) and palm kernel 

(1.449-1.451) [245]. 

Viscosity of a fluid is the degree of resistance to deform under shear stress. The chain 

length, saturation, unsaturation and the position of the hydroxyl group in the fatty acid 
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directly influence the viscosity of oils. The means effect of CO2 elevation on the 

viscosity (cps) was an increase of +0.26%. This non-significant increase may be 

attributed to an overall increase in the unsaturated fatty acids in the oil of the current 

study. However values from both chambers fell well within the values for other edible 

oils (44-110cps) [246, 247]. 
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Table-3.27 Effect of CO2 elevation on the physical characteristics of cottonseed oil  

 

Varieties  

Colour (1-in cell)  

Red units (1-in cell) Yellow units (1-in cell) Density g/cm2 240C Refractive index (400C) Viscosity  (cps) 

CO2 Concentrations (mol mol–1) CO2 Concentrations (mol mol–1) CO2 Concentrations (mol mol–1) CO2 Concentrations (mol mol–1) CO2 Concentrations (mol mol–1) 

400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

FH-682 12.71+0 12.93+0.28 +1.73 68.71+2.81 68.92+1.31 +0.30 1.12+0.82 1.13+0.02 +0.89 1.46+0.01 1.47+1.78 +0.68 65+1.40 65+5.45 Nil  

FH-942 12.65+1.1 12.93+0.1 +2.21 63.07+1.23 63.10+0.02 -0.04 1.31+1.36 1.32+1.11 +0.89 1.32+1.29 1.39+8.85 +2.18 65+0.82 63+9.90 +3.07 

FH-1000 12.14+0.82 12.23+1.05 +0.74 64.32+0.97 66.2+1.60 +41.13 1.09+7.90 1.09+4.75 Nil  1.26+1.22 1.26+8.25 Nil  65+1.90 65+2.02 Nil  

FH-113 12.01+4.21 12.11+0.79 +0.83 67.06+2.30 67.11+0.21 +0.73 1.09+1.21 1.09+0.01 Nil  1.43+0.71 1.44+7.21 +0.69 69+0.19 68+9.59 +1.44 

FH-900 12.60+0.27 12.72+0.01 +1.6 65.28+1.41 65.29+0.02 +0.01 1.12+1.84 1.09+0.71 +2.67 1.29+0.09 1.27+7.68 +1.57 67+0.02 67+1.36 Nil  

FH-901 12.34+0.35 12.41+0.94 +0.56 67.70+1.71 67.74+0.70 +0.03 1.13+3.03 1.13+0.12 Nil  1.48+0.080 1.47+11.21 +0.67 63+0.80 63+1.21 Nil  

FH-87 12.33+1.27 12.39+0.94 +0.48 68.33+2.20 68.41+1.01 +0.11 0.92+0.91 10.91+0.07 -1/08 1.47+4.44 1.36+3.13 -7.48 68+1.46 69+7.81 +1.47 

FH-172A 12.65+0.94 12.70+1.02 +0.39 62.92+0.1 64.31+1.22 +2.20 0.91+0.75 0.91+0.70 Nil  1.46+1.20 1.38+7.1 -5.47 69+0.29 69+0.05 Nil  

FH-114 12.74+0.01 12.79+1.36 +0.18 63.90+0.20 64.68+1.27 +1.22 0.90+1.21 0.92+1.21 2.22 1.43+0.98 1.46+5.68 +2.09 71+0.81 71+0.84 Nil  

FH-142 12.58+1.06 12.62+1.90 +0.31 65.32+0.26 65.65+0.10 +0.50 1.04+1.85 0.98+3.25 -5.76 1.37+5.81 1.40+4.43 +2.18 69+0.01 71+.85 +2.89 

FH-634 12.53+0.01 12.60+7.90 +0.15 63.44+0.32 66.51+0.32 +4.83 1.12+1.41 1.19+1.20 +6.25 1.39+0.71 1.41+1.89 +1.43 73+0.59 74+5.21 -1.36 

MNH-

886 

12.67+0.01 12.69+1.63 +0.15 65.46+0.03 65.21+0.1 -0.38 1.01+0.71 1.01+0.80 Nil  1.40+0.02 1.44+8.91 +2.85 75+0.91 75+3.29 Nil  

A-1 12.65+0.41 12.70+1.21 +0.39 67.91+0.19 68.21+1.22 -0.29 1.12+0.01 0.98+0.02 -1.25 1.29+1.86 1.29+8.21 Nil  68+1.01 68+3.22 Nil  

Sitara 

009 

12.43+0.82 12.51+3.81 +0.64 65.32+1.21 65.37+0.11 +0.076 1.17+1.33 1.12+1.01 -4.25 1.48+0.07 1.49+7.1 +0.67 73+0.27 74+0.71 +1.36 

CIM-496 12.62+0.91 12.51+1.51 -0.87 67.07+0.69 68.23+0.06 +1.70 1.17+1.67 1.17+0.71 Nill 1.46+1.25 1.46+3.68 Nil  75+0.02 75+0.01 Nil  

CIM-598 12.72+1.01 12.68+1.12 -0.78 65.91+0.71 66.14+0.21 +0.34 1.19+1.56 1.19+1.12 Nil 1.47+7.85 1.42+7.87 +3.40 69+0.02 70+5.32 +1.44 

Mean  12.52 12.59 +0.56 65.73 66.17 +0.67 1.09 1.09 -- 1.406 1.408 +0. 142 69 69.18 +0.26 

SD  0.31 0.081 -- 0.891 0.031 -- 0.073 0.030 Nil  0.020 1.153 -- 0.044 0.073 -- 

P/level  ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
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3.2.5.2 Effect of CO2 elevation on the chemical characteristics of cottonseed oils  

The atmospheric elevation of CO2 had an insignificant overall impact on the chemical 

characteristics of cotton seed oils (Table 3.28). Intra-varietal variations in the 

saponification values were found in the varieties grown in the control chamber while 

an inconsistent responses, though non-significant, were observed in the seed oils from 

the elevated CO2 chamber. The highest saponification value (mg KOH/g oil) was 

observed for FH-682 (189.2+1.07), CIM-496 (189.8+1.41), and FH-142 (188.2+0.21) 

saponification value of these varieties increased non-significantly to 0.42%, 0.053%, 

and 0.48% respectively under elevated CO2. The free fatty acids values of the current 

study remained within the healthy recommended standard for edible oils. As 

suggested oils with low free fatty oils usually have high saponification values which 

was evident from the results obtained from the oil samples of both chambers [248]. 

However, the overall saponification values were lower than peanut oil grown in 

Parachinar, Pakistan [249]. Iodine value was being considered a useful measure to 

predict the drying properties of any oil [250].  The values of free fatty acids, peroxide 

value, iodine value and saponification value from both the chambers were comparable 

to the physico-chemical properties of Allanblackia floribunda [251]. The high iodine 

values suggest higher content of unsaturation. The mean iodine value of 103.54+4.38 

and 104.04+0.11 from the ambient and elevated CO2 chambers respectively reflect the 

higher percentage of unsaturated fatty acid. The impact of CO2 on the iodine value 

remained minimal though and overall insignificant 4.58% increase was obtained. This 

increase in iodine value may be attributed to the effect of CO2 on the fatty acids 

composition of the cottonseed oil grown under elevated CO2 stress. The peroxide 

values indicated an overall low values and non-significant differences among the 

samples of both chambers. These overall low peroxide values shows resistance of the 

extracted oils to peroxidation during storage. The overall non-significant low effects 

of the elevated CO2 on the chemical characteristics indicate that physcio-chemical 

qualities of the oils from cottonseeds will remain stable in future. 
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Table -3.28 Effect of atmospheric CO2 on the chemical characteristics of cottonseed oil  

Varieties  Saponification value  

(mg KOH/g oil ) 

Free fatty acid content  

(% as oleic acid) 

Iodine value (gi/100g oil) Peroxide values (meq/kg) 

CO2 Concentrations (mol mol
–1

) CO2 Concentrations (mol mol
–1

) CO2 Concentrations (mol mol
–1

) CO2 Concentrations (mol mol
–1

) 

 400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

400 

(ambient) 

800 

(elevated) 

% 

change 

FH-682 189.2+1.07 190.0+0.70 +0.42 1.78+0.73 1.21+1.45 -32.02 105.30+0.45 105.2+1.77 -0.09 1.01+0.26 1.20+0.56 +18.8 

FH-942 183.3+1.17 183.5+1.10 +0.11 1.02+1.57 0.99+3.64 -0.98 103.32+0.03 102.3+5.70 -0.97 1.04+0.99 1.09+3.50 +0.48 

FH-1000 184.4+0.21 185.2+6.47 +0.43 0.85+1.91 1.09+7.57 +28.23 101.54+0.84 101.81+3.26 +0.03 103+0.09 1.03+3.89 Nil 

FH-113 175.4+1.91 180.0+1.49 +2.62 0.90+0.49 0.83+5.49 -0.77 99.21+1.41 99.89+6.20 +0.68 104+0.36 1.03+1.99 -0.98 

FH-900 185.3+0.88 185.9+8.49 +0.32 0.73+0.36 1.02+6.99 +48.42 108.73+0.34 108.4+4.12 -0.30 1.09+0.60 1.037+8.02 -0.48 

FH-901 180.3+0.71 189.9+1.58 +0.89 1.21+0.10 1.09+1.73 -0.99 102.46+0.19 103.5+3.95 +0.04 1.08+0.71 1.09+3.50 +0.92 

FH-87 183.3+5.42 183.9+1.95 +0.32 0.89+0.79 0.91+4.15 +0.22 103.51+0.24 104.91+2.88 +1.45 1.15+1.44 1.12+4.48 -0.26 

FH-172A 180.7+1.80 181.0+1.81 +0.17 0.65+1.08 0.91+0.41 +40.0 104.51+0.50 104.71+1.81 +0.99 1.09+5.51 1.21+1.44 +0.11 

FH-114 179.5+0.07 180.1+9.93 +0.33 1.02+0.19 1.20+4.97 +17.64 101.85+0.41 103.7+1.76 +1.82 1.13+0.72 1.27+7.57 +12.89 

FH-142 188.2+0.21 189.1+2.24 +0.48 1.07+0.74 0.98+3.01 -0.84 107.85+0.19 108.03+2.43 +0.17 1.31+0.58 1.28+3.22 -2.29 

FH-634 180.6+0.03 186.9+3.15 +0.16 0.88+0.85 0.92+0.03 +0.22 105.25+0.71 104.98+7.01 -0.26 1.21+0.47 1.08+7.29 -10.71 

MNH-886 182.2+1.53 183.0+2.25 +0.44 0.79+0.47 0.89+1.76 +12.62 98.96+0.66 100.07+0.91 +2.13 1.01+0.03 1.02+3.35 +0.99 

A-1 179.3+0.29 180.2+5.24 +0.67 1.16+0.02 1.02+0.29 -12.06 101.59+0.67 102.79+1.84 +1.18 1.03+0.89 1.02+6.96 +0.99 

Sitara 009 174.6+0.81 174.3+5.61 +0.17 1.01+2.92 1.02+0.81 +0.99 103.18+0.26 03.48+1.56 +0.29 1.01+1.13 1.01+1.44 Nil  

CIM-496 189.8+1.41 189.9+2.61 +0.053 0.71+0.69 0.74+1.92 +0.42 105.88+0.79 105.67+9.70 -0.198 1.04+1.88 1.07+3.74 +0.28 

CIM-598 179.2+0.57 178.9+7.49 +0.17 0.84+0.01 0.84+7.05 Nil 104.38+0.96 105.54+7.73 +1.11 1.08+0.94 1.15+9.83 +0.64 

Mean  182.58 183.06 +0.42 0.98 0.99 +1.0305 103.54 104.05 +4.58 1.084 1.090 +0.55 

SD  0.241 0.762 0.02 1.943 1.30 1.29 4.38 11.0 3.73 0.19 0.37 0.74 

P/level  0.126 0.772 ns 0.214 0.450 ns 0.067 0.140 ns 0.861 0.411 ns 
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3.2.6 Effect on the fatty acids composition 

The effect of atmospheric enrichment of CO2 on the fatty acids composition of 16 

varieties of cotton seeds are presented in Tables 3.29 to 3.44 (Appendix – 10) while 

the overall mean impact on these sixteen cultivars is given in Table-3.45. The 

variation in the fatty acids composition grown in the controlled chamber were almost 

similar to the genotypes obtained from the cotton fields of Punjab (Table 3.11 & 

Table 3.13). Major fatty acids in the cotton seed oil were palmitic acid, stearic acids, 

oleic acid, linoleic acid, and linolenic acid. Intra varietal responses of the individual 

cultivar were found to be varied.  

In the genotype FH-682 (Table 3.29) an increase of 19.66% in myristic acid, 14.08% 

in linoleic acid were found while the rest of the nutritionally important fatty acids 

were decreased significantly. A highly significant 96.2% decrease in the g-linoleic 

acid, 54.86% reduction in arachidic acid, and 8.59% decline in linoleic acid ((18:3n3) 

were observed in this variety. An overall non-significant increase in saturated fatty 

acids and percent unsaturated fatty acid were observed. In this variety the 18/16 ration 

was significantly reduced (43.43%) while the 20-24 ratios increased.  

The variety FH-142 (Table-3.30) showed stability where non-significant declines 

occurred in almost all fatty acids except for linoleic acid, arachidic acid, and behenic 

acid. Decline in g-linolenic acid and percent unsaturated fatty acids followed the 

significance trend p < 0.1. 

The variety FH-1000 (Table 3.31) demonstrated significant increase in capric acid 

(+65.0%) with a subsequent reduction in lauric acid myristic acid and palmitic acid. 

The percent increase in the oleic acid (26.82%) followed by g-linoleic acid (24.39%), 

linoleic acid (19.0%) and behenic acid (17.5%) were observed in this variety. In this 

genotype the percent saturated fatty acid declined insignificantly while unsaturated 

fatty acid percentage increased insignificantly (9<0.05). The cocnetrations of 

margaric acid, elaidic acid, and octadecadiconoic acid increased significantly.  

In the variety FH-113 (Table 3.32) palmitic acid reduced (2.99%) while stearic acid 

was found to increase (3.11%). In this variety a significant 13.93% reduction in oleic 

acid occurred while linoleic acid (6.64%), g-linoleic acid (21.7%), and lignoceric acid 

(50.0%) were found to increase. A significant decline (57%) in the linoleic acid 
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(C18:3ω3) was also found in this variety. The trans fatty acid elaidic acid increased in 

this genotype. 

The Non Bt variety FH-901 (Table 3.33) responded variably to enhanced CO2. A 

significant increase (75%) in the capric acid lauric acid, octadecadecanoic acid 

(142%.1), linolenic acid (84.2%), and capric acid (50.5%) were found in this variety. 

In this variety a variable shift in the fatty acid was found, as evident from reduction in 

the rest of the fatty acids.  

Response of the cotton cultivar FH-900 (Table 3.33) to CO2 elevation showed 

variable responses. In this variety capric acid was increased significantly (55.5%). 

The concentrations of myristic acid (15.7%), palmitic acid (4.97%), palmitoleic acid 

(11.25%), oleic acid (20.65%), behenic acid (90.24%), and tricosanoic acid (71.42%) 

declined, while margaric acid (18.18%), stearic acid (5.21%), linoleic acid (16.30%), 

octadecanoic acid (25.0%), g-linolenic acid (27.21%) and lignoceric acid (70.0%) 

were increased. In this variety an increase in percent unsaturated fatty acid values 

werw significant (p = 0.048) while the increase in the 20-24 ratio might be attributed 

to the intra fatty acid shifts due to the increased arachidic acid, behenic acid, and 

tricosanoic acid.  

The genotype FH-901 (Table 3.34) was adversely affected by the carbon dioxide 

elevation. The percent concentrations of capric acid, lauric acid, myristic acid, 

octadecanoic acid, and linolenic acid (C18ω3) were significantly increased. The 20-24 

carbon atom fatty acids; arachidic acid (36.33%), behenic acid (33.33%) decreased 

significantly while tricosanoic and lignoceric acids were not detected at elevated CO2 

in this variety. The proportion of oleic acid and percent saturated acid declined. The 

increase in the short chain carbon fatty acids may be a potential disadvantage to the 

oil refineries due to the higher oxidation rate of short and medium chain fatty acids in 

the future. 

Responses of the variety FH-87 (Table 3.35) indicated significant increase in 

palmitoleic acid (60%), margaric acid (75%), octadecadecanoic acid (79%), arachidic 

acid (127.2%) and behenic acid (111.1%) with a resultant reduction in the rest of the 

nutritionally important fatty acids. The ratios of 20-24 carbon items increased 

significantly. This conventional variety was found to be one which might be worsely 

affected by the future enhancement in the atmospheric CO2.  
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The biotech variety FH-172 A (Table 3.36) showed an overall non-significant affect 

except for a significant increase in linolenic acid (57.8%), lauric acid (33.3%), and a 

non-significant increase in octadecadicanoic acid (13.51%), and g-linolenic acid 

(11.0%) with the resultant 90% decline in the behenic acid. The ratios of 20-24 carbon 

atoms increased significantly in this genotype.  

The genotype FH-114 (Table 3.37) showed some promising results. In this variety 

significant increase in linolenic acid (77.7%) and oleic acid (14.57%) were found. The 

ratio of 20-24 also increased (84.2%) in this variety. Although the concentrations of 

lower molecular fatty acids declined the significant increase of 82.14% 

octadecadenoic acid may pose to be a human health conceren. This genotype (FH-

114) may be preserved to be benefited from the CO2 enriched atmosphere.  

Responses of the non Bt cotton genotype FH-942 (Table 3.38) demonstrated 

significant reduction in linoleic acid (3.47%) and linolenic acid (36.36) with a 

corresponding increase in pentadecanoic acid (91.17%), octadecadecanoic acid 

(42.85%), g-linolenic acid (12.43%) tricosanoic acid (20%) and lignoceric acid 

(37.5%). Percent saturated fatty acids in this variety were found to be increased 

(26.71%) significantly though the ratio of 20-24 declined (8.70%).  

Fatty acid composition of the cottonseed variety FH-634 (Table 3.39) showed 

significant increase in caprylic acid (100%), capric acid (100%), pentadecanoic acid 

(33.33%), stearic acid (19.49%), oleic acid (173.4%) and lignoceric acid (50.0%). The 

nutritionally important fatty acids variety were insignificantly affected in this variety. 

The ratio of 20-24 carbon atoms in this variety increased significantly. This genotype 

was observed to be affected most seriously by the elevated CO2 with the disadvantage 

that lower molecular chain fatty acids were will be increased in the fatty acid skeleton 

of this genotype which might pose health risks in the future.  

Responses of the biotech genotype MNH-886 (Table 3.40) showed significant 

increase in palmitoleic acid (15.28%), palmitic acid (6.40%), oleic acid (32.17%), 

elaidic acid (15.84%), octadecadienoic acid (21.21%), and behenic acid (16.67%). 

The percent fatty acid decline in this variety was significant for lignoceric acid 

(87.0%), stearic acid (15.45%), linoleic acid (9.22%), and g-linolenic acid (14.91%).  

The genotype A-1 (Table 3.41) indicated significant decline in linolenic acid 

(54.05%), behenic acid (47.05%), lignoceric acid (12.5%), and oleic acid (12.10%) 
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with a subsequent increase in palmitoleic acid (13.95%), g-linolenic acid (13.89.%) 

and tricosanoic acid. In this variety the percent unsaturated fatty acids were 

significantly increased while the ratio of 20-24 carbon fatty acid declined (88.05%).  

Responses of the biotech variety sitara-009 (Table 3.42) showed significant decline in 

lauric acid (33.33%), pentadecanoic acid (33.33%), lignoceric acid (33.33%), oleic 

acid (23.00%), arachidic acid (23.80%) and behenic acid (23.07%). The 

concentrations of linoleic acid increased non-significantly (10.88%) while 

octadecanoic acid (14.81%), linolenic acid (25.54%), and linolenic acid (70.58%) 

increased significantly. 

The conventional variety CIM-496 (Table 3.43) indicated significant increase in 

lauric acid (67.78%), octadecadionic acid (22.72%), linolenic acid (36.58%) and 

arachidic acid (40.00%). The percent saturated fatty acids declined while percent 

unsaturated fatty acids increased in this variety though insignificantly. The ratio of 

20-24 significantly increased (73.75%) in this variety.  

Effect of the elevated CO2 on the fatty acid profile of CIM-496 (Table 3.43) showed 

significant decline in capric acid (25%), increase in lauric acid, decline in 

pentadecanoic acid (33.33%), palmitoleic acid (30.33%), and lignoceric acid 

(33.33%). The percent increase was significant for octadecadionic acid (22.72%), 

linolenic acid (36.58%), and arachidic acid (40%). The ratios of 20-24 carbon chain 

fatty acids increase in this variety under enhanced carbon dioxide atmosphere. 

The effects of elevated CO2 on the fatty acid profile of CIM -598 (Table 3.44) 

showed significant decline in capric acid (25.0%), pentadecanoic acid (33.33%), and 

lignoceric acid (33.33%). The concentration of palmitic acid (6.33%), oleic acid 

(8.39%), g-linolenic acid (8.97%) also declined with a significance trend p < 0.1.  The 

cocnetrations of saturated fatty acids and the ratio of 20-24 carbon atoms containing 

fatty acids increased in this genotype. 

The mean (overall) impacts of the CO2 enrichment, on the fatty acids composition of 

16 cotton cultivars are presented in Table 3.45. By pooling the data the mean effect of 

the CO2 enrichment indicated significant increase in the trans fatty acids; 

octadacanoic acid (52.12%), capric acid (13.33%) palmitic acid (8.14%), g-linolenic 

acid (20.24%), behenic acid (15.04%), and tricosanoic acid (22.22%). The percent 

mean decline in the stearic acid (7.21%) followed the trend P≤0.1. Decline in the 
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percent oleic acid (10.10%) and behenic acid (34.66%) were significant. The net 

effect on the percent saturated fatty acid was significant decline (30.82%), non-

significant increase in the percent unsaturated fatty acids (1.73%). The ratios of 18/16 

carbon and 20-24 carbon atoms in the oils declined non-significantly. 

The current study demonstrated that the impact of CO2 enrichment on the fatty acid 

composition was quite variable for individual genotypes. The data showed that Bt 

varieties were comparably resistant varieties and these genotypes might benefit from 

the CO2 rich atmosphere. Generally in the Bt genotype linolenic acid increased 

significantly which will improve the nutritional quality of these oils. The overall 

impacts of enhanced CO2 on the non Bt varieties were quite deleterious in some 

genotypes such as FH-634, FH-682, FH-900, CM-496. In these varieties the 

concentrations of the short chain carbon fatty acids were increased significantly along 

that a trans-isomer fatty acid octadecadionic acid was increased appreciably in all of 

the Non-Bt varieties. The net effects indicated an overall increased levels of trans 

fatty acid which will pose health risks. The promising impacts of CO2 enrichment 

were on the linolenic acid, which increased in most of the genotypes with the 

consequent increase in the mean values. Apparantly the percent decline in the 

saturated fatty acids would be benefitted, however, since the values of octadecadionic 

acid (C18:2, trans) had not been added during the summing of saturated acids, its 

increase in the oil would mitigate these beneficial effects. 

It was found that elevated CO2 reduced the saturated fatty acids such as myristic acid, 

palmitic acid, stearic acid and an overall reduction in the percent saturated fatty acids. 

This signifies that most of the fatty acids might have undergone desaturation due to 

lower O2: CO2 ratio and would have produced more unsaturated fatty acids [252]. The 

production of comparatively higher amounts of linoleic acid and g-linolenic acid 

(C18:3n6) were in agreement with the studies done on other seed oils from CO2 

enriched environments [253]. The significant decline in the oleic acid is in contrast to 

the findings of Thomas who observed significantly higher quantity of oleic acid from 

CO2 and temperature elevation [66]. The current study, however, is supported by the 

findings of other researchers who find decline in the oleic concentrations [254,255]. 

The overall linolenic acid concentration decreased (though significantly) in the 

current study. It is suggested that under CO2 stress linolenic acid decreases since most 

of the linolenic acid might have been used in the membrane organization of 
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chloroplasts [256]. As linolenic acid oxidizes easily, therefore, its decline may benefit 

the quality of cottonseed oil. The increase in the stearic and palmitic acid will induce 

positive effect by making these oil more thermally stable during cooking and baking.  

The reduction in the overall saturated fatty acids in the fatty acids pool and the 

increase in the percent unsaturated fatty acids, will make the oil more heart friendly 

particularly the increase in the linoleic acid which is considered as an essential fatty 

acid and it also helps in  lowering blood cholesterol and in the growth and 

development of human body cells [257]. It can be concluded that the overall impact of 

CO2 elevation may improve the nutritional quality of the cottonseed oils. The increase 

in the short chain lauric acid under the elevated CO2 will be a major health risk since 

it has been proved to raise plasma total cholesterol concentrations firstly due to raised 

LDL cholesterol and secondly due to the rise in both LDL and HDL cholesterol in 

human blood plasma [258]. As reported, naturally occurring trans fats in the diets 

accounts only 20% (from dairy and animal sources) with a very little contribution 

from natural oils, substantial amount are added from processed foods and 

hydrogenated vegetable oils. The increased levels of trans fatty acids as found in the 

current study will be a potential risk to the development of cardiovascular diseases, 

breast cancer, shortening of pregnancy period, preeclampsia, diabetes, obesity, 

nervous disorders, colon cancer, vision in infants, and allergy [259, 260]. 
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Table -3.29 Fatty acid composition of cotton variety FH-682 (NBt) grown under 

         two partial pressures of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2 

[400 µmol mol] 

Elevated CO2 

[800 µmol mol] 

% change p/values 

C 10:0; Capric acid methyl esters 0.0178+0.9 0.019+0.08 +11.76 0.041 

C 12:0; Lauric acid methyl esters 0.0433+0.01 0.039+0.91 -9.30 ns 

C 14:0; Myristic acid methyl 

esters 

1.214+0.02 1.511+0.03 +19.66 0.026 

C 15:0; Pantadecanoic acid 

methyl esters 

0.0266+0.02 0.029+0. +10.34 ns 

C 16:0; Palmitic acid methyl 

esters 

25.1102+0.02 27.52+0.02 -8.79 0.90 

C 16:1; Palmitoleic acid methyl 

esters 

0.807+0.01 0.853+0.02 -5.32 ns 

C 17:0; Margaric acid methyl 

esters 

0.089+0.09 0.097+0.01 +8.988 ns 

C 18:0; Stearic acid methyl esters 2.748+0.01 2.577+0.01 -6.636 ns 

C 18:1c; Oleic acid  14.812+0.67 17.311+0.02 -14.436 ns 

C 18:1n9tElaidic acid  1.189+0.013 1.405+0.04 -1.399 ns 

C 18:2c; Linoleic acid methyl 

esters 

46.87+0.010 47.535+0.03 +14.08 0.027 

C 18:2t; Octadecadecanoic acid 

methyl esters 

0.478+0.06 0.239+0.02 -3.11 ns 

C 18:3n6; g-linolenic aicd methyl 

esters 

6.036+0.02 0.234+0.051 -96.2 0.000 

C 18:3n3; Linolenic acid methyl 

esters 

0.319+0.010 0.349+0.02 -8.59 ns 

C 20:0; Arachidicacic acid 

methyl esters 

0.257+0.002 0.116+0.02 -54.86 0.000 

C 22:0; Behenic acid methyl 

esters 

0.097+0.010 0.019+0.02 -80.41 0.000 

C 23:0; Tricosanoic acid methyl 

esters 

ND ND -- -- 

C 24:0; Lignoceric acid methyl 

esters 

ND 0.68+0.04 -68  

% saturated fatty acids  29.42+0.02 31.91+0.02 +8.13 ns 

% unsaturated fatty acids  70.03+0.011 67.68+0.012 +3.34 ns 

18/16 ratio  0.359+0.021 0.203+0.01 -43.43 0.013 

20-24 ratio  0.35+0.002 0.409+0.002 +14.28 0.042 
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Table-3.30 Fatty acid composition of cotton seed variety FH-142 (NBt) grown 

        under two atmospheric concentrations of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid methyl 

esters 
0.017+0.02 0.009+0.01 -4.70 ns 

C 12:0; Lauric acid methyl 

esters 
0.034+0.01 0.028+0.02 -17.64 ns 

C 14:0; Myristic acid methyl 

esters 
1.099+0.01 0.99+0.02 -9.17 ns 

C 15:0; Pantadecanoic acid 

methyl esters 
0.034+0.01 0.03+0.10 -11.76 ns 

C 16:0; Palmitic acid methyl 

esters 
24.670+0.17 24.69+0.01 +0.081 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.685+0.2 0.63+0.02 -8.02 ns 

C 17:0; Margaric acid methyl 

esters 
0.102+0.01 0.10+0.01 -1.96 ns 

C 18:0; Stearic acid methyl 

esters 
3.222+0.04 3.10+0.10 -2.79 ns 

C 18:1c; Oleic acid  15.77+0.01 15.48+0.02 -1.83 ns 

C 18:1n9t; Elaidic acid  1.17+0.01 1.14+0.02 -2.56 ns 

C 18:2c; Linoleic acid methyl 

esters 
46.69+0.12 48.32+0.31 +3.49 0.045 

C 18:2t; Octadecadecanoic 

acid methyl esters 
0.36+0.01 0.63+0.01 +7.5 ns 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.67+0.02 5.50+0.02 -2.41 0.081 

C 18:3n3; Linolenic acid 

methyl esters 
0.34+0.05 0.16+0.02 -5.29 ns 

C 20:0; Arachidicacic acid 

methyl esters 
0.09+0.01 0.31+0.01 +24.44 0.026 

C 22:0; Behenic acid methyl 

esters 
0.017+0.02 0.08+0.01 +37.058 0.017 

C 23:0; Tricosanoic acid 

methyl esters 
0.051+0.02 ND -- -- 

C 24:0; Lignoceric acid 

methyl esters 
29.38+0.03 28.53+0.002 -2.89 0.59 

% saturated fatty acids  70.83+0.012 71.79+0.001 +1.36 ns 

% unsaturated fatty acids  0.348+0.003 0.34+0.002 -2.29 0.09 

18/16 ratio  0.5+0.001 0.56+0.002 +12.0 ns 

20-24 ratio  0.653 + 1.99 0.103 + 0.48 -80.22 0.004 
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Table-3.31 Fatty acid composition of cotton seed variety FH-1000 (NBt) grown 

        under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid methyl 

esters 
0.02+0.001 0.15+0.02 +65.0 0.000 

C 12:0; Lauric acid methyl 

esters 
0.06+0.002 0.05+0.02 -16.6 ns 

C 14:0; Myristic acid methyl 

esters 
1.53+0.002 1.26+0.02 -17.46 0.024 

C 15:0; Pantadecanoic acid 

methyl esters 
0.04+0.002 0.05+0.007 +2.5 ns 

C 16:0; Palmitic acid methyl 

esters 
26.07+0.010 24.92+0.001 +4.41 0.050 

C 16:1; Palmitoleic acid methyl 

esters 
0.89+0.002 0.86+0.001 -3.3 ns 

C 17:0; Margaric acid methyl 

esters 
0.09+0.002 0.12+0.019 +33.3 0.01 

C 18:0; Stearic acid methyl 

esters 
2.823+0.001 3.08+0.010 +9.22 0.091 

C 18:1c; Oleic acid  18.44+0.003 15.24+0.03 -17.35 0.042 

C 18:1n9t; Elaidic acid  1.23+0.010 1.56+0.04 +26.82 ns 

C 18:2c; Linoleic acid methyl 

esters 
42.15+0.012 45.34+0.09 +7.52 0.046 

C 18:2t; Octadecadecanoic acid 

methyl esters 
0.41+0.02 0.51+0.012 +24.39 0.021 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.76+0.034 6.07+0.13 +5.38 0.061 

C 18:3n3; Linolenic acid 

methyl esters 
ND* 0.19+0.08 +19.0 ns 

C 20:0; Arachidicacic acid 

methyl esters 
0.35+0.003 0.32+0.02 -8.57 ns 

C 22:0; Behenic acid methyl 

esters 
0.04+0.002 0.11+0.01 +17.5 0.041 

C 23:0; Tricosanoic acid 

methyl esters 
0.08+0.001 0.07+0.15 -12.5 0.092 

C 24:0; Lignoceric acid methyl 

esters 
ND 0.02+0.002 +200 -- 

% saturated fatty acids  30.89+0.120 29.76+0.002 -3.66 ns 

% unsaturated fatty acids  68.46+0.021 69.26+0.011 +1.16 ns 

18/16 ratio  0.38+0.010 0.36+0.010 -5.26 ns 

20-24 ratio  0.47+0.012 0.49+0.002 -4.25 ns 

* ND = Not Detected   
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Table-3.32 Fatty acid composition of cotton seed variety FH-113 (NBt) grown 

        under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.008+0.05 0.011+0.05 +25.0 ns 

C 12:0; Lauric acid 

methyl esters 
0.030+0.01 0.03+0.02 0 ns 

C 14:0; Myristic acid 

methyl esters 
1.27+0.01 1.20+0.02 -5.51 ns 

C 15:0; Pantadecanoic 

acid methyl esters 
0.083+0.02 0.04+0.01 -50.0 ns 

C 16:0; Palmitic acid 

methyl esters 
25.04+0.09 24.29+0.02 -2.99 0.069 

C 16:1; Palmitoleic acid 

methyl esters 
1.29+0.02 0.78+0.13 -39.53 ns 

C 17:0; Margaric acid 

methyl esters 
0.14+0.04 0.12+0.09 -14.28 ns 

C 18:0; Stearic acid 

methyl esters 
2.89+0.05 2.98+0.04 +3.11 0.91 

C 18:1c; Oleic acid  16.22+0.05 13.96+0.14 -13.93 0.021 

C 18:1n9t; Elaidic acid  1.25+0.08 1.48+0.02 +15.54 0.018 

C 18:2c; Linoleic acid 

methyl esters 
45.00+0.026 47.99+0.02 +6.64 0.041 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.28+0.017 0.28+0.10 0 ns 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.02+0.02 6.21+0.01 +21.71 0.051 

C 18:3n3; Linolenic acid 

methyl esters 
0.49+0.02 0.21+0.02 -57.14 0.021 

C 20:0; Arachidicacic 

acid methyl esters 
0.39+0.02 0.36+0.02 -7.69 ns 

C 22:0; Behenic acid 

methyl esters 
0.13+0.06 0.12+0.04 -8.33 ns 

C 23:0; Tricosanoic acid 

methyl esters 
0.03+0.01 0.02+0.01 -33.3 0.041 

C 24:0; Lignoceric acid 

methyl esters 
0.08+0.08 0.12+0.04 +50.0 0.042 

% saturated fatty acids  29.79+0.21 29.08+0.14 +2.38 ns 

% unsaturated fatty acids  69.41+0.24 70.40+0.16 +1.43 0.081 

18/16 ratio  0.37+0.14 0.35+0.28 -5.40 ns 

20-24 ratio  0.629+0.18 0.624+0.37 -0.79 ns 
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Table-3.33 Fatty acid composition of cotton seed variety FH-901 (NBt) grown 

        under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.02+0.02 0.03+0.04 +50.5 0.01 

C 12:0; Lauric acid 

methyl esters 
0.01+0.41 0.03+0.04 +20.0 ns 

C 14:0; Myristic acid 

methyl esters 
0.04+0.02 0.07+0.02 +75.0 0.002 

C 15:0; Pantadecanoic 

acid methyl esters 
1.26+0.03 1.33+0.11 +5.55 ns 

C 16:0; Palmitic acid 

methyl esters 
25.25+0.04 25.6+0.08 +1.39 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.78+0.02 0.78+0.02 0 0 

C 17:0; Margaric acid 

methyl esters 
0.09+0.53 0.12+0.01 +0.33 ns 

C 18:0; Stearic acid 

methyl esters 
3.13+0.61 0.29+0.02 -5.11 0.49 

C 18:1c; Oleic acid  15.79+0.51 13.44+0.213 -14.88 0.047 

C 18:1n9t; Elaidic acid  1.28+0.02 1.19+0.02 +7.03 0.071 

C 18:2c; Linoleic acid 

methyl esters 
46.05+0.08 47.53+0.17 +3.21 0.041 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.19+0.07 0.46+0.41 +142.10 0.002 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.30+0.03 5.78+0.06 +9.05 0.099 

C 18:3n3; Linolenic acid 

methyl esters 
0.19+0.02 0.35+0.41 +84.21 0.000 

C 20:0; Arachidicacic 

acid methyl esters 
0.36+0.01 0.23+0.01 -36.11 0.08 

C 22:0; Behenic acid 

methyl esters 
0.12+0.02 0.08+0.02 -33.33 ns 

C 23:0; Tricosanoic acid 

methyl esters 
0.01+0.14 ND -10.0 -- 

C 24:0; Lignoceric acid 

methyl esters 
0.07+0.02 ND -70.0 -- 

% saturated fatty acids  30.19+0.90 27.45+0.01 -9.07 0.071 

% unsaturated fatty acids  69.39+0.25 69.08+0.17 -0.45 ns 

18/16 ratio  0.36+0.18 0.38+0.06 +5.56 0.91 

20-24 ratio  0.57+0.37 0.31+0.20 -45.61 0.090 
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Table-3.34 Fatty acid composition of cotton seed variety FH-900 (NBt) grown 

         under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.009+1.41 0.014+0.02 +55.5 0.040 

C 12:0; Lauric acid 

methyl esters 
0.036+0.21 0.04+0.02 -10.0 ns 

C 14:0; Myristic acid 

methyl esters 
1.40+0.01 1.18+0.06 -15.7 0.092 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.05 0.03+0.01 0 ns 

C 16:0; Palmitic acid 

methyl esters 
26.73+0.12 25.46+0.48 -4.97 0.069 

C 16:1; Palmitoleic acid 

methyl esters 
0.89+0.01 0.80+0.05 -11.25 ns 

C 17:0; Margaric acid 

methyl esters 
0.09+0.02 0.115+0.02 +18.18 ns 

C 18:0; Stearic acid 

methyl esters 
3.07+0.48 3.23+0.21 +5.211 0.081 

C 18:1c; Oleic acid  19.90+0.11 15.79+0.02 -20.65 0.042 

C 18:1n9t; Elaidic acid  1.43+0.02 1.29+0.07 -9.79 ns 

C 18:2c; Linoleic acid 

methyl esters 
41.09+0.07 47.79+0.01 +16.30 0.046 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.27+0.02 0.36+0.01 +25.0 0.081 

C 18:3n6; g-linolenic aicd 

methyl esters 
4.41+0.71 5.61+0.38 +27.21 0.034 

C 18:3n3; Linolenic acid 

methyl esters 
ND ND -- -- 

C 20:0; Arachidicacic 

acid methyl esters 
0.41+0.02 0.04+0.01 +90.24 0.080 

C 22:0; Behenic acid 

methyl esters 
0.12+0.18 0.11+0.28 +8.33 0.006 

C 23:0; Tricosanoic acid 

methyl esters 
0.07+0.06 0.02+0.06 +71.42 0.001 

C 24:0; Lignoceric acid 

methyl esters 
ND 0.07+0.01 +70.0 -- 

% saturated fatty acids  31.79+0.16 30.9+0.81 -2.79 0.059 

% unsaturated fatty acids  67.74+1.68 70.31+0.01 +3.79 0.048 

18/16 ratio  0.39+0.28 0.36+0.80 -7.69 0.071 

20-24 ratio  0.62+0.37 0.24+0.14 +61.29 0.001 
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Table-3.35 Fatty acid composition of cotton seed variety FH-87 (NBt) grown          

         under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.07+0.02 0.02+0.01 -71.42 0.001 

C 12:0; Lauric acid 

methyl esters 
0.05+0.94 0.04+0.14 -20.0 ns 

C 14:0; Myristic acid 

methyl esters 
0.04+0.03 0.026+0.06 -50.0 0.009 

C 15:0; Pantadecanoic 

acid methyl esters 
1.29+0.03 1.24+0.09 -3.87 0.082 

C 16:0; Palmitic acid 

methyl esters 
28.16+0.16 28.87+0.12 +2.52 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.05+0.01 0.08+0.05 +60.0 0.000 

C 17:0; Margaric acid 

methyl esters 
0.02+0.94 0.08+0.26 +75.0 0.02 

C 18:0; Stearic acid 

methyl esters 
3.50+0.17 3.21+0.118 -8.2 ns 

C 18:1c; Oleic acid  16.38+0.02 17.18+0.01 +4.88 0.082 

C 18:1n9t; Elaidic acid  0.18+0.05 0.86+0.01 +79.06 0.091 

C 18:2c; Linoleic acid 

methyl esters 
39.55+1.69 41.26+0.32 +3.54 0.046 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.47+0.02 0.34+0.04 -27.65 ns 

C 18:3n6; g-linolenic aicd 

methyl esters 
4.58+0.221 4.23+0.102 -7.64 ns 

C 18:3n3; Linolenic acid 

methyl esters 
0.34+0.02 0.31+0.02 -8.82 ns 

C 20:0; Arachidicacic 

acid methyl esters 
0.11+0.89 0.25+0.02 +127.2 0.002 

C 22:0; Behenic acid 

methyl esters 
0.09+0.01 0.19+0.02 +111.1 0.032 

C 23:0; Tricosanoic acid 

methyl esters 
0.02+0.78 0.05+0.81 +15.0 Ns 

C 24:0; Lignoceric acid 

methyl esters 
0.68+0.02 ND -68.0 -- 

% saturated fatty acids  29.99+0.02 30.01+0.89 +3.40 0.12 

% unsaturated fatty acids  69.34+4.61 68.89+0.01 -0.65 0.099 

18/16 ratio  0.37+0.68 0.36+0.21 -27.0 0.10 

20-24 ratio  0.24+0.118 0.56+0.02 +57.14 0.008 
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Table-3.36 Fatty acid composition of cotton seed variety FH-172A (Bt) grown at 

        two levels of CO2 concentrations 

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.02+0 0.02+0 0 – 

C 12:0; Lauric acid 

methyl esters 
0.03+0 0.04+0 +33.3 0.011 

C 14:0; Myristic acid 

methyl esters 
1.28+0 0.16+0 -9.37 ns 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0 0.03+0 0 ns 

C 16:0; Palmitic acid 

methyl esters 
25.77+0 24.71+0 -4.11 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.90+0 0.79+0 -12.22 ns 

C 17:0; Margaric acid 

methyl esters 
0.08+0 0.09+0 +12.5 ns 

C 18:0; Stearic acid 

methyl esters 
2.42+0 2.53+0 +4.54 ns 

C 18:1c; Oleic acid  15.34+0 14.28+0 -6.91 0.08 

C 18:1n9t; Elaidic acid  1.26+0 1.38+0 +8.69 ns 

C 18:2c; Linoleic acid 

methyl esters 
45.50+0 47.39+0 +4.15 0.04 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.32+0 0.37+0 +13.51 0.10 

C 18:3n6; g-linolenic aicd 

methyl esters 
6.18+0 6.86+0 +11.00 ns 

C 18:3n3; Linolenic acid 

methyl esters 
0.19+0 0.30+0 +57.89 0.001 

C 20:0; Arachidicacic 

acid methyl esters 
0.32+0 0.30+0 -6.25 ns 

C 22:0; Behenic acid 

methyl esters 
0.14+0 0.09+0 -35.71 0.091 

C 23:0; Tricosanoic acid 

methyl esters 
0.09+0 ND -90 -- 

C 24:0; Lignoceric acid 

methyl esters 
ND ND ND ND 

% saturated fatty acids  30.33+0 28.79+0 -4.13 0.080 

% unsaturated fatty acids  69.61+0 70.9+0 +1.85 0.062 

18/16 ratio  0.38+0 0.35+0 -7.89 Ns 

20-24 ratio  0.56+0 0.39+0 -30.35 0.048 
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Table 3.37 Fatty acid composition of cotton seed variety FH-114 (Bt) grown at 

         two levels of atmospheric CO2 concentrations  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.02+0.04 0.02+0.01 0 ns 

C 12:0; Lauric acid 

methyl esters 
0.05+0.02 0.04+0.037 -20.0 ns 

C 14:0; Myristic acid 

methyl esters 
1.31+0.02 1.21+0.041 -8.39 ns 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.13 0.03+0.07 0.00 ns 

C 16:0; Palmitic acid 

methyl esters 
25.61+0.88 25.63+0.04 +0.078 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.89+0.02 0.94+0.08 +5.62 ns 

C 17:0; Margaric acid 

methyl esters 
0.08+0.15 0.09+0.03 +12.5 ns 

C 18:0; Stearic acid 

methyl esters 
2.53+0.10 2.57+0.02 +1.58 ns 

C 18:1c; Oleic acid  15.44+0.14 13.19+1.43 +14.57 0.006 

C 18:1n9t; Elaidic acid  1.36+0.02 1.29+0.22 -5.14 ns 

C 18:2c; Linoleic acid 

methyl esters 
45.58+0.91 47.39+0.22 +4.01 0.057 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.28+0.80 0.51+0.20 +82.14 0.012 

C 18:3n6; g-linolenic aicd 

methyl esters 
6.09+0.51 6.16+0.01 +1.15 ns 

C 18:3n3; Linolenic acid 

methyl esters 
0.18+0.16 0.32+0.14 +77.7 0.020 

C 20:0; Arachidicacic 

acid methyl esters 
0.34+0.139 0.36+0.13 +5.58 ns 

C 22:0; Behenic acid 

methyl esters 
0.13+0.168 0.14+0.02 +7.69 ns 

C 23:0; Tricosanoic acid 

methyl esters 
0.07+0.06 0.07+0.01 0.00 – 

C 24:0; Lignoceric acid 

methyl esters 
ND ND – – 

% saturated fatty acids  29.98+0.17 29.99+0.66 +0.03 ns 

% unsaturated fatty acids  69.55+0.21 69.30+0.20 -0.03 ns 

18/16 ratio  0.37+1.71 0.37+0.48 0.00 ns 

20-24 ratio  0.09+0.98 0.57+0.80 +84.21 0.020 
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Table-3.38 Fatty acid composition of cotton seed variety FH-942 (NBt) grown at 

        two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 8:0; Caprylic acid 

methyl esters  

0.01+0.55 ND -10 ns 

C 10:0; Capric acid 

methyl esters 

0.01+0.02 0.01+0.11 0.00 ns 

C 12:0; Lauric acid 

methyl esters 

0.03+0.45 0.03+0.02 0.00 ns 

C 14:0; Myristic acid 

methyl esters 

1.11+0.14 1.21+0.118 +9.00 0.029 

C 15:0; Pantadecanoic 

acid methyl esters 

0.03+0.20 0.34+0.45 +91.17 0.001 

C 16:0; Palmitic acid 

methyl esters 

23.55+0.89 24.20+0.38 +2.76 ns 

C 16:1; Palmitoleic acid 

methyl esters 

0.74+0.12 0.71+0.02 -4.05 ns 

C 17:0; Margaric acid 

methyl esters 

0.10+0.02 0.09+0.05 -10.0 ns 

C 18:0; Stearic acid 

methyl esters 

3.16+0.10 3.24+0.03 +2.53 ns 

C 18:1c; Oleic acid  12.87+0.89 13.20+0.09 +2.56 ns 

C 18:1n9t; Elaidic acid  1.26+0.81 1.24+0.30 -1.58 ns 

C 18:2c; Linoleic acid 

methyl esters 

50.30+0.02 48.60+0.96 -3.47 0.048 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.21+0.02 0.30+0.02 +42.85 0.001 

C 18:3n6; g-linolenic aicd 

methyl esters 

5.55+0.03 6.24+0.02 +12.43 0.080 

C 18:3n3; Linolenic acid 

methyl esters 

0.44+0.04 0.28+0.06 -36.36 0.002 

C 20:0; Arachidicacic 

acid methyl esters 

0.39+0.80 0.37+0.02 -5.12 ns 

C 22:0; Behenic acid 

methyl esters 

0.14+0.97 0.12+0.02 -14.28 ns 

C 23:0; Tricosanoic acid 

methyl esters 

ND 0.02+0.07 +20.0 -- 

C 24:0; Lignoceric acid 

methyl esters 

0.08+0.94 0.05+0.01 -37.5 0.009 

% saturated fatty acids  28.45+1.29 29.21+1.20 +26.71 0.021 

% unsaturated fatty acids  71.16+0.05 70.28+1.82 +1.24 0.054 

18/16 ratio  0.35+0.67 0.37+1.20 +5.71 ns 

20-24 ratio  0.62+1.04 0.08+0.89 -8.70 ns 
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Table-3.39 Fatty acid composition of cotton seed variety FH-634 (NBt) grown at 

        two atmospheric CO2 concentration 

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 8:0; Caprylic acid 

methyl esters  
0.03+0.12 0.06+0.54 +100 0.000 

C 10:0; Capric acid 

methyl esters 
0.01+0.09 0.02+0.03 +100 0.000 

C 12:0; Lauric acid 

methyl esters 
0.03+0.11 0.05+0.49 +66.6 0.000 

C 14:0; Myristic acid 

methyl esters 
1.14+0.05 1.27+0.61 +11.40 0.090 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.54 0.04+0.38 +33.33 0.001 

C 16:0; Palmitic acid 

methyl esters 
22.78+0.60 24.51+1.61 +7.59 0.059 

C 16:1; Palmitoleic acid 

methyl esters 
0.72+0.02 0.45+0.94 -37.5 0.021 

C 17:0; Margaric acid 

methyl esters 
0.11+0.88 0.12+0.76 +9.09 0.021 

C 18:0; Stearic acid 

methyl esters 
2.77+1.14 3.31+0.84 +19.49 0.046 

C 18:1c; Oleic acid  12.34+4.16 14.48+0.07 +17.34 0.060 

C 18:1n9t; Elaidic acid  0.15+0.71 0.14+0.02 -6.67 ns 

C 18:2c; Linoleic acid 

methyl esters 
44.30+1.02 45.78+0.02 +3.34 0.080 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.0+0.68 0.33+0.12 +65.0 0.043 

C 18:3n6; g-linolenic aicd 

methyl esters 
6.27+1.08 6.49+1.20 +3.51 ns 

C 18:3n3; Linolenic acid 

methyl esters 
0.36+0.81 0.37+0.04 +2.78 ns 

C 20:0; Arachidicacic 

acid methyl esters 
0.34+0.21 0.36+0.02 +5.88 ns 

C 22:0; Behenic acid 

methyl esters 
0.15+0.02 0.11+0.02 -26.67 ns 

C 23:0; Tricosanoic acid 

methyl esters 
0.02+2.97 ND -20.0 ns 

C 24:0; Lignoceric acid 

methyl esters 
0.08+0.14 0.12+0.01 +50.0 0.012 

% saturated fatty acids  29.7+0 20.03+0.25 +1.11 ns 

% unsaturated fatty acids  62.59+0 66.13+0.31 +5.65 0.056 

18/16 ratio  0.64+0 0.61+0.90 -4.68 0.071 

20-24 ratio  0.08+0 0.12+0.08 +50.0 0.002 
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Table-3.40 Fatty acid composition of cotton seed variety MNH-886 (Bt) grown 

         at two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.01+0.15 0.01+0.01 0.00 ns 

C 12:0; Lauric acid 

methyl esters 
0.04+0.05 0.05+0.02 +25.0 ns 

C 14:0; Myristic acid 

methyl esters 
1.18+0.03 1.32+0.02 +11.86 ns 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.11 0.03+0.01 0.00 ns 

C 16:0; Palmitic acid 

methyl esters 
23.88+0.09 25.41+0.54 +6.40 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.72+0.61 0.83+0.01 +15.28 ns 

C 17:0; Margaric acid 

methyl esters 
0.09+0.11 0.08+0.14 -11.1 ns 

C 18:0; Stearic acid 

methyl esters 
3.17+0.03 2.68+0.20 -15.45 0.052 

C 18:1c; Oleic acid  12.34+0.01 16.31+1.21 +32.17 0.048 

C 18:1n9t; Elaidic acid  1.30+0.02 1.50+0.41 +15.84 0.021 

C 18:2c; Linoleic acid 

methyl esters 
49.76+1.73 45.17+1.22 -9.22 0.048 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.33+0.02 0.40+0.02 +21.21 0.032 

C 18:3n6; g-linolenic aicd 

methyl esters 
6.17+0.02 5.25+0.09 -14.91 0.040 

C 18:3n3; Linolenic acid 

methyl esters 
0.37+0.09 0.35+0.01 -5.40 ns 

C 20:0; Arachidicacic 

acid methyl esters 
0.37+0.03 0.34+0.03 -5.48 ns 

C 22:0; Behenic acid 

methyl esters 
0.12+0.01 0.14+0.04 +16.67 0.051 

C 23:0; Tricosanoic acid 

methyl esters 
0.03+0.02 0.02+0.04 -5.0 ns 

C 24:0; Lignoceric acid 

methyl esters 
0.56+0.09 0.07+0.03 -87.0 0.003 

% saturated fatty acids  28.79+0.44 29.97+0.14 +4.09 0.060 

% unsaturated fatty acids  70.68+0.09 69.43+0.31 -1.77 0.098 

18/16 ratio  0.33+0.25 0.36+0.18 +0.09 ns 

20-24 ratio  0.58+0.02 0.58+0.17 +0.80 ns 
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Table-3.41 Fatty acid composition of cotton seed variety A-1 (Bt) grown at two 

         levels of atmospheric CO2 concentrations 

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.02+0.04 0.01+0.054 -50.0 0.001 

C 12:0; Lauric acid 

methyl esters 
0.03+0.04 0.03+0.03 0.00 ns 

C 14:0; Myristic acid 

methyl esters 
1.40+0.07 1.12+0.041 -20.0 0.090 

C 15:0; Pantadecanoic 

acid methyl esters 
0.04+0.01 0.03+0.01 -25.0 0.061 

C 16:0; Palmitic acid 

methyl esters 
26.23+0.02 24.33+0.06 -7.24 0.10 

C 16:1; Palmitoleic acid 

methyl esters 
0.86+0.21 0.98+0.03 +13.95 0.091 

C 17:0; Margaric acid 

methyl esters 
0.10+0.07 0.09+0.16 -10.0 ns 

C 18:0; Stearic acid 

methyl esters 
3.02+0.53 2.83+0.53 -6.29 0.067 

C 18:1c; Oleic acid  16.11+0.03 14.16+0.80 -12.10 0.046 

C 18:1n9t; Elaidic acid  1.39+0.01 1.25+0.02 -10.07 0.098 

C 18:2c; Linoleic acid 

methyl esters 
44.10+0.04 47.87+0.12 +8.55 0.042 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.22+0.07 0.22+0.03 0.00 ns 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.40+0.03 6.15+0.07 +13.89 0.097 

C 18:3n3; Linolenic acid 

methyl esters 
0.37+0.009 0.17+0.02 -54.05 0.002 

C 20:0; Arachidicacic 

acid methyl esters 
0.43+0.08 0.33+0.04 -23.3 0.060 

C 22:0; Behenic acid 

methyl esters 
0.17+0.02 0.09+0.04 -47.05 0.002 

C 23:0; Tricosanoic acid 

methyl esters 
ND 0.25+0.08 +250 -- 

C 24:0; Lignoceric acid 

methyl esters 
0.08+0.02 0.07+0.032 -12.5 ns 

% saturated fatty acids  30.89+0.37 28.79+0.90 -6.79 0.052 

% unsaturated fatty acids  68.53+0.14 70.59+0.21 +3.00 0.048 

18/16 ratio  0.38+0.04 0.35+0.09 -7.89 ns 

20-24 ratio  0.67+0.10 0.08+0.80 -88.05 0.000 
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Table-3.42 Fatty acid composition of cotton seed variety Sitara-009 (Bt) grown 

        under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.02+0.05 0.00+0.06 -2.0 ns 

C 12:0; Lauric acid 

methyl esters 
0.03+0.03 0.02+0.06 -33.33 0.010 

C 14:0; Myristic acid 

methyl esters 
1.30+0.02 0.99+0.02 -23.84 0.08 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.21 0.02+0.01 -33.33 0.001 

C 16:0; Palmitic acid 

methyl esters 
26.23+0.10 24.13+0.12 -8.00 0.09 

C 16:1; Palmitoleic acid 

methyl esters 
0.81+0.03 0.78+0.01 -3.70 ns 

C 17:0; Margaric acid 

methyl esters 
0.09+0.08 0.09+0.04 0.00 ns 

C 18:0; Stearic acid 

methyl esters 
3.08+0.02 3.03+0.07 -1.62 ns 

C 18:1c; Oleic acid  16.26+0.02 12.52+0.04 -23.00 0.001 

C 18:1n9t; Elaidic acid  1.18+0.02 1.40+0.02 +15.71 ns 

C 18:2c; Linoleic acid 

methyl esters 
44.36+0.09 49.19+0.04 +10.88 0.08 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.27+0.02 0.31+0.01 +14.81 0.039 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.52+0.08 6.93+0.01 +25.54 0.09 

C 18:3n3; Linolenic acid 

methyl esters 
0.17+0.05 0.29+0.06 +70.58 0.004 

C 20:0; Arachidicacic 

acid methyl esters 
0.42+0.01 0.32+0.07 -23.80 0.041 

C 22:0; Behenic acid 

methyl esters 
0.13+0.08 0.10+0.37 -23.07 Ns 

C 23:0; Tricosanoic acid 

methyl esters 
ND 0.02+0.02 +20 Ns 

C 24:0; Lignoceric acid 

methyl esters 
0.09+0.01 0.06+0.03 -33.33 0.001 

% saturated fatty acids  31.27+0.44 28.64+0.90 -8.41 Ns 

% unsaturated fatty acids  68.52+0.37 70.91+0.25 +3.49 Ns 

18/16 ratio  0.37+0.98 0.37+0.37 0.00 -- 

20-24 ratio  0.65+0.18 0.10+0.08 -84.61 0.001 
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Table-3.43 Fatty acid composition of cotton seed variety CIM-496 (Bt) grown 

         under two atmospheric concentration of CO2  

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.04+0.12 0.03+0.06 -25.0 0.012 

C 12:0; Lauric acid 

methyl esters 
0.009+0.01 0.07+0.02 +67.78 0.000 

C 14:0; Myristic acid 

methyl esters 
1.07+0.11 0.98+0.05 -8.41 0.12 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.02 0.02+0.02 -33.33 0.010 

C 16:0; Palmitic acid 

methyl esters 
24.39+0.12 22.73+0.12 -6.80 0.10 

C 16:1; Palmitoleic acid 

methyl esters 
0.89+0.01 0.62+0.01 -30.33 0.012 

C 17:0; Margaric acid 

methyl esters 
0.11+0.01 0.12+0.02 +9.09 ns 

C 18:0; Stearic acid 

methyl esters 
2.71+0.09 2.60+0.04 -4.05 ns 

C 18:1c; Oleic acid  12.04+0.08 12.97+0.03 +7.72 0.10 

C 18:1n9t; Elaidic acid  1.35+0.02 0.99+0.03 -26.60 ns 

C 18:2c; Linoleic acid 

methyl esters 
48.69+0.02 49.84+0.10 +2.36 0.08 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.22+0.03 0.27+0.04 +22.72 0.007 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.49+0.06 4.86+0.02 -11.48 0.039 

C 18:3n3; Linolenic acid 

methyl esters 
0.41+0.54 0.56+0.04 +36.58 0.032 

C 20:0; Arachidicacic 

acid methyl esters 
0.05+0.03 0.07+0.02 +40.0 0.002 

C 22:0; Behenic acid 

methyl esters 
0.14+0.02 0.15+0.06 +7.14 ns 

C 23:0; Tricosanoic acid 

methyl esters 
0.02+0.20 0.027+0.02 0.00 ns 

C 24:0; Lignoceric acid 

methyl esters 
0.18+0.02 0.12+0.01 -33.33 0.010 

% saturated fatty acids  30.88+0.018 28.78+0.17 -6.74 ns 

% unsaturated fatty acids  68.53+0.12 70.59+0.05 +3.00 0.092 

18/16 ratio  0.351+0.36 0.35+0.13 0.00 ns 

20-24 ratio  0.08+0.16 0.67+0.20 +73.75 0.000 
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Table-3.44 Fatty acid composition of cotton seed variety CIM-598 (Bt) grown at 

         two levels of CO2 concentrations 

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.04+0.13 0.03+0.05 -25.0 0.001 

C 12:0; Lauric acid 

methyl esters 
0.03+0.40 0.09+0.01 +66.67 0.000 

C 14:0; Myristic acid 

methyl esters 
1.070+0.04 1.02+0.03 -4.67 ns 

C 15:0; Pantadecanoic 

acid methyl esters 
0.03+0.02 0.02+0.02 -33.33 0.012 

C 16:0; Palmitic acid 

methyl esters 
24.31+0.16 22.77+0.07 -6.33 ns 

C 16:1; Palmitoleic acid 

methyl esters 
0.73+0.08 0.68+0.04 -6.84 ns 

C 17:0; Margaric acid 

methyl esters 
0.11+0.90 0.12+0.09 +9.09 ns 

C 18:0; Stearic acid 

methyl esters 
2.60+0.89 2.71+0.01 +4.23 ns 

C 18:1c; Oleic acid  17.40+0.06 15.94+0.14 -8.39 0.069 

C 18:1n9t; Elaidic acid  1.29+0.02 1.20+0.01 -6.97 ns 

C 18:2c; Linoleic acid 

methyl esters 
47.69+0.01 49.51+0.06 +3.82 0.046 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

ND 0.20+0.02 +20 ns 

C 18:3n6; g-linolenic aicd 

methyl esters 
5.46+0.04 4.97+0.16 -8.97 0.061 

C 18:3n3; Linolenic acid 

methyl esters 
0.21+0.02 0.29+0.02 +27.58 0.042 

C 20:0; Arachidicacic 

acid methyl esters 
0.26+0.10 0.31+0.08 +19.23 0.043 

C 22:0; Behenic acid 

methyl esters 
0.15+0.08 0.14+0.01 -7.14 ns 

C 23:0; Tricosanoic acid 

methyl esters 
ND 0.02+0.06 +20 ns 

C 24:0; Lignoceric acid 

methyl esters 
0.12+0.88 0.08+0.02 -33.33 0.001 

% saturated fatty acids  26.76+0.17 28.81+0.61 +7.66 0.049 

% unsaturated fatty acids  72.39+0.26 69.88+0.32 -3.47 0.051 

18/16 ratio  0.39+0.18 0.35+0.118 -5.12 ns 

20-24 ratio  0.48+0.37 0.53+0.165 +10.41 0.039 
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Table-3.45 Mean Impact of elevated CO2 on the fatty acids concentrations (%) of 

        cotton cultivars grown in green house 

Fatty acids % of mg kg
–1

 Ambient CO2  

[400 µmol mol
-1

] 

Elevated CO2 

[800 µmol mol
-1

] 

% change p/value 

C 10:0; Capric acid 

methyl esters 
0.013+11.03 0.019+5.006 +15.38 0.029 

C 12:0; Lauric acid 

methyl esters 
0.037+7.015 0.037+1.47 0 ns 

C 14:0; Myristic acid 

methyl esters 
1.289+3.26. 1.202+3.123 -6.794 ns 

C 15:0; Pantadecanoic 

acid methyl esters 
0.085+2.008 0.085+6.008 0 --- 

C 16:0; Palmitic acid 

methyl esters 
24.08+7.39 26.14+11.764 +8.14 0.042 

C 16:1; Palmitoleic acid 

methyl esters 
0.845+4.130 0.818+6.946 -3.19 ns 

C 17:0; Margaric acid 

methyl esters 
0.099+2.013 0.103+3.014 +4.04 ns 

C 18:0; Stearic acid 

methyl esters 
2.925+6.287 2.714+8.806 -7.21 0.095 

C 18:1c; Oleic acid  15.984+12.069 14.73+9.18 -10.10 0.028 

C 18:1n9t; Elaidic acid  1.28+3.137 1.340+6.092 +4.47 ns 

C 18:2c; Linoleic acid 

methyl esters 
45.678+2.72 47.46+1.196 +3.90 0.080 

C 18:2t; 

Octadecadecanoic acid 

methyl esters 

0.259+3.100 0.394+ 11.14 +52.12 0.017 

C 18:3n6; g-linolenic aicd 

methyl esters 
4.68+2.103 5.16+2.307 +20.24 0.009 

C 18:3n3; Linolenic acid 

methyl esters 
0.702+1.572 0.701+7.56 -0.142 0.999 

C 20:0; Arachidicacic 

acid methyl esters 
0.321+3.121 0.32+5.068 0 ---- 

C 22:0; Behenic acid 

methyl esters 
0.113+3.042 0.127+5.02 +15.04 0.007 

C 23:0; Tricosanoic acid 

methyl esters 
0.007+4.012 0.009+3.023 +22.22        0.036 

C 24:0; Lignoceric acid 

methyl esters 
0.075+2.13 0.049+8.039 -34.66 0.043 

% saturated fatty acids  30.272+1.93 20.94+7.76 -30.82 0.018 

% unsaturated fatty acids  68.99+11.160 70.19+9.82 +1.73 ns 

18/16 ratio  0.447+6.194 0.419+7.215 -8.27 ns 

20-24 ratio  0.387+11.201 0.429+21.06 -9.79 ns 

  



 

 156 

3.2.7 Effect of elevated CO2 on tocopherols  

The impact of elevated CO2 on the tocopherol content (mg kg
-1

) of 16 cotton 

genotypes is given in Table 3.46 (Appendix – 11). The concentrations of the alpha 

(α), beta + gama (β+γ)- and delta (δ)- tocopherols of the varieties grown both at 

ambient and elevated CO2 were according to the values recommended by CODEX 

standards, however, delta δ -tocopherol was detected in  four varieties only. The 

concentrations of δ- tocopherol in the other varieties were either in trace or lower or 

were below the detection limit. The effect of elevated CO2 showed that significant 

increase in α -tocopherol occurred in FH-942 (43.82%), FH-1000 (23.55%), FH-87 

(39.59%), CIM-496 (60.64%), A-1 (72.64%), FH-172A (48.86%), FH-142 (49.26%). 

A non-significant reduction in only one variety, Sitara-009 (15.57%) also occurred. In 

the genotype CIM-598 and FH-114 the increased levels followed the trend p = < 0.1. 

The concentrations of β+γ -tocopherol also increased under CO2 elevation in most of 

the varieties. Significant increase (p ≤0.05) occurred in FH-1000 (77.98%), FH-942 

(53.90%), FH-900 (45.34%), FH-113 (39.97%), FH-634 (25.31%), and MNH-886 

(15.80%). Reduction in β+γ -tocopherols were also observed in CIM-598 (4.769%) 

while in the rest of the samples the increase in the β+γ- tocopherols followed a trend p 

< 0.1. Results of the current study also showed an overall increase in the total 

tocopherol. Significant increase in the total tocopherols occurred in FH-942 (20.45%), 

FH-1000 (22.63%), FH-87 (25.95%), CIM-496 (29.49%), FH-900 (19.26%), A-1 

(29.04%), MNH-886 (11.85%) while in the rest of the genotypes the increase in the 

total tocopherol followed a trend p < 0.1. The overall impact as the average mean 

alteration of the effect of elevated CO2 showed a significant increase in α- and β+γ- 

tocopherols though the percent increase in the α- tocopherol was comparatively 

greater (+17.682 vs. +11.715). Total tocopherols also increased significantly. The co-

efficient of variation showed greater intra-varietal differences in all the isomers of 

tocopherols. The separate responses of the β-tocopherol and γ tocopherol could not be 

quantified due to the collective elution of both the isomers at the same retention time. 

Generally the impact of elevated CO2 was more pronounced on the non-Bt varieties as 

compared to their Bt counter parts. This intra-varietal differences in responses might 

be attributed to the narrow gene pool that constituted these Bt phenotype. The impact 

of elevated CO2 on seed oil could not be traced in literature and findings of the current 
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study are attributed to the effects of CO2 alone under the controlled environment of 

the green houses. 

Tocopherols are one of the most important lipid soluble compounds which belong to 

the family of natural antioxidants [261]. Of the all four major isomers α-, β-, γ-, δ-, 

tocols, α -tocopherol possess 100% biological activity of vitamin E [262, 263] and 

these tocols are synthesized only in plants. As is observed in the present study the 

impacts of CO2 are more pronounced for the α-tocopherols isomer. The impacts of 

CO2 elevation of the present study on the tocopherol concentrations are postulated to 

be of benefits to human health in the future climatically changed world. 
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Table-3.46 Tocopherol content of cottonseed oil grown under two partial pressures of CO2  
Varieties  α tocopherol (mg kg

-1
) β+γ tocopherol (mg kg

-1
)   - tocopherol (mg kg

-1
) Total tocopherol (mg kg

-1
) 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 (elevated) %change 

(p value) 

400 

(ambient) 

800 

(elevated) 

%change 

(p value) 

400 

(ambient) 

800 

(elevated) 

%change  

(p value) 

400 

(ambient) 

800 

(elevated) 

%change 

( p value) 

FH-682 232.37+0.03 243.09+0.02 +8.098 

(ns) 

279.95+0.04 316.83+0.02 +13.17 

(0.067) 

ND ND -- 512.32+0.01 559.92+0.002 +9.291 

(0.039) 

FH-942 263.28+0.04 378.36+0.04 43.82  

(0.006) 

243.33+0.02 374.49+0.02 +53.90  

(0.004) 

ND ND -- 626.61+0.71 752.85+0.02 +20.45 

(0.003) 

FH-1000 159.14+0.38 196.62+0.04 +23.55 

(0.015) 

218.9+0.09 389.62+0.04 +77.98  

(0.020) 

ND ND -- 478.04+0.071 586.2+0.0.04 +22.63 

(0.007) 

FH-87 430.09+0.27 601.50+0.03 +39.59 

(0.003) 

289.76+0.05 305.21+0.14 +5.780  

(ns) 

ND ND -- 719.85+0.04 906.71+0.03 +25.95 

(0.019) 

FH-634 232.5+0.041 338.34+0.91 +31.36 

(0.19) 

297. 50+0.22 372.8+0.06 +25.31  

(0.001) 

ND ND -- 556.0+0.03 616.14+0.38 +0.816 

(0.054) 

CIM-496 225.1+0.039 361.61+0.98 +60.64 

(0.000) 

377.29+0.15 398.16+0.62 +5.039 

(ns) 

0.22 ND -22 586.71+0.21 759.77+0.042 +29.49 

(0.023) 

FH-900 221.40+0.040 293.7+0.23 +32.655 

(0.002) 

269.78+0.98 392.1+0.28 +45.34  

(0.010) 

ND ND -- 491.18+0.04 585.8+0.06 +19.26 

(0.020) 

FH-901 274.14+0.025 373.41+0.21 +36.13 

(0.016) 

285.86+0.04 331.5+0.93 +15.965 

(0.006) 

0.26 0.27 +3.846 

(ns) 

560.0+0.21 604.91+0.049 +8.019 

(0.069) 

A-1 171.22+0.126 295.6+0.18 +72.64 

(0.000) 

274.68+0.03 349.81+0.90 +27.35 

 (0.051) 

ND ND -- 445.9+0.26 575.41+0.004 +29.04 

(0.002) 

FH-142 294.86+0.83 306.56+0.27 +49.26 

(0.000) 

289.53+0.06 326.89+1.26 +12.90 

(ns) 

ND ND -- 584.39+0.06 633.45+0.003 +8.395 

(0.059) 

FH-172A 183.36+0.96 273.67+0.33 +48.86  

(0.002) 

287.31+0.25 376.18+0.40 +13.528 

(0.062) 

0.17 0.06 -- 470.69+0.17 549.85+0.02 +16.817 

(0.006) 

FH-113 239.83+0.921 236.67+0.15 +1.346 

(ns) 

328.32+0.14 378.55+0.32 +31.97  

(0.004) 

0.28 0.29 +2.72 568.15+0.07 615.22+0.09 +8.28 

(ns) 

Sitara 

009 

244.98+0.578 206.20+0.91 -15.57 

(ns) 

278.91+0.22 328.90+0.49 +17.923 

(0.012) 

ND ND -- 523.89+0.03 535.1+0.08 +2.139 

(ns) 

CIM-598 233.18+0.03 256.83+0.03 +9.409 

(ns) 

326.27+0.02 310.71+0.01 -4.769 

(ns) 

ND ND -- 559.45+0.06 567.54+0.14 +1.446 

(ns) 

MNH-

886 

244.98+0.07 320.53+0.22 +30.72  

(0.059) 

239.4+0.04 277.91+0.21 +15.802 

(0.021) 

ND ND -- 534.38+0.021 597.73+0.12 +11.854 

(0.036) 

FH-114 298.07+0.31 332.23+0.42 +12.26 

(0.062) 

269.21+0.15 274.91+0.16 +2.117 

(ns) 

0.19 ND -19 564.28+0.04 607.14+0.42 +7.595 

(0.062) 

Over all 

mean 

250.97+2.646 309.322+7.316 +19.67 

(0.023) 

278.63+4.256 371.27+7.12 +17.715 

(0.026) 

   548.86+3.941 688.36+5.12 +19.484 

(0.012) 

Cov  17.221 26.871  14.430 12.680     24.812 35.758  
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3.2.8  Effect of elevated CO2 on (+)-, (-) – gossypol and total gossypol in the 

 cottonseed meals  

The gossypol content (mg kg
-1

) in cottonseed meals as affected by the elevated CO2 is 

given in Table 3.47 (Appendix 12). The (+)-, gossypol concentrations increased 

significantly in most of the genotypes under the influence of elevated CO2. The 

highest percent increase in the (+)-, gossypol occurred in FH-900 (125.60%), FH-

1000 (104.39%), FH-942 (101.116%), CIM-496 (63.584%) and FH-682 (54.126%) 

all of which were non-biotech genotypes. Among the genetically modified cultivars 

percent significant increase in (+)-, gossypol occurred in FH-142 (28.523%), FH-

172A (12.737%) and Sitara -009 (11.496%). Some decline also resulted in a few 

varieties through the decline mostly followed trend of significance as p < 0.1. 

Changes in (-)-, gossypol also occurred in all the genotypes. The highest significant 

increase in the (-)-, enantiomer of gossypol occurred in FH-634 (120.80%), FH-682 

(79.85%), FH-942 (64.90%), CIM-496 (33.30%) and FH-1000 (24.03%). Significant 

increase also occurred in the Bt varieties FH-142 (51.53%), CIM-598 (60.20%), 

MNH-886 (56.08%), and FH-114 (78.19%). The concentrations of total gossypol 

increased in all the genotypes though intra-varietal differences were observed. The 

most significant increase in total gossypol occurred in FH-942 (90.58%), FH-1000 

(58.20%), CIM-496 (48.156%), FH-900 (76.792%), FH-682 (20.30%), FH-87 

(11.91%), FH-901 (20.30%), A-1 (20.315%), FH-142 (37.48%), and CIM-598 

(27.23%). A non-significant decline in the total gossypol was observed in Bt variety 

FH-113 (9.45%). 

Gossypol is a phenolic compound which has a 518.55 Dalton molecular weight 

having yellow colour, is insoluble in water and hexane, crystalline and partly soluble 

in vegetable oils [264]. Gossypol is produced by pigment glands which are distributed 

throughout the cotton plant but the greater concentration is in the seeds [265]. Being a 

phytochemical gossypol and its derived products possess both harmful and therapeutic 

effects. Dietary gossypol is a potential toxicant and its poisoning has been reported in 

many species [266]. Monogastric animals are more susceptible to gossypol toxicity 

[267]. In addition gossypol can cause liver damage, ascites, hepatocyte degeneration, 

liver lipidosis, male and female gametogenesis, embryo lesions and male infertility 

and is also an immune toxicant [268]. In addition it can cause anemia due to its high 
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reactivity towards minerals and amino acids. Binding with iron by making gossypol 

iron complex it inhibits iron absorption [269]. 

The effects of the elevated CO2 on the significant increase in both of the gossypol 

enantiomers will pose a challenge for future breeders. Gossypol, though is 

advantageous to cotton plant that helps to fight against pests and bugs. The potential 

risks to animal and human health cannot be overlooked. The effects of CO2 

elevation on gossypol could not be traced in literature, however, a study carried out 

on the glucosinolates, a similar phytochemical, was affected in the same manner as 

in the current study in cabbage, brassica oleracea subsp capitata, and oil seed rape 

[270]. It is postulated here that elevated CO2 atmosphere alone can exert significant 

impact on gossypol. This may result in greater economic losses to livestock 

industry. Further extensive work is needed to be done on other genotypes.  
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Table 3.47 Effect of elevated atmospheric CO2 on the (+)-, (-) - and total gossypol in seed meals 

Parameters  Positive gossypol (mg kg
-1

) Negative gossypol (mg kg
-1

) Total gossypol (mg kg
-1

) 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

%change  p/value  400 

(ambient) 

800 

(elevated) 

%change  p/value  400 

(ambient) 

800 

(elevated) 

%change  p/value  

FH-682 2.65+0.02 3.183+0.02 +55.126 0.000 2.184+0.02 3.982+0.02 +79.85 <0.001 5.569+1.21 5.106+0.37 +15.046 0.049 

FH-942 3.279+0.2 6.594+0.03 +101.116 <0.001 1.092+0.02 1.823+0.09 +66.90 <0.001 4.369+0.65 8.327+0.26 +90.58 <0.001 

FH-1000 3.05+0.4 6.236+0.03 +104.39 <0.001 2.426+0.04 3.009+0.06 +24.03 0.034 5.474+0.82 8.662+0.88 +58.20 0.000 

FH-87 5.44+0.2 6.120+0.02 +12.389 0.029 1.520+0.02 1.426+0.02 -26.72 0.016 6.875+0.26 7.693+0.74 +11.91 0.009 

FH-634 6.279+0.2 5.652+0.21 -9.987 0.048 1.163+0.21 2.568+0.08 +120.80 <0.0001 7.442+1.42 8.180+0.24 +9.97 0.051 

CIM-496 2.455+0.31 4.016+0.10 +63.584 0.000 2.643+0.07 3.539+0.02 +33.30 0.036 5.098+1.25 7.553+0.52 +48.156 0.021 

FH-900 3.497+0.19 6.882+0.02 +125.60 <0.001 1.323+0.03 0.911+0.03 -3.114 ns 4.418+0.70 7.793+0.16 +76.792 <0.001 

FH-901 5.468+0.98 9.937+0.04 +26.865 0.017 1.369+0.017 1.768+0.03 +29.14 0.041 7.236+0.95 8.705+0.36 +20.30 0.039 

A-1 6.861+0.31 4.550+0.03 -33.683 0.039 1.845+0.04 1.102+0.09 -40.26 0.023 7.236+1.18 8.706+0.11 +20.315 0.027 

FH-142 4.116+0.2 5.284+0.39 +28.523 0.007 2.216+0.06 3.358+0.23 +51.53 0.004 6.332+0.49 8.642+0.87 +36.48 0.019 

FH-172A 5.378+0.02 6.063+0.01 +12.737 0.030 1.282+0.081 1.448+0.08 +12.948 0.061 6.659+0.73 7.515+0.15 +12.854 0.049 

FH-113 2.380+0.04 2.142+0.02 -10.00 0.056 3.056+0.051 2.735+0.04 -10.530 0.086 5.386+0.89 4.877+0.84 -9.450 0.062 

Sitara-009 4.712+0.04 5.254+0.04 +11.496 0.049 1.189+0.02 1.179+0.02 -0.815 ns 6.608+0.38 6.435+0.45 +17.0 0.071 

CIM-598 3.872+0.03 4.254+0.04 +9.865 0.062 1.937+0.024 3.142+0.05 +60.20 0.000 5.809+0.20 7.396+0.66 +27.23 0.021 

MNH-886 3.015+0.02 2.662+0.02 -11.708 0.059 2.136+0.039 3.587+0.018 +56.08 <0.001 6.151+0.102 6.249+0.85 +1.593 ns 

FH-114 5.634+0.04 5.599+0.02 -14.094 0.071 1.087+0.030 1.937+0.064 +78.19 0.000 7.721+0.09 7.496+0.311 +3.120 ns 
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3.2.9 Effect of elevated atmospheric CO2 on the (+)-, (-) - and total gossypol  in 

 the seed oils 

Results of the effects of elevated CO2 on the (+)-, (-) - and total gossypol in the crude 

oil of the sixteen cotton cultivars is given in Table 3.48 (Appendix 13). Significant 

variations were found in the (+)-, (-) - and total gossypol from the crude oil of both in 

the intra- varietal at the ambient CO2 and from the ambient and elevated chambers. 

The overall impact of elevated CO2 was the presence of significantly higher 

concentrations of gossypol enantiomers in the oil samples. The highest (+)-gossypol 

was observed in FH-900 (139.05%), FH-901 (93.26%), and FH-113 (84.15%). The 

concentrations of (+)-, gossypol declined in MNH-886 (32.08%) and FH-114 

(23.07%) at the elevated CO2. Increase in the (+)-, gossypol was non-significant in 

FH-87 (8.68%) and CIM-598 (2.28%). The concentrations of (-)-, gossypol also 

increased generally in the crude oils of genotypes grown at elevated CO2. The percent 

increase in the (-)- gossypol was significantly higher in FH-114 (98.03% and FH-942 

(90.18%). Significantly declined concentrations of (-)-, gossypol were also observed 

in FH-634 (27.43%) and CIM-598 (46.04%) while it was not detected in FH-113 at 

the ambient CO2 though extracted in appreciable amount in the crue oil this same 

gentype at elevated CO2. The concentration of total gossypol was higher at the 

elevated CO2 in all the oil samples mainly due to the presence of both the (+) -, and  

(-)- enantiomers at the elevated CO2. The concentration of total gossypol was found to 

be highest in FH-113 (145.07%), FH-901 (93.02%), FH-172A (81.01%), and FH-900 

(57.04%). The concentration of total gossypol declined in MNH-886 although this 

decline was observed to be low and non- significant. 

The findings of the current study showed the presence of higher concentrations of 

gossypol in the oils of cultivars grown at the elevated CO2. This increase was quite 

higher than the recommended concentration [271]. One possible reason that might 

have caused the increased concentrations of gossypol in oil would had been the use of 

n-hexane for the extraction of oil. Gossypol usually is removed during the refining 

process however, it is difficult here to predict that the whether higher levels (that 

might occur in the future climatically changed atmosphere), of both enamtiomers and 

the total gossypol will be removed successfully. Even traces of gossypol in the edible 

oil will pose serious health risks in human diets and will be a major drawback in the 

utility of cottonseed oil.  This may lead to major economic losses to the cotton 

industry and there will be a need of development of gossypol free genotypes or 

solvent alternatives. The effects of elevated CO2 on the gossypol in the crude oil 

could not be traced in literature.  
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Table 3.48 Effect of elevated atmospheric CO2 on the (+)-, (-) - and total gossypol in the seed oils 

Parameters  Positive gossypol (mg kg
-1

) Negative gossypol (mg kg
-1

) Total gossypol (mg kg
-1

) 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

%change  p/value  400 

(ambient) 

800 

(elevated) 

%change  p/value  400 

(ambient) 

800 

(elevated) 

%change  p/value  

FH-682 1.147+0.03 1.506+0.02 +31.91 0.007 0.926+0.02 1.095+0.02 +18.20 ns 2.19+1.21 2.63+0.02 +20.47 0.021 

FH-942 1.200+0.02 1.351+0.03 +13.65 0.061 0.522+0.02 0.987+0.04 +90.18 <0.001 1.76+0.02 2.37+0.06 +35.62 0.050 

FH-1000 0.212+0.04 0.841+0.03 +52.23 <0.001 0.956+0.04 1.020+0.03 +6.03 ns 1.14+0.02 1.83+0.03 +32.56 0.014 

FH-87 0.886+0.20 0.955+0.02 +8.68 ns 0.580+0.02 0.822+0.02 +41.91 0.031 1.45+0.20 1.79+0.04 +23.51 0.051 

FH-634 1.153+0.02 1.680+0.21 +46.23 0.012 0.929+0.21 0.683+0.02 -27.43 0.031 2.08+0.04 2.39+0.04 +15.90 0.062 

CIM-496 1.348+0.04 2.016+0.10 +50.16 0.000 0.557+0.07 0.739+0.02 +32.08 0.041 1.98+0.02 2.76+0.02 +39.63 0.038 

FH-900 0.822+0.19 1.959+0.02 +139.05 <0.001 0.895+0.03 0.911+0.03 -2.64 ns 1.78+0.02 2.80+0.04 +57.04 0.000 

FH-901 0.905+0.98 1.745+0.04 +93.26 <0.001 0.961+0.017 1.899+0.03 +98.26 <0.0001 1.89+0.03 3.64+0.03 +93.02 <0.001 

A-1 0.395+0.31 1.069+0.03 +48.02 0.039 1.845+0.04 1.907+0.09 +3.49 ns 2.04+0.03 2.99+0.06 +31.29 0.016 

FH-142 0.364+0.2 0.677+0.39 +40.17 0.002 0.776+0.06 0.972+0.02 +26.09 0.019 1.24+0.09 166+0.02 +19.08 0.054 

FH-172A 0.639+0.02 1.749+0.01 +12.737 0.041 0.282+0.081 0.721+0.04 +156.02 <0.0001 0.95+0.03 2.37+0.03 +81.01 <0.001 

FH-113 0.979+0.04 1.803+0.02 +84.15 0.056 ND 0.592+0.07 +592 ----- 0.979+0.04 2.40+0.04 +145.07 <0.001 

Sitara-009 0.956+0.04 1.670+0.04 +100.17 <0.001 0.651+0.02 0.907+0.06 +40.18 0.023 1.63+0.03 0.69+0.02 +40.12 0.026 

CIM-598 1.096+0.03 1.113+0.04 +2.28 ns 0.937+0.024 0.542+0.02 -46.05 0.000 2.89+0.21 1.69+0.16 -42.63 0.037 

MNH-886 1.079+0.02 1.427+0.02 -32.08 0.021 0.922+0.039 1.037+0.018 +13.39 0.019 2.51+0.02 2.49+0.07 -1.63 ns 

FH-114 0.820+0.03 0.626+0.02 -23.07 0.041 0.986+0.030 1.956+0.04 +98.03 <0.0001 1.87+0.03 2.58+0.04 +49.78 0.019 
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3.3 Effect of multiple stresses on the physciochemical and 

nutritional composition of cotton cultivars in the open top 

chambers  

The purpose of this phase was to test the hypothesis that by increasing the nitrogen 

fertilization the deleterious effects of the drought and CO2 enhancement can be 

warded off. In order to test hypothesis three cultivars were grown at 2 levels of 

nitrogen fertilizer doses, two levels of atmospheric Co2 and two levels of irrigation 

(water stress) in the open top field chambers consecutively as per methods described 

in Chapter-2.The data is presented in four phases i.e. Effects of CO2 alone, effects of 

double dose nitrogen fertilization and two levels of CO2, effects of drought and CO2 

enhancement, and the interactive effects of double dose nitrogen fertilization, drought, 

and CO2 enhancement on nutritional parameters of cotton genotypes.  

3.3.1 Effects of elevated CO2 alone 

3.3.1.1 Effect on yield and seed quality  

The effects of elevated carbon dioxide on yield and seed quality parameters is 

given in table 4.3.1.1. Enhanced atmospheric CO2 increased total yield, the 

highest being in FH-942 (53.03%). Mean total yield was 358+7.22g at ambient 

and 518+8.66 at the elevated CO2 concentrations. The mean impact was 

44.92% increase in the total yield which was significant at P<0.05 level of 

significance. Ginning out turn increased respectively by 7.35%, 5.13% and 

6.20% among the three genotypes. The mean impact was 16.796% increase in 

the weights of linted seeds. Seed index of the acid delinted seeds increased 

non-significantly indicating that the increase in the seed index of fuzzy seeds 

was due to an increase in the short staple fibers or linters on the seeds. Increase 

in the seed volume was also observed though it was insignificant.  

The findings of the current study are in strong agreement with another study 

which showed significant increase in total yield of cotton under elevated CO2 

[272]. This increase was attributed to increase in the rate of photosynthesis. 
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Table 3.49 Effect on yield and seed quality parameters 

S.No Parameters/Varieties CO2 concentration  

(mol mol
–1

) 
% change P- levels 

400 

(ambient) 

800 

(elevated) 

1. Total yield (g) 

 FH-942 330 505 + 53.03  

 FH-142 270 405 + 50.00  

 MNH-886 475 645 + 35.78  

 Overall mean  523+7.22 560+28.66 + 70.74 0.001 

2. G.O.T (%) 

 FH-942 39.00 41.87 + 7.35  

 FH-142 39.00 41.50 + 5.13  

 MNH-886 39.00 41.42 + 6.20  

 Overall mean  39.00+0.00 40.56+6.56 +4.00 ns 

3.  Seed index (linted / fuzzy seeds) 

 FH-942 10.0+1.30 10.94+0.39 + 9.40 0.045 

 FH-142 7.71+0.93 8.98+2.01 + 16.473 0.024 

 MNH-886 7.79+2.77 8.53+3.68  + 9.499 0.037 

 Overall mean 7.70+0.70 8.99+0.05 +16.796 0.018 

4. Seed index (acid delinted) 

 FH-942 10.0+3.16 10.3+3.01 + 3.00 ns 

 FH-142 10.2+0.99 10.70+0.42 + 2.5 ns 

 MNH-886 10.70+2.01 10.89+7.28 + 1.76 ns 

 Overall mean 10.3+1.70 10.63+0.94 +3.2039 ns 

5. Seed volume  

 FH-942 7.30+0.67 7.5+1.32 + 2.73 ns 

 FH-142 7.25+0.12 7.50+0.56 +3.44 ns 

 MNH-886 6.50+1.98 6.53+0.97 + 0.46 ns 

 Overall mean 6.82+0.055 6.91+0.209 +1.379 ns 
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3.3.1.2  Effect on proximate composition  

The effect of CO2 elevation on the proximate composition of cotton seeds is 

summarized in Table 3.50. Results showed that under field condition percent protein 

declined in all the three genotypes and all the three seed fractions studied. The mean 

decline in the protein of whole seed (8.136%) and decorticated seed meal (4.445%) 

were significant while it was non-significant in undecorticated seed meal. 

Decline in the crude fiber was significant in the decorticated seed meal while in the 

whole seeds and undecorticated seed meal it was not significant. Percent oil as crude 

fat increased appreciably in all the three genotypes and this difference was significant 

in the whole seed and undecorticated seed meal. The percentage of crude ash declined 

significantly in all the three genotypes and in all the three seeds and seed meals. 

Decline in the percent protein under CO2 enhancement had been reported in many 

studies irrespective of the exposure techniques used and experimental conditions 

applied [273-275]. As reported CO2 induced decline in the N and protein 

concentration was attributed to the accumulation of carbohydrates and other organic 

compounds as a result of simulation of photosynthesis. It had been shown that 

elevated CO2 cause reduction in the amount and activity of Rubisco. It also reduce the 

levels of transcripts of small subunits of Rubisco, and other photosynthetic genes 

[276-277]. The decline in the percent protein was similar to another study in the OTC. 

Under open top chamber conditions this decline was reported to be due to the 

restricted rooting volume which had caused a feedback inhibition in CO2 response to 

photosynthetsis and cause accumulation of more non-structural carbohydrates [278]. 

The increase in the percent oil of the current study showed similar to the findings of a 

study on Arabidopsis thaliana [279]. The increase in the oil content was attributed to 

the stimulating activity of additional CO2 on the activity of acetyl CO- A enzyme 

which inturn leads to increased formation of malonyl CO-.A; an enzyme that regulate 

fatty acids biosynthesis [280] . This increase, however, was possible at the expense of 

proteins. As suggested the increase in the oil content may be due to greater 

accumulation of carbohydrates [281]. The decline in the ash content was similar to the 

findings of Loladze [53].  
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Table 3.50 Effect of elevated CO2 on proximate composition 

S. No. Parameters  Whole linted seeds Undecorticated seeds meals Decorticated seed meal 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800  

(elevated) 

% 

change 

P 

values  

400 

(ambient) 

800 

(elevated) 

% 

change 

P 

values  

400  

(ambient) 

800 

(elevated) 

% 

change 

P  

values  

1. Crude protein  

 FH-942 23.83+0.02 22.20+0.03 -6.846 0.061 26.35±0.05 25.96±0.74 -1.480 ns 39.94±0.23 38.16±0.02 -4.456 ns 

 FH-142 23.65+0.87 22.45+0.48 -5.073 ns 27.05±0.12 25.56±0.25 -5.580 ns 38.34±0.22 36.75±0.67 -4.147 ns 

 MNH-886 23.61+0.22 22.05+0.02 -6.607 ns 27.10±0.009 25.81±0.02 -4.760 ns 38.68±0.40 37.41±0.18 -3.283 ns 

 Overall means 23.966+2.23 22.016+1.23 -8.136 0.047 26.933±1.12 25.676±2.25 -4.667 ns 38.976±3.41 37.24±1.26 -4.455 0.051 

2. Crude Fiber  

 FH-942 27.32±0.03 26.00±0.04 -4.831 ns 17.34±0.04 16.82±0.11 -2.998 ns 4.27±0.03 3.49±0.02 -18.26 0.004 

 FH-142 21.82±0.61 20.77±0.07 -4.812 ns 18.38±0.02 17.21±0.23 -6.365 ns 4.51±0.57 3.88±0.71 -13.96 0.015 

 MNH-886 27.00±1.45 24.09±0.74 -10.78 0.016 19.79±1.10 17.48±1.14 -11.67 ns 4.31±0.95 3.78±0.38 -12.96 0.042 

 Overall means 25.68±1.21 23.96±1.258 -6.698 ns 18.65±1.05 17.27±1.59 -7.399 ns 4.336±2.95 3.826±1.34 -11.76 ns 

3. Crude fat  

 FH-942 18.81±0.04 21.62±0.22 +14.93 0.006 4.27±0.64 4.98±0.71 +16.62 0.014 5.79±0.66 6.71±0.25 +15.88 0.024 

 FH-142 20.02±1.25 21.42±0.43 +6.993 ns 4.67±1.12 5.16±0.38 +10.49 0.029 5.81±0.09 5.98±0.26 +2.925 ns 

 MNH-886 19.74±1.12 21.38±0.76 +8.308 0.059 5.50±0.23 5.77±0.34 +4.91 ns 5.86±0.15 6.57±1.35 +15.18 0.058 

 Overall means 19.523±1.48 21.744±1.86 +11.376 0.014 4.713±1.96 5.503±1.63 +16.762 0.009 5.91±2.66 6.39±1.59 +8.121 ns 

4. Ash % 

 FH-942 3.68±0.25 3.17±0.21 -13.85 0.047 4.51+0.633 3.44+0.737 -23.72 0.005 5.97+0.291 5.74+0.693 -3.85 ns 

 FH-142 4.82±0.69 4.04±0.05 -16.18 0.010 5.82+0.222 4.42+0.381 -24.05 0.017 5.85+0.395 5.14+0.212 -12.13 0.049 

 MNH-886 3.53±1.59 3.36±1.01 -4.856 ns 5.067+0.351 4.26+0.718 -15.94 0.028 7.08+0.429 6.27+0.617 -11.44 0.041 

 Overall means 4.112±1.35 3.523±1.86 -14.323 0.039 5.323 4.22 -20.72 0.007 5.97 5.167 -13.450 0.012 
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3.3.1.3 Effect on mineral composition 

The effects of elevated CO2 on the mineral content of cotton seeds is given in Table 

3.51. Under enhanced CO2, the concentration of calcium declined significantly in FH-

942 and MNH-886 while this decline followed a trend P<0.1 in FH-142. The overall 

effect was a significant 19.98% new decline in all the three genotypes. Elevation of 

CO2 caused signficiant declines of 6.679%, 30.38%, and 10.511% in all the three 

genotypes respectively. The mean decline (19.19%) was significant at P<0.05. The 

concentrations of zinc decreased insignificantly in FH-942 and MMH-886, however, 

the overall mean impact of CO2 elevation was significant decline in the zinc content. 

Results of copper and manganese showed both to be the most vulnerable minerals 

where significant declines occurred in all of three genotypes studied. Under elevated 

CO2 the levels of cadmium increased significantly in all the genotypes. 

The findings of the present initiative showed a strong agreement with the studies on 

C3 plants’ tissues and grains but had been in contrast to the findings of a study on 

oaks [282]. Finzi and Li attributed these differences in the mineral content to the 

variations in the chemical nature of the plants under study and physical and chemical 

nature of the soil in which the plants were grown [283, 284] As suggested CO2 

elevation did not increase nutrient uptake. Consequently under the CO2 stress, either 

the elements get diluted or the increased growth rate cause reduction in the 

concentration of minerals in the tissues [285, 286]. This decline might also had been 

resulted from the larger root systems [287].  
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Table 3.51 Effect on mineral concentration 

Minerals/ 

Varieties 
CO2 concentration (mol mol

–1
) 

400 (ambient) 800 (elevated) % change P-Level 

Calcium (mg kg
-1

) 

FH-942 1.741±0.031 0.959±0.08 -44.91 0.017 

FH-142 0.936±0.06 0.854±0.001 -8.76 0.068 

MNH-886 0.778±0.02 0.633±0.04 -18.37 0.037 

Overall Mean 1.066±1.115 0.853±0.333 -19.98 0.029 

Iron (mg kg
-1

) 

FH-942 161.7±0.004 150.9±0.004 -6.679 0.063 

FH-142 218.2±0.02 151.9±0.02 -30.38 0.003 

MNH-886 150.2±0.02 134.4±0.007 -10.519 0.014 

Overall Mean 178.87±1.054 144.54±0.925 -19.192 0.009 

Zinc (mg kg
-1

) 

FH-942 75.0±0.003 71.2±0.01 -5.33 ns 

FH-142 57.8±0.002 49.1±0.04 -15.056 0.061 

MNH-886 75.6±0.02 72.2±0.02 -4.497 ns 

Overall Mean 69.56±.786 63.661±1.023 -8.489 0.049 

Copper (mg kg
-1

) 

FH-942 12.9±0.02 11.3±0.014 -12.40 0.023 

FH-142 12.6±0.02 10.9±0.03 -13.492 0.017 

MNH-886 10.7±0.04 9.3±0.02 -13.84 0.020 

Overall Mean 12.166±1.222 10.25±.987 -15.748 0.019 

Manganese (mg kg
-1

) 

FH-942 19.2±0.01 16.6±0.01 -13.56 0.012 

FH-142 14.7±0.04 13.5±0.01 -8.163 0.042 

MNH-886 22.7±0.015 16.9±0.002 -25.55 0.004 

Overall Mean 19.66±1.899 15.86±1.230 -19.32 0.013 

Cadmium (mg kg
-1

) 

FH-942 0.6±0.02 1.5±0.02 +60 0.000 

FH-142 0.2±0.04 1.4±0.008 +600 0.000 

MNH-886 0.3±0.001 0.4±0.002 +33.33 0.000 

Overall Mean 0.376±1.152 1.09±1.089   
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3.3.1.4 Effect on amino acids composition  

The effects of CO2 enhancement on the amino acid composition is given in Table 

3.52 (Appendix 14). Variable intra-varietal responses to CO2 stress were observed. 

Aspartic acid content (g/16gN) increased significantly in FH-942 (8.11%), 

significantly in FH-142 (24.28%) while in MNH-886 it decline by 11.71%. the 

concentrations of threonine decreased significantly in all the three genotypes. The 

concentrations of serine declined significantly in FH-142 (63.31%), FH-942 (53.57%) 

and MNH-886 (41.66%) respectively. Glutamine decreased significantly in FH-142 

and MNH-886 while it increased insignificantly in FH-142. Glycine declined in FH-

942 and FH-142 and increased in MNH-886 significantly. The concentrations of 

alanine decreased in all the three genotypes. Valine increased in FH-142 while it 

declined in FH-942 and MNH-886. Methionine decreased significantly in FH-942 and 

MNH-886 while it was not dected in FH-142. The concentrations of isoleucine 

declined in MNH-886, while it was not detected under elevated CO2 in FH-142 and 

FH-142. The concentration lecuine increased in FH-942 (29.34%) while it decline in 

FH-142 (32.81%) and MNH-886 in FH-942 (41.09%), FH-12 (11.21%) and declined 

in MNH-886 (16.57%). Phenylalanine, histidine and lysine declined significantly in 

all thee genotypes except for FH-942 in which the percent decline in histidine was 

non-signficiant. The concentrations of tyrosine, phenylalanine, histidine and lysine 

declined in all the three genotypes. Under CO2 enhancement the concentrations of 

arginine increased in all of the varieties studied.  

The findings of the study showed similar findings with other studies where similar 

declines were observed. As suggested reduction in the total and essential amino acids 

were based on the protein responses towards CO2 elevation. Additional nitrogen 

fertilization might not overcome this reduction in the amino acid and protein since 

additional fertilization might be of an advantage to increased biomass and yield 

instead of enhancement and redistribution of nitrogen within the seeds [220, 221]. It 

can be postulated from the current findings that elevated CO2 may had beneficial 

effects on yield but would adversely affect the cottonseed nutritionally important 

amino acids and the quality of cottonseed meals, which are an important source of 

amino acids in animal feed. 
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Table 3.52 Effect of elevated CO2 on amino acids profile 

S.No Amino acids  FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800  

(elevated) 

% 

change 

P 

level 

400  

(ambient) 

800  

(elevated) 

% 

change 

P 

level 

400 

(ambient) 

800 

(elevated) 

% 

change 

P 

values 

1. Aspartic acid  7.27±0.07 7.86±0.05 +8.11 ns 5.86±0.02 7.74±0.55 +24.28 0.051 8.45±0.30 7.46±0.25 -11.71 ns 

2. Threonine  2.15±0.0.2 1.56±0.04 -27.44 ns 3.84±0.03 3.13±0.31 -18.489 0.069 3.75±0.05 3.13±0.18 -16.53 0.025 

3. Serine  3.36±0.03 1.56±0.02 -53.57 0.000 5.86±0 .09 2.15±0.48 -63.31 0.000 3.72±0.11 2.17±0.05 -41.66 0.004 

4. Glutamine  14.19±0.02 13.88±0.03 +2.18 ns 14.35±0.03 7.38±0.02 -48.57 0.007 17.5±0.12 12.76±0.44 -27.08 0.00 

5. Glycine  3.81±0.06 2.19±0.06 -42.51 0.029 3.37±0.04 1.47+0.67 -56.37 0.000 3.09±0.07 3.96±0.10 +28.52 0.039 

6. Alanine  4.32±0.03 3.56±0.03 -16.67 ns 3.05±0.35 2.98±0.38 -2.29 ns 4.28±0.61 3.5±0.17 -18.22 0.031 

7. Valine  4.32±0.03 4.15±0.03 -3.935 ns 3.6±0.11 4.06±0.08 +12.77 ns 6.16±0.12 3.48±0.09 -43.50 0.027 

8. Methionine  1.03±0.04 0.72±0.05 -30.09 0.013 0.35± ND -350 ------- 0.89±0.04 0.64±0.93 -28.08 0.016 

9. Isoleucine  2.28±0.02 ND -228  3.61± ND -361 ------- 0.78±0.38 0.23±0.44 -73.07 0.000 

10. Leucine  3.25±0.01 4.6±0.67 +29.34 ns 2.56±0.25 1.72±0.32 -32.81 0.015 1.84±0.07 0.56±0.06 -69.56 0.00 

11. Tyrosine  1.72±0.02 2.92±0.19 +41.09 0.011 2.23±0.67 2.48±0.19 +11.21 ns 3.56±0.12 2.97±0.75 -16.57 0.012 

12. Phenylalanine  3.8±0.08 2.62±0.23 -31.05 0.039 3.29±0.04 1.98±0.09 -39.81 0.023 3.46±0.28 1.62±0.25 -53.17 0.000 

13. Histidine  1.67±0.03 1.52±0.05 -8.98 ns 2.05±0.07 1.69±0.06 -19.51 0.041 1.81±0.14 1.01±0.40 -44.19 0.001 

14. Lysine  4.81±0.16 2.53±0.18 -47.74 0.027 3.26±0.03 2.3±0.44 -29.44 0.041 4.68±0.44 4.27±1.02 -8.76 ns 

15. Arginine  17.42±0.48 18.32±0.23 -5.166 ns 10.11±0.31 18.84±0.11 +86.35 0.000 14.56±0.62 16.35±0.60 -10.94 ns 
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3.3.1.5 Effect on physico-chemical characteristics of the oil  

Physico-chemical characteristics of the cottonseed oil grown under two partial 

atmospheric CO2 are presented in Table 3.53. The values of all the physicochemical 

parameters of the oils were found to be according to the CODEX Alimentarius 

standards for cottonseed and edible oils.  The impact of CO2 elevated on the quality 

parameters of oils showed insignificant changes for colour in FH-942. In this variety 

the red units (1 in cell) increased significantly (6.93%). This increase in the colour 

might be attributed to the condensation of pigment compounds in seed oil during seed 

filling. However, this increase in the pigments may not be considered as a bad effect 

since almost whole of the pigment dyes are bleached during the oil refining process. 

The effects of CO2 elevation on physical characteristics of the oils such viscosity, 

density, specific gravity and refractive index were non-significant.  The iodine value 

of the MNH-886 increased significantly (5.374%) under CO2 elevation. Iodine value 

indicates the degree of unsaturation of an oil and this increase in the iodine value 

might had occurred due to the overall increase in the percent unsaturated fatty acid in 

the respective genotype. The effects on saponification and perioxide values were non-

signficiant though an increased trend in perosxide values observed. Free fatty acid 

increased non-significantly in FH-942 and MNH-886 while it increased in FH-142 

(2.786%). The non-significant differences in the physicochemical characteristics from 

both chambers indicated that in the CO2 rich world the quality of the cottonseed oil 

would not be drastically changed will be an advantage for consumer as well as 

manufacturer stand point. 
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Table 3.53 Effect on physico-chemical characteristics of the oil  

 

Parameters   FH-942 FH-144 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 (ambient) 800 (elevated) %change 

(p/level) 

400 

(ambient) 

800 

(elevated) 
%change 

(p/level) 

400 (ambient) 800 (elevated) %change 

(p/level) 

Moisture (%w/w) 2.39+0.54 1.73+0.223 27.61(0.032) 1.39+0.64 1.32+0.702 5.036 1.35+0.064 1.32+0.002 2.222(ns) 

Colour (1-incell)          

Red units  12.74+0.45 12.93+0.036 +6.93(0.054) 12.97+0.098 12.91+0.042 0.462(ns) 12.89+0.056 12.82+0.035 -0.543(ns) 

Yellow units  64.90+0.013 64.86+0.202 -0.61(ns) 68.21+0.031 69.07+0.007 +1.260(ns) 65.64+0 65.78+0.092 -0.213(ns) 

Viscosity (cps) 71+0.042 71+0.091 Nil  75+0.006 74+0.092 -1.333(ns) 63+0.079 63+0.007 Nil  

Density (g/cm2) 1.11+0.002 1.09+0.001 1.818(ns) 1.046+0.031 1.13+0.050 +8.030(ns) 1.068+.180 1.090+0.050 +2.059(ns) 

Specific gravity  1.043+0.751 1.017+0.130 -2.492(ns) 0.981+0.023 0.804+0.570 -8.042(ns) 1.023+0.016 1.027+0.330 +0.391(ns) 

Refractive index 1.468+1.419 1.502+0.061 +2.316(ns) 1.467+0.947 1.487+0.025 +1.363 1.432+0.003 1.380+0.027 +3.361 

Iodine value  

(g to I2/100 oil ) 

103.7+0.072 104.87+0.076 +1.128(ns) 101.2+0.001 101.98+0.004 +0.770(ns) 96.21+0.072 101.38+0.008 +5.374(0.043) 

Saponification value 

(mg/KOH/g oil ) 

188.37+0.110 18.94+0.580 +0.833(ns) 198.28+0.018 189.83+2.76 +0.290(ns) 175.64+0.031 179.41+0.301 +2.146(ns) 

Peroxide value  0.981+0.26 1.01+0.046 +2.871(ns) 0.987+0.945 0.990+0.883 +0.304(ns) 1.01+0.004 1.046+0.060 +3.564(ns) 

Free fatty acid (% 

oleic acid) 

0.91+116 1.017+0.198 +7.276(ns) 1.139+0.093 1.579+0.027 +2.865(0.036) 1.890+0.011 1.971+.002 +4.285(ns) 
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3.3.1.6 Effect on fatty acids composition 

Results of the effect of elevated CO2 on the fatty acid profile of the three cotton 

genotypes is given in Table 3.54 (Appendix 15). The data showed that under the 

influence of enhanced CO2 the concentration of capric acid increased significantly in 

all the varieties (200%, 89.0%, 77.01%)  respectively. Lauric acid increased in FH-

942 significantly and FH-142 while it declined in MNH-886. The percent increase in 

the myristic acid was significant in FH-942 (17.9%) while it declined non-

significantly in FH-142 and MNH-886. Palmitic acid increased in all the three 

genotypes. Similar trend were also observed in stearic acid except in MNH-886 where 

it decreased insignificantly. Oleic acid increased in FH-942 and MNH-886 while 

decreased in MNH-886. Linoleic acid increased in all the three genotypes however 

the percent increase was significant in FH-142 only. A striking increase in the trans 

form of octabecadenoic acid was observed in all the three oils. This observation was 

similar to the results observed from the green house data in this study. The 

concentrations of g-Linolenic acid (C18ω6) and linolenic acid (C18 ω3) declined in 

FH-942 and MNH-886. The genotype FH-142 showed a varied response; g-linolenic 

acid increased and linolenic acid decreased significantly in this variety. Percent 

increase in the arachidic arachidic was significant in FH-142 and MNH-886. Similar 

responses were also observed in behenic acid. Both total unsaturated and saturated 

fatty acids increased in the cultivars from elevated CO2 chamber indicating the 

synthesis of more oil components in the seed. The ratio of 20-24 carbon containing 

fatty acids decreased in FH-942 and increased insignificantly in FH-142 and MNH-

886 under the influence of CO2 elevation. The current results showed similarity to the 

findings of other studies where an intra- fatty acids shifts on the synthesis pathway of 

fatty acids were observed. These changes were attributed to the possible role of the 

abundant Malonyl Co-A that might had caused the increased synthesis health 

promoting omega fatty acids [230]. However the synthesis of trans fatty acid form 

will pose major health risk in human diet. 
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Table-3.54 Fatty acids profile of the cultivars grown under two levels of CO2
 
 

 FH – 942  FH – 142  MNH – 886  

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 (ambient) 800 

(elevated) 

% change  

(P-value) 

400  

(ambient) 

800 

(elevated) 

% change 

(P-value) 

400 

(ambient) 

800 

(elevated) 

% change 

(P-value) 

C 10:0; Capric 

acid 

0.01+0.02 0.03+0.11 (200) 

0.00 

0.09+1.41 0.012+0.02 +89.0 

(0.000) 

0.013+0.02 0.019+0.01 +77.01 

(0.000) 

C 12:0; Lauric 

acid  

0.03+0.45 0.04+0.02 +33.01  

(0.00) 

0.036+0.21 0.044+0.02 +27.10 

(0.012) 

0.024+0.01 0.018+0.02 -34.2 

(0.00) 

C 14:0; Myristic 

acid  

1.11+0.14 1.30+0.118 +17.9 

(0.023) 

1.40+0.01 1.29+0.06 -8.57 

(ns) 

1.099+0.01 1.12+0.02 +2.71 

(ns) 

C 15:0; 

Pantadecanoic 

acid  

0.03+0.20 0.03+0.45 0.00 0.14+0.05 0.19+0.01 +3.561 

(ns) 

0.034+0.01 0.03+0.10 -11.76 

(0.081) 

C 16:0; Palmitic 

acid  

23.55+0.89 24.96+0.38 +6.76 

(0.061) 

24.33+0.12 25.46+0.48 +6.97 

(ns) 

24.67+0.17 26.69+0.01 +8.81 

(ns) 

C 16:1; 

Palmitoleic acid 

0.74+0.12 0.71+0.02 -4.05 

(ns) 

0.89+0.01 0.80+0.05 -11.25 

(ns) 

0.685+0.2 0.63+0.02 -8.02 

(ns) 

C 17:0; 

Margaric acid 

0.10+0.02 0.16+0.05 -10.0 

(0.031) 

0.19+0.02 0.20+0.02 +18.18 

(0.049) 

0.10+0.01 0.11+0.01 -1.96 

(ns) 

C 18:0; Stearic 

acid 

3.16+0.10 3.49+0.03 +10.23 

(0.019) 

3.07+0.48 3.41+0.21 +11.21 

(ns) 

3.26+0.04 3.19+0.10 -2.27 

(ns) 

C 18:1c; Oleic 

acid  

13.09+0.89 14.11+0.09 +8.26 

(ns) 

13.90+0.11 13.79+0.02 -1.65 

(ns) 

15.77+0.01 16.481+0.02 +5.83 

(ns) 

C 18:1n9t; 

Elaidic acid  

1.31+0.81 1.9+0.30 -1.58 

(ns) 

1.43+0.02 1.51+0.07 +6.99 

(0.059) 

1.27+0.01 1.24+0.02 -2.56 

(ns) 

C 18:2c; 

Linoleic acid  

50.30+0.02 50.60+0.96 +1.34 

(ns) 

42.09+0.07 47.79+0.01 +14.16 

(0.056) 

43.69+0.12 48.12+0.31 +10.34 

(0.061) 
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C 18:2t; 

Octadecadicnoic 

acid  

0.20+0.02 0.36+0.02 +42.85 

(0.000) 

0.27+0.02 0.39+0.01 +25.0 

(0.012) 

0.37+0.01 0.67+0.01 +7.5 

(0.007) 

C 18:3n6; g-

linolenic aicd  

5.55+0.03 5.24+0.02 -6.43 

(ns) 

4.72+0.71 5.61+0.38 +19.04 

(0.017) 

5.67+0.02 5.59+0.02 -1.41 

(ns) 

C 18:3n3; 

Linolenic acid  

0.39+0.04 0.25+0.06 -28.04 

(0.057) 

0.39 0.24+0.06 -38.00 

(0.013) 

0.43+0.05 0.32+0.02 -26.12 

(0.011) 

C 20:0; 

Arachidicacic 

acid  

0.39+0.80 0.37+0.02 -5.12 

(ns) 

0.41+0.02 0.64+0.01 +56.09 

(0.007) 

0.09+0.01 0.106+0.01 +22.15 

(0.029) 

C 22:0; Behenic 

acid  

0.14+0.97 0.12+0.02 -14.28 

(ns) 

0.12+0.18 0.11+0.28 +8.00 

(ns) 

0.07+0.02 0.08+0.01 +12.02 

(ns) 

C 23:0; 

Tricosanoic acid  

0.02+0.01 0.02+0.07 0.00 0.07+0.06 0.04+0.06 -43.2 

(0.03) 

0.061+0.02 0.05+0.02 -20.00 

(ns) 

C 24:0; 

Lignoceric acid  

0.04+0.94 0.05+0.01 +25.02 

(0.071) 

0.05+0.04 0.06+0.01 +20.14 

(ns) 

0.32+0.003 0.31+0.002 -3.20 

(ns) 

% saturated  28.65+1.29 30.31+1.20 +6.45 

(ns) 

29.34+0.16 29.72+0.81 +1.27 

(ns) 

29.59+0.03 31.54+0.01 +7.08 

(ns) 

% unsaturated  69.96+0.05 70.56+1.82 +1.02 

(ns) 

62.84+1.68 69.33+0.01 +10.03 

(0.041) 

67.20+0.03 72.42+0.002 +8.08 

(ns) 

18/16 ratio  0.35+0.67 0.37+1.20 +5.71 

(ns) 

0.39+0.28 0.36+0.80 -7.69 

(ns) 

0.5+0.001 0.56+0.002 0.00 

20-24 ratio  0.59+1.04 0.56+0.89 -5.06 

(ns) 

0.69 ± 0.318 0.85 ± 0.208 + 3.02 

(0.024) 

0.54+0.02 0.55+0.01 +2.04 

(ns) 
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3.3.1.7  Effect of elevated CO2 on tocopherols  

Analyses of the impacts of elevated atmospheric CO2 on the tocopherol content of 

cotton seed oils is presented in Table 3.55 (Appendix 17). The percent increase in 

alpha-tocopherol was highest in FH-142 (63.45%), followed by MNH-886 (23.31%) 

and FH-942 (22.63%) respectively. Increase in beta + gama tocopherol was highest in 

MNH-886 (32.625%) followed by FH-142 (19.45%) and FH-942 (9.643%) 

respectively. Delta - tocopherol was not detected in all of the three genotypes. The 

mean effect of CO2 elevation resulted in appreciable increase in α, β+γ, and total 

tocopherols. The highest percent increase in total tocopherol occurred in FH-142 

(31.94%) followed by MNH-886 (27.569%), and FH-942 (13.23%). It was generally 

observed that non-Bt varieties responded more significantly towards elevated CO2. 

The concentrations of all detected tocopherols were according to the CODEX 

standards for tocopherols in cotton seed and closely resembled with the values 

investigated in other varieties obtained from Bahawalpur, Pakistan [183]. The impacts 

of elevated CO2 on the tocopherol content could not be traced in literature however, 

the responses of oil palm seedlings showed similar trends. It was observed that as the 

CO2 elevated levels increased the production of total flavonoids and phenolics as 

secondary metabolites increased steadily. Resultantly the antioxidant activities of the 

oil palm seedlings improved [288]. Similar results were also reported from the study 

of elevated CO2 on the antioxidant and phenolic compounds in field grown 

strawberries [289]. It was presumed from the studies of correlation of fatty acid 

composition and tocopherol content that higher levels of tocopherols could be 

expected in the soybean oil with higher percent unsaturated or low linolenic acid and 

altered fatty acid composition might had a direct effect on tocopherol levels [290, 

291]. As found in the effects of CO2 elevation on fatty acid in the present study it can 

be postulated that due to the increase in desaturation, higher tocopherol synthesis 

might have occurred. 
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Table 3.55 Tocopherol content of cottonseed oil grown under two partial    

       pressures of CO2.  

Varieties α tocopherol 

(mg kg
-1

) 

β+γ tocopherol 

(mg kg
-1

) 

δ tocopherol 

(mg kg
-1

) 

Total tocopherol 

(mg kg
-1

) 

FH-942 

400 mol/mol
–1

 274.8+1.326 284.51+2.21 ND 559.31+2.421 

800 mol/mol
–1

 336.20+3.243 327.72+1.981 ND 633.92+0.971 

% change  +22.63 +9.643 –– +13.23(0.069) 

p-value  0.026 0.031 –– ns 

FH-142 

400 mol/mol
–1

 197.31+4.140 274.26+3.61 ND 471.57+1.465 

800 mol/mol
–1

 322.81+5.806 329.26+0.88 ND 622.07+5.061 

% change  +63.45 +19.45 –– +31.94(0.039) 

p-value  0.027 0.040 –– 0.046 

MNH-886 

400 mol/mol
–1

 296.42+4.621 246.71+0.06 ND 543.13+1.902 

800 mol/mol
–1

 365.67+0.314 327.20+0.67 ND 692.87+5.20 

% change  +23.310 +32.625 –– +27.569 

p-value  0.042 0.038 –– 0.028 

ND = Not Detected  
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3.3.1.8 Effect of elevated CO2 on the gossypol content of cottonseed meals and 

 oils  

The effects of elevated CO2 on the gossypol concentrations in whole seed, 

delinted/decorticated defatted seed meals and crude oil is given in Table-3.56 

(Appendix 18 & 19). Elevated CO2 resulted in variant responses of cottonseeds and 

its product among the three varieties. Of the three genotypes (+)-, gossypol declined 

while negative and total gossypol increased in FH-942 in the whole seeds. A highly 

significant increase in negative and total gossypol occurred in FH-142 also. The 

genotype MNH-886 showed comparatively low and intra enantiomer shifts. The 

percent variations were 30.67% decline and 30.79% increase occurred in the (+)-, and  

(–)-, gossypols respectively.  

The effects of CO2 on gossypol content in seed meals showed the presence of 

significantly greater concentrations of the two gossypol isomers and total gossypol in 

FH-942. In the genotype FH-142 increased concentration of (–)-, gossypol (190.31%) 

and total gossypol and (47.92%), and a non-significant decrease in (+)-, gossypol 

were observed. The concentrations of the two enantiomers and total gossypol were 

found significantly greater in seed meals grown at elevated CO2 in MNH-886. The 

concentrations of gossypol in the crude oil showed that crude oils of FH-942 

contained lower concentration of gossypol than seeds grown at ambient CO2. The 

crude oils of FH-142 contained higher concentrations of (+)-, gossypol in the oil from 

the seeds grown at elevated CO2. The crude oils of the MNH-886 contained higher 

concentrations of both enantiomers and total gossypol but these differences were non-

significant. 

The percent differences and concentrations of gossypol in these genotypes were 

comparatively lower as compared to the differences observed in the same varieties in 

the green house. These differences might be attributed to the microcosm in the green 

houses where plants grown in pots might had got maximum benefits from the 

treatments. Results of the study showed that cotton genotypes both non Bt and Bt tend 

to benefit from the elevated CO2 in the same manner as other C3 plants. However due 

to the toxic nature of gossypol its increase might be a great challenge in the future. 

Intensive efforts would be required to breed low gossypol genotypes under enhanced 

CO2 climate at avoid livestock losses and in terms of safety of human health. Studies 

on the effects of elevated CO2 on the gossypol could not be traced in literature, 

however, similar results were observed in the glucosinolate in brassica and 

cruciferous vegetables   and other phenolic compounds in vegetables [292, 293]. 
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Table 3.56   Effect of CO2 elevation on gossypol content  

Parameter  FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

% Change 

(P-level) 

400 

(ambient) 

800 

(elevated) 

% Change 

(P-level) 

400 

(ambient) 

800 

(elevated) 

% Change 

(P-level) 

Whole seed 

(+)-,  gossypol  2.954+0.06 2.555+0.07 -13.495 

(0.046) 

2.848+0.04 2.751+0.08 -3.430 

(ns) 

3.015+0.05 2.105+0.09 -30.67 

(0.006) 

(-)-, gossypol  1.346+0.02 2.380+0.13 +75.857 

(0.000) 

1.443+0.26 3.308+0.17 +129.23 

(0.000) 

1.584+0.07 2.072+0.03 +30.79 

(0.040) 

Total  4.295+0.65 4.935+0.53 +14.930 

(0.022) 

3.995+0.88 6.069+0.33 +51.78 

(0.001) 

4.599+0.45 4.177+0.54 -9.16 

(0.061) 

 Decorticated Defatted seed meal 

(+)-,  gossypol  2.552+0.03 2.008+0.21 +21.59 

(0.004) 

2.460+0.02 2.376+0.03 -3.418 

(ns) 

1.449+0.02 1.799+0.03 +20.799 

(0.044) 

(-)-, gossypol  1.301+0.02 1.829+0.69 +77.43 

(0.000) 

0.879+0.03 2.543+0.02 +190.31 

(0.000) 

0.8918+0.01 1.8056+0.05 +102.46 

(0.000) 

Total gossypol  3.583+0.26 3.386+1.05 +7.082 

(ns) 

3.339+1.93 4.928+0.08 +47.29 

(0.007) 

2.481+0.12 2.6847+0.69 +9.447 

(0.038) 

Crude oil 

(+)-,  gossypol  0.7073+0.09 0.479+0.06 -32.17 

(0.003) 

0.989+0.02 1.678+0.03 +4.149 

(ns) 

0.8676+0.02 0.904+0.02 +69.68 

(0.000) 

(-)-, gossypol  0.7649+0.04 0.361+0.03 -52.80 

(0.000) 

0.919+0.23 0.647+0.02 +16.91 

(0.072) 

0.7024+0.04 0.8212+0.04 -29.61 

(0.023) 

Total gossypol  1.478+0.06 0.847+1.22 -42.89 

(0.000) 

1.918+1.31 2.359+.14 +9.859 

(ns) 

1.590+0.78 1.725+0.08 +21.87 

(0.039) 
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3.3.2 The effects of double dose nitrogen at two levels of CO2 concentrations 

The magnitude of the CO2 induced effects on the quality of seeds as suggested will 

depend on nitrogen supply and growing conditions in the future enhanced 

atmospheric CO2 concentrations. The quantified effects of double dose fertilization 

under CO2 enrichment are as follows. 

3.3.2.1 Effect on yield and seed quality  

The effects of double dose nitrogen supply and elevated CO2 on total yield and seed 

quality parameters is given Table 3.56. Total yield at ambient CO2 increased 

appreciably as compared to the yield at ambient CO2 and normal nitrogen 

fertilization. Percent increase in the total yield was highest in MNH-886 (26.47%) and 

FH-142 (17.89%). Total yield did not increase appreciably in FH-942 (5.54%). The 

impact of double dose nitrogen under elevated CO2 was a non-significant increase in 

the mean yield (16.66%). The percent increase in the ginning out turn was also non-

significant (P<0.05). Under double dose supply of nitrogen and elevated CO2 the seed 

index of fuzzy seeds increased significantly in FH-142 (16.64%), MNH-886 (9.99%). 

The mean seed index of the acid delinted cotton seed increased non-significantly at 

elevated CO2 in the three genotypes. Seed volume of the three genotypes studied also 

increased non-significantly. Results obtained are according to the previous studies in 

which crop yield increased under the effects of enhanced atmospheric carbon dioxide 

[214,287]. 
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Table-3.57 Effect on yield and seed quality parameters 

S.No Parameters/Varieties CO2 concentration  

(mol mol
–1

) 
% change P- levels 

  
400 

(ambient) 

800 

(elevated) 

1. Total yield (g) 

 FH-942 485 510 +5.54  

 FH-142 475 560 +17.89  

 MNH-886 510 645 +26.47  

 Mean+SD 490+0.062 571.6+0.412 +16.66 0.039 

2. G.O.T  

 FH-942 40.0 41.0 +2.44  

 FH-142 39.0 39.8 +2.05  

 MNH-886 39 41 +5.128  

 Mean+SD 39.33+0.071 40.6+0.16 +3.307 ns 

3.  Seed index (fuzzy) 

 FH-942 10.2+1.30 10.89+0.39 + 9.39 ns 

 FH-142 7.90+0.93 8.68+2.01 + 16.64 0.031 

 MNH-886 8.30+2.77 9.53+3.68  + 9.99 0.034 

 Mean+SD 8.81+0.76 9.70+0.85 +10.114 0.048 

4. Seed index (acid delinted) 

 FH-942 10.3+3.16 10.7+3.01 + 3.04 ns 

 FH-142 10.8+0.99 11.02+0.42 + 2.55 ns 

 MNH-886 10.89+2.01 11.50+7.28 + 5.60 ns 

 Mean+SD 10.66+1.70 11.07+0.94 +3.877 ns 

5. Seed volume  

 FH-942 7.30+0.67 7.51+1.32 + 2.89 ns 

 FH-142 7.35+0.12 7.65+0.56 +3.44 ns 

 MNH-886 6.53+1.98 6.72+0.97 + 2.909 ns 

 Mean+SD 7.06+0.084 7.29+0.195 +3.305 ns 
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3.3.2.2 Effect on proximate composition  

The effects of additional nitrogen supply and elevated CO2 on the proximate 

composition is given in Table 3.57. Results showed that under the ambient carbon 

dioxide concentrations (400mol mol
–1

) percent protein increased as compared to the 

rest of the findings, both ambient and at other stresses, in the current study. At 

elevated CO2, however, percent protein declined significantly in the whole seeds of 

FH-142 and MNH-886. The mean percent crude protein also declined significantly in 

the whole seeds. The mean effects in the decorticated seed meals was a significant 

decline in the percent protein. The decline in the percent protein in the undecorticated 

meals was non-significant. Under elevated CO2 and double dose nitrogen fertilizer 

percent crude fiber increased in MNH-886 (12.55%) and FH-142 (7.89%) while it 

declined in FH-142 (16.469%) in the whole seeds. The crude fiber declined in the 

seed meals of MNH-886. An overall impact was a non-significant decline in the crude 

fiber in whole seed, undecorticated and decorticated seed meals. The effect of double 

dose nitrogen fertilizer under the elevated atmospheric CO2 caused significant 

increase in MNH-886 (23.37%) while an insignificant increase occurred in the percent 

oil of the whole cottonseeds from FH-942 (6.38%) and FH-142 (5.647%). This 

increase, however, was significant in the linted and delinted seed meals. The 

concentrations of percent ash declined non-significantly in the whole seed, however, 

this decline was significant in both the undecorticated and decorticated seed meals of 

all the three varieties. The mean impact was a significant decline in the percent ash of 

cotton varieties grown at double dose nitrogen fertilizer and elevated CO2. The 

findings of the crude protein both at ambient and elevated CO2of the current study had 

been in agreement with the study done on wheat proposing that the use of ample 

nitrogen fertilizers can help to minimize the deleterious effects of CO2 elevation 

[287]. It can be concluded from this study that macro minerals within the seeds follow 

intra nutrient shift as evident from the insignificant decline in protein and significant 

increase in the percent oil. The significant increase in the seed meals might be 

attributed to the differences in the extracting reagents (n-hexane for whole seed and 

petroleum ether for seed meals). 
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Table-3.58: Effect on proximate composition 

  Whole linted seeds Linted / Undecorticated seeds meals Delinted / Decorticated seed meal 

S.No Parameters CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

  400 

(ambient) 

800 

(elevated) 

% 

change 

P 

values  

400  

(ambient) 

800 (elevated) % 

change 

P 

values  

400 

(ambient) 

800 

(elevated) 

% 

change 

P  

values  

1. Crude protein  

 FH-942 24.23±0.06 23.56±0.01 -2.765 ns 26.49±0.56 25.55±0.05 -2.703 ns 40.30±0.04 39.19±0.04 -5.409 ns 

 FH-142 23.56±0.02 22.68±0.03 -3.735 ns 26.25±0.02 25.80±0.02 -1.782 ns 40.21±0.02 39.81±0.07 -2.775 ns 

 MNH-886 24.74±0.71 19.87±0.41 -19.685 0.014 26.56±0.23 25.87±0.28 -2.97 ns 40.59±0.03 39.91±0.02 -2.706 ns 

 Overall means 24.67±0.95 22.036±1.02 -10.675 0.061 26.56±1.09 25.74±1.05 -3.087 ns 39.766±0.43 38.20±0.18 -3.948 0.071 

2. Crude Fiber  

 FH-942 26.23±0.04 21.91±0.04 -16.469 0.041 16.28±0.04 17.47±0.04 +7.309 ns 3.53±0.02 4.27±0.04 +20.96 0.000 

 FH-142 20.91±0.01 22.56±0.02 +7.89 ns 17.33±0.51 16.68±0.47 -3.750 ns 3.68±0.04 3.88±0.14 +5.434 ns 

 MNH-886 19.09 ±0.43 21.83±0.14 +12.55 0.011 17.43±0.63 17.05±0.04 -2.180 ns 4.68±0.04 3.71±0.89 -20.724. 0.004 

 Overall means 21.95±1.26 22.18±1.56 -1.242 ns 17.33±2.05 17.067±1.29 -1.519 ns 4.33±0.04 3.953±1.16 -8.698 ns 

3. Crude fat  

 FH-942 20.29±0.045 21.57±0.02 +6.308 ns 3.28±0.02 3.63±0.45 +12.83 0.058 6.43±0.06 7.32±0.03 +13.84 0.071 

 FH-142 17.89±0.055 18.81±0.15 +5.645 ns 5.24±1.00 5.45±0.23 +4.00 ns 7.45±0.56 7.65±0.48 +2.684 ns 

 MNH-886 21.82±0.072 16.72±0.17 +23.37 0.026 4.60±0.56 5.10±0.03 +10.869 ns 7.22±0.28 7.95±0.14 +10.11 ns 

 Overall means 20.76 19.133±1.20 +7.837 ns 4.267±0.89 4.753±1.56 +10.225 ns 7.33±1.19 7.97±1.52 +8.73 ns 

4. Ash % 

 FH-942 3.68±0.02 3.57±1.03 -2.989 ns 4.974+0.633 4.74+0.737 -3.89 0.005 5.97+0.291 4.44+0.693 -23.72 ns 

 FH-142 4.82±0.41 4.64±0.05 -3.735 ns 5.82+0.222 4.42+0.381 -24.05 0.017 5.85+0.395 5.14+0.212 -12.13 ns 

 MNH-886 3.53±0.56 3.36±0.41 -4.816 ns 5.067+0.351 4.26+0.718 -15.94 0.02 7.08+0.429 6.27+0.617 -11.44 0.028 

 Overall means 4.12±2.28 3.856±2.04 -6.407 ns 5.322±1.26 4.14±2.71 -22.20 0.006 6.63±0.08 5.67 -14.48 0.013 
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3.3.2.3 Effect on elemental composition 

The effect of elevated CO2 and double dose of nitrogen fertilization on mineral 

concentration in three cotton genotypes is given in Table 3.58. Results showed a non-

significant increase in calcium in FH-942 (4.52%), a significant decline in FH-142 

(15.90%) and an insignificant decrease of calcium in MNH-886 (2.73%). The mean 

impact was significant at a trend P<0.1. Under elevated CO2 and double nitrogen 

supply the concentrations of Fe declined significantly in FH-142 (26.85%), MNH-886 

(8.57%). The mean effect was a significant decline (10.85%) in the Fe concentrations. 

The concnetrations of Zn decreased significantly in FH-942 (14.34%) and FH-142 

(18.17%), while in insignificant increase occurred in MNH-886 (2.02%). Results of 

Cu concentration showed a signficiant decline in FH-942 (11.38%) and FH-142 

(17.95%). The concentration of Cu increased in MNH-886 though it was not 

significant (4.81%). The mean effect was a significant (10.29%) decline in Cu 

concentration. The percent decline in Mn was signficiant in FH-142 (13.39%) and 

MNH-886 (43.56%) while it was non-significant in FH-942 (9.75%). The mean 

impact was a significant decline (26.23%) in the Mn concentrations. Under the 

interactive effect of CO2 and nitrogen enrichment the concentrations of Cd increased 

appreciably in all the three genotypes. The findings of the current study are in strong 

agreement with similar decline in Zn and Fe at elevated CO2 concentrations in grains 

and legumes [57]. The effect of nitrogen fertilization and CO2 elevation could not be 

traced in literature.  
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Table 3.59 Effect on mineral concentration 

Minerals/ Varieties CO2 concentration (mol mol
–1

) 

400 (ambient) 800 (elevated) % change P-Level 

Calcium (mg kg
-1

) 

FH-942 0.862±0.231 0.901±0.026 +4.52 ns 

FH-142 0.968±0.04 0.814±0.16 -15.90 0.043 

MNH-886 0.989±0.06 0.962±0.053 -2.73 ns 

Overall Mean 0.969±1.15 0.893±1.008 -7.84 0.067 

Iron (mg kg
-1

) 

FH-942 292.8±0.02 278.7±0.001 -4.81 ns 

FH-142 150.8±0.001 110.3±0.02 -26.85 0.011 

MNH-886 184.3±0.03 168.5±0.02 -8.57 0.059 

Overall Mean 209.3±0.852 186.58±1.041 -10.85 0.024 

Zinc (mg kg
-1

) 

FH-942 82.3±0.02 70.5±0.03 -14.34 0.009 

FH-142 58.9±0.016 48.2±0.02 -18.17 0.014 

MNH-886 69.0±0.03 70.7±0.014 +2.02 ns 

Overall Mean 69.99±1.014 63.13±1.13 -9.80 0.039 

Copper (mg kg
-1

) 

FH-942 12.3±0.02 10.9±0.02 -11.38 0.022 

FH-142 11.7±0.04 9.60±0.03 -17.95 0.020 

MNH-886 10.4±0.012 10.9±0.014 +4.81 ns 

Overall Mean 11.66±1.14 10.46±0.56 -10.29 0.031 

Manganese (mg kg
-1

) 

FH-942 16.4±0.02 14.8±0.02 -9.75 ns 

FH-142 22.4±0.01 19.4±0.014 -13.39 0.016 

MNH-886 30.3±0.012 17.1±0.012 -43.56 0.004 

Overall Mean 23.33±1.02 17.21±.871 -26.23 0.010 

Cadmium (mg kg
-1

) 

FH-942 ND 0.10± 0.002 +10.0 – 

FH-142 ND 0.7± 0.002 +70.0 – 

MNH-886 0.7±0.002 0.3±0.002 +30.0 – 

Overall Mean 0.7±0.002 1.10 + 0.003 +57.14 – 
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3.3.2.4 Effect on amino acid profile 

The effects of interactive elevated CO2 and nitrogen enrichment on the amino acid 

composition is given in Table 3.59 (Appendix 20). Under the ambient CO2 the 

concentrations of most of the amino acids increased under additional nitrogen as 

compared to the other treatments. At the elevated CO2 and double dose nitrogen 

supply the concentration of aspartic acid decreased significantly in FH-942 (12.21%) 

and FH-142 (11.80%), while it increased significantly in MNH-886 (61.61%). The 

concentration of threonine increased significantly in FH-142 (15.50%) and in FH-142 

(3.86%) and non-significantly in MNH-886 (0.78%). The concentrations of serine, 

glutamine and glycine declined significantly in FH-942 (33.58%, 16.43%, and 

16.11% respectively) and FH-142 (33.82%, 30.22%, and 48.22% respectively). 

Double dose nitrogen at elevated CO2 caused significant increase in the alanine of 

FH-142 (16.51%) and MNH-886 (20.48%) and FH-942 (4.45%). The concentration of 

valine increased significantly in FH-142 (47.70%) and deceased MNH-886 (23.05%). 

The concentrations of methionine decreased significantly in FH-142 (52.81%),  

FH-942 (23.05%), and MNH-886 (13.00%) respectively. Isoleucine declined in  

FH-942 (27.81%) and increased in FH-142 (89.23%) and MNH-886 (4.23%). The 

concentrations of leucine declined in FH-942 (12.05%) and increased non-

significantly in FH-142 (1.25%) and MNH-886 (7.19%). The concentrations of 

tyrosine increased while that phenylalanine histidine, lysine and arginine decreased in 

all the three genotypes. As evident the percent declines in the respective amino acids 

under double dose nitrogen and CO2 elevation were comparatively lower as compared 

to other stresses. This indicated that in order to mitigate the effects of CO2 on amino 

acids additional nitrogen fertilizers would be required. These findings were in contrast 

to the findings of another study [221]. The declines in the amino acids might be 

attributed to the comparatively higher percent protein levels under double nitrogen 

and ambient CO2 fertilization than in the other stresses and under the elevated CO2 in 

the present study. 
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Table 3.60 Effect of double dose nitrogen and elevated CO2 on amino acids profile 

S.No Amino acids  FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

% change P-level 
400 

(ambient) 

800 

(elevated) 

% change P-level 
400 

(ambient) 

800 

(elevated) 

% 

change 

P 

values 

1. Aspartic acid  8.76±0.02 7.69±1.23 -12.21 ns 8.98±0.23 7.92±0.97 -11.80 0.056 5.24±0.56 8.74±0.26 +61.61 0.030 

2. Threonine  3.16±0.15 3.65±0.62 +15.50 ns 3.36±0.84 3.49±1.24 +3.86 ns 3.84±0.23 3.87±0.56 +0.78 ns 

3. Serine  3.9±0.56 2.59±0.45 -33.58 0.023 3.37±0.52 2.23±0.63 -33.82 0.006 2.56±0.15 2.71±0.84 +5.86 ns 

4. Glutamine  16.61±0.89 13.88±0.42 -16.43 0.002 17.17±0.06 11.9±0.35 -30.22 0.002 17.63±0.89 17.5±0.36 -0.74 ns 

5. Glycine  2.11±0.25 1.77±0.36 -16.11 0.062 3.09±0.84 1.6±0.80 -48.22 0.001 3.56±0.56 1.85±0.71 -48.03 0.004 

6. Alanine  4.04±0.31 4.22±1.25 +4.45 ns 3.21±1.31 3.74±0.39 +16.51 0.026 3.71±0.63 4.47±0.85 +20.48 0.042 

7. Valine  3.9±0.16 3.66±1.43 -6.15 ns 4.19±0.26 6.16±1.56 +47.70 0.002 3.21±0.46 2.47±0.78 -23.05 ns 

8. Methionine  1.7±0.89 1.33±0.22 -27.81 0.041 1.42±0.99 0.67±0.89 -52.81 0.000 1.23±0.28 1.07±0.89 -13.00 ns 

9. Isoleucine  3.33±1.26 2.76±0.85 -17.11 0.037 2.6±0.68 2.92±1.05 +89.23 0.000 3.78±0.59 3.94±0.38 +4.23 ns 

10. Leucine  5.97±0.56 5.31±0.47 -11.05 ns 4.46±1.54 4.43±1.62 -1.25 ns 5.42±0.52 5.84±0.92 +7.19 ns 

11. Tyrosine  2.97±0.78 3.05±0.3 3.00 ns 2.43±0.71 2.46±0.45 +1.24 ns 2.84±0.58 3.42±0.62 +20.42 0.012 

12. Phenylalanine  6.67±0.58 6.46±0.64 -3.14 ns 3.65±0.87 3.37±0.21 -8.30 ns 3.62±1.25 3.25±0.45 -11.38 ns 

13. Histidine  2.18±0.62 2.22±1.22 -1.84 ns 2.24±1.54 1.24±002 -44.64 0.006 2.67±0.89 2.15±0.84 -19.47 ns 

14. Lysine  4.98±0.64 4.97±1.41 -0.20 ns 4.59±1.09 2.33±0.136 -49.23 0.004 4.83±0.64 3.58±1.37 -25.88 0.016 

15. Arginine  20.68±1.02 17.89±0.89 -13.49 0.016 19.9±0.56 12.92±0.65 -35.14 0.003 17.97±0.74 12.58±1.56 -29.99 0.006 
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3.3.2.5 Effect on the physico-chemical characteristics of oils 

The physicochemical characteristics of the cottonseed oil grown under double 

nitrogen and ambient CO2 and double nitrogen and elevated CO2 is given in Table 

3.60. The results showed insignificant increase in the yellow colour units among all 

the three genotypes. The quality parameters such as viscosity, specific gravity, 

refractive index, peroxide value and free fatty were according to the CODEX 

Alimentarius standards for cottonseed oil and were not altered drastically [188]. 

Iodine value increased nonsignificant in FH-142 (2.00%) and MNH0886 (4.324%). 

Similarly saponification values of FH-942 (0.07%) and MNH-886 (0.295%) dropped 

though non significantly. The peroxide value of FH-942 (4.04%), and MNH-886 

(1.289%) increased nonsignificantly. The free fatty acid values increased in MNH-

886 (5.075%) with a significance trend of P < 0.1. This increase in the iodine value 

was due to effects of CO2 elevation on the percent unsaturated fatty acids in the oil 

.The low moisture content in oils from both chambers can be considered as a desirable 

trait which might help increase the shelf life of the oils by preventing oxidation and 

rancidity processes. The greater viscosity indicates longer chain lengths and fell well 

within the range of 44-110 cps for edible oils [188]. The data showed overall low 

effects of double dose nitrogen and elevated CO2 on the physical and chemical quality 

parameters of the cottonseed oil. 
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Table -3.61 Effects on the physico-chemical characteristics of oils 

Parameters   FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

 400 (ambient) 800 (elevated) %change 

(p/level) 

400 

(ambient) 

800 (elevated) %change 

(p/level) 

400 (ambient) 800 (elevated) %change 

(p/level) 

Moisture (% w/w) 1.43+0.237 1.410+0.456 -1.398 

(ns) 

1.399+0.082 1.381+0.291 -3.00 

(ns) 

1.47+0.498 1.469+0.219 -0.013 

(ns) 

Colour (1-incell)          

Red units  12.78+0.627 12.72+0.317 -0.46 

(ns) 

12.92+0.493 12.90+0.082 -0.154 

(ns) 

12.92+0.120 12.98+0.461 +0.463 

(ns) 

Yellow units  67.30+0.025 67.62+0.299 +0.47  

(ns) 

69.90+0.257 71.72+0.957 +2.604 

(ns) 

69.13+0.580 70.81+0.303 +2.430 

(0.048) 

Viscosity (cps) 73+0.080 73+1.021 Nil  75+0.914 75+0.001 Nil  68+0.001 65+0.021 -4.417 

(ns) 

Density (g/cm2) 1.26+0.220 1.219+0.581 -3.253 

(ns) 

1.170+0.069 1.138+0.536 -2.735 

(ns) 

1.029+0.009 1.031+0.042 +0.019 

(ns) 

Specific gravity  1038+0.691 1.031+0.153 -0.674 

(ns) 

1.020+0.002 1.021+0.141 +0.098 

(ns) 

1.028+0.938 1.028+0.253 Nil  

Refractive index 1.461+0.356 1.439+0.212 -1.505 

(ns) 

1.413+0.048 1.441+0.235 +1.982 

(ns) 

1.436+0.317 1.432+0.120 -0.278 

(ns) 

Iodine value  

(g to I2/100 oil ) 

103.18+1.186 102.25+0.291 -0.901 

(ns) 

104.98+0.350 1021.87+1.570 +2.00 

(0.069) 

98.98 103.26+0.794 +4.324 

(0.050) 

Saponification value 

(mg/KOH/g oil ) 

188.98+1.061 189.13+0.267 -0.079 

(ns) 

189.30+0.471 18.36+0.308 +0.0316 

(ns) 

189.23+0.916 188.67+0.777 -0.295 

(ns) 

Peroxide value  0.971+0.200 1.01+0.025 +4.041 

(ns) 

1.021+0.117 1.021+0.317 Nil  1.007+0.004 1.020+0.264 +1.289 

(ns) 

Free fatty acid (% 

oleic acid) 

1.206+0.439 1.098+0.200 -8.955 

(ns) 

1.147+0.626 1.138+0.147 -0.784 

(ns) 

1.26+0.200 1.197+0.012 +5.075 

(0.062) 
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3.3.2.6 Effect on the fatty acids composition  

The interactive effects of double dose nitrogen fertilizer under two partial pressures of 

CO2 on the fatty acids composition of cottonseed oil is given in Table 3.61 (Appendix 

21). Results indicated that the effects of CO2 enhancement along with the additional 

nitrogen fertilizers were more pronounced for myristic acid under elevated CO2. The 

concentrations of myristic acid decreased significantly in FH-942 (8.20%), FH-142 

(6.41%) and MNH-886 (0.874%). Double dose nitrogen under CO2 elevation resulted 

in a significant increase in palmitic acid in FH-142 (7.63%) and MNH-886 (8.89%), 

however, this increase was non-significant in FH-942 (1.50%). The concentration of 

margaric acid increased significantly in MNH-886 (13.43%). The percent concentration 

of stearic acid increased significantly in MNH-886 (15.69%) while this increase in the 

stearic acid at the elevated CO2 was non-significant in the other two varieties. Elaidic 

acid declined non-significantly in FH-942 (2.37%) and FH-142 (0.163%). The 

proportion of the oleic acid at the elevated CO2 showed an insignificant upward trend in 

all of the samples. The concentration of g- linolenic (C18ω6) decreased insignificantly 

in FH-942 and FH-142 and increased insignificantly in MNH-886 (2.029%). Similarly 

linolenic acid (C18 ω 3) decreased non-significantly in MNH-886 (5.55%), increased 

slightly in FH-142 (0.382%) and FH-942 (1.562%). The concentration of arachidic acid 

at the elevated CO2 decreased non-significantly with double dose increased nitrogen in 

all the three genotypes. The concentration of lignoceric acid decreased significantly in 

FH-942 (21.42%) and MNH-886 (10.975%). The decline in FH-142 (4.838%) was non-

significant (4.838%). The percent saturated fatty acids increased non-significantly in 

FH-942 (3.98%), significantly in MNH-886 (5.683%) and declined non-significantly in 

FH-142 (4.980%). The percentage of unsaturated fatty acids remained stable with non-

significant decline in FH-942 and MNH-886. The percentage of 20-24 carbon atoms in 

the fatty acids decreased significantly in FH-942 (11.98%) while in MNH-886 it 

followed the trend significance P≤0.1. 

The overall impact of CO2 elevation and nitrogen fertilization showed that the studied 

genotypes of cotton were capable of responding positively to CO2 enhancement if 

additional ample nitrogen fertilization is applied to the soil. However the fatty acid 

profiles of all the three varieties remained stable and did not changed drastically. This 

was a positive clue that the future changed climatic scenario will not affect the oil 

quality of cottonseed if adequate fertilization would be provided and that oil quality and 
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oil filling process in seeds was primarily under the genetic control rather than 

environmental influences. The results of the current study are in compliance with the 

study of the effects of nitrogen fertilization on rapeseed genotypes [294].  The 

interactive effects of Co2 enhancement and nitrogen fertilization on the oil quality of 

other seed oils could not be traced in literature.     
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Table 3.62 Fatty acids composition of cottonseed oils grown under double dose nitrogen and elevated CO2 concentrations   

Fatty acids  

(% of mg kg
–1

)  

FH – 942  FH – 142  MNH – 886  

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

 
400 (ambient) 800 (elevated) 

% change  

(P-value) 
400 (ambient) 800 (elevated) 

% change  

(P-value) 
400 (ambient) 800 (elevated) 

% change 

(P-value) 

C 10:0; Capric acid 0.026 ± 0.002 0.028 ± 0.002 + 7.69 (ns) 0.041 ± 0.002 0.044 ± 0.002 + 7.31 (0.046) 0.039 ± 0.506 0.038 ± 0.004 - 2.56 (ns) 

C 12:0; Lauric acid  0.017 ± 0.020 0.014 ± 0.052 - 7.64 (ns) 0.010 ± 0.006 0.010 ± 0.004 0.00 0.014 ± 0.003 0.017 ±  0.083 + 7.64 (0.015) 

C 14:0; Myristic acid  1.951 ± 0.003  1.791 ± 0.002 - 8.200 (0.054) 1.622 ± 0.017 1.518 ± 0.003 - 6.411 (0.024) 1.258 ± 0.004 1.247 ± 0.004 - 0.874 (ns) 

C 15:0; Pantadecanoic 

acid  

0.046 ± 0.004 0.041 ± 0.003 - 10.86(0.041) 0.016 ± 0.002 0.019 ± 0.002 + 1.875 0.067 ± 0.003 0.062 ± 0.002 - 7.462 (ns) 

C 16:0; Palmitic acid  24.60 ± 0.004 24.97 ± 0.006 + 1.50 (ns) 22.40 ± 0.002 23.711 ± 0.007 + 7.630 (0.013) 22.173 ± 0.002 24.367 ± 0.004 + 9.89 (0.026) 

C 16:1; Palmitoleic 

acid 

0.850 ± 0.046 0.816 ± 0.004 + 4.00 (ns) 0.721 ± 0.006 0.693 ± 0.002 + 3.880 0.681 ± 0.029 0.661 ± 0.002 - 2.056 (ns) 

C 17:0; Margaric acid 0.161 ± 0.007 0.163 ± 0.007 + 1.242 (ns) 0.064 ± 0.004 0.071 ± 0.012 + 10.93 (0.023) 0.058 ± 0.026 0.067 ± 0.004 + 13.43 (0.021) 

C 18:0; Stearic acid 3.095 ± 0.002 3.283 ± 0.003 + 6.074(ns) 3.34 ± 0.190 3.503 ± 0.028 + 4.85 (ns) 3.041 ± 0.003 3.607 ± 0.017 + 15.69 (0.007) 

C 18:1c; Oleic acid  15.071 ± 0.003 15.683 ± 0.01 + 3.903 (ns) 15.281 ± 0.026 15.563 ± 0.007 + 1.845 14.296 ± 0.037 14.367 ± 0.029 + 0.496 (ns) 

C18:1n9t; Elaidic acid  1.290 ± 0.016 1.262 ± 0.023 - 2.37 (ns) 1.833 ± 0.019 1.830 ± 0.076 - 0.163 1.360 ± 012 1.397 ± 0.004 + 2.648 (ns) 

C 18:2c; Linoleic acid  48.972 ± 0.002 49.137 ±0.008 + 0.431 (ns) 47.063 ± 0.041 48.240 ± 0.013 + 2.507 49.146 ± 0.071 49.623 ± 0.034 + 0.988 (ns) 

C 18:2t; 

Octadecadicnoic acid  

0.401 ± 0. 014 0.409 ± 0.003 + 1.995 (ns) 0.731 ± 0.003 0.657 ± 0.004 - 10.95 (0.014) 0.748 ± 0.011 0.796 ± 0.007 + 6.283 (ns) 

C 18:3n6; g-linolenic 

aicd  

5.02 ± 0.003 4.99 ±0.020 - 0.517 (ns) 5.33 ± 0.026 5.29 ± 0.032 - 0.563 5.31 ± 0.013 5.42 ± 0.007 + 2.029 (ns) 

C 18:3n3; Linolenic 

acid  

0.361 ± 0.002 0.362 ± 0.131 + 0.382 (ns) 0.464 ± 0.039 0.465 ± 0.026 + 1.562 0.272 ± 0.004 0.268 ± 0.002 - 5.555 (ns) 

C 20:0; Arachidicacic 

acid  

0.436 ± 0.004 0.415 ± 0.007 - 4.816 (ns) 0.468 ± 0.016 0.456 ± 0.021 - 2.564 0.097 ± 0.008 0.092 ± 0.031 - 5.154 (ns) 

C 22:0; Behenic acid  0.147 ± 0.003 0.139 ± 0.016 - 5.442 (ns)  0.138 ± 0.037 0.172 ± 0.004 + 2.560 (0.001) 0.196 ± 0.001 0.190 ± 0.17 - 3.061 (ns) 

C23:0;Tricosanoic 

acid  

0.047 ± 0.003 0.041 ± 0.002 - 7.65 (ns) 0.042 ± 0.006 0.040 ± 0.004 - 4.761 (ns) 0.038 ± 0.002 0.036 ± 0.030 - 5.263 (ns) 

C24:0;Lignoceric acid  0.056 ± 0.001 0.044 ± 0.162 - 21.42 (0.014) 0.062 ± 0.002 0.059 ± 0.013 - 4.838 (ns) 0.082 ± 0.004 0.073 ± 0.004 - 10.975 (0.041) 

% saturated  31.66 ± 0.002 23.90 ± 0.008 + 3.98 (ns) 28.11 ± 0.009 29.51 ± 0.163 - 4.980 (ns) 27.45 ± 0.033 29.01 ± 0.051 + 5.683 (0.021) 

% unsaturated  71.75 ± 0.015 71.15 ± 0.001 - 0.822 (ns) 71.71 ± 0.172 73.26 ± 0.052 + 0.766 (ns) 71.54 ± 0.024 67.352 ± 0.024 + 5.854 (0.068) 

18/16 ratio  73.98 /25.45 73.62 / 24.15 - 0.486/±1.296 71.79/23.12 75.16/24.40 0.87/+ 5.530 74.53/22.854 74.25/24.92 - 0.375/+ 9.09 

20-24 ratio  0.709 ± 0.002 0.624 ± 0.130 - 11.98 (0.038) 0.710 ± 0.008 0.711 ± 0.137 -  0.413 ± 0.182 0.38/± 0.182 - 7.74 (0.060) 
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3.3.2.7 Effect on tocopherols 

Fertilizer management is an important environmental factor in regulating the 

tocopherol content of plants. Results of the double dose nitrogen fertilization and CO2 

elevation on the tocopherol content of the three genotypes is presented in Table 3.62 

(Appendix – 23). Significant differences were found among the varieties grown at 

double nitrogen levels and elevated CO2. Nitrogen in the form of urea significantly 

increased the α-tocopherol being highest in FH-942 (10.44%) followed by FH-142 

(7.239%) and MNH-886 (6.981%) respectively. The concentrations of β+γ 

tocopherols increased significantly in FH-942 (8.132%), FH-142 (14.902%) and 

MNH-886 (8.944%). The concentrations of delta tocopherol were not detected in all 

the three genotypes while significant increase in the total tocopherol occurred in FH-

942 (16.647%) followed by FH-142 (10.887%) and MNH-886 (7.887%) respectively. 

Irrespective of the genotypes the average mean responses of the cotton cultivars to 

nitrogen fertilizer and elevated CO2 was significant for β+γ - tocopherol while α-

tocopherol followed the trend of P≤0.1. The interactive effects of nitrogen fertilizer 

application under elevated CO2 could not be traced in literature, however, it had been 

observed that nitrogen alone can enhance the tocopherol levels in seed oils. It was 

observed that nitrogen help in regulating the physiological processes in leaves to 

achieve higher production of tocopherol molecules in the plastids. Consequently a 

more active source sink (leaf seed) relationship was established which result in the 

accumulation of higher levels of tocopherols in the seeds [295]. It could be concluded 

that at enhanced CO2 levels, doubling of the nitrogen application will improve the 

tocopherol levels of seed oil. 
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Table 3.63 Effect of nitrogen fertilization an elevated CO2 on tocopherols 

Varieties α tocopherol  

(mg kg
–1

) 

β+γ tocopherol  

(mg kg
–1

) 

δ tocopherol  

(mg kg
–1

) 

Total tocopherol  

(mg kg
–1

) 

FH-942 

400mol mol
-1

 297.75+0.062 295.12+8.092 ND 592.87+1.960 

800mol mol
-1

 328.84+2.006 321.12+8.092 ND 628.57+8.087 

% change  +10.44 +8.132 –– +16.647 

p-value  (0.031) (0.051) –– 0.002 

FH-142 

400mol mol
-1

 303.21+3.384 275.60+1.273 ND 578.81+7.453 

800mol mol
-1

 325.16+2.149 316.67+2.975 ND 641.83+4.228 

% change  +7.239 14.902 –– +10.887 

p-value  (0.058) (0.006) –– (0.049) 

MNH-886 

400mol mol
-1

 329.20+8.010 265.47+12.28 ND 594.67+4.691 

800mol mol
-1

 341.09+8.039 294.20+9.116 ND 635.29+2.610 

% change  +3.612 +10.822 –– +6.830 

p-value  (ns) (0.06) –– (0.061) 

Overall Mean  

400mol mol
-1

 310.05+4.525 278.73+3.176 ND 588.78+6.631 

800mol mol
-1

 331.69+3.316 303.53+4.004 ND 635.22+2.516 

% change  +6.981 8.944 –– +7.887 

p-value  (0.061) (0.034) –– (0.074) 

ND = Not Detected 
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3.3.2.8 Effect on gossypol  

In the climatically rich CO2 atmosphere the likelihood of leaching of nitrogen from 

the soil is greater. The impact of double dose nitrogen at two partial pressures of CO2 

on the gossypols is given in Table 3.63 (Appendix 22, 24 & 25). Results showed that 

elevated CO2 significantly increased (-)-, gossypol in FH-942 (12.39%) while a 

significant decline of the (-)-, and total gossypol occurred in FH-142 (18.8% and 

23.03% respectively). The percent increase in the (+)-, (-)-, and total gossypol in 

MNH-886 was non-significant in the respective whole seeds. The percent increased in 

the gossypol enantiomers and total gossypol in the decorticated seed meal of the FH-

942 was non-significant. The percent decline in the gossypol isomers were significant 

for (+)-, and (-)-, in the seed meal of FH-142 (14.91% and 15.04%) respectively. 

Declines in MNH-886 were non-significant. The crude oil of FH-942 contained 

significantly higher proportion of gossypols at elevated CO2. The crude oil of FH-142 

contained lower concentrations of all the three forms of gossypol at elevated CO2. The 

oil extracted from MNH-886 contained increased concentrations of (+)-, gossypol 

while (-)-, and total gossypol were less affected. It had been observed in the present 

study that the effects of CO2 elevation on the concentrations of gossypol enantiomers 

remained consistent in the seed and seed products; however, further investigations are 

required. The concentrations of the gossypol content of the crude oil in the present 

study are quite higher than reported elsewhere [296]. These differences might be 

attributed to the freshness of the oil samples analyzed or to the authenticity of the 

HPCL based method used for the quantification [120]. It had been concluded that 

under the double dose nitrogen fertilization, elevated CO2 tend to cause an increase in 

the gossypol contents of cotton genotypes. It can be posulated that under the field 

conditions the nitrogen might not had been assimilated by the plants under CO2 stress 

and might had missed the benefits of the fertilizer. The contradictions in the results of 

greenhouses and open top chambers in the present study might be due to effect of 

microcosm of the pots in the green house where the cotton cultivars were grown in the 

second phase compared to field study in the open top chambers. 
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Table 3.64 Effect of double dose nitrogen and two partial pressure of CO2 on gossypol content  

Parameter  FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

% change  

(P-value) 
400 

(ambient) 

800 

(elevated) 

% change  

(P-value) 
400 

(ambient) 

800 

(elevated) 

% change  

(P-value) 

Whole seed 

+ve gossypol  

(mg kg–1) 

2.2866+0.02 2.462+0.4 +7.861(ns) 3.161+0.02 2.689+0.15 -26.21(0.016) 2.442+0.06 2.316+0.19 +5.131(ns) 

-ve gossypol  

(mg kg–1) 

1.426+0.06 1.602+0.04 +12.39(0.041) 4.055+0.2 3.44+0.26 -18.80(0.040) 1.818+0.51 1.974+0.02 +8.580(0.051) 

Total gossypol 

(mg kg–1) 

3.711+1.42 4.064+0.15 +8.469(0.063) 7.216+0.553 6.1317+1.21 -23.03(0.021) 4.259+1.13 4.287+0.31 +0.728(ns) 

Decorticated defatted seed meal 

+ve gossypol  

(mg kg–1) 

2.025+0.02 2.160+0.29 +6.67(ns) 2.730+0.26 2.322+0.22 -14.91(0.042) 2.109+0.31 2.00+0.03 -5.13(ns) 

-ve gossypol  

(mg kg–1) 

1.678+0.24 1.888+0.10 +12.52(0.059) 3.115+0.68 2.645+0.04 -15.04(0.046) 1.399+0.04 1.369+0.06 -2.36(ns) 

Total gossypol  

(mg kg–1) 

3.713+0.16 0.039+0.45 +9.073(ns) 5.856+2.26 4.968+0.981 -15.01(ns) 3.518+0.14 3.378+1.09 +3.91(ns) 

Crude Oil  

+ve gossypol  

(mg kg–1) 

0.608+0.03 0.929+0.06 +52.79(0.039) 1.183+0.04 0.993+0.120 -15.99(0.062) 0.456+0.03 0.638+0.03 +37.85(0.045) 

-ve gossypol  

(mg kg–1) 

0.405+0.21 0.472+0.80 +16.29(0.048) 0.980+0.21 0.647+0.04 -33.92(0.031) 0.703+0.091 0.679+0.018 -3.41(ns) 

Total gossypol  

(mg kg–1) 

1.0313+0.19 1.402+0.03 +35.75(0.059) 2.164+0.97 1.651+0.91 -19.62(0.089) 1.159+0.235 1.309+0.369 +12.94(ns) 
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3.3.3 Effect of drought and elevated CO2 on cotton genotypes 

3.3.3.1 Effect on yield and seed quality  

The interactive effects of drought at to partial atmospheric pressures of CO2 are given 

in Table 3.64. The percent increase in the total yield of FH-942 was 62.26%, FH-142 

by 0.006% and MNH-886 by 51.94% respectively. This increase in the total yield was 

significant at P < 0.05. Data regarding ginning out turn showed an insignificant 

increase in all of the varieties. Seed index as a measure of seed weight (g/100 seed) 

indicated an upward trend i.e seed weight increased by 3.67% in FH-942 while 4.5% 

FH-142 and 8.57% for MNH-886, however, this increase was insignificant. Seed 

weight of the fuzzy/linted seeds of all the varieties showed similar increase in seed 

index. Seeds volume also increased the highest being 6.34% of the indigenous variety 

FH-146, followed by 2.68% for MNH-886 and only 0.7%% for FH-942. 

This increase in the total yield might be attributed to the increased rate of 

photosynthesis. As reported photosynthesis and its rate was directly related to 

atmospheric Co2in the atmosphere tend to accelerate photosynthetic activities crop 

yield. The findings of the current study strongly coincide with the findings of other 

researcher done on cotton crop yield responses under enhanced Co2atmosphere [272]. 

However the deleterious effect on drought on crop yield was more evident when it 

was compared with the total yield of the same cultivars grown under normal irrigation 

in the current study. The deleterious effects of drought on cottons cultivars yield and 

other parameter (upcoming discussion) had been attributed to physiological and 

biochemical changes due to water induced stress. Water deficiency result in stomatal 

closure, reduced transpiration rates, decrease in water potential, decline in 

photosynthetic activities, accumulation of compatible solutes, changes in the root 

system growth traits, plants, allometry and hydrolytic conductance and effect on the 

process of pollination, seed quality and yield components [296-299].  

As suggested by other studies, the drought induced reduction in crop yield was 

associated with leaf senescence, oxidative damage to photosynthetic apparatus [16], 

reduction in carbon fixation, and assimilate translocation [300-302], sterility of the 

pollen grains [303], reduced grain set and development [304-306] and reduced sink 

capacity [307]. As was expected total yield under CO2 elevation and drought though 

increased but it was quite low in compression to ambient CO2, in the other slot of the 

experiment, where water was not a limiting factor. Cotton being a C3 plant appears to 
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have sensed and responded directly to the rising CO2. This response might have been 

due to the effects of CO2 through increased carboxylation by Rubisco and decreased 

stomatal opening. There changes might have caused both an increase in the efficiency 

of CO2 uptake and water use or variety of secondary responses that would have led to 

what so ever increase in the yield occurred [308]. 

The effects of the interactive effects of drought and elevated [CO2] on cottons seed 

could not be traced in literature however results of the previous studies reported 

similar trends of non-significant decline in the seed quality parameters due elevated 

[CO2] alone and in studies done on wheat indicated similar fertilizing effects of 

enhanced CO2 on above the ground biomass and non-significant increase in the grain 

weight of 1000 wheat seeds [309]. 

  



 

 200 

Table 3.65 Effect of drought on the yield and seed quality parameters of the             

       cotton cultivars at two levels of CO2 concentrations  

S.No Parameters Drought + CO2 Normal imigation + CO2 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

  400 

(ambient) 

800 

(elevated) 
% 

change 

400 

(ambient) 

800 

(elevated) 
% 

change 

Pvalue 

1. Total yield (g) 

 FH-942 265 430 + 62.26 330 505 + 53.03  

 

0.012 

 FH-142 200 340 + 70.00 270 405 + 50.00 

 MNH-886 315 390 + 23.81 475 645 + 35.78 

 Overall 

Mean 

260 386.67 + 51.94 523+7.22 560+28.66 + 70.74 

2. G.O.T  

 FH-942 38.4 38.7 + 0.78 39.00 41.87 + 7.35  

 

ns 

 FH-142 38.0 38.4 + 1.053 39.00 41.50 + 5.13 

 MNH-886 38.4 40.0 + 4.167 39.00 41.42 + 6.20 

 Overall 

Mean 

38.27+0.02 39.04+0.03 +2.00 39.00+0.00 40.56+6.56 +4.00 

3.  Seed Index (acid delinted seeds) 

 FH-942 5.98+0.20 6.73+0.49 + 3.67 10.0+1.30 7.74+0.39 + 0.904  

 

ns 

 FH-142 6.27+0.71 7.92+0.04 + 4.58 7.98+2.01 7.71+0.93 + 2.33 

 MNH-886 7.86+0.36 7.06+0.12 + 8.57 8.49+2.77 8.53+3.68  + 0.468 

 Overall 

Mean 

6.72+1.00 7.25+0.93 +8.03 7.70+0.70 7.82+0.05 +2.06 

4. Seed Index (linted seeds) 

 FH-942 8.82+0.09 9.10+0.51 + 3.72 10.0+3.16 10.3+3.01 + 3.00  

 

ns 

 FH-142 10.34+0.81 10.05+0.09 + 2.83 10.2+0.99 10.70+0.42 + 2.5 

 MNH-886 10.08+0.29 10.96+0.04 + 8.74 10.70+2.01 10.89+7.28 + 1.76 

 Overall 

Mean 

9.75+0.68 10.04+0.81 +3.00 10.3+1.70 10.63+0.94 +3.12 

5. Seed volume  

 FH-942 7.1+0.69 7.15+0.07 + 0.70 7.30+0.67 7.5+1.32 + 2.73  

ns  FH-142 6.3+1.19 6.7+0.12 + 6.34 6.65+1.23 6.7+1.04 + 0.75 

 MNH-886 6.32+1.07 6.49+0.33 + 2.68 6.50+1.98 6.53+0.97 + 0.46 

 Overall 

Mean 

6.57+1.24 6.78+1.19 +3.16 6.80+0.92 6.91+1.06 +2.19 ns 
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3.3.3.2 Effect on the proximate composition  

The interactive effects of CO2 enhancement under drought and normal irrigation has 

been summarized in Table 3.65. Enhanced water stress and CO2 caused a significant 

decline in the crude protein (g/100g), crude fiber, and ash content while crude fat as 

percent oil increased. The data shows that protein in the whole linted seed decreased 

from 12.92% in FH-942, 10.37% in FH-142 and 9.88% in MNH-886. Similar 

decreasing trends were observed in the linted defatted seed meals (3.45%, 2.45% and 

6.21%) and decorticated seed meals (8.38%, 9.70% and 6.69%). These differences 

were significant for all the seed samples and seed fractions. The reduction in the 

protein content under drought and CO2 had been observed in many grain crops. The 

interactive effects of CO2 and drought and drought alone not only affected crop 

development but also seed composition. 

This drought induced inhibition of protein biosynthesis would be responsible for the 

loss of quality of cottonseeds. This CO2 and drought induced decline had been 

attributed to the partitioning and fixation of N in water limited environment which 

reduces protein accumulation conducted on legumes and grains also reported similar 

alterations in the protein content due to drought during seed/grain filling, [310-312]. 

Reduced N and protein content were also noted in red and chitti beans cultivars when 

subjected to drought to the fertilizing effect of CO2 [313]. The effects of combined 

elevated CO2 and droughts had been shown to cause modifications in the plant 

metabolism. Since the concentration of seed protein was the major determinant of 

crops quality [314, 315] and after anthesis 80% of the N present in vegetative part of 

the plants are distributed to seed grains [316-318], the decline in the protein 

concentrations had been shown to negatively affect crop quality [319,320]. This 

decline, however, had been reported to be negatively correlated to the total yield [321] 

and this reduction is not caused by simple dilution due increased concentrations of 

non-protein components [322]. The mechanism by which reduction in the protein 

content due to CO2 enrichment occure are not well understood till yet [323]. 

The crude fiber content also decreased under drought and CO2 enhancement. The 

percent decline in the crude fiber was 9.003% in FH-942, 5.44% in FH-142, and 

5.67% in the MNH-886 in the whole linted seed. These percent declines were 

significant. Crude fiber content of the under linted  seed meal were (4.40%, 4.79% 
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and 4.46%) not significant. The decline of were 14.19% in FH-942, 15.68% in FH-

142 and 10.50% in MNH-886 were not significant in the decorticated seed meals. 

Elevated CO2 under drought significantly increased the percent oil in all the varieties. 

The percent increase in the crude oil was 12.5% in FH-942, 18.73% FH-142, and 

11.62% in MNH-886 in the whole linted seed. The increase in this crude oil was 

12.28% in FH-942, 6.62% in FH-142, and 10.76% in MNH-886 in the undecorticated 

or linted seed meal. In the decorticated or delinted seed meal the percent oil increased 

non- significantly accounting for 8.55% decline in FH-942, 6.45% in FH-942, and 

15.13% in MNH-886. The increase in the percent oil was significant among the 

cultivars grown at two levels of CO2 concentration although this increase was modest 

when compared with oil yield from slot of seeds grown under normal irrigation and 

ambient CO2 or under double dose nitrogen normal irrigation and ambient CO2. The 

oil percentage was quite low from ambient CO2 under drought conditions, the effect 

of drought on the oil content showed that oil percentage decreased as the water stress 

increases [218]. 

Ash content of all the cotton cultivars decreased significantly in the present study. The 

decline in the FH-942 was 18.18%, in FH-142 by 18.64% and in the MNH-886 was 

28.97% in the whole seeds. The ash content in the undecorticated seed meal was 

21.12% in FH-942, 22.89% in FH-142, and 3% in MNH-886. The reduction in the ash 

content in the decorticated seed meal was 14.14% in FH-942, 18.34% in FH-942, and 

11.51% in MNH-886. The percent decline was significant for all the samples. This 

trend in the reduction of minerals under drought and elevated CO2 had not been 

reported however Ghanabari and Ranieri reported reduction in Fe, Zn, P, N and total 

protein in common beans as a result of drought [324, 324].  

Although seed quality is an important factor similar to crop’s yield little attention had 

been paid to the other quality aspects and concentrations of nutrients as a result of 

drought and elevated CO2 on cotton seed in particular and other grain in general were 

scarcely published [319,325, 326]. 
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Table 3.66 Proximate composition of the cotton cultivars grown at two levels of atmospheric CO2 concentrations and drought  

S.No Parameters Whole linted seeds  Undecorticated / linted seeds meals  Decorticated / delinted seed meal  

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 
% 

change 

P 

values  

400 

(ambient) 

800 

(elevated) 
%  

change 

P 

values  

400 

(ambient) 

800 

(elevated) 
% 

change 

P 

values  

1. Crude protein   

 FH-942 22.43+0.02 19.53+0.04 - 12.92 0.031 27.00+0.02 26.07+0.03 - 3.45 ns 39.49+0.05  36.18+0.29 -8.38 ns 

 FH-142 22.38+0.02 20.06+0.03 - 10.37 0.002 26.56+0.03 25.91+0.04 - 2.45 ns 41.30+1.10 37.29+0.06 - 9.70 0.016 

 MNH-886 21.58+0.05 19.45+0.04 - 9.88 0.016 27.23+0.02 25.54+0.03 - 6.21 ns 40.98+0.49 37.01+0.77 - 9.69 0.021 

 Overall 

Mean 

22.34+0.19 19.38+0.20 -13.02 0.021 27.36+0.19 25.05+0.29 -8.05 0.012 40.49+0.60 36.82+0.41 -9.00 0.004 

2. Crude fiber  

 FH-942 22.99+0.02 20.92+0.017 - 9.003 0.031 17.02+0.04 16.27+0.015 - 4.40 ns 4.86+0.04 3.91+0.02 - 14.19 0.029 

 FH-142 22.89+0.08 21.64+0.07 - 5.46 0.004 17.95+0.04 17.09+0.07 - 4.79 ns 3.89+0.02 3.28+0.02 - 15.68 0.051 

 MNH-886 22.46+0.031 21.10+0.13 - 5.67 ns 17.01+0.010 16.25+0.02 - 4.46 ns 4.38+0.03 3.92+0.01 - 10.50 0.039 

 Overall 

Mean 

22.78+0.29 21.79+0.23 -6.90 0.049 17.69+0.19 16.59+0.23 -6.05 0.061 4.38+0.24 3.97+1.12 -9.13 0.051 

3. Crude fat  

 FH-942 18.48+0.02 20.79+0.23 + 12.5 0.021 3.99+0.03 4.48+0.04 + 12.28 0.023 4.89+0.02 4.82+0.06 + 8.55 ns 

 FH-142 20.02+0.03 23.77+0.04 + 18.73 0.044 4.08+0.11 4.35+0.06 + 6.62 ns 4.65+0.03 4.35+0.04 + 6.45 ns 

 MNH-886 19.35+0.02 21.82+0.06 + 11.62 0.007 3.81+0.04 4.22+0.21 + 10.76 ns 4.83+0.04 4.27+0.02 + 15.13 ns 

 Overall 

Mean 

19.29+1.09 22.19+2.03 +15.09 0.014 3.99+1.69 4.26+2.06 +7.18 ns 4.69+2.13 4.48+1.01 +4.16 ns 

4. Ash % 

 FH-942 3.58+ 0.30 2.88+0.03  - 18.18 0.034 4.37+0.16 3.44+0.02 + 21.12  6.15+0.03 5.28+0.06 - 14.14 0.024 

 FH-142 3.37+ 0.03 2.74+0.03 - 18.69 0.008 4.28+0.05 3.30+0.88 + 20.89 0.028 6.27+1.02 5.12+0.91 + 18.34 0.007 

 MNH-886 3.90+ 0.15 2.77+0.20 - 28.97 0.012 3.02+0.04 2.98+0.26 - 3.00  5.99+1.12 5.30+0.64 + 11.51 0.041 

 Overall 

Mean 

3.69+0.49 2.82+1.09 -24.17 0.008 3.91+2.16 3.24+1.91 -17.02  6.15+2.36 5.43+3.01 -12.34 0.056 
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3.3.3.2 Effects on the elemental composition  

Elemental composition of cotton cultivars grown under the combined stresses of 

drought and Co2 enhancement is presented in Table 3.66. Results of the current study 

showed an overall insignificant decline in all of the minerals and in all of the samples. 

The percent decline in the Fe was 21.75% in Fh-942, 38.26% in FH-142, and 5.85% 

in MNH-886. Reduction in the Zn was 18.49% in FH-942, 10.65% in FH-142 and 

11.75% in MNH-886. The decline in the copper content (mg kg
-1

) was 4.81% in FH=-

-942, 10.20% in FH-42 and 10.12% in the MNH-886. Manganese showed highest 

decline in MNH-886 (21.65%) followed by FH-942 (7.45%) and FH-142 (7.29%). 

The heavy metal Cd showed an increase of 20% in FH-942, 13% in FH-142 and 40% 

in MNH-886. The findings of the current study showed an overall decline in the 

minerals at ambient CO2 and drought. These results were in contradiction to the 

findings of Samarah who reported that under imposed water stress mineral 

concentrations increases in soybean seeds [327]. The decline in the current study 

might be attribured to the genotype specific responses to drought stress most 

importantly among the Bt cultivars. The current findings, however, showed strong 

agreement with the findings of Bellaloui who reported declined minerals 

concentrations in the soybean both at at ambient CO2 and drought and at elevated CO2 

and accompanying drought stress. As reported global climate changes might lead to 

changes in seed nutrition, food source and food security for humans and livestock 

[328]. This is particularly important in the context of cotton, due to the fact that it is a 

major source of edible oil in human diet and protein source in the feed of livestock. 
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Table 3.67 Elemental composition of cotton cultivars grown at two levels of                

        irrigation and CO2 concentrations 

 Minerals/Cultivars 

 

CO2 concentration (mol mol
–1

) 
400 

(ambient) 

800 (elevated) % 

change 

p-level 

1. Calcium (mg kg
–1

) 

 FH-942 0.901±002 0.6945±0.036 -23.01 0.039 

 FH-142 0.923±0.167 0.331±0.026 -64.01 0.034 

 MNH-886 0.820±0.03 0.267±0.04 -67.00 0.002 

 Over All Mean 0.828±1.06 0.439±1.13 -46.91 0.028 

2.Iron (mg kg
–1

) 

 FH-942 147.1+0.01 115.1+0.02 - 21.75 0.094 

 FH-142 192.6+0.98 118.9+0.19 - 38.26 0.014 

 MNH-886 164.3+0.87 154.7+0.56 - 5.84 ns 

 Over all Mean 167.80±2.56 128.97±2.41 -23.56 0.043 

3. Zinc (mg kg
–1

) 

 FH-942 70.3+0.91 69.0+0.61 - 18.49 0.018 

 FH-142 51.6+0.02 46.1+0.39 - 10.65 ns 

 MNH-886 71.4+0.42 63.0+0.02 - 11.75 ns 

 Over all Mean 64.53+2.45 58.63±1.56 -6.23 ns 

4. Copper (mg kg
–1

) 

 FH-942 10.4+0.09 9.9+0.46 - 4.81 ns 

 FH-142 9.8+0.12 8.8+0.98 - 10.20 ns 

 MNH-886 8.9+10.3 8.0+0.90 - 10.12 ns 

 Over all Mean 9.70+1.19 8.89+1.28 -8.91 0.068 

5.Manganese (mg kg
–1

) 

 FH-942 18.8+1.21 17.4+0.02 - 7.45 ns 

 FH-142 15.3+1.01 14.2+0.29 - 7.29  ns 

 MNH-886 21.7+0.86 17.0+0.41 - 21.65 0.023 

 Over all Mean 18.60+1.19 16.19+2.15 -13.68 0.016 

6.Cadmium (mg kg
–1

) 

 FH-942 ND 0.2+1.12 + 20 --------- 

 FH-142 0.1+0.9 1.4+0.21 + 1300 0.000 

 MNH-886 ND 0.04+0.10 + 4.0 ------- 

 



 

 206 

3.3.3.4 Effects on amino acids composition  

The effect of drought and CO2 enhancement on the amino acid composition of the 

cotton genotypes is presented in Table 3.67 (Appendix 26). The concentrations 

(g/16gN) for all the amino acids decreased under drought and CO2 enhancement in 

the three varieties studied. The drought under CO2 enhancement reduced the aspartic 

acid content by 23.17%, 14.38%, and 20.64% in FH-942, FH-142, and MNH-886 

respectively. Threonine declined by 26.04%, 5.20%, and 4.58%, while serine declined 

by 28.42%, 31.69%, and 24.44% in all the samples respectively. The decline in 

glutamine was highest in MNH-886 (15.09%), followed by FH-942 (3.36%) and FH-

142 (2.31%). The reduction in the glycine was significant, which was declined by 

4.97% reduction that occurred is in FH-942, 39.24% in FH-142 and 29.21% in MNH-

886. The decrease in alanine was 13.42%, 13.11% and 7.10% in the studied genotypes 

respectively. Similarly CO2 enhancement resulted in a reduction of methionine 

(33.0%, 45.46%, and 30.98%), isoleucine (34.02%, 39.09% and 14.78%), leucine 

(3.94%, 4.65% and 13.60%) and tyrosine (21.96%, 30.61%, and 9.16%). 

Reduction in the phenylalanine content accounted for 3.94% decline in FH-942, 

4.65% in FH-142 and 11.10% in MNH-886 which followed trend of significance  

P < 0.1.  A significant decline of 19.97% in FH-942, 57.25% in FH-142 and 24.74% 

in MNH-886% was also found in the histidine. The concentrations of lysine decreased 

by 7.18% decrease in FH-942, 12.94% in FH-142 and 15.01% in MNH-886 while 

arginine decreased by 23.63%, 18.27% and 2.43% respectively. The data also 

confirmed the reduction in the amino acid content of most of the essential amino acids 

as studied in drought studies previously. The findings of the current study had been in 

contrast with the reported effects of water stress on the amino acid composition in the 

seeds of soybean. It was shown that drought tend to increase the total free amino 

acids, alanine, arginine, valine, aspartate, serine, threonine, tyrosine and methionine 

along with a consistent rearrangement of the amino acid pool [326]. The current study 

demonstrated a consistent decline in all of the amino acids and some intra- amino 

acids shifts. This signify subtle but devastating effects of the elevated CO2 and 

drought on the future nutrient and amino acid composition of concentrations cotton 

cultivars. 
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Table 3.68 Amino acids composition of the cotton cultivars grown at two levels of atmospheric CO2 and water stress  

S.No Amino acids 

(g / 16g N)  

FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 
% change 400 

(ambient) 

800 

(elevated) 
% change 400 

(ambient) 

800 

(elevated) 
% 

change 

P values 

1. Aspartic acid  7.16 + 0.19 6.09 + 0.05 - 23.17 5.63+2.60 4.82+3.13 - 14.38 5.86+0.58 4.64+0.90 - 20.64 0.046 

2. Threonine  2.15+0.56 1.59+3.79 - 26.04 3.65+1.67 3.46+1.00 - 5.20 2.84+0.45 2.71+0.87 - 4.58 ns 

3. Serine  1.90+0.9 1.36+0.70 - 28.42 2.84+1.11 1.94+2.28 - 31.69 0.90+0.43 0.68+3.23 - 24.44 0.045 

4. Glutamine  7.42+0.312 7.17+0.51 - 3.36 7.34+0.635 7.17+2.02 - 2.31 7.42+0.51 6.30+1.21 - 15.09 ns 

5. Glycine  1.81+0.53 1.72+0.67 - 4.97 1.86+0.326 1.13+12.78 -  39.24 1.78+0.67 1.26+1.53 - 29.21 0.049 

6. Alanine  4.32+2.81 3.74+0.78 - 13.42 3.66+0.26 3.18+6.35 - 13.11 4.22+1.99 3.92+0.640 - 7.10 0.029 

7. Valine  3.38+1.255 2.37+0.63 - 29.88 2.99+0.91 2.86+3.07 - 4.34 2.19+3.03 1.96+3.26 - 10.50 ns 

8. Methionine  1.00+3.36 0.67+0.133 - 33.0 0.66+2.00 0.36+1.14 - 46.46 0.71+1.12 0.49+0.647 - 3.98 0.011 

9. Isoleucine  1.94+2.60 1.28+0.79 - 34.02 2.43+0.82 1.48+1.59 - 39.09 2.89+1.89 2.46+4.99 - 14.78 0.021 

10. Leucine  3.80+0.344 3.65+0.61 - 3.94 2.79+0.81 2.66+3.79 - 4.65 3.97+1.52 3.43+1.14 - 13.60 0.063 

11. Tyrosine  2.65+1.77 2.07+1.14 - 21.96 1.96+0.67 1.36+4.67 - 3.61 2.62+2.81 2.38+0.743 - 9.16 ns 

12. Phenylalanine  3.80+0.48 3.65+0.56 - 3.94 2.79+1.72 2.66+2.01 - 4.65 2.43+0.58 2.16+3.76 - 11.10 0.077 

13. Histidine  1.96+0.79 1.67+0.40 - 14.97 1.24+0.99 0.95+2.12 - 57.25 0.97+2.77 0.73+0.958 - 24.74 0.054 

14. Lysine  1.95+0.42 1.81+1.12 - 7.18 2.2+0.89 1.95+0.89 - 12.94 2.73+0.479 2.32+1.75 - 15.01 0.064 

15. Arginine  22.88+1.20 17.42+0.553 - 23.63 21.89+0.42 17.61+1.34 - 18.27 17.96+0.510 14.29+0.173 - 20.43 0.037 
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3.3.3.5 Effect on the physico chemical characteristics of oils  

The effect of drought at two partial atmospheric pressures of CO2 and drought on the 

physicochemical characteristics of cottonseed oil is presented in Table 3.68. Under 

elevated CO2 and drought the red units of color (1-inch cell) decreased while yellow 

units (1-inch cell) increased non-significantly. Viscosity remained stable in FH-942 

and FH-142 and declined in MNH-886 (4.417%). Quality parameters for density, 

specific gravity and refractive index remained stable with non-significant differences.  

Drought alone caused non-significant increase in the iodine value at ambient CO2 as 

compared to the values of iodine values in the current at ambient CO2 and normal 

irrigation. The interactive effects of drought and elevated CO2 showed an overall non-

significant impact on the chemical parameters of the oils. The iodine values increased 

0.90% in FH-942, 2.00% in FH-142 and 4.324% in MNH-886. These decreased 

values were significant in MNH-886, followed a trend of significance P < 0.1 in FH-

142 and non-significant in FH-942. The iodine value decreased under drought and 

CO2. Saponification values and perioxide values increased non-significantly in the 

oils of three cotton varieites studied. The values of free fatty acids decreased non-

significantly in FH-942 (8.955%), FH-142 (0.784% and increased in MNH-886 

(5.075%) with a significance trend P < 0.1. These impacts of drought and elevated 

CO2 might be due to their effects on the fatty acid composition of these oils .The 

effects of drought and enhanced CO2 were less deleterious and propose that quality 

parameters of the cottonseed oil will not be affected and will remain under the 

proposed standards for edible oils [188]. 
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Table -3.69 Effects on the physico-chemical characteristics of oils 

Parameters   FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 (ambient) 800 (elevated) %change  

(p/level) 
400 

(ambient) 

800 

(elevated) 

%change 

(p/level) 
400 (ambient) 800 (elevated) %change 

(p/level) 

Moisture (% w/w) 1.43+0.237 1.410+0.456 -1.398 

(ns) 

1.399+0.082 1.381+0.291 -3.00 

(ns) 

1.47+0.498 1.469+0.219 -0.013 

(ns) 

Colour (1-incell)  

Red units  12.78+0.627 12.72+0.317 -0.46 

(ns) 

12.92+0.493 12.90+0.082 -0.154 

(ns) 

12.92+0.120 12.98+0.461 +0.463 

(ns) 

Yellow units  67.30+0.025 67.62+0.299 +0.98 

(ns) 

69.90+0.257 71.72+0.957 +2.604 

(ns) 

69.13+0.580 70.81+0.303 +2.430 

(0.0481) 

Viscosity (cps) 73+0.080 73+1.021 Nil  75+0.914 75+0.001 Nil  68+0.001 65+0.021 -4.417 

(ns) 

Density (g/cm2) 1.26+0.220 1.219+0.581 -3.253 

(ns) 

1.170+0.069 1.138+0.536 -2.735 

(ns) 

1.029+0.009 1.031+0.042 +0.019 

(ns) 

Specific gravity  1038+0.691 1.031+0.153 -0.674 

(ns) 

1.020+0.002 1.021+0.141 +0.098 

(ns) 

1.028+0.938 1.028+0.253 Nil  

Refractive index 1.461+0.356 1.439+0.212 -1.505 

(ns) 

1.413+0.048 1.441+0.235 +1.982 

(ns) 

1.436+0.317 1.432+0.120 -0.278 

(ns) 

Iodine value  

(g to I2/100 oil ) 

103.18+1.186 102.25+0.291 +0.901 

(ns) 

104.98+0.350 1021.87+1.570 +2.00 

(0.069) 

98.98 103.26+0.794 +4.324 

(0.00) 

Saponification value 

(mg/KOH/g oil ) 

188.98+1.061 189.13+0.267 +0.079 

(ns) 

189.30+0.471 18.36+0.308 +0.0316 

(ns) 

189.23+0.916 188.67+0.777 -0.295 

(ns) 

Peroxide value  0.971+0.200 1.01+0.025 +4.041 

(ns) 

1.021+0.117 1.021+0.317 Nil  1.007+0.004 1.020+0.264 +1.289 

(ns) 

Free fatty acid (% 

oleic acid) 

1.206+0.439 1.098+0.200 -8.955 

(ns) 

1.147+0.626 1.138+0.147 -0.784 

(ns) 

1.26+0.200 1.197+0.012 +5.075 

(0.062) 
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3.3.3.6 Effect of drought stress under elevated co2 on the fatty acid composition 

The content of fatty acids as percentage (%) of the dry seed weight (mg kg
–1

) grown 

under two levels of irrigation and two partial pressure of CO2 i.e., well watered and 

elevated CO2 and drought and CO2 are given in Table 3.68 (Appendix 27). The 

results showed that the spectrum of all the detected fatty acids fell well within the 

CODEX standards for cotton seed oil. The data showed that under CO2 elevation and 

drought significant increase in the myristic acid in FH- 942 (12.04%) and FH-142 

(8.829%). The percentage of pentadenacanoic acid significantly increased in FH-142 

(11.76%) under drought and elevated CO2. The concentration of palmitic acid 

increased significantly in MNH-886 (16.255%), declined non-significantly in FH-942 

(3.198%), and FH-142 (0.635%). The percent margaric acid increased significantly in 

FH-942 (44.117%) and declined significantly in FH-142 (23.40%). The percent 

concentration of stearic acid increased significantly in FH-142 (8.227%). Under 

elevated CO2 conditions drought resulted in an insignificant increase in the 

concentration of oleic acid in all of the three genotypes. Similarly the concentrations 

of linoleic acid decreased significantly in FH-942 (11.180%), non-significantly in 

MNH-886 (2.630%) and increased non-significantly in FH-142 (3.607%). Under 

drought and elevated CO2 g-linolenic increased significantly in FH-942 (10.70%) and 

declined in FH-142 (3.150%) and MNH-886 (1.371%) though non-significantly. The 

concentration of linolenic acid decreased significantly FH-942 (9.325%) and MNH-

886 (9.740%) while a non-significant 7.39% decline also occurred in FH-142. The 

concentration of arachidic acid under drought and elevated CO2 increased non-

significantly in all of the varieties. The concentrations of lignoceric acid increased 

significantly in MNH-886 (9.259%). The impact of drought under CO2 elevation on 

the total saturated, unsaturated fatty acid, 16/18 ratio, and 20-24 carbon atoms 

remained non-significant throughout the three studied genotypes. The findings of the 

current study are similar to the studies performed on rapeseed, soybean, and brassica 

campentris and brassica juncea [327-329]. It can be postulated that stress-induced 

reduction in some fatty acids would have been mitigated by the elevated CO2 

conditions by the greater transfer of photosynthesis and redistribution of carbon from 

the vegetative parts to the seeds. The decline in the synthesis of linolenic acid was 

suggested to be due to the reduction in the quantity of O2 which was not available due 

to the higher concentration of CO2. This intracellular increase of CO2 might have 
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caused a reduction in the formation of polyunsaturated fatty acids. As proposed the 

synthesis of linoleic acid, which though was a desaturation process, would have 

utilized maximum O2 making it insufficient for the synthesis of C18ω3 and C18 ω6. 

Thies and Nitish proposed that the reduction in the synthesis of linolenic was due to 

the utilizations of maximum linolenic acid for chloroplast organization [330]. The 

overall impacts of the current study showed CO2 elevation under drought stress 

resulted in alteration in the fatty acid composition of cottonseed oil. 
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Table 3.70 Fatty acids composition of cotton seed grown under drought and elevated CO2 concentrations 

Fatty acids % FH – 942  FH – 142  MNH – 886  

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 (ambient) 800 (elevated) % change 

(P-value) 

400 (ambient) 800 (elevated) % change 

(P-value) 

400 (ambient) 800 (elevated) % change 

(P-value) 

C 10:0; Capric 

acid 

0.038 ± 0.001 0.037 ± 0.003 -2.63  

(ns) 

0.034 ± 0.002 0.030 ± 0.003 - 11.76  

(0.053) 

0.063 ± 0.001 0.063 ± 0.001 + 0.760  

(ns) 

C 12:0; Lauric 

acid 

0.058 ± 0.003 0.049 ± 0.002 + 5.51  

(ns) 

0.0337 ±0.003 0.336 ± 0.001 + 0.296  

(ns) 

0.030 ± 0.001 0.036 ± 0.003 + 2.67  

(ns) 

C 14:0; Myristic 

acid 

1.312 ± 0.004  1.470 ± 0.003 + 12.04  

(0.02) 

1.461 ± 0.042 1.590 ± 0.002 + 8.829  

(0.061) 

1.146 ± 0.001 1.160 ± 0.010 + 1.22  

(ns) 

C 15:0; 

Pantadecanoic 

acid 

0.076 ± 0.115 0.071 ± 0.004  - 6.578  

(ns) 

0.068 ±0.010 0.076 ± 0.008 + 11.76  

(ns) 

0.051 ± 0.009 0.048 ± 0.007 - 5.88  

(ns) 

C 16:0; Palmitic 

acid 

26.41 ± 0.020 27.390 ± 

0.006 

- 3.198  

(ns) 

23.59 ± 0.540 23.44 ± 0.287 - 0.635  

(ns) 

23.623 ± 0.258 + 24.007 ± 

0.061 

+ 16.255  

(0.031) 

C 16:1; 

Palmitoleic acid 

0.861 ± 0.007 0.820 ± 0.026 - 4.761 

(ns) 

0.094 ± 0.168 0.094 ± 0.110 0.000 0.763 ± 0.011 0.597 ± 0.024 + 4.049  

(ns) 

C 17:0; Margaric 

acid 

0.068 ± 0.180 0.098 ± 0.008 + 44.117  

(0.002) 

0.091 ± 0.004 0.069 ± 0.019 - 23.40  

(0.028) 

0.642 ± 0.006 0.646 ± 0.012 + 0.40  

(ns) 

C 18:0; Stearic 

acid 

2.990 ± 0.061 3.014 ± 0.201 - 0.803  

(ns) 

2.234 ± 0.086 2.996 ± 0.003 - 8.227  

(0.019) 

3.296 ± 0.053 3.007 ± 0.006 - 8.768  

(0.026) 

C 18:1c; Oleic 

acid  

13.981 ± 0.003 13.473 ± 

0.441 

-3.633  

(ns) 

15.237 ± 0.009 15.791± 0.0.013 - 3.683 

(ns) 

14.415 ± 0.008 14.439 ± 0.022 + 2.608  

(ns) 

C 18:1n9t; 

Elaidic acid  

1.063 ± 0.036 0.937±0.034 +3.790  

(ns) 

1.029 ± 0.003 0.911 ± 0.027 - 11.467  

(0.036) 

1.013 ± 0.002 0.092 ± 0.030 - 90.91  

(0.000) 

C 18:2c; Linoleic 

acid  

47.091 ± 0.014 48.203 ± 

0.014 

-11.180  

(0.010) 

46.203 ± 0.103 

 

47.932 ± 0.104 + 3.607  

(ns) 

47.549 ± 0.026 46.295 ± 0.007 - 2.630  

(ns) 

C 18:2t; 

Octadecadicnoic 

acid  

0.924 ± 0.013 0.977 ± 0.002 +2.36  

(ns) 

1.020 ± 0.020 0.864 ± 0.004 - 3.529  

(ns) 

0.987 ± 0.030 0.958 ± 0.018 - 2.938  

(ns) 
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C 18:3n6; g-

linolenic aicd  

5.043 ± 0.090 5.097 ± 0.007 +10.70  

(0.018) 

5.428 ± 0.032 5.257 ± 0.006 - 3.150  

(ns) 

5.640 ± 0.077 5.616 ± 0.002 - 1.371  

(ns) 

C 18:3n3; 

Linolenic acid  

0.373 ± 0.001 0.312 ± 0.003 -9.325  

(0.046) 

0.947 ± 0.026 0.940 ± 0.034 - 7.391  

(ns) 

0.154 ± 0.030 0.139 ± 0.003 - 9.740  

(ns) 

C 20:0; 

Arachidicacic 

acid  

0.397 ± 0.027 0.373 ± 0.040 -9.045  

(ns) 

0.391 ± 0.128 0.308 ± 0.004 - 21.22  

(0.001) 

0.301 ± 0.004 0.293 ± 0.014 - 2.657  

(ns) 

C 22:0; Behenic 

acid  

0.091 ± 0.004 0.097 ± 0.002 + 4.175  

(ns) 

0.162 ± 0.011 0.171 ± 0.004 + 5.55  

(ns) 

0.180 ± 0.002 0.196 ± 0.004 + 8.88  

(0.052) 

C 23:0; 

Tricosanoic acid  

0.068 ± 0.001 0.059 ± 0.002 - 6.593  

(ns) 

0.047 ± 0.003 0.048 ± 0.002 + 2.127  

(ns) 

0.085 ± 0.010 0.097 ± 0.008 + 14.117  

(0.041) 

C 24:0; 

Lignoceric acid  

0.013 ± 0.002 0.141 ± 0.016 + 4.329  

(ns) 

0.056 ± 0.002 0.098 ± 0.118 - 4.093  

(ns) 

0.054 ± 0.003 0.059 ± 0.012 + 9.259  

(0.017) 

% saturated  
31.281 ± 0.001 31.074 ± 

0.109 

+ 1.991  

(ns) 

27.788 ± 0.011 28.89 ± 0.204 + 3.965  

(ns) 

28.13 ± 0.006 29.33 ± 0.626 + 4.265  

(ns) 

% unsaturated  
69.006 ± 0.136 69.80 ± 0.139 + 1.154  

(ns) 

70.951 ± 0.017 70.989 ± 0.131 + 0.053  

(ns) 

69.926 ± 0.069 67.74 ± 0.039 - 3.126  

(ns) 

18/16 ratio  
70.87/27.27 71.23/28.21 - 0.558/+28.5 

(0.01) 

73.84/23.68 74.13/23.53 + 0.39/-0.63  

(ns) 

71.25/24.39 70.10/25.20 - 13.72  

+332 

20-24 ratio  
0.569 ± 0.171 0.570 ± 0.023 + 0.175  

(ns) 

0.614 ± 0.318 0.620 ± 0.208 + 0.977  

(ns) 

0.062 ± 0.014 0.655 ± 0.310 + 5.64  

(ns) 
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3.3.3.7 Tocopherol content of cotton seed oil grown under drought and CO2 

 elevation  

Drought stress is one of the most important abiotic factors which can affect growth, 

yield and metabolism of agricultural crops. The interactive effects of drought under 

two partial atmospheric pressures of CO2 are presented in Table 3.70 (Appendix 29). 

Drought alone led to the decline in all the tocopherol isomers. When compared with 

the values of tocopherols grown at ambient CO2 and normal irrigation. The effects for 

detla-tocopherol could not be quantifed as it was not detected in all three samples. 

However, at the elevated CO2 the concentration of tocopherols increased significantly. 

The concentration of α tocopherol increased significantly with higher percent increase 

in MNH-886 (20.23%), followed by FH-142 (11.609%) and FH-942 (11.091%). 

Similarly higher increase in the β+γ-tocopherol occurred in FH-142 (14.179%) and 

MNH-886 (12.485%). Total tocopherol increased significantly in all the three 

genotypes. The interactive effects of drought stress and elevated CO2 on seed oils 

could not be traced in literature, however, an increase in the antioxidant levels in the 

cucumber seedlings were found to be similar to the findings of the current study 

[331]. 
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Table 3.71 Effect of drought and elevated CO2 on tocopherols  

Varieties/Effects α-tocopherol  

(mg kg
–1

) 

β+γ-tocopherol  

(mg kg
–1

) 

δ-tocopherol  

(mg kg
–1

) 

Total 

tocopherol  

(mg kg
–1

) 

FH-942 

400 µmol mol
-1 257.22+2.730 196.22+6.441 ND 453.44+2.117 

800 µmol mol
-1 285.75+4.492 212.50+4.561 ND 498.25+1.461 

% change  +11.091 +8.296 --------- +9.882 

p-value  0.021 0.049 ---------- 0.058 

FH-142 

400 µmol mol
-1 250.82+4.629 262.51 ND 513.33+8.740 

800 µmol mol
-1 279.94+2.586 299.47 ND 579.41+5.560 

% change  +11.609 +14.179 -------- 12.872 

p-value  0.021 0.030 ------- 0.036 

MNH-886 

400 µmol mol
-1 262.93+1.117 188.53+1.244 ND 451.46+9.816 

800 µmol mol
-1 316.38+2.017 216.08+1.587 ND 532.46+5.061 

% change  +20.23 +14.43 --------- +17.941 

p-value  0.003 0.004 --------- 0.006 

Overall mean 

400 µmol mol
-1 256.99+.190 215.746+3.146 ND 472.75+4.565 

800 µmol mol
-1 294.023+4.026 242.68+5.004 ND 536.92+8.236 

% change  +14.409 +12.485 -------- +13.737 

p-value  0.031 0.020 -------- 0.014 
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3.3.3.8 Effect of drought and elevated CO2 on gossypol  

The effects of elevated CO2 and drought on the gossypol contents of whole seeds, 

seed meals, and crude oils are given in Table 3.71 (Appendix 28). In the whole seeds 

elevated CO2 increased the (-)-, and total gossypols in the water stressed FH-942 

(38.60% & 17.27%), FH-142 (49.10% & 9.51%), and MNH-886 (9.814% & 14.23%). 

The seed meals showed variable results. The concentration of (+)-, gossypols in the 

seed meals increased by (32.49%), (20.74%) in FH-142, (7.20%) in MNH-886 at 

elevated CO2 and drought. Significantly higher concentrations of (-)-, gossypol were 

found in the seed meals of FH-142 (102.46%) while it declined in FH-942 (27.45%) 

and MNH-886 (32.94%). The concentration of total gossypol was significantly lower 

in MNH-886 (21.02%). 

In the crude oils, significantly higher concentrations of (+)-, gossypol were found in 

FH-942 (98.18%), FH-142 (17.4%), while it declined in MNH-886 (24.54%). 

Elevated CO2 and drought resulted in significantly higher concentrations of (-)-, 

gossypol in the crude oil of FH-942 (149.95%) and MNH-886 (35.25%), while it was 

not detected in the oil samples from ambient CO2 and water stressed chamber. The 

concentrations of total gossypol were found to be significantly higher at elevated CO2 

and drought. Elevated CO2 under drought caused 122.76% increase in total gossypol 

in FH-942, 81.04% in FH-142 and 27.75% in MNH-886 respectievly.    

Intra varietal differences were found in the present study. These differences might be 

attributed to the variations in the genetic makeup of the respective varieties. The 

reasons for the differences in the gossypol content of the cottonseed meals and oils to 

elevated CO2 could not be determined though it can be postulated that these responses 

are related to the gossypol contents in the whole seeds. The effects of elevated CO2 

and drought on the gossypol could not be traced in literature but these findings were 

in agreement with other studies where CO2 elevation mitigated the effects of drought 

and tend to increase the polyphenol content in other plants [332-333]. 
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Table 3.72 Gossypol content of cottonseeds grown under drought and two partial pressures of CO2 

Gossypols  

(mg kg
–1

) 

FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

% change 

(P-value) 
400 

(ambient) 

800 

(elevated) 

% change 

(P-value) 
400 

(ambient) 

800 

(elevated) 

% change 

(P-value) 

Whole Seed 

(+)-, gossypol  2.522+0.40 2.7338+0.02 +8.402 

(ns) 

2.402+0.14 2.0879+0.14 -15.90 

(0.041) 

2.882+0.03 2.684+0.16 -6.866 

(ns) 

(-)-, gossypol  1.791+0.06 2.4842+0.06 +38.60 

(0.028) 

1.563+1.91 2.399+0.32 +49.10 

(0.007) 

3.779+0.05 3.022+0.21 -9.814 

(0.071) 

Total gossypol  4.431+0.031 5.28+0.921 +17.27 

(0.016) 

4.048+2.20 4.435+1.996 +9.512 

(0.062) 

5.706+1.71 6.651+0.14 +14.23 

(0.042) 

Decorticated Defatted Seed Meal 

(+)-, gossypol  1.456+0.04 1.929+0.43 +32.49 

(0.016) 

1.490+0.07 1.799+0.20 +20.74 

(0.040) 

2.498+0.30 2.318+0.31 +7.2014 

(0.059) 

(-)-, gossypol  1.720+0.09 1.235+0.291 -27.45 

(0.028) 

0.898+0.91 1.806+0.69 +102.46 

(0.000) 

2.896+0.21 1942+0.19 -32.94 

(0.020) 

Total gossypol  3.159+0.14 3.164+1.45 +0.193 

(ns) 

2.3819+1.25 2.604+0.29 +9.417 

(0.071) 

5.3946+0.62 4.261+0.05 -21.02 

(0.021) 

Crude Oil  

(+)-, gossypol  0.450+0.6 0.892+0.08 +98.18 

(0.000) 

0.789+0.028 0.929+0.16 +17.45 

(0.018) 

0.766+0.429 0.578+0.10 -24.54 

(0.002) 

(-)-, gossypol  0.245+0.04 0.612+0.28 +149.95 

(0.000) 

ND 0.498+0.09 +498 0.723+0.80 0.978+0.26 +35.27 

(0.026) 

Total gossypol  0.695+0.27 1.504+2.06 +122.76 

(0.000) 

0.789 1.427+0.60 +81.04 

(0.000) 

1.076+0.29 1.489+0.145 +27.75 

(0.018) 
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3.3.4 Interactive effects of double dose nitrogen, drought and CO2   

 enhancement on cotton genotypes 

3.3.4.1 Effect on yield and seed quality  

The interactive effects of double dose nitrogen, two levels of irrigation and two partial 

pressures of CO2 on the yield and seed quality parameters is given in Table 3.71. 

Elevated CO2 under double dose nitrogen, drought and ambient CO2 increased the 

total yield of FH-942 by 19.23%, of FH-142 by 26.03% and that of MNH-886 by 

47.39%.The overall percent increase in the total yield was 30.67%. The difference in 

the mean total yield was non-significant for double dose, drought, and ambient CO2 

and significant for normal dose, drought, and elevated CO2. These differences were 

significant for ambient CO2 in both of the chamber in terms of yield. This shows that 

CO2 alone can significantly increase the yield of cotton while an increase in the 

nitrogen along with CO2 enhancement will not increase the total yield appreciably. 

Ginning out turn increased, being highest in MNH-886 (8.33%), followed FH-142 

(3.5%) and FH-942 (1.05%) under elevated Co2, double nitrogen supply and drought. 

These differences were non-significant when compared. Under the elevated Co2, seed 

index of the linted seeds increased by 6.23% in FH-942, 5.79% in FH-142 and 7.67% 

in MNH-886. Similar increase was observed in the seed index of the acid delinted 

fuzzy seeds, where increase of 4.04% was observed in FH-942, 5.51% in FH-142, and 

7.0% in MNH-886 respectively. Seed volume as a parameter of seed quality showed 

an increase of 4.16% in FH-942, 1.51% in FH-142, and 1.51% in MNH-886 

respectively. The results of the current study showed that seed index and volume may 

increase under enhanced CO2. This increase might be attributed to the increase of soil 

nitrogen and CO2 atmospheric elevation. As reported soil fertility and crop 

management are the two most important factors in agriculture sector. Several studies 

had shown that crops yield were strongly dependent on the supply of N [334]. The 

effects of double dose nitrogen on the seed yield of cotton were similar to the findings 

of previous studies [335]. The interactive effects of elevated CO2, additional nitrogen 

supply and drought on crop yield and seed quality parameters could not be traced in 

literature.  
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Table 3.73 Yield and seed quality parameters of the cotton cultivars grown   

        under two levels of N, Co2 and water stress  

Parameters/Cultivars 
CO2 concentration (mol mol

–1
) 

400 

(ambient) 

800 

(elevated) 
% change  P-levels 

Total Yield(g) 

FH-942 390 465 + 19.23  

 

0.004 

FH-142 365 460 + 26.03 

MNH-886 370 545 + 47.39 

Overall Mean 375+0.08 490+0.16 + 30.67 

G.O.T % 

FH-942 38.0 38.4 + 1.05  

FH-142 40.0 41.4 + 3.5 

MNH-886 38.4 41.60 + 8.33 

Overall Mean 38.8+0.09 40.47+0.03 +4.12 ns 

Seed Index (acid delinted seeds) 

FH-942 6.74+0.18 7.16+0.97 + 6.23 ns 

ns 

ns 

FH-142 6.9+0.65 7.3+1.3 + 5.79 

MNH-886 7.3+0.37 7.86+0.39 + 7.67 

Overall Mean 6.98+0.89 7.44+1.156 +7.00 ns 

Seed Index (linted seeds) 

FH-942 9.90+0.98 10.3+0.87 + 4.04 ns 

ns 

ns 

FH-142 9.70+0.63 10.2+0.44 + 5.15 

MNH-886 10.0+0.63 10.70+0.67 + 7.0 

Overall Mean 9.87+0.04 10.4+0.10 +5.10 ns 

Seed volume  

FH-942 7.2+0.92 7.5+1.92 + 4.16 ns 

ns 

ns 

FH-142 6.6+1.02 6.5+1.01 + 1.51 

MNH-886 6.6+1.26 6.7+0.52 + 1.51 

Overall Mean 6.8+0.04 6.9+0.04 +1.00 ns 
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3.3.4.2 Effects of on the proximate composition 

Effects of multiple abiotic stresses and CO2 elevation on the proximate composition 

of three cotton genotypes is presented in Table 3.73. Results indicated that double 

dose nitrogen, drought and CO2 elevation affected the proximate composition of the 

cotton cultivars by decreasing protein, ash and increasing the crude oil content 

(g/100g). 

The contents of crude protein in the whole seeds were decreased by 6.46% in FH-942, 

6.55% in FH-142, and 10.36% in MNH-886. Similar decline (5.62%, 5.41% and 

6.85% respectively) were also found in the undecorticated seed meal. In the 

decorticated seed meal the reduction in the protein content was 7.95%, 8.85% and 

8.37% respectively in FH-942, FH-142 and MNH-886 respectively. Elevated Co2 

under drought caused significant decrease in crude protein although the effects 

nitrogen fertilization on proteins were promising. The crude fiber content decreased 

non-significantly in whole seeds, decorticated seed meals, and significantly in the 

undecorticated seed meals of FH-942 (18.49%) and MNH-886 (11.93%). Under 

double dose nitrogen, elevated CO2 and drought the percent oil increased by 12.65% 

in FH-942, 8.55%, in FH-142, and 11.35% in MNH-886. Similarly in the 

undecorticated seed meal the fat content increased by 11.45% in FH-142 and 12.57% 

in MNH-886 respectively. A decline of 12.0% was observed in FH-942. Non-

significant increase of 9.00% in FH-942, 13.42% in FH-142, and 9.02% in MNH-886 

were observed in the decorticated seed meals. 

Elevated CO2 under drought and double dose nitrogen decreased the ash content in 

whole seeds by 10.19% (FH-942), 21.95% (FH-142) and 24.17% (MNH-886) while 

in the undecorticated seed meals the highest decrease was found in FH-142 (33.19%) 

followed by MNH-886 (17.78%) and FH-942 (14.25%). The highest decrease of 

22.47% was found in MNH-886, followed by 19.60% in FH-942 and 12.27% in FH-

142% in the decorticated seed meals. The decrease was significant in whole seeds. 

The interative effects of additional nitrogen under drought and elevated CO2 on the 

proximate composition of seeds or crops could not be traced in literature. 
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Table 3.74 Proximate composition (g/100g) of cotton cultivars grown under two levels of nitrogen fertilization, two levels of irrigations 

        and two atmospheric CO2 concentrations  

S.No Parameters Whole linted seeds  Linted / undecorticated seeds meals  Delinted / decorticated seed meal  

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

% 

change 

P 

values  

400 

(ambient) 

800 

(elevated) 

% 

change 

P 

values  

400 

(ambient) 

800 

(elevated) 

% 

change 

P values  

1. Crude Proteins  

 FH-942 23.53+0.28 21.98+0.82 - 6.46 0.008 28.25+0.43 27.66+1.02 - 5.62 ns 40.91+0.04 37.66+0.06 - 7.95 0.041 

 FH-142 23.94+0.98 22.30+0.76 - 6.85 0.061 27.54+0.23 26.05+0.98 - 5.41 ns 39.54+0.03 34.05+0.02 - 14.85 0.040 

 MNH-886 23.54+0.31 21.10+0.22 - 10.36 0.059 27.99+0.98 26.07+1.03 - 6.85 00.39 40.96+0.10 37.57+0.02 - 8.37 ns 

 Overall Mean 23.67+0.08 21.89+1.03 -8.09 0.029 27.93+1.06 26.59+1.56 -5.36 ns 40.47+1.30 36.73+1.82 -9.18 0.038 

2. Crude Fiber  

 FH-942 22.36+0.50 20.74+0.98 - 7.33 ns 17.28+0.01 17.05+0.91 - 6.72 0.077 4.39+0.20 3.58+0.02 - 18.49 0.02 

 FH-142 22.81+0.89 21.57+1.02 - 5.43 ns 17.05+0.60 16.30+1.11 - 4.39 ns 4.27+0.08 4.04+0.02 - 5.38 0.031 

 MNH-886 22.57+0.41 21.80+1.82 - 3.14 ns 17.54+0.42 16.68+0.94 - 4.90 ns 4.44+0.17 3.91+0.06 - 11.93 Ns 

 Overall Mean 22.58+0.98 21.70+1.05 -4.05 ns 17.29+1.09 16.69+0.59 -4.16 ns 4.37+0.81 3.84+1.17 -11.91 0.026 

3. Crude Fat  

 FH-942 19.33+0.73 21.78+0.71 + 12.67 0.015 4.75+0.02 4.18+0.80 - 12.0 ns 4.52+0.02 4.93+0.04 + 9.00 ns 

 FH-142 20.82+1.21 22.60+1.54 + 8.55 0.035 4.54+0.10 4.02+0.42 + 11.45 ns 4.17+0.22 4.73+0.03 + 13.42 ns 

 MNH-886 20.11+0.80 22.40+1.72 + 11.35 0.021 4.69+0.08 4.10+1.17 + 12.57 ns 5.32+0.03 4.84+0.13 + 9.02 ns 

 Overall Mean 20.19+1.20 22.36+1.26 +11.02 0.019 4.66+1.02 4.10+0.82 +12.00 0.067 4.67+0.79 4.83+1.03 +3.06 ns 
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3.3.4.3 Effects on the elemental composition  

Elemental composition of the cotton cultivars grown under two levels of nitrogen 

fertilization, water stress (drought) and elevated CO2 is given in Table 3.74. 

Concentrations of the elements under the CO2 enhanced atmosphere declined 

comparably. Calcium concentration decreased significantly in FH-942 (65.23%), 

increased in FH-142 (17.50%) and declined non-significantly in MNH-886 (3.05%). 

Among the micro minerals the percent decline in Fe was highest in FH-942 (33.23%) 

which was followed by FH-142 (24.73%) and MNH-886 (18.82%). Differences in the 

decrease of Fe was significant in FH-942, FH-142 and in the overall mean impacts. 

The percent decline in the Zn was highest in MNH-886 (19.80%) followed by FH-

942 (9.95%) and FH-142 (8.72%). The differences were non-significant except for 

MNH-886 which followed the trend of significance at P≤0.1throughout the 

treatments. Results of copper (mg kg
-1

) showed 21.88% reduction in FH-942, 1.06% 

in FH-142 and 3.09% in MNH-886 under the elevated CO2 with double nitrogen 

under drought conditions. The manganese concentration was quite disturbed under 

the double dose nitrogen, drought, and elevated CO2, the decline being highest in 

FH-942 (43.56%), followed by FH-142 (18.42%) and MNH-886 (9.15%). The 

percent decreases were significant (P < 0.05). The data showed significant uptake of 

Cd in seeds from elevated CO2 chamber. Similar impacts of drought and elevated 

CO2 on the minerals had been reported in earlier studies on grain crops. The 

findings of the current study showed agreement with the results from the open top 

chambers for Ca, Fe and Zn [276] and for Ca and Fe [53]. 
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Table 3.75 Elemental Composition of cotton cultivars grown under two levels of 

        nitrogen, CO2 concentrations and water stress. 

 Minerals/Cultivars CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 
% change P-Level 

1. Calcium  (mg kg
-1

) 

 FH-942 0.862±0.02 0.291±0.02 -65.23 0.002 

 FH-142 0.698±0.01 0.814±0.16 +17.50 0.039 

 MNH-886 0.989±0.06 0.962±0.53 -3.05 ns 

 Over all Mean 0.856±1.204 0.691±1.06 -20.03 0.061 

2. Iron (mg kg
-1

) 

 FH-942 158.3+0.21 105.7+0.03 - 33.23 0.028 

 FH-142 197.1+0.04 148.3+1.73 - 24.73 0.034 

 MNH-886 209.9+0.65 170.4+0.91 - 18.82 ns 

 Over all Mean 188.43+1.56 140.79+2.56 -25.34 0.031 

3. Zinc (mg kg
-1

) 

 FH-942 76.4+1.09 68.8+0.42 - 9.95 ns 

 FH-142 51.6+0.73 47.1+0.04 - 8.72 ns 

 MNH-886 60.6+0.65 48.6+0.46 - 19.80 0.078 

 Over all Mean 62.87+2.58 54.38+3.16 -14.59 0.078 

4.  Copper (mg kg
-1

) 

 FH-942 12.8+0.57 10.0+0.81 - 21.88 ns 

 FH-142 9.4+0.03 9.3+0.01 - 1.06 ns 

 MNH-886 9.7+0.08 10.2+0.010 - 3.09 ns 

 Over all Mean 10.63+1.24 9.83+3.31 -8.29 ns 

5. Manganese (mg kg
-1

) 

 FH-942 30.31+0.43 17.1+0.61 - 43.56 0.026 

 FH-142 19.0+0.37 15.5+0.12 - 18.42 0.091 

 MNH-886 16.4+0.02 14.9+0.98 - 9.15 ns 

 Over all Mean 21.90+2.59 15.23+2.39 -30.06 0.071 

6. Cadmium (mg kg
-1

) 

 FH-942 0.00+0.00 0.2+0.08 + 20.0 ------- 

 FH-142 0.5+0.01 1.4+0.03 + 180.0 0.000 

 MNH-886 0.00+0.00 0.2+0.001 + 20.0 ------- 

 Over all Mean 0.5+0.01 1.78+0.02 +256.05 0.000 
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3.3.4.4 Effect on amino acids composition  

The interactive effects of double dose nitrogen, drought, and elevated CO2 is give in 

Table 3.75 (Appendix 30). Results indicated a varied pattern of responses of the 

individual amino acids however the trend throughout the amino acid profile was 

reduction in the amino acids with intra-amino acids compensations. Elevated CO2 

under double dose nitrogen and drought caused a significant decrease in the aspartic 

acid with highest decrease of 18.04% in the FH-142. Threonine decreased by 9.74%, 

14.83% and 10.18% in the varieties respectively. The highest declines in serine 

occurred in MNH-886 (23.72%) while higher decrease in glutamine also occurred in 

MNH-886. Glycine declined by 12.90% in FH-942, 17.55% in FH-142 and 9.18% in 

MNH-886. The percent decrease in alanine was 13.43% in FH-942, 17.11% in FH-

142 and 4.62% in MNH-886. Valine dropped by 42.01% in FH-942 while the decline 

in the valine was 4.35% FH-142 and 9.13% in MNH-886. The decrease in the 

methionine and leucine was highest in MNH-886 (18.36% and 14.87% respectively). 

Highest decline in tyrosine occurred in FH-142. The percent reduction in histidine 

was significant accounting for 10.28%, 24.77% and 16.37% in FH-942, FH-142, and 

MNH-886 respectively. The highest decline in the lysine was 19.92% in MNH-886. 

The declines in the arginine were 12.56% (FH-942), 5.69% (FH-142), and 14.61% 

(MNH-886) respectively. Among the genotypes the declines in aspartic acid, 

isoleucine, phenyl alanine, histidine, lysine, and arginine were significant and intra 

amino acids compensations were also noted. 

In the present study the interactive effects of elevated CO2, additional nitrogen, and 

drought were only significant for aspartic acid, isoleucine, phenyl alanine, lysine, and 

histidine. While a trend was observed for leucine. Correspondingly the g/16Ng 

concentration of the individual amino acids showed an overall decrease in the all of 

the amino acids though at the ambient CO2 nitrogen doubling caused an overall 

increase in the concentrations of almost all the amino acids. These findings were in 

agreement with the response studies on wheat growth under elevated CO2. As 

reported in these open top chamber experiments the decline in the amino acid 

composition in wheat under enhanced CO2 might have occurred as a result of the 

decline in grain storage protein [335, 336]. The effects of drought and elevated CO2 

under double dose nitrogen could not be traced in literature. 
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Table3.76 Interactive effects of double dose nitrogen, drought, and elevated atmospheric CO2 concentration on the amino acids  

       composition of cottonseed meals  

S.No Amino acids  

(g / 16g N) 

FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 
% change 400 

(ambient) 

800 

(elevated) 
% change 400 

(ambient) 

800 

(elevated) 
% 

change 

P –values 

1. Aspartic acid  7.26+1.30 6.37+9.35 - 12.22 6.87+1.56 5.63+2.50 - 18.04 6.86+10.18 6.32+2.80 - 9.22  0.031 

2. Threonine  3.49+0.92 3.15+0.85 - 9.74 4.56+13.73 3.96+3.75 - 14.83 3.24+28.49 2.91+7.85 - 10.18 ns 

3. Serine  2.36+1.74 1.99+ - 15.68 2.90+5.53 2.84+11.55 - 3.06 1.18+50.72 0.90+21.44 - 23.78 ns 

4. Glutamine  14.19+0.58 12.97+0.84 - 8.59 19.33+2.44 17.29+3.85 - 10.55 7.17+3.65 6.30+9.15 - 12.13 ns 

5. Glycine  2.17+2.31 1.89+0.66 - 12.90 1.35+4.09 1.13+8.78 - 17.55 1.96+9.81 1.78+18.33 - 9.18 ns 

6. Alanine  4.32+0.79 3.74+2.12 - 13.43 4.66+9.55 3.83+6.23 - 17.11 4.11+7.79 3.92+3.91 - 4.62 ns 

7. Valine  2.02+2.30 2.17+1.30 - 7.43 2.99+12.33 2.86+10.74 - 4.35 2.19+18.06 1.99+19.89 - 9.13 ns 

8. Methionine  1.09+4.9 1.70+0.67 - 1.83 1.72+8.51 1.56+1.83 - 9.30 1.37+2.44 1.21+1.74 - 11.67 ns 

9. Isoleucine  2.94+1.30 2.68+15.61 - 13.40 2.48+7.42 2.43+5.45 - 2.01 2.94+0.98 2.43+16.84 - 18.36 0.039 

10. Leucine  2.60+10.2 2.40+2.56 - 7.69 2.43+15.63 1.98+9.19 - 18.5 2.89+1.02 2.46+9.97 - 14.87 ns 

11. Tyrosine  2.60+1.91 1.92+16.80 - 26.15 1.9+8.92 1.72+3.72 - 12.24 1.52+7.42 1.48+17.46 - 2.63 ns 

12. Phenyalanine  3.95+1.56 3.91+9.84 - 1.07 3.68+6.22 2.97+8.10 - 19.29 3.97+15.68 3.49+56.10 - 13.60 0.056 

13. Histidine  1.01+17.46 0.96+37.05 - 10.28 1.14+7.89 0.85+1.68 - 24.77 1.16+9.55 0.97+9.53 - 16.37 0.045 

14. Lysine  2.81+9.55 2.25+11.91 - 19.92 3.04+11.86 2.95+19.15 - 2.96 2.73+10.49 2.32+7.94 - 15.0 0.071 

15. Arginine  19.42+77.11 16.98+2.14 - 12.56 16.35+19.54 15.42+7.54 - 5.69 14.92+5.49 12.74+18.35 - 14.61 0.029 
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3.3.4.5 Effect on the physico-chemical composition of oil  

The interactive effects of elevated CO2, drought and double dose nitrogen fertilization 

on the quality parameters of cottonseed oils is given in Table 3.76. Elevated CO2 at 

double dose nitrogen and drought caused an insignficiant increase in the red color 

units (1-inch cell) of all the three genotypes. Density (g/cm
2
) declined in FH-942 and 

increased non-significantly in FH-142 and MNH-886. Specific gravity decreased non-

significantly in all the three genotypes. Iodine values did not altered though a non-

significant decline occurred in all the three genotypes. Similarly samponification 

values, peroxide values, and free fatty acids values were least effected. The interactive 

effects of nitrogen enrichment under drought and CO2 elevation on the quality 

parameters indicated that seed oil was least affected by these climatic stresses. The 

effects of such multiple climatic stresses on oil quality could not be traced in 

literature, however, the values for each characteristics were found to be within the 

standards for edible oils [188]. Plants usually benefit from double dose nitrogen 

fertilization and CO2. However, drought at different stages of plant growth affects 

growth processes. It can be presumed from the current study that quality of the edible 

oils particularly cottonseed oil would not be affected by climate change in the future. 

This is a promising feature in the context of food safety and human health in future. 



 

 227 

Table 3.77 Interactive effects of double dose nitrogen, drought, and elevated atmospheric CO2 concentration on the physico chemical   

      characteristics of cottonseed oils  

Parameters   FH-942 FH-144 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 (ambient) 800 (elevated) %change 

(p/level) 
400 

(ambient) 

800 

(elevated) 

%change 

(p/level) 

400 (ambient) 800 (elevated) %change 

(p/level) 

Moisture (%) 1.271+0.299 1.31+0.362 -0.345(ns) 1.402+0.491 0.409+0.007 +0.499(ns) 1.389+0.816 1.401+0.679 +0.863(ns) 

Colour (1-incell) 

Red units  12.48+0.043 12.80+1.06 +2.564(ns) 12.98+0.346 12.92+0.299 -0.462(ns) 12.81+0.217 12.96+0.241 +1.170(ns) 

Yellow units  67.80+0.210 68.21+0.766 +0.647(ns) 69.91+0.741 70.97+0.176 +1.516(0.038) 69.74+0.531 70.12+0.203 +0.545(ns) 

Viscosity (cps) 73+0.200 73+0.671 Nil  74+0.901 74+0.260 Nil  65+0.916 66+1.207 +1.538(ns) 

Density (g/cm2) 1.170+0.846 1.129+0.577 -3.504(ns) 1.182+0.327 1.187+0.308 +0.423(ns) 1.074+0.795 1.080+0.856 +0.558(ns) 

Specific gravity  1.467+0.261 1.466+0.724 -0.068(ns) 1.436+0.710 1.432+0.714 -0.278(ns) 1.021+0.472 1.01+0.191 -1.958(ns) 

Refractive index 1.450+0.372 1.478+0.833 +1.931(ns) 1.419+0.003 1.418+0.127 -0.070(ns) 1.439+0.981 1.442+0.007 +0.208(ns) 

Iodine value  

(g to I2/100 oil ) 

103.36+0.901 103.19+1.640 -0.164(ns) 105.09+0.791 104.98+7.183 -0.105(ns) 103.14+1.098 102.08+1.318 -1.028(ns) 

Saponification value 

(mg/KOH/g oil ) 

189.01+0.261 189.26+7.241 +0.132(ns) 189.25+0.440 189.09+0.430 -0.084(ns) 189.12+0.951 189.06+0.445 -0.031(ns) 

Peroxide value  1.002+1.327 1.010+0.552 +0.798(ns) 1.060+0.581 1.048+0.531 -1.132(ns) 1.035+0.843 1.032+0.666 -0.289(ns) 

Free fatty acid (% 

oleic acid) 

1.097+0.180 1.011+0.507 -7.839(0.058) 1.128+0.210 1.131+0.260 +0.265(ns) 1.137+0.393 1.203+0.586 +0580(ns) 
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3.3.4.6 Effect on fatty acid composition  

Climatic changes never occur in isolation and their subsequent effects on the 

nutritional composition of edible oils is a major public health concern. The interactive 

effects of elevated CO2, double dose nitrogen fertilization and drought is given in 

Table-3.77 (Appendix 31). Variable genotype responses were observed. As evident 

from the fatty acids profiles of the tested genotypes the concentrations of lower 

molecular weight fatty acids such as capric acid increased in FH-142 (11.76%) and 

that of lauric acid increased in all the three varieties (5.51%, 0.296% and 2.67% 

respectively). Under the multiple stresses the percent concentrations of myristic acid 

increased in all the three genotypes (12.04%, 8.829% and 10.05%). Pentadecanoic 

acid increased in FH-142 (11.67%) and declined in FH-942 (6.578%) and MNH-886 

(5.88%). The concentrations of palmitic acid increased significantly in FH-942 

(10.21%) while in the FH-142 and MNH-886 the percent increase was insignificant. 

The concentrations of palmitoleic acid increased significantly in FH-142 (19.20%) 

and MNH-886 (43.0%). Similar trends were observed in the percent concentrations of 

margaric acids which declined in FH-142 (23.40%) and increased in FH-942 

(44.117%) and MNH-886 (9.61%). This increase and decline in palmitoleic acid and 

margaric in these cultivars might be attributed to the facts that palmitic, palmitoleic, 

and margaric acids are neighbouring fatty acids on the fatty acids’ synthesis pathways 

and under the combined atmospheric stresses the plants assimilated these fatty acids 

in differential manners.  Stearic acid increased significantly in FH-942 (11.02%) and 

FH-142 (8.227%) while it remained stable in MNH-886. The concentrations of oleic 

acid declined in FH-942 (3.633%) and FH-142 (3.683%) and increased in MNH-886 

(2.608%) though the effects were non-significant. The concentrations of linoleic acid 

increased insignificantly in FH-942 (2.81%) and MNH-886 (1.59%) while it declined 

significantly in FH-142 (33.16%). Under the multiple stresses the percent g-linolenic 

acid (C18ω6) increased significantly in FH-942 (10.70%) while the effects were non-

significant in the other two genotypes. The current study showed that in the 

climatically altered atmosphere the percent linolenic acid (C18ω3) would decline in 

the cotton seed oil irrespective of the genetic makeup or background. Cultivars 

responses to combined stresses showed that arachidic acid declined while behenic 

acid increased in all the three varieties. Total saturated fatty acids increased non- 

significantly among the three genotypes while total unsaturated fatty acids increased 
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in FH-942 and FH-142 and decreased in MHN-886, though the effect was non-

significant. The ratio of 18/16 carbon chain fatty acids showed an inverse trend while 

the percentage of 20-24 carbon containing fatty acids increased non-significantly in 

the three genotypes. 

The distribution of fatty acids in the three genotypes of the current study fell well 

within the CODEX Alimentarius standards for cottonseed oil from both the chambers 

[188]. The interactive effects of multiple climatic stresses on the fatty acid profile of 

edible oils could not be traced in literature. The findings of the current study showed 

close agreement with other findings from single stress effects as mentioned previously 

in the same manuscript. The fatty acids profiles remained comparatively stable under 

multiple stresses and did not deviated drastically. From the results it could be 

postulated that under the future proposed climatic changes the composition of the 

cottonseed would remain unaffected however further investigations are needed to be 

performed on other genotypes to validate the conclusion. 
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Table 3.78 Interactive effects of double dose nitrogen, drought, and elevated atmospheric CO2 concentration on the fatty acids       

      composition of cottonseed oils  

Fatty Acids(as 

Methyl esters) 

FH – 942 FH – 142  MNH – 886  

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 (ambient) 800 

(elevated) 

% change 

(P-value) 
400 (ambient) 800 (elevated) % change 

(P-value) 
400 (ambient) 800 (elevated) % change 

(P-value) 

C 10:0; Capric 

acid 

0.037 ± 0.001 0.038 ± 0.003 -2.63  

(ns) 

0.034 ± 0.002 0.030± 0.003 +11.76  

(0.053) 

0.063 ± 0.001 0.063 ± 0.001 + 0.760  

(ns) 

C 12:0; Lauric 

acid 

0.058 ± 0.003 0.049 ± 0.002 + 5.51  

(ns) 

0.0337 ±0.003 0.336 ± 0.001 + 0.296  

(ns) 
0.030 ± 0.001 0.036 ± 0.003 + 2.67  

(ns) 

C 14:0; Myristic 

acid 

1.312 ± 0.004  1.470 ± 0.003 + 12.04  

(0.02) 

1.461 ± 0.042 1.590 ± 0.002 + 8.829  

(0.061) 
1.146 ± 0.001 1.260 ± 0.010 + 10.05  

(0.061) 

C 15:0; 

Pantadecanoic 

acid 

0.076 ± 0.115 0.071 ± 0.004  - 6.578  

(ns) 

0.068 ±0.010 0.076 ± 0.008 + 11.76  

(ns) 
0.051 ± 0.009 0.048 ± 0.007 - 5.88  

(ns) 

C 16:0; Palmitic 

acid 

25.41 ± 0.020 27.90 ± 0.006 +10.21 

(0.051) 

23.59 ± 0.540 24.95 ± 0.287 +6.23 

(ns) 
23.63 ± 0.258 + 24.79 ± 0.061 + 5.25  

(ns) 

C 16:1; 

Palmitoleic acid 

0.811± 0.007 0.862 ± 0.026 +6.569  

(ns) 

0.921 ± 0.168 1.094 ± 0.110 +19.20 

(0.023) 
0.763 ± 0.011 1.097 ± 0.024 + 43.0  

(0.004) 

C 17:0; 

Margaric acid 

0.068 ± 0.180 0.098 ± 0.008 + 44.117  

(0.002) 

0.091 ± 0.004 0.069 ± 0.019 - 23.40  

(0.028) 
0.642 ± 0.006 0.716 ± 0.012 +9.61  

(ns) 

C 18:0; Stearic 

acid 

2.790 ± 0.061 3.104 ± 0.201 +11.02  

(0.056) 

2.234 ± 0.086 2.996 ± 0.003 + 8.227  

(0.019) 
3.296 ± 0.053 3.307 ± 0.006 0.000 

C 18:1c; Oleic 

acid  

13.981 ± 0.003 13.473 ± 0.441 -3.633  

(ns) 

15.237 ± 0.009 15.791± 0.0.013 - 3.683 

(ns) 
14.415 ± 0.008 14.439 ± 0.022 + 2.608  

(ns) 

C 18:1n9t; 

Elaidic acid  

1.063 ± 0.036 0.937±0.034 +3.790  

(ns) 

1.029 ± 0.003 0.911 ± 0.027 - 11.467  

(0.036) 
1.013 ± 0.002 0.92 ± 0.030 - 9.091  

(ns) 

C 18:2c; 

Linoleic acid  

47.09 ± 0.014 48.23 ± 0.014 +2.81  

(ns) 

47.932 ± 0.104 46.203 ± 0.103 - 33.16  

(0.012) 
47.49 ± 0.026 46.95 ± 0.007 +1.59  

(ns) 

C 18:2t; 

Octadecadicnoic 

acid  

0.924 ± 0.013 0.977 ± 0.002 +2.36  

(ns) 

1.020 ± 0.020 0.864 ± 0.004 - 3.529  

(ns) 
0.987 ± 0.030 0.958 ± 0.018 - 2.938  

(ns) 

C 18:3n6; g-

linolenic aicd  

5.043 ± 0.090 5.097 ± 0.007 +10.70  

(0.018) 

5.428 ± 0.032 5.579 ± 0.006 + 3.150  

(ns) 
5.640 ± 0.077 5.616 ± 0.002 - 1.371  

(ns) 

C 18:3n3; 

Linolenic acid  

0.373 ± 0.001 0.312 ± 0.003 -9.325  

(0.046) 

0.947 ± 0.026 0.940 ± 0.034 - 7.391  

(ns) 
0.154 ± 0.030 0.139 ± 0.003 - 9.740  

(ns) 
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C 20:0; 

Arachidicacic 

acid  

0.397 ± 0.027 0.373 ± 0.040 -9.045  

(ns) 

0.391 ± 0.128 0.381 ± 0.004 - 3.11 

(ns) 
0.301 ± 0.004 0.293 ± 0.014 - 2.657  

(ns) 

C 22:0; Behenic 

acid  

0.091 ± 0.004 0.097 ± 0.002 + 4.175  

(ns) 

0.162 ± 0.011 0.171 ± 0.004 + 5.55  

(ns) 
0.180 ± 0.002 0.196 ± 0.004 + 8.88  

(0.052) 

C 23:0; 

Tricosanoic acid  

0.068 ± 0.001 0.059 ± 0.002 - 6.593  

(ns) 

0.047 ± 0.003 0.048 ± 0.002 + 2.127  

(ns) 
0.085 ± 0.010 0.098 ± 0.008 + 11.17  

(ns) 

C 24:0; 

Lignoceric acid  

0.013 ± 0.002 0.141 ± 0.016 + 4.329  

(ns) 

0.056 ± 0.002 0.098 ± 0.118 - 4.093  

(ns) 
0.054 ± 0.003 0.059 ± 0.012 + 9.259  

(0.017) 

% saturated  31.281 ± 0.001 31.174 ± 0.109 + 1.991  

(ns) 

27.788 ± 0.011 28.89 ± 0.204 + 3.965  

(ns) 
28.13 ± 0.006 29.33 ± 0.626 + 4.265  

(ns) 

% unsaturated  69.04 ± 0.136 69.80 ± 0.139 + 1.154  

(ns) 

70.95 ± 0.017 70.99 ± 0.131 + 0.053  

(ns) 
69.93 ± 0.069 67.74 ± 0.039 - 3.126  

(ns) 

18/16 ratio  70.87/27.27 71.23/28.21 - 0.558/+28.5 

(0.01) 

73.84/23.68 74.13/23.53 + 0.39/-0.63  

(ns) 

71.25/24.39 70.20/24.60 - 3.72 

+3.1 

20-24 ratio  0.569 ± 0.171 0.570 ± 0.023 + 0.175  

(ns) 

0.614 ± 0.318 0.620 ± 0.208 + 0.977  

(ns) 
0.062 ± 0.014 0.655 ± 0.310 + 5.64  

(ns) 
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3.3.4.7 Interactive effects of double dose nitrogen fertilization, drought and   

 elevated CO2 on tocopherols  

The effects of double dose nitrogen fertilizer and drought under elevated CO2 on the 

tocopherol content of three genotypes is given in Table 3.76 (Appendix 32). The data 

showed that under elevated CO2, drought, and additional nitrogen, the contents of 

alpha-, beta+gama- and total tocopherols increased. The concentrations of  

α-tocopherol increased significantly, being highest in FH-142 (16.40%), MNH-886 

(9.984%) and FH-942 (5.987%) respectively. The means effect, irrespective of 

genotype was also significantly higher (10.632%) indicating the positive effects of 

CO2 elevation on the accumulation of α tocopherol in cotton seed oil. The 

concentrations of β+γ- tocopherol also showed similar upward trend under elevated 

CO2. The highest percent increase was found in MNH-886 (13.376%). The increase in 

the β+γ- tocopherol in FH-942 (7.004%) and FH-142 (8.608%) was non-significant. 

Total tocopherol concentrations in FH-142 was found to be significantly high 

(11.630%), followed by MNH-886 (10.053%). The increase in in FH-942 followed 

the trend p < 0.1. Delta- tocopherol was not detected in all the seed oils. Results also 

showed that intra tocopherols shift within the same genotype did not occurred, 

indicating that tocopherols synthesis was not dependent on each other rather than is 

regulated by other mechanism which well not well understood [337]. 

The interactive effects of drought, nitrogen fertilizer and elevated CO2 on the 

tocopherol content could not be traced in literature, however, it was found that 

nitrogen was a major component of chlorophyll, and amino acids and other 

biomolecules such as adenosine triphosphate (ATP) and nucleic acid [337]. 

Tocopherols are mostly found in plastids specifically chloroplast, a cell organelle 

containing chlorophyll and is involved in photosynthesis. Chlorophyll and 

tocopherols are localized in the same plant tissue and are associated because 

nitrogen can enhance this photosynthetic activity [338]. Nitrogen fertilization 

therefore would have added to the increase in the tocopherols synthesis. Drought 

although hinder the synthesis of chlorophyll and other plant pigments, decrease 

stomatal conductance and decrease CO2 assimilation rate, an increase in the 

atmospheric CO2 would have exerted its “fertilization effect” by altering 

physiological and biochemical responses [339]. Elevated CO2 stimulate 

photosynthesis, increase the activity of Rubisco causing reduction in 

photorespiration, closing stoniato and decrees in stomatal conductance thereby 

improved water use efficiency. Keeping under consideration the findings of the 

current study it can be postulated that added nitrogen and elevated CO2 would have 

offset the effects of drought and would have added to the overall increase in all the 

isomers of tocopherols.  
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Table 3.79 Effect of drought, double dose nitrogen and CO2 elevation on   

       tocopherols 

Varieties/ CO2 

concentrations 

α-tocopherol 

 (mg kg
–1

) 

β+γ-tocopherol  

(mg kg
–1

) 

δ-tocopherol  

(mg kg
–1

) 

Total tocopherol  

(mg kg
–1

) 

FH-942 

400mol mol
–1

 299.14+2.889 277.26+3.091 ND 576.4+2.61 

800mol mol
–1

 317.05+5.007 296.68+4.941 ND 613.73+7.12 

% change  +5.987 +7.004 ----- +6.476 

p-value  (ns) (0.056) ----- (0.072) 

FH-142 

400mol mol
–1

 293.38+8.03 295.75+1.021 ND 569.13+4.180 

800mol mol
–1

 318.22+4.054 321.21+0.020 ND 639.49+7.021 

% change  16.40 +8.608 ------ +12.627 

p-value  0.026 (ns) ------ (0.006) 

MNH-886 

400mol mol
–1

 293.87+1.028 277.14+8.003 ND 571.01+4.128 

800mol mol
–1

 323.21+3.014 314.21+6.180 ND 637.42+4.183 

% change  +9.984 +13.376 ----- 11.630 

p-value  (0.007) (0.001) ----- (0.028) 

Mean effects  

400mol mol
–1

 288.79+4.186 283.83+3.136 ND 572.62+2.85 

800mol mol
–1

 319.493+3.813 310.70+4.025 ND 630.19+2.98 

% change  +10.632 9.466 ------ +10.053 

p-value  (0.020) (0.021) ------- (0.037) 
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3.3.4.8 Cumulative effect of climatic stresses on the tocopherols  

The interactive mean impacts of multiple climatic stresses namely ambient CO2, 

drought and double dose nitrogen application, drought and elevated CO2, nitrogen and 

elevated CO2, drought and double dose nitrogen, and drought, double dose nitrogen, 

and CO2 elevation on the tocopherol content of the three genotypes is given Table 

3.80. Elevated CO2 caused significant increase in α-tocopherol in FH-942 and MNH-

886. Elevated CO2 increased the β+γ-, and total tocopherol in MNH-886. Compared 

against the tocopherol content of ambient CO2 (control) drought caused significantly 

higher decline in β+γ-, and total tocopherol in FH-942. The decline in FH-142 was 

significantly higher in α-tocopherol and total tocopherol. The effect of drought on the 

tocopherol isomers of MNH-886 was much similar to the results reported by other 

studies [340,341]. Compared against the normal dose nitrogen and ambient CO2 

additional nitrogen application caused significant increase in α-tocopherol in FH-942 

and MNH-886. The concentration of β+γ- tocopherol increased significantly in MNH-

886. 

The findings of the current study were found to be similar to the findings of another 

study on tocopherol isomers [338]. The impacts of drought under elevated CO2 

showed non-significant increase in the α-tocopherol in the genotype FH-942 and 

MNH-886, while β+γ-tocopherol increased significantly only in FH-142. The 

concentration of the tocopherol though increased from the varieties grown at ambient 

CO2 under drought, these differences were comparatively less than the concentrations 

obtained from ambient CO2 with proper irrigation. The impacts of nitrogen 

fertilization and elevated CO2 showed to be of an advantage to tocopherols. 

Compared against normal dose of nitrogen and ambient CO2 the additional 

application of nitrogen increased significantly the concentration of α-tocopherols in 

all the three genotypes. The concentrations of β+γ-tocopherol also increased 

significantly in these genotypes. Similarly the concentrations of total tocopherols also 

increased significantly. The addition of nitrogen fertilizer to water stressed (drought) 

genotypes at ambient CO2 showed that additional application of nitrogen can mitigate 

the negative impacts of drought/water stress on tocopherol content. This effect, 

however, was significant for α-tocopherol in FH-942 and FH-142 and β+γ- tocopherol 

in MNH-886. The impacts of drought and elevated CO2 with additional nitrogen 

showed variable results. It was observed that elevated CO2 along with nitrogen 
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addition at drought resulted in significant increase α-tocopherol in FH-942 and MNH-

886 while β+γ- tocopherol increased significantly in FH-142 and MNH-886. The 

significance as it seems is proportional to the gain or loss in other stresses. These 

multifactorial interactions had shown that tocopherols were affected by increased 

atmospheric CO2.  

It can be concluded from the present study that under the predicted future climatic 

changes the quality and quantity of cotton seed oil in terms of tocopherol will 

improve. Tocopherols had been reported to possess an important anti-oxidative and 

anti-inflammatory properties, owing to their high biological activities [339]. 

Tocopherols decrease the risk of cardio vascular diseases, improve immune functions, 

slow the progression of degenerative disorders such as arthritis, cataracts, reduce the 

risk of cancers, and delay the age related nervous systems disorders [340]. 

Tocopherols are mainly synthesized in plants and cotton seed oil contains an 

appreciable amount of tocopherols. With the projected CO2 elevation, the 

concentrations of tocopherols will further improve which will be of benefit to human 

health and may improve the shelf life of seed oil by preventing oxidative rancidity. 

Genotypic difference in responses however are expected. 
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Table 3.80 Cumulative effects of multiple abiotic stresses on tocopherols  

Parameters  FH-942 FH-142 MNH-886 

α-tocopherol  

(mg kg–1) 

γ+β-tocopherol  

(mg kg–1) 

Total tocopherol  

(mg kg–1) 

α-tocopherol  

(mg kg–1) 

γ+β-tocopherol  

(mg kg–1) 

Total tocopherol  

(mg kg–1) 

α-tocopherol  

(mg kg–1) 

γ+β-tocopherol  

(mg kg–1) 

Total tocopherol  

(mg kg–1) 

Ambient CO2   274.8+0.134 284.5+0.90 559.31+3.61 297.31+2.70 274.26+1.47 571.57+1.99 296.42+0.93 246.71+1.32 543.3+5.46 

Elevated CO2  

Mean + S.D 

% change (p/value) 

 

316.20+1.66 

+15.066(0.049) 

 

297.72+3.61 

+4.65(ns) 

 

598.92+1.75 

+6.976(ns) 

 

332.81+1.90 

+11.78(0.062) 

 

289.26+0.621 

+5.469(ns) 

 

612.07+0.27 

+7.085(ns) 

 

335.67+1.27 

+13.24(0.051) 

 

327.20+0.21 

+32.625(0.039) 

 

662.871+1.21 

+22.04(0.040) 

Drought +[aCO2] 

Mean + S.D 

% change (P Value) 

 

257.22+1.12 

-6.397(ns) 

 

196.22+2.89 

-31.02(0.029) 

 

453.44+1.22 

-18.928(0.042) 

 

250.82+0.31 

-15.636(ns) 

 

262.51+4.79 

-4.284(ns) 

 

513.33+5.413 

-10.89(ns) 

 

262.93+1.35 

-11.298(ns) 

 

188.53+1.06 

-23.58(0.046) 

 

451.46+3.16 

-16.89(0.063) 

Nitrogen +[aCO2] 

Mean + S.D 

% change (P Value) 

 

297.75+3.61 

+8.351(ns) 

 

295.12+7.51 

+3.732(0.091) 

 

592.87+1.960 

+6.00(ns) 

 

303.21+1.38 

+1.084(ns) 

 

275.60+7.21 

+0.488(ns) 

 

578.81+2.28 

+1.224(ns) 

 

329.20+1.31 

+11.058(ns) 

 

265.47+1.49 

+7.590(ns) 

 

594.67+4.64 

+9.489(ns) 

Drought+[eCO2] 

Mean + S.D 

% change (P Value) 

 

285.75+1.20 

+3.984(ns) 

 

212.50+4.66 

-25.307(0.078) 

 

498.25+0.93 

-10.917(ns) 

 

279.94+5.43 

-5.842(ns) 

 

299.47+5.24 

+9.912(ns) 

 

579.91+1.35 

+1.459(ns) 

 

316.38+1.58 

+6.732(ns) 

 

216.08+0.15 

-12.411(ns) 

 

532.46+7.12 

-1.964(ns) 

Nitrogen+[eCO2] 

Mean + S.D 

% change (P Value) 

 

338.84+1.72 

+23.30(0.039) 

 

299.73+11.72 

+5.353(ns) 

 

628.5+1.87 

+12.370(0.067) 

 

325.16+9.01 

+9.367(ns) 

 

316.67+0.981 

+15.463(0.082) 

 

641.83+1.328 

+12.292(ns) 

 

341.09+3.92 

+15.069(0.089) 

 

294.20+1.16  

+19.249 (ns) 

 

635.24+2.61 

+16.959(0.036) 

Nitrogen + Drought 

+[aCO2]  

Mean + S.D 

%change (p/value) 

 

 

299.14+1.44 

+8.857 (ns) 

 

 

277.26+7.14 

+2.544 (ns) 

 

 

576.4+2.69 

+3.055 (ns) 

 

 

299.35+0.389 

+8.058 (ns) 

 

 

295.75+1.95 

+7.835 (ns) 

 

 

569.13+4.180 

-0.427 (ns) 

 

 

293.87+2.80 

-0.860 (ns) 

 

 

267.14+3.62 

+12.334 (ns) 

 

 

571.01+1.26 

+5.133 (ns) 

Nitrogen + Drought 

+ [eCO2] 

Mean + S.D 

%change (p/value) 

 

 

327.05+6.10 

+19.014(0.033) 

 

 

296.68+12.6 

+4.284 (ns) 

 

 

613.73+1.12 

+9.729 (ns) 

 

 

318.22+1.51 

+7.033 (0.041) 

 

 

321.2+3.26 

+17.883(0.073) 

 

 

639.49+1.021 

+11.883 (0.059) 

 

 

323.21+0.96 

+9.638 (ns) 

 

 

287.21+1.89 

+16.551 (ns) 

 

 

637.42+1.88 

+17.36 (0.087) 

 [aCO2] = Ambient Carbon Dioxide, [eCO2] = Elevated Carbon Dixoide  
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3.3.4.8 Effect of double dose nitrogen drought and elevated CO2 on gossypol  

The impacts of double dose nitrogen under drought and two partial pressures of CO2 

is given in Table 3.81 (Appendix 33, 34 & 35). Elevated CO2 increased the (+)-,  

(-)-, and total gossypol of FH-942 (21.93%, 7.682% and 31.393%) under drought and 

double dose nitrogen while a decline occurred in FH-142 (6.138%, 16.54% and 

0.162%). Significant decline in the (+)-, (-)-, and total gossypol were also observed in 

MNH-886 (34.93%, 17.69% and 27.42%). The percent concentration of gossypol 

declined significantly in the seed meal with a corresponding increased concentrations 

in crude oil. The decorticated seed meal of FH-142 contained higher significant total 

gossypol concentration (90.78%) while crude oil of the same genotype contained 

decreased (+)-, gossypol (16.52%) and increased (-)-, gossypol (46.28%). A decline 

trend was observed in the seed meal of MNH-886 at elevated CO2. In the crude oil of 

MNH-886, (-)-, gossypol was not detected in all the three replicates while it was 

present in the oils at elevated CO2. The effect on the total gossypol was significant for 

FH-942 (96.76%) and non-significant in the crude oils of other two genotypes. As 

observed in the present study concentrations of gossypols in the seed meal and crude 

oil exhibited an intra-enatiomers relationship i.e an increase in the gossypol 

concentration in one product was simultaneously decreased in the other. The percent 

differences in the gossypol enantiomers at ambient and elevated CO2, double dose 

nitrogen, and drought were comparatively lower. These findings were opposite to the 

findings of the effects of CO2 and different nitrogen levels on the polyphenolics in 

rapeseed [341].  
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Table 3.81 Effect of double dose nitrogen, drought and elevated CO2 on Gossypol 

Parameter  FH-942 FH-142 MNH-886 

CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) CO2 concentration (mol mol
–1

) 

400 

(ambient) 

800 

(elevated) 

% change  

(P-value) 
400 

(ambient) 

800 

(elevated) 

% change  

(P-value) 
400 

(ambient) 

800 

(elevated) 

% change  

(P-value) 

1. Whole seeds 

+ve gossypol  2.457+0.70 2.966+0.28 +21.93(0.021) 1.678+0.21 1.5749+0.06 -6.138(ns) 2.456+0.04 1.598+0.02 -34.93(0.006) 

-ve gossypol  1.812+0.02 1.647+0.07 +7.682(0.079) 1.295+0.07 1.09+0.28 -16.54(0.048) 1.902+0.18 1.565+0.04 -17.69(0.019) 

Total gossypol 3.574+0.42 4.696+0.13 +31.393(0.039) 3.089+0.93 3.084+1.90 -0.162(ns) 4.358+0.43 3.163+0.68 -27.42(0.021) 

2. Decorticated/Defatted seed meal 

+ve gossypol  1.831+0.013 1.392+0.08 -14.65(0.024) 1.212+0.06 1.256+0.30 +3.63(ns) 2.159+0.05 1.848+0.04 -14.40(0.021) 

-ve gossypol  1.422+0.06 0.986+0.02 -36.66(0.020) 0.982+0.87 1.022+0.091 +4.065(ns) 0.979+0.34 0.645+0.55 -34.11(0.032) 

Total gossypol  3.074+1.03 2.378+0.028 -24.81(0.090) 1.194+0.50 2.297+0.70 +90.78(0.001) 3.149+1.82 2.494+1.16 -20.57(0.017) 

3. Crude oils  

+ve gossypol  1.909+0.03 1.188+0.28 +9.018(ns) 0.842+0.02 0.703+0.12 -16.52(0.059) 1.2899+0.026 0.702+0.04 -45.57(0.016) 

-ve gossypol  0.774+0.15 1.783+0.02 +130.36(0.000) 0.366+0.09 0.535+0.39 +46.28(0.004) ND 0.537+0.21 +537 

Total gossypol  1.864+1.030 3.666+1.239 +96.67(0.000) 1.209+1.92 1.238+1.110 +2.508(ns) 1.2899 1.239+0.920 -3.946(ns) 
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3.3.4.9. Cumulative effects of climatic stresses on gossypol content in cotton    

   cultivars 

The overall effect of the multiple climatic stresses on the gossypol content (mg kg-
1
) 

is given in Table 3.82. Mean effects under the field conditions in the open top 

chambers indicated that the concentrations of (+) - gossypol declined in all the 

stresses which wer significant only in double dose nitrogen and elevated CO2, and 

double dose nitrogen and drought. The reverse mean impacts were observed in the 

concentrations of (-)-gossypol. The increase in the (-)-gossypol was highly significant 

at elevated CO2, drought at ambient CO2, drought at elevated CO2, double dose 

nitrogen fertilization at ambient CO2, and double dose nitrogen fertilization and 

elevated CO2. Mean impacts of the multiple stresses showed significant increase in 

total gossypol at elevated CO2, drought and elevated CO2. Increase in the total 

gossypol under the other stresses were mean total increase which was not significant. 

It can be postulated from the present study that in the future climatically changed 

world, the gossypol in the cotton seeds will increase with the additional serious 

disadvantage of an increased (-)-, gossypol. Since (-)-gossypol enantiomer tend to be 

eliminated more slowly and biologically being the most active form, it possesses the 

risk to be more toxic than the (+) – gossypol. The observed significant increase in the 

(-)-gossypol of the present study indicated that additional efforts are needed at all the 

levels to mitigate the risk of carbon dioxide elevation and the subsequent climatic 

degradations. This is particularly important in the context of Pakistan where cotton 

dominate agricultural production and which faces multi-faceted problems of climate 

change, food insecurity, large scale malnutrition, and poverty. Under the diminished 

natural water resources; CO2 elevation and additional nitrogen fertilization will 

further add to climatic deterioration and will worsen the life of millions of farmers 

and workforce related to cotton cultivation, production and industry. The findings of 

the current study showed to be the beginning of the much sought after efforts. 

Pakistan is now one of the worst casualties of climatic change – ranking seventh in 

the world among the ten countries. We the researchers, of the current study propose 

that the problem of climatic degradation can be made imperative and that this matter 

may not be just discussed in theory, but needs to be strictly followed at the 

implementation level as well.  
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Table - 3.82: Cumulative effects of multiple abiotic climate stresses on gossypol  

 CO2 Concnetrations  

mol mol–1 
Drought Drought + [eCO2] Double Dose 

Nitrogen 

fertilization 

Double Dose 

Nitrogen+ [eCO2] 

Double Dose 

Nitrogen + drought 

Double Dose 

Nitrogen +  

drought + [eCO2] 
 400 

(Ambient)  

 

800 

Elevated  

 

1. Positive gossypol (mg kg–1) 

Mean + SD 2.939+0.845 2.470+0.331 2.6294+0.219 2.5028+0.359 2.6299+0.364 2.4893+1.879 2.197+0.459 2.046+0.979 

% change   -15.95 -6.479 -14.873 -10.517 -15.301 -25.25 -30.374 

Cf var   0.37 0.830 0.905 0.967 1.000 0.932 3.143 

p-level   0.076 0.085 NS NS 0.019 0.048 NS 

2. Negative gossypol (mg kg–1) 

Mean + SD 1.4567+0.119 2.5867+0.643 2.3772+0.643 2.2613+1.219 2.4430+1.418 2.3397+0.913 1.669+0.328 1.5747+0.694 

% change   +77.450 +63.18 +79.824 +44.042 +59.726 +15.336 +8.078 

Cf var   0.76 1.25 1.016 0.929 0.854 0.976 0.970 

p-level   0.040 0.026 0.005 0.029 0.016 NS NS 

3. Total gossypol (mg kg–1) 

Mean + SD 4.2964+1.031 5.0603+0.952 5.0432+1.405 5.1127+0.645 5.062+1.866 4.8276+1.315 4.6744+0.643 4.6477+1.908 

% change   +17.843 +17.392 +19.002 +17.828 +12.364 -14.477 +15.098 

Cf var   0.83 1.193 0.27 1.430 0.41 0.56 0.51 

p-level   0.051 ns 0.046 ns ns ns ns 

 [aCO2] = Ambient Carbon Dioxide, [eCO2] = Elevated Carbon Dioxide 
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CONCLUSIONS  

The anthropogenic release of CO2 into the atmosphere and its subsequent effect on 

agriculture and food quality is a global challenge. Through its positive impacts 

elevated CO2 may increase the edible biomass of the agriculture crops and products; 

some physico-chemical and nutritional modifications are expected as well. The 

impact of climate change on the nutritional composition of crops has always been a 

neglected area, particularly in the countries like Pakistan where climate change is 

already visible. To the best of our knowledge, no comprehensive study has ever been 

conducted on the “white gold” crop and the chemical composition of cottonseeds in 

Pakistan. The current study has certain unique features. This is the first 

comprehensive reported study that has analyzed the chemical composition of 

cottonseed (Bt and non Bt genotypes) across the eight districts of Punjab, Pakistan 

grown under varied agro climatic field conditions. This endeavor is the first of its 

nature that has studied the impacts of elevated CO2 on nutritional composition of 

cotton genotypes in the closed glass chambers. The current study is the first 

comprehensive reported study conducted in the open top field chambers under 

multiple climatic stresses. This work may be the first reported research that has 

standardized and analyzed (+) -, (-) -, gossypol by HPLC in Pakistan. The study of the 

impacts of elevated CO2 and other climatic stresses on the physic-chemical and 

nutritional composition of Gossypium Hirsutum L. (cottonseed) has led to the 

following conclusions: 

 Nutritional composition of the cottonseed varies significantly under the agro 

climatic conditions of Pakistan. 

 Intra-varietal variations in the proximate composition of cottonseed are significant 

for proteins, percent oil, ash and fiber. 

 Proximate composition is affected significantly by climatic variables most 

importantly the variations in temperature. 

 Genotype variations in the mineral contents are significant for both macro and 

micro minerals.Climatic variables greatly influence the mineral content of 

cottonseed. 

 Physico-chemical characteristics of the various genotypes do not vary 

significantly. 
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 Fatty acid composition is found to be quite diverse among the studied genotypes. 

 Climatic variables showed to be the strong predictors of the phenotypic fatty acid 

responses. 

 Accumulation of tocopherols varied significantly with greater concentrations in 

the non-Bt varieties as compared to their Bt counterparts. 

 Among the climatic variables temperature variation is found to be a strong 

predictor of the tocopherol content of varieties grown in Pakistan. 

 Variability in the (+), (-), and total gossypol is highly significant among the 

genotypes.Cotton cultivars from high temperature and low rainfall areas 

accumulate greater gossypol components in the seeds.  

 Elevated CO2 in the green house has shown positive impacts on the yield, percent 

G.O.T, percent linters, seed index, and seed volume. 

 Proximate composition of the cotton cultivars is significantly affected by 

enhanced CO2.Percent protein declined, per cent oil increased, crude fiber and 

percent ash declined under elevated CO2. 

 Mineral concentrations are greatly reduced under CO2 elevation with an 

insignificant but increased uptake of cadmium in almost all of the genotypes. 

 The effect of enhanced CO2 environment is more obvious for the essential amino 

acids. Majority of the amino acids declined with some intra amino acids shifts. 

 The physico-chemical characteristics of the oils are least affected by CO2 

elevation.   

 Under the green house conditions elevated CO2 reduced the saturated fatty acids 

and cause an increase in the ratio of unsaturated fatty acids in some cultivars 

which is a promising impact of CO2. 

 Elevated carbon dioxide causes an increase in the trans fatty acids which can 

negatively affect human health.  

 Under the enhanced CO2 conditions cultivars tend to accumulate more 

tocopherols. 

 The impacts of CO2 are more obvious among the indigenous genotype in terms of 

tocopherol contents. 
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 Enhanced CO2 cause an increase in both (+) -, (-) -, and total gossypol. 

 Under the open top conditions CO2 enhancement alone can cause an increase in 

total yield, percent G.O.T, seed index and seed volume. 

 Proximate composition of cotton cultivars is greatly affected by CO2 alone with a 

decline in percent protein. Ash, crude fiber and increase in percent oil. 

 Decline in the mineral concentrations are obvious under CO2 enrichment.  

 The impacts of CO2 elevation on the quality parameters of oils are insignificant 

except for colour and iodine value.  

 Cultivars tend to respond variably in terms of fatty acids. Percent total saturated 

fatty acids decline while unsaturated fatty acid tend to increase. 

 As observed tocopherol tend to accumulate under the effects of CO2. 

 The elevation of CO2 cause significant increase in the (-) -, gossypol content of 

the whole seeds. 

 Under double dose nitrogen fertilization, CO2 elevation causes significant increase 

in total yield.  

 Double dose nitrogen fertilization tend to increase the percent protein at ambient 

CO2 while it tend to decline under elevated CO2. 

 Double dose nitrogen do not increase the mineral concentrations within the 

cottonseeds. 

 Under elevated CO2 mineral content decline with double nitrogen fertilization. 

 Amino acid content is affected variably both at ambient and elevated CO2 under 

double dose nitrogen fertilizer. 

 The impact of CO2 and nitrogen fertilization exert some promising impacts on 

fatty acids profiles. 

 Enhanced CO2 under double nitrogen application tend to improve the tocopherol 

levels. 

 Under double dose nitrogen fertilization and elevated CO2 the gossypol content 

tend to increase.  

 Drought alone at ambient CO2 deleteriously affects total yield and percent G.O.T.  
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 At ambient CO2 levels and drought percent protein, oil and ash tend to decline 

significantly. Amino acids tend to decline both under ambient and elevated CO2 

under drought. 

 Drought and elevated CO2 can cause alterations in the fatty acids 

composition.Drought at ambient CO2 result in the decline of unsaturated fatty 

acids and a significant increase in trans fatty acids isomers.  

 Elevated CO2 tend to mitigate the increased trans fatty acids at drought. 

 Drought under ambient CO2 tend to decline tocopherol isomers.The decline in 

tocopherols under drought stress can be mitigated non-significantly by CO2 

enrichment. 

 Drought and elevated CO2 cause an increase in the negative and total gossypol 

content of whole seed. 

 The interactive effects of multiple climatic stresses under elevated CO2 cause 

variable results increase the total yield. 

 The interactive effect result in increased percent oil but cause decline in percent 

protein, ash and fiber. 

 Multiple stresses and elevated CO2 decline majority of the minerals and increase 

the uptake of cadmium. 

 The uptake of cadmium under elevated CO2 is consistent throughout both of the 

experimental set ups. 

 Multiple climatic stresses and CO2 elevation disturb the amino acid profile. By 

doubling the nitrogen fertilization the decline in the amino acid decline is not 

compensated. 

 The interactive effects of CO2, nitrogen fertilization and drought cause intra fatty 

acids shifts among the neighboring fatty acids. 

 Multiple stresses and elevated CO2 cause an increase in tocopherols 

concentrations. 

 Elevated CO2, double dose nitrogen and drought increase the (+) -, and (-) -, and 

total gossypol.  
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 The overall impacts of CO2 elevation are more obvious in the samples of 

greenhouses than in the open top chamber establishing the previous findings that 

climatic stresses in pots give comparatively higher percent alterations as compared 

to the field studies in the open top chambers. 
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RECOMMENDATIONS FOR FURTHER STUDIES  

 Further studies are needed to analyze the nutritional composition of cotton 

cultivars from other provinces.  

 The impact of other kinds of fertilization such as phosphorus and potassium   

needs to be investigated. 

 Responses of cottonseed composition to other stresses such as sulphur dioxide, 

ozone, methane, salinity and salt stress along with CO2 enhancement need to be 

explored. 

 The effects of CO2 on the genetic integrity of seeds should be conducted. 

 Open top and FACE chambers shall be constructed as permanent features in the 

institutes of research on climate change. 

 Similar studies should be conducted on other major crops of Pakistan.  

 Breeders and genetists need to develop and breed varieties that are nutritionally 

intact and resistant to climatic change.  
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