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Salinity Stress Tolerance in Wheat Advanced Genotypes under Hydroponic and
Field Conditions
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(Ashraf and Harris, 2004)
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Tablel. Pedigree of wheat genotypes studied in hydroponically culture and farm
conditions

G5Bkl o s

Genotype no.  Pedigree
1 Arg(Check#1)
2 Ofogh(Check#2)
3 Karchia(Check#3)
4 1-63-31/3/12300/Tob//Cno/SX/4/WH157
5 1-63-31/3/12300/Tob//Cno/SX/4/WH157
6 AZD/HD2172//1-67-78/3/KRL.1-4
7 Ghods/3/DH-209-15557F3,Vee"s"/NAC//1-66-22/4/Bank"s"/Vee"s"
8 T.AEST*TI(LA(FRCAL.XGB))//PBW154/3/HALT
9 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Inia
10 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran
11 DH-209-1557F3.Vee"s"/Nac//1-66-22/3/KRL.1-4
12 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Inia
13 Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran
14 Bow'"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran
15 Bow"s"/Vee"s"//1-60-3/3/Suweon 220/4/Chamran
16 Pishtaz/3/Jup/Bjy"s"//Kauz"s"
17 Bow"s"/Vee"s"//1-60-3/3/Suweon 220/4/Chamran
18 1-66-22//PBW154/3/HALT
19 MTRWA92.161/PRINIA/5/SERI*3//RL6010/4*YR/3/PASTOR/4/BAV92
20 CHRZ//IBOW/CROW/3/WBLL1/4/CROC1/AE.SQUARROSA (2013)//PGO
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Table 2. Analysis of variance for different traits of wheat advanced genotypes under field conditions (stress)

=

...rﬁﬁjﬁﬁéh%}ijé)ﬁﬁqda:ﬁ

SOV. S e SPAD  Ped.le Sple PLH NkSp KwsSp  T.KW YLD BY HI
Replication (S 5k),1,S5 12.69™ 455™ 2977 4279" 13835 057  3151"™ 1.18™ 4.29™  522™
Genotype <S55 32.52™ 58777 356" 47.82™ 98.73" 0317 8874”7 1.45° 525 4852”7
Eror st 22.22 10.18  0.42  31.30 34.11 0.09  17.41 075 259 10.16
CVY% Sl o Ao 9.58 10.79 757 7.77 13.22  15.65 5.22 20.88  17.20 8.08
*x * cnS

.M)b\}M)bbdb‘t}bﬁ)b)‘}@#t)‘b@mﬁbgﬂ:j4.1: P)

ns, *and** : Not significant , significant at 5% and 1% probiblity level, respectively.

DHE: Days to heading
Ped.Le: Peduncle length

NKk.Sp: Number of grain per

spike
YLD: Grain yield

oy akia B 5, sl

i s als slaws

DMA: Days to maturity Oy B 55y 5l SPAD J5 S (sl goe
Sp.Le: Spike length ki b PLH g gyl
Kw.Sp: Seed weight per Spike b 3 als 055 T.KW: 1000 grain weight als Sl 050
By: Biological yield 5w 2 Shes Hi: Harvest index Sl el

vy
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Table 3. Mean comparison of different traits of wheat advanced genotypes under field conditions (stress)

Genotype no. DHE DMA Ped.Le (cm)  Sp.Le (cm) Nk.Sp Kw.Sp (g) T.KW (g) YLD (tonha™) By (tonha™) Hi
1 (cv. Arg) g %> 101.00bcde  144.00cd 26.50defg 7.82e 42.50bcdef 2.0labc 40.25bcd 4.18abcd 10.77a 37.02cd
2 (cv. Ofogh) &5, 100.00cde 143.25def 29.97bcde 9.57ab 47.50abcd 1.99abc 33.25hij 3.78abcd 9.50abcd 36.73cd
3 (cv. Karchio) L8 65, 96.00f 142.25¢efg 31.80bc 5.57g 35.75¢f 1.34e 40.25bcd 3.03d 7.00d 40.04bcd
4 101.75bcd 143.25def ~ 32.12bc 8.40cde 39.75cdef 2.23ab 45.25a 4.39abcd 10.04abc 40.32bcd
5 103.00b 144.75bcd  32.00bc 8.57bcde 40.25cdef 1.65cde 38.75cdef 4.30abcd 10.66a 40.34bcd
6 99.75de 143.25def ~ 37.87a 8.32de 41.75bcdef 1.77bcde 39.75bcde 3.55hcd 8.82abcd 36.45d
7 102.00bcd 146.00ab 31.60bcd 10.37a 38.00def 1.43de 38.25cdefg  4.50abcd 9.80abc 40.35hcd
8 102.75b 145.00bc 33.62ab 9.10bcd 40.50cdef 1.90abcd 37.50defg 4.69abc 9.29abcd 39.58bcd
9 99.75de 141.75fg 23.82fg 8.12de 45.00abcdef 2.12ahc 37.25defg 3.55bcd 8.44abcd 41.90bcd
10 100.25cde 140.00h 26.27¢fg 8.85bcde 50.75ab 2.11abhc 35.75fghi 4.68abc 10.91a 36.72cd
11 99.25e 140.75gh 24.17fg 8.90bcde 52.75a 2.34a 37.00efg 4.61abc 10.18ab 40.04bcd
12 99.25e 140.00h 28.00cdefg 9.05bcd 49.50abc 2.25abh 35.25ghi 3.68abcd 7.38cd 39.18bcd
13 101.75bcd 145.00bc 29.95hcde 8.82bcde 49.50abc 1.96abc 31.75j 4.40abcd 10.20ab 40.79bcd
14 100.25cde 139.25h 25.20efg 8.72bcde 46.00abcde 2.17abc 35.25ghi 4.80abc 9.41abcd 47.14a
15 101.25bcde  143.75cde  253.47¢g 8.77bcde 45.00abcdef 2.20ab 36.25fgh 3.63abcd 7.52bcd 44.26ab
16 99.00e 142.25efg 28.12cdefg 8.17de 37.50ef 1.89abcd 42.00b 4.29abcd 9.23abcd 42.05bc
17 100.00cde 140.75gh 32.87bc 9.47abc 51.50ab 2.42a 35.25ghi 5.03ab 10.22ab 37.46¢cd
18 105.00a 146.75a 32.30bc 9.20bcd 40.50cdef 2.0labc 32.75ij 5.09a 10.02abc 40.13bcd
19 100.75bcd 139.75h 28.82hcdef 7.75f 45.50abcdef 1.97abc 41.00bc 3.36¢d 9.73abc 29.73e
20 102.25bc 142.25efg 32.70bc 8.57bcde 44.00abcdef 2.15ahc 45.75a 3.42cd 8.16abcd 38.03cd

(SOl aals i O g3 1) iz l3 e o )3 0 Lol ebas

Means followed by similar letters in each column are not significantly different at 5% probability level (Duncan’s multiple range test).

For abbreviations of traits see Table 2.
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Table 4. Correlation coefficients between different traits of wheat advanced genotypes under field conditions (stress)

Traits YLD DHE DMA SP.Le Ped.Le PLH Nk.Sp Kw.Sp TKW SPAD BY
DHE 0.460

DMA 0.227 0.675"

SP.Le 0.610" 0.538" 0.236

Ped.Le 0.065 0.370 0.462" 0.030

PLH 0.185 0.518" 0.346 0.188 0.704™

Nk.Sp 0.205 -0.123 -0.505" 0.386 -0.503" -0.123

Kw.Sp 0.104 0.182 -0.197 0.257 -0.397 0.105 0.541"

T.KW -0.393 -0.054 -0.080 -0.417 0.289 0.158 -0.511° -0.009

SPAD -0.304 0.308 0.327 0.067 0.205 0.078 -0.451 -0.196 0.364

By 0.832" 0.648" 0.414 0.491" 0.283 0.290 0.041 0.038 -0.193 0.018

HI 0.275 -0.018 0.147 0.100 -0.304 -0.196 -0.127 0.028 -0.217 -0.347 -0.156

.u\..ﬁ).}\jwjﬁadb‘cbdjb)‘)@aﬁ%;‘\{:**j*

*and ** : Significant at 5% and 1% probability levels, respectively.
For abbreviations of traits see Table 2.
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Fig. 1. Dendrogram obtained from cluster analysis of twenty wheat genotypes based on
their different traits in the field condition (stress) using Ward s method
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Table 5. Analysis of variance for defferent traits of wheat advanced genotypes under hydroponic conditions

A5 Il oY oyled FF-) o 3y 9 Jle (581 5y Alome”

D kS a5 al:ftuj)l Jsb o o Jsb 059 05 3559 359 SPAI?l SPADZ SPADS
ST e g g g oy a5 ; e oS e e S b
(uff. Ol 4l (A5 (55 (55
S.0.V. df. Plant height Leaf Leaf Leaf Root Root Fresh Root Dry (Before (1 week (3 week
(ffour length width area length fresh weight Dry weight stress) after stress) after stress)
leaf stage) weight weight
o BES
Replication 2 1.44" 33.92" 0.044" 7.23™ 118.71" 57.967  121.13" 0221  1.610 49.97" 54.58™ 13.60™
Soss
Salt 1 949.72™ 3890.48™  2.995™  7053.79"  6014.88"  364.01"  18350.40" 0.941™ 93545  47.47 11.01" 364.04"
<555
Genotype 19 40.23" 72.743"  0.024™  69.90"  107.62" 17.59™  138.40" 0.032" 0974  41.54™ 21.60" 19.19"
Sosa X QS 55
Genotype x salt 19 9.52" 10.89"  0.028™ 23.33" 62.53" 15.82" 83.03™ 0.027"  0.775" 8.91™ 7.78™ 18.27
Lo
Error 78 3.65 8.03 0.009 9.72 28.64 7.89 28.57 0.017 0.359 7.12 8.39 9.54
() s s o A 3
CV% 14.02 9.49 9.94 13.65 11.15 33.02 26.81 36.59 27.12 7.78 7.33 8.41

ns, * and **: Not significant, significant at the 5% and 1% probability levels, respectively. TN 570 Jlazl el 53 5l3 s s e b 5 e K 5T NS
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Table 6. Mean comparison of different traits of wheat advanced genotypes as affected by different levels of salinity under hydroponic

conditions
o5 g AF s I e o= Ik 533 555 555 555 SPADI  SPAD3
(Sl £, S, £, b G e oS 3 J2) s )
(A5 dles! (5 5 4
Salinity Plant height Leaf Leaf Leaf Root Root Fresh Rootdry  Dry weight (Before (3 week
levels (Four leaf length width are length fresh weight weight (9) stress) after stress)
(ds/m) s(tag%) (cm) (cm) (cm?) (cm) weight (g(‘)J (g();
cm g
0 16.44a 35.53a 1.14a 30.80a  55.07a 10.25a 32.30a 0.44a 3.09a 34.93a 38.47a
12 10.81b 34.14b  0.83b 15.171b  40.91b 6.76b 7.56b 0.27b 1.33b 33.67b 34.99b

iz T o 53 ls gme SVl B sy a3 alie g Ll SOl
Means followed by similar letters in each column are not significantly different at 5% level of probability.
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Table 7. Mean comparison of different traits as affected by genotypes of wheat under hydroponic conditions

T al:ftuu')\ Job o e Job 35 359 359 35 SPAI?l SPADZ SPAD3
do 0) £, g £, iy, iy 5 5 oSes oS S d cin S) dny 2dn 4)
(ol i, (s (a5 5 (a5 5
Genotype Plant height Leaf Leaf Leaf Root Root Fresh Root Dry (Before (1 week (3 week
four Length Width Area Length fresh Weight Dry Weight stress) after stress) after stress)
leaf stage) (cm) (cm) (cm) (cm WEI?ht (g()) Weight (g()J
(cm) g (9)
1{cv. Arg) Ees, 12.0336f 32768bcd  1018bc  25.865bcd  54.737ab 111838 30.078a 0.501a 29252 36.420abc  40.642abcd  37.658ahc
2 (cv. Ofogh) s 20.110ab 26.178hi 0.926¢c 20.143ef 41.833f 6.333c 17.550cdef 0.293bcde 1.980bcde 37.883a 38.983abcd 32.733d
3 (cv. Karchio) L) o3, 18.285ab 25.107i 0.923c 17.842f 45.000def 7.167bc 18.783bcdef 0.281cde 2.020bcde 25.483d 34.317e 34.033cd
4 13.450def 34.612a 1.160a 30.668a 55.33a 11.714a 26.083ab 0.471ab 2.725ab 32.867cd 39.833abcd 38.950ab
5 12.667def 33.578ab 1.088ab 28.232ab 50.500abcd 10.483ab 24.183abc 0.456abcd 2.505abcd 32.333d 39.600abcd 35.833bcd
6 13.993de 33.355abc 1.023bc  2.582bc 42.333f 8.983abc  25.633ab 0.383abcde  2.631abc 36.600ab 37.783de 35.650bcd
7 17.493b 25.072i 1.010bc 21.007ef 44.417def 7.317bc  23.483abcd 0.305bcde 2.535abcd 35.383abcd 42.383ab 34.933bcd
8 11.150f 31.683abcdef  0.888c 21.557ef 49.750abcd 9.333abc  21.683bcde 0.385abcde 2.366abcde 35.883abcd 37.733de 35.117bcd
9 12.100def 30.145bcdefy  0.976bc  22.363de 49.583abcde 6.567¢ 13.117f 0.275de 1.640e 35.283abcd  42.917abc 37.600abc
10 13.382def 29.727defgh  0.948c 21.613ef 46.500cdef 6.750bc  13.333f 0.271e 1.581e 32.417d 39.667abcd 37.400abc
11 12.073def 29.032defgh 0.926¢ 21.003ef 51.083abcd 9.400abc  16.583def 0.366abcde 2.090bcde 33.783bcd 38.533bcd 38.933ab
12 10.818f 27.957fghi 0.956bc  20.495ef 47.667bcdef 6.300c 12.717f 0.241e 1.750de 33.833bcd 40.033abcd 35.600bcd
13 14.667cd 24.698i 1.016bc 19.765ef 52.750abc .817abc  22.800bcd 0.346abcde 2.676ab 33.967bcd 39.233abcd 37.793abc
14 10.932f 28.932efgh 0.998hc 22.392de 54.333ab 10.600ab 19.017bcdef 0.461ab 2.346abcde 34.300abcd 41.000abcd 40.233a
15 13.030def 34.835a 1.01bc 26.710bc 45.750cdef 9.433abc  19.067bcdef  0.386e 2.068bcde 32.533d 40.633abcd 37.733abc
16 12.417def 29.988bcdefg  0.968bc 22.522de 41.083f 8.617abc  21.850bcde 0.365abcde 2.196abcde 33.350bcd 38.483hcd 36.550abcd
17 12.917def 34.034a 1.020bc 26.188bcd 47.000cdef 9.100abc  16.467def 0.350abcde 1.985bcde 36.467abc 38.767bcd 36.417abcd
18 11.540ef 32.600abcde  0.915c 23.048cde  47.500bcdef 9.617abc  23.900abc 0.385abcde  2.641abc 34.767abcd  38.083cd 36.133abcd
19 12.638def 27.378ghi 0.933c 19.685ef 45.000def 6.217c 15.400ef 0.321bcde 1.718de 36.233abc 39.750abcd 37.667abc
20 16.833hc 25.062i 0.991bc 19.092¢f 47.583bcdef 6.917bc 16.900cdef 0.321abcde 1.828cde 36.267abc 42.833a 37.650abc

(Ss aals i a1kt 13 tmn Ao 53 0 Jlatm o 53 carlin U g (115 (18 5 S0e O g2 o 3
Means followed by similar letters in each column are not significantly different at 5% probability level (Duncan’s multiple range test).
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Table 8. Coefficients of correlation between different traits of wheat advanced genotypes as affected by salinity stress under hydroponically

conditions

Traits Plh LAl Lwil La Lr Wr Wb Dr Db SPAD, SPAD,
Lfl -0.297
Lwl -0.279 0.529"
La 0.311 0.7877  0.674"
Lr -0.051 0.329 0.364 0.441
Wr -0.043 0.764"~  0.278 0595~ 0.449"
Wb 0.158 0.6247  0.249 0.444 0304  0.897"
Dr 0.273 0.506" 0.038 0.317 0357  0.854" 0.925"
Db 0.032 0.645~  0.221 0.466" 0.279  0.932" 0965  0.844"
SPAD; -0.035 0.083 -0.083 0.020 -0.067 -0.041 0.049 0.107 0.011
SPAD, -0.178 0015 0215  -0.010  -0.021 -0.125 0146 -0.072 -0.143  0.422
SPAD; -0.260 0.638 0.616 0.561 0.347 0.493 0.476 0.438 0.428  -0.046 0.236

W STR R WY du::-\ée.«):a)\as'*a;‘.;;q:**j*
*and** : Significant at 5% and 1% probiblity levels, respectively.
Plh: Plant height Sl Lfl: Leaf length &y dsk Lwl: Leaf width S,
La: Leaf area g g Lr: Root length Ay dsb Wh: Biomass fresh weight rless 5059
Dr: Root dry weight adyy i 05 Db: Biomass fresh weight loge &S5 03 SPAD 35 IS (sl e
Wr: Root fresh weight ey 500
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Fig. 2. Dendrogram of twenty wheat genotypes based on examined traits in
stress environment (12 ds/m) under hydroponical conditions
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Table 9. Correlation coefficients between traits in two
cultural conditions (field and hydroponic)

Filed/hydroponic  Plh Lflh Lwlh Lah Lrh  Wrh Whbh Drh Dbh  Spadlh Spad2h Spad3h
Yid -0.30 031 005 025 032 052 0.24 0.40° 0.37 0.22 0.33 0.24
Dhe -0.08 031 019 0.08 0.29 0.37 0.43 0.40 046 0.45 0.36 0.11
Dma 0.13 021 019 011 0.09 0.35 068" 032 067" 0.06 -0.04 -0.30
Sp.L. -0.14 0.07 0.06 0.12 -0.03 0.05 -0.01 -0.01 011 0.65" 049 -0.02
Ped.L. 052" -0.03 0.08 -013 -0.26 0.08 0.43 0.10 0.39 0.07 -0.32 -0.49°
Plh 0.24 026 025 012 -0.02 0.27 0.34 0.21 0.35 0.14 -0.17 -0.06
NKk.Sp -0.27 -011 -018 0.01 0.16 -0.18 -0.58" -0.28 -0.44° 0.31 0.25 0.33
Kw.Sp -0.22 031 012 0.27 037 0.19 -0.19 0.16 -0.13 0.41 0.33 0.52
Tkw 0.23 0.08 036 0.16 0.02 0.08 0.23 022 0.04 -0.10 0.13 0.17
Spad 0.16 -0.03 0.16 -0.07 -0.08 -0.08 0.37 0.07 0.25 0.24 0.32 -0.22
By -0.10 030 -0.01 018 0.24 045 0.43" 0.43" 0.46° 0.36 -0.01 0.10
Hi -0.18 014 031 026 038 041 0.11 032 0.22 -0.33 0.12 0.28

*and ** : Significant at 5% and 1% probiblity levels, respectively.

Abbreviations of traits in field experiment

Yld: Grain yield
Ped.L: Peduncle length
By: Biological yield

«1s 3 Sles|Dhe: Days to heading

¢SS5 85 3 ,Shes|Sp. L: Spike length

Kw.Sp: Seed weight per Spike ~ alaw ,5 415 055/ SPAD

Abbreviations of traits in hydroponic experiment

Plh: Plant height
Lflh: Leaf length
Lah: Leaf area

<3 ¢5,I|SPAD
&, Jsb|Lrhh: Leaf width
&, za|Lah: Leaf area

Dbh: Biomass dry weight o S 03

e ls s wlegn calls 5, Shes Sliw 45
5 L5 Bl 5 S5 15 sl Sl
Olss (o= g5 2l S lnle 2 o5 A5
O Jes Gl = r.,\_.f $3lisa s asli s
IS 5 S35 5,5 eslatul (g 58
L (Farhoodi and Khodarampour, 2015)
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YY#

JSS14y Jsb|NK.Sp: Number of grain per spike
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