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The effect of hydropriming on germination, growth and antioxidant enzymes
Activity of Borage (Borago officinalis L.) seedling under cadmium stress
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ABSTRACT

Cadmium is one of the heavy metals and the important environmental pollutants that inhibits seed germination and
plant growth and development. So, in these conditions, the use of methods for stimulation of seed germination is
necessary. In this research, the effects of hydropriming on germination and growth indice of borage seedlings under
cadmium stress were investigated in a factorial experiment based on completely randomized design with three
replications at the University of Mohaghegh Ardabili in 2015. The Experimental treatments were cadmium stress
with four levels (S;, Sy, Sz and Sy; zero (control), 10, 50 and 100 mg.lit™) and hydropriming with four levels (12, 24
and 48 hours). The results showed that the percentage and rate of germination, length and seedling dry weight, vigor
indice and catalase and peroxidase enzymes activity were decreased with increasing stress level. In non stress
condition, the percentage and rate of seed germination and seedlings dry weight of seedling derive from primed seeds
were significantly higher than those of control seeds. Hydropriming significantly increased the seed germination and
seedling growth indices of borage under cadmium stress conditions. 48 hours hydropriming under cadmium stress
conditions, caused significant and 2-fold increase in the germination rate, 4.5-fold in the seedling weight index, 3.5
and 2.5-fold in the activity of catalase and peroxidase enzymes, respectively, as compared to control. In total,. 48
hours hydropriming was the most positive effects on seed germination and growth of borage seedling.
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Table 1. Analysis of variance of cadmium stress and hydropriming effects on physiological and biochemical traits of
borage seeds

Mean of Squares

S.0v df  Germination ~ Germination Seedling  Seedling Weight Length Catalase  Peroxidase
percentage rate dry weight  length index index activity activity
Cadmium 3 1051.63" 0.8™ 4x10"" 50.117  6913606.26°  576286.06"  0.003™ 236.7
Hidropriming 3 192.97™ 0.07" 1x107%" 6.65"  13791630.5™  63219.43"  0.011" 1525.9™
Cadmium x Hidropriming 9 25,71 0.006™ 1x10°™ 2.12" 333985.65™ 12269.6™  9x10%™ 1.8"
Error 32 6.58 0.001 6x10° 0.13 482811.75 11155 2x107 0.6
C.V. (%) 3.27 10.52 9.5 5.92 10.11 6.7 0.75 0.88

ns and **: non significant and significant at 1% level, respectively.
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Figure 1. The effects of hidropriming duration on the germination of borage seeds under cadmium stress

S1, Sz, Szand S,: 0, 10, 50 and 100 mg.lit™* cadmium, respectively.
Means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s multiple range.
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Figure 2. The effects of hidropriming duration on the germination rate of borage seed under cadmium stress.
S1, Sz, Szand S,: 0, 10, 50 and 100 mg.lit™* cadmium, respectively.

Means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s multiple range.
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Figure 3. The effects of hidropriming duration on the seedling dry weight of borage seed under cadmium stress
S1, Sz, Szand S,: 0, 10, 50 and 100 mg.lit™* cadmium, respectively.

Means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s multiple range.
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Figure 4. The effects of hidropriming duration on the seedling length of borage seed under cadmium stress
S1, Sz, Szand S4: 0, 10, 50 and 100 mg.lit™ cadmium, respectively.

Means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s multiple range.
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Figure 5. The effects of hidropriming duration on the weight and length index of seedling borage under cadmium stress.
S1, Sz, Szand S4: 0, 10, 50 and 100 mg.lit™* cadmium, respectively.

In each figure, means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on
Duncan’s multiple range.

5 Oirdm aSGyeba 0,5 g elS (gl g
Sl co8 o mpl ol Sl Gl (ke
O ol den o (P JSS) Sl s 4 S¢ 9 Sy
w3l codld (Sl oSt g Sy Sy Sy) paesls
slaydy 5l eael cuvots slaazals o VLB
loazalS 5l it )lodine jlody 0ad bl
Oiomed (P JSE) g vals eyl 5l sl Cusoay

a3 9 YU gl 3T colad
ools wibly &30 51 odelawsa s &L »
Sold g yeba VLIS wpl el ((V Jgaz)
5 2l b sledi i ool i zohaw b cov
8,5 18 O L e oo xpguedlS 25 blate I
P Sl Gl paedlS 55 ol bl b

seba 2yl LilE sleaxels o VUK



vPY e ST llad g 0 Sialez STl LA el i w3l oS 5 g35ame

(7 J52) ad el 4 Cand plp VIO LY o9
PRV P PSR-V PR SO ‘50_1)‘3] Yl
o 1y pgrensSTly (49)0 (5598 uiS Slo e 50
SYBLS o 5T celad ials3l (Mittler, 2002) oS s
Sl alexr 1 JWb 5eST sl o @ e
Moo @ord pgedlS AL ;0 45 25800 ()9
el pgaedlS wals ools lis (Zhang et al., 2009)
Clld g Sy operaSly 0 o lealis Wl

(Palma et al,, 2002) s4i 0 o) (53loscgm
Ay 3 S Seaisl o dyn Sl 4 ol
GYBLS gl o) 50eSToly (gl 3T celed iyl
poedls 5l (oAb Dl cnl @ lopgiaaSTy )0 39290
S (St oly ol Sl 5w oo ool
Opt lulpd b asslie o Ol L les ey Al o

(7 J58) 8L sgne JlesS i

ol bl jled i ow il b el cpl jo
Ol gl sae jgbas VB o3l cdlad e
Sodled o i dald pl s aS g ebay bl
slo,d 5l essl sty sloazalS o VGBI o 3]
aS el caws 4 cels FA Cos @ 0dlsj Loy
(P JS8) 09 ayles K00 5l i (o e poboay
Ot S¢) pamedlS wal s bl o a8 o
4 oadlediny gla)dy jf enel Cusoay sloazalS
oanlice (g o xe NS el FA 5 VT slocnan
Sl Gl pgeslS IS ey Iylid jo ais
slayds 5l odal Cawsas sldazmalS o VB o35l
)‘ ’M. ).J‘).J \/A lJ \/9 ..)5;).7- )O OM)LMW
Sy aels o,k )l sae] Cawsas slbazelS
Sloi i ponedls el slo Lo o (yuiren
3 VO 3T cled il crge o b i

= control

BB hidroprin
B hidroprin

£
L

Peroxidaseenzymes activity (Umt/'ml)

s1

callfnium anelifecn 54

B hidropriming for 12 hours
- 24 hours
48 hours

Catalase enzymes activity (Unit/ml)

W control

Bhidroprimingfor 12 hours
i i 1 24 hours
148 hours

)
o

Bhidropriming

0.13 b
0.12
0.11
0.1 -
0.09
0.08
0.07
0.06 { B8
o005 | H
0.04
0.03
002 | H
0.01

LU

S51 54

52 53
Cadmium (mg.lit! )

oS 25 bl 5o olis) il Slaazal oy 5 VLS ol Sl 5 Sy iy e i £ U5

ol 39 pgeedls oS oo Ve e

© N o 4y Se g Sy Sy S,

5l gl gime gl (K0S b (g Lol s 1 Sals (glaals aiz g3l Bl oS pide B> S oS s gl slagySilie (S o o
Figure 6. The effects of hydropriming duration on the Catalase and peroxidase enzaymes activity in the borage
seedling under cadmium stress.

S1, Sz, Szand S4: 0, 10, 50 and 100 mg.lit™* cadmium, respectively.

In each figure, means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on
Duncan’s multiple range.
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