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Physiological Basis of Heterosis in Cotton
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Abstract A field experiment was conducted dur-
ing kharif season of 2013-14 and 2014-15 to study
the studies on physiological basis of heterosis in
cotton. The experiment consisted of 30 hirsutum x
hirsutum cotton hybrids and their 23 parents laid out
in randomized block design with three replications
on medium black soil and worked out heterosis.
Hybrids and their heterosis were assessed for yield,
number of bolls, boll weight, total dry weight, leaf
area, plant height and specific leaf weight. Seed cot-
ton yield were significant among the hybrids. The
seed cotton yield ranged from 1178.2 to 2184.9 kg/
ha where the hybrid RGR x SG-4 recorded highest
seed cotton yield (2184.9 kg/ha). This higher seed
cotton yield was mainly attributed to its close asso-
ciation with total dry matter (209.5 g/plant), leaf area
(148.41), medium plant height (89.1) and specific
leaf weight (3.28). Heterosis for seed cotton yield
was maximum in RGR x SG-2 (72.3%). The total
dry matter, leaf area, plant height and specific leaf
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weight were recorded more in RGR xRGR-4
(44.5%), RGRx SG-2 (1047.6%), SG xRGR-5
(35.3%) and SG xRGR-2 (152.9 %), This all will
lead to increase the number of bolls per plant (32.1)
and boll weight (5.99). There by it increase seed cot-
ton yield in RGR x SG-4.

Keywords Heterosis, Total dry matter, Plant height,
Specific leaf weight, Seed cotton yield.

Introduction

India is the first country in the world to exploit het-
erosis commercially in cotton and now interspecific
and intraspecific hybrids are being grown widely
throughout the country. Lot of work has been done
on genetic and other morphological characters;
hardly any attempts have been made on genetics of
physiological characters (Marani and Avieli 1973).
There are different milestones in the history of In-
dian cotton which have acted as turning points to a
significant impact on development of cotton.

Studies on hybrid research at Dharwad focused
on evaluation a large number of crosses over years,
constantly observing the most potential crosses and
attempting to infer about the causes of high hetero-
sis. Answers were searched for why some combina-
tions are potential, what would be the probable
causes for high potentiality revealed by specific
crosses ? Attempts were made to understand the
mechanism of complementation between parents for
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plant type and physiological mechanism leading to
high heterosis. On the basis of the information gen-
erated on these lines heterotic groups were formed
and these groups are being constantly revised by add-
ing new genotypes to these groups, arranging geno-
types of a groups in the order of combining ability
(refining them) (Patil 2012).

This exercise of grouping genotypes done over
years has revealed some broader groups of genotypes
such as compact group, high RGR group, stay green
group, robust types with high relative growth rate
(RGR) and some smaller groups and even solitary
groups consisting of single genotype (Patil 2009).
These groups have shown broadly a definite pattern
of combining ability status with other groups of
genotypes. The between group crosses of some of
them have given rise to some of the most potential
hybrids that have proved to be potential. The comple-
mentation for physiological processes involved in
development of biomass and its partitioning can give
rise to potential hybrids. Parents with strong expres-
sion for traits contributing to biomass, photosyn-
thetic ability and stay green nature give rise to good
hybrid when crossed with two parents. The pattern
of complementation of plant features has given rise
to staygreen X compact, robust xcompact, robust x
RGR and stay green x RGR which in general give
rise to high yielding hybrids.

Following these line of expectation physiologi-
cal parameters were considered most important base
for evaluation of these heterotic groups and present
study were carried out according to this expectation
and some of the genotypes belonging to different
heterotic groups were evaluated for morphological
parameters.

Materials and Methods

A field experiment was conducted during kharif sea-
son of 2013-14 and 2014-15 in Agriculture Research
Station, Dharwad at an altitude of 678 m above mean
sea level at a latitude 15°261 N and longitude 76°71
East with fertile medium black soil best suited for
cotton cultivation. The experiment consisted of 30
hirsutum X hirsutum cotton hybrids and their 23 par-
ents laid out in randomized block design with three

replications. From each plot,three plants were se-
lected randomly, cut at base and each plant was par-
titioned into different parts viz., stem, leaf and re-
productive parts at different growth stages. The
samples were dried at 80°C till a constant weight was
achieved and expressed as g per plant. From these
observations, the total dry matter production per
plant and its distribution in stem, leaf and re-pro-
ductive parts was worked out, which was used fur-
ther for computing other growth parameters.

The leaf area was worked out by disc method.
For this purpose, a leaf punch having diameter of 1.0
cm was used to remove 20 to 30 discs randomly at
different positions of the plant and the discs were
dried in the oven at 80°C. Rest of the leaves of the
sampled plants was also dried separately. The dried
leaf discs were used for computing leaf area per plant
on dry weight basis and expressed in dm? per plant.
The average plant height of five tagged plants was
recorded at harvest from base of the plant to the
growing tip and is expressed in centimeters. The spe-
cific leaf weight or the leaf thickness was determined
by the following formula and expressed as g per dm>.
It is the total seed cotton yield of all the pickings
from five tagged plants averaged and expressed as
yield per plant in grams. Seed cotton obtained from
net plot area from various pickings were considered
for computation of cotton yield per hectare and ex-
pressed as kilograms per hectare.

Total number of bolls picked from the five
tagged plants counted and the average was worked
out. Seed obtained from 20 bolls selected randomly
from the net plot covering top to bottom were
weighted and mean boll weight was worked out. Het-
erosis over mid parent is calculated by using the fol-
lowing formula (Panse and Sukhatme 1987).

F, - MP

Heterosis = x 100

MP

Where, F = hybrid, MP= Mid - parent value.
Results and Discussion

The pooled data of 2013-14 and 2014-15 on yield



Table 1. Effect of physiological basis of heterosis on yield and
yield components of cotton. RGR-High Relative Growth Rate types,
SG-Stay Green types.

Number of Boll

SL. Treat- Yield Yield bolls per weight

No. ments (g/plant) (kg/ha)  plant (g/boll)
RGR types
RGRxSG

1. RGRxSG-1(F) 392 14113 139 347
Heterosis 29.6 429 29.7 34.70

2. RGRxSG-2(F) 532 20050 283 470
Heterosis 73 89.5 166.0 102.94

3. RGRxSG-3(F) 555 20907 260 554
Heterosis 54.0 69.3 109.0 125.57

4. RGRxSG4(F) 58.0 21849 321 5.99
Heterosis 38.0 51.7 737 54.38
SGxRGR

5. SGxRGR-1(F) 41.6 15704 168 376
Heterosis 20.8 33.1 34.6 4596

6. SGxRGR-2(F) 385 14376 140 322
Heterosis 14.7 250 0.0 23.09

7. SGxRGR-3(F) 43.8 16216 153 312
Heterosis 53.1 65.5 74.7 3472

8. SGxRGR4(F) 47.1 16947 141 371
Hererosis 243 30.5 126 33.84

9. SGxRGR-5(F) 375 13485 140 297
Heterosis 10.3 157 190 4.87

10. SGxRGR-6(F) 22 15174 205 351
Heterosis 162 21.8 553 2848
RGR x Robust

11.  RGRxRobust-1(F)) 499 17957 186 322
Heterosis 65.2 783 782 42.73
Robust x RGR

12. RobustxRGR-1(F)) 50.1 1803.5 183 351
Heterosis 659 74.0 80.1 52.87
Robust x SG

13. RobustxSG-1(F) 432 15555 158 361
Heterosis 4.5 50.1 574 40.14

14. RobustxSG-2(F)  46.1 16584 162 332
Heterosis 67.0 752 523 55.14

15. RobustxSG-3(F) 358 12862 115 337
Heterosis 303 403 6.1 23.35

16. RobustxSG-4(F) 524 18872 231 401

Heterosis 61.7 70.0 1147
Compact x Robust
17. CompactxRobust-1 (F)) 34.6

63.27

12432 115 262

Heterosis 20 129 -19 844
RGRxRGR
18. RGRxRGR-1(F) 1238 1542.1 166 371
Heterosis 184 263 228 33.84
19. RGRxRGR-2(F) 476 17121 172 322
Heterosis 392 46.1 323 22.15
20. RGRxRGR-3(F) 379 13639 153 337
Heterosis 6.2 134 125 20.70
21. RGRxRGR-4(F) 36.6 13153 112 297
Heterosis 70 122 -13.8 12.67
22.  RGRxRGR-5(F) 50.7 18263 198 3.66

Heterosis 542 68.8 537 39.06
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Table 1. Continued

Number
of Boll
SL. Treat- Yield Yield bollsper weight
No. ments (g/plant) (kg/ha) plant (g/boll)

Stay green types

SGxSG
23. SGxSG-1 349 12559 107 2.82
Heterosis 42 9.5 57 5.54
24. SGxSG-2(F) 40.6 14623 154 2.82
Heterosis 272 347 426 7.14
25. SGxSG-3(F) 324 11666 93 3.51
Heterosis 11.1 16.8 -19.8 39.51
26. SGxSG4(F) 25 15284 139 292
Heterosis 54.7 622 282 6.88

Robust types
Robust x Robust

27. RobustxRobust-1 (F ) 363 13062 178 332

Heterosis 153 21.0 712 39.73
28. Robust x Robust-2 390 14055 156 347
Heterosis 347 41.6 579 49.83
29. RobustxRobust-3 (F)) 414 1490.1 177 3.81
Heterosis 489 56.5 9.3 75.09
30. RobustxRobust-4 (F)) 32.7 11782 88 203
Heterosis 36 129 -30.6 -25.15
Bunny Bt. (Check) 5809 25318 3530 5.50
Mean 352 929.7 21.0 1135
SEm=+ 532 45.39 237 041
CDat5% 16.78 12869 646 1.12

and yield components of cotton hybrids and geno-
typic variation in yield and yield components and its
per cent heterosis (mid parent) in cotton hybrids re-
corded at harvest is presented in Table 1. There was
significant difference among the cotton genotypes.
The hybrid, RGR x SG-4 (RGR-High Relative
Growth types, SG-Stay Green types) recorded sig-
nificantly higher yield (58.0) followed by RGR x
SG-3 (55.5), while SG x SG-3 recorded the least
(34). The highest heterosis for yield was recorded
by the hybrid RGR x SG-2 (72.3%) followed by Ro-
bust x SG-2 (67.0%) while least was recorded by
the hybrid Compact x Robust-1 (2.0%). The hybrid,
RGR x SG-4 recorded significantly higher yields
(1986.2 kg/ha) followed by the hybrid RGR x SG-3
(2184.9 kg/ha),while SG x SG-3 recorded the least
(1166.6 kg/ha). The highest heterosis for yield was
recorded by the hybrid RGR x SG-2 (89.5%) fol-
lowed by the hybrid Robust x SG-2 (75.2%) while
least was recorded by the hybrid Compact x Robust-
1 (12.9%).
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The hybrid, RGR xSG-4 recorded significantly
more number of bolls per plant (32.1) followed by
the hybrid RGR x SG-2 (28.3), while Robust x Ro-
bust-4 recorded the least (8.8). The highest hetero-
sis for number of bolls per plant was recorded by
the hybrid RGR x SG-2 (166.0%) followed by the
hybrid RGR x SG-3 (109.0%) while least was re-
corded by the hybrid SG x SG-3 (-19.8%). The hy-
brid, RGR x SG-4 recorded significantly highest boll
weights (5.99) followed by the hybrid RGR xSG-3
(5.54), while Robust x Robust-4 recorded the least
(2.03). The highest heterosis for boll weight was
recorded by the hybrid RGR x SG-3 (125.57%)
followed by RGR x SG-2 (102.94%) while least
was recorded by the hybrid Robust x Robust-4
(-25.15%). Yield in cotton is a complex character
not readily amenable to genetic analysis. It is de-
pendent on number of traits such as number of bolls,
boll weight (Sikka and Joshi 1960). The main yield
components like bolls per plant and their size in turn
are the product of interaction between physiologi-
cal processes in development and morphological
frame work of the plant.

All the crosses recorded comparatively higher
yields. RGR x SG-4 and RGR x SG-3 were high yield-
ing. Results from heterosis studies indicated that all
the crosses recorded positive and significant hetero-
sis over mid parent for seed cotton yield. The mid-
parent heterosis (89.5%) was recorded by the
crosses RAH-4 and DSG-3-5, which produced high-
est seed cotton yield among the different genotype
crosses studied. Major factors attributed for the dif-
ferences in yield of seed cotton were yield compo-
nents like boll weight, number of squares and bolls,
morphological characters like phenological and
physiological characters. Various yield contributing
characters (number of bolls per plant, boll weight
and biomass) and yield of cotton recorded in the
present investigation were significantly influenced
by various hybrids and parents.

The pooled data of 2013-14 and 2014-15 on
total dry weight, leaf area, plant height and specific
leaf weight of cotton hybrids and its per cent het-
erosis (mid parent) in cotton hybrids recorded at
different growth stages is presented in Table 2. RGR
x SG-4 recorded significantly more total dry weight

Table 2. Effect of total dry matter (g/plant), leaf area, plant height
and specific leaf weight and its per cent heterosis (mid parent) in
cotton hybrids and their parents. RGR-High Relative Growth Rate
types, SG-Stay Green types.

Days after sowing

Total Specific
SL. Treat- dry Leaf Plant  leaf
No. ments matter  area height weight
RGR types
RGRxSG
1. RGRxSG-1(F) 166.3 13.86 85.1 3.00
Heterosis 20.7 25.1 -19 -26.31
2. RGRxSG-2(F) 1904 12335 927 0.39
Heterosis 36.2 1476 39 -90.80
3. RGRxSG-3(F) 1702 14135 898 0.64
Heterosis 370 7515 -11.1 -67.83
4. RGRxSG4(F) 209.5 14841 89.1 0.37
Heterosis 36.8 2559 147 -61.18
SGxRGR
5. SGxRGR-1(F) 138.1 2093 825 1.53
Heterosis 182 575 -16.1 -36.72
6. SGxRGR-2(F) 149.5 1274 146 328
Heterosis 312 450 133 152.90
7. SGxRGR-3(F) 165.0 1017 906 4.63
Heterosis 244 753 50 -25.36
8. SGxRGR-4(F) 173.3 47.07 694 093
Heterosis 37.1 742 -144 2519
9. SGxRGR-5(F) 189.1 1494 1050  3.15
Heterosis 475 -342 353 39.49
10. SGxRGR-6(F)) 152.3 2048 953 1.85
Heterosis 20.7 400 0.7 -16.67
RGR x Robust
11. RGRxRobust-1(F) 1695 16.07 849 2.86
Heterosis 226 63.7 95 -37.11
Robust x RGR
12. RobustxRGR-1(F) 1663 13.01 804 341
Heterosis 48.1 104 230 52.84
Robust x SG
13. Robustx SG-1(F) 1729 1607 970 2.89
Heterosis 294 80.3 70 -34.99
14. Robustx SG-2 (F) 171.6 43,07 839 1.03
Heterosis 51.1 111.1 93 -41.30
15. Robustx SG-3 (F) 165.8 3839 999 1.18
Heterosis 375 1219 149 -70.71
16. Robust x SG-4 (F)) 181.8 9531 95.7 0.54
Heterosis 355 384.7 183 -85.68
17. CompactxRobust-1 (F,) 161.8 1530 707 261
Heterosis 213 726 -104 4428
RGRx RGR
18. RGRxRGR-1(F) 139.3 15.89 59.7 1.99
Heterosis 236 92 21.8 1222
19. RGRxRGR-2(F) 142.6 2048  96.1 1.55
Heterosis 230 69.2 60 -39.63
20. RGRxRGR-3(F) 1472 9.77 89.0 3.58
Heterosis 31.1 41.0 1.7 132.09
21. RGRxRGR4(F) 167.5 842 999 590
Heterosis 44.5 -304 10.1 129.81



Table 2. Continued.

Days after sowing

Total Specific
Sl Treat- dry Leaf Plant  leaf
No. ments matter  area height weight
22. RGRxRGR-5(F) 1784 101.03  85.1 093
Heterosis 394 5413 55 -49.25
Stay green types
SGxSG
23. SGxSG-1 1639 608 762 6.52
Heterosis 20.3 -72.6 -8.1 90.97
24. SGxSG-2(F) 181.8 1845 821 258
Heterosis 335 883 -149 4125
25. SGxSG-3(F) 1593 581 85.1 702
Heterosis 285 -68.3 9.6 10242
26. SGxSG-4(F) 1679 2102 1101 225
Heterosis 392 215 26.7 44.15

Robust types
Robust x Robust
27. Robustx Robust-1 (F)) 1424 3744 923 1.04

-81.33

Heterosis 82 476.0 129

28. Robust x Robust-2 1771 1926 771 225
Heterosis 254 129.0 -132 -5340

29. Robust x Robust-3 (F,) 161.1 40.14 821 1.02
Heterosis 236 369.3 14.1 -77.63

30. Robust x Robust-4 (F)) 1414 1355 737 247
Heterosis 10 -38.5 -19.6 18.58
Bunny Bt. (Check) 154.6 40.7 1053 123
Mean 1127 5491 65.5 1.34
SEm=+ 740 1.51 2.60 0.20
CDat5% 20.98 7.80 7.36 0.62

(209.5) followed by RGR x SG-2 (190.4). While,
RGR x RGR-1 recorded the least total dry weight
(139.3). The highest heterosis for total dry weight
was recorded by Robust x SG-2 (51.1) followed by
Robust x RGR-1 (48.1) while least was recorded
by the Robust x Robust-4 (1.0). RGR x SG-4 re-
corded significantly more leaf area (148.41) fol-
lowed by RGR x SG-3 (141.35). While, SG x SG-3
recorded the least leaf area (5.81). The highest het-
erosis for leaf area was recorded by RGR x SG-2
(461.3) while least was recorded by SG x SG-1 (-
72.6).

SG x SG-4 recorded significantly more plant
height (110.1), followed by SG x RGR-5 (105.0),
while RGR x RGR-1 recorded the least (59.7). The
highest heterosis for plant height was recorded by
SG x RGR-5 (35.3), while least was recoded by RGR
x RGR-1 (-21.8). There was significantly more SLW
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recorded in SG x SG-3 (7.02) followed by the hy-
brid SG x SG-1(6.52), while least was recorded by
RGR x SG-3 (0.35). The highest heterosis for SLW
was recorded in SG x RGR-2 (152.9), while least
was recorded by RGR xSG-2 (-90.80).

Total dry matter is the physiological efficiency
of a genotype. Leaf area index, leaf photosynthetic
rate appeared to be the major determinants of total
dry matter (Yoshida 1972). In the present investiga-
tion genotypes showed significant differences in total
dry matter production at harvest. Higher total dry mat-
ter accumulation was noticed in hybrid compared to
parents. Hybrids, RGR x SG-4 recorded more dry
matter and also recorded higher yields (Mundas
1992). Even though the hybrid RGR x SG-3 accu-
mulated moderate total dry matter and maximum
yield. This may due to increased translocation of
assimilates to reproductive parts. This was also true
with parent RAH-97. It is not the total dry matter
alone which is important but its favorable partition-
ing into reproductive parts is also important in real-
izing higher yields (Wells and Meredith 1984). All
other parents produced lower dry matter and yields.

Heterosis studies revealed that all the crosses
recorded positive significant heterosis over mid par-
ent which further confirmed the higher dry matter
accumulation in hybrids as compared to parent. Wells
and Meredith (1984) 32% heterosis for total dry
matter prior to last harvest. Similarly, Gupta et al.
(1980) also reported heterosis for total dry matter.
Leaf area indicates the size of assimilatory appa-
ratus of the plant and serves as a primary value
for estimation of other growth characters.
Somashekhargouda et al. (2014) concluded that, the
rate of leaf area expansion has a greater influence
on dry matter production. At the harvest the SG x
SG-4 (110.1) and SG x RGR-5 (105.0) recorded
maximum plant height and were not associated with
total dry matter and yield. This variation may be ge-
netically controlled. Patil (1989) indicated no close
relationship between plant height and yield. This may
be because increased translocation of stored photo-
synthates from stem reserves when the current pho-
tosynthesis is reduced due to shifting of plant to-
wards senescence particularly during post anthesis
period. Specific leaf weight is an integral structure
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of leaf which indicates the thickness of the leaf and
is known to have a positive correlation with photo-
synthetic rate (Bhardwaj et al. 1988). In present
study, all the hybrids recorded significantly more
SLW which is further confirmed by positive hetero-
sis, for specific leaf weight over mid parent.
Bhardwaj et al. (1988) observed that increasing SLW
from 0.6 to 0.85 was at par with increasing a unit
LALI to produce same amount of biomass.

Conclusion

On the basis of two year field experiment it may be
concluded that the cotton hybrid RGR x SG-4 sig-
nificantly recorded high boll numbers per plant, boll
weight, total dry weight, leaf area, medium plant
height and specific leaf weight content it ultimately
gives rise to high seed cotton yield. It was also in-
fluenced by its potential parents leads to high het-
erosis in these cotton hybrid.
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