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RESPONSE OF OIL AND PROTEIN CONTENT TO SEED SIZE 
IN COTTON(GOSSYPIUM HIRSUTUM L., CV. SAHEL)

ABSTRACT 

This study was de signed to iden tify the re sponse of oil and pro tein con tent to non-her i ta ble vari a tion of seed
size in cot ton (Gossypium hirsutum L.). The ex per i ment was con ducted at Gorgan Uni ver sity of Ag ri cul tural Sci -
ences, Gorgan, Iran in 2005. The re sults showed that ger mi na tion and emer gence in creased lin ear ity with seed size
and R2 of these re la tion ships were 92 and 89%, re spec tively. This means that larger seed had higher po ten tial of
ger mi na tion and emer gence. Also, there was a strong lin ear re la tion ship be tween seed weight and oil con tent. Seed
weight pro vided a better in di ca tion of oil con tent (R2=0.78) than pro tein con tent (R2=0.43). There are no con sid -
er able re la tion ship be tween seed size and pro tein con tent of seed. The re sults of this study also showed a pos i tive
and sig nif i cant cor re la tion be tween seed weight and oil con tent (r=0.88**), ger mi na tion per cent (r=0.95**), ger -
mi na tion in dex (r=0.84*), emer gence per cent (r=0.94**), and emer gence in dex (r=0.88**). This re sults sug gest
that oil con tent, ger mi na tion and emer gence of cot ton seed was largely af fected by size of seeds. The ef fects of
seed size where stud ied here are pure ef fects of size and is not con founded by other ef fects such as genotypic fac -
tors. This find ing helps cot ton breed ers for the genetic improvement of germination and emergence along with oil
and protein content of seeds. 
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INTRODUCTION

Cot ton is cur rently the lead ing plant fi ber crop, which is grown in over 88
coun tries with a com bined pro duc tion of 54 mil lion met ric tons of cot ton seed
(Zhu et al. 2005). About two-third of the har vested crop com prises cot ton seed
which is a po ten tial source of oil, and pro tein for hu man and an i mal con sump -
tion. Cot ton seed con tains 20-40% of oil, 20-30% pro tein, and this level
reaches as high as 45-50% in cot ton seed cake af ter oil ex trac tion. Cot ton seed
oil com mands a higher price in the mar ket than reg u lar veg e ta ble oils be cause
of its higher sta bil ity than oils like soy bean and ca no la be cause it has a very
low con tent of triunsaturated fatty ac ids, which have a higher ten dency to ox i -
dize (Smith and Cothern, 1999). The meal as a high qual ity pro tein sup ple -
ment, have been used suc cess fully and ex ten sively in live stock ra tion. As the
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oil and pro tein con tent is next to lint in eco nomic im por tance among the prod -
ucts of the cot ton plant, the main ob jec tive of cot ton im prove ment is to ob tain
va ri et ies with high lint and cot ton seed. Also, in for ma tion on the fac tors in flu -
enc ing con tent of oil and pro tein in the cot ton seed is of both interest and value
to breeders for formulation an appropriate breeding scheme. 

The con tent of oil and pro tein in cot ton as well as other spe cies is as so ci ated
with the size of the seed that it has a con sid er able con tri bu tion to yield of the
crop (Poehlman, 1987). The im por tance of as so ci a tion be tween seed size, oil
and pro tein con tent was showed by oth ers in soy bean and mungbean (Marega
et al., 2001; Afzal et al., 2003). In ad di tion, seed size plays a ma jor role in ger -
mi na tion and es tab lish ment of uni form stand of healthy, vig or ous seed lings
that is es sen tial to achiev ing high yield. Some re search ers showed that in cot -
ton seed size had great in flu ence on the seed ger mi na tion (Tupper et al., 1971;
Bartee and Krieg, 1972; Tupper and Kunz, 1981).) Fur ther more, they noted
a pos i tive lin ear re la tion ship be tween seed weight and emer gence in the field.
In pea (Pisum sativum L.) it was showed that cultivars with low 100 seed
weight had higher lab o ra tory ger mi na tion per cent age than larger seed cultivars 
(Peken et al., 2004). Baalbaki and Cope land (1997) also con cluded that in
wheat, seed size not only in flu ence emer gence and es tab lish ment but also af -
fected yield com po nents and ul ti mately grain yield. There fore, know ing re -
gards to re sponse of oil and pro tein con tent, seed ger mi na tion and emer gence
of seed lings to seed size help cot ton re search ers to im prove the ef fec tive ness of 
breed ing meth ods.

Cot ton is gen er ally con sid ered to be a self-pol li nat ing crop, but it is of ten
cross-pol li nated and out cross ing rates are af fected by ac tiv ity of pollinators.
Also, the ma jor ity of the cot ton cultivars are a mix ture of closely re lated ge no -
types that show plant to plant vari a tion for the all traits es pe cially for seed and
seed ling growth char ac ter is tics (Poehlman, 1987; Smith and Cothern, 1999).
On the other hand, in de ter mi nate na ture of cot ton and ex tended bloom pe riod,
which ex poses dif fer ent seed set to var i ous en vi ron men tal con di tions and field
weath er ing du ra tions, re sult in dif fer ent seed qual i ties and con stit u ents within
the same plant. Typ i cally, seed from late-sea son bolls are usu ally smaller and
less vig or ous than seed from ear lier bolls (Jenkins et al., 1990a,b). Turner et al.
(1979) showed that in cot ton as the sea son pro gressed weight of seed was more
de pend ent upon en vi ron men tal fac tors and fruit load than ge netic fac tors. As
a sin gle seed view point, vari abil ity of the all lim it ing fac tors dur ing de vel op -
ment of the seeds, such as ni tro gen fer til ity, wa ter def i cit, phys i o log i cal
stresses, and ex ces sive plant pop u la tions can con sid er ably im pact its fi nal
qual ity in re la tion to the other seeds. These within-plant vari a tions along with
be tween-plant vari a tion due to cross pol li na tion causes seeds of a particular
cultivar had considerable variation in seed traits, especially for seed size
(Fasoula and Boerma, 2007). 

Al though within-cultivar vari a tion of seed size is com mon; how ever, the ex -
tent to which this vari abil ity is ef fec tive on seed qual ity and ger mi na tion re -
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mains un clear in cot ton. Also, in pre vi ous work, im pact of seed size on qual ity
and ger mi na tion were eval u ated by use of dif fer ent ge no types, there fore, the
pure ef fects of seed size usu ally con founded with genotypic ef fects. So, it is
hy poth e sized that the larger seeds, have grater oil and pro tein con tent, and
would in crease seed ger mi na tion and emer gence in re la tion to smaller seeds.
The pres ent study was de signed to test the hy poth e sis and to in ves ti gate the
pure ef fect of seed size on oil and pro tein con tent of seeds, and to asses the in -
flu ence of seed size on the ger mi na tion and emer gence in cot ton. The in for ma -
tion gained from this ex per i ment may help cot ton re search ers to rec og nize
suit able size of cot ton seed which of fer maximum oil and protein content along
with high germination and emergence.

MATERIALS AND METHOD

This study was con ducted at the Seed Lab o ra tory, Fac ulty of Agron omy Sci -
ences, Gorgan Uni ver sity of Ag ri cul tural Sci ences, Gorgan, Iran in 2005.
Seeds of cot ton (Gossypium hirsutum L.) cultivar ‘Sahel’ ob tained from Ira -
nian Cot ton Re search In sti tute (ICRI) which were grown in 2004 at Re search
farm of ICRI lo cated at Gorgan, Iran. Af ter gin ning with elec tric gin, delinted
seeds were ob tained by acid treat ing with con cen trated (com mer cial) sulphuric 
acid ac cord ing to Cross (1962). The acid-delinted seeds were air-dried at room
tem per a ture (25 ± 1ºC) on bench tops. The seeds were cleaned man u ally to re -
move all for eign mat ter such as dust, dirt, stones and chaff as well as im ma ture,
bro ken, semi-delinted and fuzzy seeds and stored for 2 months be fore the start
of the ex per i ment. For better un der stand ing of pure ef fects of size, seeds were
sep a rated one by one by hand for weight into size classes of <00, 801–930,
931–990, 991–1050, 1051–1120, >1121 mg. The mean sin gle seed weight of
un graded sam ple was 986.7 mg and for the size classes were 740.7, 910.6,
960.6, 1018.0, 1081.2 and 1209.6 mg, re spec tively (Ta ble 1). We used from
SW1 to SW6 ab bre vi a tions for showing 6 seed weight classes in our study.

In spring of 2005, two ex per i ments were car ried out. One was con ducted in
the field for emer gence, and an other in the lab o ra tory for ger mi na tion. The ex -
per i ment car ried out in the field used six treat ments in clud ing seed weight
classes (SW1, SW2, SW3, SW4, SW5 and SW6). Each plot was made up of
four 3.5m rows with 0.4m be tween them and 0.1m spac ing be tween seed ing.
One hun dred seeds per each m of rows were used. Treat ments were ar ranged in
a ran dom ized com plete block de sign, with three rep li ca tions. Emerg ing seed -
lings at the soil sur face were counted ev ery day for seven af ter plant ing and ter -
mi nated 21 days later in the mid dle two rows of each plot to de ter mine field
emer gences per cent age. Field emer gence per cent age (EP) was cal cu lated as
the num ber of emerg ing seed lings at the last day to the num ber of planted
seeds. Also, emer gence in dex (EI), a mea sure of the speed of emer gence, was
cal cu lated by means of data on daily emerg ing ac cord ing to the for mula de vel -
oped by Steiner (1990). In the lab ex per i ment, ger mi na tion test for six weight
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classes were per formed ac cord ing to ISTA rules. Each Petri dish had 50
delinted seeds and ex per i ment run in 4 rep li ca tions. Sim i lar to field ex per i ment 
seed ger mi na tion were re corded daily and ger mi na tion per cent age (GP) and
ger mi na tion in dex (GI), a mea sure of the speed of ger mi na tion, were cal cu -
lated. Sim i lar to EI, ger mi na tion in dex (GI) was calculated by means of data on
daily germination according to the formula developed by Steiner (1990).

The oil and pro tein con tent of seeds in the each class were de ter mined by
Soxh let and Kjeldahl meth ods, re spec tively. The sam ples for oil and pro tein
con tent were an a lyzed in trip li cate, and their means was con sid ered in sta tis ti -
cal anal y sis. Ni tro gen per cent age was mul ti plied by a con stant fac tor (6.25) for 
cal cu lat ing pro tein con tent. The oil and pro tein con tent were de ter mined ac -
cord ing to stan dard meth ods of oil and fat analysis (Kaufmann, 1958).

The weight of sin gle seed (SW) and sin gle em bryo (EW) and also hull con -
tent for all classes was in di vid u ally de ter mined. Also, dry weight of sin gle em -
bryos was cal cu lated. Since, there was no sig nif i cant dif fer ence be tween dry
weight and fresh weight of em bryos, the lat ter was con sid ered for fi nal sta tis ti -
cal anal y sis. To mea sure the mois ture con tent (MC) on the ba sis of dry weight
the equation

  were used for three rep li ca tions of 100-seeds sam ple, where 

a was weight [g] of the same sam ple af ter dry ing in oven at 130±5°C for 2h
and b was fresh weight [g] of seed sam ple. 
Also, to de ter mine the per cent age wa ter ab sorp tion by the seeds, 3 rep li ca -

tions of 100-seed sam ple were soaked in dis tilled wa ter at 5±2°C dur ing a 24 h
pe riod. They were ex tracted from the wa ter and sur faced dried. Wa ter ab sorp -
tion rate (WAR) was cal cu lated us ing the equa tion 

where c was weight [g] of sam ple af ter soak ing in dis tilled wa ter for 24 h.
Lin ear re gres sion was cal cu lated to de ter mine the re la tion ship be tween seed

weight and oth ers in clud ing EW, HC, MC, WAR, GP, GI, EP, EI, oil and pro -
tein con tent (Zar, 1974). Also, Pearson co ef fi cient of cor re la tion among EW,
HC, MC, WAR, GP, GI, EP, EI, oil and pro tein con tent was de ter mined. All
sta tis ti cal anal y ses were per formed by us ing SAS pro ce dures: PROC MEANS, 
PROC REG and PROC CORR (SAS In sti tute, 1989).
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RESULTS AND DISCUSSION:

The seed weight of cot ton (Gossypium hirsutum L.) cultivar ‘Sahel’ var ied
within pop u la tion by a fac tor about 6, from 216 to 1453 mg per seed (data not
shown). The mean and stan dard de vi a tion sin gle seed weight of this pop u la tion 
was 986.8mg and 160.7, re spec tively. The ob served within cultivar-vari a tion
was pre dict able, be cause of the in de ter mi nate na ture of growth in cot ton, in
which, there are al most 120 days in ter val be tween the first and the last pro -
duced seed in each plant (Smith and Cothern, 1999). As shown in Ta ble 1,

there was con sid er able vari abil ity among six seed weight classes for weight of
sin gle em bryo (EW), hull, oil and pro tein con tent, mois ture con tent (MC), wa -
ter ab sorp tion rate (WAR), ger mi na tion per cent age (GP), ger mi na tion in dex
(GI), emer gence per cent age (EP) and emer gence in dex (EI). The high est and
low est val ues for EW, oil con tent, GP, EP and EI were be longed to SW1 and
SW6, re spec tively. In av er age, the classes had 654.6 mg EW, 20.8% oil, 67.7% 
GP, 68.1% EP and these val ues could be con sider as mean of cot ton cultivar
Sahel (Ta ble 1). The low est value for hull, pro tein, MC, WAR and GI was be -
longed to SW1 and the high est value of these traits was oc curred in SW2, SW5, 
SW4, SW5 and SW4, re spec tively. The av er age value of hull, pro tein, MC,
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Ta ble 1
Mean val ues ± stan dard er ror of eleven char ac ter is tics for six seed weight classes.

Class SW† [mg] EW [mg] Hull [%] Oil [%] Protein [%] MC [%]

SW1 740.7 ± 8.58 466.8 ± 20.16 36.5 ±1.62 17.3 ± 0.87 23.6 ± 0.50 9.4 ± 0.43

SW2 910.6 ± 0.93 614.3 ± 6.21 32.5 ± 0.69 20.9 ± 0.23 26.5 ± 1.16 9.3 ± 0.63

SW3 960.6 ± 0.92 636.1 ± 5.70 33.5 ± 0.53 21.2 ± 0.43 28.0 ± 0.87 7.6 ± 0.74

SW4 1018.0 ± 0.89 678.5 ± 3.60 33.1 ± 0.37 21.6 ± 0.46 28.9 ± 0.50 6.6 ± 0.32

SW5 1081.2 ± 1.25 727.9 ± 4.66 32.6 ± 0.45 21.6 ± 0.24 28.9 ± 0.00 6.8 ± 0.20

SW6 1209.6 ± 4.11 803.9 ± 11.23 33.8 ± 0.47 22.1 ± 0.17 26.8 ± 0.58 7.9 ± 0.98

Average 986.8 654.6 33.7 20.8 27.1 7.9

Class WAR [%] GP [%] GI [%] EP [%] EI [%]

SW1 95.0 ± 1.21 42.5 ± 5.06 14.5 ± 2.32 42.6 ± 8.11 17.1 ± 3.21

SW2 84.5 ± 2.20 63.5 ± 4.64 18.5 ± 3.29 69.3 ± 1.76 28.6 ± 1.67

SW3 84.4 ± 0.37 68.0 ± 5.03 22.4 ± 3.56 68.7 ± 9.26 29.1 ±4.09

SW4 81.4 ± 0.32 75.5 ± 5.31 28.9 ± 3.60 69.3 ± 3.52 28.3 ± 0.84

SW5 79.3 ± 1.40 75.0 ± 3.69 24.6 ± 4.42 75.3 ± 1.76 27.5 ± 2.60

SW6 79.9 ± 1.67 82.0 ± 3.16 26.7 ± 4.03 83.3 ± 8.97 34.3 ± 3.69

Average 84.1 67.7 22.6 68.1 27.5

SW: sin gle seed weight, EW: sin gle em bryo weight, MC: mois ture con tent, WAR: wa ter ab sorp tion rate, GP:
ermination per cent age, GI: ger mi na tion in dex, EP: emer gence per cent age, EI: emer gence index
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Fig. 1. The re la tion ship be tween the seed weight and em bryo weight (A), oil con tent (B), 
and mois ture con tent (C) in cot ton cv. Sahel
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Fig. 1. The re la tion ship be tween the seed weight and hull con tent (D) pro tein con tent (E) 
and wa ter ab sorp tion (F) in cot ton cv. Sahel



WAR and GI in all classes was 33.7%, 27.1%, 7.9%, 84.1 and 22.6%, re spec -
tively (Ta ble 1). The mean of oil and pro tein con tent that ob served in this study
were sim i lar to those re ported by oth ers in cot ton (Lukonge et al., 2006). The
con tent of oil in cot ton seeds in creased from 17.3 in SW1 (seed size class) to
22.1% in SW6. A sim i lar trend was ob served for seed growth re lated pa ram e -
ters in clud ing GP, GI, EP and EI, and im prove ment or der was SW1 < SW2 <
SW3 < SW4 < SW5 < SW6 (Ta ble 1). A sim i lar ob ser va tion was made by
Cornish and Hind marsh (1988) while work ing with two cultivar of wheat,
Triticum aestivum L. and they concluded that this was attributed to the larger
food reserves in the larger seeds.

Em bryo weight in creased as the seed weight in creased (R2=0.99). There was 
a strong lin ear re la tion ship be tween seed weight and oil con tent (Fig. 1). Re -
gres sion anal y sis in di cated that a 1.0 unit in crease in the seed weight im proved
oil con tent 0.01 (Fig. 1). Also, seed weight pro vided a better in di ca tion of oil
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Fig. 1. The re la tion ship be tween the seed weight and ger mi na tion per cent (G) 
and emer gence per cent (H) in cot ton cv. Sahel



con tent (R2=0.78) than pro tein con tent (R2=0.43). Marega et al. (2001)
showed that at the field ex per i ment, the com bined anal y sis showed a high sig -
nif i cant re la tion ship be tween weight of a hun dred seed and oil con tent. Sim i lar
re sults were ob tained by Chaudhy and Ikram (2001) in maize where seed size
had no sig nif i cant ef fect on pro tein con tent. The re sults of re gres sion anal y sis
also showed that in creas ing of seed weight de creased mois ture con tent
(R2=0.41) and water absorption (R2=0.83) over six seed weight classes. 

Seeds with a lower weight (SW1 and SW2) had higher mois ture con tent;
whereas those of higher seed weight (SW4 and SW5) had lower mois ture con -
tent (Fig. 1). Seed mois ture can have the larg est ef fect on seed qual ity through -
out the pro duc tion, gin ning, stor age, delinting and con di tion ing pro cesses.
Ide ally, seed should be dry and har vest ing should only oc cur when seed mois -
ture con tent is less than 12%. 
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Fig. 1. The re la tion ship be tween the seed weight and ger mi na tion in dex (I) 
and emer gence in dex (J) in cot ton cv. Sahel



Ger mi na tion per cent (GP), ger mi na tion in dex (GI), emer gence per cent (EP)
and emer gence in dex (EI) in creased lin ear ity with seed size and co ef fi cient of
de ter mi na tion (R2) of the ses re la tion ship were 0.92, 0.72, 0.89 and 0.78, re -
spec tively (Fig. 1). Tupper et al. (1971) and Tupper and Kunz (1981) re ported
that seed size is the phys i cal char ac ter is tics that had great est in flu ence on the
ger mi na tion of cot ton (from Smith p. 305). Bartee and Krieg (1972) also re -
ported that seed size was di rectly cor re lated to per cent ger mi na tion. Fur ther -
more, they noted in the field a pos i tive lin ear re la tion ship be tween seed size
and emer gence (from smith p.306). A sim i lar ob ser va tion was made by
Arunachalam et al. (2003) while work ing with the tree spe cies, and this was at -
trib uted to the larger food re serves in the larger seeds. These re sults also are in
con for mity with Singh and Singh (2003) in wheat. Also, these re sults in di cated 
that seed size had greater effect on percent than index of germination and
emergence (Fig. 1).

As shown in Ta ble 2, pos i tive and sig nif i cant cor re la tion was found be tween
seed weight with oil con tent (r=0.88**), ger mi na tion per cent (r=0.95**), ger -
mi na tion in dex (r=0.84*), emer gence per cent (r=0.94**), and emer gence in -
dex (r=0.88**) (Ta ble 2). This means that larger seed had higher po ten tial of
ger mi na tion and emer gence as de scribed by Smart and Moser (1999) in
switchgrass and Hop per et al. (1979) in soy bean. Amico et al., (1994) also con -
cluded that higher vigor that oc curred in larger seed is due to the larger food re -
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Ta ble 2: 
Phenotypic cor re la tions among the eleven seed re lated traits in Cot ton cv. Sahel (n=6)

EW
[mg]

Hull
[%]

MC
[%]

WAR
[%]

Oil
[%]

Protein
 [%]

GP
[%]

GI
[%]

EP
[%]

EI
[%]

SW[mg] 0.99** -0.58 -0.64 -0.91** 0.88** 0.65 0.95** 0.84* 0.94** 0.88**

EW [mg] 1 -0.65 -0.64 -0.94** 0.91** 0.69 0.97** 0.84* 0.94** 0.88**

Hull [%] 1 0.52 0.85* -0.86* -0.83* -0.74 -0.59 -0.79* -0.73

MC [%] 1 0.74 -0.67 -0.89** -0.74 -0.87* -0.56 -0.46

WAR [%] 1 -0.97** -0.87* -0.97** -0.86* -0.96** -0.87*

Oil [%] 1 0.87* 0.97** 0.85* 0.97** 0.94**

Protein [%] 1 0.81* 0.82* 0.72 0.65

GP [%] 1 0.92** 0.96** 0.92**

GI [%] 1 0.78 0.71

EP [%] 1 0.96**

EI [%] 1

* and ** sig nif i cant at 5 and 1%, re spec tively.
SW: sin gle seed weight, EW: sin gle em bryo weight, MC: mois ture con tent, WAR: wa ter ab sorp tion rate, GP: ger -
mi na tion per cent age, GI: ger mi na tion in dex, EP: emer gence per cent age, EI: emergence index



serves in these seeds. As so ci a tion be tween seed size and oil con tent pre vi ously
re ported in soy bean (Marega et al., 2001). 

As ex pected, sig nif i cant and neg a tive cor re la tion was ob served be tween wa -
ter ab sorp tion rate with GP (r=-0.97**), GI (r=-0.86*), EP (r=-0.96**) and EI
(r=-0.87*) (Ta ble 2). In the other word, larger seed had higher abil ity of wa ter
ab sorp tion in re la tion to smaller them. These re sults are in con for mity with
Reddy et al. (1980). Pos i tive and sig nif i cant as so ci a tion was ob served be tween 
GP with GI (r=0.82*) and also be tween EP and EI (r=0.96**) (Ta ble 2). These
re sults in di cated that to tal ger mi na tion/emer gence of a seed lot is re lated to the
speed with which seeds ger mi nate/emerge, re spec tively. Thus a seed lot ex hib -
it ing uni form and rapid ger mi na tion/mergence should also have a high to tal
ger mi na tion/emer gence. Such pos i tive cor re la tions have been re ported in cot -
ton (Pahlavani, 1999) and other spe cies, in clud ing sun flower (Ahmad, 2001)
and soy bean (Adkins, et al., 1996). 

CONCLUSION

Seed size that usu ally eval u ated by seed weight is af fect ing by nu mer ous her -
i ta ble and en vi ron men tal fac tors. In the other hand changes in seed size could
di rectly dif fer oil con tent of the seeds es pe cially in in de ter mi nate plants such
cot ton which are con sid er ably un der ef fects of en vi ron men tal fac tors. Also,
dif fer ences in seed size in the pres ent study are com pletely due to non-her i ta ble 
fac tors. There fore, it could be con cluded that ef fects of seed size where stud ied
here are pure ef fects of size and is not con founded by other ef fects such as
genotypic fac tors which is com mon in these stud ies that pre vi ously per formed.
Over all, re sults of this study showed that oil con tent, ger mi na tion and emer -
gence of cot ton seed was largely af fected by size of seeds. This find ings helps
cot ton breed ers that com monly, does not look for the ge netic im prove ment of
iso lated traits, but for the ge netic im prove ment of a set of traits, since, it is in -
ter est ing for the breeder to know the intervention in one trait can cause
alteration in others. 
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