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abstract

KARADEMIR, C., E. KARADEMIR and O. GENCER, 2011. Yield and fiber quality of f1 and f2 
generations of cotton (Gossypium hirsutum l.) under drought stress conditions. 
Bulg. J. Agric. Sci., 17: 795-805

The objective of this study was to evaluate the potential of F1 and f2 hybrids by comparing them with parents 
for yield, fiber quality characteristics and heterosis values under drought stress conditions. In this study, eight 
cotton lines/varieties and 15 F1 and 15 f2 hybrids obtained by crossing five lines and three testers in the line x 
tester mating design during 2001 and 2002 cotton growing season, totally 38 genotypes (8 parent, 15 F1 hybrids 
and 15 f2 hybrids) were planted in randomized complete block design (RCBD) with three replications in 2003.  
At this study seed cotton yield, lint percentage and fiber quality characteristics such as fiber length, fineness, 
strength, elongation, uniformity and spinning consistency index (SCI) were investigated. The result of this study 
showed that the variances among the genotypes were significant for lint percentage, fiber fineness, fiber strength 
and spinning consistency index. Similarly, variance for fiber fineness was significant among parents, F1 and f2 
hybrids. In relative performance, F1 and f2 hybrids, on an average produced 9.74 and 3.41% more yield than the 
parents, respectively. Though, F2 hybrid population have shown -5.77% inbreeding depression, nevertheless 6 
of the 15 F2 hybrid populations had higher yield than F1 hybrids indicating that potential in F2 hybrids exists to 
replace F1 hybrids crop development under drought stress conditions. In lint percentage, fiber length and fiber 
strength; average of F1 and f2 hybrids were higher than average of parental genotypes. Especially, in fiber fine-
ness F2 hybrids were slightly higher than average of parental genotypes, but F1 hybrids were lower than both F2s 
and parent.     
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introduction

Plant breeding is the art and science of chang-
ing and improving the heredity and performance 
of plants. Breeding can also be defined as the use 
of techniques involving crossing plants to produce 

varieties with particular traits, which are carried 
in the genes of the plants and passed on to future 
generations (Chaudhry and Guitchounts, 2003). 
Global warming and increasing temperature has 
been affecting the world in recently years. For this 
reason cotton breeders are interested in developing 
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line/varieties to drought stress resistance. Breed-
ing research needs to address all possibilities to 
increase yield, including the use of heterosis (Mer-
edith and Brown, 1998). The use of heterosis has 
long been one of the objectives of cotton breeders. 
The yield increase of hybrids over the mid-parent, 
better parent or best commercial cultivar has been 
documented in numerous reviews. The major limit-
ing factor to using heterosis in cotton is the lack 
of an efficient, dependable crossing system and 
difficulty of producing F1’s seed by hand emascu-
lation and pollination (Wu et al., 2004). Because 
of this constrains wide use of heterosis has been 
limited in cotton production area. To avoid this 
constrains commercial use of F2 hybrids has been 
proposed (Olvey, 1986). Heterosis in cotton has the 
potential of increasing yield from 10 to 20% and 
making improvements in fiber quality. A review 
using more recent data showed an average useful 
heterosis of 21.4% for F1 hybrids, and 10.7% for 
f2 hybrids and both of F1 and f2 hybrids can pro-
duce significantly higher yields than the current 
best yielding parent or commercial cultivar (Mer-
edith and Brown., 1998). Wu et al. 2004 detected 
average yield heterosis of F1’s and F2’s was 15.9 
and 9.2% respectively. On the other hand Reid, 
1995 reported that F2 superiority over their best 
parents was only detected under stress conditions. 
Information   about F2 heterosis in drought stress 
conditions is very limited so investigate about this 
subject is very important for cotton researchers. So 
far, plenty of researches were carried out a great 
number of experiments on relationships between F1 
and f2 hybrids in terms of yield, fiber technologi-
cal characteristics, and heterosis and so on. How-
ever, limited investigations have been done under 
drought stress conditions for such parameters. The 
objective of this study was to evaluate the potential 
of F1 and f2 hybrids to compare them with parents 
for yield and fiber quality characteristics under 
drought stress conditions. 

Material and Method

used material and Experimental Design
The plant materials used in the present study 

were obtained by line x tester crossing system. 
Eight Upland cotton genotypes belonging to Gos-
sypium hirsutum L. were used as parents. Accord-
ing to this method, five cotton varieties known as 
drought resistance (Blightmaster, Sicala 33, Tam-
cot CD 3H, Cabu CS 2-1-83, Kurak 2) were used 
as line and three commercial varieties (Maras 92, 
Ersan 92 and Stoneville 453) were used as tester. 
Five female (lines) and three male (testers) cotton 
varieties were hand crossed to develop fifteen F1 
hybrids during 2001. Parents and 15 F1 hybrids 
were planted and F1 salved to produce F2 hybrid 
in 2002.  Fifteen cross combinations were made 
again to produce F1 hybrids in 2002. The totally 
38 genotypes (Eight parents, 15 F1 hybrids and 
15 f2 hybrids) were planted in 14 May 2003 in 
the randomized complete block design with three 
replications at the Southeastern Anatolia Agricul-
tural Research Institute’s experimental fields in a 
plot size of 4 rows 12 m long for parent and F2, 2 
rows for F1. The distances between and within the 
rows were 0.70 m and 0.20 m, respectively. Twenty 
plants from each block making total of 60 plants 
from each entry were randomly labeled to record 
the observations and determine seed cotton yield, 
lint percentage and fiber quality characters.   

Fertilizer was applied at the rate of 120 kg ha-1 N 
and 60 kg ha-1 P2O5. Half of the N and all P2O5 were 
applied at sowing time and the remaining N was 
applied at square stage. Insects were monitored 
throughout the experiment. Weeds were controlled 
2 times by hand and 3 times by machine. Cotton 
is usually planted in early-May and harvested by 
hand in early-October, with a period of nearly 6 
months for cotton growth and development, during 
this period the rainfall is highly changeable and not 
sufficient for cotton production in Turkey, there-
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fore cotton plants need to be irrigated during the 
growing season.  Generally cotton plants needs to 
seven or eight time’s irrigation during the growing 
season. The experiment was carried out under in-
duced drought stress conditions by irrigating only 
4 times throughout the growing season. In the first 
and the last irrigations the traditional timing was 
followed, but eventually a total of only 250 mm 
water was applied by increasing the time interval 
between irrigations. Plots were harvested by hand 
for yield determination on 23 October 2003 and 
second on 17 November 2003. 

These samples were ginned by a mini labora-
tory roller-gin and were weighed for analysis of 
fiber quality characters. The fiber quality traits 
investigated in the study were analyzed via High 
Volume Instrument (HVI Spectrum). 

Field site
This study was conducted during three cotton 

growing season over the 2001- 2003 periods in the 
experimental field of Southeastern Anatolia Agri-
cultural Research Institute in Diyarbakir province 
under ecological conditions of the Southeastern 
Anatolia Region of Turkey. 

In the Southeastern Anatolia of Turkey, long 
year’s meteorological findings showed that there 
were 454 mm total rainfall and 15.80C average 
temperature. The average maximum temperature 
can reach 38.10C in July and average relative hu-
midity can reach 44.6%. 

The soils of the experimental area were zonal 
soils which are generally red-brown and included 
in the big soil group having a clayish nature, flat 
or about-to-be flat, having very small erosion and 
deep or medium deep. The soil is low in organic 
material and phosphorus, has adequate calcium 
and high clay content (49%-67%) in the 0-150 
cm profile.  

statistical Analysis 
Statistical analysis were performed using JMP 

(5.0.1) statistical software (SAS Institute Inc.2002) 
and the means were grouped with LSD (0.05) test.

Magnitude of heterosis in terms of percentage 
of increase or decrease of F1 hybrids or F2 hybrids 
over mid-parent for each character was calculated 
by Hallauer and Miranda (1981). 

Ht = [f1 - MP/ MP] x100
Ht : Heterosis, F1 : Mean of F1, MP : Mean of 

Parent 
Inbreeding depression in F2 was calculated with 

formulae according Baloch et al. (2002).
Inbreeding Depression (%) = [F2-f1  / f1 ] x 

100

results 

Significant differences were detected among 
genotypes for lint percentage, fiber fineness, fiber 
strength and spinning consistency index, thus in-
dicating the presence of genetic variability among 
them (Table 1). However non significant differ-
ences were observed among genotypes for seed 
cotton yield, fiber length, fiber elongation and fiber 
uniformity. Variance for all investigated traits were 
non-significant except fiber fineness in F1 hybrids, 
on the other hand, lint percentage (LP), fiber length 
(FL) and fiber fineness (FF) were significant with 
respect to F2 hybrids.    

Mean yield, lint percentage and fiber quality 
characteristics of parents; F1 and f2 hybrids are 
given in Table 2.

On an average, F1 hybrids had 44.82 g yield per 
plant against 42.24 g of F2 and 40.86 g of parents, 
thus F1 hybrids had shown 9.74 and 3.41% yield 
increase over F2 and parental lines respectively. 
In lint percentage (LP), F1s and F2s on an average 
ginned 40.04 and 40.02% as compared to 39.48% 
of parents, respectively, suggesting that hybrids 
produced higher lint than groups of genotypes. For 
this characteristic F1s and F2s had almost equal re-
sults. The F1s, on an average gave fiber length (FL) 
of 28.11 mm as compared to 28.00 and 27.95 mm 
of F2s and parents respectively, thus F1s had higher 
values than both F2s and parents. The fineness 
values of parents, F2s and F1s were 4.45, 4.46 and 
4.27 micronaire, respectively. It can be seen from 
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table 1
Sum of squares obtained from analysis of variance for yield and fiber properties   
          

Source Df
SCY,  lP, fl, ff, FS, fE, FU,

SCI
g/plant % mm mic. g/tex % %

Genotypes 37 559506.95 360.73** 48.77 20.86* 348.95* 8.17 45.33 9007.43*
Parents 7 114518.11 118.79 8.65 3.88* 98.43* 0.65 7.04 1759.62
f1 hybrids 14 28754.65 50.49 8.86 7.11* 62.95 1.31 18.95 2446.97
f2 hybrids 14 128896.28 185.73** 30.8* 8.87* 186.29 2.04 18.29 4519.11
Error 74 846029.20 272.55 78.99 12.74 359.00 19.02 112.92 10078.61
Total 113 1491007.20 634.86 132.60 33.77 721.60 27.71 182.69 20161.43
*p ≤ 0.05, p** ≤0.01 
 SCY: Seed Cotton Yield  (g/plant), LP:  Lint Percentage (%), FL: Fiber Length (mm), FF: Fiber Fineness 
(micronaire),
FS: Fiber Strength (g/tex), FE: Fiber Elongation (%), FU: Fiber Uniformity (%), SCI: Spinning Consistency 
Index

results that F1s had the thinnest micronaire value, 
while F2 and parents had almost equal values.

The obtained data from this study indicated that 
f1s had better results in terms of seed cotton yield, 
lint percentage, fiber length and spinning consis-
tency index (SCI), while F2s had higher values for 
fiber fineness (FF) and fiber strength (FS). Parents 
showed better fiber elongation (FE) and fiber uni-
formity (FU) ratio than hybrids (Table 2).

Heterosis estimates of F1s and F2s hybrids in 
investigated traits were presented in Table 3 and 
Table 4. For seed cotton yield per plant, hetero-
sis value ranged from -10.78% to 58.13% in F1 
hybrids, and -12.68% to 23.85% in F2 hybrids. 
The average heterosis was observed as 11.84 
and 4.95% in F1 and f2 population, respectively. 
Maximum heterosis for seed cotton yield were 
observed from 3x7 (Tamcot CD 3H x Erşan 92), 
4x7 (Cabu CS 2-1-83 x Ersan 92), 4x6 (Cabu CS 
2-1-83 x Maras 92), 1x8 (Bligthmaster x Stonev-
ille 453) and  5x8 (Kurak 2 x Stoneville 453) in 
f1 hybrid combinations, while  3x6 (Tamcot CD 
3H x Maras 92), 5x6 (Kurak 2 x Maras 92), 2x7 
(Sicala 33 x Ersan 92) and 4x6 (Cabu CS 2-1-83 
x Maras 92) F2 hybrid combinations had highest 
heterosis values. 

Heterosis value for lint percentage ranged from 
-4.57 to 7.03% in F1 and -5.26 to 10.58% in F2 hy-
brids. The average heterosis was observed as 0.80 
and 0.66% in F1 and f2 population, respectively. 
Among the hybrid combinations 5x8 (Kurak 2 x 
Stoneville 453), 3x6 (Tamcot CD 3H x Maras 92), 
2x6 ( Sicala 33 x Maras 92) and 4x6 (Cabu CS 
2-1-83 x Maras 92) had the highest heterosis value 
in f1, 5x7 (Kurak 2 x Ersan 92) and  4x6 (Cabu 
CS 2-1-83 x Maras 92) had the highest heterosis 
value in F2. .

Heterosis value for fiber length ranged from 
-2.65 to 3.66% in F1 and -5.62 to 6.78% in F2, 
higher heterosis value were obtained from 5x8 ( 
Kurak 2 x Stoneville 453), 2x7 (Sicala 33 x Ersan 
92), 5x6 (Kurak 2 x Maras 92), 2x8 (Sicala 33 x 
Stoneville 453) and 5x7 (Kurak 2 x Ersan 92) in 
f1 hybrids and 2x8 (Sicala 33  x Stoneville 453), 
5x6 (Kurak 2 x Maras 92), 5x7 (Kurak 2 x Ersan 
92) aand 2x7 (Sicala 33 x Ersan 92) in F2 hybrids, 
respectively. 

Twelve F1 and nine f2 hybrids were shown 
negative heterosis for fiber fineness characteristics. 
Heterosis for fiber fineness ranged from -20.05 
to 8.13 in F1, and -17.78 to 17.28 in F2 hybrids.  
The average heterosis for fiber fineness was -5.96 
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table 2
Mean of investigated characters of parents, F1 and F2 hybrids    
         

Parents and hybrids
SCY,  lP, fl, ff, FS, fE, FU,

SCI
g/plant % mm mic. g/tex % %

1. Blightmaster 56.60 40.52 28.08 4.01 26.93 5.66 82.36 129.67
2. Sicala 33 43.94 39.33 28.13 4.34 30.83 5.73 82.90 141.00
3. Tamcot CD 3H 36.78 36.35 28.56 3.85 30.23 5.33 82.70 143.33
4. Cabu CS2-1-83 32.56 38.15 28.42 4.18 26.86 5.60 82.76 130.00
5. Kurak 2 41.46 38.79 26.46 4.56 24.33 5.33 82.16 113.33
6. Maraş 92 36.39 37.55 27.99 4.99 29.50 5.26 83.60 133.00
7. Erşan 92 36.63 43.92 28.08 5.00 29.36 5.50 83.87 132.67
8. Stoneville 453 42.43 41.21 27.91 4.67 27.60 5.63 83.13 127.33

F1         
1 x 6 42.65 40.32 28.21 4.37 28.67 5.63 83.26 135.67
1 x 7 41.59 40.29 28.36 4.07 30.10 5.73 84.56 149.33
1 x 8 63.67 39.54 27.83 3.47 29.60 5.56 82.53 142.00
2 x 6 40.68 40.74 28.51 4.47 28.63 5.76 82.67 131.67
2 x 7 40.53 41.14 29.02 4.91 29.26 5.53 83.30 135.00
2 x 8 45.02 40.04 28.75 4.12 29.17 5.43 82.93 138.67
3 x 6 36.01 39.27 27.61 4.35 27.86 5.40 82.20 126.67
3 x 7 58.04 38.71 27.57 3.97 26.60 5.40 82.06 127.33
3 x 8 39.95 39.85 27.62 3.85 28.56 5.76 82.43 136.00
4 x 6 45.57 39.51 28.43 4.38 29.93 5.37 83.23 140.00
4 x 7 52.73 39.37 28.17 4.06 28.16 5.53 82.83 135.33
4 x 8 36.97 38.98 27.42 4.70 27.93 5.27 82.97 127.00
5 x 6 37.19 38.80 27.99 3.87 26.90 5.30 82.20 128.33
5 x 7 39.13 41.17 27.96 4.44 25.80 5.40 82.16 120.67
5 x 8 52.68 42.81 28.18 4.99 28.23 5.23 82.00 121.00

F2         
1 x 6 40.60 38.89 26.46 4.23 27.50 5.30 82.07 132.50
1 x 7 47.52 42.45 27.78 4.67 27.87 5.67 82.46 128.00
1 x 8 55.30 41.82 27.41 5.09 26.80 5.60 82.93 120.67
2 x 6 38.29 38.59 28.62 4.67 31.87 5.33 82.03 136.33
2 x 7 46.94 39.60 28.94 4.17 31.67 5.33 83.40 149.67
2 x 8 45.57 38.15 29.92 4.41 32.43 5.67 82.86 147.33
3 x 6 45.31 37.33 27.48 4.17 28.23 5.26 82.00 132.33
3 x 7 40.20 40.17 27.39 4.03 27.57 5.43 83.30 134.50
3 x 8 36.96 39.08 28.19 4.29 31.00 5.60 83.70 141.00
4 x 6 39.57 40.17 27.54 3.77 26.90 5.13 81.66 127.00

(continued)
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4 x 7 36.98 39.75 28.01 4.14 27.86 5.46 82.60 131.67
4 x 8 33.52 39.89 27.81 4.33 26.56 5.36 81.83 122.33
5 x 6 46.54 37.92 29.05 4.49 27.53 5.03 83.36 134.33
5 x 7 40.71 45.73 28.10 5.57 26.50 5.86 83.40 115.33
5 x 8 39.61 40.73 27.31 4.67 27.03 5.53 82.57 120.33
Mean 42.97 39.91 28.03 4.38 28.37 5.50 82.76 131.92

Mean of  Parent 40.86 39.48 27.95 4.45 28.20 5.50 82.93 131.29
Mean of F1 44.82 40.04 28.11 4.27 28.36 5.48 82.75 132.97
Mean of F2 42.24 40.02 28.00 4.46 28.48 5.44 82.68 131.22

CV (%) 24.88 4.78 3.67 9.30 7.75 9.09 1.48 8.84
LSD (0.05) 173.72 3.11 1.67 0.67 3.56 0.81 1.99 18.94

SCY: Seed Cotton Yield  (g/plant), LP:  Lint Percentage (%), FL: Fiber Length (mm), FF: Fiber Fineness 
(micronaire),
FS: Fiber Strength (g/tex), FE: Fiber Elongation (%), FU: Fiber Uniformity (%), SCI: Spinning Consistency 
Index

and -1.98% in F1 and f2 population. These results 
indicated that the fineness decreased in F1, while 
increased in F2 populations (Table 4). Lower fiber 
fineness are desirable characters for textile indus-
try, so most of the hybrids were acceptable level 
for this character. 

For fiber strength, heterosis value ranged from 
-10.72 to 8.72% in F1 hybrids, and -7.47 to 11.00% 
in f2 hybrids. The average heterosis was 0.28 and 
0.54% in F1 and f2 population, respectively. Ac-
cording to these results it can be concluded that 
the FS values have been increasing gradually 
from parents to F2 hybrids. Most of the hybrids 
had positive heterosis value for this trait; 5x8 
(Kurak 2 x Stoneville 453), 1x8 (Blightmaster x 
Stoneville 453), 1x7 (Blightmaster x Ersan 92) 
and 4x6 (Cabu CS2-1-83 x Maras 92) in F1,  2x8 
(Sicala 33 x Stoneville 453), 3x8 (Tamcot CD 3H 
x Stoneville 453)     2x6 (Sicala 33 x Maras 92) 
and 2x7 (Sicala 33 x Ersan 92) in F2 hyrids was 
found promising cross combinations.  

The average heterosis values of fiber elongation 
and fiber uniformity were negative, for both of 
these characteristics parents had better values then 
hybrids. A few cross combinations as 3x8 (Tamcot 
CD 3H x Stoneville 453) and 1x7 (Blightmaster 

x Ersan 92) had positive heterosis compared to 
parents for fiber elongation. 

The last investigated characteristics of this 
study were SCI. The heterosis of SCI ranged from 
-8.32 to 13.84 in F1 and -6.4 to 9.81 in F2 hybrids. 
The average heterosis was 1.42 and 0.22 in F1 and 
f2 population, respectively. Approximately, half of 
the both F1 and f2 populations showed negative 
values in terms of SCI characteristics (Table 4). 
Some of hybrids such as 1x7 (Bligthmaster x Er-
san 92), 1x8 (Bligthmaster x Stoneville 453), 4x6 
(Cabu CS2-1-83 x Maraş 92), and 5x6  (Kurak 2 x 
Maras 92) in F1, 2x8 (Sicala 33 x Stoneville 453), 
2x7 (Sicala 33 x Ersan 92), 5x6 (Kurak 2 x Maras 
92) and 3x8 (Tamcot CD 3H x Stoneville 453) in 
f2 had positive heterosis for SCI.

Heterosis of F1 and f2 on mean basis against 
parents and inbreeding depression are given in 
Table 5. Heterosis in yield on mean basis of F1s 
and f2s over parental lines was 9.74 and 3.41 %, 
respectively whereas inbreeding depression in 
f2 was -5.77%. Similarly, there were inbreeding 
depression in lint percentage, fiber length, fiber 
elongation fiber uniformity and SCI. On the other 
hand, F2s had higher values for fiber fineness and 
fiber strength (Table 5).

Table 2 (continued)
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table 3
heterosis of F1 and F2 hybrids for seed cotton yield (g/plant), lint percentage (%), fiber length (mm) and 
fiber fineness (micronaire)
         

Hybrid combinations
Seed cotton yield, Lint percentage, Fiber length, Fiber fineness

g/plant % mm mic.
f1 f2 f1 f2 f1 f2 f1 f2

1 x 6 -8.27 -12.68 3.29 -0.37 0.62 -5.62 -2.89 -6.00
1 x 7 -10.78 1.94 -4.57 0.54 1.00 -1.07 -9.66 3.66
1 x 8 28.59 11.68 -3.24 2.34 -0.59 -2.09 -20.05 17.28
2 x 6 1.28 -4.67 5.98 0.39 1.60 2.00 -4.18 0.11
2 x 7 0.61 16.52 -1.17 -4.86 3.26 2.97 5.14 -10.71
2 x 8 4.25 5.52 -0.57 -5.26 2.61 6.78 -8.55 -2.11
3 x 6 -1.57 23.85 6.28 1.03 -2.35 -2.81 -1.58 -5.66
3 x 7 58.13 9.52 -3.55 0.09 -2.65 -3.28 -10.28 -8.93
3 x 8 0.87 -6.68 2.76 0.77 -2.18 -0.16 -9.62 0.70
4 x 6 32.18 14.78 4.39 6.13 0.80 -2.36 -4.47 -17.78
4 x 7 52.42 6.89 -4.06 -3.13 -0.28 -0.85 -11.55 -9.80
4 x 8 -1.40 -10.60 -1.76 0.53 -2.65 -1.26 6.21 -2.15
5 x 6 -4.46 19.56 1.65 -0.65 2.81 6.70 -18.95 -5.97
5 x 7 0.22 4.26 -0.45 10.58 2.53 3.04 -7.11 16.53
5 x 8 25.59 -5.57 7.03 1.82 3.66 0.46 8.13 1.19

Average 11.84 4.96 0.80 0.66 0.55 0.16 -5.96 -1.98

discussion 

The aim of this study was to evaluate the poten-
tial of F1 and f2 hybrids by comparing them with 
parents for yield, fiber quality characteristics and 
heterosis values under drought stress conditions. 
In this study 15 F1 hybrids and 15 F2 hybrids were 
developed and compared with 8 parents. Totally 
38 genotypes were evaluated for yield and fiber 
quality traits and also heterosis in F1 and f2 hy-
brids were observed. Significant differences were 
detected for most of the characteristics.  

The seed cotton yield per plant (g/plant) ranged 
from 36.01 to 63.67 g among the F1 hybrids, while 
in f2 population the range was 33.52 to 55.30 g; 
mean of seed cotton yield for F1 hybrid, F2 hybrid 
and mean of parent was 44.82, 42.24 and 40.86 
respectively. For seed cotton yield per plant, het-

erosis value ranged from -10.78% to 58.13% in 
f1 hybrids, and -12.68% to 23.85% in F2 hybrids. 
The average heterosis was observed as 11.84 
and 4.95% in F1 and f2 population, respectively. 
Maximum heterosis were observed 3x7 (Tamcot 
CD 3H x Ersan 92), 4x7 (Cabu CS 2-1-83 x Ersan 
92), and 4x6 (Cabu CS 2-1-83 x Maras 92) in F1 
hybrid combinations, 3x6 (Tamcot CD 3H x Maras 
92), 5x6 (Kurak 2 x Maras 92), 2x7 (Sicala 33 x 
Ersan 92) and 4x6 (Cabu CS 2-1-83 x Maras 92) in 
f2 hybrid combinations.  In this study showed that 
heterosis of F1 were greater than F2 heterosis for 
seed cotton yield and it can also be concluded that 
f2’s produce better combinations of yield than their 
parents. These results also confirmed the previous 
findings of Meredith (1990); Igbal et al. (2003); 
Wu et al. (2004); Gamal et al. (2009). Maximum 
inbreeding depression was observed for seed cot-
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table 4         
heterosis of F1 and F2 hybrids for fiber strength (g/tex), fiber elongation (%), fiber uniformity (%) 
and spinning consistency index
         

Hybrid combinations
Fiber strength, Fiber elongation, Fiber uniformity, Spinning 

Consistency Indexg/tex % %
f1 f2 f1 f2 f1 f2 f1 f2

1 x 6 1.61 -2.53 3.11 -2.93 0.34 -1.10 3.30 0.89
1 x 7 6.95 -0.98 2.69 1.61 1.74 -0.79 13.84 -2.42
1 x 8 8.56 -1.71 -1.51 -0.80 -0.26 0.22 10.51 -6.09
2 x 6 -5.09 5.65 4.82 -3.00 -0.70 -1.47 -3.89 -0.49
2 x 7 -2.77 5.23 -1.51 -5.08 -0.10 0.02 -1.34 9.38
2 x 8 -0.15 11.00 -4.40 -0.18 -0.10 -0.19 3.36 9.81
3 x 6 -6.71 -5.47 1.98 -0.66 -1.14 -1.38 -8.32 -4.22
3 x 7 -10.72 -7.47 -0.28 0.28 -1.47 0.02 -7.73 -2.54
3 x 8 -1.23 7.21 5.11 2.19 -0.58 0.95 0.50 4.19
4 x 6 6.21 -4.54 -1.10 -5.52 0.06 -1.83 6.46 -3.42
4 x 7 0.18 -0.89 -0.36 -1.62 -0.58 -0.86 3.04 0.26
4 x 8 2.57 -2.46 -6.14 -4.54 0.03 -1.34 -1.29 -4.92
5 x 6 -0.06 2.28 0.09 -5.00 -0.82 0.58 4.19 9.07
5 x 7 -3.89 -1.29 -0.28 8.22 -1.03 0.46 -1.89 -6.24
5 x 8 8.72 4.10 -4.56 0.91 -0.78 -0.09 0.56 0.00

Average 0.28 0.54 -0.16 -1.07 -0.36 -0.45 1.42 0.22

ton yield. Similar results were reported by Khan 
et al. (2008); who reported highest yielding F1 
hybrids yielded lesser in the subsequent generation 
due to over dominance and inbreeding depression, 
whereas moderate yielding F1 hybrids were found 
more stable even passing through process of seg-
regation due to additive gene action.  Meredith’s, 
1984, summary of 18 states research on heterosis in 
cotton reported an average total yield heterosis of 
18.5%. Since F2s are expected to exhibit about 50% 
of the heterosis expressed by the F1s, these results 
closely correspond to that review. Galanopoulou 
and Roupakias (1999) suggested that combined 
performance of hybrids in the F1 and f2 generation 
for yield could be a good indicator to identify the 
most promising populations to be utilized either 
as F2 hybrids or as a source population for further 
selection. 

Greater lint percentage was obtained from the F1 
hybrids, F2 hybrids and their parents respectively. 
Mean of lint percentage was detected 40.04%, 
40.02% and 39.48% (Table 1).  Heterosis value 
for lint percentage ranged from -4.57 to 7.03% in 
f1 and -5.26 to 10.58% in F2. Among the hybrid 
combinations 5x8 (Kurak 2 x Stoneville 453), 3x6 
(Tamcot CD 3H x Maras 92), 2x6 ( Sicala 33 x 
Maras 92) and 4x6 (Cabu CS 2-1-83 x Maras 92) 
had the highest heterosis value in F1, 5x7 (Kurak 
2 x Ersan 92) and  4x6 (Cabu CS 2-1-83 x Maras 
92) had the highest heterosis value in F2. Small het-
erosis for lint percentage (0.6%) was also reported 
by Meredith (1990); Meredith and Brown (1998). 
Khan et al. (2007) revealed positive heterosis in F1 
generation, varied from 0.27 to 3.88%, almost all 
the F2 population displayed inbreeding depression 
for lint percentage and the observed inbreeding de-
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table 5
heterosis of F1 and F2 on mean basis against parents and inbreeding depression  
         

 
SCY,  lP, fl, ff, FS, fE, FU,

SCI
g/plant % mm mic. g/tex % %

f1, % 9.74 1.41 0.55 -4.09 0.55 -0.33 -0.22 1.28
f2, % 3.41 1.37 0.17 -0.07 1.00 -1.23 -0.31 0.20
Inbreeding depression -5.77 -0.04 -0.38 4.19 0.45 -0.90 -0.09 -1.07

pression was -0.19 to -5.94%. Gamal et al. (2009) 
indicated that the average lint percentage of the 
f1 hybrids decreased from 44.67 in the favorable 
environment to 38.26 in the stress environment. 
Desalegn et al. (2004) revealed that combination of 
higher lint index and lower seed index contributed 
highly for the improvement of lint percentage and 
lint yield. Dever and Gannaway (1992) observed 
variability in the F2 for lint percentage and ex-
plained that to be related to parental variability.      

Fiber length mean of F1, f2 and their parents was 
28.11, 28.00 and 27.95 mm, respectively. Heterosis 
value for fiber length ranged from -2.65 to 3.66% 
in f1 and -5.62 to 6.78% in F2. It can be seen that 
on Table 3, higher heterosis value were obtained 
from 5x8 (Kurak 2 x Stoneville 453), 2x7 (Sicala 
33 x Ersan 92), 5x6 (Kurak 2 x Maras 92) and 2x8 
(Sicala 33 x Stoneville 453) in F1 hybrids and 2x8 
(Sicala 33 x Stoneville 453), 5x6 (Kurak 2 x Maras 
92) and 5x7 (Kurak 2 x Ersan 92) in F2 hybrids. In 
generally heterosis value detected for fiber length 
were lower than seed cotton yield. Similar results 
were reported by some of the researchers. Hetero-
sis over mid-parent for fiber length is important for 
textile industry. Baloch et al. (2002) revealed that 
the F1’s on an average gave fiber length of 27.2 
mm as compared to 26.5 mm of F2’s and parents. 
In contrast, Dever and Gannaway (1990) and 
Baloch et al. (1991) observed some deterioration 
in f2 hybrids for fiber length but they also noted 
that some of the F2 hybrids gave increased fiber 
length over F1’s. Baloch et al. (2002) indicated 
that F1s had 0.7% more fiber length over both F2s 
and parents. 

Most of the hybrids in F1 and f2 had negative 

heterosis value for fiber fineness, it’s estimated 
that from the study most of the hybrids which have 
negative value will be appropriate for improving 
fiber fineness. It can be seen that on Table 2, mean 
of F1, f2 and parent for fiber fineness were recorded 
4.27, 4.46 and 4.45 micronaire, respectively. In-
breeding depression for fiber fineness was 4.19. 
Soomro et al. (2000) reported that high heterosis 
was generally associated with high inbreeding 
depression. Ahmad et al. (2009), suggesting that 
fiber fineness is complex traits, so the selection of 
plants to improve fiber fineness would be effective 
in later generations in drought stress conditions.  

In terms of fiber strength mean of F1, f2 and 
their parents was 28.36, 28.48 and 28.20 g/tex 
(Table 2). Heterosis value for fiber strength ranged 
from -10.72 to 8.72% in F1 and -7.47 to 11.00% 
in f2. In  terms of fiber strength highest heterosis 
value were obtained from,  5x8 (Kurak 2 x Ston-
eville 453), 1x8 (Bligthmaster x Stoneville 453), 
1x7 (Bligthmaster x Ersan 92) and 4x6 (Cabu CS2-
1-83 x Maras 92) in F1 generations, 2x8 (Sicala 
33 x Stoneville 453), 3x8 (Tamcot CD 3H x Ston-
eville 453), 2x6 (Sicala 33 x Maras 92) and 2x7 
(Sicala 33 x Ersan 92) in F2 generations. Therefore 
progress from early generation selection for fiber 
strength could be expected in these populations. 
Similar results were reported by Green and Culp 
(1990), who reported simultaneous improvements 
in yield and strength could be expected from 
crosses with PD 3249 and SC-1, thus providing 
further evidence of break up of unfavorable link-
ages. Mendez-Natera et al. (2007) and Rafael et al. 
(2007) reported significant negative heterosis for 
fiber strength. The literature suggest that (Dever 
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and Ganaway, 1992), fiber strength is influenced 
more by genotype than environment, when envi-
ronmental influence was high strength and fineness 
showed more variability in the F2 than in the F1, 
especially in treatments involving a strong parent 
and a weak parent.   

The differences of F1, f2 and their parents for 
fiber elongation were low (Table 2), mean of 
this generations were recorded as 5.48, 5.44 and 
5.50%. According to the heterosis were obtained 
from F1 and f2, 3x8 (Tamcot CD 3H x Stoneville 
453) and 1x7 (Bligtmaster x Ersan 92) hybrid com-
binations were found as best hybrid combinations 
for improving fiber elongation. 

Comparing F1 hybrid with F2 hybrid for fiber 
uniformity no differences were observed, most of 
the crosses had negative value in terms of fiber 
uniformity.  Highest heterosis value was recorded 
as 1.74% in 1x7 (Blightmaster x Ersan 92) hybrid 
combinations in F1. Soomro et al. (2000) recorded 
in f1 hybrid vigor ranged from -2.0 to 11.1% in 
terms of fiber uniformity.     

It was shown that in Table 2, mean of spinning 
consistency index for F1 hybrid, F2 hybrid and 
mean of parent was 132.97, 131.22 and 131.29 
respectively. For spinning consistency index 
heterosis value ranged from -8.32 to 13.84% in 
f1 hybrids, and ranged from -6.24 to 9.81% in F2 
hybrids. Maximum heterosis were observed from 
1x7 (Bligthmaster x Ersan 92), 1x8 (Bligthmaster x 
Stoneville 453), and 4x6 (Cabu CS 2-1-83 x Maras 
92) in f1 hybrid combinations, 2x8 (Sicala 33 x 
Stoneville 453), 2x7 (Sicala 33 x Ersan 92) and 5x6 
(Kurak 2 x Maras 92) in F2 hybrid combinations.  
It can be recorded 13.84 maximum heterosis value 
for spinning consistency index from this study, 
would be beneficial for textile industry.    

Conclusion 

Because of limited human resources, many 
researchers have focused on F2 hybrids rather than 
parents and F1 hybrids, but information about F1 
and f2 performance under drought stress condition 

is very limited. So in this study F1 and f2 hybrids 
have been used for comparing them with parent 
in terms of seed cotton yield, ginning percentage 
and fiber quality traits under drought stress. It has 
been identified that F1 and f2 hybrids with positive 
heterosis for seed cotton yield, ginning percentage, 
fiber length, fiber strength and spinning consis-
tency index, negative heterosis for fiber fineness. 
We also determined that average heterosis of F1 
hybrids rather than F2 hybrids for seed cotton yield, 
but lower heterosis was recorded for both of F1 and 
f2 hybrids for fiber quality traits.   
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