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Table 1. Characteristics of wheat cultivars cultivated in Golestan province from 1968-2015
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No. of Name of . Year of K No. of Name of . Year of .
cultivar _cultivar ®55 P8 Introduced <> | cultivar cultivar ®55f5 Introduced Fr JW
1 Inja L 1968 ywev | 11 Morvarid Mlye 2009 YYAA
2 Khazarl V5 1973 woy | 12 Gonbad o 2011 YA
3 Naz 56 1978 \YOV 13 Karim =S 2011 yva-
4 Falat KHNE 1990 \¥8a 14 N-87-20 N-87-20 2013 y¥ay
5 Atrak < 1995 WYE | 15 N-90-7 N-90-7 2014 VraY
6  Zagros oSy 1995 Wy 16 No91-8 N-91-8 2015 \Ya¥
7 Tajan o 1995 avve | 17 N9I9 N-91-9 2015 \¥af
8  Kohdasht cebansS 2000 1YY 18  N-91-10 N-91-10 2015 V¥QE
9  N-80-19 N-80-19 2005 VWAF | 19 N91-14 N-91-14 2015 \YQF
10 Linel7 Wy o 2006 WAS | 200 N91-17  N-91-17 2015 \Yaf

Adapted from Golestan Agricultural Research Center
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Table 2. Characteristics of the studied soil

Jlado
Characteristic duardeio value
pH Sisly p5ls 71
Electrical conductivity 5o sl colas 0.55 (dsm™)
Total Nitrogen K osexe 0.016 (%)
Saturation percentage Eldlawsy,s 6.2(S.P)
Available phosphorus  <d= bG8 yawd  14.2 (ppm)
Available potassium  <d> BB ewly 1732 (ppm)
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Table 3. Analysis of variance flooding stress and cultivar on some morphological, physiological traits and wheat seed

yield
SS 039 S 039
. W)l adyy Al asls ) Sp SS9
X gbe @3l azys ppapg Root dry Root Stem dry Sy b Leaf dry
Source of variance Df height weight mass weight Leaf area weight
Sttt 1 12.53m 0.033** 0.053** 0.002"s 2440.0** 3.19%*
Flooding stress (F)
¥ 84.70%%  0.005%*  0.002%*%  0.011%*  104.4%* 0.06%*
Cultivar (C)
. C*f‘*""jﬁ" B 9 138" 0.007%  0.006*  0.0002%  12.6%* 0.02%*
X
s
80 7.69 0.004 0.0003 0.001 6.1 0.001
Error
Slpdl e 9.20 21.0 10.58 9.03 113 7.9
CV(%)
Table 3. Continued i)Y Jgus
4> 4o . . LRV
" ) b hds s adudgls ‘
i gle ol oo Shes e 95,5 Chlorophyll Chlorophyll —s*dJ=3,5
Source of variance Df Seed yield Catalase Carotenoid b a SPAD
Eadaltand 1 27.09%* 12060** 384.9%* 1794.4%* 967.9%* 8964.5%*
Flooding stress (F)
w3 19 0.08%%  41496%* 3.1 22.1%% 203%  46.8%*
Cultivar (C)
F c%.ﬁ% NSaT 0.02%* 25442%%* 0.77* 3.4% 7.8%* 6.5%*
X
s 80 0.01 733 0.39 1.8 2.7 2.5
Error
Oyt g b _ 8.4 5.5 114 10.8 9.8 7.5
CV(%)

R A N P S S NS P S P E R I

n.s, * and ** Non significant and significant at levels probability 5 and 1%, respectively.
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Table 4. Mean comparison of flooding stress and cultivar on physiological, morphological traits and grain yield of wheat
cultivars

N EFRR At Sy SES hg
Flooding ™) S p Leaf dry ey > Ay y SlS (39
stress Cultivar Leaf area weight Root mass Root dry weight
cm? plant’! g plant! cm’ plant! g plant!
Morvarid 30.72¢ 0.73¢d 0.31bed 0.22b¢
Gonbad 25.94¢ 0.64f 0.28¢de 0.20¢°bd
N-87-20 23.56% 0.53¢ 0.29%de 0.19¢d
Naz 22.54¢df 0.48¢h 0.27¢f 0.18%
Inia 22.87¢df 0.49¢h 0.28°f 0.18%
Kazar 1 23.56% 0.50he 0.28¢¢ 0.19¢bde
Atrak 30.39¢ 0.49¢h 0.32% 0.22°
Zagros 25.94¢ 0.49¢ 0.29¢de 0.18¢d
Yo Falat 19.80f 0.44" 0.25" 0.14f
N-80-19 35.84* 1.06* 0.342 0.26*
9 Tajan 25.94¢ 0.60" 0.30bede 0.200<d
0 days Line 17 21.85¢f 0.53¢ 0.28° 0.17%
Kohdasht 34.48% 0.94° 0.34 0.25%
Karim 24.58% 0.72¢d 0.29¢de 0.20¢bd
N-90-7 31.06% 0.83¢ 0.312b¢ (0.22¢bd
N-91-8 25.25% 0.67°f 0.29¢°de 0.20¢°bd
N-91-9 31.39b¢ 0.744 0.32% 0.22%
N-91-10 22.54¢df 0.64f 0.29¢°de 0.19¢%4
N-91-14 25.94¢ 0.754 0.28¢cd 0.21%
N-91-17 23.89 0.62¢ 0.28% 0.20°4
Morvarid 19.7]bede 0.37: 0.27%¢ 0.202b¢
Gonbad 17.12dcfeh 0.31¢d 0.272b¢ 0.18bcd
N-87-20 14.71fieh 0.27¢f 0.22¢0 0.13¢
Naz 13.08Mh 0.27¢f 0.22¢ 0.13¢f
Inia 13.20ieh 0.28¢f 0.221h 0.14¢f
Kazar 1 13.59ih 0.28°¢ 0.23¢fen 0.14°f2
Atrak 13.33i¢h 0.36° (0.24defeh 0.13¢f
Zagros 13.65fien 0.36" 0.23¢feh 0.128
'8 Falat 11.821 0.23f 0.21h 0.10¢
N-80-19 29.43% 0.428 0.26°d 0.21%
9 Tajan 16.69%feh 0.30° 0.26bede 0.18bd
15 days Line 17 14.09fieh 0.28<f (0.24¢cdefe 0.16%4f
Kohdasht 23.94b 0.41% 0.29% 0.232
Karim 17.58dcfe 0.29¢ 0.2620¢¢ 0.18%4
N-90-7 20.66¢ 0.38 0.272%¢ 0.212be
N-91-8 18.09¢det 0.29° 0.26°4 0.19°4
N-91-9 19.87bced 0.3654 0.30* 0.18bcd
N-91-10 15.68°f¢h 0.27¢ 0.272bcd 0.18b<d
N-91-14 22.25¢ 0.30%d 0.250def 0.18%4
N-91-17 19.22¢ed 0.28¢f 0.26b¢de 0.17%de

8,5 ls gme Sl Loz gl ;3 (LSD) s cme B! JBlas 05T Golul  aslie B9 (sllo slaaSilo g 12 50
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
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Table 4. Continued wlol f Jgus
Sl i >
Flooding ) a Judg,ls b Jdg ks L el Fodedg ks ails o Sloc
stress Cultivar  Chlorophyll a Chlorophyllb  Carotenoid Catalase SPAD Seed yield
———————————————————— mg.g! FW - Mmol.min! FW g plant’!
Morvarid 20.602b¢ 16.94bcdefe 7.443bcde 423.07%¢ 31.02bedef 1.828be
Gonbad 21.35%¢ 15.530defe 7.02¢0de 367.53¢f 27.93¢fe 1.72bede
N-87-20 20.15%%¢ 15.86¢dcfe 6.64°% 361.07¢f 27.178 1.88
Naz 20.24%b¢ 15.17 defe 7.3Qabede 335.37" 27.038 1.67¢d¢
Inia 19.12% 14.81¢f 7.13 bede 417.238bed 28.73¢defe 1.56%
Kazar 1 19.05% 14.68¢ 7.58abed 362.83¢f 27.67# 1.67¢
Atrak 19.45b% 17.20bedef 7.643¢d 411,773 31.22bcde 1.80%¢
Zagros 18.79% 14.944e 6.65% 361.08°f 27.53¢ 1.58%

. Falat 16.58¢ 14.76°f 6.20° 396.592¢ 31.5654 1.68%
e N-80-19 22.39* 20.14* 8.30% 427.56% 35.78 1.952
9 Tajan 20.4280¢ 17.22bcdef 7.15bcde 386.41°%% 29.69bedefe 1.75b4

0days  yine17 19.07% 14.67¢ 7.23abede 391.020¢de 29.73bedefe 1.69bdec
Kohdasht 21.98%® 19.36% 8.48* 433.46* 35.59¢ 1.80%¢
Karim 21.042b¢ 16.96Pcdefe 7.06 bede 382.86% 28.93cdefe 1.64%d
N-90-7 19.893b¢ 17.01bcdefe 7.583%bcd 423.00%¢ 31.98% 1.80%¢
N-91-8 18.74% 15.700dfe 6.98% 379.93d 28.52d¢fe 1.74bde
N-91-9 20.3820¢ 17.813b¢ 7.828b¢ 426.50 32.25° 1.54¢
N-91-10 19.02% 17.25bcde 6.50% 368.00°f 27.73'% 1.66%
N-91-14 19.10% 15.8]10defe 7.3 12bede 393.020cde 29.49¢defe 1.832b¢
N-91-17 19.48" 17.4054 7.38abede 385.24¢ 28.93cdefe 1.66%%
Morvarid 16.07° 11.28% 4.34cdef 551.31hel 14.29 0.88abed
Gonbad 12.914¢fe 8.294def 3.462h 500.814 12.27¢ (0.8 bedef
N-87-20 11.90¢fe 5.69¢hi 2.26 482.694 8.27 0.67%
Naz 10.32¢h 488t 2.03k 370.551 7.711 0.58&"
Inia 10.77%h 5.92¢hi 2.26 450.53% 7.811 0.49"
Kazar 1 11.57%" 6.83fehi 3.09h 489.05% 10.29¢h 0.75%e
Atrak 16.17° 8.86¢d 3.900defe 609.32¢d 12.72¢4f 0.701e
Zagros 11.57fh 6.92¢feh 2.831 504.801k 8.98hi 0.48"
Falat 10.19" 4.98Mi 2195 456.52% 8.78M 0.47"

e N-80-19 19.46° 13.282 5.46* 973.96* 19.70* 1.022

9 Tajan 13.33¢def 8.204f 3.66/h 602.48%f 13.48% 0.85bdec
15days  yine 17 12.07¢%eh 7.59¢fe 3,890t 522,91 10.99¢" 0.872bed
Kohdasht 19.23% 11.86% 5.17% 855.62° 18.50° 0.96%
Karim 14.55bcde 10.38" 4.4]1¢cde 621.83¢ 13.34¢ 0.80fdee
N-90-7 17.09% 12.02% 4.71% 728.41°¢ 15.67 0.933b¢
N-91-8 15.03b<d 8.44cdet 3.72¢feh 642.23% 13.65% 0.892bed
N-91-9 17.22@ 11.78% 4.58b<d 725.72¢ 16.21° 0.8 fbdec
N-91-10 12.984fe 8.64¢def 3.69fh 555.83"h 12.26° 0.76%e
N-91-14 15.85b% 10.025<4 4.10 649.87¢ 14.26% 0.932b¢
N-91-17 14.98b 8.67¢der 4.06 599.21¢f% 13.31%¢ 0.80fdee

A, ls e Sglis/d Jlas! b ;3 (LSD) o cme B JBlam yg03] Lulul 5 aslice g > slls slopuSilo (g 2 00
Means by the same letter in each column are not significantly different according to LSD range tests (P<0.05).
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Table 5. Mean comparison of flooding stress and cultivar

on plant height and dry shoot weight wheat cultivars

™) g gl Bl S (339
Cultivar Plant height Dry shoot weight
cm g.plant’
Morvarid 33.32 0.4060¢d
Gonbad 29, 3bedef 0.379¢df
N-87-20 28.5df 0.3501
Naz 26.8°F 0.340%
Inia 26.8°f 0.339%
Kazar 1 28.6%4f 0.366°f
Atrak 32.92bed 0.4172bcd
Zagros 28.4°f 0.362¢f
Falat 21.3¢8 0.259h
N-80-19 36.9° 0.434%
Tajan 30.3bcde 0.367%f
Line 17 25.4f¢ 0.315¢
Kohdasht 37.32 0.4622
Karim 29.8bode 0.376°def
N-90-7 33.0%¢ 0.406°
N-91-8 29, 6bodef 0.379¢df
N-91-9 33.6% 0.4222b¢
N-91-10 28.7¢det 0.364°f
N-91-14 30.4bede 0.389bedef
N-91-17 31.0bede 0.3724f

Jlao 03] ol i B> s GlognSils Gy 2 5
8,0l ine glisZd Jloiol plaw jo (LSD) Sls sixo NS
Means by the same letter in each column are not

significantly different according to LSD range tests
(P<0.05).
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Fig. 1. Relationship between seed yield and traits

measured under flooding stress conditions(A: Leaf area
at seed yield, B: catalase activity at seed yield, C: Total
chlorophyll at seed yield, D: Root dry matter at seed
yield) and relationship between total chlorophyll a and b
and catalase activity (E)
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Table 6. Correlation coefficients between measured traits and wheat seed yield

1 2 3 4 5 6 7
1 Leafarea Sy o 1
2 Root dry weight 4y Scis (333 0.68%* 1
3 Root mass sy x> (0.59%*%  (0.68%* 1
4 spap Fodedgyls sas 0.53%*  0.63%*  0.69** 1
5 Chlorophyll a addy s 0.56%*  (.55% 0.73**  (.87** 1
¢ MO sl edld e g7anx 0.59% 0764 0694 1
Catalase enzyme activity
7 Seed yield ald o,Sdes 0.89%*  0.71%*%  0.74%%  (0.75%*  0.88*%*  0.64** 1

doye ) g0 Jlisl mhaw 1o ()l g g o gire pf o Ay s

n.s, * and ** Non significant and significant at levels probability 5 and 1%, respectively.
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Fig. 2. Cluster analysis of different varieties of wheat leaf area under flooding stress
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