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stomata density on drought tolerance in 40 bread wheat
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Fig 1. Mean of precipitation during 2010-2011 growing season and over the last 40 years in Kerman city
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Table 1.The name of bread wheat cultivars used in this experiment

Cultivar ) cultivar ) cultivar ) Cultivar )
Rasool Js-, Bzostaya Llwyy  Mv-17 Mv-17 Roshan s
Omid 4l Sabalan O Chamran Ol Alamout S gall
Moghan 2 Y oks  Sholeh alxz  Hirmand A Gaspard 5,k
Karaj 3 Y-S Star sl Ws-82-9 Ws-82-9  Shiraz Sl
Dez ;> Hamoon Osls  Akbari 3,51 Tous osb
Sardari sols Azadi ©sI3T  Zarin oz Bahar Sle
Darab 2 Y olyls  Mahdavi Ssdge  2agross »~S; Bam -
Niknejd S5 ¢S Shahpasand A oz Ghuds 4 Alvand L4l
Karaj 2 Y 5 Marvdasht Cisy,e  Tajan o= VeeNac S0
Excalibur IS Azar 2 y,37  Kavir .5 Pishtaz i

Il & 5 S i |y 35 Jgane [0 25 Lol 2
2l o3 ol Ay S ALY S8 dile (Bl g s
Lyl 5 53 03,8 (Gla 4l goad Comln o g6
Mulq!ﬂjaasjf&udl:ﬂjdg}wqﬂ
035 850 5 ey (e ol U5 e L2)
L;Lau\:ch}M\r:_EJ&U\}SAJBCUJ\):L;JJ

YYe

S 9 @b
oS U ey (ST S ol s ol
S ol o bo 1551 (6515 (me DS () 355
U155 s pLasl 3 487 oyl 4y a5 b s adalie
,“;)_?L;u.x_s\;dw,@)ua:;l‘dﬁ\mﬁx



Sl 53 50 (63 e in (Sl 5 L
. b (MaghsoudiMoud and Yamagishi, 2005)
35 i 03,8 4y (el o b5 oLl
SLacs 55 534S A S 2158 (S Lol
43 geal Sl Cad (6515 0 9 Asukaze BR10
o3 ¥ 00 JSE sl Jgloes 5303 5
St 25 g O SBRY (a5 55 5 S 51 a8

BPIC

sald jlas s als s Shee wilsls 420

A;-30PEG

B,-30PEG

A,-50PEG

..... u:/f 413 (5 o V.;JG.J S &li)')l"

Sh S Sy s a5 Ll b 503, S
P Sl S 5 (By 3B Y S 2)
R Cols a5 Ll 503, € glaals
3 ea &Sy I maS dalbios, 8 Laa s
1999; Eivazi 2007)
pL,1 (8 ol kS o7 513 0L (¥ J3ar) ba o SSke

Aol 5 (6315T eOMww ¢ 25 €O gol 53 (¥ C; AT

4—usl2s (Morgan, et al.,

L;\Jucu,\o_l\du)@,z;w;ﬁ&y%
LLGAC..@})K))\M di‘ .ﬁb@)cé};‘)l{})b u"i‘

S 4

S

(¥

-

B,-50PEG

3 =i 5 45 Ay-50 PEG 3A-30 PEG Y 3| r—;) (a.x_:i) S o V?EJ Ul @lyls 05,5 laals ¥ J.iu
4 B;-50 PEG 3B;-30 PEG ,Lgs o5, ) (5ol oca3 (U1 5 66 5 (J S0 sty o y3 00 5T J glona
40X (b 5 10X o s oled €555 L (USO8 il Lt yn B0 5 ¥ gloes j5 s
Fig. 2. Pollen grain of capable for osmoregulation (Azar 2 wheat cultivar A;-30 PEG and A,-50 PEG under

30% and 50% PEG solutions respectively) and incapable for osmoregulation (Bahar wheat cultivar A;-30 PEG

and A,-50 PEG under 30% and 50% PEG solutions respectively) ocular 10X, objective 40X
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Table 2. Mean comparison of projected pollen area in 30% and 50% PEG, grain yield and STI in wheat cultivars

Projected pollen grain area (Wm?)es £ 4ls —olus Grain yield (kg.ha™)«ls s Sls
Sy a5 i A5 05 i A5 S o sl
Wheat cultivars PR PEG 30% PEG 50% Osmoregulation Normal Drought stress STI

Azar 2 Y57 2454.4 n-q 3231.9 de 1.340 a 4263 abc 3865 a 140 a
Karaj 3 Y-S5 1766.2 1t 1957.3 1-p 1.200 b 4090 abc 1823fgh 0.63 f-1
Dez 33 2374.50pq 2752.2 e+ 1.156 b 2263 k-1 1990 fgh 0.38 klm
Hamoon Osela 4132.6b 4590.8 a 1.093 be 4226 abc 2360 c-h 0.85 c-h
Sabalan Ry 2626.4 m-p 2861.7 d-j 1.090 be 3925 a-d 3405abc 1.13 abc
Tajan o 2166.1pqr 2575.4 g-k 1.090 be 2820 e-1 2690 b-g 0.640 f-k
Azadi 8337 3696.8 b-f 4014.2b 1.086bc 3585 a-j 3655ab 1.10 abc
Omid Al 1732.5r 1832.7 nop 1.076bcd 3133 c-k 2280 d-h 0.61 f-m
Roshan R=23) 2741.7 1-o0 2363.2 i-0 0.865 e-k 4380 ab 3290 a-e 1.22 ab
Moghan 2 YOl 3650.0 b-g 2655.5 e-j 0.770 h-n 3765 a-h 2110 fgh 0.67 f-k
Karaj 2 Y-S5 5007.3 a 4151.6 ab 0.880 e-k 4525a 2316 c-h 0.89 c-g
Excalibur LIS 3428.9 d-j 2448.7 h-m 0.633nop 2735 £-1 1645 gh 0.61 f-m
Mahdavi Salge 3136.4 f-m 2832.6 e-j 0.923 d-i 3633 a-i 3800 a 1.17 abc
Darab 2 Yol,ls 2934.8 j-n 2409.9 h-n 0.850 e-k 3240 b-k 1975 fgh 0.54 h-m
Niknejad Sl eSS 2812.1 k-0 1787.9 op 0.680 -0 3800 a-h 2470 c-h 0.65 f-k
Kavir S 3096.8 g-m 2804.4 e-j 0.896 e-j 2716 g-1 2390 c-h 0.55 g-m
Bahar Sle 3645.8 b-g 2513.6 h-1 0.656 no 3900 a-f 2070 fgh 0.69 f-k
Hirmand e n 3666.0 b-f 2284.5 j-o 0.643nop 3445 a-j 1870 fgh 0.55 g-m
Mv-17 Mv-17 3902.3bed 3494.9def 0.820 e-m 2415kl 1406 h 0.29 Im
Marvdasht Sy e 33244 e-k 2592.0 f-k 0.876 e-k 4226 abc 2533 ¢c-g 0.91 b-f
Chamran R{pyes 3414.4 d-j 3027.0 d-h 0.886 e-k 2725 f-1 2590 c-g 0.60 f-m
Star Sl 4071.9bc 2566.7 g-k 0.766i-n 3170 c-k 1935 fgh 0.52 h-m
Rasool Jgs 3749.0 b-e 3454.8 cd 0.935 c-h 19501 1606 gh 0.27 m
Alvand N 3060.4 h-m 1866.4 m-p 0.595 op 3445 a-j 2540 c-g 0.74 e-j
Ghuds el 3629.0 b-g 2924.5 d-i 0.733 j-o 4385 ab 1750 fgh 0.67 f-k
Bam - 3691.5 b-f 2866.5 d-j 0.776 g-n 2465 i-1 2155 fgh 0.45 i-m
Zarin R3] 3035.9 i-m 2311.91i-0 0.733 j-o 3453 a-j 2570 c-g 0.75 e
Pishtaz Sty 2706.7 1-0 2596.6 f-k 0.783 f-n 4065 a-d 2263 d-h 0.78 d-i
Shiraz B 3475.9 d-j 3025.7 d-h 0.830 e-1 4310 abc 2836 a-f 1.04 b-e
Alamout & gall 35412 c-i 3134.5d-g 0.910 e-i 3510 a- 2205 d-h 0.66 f-k
Zagross S0 3610.1 b-h 1518.8pq 0.495 p 2675 h-1 2125 fgh 0.48 i-m
VeeNac STy 1684.0 r 1633.9pq 0.945 c-f 2730 f-1 1763 fgh 0.41 j-m
Akbari &S 2711.7 l-o 2022.7 k-p 0.770 h-n 3815 a-h 2370 c-h 0.77 d-i
Sardari Sl3 2783.3 k-0 2695.4e-j 0.965 cde 3766 a-h 1946 fgh 0.62 f-1
Sholeh alais 2751.0 l-o 2584.5 f-k 0.940 c-g 4360 ab 2085 fgh 0.77 d-i
Ws-82-9 Ws-82-9 3923.1 bed 3232.1de 0.790 f-n 2903 d-1 2460 c-h 0.61 f-m
Gaspard 3kl 1662.1 r 1220.1 q 0.756 i-n 3130 c-k 1606 gh 0.43 i-m
Shahpasand s 0l 2014.9 qr 1514.8pq 0.723 k-o 2505 i-1 2190 e-h 0.47 i-m
Bzostaya Ly 3201.7 el 2826.2 e 0.880 e-k 3693 a-h 1963 fgh 0.62 f-1
Tous P 3607.7 b-h 3822.0bc 0.865 e-k 3873 a-g 3305 a-d 1.09 a-d

L, g yls sme o slis J..a)a@JL»‘.»lcln.u):Qﬁ'b‘514:.»‘;w\.;?()}aijL.«l,;¢Ma§,1h;'}}j>‘5\)|:4f&b¢§$lgd}:_~fap
Mean in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's Multiple Range Test
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Table 3. Correlation coefficients between plant characteristics and STI of wheat cultivars under normal and drought stress conditions

als 5 Shes (1) o T (gl g2 (¥) o T (g g2 395 Sls & ol s ST e e ls
Grain yield  Relative water content:RWC (1) Relative water content:RWC (2) Stomatal frequency: SF Osmoregulation STI
Normal _i5 05
Grain yield als > Shes 1 0.12 -0.08 -0.24 0.14 0.73%%*
RWC (1) () (oo T (Gl gima 1 -0.04 0.00 -0.13 -0.04
RWC (2) (Y) (oo T (Gl gima 1 0.38 * 0.19 -0.07
Stomatal frequency @) Sl p 1 -0.07 -0.09
Osmoregulation & joo alas 1 0.33
STI S5 e et ls 1
Drought stress  Ses is
Grain yield als > Shes 1 -0.28 0.05 0.02 0.41%* 0.88%*
RWC (1) () (oo T (Gl gima 1 -0.05 -0.23 -0.10 -0.19
RWC (2) (Y) (oo T (Gl gima 1 -0.01 -0.11 -0.08
Stomatalfrquency 45 Sl p 1 -0.21%* 0.15
*and ** : Significant at 5% and 1% probability levels, respectively 1055 685 5 gty dlal s )3 s e o 5 TR

64:5615)145\::&joafdbd}w\rw&u}:w&o—\‘ J g

Table 4. Comparison of osmoregulation capability and grain yield of wheat cultivars

4l JJQL..;« Ji»\.:a u; als Sl Jil:.n
Grain yield (kg.ha™) Mean pollen area (um?)
S Ok i S S S Ok & ol (s
Grouping Tsksos S Normal  Drought stress Drought stress Normal Osmoregulation
Incapable for Osmoregulation & ool aas A3 3430 2260 2590.12 3239.47 0.80
Capable for Osmoregulation & joo aa Aol 3530 2750 2977 2618.69 1.14

Aen (5 ol a5 U158 0yl 5 5 jal oa 15 ol il 5 (5313 Ok €5 € goln 53 €Y ST 3T 0
TAzar 2, Karaj 3, Dez, Hamoon, Tajan, Sabalan, Azadi and Omid cultivars are capable for osmoregulation and another cultivars are incapable
for osmoregulation
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Table 5. Mean comparsion of wheat cultivars for relative water content (RWC) and stomatal frequency (SF) in flag leaf under normal and drought stress conditions

Normal i5 o5 Drought stress i i
Wheat cultivars pkS a5l RWC1 (%) RWC2 (%) Stomatal frequency«;s, Jlsl 2 RWC1 (%) RWC2 (%) Stomatal frequency«;s, Jlsl 2
Azar 2 Y,3T 92.6 be 86.6 a-d 10.0 d-i 87.0 bed 72.6 b-g 12.5 b-g
Karaj 3 Y-S5 91.0 be 91.0 abc 12.2 a-f 91.3 abc 67.5 e-h 9.0 fg
Dez 33 89.5¢ 87.0 a-d 9.5 e-i 87.3 bed 73.5 a-g 12.0 b-g
Hamoon Osela 92.5 abc 87.0 a-d 93 e-i 88.0 a-d 74.0 a-g 11.5¢c-g
Sabalan O 91.3 abc 933 a 9.5 e-i 87.0 bed 72.5c-g 17.6 a
Tajan o 853 ¢ 83.6bcd 10.7 b-i 88.3 a-d 65.0 gh 12.0 b-g
Azadi ssl3T 92.5 abc 84.0 bed 12.0 a-g 89.3 a-d 73.0 a-g 14.3 a-e
Omid Lol 92.3 abc 89.3 a-d 11.6 a-g 89.0 a-d 71.3 c-h 85¢g
Roshan Sy 91.6abc 87.0 a-d 10.0 d-i 87.0 bed 73.0 a-g 14.3 a-e
Moghan 2 AR 91.3 abc 85.6 a-d 11.0 b-h 88.3 a-d 73.0 a-g 12.6 b-g
Karaj 2 Y-S5 93.0 abc 82.6d 9.3 e-i 853 cd 85.0 ab 10.0 efg
Excalibur putony] 90.3bc 87.0 a-d 123 a-f 85.0cd 67.0 fgh 16.0 abc
Mahdavi Ssgs 89.0 ¢ 85.0 bed 10.5 c-i 88.0 a-d 59.5h 12.7 b-g
Darab 2 Yol 92.0 abc 86.0 a-d 751 89.6 a-d 66.0 fgh 15.5 a-d
Niknejad sl eSS 93.3 abc 86.6 a-d 9.5 e-i 90.0 a-d 75.5 a-g 14.2 a-e
Kavir 25 91.0bc 91.0 abc 13.0 a-d 93.6ab 70.0 c-h 15.7 a-d
Bahar Sle 91.3 abc 85.3 a-d 9.6 d-i 84.3 cd 65.0 gh 11.7 b-g
Hirmand NLAgY 90.3bc 90.0 a-d 13.5 abc 91.6 abc 70.3 c-h 13.7 a-f
Mv-17 Mv-17 91.6 abc 91.6 ab 9.6 d-i 91.0 a-d 81.6 abc 12.5 b-g
Marvdasht [Py 87.6¢c 89.3 a-d 9.6 d-i 83.0 de 75.0 a-g 11.7b-g
Chamran Ol oxr 91.5abc 88.3 a-d 145a 88 .0 a-d 75.0 a-g 12.6 b-g
Star Sl 98.0 ab 86.5 a-d 9.6 d-i 87.0 bed 76.0 a-g 12.0 b-g
Rasool NP 90.8 ¢ 85.0 bed 11.6 a-g 91.6 abc 74.0 a-g 13.6 a-f
Alvand £l 893 ¢c 82.6 d 11.5a-g 88.3 a-d 723 c-g 14.5 a-e
Ghuds Ry 92.0 abc 86.3 a-d 11.1 a-h 90.3 a-d 79.5 a-e 14.5 a-e
Bam - 93.0 abc 90.0 a-d 12.5 a-e 90.3 a-d 71.6 c-g 16.0 abc
Zarin 33 93.6 abc 82.0d 10.5 c-i 89.0 a-d 68.5 d-h 15.1 ad
Pishtaz Sl 92.5 abc 87.6 a-d 12.0a-g 88.6 a-d 73.5 a-g 10.2 efg
Shiraz S 91.6 abc 89.3 a-d 11.0 b-h 955a 853 a 16.5 ab
Alamout sl 99.0 a 87.6 a-d 14.0 ab 89.0 a-d 72.6 b-g 12.2b-g
Zagross A0 95.3 abc 82.0d 8.6 g-j 90.6 a-d 80.5 a-d 12.1 b-g
VeeNac [CA3Y) 92.5abc 88 .0 a-d 10.0 d-i 88.6 a-d 77.0 a-g 12.6 b-g
Akbari Ry 95.3abc 85.3 a-d 9.5 e-i 88.6 a-d 74.5 a-g 153 a-d
Sardari S5 91.5 abc 82.6 d 6.0] 773 ¢ 68.3 d-h 13.6 a-f
Sholeh alas 91.0 be 833 cd 9.0 f+ 86.3 bed 72.5 c-g 11.0d-g
Ws-82-9 Ws-82-9 91.0 be 86.0 a-d 11.3 a-h 87.3 bed 77.5 a-f 12.0 b-g
Gaspard 5,4l 91.3 abc 91.6ab 13.0 abc 91.6 abc 77.0 a-g 15.5 a-d
Shahpasand L ol 90.0 be 87.0 a-d 10.3 c-i 91.0 a-d 77.3 a-g 11.0d-g
Bzostaya Ll 92.0 abc 86.0 a-d 8.0 hij 88.0 a-d 76.5 a-g 112 c-g
Tous T 92.3 abc 88.6 a-d 10.7 b-i 89.6 a-d 78.3 a-f 15.8 a-d
CV(%) Sl oy 5.2 4.5 14.6 4.3 7.4 15.7

LI ls gae Syl o3 ey Jlex|
Mean in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's Multiple Range Test
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Contribution of pollen grain osmoregulation, relative water content and stomata

density in drought tolerance in 40 bread wheat (Triticum aestivum L.) cultivars
Nazari, M.! and R. Abdolshahi’

ABSTRACT

Nazari, M. and R. Abdolshahi. 2013. Contribution of pollen grain osmoregulation, relative water content and stomata
density in drought tolerance in 40 bread wheat (7riticum aestivum L.) cultivars. Iranian Journal of Crop Sciences. 15(3):

222-233. (In Persian).

The contribution of physiological traits such as; osmoregulation capability of pollen grain, relative water
content (RWC) and stomata density in flag leaf area to drought tolerance of 40 bread wheat cultivars was
studied. To evaluate their effect of these traits on grain yield, two separate field experiments were designed and
conducted in2010 at experimental farm of college of agriculture, Kerman Shahid Bahonar University, Kerman,
Iran using randomized complete block design with three replications. Osmoregulation capability of pollen grain
was simulated using the ratio of projected pollen grains area under water stress to normal conditions in solutions
containing 50% and 30% polyethylen glycol (PEG) 6000, respectively. Analysis of variance showed that the
effect of drought stress and cultivar on grain yield and physiological traits were significant. Drought stress
decreased grain yield by %33 and RWC by%]15.4, but increased stomata density of flag leaf area by %?21.
Osmoregulation capability of pollen grain in Azar-2, Dez, Azadi, Hamoon, Karaj-3, Sabalan and Omid was
greater than one, therefore these cultivars were identified as capable cultivars for osmoregulation.
Osmoregulation capability of pollen grain showed highly significant correlation with grain yield under stress
conditions (r=0.41""). Thus, this mechanism directly contributed to increasing grain yield under drought stress.
Stress Tolerance Index (STI) was also used for identification of drought tolerant genotypes. Based on this index,
cv. Azar-2 was identified as the most drought tolerant genotype. This cultivar had also the highest
osmoregulation capability. It can be concluded that pollen grain osmoregulation is a likely mechanism

contributing to drought tolerance of cv. Azra-2.

Key words: Bread wheat, Drought stress, Physiological traits, Stomata density and Stress tolerance index.
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