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Table 1. Analysis of variance for the effect of priming and water stress on germination characteristics of

deteriorated Carthamus tinctorius seed

Oy olie 2 Syl v b Gl e azals ok 39 4
SOV el Seed Normal  Germination S dlin Seedling  Seedling  Seedling
df  germination  seedling rate f:n thg dry length weight
percentage & weight vigor vigor
W‘S?Jo) :"4 2 23133.78**  5106.59%*  25934.54%* 694 95** 0.27** 505.78** 0.20%**
ater stress
o
p f 2 6904.67*%* 2094.21%* 6686.06** 296.41** 0.11** 127.76** 0.05%*
riming
l .
Seed d ‘th) . 8 14952.98**  2466.88*%*  15684.15**  400.29** 0.15%* 280.39%* 0.11%*
[¢§] cterioration
ey ssbs 4 7027%%  100.35%  270.49%*%  17.45%%  0.004%*  14.60%*  0.01**
Priming x~ Water stress
Jlss x gk, 25
Water stress x Seed 16 378.75%* 147.64** 835.42%* 17.57** 0.012%* 46.11%* 0.02%**
deterioration
Jlosx Sl
Priming x Seed 16 128.85%* 22.38%* 226.69%* 5.81%* 0.003** 5.53%* 0.003**
deterioration
g3 x Sl x (gugb, i
Priming x Seed
TG x5ee 32 38.08%* 11.66%* 40.17%+ LO1%*  0.0008*%*  1.30%*  0.001%*
deteriorationx Water
stress
Uas-
E 160 0.67 0.68 0.74 0.71 0.0001 0.49 0.0001
rror
Ol st g o
(402%) SlyeelS ey 1.88 5.4 2.55 14.32 10.51 20.74 16.58

C.V. (%)

Indicates significant difference at the P< 0.01 level **
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Table 2. Slicing the analysis of variance for the effect of priming on germination indices of deteriorated

Carthamus tinctorius seed under water stress

PETIR SRR

a>,0) Lo 4l Qs yd o Jsb 31}
azys SV b Siale> Cae e axals Sob 4 59 dia
( | Seed ST =, ol S ol BN STR
o NN Normal  Germinatio ' i i i
T s inati - . Seedlin ~ Seedlin  Seedling
emperatur germinatio seedling n rate Seedlin -
o df 0 gdry glength  weight
e (°C) percentag g length . . .
o weight vigor vigor
lgM)lJliA 2 ok ok ok ok ok ek ok
J OM 2 26 217291 527.14 2897.54 77.69 0.04 83.67 0.04
pa
K_u)l_‘liﬁ - ok ok ok ok ok ek ok
J 0 4 M o 26 2329.51 409.88 2555.89 65.96 0.02 45.46 0.01
-0.4 Mpa
K_u)l_‘li@ - A ok ek ek ok ek ok ok
J 0 8 M : 26 999.69 117.53 631.44 21.74 0.01 2.57 0.001
-0.8 Mpa
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Fig. 1. Fitting the 3-parametric sigmoid model to the germination percentage data of deteriorated Carthamus

tinctorius seed primed under water stress conditions
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Table 3. Parameters estimated by the 3-parametric sigmoid model fitted to germination percentage and
normal seedling percentage data of deteriorated Carthamus tinctorius seed primed under water stress
conditions. a is the maximum cumulative seed germination percentage, X50 is the time to 50% maximum
seed germination and b is the slope of the curve or lag phase

) ‘5;)'4.‘.!9? RV b el oo
k) o M"’J Germination percentage Normal seedling percentage
Water stress Priming a (%) b x50 a (%) b x50
Control sz 86.63+2.77 2.83+0.31 4.2240.19 86.29+3.59 2.76£0.35  3.12+0.19
aals A RpSate Ao ge 43186 3.09£027  5.45+0.15 89.06+3.01 2.97£0.35 4.24+0.2
Control Omg/l
e ’; (‘;” ‘7;*“ b 91291079 2.78+0.11 6.27+0.07 90.97+3.05 2.91+0.39 5.240.23
mg
Control wals 75.05+2.75 3.46+0.43 3.51+0.17 66.21+1.88 4.15+0.44 2.8240.1
A RpSste Ao 0y 6908 3374048  4.95+023 76.38+3.63 3.06£0.48  3.73+0.24
-0.4 Mpa Omg/1
~ ’; g; ‘7;*" b 7924422 4.12£0.56  5.98+0.19 76244329 4124072  4.87+0.24
mg
Control sz 44,6442 .47 2734044  2.59+0.22 28.35+1.69 4331 2.39+0.17
AR pSste Ao 40114006 2.05£035 3.44+0.35 34.2142.78 3.240.84 2.47+0.28
-0.8 Mpa Omg/1
! ’; (‘;” ‘7;*“ b 63245412 1.63:03  3.66£046 3521186 603153  4.93:025
mg
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Fig. 2. Fitting the 3-parametric sigmoid model to the normal seedling percentage data of deteriorated
Carthamus tinctorius seed under water stress conditions
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Table 4. Parameters estimated by the 3-parametric sigmoid model fitted to germination rate data of
deteriorated Carthamus tinctorius seed primed under water stress conditions. a is the maximum cumulative

seed germination rate, X50 is the time to 50% maximum seed germination rate and b is the slope of the curve
or lag phase

ek, 5 Sl a b X50
Water stress Priming (seed/day)

Control sals 38.09+1.16  3.22+0.33 3.58+0.15
c::tjol OM@/l 2 o Se oo 40.09£0.76 2812019  44720.12
SOmg/l s, pSikeds 4109083 262021  5.37+0.15
Control sals 21.62+0.04  2.46+0.29  2.83%+0.19
-0.4 Mpa OM@ i o f e oo 31334222 2228046 3.542041
SOME/l 2 o fends  36.674133  3.08£0.44  5.09+0.24+
Control sals 10.57£0.54  3.34+0.56  2.72+0.19
-0.8 Mpa OM@/l 1) o fike oo 13712065 2425034 3295025
SOmg/l s pf et 19.9941.08  2.8240.54  4.55:0.34
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Fig. 4. Fitting the 3-parametric sigmoid model to the seedling length data of deteriorated Carthamus

tinctorius seed under water stress conditions
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Table 5. Parameters estimated by the 3-parametric sigmoid model fitted to seedling length and seedling dry
weight data of deteriorated Carthamus tinctorius seed primed under water stress conditions. a is the
maximum cumulative seedling length and seedling dry weight, X50 is the time to 50% maximum seed
germination rate and b is the slope of the curve or lag phase

azalS Jsb aals Sas j
ek, GBS Sl seedling length seedling dry weight
Water stress Priming a b X50 a b X50
(cm) (g
Control sals 14.4140.59 2.5240.3 3.01+0.19  0.27+0.01  2.15£0.28  2.76+0.24
aals Omg/l zJ 5 oSk oo 15344045  2.81+0.28 437+0.18  0.33+0.01  2.89+0.38  3.59+0.21
Control . € L.o-
Al 05 e 16.33£1.05 1.9+0.42 4.7140.52  0.35+£0.01  2.57+0.35 440.25
50mg/1
Control sals 8.1+0.68 2.6+0.63 2.82+0.37  0.14+0.01 2.7+0.59 2.7240.31
-0.4 Mpa 0mg/l ;o oSl oo 12.5940.63  3.54+£0.68  4.65£029  0.2+0.02  1.97+047  3.27+0.52
A o ke b 14.35+0.9 2.4+0.53 453045  0.29+0.02  2.82+0.51 3.75+0.3
50mg/1
Control sals 3.4240.24 19.36+0.41 3.11£0.34  0.07+0.00  2.32+0.43 1.55+0.19
-0.8 Mpa Omg/l zJ a8 Lo yoo  6.25£0.19 8.95+1.42 3.43+£0.09  0.09+0.01 4.1+0.95 2.71£0.21
A el 00 6.73+0.56 4.05£1.32 4.62+044  0.14+0.01  3.1840.64  3.82+0.31

50mg/1
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Fig. 5. Fitting the 3-parametric sigmoid model to the seedling dry weight data of deteriorated Carthamus tinctorius seed

under water stress conditions

16 0 Mpa HEControl

B @0 ppm
12 M A50
i 20 ppm
48
38 10
1z

=
R

Q

[72]

0 5
Gay) oo Iy
Seed deterioration (day)
3.5

3 A

2.5

gth vigor
"

Seedling len;

14
sals -0.4 Mpa B Control aals
:dn 2 @0 ppm
1 F 10 s
_*i ,lfh s A 50 ppm
v
EE
g
rEg
8
v 2
0
0 5 10
10
Gay) o Jls;
Seed deterioration (day)
0.8 Mpa B Control sals

®0 ppm

A 50 ppm

Gayd ya Js;

Seed deterioration (day)

sy 25 Ll o o iy B Jlys S5 i s asi sloesls & o ¥ (suisai Jan il £ S
Fig. 6. Fitting the 3-parametric sigmoid model to the seedling length vigor data of deteriorated Carthamus

tinctorius seed under water stress conditions



A\Q|
VFo¥ [ gl oyloss [0 Jlw /oyl ! 50 sl g%y

5,5 0 azalS Si9 a9 Job 4 sloesls 4y o 0ld (il p 0yl ¥ sageSaw Joo Jawgi odd 00 (es olps F Jguz
5 ok s wepo 00 4 sy lg5 olos XS0 wazelS 55 s 5 Job 4 Sl @ gy (15 Ll Co oad il asdly 3

rl Bl e ot b g azlS s e
Table 6. Parameters estimated by the 3-parametric sigmoid model fitted to seedling length vigor and seedling
weight vigor data of deteriorated Carthamus tinctorius seed primed under water stress conditions. a is the
maximum seedling length vigor and seedling weight vigor, X50 is the time to 50% maximum seedling length
vigor and seedling weight vigor and b is the slope of the curve or lag phase

Sk, G5 b ke EITE
(JBbKe) Siel Seedling length vigor Seedling weight vigor
Water stress Priming a b X50 a b X50
(Mpa)
Control vals 12.7240.38  2.99+0.28  2.04+0.09 0.24+0.01 2.39+0.21 1.78+0.1
G
C&’t | Omg/l 2 oS o oo 13.9540.5  3.07+0.34  2.98+0.15 0.29+0.01 3.71+0.12 2.82+0.03
ontro
50mg/l )y e S ke b 15172057 236025  3.15£0.19  0.31x0.01  3.3+047  3.18+0.18
Control vals 5.93+0.29  2.52+0.33 1.7+0.14 0.1+0.01 2.51+0.34 1.68+0.14
-0.4 Mpa Omg/l 2J »pS de o  1024+0.41  3.33+0.44 2.9+0.16 0.16+0.01 2.53+0.21 2.21+0.11
S0mg/l 2 5 o5 Led  11.06£0.54  3.04+0.48  3.34+0.23 0.21+0.01 3.71+0.37 3.22+0.11
Control sals 1.2540.07  2.55£037  1.54+0.14 0.02+0.00  2.34+0.24 1.1£0.06
-0.8 Mpa Omg/l 2 J 5 pS Jee oo 2494023 2312054  1.73£0.27 0.04+£0.00  2.36+0.34 1.48+0.14
50mg/l zid 5 05 e 0 2.8+0.23 2.524+0.59  2.98+0.38 0.05+0.00  3.04+0.57 3.06+0.26
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Fig. 7. Fitting the 3-parametric sigmoid model to the seedling weight vigor data of deteriorated Carthamus
tinctorius seed under water stress conditions
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Table 7. Analysis of variance for the effect of priming and seed deterioration on activity of catalase,
peroxidase and protein of deteriorated Carthamus tinctorius seed.
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Fig. 8. Fitting the 3-parametric sigmoid model to the activity of catalase, peroxidase and protein of
deteriorated Carthamus tinctorius seed data of deteriorated Carthamus tinctorius seed primed.
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Table 8. Parameters estimated by the 3-parametric sigmoid model fitted to catalase, peroxidase and protein
data of deteriorated Carthamus tinctorius seed primed. a is the maximum seedling length vigor and seedling
weight vigor, X50 is the time to 50% maximum catalase, peroxidase and protein and b is the slope of the

curve or lag phase
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The effect of gibberellic acid application on germination and biochemical
indices of deteriorated safflower seed (Carthamus tinctorius) under water
stress conditions

Omid Ansari ', Esmaeil Shirghani >, Khodadad shabani *

Extended abstract

Introduction: Due to the high sensitivity of seeds to damage caused by diseases or environmental
stresses, germination is considered an important stage in the plant life cycle. Germination, its uniformity and
emergence decline during storage due to seed vigor deterioration. Moisture stress is one of the important
environmental factors affecting germination, especially during improper storage. Seed priming with
gibberellic acid improves seedling characteristics in different plants under different environmental
conditions. Therefore, this research aims to investigate the effect of gibberellic acid and seed deterioration on
germination indices and antioxidant enzymes of safflower seeds (Carthamus tinctorius L.) under water stress
conditions.

Materials and Methods: In order to investigate the effect of gibberellic acid on germination indicators
and changes in antioxidant enzymes of aged safflower seeds under osmotic stress conditions, a factorial
experiment was conducted in the form of a completely randomized design with four replications. The first
factor includes three osmotic stress levels: zero (control), -0.4, and -0.8 MPa, the second factor includes nine
aging levels (zero, 1, 2, 3, 4, 5, 6, 7, and 8 days of aging). at a temperature of 41 degrees Celsius) and the
third factor included seed priming treatment at three control levels (non-priming), zero (hydro-priming), and
priming with 50 mg/l gibberellic acid. A 3-parametric sigmoid model was used to show the changes in
germination indices at different levels of seed deterioration.

Results: The effect of osmotic stress, seed deterioration, and seed priming on the measured indices such
as germination percentage, germination rate, seedling dry weight, normal seedling percentage, seedling
length, seed germ, catalase, and ascorbate peroxidase, as well as seed protein were significant so that the
measured indicators decreased with increasing seed deterioration and moisture stress. The results showed that
the highest measured germination indices were obtained from seed treatment with 50 mg/1 gibberellic acid
under normal osmosis and non-deterioration conditions. Also, seed priming with gibberellic acid treatment
caused an increase in catalase, ascorbate peroxidase, and protein activity compared to non-primed seeds
under deterioration and non-deterioration conditions.

Conclusion: Results showed that the most suitable prime level used was gibberellic acid 50 mg/l, which
had acceptable results under both stress conditions and normal conditions and deterioration and non-
deterioration in comparison with other treatments. Therefore, the use of gibberellic acid hormone can help to
improve germination indices as a result of changes in biochemical activities.

Keywords: Peroxidase, Accelerated aging, Seed treatment, Germination indices, Catalase, Safflower
Highlights:

1. The effect of accelerated aging and priming on safflower seed germination under moisture stress
conditions was investigated.
2. The effect of priming on catalase and peroxidase activity of aged safflower seeds was investigated.
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