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Do Primed Seeds After Drought Stress...
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PT(C°) PD(h)
10 12 56 (1.2) a 28 (1) l-m 43 (5.5) d-g 20 (2.5) o 44 (6.6) d-g 22 (4) no

24 51 (1.5) bc 26 (2.1) mn 53 (4.6) a-b 30 (0) l-m 53 (1.2) a-b 23 (2.6) n
36 50 (2.6) b-d 30 (1.2) l-m 51 (2) bc 35 (2.3) hj 44 (2.5) d-g 33 (0.6) jk
48 44 (7.1) d-g 30 (2.6) l-m 48 (4.5) c-d 32 (2.1) j-l 52 (4) b 32 (5.3) j-l

15 12 36 (3.4) hj 25 (2.6) mn 47 (4) c-e 20 (0.6) o 46 (5.5) c-f 23 (4.7) n
24 46 (6.1) c-f 25 (2.6) mn 52 (1.5) b 39 (8.2) gh 46 (6.2) c-f 26 (0.6) mn

32 (2.5) j-l 28 (1.5) l-m

TABLE 1. Comparison of  final germination  percentage (FGP)  primed and unprimed seeds under different  levels  of drought 
stress. Drought stress was imposed  by  PEG 6000 solutions of two osmotic  potentials: -1.2  and -1.4 MPa.  Agropyron 
elongatum   seeds were primed with zero ( hydropriming), -0.4 and -0.6 MPa Urea  solutions at  10 and 15 °C  for 12, 24, 36 
and 48 hours. PT: Priming temprature, PD: Priming duration.

Means (± SD) without same lowercases indicate statistically significant differences for final germination  percentage (P 

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)
Drought Stress

-1.4MPa

Control ( unprimed)

-1.2MPa -1.2MPa -1.4MPa -1.2MPa-1.4MPa
 

PT(C°) PD(h)
10 12 12.7 (1.2) bc 5 (0) l-n 9.4 (0.6) e-h 4 (1) no 9.3 (1.2) e-h 4.4 (1.5) mn

24 11.3 (1.5) c-e 5.3 (0.6) k-n 10.3 (0.6) d-g 5.3 (0.6) k-n 10 (1) d-g 4.4 (0.6) mn
36 10.7 (1.2) c-f 5.3 (0.6) k-n 15 (1.7) a 6.4 (1.5) k-m 11.8 (0.6) cd 7.3 (0.6 )h-

k48 14 (1) ab 7.3 (0.6) h-k 15 (1) a 9.3 (0.6) e-h 15.4 (1.2) a 7.7 (1.2) h-j
15 12 8.3 (1.5) g-j 4 (0) no 11.4 (1.2) c-e 2 (0)o 8.7 (0.6) f-i 3.4 (1.5) no

24 8.7 (2.3) g-j 4.7 (1.5) mn 11.7 (2.1) cd 7 (1) i-l 11.7 (1.2) cd 5 (0) l-n
7 (1)  i-l 3.6 (2.1) no

TABLE 2. Comparison of  germination index (GI)  primed and unprimed seeds under different  levels  of drought stress. 
Drought stress was imposed  by  PEG 6000 solutions of two osmotic  potentials: -1.2  and -1.4 MPa.  A. elongatum  seeds 
were primed with zero ( hydropriming), -0.4 and -0.6 MPa Urea  solutions at  10 and 15 °C  for 12, 24, 36 and 48 hours. PT: 
Priming Temprature, PD: Priming Duration.

Means (± SD) without same lowercases indicate statistically significant differences for germination index (P <0.05).

Control ( unprimed)

-1.4MPa -1.2MPa -1.4MPa

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)

-1.2MPa -1.4MPa -1.2MPa
Drought Stress

 

 

PT(C°) PD(h)
10 12 2.8 (0.3) d-j 1.6 (0.6) k 2.5 (0.5) f-j 2 (0.1) i-k 2.5 (0.4) g-j 2.3 (0.6) h-

k24 3.1 (0.6) b-h 2 (0) j-k 2.7 (0.5) d-j 2.7 (0.6) d-j 2.8 (0.4) d-i 2 (0.1) i-k
36 3.6 (0.4) a-c 2.3 (0.6) h-k 3.4 (0.5) a-e 2 (0.1) i-k 2.9 (0.5) c-h 2.3 (0.6) h-

k48 4 (0.2) a 2 (0.1) i-k 3.4 (0.3) a-d 2.7 (0.6) d-j 3.8 (0.4) ab 2.8 (0.5) d-j
15 12 2.8 (0.4) d-h 2 (0.5) i-k 3.1 (0.3) b-h 1.7 (0.6) k 3.3 (0.3) a-f 2 (0.1) i-k

24 3.3 (0.4) b-g 2.3 (0.6)  h-k 2.6 (0.4) e-j 3 (0.1) b-h 3.1 (0.1) b-h 2 (0.1) i-k
2.3 (0.1)h-k 2 (0.1) i-k

TABLE 3. Comparison of  Root length (cm)  primed and unprimed seeds under different  levels  of drought stress. Drought 
stress was imposed  by  PEG 6000 solutions of two osmotic  potentials: -1.2  and -1.4 MPa. A. elongatum  seeds were primed 
with zero ( hydropriming), -0.4 and -0.6 MPa Urea  solutions at  10 and 15 °C  for 12, 24, 36 and 48 hours. PT: Priming 
temprature, PD: Priming duration.

Means (± SD) without same lowercases indicate statistically significant differences for Root length (P <0.05).

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)
Drought Stress

-1.4MPa

Control ( unprimed)

-1.2MPa -1.4MPa -1.2MPa -1.4MPa -1.2MPa
 

PT(C°) PD(h)
10 12 275 (20.4) bc 79 (6.1) mn 179 (18.2) hi 63 (5.7) n 212 (21.7) fg 79 (9.2) mn

24 241 (27.7) de 95 (8.1) lm 249 (4.6) de 107 (2.3) l 234 (20.7) ef 65 (11.3) n
36 236 (16.7) ef 99 (7.5) lm 333 (21.2) a 119 (0.6) l 212 (19.5) fg 107 (7.1) l
48 296 (18.2) b 111 (1.1) l 265 (22.4) cd 143 (7) k 352 (12.7) a 176 (3.2) hi

15 12 172 (11.6) ij 73 (8.1) mn 283 (31.6) bc 38 (3.8) o 208 (18) g 64 (6) n
24 198 (6.5) gh 77 (4) mn 239 (16) e 197 (20.8) g-i 330 (12.1) a 73 (1.7) mn

151 (14.7) jk 76 (6.5) mn

TABLE 4. Comparison of seedling vigour index (SVI) primed and unprimed seeds under different  levels  of drought stress. 
Drought stress was imposed  by  PEG 6000 solutions of two osmotic  potentials: -1.2  and -1.4 MPa.  A. elongatum  seeds 
were primed with zero ( hydropriming), -0.4 and -0.6 MPa Urea  solutions at  10 and 15 °C  for 12, 24, 36 and 48 hours. PT: 
Priming temprature, PD: Priming duration.

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)

Control ( unprimed)

Drought Stress
-1.2MPa -1.4MPa -1.2MPa -1.4MPa -1.2MPa -1.4MPa

Means (± SD) without same lowercases indicate statistically significant differences for  seedling vigour index (P <0.05).

 

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY  Vol. 10  No. 2  2014

207



Akbarpour Bahreh et al.

PT(C°) PD(h)
10 12 1.8 (0.1) a 0.8 (0.01) i-k 0.9 (0.1) ij 0.4 (0.1) pq 1.1 (0.1) fg 0.6 (0.03) m-o

24 0.9 (0.03) hi 0.6 (0.1) no 1.2 (0.05) d-f 0.7 (0.03) k-n 1.1 (0.04) fg 0.9 (0.1)ij
36 1 (0.1) gh 0.9 (0.1) ij 1.3 (0.1) c 0.6 (0.1) l-n 1.5 (0.04) b 0.7 (0.1) l-n
48 1.3 (0.01) cd 0.7 (0.03) k-m 0.9 (0.05) h-j 0.7 (0.02) k-m 1.3 (0) c 1.1 (0.1) ef

15 12 0.7 (0.1) k-m 0.4 (0.1) pq 1.2 (0.1) d-f 0.3 (0.03) q 0.9 (0.1) hi 0.8 (0.1) j-l
24 1 (0.01) gh 0.7 (0.05) k-m 1.3 (0.1) c-e 1.2 (0.03) d-f 1.3 (0.1) cd 0.6 (0.1) mn

0.8 (0.1) i-k 0.5 (0.03) op

TABLE 5. Comparison of  seedling dry weight(mgr)  primed and unprimed seeds under different  levels  of drought stress. Drought stress was 
imposed  by  PEG 6000 solutions of two osmotic  potentials: -1.2  and -1.4 MPa.  A. elongatum   seeds were primed with zero ( hydropriming), -0.4 
and -0.6 MPa Urea  solutions at  10 and 15 °C  for 12, 24, 36 and 48 hours. PT: Priming temprature, PD: Priming duration.

Means (± SD) without same lowercases indicate statistically significant differences for seedling dry weight (P <0.05).

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)
Drought Stress

-1.2MPa -1.4MPa -1.2MPa -1.4MPa -1.2MPa -1.4MPa

Control ( unprimed)

 

 

PT(C°) PD(h)
10 12 64 (4.3) h-m 87 (1.9) b-e 54 (3.7) k-n 95 (9.4) b 79 (1.7) d-h 92 (1.6) bc

24 42 (6.3) n-o 75 (9.1) e-i 66 (12.4) g-k 68 (12.8) f-k 76 (3.1) e-i 93 (11.3) bc
36 45 (3.2) m-o 68 (3.9) f-k 35 (1.2) o 16 (6.9) p 67 (5.3) g-k 67 (2.6) g-k
48 74 (9.8) e-j 66 (5.2) h-l 70 (1.8) f-k 62 (3.9) h-m 62 (3) h-m 47 (1.6) l-o

15 12 73 (2.4) e-k 88 (0) b-e 83 (6.8) c-g 93 (0.3) bc 90 (13.6) bc 100 (0) a
24 91 (4.2) b-d 58 (3.2) i-n 84 (6.3) c-f 92 (3.5) bc 66 (1.9) h-l 56 (4) j-n

85 (1.5) c-f 74 (7.1) e-j

Means (± SD) without same lowercases indicate statistically significant differences for germination percentage (P <0.05).

TABLE 6. Comparison of  recovery of germination percentage primed and unprimed seeds under different  levels  of drought stress. After 5 days 
of exposure in PEG 6000 solutions; seeds were rinsed with distilled water and then were placed in new petri dishes with two pieces of 
germination paper moistened with distilled water, and incubated under the same conditions (25ºC)  for additional 21 days to study the 
recovery of germination. Priming treatments and PEG solutions similar to the first experiment. PT: Priming Temprature, PD: Priming Duration.

Control ( unprimed)

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)
Drought Stress

-1.2MPa -1.4MPa -1.2MPa -1.4MPa -1.2MPa -1.4MPa
 

PT(C°) PD(h)
10 12 73 (3.2) g-l 88 (1.7) c-f 62 (1.2) j-m 96 (8.4) b 83 (0.8) c-g 93 (1.3) b-d

24 53 (5.2) m 79 (8) e-h 78 (10) e-i 73 (11) f-l 83 (2.3) c-g 95 (9.3) b
36 61 (2.9) k-m 73 (3.2) g-l 76 (0) f-k 61 (20) l-m 82 (4.5) d-g 79 (2.1) e-i

48 85 (7.5) c-g 80 (4.3) e-h 86 (1.6) c-g 76 (4) f-k 85 (4) c-g 77 (4.8) e-k

15 12 78 (1.4) e-j 90 (0) b-e 87 (6.1) c-f 94 (0) bc 90 (10) b-d 100 (0) a
24 93 (3.4) b-d 66 (2.4) h-m 89 (4.7) b-e 93 (3.4) b-d 75 (2) f-l 63 (2.9) i-m

90  (1.9) b-e 75 (7.5) f-k

TABLE 7. Comparison of  final germination percentage primed and unprimed seeds under different  levels  of drought stress. After 5 days of 
exposure in PEG 6000 solutions ; seeds were rinsed with distilled water and then were placed in new petri dishes with two pieces of 
germination paper moistened with distilled water, and incubated under the same conditions (25ºC)  for additional 21 days to study the 
recovery of germination. Priming treatments and PEG solutions similar to the first experiment. PT: Priming Temprature, PD: Priming Duration.

Means (± SD) without same lowercases indicate statistically significant differences for germination percentage (P <0.05).

Hydro-Priming Osmo-Priming ( -0.4 MPa)  Osmo-Priming( -0.6 MPa)
Drought Stress

-1.2MPa -1.4MPa -1.2MPa -1.4MPa -1.2MPa -1.4MPa

Control ( unprimed)

 

PT(C°) PD(h)
10 12 63 (2.9) k-o 82 (3) d-j 54 (1.1) no 93 (11) b 77 (2) e-k 85 (0.9) c-g

24 50 (3.4) o 75 (4.7) e-l 70 (6.3) i-m 60 (8.3) l-o 80 (4.6) e-j 92 (1.4) b-d
36 56 (2.3) m-o 70 (2.5) i-m 69 (0.7) j-n 56 (4.6) m-o 78 (4.1) e-k 73 (1.9) f-l
48 83 (4.8) c-i 72 (5.1) g-l 79 (3.5) e-j 71 (5.7) h-m 78 (2.7) e-k 73 (3.2) f-l

15 12 71 (1.9) h-m 86 (0) c-f 85 (7.1) c-f 93 (1.3) bc 88 (11) b-d 99 (1.4) a
24 92 (2.1) b-d 61 (2.9) l-o 84 (4.7) c-h 87 (2.6) b-e 68 (4.3) j-n 61 (2.4) l-o

86 (1.6) c-f 62 (4.7) l-o
Means (± SD) without same lowercases indicate statistically significant differences for germination percentage (P <0.05).

TABLE 8. Comparison of  normal seedling germination primed and unprimed seeds under different  levels  of drought stress. After 5 days of 
exposure in PEG 6000 solutions ; seeds were rinsed with distilled water and then were placed in new petri dishes with two pieces of 
germination paper moistened with distilled water, and incubated under the same conditions (25ºC)  for additional 21 days to study the 
recovery of germination.  Priming treatments and PEG solutions similar to the first experiment. PT: Priming temprature, PD: Priming duration.

-1.2MPa
Drought Stress

-1.2MPa -1.4MPa -1.2MPa -1.4MPa -1.4MPa

Control ( unprimed)
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