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Abstract. Water scarcity is a major constraint to sustainable cotton production worldwide. Therefore,
development of drought tolerant cotton varieties is the main objective of the cotton breeding program. A
reduction has been observed in seed cotton yield in cotton plants under drought condition. To evaluate the
genetic material under normal and drought conditions, three generations (18F,, 18BC; and 18 BC;), and
two parents (6P1 and 3P2) were studied for heritability and genetic advance estimation. F2, BC; and BC;
populations were derived through cross combinations of nine parental varieties of upland cotton
(Gossypium hirsutum L.). Data were recorded for plant height, number of monopodial branches per plant,
number of sympodial branches per plant, number of bolls per plant, boll weight, seed cotton yield per
plant, lint percentage and seed index. Heritability estimates ranged from low to high for all traits. Results
represent that all studied traits can be improved easily due to high heritability values and phenotypic
variations. 1UB-09 x FH-1000 and BH-160 x MNH-129 had maximum broad sense, narrow sense
heritability and genetic advance for various characters under drought conditions. These two crosses may
further increase until later generation to develop drought tolerant cotton cultivars.
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Introduction

Cotton is the most important cash and fiber crop of global importance (Anderson and
Rajasekaran, 2016), cultivated in tropical and subtropical areas of more than 60
different countries (Feng et al., 2017). Cotton crop has 0.8% share in GDP and gives
4.5% in value addition of agriculture. Better cotton genotypes are desirable to progress
the cotton business although cotton yield, high ginning out turn (GOT) and fine fiber
quality are these parameters affect cotton fiber price in the world market (Anonymous
2018-19).

Drought stress reduced the total plant stature up to 35%, decreased leaf area index
caused 8% reduction in solar radiation interception (Pettigrew, 2004). Saranga et al.
(1991) observed that the change in water potential explains 87% change in plant height.
The whole phenomenon of drought stress and growth reduction affects total yield of the
crop (Pettigrew, 2004; Babar et al., 2009). Boll development is the most critical stage in
cotton which is affected by drought stress (Radin et al., 1992). Krieg (2000) mentioned
the most critical period for drought stress, in terms of final yield, is from square
initiation to first flower. Drought tolerance in cotton is a quantitatively genetically
controlled trait (Ahmad et al., 2009). Cotton cultivars display variable genetic response
for physiological and morphological parameters under water deficit environments
(Hinze et al., 2012; Patil et al., 2017).
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Heritability values provide information about extent of transmission of traits to
subsequent generation and response to selection. High heritability represents greater
selection response. Heritability estimates will help for effective selection, therefore
traits selection on the base of high heritability makes the improvement easier. If
environmental influence is small as compare to genetic differences, the selection will be
more effective (Khan, 2001). Statistical parameters like mean, variance, genetic advance
and heritability support in measuring genetic potential, genetic diversity and stability of
any variety (Firouzian, 2003; Ali et al., 2008). Various cotton breeders studied
heritability and genetic advance to evaluate hybrid population (Ahsan et al., 2015;
Jarwar et al., 2018; Gnanasekaran et al., 2018; Nawaz et al., 2019; Riaz et al., 2019).

The aim of current study is to estimate variability and genetic parameters for yield
and other agronomic traits and to investigate new sources of drought tolerance among
the segregating populations. These estimates will help in effective selection for
improvement of studied traits.

Materials and methods

The experimental work was conducted during the year 2018, at research area of
Department of Plant Breeding & Genetics, University College Agriculture and
Environmental Sciences, The Islamia University of Bahawalpur, Pakistan. Eighty (80)
cotton genotypes were evaluated under drought stress at seedling stage by using root
and shoot traits. From screening study, six drought tolerant (IUB-09, B-557, 149-F, BH-
160, BH-118 and FH-900) and three drought susceptible (MNH-129, FH-1000 and FH-
901) cotton genotypes were selected.

Next year, six drought tolerant (IUB-09, B-557, 149-F, BH-160, BH-118 and FH-
900) and three drought susceptible (MNH-129, FH-1000 and FH-901) cotton genotypes
were crossed in line X tester (Kempthorne, 1957) scheme to develop 18 cross
combinations. Total 27 experimental entries comprising of 9 parents (six lines and three
testers) and their 18F1 hybrids were sown. The experiment was performed in RCBD
with 3 replications under normal and drought stress conditions.

Development of F2, BC1 and BC: generations

At maturity F1 plants of eighteen crosses were selfed. These selfed seeds were picked
individually as a source of F2 generation. F1 plants were crossed with 1% parent (P1) of a
specific cross to produce BCy; in the same way they were also crossed with 2" parent
(P2) male parent to produce BC> generations.

Evaluation of F,, BC: and BC; generation

The seed of nine parents, 18 F,, 18 BC; and 18 BC> were planted in field under split
plot design. There were two factors i.e. generations and parents and water stress levels.
Drought stress was developed after 30 days of sowing. During crop season, drought
stress was imposed by supplying 50% less irrigations till crop maturity in the drought
treatment (Kirda et al., 2005). The total irrigation water applied to well water and water-
deficit condition was 24 acre inches and 12 acre inches respectively. The amount of
rainfall, maximum and minimum temperature during the crop duration are given in
Table 1. The normally irrigated plot was watered when required. For drought stressed
plot, irrigation water was applied at critical growth stages of cotton plant i.e.
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germination and emergence, seedling establishment, canopy development, flowering
and boll setting. Water stress levels were applied to the main plots while parents and
generations were allocated to the sub plots. Each entry was planted in row to row
distance 75 cm whereas plant to plant distances were 30 cm.

Table 1. Monthly average temperature along with total rainfall at experimental site

Month Tmax (°C) Tmin (°C) Rainfall (mm)
April 37 22.4 3.05
May 39.3 26.1 8.13
June 39.8 29 18.8
July 38.3 28.9 56.9
August 37.2 28.4 10.93
September 36.2 25.8 0
October 33.6 19.6 0
November 27.5 14 0

Tmax = average maximum temperature; Tmin = average minimum temperature

All the cultural practices were adopted according to routine production technology
except drought experiment. Data were recorded on individual plant basis for parents,
BCi1, BC, and F generations. For the parents and F1, data were recorded on 10
randomly selected plants in each replication for each trait. For F2 and backcross
generations, data were recorded from 50 and 30 randomly selected plants respectively in
each replication.

Data were recorded for Plant height (cm), Number of monopodial branches per plant,
Number of sympodial branches per plant, Number of Bolls per Plant, Boll Weight (g),
Seed cotton yield per plant (g), Lint Percentage, Seed index.

The obtained lint from each sample was weighed and lint percentage was calculated
by using following formula:

Weight of lint

Lint percentage (%) = X 100 (Eq.1)

weight of seed cotton

To calculate the seed index, 100 seeds were taken at random for each sample and
weighed in gram.
Statistical analysis
Heritability and genetic advance

Broad sense heritability was computed as described by Mahmud and Kramer (1951).

i VF2 — VP1 x VP2
Hgg = HFF_ % 100 (Eq.2)

where: H?gs = broad sense heritability; VF2 = variance of F, population; VP1 = variance
of Parent 1; VP, = variance of parent 2.

Heritability in narrow sense were computed using the following formula suggested
by warner (1952).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(3): 4309-4323.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1803_43094323
© 2020, ALOKI Kft., Budapest, Hungary



Yar et al.: Estimation of heritability and genetic advance to develop drought tolerance in cotton (Gossypium hirsutum L.)
-4312 -

) 2VF, — (VBC, + VBC,
H, . =— ( FF"L 2) 100 (Eq.3)

where: H?ns) = heritability in narrow sense; VF.=variance of F. population,
VBC; =variance of back cross-1 population, VBC,=variance of back cross-1I
population.

Genetic advance was calculated by following formula suggested by Allard (1960).

GA=cpxh2xl (Eq.4)

where: GA = genetic advance; o p = phenotypic standard deviation of F, population;
h2 = estimation of broad sense heritability in fraction, | = constant value that reflects the
selection intensity. The value of | = 1.755 in this study the selection pressure is 10%.

Results
Heritability and genetic advance

Heritability and genetic advance are remarkable selection parameters. Heritability
and genetic advance predict the genetic gain for selection (Johanson et al., 1955).
Heritability and genetic advance for different yield traits are as follows.

Plant height

Under normal condition, broad sense heritability estimates were ranged from 45.77%
(BH-118 x MNH-129) to 93.13% (IUB-09 x FH-1000). Heritability values in narrow
sense were ranged from 20.79% (FH-900 x FH-1000) to 73.45% (IUB-09 x FH-1000).
Genetic advance values were ranged from 2.13 (BH-118 x FH-901) to 11.25 (IUB-09 x
FH-1000). Under drought condition, broad sense heritability values were ranged from
35.59% (BH-118 x FH-901) to 94.06% (IUB-09 x FH-1000). Heritability values in
narrow sense were ranged from 17.82% (149F x MNH-129) to 68.51% (IUB-09 x FH-
1000). Genetic advance values were ranged from 1.08 (BH-118 x FH-901) to 9.24
(IUB-09 x FH-1000) (Table 2).

Table 2. Heritability (broad and narrow sense) and genetic advance for plant height under
normal and drought conditions

Normal condition Drought condition
Crosses

H2bs H2ns G.A. szs Hzns G.A.
B-557 x MNH-129 65.58 37.05 4.02 66.75 40.34 3.05
B-557 x FH-1000 64.88 38.16 3.74 58.82 39.61 2.45
B-557 x FH-901 54.23 41.40 2.57 60.44 21.04 2.46
149F x MNH-129 50.52 45.34 2.62 72.35 17.82 3.34
149F x FH-1000 53.28 48.85 2.70 63.37 48.14 2.57
149F x FH-901 69.03 23.75 4.04 72.81 54.24 3.30
BH-160 x MNH-129| 64.57 38.97 3.42 76.53 25.35 3.50
BH-160 x FH-1000 | 63.76 39.69 3.17 75.68 25.75 3.44
BH-160 x FH-901 92.34 61.69 9.40 93.71 62.05 8.06
IUB-09 x MNH-129| 68.03 34.64 4,01 76.30 24.78 3.71
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IUB-09 x FH-1000 | 93.13 73.45 11.25 94.06 68.51 9.24
IUB-09 x FH-901 59.15 39.74 2.75 65.66 36.08 2.58
BH-118 x MNH-129| 45.77 45.34 2.27 68.04 25.09 3.01
BH-118 x FH-1000 | 51.88 33.57 2.60 49.01 29.74 1.74
BH-118 x FH-901 47.31 36.30 2.13 35.59 27.66 1.08
FH-900 x MNH-129| 66.54 48.14 3.99 52.07 31.00 1.93
FH-900 x FH-1000 | 52.16 20.79 2.48 49.71 43.00 1.82
FH-900 x FH-901 60.24 22.28 2.96 54.65 41.59 2.03

Var = variance, H%,s = broad sense heritability, H?%,s = narrow sense heritability, G.A. = genetic advance

Number of monopodial branches per plant

Broad sense heritability estimates were ranged from 42.09% (B-557 x MNH-129) to
77% (IUB-09 x FH-1000). Heritability values in narrow sense were ranged from
18.10% (FH-900 x MNH-129) to 73.80% (IUB-09 x FH-1000). The genetic advance
values were ranged from 0.43 (BH-160 x FH-1000) to 1.10 (FH-900 x FH-1000) under
normal condition. Under drought condition, broad sense heritability estimates were
ranged from 49.58% (BH-160 x FH-901) to 78.12% (IUB-09 x FH-1000). Heritability
values in narrow sense were ranged from 13.56% (B-557 x FH-1000) to 74.25% (1UB-
09 x FH-1000). The genetic advance values were ranged from 0.50 (FH-900 x FH-
1000) to 1.15 (1UB-09 x FH-1000) (Table 3).

Table 3. Heritability (broad and narrow sense) and genetic advance for monopodial
branches per plant under normal and drought conditions

Normal condition Drought condition
Crosses

H2ps H2ns G.A. H2ps H2ns G.A.
B-557 x MNH-129 42.09 30.73 0.48 59.84 31.42 0.67
B-557 x FH-1000 50.55 29.17 0.54 60.98 13.56 0.73
B-557 x FH-901 51.54 38.13 0.58 54.84 26.29 0.72
149F x MNH-129 58.10 37.42 0.72 60.24 35.73 0.65
149F x FH-1000 57.03 34.37 0.60 64.29 20.04 0.77
149F x FH-901 50.28 36.25 0.52 56.54 25.11 0.72
BH-160 x MNH-129 55.27 28.28 0.59 68.18 21.97 0.85
BH-160 x FH-1000 49.76 38.00 0.43 65.80 24.62 0.83
BH-160 x FH-901 64.76 27.14 0.70 49.58 25.39 0.61
IUB-09 x MNH-129 66.87 64.67 0.92 73.15 66.94 0.92
1UB-09 x FH-1000 77.00 73.80 1.10 78.12 74.25 1.15
IUB-09 x FH-901 57.00 34.02 0.63 51.17 14.23 0.59
BH-118 x MNH-129 54.10 28.74 0.67 65.87 15.16 0.75
BH-118 x FH-1000 57.96 31.97 0.65 61.95 28.34 0.71
BH-118 x FH-901 45.15 36.09 0.46 59.94 20.89 0.79
FH-900 x MNH-129 48.78 18.10 0.60 67.67 27.86 0.72
FH-900 x FH-1000 66.05 27.65 0.86 53.58 15.50 0.50
FH-900 x FH-901 60.51 26.44 0.76 63.02 16.56 0.78

H?2ys = broad sense heritability, H2.s = narrow sense heritability, G.A. = genetic advance
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Number of sympodial branches per plant

Under normal condition, broad sense heritability estimates were ranged from 46.26%
(149F x FH-1000) to 90.49% (1UB-09 x FH-1000). Heritability values in narrow sense
were ranged from 10.29% (B-557 x FH-1000) to 78.36% (BH-118 x FH-1000). The
genetic advance values were ranged from 1.77 (149F x FH-1000) to 8.89 (IUB-09 x
FH-1000). Under drought condition, broad sense heritability estimates were ranged
from 49.36% (FH-900 x FH-901) to 86.81% (IUB-09 x FH-1000). Heritability values
in narrow sense were ranged from 12.70 (BH-160 x FH-1000) to 81.52% (IUB-09 x
FH-1000). The genetic advance values were ranged from 1.89 (FH-900 x FH-901) to
6.64 (1UB-09 x FH-1000) (Table 4).

Table 4. Heritability (broad and narrow sense) and genetic advance for number of
sympodial branches per plant under normal and drought conditions

Normal condition Drought condition
Crosses

szs Hzns G.A. szs Hzns G.A.
B-557 x MNH-129 65.16 14.49 3.14 68.13 18.27 3.18
B-557 x FH-1000 57.31 10.29 2.56 64.27 29.79 3.32
B-557 x FH-901 61.79 16.71 2.67 57.44 20.35 2.32
149F x MNH-129 54.92 13.11 2.24 64.35 13.59 3.21
149F x FH-1000 46.26 24.24 1.77 59.97 19.37 3.31
149F x FH-901 55.24 25.27 212 62.63 22.61 3.05
BH-160 x MNH-129 61.07 23.61 3.25 71.86 22.51 3.25
BH-160 x FH-1000 46.44 20.78 2.16 58.18 12.70 2.53
BH-160 x FH-901 57.58 15.69 2.76 62.46 26.96 2.45
IUB-09 x MNH-129 52.64 24.25 2.26 66.40 24.48 2.71
IUB-09 x FH-1000 90.49 67.09 8.89 86.81 81.52 6.64
IUB-09 x FH-901 49.53 18.52 1.94 69.25 22.46 2.96
BH-118 x MNH-129 54.36 31.63 2.37 60.70 21.20 2.50
BH-118 x FH-1000 89.58 78.36 8.35 82.92 71.08 6.08
BH-118 x FH-901 65.19 24.95 3.05 62.78 15.68 2.66
FH-900 x MNH-129 74.04 20.88 4.82 53.47 21.66 2.14
FH-900 x FH-1000 52.48 25.98 2.59 58.93 20.31 2.95
FH-900 x FH-901 48.52 24.25 211 49.36 19.65 1.89

H2ps = broad sense heritability, H2.s = narrow sense heritability, G.A. = genetic advance

Number of bolls per plant

Under normal condition, broad sense heritability values were ranged from 43.53%
(BH-118 x MNH-129) to 82.68% (IUB-09 x FH-1000). Heritability values in narrow
sense were ranged from 10.59% (FH-900 x FH-1000) to 75.23% (1UB-09 x FH-1000).
The genetic advance values were ranged from 4.57 (BH-160 x FH-1000) to 12.76 (IUB-
09 x FH-1000). Under drought condition, broad sense heritability values were ranged
from 49.53% (FH-900 x FH-1000) to 81.12% (IUB-09 x FH-1000). Heritability values
in narrow sense were ranged from 11.96% (FH-900 x FH-901) to 82.03% (IUB-09 x
FH-1000). The genetic advance values were ranged from 3.54 (FH-900 x FH-1000) to
11.23 (1UB-09 x FH-1000) (Table 5).
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Table 5. Heritability (broad and narrow sense) and genetic advance for number of bolls per
plant under normal and drought conditions

Normal condition Drought condition
Crosses

szs Hzns G.A. szs Hzns G.A.
B-557 x MNH-129 60.69 14.11 7.54 77.54 19.58 7.56
B-557 x FH-1000 66.23 17.65 8.03 64.35 12.00 5.48
B-557 x FH-901 62.69 42.93 6.60 66.28 30.79 5.66
149F x MNH-129 58.99 11.30 7.29 63.60 25.70 5.35
149F x FH-1000 46.86 13.32 4.60 51.55 24.56 4.14
149F x FH-901 53.63 48.12 5.15 50.63 15.40 3.93
BH-160 x MNH-129 72.67 63.63 9.82 73.40 60.87 6.54
BH-160 x FH-1000 50.42 15.56 4,57 65.16 20.38 5.58
BH-160 x FH-901 55.29 11.48 4.82 57.43 23.33 4.34
IUB-09 x MNH-129 52.07 21.28 5.34 59.56 29.61 5.12
IUB-09 x FH-1000 82.68 75.23 12.76 81.12 82.03 11.23
IUB-09 x FH-901 58.62 12.32 5.34 56.94 24.26 5.09
BH-118 x MNH-129 43.53 29.34 4.98 55.36 19.75 4.19
BH-118 x FH-1000 66.97 23.66 9.06 62.18 30.28 5.62
BH-118 x FH-901 55.17 41.88 5.85 50.55 12.08 3.90
FH-900 x MNH-129 52.43 16.20 6.64 66.44 14.79 5.30
FH-900 x FH-1000 48.45 10.59 5.33 49.53 17.38 3.54
FH-900 x FH-901 55.63 20.58 6.02 56.02 11.96 4.19

H?s = broad sense heritability, H2.s = narrow sense heritability, G.A. = genetic advance

Boll weight

Under normal condition, the heritability values in broad sense were ranged from
45.59% (149F x FH-1000) to 78.11% (BH-160 x FH-901). Heritability values in
narrow sense were ranged from 9.67% (FH-900 x FH-901) to 64.04% (IUB-09 x FH-
1000). The genetic advance values were ranged from 0.55 (BH-118 x MNH-129) to
1.61 (IUB-09 x FH-1000). Under drought condition, broad sense heritability values
were ranged from 28.26% (FH-900 x FH-1000) to 71.97% (B-557 x MNH-129). Under
drought condition, heritability values in narrow sense were ranged from 10.12% (IUB-
09 x FH-901) to 65.75% (B-557 x MNH-129). The genetic advance values were ranged
from 0.37 (FH-900 x FH-1000) to 1.50 (B-557 x MNH-129) (Table 6).

Seed index

Under normal condition, broad sense heritability values were ranged from 44.06%
(149F x FH-1000) to 79.32% (IUB-09 x FH-1000). Heritability values in narrow sense
were ranged from 10.24% (FH-900 x MNH-129) to 72.14% (IUB-09 x FH-1000). The
genetic advance values were ranged from 0.96 (BH-118 x FH-1000) to 2.86 (IUB-09 x
FH-1000). Under drought condition, broad sense heritability values were ranged from
51.90% (B-557 x MNH-129) to 81.15% (IUB-09 x FH-1000). Heritability values in
narrow sense were ranged from 10.15% (1UB-09 x FH-901) to 75.30% (IUB-09 x FH-
1000). The genetic advance values were ranged from 0.67 (B-557 x FH-1000) to 2.23
(IUB-09 x FH-1000) (Table 7).
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Table 6. Heritability (broad and narrow sense) and genetic advance for boll weight under
normal and drought conditions

Crosses Normal condition Drought condition
H2ps H2ns G.A. H2bs H2ns G.A.
B-557 x MNH-129 76.07 61.02 1.47 71.97 65.75 1.50
B-557 x FH-1000 49.69 14.38 0.78 51.62 16.68 0.88
B-557 x FH-901 53.22 25.38 0.58 50.61 16.53 0.80
149F x MNH-129 55.35 31.13 0.97 52.73 21.39 0.80
149F x FH-1000 4559 25.33 0.85 58.07 10.80 1.01
149F x FH-901 55.90 34.54 0.77 55.98 12.68 0.88
BH-160 x MNH-129|  48.13 14.59 0.56 54.21 16.99 0.76
BH-160 x FH-1000 59.53 15.62 0.93 52.72 17.24 0.78
BH-160 x FH-901 78.11 34.02 1.10 55.07 43.11 0.78
IUB-09 x MNH-129|  49.00 41.00 0.67 52.96 20.31 0.82
IUB-09 x FH-1000 72.84 64.04 1.61 69.06 60.07 1.42
IUB-09 x FH-901 52.96 25.09 0.59 50.70 10.12 0.77
BH-118 x MNH-129|  46.96 14.11 0.55 51.11 10.94 0.81
BH-118 x FH-1000 55.21 29.11 0.83 52.23 11.75 0.90
BH-118 x FH-901 67.22 15.88 0.78 51.41 11.85 0.82
FH-900 x MNH-129| 51.62 12.86 0.62 51.74 19.42 0.76
FH-900 x FH-1000 48.50 11.20 0.67 28.26 11.09 0.37
FH-900 x FH-901 67.54 9.67 0.78 49.81 10.48 0.72

H?s = broad sense heritability, H2\s = narrow sense heritability, G.A. = genetic advance

Table 7. Heritability (broad and narrow sense) and genetic advance for seed index under
normal and drought conditions

Crosses Normal condition Drought condition
szs Hzns G.A. szs Hzns G.A.
B-557 x MNH-129 61.73 15.16 1.46 51.90 18.79 0.69
B-557 x FH-1000 52.47 13.54 1.11 53.04 1151 0.67
B-557 x FH-901 51.36 15.85 1.15 56.64 18.79 0.68
149F x MNH-129 50.62 11.10 1.27 54.92 14.76 0.85
149F x FH-1000 44.06 12.78 1.04 62.78 12.99 0.99
149F x FH-901 49.86 14.36 1.32 57.76 16.35 0.79
BH-160 x MNH-129 51.77 11.38 1.29 67.76 13.50 1.16
BH-160 x FH-1000 50.07 17.68 1.22 77.39 70.81 1.47
BH-160 x FH-901 49.09 14.33 1.27 75.24 10.66 1.26
IUB-09 x MNH-129 54.33 12.14 1.32 55.95 17.49 1.08
1UB-09 x FH-1000 79.32 72.14 2.86 81.15 75.30 2.23
IUB-09 x FH-901 66.96 60.51 2.04 62.71 10.15 1.13
BH-118 x MNH-129 50.97 26.37 1.11 55.41 10.23 0.77
BH-118 x FH-1000 46.19 15.12 0.96 66.90 18.97 1.01
BH-118 x FH-901 48.52 18.31 1.10 58.21 22.61 0.72
FH-900 x MNH-129 47.21 10.24 1.11 54.93 19.33 0.86
FH-900 x FH-1000 50.66 19.13 1.23 59.42 21.49 0.91
FH-900 x FH-901 45.61 11.80 1.12 72.42 16.51 1.24

H?2ys = broad sense heritability, H?.s = narrow sense heritability, G.A. = genetic advance
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Seed cotton yield per plant

Under normal condition, broad sense heritability values were ranged from 56.54%
(BH-160 x MNH-129) to 76.07% (IUB-09 x FH-1000). Heritability values in narrow
sense were ranged from 11.10% (B-557 x FH-1000) to 62.21% (1UB-09 x FH-1000).
Genetic advance values were ranged from 10.38 (BH-160 x MNH-129) to 18.79 (IUB-
09 x FH-1000). Under drought stress condition, broad sense heritability values were
ranged from 54.70% (B-557 x MNH-129) to 80.33% (IUB-09 x FH-1000). Heritability
values in narrow sense were ranged from 11.34% (BH-118 x MNH-129) to 77.24%
(IUB-09 x FH-1000). Genetic advance values were ranged from 8.73 (BH-118 x FH-
901) to 19.34 (1UB-09 x FH-1000) (Table 8).

Table 8. Heritability (broad and narrow sense) and genetic advance for seed cotton yield per
plant under normal and drought conditions

Normal condition Drought condition
Crosses

szs Hzns G.A. szs Hzns G.A.
B-557 x MNH-129 60.02 21.43 11.07 54.70 22.20 9.03
B-557 x FH-1000 56.91 11.10 10.41 61.80 18.47 10.74
B-557 x FH-901 61.75 13.61 11.57 70.59 24.22 13.88
149F x MNH-129 58.72 16.52 11.56 65.38 26.10 12.23
149F x FH-1000 60.95 16.82 12.70 69.73 20.49 13.49
149F x FH-901 64.07 17.88 13.43 72.87 23.52 14.78
BH-160 x MNH-129 56.54 18.20 10.38 75.69 15.64 15.63
BH-160 x FH-1000 68.11 61.36 15.02 77.97 70.19 16.35
BH-160 x FH-901 67.59 18.23 14.27 64.81 16.43 10.68
IUB-09 x MNH-129 65.90 18.67 13.25 64.89 14.80 12.10
1UB-09 x FH-1000 76.07 62.21 18.79 80.33 77.24 19.34
IUB-09 x FH-901 68.30 58.91 14.14 73.82 69.61 15.29
BH-118 x MNH-129 57.57 18.20 11.42 66.35 11.34 12.26
BH-118 x FH-1000 56.65 11.54 11.45 62.05 26.19 10.44
BH-118 x FH-901 59.32 28.61 11.94 56.16 19.71 8.73
FH-900 x MNH-129 66.49 17.58 11.67 63.09 13.68 12.05
FH-900 x FH-1000 68.12 13.28 12.62 61.49 13.27 11.11
FH-900 x FH-901 64.23 15.18 10.84 57.73 19.73 9.89

H2ps = broad sense heritability, H2,s = narrow sense heritability, G.A. = genetic advance

Lint percentage

Under normal condition, broad sense heritability values were ranged from 35.91%
(BH-160 x FH-901) to 72.85% (BH-160 x MNH-129). Heritability values in narrow
sense were ranged from 10.06% (BH-160 x FH-1000) to 66.50% (1UB-09 x FH-1000).
Genetic advance values were ranged from 0.84 (BH-160 x FH-901) to 2.90 (IUB-09 x
FH-1000). Under drought condition, broad sense heritability values were ranged from
47.71% (1UB-09 x MNH-129) to 86.54% (HB-160 x MNH-129). Heritability values in
narrow sense were ranged from 10.49% (BH-118 x MNH-129) to 82.07% (BH-160 x
MNH-129). The genetic advance was ranged from 1.11 (BH-160 x FH-1000) to 3.55
(lUB-09 x FH-1000) (Table 9).
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Table 9. Heritability (broad and narrow sense) and genetic advance for lint percentage
under normal and drought conditions

Normal condition Drought condition
Crosses

szs Hzns G.A. szs Hzns G.A.
B-557 x MNH-129 59.19 11.54 1.81 66.38 11.85 2.01
B-557 x FH-1000 49.54 14.58 1.65 58.95 16.31 1.58
B-557 x FH-901 52.74 30.10 1.58 48.70 12.00 1.32
149F x MNH-129 53.07 17.43 1.51 58.85 13.10 1.89
149F x FH-1000 60.43 11.49 2.26 64.92 17.57 2.20
149F x FH-901 54.41 16.43 1.66 61.17 11.35 2.24
BH-160 x MNH-129 72.85 64.87 247 86.54 82.07 3.33
BH-160 x FH-1000 47.18 10.06 1.38 54.41 34.00 111
BH-160 x FH-901 35.91 15.19 0.84 64.65 13.52 1.70
1IUB-09 x MNH-129 63.18 14.30 1.84 47.71 13.14 1.29
1UB-09 x FH-1000 71.93 66.50 2.90 80.89 69.04 3.55
IUB-09 x FH-901 58.64 14.41 1.70 63.60 11.29 2.29
BH-118 x MNH-129 59.50 14.22 1.95 67.47 10.49 181
BH-118 x FH-1000 54.36 10.87 2.03 69.68 15.03 1.89
BH-118 x FH-901 57.38 13.89 1.94 71.85 62.93 2.29
FH-900 x MNH-129 53.23 11.28 1.53 62.09 14.16 1.65
FH-900 x FH-1000 61.49 10.96 2.36 64.92 18.67 1.75
FH-900 x FH-901 62.76 14.91 2.14 57.03 28.35 1.57

H?s = broad sense heritability, H2.s = narrow sense heritability, G.A. = genetic advance

Discussion

Drought is the most significant abiotic stress manipulating the performance of crop
plants. Therefore, screening for identification or development of tolerant varieties is of
high importance for enhancing cotton production (Dahab et al., 2012). In order to
achieve such evidence in G. hirsutum, 18 hybrids were assessed for growth and
productivity characters under normal and drought conditions.

Genetic variation is valuable for permanent genetic improvement (Singh, 2000).
Most of the crosses of plant height revealed high magnitude of broad sense heritability
under normal and drought conditions. Generally moderate to high values of broad and
narrow sense heritability exhibited that genetic effects were greater than influence of the
environment and characters can be improved by selection (Bnejdi and Gazzah, 2008)
while selection on the base of low heritability may be misleading due to more effect of
environment on the genetic makeup (Nadarajan and Gunasekaran, 2005). Estimated
narrow sense heritability and genetic advance differed for various hybrids under both
conditions. Various crosses of plant height exhibited low to moderate narrow sense
heritability in both conditions. Crosses with moderate heritability values are indicative
of smaller environmental effects which recommends that improvement of the said traits
can be easily improved through simple selection procedures (Noor et al., 2017). Batool
et al. (2013) and Khan and Hassan (2011) also reported high and moderate heritability
for plant height. Under both conditions, IUB-09 x FH-1000 and BH-160 x FH-901
exhibited maximum high broad sense heritability as well as high narrow sense
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heritability and higher genetic advance for plant height showed that these crosses are
controlled by additive genes and selection for these crosses would be valuable.

Most of the crosses of monopodial branches per plant revealed high magnitude of the
broad sense heritability under normal and drought conditions. Estimated narrow sense
heritability and genetic advance varied for various hybrids in both conditions. Ahmed et
al. (2006) and Khan and Hassan (2011) reported high and moderate heritability for
number of monopodial branches per plant. Under both conditions, IUB-09 x FH-1000
and 1UB-09 x MNH-129 exhibited maximum high broad sense heritability as well as
high narrow sense heritability and appreciable genetic advance for monopodial branches
per plant, suggested that these crosses are controlled by additive genes and thus could
lead to development of new genotype by the use of efficient selection techniques.

Most of the crosses of sympodial branches per plant exhibited moderate to higher
broad sense heritability estimates. Various crosses exhibited low to moderate narrow
sense heritability in both conditions. Low narrow sense heritability may be caused by
low additive effects and high dominance gene action (Falconer and mackay, 1996).
Soomro et al. (2010) and Khan and Hassan (2011) reported high and moderate
heritability values for sympodial branches per plant. Under both conditions, IUB-09 x
FH-1000 and BH-118 x FH-1000 exhibited maximum high broad and narrow sense
heritability and appreciable genetic advance for sympodial branches per plant showed
that this cross is controlled by additive genes and selection for these crosses would be
effective.

Most of the crosses for bolls per plant revealed high broad sense heritability under
normal and drought conditions. Genetic advance and narrow sense heritability estimates
varied for different crosses under both conditions. High heritability values with high
genetic advance are highly effective in predicting gains under selection in the
development of genotypes (Khan et al., 2015). Dhivya et al. (2014) and Ahsan et al.
(2015) stated high and moderate heritability values for bolls per plant. Under both
conditions, 1UB-09 x FH-1000 and BH-160 x MNH-129 exhibited maximum high
broad sense heritability as well as high narrow sense heritability and appreciable genetic
advance for number of bolls per plant showed that these crosses are controlled by
additive gene action and selection for these crosses would be valuable.

The low narrow sense heritability might be due to large epistatic effects (Hakizimana
et al., 2004). The value of heritability alone does not provide any indication the amount
of genetic progress that may lead to selection of best individual, but heritability with
genetic advance are more useful (Mishra et al., 2015; Joshi and Patil, 2018). Genetic
advance is also of great significance as it shows magnitude of the expected genetic gain
from single cycle of selection (Hamdi et al., 2003). Most crosses of boll weight revealed
high magnitude of the broad sense heritability under both conditions. Estimated genetic
advance and narrow sense heritability differed for different hybrids under both
conditions. Jarwar et al. (2018), Gnanasekaran et al. (2018) and Riaz et al. (2019)
reported high and moderate heritability values for boll weight. Under both conditions,
IUB-09 x FH-1000 and B-557 x MNH-129 exhibited maximum high broad sense
heritability with high narrow sense heritability and higher genetic advance for boll
weight showed that these crosses are controlled by additive gene action and selection
for these crosses would be valuable.

Most of the crosses of seed index revealed high magnitude of broad sense heritability
under normal and drought conditions. Estimated genetic advance and narrow sense
heritability differed for different hybrids under both conditions. Shakeel et al. (2015),
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Shao et al. (2016) and Jarwar et al. (2018) stated high and moderate heritability
estimates for seed index. Under normal condition, IUB-09 x FH-1000 and 1UB-09 x
FH-901 whereas under drought condition, IlUB-09 x FH-1000 and BH-160 x FH-1000
exhibited maximum high broad sense heritability with high narrow sense heritability
and higher genetic advance for seed index showed that these crosses are controlled by
additive gene action and selection for these crosses would be valuable.

Seed cotton yield per plant is determined from two basic traits i.e. boll number and
boll weight. When drought stress occurs during the flowering stage, seed cotton yield
decreases due to shedding of squares and young bolls (Cook and El-Zik, 1992). Higher
estimates of heritability are not only useful in predicting gain under selection but also
indicative of additive gene effects (Farooq et al., 2018). Various crosses of seed cotton
yield per plant revealed high magnitude of broad sense heritability under both
conditions. Genetic advance and narrow sense heritability differed for different hybrids
under both conditions. Riaz et al. (2019) and Nawaz et al. (2019) reported high and
moderate heritability estimates for seed cotton yield per plant. Under both conditions,
IUB-09 x FH-1000, BH-160 x FH-1000 and 1UB-09 x FH-901 exhibited maximum
high broad sense heritability with high narrow sense heritability and higher genetic
advance for seed cotton yield showed that these crosses are controlled by additive gene
action and selection for these crosses would be valuable.

Most of the crosses of lint percentage revealed high magnitude of the broad sense
heritability under both conditions. Estimated genetic advance and narrow sense
heritability differed for each hybrid under both conditions. Most of the crosses of lint
percentage exhibited low to moderate narrow sense heritability in both conditions.
Dhamayanthi et al. (2018) and Nawaz et al. (2019) reported high and moderate
heritability estimates for lint percentage. Under normal condition, IUB-09 x FH-1000
and BH-160 x MNH-129 whereas under drought condition, IUB-09 x FH-1000, BH-
118 x FH-901 and BH-160 x MNH-129 exhibited maximum high broad sense
heritability with high narrow sense heritability and higher genetic advance for lint
percentage showed that these crosses are controlled by additive gene action and
selection for these crosses would be valuable.

Conclusions

From heritability estimates, it is manifest that crosses i.e. IUB-09 x FH-1000 and
BH-160 x MNH-129 exhibited high heritability (H%s) with high genetic advance for
plant height, monopodial branches per plant, sympodial branches per plant, bolls per
plant, boll weight, seed cotton yield per plant, lint percentage and seed index. It is
therefore recommended that varieties involved in these promising hybrids should be
given due consideration in further breeding program and selection for these traits could
be practiced with due care to achieve desirable level of yield potential in cotton and the
highest values of saving water at the same time. Furthermore, the progenies of these
crosses may be raised till later generation to develop cotton drought tolerance cultivars.
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