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5' AAGGTAAGTGGCCAGCTCAA 3'
PRIO 5' CTCGACCATCTTGAGCAGGT 3' 180 60 KP293851.1
Actin (ACT) 5-GTGTTTCCTAGTATTGTTGGTCG- 125 60 BT013524

5'-TGATGCCAGATCTTCTCCAT-3"
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Table 2. Analysis of variance for the measured traits in aged barley seeds as affected by polyamines
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S.0.V df ey POX greed ol Bhs GR < axddy, ax
SOD APX PPO GP RDW PDW
Aging (A) Ssgw 2 0.77  0.019™  0.073™  0.014* 0.005** 1103*  0.044™ 0.18™
Polyamine (P) ol L 2 26757 0.304" 23% 0.18" 0.011** 367 0.035* 0.39™
(P) = (A) 4 0.045*  0.074" 0.097** 0.004* 0.0004 " 59 0.009 ** 0.04 ™
(error) W 18 0.01 0.015 0.02 0.001 0.0002 35 0.0003 0.01
CV(%) &lyests o - 437 22 5.2 93 12.4 7.4 11 132
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ns, ¥ and ** represent the non-significant, significant effect at 1 and 5 % probability levels, respectively
POX=peroxidase; SOD=superoxide dismutase; APX= ascorbate peroxidase; PPO=poly phenoloxidase; GR=germination
rate; GP=germination percentage; RDW=radicle dry weight; PDW=plumule dry weight.
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Figure 1. Effect of aging (A) and polyamines (B) on germination percenage of barley seed
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Figure 2. Effect of aging (A) and polyamines (B) on germination rate of barley seed
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Table 3. Comparison of means for the interaction between aging and polyamines on enzymatic activity
and seedling weight of barley

S| b 1 23
Jasly T - ) :;" “tj S gy S s
(5) (593 ool POX ~ CETm e Ot at, el
Aging (day) Polyamine (U mg! SOD_ . APX_I PPO_ ) RDW PDW
protein) (Umg (Umg (Umg () (2)
protein)  protein)  protein)
Cotrolaals 1.17 0.28 2.09 0.17 0.13 0.52
0 Putressin . 55 2.32 0.42 2.57 0.44 0.23 1.1
Spermine :y.s ol 2.05 0.83 3.27 0.43 0.36 1.1
Cotrolaals 1.6 0.45 221 0.22 0.08 0.48
11 Putressin . 5g 2.39 0.61 3.05 0.47 0.16 0.72
Spermine ;.o ! 2.53 0.65 3.17 0.38 0.16 0.66
Cotrolsals 1.8 0.33 2.27 0.25 0.07 0.55
14 Putressin g 2.69 0.82 3.03 0.57 0.15 0.92
Spermine ;. y! 2.81 0.65 3.09 0.44 0.11 0.73
LSD 0.2483 0.2138 0.2534 0.0602 0.0306 0.1716

In each coloumn means which are greater than LSD value are different statistically at 5% probability level
POX=peroxidase; SOD=superoxide dismutase; APX= ascorbate peroxidase; PPO=poly phenoloxidase; RDW=radicle
dry weight; PDW=plumule dry weight.
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Abstract

In order to investigate the effects of seed aging and application of polyamines on the germination
indices, gene expression and antioxidant enzymes activity in barley, a factorial experiment conducted
based on completely randomized design with three replications. Treatments consisted of three aging
levels (0, 11 and 14 days) and polyamines (putrescine and spermine). Germination indices, activity of
antioxidant enzymes and expression of some genes were studied. Results showed that aging decreased
germination percentage (GP) about 24 % in comparison to the control, but putrescine application
increased GP about 18%. Germination rate (GR) decreased in the seeds aged for 14 days about 36 %
and spermine increased GR about 87.5 %. Plumule and radicle dry weight increased 2 and 3 folds,
respectively in putrescine and non-aged treatment rather than control. The highest activity of ascorbate
peroxidase, peroxidase, polyphenol oxidase and superoxide dismutase (SOD) observed in the seeds
aged over 14 days with putrescine application. Relative expression of genes encoding SOD and
glutathione transferase was 8 and 22 folds greater, respectively in putrescine applied seeds aged for 14
days over control. Relative expression rate for HSP90 and PRI0 genes was 5 and 8 folds greater than
control, respectively in the same treatment. In conclusion, putrescine application invigorated the weak
barley seeds and it can be related to improving the oxidative state of cells, greater protein conservation
by high activity of HSP90 and increasing in the endogenous levels of seed hormones. Further in depth
studies require to prove the role of hormones in seed vigor.
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