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ABSTRACT

Drought stress is one of the major environmental stresses which has negative effects on all developmental stages of
plants especially seed germination stage. To evaluate the effects of drought stress on seed germination characteristics
of common bean genotypes, 40 genotypes were tested in petri dishes containing polyethylene glycol 6000 with
concentration equal to 0, -4, -8 and -12 bar, in factorial experiment using CRD design with three replications in year
1393. The results showed that drought stress decreased rate and percentage of germination, radice and caulice
lengths, fresh and dry weight of radices, and fresh and dry weight of caulice. To study biochemical processes in
germination stages, genotypes 18, 25, and 28 and commercial variety of Yas were screened for polyethylene glycol
6000 with concentration equal to 0, -4, -8 and -12 bar. By evaluating of the studied traits and indices, with
considering physiological and biochemical characteristics, it could be conclude that genotype 1189 was drought
tolerant one in seedling stage in comparison to the rest of genotypes and Yas as a check variety.
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Table 1. Coding of 40 beans genotypes

NO. Genotypes NO. Genotypes
1 883 21 882
2 904 22 742
3 914 23 915
4 1195 24 902
5 1175 25 916
6 1170 26 1201
7 1187 27 900
8 899 28 1185
9 912 29 1190
10 1177 30 1294
11 1183 31 918
12 1150 32 1196
13 1198 33 1238
14 986 34 1534
15 903 35 951
16 1194 36 919
17 1414 37 913
18 1189 38 1171
19 1120 39 1190

20 1173 40 907
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Table 2. Analysis of variance of germination indices of 40 beans genotypes in four levels of the treatment
(Control, -4, -8 and -12 bar)

o Germination Radical  Shoot Radical Shoot Radical Shoot

S.0.v df  Germination rate length  length fresh fresh dry dry

weight  weight weight weight
Genotypes (A) 39 229245" 12.077  12.649 2.935" 0.00613 0.0173" 0.000068~ 0.000184"
Osmotic Potential (bar) (B) 3  187309.37"  906.44™  581.93™ 834.227™ 0.51119™ 5.2401™ 0.00335™ 0.022791"
Interaction (AB) 117 1098.04™ 2.342" 6.171™ 214 0.00663™ 0.02178™ 0.000057™ 0.0001895"
Error 320 170.55 0.4425 1.1983 0.57139 0.00142 0.00766 0.0000106 0.0001113

(%CV) 15.63 15.9 21.68 1253 4.86 10.52 0.422 1.36

*, **: Significantly difference at 5 and 1% levels of probability, respectively.
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Table 3. Mean comparison of levels of stress on traits measured in 40 beans genotypes

Osmot_lc Germination Germination Radical Shoot Radical Shoot Radical Shoot
Potential %) rate length length fresh fresh dry dry
(bar) weight weight weight weight
Control 95.140 a 6.63 a 484a 5.72a 0.14a 044a 0.011a 0.031a
-4 88.231b 422b 391b 142D 0.085Db 0.07b 0.009 b 0.013b
-8 55.723 ¢ 2.08¢c 1.35¢ 0.34c 0.02¢ 0.02¢ 0.003¢ 0.004 ¢
-12 8.66d 0.28d 0.10d 0.002d 0.001d 0.0003d 0.00008 d 0.00003 d
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* Different letters in each column indicate significant difference according to Duncan Test (p< 0.01) between treatments.
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Table 4. Mean comparisons of traits related to germination of beans genotypes

Genotypes Gerrg)lz; tion Germination rate T::étt:ﬁl Shoot length frelzt??/:;;?glght Shoot fresh weight Dga\(/jvlgizlht Shoot Dry weight
1 63.33efghi 3.25hij 2.75efghij 2.15bcdefgh  0.071bcdefghijk 0.19abcd 0.008cd 0.018ab
2 49.84jklmno 2.91ijlim 1.89jklmno 0.640 0.068cdefghijk 0.092fghij 0.0056¢efghijkim 0.010bcde
3 63.12gefhi 3.16 hijk 3.29def 1.73efghijklm  0.075abcdefghi 0.20abc 0.008cd 0.018ab
4 73.33cde 4.7bc 4.27b 2.22bcdefgy 0.066defghijkl 0.084hij 0.0075cdef 0.008cde
5 75.73bcd 4.74bc 4.35b 2.005cdefghijk  0.065defghijkl 0.15bcdefgh 0.009bc 0.012bcde
6 75cd 4.98b 4.35b 2.62abc 0.068cdefghijk 0.6efghij 0.0067cdefghi 0.012bcde
7 89.18a 5.72a 2.15a 3.02a 0.063efghijkim 0.15bcdefghi 0.0066cdefghij 0.010bcde
8 63.33gethi 3.16hijk 2.34ghijkim 1.36kImn 0.035Imnop 0.084hij 0.0063cdefghijk 0.011bcde
9 74.9cd 4.38cde 4.22bc 2.11bcdefghi  0.057fghijkimn 0.11efghij 0.0059defghijkl 0.011bcde
10 74.16¢d 4.01defg 2.84efghi 2.29bcde 0.039kImnop 0.13cdefgij 0.00516fghijklmn 0.010bcde
11 70cdef 3.82fg 3.42cdef 1.92defghijkl 0.101ab 0.16abcdefgy 0.0071cdefg 0.010bcde
12 73.33cde 4.30cdef 2.14hijklmn  1.52hijkimn 0.076abcdefghi 0.16abcdefg 0.0046ghijkimno 0.011bcde
13 60fghi 3.2%i 2.67efghijk  1.85efghijkim 0.095abcd 0.15bcdefgh 0.008cde 0.013bcde
14 45.83Imnop 2.35n0pq 2.12hijklmn  1.6fghijkim 0.095abcde 0.23a 0.111ab 0.018ab
15 55ijkl 2.68kImno 1.65mnop  1.74efghijkim  0.076abcdefghi 0.14bcdefghi 0.0067cdefghi 0.012bcde
16 51.66mjkin 3.33 hijkl 321defg  1.66efghijkim 0.104a 0.13cdefgij 0.008cd 0.009cde
17 55.83gkli 2.63Imno 2.6fghijkl  1.75efghijkim  0.072bcdefghij 0.16abcdef 0.0075cdef 0.012bcde
18 75.83bcd 4.52bcd 3.91bcd 1.94defghijkl 0.088abcdef 0.096fghij 0.008cd 0.008cde
19 54.16mijkli 3.25hij 2.12hijklmn 1.42jklmn 0.063efghijkim 0.13cdefgij 0.0043hijkimno 0.008cde
20 77.5bcd 4.47cd 3.27def 1.73efghijklm 0.082ahcdefg 0.086hij 0.0063cdefghijk 0.005e
21 40.83pqo 1.81rs 1.45mnop 1.25mn 0.077abcdefghi 0.17abcde 0.0073cdef 0.016bc
22 79.16bc 4.36¢de 3.20defg 2.51abcd 0.046ijklmno 0.11defgij 0.0043hijkimno 0.016bc
23 50.83mjkino 2.76ijkImn 2.14hijklmn  1.58ghijkimn  0.071bcdefghij 0.16abcdef 0.0038kImno 0.025a
24 39.16pq 2.21opqr 2.13hijklmn  1.58ghijklmn 0.099abc 0.17abcde 0.125a 0.024bcd
25 43.23pgno 2.03pgr 1.55mnop 1.27mn 0.048hijklmno 0.1efghij 0.008cde 0.010bcde
26 55.8jkli 2.52lmnop 172Imnop  1.7efghijklm 0.028nop 0.12defgij 0.0031mno 0.010bcde
27 44.16mpgno 1.93qr 1.1op 0.97no 0.012p 0.094fghij 0.0033Imno 0.012bcde
28 85.83ab 4.45cd 3.51bcde 2.48abcd 0.06fghijklm 0.13cdefgij 0.0037klmno 0.010bcde
29 79.16bc 3.90efg 2.97efgh 1.31Imn 0.056fghijkimn 0.070j 0.0028no 0.007de
30 68.33gefcd 3.23hij 0.86p 1.76efghijklm 0.0200p 0.12defgij 0.00200 0.009bcde
31 57.27jkhi 2.50 Imnop 2.14hijklmn 2.65ab 0.051ghijkimno 0.21ab 0.0061defghijk 0.011bcde
32 66.92 3.83fg 2.36ghijklim  2.06bcdefghij  0.069cdefghijk 0.32defgij 0.0045ghijklmno 0.008cde
33 57.5jkhi 2.49 Imnop 2.02ijklmn  1.83efghijkim  0.065defghijkl 0.13cdefgij 0.0039jklmno 0.012bcde
34 59.16gjfhi 3.25hij 1.77klmno 2.30bcde 0.039kImnop 0.077ij 0.0027no 0.006de
35 68.33gefcd 3.26hij 2.59fghijkl 2.48abcd 0.071cdefghijk 0.15bcdefgh 0.0069cdefgh 0.015bcd
36 48.16mpkino 2.06pgr 1.77klmno 1.52hijkimn 0.078abcdefgh 0.13cdefgij 0.0068cdefgh 0.014bcde
37 35 1.39s 1.040p 1.52ijklmn 0.042jklmnop 0.15bcdefghi 0.0041ijklmno 0.015bcd
38 40.83pqo 2.28nopgr 1.74lmno 2.58abc 0.05ghijklmno 0.12defgij 0.0039jkimno 0.008cde
39 73.33ecd 3.60gh 2.15hijklmn 2.24bcdef 0.033mnop 0.089ghij 0.0041hijkimno 0.009bcde
40 62.5gfhi 2.74jklmn 1.32nop 1.92defghijkl 0.026nop 0.14bcdefghi 0.0023no 0.012bcde
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* Different letters in each column indicate significant difference according to Duncan Test (p< 0.01).
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Table 5. Mean comparison of interaction between genotype and level of drought
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Genotype  Droughtstress  Germination Germination Radical Shoot Radice_il Shoo@
rate length length fresh weight fresh weight
1 control 100a 7.61a-h 7.10 a-f 7.10a-c 024 a-e 0.65 a-c
2 control 100a 7.83a-g 3.33gf 2 p-x 0.22 a-f 0.30 h-u
3 control 100 a 6.16 g-q 5.98 a-m 5.93 b-j 0.17 b-j 0.52 b-j
4 control 100 a 9.33a 5.27a-p 7.06 a-c 0.11 g-x 0.27k-y
5 control 100 a 8.83a-c 6.64 a-h 6.69 b-f 0.14f-q 0.53 b-i
6 control 100 a 95a 6.4 a-i 7.77ab 0.16 c-k 0.30i-v
7 control 100 a 9.16 ab 6.14 a-l 722 a-C 0.11gv 0.42c-n
8 control 100a 5.66 h-s 2rg 4.55f-0 0.04g-z 0.27 k-x
9 control 100 a 7.77a-g 6.81a-g 6.09 b-h 0.07 k-z 0.34g-t
10 control 100a 7.16 ¢ 5.48 a-n 6.99 a-d 0.11 g-w 0.45c-n
11 control 100a 7.15¢4 5b-r 7.1a-c 0.2lag 0.43cn
12 control 100a 9a-c 4.23 f-x 5.61 b-k 0.16 c-I 0.59 b-e
13 control 100a 7.33b-i 53ap 6.26 b-g 0.19b-h 0.55 b-h
14 control 100a 6.16 g-q 4.83d-s 5.6 b-k 0.25a-d 0.85a
15 control 96.67a 5.65 h-s 35i-¢ 5.46 c-k 0.11g-u 0.49 c-l
16 control 33.33f 6.83d-j 6.2a-k 6.16 b-h 0.29a 0.50 b-k
17 control 100a 6g-r 4.86 c-s 6.03 b-i 0.15e-p 0.57 b-g
18 control 96.67a 8.27 a-f 6.55a-h 6.13 b-h 0.10 h-z 0.31h-u
19 control 96.67a 7.83a-g 5.36 a-p 5.03 c-m 0.19 b-i 0.50 b-k
20 control 100a 8.33a-¢e 4.80d-t 4.8d-n 0.11g-u 0.241-z
21 control 100a 513 k-r 4.97 b-r 4.44g-0 0.26 ab 0.63 a-d
22 control 96.67a 6.5e-0 291ng 6.72 b-e 0.050-z 0.33g-t
23 control 100a 6.5e-0 79ab 5.25 c-k 0.22 a-f 0.59 d-f
24 control 100a 6.75e-l 6.83a-g 6.16 b-h 0.29a 0.74ab
25 control 89.6ab 5 k-w 2.880-¢° 3.86i-q 0.050-z 0.35e-r
26 control 100a 55i-t 4.62d-u 6.25 b-g 0.09 i-z 0.48 c-m
27 control 100a 4.83k-y 3m-g° 250w 0.04 gz 0.28 j-w
28 control 100a 6.38 f-p 3.21k-g 5.55 ¢c-k 0.050-z 0.28 j-w
29 control 100a 6.61 e-n 222099 2.88 m-t 0.02t-z 0170z
30 control 86.67a-c 5.27 j-u 1.25x-g 5.88 b-g 0.05 p-z 0.41c-0
31 control 96.67a 4721z 7.10 a-f 8.88a 0.15e-0 0.74ab
32 control 100a 8.66 a-d 5.91a-n 6.86 a-e 0.20a-g 0.39d-p
33 control 96.67a 4.83k-y 5.99 a-m 5.10c-l 0.15e-0 042cn
34 control 93.33ab 6g-r 4.80d-t 5.25 c-k 0.11g-u 0.22n-z
35 control 86.61a-c 5.66 h-s 4.88c-r 7.77ab 0.16 d- 0.51 b-k
36 control 96a 4.61n-a’ 516 a-q 4.65e-0 0.26 a-c 0.44cn
37 control 76.67a-d 3.6t-h” 2.66 0-g° 5.27 ck 0.13f-s 0.54 b-i
38 control 100a 6.49 e-0 5.66 a-n 6.66 b-g 0.16 d-m 0.38 d-q
39 control 96.67a 6.11g-q 3.27jg 5¢c-m 0.06 n-z 0.23n-z
40 control 86.67a-c 4.49 o-b” 3.10m-g 4.66 e-0 0.050z 0.34fs
1 (-4 bar) 76.67a-d 3.56 t-h” 3.72hc’ 0.5 vx 0.06 k-z 0.040 w-z
2 (-4 bar) 86.30a-c 3.481ti” 4.23 f-x 0.58 vx 0.049-z 0.06 u-z
3 (-4 bar) 100a 4721z 6.18 a-k 0.58 vx 0.11g-u 0.23m-z
4 (-4 bar) 100 a 552i-t 7.07 a-f 1.26 t-x 0.12 gt 0.045 v-z
5 (-4 bar) 100 a 55i-t 7.33a-e 0.83 u-x 0.07 j-z 0.033 w-z
6 (-4 bar) 100a 6.11g-q 8.13a 2.20 p-x 0.08 j-z 0.069 u-z
7 (-4 bar) 100a 6.66 e-m 7.83a-c 3.99 h-p 0.09 h-z 0149z
8 (-4 bar) 96.67a 477 1y 7.39a-d 0.91t-x 0.09i-z 0.059 u-z
9 (-4 bar) 96.30a 511k-v 6.30 a-j 1.68 r-x 0.14f-q 0.07 u-z
10 (-4 bar) 100 a 5.27 j-u 413fz 1.54 s-x 0.04r-z 0.07 u-z
11 (-4 bar) 96.67a 4.46 o-¢” 4.96 b-r 0.61 u-x 0.11g-u 0.047 v-z
12 (-4 bar) 100a 4.93 k-x 4.33e-v 0.5 v-x 0.14 f-r 0.061u-z
13 (-4 bar) 100a 4.35 p-d’ 4.73d-t 0.65 u-x 0.16 d-m 0.06 u-z
14 (-4 bar) 56.67b-i 230”1 29ng 0.5 vx 0.10g-y 0.040 w-z
15 (-4 bar) 63.33a-g 2.84y-n’ 243p-g 1tx 0.16 d-n 0.07 u-z
16 (-4 bar) 100a 4.88 k-x 6a-m 0.5 v-x 012 gt 0.046 v-z
17 (-4 bar) 90ab 3.24u-l" 42fy 0.5 v-x 0.09 h-z 0.040 w-z
18 (-4 bar) 96.67a 5.16 k-v 6.83ag 113t-x 0.22 a-f 0.05 v-z
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Continued table 5. Mean comparison of interaction between genotype and level of drought
Genotype  Droughtstress  Germination Germination Radical Shoot Radiczfll Shoo@
rate length length fresh weight fresh weight

19 (-4 bar) 96.67a 444 p-c’ 254 p-g 0.66 u-x 0.06 m-z 0.045 v-z
20 (-4 bar) 96.67a 4.83 k-w 6a-m 1.6 s-x 0.17 c-k 0.07 u-z
21 (-4 bar) 63.33a-g 513 k-v 0.83b"-g" 0.58 v-x 0.04r-z 0.07u-z
22 (-4 bar) 96.67a 6.46 e-0 6.27 a-j 2.63 0-v 0.09 h-z 0.10s-z
23 (-4 bar) 100a 4.550-a" 1.83s-g° 1.15t-x 0.09 h-z 0.069 u-z
24 (-4 bar) 36.67e-l 1.63h"-w’ 2.66 0-g° 0.66 u-x 0.15e-0 0.026 w-z
25 (-4 bar) 60a-h 247c”q 1.66 u-g’ 0.5 vx 0.06 I-z 0.036 w-z
26 (-4 bar) 100a 3.99 r-f 28309 116 t-x 0.04 sz 0.08 u-z
27 (-4 bar) 76.67a-d 2720 1.33w-g° 1tx 0.01u-z 0.067 u-z
28 (-4 bar) 100a 6g-r 4ga 2.66 n-v 0.14 f-r 0.14 ¢z
29 (-4 bar) 100a 4.66 za” 6.3 aj 1.33t-x 0.09i-z 0.09t-z
30 (-4 bar) 96.67a 4550-a" 222099 1.16 t-x 0.03sz 0.08 u-z
31 (-4 bar) 73.33a-¢ 3.19 v-I” 0.25gh" 0.66 u-x 0.004 yz 0.02 x-z
32 (-4 bar) 96.67a 4.66 m-a” 15v-g’ 1.56 s-x 0.06 n-z 0.064 u-z
33 (-4 bar) 90ab 3.63s-h” 1.08z¢ 15sx 0.08 j-z 0.062 u-z
34 (-4 bar) 93.33ab 5.1k-v 162u-g 3.81jr 0.033t-z 0.069 u-z
35 (-4 bar) 96.67a 4550a" 3.66 h-d’ 1.77 gx 0.03t-z 0.07 u-z
36 (-4 bar) 83.33a-c 319 v 0.58d"-g" 1.25t-x 0.02t-z 0.07 u-z
37 (-4 bar) 60a-h 191g9”-w’ 15v-g° 0.75 u-x 0.03t-z 0.065 u-z
38 (-4 bar) 56.67b-i 241d7-q 1.33w-g’ 3.66 k-s 0.03r-z 0.10s-z
39 (-4 bar) 100a 4.88 k-x 3.33)-F 3.55 k-s 0.03t-z 0.10s-z
40 (-4 bar) 96.67a 4.16 g-¢” 102a-g 2.550-w 0.02t-z 0.21n-z
1 (-8 bar) 70a-f 216 f7-t 0.83b™-g" 0.83 u-x 0.009 w-z 0.011yz
2 (-8 bar) 13.1jkl 0.36r"-w” oh 0x 0z 0z

3 (-8 bar) 25.83 g-l 0.92m”-w’ la'-g 0.41 v-x 0.005 y-z 0.039 w-z
4 (-8 bar) 90ab 38659 4.75d-t 0.56 v-x 0.03t-z 0.019x-z
5 (-8 bar) 100a 458 n-a” 343j-€ 0.5 v-x 0.03r-z 0.039 w-z
6 (-8 bar) 93.33ab 4.16 g-¢” 2.790¢ 0.54 v-x 0.01tz 0.052 u-z
7 (-8 bar) 100a 45402 3.97g-a 0.88 t-x 0.03t-z 0.038 w-z
8 (-8 bar) 63.33a-g 21517+t oh 0x 0z 0z

9 (-8 bar) 100a 4.36 p-d’ 21rg 0.7 u-x 0.01w-z 0.021 x-z
10 (-8 bar) 93.33ab 3.55t-h” 1779 0.65 u-x 0.003 z 0.021 x-z
11 (-8 bar) 83.33a-c 2.65a"-p” la-g 0.16 x 0.008 x-z 0.008 z
12 (-8 bar) 93.33ab 3.28 u-k” oh 0x 0z 0z

13 (-8 bar) 36.67e-l 1.38k”-w’ 0.66 c’-g" 0.5 v-x 0.02t-z 0.02 x-z
14 (-8 bar) 26.67 gl 0.94 m-w 0.75¢-g 0.33 vx 0.01t-z 0.029 w-z
15 (-8 bar) 56.67b-i 213U’ 0.7¢-g 0.5 v-x 0.02 t-z 0.032 w-z
16 (-8 bar) 73.33a-e 0.807-w’ 0.66c’-g’ 0x 0z 0z

17 (-8 bar) 33.33f 127 17w’ 1.33w-g° 0.5 v-x 0.049-z 0.048 v-z
18 (-8 bar) 93.33ab 4.02r-f 16u-g 0.5 v-x 0.01t-z 0.025 w-z
19 (-8 bar) 20 0.66 p”"-w’ 0.58d-g" 0x 0z 0z

20 (-8 bar) 96.67 a 4.16 g-¢” 1.95r-g 0.52 v-x 0.03t-z 0.02 x-z
21 (-8 bar) ol ow’ oh 0x 0z 0z

22 (-8 bar) 85a-c 341uy’ 3121g 0.75 u-x 0.02t-z 0.042 v-z
23 (-8 bar) 5kl 0.25 s-w oh 0x 0z 0z

24 (-8 bar) 23.33h-l 0707w’ oh 0x 0z 0z

25 (-8 bar) 16.67 jki 0.66 p”-w’ 1.66 u-g 0.75 u-x 0.07 k-z 0.033 w-z
26 (-8 bar) 13.33 jkl 0.32r"-w’ oh 0x 0.04r-z 0z

27 (-8 bar) ol ow’ oh 0x 0z 0z

28 (-8 bar) 90ab 450-b’ 4.83d-s 0.66 u-x 0.05 p-z 0.149-z
29 (-8 bar) 80a-c 2.19x-m 45d-v 0.62 u-x 0.02t-z 0.03 w-z
30 (-8 bar) 65a-f 213U’ oh 0x 0z 0z

31 (-8 bar) 40 d-k 1.26 I”"-w’ 05¢€’-g 0.16 x 0.03t-z 0.012yz
32 (-8 bar) 93.33ab 33u-k 2.830-g 0.5 v-x 0.03sz 0.049 v-z
33 (-8 bar) 40d-j 145j7-w’ la'-g 0.75 u-x 0.02t-z 0.043 v-z
34 (-8 bar) 50 c-j 1.89¢”-w’ 0.66c’-g 0.16 x 0.006 yz 0.012yz
35 (-8 bar) 86.67a-C 2.68a"-0" 1.16y-g9 0.29 wx 0.02t-z 0.025 w-z
36 (-8 bar) 3.33kl 0.16 t""-w’ 1.33w-g 0.16 x 0.03t-z 0.006 z
37 (-8 bar) 3.33kl 0.066 v""-w’ oh 0x 0z 0z

38 (-8 bar) 6.67kl 0225w’ oh 0x 0z 0z

39 (-8 bar) 83.33a-c 3.02w-I" 1.99r-g 0.5 v-x 0.04r-z 0.025 w-z
40 (-8 bar) 63.33a-g 2.23¢e""-s 1.16 y-g 0.5 v-x 0.02t-z 0.029 w-z
1 (-12 bar) 6.67 ki 0.25s-w oh 0x 0.009 w-z 0z

2 (-12 bar) 25h- 1517w’ 11zg 1.56 s-x 0.03t-z 0.15p-z
3 (-12 bar) 26.67 g-l 0.8307-w”’ oh 0x 0z 0z

4 (-12 bar) 3.33kl 0.11 u”-w’ oh 0x 0z 0z
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Continued table 5. Mean comparison of interaction between genotype and level of drought

Genotype  Droughtstress  Germination Germination Radical Shoot Radiczfll ShooF
rate length length fresh weight fresh weight

5 (-12 bar) 3.33kl 0.06 v""-w’ oh 0x 0z 0z
6 (-12 bar) 6.67kl 0.17t"-w”’ oh 0x 0z 0z
7 (-12 bar) 56.67b-i 251b7q 2.66 0-g° 0x 0.01v-z 0z
8 (-12 bar) 3.33Kkl 0.08 v'w’ oh 0x 0z 0z
9 (-12 bar) 10kI 0.27s”-w’ oh 0x 0z 0z
10 (-12 bar) 3.33kl 0.08 v'w’ oh 0x 0z 0z
11 (-12 bar) 0l ow’ oh 0x 0z 0z
12 (-12 bar) ol ow’ oh 0x 0z 0z
13 (-12 bar) 3.33kl ow oh 0x 0z 0z
14 (-12 bar) ol 0.11 u”-w’ oh 0x 0z 0z
15 (-12 bar) 3.33kl 0.11u"-w oh 0x 0z 0z
16 (-12 bar) 0l ow’ 0h 0x 0z 0z
17 (-12 bar) 0l ow’ oh 0x 0z 0z
18 (-12 bar) 16.67 jkI 0.63q”"-w’ 0.66 c’-g" 0x 0.005 y-z 0.0006 z
19 (-12 bar) 3.33kl 0.08 v”"-w’ oh 0x 0z 0z
20 (-12 bar) 16.67 jkl 0.58 q”"-w’ 0.33fg 0x 0.01w-z 001z
21 (-12 bar) 0l ow’ oh 0x 0z 0z
22 (-12 bar) 36.67 e-l 1.02m"”-w’ oh 0x 0z 0z
23 (-12 bar) 0l ow’ oh 0x 0z 0z
24 (-12 bar) 0l ow’ oh 0x 0z 0z
25 (-12 bar) 6.67 ki ow’ oh 0x 0z 0z
26 (-12 bar) 10kl ow’ oh 0x 0z 0z
27 (-12 bar) 0l ow’ oh 0x 0z 0z
28 (-12 bar) 50c-i 1.31 k-w oh 0x 0z 0z
29 (-12 bar) 23.33hl ow’ oh 0x 0z 0z
30 (-12 bar) 23.33h-l 0.84n""-w’ oh 0x 0z 0z
31 (-12 bar) 0l ow’ oh 0x 0z 0z
32 (-12 bar) ol ow’ oh 0x 0z 0z
33 (-12 bar) 3.33kl 0.06 v""-w’ oh 0x 0z 0z
34 (-12 bar) ol ow’ oh 0x 0z 0z
35 (-12 bar) 3.33kl 0.16t"-w’ 0.66c’-g’ 0.08 x 0.02t-z 0.003 z
36 (-12 bar) 10kl ow’ oh 0x 0z 0z
37 (-12 bar) 0l ow’ oh 0x 0z 0z
38 (-12 bar) 0l ow’ oh 0x 0z 0z
39 (-12 bar) 13.33 jkl 0.381"-w” oh 0x 0z 0z
40 (-12 bar) 3.33kl 0.11 u”-w’ oh 0x 0z 0z
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* Different letters in each column indicate significant difference according to Duncan Test (p< 0.01).
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Table 6. Results factors analysis of 40 beans genotypes in control conditions

Traits

The first factor The second factor The third factor

Germination (%)
Germination rate
Radical

Length

Shoot length
Radical

Fresh weight
Shoot fresh weight
Radical

Dry weight

Shoot Dry weight
Eigenvalues
Cumulative

-0.052
0.079
0.694

0.478
0.854

0.867
0.853

0.730
43.2
43.2

0.338 0.926
0.872 0.017
0.582 -0.095
0.523 -0.256
0.011 -0.111
-0.216 0.093
-0.140 0.143
-0.557 0.175
23.2 12.5
66.5 79
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Table 7. Results factors analysis of 40 beans genotypes in stress conditions

Traits

The first factor

The second factor

Germination (%)
Germination rate
Radical

Length

Shoot length
Radical

Fresh weight
Shoot fresh weight
Radical

Dry weight

Shoot Dry weight
Eigenvalues
Cumulative

0.831 0.179
0.858 0.422
0.572 0.745
0.535 0.309
-0.295 0.800
-0.569 0.579
-0.373 0.792
-0.593 0.408
36.7 32.8
36.7 69.6
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Figure 1. Drawing genotypes based on the first and second factor in control conditions
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Figure 2. Drawing genotypes based on the first and second factor in stress conditions
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Figure 3. Cluster analysis of 40 bean genotype by using UPGMA method
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Table 7. Cluster analysis of genotypes based on the mean germination traits in three level of the treatment
(Control, -4 and -8 bar)

Mean traits
Cluster Genotype GP PR RL CL RW CW RD CD
First 10, 28, 29, 20, 6, 12,9, 32, 18, 4,5,7,11, 22, 39, 35 96.38a 56la 4.14a 269a 0.87a 0.17a 0.79a 0.79b
Second 21, 25, 14, 36, 27, 38, 24, 37 5551¢c 266c 224b 214b 087a 0.16a 0.79a 08a
Third 13, 34,8, 30,40, 1, 3,17, 33, 15, 26, 19, 31, 2, 23, 16 75.1b 384b 286b 232b 0.86a 0.16a 0.79a 0.8ab

doaiy ;) S 39 RD waxdadle 5 59 CW azaiy ) 5 059 RW zadle Jobo CL wazaiy; Job RL « Jjails> o yu PR« Sjails> 0o )s :GP

azadle Sis 59 :CD

5l oo b (g )ls e Dgla a0 0 Jleisl e j0 5l [ RaSs L (S i slacd o a5 (6 polie gt o y0
GP: % Germination, PR: Germination rate, RL: Radical length, CL: Shoot length, RW: Radical fresh weight, CW: Shoot fresh weight, RD: Radical dry

weight, CD: Shoot dry weight.

* Different letters in each column indicate significant difference according to Duncan Test (p< 0.05).
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Table 8. Results of analysis of variance of CAT and GPX
activities in 1189, 1185, 916 genotype and Yas variety in
four level of the treatment, control, -2, -4 and -8 bar

Mean of Squares

SOV of CAT GPX
Genotype 3 0.022™ 0.023™
Stress 3 0.033™ 0.0069™
Genotype x Stress 9 0.0087" 0.016™
Error 32 0.009 0.001
CV (%) 2.83 2.47

o0V Jlisl e jo jlo gine e
**: Significantly difference at 1% levels of probability.
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Figure 4. CAT activities in 1189, 1185, 916 genotype and Yas variety in four level of the treatment, control, -2, -4 and -8 bar
(In each genotype, columns with different letters according to Duncan test have significant difference at P<0.01).
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Figure 5. GPX activities in 1189, 1185, 916 genotype and Yas variety in four level of the treatment, control, -2, -4 and -8 bar

(In each genotype, columns with different letters according to Duncan test have significant difference at P<0.01).
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Table 9. Mean comparision of levels of stress for Catalase and Guaiacol Peroxidase Enzyme

Osmotic Potential (bar) CAT GPX
Control 0.14c 0.092 ¢
-4 0.164 a 0.010 b
-8 0.151b 0.149a
-12 0.048d 0.112b

A5yl (gl e Dgles o3 ) mhaes 50 5SSl geiT b Sglite > (gllo (sla g
* Different letters in each column indicate significant difference according to Duncan Test
(p< 0.01) between treatments.
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