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Table 1- Average temperature, relative humidity and rainfall (Weather Statistics Urmia in 2009-2010)

Jl.w dualo J"" éb)’. "‘“’W”}' CJ‘.’."J’)’: il ok $° )'b‘ QL’T R0 )9!’.)‘@":’
July  June May April  March February January November December October September

ROSES
Lo lwgio
Mean 241 20.8 13.5 9.3 8.0 2.9 4.7 2.8 9.4 141 18.9

temperature
oC

oy bwgio

@i Cogby 450 500 726 616 648 68.2 722 73.0 70.2 56.0 56.0
Mean
humidity
(%)
I Stk
Total 0 78 1097 485 621 217 153 81.8 82.0 0 305
rainfall
(mm)

Fogils B0 Gae 5l Gialojl Jome S ploords 5 (So5d (olss -V Jgax
Table 2- Physical and chemical properties of soil experimented from a depth of 0-50 cm

meuliy Sl Faep Sheay,  O0 o Smon B
K P 3585w S [ERVSC AW Soil sand silt clay lime Saturity (%) g o
S S « S i
ppm Lc()f?; Organic €% exture (%) so)o P
0

425 12 12 1.2 ) o9 16 43 43 16 47 7.1




i 4 Jess sloasly leslainl b Al jos lacussST (Sis 4 Joos bl -0 ) 5 5505

YAY

5355 et (5 5lans sladiges Liug; Joe slaglinl ol -Y Jgas

Table 3- The names of states in which the samples collected around the country

Numbere Lo Ecotype s o1 State ¢yLiw! City yoeo
1 T. purpureum.L oliibe,s st
Kermanshah Gasr-e- shirin
) Lisle )y yucid
2 T. resupinatum.L oLilo 3 Gl pad
Kermanshah Gasr-e- shirin
Lisbe olx
3 T. purpureum.L oliile,s m )
Kermanshah Rijab
4 T. Purpureum.L oliibe,s o3
Kermanshah Paveh
5 T. diffusum.L @ ol ey
West Azarbaijan Sardasht
6 T. diffusum.L @ ol 2kl
West Azarbaijan Mahabad
7 T. diffusum.L % o3 2y
West Azarbaijan Sardasht
8 T. echinatum.L oLilo 3 e res
Kermanshah Gasr-e- shirin
. O .
9 T. echinatum.L & OERRS s
East Azarbaijan Tabriz
. ¢ ol b, 31 Sl
10 T. echinatum.L o o o
West Azarbaijan Sardasht
. s &
11 T. resupinatum.L Sansd il
Kordestan Marivan
. QTN 45,5
12 T. diffusumL oL o>
Mazandaran Gorgan
. €] 49338
13 T. resupinatum.L o) 032
Fars Kazeroon
Lisbe L
14 T. lappaceum.L il °9%
Kermanshah Paveh
15 T. campestre.L oliilo O pad
Kermanshah Gasr-e- shirin
€] 493
16 campestre.L T. o 032
Fars Kazeroon
. -y Lw LT 0,8
17 T. hirtumL ol e
Lorestan Khorram Abad
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Table 4- Analysis of variance of Yp, Ys, and drought tolerance indices for 17 clover ecotypes

axye
G ol
fg‘"of/ ool SS TOL MP STl GMP HM Yo Ys
- d.f
Bt 0.38 *x n.s ok n.s n.s xx n.s
. 2 ns 282785563 6589929™  4.18" 9.54" 876419 111642062 42930561
ep

*k

G“f‘ét’” 16  3.26™ 57600366.70™ 155762867 1.06" 3.75" 1504223027 199925367 140400578
enotype

Eu” 3.96 40766143 7737578 0.28 3.23 8250327 16928247 18929970
rror
CVw) 24.84 13.72 19.67 1558 19.28 22.72 23.89 39.33

TN 570 Jlait mhans (o o cire a5 dswx g%
*and **: significant at 0.05 and 0.01 probability levels, respectively

Table 5- Paired correlation coefficients between drought tolerance indices and dry matter yield
under non-stress () and stress (YY) conditions

S st 1 2 3 4 5 6 7 8
Stress indices

1- o ls o0 Shee (YD) 1

2- o bylys jo 0 Shee (YS) 0.84™ 1

3- i3 ol a3Ls (SSD 0.06" -0.39"* 1

4- Si3 Jams asls (TOL) 0.54" 0.01"s 0.73" 1

5= 65 0542 eSilee (MP) 0.967™ 0.95™ -0.15" 0.31"° 1

6- 55 Joss sasls STh 0.87" 0.97" -0.32" 011" 096" 1

T-6 5 052 (i (Sike (GMP) 0.94™ 0.96™ -0.20" 025" 0997 0.96™ 1

8- Sigale Sl (HM) 0.92" 0.98™ -0.25" 020" 099 0977 0997 1

EEI

aoy ) 0 Jliol e jo s s i 5 4
*and ** : significant at 5% and 1% probability levels, respectively

Yp: yield in normal condition; Ys: yield in stress condition; SSI: Stress Susceptibility Index; TOL: Tolerance; MP: mean
productivity; GMP: Geometric Mean Productivity; HARM: Harmonic Mean, and STI: Stress Tolerance Index
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Table 6- Drought tolerance indices and dry matter yield under non-stress (Y,,) and stress (Ys) conditions in clover ecotypes.

et d]

T. T. T. T. T. T. T. T. T. T. T. T. T. T. T.
purpureum Resupinatum  purpureum  purpureum diffusum diffusum diffusum echinatum  echinatum  echinatum  resupinatum diffusum resupinatum lappaceum  campestre
L. L. L. L. L. L. L. L. L. L. L. L. L. L. L.

T.
campestre
L.

T. hirtum
L.

(SShy
o Slos
Lol 5o
Yp) 2T
5 5dac
byl pds yo
(Yo) mo
ke
Sigey
HM)
ke
JPEVRTYS
[R5
(GMP)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0.71 1.44 0.51 0.34 0.28 0.46 0.30 1.86 0.59 1.84 2.67 0.20 1.15 0.72 0.02

14766.00 21419.89 13148.44 10290.83 9504.38 12376.72  11343.33 23535.44 13394.22 24397.27 28168.44 8300.44 19604.00 14929.50 3088.83

4804.67 11247.11 9030.00 3334.33 4721.22 7577.01 1231155 2720.67 3564.45 13909.22 236.44 5498.67 12946.45 5220.33 1935.44

17168.33 27043.44 17663.44 11957.99 11864.99  16165.22  17499.10 24895.77 15176.44 31351.88 28286.66 11049.77 26077.22 17539.66 4056.55

12363.66 15796.33 8633.44 8623.66 7143.77 8588.21 5187.55 22175.10 11611.99 17442.66 28050.22 5551.10 13130.77 12319.33 2121.11

14375.15 19943.48 11598.05 10020.74 8918.07 11217.06 8002.72 23456.81 13157.07 22414.81 28167.94 7389.78 17466.54 14473.15 2785.65

14569.26 20668.50 12348.93 10154.88 9206.56  11782.62  9527.72 23496.08 13275.11 23385.04 28168.08 7831.88 18504.43 14699.55 2933.32

16

0.02

2836.50

349.23

0.30

3011.11

2661.88

2825.75

2831.11

17

0.26

9260.38

5939.22

1.34

12229.99

6290.77

8308.09

8771.31
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Table 7- Eigen values, variance and cumulative variance percentage for 6 resistant indice under
non-stress (Y;,) and stress (YY) conditions in clover ecotypes.

slaailjo ol bty oilbyly oy Stress indices Joxs gla asLs
ool o33 Vagance e
. b .
component Eigen Cum_ulatlve Yp Ys SSI TOL MP STI GMP HM
value variance
1 5.89 73.62 73.62 0.94 0.96 -0.21 0.25 0.99 0.97 0.99 0.99
2 1.90 23.86 97.49 0.30 -0.22 0.92 0.93 0.06 -0.13 0.006  -0.04
7
13
10 <> *
0.50 ¢
2
> 3
.
0.25 1
17
0.00 1 s
.
Yp i ‘ STI
-0.25 1
-0.50 * 1‘6
-0.75 4 1
<>
-1.00 1

Ys

STI Lasls 5 (Ys) o o,5kee «(Yp) ol o Shae Lolul p  Sis s pglie )] cpmen Jloges =Y S8
Figure 1- Determining drought resistant ecotypes based on the yield performance in stressed (Y5) ,
non-stressed (Yp) and STI index
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GMP
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GMP a5l 5 (Ys) w20 8,5kee (Yp) ol 0,5kee wlol 5 (Sis a0 pglie o8] e Jloges =¥ S
Figure 2- Determining drought resistant ecotypes based on the yield performance in stressed (Y5),
non-stressed (Y,) and GMP index
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Figure 3- Determining drought resistant ecotypes based on the yield performance in stressed (Y5),
non-stressed (Y,) and HARM index
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Figure 4- Determining drought resistant ecotypes based on the yield performance in stressed (YY), non-
stressed () and MP index
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Table 8- Diagnosis function analysis for determining the incision site dendrogram from cluster
analysis based on quantitative indices of drought tolerance in clover ecotypes

09,5 oluxs 318 Sro e Tl Sy g 0, Lo] 90—
Number of Group Siq Wilks Lambda Chi-Square
2 0.01 0.19 19.49
0 5 10 15 20 25
1 | 1 | 1
1 —
14
g [ —
3
G —J
5 —
17
12
4 e
7

Lgl!buDL.; uul.w‘ » G..:J..J.ﬁ‘ d.LoLS 9 Ward U“’S) )‘ odLA»..wl L)M Lgllbu.:qjs‘ 6‘4“:9} 4.1)2; )‘ J.al} f‘)i}‘)“‘b —& J&;ﬁ
Figure 5- Dendrogram of cluster analysis for clover ecotypes using Ward method and euclidean
distance based on different drought indices
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Abstract

To evaluate clover ecotypes by using drought tolerance indices, 17 annual clover
ecotypes were tested in a split-plot experiment by using randomized complete block design
with three replications, under two irrigated and rain-fed conditions in the Saatlo Research
Station in Urmia, Iran. In this study, based on the dry matter yield in stressed (Ys) and non-
stressed (Yp) conditions, quantitative values of drought tolerance indices of mean productivity
index (MP), tolerance index (TOL), geometric mean productivity index (GMP), harmonic
mean index (HM), stress susceptibility index (SSI), and stress tolerance index (STI) were
calculated. There was a significant difference among the ecotypes as to their yields under
irrigated and rain-fed conditions, which indicated the existence of genetic diversity and the
possibility of selection for drought tolerance and using them in breeding programs for further
genetic. The correlations among drought indices and Yp and Ys showed that MP, GMP, HM,
and STI were highly correlated with Yp and Ys. Cluster analysis categorized tolerant ecotypes
No. 11, 2, 13, 8 and 10 in the same group and the others in the sensitive one. Based on the
values of indices and higher dry matter yield, in both stress and non-stress conditions, ecotype
No. 11 (T.resupinatum L.) was recognized to be as the most tolerant ecotype against drought.

Key words: Clover, Cluster analysis, Drought tolerance indices, Forage yield.
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