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ABSTRACT

In this research, the effects of different temperatures treatments including (25 (control), 30, 35, 40 and 50
°C) on pollen germination, pollen tube growth, and pollen morphology were investigated in vitro, and also
the effect of late sowing date as heat stress on the number of pollen, also yield and yield components of 10
barley genotype was evaluated in field condition. At 50 °C this decrease was 72 and 60% for germination
and length of pollen tube on average. High temperature significantly decreased pollen germination and
pollen tube length in all genotypes. Genotypes showed different responses to temperature treatments,
indicating different levels of tolerance among genotypes. In vitro, genotypes were divided into three groups
according to the TSRI index as tolerant (Jounob, Reyhan 03, Zehak, Nosrat, Khoram), semi-sensitive
(Yousef, 1zeh, and Mahour) and sensitive (Abidar and Nimrooz) genotypes. Heat stress influenced pollen
morphological aberrations, so that high temperature was removed the ornamentation of axin surface. Heat
stress led to a decrease in the number of pollen grains per spike (90 %), yield and yield components (40%).
These approaches showed that pollen performance may provide useful information to facilitate the
investigation of heat-tolerant genotypes in breeding programs suitable for warm climates.
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Table 1. Analysis of variance for pollen germination and pollen tube length

Mean square

S.0.V. df Germination Pollen tube length
Genotype (G) 9 615.5™ 4222"
Temperature (T) 4 8399 41824
GxT 36 23.4™ 603™

Error 100 5.15 32

C.v (%) 5.2 4.9

Aoy S5 g g Jliol ok 10 o Sae i 5 4y X *

*and ** : Significant at 5% and 1% probability levels, respectively

Scanning Electron Microscope-'
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Table 2. Effects of different temperatures on the percentage of pollen germination in 10 barley genotypes and

regression equation for each genotype

Germination percentage

Regression equations

Genotypes 25% 30% 35% 40% 50% a b R?

Mahour 62 cd 55.3 bed 447 ¢ 36.7¢ 18 cd 106.95 -1.77 0.98
Yousef 73.3a 65.3a 54.7a 42.7 ab 28a 12445 222 094
Reyhan 03 66b 54.7 cd 50.7b 433 ab 23.3b 10561 -1.62 0.96
Izeh 66.7b 58.7h 50b bc 40 24.7 ab 12899  -234 0.97
Nimrooz 60d 52¢ 36.7d 23.3¢e 12.7¢ 106.36  -1.91 0.95
Jounob 64 bed 56 bc 50.7b 453a 25.3ab 100.14 -1.45 096
Zehak 61.3d 54 cd 51.3ab 373¢ 25.3ab 98.99 -1.47 094
Abidar e 54 38.7f 30.7¢ 22.7¢€ 6.7f 89.21 -166  0.98
Nosrat 62 cd ¢ 50 44c 30.7d 193¢ 102.76 -1.71 097
Khoram 65.3/ bc 50c 44.7¢ 36.7¢ 15.3 de 110.7 -1.90 0.98

A o Gae BT gl a0 B it mdans jo (SOl slasels sz g3l el 5 S e B> b slo 1 Shee

Silosys 5 5,91, y=a+bx b Jow polul g8 SY0les

Bl g e o Sl R?

Means followed by the same letter are not significantly different (P = 0.05), according to Duncan multiple range Test.
The regression equations are estimated based on this model y=a+bx

R2 means the coefficient of determination
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Table 3 Effects of different temperatures on pollen tube length in 10 barley genotypes and regression equation

for each genotype

Pollen tube length (um)

Regression equations

40°% 50% a b R2

Genotypes 25% 30% 35%
Mahour 165¢ 134 de 109 cde
Yousef 224 a 182 a 139a
Reyhan 03 158 cd 144 ¢ 117 be
Izeh 211b 171b 116 bc
Nimrooz 160 cd 109 fg 105 de
Jounob 162 ¢ 138 cd 114 bed
Zehak 151d 117 f 101e
Abidar 130 f 101g 91f
Nosrat 136 ef 128 ¢e 116 bc
Khoram 141e 133 de 121b

70e 62 bc 29.10 -047  0.89
105a 83a 40.34 -0.71  0.93
101 ab 85a 25.53 -0.34  0.90
102 ab 67b 38.98 -0.69  0.92
95 bc 53¢ 24.75 -035 084
103 ab 90a 24.89 -0.32 0.89

91c 8la 22.48 -029  0.78

80d 29d 24.7 -042  0.95
94 bc 61 bc 24.19 -0.34  0.97
89 cd 60 bc 27.11 -042  0.96

Al 0 me WS s1Is o y5 O Jlatol el 10 (Sils glasels aiz yg03] bl S e B> (gl s sla Kol

JJ‘O..\JQ; 0)9")3 y:a+bX (5]47 JJ.A uuLw‘ » UW;) OYoles
Al oo (et oy SR

Means followed by the same letter are not significantly different (P = 0.05), according to Duncan multiple range Test.
The regression equations are estimated based on this model y=a+bx.

R2 means the coefficient of determination.
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Table 4.The comparison the germination percentage and pollen tube length of different barley genotypes using HSI

30% 35% 40°% 50% HST
Genotypes PTL %PG PTL %PG PTL %PG PTL %PG PTL %PG
Mahour 1.10 0.68 1.09 1.00 134 0.94 1.06 1.03 1.15 0.91
Yousef 1.08 0.69 1.22 0.90 123 0.96 1.06 0.90 1.15 0.87
Reyhan 03 0.51 1.09 0.83 0.83 0.83 0.79 0.78 0.94 0.74 0.91
Izeh 1.08 0.76 1.45 0.90 1.19 0.92 1.16 0.92 1.22 0.87
Nimrooz 1.87 0.85 1.10 1.40 0.94 141 1.13 1.15 1.26 1.20
Jounob 0.88 0.79 0.96 0.75 0.85 0.67 0.76 0.88 0.86 0.77
Zehak 131 0.76 1.06 0.59 0.92 0.90 0.78 0.85 1.02 0.77
Abidar 131 1.80 0.96 1.55 0.89 1.33 1.32 1.28 112 1.49
Nosrat 0.36 1.23 0.48 1.04 0.70 1.16 0.93 1.00 0.62 1.19
Khoram 0.33 1.49 0.46 1.14 0.86 1.01 0.97 111 0.66 1.19
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Table 5. Cumulative stress response index for germination percentage and pollen tube length in 10 barley
genotypes at different temperature (30°c, 35°, 40%, 50°) compared to non-stress condition (25%). (Data

in the parentheses show the genotype rankings (GR) in each thermal treatment).

Treatments

Genotypes 30% 35% 40°% 50°%

GR CSRI GR CSRI GR CSRI GR CSRI GR TSRI
Mahour ) -30 ©) -62 (C)) -98 ) -134 @) -324
Yousef o) -29 ) -63 ) -95 ®) -124 ®) =311
Reyhan 03 ) -26 @) -49 2) -70 A3) -110 2) -255
Izeh ) =31 ®) -70 ©6) -91 6) -131 ) -323
Nimrooz ) -45 ) -73 10) -101 ) -145 ) -364
Jounob A3) -28 o) -51 @ -66 @) -105 @ -250
Zehak @) -34 A3) -48 A3) -78 @) -105 A3) -265
Abidar 10) -51 a0 -73 ®8) -96 (10)  -165 10) -385
Nosrat @ -25 10) -44 @) -81 @ -124 @) -274
Khoram @) -29 2) -46 ) -81 8) -134 5) -290
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Figure 1. Scanning electron microscope images of pollen grains for Nosrat genotype under thermal treatments,
250% (A), 30°% (B), 40° (C), 50% (D)
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Figure 2. Scanning electron microscope images of pollen grains axin surface for Nosrat genotype under
thermal treatments, 250°% (A), 30° (B), 40% (C), 50°% (D)
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Table 6. Combined analysis of variance for the number. of pollen grain per spike on two different sowing dates

S.O.V. df number of pollen grain per spike
(Sowing date) (E) Environment 1 77724™
Block (Environment) 4 132.5"
Genotype (G) 9 2566
GxE 9 1698™
Error 36 43
CV (%) 17.1

*k *

M)o&iség‘)mlcgh.a)o)lo@m@):@: P

*and ** : Significant at 5% and 1% probability levels, respectively
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Table 7. Mean comparison for the number of pollen grain per spike (x10%) in barley genotypes under non-
stress (S1) and stress (S,) conditions.

Number of pollen grain per spike

Genotype

S S

Mahour t40.44 gh 8.13abc
Yousef 139.33a 14.77 a
Reyhan 03 83.78 ¢ 9.77 abc
Izeh 84.38¢c 5.45bc
Nimrooz 34.17h 4.75 be
Jounob 95.25b 13.58 ab
Zehak 53.66 e 5.2 bc
Abidar 44.13fg 342c
Nosrat 65.69 d 3.07¢
Khoram 52 ef 43c
Mean 69.58 7.24

Al I Jae BB glyls duo y5 8 Jlaia] ghass ;o STl O995) 51 ookl b S e By gl s sl Sileo
The means followed by the same letter for each trait are not significantly different (P<0.05), according to Duncan Test.

alidre CiS 7 ) g0 10 0 Sles slizl 5 0, Sos Dlas 4y bogy e S po il lg 435505 -A 9o
for yield and yield components on two different sowing dates analysis of variance Table 8. Combined

S.0.V. df SI\[l)lljlgrEF:iei Fgfr gr:ﬁnsgf;gke 10\?\/(;;:'?[1 I—:ﬁ;\gexst Grain yield
Environment (Sowing date) (E) 1 474™ 2324™ 156.82™ 122" 54.62"
Block (Environment) 4 3.52 40.08 2.25 10.2 0.16
Genotype (G) 9 62" 634" 21.59™ 270" 493"
GxE 9 8.14" 58.27" 4.46™ 20.88™ 0.86™
Error 36 3.98 27.53 0.91 6.9 0.18
CV (%) 13.12 18.19 2.24 7 12.1

Aoy S g gy Jliol ol 10 o Sae i 5 4y X *
*and ** : Significant at 5% and 1% probability levels, respectively
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Table 9. Mean comparison for grain yield and yield components in barley genotypes under non-stress (S1)

and stress (S) conditions.

Number of grain per

1000- grain weight

Genotype No. spikelet per spike spike @ Harvest index (%) Grain yield (t ha®)
St S, St S, S S, S S, Si S,

Mahour 236a 143ab  23.23c 14.2b 432c 4143ab 40.83ab  3853bc 77ab  25bcd
Yousef 16.07 b 112bc  47.73ab  3267a 46.77a 415ab 433la 4444 54a 2.6 bed
Reyhan 03 13.77b 88¢c 384b 2517a 4587ab 4217a 4223ab 4291ab 53a 34a
Izeh 15.10b 1023¢c  4453ab  29.67a 443bc 4127ab  382bc  39.8ahc 48ab 2.3cd
Nimrooz 232a 16.3a 2230¢c 16.20b  446bc 4193ab 3651c  3576cd 33c 2.2d
Jounob 176b 1147bc  51.02c 2753a  398d 388dc 4237a 39.57abc 52a 34a
Zehak 153b 103c  4377ab  29.73a 4563ab 4177ab  4313a  37.6bcd 50l1a  29abc
Abidar 15.8b 1547¢c 1483 ¢ 1267b  395d  38.03d 24.05d 15.77e 17d 0.98¢e
Nosrat 16.33b 96¢C 4313ab  2473a 4447bc 415ab  40.85ab  32.02d 53a 2.4 bed
Khoram 235a 16.37a  21.70c 136b  46.73a 40.13bc 39.72abc 36.4lcd 4.04bc  3.05ab
Mean 19.93a 124D 35.07¢c 2262b  441a 409b 39.12a 36.27d 45a 26b

A I e BB (gl aoj0 B Jloti] mhans 43 Sl (505 5l eoliinl b S jiie B> sl sl (o Sile o 2 4l
Means followed by the same letter for each trait are not significantly different (P = 0.05), according to Duncan Test.
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