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Evaluation the salt tolerance of alfalfa ecotypes according to tolerance indicator
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ABSTRACT

Salinity is the most important abiotic stress that influences the crops production in large areas of the country. To
evaluate the salt tolerance of different alfalfa ecotypes, an experiment was conducted with three replications in a
factorial randomized complete block design in 2014, in College of Agricultural and Natural Resources University of
Tehran. 25 alfaalfa ecotypes in hydroponics (Hoagland solution) condition and applied salinity levels 100 and 200
mM sodium chloride with irrigation water were examined. The results indicated that the interaction of salinity and
different ecotypes was significant on shoot dry weight, concentration of sodium and potassium. To determine tolerant
and sensitive ecotypes indicators of stress were used and the results showed that in non-stress condition yield to MP
(mean productivity), TOL (Tolerance), STI (stress tolerance index) indicators and in salt stress yield to MH
(Harmonic mean), STI, Y1 (Yield index) had positively significant correlation. According to this ecotypes 5 and 21 as
the most tolerant and ecotype 20 and 8 as more sensitive were introduced. The result of the Biplot analysis showed
that the first and second principal components justified 87/15 precent of the whole yield changes. Hence, the selection
due to the first and second principal components respectively led to choose the tolerant and sensitive ecotypes.

Keywords: Alfalfa, Biplot, Stress susceptibility index, Stress tolerance index.
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2. Stress susceptibility index
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Table 1. Used Ecotypes

Ecotype Code Num Ecotype Code Num Ecotype Code Num Ecotype Code Num Ecotype Code Num

Arak 264 21 Esfahan 217 16 Abesard 052 11 Kermanshah 027 6 Sirjan 002 1
Gare Yonjeh KFA13 22 Frence 236 17 Golpayegan 100 12 Australia 030 7 Neyshabur 005 2
Hamedan Hamedani 23 Kazakhstan 243 18 Khalkhal 102 13 Kordestan 033 8 Kashan 008 3
Turkey Kalisary 24 Fao 258 19 Shahrud 103 14 Khorasan 038 9 Damghan 009 4
Kashan Ghandi 25 Bonab 262 20 Kargj 206 15 Hamedan 044 10 Torbat 016 5
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Table 2. Relationships used and stress tolerance Indicators

Indicator Formula Reference Indicator Formula Reference
TE
- 1—i—=
TOL=Yp-Ys (Rosielle & Hambelene,1981) =1 _E o5 = _tE (Fischer & Mourer,1978)
Tp ]
2(YP.Y5) Ys+Yp
HM=""""C i i - ; :
YPLTS (Rosielle & Hamblin ,1981) 7 (Rosielle & Hamblin ,1981)
o p)(ys) _ .
ST :W (Fernandez ,1992) YI=Ys/Ys (Gavuzzi et al, 1997)
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Table 3. Analysis of variance on some parameters in different ecotypes of alfalfa under salinity

S.0.V df Shoot dry weight Na* K K*/Na*
Repeat 2 0.007 3.97 3.95 149.76
Ecotype 24 0.05™ 0.33" 16.54™ 10.42"
Salinity 2 3.957 87.96" 6159.86™ 6402.94™
Ecotype x Salinity 48 0.023™ 0.21" 3.86" 5.83"
Error 148 0.003 0.007 0.003 2.618
Total 224 0.048 0.90 57.63 62.6
CcVv 13.75 3.44 0.34 16.64

**: significantly difference at 1% probability level.
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Table 4. Mean comparison of measured characteristics of different alfaalfa ecotpes under stress and non- stress condition

K*/Na* Na* (mmol/gDW) K* (mmol/gDW) Shoot Dry Weight (gr/plant)
Salinity Levels (mMNaCl)

200 100 0 200 100 0 200 100 0 200 100 0 Ecotype Num
2.020-q 5.87i-p 22.06a-e 3.29d-j 2/98k 1.30no  6.63@ 17.45u 28.10d 0.21b-$ 0.56i-n  0.86a-d Sirjan 1
2.35l-g  5.44i-g 19.70c-h 3.41c-e 3.09h-k  1.30no 8¥ 16.65w  25.10i 0.28t-$  0.390-v  0.83a-e  Neyshabur 2
2.47j-q 8.02i 2496ab  3.33d-f 2.37Im 1.2lno 8.23&# 18.92q 29.40b 0.20u-$ 0.36p-p  0.47I-r Kashan 3
2.57j-q 8.12i 24.62ab  3.36c-f 2.41lm 1.25n0 8.62Q 19.460 30.10a 0.27t-$ 0.36p-p 0.51k-p Damghan 4
2.57j-q 7.23i  21.20b-f  3.54c 2521  1.30n0 9.10=x 18.15s 27e 0.37p-p  0.43n-t 0.96a Torbat 5
2.45j-q 7.62i 22.30a-d 3.35c-f 2.43Im  1.30no 8.20# 18.40r 28.40c 0.33r-m  0.50kq 0.61g-1 Kermanshah 6
2.52j-q 7.371  21.04b-f 332d-g 241lm 1.30no 8.36$&  17.68t 26.80f 0.31s-$  0.43n-t  0.69e-i Australia 7

1.44q 5.86i-p 22.96a-c 4.7la 3.11g-k 1.3Ino  6.9#c 18.19s 29.40b  0.24u-$ 0.32r-$  0.92ab Kordestan 8
2.18mgq 6.33i-m 17.88f-h  3.54c 2571 1.40no 7.70£ 16.18x 24.60j 0.29s-$ 0.35g-p 0.87a-c Khorasan 9
1.95pg  6.03i-p 16.92gh  3.43cd 2521 14ln 669 @ 1514p 23401 021B-$ 0.45l-s 0.78b-f Hamedan 10

1.65q 6.73i  18.97c-h  4.43b  251lm 140n0 7.27¢ 16.78v  26.10nh 0.18xn-$ 0.23x-$  0.68e-j Abesard 11
2.52j-q 7.401 21.20bcf 3.33def 2.42Im  1.30no 8.39% 17.80t 27e 0.25u-$ 0.390-w 0.54j-0  Golpayegan 12
2.50j-q 6.60i-k 18.13e-h 3.30d-g 2.40lm 1.30no  8.24&# 1577y 23.10m 0.36p-p 0.44m-s 0.76c-g Khalkhal 13
2.11n-q  6.78i  19.60c-h 3.26d-j 2.39Im  1.31no 6.89# 16.09x 25.10i 0.21pP-$ 0.33r-Q 0.76¢c-g Shahrud 14

1.37q 6.16i-0  16.06h 4.80a 2.36lm 1.40n0  6.57@ 1443y 22.10n 0.17¢ 0.21B-$ 0.48Ir Karaj 15
2.391-q 6.94i  18.92c-h 3.09h-k  2.30m 1.30n0  7.38g 15.84y 2410k  0.22y-$  0.380-y 0.60h-m Esfahan 16
2.51-q 8.09i 25.66a  3.35c-f  2.37Im  1.190 8.39% 19.04p 29.50b 0.23w-$  0.33r-$  0.42n-t France 17
2.080-q 6.72i  19.70c-h 3.31d-g 2.41lm 1.30no 6.87# 16.08x 25.10i 0.22z-$ 0.41n-u 0.71d-h  Kazakhstan 18
2.51j-q 6.62ij  18.13e-h 3.29d-h  2.40lm 1.30no  8.25&# 15.78y 23.10m 0.30h-m  0.47s-$  0.60l-r Fao 19
2.22mq 6.95i  18.80d-h  3.20e-j 2.41lm  1.41n 7.090 1664w 26 h 0.17% 0.390-x  0.79b-f Bonab 20
2.411-q  651i-1  16.79gh  3.18fj 2.39Im 1.40no  7.65JE 1548z 23.10m 0.38p-z 0.50kl-g  0.94a Arak 21
2.43k-q  7.07i  19.62c-h  3.46cd 2531  1.40no 8.40% 17.80t 27e 0.30s-$  0.33r-$ 0.76c-g Ghare Yonjeh 22
2.53j-q 7.28i  20.65c-g 3.32d-g 2.41lm  1.30no 8.40% 1745u  26.30g 0.18x7-$ 047l-r 0.65f-k  Hamedani 23
2.31-q 6.27i-n  17.35f-h 3.29d-i  2.40lm  1.30no 7.60£ 14958 22.10n  0.24v-$  0.50k-g  0.73c-h Turkey 24
2.54j-q 6.93i  18.24d-h 3.27d-ij 2.44lm 1.40no  8.30%-# 16.80v__ 25.10i  0.32r-$  0.390-x _ 0.74c-h Kashan 25
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The mean of treatments with the same alphabets, based on the Duncan's multiple range test, did not have a significant difference in the level of 1%.

For the comparison of the mean of the letters a-z and later, the characters P, B, , @, @, $, 1,1, 1, i, i, i, i, ¢ and @ were used respectively.
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Table 5. Mean comparison of Indicators of salinity tolerance of alfa alfa in different ecotypes

Num Ecotype SSI TOL MP Yl STI MH
1 Sirjan 1.18ab 0.64ab 0.54c-f 0.83h-j 0.37d-i 0.34f-j
2 Neyshabur 1.05a-g 0.55a-f 0.55¢c-e 1.08c-g 0.46b-e 0.42c-e
3 Kashan 0.91f-k 0.27i-k 0.33kl 0.77ij 0.19Kkl 0.28jk
4 Damghan 0.75kI 0.24jk 0.39j-1 1.05¢c-h 0.28i-1 0.35e-i
5 Torbat 0.96¢-j 0.58a-d 0.67a 1.45a 0.71a 0.54a
6 Kermanshah 0.701 0.28i-k 0.47f-j 1.29a-c 0.41c-h 0.43b-d
7 Australia 0.87g-I 0.390-j 0.50d-h 1.19b-d 0.42c-h 0.42b-e
8 Kordestan 1.15ab 0.67a 0.58b-d 0.95d-i 0.45b-f 0.39c-g
9 Khorasan 1.04a-g 0.58a-d 0.58bc 1.13c-f 0.51bc 0.44bc
10 Hamedan 1.15a-c 0.57a-d 0.50e-h 0.81h-j 0.33f-j 0.33f-j
11 Abesard 1.16ab 0.50b-g 0.43h-j 0.68j 0.24j-1 0.28jk
12 Golpayegan 0.82h-1 0.29i-k 0.39j-1 0.97d-i 0.27i-1 0.34f-j
13 Khalkhal 0.80i-1 0.39fj 0.56¢c-e 1.41ab 0.56b 0.49ab
14 Shahrud 1.12a-e 0.54a-f 0.49-i 0.83h-j 0.32g-j 0.33f+j
15 Karaj 1b-h 0.31h-k 0.321 0.66j 0.16l 0.25k
16 Esfahan 0.99b-i 0.38g-j 0.41i-k 0.850-j 0.27i-I 0.32g-k
17 France 0.70l 0.19k 0.33l 0.90f-j 0.19KkI 0.30h-k
18 Kazakhstan 1.10a-f 0.50bc-g 0.46f-j 0.849-j 0.31h-k 0.33f-j
19 Fao 0.79j-1 0.30i-k 0.450-j 1.16b-e 0.36d-i 0.40c-f
20 Bonab 1.23a 0.62a-c 0.48e-i 0.66j 0.27i-1 0.28i-k
21 Arak 0.94e-k 0.57a-e 0.66ab 1.46a 0.71a 0.54a
22 Ghare Yonjeh 0.95d-j 0.46d-h 0.53c-g 1.15c-e 0.45b-g 0.42b-d
23 Hamedani 1.14a-d 0.48c-g 0.42i-k 0.69j 0.23j-1 0.28jk
24 Turkey 1.04a-g 0.49b-g 0.49e-i 0.94e-i 0.35e-j 0.36d-h
25 Kashan 0.89g-I 0.42e-i 0.53c-g 1.25a-c 0.48b-d 0.45bc
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The mean of treatments with the same alphabets, based on the Duncan's multiple range test, did not have a significant difference in the level of 1%.
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Table 6. Percentage of Shoot Dry Weight Reduction
under salt stress stress

Salinity (mM, NaCl)

Num Ecotype 100 200
1 Sirjan 35.10 75.13
2 Neyshabur 52.51 66.42
3 Kashan 23.58 57.72
4 Damghan 29.44 47.40
5 Torbat 55.45 61.02
6 Kermanshah 17.23 45.36
7 Australia 38.10 55.71
8 Kordestan 65.11 73.33
9 Khorasan 59.76 66.58
10 Hamedan 42.20 73.19
11 Abesard 66.06 74.07
12 Golpayegan 21.27 53.38
13 Khalkhal 41.35 52.05
14 Shahrud 56.19 71.82
15 Karaj 56.22 64.38
16 Esfahan 36.99 63.38
17 France 22.22 44.84
18 Kazakhstan 43.08 69.59
19 Fao 21.36 50.16
20 Bonab 50.80 78.26
21 Arak 46.52 60.14
22 Ghare Yonjeh 56.80 60.69
23 Hamedani 28.18 72.96
24 Turkey 31.82 66.98
25 Kashan 47.71 56.25

Joxi sl ol o (Susod

g o bl 00 Slee (S o8l o (o)
Crr o0ld LS A5 @ Joodd (slaasls 5 (15 (g
TOL laasls b 2 e Luld o 0 Slas

Slooasli b (25 Lulyd 8 oSles o 5 (1)
MP o (-/A#™) STI «(+/38™) MH «(-/33%%) YI
30 0,5kee 5 SSI o Ll wite  Staods (41507
o odalive +/0F™) ite S oo Lib lyll
Oy (S o Vb Ko plaize (Y Jga2)
G dae 3 9 Slee L TOL § MH sla a5l
2 Soph & Jood Dbyl cez g 0o S enmline
a5, oolaiwl alis g0 cpl 5l 0 sl
2 a8 ol asLls (Mirdar Mansuri et al., 2012)
et gl 5 G g G Ll e
Fr o oatld glyea adlbe o Slee b ()l e

TOL aslis el 55 VY ceisST 3T ool ol s

Ll 5 ol 0,%kes b slaeessST i a4 TOL
SooaisS g g )3 @5 [TV L (0 Jouz) a5 o
ol I s sl s ks o YU o Slee b
Yo 5,Shes b slaoisST S gy olgians Lol
AL ol pshe el p AR 08 eslil
5,Slas 45 5585 o lbeisST Sl 4y e TOL
S reS alS 5 e 4 S i ama 40 Ll
e & Lol asls cnl gog omlb sl axsls
o S ey Jaze 0 ST o Slee 0g¥L
Lulys 30 a8 ol o35S Y oaisST e by
Gl b s s o g ol 9 Sdes (5 (e
A CIL RS VRFE SN W ol oo (5 5iaS 5 Slos
a5l i SSI (O Jgu) sl 00l TOL asls
4 e il 55 o &Ssysbe S e Jae TOL
Ll 59 ol 3 Slae Juulty b slosiss] i3S
‘-F}LA) L}"’L““" » uL?Lu‘ (OJBJD-) Slods ‘-)AMJ D9
oty b Jy o5 &0 Jaxio i1 i35 4 S8
4 B pasld ol g ogdiee e b 0 Slee
5 Skas by b o8] 51 i 4y oo o8| S
9 Y o Shos b sy 99 500 Sjledr S (b
3 oSy o Slee M iy Dygo 0 b
SSI jlaie 595 99 52 lp 5 pae 9 25 Ll
ol bl s e 4y clls wialyr Sl
O slalase jo 0 Slee ity alS el SSI
Sl obdl (Clark et al, 1992) sed o0 ias
oS daore jo a5 Wil e e Gloy SSI asll
oadlice ¥ Joaz 10 a5 jghailan 13) ol axils 59z
039 oS wals Lalps 0 aST L 7 iy 098 00
o dalyl o Lol ansls 1) (Wgy 0 p 5 /7)) S
Qo 40 u.’}...J 9 (4;5.1 B f)f ’/YJY‘) Yb \))S_Lo.c
O o b Jso2) (aeys TYIF) (6555 p0 DS
SSI oS e adly 1o ool ools lis LaeassS]
g i lauld o S o Slae alS oasms il
0l gy iloe o Sles i slwb &l

Sl 55 9 g (RS lulpd 90 pe 0 Vb o Slee



b amis SlacaisST 6ed 4 Jood 25l ioh e 5 (e

5| csls TOL 4 SSI (gla sl o (Yp) Lt 9
ssimo Lt b asls ol i polie & bl
ailge ol cnlply wdlioe (25 4 GudsST Sl
G5 & Combes ailie plie cod Gl |,
adlie lul p QB i 5 cnl 0,5 (5 AL
Omb Jod b placaisST S carge pgs Lol
A J992) 295 0 Vb (6,98 & Sl 4

iales 4 4295 b g ol ) Slvdgs bl
Sty [ (cwyp 390 lageisST M s
O3S 5 Glsl olel 2 ey & Sl g JooS
3505 Cansly Ceas sloaisST () IS Lol aila
2o 19595 p (e Lulh 90 50 (YL 3 Sles |
YL 5 Cosly Conns a8 4y iy azye 4S5 sbay
& mgbss 929) LIS L mgd o3 jloges
Ol 093 5l s i Jood (5)98 A Lyt cou
WAl By Joxie slacadsST Glgis 4y 5 ool

VLYY 50 lacessST (0 Jgoz) bl
@ W asST sam 09, 50 9 Jood oLl
YL o Slas o b 6Lls YL Y1 5 MH s
1o 1l
a Jaio gl dile Caond 5 ) S el oo
ORges G S (Jlie jo il ad S 18 6 )eh
90 2 08 Wl PGre b @) lacessS]
N7 p @V o Sles ity I (aome Ll 5
Jod (o5 laasls Sl Sl lacssST nl iogs

o) pls cings Lo L,TOL o SSI oy 5L (6,98 4

(] ool lid lewisST ple 4 G

S Sy G5 A wles lacuisST lgiea
MgV ¥ slacessSTsss mli pelul 13 .as
Loy i wlws YL TOL 4 SSI aslis opisls cdeay
G glos, 0 9 (O Jgaz) 5,980 S @

S LS () JS) S

Y4

aS popas opl 4 (Fernandez, 1992) wigd oo (B yro
Ol 5l S YL polie ulul i3S Djse o
355ket b slonisS] piions b y3b & dagasls
Lalpd o bl cnl o ad waales S i
§STl g TOL MP gla_asli b o Shas 5 o0
Gl Y1 g MP STI MH L 25 Lyls o
sy WY Js) oy oVl (Sheron
@ Jooto gl (Byme sln pol> Bedod 55 03,0l

)5 18 ool 3550 (5550

bl Glo adlgo &y & 525
el il sl eslaal b ol sleadlse 4y 4y 3o
3 08kes Sho 90 g A 4 Jeod g Sl
VO 55 dYp 5 Ys) s)sd 5 (a5 5 Ll
A ShIA Jgaz 50 bl 5 plol asigy oisS]
On Oleetd e ©ebee ali>de aila
5 Jsl ol ailze 90 Lwgs (aoys AVIVO) laeols
Soomlly Slade B39 Gl el a4z gi pgo
50 Sl i adlge ol a5 Canl sae ol 4 adlse
Oasl ey ol 5o ls e psite il ly s
1, Wosls S Slyeeis 5 aoys DYDY o Lol ailze
Jol adlge oals @l)l o b bl 5 0,8 4y
SSI Lasls L pgo ailje 5 STI asls 4 abaie
adlge Vb (Sucor polie 4y azgi b ojls Gl
3 8dee Loig 4 g Jood slagasli b Jol el
2 PBEl el 5 e g G5 lald 9o 0
oS (RS cage ol adie el
bl 9o 0 Vb o Slee gl a5 05l o
alie Oy @ Olgioe 1) adlie cnl (nlply ain
kol adlge ol (5,00 @ Jood g 0, Shes Jily
Ay |y bty Oloss JS 5 as o YY/PY poo
bl jo 0 Sles b (oYL Code (Ssen 5 05

G5 A oo gla Ly (Siey w0 gl s ¥ Jga

Table 7. The correlation coefficients of stress tolerance indices
SI TOL MP Y1

Ys Ys STI MH

YP 1

YS 0.384 1

ssl 0.523 -0.566 1
TOL 0.905 -0.044 0.829 1

MP 0.950 0.652 0.236 0.727 1

Y 0.390 0.999 0.566 -0.039 0/657 1

STI 0.783 0.865 0.093 0.449 0.933 0.867 1

MH 0.613 0.963 0.332 0.221 0.827 0.964 0.966 1

**: Correlation is significant at 0.01 level.
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Table 8. Principal component analysis using tolerance and susceptibility indicators

Principal Eigen Variance Yo Ye ss| ToL MP vI STI MH
component value (%)
1 4.28 53.51 0.512 0.988 -0.451 0.098 -0.082 0.990 0.928 0.991
2 2.69 33.64 0.857 -0.141 0.886 0.993 -0.008 -0.137 0.363 0.126
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Figure 1. Biplot of 25 alfa alfa ecotype in salt stress indices on first and second main component
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