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ABSTRACT

n experiment was conducted during rab: (November—April of 2017-2018, 2018-2019) at AB-Block Farm, Kalyani,

Bidhan Chandra Krishi Viswavidyalaya (B.C.K.V.), Nadia, and West Bengal, India to study the heat stress on wheat
genotypes by identifying parents and its promising crosses on the basis of mean performance and heat susceptibility index. In
the experiment, Heat susceptible indices (HSI) was used as criteria for evaluation and selection of genotypes under heat stress
conditions and studied yield attributing characters of late sown (E,) in comparison of timely sown environment (E,) and very
late sown (E,) in comparison of timely sown environment (E,). Screening of thirty genotypes were done in three different dates
of sowing, among thirty genotypes four genotypes namely HTSBWY'T-17-004, HT'SBWYT-17-0020, HTSBWYT-17-0027
and HTSBWYT-17-0049 were identified as potential on the basis of maximum number of traits like pollen fertility, number
of grains spike™, yield plant™, number of tillers plant !, number tillers square meter™ and 1000 grain weight that associated with
HSI less than one (<1). These four selected parents and two checks DBW-39, K-1006 were crossed in 6x6 half diallel fashion.
All parents and F, were evaluated in three different dates of sowing, among Fifteen F,, four stable F, for thermal stress across
the three environments were HTSBWYT-17-004xHTSBWYT-17-0020, HTSBWYT-17-0020xK-1006, HTSBWYT-17-
0020xHT49 and HTSBWYT-17-0027xHTSBWY'T-17-0049 as these cross combinations recorded maximum number of
traits associated with HSI less than one (<1).
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1. INTRODUCTION

Wheat (Triticum sp.) is the most widely grown cereal
crop in the world. Wheat is considered as the most
cultivated crop globally with 761 mt produced in 2021
and essential to worldwide food security and agricultural
food systems. Around the world, approximately 17% of
grain production is involved in international trade, with
individual commodities shares varying from 9% for rice to
25% for wheat Chaki et al. (2024). As a major cereal crop,
wheat accounts for about 30% of the world’s cereal area to
provide food for 36% of the global population (Cossani
and Reynolds, 2012; Prerna et al., 2013). India is the
second largest producer of wheat with around 31.45 mha
area under the crop giving 107.59 mt production and 3421
kg ha™ productivity (Singh et al., 2022). Average wheat
productivity in West Bengal is found to be 2.8 t ha! in
2014-15, which is slightly higher than that in 2013-14 (2.7
t ha). The yield rate ranged between 1.4-3.4 t ha™ across
the districts of West Bengal in 2014-15. Owing to global
climate changes, wheat yields is expected to decline by 6%
for each 1°€ increase in temperature. Temperatures of more
than 25°C adversely affected the activity of soluble starch
synthase (SSS) and amyloplastic enzyme in endosperm of
wheat (Keeling et al., 1993). Heat shock treatment resulted
in a significant decline in starch content (Asthir & Bhatia,
2014; Mahdavi et al., 2022; Ullah et al., 2021). Heat stress
causes 10-15% yield loss, mainly due to reduced single
kernel weight (Mahrookashani et al., 2017; Prasad and
Djanaguiraman, 2014; Wardlaw and Wrigley, 1994). Heat
stress enhanced stunted plant growth, reduced tillering and
accelerated development leading to small heads, shriveled
grains and low yield. Zinc and Iron content in wheat seeds
were negatively correlated with heat stress (Panigrahi et
al., 2022; Narendra et al., 2021). Wheat (C3) species is
not physiologically suited to thrive in hot environments,
particularly at the grain filling stage (Kumar et al., 2023;
Rangan et al., 2018), indicating the need for heat tolerant
varieties for sustainable production (Joshi et al., 2007).
Heat stress disrupts the balance of nitrogen and starch in
wheat grains, leading to an increase in protein concentration
(Farhad et al., 2023). The accumulation of heat tolerance
associated biochemical parameters such as proline, total
soluble sugar, and GB is found higher in heat-tolerant
genotypes as compared to heat-sensitive wheat genotypes
(Sihag et al., 2024; Kohila and Gomathi, 2018; Ghai et
al., 2016). Grain yield of wheat crop must be increased by
60% until 2050 to fulfil the food demands of burgeoning
global population (Asseng et al., 2015; Sharma et al.,
2015; Guarin, et al., 2022). The area of wheat crop in
West Bengal is fluctuating presumably due to the choice
of more remunerative crops like boro rice, mustard and
winter vegetables and the major constraints limiting the

02

yield of wheat is late sowing due to delay in harvesting of
kharif rice and sometimes excessive soil moisture after rice
harvest, shorter wheat growing season because of short
span of winter leading to incidence of high temperature
during flowering and grain filling. The ability to yield higher
under heat stress conditions is highly desirable quality for
selection of a genotype while breeding for crop improvement
(Aziz et al., 2018). As mentioned, above experiment was
carried out to address the heat stress on wheat by selecting
and screening the desirable heat tolerant parents and heat
tolerant F'1 based on mean performance as well as the heat
susceptibility index.

2. MATERIALS AND METHODS

R;search investigation was undertaken at AB-Block
arm, Kalyani, Bidhan Chandra Krishi Viswavidyalaya
(B.C.K.V.), Nadia, and West Bengal, India, at an elevation
of 11.7 m above the Mean Sea Level (M.S.L.) at 21.5°N
latitude and 85°E longitude during rabi (November—April
of 2017-2018, 2018-2019) with six parents and were
crossed in 6x6 half diallel fashion having stress tolerant
and susceptible genotypes. Fifteen F, were sown in three
different environments i.e., i.e., 3* week of November
(timely sown environment), 3" week of December (late
sown environment) and 2™ week of January (very late sown
environment) in (RBD) in a plot size of 1.2 sq mt with 2
replications, maintaining 20 cm row to row distance in
all three sowing conditions. All fifteen F, were generated
from the genotypes that were provided by the All India
Coordinated Wheat and Barley Improvement Project
(AICW&BIP), Kalyani Centre. The heat susceptibility
index (HSI) was calculated for grain yield plant? and
other quantitative characters over stress and non-stress
environments by using the formula presented by Fisher and
Maurer (1978). The data were analyzed by simple ANOVA,
for comparison of means (Snedecor and Cochran, 1994),

by using SPSS (2012).
HSI=(1-Y /Yp)/D
Where,

Y,=Mean of the genotype in high temperature stress
environment

Yp=Mean of the genotype in non-stress environment
D=(1- Mean Y, of all genotypes/ Mean Yp of all genotypes)
Note: All lines of HTSBWYT-17-001 are designated as

HT1 (i.e., 1 is line number) for convenience purpose and
better understanding.

3. RESULTS AND DISCUSSION
Fisher and Maurer (1978), observed that yield in stress

environment was dependent upon stress susceptibility,
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yield potential and stress escape. The parents and its
promising crosses were identified on the basis of mean
performance and further discriminated on the basis of
heat susceptibility index. Among those, crosses depicted
below unity heat susceptibility index (HSI <1.0) indicated
their positive response in term of heat tolerance with
less reduction in grain yield plant? (Mishra et al., 2021).

Susceptibility index based on different characters and its
indices was used to estimate relative susceptibility of thirty
genotypes studied with late sowing in comparison with
timely sown environment (Table 1) and very late sown
environment in comparison timely sown environment
(Table 2). E, over E, environment: The estimated HSI less

Table 1: HSI for yield and it attributing characters in late sown (E,) in comparison of timely sown environment (E,)

SL. Genotypes PH DH D.F TILPLT" TIL SL NGS
No. (cm) SQ.MT™ (cm)

1. HTSBWYT-17-001 1.24 0.64 0.69 0.51 0.99 1.62 1.56
2. HTSBWYT-17-002 0.66 0.72 0.64 1.02 1.02 1.81 0.17
3.  HTSBWYT-17-006 0.55 0.62 0.55 3.44 0.91 1.27 0.40
4.  HTSBWYT-17-009 0.92 0.59 0.83 2.98 1.02 0.70 1.47
5. HTSBWYT-17-0011 0.96 0.23 0.54 0.56 0.53 0.74 1.61
6. HTSBWYT-17-0012 0.78 1.52 1.45 1.40 0.99 1.05 1.62
7. HTSBWYT-17-0016 0.87 1.59 1.14 1.29 1.23 1.12 1.31
8. HTSBWYT-17-0017 0.97 1.32 0.89 0.80 0.53 0.86 1.41
9. HTSBWYT-17-0018 1.15 1.57 1.28 0.86 1.23 1.03 0.87
10. HTSBWYT-17-0021 1.07 0.78 0.94 0.86 0.76 1.06 1.26
11. HTSBWYT-17-0022 0.46 1.13 1.08 0.40 0.82 1.22 0.12
12. HTSBWYT-17-0024 1.11 0.66 0.83 1.55 1.30 1.05 0.79
13. HTSBWYT-17-0028 1.18 0.22 0.51 0.47 1.21 0.99 1.14
14. HTSBWYT-17-0029 0.94 1.15 1.30 1.72 0.72 0.65 0.52
15. HTSBWYT-17-0030 0.95 0.90 0.78 0.86 0.99 0.54 0.92
16. HTSBWYT-17-0033 1.10 1.41 1.36 1.49 0.86 0.78 1.06
17. HTSBWYT-17-0035 0.96 0.92 1.55 1.12 1.43 0.87 1.32
18. HTSBWYT-17-0036 0.88 0.46 0.91 0.56 0.38 0.76 0.90
19. HTSBWYT-17-0038 0.99 0.75 0.46 1.49 0.92 1.22 1.42
20. HTSBWYT-17-0042 0.91 1.47 1.47 1.12 1.32 1.21 1.06
21. HTSBWYT-17-0043 0.96 0.98 0.93 0.80 1.21 0.77 0.54
22. HTSBWYT-17-0044 1.10 1.16 1.22 0.43 0.66 1.02 0.81
23. HTSBWYT-17-0047 1.05 0.86 0.81 0.86 1.54 1.00 0.68
24. DBW-107 (C) 1.36 1.44 1.45 0.35 0.95 0.56 0.87
25. HTSBWYT-17-004 1.16 0.75 0.79 0.82 1.01 0.64 1.12
26. HTSBWYT-17-0020 1.30 0.76 0.93 0.31 0.79 0.90 1.65
27. HTSBWYT-17-0027 0.92 0.78 0.95 0.31 1.00 0.75 1.32
28. HTSBWYT-17-0049 1.18 1.51 0.90 0.33 0.94 0.90 0.11
29. K-1006 (C) 1.03 1.28 1.30 1.55 1.10 1.09 0.15
30. DBW-39 (C) 1.13 1.61 1.43 1.47 1.11 1.84 0.23
D value 0.16 0.11 0.11 0.18 0.28 0.19 0.25

Table 1: Continue...
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SL. No.  Genotypes 1000 GW D.M PF Chi RW.C BM H.I Yield
() plant™ (g)
1. HTSBWYT-17-001 1.09 1.06 0.99 1.54 1.01 1.10 1.65 0.37
2. HTSBWYT-17-002 0.75 0.70 0.94 0.98 1.18 1.27 0.26 0.75
3. HTSBWYT-17-006 0.79 0.99 1.23 138 1.24 1.10  0.45 2.47
4, HTSBWYT-17-009 2.48 1.59 0.97 1.55 1.33 0.75 1.29 1.69
5. HTSBWYT-17-0011 1.08 1.08 1.09 0.57 1.61 1.13 1.25 1.81
6. HTSBWYT-17-0012 1.68 1.11 1.06 1.43 1.65 1.13 1.23 0.63
7. HTSBWYT-17-0016 0.94 0.85 0.99 1.43 0.69 1.14 1.46 1.30
8. HTSBWYT-17-0017 1.04 1.10 0.65 0.91 1.18 0.96 1.58 2.00
9. HTSBWYT-17-0018 0.79 1.19 1.20 0.55 0.68 0.76 0.70 1.20
10. HTSBWYT-17-0021 0.82 1.12 1.10 1.38 1.12 1.83 1.50 0.98
11. HTSBWYT-17-0022 0.76 0.83 1.00 1.04 1.40 0.71 1.78 0.67
12. HTSBWYT-17-0024 1.31 0.59 0.96 0.84 1.17 0.74 0.32 0.40
13. HTSBWYT-17-0028 1.40 0.82 1.05 0.46 1.37 0.59 0.27 0.91
14. HTSBWYT-17-0029 0.30 0.74 0.87 1.16 0.86 074  1.28 0.74
15. HTSBWYT-17-0030 0.91 0.61 0.94 0.99 0.99 0.79 1.35 0.87
16. HTSBWYT-17-0033 1.59 0.79 096 0.99 1.42 1.39  1.32 1.23
17. HTSBWYT-17-0035 1.53 0.96 0.73 0.58 0.71 1.17 0.15 0.58
18. HTSBWYT-17-0036 0.62 1.00 0.92 0.85 1.40 1.01 0.85 1.54
19. HTSBWYT-17-0038 1.22 0.95 1.25 0.96 1.13 1.22 0.42 1.02
20. HTSBWYT-17-0042 0.45 1.12 1.00 1.13 0.68 1.24 0.61 0.53
21. HTSBWYT-17-0043 0.52 1.15 0.96 1.23 0.99 1.15 0.65 0.78
22. HTSBWYT-17-0044 0.68 1.35 1.20 0.50 1.10 1.30 0.38 0.66
23. HTSBWYT-17-0047 0.50 0.69 0.86 1.40 1.06 0.92 0.93 0.27
24. DBW-107 (C) 0.98 0.81 0.65 0.71 0.86 0.59 0.79 0.93
25. HTSBWYT-17-004 0.74 0.96 0.85 0.91 0.76 0.65 0.87 0.81
26. HTSBWYT-17-0020 0.72 0.98 0.88 1.00 0.56 0.48 1.12 0.52
27. HTSBWYT-17-0027 0.58 1.45 059 112 0.58 052 042 0.49
28. HTSBWYT-17-0049 1.03 0.92 0.65 0.79 0.25 0.64 0.84 0.78
29. K-1006 (C) 1.24 1.19 1.67 0.75 0.71 1.11 1.61 1.56
30. DBW-39 (C) 0.70 1.10 1.72 1.23 0.58 1.22 2.03 1.94
D value 0.13 0.16 0.16 0.23 0.13 0.23 0.15 0.21

than 1 was recorded for plant height (HT2), days to 50%
heading (HT1), days to 50% flowering (HT1), number of
tillers plant™ (HT1), number of tillers square meter™ (HT1),
spike length (HT9), number of grains spike™ (HT2), 1000
grain weight (HT?2), days to 50% maturity (HT2), pollen
fertility (HT1), chlorophyll content (HT2), relative water
content (HT16), biomass (HT9), harvest index (HT2) and
yield plant™ (HT1, HT2, HT12, HT21, HT22, HT24,
HT28,HT29,HT30,HT35, HT42, HT43, HT44,HT47,
HT4, HT20, HT27, HT'49 and DBW-107) respectively

04

(Singh and Patel, 2019; Gupta and Desai, 2020; Igbal et
al., 2023). E, over E, environment: The estimated HSI less
than 1 was recorded for plant height (HT?2), days to 50%
heading (HT2), days to 50% flowering (HT1,) number
of tillers plant™’(HT1), number of tillers square meter
(HT1), spike length (HT6), number of grains spike™ (HT2),
1000 grain weight (HT2), in case of days to 50% maturity
(HT2), pollen fertility (HT2), chlorophyll content (HT1),
relative water content (HT1), biomass (HT16), harvest
index (HT1) and yield plant™® (HT1, HT2, HT12, HT16,
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HT21, HT22,HT29, HT35, HT38, HT42, HT47, HT4,
HT20, HT27 and HT'49) respectively. Similar results were
reported by (Monu Kumar et al., 2013, Verma and Singh,
2023) that heat susceptibility index (HSI) for grain yield
ranging from 0.1 to 0.5 and reported least HSI for other
associated characters viz., canopy temperature depression,
membrane stability index, 1000 grain weight and biological
yield. Sood et al. (2017) reported grains spike™, test weight,

plant height and yield plant™ with HSI (<1) and categorized
the genotypes as heat tolerant and heat susceptible based
HSI indices. Suresh et al. (2018), also reported traits like
days to heading, tillers plant™, spike length, grains plant™,
yield plant ™, 1000 grain weight with low HSI (<1), selection
of genotypes on basis of these traits for future breeding
programme under stress environment would result heat
tolerant wheat genotypes. Other studies, including Prasad et

Table 2: HSI for yield and it attributing characters in Very late sown (E,) in comparison of timely sown environment (E,)

SL. Genotype PH DH DF TILPLT* TIL SL NGS
No. (cm) SQ.MT? (cm)

1.  HTSBWYT-17-001 1.10 1.37 0.95 0.71 0.91 1.13 1.29
2. HTSBWYT-17-002 0.94 0.72 0.79 1.23 0.87 1.24 0.36
3.  HTSBWYT-17-006 0.75 0.73 0.87 1.19 1.11 0.96 0.62
4. HTSBWYT-17-009 1.00 0.87 0.76 1.29 1.14 1.22 1.28
5. HTSBWYT-17-0011 1.01 1.03 1.05 1.16 0.79 0.74 1.21
6. HTSBWYT-17-0012 0.81 0.98 1.12 0.73 1.00 1.06 1.29
7.  HTSBWYT-17-0016 1.03 1.21 0.99 0.90 1.06 1.07 1.32
8.  HTSBWYT-17-0017 0.90 0.68 0.59 0.55 0.53 1.37 1.46
9.  HTSBWYT-17-0018 0.89 0.85 0.77 0.60 1.01 1.06 0.75
10. HTSBWYT-17-0021 1.08 1.02 1.14 0.75 0.92 1.00 0.89
11. HTSBWYT-17-0022 0.67 1.39 1.14 0.97 0.82 1.10 0.51
12. HTSBWYT-17-0024 1.05 0.84 0.91 1.29 1.03 1.15 0.54
13. HTSBWYT-17-0028 1.15 1.35 0.88 1.29 1.01 1.17 1.10
14. HTSBWYT-17-0029 1.03 1.10 1.22 1.34 0.95 0.80 0.53
15. HTSBWYT-17-0030 0.97 0.92 1.13 0.90 0.94 0.86 1.42
16. HTSBWYT-17-0033 0.99 1.07 1.22 1.04 1.01 0.77 1.06
17. HTSBWYT-17-0035 0.97 0.84 1.19 0.91 1.16 0.84 1.02
18. HTSBWYT-17-0036 1.08 0.70 0.92 1.08 0.82 1.18 0.97
19. HTSBWYT-17-0038 0.90 0.82 0.73 0.91 1.10 1.06 1.13
20. HTSBWYT-17-0042 0.97 0.97 1.08 1.04 1.03 1.05 0.72
21. HTSBWYT-17-0043 0.93 1.02 1.09 0.97 1.14 1.16 1.36
22. HTSBWYT-17-0044 1.24 0.81 0.77 1.34 1.04 1.30 0.64
23. HTSBWYT-17-0047 0.88 1.17 1.15 1.39 1.24 1.03 1.39
24. DBW-107 (C) 1.09 1.50 1.36 0.61 1.01 0.62 1.22
25. HTSBWYT-17-004 1.25 1.08 0.87 1.48 1.03 0.67 1.05
26. HTSBWYT-17-0020 1.06 0.64 0.88 0.32 0.97 0.59 1.15
27. HTSBWYT-17-0027 0.92 0.96 1.08 1.40 0.99 0.71 1.13
28. HTSBWYT-17-0049 1.15 1.04 1.09 1.48 0.96 0.87 0.35
29. K-1006 (C) 0.98 1.03 0.97 0.54 1.04 0.73 0.58
30. DBW-39 (C) 1.09 1.18 1.20 0.61 1.06 1.25 0.69
D value 0.30 0.24 0.24 0.52 0.51 0.28 0.36
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Table 1: Continue...
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SL. No. Genotype 1000 D.M PF Chl RWC BM HI Yield
GW (g) plant™ (g)
1. HTSBWYT-17-001 1.18 1.16 1.08 0.86 0.90 1.16 0.80 0.71
2. HTSBWYT-17-002 0.67 0.92 096 0.71 097 1.09 1.24 0.94
3. HTSBWYT-17-006 1.07 1.12 1.10 141 1.04 1.17 0.67 1.43
4. HTSBWYT-17-009 1.93 1.34 1.06 1.14 1.06 1.11 1.38 1.09
5. HTSBWYT-17-0011 1.04 1.00 123 074 112 1.07 1.15 1.37
6. HTSBWYT-17-0012 1.45 0.99 094 0.73 1.35 1.02 0.89 0.39
7. HTSBWYT-17-0016 0.97 0.86 1.19 1.09 0.86 0.94 1.12 0.96
8. HTSBWYT-17-0017 0.96 0.99 091 134 097 0.90 0.85 1.25
9. HTSBWYT-17-0018 0.66 1.09 1.02 143 098 0.96 0.46 0.76
10. HTSBWYT-17-0021 0.77 1.08 1.09 1.30 1.05 1.14 1.50 0.83
11. HTSBWYT-17-0022 0.56 0.87 111 1.07 1.14 1.18 0.96 0.98
12. HTSBWYT-17-0024 1.36 0.84 117 1.51 1.08 0.72 1.25 1.00
13. HTSBWYT-17-0028 1.37 0.86 112 1.15 1.14 0.75 1.06 1.13
14. HTSBWYT-17-0029 0.47 0.96 112 0.62 1.03 1.03 1.31 0.63
15. HTSBWYT-17-0030 1.00 0.97 1.00 0.80 1.14 0.75 1.16 1.00
16. HTSBWYT-17-0033 1.49 0.73 0.98 0.61 1.14 0.91 0.88 1.19
17. HTSBWYT-17-0035 1.15 1.12 1.04 1.06 0.89 1.07 1.15 0.88
18. HTSBWYT-17-0036 0.62 0.95 094 1.39 1.13 0.69 0.62 1.23
19. HTSBWYT-17-0038 1.15 0.95 1.04 1.05 1.08 1.02 1.15 0.79
20. HTSBWYT-17-0042 0.72 0.99 096 095 091 1.34 0.74 0.96
21. HTSBWYT-17-0043 0.85 1.00 098 1.11 0.99 1.13 0.81 1.16
22. HTSBWYT-17-0044 1.01 0.99 099 119 098 1.04 0.89 1.20
23. HTSBWYT-17-0047 1.26 0.72 095 1.11 1.01 1.09 1.20 0.99
24. DBW-107 (C) 1.01 1.09 0.81 104 098 1.16 1.05 1.02
25. HTSBWYT-17-004 0.98 1.06 0.78 0.47  0.80 0.96 0.98 0.87
26. HTSBWYT-17-0020 0.60 0.92 0.78 0.78 0.63 0.73 1.12 0.77
27. HTSBWYT-17-0027 0.59 1.11 0.79 0.88 091 0.68 0.83 0.74
28. HTSBWYT-17-0049 0.93 1.01 0.84 072 0.85 0.74 0.80 0.91
29. K-1006 (C) 0.99 1.17 1.05 0.68 1.01 0.98 0.80 1.17
30. DBW-39 (C) 0.72 1.02 1.01 094 0.80 1.04 1.00 1.29
D value 0.18 0.25 043 045 0.28 0.45 0.35 0.37

P.H: Plant height, D.H: Days to 50% heading, D.F: Days to 50 flowering, TillPlt-1: Number of tillers plant™, TillSq.mt™:
number of tillers square meter™, SL. (cm): Spike length, NGS: Number of grains spike™, 1000 GW (g): 1000 Grain weight,
D.M: Days to 50% maturity, P.F: Pollen fertility, Chl: Chlorophyll content, R.-W.C: Relative water content, B.M: Biomass,
H.I: Harvest Index, Yield plant™ (g): Yield plant in grams, Env: Environment

al. (2021), had documented significant correlations between
HSI values and yield stability under late planting conditions
(Patel and Singh, 2022). These results aligned with the
findings from recent studies that confirmed the utility of
traits such as pollen fertility and grain number per spike

for selecting heat-tolerant genotypes (Mandal and Singh,
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2021; Reddy et al., 2022).

The constellation of differential response in respect to HSI
among different genotypes are given in the (Table 3). The
results indicated that the genotypes namely HT4, HT20,
HT27 and HT49 were identified as potential on the basis

of maximum number of traits like pollen fertility, number of
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Table 3: Constellation of different traits with low HSI (<1) of four promising parents

SL No.

Genotype Env.

Traits with low HSI (<1)

1.

HTSBWYT-17-004 E,onE,

E,onE,

HTSBWYT-17-0020 E,onE,

E,onE,

HTSBWYT-17-0027 E,onE,

E,onE,

HTSBWYT-17-0049 E,onE,

E,onE,

Days to 50% heading, Days to 50% flowering, number tillers plant™, spike
length, 1000 grain weight, days to 50% maturity, pollen fertility, chlorophyll

content, relative water content, biomass, harvest index, yield plant,

Days to 50% heading, spike length, 1000 grain weight, pollen fertility,

chlorophyll content, relative water content, biomass, harvest index, yield plant™

Days to 50% heading, number tillers plant™, number tillers square meter™,
spike length, 1000 grain weight, days to 50% maturity, pollen fertility, relative
water content, biomass, yield plant™

Days to 50% heading, days to 50% flowering, number tillers plant-1, spike
length, 1000 grain weight, days to 50% maturity, pollen fertility, chlorophyll

content, relative water content, biomass, yield plant™

Plant height, days to 50% heading, days to 50% flowering, number tillers
plant™, spike length, 1000 grain weight, days to 50% maturity, relative water
content, biomass, harvest index, yield plant™

Plant height, days to 50% heading, number tillers square meter™, spike length,
1000 grain weight, pollen fertility, chlorophyll content, relative water content,
biomass, harvest index, yield plant™

Days to 50% heading, number tillers plant™, number tillers square meter™,
spike length, number grains spike™, 1000 grain weight, pollen fertility,
chlorophyll content, relative water content, biomass, harvest index, yield plant™
Number tillers square meter, spike length, number grains spike™, 1000 grain

weight, pollen fertility, chlorophyll content, relative water content, biomass,
harvest index, yield plant™

Table 4: HSI for yield and it attributing characters of parents and hybrids in late sown (E,) in comparison of timely sown
environment (E,)

SI. No Parents PH DH D.F TILPLT? TIL SL. NGS
(cm) SQ.MT?!  (cm)

1. HTSBWYT-17-004 1.36 0.71 1.00 0.66 1.21 032 1.15
2. HTSBWYT-17-0020 1.09 0.66 0.96 0.31 0.96 1.57 1.54
3. HTSBWYT-17-0027 0.64 0.60 1.14 0.92 0.94 1.69 1.28
4, HTSBWYT-17-0049 0.78 1.48 1.34 0.79 1.10 1.60 0.29
5. K-1006 1.23 1.09 1.14 0.31 1.27 0.55 0.34
6. DBW-39 0.92 1.67 1.64 1.74 0.97 1.06 0.40
Hybrids

1. HTSBWYT-17-004xHTSBWYT-17-0020  1.01 0.78 0.94 1.06 0.81 0.80 1.03
2. HTSBWYT-17-004xHTSBWYT-17-0027  0.56 0.73 0.96 0.93 0.88 1.18 1.08
3. HTSBWYT-17-004xHTSBWYT-17-0049  0.91 1.12 0.59 0.79 1.12 0.60 1.12
4. HTSBWYT-17-004xK-1006 1.20 0.84 0.85 0.36 1.00 1.08 1.09
5. HTSBWYT-17-004xDBW-39 1.64 1.05 0.88 1.59 1.00 045 1.26
6. HTSBWYT-17-0020xHTSBWYT-17-0027 1.16 0.88 0.90 1.22 1.16 1.09 134
7. HTSBWYT-17-0020xHTSBWYT-17-0049  1.04 1.27 0.84 0.99 0.85 0.99 0.61
8. HTSBWYT-17-0020xK-1006 1.01 0.82 0.87 0.93 1.11 0.63 1.54
9. HTSBWYT-17-0020xDBW-39 1.38 0.82 1.02 1.22 1.02 0.71 0.96
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Table 4: Continue...
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SI.No Parents PH DH D.F TILPLT! TIL SL. NGS
(cm) SQ.MT'  (cm)
10. HTSBWYT-17-0027xHTSBWYT-17-0049  0.66 1.35 1.05 1.05 0.86 1.30 1.12
11. HTSBWYT-17-0027xK-1006 0.77 086 1.14 1.06 0.74 0.62 1.18
12. HTSBWYT-17-0027xDBW-39 086 0.89 1.22 1.22 1.01 1.59 0.43
13. HTSBWYT-17-0049xK-1006 1.04 139 0.76 0.92 1.09 0.79 0.96
14. HTSBWYT-17-0049xDBW-39 0.74 083 1.00 1.22 0.98 0.84 0.45
15. K-1006xDBW-39 097 099 0.69 1.24 0.82 1.54 0.70
D 0.19 0.11 0.12 0.25 0.34 0.13 0.29
value
Table 4: Continue...
SL PARENTS 1000 DM PF Chi RW.C BM H.I Yield
No GW (g) plant™ (g)
1. HTSBWYT-17-004 0.94 1.23 1.02 1.02 1.04 118 1.20 0.74
2. HTSBWYT-17-0020 0.86 097 118 162 111 0.71 0.73 0.75
3. HTSBWYT-17-0027 0.98 1.02 093 1.61 120 0.78 0.82 0.63
4. HTSBWYT-17-0049 1.30 097 085 1.02 131 0.52 1.09 0.61
5. K-1006 0.82 096 0.75 094 097 054 0.57 1.57
6. DBW-39 0.87 1.02 1.11 1.78 092 0.73 0.47 1.81
Hybrids
1. HTSBWYT-17-004xHTSBWYT-17-0020 1.25 0.87 1.01 136 0.89 1.13 1.59 1.29
2. HTSBWYT-17-004xHTSBWYT-17-0027 1.27 1.03 090 0.81 0.87 0.62 0.88 1.02
3. HTSBWYT-17-004xHTSBWYT-17-0049 1.20 093 1.01 096 0.85 0.69 0.92 0.59
4. HTSBWYT-17-004xK-1006 0.88 099 181 089 0.97 094 0.56 0.77
5. HTSBWYT-17-004xDBW-39 0.91 1.01 124 092 021 147 1.02 1.91
6. HTSBWYT-17-0020xHTSBWYT-17-0027 0.59 098 121 139 141 149 1.61 0.61
7. HTSBWYT-17-0020xHTSBWYT-17-0049 1.16 097 094 080 1.83 128 1.31 0.55
8. HTSBWYT-17-0020xK-1006 1.71 1.01 091 092 1.03 138 1.36 1.20
9. HTSBWYT-17-0020xDBW-39 0.95 099 083 097 1.03 034 1.13 0.89
10.  HTSBWYT-17-0027xHTSBWYT-17-0049 0.94 1.02 0.62 0.88 1.10 0.77 0.98 1.84
11.  HTSBWYT-17-0027xK-1006 0.93 099 082 049 091 095 0.63 1.14
12. HTSBWYT-17-0027xDBW-39 0.85 099 0.88 0.64 097 137 094 1.65
13. HTSBWYT-17-0049xK-1006 0.62 1.00 1.21 0.48 0.66 1.23 0.92 0.83
14.  HTSBWYT-17-0049xDBW-39 1.12 1.02 0.62 065 1.00 1.05 1.17 0.56
15.  K-1006xDBW-39 0.82 1.00 1.11 0.69 0.78 1.40 0.90 1.73
D value 0.10 0.13 0.13 0.16 0.09 0.15 0.11 0.18

grains spike™, yield plant™, number of tillers plant™, number
tillers square meter™ and 1000 grain weight were associated
with HSI less than one (<1). These promising genotypes
were selected for the 6x6 half diallel mating design to
retrieve potential high yielding with heat tolerant genotypes.

Heat Susceptibility Index of Hybrids are given under
(Table 4 and 5). Heat susceptibility index for the fifteen

08

F, hybrids in late sown environment with comparison to
timely sown environment showed hybrids HT4xHT27
was susceptible under heat stress for plant height. For the
trait days to 50% heading by HT4xHT20, HT4xHT20
for days to 50% flowering, tillers plant™ hybrids by
HT4xHT27, HT4xHT20 for tillers square meter™,
HT4xHT20 for spike length, HT4xHT27 for number
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Table 5: HSI for yield and it attributing characters of parents and hybrids in very late sown (E3) in comparison of timely
sown environment (E1)

Sl Parents PH DH DF TILPLT! TIL SL.  NGS
No. (cm) SQ.MT?!  (cm)

1. HTSBWYT-17-004 1.05 0.85 0.99 1.01 1.07 1.02 0.98
2. HTSBWYT-17-0020 0.80 0.69 0.79 0.93 0.94 1.08 1.43
3. HTSBWYT-17-0027 0.73 1.04 1.24 0.93 1.00 0.86 1.21
4, HTSBWYT-17-0049 0.83 1.14 1.23 0.87 1.15 0.80 0.29
5. K-1006 0.84 095 0.93 0.93 1.11 0.65 0.49
6. DBW-39 1.18 1.18 1.17 1.19 0.98 0.87 0.52
Hybrids

1. HTSBWYT-17-004xHTSBWYT-17-0020 1.05 0.81  0.92 0.92 0.93 1.01 1.04
2. HTSBWYT-17-004xHTSBWYT-17-0027 1.16  0.90 0.87 1.12 1.16 1.15 1.15
3. HTSBWYT-17-004xHTSBWYT-17-0049 1.04 1.15 1.10 0.92 1.17 1.03 1.10
4. HTSBWYT-17-004xK-1006 1.19 0.87 0.72 0.79 1.06 094 0.95
5. HTSBWYT-17-004xDBW-39 1.18 1.27 0.85 1.16 0.97 1.00 1.10
6. HTSBWYT-17-0020xHTSBWYT-17-0027 0.81 0.81 0.83 0.80 1.00 1.14 1.30
7. HTSBWYT-17-0020xHTSBWYT-17-0049 0.84 091 0.83 0.97 0.85 0.99 0.72
8. HTSBWYT-17-0020xK-1006 0.93 1.09 1.01 1.12 0.99 1.19 1.21
9. HTSBWYT-17-0020xDBW-39 1.18 0.70  0.79 0.80 1.05 1.13 113
10. HTSBWYT-17-0027xHTSBWYT-17-0049 1.09 1.16 1.18 1.09 0.74 1.34 1.12
11. HTSBWYT-17-0027xK-1006 0.81 1.14 122 1.16 0.80 0.88 1.23
12. HTSBWYT-17-0027xDBW-39 0.89 092 1.10 0.93 1.08 0.85 0.71
13. HTSBWYT-17-0049xK-1006 1.06 1.19  1.02 1.07 0.97 0.97 1.04
14. HTSBWYT-17-0049xDBW-39 1.16 1.03 1.14 1.07 0.81 0.89 0.58
15. K-1006xDBW-39 1.15 1.09 1.01 0.97 1.06 1.19 0.85
D value 0.30 0.22  0.19 0.58 0.50 0.26 0.39
Table 5: Continue...

S1. Parents 1000 DM PF Chl RW.C BM HI Yield
No GW (g) plant™ (g)
1. HTSBWYT-17-004 0.91 1.32 1.02 0.63 0.79 1.07 1.19 0.93
2. HTSBWYT-17-0020 0.81 1.10 1.00 1.13 1.02 1.05 1.10 0.89
3.  HTSBWYT-17-0027 0.93 1.03 1.01 1.16 0.92 1.25 1.09 1.05
4.  HTSBWYT-17-0049 1.12 0.97 1.12 0.95 1.15 0.78 1.04 0.75
5. K-1006 1.09 1.03 0.98 0.91 1.05 1.02 0.83 1.89
6. DBW-39 0.88 0.86 1.00 1.18 0.82 1.17 0.78 1.99
Hybrids

1. HTSBWYT-17-004xHTSBWYT-17-0020 0.85 098 1.08 1.14 090 117 1.17 0.97
2 HTSBWYT-17-004xHTSBWYT-17-0027 0.98 1.09 1.09 094 1.14 0.81 0.84 1.12
3.  HTSBWYT-17-004xHTSBWYT-17-0049 1.27 1.23 119 094 1.03 0.94 1.01 0.79
4.  HTSBWYT-17-004xK-1006 0.93 1.10 1.10 0.89 1.00 0.74 0.74 0.84
5 HTSBWYT-17-004xDBW-39 0.89 0.93 098 096 0.41 0.83 1.12 1.06

Table 5: Continue...
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S1. Parents 1000 DM PF Chl RWC BM HI Yield
No GW (g) plant™ (g)
6. HTSBWYT-17-0020xHTSBWYT-17-0027 0.81 1.15 1.04 114 097 1.11 1.15 0.83
7.  HTSBWYT-17-0020xHTSBWYT-17-0049 1.07 095 097 109 1.13 1.14 1.14 1.08
8.  HTSBWYT-17-0020xK-1006 1.10 0.89 0.81 0.95 0.61 1.11 0.96 1.16
9.  HTSBWYT-17-0020xDBW-39 0.91 1.10 0.69 1.04 1.48 091 1.04 0.85
10. HTSBWYT-17-0027xHTSBWYT-17-0049 1.18 0.72 0.88 1.05 0.92 0.81 1.02 1.22
11. HTSBWYT-17-0027xK-1006 1.21 093 091 058 1.19 0.79 0.96 1.28
12. HTSBWYT-17-0027xDBW-39 0.89 0.87 098 1.06 1.13 0.96 0.92 0.86
13. HTSBWYT-17-0049xK-1006 1.06 0.88 0.88 0.75 1.15 1.19 0.85 0.88
14. HTSBWYT-17-0049xDBW-39 1.08 0.78 1.08 1.05 1.22 0.67 1.01 1.06
15. K-1006xDBW-39 0.96 1.05 1.16 124 0.87 1.21 0.99 1.03
D value 0.26 023 032 035 0.23 0.37 0.45 0.54

of grains spike™, HT'4xK-1006 for 1000 grain weight,
HT4xHT20, HT4xHT49 for Days to 50% maturity.
HT4xHT27, HT20xHT49 for Pollen fertility, HT4xHT27
for total chlorophyll content, HT4xHT20 for Relative
water content, HT4xHT27 for Biomass and harvest
index, K-1006xDBW-39 showed tolerant only for harvest
index. Yield is the ultimate goal for any breeding program.
Taking grain yield into consideration it was observed that
seven hybrids, HT4xHT49, HT4xK-1006, HT20xHT27,
HT20xHT49, HT20xDBW-39, HT49xK-1006 and
HT49xDBW-39 were tolerant to heat stress. In very
late sown environment the hybrids HT20xHT27 for
plant height, HT4xHT20 for days to 50% heading,
HT4xHT20 for days to 50% flowering, HT4xHT20,
for number of tillers plant™, HT4xHT20 for number
tillers square meter™, the hybrids HT20xHT49 spike
length, HT4xK-1006 for number of grains spike,
HT4xHT20 for test weight, HT4xHT20 for days to
maturity, HT20xHT49 for pollen fertility, HT4xHT27
for total chlorophyll content, HT4xHT20 for relative water

content, HT4xHT27 for biomass, HT4xHT27 for harvest
index, In very late sown environment also seven hybrids
HT4xHT20, HT4xHT49, HT4xK-1006, HT20xHT27,
HT20xDBW-39, HT27xDBW-39 and HT49xK-1006
recorded tolerant reaction for the trait grain yield plant™.
By analyzing the heat susceptibility index in both late sown
and vey late sown environments it was concluded that a
several different F1 hybrids showed tolerance to heat stress
for the varied traits under studied. However, the grain
yield plant™ being most important trait it was seen that
the hybrids HT4xHT49, HT4xK-1006, HT20xHT27,
HT20xDBW-39 and HT49xK-1006 were tolerant to heat
stress under both the environments. Similar results were
reported by Khajan et al. (2011) reported heat stress index
value less than one for number of tiller plant™, number of
grains spike™, 1000 grain weight, days to heading, days to
maturity, harvest index, grain yield plant™, biological yield
plant™ and number of grains spike™ suffered revival under
late sown conditions and those crosses with low HSI (<1)

(Table 6).

Table 6: Constellation of different traits with low HSI (<1) of four promising F

Sl F, Env  Traits with low HSI (<1)

No.

1. HTSBWYT-17-004 E, Days to 50% heading, days to 50% flowering, number tillers square meter™, spike

xHTSBWYT-17-0020 on length, days to 50% maturity and relative water content

El
E, Days to 50% heading, days to 50% flowering, number tillers square meter™,
on number of tillers plant™?, 1000 grain weight, days to 50% maturity and relative
E water content

2. HTSBWYT-17-0020 E,
xHTSBWYT-17-0049 on

Days to 50% flowering, number tillers plant™, number tillers square meter™,
spike length, number grains spike™, days to 50% maturity, pollen fertility and
E chlorophyll content

Table 6: Continue...
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SL F, Env  Traits with low HSI (<1)
No.
E, Plant height, days to 50% heading, days to 50% flowering, number tillers plant-1,
on number tillers square meter™, spike length, number grains spike™, days to 50%
E, maturity and pollen fertility
3. HTSBWYT-17-0020 E, Days to 50% heading, days to 50% flowering, number tillers plant™, spike length,
xK-1006 on pollen fertility and chlorophyll content
El
E, Plant height, number tillers square meter™, days to 50% maturity, pollen fertility,
on chlorophyll content, relative water content and harvest index
E
1
4, HTSBWYT-17-0027 E, Plant height, number tillers square meter™, 1000 grain weight, pollen fertility,
xHTSBWYT-17-0049 on chlorophyll content, biomass and harvest index
E
1
E, Number tillers square meter™?, days to 50% maturity, pollen fertility, relative water
on content and biomass
E

4. CONCLUSION

onsidering per se performance and HSI, four promising

F, were identified HT4xHT20, HT20xK-1006,
HT20xHT49 and HT27xHT49, these showed maximum
number of traits associated with HSI less than one (<1).
Yield-attributing characters such as Plant height, number
tillers square meter™, days to 50% maturity, pollen fertility,
chlorophyll content, relative water content and harvest index
were recorded HSI less than 1 for these four promising
F,. These promising F, could be potential to obtain high
yielding transgressive seggregants along with heat tolerance.
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