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Table 1. Average minimum and maximum temperature (°C) and relative humidity (%) at the research farm station of Karaj Seed and Plant Improvement
Institute over the years 2017 and 2018.
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2018 2017
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: 5YYV— - 5
EXSTE AR EFE Y 43.2 66.2 23.8 144 220 74 55.0 73.1 37.0 12.8 17.8 7.8

March, 21- April, 20
Clagu ) ¥y =gyl
April, 21- May, 21
3l = ¥y —sls =)
May, 22- June, 21

56.1 795 32.6 164 237 104 50.1 71.8 28.5 19.5 266 128
435  70.1 190 233 321 153 333 53.8 128 253 330 164

SYY - 5
T 256 455 12.5 298 387 20.6 35.1 554 149 278 357 19.6
June, 22- July, 22

Sl e ¥ =5l 0 )
July, 23- August, 22

30.7 53.8 146 292 377 209 36.1 57.1 152 284 359 199

SHYY - 5
SR IR A 343 598 158 248 340 166 333 515 152 254 332 176
August, 23- September, 22
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Table 2. Physio-chemical properties of soil at the research field
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Saturation percent
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. Electrical conductivity(ds/m)
ST an el
7.87 i
pH
1,26 (s fal 2 8) (5 2l o guains o >
' Bulk density (pb) (g.cm™)
Tosle
112 ek
Organic matter percent
817 (S AS 208 ) ealind 6 i
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Clay-loamy .

Soil texture
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Table 4. Mean dry matter yield and stress susceptibility index (no-watering for 20 days) of alfalfa ecotypes over the years 2017 and 2018

a7 Jle Y Jls
2017 2018
C.Pﬂpgur.\mvr,ﬂswv..nvrubvb Cr.%suur.\mvrmﬂhv..oufuubfo
Dry matter yield (t/h) Dry matter yield (t/h)
Py b5 LT EMEITIAL ﬁr» Fo5 LT SolTejs, Y Orh

Ecotype Full irrigation No-watering for 20 days SSI! Full irrigation  No-watering for 20 days  ggq
e 16.17 15.35 0.51 14.11 12.59 0.51
BAMI
S35

19.32 16.93 1.23 18.59 14.20 1.12
YAZDI
S 15.64 13.97 1.06 13.59 12.00 0.56
NIKSHAHRI
©slix

‘ 17.67 17.04 0.35 14.70 12.60 0.68

BAGHDADI
KFA17 19.10 18.14 0.50 14.00 10.85 1.07
KFA6 21.38 19.39 0.92 16.03 13.10 0.87
KFA13 18.85 16.42 1.28 15.92 11.86 1.21
SIS

20.51 17.61 1.41 14.11 11.29 0.95
LAKLAK
Mesasersa 18.08 15.59 1.37 16.87 11.44 1.53
Diablo Verde 15.37 13.25 1.37 12.16 8.60 1.39

1. Stress Susceptibility Index
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Table 5. Relationship between dry matter yield under no stress condition and stress susceptibility index

u:uoju\i.]ailf;);&iﬁ-o:béjm
Dry matter yield under no stress condition
Y4 Jl Yy Ju
O 4 Sl 2 Ls 2017 2018
SS1 0.106 ™ 0.263 ™

s 13 mn O g Sind o o5 NS

ns: Pearson correlation coefficient with non-significant difference.
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Table 6. Combined analysis of variance for yield and physiological traits over the two years of the
experiment (2017-18).

Sl S

Mean Squares

& s 53 (500555 o3be > s
Photosynthetic pigments S
) .
QI,::JGGL‘.» ﬂ,ijé‘fj# S /u"‘u‘ @los Jrals Cagls O 55 5)
EVT EL T el S E il S Gl @ JalS b eSS Dry matter
S.0.V. D.F. rwc E.L. CCI  CTD SR Chl.a  Chl.b Carotenoids _vyield (t/h)
N | 134842 10448.1" 8048.8" 19.67* 7288.7 4.027*  0.980"  0.101* 294.48°
Environment
(laa) ) S5
4 53979 31054 4237 056  25.68 0.003  0.009 0.003 37.90
Rep (Env.)
o5 9  174.02° 45770 187.98 138 22843 0.040° golens  0.001° 27.74°
Ecotype
Lo x 5 S| e
ahd 9  103.94" 2630™ 24.65™ 0.10™ 61.31™ 0.010™ 0.007"  0.001* 2,920
EnvXxEco.
xﬁ_d_‘;l
() 1S5 36 8182 3750 6245 023 5614  0.009 0013 0.000 3.26
Eco.xRep
(Env.)
Ju . . o
1 678.15™ 709.36™ 120.36™ 0.57™ 937.27™ 0.023™  0.079 0.055 452.80
Year
Loax Jlo
; 1 213" 697.16™ 222"  0.64™ 183.64™ 0.019™ 0.019™  0.000" 14.56*
YearxEnv.
(o) 1S5 L
YearxRep 4 18798 11160 13270 043  287.15  0.028 0.009 0.002 7.92
(Env.)
ISl . . . . . . . . .
i 9 162.65" 36.68™ 207.70" 102" 134.66 0.019°  0.015™  0.000" 9.00
Year xEco.
X Jasea x Jlu
o5 9  37.46™ 19.58™ 6829™ 0.09" 87.52" 0.012™ 0.008™  0.001" 0.77
Yearx
Env.xEco.
o
36 4638 4213 75.63 0219  29.98 0.009 0.023 0.000 1.04
Error
[G] JOUPS T
C\’;"‘ i 17.04 2722 2600 3031  21.25 12.23 25.83 13.36 24.9

* **and ns

13 e M pts JARYA R8I cl:.w 231 s Ol s s L T

. are significant at 0.05, 0.01 probability levels and non-significant, respectively.
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Table 7. Mean comparisons for yield and physiological traits of alfalfa ecotypes over the two years

under full irrigation and no-watering for 20 days

8 53 S0 355,

23
a‘ . 3 4 3\ Gossef eSS 9;‘ =
9 _} Q} < ’9‘ Photosynthetic pigments 5 <
b 9e e wo 3§ (mggFW P
— = a2 D S D IR B N
‘}g?q 25 428 32 4;
» 4 . 3 A= R 5 ~ =B
WESE YT EO K. e BE D E
2 Y B 3 ; 2= 2= %8 2
FO B oo 35 3% 38 ¢ &
- - “, 3 “ 23S 3
‘b.:aﬂ
Environment
P LT
T 6526 7.85 42.58 1.87 2222 1.160 0430 0.210 16.61
Full irrigation
LT ojg, Yo Ak
S )}). & 44.06 26.51 2620 1.06 37.81 0.793 0249 0.152 14.12
No-watering for 20 days
Jl
Year
¥4
57.04 19.61 3539 1.40 2722 0962 0314 0.160 17.31
2017
\yvay
2018 5228 1475 3339 1.53 32.81 0990 0365 0202 1343
Ll
Ecotype
o 53.43 16.08* 30.13 1.10 33.61 0.952 0.323* 0.187 14.56
BAMI
oo 5530 17952 3729 1.71 2559 1.053 03622 0.186 17.26
YAZDI
S 50.10 20.35* 30.58 1.01 3471 0.903 0.326* 0.174 13.80
NIKSHAHRI
FIRE
s 5385 16447 3662 1.57 31.88 0.984 0.292°* 0.179 15.63
BAGHDADI
KFA17 60.16 17.30® 32.63 1.59 2837 0.993 0358* 0.182 15.52
KFA6 5495 13.79® 3993 198 23.69 1.037 0.407* 0.179 1748
KFA13 58.02 19.23* 3594 1.86 3027 1.011 0379* 0.185 15.76
S e
5535 15972 38.18 1.51 2596 1.001 0.3342 0.184 1588
LAKLAK
Mesasersa 5811 15.81* 3487 1.24 2880 0.967 03122 0.190 15.49
Diablo Verde 47.3718.87* 27.75 1.08 37.26 0.864 0.300° 0.164 1235

LI 513 gmn D o b 70 ezl o 53 (S5 03m3T ol 0 g2 a3 e Cog o L sl o SSLs

Based on Tukey test, means with similar letters have a significant difference at 5% probability level.
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Table 8. Correlation coefficients between physiological traits and dry matter yield in alfalfa ecotypes under full irrigation and no-watering for 20 days over the

two years (2017-18).

T ;! sl e Cubq “ 2 olie osle 5 %rfo
Sl o S gee R o =3
S _ ey S e _ a Jss )5 b sy s s 555, o
) & 5 & 5 S S Ty s, i
Trait E. L. Chl. a Chl. b Carotenoids Dry matter
RWC ccl CTD SR \
yield

S 5 DT o S5
wéoaa
grhlx._u S cis _ o
E.L. 0.63

R d2arS et 0.61%* -0.62%*
CCI

s 5l Gles als
e 0.57% L0.52%* 0.63%*
CTD
$lss sl -0.69%* 0.57%* -0.72%* 0,57
SR
A g8 0.72%* -0.69%* 0.67** 0.62%* -0.69%*
Chl. a
_U .

JosS8 0.40%* -0.49%x* 0.48%* 0.39%* S0.46%%  (.62%*
Chl. b
ks 45 5,8

e 0.44%* -0.64%* 0.43% 0.48%* 20.33%%  (.71%* 0.44%
Carotenoids
i o3be

o> S 0.64%* 0.32%* 0.42%* 0.47%%  .0.59%%  (.4]%* 0.15 0.14

Dry matter yield

** Pearson correlation coefficient with significant difference at 1% probability level.
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Introduction

Water scarcity is one of the major limiting factors to agricultural production across the
globe and it is predicted that drought spells will occur more frequently in the future due to the
long-term effects of global warming (Rivero et al., 2007). This has led to a decrease in canopy
size, loss in photosynthesis and consequently reduced crop yields. Alfalfa, being perennial
and multi cut, as well as having an efficient root system, can tolerate water limited conditions
by dormancy and is able to restart its biological activities after irrigating (Mc Williams,
2002). The mechanisms of response to water stress are complex and include activation of
growth regulators in molecular and physiological levels. In addition, the yield potential and
stability of some Iranian alfalfa ecotypes in different locations have been investigated

previously (Mofidian & Moghaddam, 2013).
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Material and Methods: The experiment was carried out with 10 warm and cold region alfalfa
ecotypes in two distinct environments at Seed and Plant Improvement Institute (SPII), Karaj, Iran,
over the years 2016-2018. The environments included full irrigation and no watering for 20 days from
22th of June. To conduct a preliminary evaluation of the ecotypes response to water stress, stress
susceptibility index (SSI) based on fresh forage yield was calculated. The most important
physiological traits measured in this study were as follows: relative water content (RWC), chlorophyll
content index (CCI), canopy temperature depression (CTD), and stomatal resistance (SR),
Chlorophyll a and b contents and carotenoids. Combined analysis of variance and mean comparisons

were done by SPSS Ver.22 and Excel 2016.

Results and Discussion: The effect of no watering stress on all of the physiological traits was
significant (P<0.01). The ecotypes showed a significant difference in dry matter yield and all
physiological measurements except for electrolyte leakage and chlorophyll b content. The year effect
indicated a significant difference for chlorophyll b (P<0.05); carotenoids and dry matter yield
(P<0.01) but it was not found to be significant for the rest of traits. Among the interactions,
environment X year interaction showed no significant effect for all the studied traits. Although,
ecotype x environment interaction was significant just for carotenoids (P<0.01), ecotype x year
interaction was significant for Dry matter yield, RWC, CTD and SR (P<0.01); and CCI, chlorophyll a
(P<0.05), as well. Under full irrigation regime and cut-off irrigation treatment, RWC was respectively
66.26 and 44.06 percent, which indicated that water stress decrease RWC by 32 percent. Electrolyte
leakage averaged 26.51 percent under the stress environment, exhibiting a 72 percent decrease in cell
membrane stability relative to full irrigation scenario. The chlorophyll content index in non-stress
condition was 38 percent greater than that of under stress condition. The canopy temperature
depression decreased by 43 percent during water stress imposition. No water shortage treatment led to
the least stomatal resistance of 22.22 s/cm; however, this value was 37.87 s/cm under water-limited

conditions, which showed a difference of 70 percent.

Conclusion: The minimum stress susceptibility index at the first and second year, 0.35 and 0.51,
were observed in BAGHDADI and BAMI ecotype respectively, which, among the investigated alfalfa
ecotypes, were found to be the most resistance to no watering for 20 days. Overall, KFA6 ecotype

showed the minimum electrolyte leakage (13.79 s/cm) and stomatal resistance (23.69 s/cm),
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respectively. Moreover, KFA6 ecotype had the maximum photosynthetic pigments of 1.623 mg in
fresh leaf (gr) that led to the production of 17.48 t/ha dry matter yield and superiority of 14 percent as

compared to the two-year mean of all ecotypes under full irrigation and no watering conditions.

Keywords: Canopy temperature, stomatal resistance, cell membrane stability, photosynthetic
pigments, and alfalfa.
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