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Abstract

There is a little information about the effects of temperature and water potential on safflower. In order to study the effects
of temperature and water potential on seed germination characteristics of safflower (Carthamus tinctorius L.), an
experiment as combined analysis was conducted base on a completely randomized design with 4 replications by 25 seeds
in laboratory of seed technology at Yasouj University in 2015. The factors included temperature (5, 10, 15, 20, 25, 30, 35,
40 and 45°C) and water potential (0, -0.2, -0.4, -0.6, -0.8, -1, -1.2, -1.4 and -1.6 MPa). The percentage and rate of
germination, root length, shoot length, ratio of root length to shoot length and seedling vigor index were measured in this
experiment. The results of analysis of variance showed that main effects of temperature and water potential and
interactions were significant on all indicators of germination at 1% probability level. Also, by decreased water potential,
germination percentage and germination rate reduced. At 5°C and at zero potential germination percentage was 98%
while the potential of -1.6 MPa germination percentage dropped to zero. At 35°C and at zero potential germination
percentage was 95% while the using potential of -1.6 MPa germination percentage decreased to 1%. By increasing the
temperature up to 20°C increasing germination percentage and germination rate detected and afterwards reduced.
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Table 1. Analysis of variance for the effect of temperature and water potentials on seed germination
characteristics of Safflower

(Mean Squares) Sla o (xKbe
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g _ T P il
sov @UT I I, ekl e ol
e df Germination Germination ’ i T
percentage rate Root Shoot az-adl Seed_llng vigor
length length R/S index
(" - - . aox aox .
> 8 39961.3 0.012 171.7 16.08 1198.2 250.03
Temperature
Lo
27 64.4 0.000005 0.070 0.018 1.85 0.115
Error
ol J:Mdl:-_{ *ke *ke - ok o o
’ " 8 15300.8 0.023 56.9 23.6 390.7 119.8
Water potential
ST sl Jolaze I o wox . . wox wox
' : 64 1216.3 0.002 13.9 3.32 364.1 17.8
T™W
Lo
216 34.4 0.00004 0.074 0.018 3.84 0.106
Error
CV (%) - 10.7 244 12.9 18.6 345 12.7

** Significant at 1% probability level.
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Table 1. Analysis of variance for the effect of water potential that sliced on each level temperature for
safflower seed germination characteristics
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df Germination Germination T Shoot B T
percentage rate Root length 4ol Seedling
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5 8 6834.1 0.00003™ 1.06™ 0.21™ 4.14"™ 242"
10 8 5161 0.00009" 9.08™ 3.20™ 16.44™ 256"
15 8 1024.77 0.0003™ 13.177 8.94™ 8/51"™ 36.15™
20 8 275.4™ 0.006™ 30.08™ 18.77" 635.6" 53.33"
25 8 837.4™ 0.006™ 86.54™ 18.38" 526.4™ 113.5™
30 8 6432.4"™ 0.008™ 28.55™ 5.65™ 21005 31.48"
35 8 4100.1 0.007™ 0.039™ 0.004™ 3.93™ 0.065"™
40 8 366.1" 0.011™ 0.085™ 0.009™ 8.50"™ 0.005"™
45 8 2.80"™ 2.11™ 3.83™ 5.29" 372" 1.07™

a3 0 DL ) by fme pds 5 Lo 53 0 (o5 ) dk}‘ch.ﬂ)}é)\}@aﬂ oy L
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Table 3. Mean comparison for the effect of water potentials in different germination temperatures for seed
germination of safflower

T Jamilsy Temperature (°C) L

Wate(:v'log;‘;”“a' 5 10 15 20 25 30 35 40 45
0 98 a 100 a 100 a 98 a 100 a 9% a 74 ab 24 a Oa
-0.2 96 ab 96 ab 98 ab 92a 92 be 89a 77a 20a O0a
-04 88b 95 ab 94 abc 9 a 92 be 92a 76 a 11b O0a
-0.6 87hb 92 be 92 abc 97a 95 ab 93a 52¢c 3c O0a
-0.8 49c 86 c 91 abc 9%5a 87 dc 86 a 62 bc Oc O0a
-1 43¢ 77d 90 be 93a 87 dc 50 b 25d Oc O0a
-1.2 12d 74d 85¢ 97a 84d 16¢ 8e Oc O0a
-1.4 Oe 1le 64 d 79b 60 e 10dc 9e Oc O0a
-1.6 Oe 8e 53e 75b 60 e 1d 0f Oc Oa
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Mean in each column followed by similar letter(s), are not significantly different at 5% probability level, by using of

L.S.Means Test.
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Table 4. Mean comparison for the effect of water potentials in different germination temperatures for
germination rate (hour™) of safflower

T il Temperature (°C) L
Water

potential 5 10 15 20 25 30 35 40 45
(MPa)

0 0.009 a 0.020 a 0.032 a 0.112a 0.110b 0.123 a 0.143 a 0.154a Oa
-0.2 0.007 ab 0.019a 0.028 b 0.106 a 0.125a 0.112b 0.049b 0.090b Oa
-0.4 0.006 bc 0.015b 0.019¢ 0.079b 0.031c 0.045 ¢ 0.034 c 0.036c Oa
-0.6 0.005 cd 0.013 ¢ 0.018 cd 0.034 c 0.044 c 0.029 d 0.033 ¢ 0.013¢c Oa
-0.8 0.0047de  0.010d 0.015d 0.034 c 0.039c  0.023de 0.030 cd od Oa

-1 0.0040 ef 0.008 e 0.009 e 0.019 cd 0.033¢c  0.019 ef 0.021 de od Oa
-1.2 0.002 f 0.008 e 0.008 ef 0.013d 0.015d 0.012fg 0.015e od Oa
-1.4 0g 0.008 e 0.007 ef 0.009 d 0.014d 0.006 gh 0.012e od Oa
-1.6 0g 0.008 e 0.006 f 0.009 d 0.016d 0.002 h 0f od Oa
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Mean in each column followed by similar letter(s), are not significantly different at 5% probability level, by using of

L.S.Means Test.
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Table 5. Mean comparison for the effect of water potentials in different germination temperatures for root
length (cm) of safflower

ST ity
Water potential Temperature (°C) L
(MPa)

5 10 15 20 25 30 35 40 45

0 155a 4.04b 347hb 5.05 5.80¢c 2.32d 0.30a 0.30a Oa
-0.2 1.02b 4.80a 451a 4.59 dc 5.04d 247d 0.30a 0.30a Oa
-0.4 1.01b 275¢ 4.67a 4.48d 5.23d 3.23¢ 0.30a 0.30a Oa
-0.6 0.88 ¢ 150e 3.34b 114 a 179a 6.41b 0.30a 0.15b Oa
-0.8 0.50d 2.23d 249 c 5.83 bc 5.68 ¢ 7.03a 0.30a Oc Oa
-1 0.50d 155¢e 0.75d 6.03 b 6.28 b 0.30e 0.30a Oc Oa
-1.2 0.37e 1.17f 0.67 de 3.80d 342e 0.30e 0.22a Oc O0a
-1.4 of 05049 0.45¢e 2.13e 2.63 f 0.22¢e 0.22a Oc Oa
-1.6 of 0.50¢g 0.10f 2.06 e 2.56 f 0.07 e Ob Oc Oa

3L e Loy 0 Jlaz C]a..u 53 L.S.Means 55T ulul s jls sxe oDl pe oias OLA SS ke (59 o O g p )3 \Au.:i;l:.e
Mean in each column followed by similar letter(s), are not significantly different at 5% probability level, by using of

L.S.Means Test.
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Table 6. Mean comparison for the effect of water potentials in different germination temperatures for shoot
length (cm) of safflower

ST ity
Water potential Temperature (°C) L.
(MPa)

5 10 15 20 25 30 35 40 45

0 0.58 a 2.30b 470 a 6.25a 6.35a 345a 0.10a 0.10a Oa
-0.2 0.55a 2.39a 2.29b 3.25b 3.77b 1.84b 0.10a 0.10a Oa
-0.4 0.48b 1.16¢c 1.18d 190¢c 242¢c¢ 1.36¢ 0.10a 0.10a Oa
-0.6 045b 0.57d 162c 1d 1.10d 0.30d 0.10a 0.05b Oa
-0.8 0.20c 0.63d 0.88e 0.59 de 0.69e 0.10 de 0.10a Oc Oa
-1 0.20c 0.23e 0.37 f 0.34e 0.55e 0.10 de 0.10a Oc Oa
-1.2 0.15¢ 0.20e 0.15¢g 0.12e 0.12 f 0.10 de 0.07 a Oc O0a
-1.4 0d 0.20e 0.10g 0.10e 0.10f 0.07e 0.07 a Oc Oa
-1.6 od 0.20e 0.10g 0.10e 0.10f 0.02e 0b Oc Oa

3L e Loy 0 Jlaz c]a.n 53 L.S.Means 55T ulal s jls sxe oDl phe okias OLA SS ke (59 o O g b 3 \Au:é\:.e
Mean in each column followed by similar letter(s), are not significantly different at 5% probability level, by using of

L.S.Means Test.
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Table 7. Mean comparison for the effect of water potentials indifferent germination temperatures
for R/S of safflower

T ity Temperature (°C) L
Water potential

(MPa) 5 10 15 20 25 30 35 40 45
0 2.67 a 1.75d 0.73 e 0.8le 09le 0.67c 3a 3a Oa
-0.2 184c 2d 1.97d 13le 134e 134c¢ 3a 3a O0a
-0.4 2.08 abc 2.37d 3.94b 2.51de 2.16¢ 251c 3a 3a O0a
-0.6 1.97 bc 2.65 cd 2.06 d 115cd 16.3¢c 21.3b 3a 15b Oa
-0.8 2.50 ab 3.50¢c 2.83¢c 10.7d 8.17d 70.3a 3a 0b Oa
-1 2.50 ab 6.99a 1.80d 21.3b 11.3d 3c 3a Ob Oa
-1.2 187c 5.85b 5.09 a 33.7a 29.7 a 3¢ 2.25a 0b Oa
-1.4 0d 2.50d 4.32b 21.3b 26.3ab 2.25¢ 225a Ob O0a
-1.6 0d 2.50 d le 20.6 bc 256 b 0.75¢ Ob Ob Oa
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Mean in each column followed by similar letter(s), are not sign
L.S.Means Test.
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Table 8. Mean comparison for the effect of water potentials in different germination temperatures for

xeedling vigor index

of safflower

T Jewiles Temperature (°C) L
Water potential

(MPa) 5 10 15 20 25 30 35 40 45
0 2.09a 6.34 b 8.17a 11.06 a 12.1b 5.48b 0.296 ab 0.09a Oa
-0.2 1.52b 6.91a 6.67 b 7.67b 8.09¢c 3.84c 0.308 a 0.08 a Oa
-0.4 132c 3.72¢ 550¢c 6¢C 7.04d 423 ¢ 0.304 a 0.04b Oa
-0.6 1.16d 191e 4.53d 12.02a 18.04 a 6.26 a 0.208 ¢ 0.01c Oa
-0.8 0.34e 246 d 3.03¢e 6.14 bc 554 e 6.11 ab 0.248 bc od Oa
-1 0.30e 137f 0.96 f 591c 5.95e 0.200d 0.100d 0od Oa
-1.2 0.08 f 1.01g¢g 0.77 f 3.79d 298 f 0.064d 0.032e od Oa
-1.4 O0g 0.05h 0.35¢g 1.78e 1649 0.040d 0.036 e 0d Oa
-1.6 0g 0.07h 0.10g 1.65e 1599 0.004d of 0od Oa
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Mean in each column followed by similar letter(s), are not sign
L.S.Means Test.

ificantly different at 5% probability level, by using of
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