Studies on heterosis for
biophysical traits and yield
attributes in cotton hybrids

V.H. Ashwathama, B.C. Patil, S. R. Kareekatti and T. S. Adarsha
Agricultural Research Station, University of Agricultural Sciences, Dharwad, Karnataka
INDIA
Correspondence author bc_patil@yahoo.com

Studies on heterosis for biophysical traits and yield attributes in cotton hybrids

ABSTRACT
Four inter specific hybrids (DCH-32, DHB-105,
RAHB-51 and Shruthi) and four intra-hirsutum hybrids (DHH-11, NHH-44, RAHH-1 and Savita)
which are more popularly cultivated in central and
southern zones of India were assessed for heterosis of yield, yield components and physiological
parameters during kharif 1998-99 and 1999-00
seasons at ARS Dharwad, Karnataka (India). The
mean heterosis for seed cotton yield, total dry
matter, harvest index, number of bolls per plant,
boll weight and rate of photosynthesis was 21.13,
1.4, 24.53, 38.96, -1.34, and 12.9 percent respectively in inter specific hybrids whereas, in
intrahirsutum hybrids it was 27.90, 5.70, 24.22,
10.48, 0.27 and –4.14 percent respectively. The
NRase activity increased up to 120 DAS and decreased thereafter. The per se activity of nitrate
reductase and its heterosis was maximum in DHB105. Among inter specific hybrids; RAHB-51 and
DHB-105 recorded 26.98 and 25.55 percent heterosis for seed cotton yield respectively. But NHH44 and DHH-11, which are intra hirsutum hybrids,
recorded maximum of 39.10 and 32.30 percent
heterosis respectively. The heterosis for physiological parameters was low as compared to the heterosis for yield and yield attributes in all the hybrids. The seed cotton yield was significantly correlated with number of bolls per plant (r=0.744),
boll weight (r=0.744), harvest index (r=0.658),
total dry matter accumulation (r=0.802), absolute
growth rate (r=0.658) and nitrate reductase activity (r=0.792).

Introduction
India is one of the major producers of cotton in
the world having the largest area under this crop. The
cotton growing areas in India fall within 80- 320N latitude and 700-800 E longitude with an elevation ranging from 0-950 m; annual rainfall distribution ranges
from 250-1500 mm and with widely varying soil types.
Dry matter production is important in determining the yield. Improvement in rate of leaf photosynthesis may then become essential for further step up in
yield potential. In the mean time, the key to understanding the distribution of photosynthetic assimilate to particular organs lies not so much in the leaf mesophyll or
the phloem loading system, nor in the translocation
system, but more in determination of the properties of
the sinks themselves.
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All the factors influencing growth and development of crop plants must be integrated at an optimum
level, if the maximum production potential is to be
achieved. The total dry matter production by a crop
may vary according to the changes in either the size of
the photosynthetic system or in its activity, as well as in
the length of the growing season during which photosynthesis continues. Many Gossypium genotypes have
similar photosynthetic rate and yet the dry matter production varies greatly. Certain hybrids are able to produce significantly higher vegetative growth. Therefore,
the difference, in yield and dry matter is associated with
the difference in absolute growth rate. With this background in mind, studies were under taken to have insight into the characters conferring hybrid vigor.

Experimental procedure
Field experiments were carried out during kharif seasons of 1998-99 and 1999-2000 at Agricultural Research Station, University of Agricultural Sciences,
Dharwad (South India), to study the physiological parameters conferring higher productivity in cotton hybrids and their parents. Eight popular grown cotton
hybrids comprising of four inter specific (Gossypium
hirsutum x Gossypium barbadense) (DCH-32, DHB-105,
RAHB-51 and Shruti) and four intra specific (Gossypium
hirsutum x Gossypium hirsutum) (DHH- 11,NHH-44,
RAHH-1 and Savita) along with their parents were sown
in a randomized block design with three replications
during 1998 and 1999mansoon season. Seed cotton
obtained from net plot area (15.12 m2) from various
pickings was used for computation of cotton yield expressed as kilograms per hectare. Seed cotton obtained
from 20 bolls selected randomly from the net plot-covering top to bottom was weighed and the mean boll
weight was worked out. Total number of bolls picked
from the five-tagged plants was counted and average
was worked out. Harvest index was calculated by using
the formula of Donald (1962) and expressed as percent. To workout total dry matter from each plot, three
plants were selected randomly, cut at the base and partitioned in to different parts viz., stem, leaf and reproductive parts at different growth stages. The samples
were oven dried at 80 0 C till a constant weight was
achieved and expressed as g/plant. TDM was used further for computing other growth parameters. Absolute
growth rate was calculated by using the formula given
by Radford (1967) and expressed in grams per day.
Measurements of the rate of photosynthesis were made
on the top fully expanded leaf at different growth stages
by using portable photosynthesis system (LI-6400
LICOR, Nebraska, Lincoln USA). These measurements
were made between 10.00 AM to 12.00 noon on all
the sampling dates. The nitrate reductase activity (NRA)
in vivo was assayed in leaves by the method of
Saradhamabal et al. (1978). Heterosis was worked
out based on better parent.
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Results and Discussion
The data on total dry weight recorded at different growth
stages is presented in Table 1. In general, the total dry
weight increased from 1.35 g/plant at 30 days after
sowing to 248.08 g/plant at 150 days and then decreased to 219.46 g/plant at harvest. Cotton is an intermediate crop where the vegetative and reproductive
phases over lap, resulting in inter-plant competition for
photosynthesis between the developing bolls and vegetative parts. The dry matter production was slow up to
peak flowering and subsequently increased in a sigmoidal pattern in all genotypes. There was continuous
increase in dry matter production up to maturity and
dry matter accumulation between 90 to 120 days was
considered as important for distribution of total dry
matter at boll filling. Among the interspecific crosses,
CPD 428 x B 82-1-1 recorded more total dry matter
accumulation. Highest heterosis for total dry matter
accumulation was observed in the above cross. Among
the intrahirsutum, the crosses BN1 x AC 738 and CPD
423 x CPD 420 recorded more total dry matter accumulation. Highest heterosis for the above character was
observed in the BN1 x AC 738.
Heterosis for total dry weight accumulation was
relatively more in interspecific crosses than intrahirsutum
crosses. At harvest in interspecific crosses, the heterosis ranged from –1.00 to 8.31, where as it was less in
intrahirsutum and ranged between –4.67 to 6.55. Correlation between seed cotton and total dry matter production indicated positive and highly significant relationship (r=0.802). Total dry matter accumulation was
also positively and significantly correlated with number
of leaves per plant, absolute growth rate, net assimilation rate, boll/plant, boll weight, seeds/boll, and harvest index. Similar results were recorded by Patil (1989)
and Nagabhushana et al. (1993).
The data on absolute growth rate recorded at different
growth stages is presented in Table 2. In general, the
absolute growth rate increased from 1.14 between 3060 days after sowing to 2.63 between 120-150 days
and then decreased to 0.92 between 150-harvest. Between 120-150 DAS, inter specific crosses SB46 x B5
recorded higher levels of absolute growth rate. Higher
heterosis for AGR was observed in the crosses DS 28 x
SB (YF) 425 and 70E x RSP4. Among intrahirsutum
crosses CPD423 x CPD420 and T7 x M12 recorded
higher levels of AGR. Higher heterosis for AGR was
observed in the same crosses. In intrahirsutum, the leaf
cover was more complete and more solar energy was
harvested, this may lead to increased AGR. Patil (1989)
observed the similar results.
The data on rate of photosynthesis recorded at
different growth stages is presented in Table 3. In general, the rate of photosynthesis increased from 18.36
at 30 days after sowing to 30.04 at 150days and decreased to 23.71 at harvest. The photosynthetic rate of

leaves under a given environmental conditions is a function of various bio-physical and biochemical processes
involved during the diffusion of CO2 from atmosphere
to chloroplast and the enzymatic reactions. Photosynthetic rate could be a selection criterion for plant breeders, especially if lines with superior photosynthesis could
be identified and coupled with those lines with suitable
partitioning of photosynthates between reproductive and
vegetative parts (Pettigrew et al., 1993). Photosynthetic
rate was low at first sampling date and increased thereafter with significant differences between the hybrids
and parents. The single leaf photosynthetic rate increased as the sink to source ratio increased
(Quisenberry et al., 1994). In the present study, photosynthetic rate increased from 90 to 120 days after sowing and decreased thereafter. Similar trends were obtained by Peng and Krieg (1991). Among the parents,
CPD 423 recorded higher rate of photosynthesis (33.3
m mol CO2/m2/s.). Among interspecific hybrids, RAHB
51 recorded higher rates of photosynthesis at 120 DAS.
The hybrids, DHB 105 exhibited higher heterosis for
the rate of photosynthesis (17.67 %). The interspecific
hybrids (G. barbadense x G. hirsutum) showed high rate
of increase in leaf surface, high photosynthetic production, longer growth period and higher yield than their
parents (Dzhamaloe and Zhalliev, 1989).
In intrahirsutum hybrids, RAHH 1 and DHH 11
recorded higher rate photosynthesis at 120 DAS. The
hybrids RAHH 1 exhibited relatively high heterosis for
the rate of photosynthesis (0.08 %). Positive heterosis
for the rate of photosynthesis was also observed by
Pettigrew and Meredith (1994). Correlation study revealed that photosynthesis had significant positive association with yield and nitrate reductase activity. Positive association between lint yield and CO2 exchange
rate during boll filling period was observed by Pettigrew
and Meredith (1994).
The data on NRA estimated at different growth
stages is presented in Table 4. In general, the NRA increased from 14.36 at 30 days after sowing to 84.89
at 120 days and decreased to 51.69 at harvest. Nitrate reductase is the first and most important enzyme
in the nitrogen metabolism of the plant. In the leaves,
nitrate reduction is closely associated with photosynthetic process. It is believed that the reduction of nitrate
to nitrite by nitrate reductase activity is the rate limiting
process to the utilization of nitrogen in the form of nitrate. In cotton, the activity of nitrate reductase increased
up to 120 DAS and decreased thereafter. At 120 DAS,
among interspecific hybrids, DHB 105 registered higher
activity of nitrate reductase as well as its heterosis. In
intrahirsutum hybrids, DHH 11 and NHH 44 recorded
higher activity and higher heterosis was observed in
NHH 44 and SAVITA. Correlation study revealed that
yield, and photosynthesis had positive and significant
association with nitrate reductase activity (r=0.553).
The data on yield, boll weight, number of bolls
per plant and harvest index are presented in Table 5.
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Hybrid DHH11 recorded significantly higher yield
(2385.7 kg/ha) followed by DHB105 (1858.6 kg/ha)
while, significantly low yield was observed in DCH32
(1103.4 kg/ha). Among the parents CPD423 recorded
significantly more yield (1803.3) while, SB (YF) 425
recorded the least (210.3). The highest heterosis for
yield was recorded by the hybrid NHH 44 (39.10) while,
least heterosis was observed in DCH-32 (11.17). The
average boll weight was 5.49. Hybrid RAHB 51 recorded
higher boll weight (6.74) followed by RAHH1 (6.34)
when compared to DCH32 which recorded the lower
weight (5.28). Among the parents M12 recorded significantly higher boll weight (6.36) while, SB (YF) 425
recorded the least (3.65). The highest heterosis for boll
weight was recorded by the hybrid RAHB51 (19.50)
while, negative heterosis was observed in DCH-32
(12.58). In tetraploid cotton, boll weight and boll number in intraspecific hybrids and boll number in interspecific hybrids are reported as major components of
heterosis in yield (Krishnaswamy and Kodhandaraman,
1997; Sambamurthy et al., 1998; Pavasia et al., 1999).
Heterosis for boll weight is usually observed in G.
hirsutum crosses but not always in G. barbadense
crosses. Among the interspecific crosses heaviest bolls
were borne by RAHB 51 and DHB-105 and had a heterosis of 45.01 and 50.56 respectively. Where as in
intrahirsutum RAHH-1, NHH-44, and DHH-11 had
heavier bolls and exhibited a heterosis of –0.03, 12.22
and 4.06 respectively. However, heterosis for boll weight
alone did not reflect in yield heterosis. The results suggest that high yield does not necessarily depend on the
high heterotic behavior of the boll weight. Duhoon
(1990) have reported similar results.
The average number of bolls/plant was 27.4.
Hybrids DHB105 recorded more number of bolls
(41.33) followed by RAHB51 (36.50) when compared
to RAHH1 which recorded the least (28.33) Among the
parents CPD423 recorded significantly more number
of bolls /plant (30.00) while, SB(YF)425 recorded the
least (14.83). The highest heterosis for number of bolls
recorded by the hybrid DCH32 (57.32) followed by
DHB105 (50.56) while, least heterosis was observed in
RAHH1 (-0.03). The number of bolls that a cotton plant
bears at maturity is a components character of yield
having the greatest bearing on it. Among the interspecific hybrids, DHB-105, RAHB-51, and DCH-32 recorded more number of bolls per plant and had a heterosis of 50.56, 45.01 and 57.32 respectively. Among
the intrahirsutum hybrids DHH-11 and NHH-44 recorded more number of bolls per plant. CPD-423 and
BNI had number of bolls 30 and 29.67 per plant. The
heterosis exhibited by these crosses was 20.33 and 9.53
respectively. Interspecific hybrids had more heterosis
for number of bolls per plant when compared to
intrahirsutum crosses. Similar results were reported
earlier by Rajput et al. (1997) and Pavasia et al. (1999).
Hybrid NHH44 recorded significantly higher harvest index (34.47) while, significantly low harvest index
was observed in DCH32 (23.47). Among the parents
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CPD428 recorded higher harvest index (29.77) while,
SB (YF) 425 recorded the least (12.11). The highest
heterosis for harvest index was recorded by the hybrid
Shruthi (64.08) while, least heterosis was observed in
DHB 105 (-0.02). Among the interspecific crosses higher
levels of harvest index was observed in CPD 428 x B
82-1-1 (29.04). Shruti had higher levels of heterosis
for harvest index. In interspecific hybrids, heterosis for
harvest index ranged from –2.45 to 50.32. Among
intrahirsutum hybrids narrow variability is observed with
respect harvest index. Highest harvest index was observed in the crosses BN1 x AC 738, T7 x M12 and
CPD 423 x CPD 420 (34.47, 29.58 and 27.53). In
intrahirsutum hybrids, lower heterosis for harvest index
was observed. It ranged from 10.23 to 47.25. Highest
heterosis of 39.27 and 35.63 was observed in the
crosses BN1 x AC 738 and T7 x M12 respectively. Interspecific crosses had higher levels of harvest index and
also higher levels of heterosis for harvest index. This is
because of higher levels of dry matter and higher yield
levels. High harvest index together with high total dry
matter is essential for high seed cotton yield; similar
results were reported by Patil (1989). The present investigation shows more heterosis in inter specific hybrids compared to intra hirsutum hybrids the yield and
yield components show relatively more heterosis than
biophysical parameters.
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Table 1. Genotypic variation in total dry weight (g/plant) and its heterosis at different growth stages
in cotton hybrids and their parents (pooled).
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Table 2. Genotypic variation in absolute growth rate (g/day) and its heterosis at different growth
stages in cotton hybrids and their parents (pooled).
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Table 3. Genotypic variation in photosynthesis (m mol CO2 /m2/s) and its heterosis at different growth
stages in cotton hybrids and their parents (pooled).
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Table 4. Genotypic variation in nitrate reductase activity (mg nitrate liberated/g fresh weight) and its
heterosis at different growth stages in cotton hybrids and their parents (pooled).
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Table 5. Genotypic variations in yield (kg/ha) and yield components its heterosis in cotton hybrids
and their parents.
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