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Abstract: The aim of current review article is to understand the effect of environmental factors on the seed chemical 
composition of major oilseed crops. The difference of time in flowers opening and distance from ground may affect 
physico-chemical characteristics of oilseed crops. Environmental temperature at the time of fertilization and 
subsequently anthesis influence pollen vigour, pollination progression and eventually the kernel formation and 
assimilate dividing between various positions. Seed traits, oil content and protein content are influenced by 
prevailing environmental conditions during maturity and post flowering period. Chemical composition of different 
oilseed crops is also affected by difference in environmental temperature during growth, planting time, irrigation, 
rainfall, fertilizers, growing season and planting location. Temperature showed more pronounced effect on oil 
content, protein, fatty acid profile and less effect on glucosinolate in brassica. Genotype, water availability, rainfall, 
location and siliqua position determine content and composition of oil and protein content in brassica. Increasing 
temperature decreases linoleic acid in cottonseed. Environmental factors, water availability and planting date affects 
seed composition in cotton. Temperature during seed maturation has significant influence on oil content and 
concentration of unsaturated fatty acid of sunflower. Seed position on head has slight influence on oil content while 
pronounced impact on fatty acid profile and tocopherol. Drought at seed development phase resulted a decline in oil 
content whereas protein content increase. Earlier planting date reduce the total saturated fatty acids and increase oil 
content of sunflower. 
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Introduction: 

The major oilseed crops include canola and 
rapeseed / mustard, cottonseed, sunflower and maize 
in Pakistan. Although the cotton crop is grown for its 
lint, cottonseed contributes 50 to 60 percent to local 
edible oil production. During the year 2011-12, the 
total availability of edible oil was 2.748 million 
tonnes. Local production of edible oil is remained 
0.636 million tonnes while imports were 2.148 million 
tonnes. The import bill during 2011-12 stood at 
Rs.216.4 billion (US$ 2.426 billion). During the year 
2012-13 (July-March), 1.738 million tonnes of edible 
oil valued at Rs.153.3billion (US$ 1.595 billion) has 
been imported. The local production during 2012-13 
(July-March) was 0.612 million tonnes. Total 
availability of edible oil from all sources is 
provisionally estimated at 2.35 million tonnes during 
2012-13 (July-March). (Anonymous 2012-13). 

Environmental conditions influence the crop 
growth and development and are the most important 
yield controlling factors in the world (Franklin et al., 
2010). Environmental factors during flowering and 

seed-filling period influence grain produce and kernel 
composition different oilseeds (Petcu et al., 2001; 
Monotti, 2003; Ali et al., 2009; Ali et al., 2010ab). 
Chemistry of oil differs with prevailing climatic 
conditions (Strecker et al., 1997; Pritchard et al., 
2000; Roche et al., 2006). Buildup of saturated fats is 
likewise influenced by ecological elements (Roche et 
al., 2006; Izquierdo and Aguirrezábal, 2008). 
Ecological aspects like radiations from sun (Santalla 
et al., 1995), precipitation (Pritchard et al., 2000), 
available nitrogen (Steer and Seiler, 1990), saline 
conditions (Irving et al., 1988) and plant vigor 
(Zimmer and Zimmerman, 1972) in addition to 
temperature showed significant impact on chemistry 
of oil. Post-flowering temperatures is main factor 
influencing oil composition of a different oilseed 
crops (Pritchard et al., 1999). The chemistry of oil in 
different oilseed crops is affected by the temperature 
prevailing at grian maturation (Hilditch and Williams, 
1964). Inconsistent ecological conditions may result 
in wide variation in oil quantity and composition in 
different oilseeds (Shafii et al., 1992). Prevalence of 
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lower temperature at the time of maturation caused 
upsurges polyunsaturated fatty acids in oilseed plants 
(Nykter et al., 2006). 

Temperature is an important environmental 
factor affecting the fatty acid composition of different 
plant portions like seeds (Tremolieres et al., 1978), 
roots (Simolenka and Kuiper, 1977) and leaves 
(Wilson and Crawford, 1974). Temperature 
differential has strong influence on proportions of 
different fatty acids (Matsuzaki et al., 1988) and 
molar proportion of oleic acid increased while linoleic 
and linolenic acid content decreased as temperature 
increased. Climatic conditions, water and nitrogen 
availability mainly during the seed-filling stage 
account for most of the variations than due to 
genotype differences in grain protein concentration 
(Cooper et al., 2001). Post-flowering temperature, sun 
rays or water supply are main factors determining the 
influence of nitrogen availability on grain protein 
content. Oil and protein are two major components of 
seeds in oilseed crops and are affected significantly by 
environmental stresses (Dehnavi and Sanavy, 2008). 
Brassica 

Brassica napus L. (Canola) is a member of the 
family Brassicaceae (mustard or cabbage family). 
Canola has been introduced through nutritional 
upgradation of oil contents by genetic alteration of 
Brassica cultivars, rapeseed (Brassica campestris and 
Brassica napus) and mustard (Brassica juncea) 
having less than 2 percent erucic acid in the oil and 30 
µm glucosinolate (less than 30mg/g) or double zero 
cultivars (Bhowmik, 2003). It was originally bred 
from rapeseed in Canada. Its seed comprises of 40-45 
percent oil content and 36-40% protein in meal (Amin 
and Khalil, 2005). The cotyledons of rapeseed (B. 
napus) showed 90 percent of total fatty acids while 
radicle and hypocotyl contain 6% and endosperm 4% 
(Li et al., 2006; Ali et al., 2010a). The seed contain oil 
content ranging from 40-45% and protein 36-40%. Oil 
content is normally stated as proportion of entire grain 
comprised of 10-20% ω-3 fatty acid, erucic acid less 
than 0.10 percent, oleic acid 59-62 percent, linoleic 
acid 18-22 percent and linolenic acid 10-12%. Canola 
oil has lowest point of saturation (7%) of any common 
edible oil and high in mono and poly-unsaturated fatty 
acids (93%) (Douaud, 2006). The oil chemistry of 
canola is predisposed by temperature at grain filling. 
Seeds developed and matured at elevated temperature 
contain greater proportion of saturated and 
monounsaturated fats and polyunsaturated fats in 
minute concentration. Saturated fats comprise about 
6% while 55 to 60% oleic acid, 20 to 26% linoleic 
acid in canola oil (Deng and Scarth, 1998). 

Canola is an annual crop, the growth and 
development is incessant nevertheless it is definitely 
divisible into simply identifiable growing phases. The 

life cycle of the canola plant is divided into seven 
standard phases; the span of every growing phase is 
very much predisposed through temperature, 
moistness, sunlit (day length), nourishment and 
cultivars (Colton and Skyes, 1992). During flowering 
and pod setting, the relative source and sink controls 
the convenience of assimilates essential for grain 
development (Diepenbrock, 2000). There is an 
agreement that such as assimilates are conveyed from 
parents to familial tissues. These are carried to the 
extra cellular interstellar sorting out the two 
generations, proceeding to uptake from the apoplast 
into the tissues of the embryo or endosperm 
(Wolswinkel, 1992). Flowering initiate by the opening 
of lowermost shoot on the central branch and lasts up 
with 3-5 or additional florets opened each day. 
Flowering at the bottom of the principal ancillary 
branch initiates 2-3 days later the first flower opens on 
the main stem. Fertilization occurs within 24 hours of 
pollination (Anonymous, 1983). The enlargement and 
composition of siliqua and seeds of oilseed rape takes 
12 weeks after anthesis to maturity. Every plant 
produces 220 Silique, this number being stable 
throughout expansion. Numbers of seeds per siliqua 
ranges from 9 to 19 (Norton and Harris, 1975). Under 
severe environment, the number of twigs bearing 
flowers might be reduced and the number of flowers 
on each branch also less down. Extreme stress 
upsurges the damage of unopened buds, signaling the 
termination of flowering. Both genotypic and 
environmental parameters determine the quantity and 
quality of canola oil (Flagella et al., 2002). The 
environmental parameters upset the concentration of 
canola oil. High temperature is the most important 
factor that decline the seed oil content (Pritchard et 
al., 2000). 

Oil and seed protein content were more affected 
by environmental conditions as compared to 
genotypic effects, while the reverse in case of 
glucosinolate concentration (Pritchard et al., 1999). 
Oil quantity in canola is mainly influenced by 
temperature fluctuations (Hassan et al., 2005). Higher 
oil and lesser seed protein contents correlate with 
lower temperatures and high precipitation in spring. 
Oil contents were maximum in canola from regions 
with cool temperature and more rain like those of 
Victoria and lowest in canola from the hotter regions 
like Mallee, or in drought years. Every 1°C increase in 
spring maximum temperature reduces oil content by 
0.38% (Pritchard et al., 1999). High temperatures 
during the post-anthesis lessen oil quantity in canola 
(Walton et al., 1999). Cooler and humid spring is 
encouraging for higher oil accumulation in canola 
(Hassan et al., 2007). 

Increase in oil content would lower protein 
accumulation (Pritchard et al., 2000). Both location 
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and genotype contribute significantly to the variation 
in oil and protein concentrations. Areas receiving 
higher precipitation give considerably higher oil and 
protein canola than the low rainfall areas. Extended 
reproductive stage and lower temperature at the time 
of seed development stage of crop is promising for 
high seed yield and good quality oil in canola (Hassan 
et al., 2005). Fatty acid composition of brassica varies 
with year and region (Pritchard et al., 1999). Canola 
crop planted at central Victoria and the Wimmera and 
in most years, in north-east Victoria revealed higher 
oleic acid content (60.3±0.4%). Concentration of oleic 
acid declines with lower temperatures and rainfall. 
Low variation was observed in linoleic (19.7± 0.3%) 
and linolenic (10.4±0.3%) acids across regions. 
Concentration of linolenic acid in canola decreased 
with higher maximum temperatures and lower rainfall 
in spring season (Pritchard et al., 1999). Izquierdo 
(2007) reported decline in quantity of oil from 50.3-
36.3 percent when extent of incident rays were 
decreased up to 80 percent in rapeseed. 

Prevailing weather has significant impact on 
chemical composition of oil in hybrids and in double 
zero cultivars (Pospisil et al., 2007). Air temperature 
during flowering affects the quantity oil and protein 
and oil chemistry of rapeseed (Nagao and Yamazaki 
1984). Concentration of saturated fats in low-linolenic 
acid (C18:3) B. napus is augmented by rising air 
temperature throughout the flowering and maturing 
period (Deng and Scarth, 1998). Quantity of oil and 
C18:3 decrease while those of C16:0 and free fatty 
acid is enhanced by frost damage at ripening stage in 
oil from canola seed (Daun et al., 1985; Daun et al., 
1994). Greater accumulation of oil has direct 
relationship with ample supply of (Mailer and 
Cornish, 1987; Mailer and Pratley, 1990). Moisture 
stress at seed development stage reduces the quantity 
of oil (Mailer and Pratley, 1990) and oleic acid up to 
7% in the B. napus (Champolivier and Merrien, 
1996). Drought increase protein concentration and 
decrease oil content (Dornbos and Mullen, 1992). 
Water deficit conditions reduced the oil and linoleic 
acid concentration however increases the 
glucosinolate and stearic acid contents in brassica 
(Moghadam et al., 2011). Water availability during 
seed filling period and mean daily temperature are 
main factors determining oil concentration in the seed 
(Skoric, 1992). Inconsistent results are reported for 
the influence of drought on the oil composition of low 
erucic acid B. napus (Bouchereau et al., 1996; 
Champolivier and Merrien, 1996). Increase in level of 
salinity resulted reduction in the quantity of 
polyunsaturated fatty acids whereas the content of 
monounsaturates increased (Bybordi et al., 2010). 

Environmental effects on the individual fatty 
acids increased with an increasing degree of 

unsaturation (Pritchard et al., 1999). Several plants 
react to lower temperatures by enhancing the extent of 
unsaturation in the fatty acids of membrane 
glycerolipids and to higher temperatures by 
decreasing the degree of unsaturation of their 
membrane fatty acids (Williams et al., 1988). There 
exist an inverse relationship among quantity of C18:1 
and C18:2 (as well as C18:3 if present) with 
decreasing amount of unsaturation in crop plants 
developed at higher temperature as evident from 
studies conducted by Deng and Scarth (1998). The 
concentration of protein in seed is augmented with 
average maximum spring temperatures (r=0.40, 
p<0.01), however glucosinolate content showed no 
correlation with variation in climatic conditions 
(Pritchard et al., 1999). Environmental temperature 
showed remarkable influence on concentration of 
unsaturated fatty acids mainly oleic and linoleic. Oleic 
acid is more influenced by higher temperature at 
maturity of the crop (Demurin et al., 2000). Among 
saturated fatty acids, palmitic acid content decreases 
at higher temperature towards the crop maturity, 
whereas lesser growing degree days favor increased 
accumulation of stearic acid (Ahmad et al., 1999). 
Genotypic variability along with the climatic factors 
affects seed oil and fatty acid contents (Solangy et al., 
1999). The quantity of saturated fatty acids in seed oil 
increased under higher temperature. Oleic and linoleic 
acids concentration is greater in crop matured under 
lesser daily temperature. Higher temperature enhances 
the concentration of both saturated and 
monounsaturated fatty acids in canola seed oil while 
lower daily temperature at harvest results in higher 
linoleic levels (Deng and Scarth, 1998). Marinkovic et 
al., (2003) stated that genetic difference may exist for 
seed proteins, oil and fatty acid compositions in 
various genotypes under similar environmental 
conditions. The genotype × environment interaction 
plays a critical role in deciding the quantity and 
quality of produce. 

Knowledge of environment factors, application 
of adequate agro-technical measures and appropriate 
selection of canola and sunflower, hybrids and 
varieties is helpful in increasing seed protein and oil 
contents. Maximum differences in amount of total 
saturated fats for the varieties under study were 
ascribed to difference in palmitic acid (C16:0) owing 
to the genetic makeup as main effect and variability in 
stearic acid (C18:0) due to the genotype and 
environment main effects. The differences due to the 
genotype × environment interaction were slight in 
relation to the main effects for the individual saturated 
fatty acids (McCartney et al., 2004). High temperature 
at flowering accelerates the plant growth, reduce the 
time from flowering to maturity and also reduce 
photosynthetic resources (Hall, 1992 and Morrison, 
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1993). The optimum daily temperature for canola 
flowering is 20°C (Chen et al., 2005). A high 
temperature during flowering decreases the pollen’s 
receptivity period, time period for pollen discharge 
and its viability. In canola, excessive heat throughout 
flowering period can early termination of flowering, 
result in incomplete seed setting (Angadi et al., 1999). 
Above 21-24 °C every 3 °C increase in daily 
temperature during flowering cause 430 kg ha−1 
decline in canola seed yield. Higher yield and oil 
content is recorded in crop maturing with high 
precipitation and modest temperatures (10 to 15°C) at 
the time of grain filling (Nuttal et al., 1992). Gan et 
al. (2004) reported up to 54% and 87% decrease in 
canola seed yield with sever temperature fluctuation 
between 28/18 and 35/18 °C respectively. Excessive 
temperature is recognized to decrease grain yield in B. 
napus, which might because of reduced flowering, 
fruit abortion or interruptions in fertilization or post-
fertilization events. Development of early flowering 
phase was more sensitive to elevated temperature 
stress than the initial pod phase (Young et al., 2004). 

Temperature fluctuation is main factor 
influencing oil quantity in canola. Oleate a 
monounsaturated fat with an 18 C chain and a double 
bond accurately in the middle, has maximum 
prevalence to be established in plants. It is converted 
to linoleate with the help of desaturase enzyme 
(Schwartzbeck et al., 2001). Oleic and erucic acids 
undergo key alterations at the time grain maturation 
(Manaf and Hassan, 2006). Split application of 
Sulphur in different portions at grain filling result in 
decreased transformation of oleic acid (18:1) to erucic 
acid (22:1) which leads to the decreased 22:1/18:1 
ratio and better-quality of the oil (Ahmed and Abdin, 
2000). Sulphur levels significantly influence erucic 
acid (Jan et al., 2002; Manaf and Hassan, 2006). 
Level of saturated fatty acid in low-linolenic acid 
(C18:3) B. napus cultivar Stellar is augmented with 
increase in air temperature at flowering and maturing 
period (Deng and Scarth 1998). Both location and 
genotype showed significant impact to the variation in 
oil and protein quantity. Inverse relationship was 
recorded between oil and protein concentrations 
across environments, but not across genotypes (Si et 
al., 2003). The level of linolenic acid decreased 
slightly while the saturated fatty acids showed slight 
increase in concentration. Plant exposure to very high 
temperatures (37/25 ◦C) in the late flowering stage 
reduced erucic acid content from 52% to 44% in the 
whole plant seed. Linolenic acid fell slightly, while all 
other fatty acid levels increased, particularly oleic acid 
(12 to 17%) and eicosenoic acid (7 to 11%) (Pritchard 
et al., 2013). 

Environmental effects largely on oil and protein 
content relative to cultivar effects, whereas the upset 

noted for concentration glucosinolate. Higher oil and 
less seed protein quantities were connected by means 
of cooler temperatures and higher rainfall. Mean 
concentration saturated fatty acid (6.4 ±0.1%), linoleic 
acid (19.7± 0.3%) and linolenic acid (10.4± 0.3%) 
depicted inverse association with the oleic acid 
content. Erucic acid content account for ≤0.6% in seed 
from all regions (Pritchard et al., 2000). Similarly, 
Aslam et al. (2009) conclude that polyunsaturated 
fatty acids increases and oleic acid decreases in 
Mediterranean-type environment, which was mainly 
related to growing period, rainfall is reduced from 
300 mm to 150 mm. There result showed that seed 
protein, linoleic acid and linolenic acid increased by 
3.9%, 2.0%, and 1.7% whereas oil content, oleic acid 
and saturated fatty acids decreased by 3.2%, 3.8% and 
0.4% respectively. Higher precipitation and cool mean 
minimum and maximum temperatures throughout the 
growing period showed positive association with high 
oleic acid concentration. 

Excessive water deficits result reduction in oil 
while it enhances seed protein in rapeseed (Henry and 
MacDonald, 1978). Gunasekera et al. (2006) observed 
significant reduction in seed setting at elevated 
temperature in rapeseed. Munshi and Kumari (2006) 
found healthier seed from lower Silique than seeds 
from upper Silique in rapeseed. Variation in pattern of 
oil filing in mustard seeds from basal to apical 
positions was due to the variable environmental 
conditions (Munshi and Kochhar, 2008). In rapeseed 
oil concentration rises progressively from 1st to last 
phases of grain filling (Bhardwaj and Hamama, 2003). 
Deng and Scarth (1998) concluded that high 
temperature produced seeds with the lowest 
C18:3content and highest C16:0, C18:0 and C18:1. 
Increase of saturated fatty acids appeared to happen 
early in expansion. Likewise Yaniv et al. (1995) 
studied influence of temperature on oil quality and 
yield parameters of high and low erucic acid 
Cruciferous seeds (Rapa and mustard). They found 
that with increase in temperature, oil content and grain 
yield contributing factors showed significant 
reduction. Elevated temperature speed up the time 
required for maturation of seed. The time period for 
synthesis of erucic acid at grain filling was influenced 
by the prevailing temperature. 

Another comparable study was done by 
Gunasekera et al. (2006) on environment interactions 
for Indian mustard (Brassica juncea L.) and canola 
(Brassica napus L.) in Mediterranean-type 
environments. Their results indicate that quantity of 
oil in seed was inversely related to protein content in 
both rapeseed and canola genotypes. Generally seed 
yield is directly linked with oil content and increasing 
crop yield augmented the oil content, however protein 
declined with increase in yield. Percent increase in oil 
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per unit increase in seed yield was higher in canola as 
compared to mustard genotypes, however mustard 
genotypes showed more protein quantity per unit 
boost in seed yield than canola. However, Chauhan et 
al., (2010) investigated that morpho-physiological 
characteristics of Indian mustard (Brassica juncea L.) 
was frequently affected heat stress. They found 
substantial influence of high temperature on seed 
yield, seeds per siliqua, thousand seeds weight, leaf 
weight, leaf area index, harvest index, crop growth 
rate and chlorophyll stability. Protein content 
increased but also decreased oil content with high 
temperature. 

The Silique positioned at 5-27 on the mustard 
(Brassica juncea L.) inflorescence were better and 
superior. Seeds from these siliqua showed extensively 
higher dry matter, dry weight per siliqua and oil 
content per seed than those located at positions 1-3 
and 29-49 at ripening. The seeds obtained from siliqua 
at positions 27 and above on mustard inflorescence 
showed variation in oil chemistry as these were less 
mature thus, have a smaller amount storage fatty acid 
than the seeds in siliqua at basal end. The end results 
also showed that amount of glycolipids, 
phospholipids, oleic acid and free fatty acids were 
more in the seeds from siliqua position 27 and above 
in comparison to lower end. The amount of erucic 
acid was relatively lower in the seeds obtained from 
higher sections (Munshi and Kumari, 2006). A 
parallel study was conducted by Munshi and Kochhar 
(2008) to find out the dried material, oil quantity per 
seed and pod wall at early phases at top followed by 
mid-development phases in central positions and 
delayed growth phases in bottom positions. The oil 
content declined in proportion to pod wall with 
different phases of silique growth. There exists 
variation in oil accumulation in seeds in respect to 
days after flowering. The point of quick accumulation 
of oil in grains differ in number from 20 to 40 DAF 
(days after flowering) at base end to 10 to 30 DAF at 
central and 10 to 20 DAF at to positions. The 
declining trend was observed in amount of starch and 
total soluble sugars on percent dry weight basis in the 
grains and pod walls, however their buildup was 
highest on the basis of contents per seed at 20, 30 and 
40 DAF. Maximum quantity of soluble sugars was 
recorded at 20, 20 and 40 DAF in upper, central and 
lower locations correspondingly on the base of pod 
wall. 
Cotton Seed 

Cottonseed is used as raw material for oil 
expelling and meat remained after oil extraction is 
destined for animal feed production (Hamilton et al., 
2004). Lipids profile generally consists of 70% 
unsaturated and 30% saturated fatty acids (Alfred et 
al., 2012). Oil content in cottonseed is determined by 

genetic effects from the embryo and maternal plant 
genomes (Kohel 1980; Singh et al., 1985; Ramos 
1985; Dani and Kohel 1989). The dairy industry 
depends on whole cottonseed due to its high protein 
(35%) and oil (30%) composition (Arieli, 1998). 
Cottonseed meal is used as a feed supplement for 
ruminants. The use of both oil and meal is limited by 
the gossypol content of cottonseed (Bernardi and 
Goldblatt, 1980). Cottonseed produces relatively 
stable frying oil with potential health benefits due to 
distribution of saturated and unsaturated fatty acids 
within the oil component (O’Brien and Wakelyn, 
2005). 

Cottonseed oil content is a quantitative trait 
controlled by genes in the tetraploid embryo and 
tetraploid maternal plant genomes (Alfred et al., 
2012). Higher temperature at different phases of 
cotton plant including important physiological and 
growth stages decreases the yield (Singh et al., 2007). 
Flowering intervals on vertical and horizontal 
branches are influenced by temperature (Munro and 
Farbrother, 1969; Reddy et al., 1997a). All the squares 
and flowers were aborted and dropped in several 
upland cotton cultivars at day temperatures above 
40◦C (Reddy et al., 1991a). In spite producing fruiting 
branches and squares of upland type cotton at high 
temperature but it did not successfully produce bolls 
(Reddy et al., 1991b, 1992). High temperature stress ‐
prior to and during flowering significantly influences 
several reproductive processes leading to decreased 
fruit set in cotton (Singh et al., 2007). 

High temperatures induced square and boll 
shedding and decreased boll size leading to lower 
cotton yield (Brown et al., 1995; Reddy et al., 1991a; 
Zeiher et al., 1995). High night temperature (25◦C) 
delayed flowering in upland cotton regardless of day 
temperature (Mauney, 1966). Temperatures that 
routinely occur in many cotton producing regions ‐
strongly limit various physiological, bio-chemical, 
and growth processes (Reddy et al., 1997a, b, 2004, 
and 2005). Varietal variation in seed composition has 
been well established over the years by the National 
Cotton Variety Trials (USDA, 2009) and studies 
published in books (Tharp, 1948; Cherry and Leffler, 
1984) and journals (Pons et al., 1953; Stansbury et al., 
1953, 1954; Pandey and Thejappa, 1975; Turner et al., 
1976; Lawhon et al., 1977; Cherry, 1983; Kohel and 
Cherry, 1983; Lukonge et al., 2007; Dowd et al., 
2010). Breeding cottonseed for oil content has 
depended mainly on phenotypic information that is 
used to select varieties with high seed oil content 
(Azhar and Ahmad 2000; Ash and Dohlman 2006; 
Pahlavni et al., 2008). A little knowledge is available 
about genetic basis controlling oil content (Khan et 
al., 2007; Wu et al., 2010). Studies show that oil 
content in cottonseed is determined by genetic effects 
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from the embryo and maternal plant genomes (Singh 
et al., 1985; Ramos, 1985; Dani and Kohel 1989). Yu 
et al., (2012) mapped 17 QTLs on 12 chromosomes 
for oil content in cottonseed entirely on the basis of 
embryonic genome in cotton. 

Gossypol content of cottonseeds vary with the 
locality in which the seeds are grown, and is increase 
in those seeds which have a high oil content 
(Schwartze and Alsberg , 1923). Weather conditions 
are important factors with more or less effect on 
gossypol content, depending upon the time of 
planting. Amount of rainfall during the growing 
period of the cotton plant changes the amount of oil in 
the seeds (Gallup, 1927). Garner et al., (1914) studied 
the oil content of cottonseeds at different stages of 
maturity and found oil increase somewhat more 
rapidly than the growth of the seed. Cottonseed 
composition is recognized to be affected by variety, 
planting date, and irrigation, interactions between 
varieties and irrigation. Variety was a major source of 
variation for all the seed composition traits quantified 
(Pettigrew and Dowd, 2012). Environmental factors 
affect and contribute to variations in seed composition 
(Pons et al., 1953; Turner et al., 1976; Cherry, 1983; 
Dowd et al., 2010). The amount of water available to 
the crop during the growing season has a profound 
effect on seed composition (Pons et al., 1953; 
Stansbury et al., 1953, 1954; Pettigrew and Dowd, 
2011). Planting dates were found to affect seed 
composition. Cotton plants with different genetic 
makeup can also respond differently to these various 
environmental influences (Pettigrew and Dowd, 
2012). Contribution of any genetic-by-environment 
interaction might be small relative to the main effects 
for cottonseed oil fatty acid composition (Dowd et al., 
2010). 

The unsaturated fatty acid composition of BT 
(59.71%) and non-BT hybrids (59.15%) was similar. 
Presence of Cry1Ac gene did not affect the oil content 
or its profile in the BT hybrids. Six BT hybrids 
showed higher oleic acid than their respective non-BT 
version and 4 germplasm lines nearly high oil content 
of more than 25% (Harijan, 2009). Application of zinc 
increased seed yield, seed protein content, protein and 
oil yield and total unsaturated fatty acids (oleic and 
linoleic) content in cotton (Sawan et al., 2001). 
Sunflower 

Vascular strands in sunflower extensive from the 
receptacle into empty achenes regularly found in 
longitudinal section were studied by Alkio and 
Grimm, (2003). The results suggested that photo 
assimilate were translocated from the receptacle to the 
pericarp and the testa of unfilled achenes. The 
interpretation suggested that empty achenes are both 
structurally and functionally connected with the 
vascular system of the receptacle. Similarly Alkio et 

al., (2002) concluded that the floret is 
characteristically connected with leaves of three 
neighboring orthostiches in sunflower. Photo 
assimilate delivery patterns demonstrated here may 
reflect the functional relationship between the 
phyllotaxy of source leaves and the position of sinks 
in developing inflorescences. Likewise Troncoso et 
al., (2009) investigated that emergent sunflower seeds 
do not collect much starch and these depend on the 
sucrose supply as precursor from the mother plant to 
synthesize lipid. At the time of seed development in 
sunflower 10 and 25 days after flowering (DAF), 
when seeds accomplish the key phase of storage lipid 
synthesis, amount of the sucrose is comparatively 
stable seeds. So, phosphoenol pyruvate (PEP), similar 
to pyruvate and malate present in cytosol, might be 
the principal carbon source for fat biosynthesis. 

A study was conducted by Baydar and Sabri, 
(2005) to assess changes in the content of oil, fatty 
acids and total tocopherol of sunflower seeds. Oil 
content of sunflower seeds increased appreciably with 
seed development, it reached to maximum (45.8%) at 
35 DAF (day after flowering) in 2002 and (47.9%) at 
30 DAF (day after flowering) in 2003, after which it’s 
in progress to decline steadily upto 45 DAF (day after 
flowering). Linoleic acid increased drastically and 
oleic acid decreased notably during seed maturing 
process. Total tocopherol gradually decreases from 10 
to 35 DAF, after 35 day after flowering gradual 
increase was observed. Changes in protein and oil 
content of field-grown Helianthus annuus seeds 
followed throughout the grain filling period were 
resolute by Goffner et al., (1988). Seeds were sampled 
from dissimilar zones on the flower head marginal, 
middle, and inner. In spite of seed position, at 
maturity protein and oil content accounted for around 
18% and 50% of the dry weight respectively. Lipids 
constituted the major photosynthetic sink, reaching 
levels of greater than 80% of the total seed-
incorporated. The change rate from free sugars to 
storage compounds (lipids, proteins and starch) varies 
according to seed place and age. 

Seed situated in different whorls of sunflower at 
maturity there physiochemical characteristics were 
determined by Munshi et al., (2003), they found 
quantity of filled seeds decreases as of peripheral to 
central whorl, filled/unfilled seed ratio decreased from 
outer to inner side in head. The dry weight of kernel, 
seed and oil content decreased from the marginal 
towards the middle and central whorl. A similar 
experiment by Gupta et al. (2009) was performed to 
decide effect of seeds positions in different whorls of 
sunflower on physical and chemical composition of 
seeds. Weight of seeds, kernels, oil per whorl, dry 
weight of seeds and kernels decreased from peripheral 
towards centre whorl. The content of oleic acid was 
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lowered in inner whorls and increased linoleic acid. 
The fatty acid profile and chemical composition of 
seed is closely linked to the development of the plant. 

Variability in seed weight throughout seed 
development in different whorls of sunflower head 
was recorded by Gupta et al., (2009) while Kaleem 
and Hassan (2010) observed heavier seeds in outer 
circles of sunflower than in inner circle. Temperature 
prevailing during seed maturation resulted in 
significant variation in oil content (Hasan and Ahmad, 
2003) concentration of oleic and linoleic acid (Baydar 
and Sabri, 2005). Higher temperature at maturity stage 
results in oil with high oleic and low linoleic acid 
concentration (Seiler, 1983; Lajara et al., 1990). 
Higher temperatures during seed development in 2010 
resulted with 68.38 % increasing in oleic content of 
the traditional sunflower hybrid (Onemli, 2012). Grain 
oil concentration is under genetic control in sunflower 
(Aguirrezabal et al., 2009). Fatty acid composition of 
sunflower changes significantly during seed 
development (Baydar and Sabri, 2005). Oleic acid 
decreased significantly while linoleic acid increased 
significantly during seed maturity process (Baydar 
and Sabri, 2005). Tocopherol content decreases from 
10-35 days after flowering after which it increases 
gradually. Seed position on head has little effect on oil 
content while it had strong effect on fatty acid profile. 
Linolenic acid decrease while oleic acid increase 
linearly from side to centre seeds. Tocopherol content 
was highest in seeds found at sides of head (Baydar 
and Sabri, 2005). 

Higher oil content correlate with extreme 
vulnerability of oil content to prevailing environment, 
conversely consistent oil content of low-oil hybrids 
(Dosio et al., 2000 ; Izquierdo et al., 2008) is 
observed even when a slight variation in genetics as in 
single hereditary section (8.1 cM) can give the high-
oil character (León et al., 1996 ). Ecologically favored 
variability in seed oil content of sunflower is 
associated with alteration in embryo oil content 
(Santalla et al., 2002; Izquierdo et al., 2008). Air 
temperature during flowering affects the lipid profile 
of sunflower (Nagao and Yamazaki 1984). 
Temperatures above 30°C resulted in changes 
associated with the proportion of embryo-to-pericarp 
in reaction to differences in grain oil content 
(Rondanini et al., 2003). Seed oil content in 
sunflower, depends upon the quantity of 
photosynthetically active radiation (PAR) captured 
per plant throughout the seed-filling phase (Andrade 
and Ferreiro, 1996; Dosio et al., 2000; Izquierdo et 
al., 2008). Dry matter and oil content in sunflower 
seed are susceptible to quantity of captured rays 
between 250 and 450 °C day after flowering. The span 
of the seed development phase showed inverse 
relation to temperature in sunflower (Ploschuk and 

Hall, 1995; Villalobos et al., 1996). Elevated 
temperature curtails the duration required for 
intercepting rays and thus decreases amount of oil in 
seed (Aguirrezabal et al., 2003). Temperature higher 
than 30°C, showed marked reduction in oil 
concentration dependent on the phase of seed filling 
(Rondanini et al., 2003, 2006). Excessive nitrogen 
application can also influence quantity of oil with an 
upsurge in protein content (Steer et al., 1984). 

Environmental factors and management practices 
have impact on captured radiation per plant, 
temperature or crop photosynthesis (foliar diseases, 
sowing date and sowing density) have direct effects 
on grain oil concentration (Andrade et al., 2002 ). The 
overall action of the enzyme oleoil-ACP desaturase is 
greatest at initial seed filling stage (Garcés et al., 
1992; Kabbaj et al., 1996) hence; the temperature 
showed more pronounced impact in this period as 
compared to the remaining the seed-filling phase. 
Lowest nocturnal temperature flanked by 100 and 300 
°C day afterward flowering with 6 °C basal 
temperature explain maximum variation in the content 
of oleic and linoleic acids in 2 conventional hybrids 
and a high-oleic hybrid (Izquierdo et al., 2006 ; 
Izquierdo and Aguirrez ábal, 2008). 

Even a short term water deficit stress can cause 
substantial change in physical properties and 
biochemical composition of sunflower seed (Ashraf 
and Mehmood, 1990). Esmaeilian et al., (2012) 
revealed that drought at seed filling phase affected a 
reduction in concentration of oil whereas quantity of 
protein improved because of water deficit at flowering 
phase of sunflower. Drought stress resulted in 
significant decrease seed and oil yield of sunflower 
(Soleimanzadeh et al., 2010). The concentration of 
oleic acid was reduced from 14 to 4 % while linoleic 
acid concentration increases in sunflower seeds grown 
in drought stress (Petcu et al., 2001). Qualitative 
parameters of sunflower seeds showed that water 
stress caused a marked decrease in oil content and 
unsaturated fatty acids of oil, however this negative 
effect was greater in water stress at seed filling stage 
with respect to water stress at flowering stage. Protein 
content increased due to water stress at flowering 
stage. Drought stress at seed filling stage significantly 
decreased nutrient content of the seeds, whereas 
drought stress at flowering stage caused to increase of 
nutrient uptake (Esmaeilian et al., 2012). Increase or 
decrease in oil oleic and linoleic acid contents due to 
water stress when applied at different growth stages 
could be variety specific (Ali et al., 2009). Soil tillage 
influences sunflower oil fatty acid composition while 
the disease influenced oil quality and the balance 
oleic-linoleic fatty acids (Mirleau-Thebaud et al., 
2011). 
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Application of biofertilizer decreased the 
saturated fatty acids (palmitic and stearic) and 
increased unsaturated fatty acids (linoleic acid and 
oleic acid) and oil content (Akbari et al., 2011). 
Application of K increases oil content and improves 
quality of oil by enhancing its linoleic acid content 
(Ahmad et al., 1999). Drought stress caused a marked 
decrease in oil content and unsaturated fatty acids of 
oil while protein content increased due to water stress 
at flowering stage in sunflower (Esmaeilian et al., 
2012). Duration of seed development modify the oil 
content and fatty acid profile (Norton and Harris, 
1975; Ichihara and Noda, 1980; Dornbos and 
McDonald, 1986; Chung et al., 1995; Ishikawa et al., 
2001; Rahmatalla et al., 2001; Bhardwaj and 
Hamama, 2003) hence the genetic exploration for oil 
content and lipid profile is interpreted by length of 
seed maturity (Ishikawa et al., 2001). Genetic 
(Knowles, 1988) and environmental factors and stage 
of maturity of seed are major determinants of seed oil 
chemistry (Baydar and Sabri, 2005). Environmental 
temperature prevailing during seed development, 
influence oil content of sunflower (Goyne et al., 1979; 
Miralles et al., 1997). Oil content of sunflower 
showed slight decrease from grain filling to harvesting 
(Jasso de Rodriguez et al., 2002). The ratio of 
oleic/linoleic acid increases under high temperature 
during seed maturation and it decreases under lower 
temperature conditions (Tremolieres et al., 1982). 

There exists genetic and phenotypic variation in 
sunflower seeds for tocopherol composition 
(Demurin, 1986; Demurin et al., 1996). 
Environmental conditions showed immense influence 
on tocopherol content of sunflower seed (Kandil et al., 
1990; Marquard, 1990; Velasco et al., 2002). The 
environment affects fatty acid composition of 
sunflower seed (Onemli, 2012). In sunflower 
variations in fatty acid composition is mainly related 
to temperature and drought (Harris et al., 1978; Nagao 
and Yamazaki, 1984; Lajara et al., 1990; Izquierdo et 
al., 2002; Tahmasebi-enferadi et al., 2004; Izquierdo 
et al., 2006). Total saturated fatty acids and oil 
concentration were considerably influenced by 
planting date, hybrid and nitrogen rate in sunflower 
(Zheljazkov et al., 2009). An earlier planting date may 
reduce the total saturated fatty acids and increase oil 
content of sunflower in Mississippi (Zheljazkov et al., 
2009). Water stress significantly increased oleic acid 
content in the high oleic hybrids reducing the dry 
matter and oil accumulation phases (Baldini et al., 
2002). 

Planting dates also influenced oil and fatty acid 
composition significantly in sunflower. Overall, 
spring plantation accumulated higher oil and oleic 
acid in comparison with autumn planting. However, 
autumn planting accumulated less oil but higher 

linoleic acid which depicted an inverse relationship of 
oleic and linoleic acid (Hasan and Ahmad, 2003). In 
autumn, late August planting accumulated the 
maximum linoleic and the minimum oleic acid. In 
spring, late April planting exhibited the highest oleic 
and least linoleic acid (Qadir et al., 2006). Ahmad and 
Hassan (2000) found higher oil contents in sunflower 
hybrids that matured and were harvested at higher 
temperatures of June as compared with those that 
matured and were harvested in April. Storage protein 
increase and oil profile in Sunflower were studied by 
Pleite et al., (2005), 17 and 24 days after anthesis 
(DAA) were preferred to represent early and late 
periods of oil addition. Starch content was less than 
1.6% of the collective total protein and oil content 
during seed development. Oil increase was basically 
normal between 12 and 25 DAA (days after anthesis) 
and then stop. The main time of protein deposition 
was between 15 and 25 DAA but frequent up to 31 
DAA. Cultivar differences in mature achene oil 
concentration imitate variations in pericarp amount 
and thickness and mature embryo oil concentration. 
Maize 

Maize is indigenous to Americas and for the 
native Americans, it has been principal food grain. Its 
grain constitutes about 9.7396 % grain protein, 4.85% 
grain oil, 9.4392% grain crude fibre, 71.966% grain 
starch, 11.77% embryo while fodder contains 
22.988% acid detergent fibre, 51.696% neutral 
detergent fibre, 28.797% fodder cellulose, 40.178% 
fodder dry matter, 26.845% fodder crude fibre, 
10.353% fodder crude protein and 9.095% fodder 
moisture (Ali and Ahsan 2015; Ali et al., 2012; Ali et 
al., 2013ab; Ali et al., 2014abcd; Mustafa et al., 
2013). Fatty acid accumulation in the endosperm, 
pericarp and germ portions of the developing corn 
kernels was analyzed by Saoussem et al., (2009). 
They recommended that buildup array of oil content 
was unlike in these 3 grain portions. The quantity of 
oil was highest in the endosperm (2.2%), germ 
(34.3%) and pericarp (10.8%) portions were noticed at 
20, 40 and 30 days after pollination likewise lipid 
accumulation, achene Structure and development in 
Sunflower cultivars were considered by Mantese et 
al., (2006). Varieties differ in quantity of protein body 
and embryo and oil build dynamics throughout achene 
development lie beneath differences in oil content in 
embryo. Cultivar differences in protein body quantity 
and embryo and oil mass dynamics throughout achene 
growth lie beneath variations in embryo oil 
concentration. An experiment was conducted by 
Adugna and Labuschagne (2003), concluded that oil 
content was substantially and absolutely related with 
quantity of polyunsaturates (linoleic and linolenic), 
while it showed inverse relation with saturated 
(palmitic and stearic) fats. 
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Oil content showed weak constructive 
association with monounsaturated oleic acid. The 
same consequences were observed by Okporie and 
Oselebe, (2007) in Maize. Higher concentration of oil 
in certain cultivars of maize (Zea mays) is due to an 
enlarged embryo structure (Ekman et al., 2008). It 
was found that oil content was definitely and 
considerably associated with plant and ear heights and 
days to silking in some varieties. Oil and plant height, 
ear height and days to silking propose that as protein 
or oil content was increased, plant and ear height was 
also increased and oil content also increased as 
maturity increased. Grain oil concentration in maize is 
not influenced by intercepted radiation (Andrade and 
Ferreiro 1996). 

 
Conclusions 

After comprehensive review it was concluded 
that genetics and locations showed substantial 
influence on oil and protein contents. Seed yield, oil 
contents and composition, accumulation of saturated 
fats, protein content are affected by prevailing 
environmental conditions like temperature, solar 
radiation, and precipitation during growth especially 
after anthesis. Abrupt climate changes alter both 
quantity and composition of oil in oilseeds. Cool 
temperature augments the amount of oil and 
polyunsaturated fats and lower protein content in 
oilseed crops while higher temperature upsurges the 
concentration of saturated and monounsaturated fats 
and lower oil content and polyunsaturated fats in 
canola. Climatic conditions have more pronounced 
impact on oil and protein content than glucosinolates. 
Low temperature and rainfall reduce oleic acid 
concentration in canola. Incidence of frost reduces oil 
content and linolenic acid and aguments palmitic acid 
concentration in canola. Seed at appropriate 
availability of water exhibit more oil while shortage 
reduces its concentration. 

Drought at seed filling reduces oil content, oleic 
and linoleic acids whereas it increase protein content, 
glucosinoles and stearic acid in B. napus. Salinity 
reduces concentration of polyunsaturated fatty acids 
while enhances monounsaturates. Elevated 
temperature augments quantity of both saturated and 
monounsaturated fatty acids in canola while lower 
daily temperature results in higher linoleic levels. 
Sulphur availability has marked impact on erucic acid. 
Higher temperature in late flowering reduces erucuc 
acid. Frost at ripening augments palmitic acid while it 
decreases oil content and linolenic acid in canola. 
Oleic acid content is linearly correlated with cooler 
temperature and high precipitation. Oil content was 
higher in seed positioned at 5-27 Siliques while seed 
from 27 and above position revealed altered fatty acid 
composition. Glycolipids, phospholipids, oleic acid 

and free fatty acids increase in the seeds from siliqua 
position 27 and above while erucic acid decrease. 

Cottonseed composition is affected by variety, 
planting date and irrigation. Quantity of gossypol in 
cotton seed differ with location and is higher in 
cultivars with high oil content. Oil content increases 
linearly with amount of rain. Concentration of 
unsaturates was similar in both BT and non-BT 
varieties. BT gene has no significant impact on oil 
content but contribute in increasing oleic acid 
concentration. 

Oil content and tocopherol decreased from 
peripheral to middle and central whirls in sunflower 
head. Seeds from inner whirls showed higher linoleic 
acid and lower oleic acid. Elevated temperature at 
maturity increases quantity of oleic and linoleic acids 
in sunflower hybrids. Oleic acid decreases while 
linoleic acid increases in maturing seeds as well as 
during drought. Higher temperature limits the period 
for rays capture and consequently decreases oil 
quantity in seed. Temperature above 30°C 
significantly reduces oil content. Higher nitrogen and 
drought at grain filling increase protein and decrease 
oil content. Biofertilizer enhances unsaturated and 
reduces saturated fatty acids. Potassium increase oil 
content and linoleic acid. Total saturated fatty acids 
and oil content were significantly affected by planting 
date, hybrid and nitrogen rate in sunflower. Early 
sowing reduces the total saturated fatty acids and 
increase oil content of sunflower. Spring sown 
sunflower crop accumulated higher oil and oleic acid 
but less linoleic acid in comparison with autumn 
planting. Oil content and monounsaturates have weal 
relationship. Oil content showed significant realtion 
with olant and ear height and silking days in maize. 
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