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Table 1. Geographic and climatic information of collecting sites of
Hordeum spontaneum ecotypes

No. TN" Cliamate ~*' Province okt City A
1 309 Mediterranean (M)  ¢'4lz4  Ghazvin s Ghazvin RS
2 324 Cool Desert (CD) >, sk Markazi s+ Saveh o5l
3 554  Desert (D) stk Fars ot - -
4 556/1 Desert (D) st Fars ok - -
5 951  Desert (D) stk Khorasan olt,=  Mashhad A
6 1037 Mediterranean (M)  «'«lx4  Kermanshah sluil s Kermanshah oz s
7 1073 Mediterranean (M) !4l x4 Kermanshah sl s Kermanshah iz 5
8 1233 Mediterranean (M) 4!z Khorasan ol=  Bojnoord 3552
9 1263 Cool Steppe (CS) 5 il West Azarbaijan s 03T Orumiyeh P
10 1286 Mediterranean (M)  ¢'«l24  Kermanshah il S - -
11 1350 Cool Desert (CD) 3, st Markazi S Arak STl
12 1363  Desert (D) S Illam ¢! Shirvan Ol
13 1375 Desert (D) Sl Illam ¢ Shirvan Ol
14 1377 Desert (D) S Illam ¢! Shirvan Ol
15 1389  Desert (D) St Fars o6 Shiraz St
16 1674 Desert (D) stk Khorasan olts  Dareh Gas o
17 1693 Desert (D) &b Khorasan ol »  Mashhad g
18 1732 Desert (D) stk Khorasan olt=  Ferdous 80
19 1801 Cool Steppe (CS) s, 5 West Azarbaijan b O3l Maragheh P
20 Nosrat

TN: Temporary number in National Plant Gene Bank of Iran
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Fig. 1. Temperature fluctuation and precipition in 2011-12 cropping season in Karaj
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Table 2. Combined analysis of variance for traits in nineteen ecotypes of Hordeum spontaneum and Nosrat cultivar under normal and stress

conditions
HRb U g, ESCEE) O lgime ors bais O Y Slyo Al Jgbo Wy elw)l  agdiw ol 3 Slos ails 3 Slos asls Oy U 5,
s s Sy » e s g I8 Al gy by
e Days to Days to Relative Excised  Relative Relative Spike Plant Number  Biological Grain Harvest Days to
ol spike flowering water leaf water chlorophyll length height of yield yield index maturity
S0V o emergence content water loss content spikelet
s Sk e df. retention per spike
Environment (E) Lo 1 03.80" 4.88" 1.5656™  04.00" 1.138™  1.49™ 8.9" 837" 1.2m 522720™ 9.15" 8.50™ 0.14™
Error 1 Vsl 4 01.10 1.12 5.76 2.16 6.35 2.60 7.3 8.44 7.5 3.110194 242 9.20 3.40
Ecotype (Eco) ST 19 4.40™ 3.57" 6.41™ 0.10™ 5217 5417 7.2 1.26™ 6.1™ 8.201922" 1.14™ 3.90™ 6.14™
E x Eco Lowx oS 19 7.10" 9.20™ 9.29" 3.60" 7.10" 3.12% 9.1™ 0.59* 2.4 535648 5.16™ 2.40™ 1.93™
Error 2 Yobs 76 2.39 3.48 30.98 37.90 75.80 8.80 2.0 28.90 8.0 15244.60 145.5 241240  93.30

Aoy ) 3.\.;;:0JL.;:a-lc?a.»p)l:@'u))l:d'Nx;%;Q:aeaUa':-‘ns
ns,* and **: Not significant, significant at 5% and 1% levels of probability, repectively.

b LT 6<,..> S5l s Ol By e V.SJJ Hordeum spontaneum s 6335 ;5 Slaw uiul:.e s s — ¥ J gl
Table 3. Mean comparison of traits in nineteen Hordeum spontaneum ecotypes and Nostrat cultivar under normal and stress conditions

sl Al 55 B ) S5, Spemi STl (o S35 sl O B 555 o b g gl SS9 g > Sas Sl el
Irrigation Days to spike Days to Relative water Relative Days to maturity ~ Spike length (cm)  Plant height (cm) Biological Harvest index
emergence flowering content chlorophyll Yield(g/plot)
content
Normal 142.33a 146.28a 87.06a 42.32b 175.80a 10.12a 73.53a 603.75a 20.98b
Drought stress 140.70b 144.57b 73.33b 46.36a 168.76b 9.55b 62.93b 471.75b 25.09a

iz 3 me oMt 56 Ot a 53 S e Cog b La oy Sibe
Means followed by similar letters in each column are not significantly different
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Table 4. Mean comparison of traits in nineteen Hordeum spontaneum ecotypes and Nostr:

oled oled Al 5 56B0 55, S 5, ol i T 0! Sl gome 3,
ST SIS &, (s =T (sl 3 S
Ecotype TN Days to spike Days to Excised leaf Relative Relative chlorophyll Grai
No. emergence flowering water retention water loss content (g
1 309 144.00abc 148.00abc -0.478abcdef 0.723cdef 44.97abcdefg 80.0
2 324 138.17h 142.17hi -0.519abcdefg 0.744abcdef 43.49cdefg 57.5
3 554 140.50efg 143.67fghi  -0.579fg 0.863a 41.88efgh 124.7
4 556/1 140.50efg 144.17fgh -0.532bcdefg 0.792abcde 38.26h 185.3
5 951 144.00abc 148.67bc -0.459abc 0.670ef 43.82cdefg 51.6
6 1037 140.67efg 144.33fgh -0.556defg 0.834abc 48.91a 117.7
7 1073 140.17efgh 143.67fghi ~ -0.491abcde 0.741bcdef 41.37fg 227.6
8 1233 144.67ab 149.67ab -0.475abcde 0.690def 41.78fgh 168.7
9 1263 143.83abc 147.17bcd -0.522abcdefg 0.793abcde 48.08 b 119.0
10 1286 140.00fgh 143.17ghi -0.525bcdefg 0.776abcde 44.38bcdefg 114.7
11 1350 141.67def 145.83def -0.545¢cdefg 0.823abc 44.48bcdefg 124.1
12 1363 136.171 139.83j -0.562efg 0.821abc 42.38defg 98.0
13 1375 139.33gh 142.67ghi -0.522abedefg 0.784abcde 42.18defg 194.6
14 1377 139.17gh 143.17ghi -0.582g 0.851ab 45.92abcde 136.3
15 1389 138.33h 141.67ij -0.543cdefg 0.803abed 43.94bcdef 75.2
16 1674 143.17bcd 147.33abc -0.497abcdef 0.724cdef 46.18abed 88.3
17 1693 142.17cde 145.00def -0.507abcdefg 0.734cdefg 44.11bcdefg 102.4
18 1732 145.50a 151.50a -0.451ab 0.650g 45.81bacdef 84.5
19 1801 144.00abc 147.50bcd -0.507abedefg 0.755bcdefg 48.10ab 112.7
20 Nosrat 144.33ab 149.33abc -0.439a 0.680¢fg 46.78abc 207.6
Max 145.50 151.50 -0.439 0.863 4891 227.6
Min 136.17 139.83 -0.582 0.65 38.26 51.6

Means followed by similar letters in each column are not significantly different.
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Fig. 2. Mean comparison of plant height (a) and biological yield (b) in nineteen
Hordeum spontaneum ecotypes and Nosrat cultivar under drought and normal

conditions
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Table 5. Correlation coefficients of biological yield in drought and normal conditions
and stress indices using Pearson method

s S Sl 3 Sl Gl (S Jos A el (a3 Slas tin 8l 25 i ezl
Traits Stress yield Mean productivity —Tolerance  Stress susceptibility ~Geometric mean  Stress tolerance
index productivity index
Potential yield 0.84™ 0.98™ 0.81" 0.66™ 0.96™ 0.94™
Stress yield 0.94™ 0.37 0.20 0.96™ 0.96™

**: Significant at the 1% probability level.
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Table 6. Correlation coefficients of traits in normal (above diagonal) and stress conditions (below diagonal) and stress indices in using Pearson method

Traits DS DF RWC ELWR RWL RCC DM PH NSG SPL GY HI BYN GMP STI
DS 0.96™ 0.62" 0.82™ -0.75" 0.46" 0.91™ -0.01 0.28 0.17 -0.05 -0.33 0.04 0.02 0.03
DF 0.98" 0.57" 0.83™ -0.77" 0.41 0.89™ -0.17 0.30 0.13 -0.08 -0.31 -0.01 -0.04 -0.02
RWC 0.34 0.37 0.53" -0.52" 0.59™ 0.57" 0.26 0.69™ 0.71" 0.03 -0.26 0.13 0.12 0.14
ELWR 0.34 0.36 -0.11 -0.98" 0.37 0.82" -0.26 0.28 0.09 -0.12 -0.24 -0.12 -0.13 -0.06
RWL -0.35 -0.38 -0.07 -0.95™ -0.34 -0.76" 0.22 -0.33 -0.15 0.15 0.24 0.15 0.18 0.12
RCC 0.29 0.26 -0.41 -0.05 0.13 0.22 0.09 0.21 0.25 -0.54" -0.55" -0.42 -0.36 -0.37
DM 0.41 0.42 0.20 -0.15 0.09 0.11 -0.07 0.26 0.05 0.12 -0.22 0.19 0.16 0.19
PH -0.27 -0.34 -0.08 -0.20 0.26 0.19 -0.13 0.04 0.19 0.30 -0.08 0.47" 0.39 0.32
NSG 0.47" 0.52" -0.03 0.48" -0.50" 0.20 0.07 -0.17 0.75 0.11 0.10 0.07 0.03 0.08
SPL 0.27 0.26 0.08 0.06 -0.16 0.06 0.09 0.04 0.62" 0.01 0.01 -0.00 -0.05 -0.04
GY 0.01 0.02 -0.17 0.29 -0.12 -0.11 -0.44" 0.19 0.05 -0.38 0.71" 0.94™ 0.92" 0.93"
HI 0.02 0.06 0.45 0.09 -0.10 047 -0.29 0.14 0.02 -0.18 0.63™ 0.47" 0.48" 0.52"
BYD 0.04 0.02 -0.41 0.31 -0.08 0.09 -0.37 0.19 0.07 -0.36 0.94™ 0.32 0.96™ 0.94"
GMP 0.07 0.06 -0.37 0.28 -0.04 0.01 -0.24 0.23 0.09 -0.26 0.89™ 0.32 0.96" 0.99
STI 0.06 0.06 -0.34 0.37 -0.13 -0.03 -0.23 0.18 0.11 -0.29 0.90™ 0.33 0.96™ 0.99™

**and* : Significant at the 1% and 5% probability levels, respectively. S8 5N Jlazl gelane 53 s fra o 5 1 F K
STI: Stress tolerance index U5 Jas s GMP: Geometric mean productivity 5 S oin S0l BYN: Biological yield (g/Plot) S5 5 Slas
HI: Harvest index Sl el GY: Gran yield (g/plot) als 3 Shas SPL: Spike length (cm) aliw J b
PH: Plant height S5 gl RCC: Relative chlorophyll content e S5 S (Sl gma NSG: Number of spikelet per spike Al 53 debi 3l
DM: Days to maturity Oy b 555 ELWR: Excised leaf water retention & s 0t Lo T RWL: Relative water loss s 2T
DF: Days to flowering A 5, RWC: Relative water content e T (Slgn DC: Days to spike emergence Al 5 56b G 3,

VY
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Table 7. Eigen values, relative variance and coefficients of principle components in

ecotypes under normal condition

Components  Laail 4
Traits Slis 1 2 3 4
Biological yield SSdsm s Ses 0,08 0.496 -0.032  0.051
Days to flowering S5, 0389 0.068 -0.182 0.047
Days to maturity Ok 655, 0.356 0.167 -0.236 0.029
Days to spike emergence b 65y 0.388 0.098 0.140 0.171
Excised leaf water retention Ep et bi-OT (388 0.023 -0.215  -0.095
Geometric mean productivity 38 he ok oSl 20,091 0.461 -0.052 0.065
Number of spikelet/ spike™! i 3 alasls - 0.210 0.110 0437  -0.439
Plant height(cm) Sxelesl -0.060 0.212 0.305 0.631
Relative water content E i Tl 0.325 0.148 0.365 0.090
Relative water Loss E oy TN 20379 -0.006 0.170 0.130
Relative chlorophyll content o 8585 lgme 0255 -0.157 0.226 0.488
Spike length A dsb 0.154 0.058 0.578 -0.264
Stress tolerance Index oS Jes emle 20,073 0.460 -0.063  -0.020
Grain yield dasSles -0.106 0.451 -0.055  -0.162
Eigen value o529 p3lie 5.38 4.25 2.04 1.05
Percent of variance o osbls 3843 30.40 14.61 7.54
Cumulative percentage s Sl 3843 68.83 83.44 90.98
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G ST 55 25 Gl e e 5 oLl s g0 Slio 6l Lol adl s 53 S 6L ls gai —¥ S
2o LT Ltz s Hordeum spontaneum

Sy CL&J;!:PH casls A)_Q»r- GY ;L,’Sij}_b:; 5, Shee BY o, Slas JEENLES u:il_:» GMP g Y WO g ) STI
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Fig. 3. Bi-plot of first two principal components for characters and stress indices in
Hordeum spontaneum ecotypes in normal condition
STI :stress tolerance index, GMP: geometric mean productivity, BY: biological yield, GY :grain yield, PH: plant height,
RCC: relative chlorophyll content, ELWR: excised leaf water retention, RWL: relative water loss, DF: days to ﬂowerin%, DS:
iiays }tlo spike emergence DM: days to maturity, RWC: relative water content, NSG: number of spikelet groups, SPL: spike
ength.
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Table 8. Eigen values, relative variance and coefficients of principle components in
Hordeum spontaneum ecotypes under stress condition

Components  laail 40

Traits oliw 1 2 3 4 5

Biological yield NP> Sas 0465 -0.016 -0.104 -0.046  -0.001
Days to flowering A5, 20,003 0.470  -0.233 -0.245  -0.005
Days to maturity O B35, -0.203 0.164 -0.338  -0.267  -0.137
Days to spike emergence A s U5, -0.002 0456  -0.269  -0.235 0.010
Excised leaf water retention &y s eks b T 0.207 0.345 0.357 0.160  -0.179
Geometric mean productivity 3 Sles i 83k 0.451  0.0001  -0.137  -0.080 0.088
Number of spikelet/ spike™ A )3 amplin sl 0.048 0.400  -0.026 0.347 0.207
Plant height(cm) <5 gl 0.096 -0.208  -0.247 0.198 0.536
Relative water content Ep i STl 20,196 0.136 0.153  -0.515 0.458
Relative water Loss E oy STOW 0,100 -0371  -0435  -0.143 0.118
Relative chlorophyll content s J 3 57 () s 0.011 0.083  -0.562 0.341  -0.316
Spike length dwdsb -0.163 0.236  -0.050 0.422 0.508
Stress tolerance Index O Jeos e ls 0.457 0.020 -0.074  -0.094 0.065
Grain yield 6l > Slas 0.445 0.019 0.022  -0.166 0.150
Eigen value 59 polie 442 3.54 1.67 1.49 1.05
Percent of variance s oLl 31.62 25.31 11.97 10.67 7.56
Cumulative percentage e ool 3162 5693 6891 7958 8715
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Fig. 4. Bi-plot of first two principal components for characters and stress indices in Hordeum spontaneum
ecotypes under water stress condition
STI :stress tolerance index, GMP: geometric mean productivity, BY: biological yield, GY :grain yield, PH: plant
height, RCC: relative chlorophyll content, ELWR: excised leaf water retention, RWL: relative water loss, DF: days

to flowering, DS: days to spike emergence DM: days to maturity, RWC: relative water content, NSG: number of
spikelet groups, SPL: spike length.
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Fig. 5. Cluster analysis of Hordeum spontaneum ecotypes based on five principle
components under stress condition
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Table 9. Mean of traits and stress indices of Hordeum spontaneum ecotypes in three
clusters under stress condition

Components s 4

Traits Slew 1 B 3
Biological yield Kb Sle 31430 54060 77980
Days to flowering SAEL,, 1300 17200 28000
Days to maturity odwy by, 014 1.03 113
Days to spike emergence i pb by, 31451 53278 763.29
Excised leaf water retention & y3 el bais T 0.24 0.70 1.44
Geometric mean productivity 5 Slas g ;KL 141.00 141.00 141.00
Number of spikelet/ spike™! i ysamlinslag 14500014400 145.00
Plant height(cm) G5 gl 77.05 72.02 73.23
Relative water content i T slgme 121 -52.98  -48.26
Relative water Loss s T o 7491 79.81 7427
Relative chlorophyll content o S S lga 4540 4766  44.27
Spike length dew b 171.58 169.72 164.40
Stress tolerance Index 05 Jai pasls 9707 64.78 6233
Grain yield 613 5 Shos 22.08 21.68 22.27
Eigen value osy ol 970 9.70 9.20
Percent of variance i oy 7450010940 179.40
Cumulative percentage rons iyl 32083 626,51 920.00
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Table 10. Step wise regression of stress tolerance index and traits under normal and
drought stress conditions

Regression Equation

R Square (Adjusted)

Normal Step 1 STI=0.47-0.002 (BY) 0.88
Step 1 STI=1.67-0.003 (BY) 0.91
Drought Step 2 STI=0.66—0.002 (BY) + 0.05 (DM) 0.92
Step 3 STI=1.77-0.21 (BY) + 0.7 (DM) + 0.09 (RCC) 0.94

RCC: Relative Chlorophyll Content; BY: Biological Yield;
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