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ABSTRACT

The aim of the current study was to evaluate 25 rice genotypes under normal at Sakha, Kafr EI-
Sheikh, Egypt and under heat stress conditions at New Valley, Egypt during two rice growing seasons of
2017 and 2018. Data were collected on eight traits i.e., flag leaf area, flag leaf angle, plant height, panicle
length, panicles plant?, 1000-grain weight, fertility percentage and grain yield plant®. High amount of
genetic variation was found among the studied genotypes under normal and heat stress conditions. All
studied genotypes were negatively affected by high temperature. The most affected traits by heat stress
were fertility percentage, grain yield plant?, flag leaf area and panicles plant? with average reductions of
73.59, 64.22, 42.46 and 41.31%, respectively. Correlation and path coefficient analysis showed that
number of panicles plant? and fertility percentage were good indicators for grain yield under heat stress
condition. Based on the HSI values of grain yield plant™ and fertility percentage, both genotypes N22 and
Gizal78 could be identified as heat tolerant (HSI value was <0.5 for both traits). Based on the results of
PCA analysis, the most desirable genotypes under heat stress were Gizal78, N22, Bala, Dular, WAB56-
104, Sakhal04 and Egyptian Yasmin. According to the current investigation, it could be concluded that
those eight genotypes could be used in breeding programs as donors for developing high yielding heat
tolerant promising lines. In addition, Egyptian rice varieties; Gizal78, Sakhal04 and Egyptian Yasmin are
suitable for cultivating under both normal and heat stress conditions in Egypt.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important
crops that provide food for nearly half of the world
population. Egypt is one of the few countries, which
produces high yielding rice varieties and succeeded to
achieve one of the highest productivity per unit area
through the last decade. Rice is the second largest
consumed cereal crop after wheat and provides about 80%
of the food calories requirements of more than half of the
world’s population (FAO, 2008). As a summer crop, rice is
cultivated in many regions where relatively high
temperatures occur during its growth cycle.

Heat stress is an important constraint for rice
production and affects agricultural crops more frequently
and more severely. The increase in the global average
temperature of 1 °C reduced the average yield by 4.1 to
10.0% in different cereals (Wang et al., 2012) and by 3.2 +
3.7% in rice (Zhao et al., 2017). Heat tolerance is defined
as the ability of the plant to grow and produce economic
yield under high temperature stress. It is a highly specific
trait, where closely related species, even different organs
and tissues of the same plant, may vary significantly in this
respect (Hasanuzzaman et al., 2013). The capacity of crop
plants to overcome temperature stress has been interpreted
in terms of avoidance, escape, or tolerance (Osmond et al.,
1987).

Heat stress exerts negative impacts during seed
germination though the ranges of temperatures vary largely
on crop species (Johkan et al., 2011). In wheat, anther
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dehiscence and pollen fertility rate was significantly
reduced by heat stress treatment (>33 °C) at heading stage
leading to reduction in fertilization and subsequent spikelet
fertility (Hurkman et al., 2009 and Ahamed et al., 2010).
Rice is extremely sensitive to heat stress (more than 35°C),
especially during the gametogenesis (Jagadish ez al., 2013)
and  flowering  stages  (Prasaderal,2006 and
Jagadish etal., 2007).  Physiological  processes  are
negatively affected by heat stress, as well as reduce
photosynthesis and increases respiration (Prasad et al.,
2017). In addition, harmful effects of heat stress appear on
the plant root system resulting in disruption in pollination,
flowering, root development, and root growth stages
(Sehgal et al, 2017 and Cho, 2018). According to
Shi etal. (2013), high night temperature under field
conditions adversely affects grain quality through a
reduced non-structural  carbohydrate  pool  size.
Lyman etal. (2013) found that increasing heat stress
during early grain development causes less rice production
and lower grain quality, leading to a significant reduction
in economic benefits.

The discovery of the physiological and genetic
bases of heat stress responses provides new tools to study
the heat tolerance of the cultivated crops by using natural
genetic variation (Janni et al., 2020). The aim of the current
investigation was to evaluate the performance of 25
Egyptian and exotic rice genotypes under normal and heat
stress conditions and to identify the most tolerable
genotypes under both conditions.
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MATERIALS AND METHODS

Twenty five rice genotypes, including nine
Egyptian cultivars, seven exotic genotypes and nine
Egyptian rice promising lines were selected from the
genetic stock of Rice Research and Training Center
(RRTC), Egypt for the current study. The name, type and
pedigree of the studied genotypes are listed in Table 1.
This investigation was carried out during two rice growing
seasons of 2017 and 2018 under two locations, Sakha
Research Station at the Northern part of the Nile delta (as
normal condition) and the Experimental Farm of New
Valley Research Station, at the Southern part of Egypt (as
heat stress condition). The monthly maximum and
minimum temperatures during the two rice growing
seasons in each location are shown in Table 2. Seeds of the
studied genotypes were sown in the nursery on May 1%
After 30 days from sowing, seedlings of each genotype
were individually transplanted in the permanent field in
seven rows. Each row measured five meters long with 20
cm between rows comprising 25 hills per row. The studied
materials were replicated three times in a Randomized

Complete Block Design (RCBD) according to Snedecor
and Cochran (1967). All agricultural practices were done
as recommended. Data were collected from ten randomly
selected plants from each replicate. The studied traits
included grain yield plant® (calculated by weighting the
grain yield of individual plant, then adjusted to 14 %
moisture content), plant height (length of the main culm in
centimeters measured from soil surface to the tip of the
main panicle of plant at maturity), panicles plant®
(determined by counting the number of panicles per
individual plant), panicle length (length of the main panicle
in centimeters measured from panicle base up to apiculus
of the upper most spikelets of the panicle), 1000-grain
weight ( recorded by weighing 1000-random filled grains
in grams) and spikelets fertility percentage (calculated as
ratio of the number of fertile spikelets to the total number
of spikelets per panicle). Flag leaf angle (the angle between
the flag leaf and the stem at flowering stage (according to
Zadoks et al., 1974), flag leaf area in cm? (measured with a
Licor area meter at flowering on main tillers).

Table 1. Name, pedigree, type and origin of the 25 studied rice genotypes

No. Genotypes Pedigree Type Origin
1 Sakhal01 Gizal76 / Milyang79 Japonica Egypt
2 Sakhal02 GZ4098-7-1/ Gizal77 Japonica Egypt
3 Sakhal03 Gizal77 / Suweon 349 Japonica Egypt
4 Sakhal04 GZ4096-8-1 / GZ4100-9-1 Japonica Egypt
5 Sakhal05 GZ5581-46-3 / GZ4316-7-1-1 Japonica Egypt
6 Sakhal06 Gizal77 / Hexi30 Japonica Egypt
7 Gizal77 Gizal71/Yomjo No.1//PiNo.4 Japonica Egypt
8 Gizal78 Gizal75 / Milyang49 Indica/Japonica Egypt
9 Egyptian Yasmin IR262-43-8-11 x KDML 105 Indica Egypt
10 GZ9399-4-1-1-3-2-2 Gizal78/GZ6296 Indica/Japonica Egypt
11 GZ9399-4-1-1-2-1-2 Gizal78/GZ6296 Indica/Japonica Egypt
12 GZ10101-5-1-1-1 SakhalO3/IRAT385 Japonica Egypt
13 GZ10147-1-2-1-1 GZ6214-4-1-1-1/IRI385 Japonica Egypt
14 GZ10154-3-1-1-1 Sakhal01/Sakhal05 Japonica Egypt
15 GZ10264-9- 2 1-2 Sakhal01/SR22746-68-2-3-4-2-4 Japonica Egypt
16 GZ10305-24-1-2-3 GZ7768-10-1-5-2/Milyang95 Japonica Egypt
17 GZ10333-9-1-1-3 SKC23822/Yunlen4 Japonica Egypt
18 GZ10364-22-3-1-2 BY-GC-3/Milyang95 Japonica Egypt
19 CO39 Cul.240/Kannagi Indica India
20 IR50 IR2153-14-1-6-2/1R28//IR36 Indica Philippine
21 (Nagina22) N22 Selection from landrace Rajbhog Aus Indica India
22 Bala N22/TN-1 Indica India
23 Dular Local selection landrace Aus Indica India
24 WAB56-104 IDSA6/IAC164 Japonica Africa Rice
25 IR64 IR2061-465-1-5-5/IR657-33-2-1 (GP-15/TN-1) Indica Philippine

Table 2. The monthly maximum and minimum temperature (‘C) as well as relative humidity (%) at Sakha
Agricultural Research Station and New Valley Agricultural Research Station.

Kafr EL-Sheikh Governorate

New Valley Governorate

Month Date Air Temp. 2017 Air Temp. 2018 Air Temp. 2017 Air Temp. 2018
Max Min RH % Max  Min RH % Max Min RH % Max  Min RH %
1-10 30.7 254 625 306 233 592 377 200 24 410 218 24
May 11-20 30.3 263 612 297 237 599 40.3 252 23 393 227 24
21-31 30.9 258 613 332 243 602 435 242 24 466 294 22
1-10 32.6 277 626 325 247 611 41.2 2712 24 399 243 23
June 11-20 319 278 679 327 256 624 416 252 25 435 256 21
21-30 32.9 288 668 326 255 619 40.0 259 27 418 275 25
1-10 34.7 294 709 339 257  66.7 42.0 26/0 25 417 250 25
July 11-20 345 291 690 342 251 669 430 264 24 402 247 23
21-31 334 284 724 345 254 669 45.6 285 28 471 265 29
1-10 34.2 288 720 343 255 678 418 271 29 421 267 28
August 11-20 339 292 715 339 252 66.2 42.1 252 30 416 272 29
21-31 336 274 684 335 250 66.8 435 288 28 441 299 29
1-10 331 259 684 333 242 662 38.0 229 35 398 267 35
September 11-20 336 260 683 326 240 627 39.9 238 31 372 232 32
21-30 30.7 258 684 325 224 682 374 238 32 389 250 33
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Heat susceptible index (HSI) was calculated for all
studied traits for each genotype according to Fisher and
Maurer, (1978) as follows:

HSI = (1 — (x5/x5))/ (1 — (Xo/Xp))

Where; x; and x, are the mean values of the trait for each
genotype under heat stress and normal condition,
respectively; X, and X,, are the mean values of trait over all
genotypes under heat stress and normal condition,
respectively. Based on the HSI value, the genotypes were
ranked as tolerant (when HSI value is <0.5), moderately
tolerant (when HSI value is more than 0.5 but <1.0), and
susceptible (when HSI value is >1), according to Fisher and
Maurer (1978).

Statistical analysis was carried out for all studied
parameters for each growing season separately. The
homogeneity of error variance was tested as described by
Bartlett (1937). After confirmation of errors compatibility
for the two seasons, combined analysis was applied using
SPSS computer software and means were separated using
Fisher’s protected least significant difference (LSD) test at
0.01 and 0.05 levels of probability (Steel and Torrie, 1980).
Correlation analysis was performed for all studied traits
using the formula described by Gomez and Gomez (1984).
The partitioning of phenotypic correlation of studied traits
into direct and indirect effects on grain yield was
performed using the procedure described by Dewey and Lu
(1959). Principal Component Analysis (PCA) was carried

out using covariance matrix (Jolliffe, 2005) and Statistical
Package PAST (Hammer et al., 2001) to visualize the
differences among the studied genotypes.

RESULTS AND DISCUSSION

Analysis of variance

The analysis of variance Table 3 indicated that the mean
squares due to years were highly significant for flag leaf
angle and grain yield plant™ but non-significant for other
studied traits. The mean square estimates for environments
were highly significant for grain yield plant?, fertility
percentage and panicles plant?; and it was significant for
flag leaf area, plant height, panicle length and 1000-grain
weight, but it was non-significant for flag leaf angle.
Highly significant mean squares, due to genotypes, were
observed for all studied traits except for 1000-grain weight
which revealed significant differences. The four traits of
flag leaf angle, plant height, 1000-grain weight and fertility
percentage exhibited highly significant mean squares due
to genotypes X year’s interaction. The mean squares due to
genotypes x environments interactions were significant for
all studied traits except flag leaf angle trait. The mean
squares due to genotypes X Yyears X environments
interactions were highly significant for plant height,
panicle length, 1000-grain weight and fertility percentage
while, it was not significant for the remaining traits.

Table 3. Combined analysis of variance of all the studied traits across years, environments and genotypes.

Flag Flag Plant Panicle Panicles 1000-grain Fertility Grain

SOV d.f leaf leaf height length lant weight percentage Yield

area(cm?)  angle (cm) (cm) P (9) (%) plant? (g)
Years (Y) 1 0.69 268.85** 0.40 0.12 0.75 0.75 2.92 9.16**
Environments (E) 1 1165.93* 1795.85 25116.75* 3279.55* 4586.43**  4602.08*  309585.41**  79385.56**
Y*E 1 12.03* 14.52 11.60* 6.42* 1.20 2.65 451 2.15
Repswithin Y *E 8  48.648 245.02 15.09 11.50 147** 1.74 3.35* 4.14**
Genotypes (G) 24 349.73** 3277.66** 1473.67**  19.68** 148.73** 7.95* 26.46** 23.57**
G*Y 24 1.92 710.00** 1.47%* 1.74 3.35% 4.14** 72.21%* 1.05
G*E 24 24.31** 15.40 148.73** 7.95* 26.46** 23.57** 1166.90** 112.94**
G*Y*E 24 2785 9.97 10.39** 3.19** 2.90 3.18** 55.49** 0.97
Pooled error 192 1.89 10.94 2.52 1.46 2.021 0.71 1.99 0.84

*,** Significant and high significant at probability 0.05 and 0.01, respectively.

Mean performance

Mean performance for all studied rice genotypes
under normal, heat stress and their combined data are
showed in Table 4. It could be observed that all studied
traits were negatively affected by heat stress. The most
affected traits by heat stress were fertility percentage, grain
yield plant?, flag leaf area and panicles plant™. For flag leaf
area, the highest reduction percentages were observed in
IR64 (55.2%) while the lowest was observed in Bala
(32.8%). The highest mean values under combined data
were obtained by Egyptian Yasmin and N22 with mean
values of 39.49 and 34.59 cm?, respectively, while the
lowest mean values were obtained by GZ10101-5-1-1-1,
Sakhal02 and Sakhal03 (17.39, 18.44 and 18.47 cm?,
respectively). For flag leaf angle, the lowest mean values
were obtained by the genotypes Gizal78, Egyptian Yasmin
and Dular under heat stress condition. On the contrary, the
highest mean values were observed for the promising lines
GZ10364-22-3-1-2, GZ10264-9-2-1-2 and GZ10333-9-1-
1-3 under all conditions. For plant height, the lowest
reduction percentages were obtained by GZ9399-4-1-1-3-
2-2 and Bala with mean values of 6.86 and 7.64%,
respectively, while the highest reductions were observed in

IR64, Sakhal03, Sakhal05 and Gizal77 with mean values
of 29.96, 29.59, 28.48 and 28.28%, respectively.
Concerning panicle length, the lowest reductions were
observed for the genotypes Bala, Dular and N22 (14.03,
14.89 and 14.95%, respectively), meanwhile the highest
reductions were observed in GZ9399-4-1-1-3-2-2,
Gizal77, GZ10101-5-1-1-1, CO39 with mean values of
41.84, 36.91, 35.49 and 35.00%, respectively. For No. of
panicles plant?, under heat stress condition and combined
data, the highest mean values were scored by Gizal78
(16.67 and 19.34 panicles, respectively) and N22 (15.67
and 18.50 panicles, respectively) while the lowest mean
values were revealed by SakhalO3 (8.62 and 14.31
panicles, respectively) and Gizal77 (9.33 and 13.83%,
respectively). For 1000-grain weight, high reduction
percentage was observed for the studied genotypes
(29.57% in average). Both genotypes Dular and Gizal78
revealed the lowest reduction (9.85 and 16.13%,
respectively), while the genotypes IR50 and GZ10264-9-2-
1-2 showed the highest reduction (39.88 and 39.82%,
respectively). Fertility percentage was highly affected by
heat stress. The reduction percentage ranged from low
(29.20%) in Gizal78 to high (91.05%) for IR64 with
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general average of 73.59%. The highest fertility percentage
under heat stress and combined data were scored by
Gizal78 (64.18 and 77.42%, respectively), N22 (61.73 and
78.32%, respectively) and Bala (53 and 73.05%,
respectively). On the other hand, the lowest fertility
percentage was exhibited by the genotypes Gizal77 (7.47
and 49.73%, respectively), Sakhal03 (8.50 and 50.22%,
respectively) and GZ10305-24-1-2-3 (8.67 and 50.24%,
respectively). Grain yield plant® was highly affected by
heat stress. The reduction percentage ranged from 28.71%
(for N22) to 78.57% (for GZ10101-5-1-1-1) with general
average of 64.22%. The most desirable genotypes under
heat stress were Gizal78, N22, Sakhal04 and Sakhal0O6
with mean values of 31.24, 27.19, 21.39 and 20.10 g.
Meanwhile, the most affected genotypes were Sakhal03,
GZ10101-5-1-1-1, IR64 and Gizal77 with mean values of
9.20, 9.74, 10.18 and 10.71. Similar results for the harmful
effects of high temperature on rice have been concluded
Jagadish et al., (2010). They found that high temperature
affects rice plant at the reproductive and developmental
stages by decreasing plant height and root growth, causing
reduction in anther dehiscence and spikelets sterility, and
limiting the process of pollination. Mohammed and
Tarpley (2010) found that high night temperatures has
reduced yield by affecting spikelets sterility and grain
weight. Liu et al., (2013) reported that high temperature,
after heading stage, significantly reduced seed-setting rate,
filled grains panicle, 1000-grain weight, and grain yield
of rice. Yang et al., (2017) found that the heat stress
reduced the grain yield with a range of 22-62% compared
to the control as a result of significant reductions in pollen
grain viability, number of pollen grains adhering to the

stigma, pollen viability, number of spikelets per panicle,
filling rate and 1000- grain weight.
Phenotypic correlation coefficient

Person correlation coefficient among all studied
traits under normal, heat stress and their combined data are
presented in Table 5. It could be observed that grain yield
plant® showed highly significant positive correlation with
panicles plant* under all conditions and fertility percentage
under heat stress and combined data. As well as it showed
significant positive correlation with panicle length under
stress condition, positive but non-significant correlation
with flag leaf area and plant height under heat stress
condition. This result indicates the importance of these
traits for selection genotypes for improving grain yield in
rice breeding program for heat tolerance. Similar findings
were reported by Prasanth et al., (2017) who found that
grain yield plant* was significantly positive correlated with
panicle length under control condition, and with filled
grains panicle™ and fertility percentage under heat stress
condition. Sridhar et al., (2020) found that spikelet fertility
was significantly positive correlated with both tillers plant™
and grain yield plant? but significantly negative correlated
with panicle length, pollen fertility and filled spikelets
panicle! indicating that these traits are severely affected by
heat stress condition. Yang et al., (2017) reported that the
lowest grain yield was correlated with both spikelets filling
percentage and grain weight due to the high temperature
stress.

Table 4. Mean performances of 25 rice genotypes under normal, heat stress and their combined data during 2017

and 2018 rice growing seasons.

Flag leaf area Flag leaf Plant height Panicle length
Trait Genotype (cm?) angle (cm) (cm)

N HS C R% N HS C R% N HS C R% N HS C R%
Sakhal01 2610 1701 215 3483 6000 5000 5500 1667 9200 7000 8100 2391 2403 1700 2052 2026
Sakhal02 2314 1373 1844 4067 7000 7500 7250 -714 10900 8400 9650 294 2300 1540 1920 3BM4
Sakhal03 238l 1313 1847 448 5500 5333 5417 304 9800 6900 8350 2059 2000 1427 1714 2865
Sakhal04 2689 1350 2020 4980 4000 3667 334 833 10300 7700 9000 2524 2317 1647 1982 28R
Sakhal05 2457 1303 1880 4697 7667 7500 7584 218 9B33 7033 8433 2848 220 1557 1889 208
Sakhal06 2676 1457 2067 4555 7500 6500 7000 1333 10400 7800 9100 2500 2277 1520 189 3RS
Gizal77 2496 1240 1868 5032 4000 B0 370 1250 PO 7100 800 2828 2113 1333 1723 B9
Gizal78 28% 1761 2308 3830 2000 2500 250 -2500 9700 7700 8/00 2062 2380 1767 2074 2576
Egyptian Yasmin 4800 3097 3949 3H48 BB 2600 3167 3478 100967 800 %634 243 260 1583 192 0%
GZ9399-4-1-1-3-2-2 3327 2080 2704 3748 4667 4167 4417 1071 9233 800 817 686 2550 148 2017 41%4
GZ9399-4-1-1-2-1-2 2533 1460 1997 4236 4667 4000 4334 1429 9700 8700 9RO 1031 2403 1567 1985 H#AM
GZ10101-5-1-1-1 267 1210 1739 4663 6000 5833 5917 278 9833 800 67 1550 2867 1527 1947 3H49
GZ10147-1-2-1-1 2837 1680 2259 4078 7000 6833 6917 239 9433 800 867 1200 2327 1617 1972 3051
GZ10154-3-1-1-1 3134 2040 2587 3491 7500 7167 7334 444 10400 8 O3B 67 1411 280 1633 1967 2000
GZ10264-9-2-1-2 3060 283 312 4235 8833 7833 8083 600 10200 873 HU67 1438 2367 1697 203 831
GZ10305-24-1-2-3 2740 1700 220 3796 7667 7167 7417 652 10400 9033 9717 1314 2833 170 2062 2327
GZ10333-9-1-1-3 3053 1750 2402 4268 8000 7833 7917 209 9800 800 96800 1020 233 1523 1878 3180
GZ10364-22-3-1-2 3126 1910 2518 30 8333 8000 8167 400 10600 8700 9B 172 200 1650 1925 250
CO39 2036 1810 2373 383FH 2167 000 2684 -3B44 10233 9B 9767 912 257 1467 1862 3H0O
IR50 2677 1530 2104 428 6667 6000 6334 1000 10300 800 9400 1748 216/ 1617 182 2538
N22 4180 2738 3459 3450 4000 3H00 3750 1250 13733 1367 12650 1723 2073 1763 1918 14%
Bala 3180 2138 2659 3277 4333 B33 4083 1154 10467 967 10067 764 2160 1857 2009 1403
Dular 3172 162 2397 4887 000 2500 2750 1667 13200 7900 10550 4015 2350 2000 2475 148
WAB56-104 4060 2080 3070 4877 4000 4333 4167 833 13800 1333 12667 1788 2510 1798 2152 2857
IR64 3093 1385 239 552 5000 4600 4750 1000 R33 6467 7850 209% 2177 1653 1915 2407
General mean 02 1760 239 4208 5553 5220 5387 503 10463 8423 9H43 1929 28 1628 1955 2850
LSD 1% 220 288 157 780 58 377 223 149 181 13 219 138
LSD 5% 293 384 207 1025 785 497 298 19 23 199 372 18

N, HS and C are Normal, Stress and Combined data, respectively; R% is reduction percentage.

788


https://www.ncbi.nlm.nih.gov/pubmed/?term=Prasanth%20VV%5BAuthor%5D&cauthor=true&cauthor_uid=29123535

J. of Plant Production, Mansoura Univ.,Vol 12 (7), July, 2021

Table 4. Continued...

Trait Panicles 1000-grain Fertility Grainyield
Genotype plant?! weight (g) percentage plant!

P N HS C R% N HS C R% HS C R% N HS C R%
SakhalOl 20 126/ 1784 4491 2050 2100 2525 2881 %78 19/0 5774 7943 5050 1492 R71 7046
Sakhal02 2100 1267 1684 067 2850 2133 2492 2516 938 1300 5343 8615 4387 1170 2779 7333
Sakhal03 200 862 1431 590 2520 1780 2150 2037 9193 850 502 N/A P91 920 4% 765
Sakhal04 233 123 1733 478 268 2100 28R 2073 9RB72 572 072 2% 4607 2139 B73 5357
Sakhal05 200 1100 1650 5000 2883 1883 2383 3469 R00 1677 5439 8L77 4544 1489 007 6767
Sakhal06 2167 1233 1700 4310 2860 1917 2389 97 9178 2147 5663 7661 4557 2010 8 5589
Gizal77 1833 933 1383 4910 2733 1823 278 B0 9198 747 4973 918 3825 1071 2448 7200
Gizal78 200 1667 1934 2423 257 18983 275 1613 9065 6418 7742 2020 4653 3124 3B 386
Egyptian Yasmin 1867 1033 1450 4467 2833 1977 2405 02 90N78 2060 5569 7731 369l 1376 534 6272
GZ9399-4-1-1-3-2-2 2300 1200 1750 4783 2420 1658 2039 3149 9197 3083 6140 6648 4884 1751 3318 6415
GZ9399-4-1-1-2-1-2 233 1233 1733 478 2370 1747 2059 2629 9157 023 6090 6699 4627 1647 3137 6440
GZ10101-5-1-1-1 20 967 1584 5605 2747 1700 224 3811l 9073 1940 5507 7862 4544 974 2750 7857
GZ10147-1-2-1-1 2100 1133 1617 4605 2733 1867 2300 3169 RI13 2153 5683 7663 4677 1170 2024 7498
GZ10154-3-1-1-1 200 1267 1734 4241 2880 1768 2324 B6L HU20 1840 5630 8047 4862 1170 16 7HHA
GZ10264-9-2-1-2 2100 1067 1584 4919 2003 1747 2325 3082 RNV 1333 5312 &6 HOR 1186 0P 7624
GZ10305-24-1-2-3 2067 1100 1584 4678 2687 1675 2181 3766 9180 867 5024 N6 4672 1160 2016 7517
(GZ10333-9-1-1-3 2100 1167 1634 4443 2840 1795 2318 3680 9337 950 5144 8983 4990 1150 00 7695
GZ10364-22-3-1-2 200 1100 1650 5000 2573 1717 2045 3B827 9B97 927 5162 N14 4681 1174 2028 7492
CO39 267 1367 1767 BR 2103 1640 1872 202 R70 A8 6177 6674 4460 1977 R19 5567
IR50 2100 1267 1684 3967 2480 1491 1986 3088 R43 1960 5602 7879 4563 1587 AN75 662
N22 2133 1567 1850 2654 2103 1567 1835 2549 A0 6173 78R A% 3Bl4 2719 67 2871
Bala 1700 1100 1400 3H2O K17 1737 2427 0NV 9310 5300 7305 4307 4230 1747 208 5870
Dular 1800 1567 1684 1294 233 2013 2123 98 R9B3 4960 7127 4663 3H08 1879 2694 4644
WAB56-104 1667 1400 153 1602 3157 2387 2772 2439 9138 2058 6048 6763 3430 1723 2577 4977
IR64 2133 1267 1700 4060 2367 1883 215 2045 9361 838 5100 9105 303 1018 A5 741
General mean 2084 1215 1650 4131 2627 1840 2234 2057 R65 2445 5855 7359 4407 1552 2080 642
LSD 1% 200 283 1& 127 117 0% 109 95 161 219 142 104
LSD 5% 276 3718 214 10 1% 12 146 1274 212 22 189 138

The correlation between grain yield and flag leaf
angle was positive and significant under normal condition
while it was negative and highly significant under heat
stress condition Indicating that genotypes with erect flag
leaf are more desirable for cultivating in high temperature
regions. A similar result was obtained by Gaballah and
Abu EI-Ezz (2019) who reported that flag leaf angle was
highly significant positive correlated with leaf rolling and
sterility %, and highly significant negative correlated with
panicles plant!, panicle weight and grain yield plant®
under normal and heat stress conditions. The correlation
between grain yield and flag leaf area and plant height
traits was negative under normal condition but it was
positive under stress condition meaning that those traits are
good indicators for tolerance under stress condition. A
similar result was recorded by Sridhar et al., (2020) who
reported positive and significant correlation between plant
height and grain yield in rice.

Flag leaf area was highly significant positive
correlated with plant height under all conditions, while it
was significantly positive correlated with fertility
percentage under heat stress condition. Leaf angle showed
highly significant positive correlation with 1000- grain
weight under normal condition. On the other hand, it
revealed highly significant negative correlation with
fertility percentage under stress condition and combined
data. The plant height trait was significantly positive
correlated with fertility percentage under combined data.
Panicle length was highly significant positive correlated
with the panicles plant® under heat treatment and fertility
percentage under heat treatment and combined data. The
correlation between panicles plant™® and fertility percentage
was highly significant positive under heat stress condition
and significantly positive under combined data.

Table 5. Phenotypic correlation coefficients among all studied traits under normal, heat stress and combined data

Flag Plant Panicle . 1000 s Grain
Trait Location leaf height length Pa}nlctl_eis grain Fec)Bllty yield
angle (cm) (cm) plan weight (g) (%0) plant? (g)
Flag leaf area (cm?) N -0.214 0.566** 0.042 -0.295 -0.202 0.12 -0.345
HS -0.23 0.593** 0.327 0.352 -0.214 0.401* 0.304
C -0.234 0.588** 0.241 0.115 -0.221 0.362 0.043
Flag leaf angle N -0.169 -0.067 0.259 0.537** 0.020 0.488*
HS -0.049 -0.188 -407* -0.069 -0.556** -0.552**
C -0.121 -0.154 -0.128 0.329 -0.549** -0.095
Plant height (cm) N -0.066 -0.332 -0.014 0.185 -0.388
HS 0.354 0.269 -0.063 0.385 0.252
C 0.279 0.043 0.028 0.409* 0.056
Panicle length (cm) N 0.015 0.358 -0.236 0.071
HS 0.636** 0.195 0.647** 0.426*
C 0.309 0.277 0.511** 0.266
Panicles plant?! N -0.137 0.248 0.750**
HS 0.178 0.725** 0.786**
C -0.308 0.443* 0.756**
1000-grain weight (g) N -0.034 0.175
HS -0.034 0.027
Cc -0.39 -0.274
Fertility percentage (%) N 0.205
HS 0.862**
C 0.524**

* and ** are significant and highly significant at 0.05 and 0.01 levels of probability, respectively. N, HS and C are normal, stress and combined

data, respectively
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Path coefficient analysis

Path coefficient analysis is a reliable statistical
technique used for estimating the contribution of each trait
to grain yield, whether it has a direct influence on the grain
yield or takes another pathway for ultimate effects (Ali et
al., 2009). According to Deway and Lu (1959), the first
component of path analysis is the direct effect of a
predictor trait on its response trait; meanwhile the second
component is the indirect effect of a predictor trait on its
response trait through other predictor traits. The direct and
indirect effects of different studied traits upon grain yield
are found in Table 6. The results indicated that the direct
effect on grain yield plant™ was high and positive for traits
of panicles plant? and fertility percentage under heat stress
and combined data, and positive for 1000-grain weight
under all conditions. On the other hand, the flag leaf area
and plant height traits had negative direct effect under all
conditions. The direct effect on grain yield was positive for
flag leaf angle under normal and combined data, while it
was negative under heat stress condition. The panicle

length had a positive direct effect under normal condition
but negative indirect effect under both heat stress and
combined data. The trait 1000-grain weight revealed
positive indirect effect on grain yield through flag leaf
angle under normal condition. Under stress condition,
panicle length had positive indirect effect via panicles
plant® and fertility percentage, flag leaf angle had negative
indirect effect through panicles plant® and fertility
percentage, the indirect effect was positive for panicle
length and negative for leaf angle through both panicles
plant® and fertility percentage, the traits flag leaf area,
plant height and panicles plant? exhibited positive indirect
effect on grain yield via fertility percentage but negative
indirect effect via panicle length. The indirect effect of both
flag leaf area and plant height through panicles plant* was
negative under normal condition but positive under heat
stress condition. Fertility percentage had positive indirect
effect via panicles plant? under both conditions and
negative indirect effect on grain yield via panicle length
under stress condition.

Table 6. Direct and indirect effects of the studied traits on grain yield plant® under normal, heat stress and

combined data

Flag leaf Flag leaf Plant Panicle Panicles 1000 Fertility
Traits Location  area anale height length lant: grain percentage r2
(cm?) P em)  em) PO weight) (%)
Flag leaf area (cm?) N -0.0195 -0.0511 -0.0788 0.0021 -0.1856 -0.0227 0.0105 -0.345
HS -0.0330  0.0007 -0.0144 -0.1180 0.1604 -0.0073 0.3157 0.304
C -0.0700  -0.0448 -0.0462 -0.0365 0.0733  -0.0198 0.1869 0.043
leaf angle N 0.0042  0.2386  0.0235 -0.0033 0.1629  0.0603 0.0018 0.488*
HS 0.0076 -0.0031 0.0012 0.0679 -0.1854 -0.0024 -0.4377 -0.552**
C 0.0164 01915 0.0095 0.0233 -0.0816 0.0294 -0.2835 -0.095
Plant height (cm) N -0.0110  -0.0403 -0.1392 -0.0033 -0.2089 -0.0016 0.0163 -0.388
HS -0.0196  0.0002 -0.0243 -0.1278 0.1226  -0.0022 0.3031 0.252
C -0.0412  -0.0232 -0.0786 -0.0422 0.0274  0.0025 0.2112 0.056
Panicle length (cm) N -0.0008 -0.0160 0.0092  0.0497 0.0094  0.0402 -0.0207 0.071
HS -0.0108  0.0006 -0.0086 -0.3610 0.2898  0.0067 0.5093 0.426*
C -0.0169 -0.0295 -0.0219 -0.1513 0.1970  0.0248 0.2639 0.266
Panicles plant? N 0.0058 0.0618 0.0462 0.0007 0.6291 -0.0154 0.0218 0.750**
HS -0.0116  0.0013 -0.0065 -0.2296 0.4556  0.0061 0.5708 0.786**
C -0.0081  -0.0245 -0.0034 -0.0468 0.6375 -0.0275 0.2288 0.756**
1000-grain weight (g) N 0.0039 01281 00019 0.0178 -0.0862 0.1124 -0.0030 0.175
HS 0.0071  0.0002  0.0015 -0.0704 0.0811 0.0343 -0.0268 0.027
C 0.0155 0.0630 -0.0022 -0.0419 -0.1963 0.0894 -0.2014 -0.274
Fertility percentage (%) N -0.0023  0.0048 -0.0257 -0.0117 0.1560 -0.0038 0.0878 0.205
HS -0.0132  0.0017 -0.0093 -0.2336 0.3303 -0.0012 0.7872 0.862**
C -0.0253 -0.1051 -0.0321 -0.0773 0.2824  -0.0349 0.5164 0.524**

* and ** are significant and highly significant at 0.05 and 0.01 levels of probability, respectively. N, HS and C are normal, stress and combined

data, respectively

Path coefficient analysis is usually used by plant
breeders for identification of traits that can be exploited as
selection criteria for improving grain yield (Bagheri et al.,
2011). Depending on the results of path analysis in the
current investigation, the maximum direct effect on grain
yield plant! was exerted by panicles plant? under all
conditions and fertility percentage under heat stress and
combined data. So, these traits could be used as good
indicators for high grain yield under both heat stress and
non-stress conditions. The four traits of flag leaf area, leaf
angle, plant height and panicle length had high indirect
effect on grain yield under both stress and combined data
through fertility percentage. These results are in agreement
with those of Moosavi et al., (2015) who reported that
panicles plant® and harvest index are good indicators of

selection for grain yield due to their high direct effects and
significant correlation with grain yield plant™ in rice under
warm conditions. Prasanth et al., (2017) found that the
most important traits that could be exploited in rice
breeding programs for improving grain yield based on the
results of both correlation and path analysis were panicle
length, biomass plant?, and filled grains panicle? in
control, and spikelets fertility percentage, filled grains
panicle?, total grains panicle?, and No. of tillers plant? in
heat stress condition. Sridhar et al., (2020) reported that the
three traits panicle length, plant height and grain yield
plant™ are important for improvement of spikelets fertility
in rice under heat stress.
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Heat susceptibility index (HIS)

The HSI values for the all studied traits of the
genotypes under study are showed in Table 7. It could be
observed that HSI values were ranged from 0.8 to 1.4 for
flag leaf area, -6.4 to 5.8 for flag leaf angle, 0.4 to 1.6 for
plant height, 0.5 to 1.5 for panicle length, 0.3 to 1. 4 for
panicles plant?, 0.3 to 1.3 for 1000-grain weight, 0.4 to 1.2
for fertility percentage and from 0.4 to 1.2 for grain yield
plant®. The lowest HSI values were observed for Bala,
N22, Egyptian Yasmin, Sakhal0l and GZ10154-3-1-1-1
(0.8 for each) in flag leaf area; Bala (0.4), GZ90399-4-1-1-
3-2-2 (0.4) and CO39 (0.5) for plant height; N22 (0.5),
Bala (0.5) and Dular (0.5) for panicle length; Dular (0.3),
WAB56-104 (0.4), N22 (0.6) and Gizal78 (0.6) for
panicles plant®; Dular (0.3) and Gizal78 (0.5) for 1000-
grain weight; Gizal78 (0.4), N22 (0.5), Bala (0.6), and
Dular (0.7) for fertility percentage; and N22 (0.4), Gizal78
(0.5) and Dular (0.7) for grain yield plant®. On the other
hand, the highest HSI values were observed for Gizal77
(1.4) and IR64 (1.3) for flag leaf area; IR64 (1.6),
Sakhal03 (1.6), SakhalO5 (1.5) and Gizal77 (1.5) for
plant height; GZ9399-4-1-1-3-2-2 (1.5) and Gizal77 (1.3)
for panicle length; Sakhal03 (1.4) and GZ10147-1-2-1-1
(1.3) for panicles plant?; IR50 (1.3) and GZ10147-1-2-1-1

(1.3), GZ10305-24-1-2-3 (1.3) and GZ10333-9-1-1-3 (1.3)
for 1000-grain weight; IR64, CO39, Gizal77, Sakhal02,
Sakhal03, GZ10305-24-1-2-3, GZ10333-9-1-1-3,
GZ10364-22-3-1-2 (1.2 for each) for fertility percentage,
and CO39, Sakhal03, GZ10147-1-2-1-1, GZ10154-3-1-1-
1, GZ10264-9-2-1-2, GZ10305-24-1-2-3, GZ10333-9-1-1-
3, GZ10364-22-3-1-2 (1.2 for each) for grain yield plant
! Based on the HSI value of both grain yield and fertility
percentage, two genotypes; N22 and Gizal78 were
identified as heat tolerant (HSI value was <0.5 for both
traits), eight genotypes; Bala, Dular, WAB56-104,
Sakhal04, Sakhal06, Egyptian Yasmin, GZ9399-4-1-1-2-
1-2 and GZ10101-5-1-1-1 were identified as moderately
tolerant (HSI value was more than 0.5 but <1.0 for both
traits) and 11 genotypes i.e. IR64, CO39, Gizal77,
Sakhal01, Sakhal02, Sakhal03, GZ10147-1-2-1-1,
GZ10264-9-2-1-2, GZ10305-24-1-2-3, GZ10333-9-1-1-3
and GZ10364-22-3-1-2 were identified as heat susceptible
(HSI value was >1.0 for both traits). These results are in
agreement with Prasanth et al., (2017) who used HSI as
criterion to select the heat tolerant lines. They found that
the genotypes Nagina22 and a restorer line KMR3 were
identified as highly tolerant based on the heat susceptibility
index (HSI).

Table 7. Heat susceptibility index (HSI) for the studied traits in 25 rice genotypes

gl 19 PP g, 80 ey T G
Genotypes area (o) angle (cm) (cm) plant weight (g) (%) plant? ()
Sakhal01 0.8 2.8 13 . 11 10 11 11
Sakhal02 10 -1.2 12 1.2 10 0.8 12 11
Sakhal03 11 05 16 10 14 10 12 1.2
Sakhal04 11 14 14 10 11 0.7 1.0 0.8
Sakhal05 12 04 15 1.0 12 12 11 1.0
Sakhal06 11 2.2 13 12 1.0 11 1.0 0.9
Gizal77 14 21 15 13 12 11 12 11
Gizal78 0.9 -4.2 11 0.9 0.6 0.5 04 0.5
Egyptian Yasmin 0.8 5.8 13 10 0.9 0.7 0.9 0.9
GZ9399-4-1-1-3-2-2 0.9 18 0.4 15 11 1.0 11 1.0
GZ9399-4-1-1-2-1-2 1.0 24 0.6 12 11 11 0.9 1.0
GZ10101-5-1-1-1 11 0.5 0.8 12 11 0.9 0.9 1.0
GZ10147-1-2-1-1 1.0 04 0.6 11 13 13 11 12
GZ10154-3-1-1-1 0.8 0.71 0.8 1.0 11 11 1.0 12
GZ10264-9-2-1-2 1.0 1.0 0.8 1.0 1.0 13 11 12
GZ10305-24-1-2-3 0.9 11 0.7 0.8 12 13 12 12
GZ10333-9-1-1-3 1.0 0.3 0.6 11 11 13 12 12
GZ10364-22-3-1-2 0.9 0.7 1.0 0.9 11 12 12 12
CO39 0.9 -6.4 0.5 12 12 11 12 12
IR50 1.0 17 0.9 0.9 1.0 13 11 1.0
N22 0.8 21 09 0.5 0.6 0.9 0.5 0.4
Bala 0.8 19 04 0.5 0.8 10 0.6 0.9
Dular 12 28 12 0.5 0.3 0.3 0.7 0.7
WAB56-104 12 -14 1.0 1.0 04 0.8 0.9 0.8
IR64 13 1.7 1.6 0.8 1.0 0.7 12 11
Principal component analysis Table 8. The results of PCA indicated that the first three
Principal component analysis (PCA) is a principal components scored the maximum Eigen values

multivariable statistical analysis that reduces the dimension
of high-dimension data, in which fewer Eigen vectors can
explain information of multivariate data as possible
(Shlens, 2005). In the current study PCA was performed to
study the genetic diversity among the studied rice
genotypes based on the HSI values of the studied traits.
The Eigen values and the percentage of variation for three
principal components across 25 rice genotypes are found in
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and explained cumulative variation of 79.934% of the total
variation among the studied traits. The maximum
variability was scored by PC1 (43.816%), PC2 (22.710%)
and PC3 (13.408%). The HSI of the traits panicle length,
panicles plant?, 1000-grain weight, fertility percentage and
grain yield plant? was positively associated to axes one
(PC1), The HSI of the traits pant height and flag leaf area
was positively associated to axes two (PC2), The HSI of
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flag leaf angle was positively associated to axes three
(PC3). Similar results were obtained by Mahendran et al.,
(2015) who studied the genetic diversity among 293 rice
accessions under heat stress and found that the first five
principal components exhibited high Eigen value of more
than one and cumulative variance of 77.38%. Dhakal et al.,
(2020) reported that among thirteen PCs, five PCs were
significant with Eigen values >1 and cumulative variance
of 84.67% of total variance. PC1 included the traits related
to yield and its components.

Table 8. Eigen values, variation explained (%6),
cumulative variance (%) and Eigen vectors of
the first three principal components based on
the HSI of the studied traits in 25 rice

genotypes
PC1 PC2 PC3

Eigen value 3.505 1817 1.073
% variance 43816 22710 13.408
Cumulative % variance 43.816  66.526 79.934
Eigen vectors based on HSI

values of the studied traits

Flag leaf area (cm?) 0.089 0.623 -0.206
Flag leaf angle -0.055 0.191 0.865
Plant height (cm) -0.053 0.665  0.084
Panicle length (cm) 0.349 0.082 -0.365
Panicles plant* 0.476 -0.041 0.129
1000-grain weight (g) 0.408 -0.293  0.204
Fertility percentage (%) 0.485 0.199 0.004
Grain yield plant? (g) 0.486 0.007 0.105

As it is observed in Figure 1, PCA analysis divided
the studied genotypes into four clusters based on HSI of
the studied traits. The first cluster was found in the 4%
quadrant and involved four genotypes i.e. Dular, WABS56-
104, Sakhal04 and Egyptian Yasmin. The second cluster
was found in the 3 quadrant and included three genotypes
i.e. Gizal78, N22 and Bala. The genotypes in the first and
the second clusters had low to moderately HSI values for
grain yield plant® (0.4 to 0.9), fertility percentage (0.4 to
1.0), 1000-grain weight (0.3 to 1.0), panicle length (0.5 to
1.0) and panicles plant? (0.3 to 1.1). The fourth cluster was
found in the 1% quadrant and included IR29, Gizal77,
Sakhal05, Sakhal03, Sakhal06, Sakhal02, SakhalOl and
GZ10101-5-1-1-1. All other genotypes gathered in the
fourth cluster and included most of promising lines in
addition to IR50 and CO39. The genotypes in the third and
the fourth clusters had moderately to high HSI values for
grain yield plant® (0.9 to 1.2), fertility percentage (0.9 to
1.2), 1000-grain weight (0.7 to 1.3), panicle length (0.8 to
1.5) and panicles plant? (1.0 to 1.4). The results of PCA
analysis indicated the presence of high amount of genetic
variability among the studied genotypes, and it was able to
divide the genotypes into four groups based on their
tolerance to heat stress. Based on HSI values and PCA
analysis, genotypes in cluster 1 and 2 are the most
desirable under heat stress due to the inverse relation
between heat tolerance and the low to moderately HSI
values of the studied traits Fisher and Maurer (1978).

PC1=43.8
Figure 1. Biplot of the first and second principal components for 25 different rice genotypes based on HSI values of

eight studied traits
CONCLUSION

High temperature is one of the most important
abiotic stresses affecting crop production. Based on the
results of the current study, rice grain yield was highly
affected by heat stress as a result of high sterility
percentage and the reduction in growth traits. PCA analysis
was success in grouping the studied genotypes into four
clusters based on the values of HSI of the studied traits.
The most desirable genotypes in the current study were
gathered in two clusters and revealed low to moderately
HSI values.
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