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Table 1- Some physical and chemical characteristics of the soil used in the test
(depth 0-30 cm)

Characteristic dasie o lj;&;ity
EC (dS/m™) (o mons o) (S gl 1.19
pH o 7.9
Neutralizing agentsb) (0,3) odigd iz dlge 9.8
Organic Carbon©@b) (32y3) JT cnsS 0.68
Total nitrogen (%) (2o,9) IS 35950 0.07
Acceptable phosphorus (ppm) (Ogeke 5o Coond) Qi BB jaud 134
Acceptable potassium (ppm) (Ogden 5o Cond) Gl LB by 356
Clay (%) (30,3) L) 15
Lay (%) (2e,0) Y 64
Sand (%) (%0,3) anlo 21

Sheslatwl b e gl YO« j0 A slal 4 ploaogs (B2 slolad Jlasl jslatea
5 Lol plag 55 5 4 sl s Sty i 5 sia sl P glis) 4 LSl slales
Jles! Hloj o glesl OT 51 0,5 )18 Gl > j0 bylols S ghaw a5 Slwds lbaszs s>
Sope A aS wl ad)F Gl o Sley (DB Gy, Ve A Jled 4 by ol S e S
(o s cpl Jlasl ey Ve ClddS 5l e g ol odu, (S e dw dlo e 4 aplals
Tob 5o QLS 5 wd)S 18 QB Lulh cod 55, Ve Dae 4y (55 59, V0 b e sla S
ol 5 oo 32 Ll 5 JaLS s 4y ol ool it S Ll plag o4 o i
0 (g ylal sel)y byl o, B aily) ol plas 5 aiid S 518wy b sleil b
39,5 S5 Gulewm Lbojles o lalE jo 10 Jiwd Ojsods g (2055 Jold cuils Sllas
Loyl sl 5 2l d S0 5o (oo i (Us3bsSsnn) Sk s Sl ooliiul b (moaliis al> 1o
599 e ol eolatwl (gl Oygods Ol Jd w50 e Sz Ol 4 GaVle e LI
20 Jslme i ol 4y a5 w0y O 2 Yoo 0 S 50 2 G o] Jaallygiss olasly Lo
bl ool plnil (LSL Jolowe 5 (omisw 532 53 0 e Jolme bl Col 2 D93 o0 (oo 5o
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HI (Harvest Index) = (Y/BY) x 100
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Table 2- Analysis of variance (MS) of yield and yield components of wheat cultivars under flooding stress

Ol s 2o solilas o Qg glas )| s Job 5ok asy olaws aziy e 0 &l slasy
S.0.V. DF Plant height Spike length Number of fertile tillers Number of seeds per tiller
K1 x .
* 3 432.04 2.62"™ 12.86™ 141.17
Bolck
ol e x . o
= 2 1270.96 3.28™ 65.58 225.98
Flooding (F)
Gl Uas
6 66.60 4.02 14.65 57.20
Error a
% 9 7092.01" 111.62" 153.18" 16393.61"
Cultivar(C)
OB e x o n n .
' F’° C“’j’ 18 875.28 41.34 48.47" 1138.52
o s
j 81 1558.21 76.94 155.28 2550.05
Error a
CV %) 5.22 9.26 24.76 17.71

Weoy0 S g iy Jleizl zolaw o lo ge BT g lo s M| 042 pie (o iy i g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability, respectively.
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Table 2- Analysis of variance (MS) of yield and yield components of wheat cultivars under flooding stress

Ol yss 2o &ol3l ax 0 iy ,e o Al i OllE o wigy S 5 &l o, Sles csls el
S.0.V. DF Seed weight per tiller Dry weight of the plant in the pot Grain yield Harvest index
K1 o .
* 3 0.35 29.17™ 21.80™ 464.73
Bolck
L o . . .
- 0.42 276.26 39.14 245.26
Flooding (F)
il s
6 0.10 45.33 12.23 124.95
Error a
o 9 22.81" 338.24" 320.59™ 7568.37"
Cultivar(C)
o8 e x o8 ok o .
’ FJ: ij) 18 2.84 298.27™ 175.93 2647.32
o s
j 81 4.42 919.40 247.55 1910.72
Error a
CV %, 17.14 20.36 27.74 11.64

Weoy0 S g iy Jleizl zolaw o lo ge BT g lo s M| 042 pie (o iy i g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability, respectively.
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Table 3- Mean comparison of yield and yield components of wheat cultivars under flooding stress

o REY Cultivars Gy ) e 5 rg o 2 el ol
Stress Plant height Spike length Number of seeds per tiller

CadamgS Koohdasht 83.23d 10.33c 30.97b

S Karim 84.70cd 9.82cd 27.28h

ool Qaboos 89.06¢ 10.29¢ 40.06a

%l 50 Morvarid 90.40bc 9.49cd 40.24a
sals BN Azar2 101.85a 10.17¢c 6.90c
Control &I s Sardari 95.93ab 10.005¢ 7.05¢
KWy Gonbad 85.63cd 11.73ab 46.37a

VWenY Linel7 82.52d 8.56d 29.59h

ol Aftab 80.98d 10.63bc 28.94b

L] Zagros 86.12cd 12.96a 42.01a
oSk Average 88.04 10.39 29.94
CubamgS Koohdasht 80.27de 12.52a 31.89d

2,5 Karim 78.14ef 9.71bc 23.59¢f

ool Qaboos 85.92cd 10.52b 40.25bc

W)l e Morvarid 9.71bc 9.49bc 40.89bc
59y Ve i Y, Azar2 99.27a 9.99hc 15.93f
10 days stress Sl Sardari 96.50a 9.53bc 7.64g
s Gonbad 82.08de 12.17a 53.84a

WY Linel7 73.81fg 8.99c 28.98de

ol Aftab 71.49g 10.57b 33.17cd

oS Zagros 77.64efg 10.48b 41.29b
Silee Average 83.58 10.39 31.74

OLRVIS Koohdasht 81.64c 12.64ab 35.55bc

S Karim 70.32e 10.29de 26.42de

ool Qaboos 79.82¢ 10.36¢de 41.67b

%,l5 50 Morvarid 77.07cd 9.38de 41.55b

e, Vo A v ,3l Azar2 91.84b 10.57cd 20.25¢f
20 days stress 3™ Sardari 100.44a 11.30bc 18.08f
KWy Gonbad 78.62c 12.75a 54.34a

WenY Linel7 72.24de 9.16e 34.29bcd

ol Aftab 70.41e 10.96¢ 30.40cd

L] Zagros 78.49c 10.06de 30.45¢cd

Sile Average 80.08 10.74 333

b syl sme B ao )0 iy Jlokol mhaws ;0 LSD 503] (ululp coidil co S e B> shls gt o 40 a5 sla o Sile

Wyl Kass

Means in each column fallowed by similar letters are not significantly different at the %5 probability level
(LSD Test).
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Table 3- Mean comparison of yield and yield components of wheat cultivars under flooding stress

oS o Cultivars Ay ,aa 5o &l 05-5 m'b- o)S.{A.c Cubls ua?l.w
Stress Seed weight per tiller Grain yield Harvest index
CudamgS Koohdasht 1.39bc 9.41a 50.86a
S Karim 1.36bc 6.66h 42.79b
ool Qaboos 1.62ab 9.81a 46.94ab
%l 50 Morvarid 1.73a 9.01ab 46.51ab
sals Y, Azar2 0.27d 2.61c 16.18¢
Control &Iy Sardari 0.32d 3.01c 15.18c
KWy Gonbad 1.79a 8.62ab 41.85b
VWenY Linel7 1.08c 8.95ab 46.51ab
Sl Aftab 1.33bc 10.86a 50.26a
L] Zagros 1.87a 9.55a 47.72ab
Siles Average 1.27 7.84 40.48
CubangS Koohdasht 1.46¢d 6.62ab 41.74b
2,5 Karim 1.13d 5.88bc 41.74b
ool Qaboos 1.79b 7.79ab 44.98ab
%,lg 0 Morvarid 1.65bc 8.42a 44.69ab
)0 ¥, Azar2 0.78e 3.93cd 28.95¢
10 days stress Sl Sardari 0.34f 2.64d 18.82d
s Gonbad 2.11a 8.94a 43.44ab
WerY Linel7 1.24d 7.75ab 47.29ab
ol Aftab 1.68bc 8.00ab 50.19a
oS0 Zagros 1.75bc 8.19ab 47.48ab
Silee Average 1.39 6.81 40.93
ISR Koohdasht 1.60b 6.27abc 45.80ab
S Karim 1.23cd 5.29bc 40.59bc
ool Qaboos 1.67ab 6.12abc 44.06abc
%,l5 50 Morvarid 1.52bc 6.24abc 43.66abc
39, Yo i AN Azar2 0.95de 7.68ab 43.14abc
20 days stress 3™ Sardari 0.90e 5.16¢ 37.97c
KWy Gonbad 1.99a 7.86a 42.29abc
WenY Linel7 1.37bc 7.91a 48.63a
ol Aftab 1.42bc 7.48abc 48.95a
L] Zagros 1.43bc 5.15¢ 42.45abc
Sile Average 1.40 6.51 43.69

b gyl sime DS so s iy Jloim! o ;0 LSD (yg05] olusl s carisl oo S yiiin By (l)ls gts o 50 a5 o Sile

Wl KaS

Means in each column fallowed by similar letters are not significantly different at the %5 probability level
(LSD Test).
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Table 4- Mean comparison of number of fertile tillers and weight of plant in levels of stress
and different wheat cultivars

b Lo 9l azy olas Sor IS 035
Treatments Number of fertile tillers  weight of plant
o aals Control 6.61a 18.53a
SOE S L 5 10 days stress 5.25b 16.23b
Flooding stress
59, Ve ox5 20 days stress 4.89b 14.86b
LSD (0.05) 0.85 1.50
CadamgS Koohdasht 5.13cd 15.95bcd
RS Karim 4.83d 14.10d
gt Qaboos 4.72d 17.35abc
& ls e Morvarid 4.86d 17.47ab
ol ¥,3 Azar2 7.16ab 14.70cd
Cultivars &1 Sardari 7.49a 14.60d
KWLy Gonbad 4.36d 19.94a
VYWY Linel7 6.83ab 17.33abc
L] Aftab 6.05bc 17.54ab
oSl Zagros 4.44d 16.43bcd
LSD (0.05) 1.12 2.73

O soys gy il mhaw 50 LSD fygejl ol il co S i By gyl et ,o 40 a5 Sl Sl

Wl 0SS b gl e

Means in each column fallowed by similar letters are not significantly different at the %5 probability
level (LSD Test).
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ools Lolais! basy plo 4 (65 i Oaww! )9,b amiy slows 2als b e s Cons a5
oSl Condg o a0 als slawd Jlas 5l wogs 1la 1) a5l asey slasws o YL g o Sl
aziy (o aly olasd az e 0ed o gamse 8, Slas 00iiS el Slas 1SS als sl oy )3
Caled 5o a5 358 oo obml ol Lawgs oals adgi (g wgtd Slge sl (65,5 (5e WL S
5 S Ay a0 dlls slawd g ails 0 Sles o (Siaen 00,5 0 0 Sles ol38l 4 i
(0 Jguz) 090 ,lo sixe
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Table 5- Correlation coefficients between the studied characteristics in wheat cultivars
1 2 3 4 5 6 7 8
1 1
2 0.07™ 1
3 0407  -0.17™ 1
4 0397 0347 -0.507 1
5 -0417 0377 0577 0957 1
6 0,10 026" 0477 0417 0377 1
7 -0.22 0.21" 0.17™ 0.64" 0.65" 0.84"™ 1
8 053"  0.10™  -0.25° 068" 0.77" 0.37" 0.78" 1

S (9 —F oy o 0 dils (5 -0 iy s ,0 als sl —F gl ds sl -Vl Job -V g gla )l -

Cils p jasla —A g ails o Sles -V (lalS jo aigs
Do, Sy s Jleil molas jo ls pe BB g o siee BV 5429 pae o Sy sk g 3 NS
1- Plant height; 2- Spike length; 3- Number of fertile tillers; 4- Number of seeds per tiller; 5- Seed

weight per tiller; 6- Dry weight of the plant in the pot; 7- grain yield and 8- harvest index.
ns, * and **: non-significant difference, significant difference at the level of five and one percent

probability, respectively.

GOMS pand w32 SO lsieds a5 canl wils 5g paiS (o aily o Slas sl 5l s (S
S it 51 5 0, 5 Sk 1 4 was e s Baeols bl 4o Jaur aBloe 3,5Los
(Y Jguz) g jlogine sy S Jletol mhaw )0 azy 52 )3 dils S 039 Sdo j0 68 0
5 E55 5 ol 5o pll o 85 an3e LS amiy o 8 &l 35 e Aslie izen
gl 3o 035 5 5o)ST5 Bl & il G n Pt 85 Cel (o o al sl sgzg (sl sl
2l Gig rAomb oeiree 8l pelaiBl o, Voog Ve A ok j3 wiS 3, 5 wals
P50 als U (39 i sbaes SRl b 05 Y030 5 (61 pB)) 50 oS shans geled j0 paiS
(V' Jgoz) <8l al 3l asy
o 53 il et 5 b iy a0 s S (35 il Sl sy e o s slass il
ey olaad 55 ek GRIBIL Guizes (0 Jguz) Sl 352 ()l Gre 5 St (Saen
Wor o 0wl slasi g o)l amty slael G GldSre g Ao (Niee g ZdL 2alS 0
Slows g 50 e,k asy olaws malS b aS ol 53 LB 4SS ol Toaze 0 Jgax) b ovmlice
iy )3 Al (459 Egeme g iy oo A0 4 (6 F A (RIS Slge g WIS (g lag ANz o il
Lo g g pdS (g9, p Sladss 4o (Desan Celedonio, 2018) sigale yluss b oo Lol38!
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(Herzog et al., 2016) cou! Jgae 5,Slos

S S bjg che gl By g o) Sl a5 wisls plas eesls il g i Jguar s
Iy &)ls sme pas QB 0 08, blae Sl g 0g o gms vy S Jlaix] mhaw (o HlalS o aig
G S5 039 e el amlis Jouo mli @ 4295 b pizes (V Jooz) 3g o3l ol
9575 onl bad caalie g, Yo i mhaw ;0 ol 0 peS g G5 pae gl o Gl s
095 5% Sgdgm 0 Slee (n i Grizee Bl 3929 (gob5 gl 03, Ve g Ve A zslam
5 Seiglen o las (mr (Shnen (F J3oz) 350 5yl05m 5 w0 pB)) )0 (T aieS 5 9
2le s Seigle 0 Shas oy (Kot Ceized 05 So a4 Se35 5 o s 5 Cote ails 5 Shee



AY liwme; 9 52l 095 0,lowd 2y 0593 [ (AU (59992 59951 (632,15 Colidiodd &y pulls

olS sy hadd ax S SB e a0 (F Joo2) 0g b se g i o2 0 Sles 32
5 sy so el olS ol S 4y (5 935S s 58 (e 5eST 05008 (B5me 53 (g5
580ae slizl 5 0 Slas (olsa plail ady Ghals Coles )0 g ad; ad) tals @ plgices o] o)l
(Ghobadi et al., 2006) 54 o,La!

gl 5S> el ey Sl Al sl SBsE g 68, ST (Y Jouz) Gully w3 Jener ebul
Dy Lo gae doye mu Jiol maw 0 Gl o 68, blake Jlg asn a2y s Sl
G5 pae Ll o cilsp adls n SYL pusS a6l (ke anlie Jouzr 4 az g b izen
el ioml g ol esmalin SLBl o8, o a5 Lyl cody oldl g cusangS BB, o
Y. O C.E.w I w‘&f ua.>L~u (Y J}"\’) Sg ‘_g)b).w p_.é) SRS C?‘h'“’ LSALQJ 5 w‘o).g
Q4 Cod &ls 0, Sae 15 3l e ol jo oS el Jb o cpl g YL S8 rolaw 4 a9,
St Sl sl olS 2] mhaw (nl jo a5 E8)F ams Gl oo ulpl g Foml s ol
b‘ sl QJSJ.Q.C O M NG PR (5“‘) )L‘B »))‘9 i.u)uw 9 OQ)S )&l}; ‘) »)55 ‘5.“.’5) 0,99
ke (Ghobadi et al., 2006) l,Ken 5 5oL (0 J59z) 090 Cudio 5 o sme Clils a3l
A o S S5 g0 Al a0 (g, Ve g Ve e ) S8 i Glises (slao,g0 4 Woges
ol rals 1) cuils y arli 5 dils o, Slee «SSjglam o, Sas puiS o 8, aBle £9,5 5 Sy
Fdo ol 4 gleiee |, ol ag aS ol calhe clsp asls 5l o cowl Casns b b as
odds gladlos I al> o 5)lg 9 00,5 olisS | 055 sing, 0,50 2B e Lyl d Cox oL AT wlo Cons
el oo il wdgi Bro | (g 3twgid slge olS azes 10 (Caw

Cuo b als ass o aS Bl pals B, i G g glad] ool Candy ls ululy

4 (Sl 5 09 Soli Ly GBI 5 A pas Lulyd )0 adigs Job g (itegid olge 005D
Cel Cdhe ol oS cdl pals i zahaw moli8l Lje L asy olaws ol las lal s ol
als 5 g azmy o diloslaay al oled o Slas 5 ails 0l G Ay (g ion (6 ihwgid Blge Culon
0,5 il adet Bro |y (g i o3 Blge g 0als sl 58 o)lg Lp)w ol oSl dods a0
Hoob Az sl 4 (g oo |y ol e g og op YL 25 pas mhaw o ails o Sles 8L il
g dziy 0,0 dils olasd oy o o Al 59 s Job Dlas a5l auS o8, sls cond i
FAVeRY gl las 09 51 &l sl 4y i 1) (6 ion Cooglin (iad ]l jo ails o Slae
QG aadly s 4 Jolae sla STy calizee pB )] S jab 4y Lol w040 3y Cllloy asls s

A



ey SRS s o 53 GBS GAT S ) 2

G e jo (s aS el s o aed 4 sai0g T 08, i b SO o (0,0 4 (glaieS
Sg Jlael odel sy (6 pSamiis oy ylias Blad gl o,

&lw

Ahmed F., Rafii M.Y., Ismail M.R., Juraimi A.S., Rahim H.A., Asfaliza R., Latif
M.A. 2012. Waterlogging tolerance of crops: breeding, mechanism of tolerance,
molecular approaches, and future prospects. Hindawi Publishing Corporation
BioMed Research International,Pp: 1-10.

Aydin N., Mut Z., Ozcan H. 2010. Estimation of broad-sense heritability for grain
yield and some agronomic and quality traits of bread wheat (Triticum aestivum
L). Journal of food, Agriculture and environment, 8 (2): 419-421.

Collaku A., Harison S.A. 2002. Losses in wheat due to waterlogging. Crop
Science, 42: 444-450.

Conaty W.C., Tan D.K.Y., Constable G.A., Sutton B.G., Field D.J., Mamum E.A.
2008. Genetic variation for waterlogging tolerance in cotton. Journal of Cotton
Science, 12: 53-61.

De san celedonio R. 2018. Physiological traits associated with reductions in grain
number in wheat and barley under waterlogging. Plant and Soil, 429 (1-2):
469-481.

Dennis E.S., Doferus R., Ellis M., Rahman M., Wu Y., Hoeren F.U., Grover A.,
Ismond K.P., Good A.G., Peacock W.J. 2000. Molecular strategies for
improving waterlogging tolerance in plants. Journal of Experimental Botany,
51: 89-97

Dickin E., Wright D. 2008. The effects of winter waterlogging and summer
drought on the growth and yield of winter wheat (Triticum aestivum L.).
European Journal of Agronomy, 28 (3): 234-244.

Galeshi S., Modarres Sanavy A., Heidarisharifabad Z., Tahmasebi Sarvestani A.
1996. Flooding effects on plant growth and biological nitrogen fixation in
subterranean clover (Trifolum subterraneum L.). Journal of Agriculture Science
and Natural Research, 7 (4):112-107. (In Persian).

Ghobadi M.A., Nadian H., Bakhshandeh A.S., Fathi G.H., Ghryyna M.H., Ghobadi
M. 2006. Root growth, biological yield and grain yield in wheat genotypes in
flooded conditions at different growth stages. Plant and Seed, 22 (4): 525-513.
(In Persian).

Grzesiak M.T., Janowiak F., Szczyrek P., Kaczanowska K., Ostrowska K., Rut G.,
Hura,T., Rzepka A., Grzesiak S. 2016. Impact of soil compaction stress
combined with drought or waterlogging on physiological and biochemical
markers in two maize hybrids. Acta Physiologies Plant Arum, 38: 109 p.



AY liwme; 9 52l 095 0,lowd 2y 0593 [ (AU (59992 59951 (632,15 Colidiodd &y pulls

Herzog M., Striker G.G., Colmer T.D., Pedersen O. 2016. Mechanisms of
waterlogging tolerance in wheat - a review of root and shoot physiology. Plant,
Cell and Environment, 39: 1068-1086.

Kafi M., Mahdavi Damghani A.M. 2002. Resistance Mechanisms of Plants to
Environmental Stresses. Mashhad University Press, 236 p. (In Persian).

Meyer W., Reicosky D., Barrs H., Smith R. 1987. Physiological responses of
cotton to a single waterlogging at high and low N-levels. Plant Soil, 102: 161-
170.

Michael B.J., Kimiharu I., Osamu I. 2009. Evolution and mechanisms of plant
tolerance to flooding stress. Annals of Botany, 103: 137-142.

Musgrave M.E., Ding N. 1998. Evaluation wheat cultivars for waterlogging
tolerance. Crop Science, 38: 90-97.

Singh R.P., Hodson D.P., Huerta-Espino J., Jin Y., Njau P., Wanyera R., Herrera-
Foessel S.A., Ward R.W. 2008. Will stem rust destroy the world’s wheat crop?
Advances in Agronomy, 98: 271-3009.

Siyadat S.A., Madhaj A., Esfahani M. 2013. Cereals. Mashhad University Press,
352 p. (In Persian).

Sun C., Gao X., Fu J.,, Zhou J., Wu X., 2015. Metabolic response of maize (Zea
mays L.) plants to combined drought and salt stress. Plant Soil, 388: 99-117.
Wo X., Tang Y., Li C., Mchugh A., Li Z., Wu Ch. 2018. Individual and combined
effects of soil waterlogging and compaction on physiological characteristics of

wheat in southwestern china. Field Crops Research, 215: 163-172.

Wollmer A.C., Pitann B., Miihling K.H. 2018. Grain storage protein concentration
and composition of winter wheat (Triticum aestivumL.) as affected by
waterlogging events during stem elongation or ear emergence. Journal of Cereal
Science, 83: 9-15.

v


https://www.sciencedirect.com/science/journal/07335210/83/supp/C

