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Fig. 1. Effect of different waterlogging durations at different growth stages, a) ZGS11, b)
7ZGS13, and ¢) ZGS31 on root dry weight (g/pot) in different wheat genotypes
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Fig. 2. Effect of different waterlogging durations at different growth stages, a) ZGS11, b)

7ZGS13, and ¢) ZGS31 on root length (cm/pot) in different wheat genotypes
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Table 1. Analysis of variance for root dry weight, root length (at anthesis and maturity
stages), biological yield, grain yield and harvest index per pot

Mean of squares Sl o S0k

Slislos 5 dlo- o 38558 Oy o
Anthesis stage Physiological maturity stage
S TIC C P Jsb oS 0 Jsb sfle 58l esls
@al5T g s, s, g S5 <l Sl
df.  Rootdry Root Root dry Root Biological Grain  Harvest
S.0. V. Ol ds pilie weight length weight length yield yield index

Replication S5 2 0.111™  45302935™  0.159™ 10331391™  2.685™  0.026™ 12.017™

Genotype (G) s 2 1.053° 274273702 0.635" 219227799 92.0017  7.836" 806.310"

Growth stage (S) s, a2 4568 663095449  1.615™ 82338669 355291 37.610" 194.450"

GxS b 4 0.478™ 31769992™  0.139™ 31962788  8.826"  3.617 75.928
S S

Waterlogging duration (D) 3 50.620™ 716820602"" 10.748"" 2016085540 757.831"" 152.000™ 252.170"

GxD bl 6 12497 38121461™  0.212™ 24172404  4.144™  2.064™ 96.910"
SxD bl g1 6 0.579™ 119142353  0.192™ 16365076"  40.043"  5.120" 33.080"
GxSxD b3 120 0.102™ 57282150™  0.052™ 7519207 1.601™  1270™ 26.500™
Error oabiTels 70 0294 33173336 0.111 5432252 1.934 1.034  30.262
C.V. % - 14.18 14.01 13.63 9.51 6.53 11.04  12.53

.Jw:—‘v\-d_)s‘_5-'\-&_)30&):)‘Q@M}JJ&AQ}L&'CIJ.G\T.:;J:A{:**}*Lns

ns, * and **: Not significant, significant at 5% and 1% probability levels, respectively.
. =z & & P o« e /. -
Q@)j@@h)f&‘f}))@)d}b)@)&QJ}&QAWW—Y de:—
ol.u?ﬁpqd:sw&u,uﬁs,; Sl ey g als >J§L¢.a céiijj)}:; >J§l.‘..:— c(éj)x}é

Table 2. Mean comparison of root dry weight, root length (at anthesis and physiological
maturity stages), biological yield, grain yield and harvest index per pot

Sdles 5 dl o G358 Dk al o
Anthesis stage Physiological maturity stage
05 b e, Ses 0 db S
aly) D) 4 S5 4l sy
Lo les Root dry Root Root dry Root Biological ~ Grain  Harvest
Treatments weight (g) length (cm)  weight (g) Length (cm)  yield (g) yield (g) index (%)
] Chamran 0l ,.» 3.784 ab 43567 a 2.362b 24224 b 23.05a 898b 38.54b
Genotype Vee/Nac <S5 4.009a 44124 a 2.528 a 27102 a 20.86 b 9.75a 4753a
Yavaros .5,k 3.673b 39090 b 2.265b 22191 ¢ 19.94 ¢ 890b 45.61a
wiya-  ZGSI1 F,e$ 3461c 37687 ¢ 2.160 ¢ 23009 ¢ 18.13 ¢ 8.06c 45.09a
Growh  7ZGS13 S e 3832b 428960 24140 24474 b 21.29b 9.54b 4537a
stage ZGS31  py4lee 41732 46199 a 2.581 a 26033 a 2442 a 10.03a 41.21Db
Sbiow 0 sy e 57922 63013 a 3.256a 36366 a 29.11a 12.47a 42.83bc
Waterlogging 10 595V 3.606b  46727Db 2.392b 24859 b 19.73 b 9.26b 47.61a
duration 20 5e5Y 3.226c¢  33386¢ 2.105¢ 20477 ¢ 18.75 ¢ 8.19c 44.74 ab
(days) 30 5eo¥ 2.664d 25916 d 1.787 d 16320 d 17.54 d 6.92d 40.38¢c

(S35 03031 o33 0 o 53 3 gime oglis 3 g3 pde KILS 0 gt &S 53 (S 5led 03,5 S 53 alin o9~
Means in each group of treatments 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. Effect of waterlogging in different growth stages on root growth (at anthesis

and physiological maturity stages), biological yield, grain yield and harvest index
(per pot) in different wheat genotypes

les Slisles 8 dlo- o NS935 Dk dl o
Treatments Anthesis stage Physiological maturity stage
] Ay S 0)s dsb ok, oSS 035 Jsb s She s See asls
A5 ady) o) o) S5 <l s
Genotype Growth Root dry Root Root dry Root Biological Grain  Harvest
stage weight (g) length (cm) weight (g)  length (cm)  yield (g) yield (g) index (%)
Ol oz ZGS1l £, 3.315d 40234 cde  2.049 23197 19.16d 736e 3733 cd
Chamran ZGS13 .« 3.664cd  44065abc  2.463 ab 24884 be 23.82b 10.02ab 42.16b
ZGS31  myel.a  4372a 46406 ab 2.574 ab 24592 be 26.18a  9.57bc 36.14d
Sk, ZGSIL S, 3.78lbec 37552¢ 2.439 ab 24119 ¢ 18.63d 876cd 48.16a
Vee/Nac ZGS13  $,«. 3.978abc 45946 ab 2.458 ab 26503 b 20.53¢c 9.82ab 48.58a
ZGS31  myel.a  4258ab 48876 a 2.686 a 30686 a 2342b 10.67a 45.84ab
ot ZGSI1 8, 3.287d 35275 e 1.992 ¢ 21713 d 16.63¢ 8.06de 49.78 a
Yavaros ZGS13 .« 3.845bc 38677 de 23220 22037d 19.54cd 8.78cd 45.38ab
ZGS31 myel.a  3.888bc 43318 bed  2.482 ab 22824 cd 23.66b 9.87ab 41.67 be
LSD 0.461 4690 0.271 1898 1.132 0.828 4.479

LSl5 5 303T) s y3 0 clmﬁ)l;_;“@}w;}?,r.\;ﬁmopci{ﬁgm@,f

Means 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 4. Effect of different waterlogging durations on root growth (at anthesis and
physiological maturity stages), biological yield, grain yield and harvest index (per pot)
in different wheat genotypes

bles Slasles & dl> » NP 5255 O il o
Treatments Anthesis stage Physiological maturity stage
Sl e 05 Jsb St 0 Jsb s Shes s Slas Lela
<S5 <6 = i) = = Sidm b s
Genotype Waterlogging  Root dry Root Root dry Root Biological Grain Harvest
duration weight length weight length yield yield index
(days) (2 (cm) (€9) (cm) (2 (2 (%)
Ol oz 0 5997 a 62455 a 2.978b 33661 b 30.25a 12.80a 42.24cd
Chamran 10 3473 ¢ 48354 b 2432 cd 25177d 21.29¢ 9.17b 4323 ¢
20 3.167 cde 35123d 2.199 de 22112 ¢ 20.75¢ 7.61d 37.04d
30 2.499 f 28340 ef 1.840 fg 15946 gh 19.92 cd 6.36e 31.67e
Sy 0 6.367 a 64786 a 3.509 a 40117 a 28.57b 12.51a 43.85bc
Vee/Nac 10 3.698 ¢ 51015b 2.556 ¢ 27818 ¢ 19.10 de 9.52b 50.28a
20 3.183 cde 34200d 2.153 def 21838 e 18.31 efg 8.93bc 49.07a
30 2.788 def 26498 ef 1.893 efg 18637 f 17.41 fg 8.04cd 4691 abc
olsb 0 5.013b 61800 a 3.281 ab 35320 b 28.53b 12.12a  4241cd
Yavaros 10 3.647 c 40813 ¢ 2.188 def 21583 e 18.8 def 9.10b 49.33 ab
20 3.329 cd 30836 de 1.962 efg 17483 fg 17.19¢g 8.03cd 48.12 abc
30 2.704 ef 32911 1.629 g 14379 h 15.24h 637e¢ 42.57cd
LSD 0.509 5415 0.313 2191 1.308 0956  5.172

LSl 0 303T) desys 0 @a.dﬁ,t;@»;,,w Sey (.xpji;\w O g 55 ) alie (o9
Means in each column followed by similar letter (s) are not significantly different at 5% probability level, using Duncan’s Multiple

Range Test.

(B8 00 g b J e = (Yd9)
S S omG ZGS3T A e js Cils e li
SLa Sl () 3l 5m 505 ol o
Calies Jo o 53 S5 s 5 4l 5, Slas
580 5 S 035 VL (Y putr) i
A S o ol > 65 a8 ST il
it 2 g e s Ay 4l e e
L el jlas ( oS e Calibs glads
oI5 S5 s 5 a4l 5, Sas o YL

Sl g gl
SLa 55 g bl L i
Tl 5 U8 053 5 Jorl e pd S
G ils 3 5 g I3 tae D LS 2
Lo il eyl gl 4 4 5 4.0 i)
Sols waslslo s &S ps slac—s 55
Ol o o8 Sond 6 5V s oL
s SdS 5 olS s syl O e () Hs

3= laa—s 95 plow o o g i 45l

oYy



............. 58555 w5 Shas cadsy iy )

)@W‘ab;&‘f‘).:)@).l&)}:M)um&‘f)bgufumsthﬁ%—Odjb

Q\J.lfja).s r.&;f;,..i»bj oe>Le g 4ls 5 Shes 85055 9 5w 5 Shas ‘(éjjjﬁ};é Ok
Table 5. Effect of different waterlogging durations at different growth stages on root
growth (at anthesis and physiological maturity stages), biological yield, grain yield and
harvest index (per pot) in wheat

blesd Slidles & d> e S35 Ok dl o
Treatments Anthesis stage Physiological maturity stage
A e e S 0 Jb S 0 Jb s Sfbes 5 Shee el
: .. . . : . Sdm b Sl
Ly LR ) D) ) )
Growth  Waterlogging Root dry Root Root dry Root Biological Grain Harvest
stage duration weight length weight length yield yield index
(days) (& (cm) (€3] (cm) (® (€3] (%)
S 0 5.689a 63222 a 3.234a 36476 a 29.12a 12.58 a 43.23 bed
ZGSl11 10 3210 cd 38201 ¢ 2.081 cde 22050 ¢ 1545 f 7.54ef 49.39a
20 2.719d 26424 ef 1.787 ef 19018 d 14.61 fg 6.78 f 47.25 abc
30 2.122 ¢ 23110 f 1.538 f ‘14494 ¢ 13.38 ¢ 535¢g 40.49 de
e 0 5842 a 63803 a 3.268 a 36476 a 2942 a 12.36 a 4242 cd
ZGS13 10 3.652 be 49088 b 2351c¢ 25894 b 20.13d 9.77bc  48.85ab
20 3.158 cd 35492 cd 2.184 cd 19464 d 18.52¢ 8.48de  46.16 abed
30 2.727d 23991 f 1.854 def 16064 ¢ 1741 e 7.54 ef  44.03 abcd
R 0 5.892a 64014 a 329 a 36145a 29.25a 1247 a 42.82cd
ZGS31 10 3.956b 52894 b 2.743 b 26634 b 23.62b 1049b  44.60 abcd
20 3.802b 38243 ¢ 2343 ¢ 22952 ¢ 23.12 be 931cd 40.82de
30 3.142 cd 30648 de 1.970 de 18405 d 21.82¢ 7.87 ¢ 36.62 ¢
LSD 0.509 5415 0.313 2191 1.308 0.956 5.172

.(Qﬁl: b}AjT) Ao )30
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Means in each column followed by similar letter (s) are not significantly different at 5% probability level - Using Duncan’s Multiple

Range Test (DMRT).
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Fig. 4. Transverse section of root in Vee/Nac genotype, (a) grown in well-drained (control), (b) root from
non-aerated waterlogged (non-drained), and rice (Hovaizeh cultivar) waterlogged (c)
(d): Formation of aerenchyma
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Table 6. Effect of different waterlogging durations on the different traits
compared to the control (%)

Slidles & dl> e S35 Ok dl o
Anthesis stage Physiological maturity stage
&S 0 Jdsb &Ko 05 Jdsb > Shee 5> Shes
) ) ) S35 4l
B e Root dry Root Root dry Root Biological Grain
Waterlogging duration weight length weight length yield yield
(days) () (cm) (g) (cm) (g) ()
(Control) 0 100.00 100.00 100.00 100.00 100.00 100.00
10 62.25 74.15 73.46 68.35 67.76 73.31
20 55.69 52.98 64.64 56.31 64.39 65.69
30 45.99 41.12 54.88 44.88 60.23 55.53
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