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Table 1- Climate characteristics of Khosrowshah station in the crop year 2016-2017

Jlogloole s glos e 5 lod pafilhe lad 5 il SO ER
Jue - ) Sum of
v Months of the Mean minimum Mean maximum Mean total o ErrE
ear o o o precipitation
year temperature (°C) temperature (°C) temperature (°C) (mm)
April s ),3 15.3 3.7 9.5 57
May coigus,| 217 9.2 16.4 21.2
Junesls ;> 25.3 15.1 21.6 5.8
July s 345 19.6 27.1 0
Augustsls .o 38.8 20.1 28.1 .02
1¥a0 September s, 0. 34.2 17.1 25.7 0
2016 October - 22.7 7.6 15.2 10.5
November L1 175 5.8 11.7 16.6
December 3T 6.5 -4.3 11 26.4
January s 9.1 -1 4.1 215
February :yeq. 7.8 -2.3 2.8 80
Marchal 13.6 2.8 8.2 33
April 0,65 19.2 5.8 125 48.9
May coigus)| 20.4 8.4 14.4 783
Junesls > 285 13.6 211 27.2
\Yvas JUlyﬁJ 374 21.2 29.3 0
2017 Augustsls e 37 21.3 29.2 -
September s, 0. 323 17.4 24.8 31
October - 26.2 11.6 18.9 55
November L1 22.8 -0.3 9.5 15.6

ol ol Cos 5 (oling pus) (B3 ()l 3T ands wolie 9 (55,588 3550l 5 lidon 55 10 S g olSian] 51 Lo o0ls
The data was obtained from the synoptic station of East Azerbaijan Agriculture and Natural Resources Research
and Education Center (Khosrowshah).

ac,i0 Sy (Bl T Gee ploand 5 (b Shiogas -Y Jouo
Table 2- Physico-chemical properties of the 0-30 cm soil depth in the experiment

<olan ST enss Ny . R .
N ; Ol Jbaed BB el . Cagb,

st Bl organic . . o b ; e
5 Qe o . o) 39

EC ° Carbon Sand Silt Clav (% (%)
(ds.m?) pH (%) N P K (%) (%) ay (%) pwp

%)  (PPM)  (PP.M) (%)

2.48 75 0.5 0.05 25.7 152 78 14 8 0.100 0.277




v VT 5l VDY 05leds quame alr « ol5 (lalS (6355050355 (ole 4 25 I

axigy b oS 0 oliendion 5 (So5eler jud Slao(Dla po 5 Klw) (il )lg 45320 - Jgua
Table 3- Analysis of variance (mean squares) of physiological and biochemical traits in
alfalfaecotypes

S ySlos
e ale eliTazys A Wiugls adaeyls DUl iy sty VG
S.0.V. Df fFresh Carotenoid Chlorophyll a Chlorophyll b Prolin APX  CAT
orage
yield
S5 2 869.065 0.001 0.025 0.013 6214.839 3.067 0.052
Replication
(65 okl s o3, 2 8642.345™ 0.344** 0.311** 0.139"™  352932.999*170.406**3.284**
Irrigation regimes (S)
ol (e S Glhas 4 509.387 0.018 0.003 0.026 25819.49 1.867 0.104
Main plots error
ST 6 4237.759" 0.056™ 0.053m 0.022m 13211.85™ 11.881"™ 0.087"
Ecotype (E)
o g5 i s 12 191.426™ 0.023™ 0.05" 0.016"™ 15757.18™ 4.178™ 0.065™
S*E
2 b S gls 36 169.879 0.026 0.031 0.013 8650.884 5,935 0.077
Sub plots error
St o 2216 3427 38.92 36.08 1465 3181 5028
C.V. (%)

NS./N 570 slas Jlaxal mlaw 1o jlo (Joe o5 dy 3 g 3 > e 8
ns, * and ** no significant differences, significant at the 5 and 1% probability level, respectively.

Gl 6kl sbaess, Cod axss slogasS| olerdsn 5 (Sisled Slav (ke anylio -F Jgao

Table4- Mean comparison of physiological and biochemical traits of alfalfaecotypesunder
different irrigation regimes

adgle o ,Sloc .
el slo ) ) WSl AUl odan sy Y
i aﬁon o {mes 7 Carotenoid Chlorophyll a Prolin APX CAT
9 9 (\t('he;_q) (mg.gh (mg.gh)  (mg.gl) (U/mg protein)(U/mg protein)
Jol oz 3l a5 kel g 10.23c 0.5900a 0.3243b 784.5a 10.94a 1.005a
Stop irrigation after the first cut
095 o2 3l gy Lal aBy 11.06b 0.4976a 0.4724a 556.7b 6.176b 0.3633b
Stop irrigation after the second cut
(pow o2 bl B) Jols g,k 14.11a 0.3371b 0.5657a 563.4b 5.857b 0.2833b
Full irrigation

Q5505 02 b gl s ire B0 (glas Jlais] alaw 10 alive By glls slo 1 SKilo gt 12 )0
Similar letters within columns indicate insignificant differences according to the Duncan’s test (p < 0.05).
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Figure 1- Avrage fresh forage yield of alfalfa ecotype
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Figure 2- Cartenoid average of alfalfa ecotypes at different levels of drought stress
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Figure 3- Chlorophyll a average of alfalfa ecotypes at different levels of drought stress




VET 5ol VDY 0)leds eaaza sl ol (ol (559050523051 (cale 4 20

prolin
oy

900

800

700

600

500

300

200

100

784.5

556.7

Stopirrigation after the Stopirrigation after the
first cut second cut

563.4

Fullirrigation

S i bl pslaw )3 axigy slacadsST Gelgn GeSike —F S50
Figure 4- Prolin average of alfalfa ecotypes at different levels of drought stress
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Figure 5- APX average of alfalfa ecotypes at different levels of drought stress
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Figure 6- Catalase average of alfalfa ecotypes at different levels of drought stress
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Table 5- Drought tolerance indices in alfalfa ecotypes during the average of 2017 year

E“C‘;t’; Yo Ys  STI MP GMP  SSI  TOL  RDI
Sentetic A 840 533 089 6826 6660 115 2989 0.3
Sentetic B 760 545 074 6257 6205 073 1616 112
Azar 680 410 052 5344 5197 121 2488 0.0

Mabhalli shahed khosrov shah 7.60 4,77 0.70 62.15 60.45 1.21 28.81 0.91

Khaje 6.70 4.57 0.60 56.75 55.66 1.04 22.05 0.98
Joshin 8.40 5.76 0.81 65.13 64.69 0.66 15.06 1.15
Satlo 6.70 4.73 0.62 57.64 56.70 0.97 20.69 1.01
Mean (Sl 7.46 4.96 0.69 60.85 59.73 0.1 22.51 1
=0 Jgas alol

Table 5- Continued

e sS] DI SSPI HM  SDI  KiSTI KT VI vsI
Ecotyp
Sentetic A 069 2073 6498 036 114 099 108 064
Sentetic B 085 1121 6153 023 071 089 110 077
Azar 051 1725 5054 038 043 036 083 062
Mahalli shahed khosrovshah  0.60  19.98 5881 038  0.79 065 096  0.62
Khaje 062 1529 5460 033 053 051 092  0.67
Joshin 092 1044 6426 021 082 109 116 0.79
Satlo 066 1435 5578 030  0.55 056 095  0.70

Mean Sl 0.69 15.61 58.64 0.31 0.71 0.72 1 0.69
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Table 6- Correlation coefficients between fresh forage yield under non-stress (YP) and severe
drought stress (YS) conditions and drought tolerance indices

Index  VYp Ys STI MP  GMP SSI TOL RDI DI SSPI HM SDI  KiSTI  K,STI Yl

Ys 0.526™
STI 0.835™ 0.906™

MP  0.88™ 0.867" 0.996™
GMP 0.829 0.911** 0.999™ 0.995™

SSI 0.174™ 0.746* -0.395™ -0.314" -0.406"
TOL 0.524™ -0.448™ -0.03"™ -0.057™ -0.041" 0.929™
RDI -0.174™ 0.746% 0.395" 0.314™ 0.406™ -0.999 /o 0.,

DI 0.19™ 0.935** 0.698" 0.633™ 0.706™ -0.932" 0.736* 0.932**

SSPI 0.524™ -0.448"™ -0.03™ 0.057™ -0.041™ 0.929™ 0.999** -0.929** -0.736*

HM 0.774* 0.945™ 0.994™ 0.982" 0.996** -0.489 -0.133 0489 0.768* -0.133

SDI  0.174" -0.746* -0.395" -0.314™ -0.406™ 0.999** 0.929** -0.999**-0.932** 0.929** -0.489"
KiSTI 0.97** 0.703" 0.937 0.961%* 0.931** -0,054" 0.315™ 0.054™ 0.407™ 0.315" 0.894** -0.054"
KoSTI 0.653™ 0.981™ 0.96™ 0.93** 0.96%* -0.622" -0.296™ 0.622" 0.862** -0.296" 0.979** -0.622" 0.81**

Y1 0.526™ 0.999™ 0.906™ 0.867** 0.911** -0.746* -0.448" 0.746* 0.935** -0.448" 0.945** -0.746* 0.703* 0.981"

YSI -0.174™0.746%* 0.395™ 0.314™ 0.406™ -0.999** _ _~ 0.999** 0.932** _ ~ _ 0.489™ 0.999** 0.053" 0.622" 0.746"

0.929** 0.929**
*and **: Non significant, significant at the 5% and 1% probability levels, respectively

axig dsSTV 5o G @ Comlus 5 Jood (a3l VY (gl o9 slolo s g 059 polie =V Jgaer
Table 7- Eigenvalues and eigenvectors for 14 tolerance and stress sensitivity indices in 7 alfalfa

ecotypes
adlgo oy sladie (Gre2 oo S 4 Jormi gla a5l
Amount Special Cumulative Drought tolerance indices

amount share
Yp Ys STI MP GMP SSI TOL RDI DI SSPI HM SDI K1STI K2STI Yl YSI

1 10.58 66.16 0.14 0.31 0.26 0.25 0.27 -0.25-0.17 0.25 0.30-0.170.28 -0.25 0.19 0.30 0.31 0.25
2 5.396 99.88 0.39 0.04 0.2 0.25 0.22 0.25 0.36-0.25-0.11 0.36 0.18 0.25 0.33 0.11 0.04 -0.25

3 0.02 99.97 -0.23 -0.10 0.06 -0.19-0.21 0.12 -0.14-0.12 0.09 -0.14-0.22 0.12 0.36 0.75 -0.10 -0.12
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Figure 7- Distribution of studied alfalfa ecotypes based on two main components and
vectors related to drought tolerance indices
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Abstract

The experiment was carried out in the form of split plots based on a randomized
complete block design with three replications at the East Azerbaijan Research Center
located in Khosrow Shah region during two crop years (2015-2016 and 2016-2017). In
the main plots, the irrigation factor at three levels included stopping irrigation after the
first cut, stopping irrigation after the second cut, and stopping irrigation after the third
cut (plots were normally irrigated with a controlled water meter and no stress was
applied). The second factor included seven ecotypes of Synthetic A, Synthetic B, Azar,
Joshin, Satlo, Khajeh, and Khosroshah Mahalli Shahed, which were considered as sub-
plots. Considering that the crop year 2015-2016 was the establishment year, simple
variance analysis was done for the data of the crop year 2016-2017. The results showed
that the forage yield between the studied ecotypes under sever water shortage stress
(stoping irrigation after the furrow) conditions decreased by 2.5 tons per hectare
compared to normal irrigation conditions. The highest fresh forage yield in fully
irrigated conditions with 8.4 tons per hectare belonged to two synthetic ecotypes, Al and
Joshin. While under sever water shortage stress (stoping irrigation after the furrow),
Joshin ecotypes (5.76), synthetic B (5.45) and synthetic A (5.33 tons per hectare) had
the highest forage yield. Proline (784.5 mg/g FW) and enzymes ascorbate peroxidase
(10.94 U/mg protein) and catalase activities (1.005 U/mg protein) showed a significant
increase between ecotypes under water deficit stress. The present study showed that the
studied ecotypes have favorable characteristics related to tolerance to water deficit
stress. MP, GMP, STI, and HM indices were recognized as the most suitable stress
tolerance indices, which had the highest correlation with forage yield in non-stress and
drought stress conditions. Joshin, synthetic A and synthetic B ecotypes have higher
performance stability in terms of the mentioned indicators and can be used in breeding
programs to increase tolerance to water shortage.
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