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Article Info ABSTRACT

Article type: Background and objectives: The wild species of safflower have
Research Full Paper  different degrees of non-deep physiological dormancy, which affects
the seeds germinability under different environmental conditions.
Afterripening (dry storage) of seeds with non-deep physiological
dormancy can increase their germination by releasing of seed
dormancy. Also, it has been found that according to the afterripening

Article history: period, the germination response of some species changes to
Received: 2023-3-17 temperature and water potential. Wild species of plants are of great
Revised: importance due to their use as genetic resources in breeding

Accepted: 2023-6-21 programs. On the other hand, knowing the characteristics and needs
of their germination under different environmental conditions leads to
facilitating the reproduction and preservation of these valuable
genetic resources. Therefore, the present study was conducted to
investigate the germination response of safflower wild species to

Keywords: temperature and water potential during different afterripening period.
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Water stress
Temperature stress
Primary dormancy
Secondary dormancy

Materials and methods: In this study, the seeds of two wild species,
C. oxycanthus and C. glaucus, were Afterripened for 0, 2, 4, 6, and
12 months at 25°C. After each afterripening period, the percentage
and rate of seed germination at temperatures of 5, 10, 15, 20, 25, 30
and 35 °C were checked and the cardinal temperatures of germination
were calculated. Also, the response of germination to different water
potential levels including zero, -0.2, -0.4, -0.6 and -0.8 MPa was
investigated.

Results: The results showed that afterripening the seeds for 2-6
months increased the germination percentage of the seeds compared
to the control, while the germination percentage decreased in the
treatment of 12 months afterripening. In addition, the seeds of C.
oxycanthus and C. glaucus species were sensitive to light and
gibberellic acid application, and in the presence of these treatments,
the germination percentage increased. These findings showed that
both species have different degrees of non-deep physiological
dormancy. However, the species C. glaucus had higher dormancy.
Also, different afterripening periods led to an increase in basic,
optimum and germination ceiling temperatures compared to fresh
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seeds. Examination of the germination response of the seeds of the
two studied species showed that in both species, with the increase in
the duration of the afterripening period, the base water potential for
50% germination (yb50) became more negative, and hence, tolerance
to water stress increased during the afterripening period.
Nevertheless, afterripening for 12 months significantly increased the
hydrotime coefficient (OH) and actually decreased the germination
rate compared to other treatments.

Conclusion: In summary, afterripening of seeds in safflower wild
species during a suitable period of time (2-6 months) can lead to the
improvement of their germination characteristics under different
temperature and humidity conditions. In addition, it should be noted
that long-term storage of seeds can lead to a decrease in the quality of
seeds.
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Figure 1- Changes in the germination percentage of C. oxycanthus seeds in response to the length of the afterripening
period (0, fresh seed; 2, 2 months afterripening; 4, 4 months afterripening; 6, 6 months afterripening and 12, 12
months afterripening) and germination temperature in the conditions of light (A), light + gibberellic acid (B),
darkness (C) and darkness + gibberellic acid (D). ns, * and ** indicate non-significance and significance at 5% and
1% probability levels, respectively.
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Figure 2- Changes in the germination rate of C. oxycanthus seeds in response to the length of the afterripening period
(0, fresh seed; 2, 2 months afterripening; 4, 4 months afterripening; 6, 6 months afterripening and 12, 12 months
afterripening) and germination temperature in the conditions of light (A), light + gibberellic acid (B), darkness (C)
and darkness + gibberellic acid (D).

At



OS2 9 (L) Crmuddlas [ SO 5 oy (55 90 50 (il STy

el ol oals LY IS5 55 &S s Wlis 55 C. oxycanthus &5 5al o s o baedls 4 5185 55 Jdbe (33l 51 ool (sls el 5l =

Table 1- The parameters obtained from fitting the segmented model to the data of the germination rate of C.

oxycanthus versus temperature shown in Figure 2.

sles U b gles < s gles i glas S5 50 R2
Treatment Afterripening Tb To Tc Fo
05U i
5o -1.81+4.17 29.12+0.98  35.75+0.89  20.84+2.06 0.92
Fresh seed
5L“ V
oo 1.24+0.95 31.37+0.58 40+1.45 16.83+0.53 0.96
55 2 Month AR
oo &
Light T 1.76+1.55 32.82+0.56 40+4.31 14.68+0.62 0.98
4 Month AR
ole 1\
oo 1.12+0.94 31.94+0.39 40+1.80 16.75+0.41 0.98
6 Month AR
5L“ \Y
d 3.700.93 31.79+0.49 40+2.06 17.85+0.54 0.98
12 Month AR
05U i
5o -0.33+1.95 30+0.95 35+0.43 19.85+1.20 0.98
Fresh seed
5L“ V
il 0.15+0.89 33.47+0.24 40+4.82 16.80+£0.37 0.93
2 Month AR
G oo &
S oo 2.56+1.33 28.83+0.61 40+1.41 16.24+0.68 0.99
Dark 4 Month AR
ole 1\
oo 2.50+0.53 31.93+0.25 40+1.15 16.14+0.25 0.99
6 Month AR
5L“ \Y
oo 4.04+1.45 30+0.95 35+0.36 21.88+1.16 0.98
12 Month AR
03U i
8ok 1.01+2 29.28+0.99 40+1.25 16.94+1.17 0.97
Fresh seed
5L“ V
il 0.49+0.58 32.76+0.19 40+2.08 14.75+0.21 0.92
2 Month AR
. ; oo t
s e 2.71£3.07 28.99+1.41 40+6.14 14.82+1.42 0.98
Light+GA 4 Month AR
ole 1\
e 2.1543.71 29.50+1.54 40+8 16.56+1.90 0.98
6 Month AR
5L“ \Y
e 2.82+0.84 32.70+0.34 40+3.60 17.92+0.45 0.99
12 Month AR
03U i
5o 0.06+1.61 30+0.85 35+0.37 18.97+0.98 0.98
Fresh seed
5L“ V
e 2.38+1.31 32.10+0.59 40+3.14 14.96+0.57 0.98
2 Month AR
: G ole £
At oo 3.64+1.17 31.05+0.72 40+1.77 13.83+0.55 0.98
Dark+GA 4 Month AR
ole 1\
oo 0.99+1.79 31.58+0.81 4042.74 17.38+0.82 0.98
6 Month AR
5L“ \Y
el 3.47+1.66 32.44+0.75 4045.89 19.92+1.05 0.97
12 Month AR
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Figure 3- Changes in the germination percentage of C. glaucus seeds in response to the length of the afterripening
period (0, fresh seed; 2, 2 months afterripening; 4, 4 months afterripening; 6, 6 months afterripening and 12, 12
months afterripening) and germination temperature in the conditions of light (A), light + gibberellic acid (B),
darkness (C) and darkness + gibberellic acid (D). ns, * and ** indicate non-significance and significance at 5% and
1% probability levels, respectively.
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Figure 4- Changes in the germination rate of C. glaucus seeds in response to the length of the afterripening period (0,
fresh seed; 2, 2 months afterripening; 4, 4 months afterripening; 6, 6 months afterripening and 12, 12 months
afterripening) and germination temperature in the conditions of light (A), light + gibberellic acid (B), darkness (C)
.and darkness + gibberellic acid (D)
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Table 2- The parameters resulting from fitting the segmented model to the data of the germination rate of C. Glaucus
versus temperature shown in Figure 4.

o o ol sl o shae (slas s (slas SN g S0 R
Treatment Afterripening Tb To Tc Fo
2ok 0.32+1.47 25+1.11 33.62+1.20 28+1.60 0.99
Fresh seed
el -1.39+4.13 2542.66 36.05+4.85 28.80+3.94 0.87
o5 2 Month AR
oo &
Light el 1.45+0.62 25+0.75 36.83+0.84 25.05+0.53 0.99
4 Month AR
s 1.52+0.81 25+1.01 37.26+1.19 27.61£0.77 0.99
6 Month AR
e 3.0243.49 25294242 404421 29.5743.73 0.96
12 Month AR
S -1.4342.88 25+1.25 31.87£1.22 4537+431 0.99
Fresh seed
s ol Y
2 Month AR
N oo et 4.7649.75 19.79+4.12 37.83+6 46.47+7.59 0.61
Dark 4 Month AR
st 4.441.35 25+1.33 36.69+2.45 42.06+2.66 0.99
6 Month AR
ol VY
i 8.37+2.02 26.33+0.98 37.29+1.06 39.51+
12 Month AR
S 1.06+1.12 25+0.98 33.91+1.05 25.43+1.19 0.99
Fresh seed
e -0.43+2.33 26.33+1.55 40+5.25 26.62+2.02 0.95
2 Month AR
Aoy A 1.44:0.85 26.92+1.02 44.36+4.22 20.85+0.63 0.99
Light+GA 4 Month AR
o o 0.96+1.35 28.22+0.62 40+4.75 23.62+0.88 0.98
6 Month AR
oo ol N 3.13+1.14 27.91+0.65 40+5.52 24.92+0.97
12 Month AR
R -0.79+1.68 25+0.78 35.38+1.82 34.5742.03 0.99
Fresh seed
e 1.5240.86 25:0.85 33.3320.55 32.0440.95 0.99
2 Month AR
A oo o b 2512432 26.45+2.54 40436 28.3343.93 0.95
Dark+GA 4 Month AR
el 2.43+0.87 25+0.56 38.93+1.83 35.33+1.15 0.99
6 Month AR
e 4624129 254102 43.1446.05 40492251 0.99
12 Month AR
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Figure 5- Fitting the hydrotime model to the cumulative germination percentage data of C. oxycanthus species in
different water potentials and different afterripening times (A, fresh seed; B, 2 months afterripening; C, 4 months

afterripening; D, 6 months afterripening and E, 12 months afterripening).
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Table 3- The parameters obtained from fitting the hydrotime model to the cumulative germination percentage data at

different levels of water potential in C. oxycanthus species at 20°C.

[Ea®lS ) 2
o OH (MPa h)=SE Wb50 (MPa) +SE Gyb (MPa) +SE R
Afterripening
36 L
28.10+2.64 -0.7240.04 0.39+0.04 0.99
Fresh seed
5L§ Y
oo 18.20+1.81% -0.6240.04ns 0.3120.03ns 0.98
2 Month AR
5L§ i
il 23.39+2.56ns -0.7+0.05ns 0.34+0.03ns 0.98
4 Month AR
5L§ -\
T 28.5+2.39ns -0.75+0.04ns 0.34+0.02ns 0.99
6 Month AR
5L§ \V
s 31.77+3.63ns -0.7840.06ns 0.47+0.05ns 0.98
12 Month AR
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Figure 6- Fitting the hydrotime model to the cumulative germination percentage data of C. glaucus species in

different water potentials and different afterripening
afterripening; D, 6 months afterr

times (A, fresh seed; B, 2 months afterripening; C, 4 months
ipening and E, 12 months afterripening).
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Table 4- The parameters obtained from fitting the hydrotime model to the cumulative germination percentage data at
different levels of water potential in C. glaucus species at 20°C.

S 0H (MPa h)+SE yb50 (MPa) +SE oyb (MPa) +SE R2
Afterripening
03U i
8ok 37.89+2.25 -0.79+0.032 0.340.019 0.99
Fresh seed
5L“ V
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2 Month AR
oo &
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4 Month AR
ole 1\
T 32.6143.15ns -0.75+0.053ns 0.35+0.03 1ns 0.98
6 Month AR
ole VY
d 47.44+7.52ns -0.87+0.11ns 0.5+0.065ns 0.98
12 Month AR
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