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Effect of cytokinin application on photosynthesis, gas exchange and seed yield of
safflower (Carthamus tinctorius L.) under drought stress condition
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ABSTRACT

In order to evaluate the possibility of photosynthesis, gas exchange and chlorophyll content improvement
of safflower by cytokinin application, a split factorial experiment was conducted based on a randomized
complete block design with four replications at the research farm of Agriculture Faculty, University of
Zanjan, during 2019-2020 growing season. In this experiment, irrigation levels included optimal irrigation
and drought stress were the main plots (soil water potential: -0.4 and -2 MPa as control and drought stress
treatments) and safflower cultivars (i.e Sina, Faraman, Parnyan, Gholdasht and Mahaly Esfahan), and
three levels of cytokinin, (i. e no- application (control), 50 and 75 uM) were subplots. Drought stress was
applied in the flowering stage and simultaneously, safflower plants were sprayed with cytokinin. The
results showed that drought stress caused an increased in the intercellular CO, concentration (10%) and
decreased transpiration rate (30.3%), stomatal conductance (46.4%), photosynthesis rate (41.1%),
carboxylation efficiency (42.8%), Photosynthetic water use efficiency (14.4%), chlorophyll content and
seed vyield (40.17). Also, Parnian cultivar was more tolerant than other cultivars to drought stress
condition. In contrast, cytokinin application minimized the negative effects of drought stress and
increased the above traits. The highest seed yield was obtained by application of 75 uM of cytokinin
(3494kg/ha) in drought stress condition (34/1% compared to the control). Therefore, cytokinin application
can be suggested to decrease drought stress negative effects and enhance seed yield of safflower under
optimal irrigation and drought stress conditions.

Keywords: Carboxylation efficiency, photosynthesis rate, seed yield, stomata conductance, transpiration
rate.
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Figure 1. Soil moisture curve of the experimental site soil.
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Tablel. Variance analysis of different traits of safflower cultivars affected by different cytokine concentrations under optimal and drought stress conditions

S.0.v DF Intercellular ~ Transprition Stomate Photosynthesis ~ Carboxylation  Photosynthetic chla chl Total carotenoid Seed yield
co2 conductance rate efficiency water use content content Chlorophyll content
concentration efficiency content
Replication 3 7575.01™ 57.59 " 0.38" 196.47 ™ 0.027 ™ 1.02™ 0.129 ™ 0.017 ™ 0.16"™ 0.001™ 8691.3"™
Irrigation 1 13775.87 * 51.35* 137* 458.94 * 0.008 ** 1.98 ** 1.05* 0.04 * 1.53* 0.014 * 3090878.03
*
Error 1 3 1103.70 3.04 0.093 221 0.00001 157 0.063 0.0001 0.062 0.001 2188276.37
Cultivar 4 957.4 ™ 5.89 ** 0.19* 18.17 ** 0.0001 "™ 0.88 ** 0.06 ** 0.009 ** 0.102 ** 0.003 * 490367.4 *
Hormone 2 5474.73 ** 3.76* 0.0001 ** 92.60 * 0.002 ** 0.48 " 0.156 ** 0.02 ** 0.28 ** 0.002 ™ 2283704.91
Irrigation* Cultivar 4 1793.94 ™ 0.76 ™ 0.034 " 72.01 ** 0.0009 ** 1.82 ** 0.06 * 0.006 * 0.11~* 0.001™ 137162.53
*x
Irrigation* Hormone 2 2498.56 * 0.45" 0.05" 9.16 ™ 0.001 ™ 0.147 "™ 0.01" 0.003** 0.024 "™ 0.0002 " 132012.16 ™
Cultivar* Hormone 8 465.65 ™ 0.79" 0.023 ™ 7.59 "™ 0.0001 ™ 093" 0.005 "™ 0.0005 ™ 0.005 "™ 0.0009 ™ 49783.9™
Irrigation*Cultivar* Hormone 8 132.14 ™ 0.59 ™ 0.02" 3.46™ 0.00004 ™ 021" 0.01m 0.0003 ™ 0.018 ™ 0.001™ 24376.23 ™
Error 1 84 783.66 1.23 0.032 11.57 0.0001 0.51 0.01 0.0009 0.01 0.0011 163895.39
cVv 9.89 22.43 23.61 26.11 22.42 25.11 24.3 20.25 20.28 22 13.34
Aoy S g i Jleiml w10 (6510 giae g s e Solds pae onims lid o ey 9T NS

Ns , *4**: Non significant and significant differences at 5% and 1% of probability levels, respectively.
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Figure 2. Interaction effects of irrigation levels and hormone spraying on the intercellular CO2

concentration. Mean with the same letter(s) are not significantly different, according to Duncan’s multiple
range tests at p<0.05.
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Table 2. Mean comparison of different safflower cultivar traits affected by different cytokinin concentrations under optimal and drought stress conditions.

Transpiration Stomata Photosynthesis Carboxylation Photosynthetic Chla Chib Total Cortonoid Seed yield
(mmolom3s?) Conductance rate efficiency water use effiaency content content Chlorophyll content (kg.h?)
(mmolom3s?) (ummolom™2s™) (mmolom3s?) (umolco2mmolH20) (mg.g'Fw)  (mg.glFw) content (mg.gtFw)
(mg.g*Fw)

Irrigation level
Optimal irrigation 5.59a 041a 13.44a 0.05a 2.53a 0.59a 0.17a 0.77a 0.143b 3541.6a
Drought stress 429b 0.28 b 9.52b 0.035b 2.21b 0.41b 0.13b 0.54 b 0.169 a 2526.6 b
Cultivar
Sina 5.53a 045a 12.12ab 0.042 a 2.74a 0.53a 0.184a 0.71a 0.149b 3100.8 a
Goldasht 4.61 bc 0.29b 10.29b 0.037a 2.28b 0.52 ab 0.161b 0.65a 0.146 b 3091.7 a
Mabhally Esfahan 5.28a 0.38ab 125a 0.044 a 2.36 ab 0.56 a 0.15 bc 0.71a 0.173 a 3175a
Faraman 4.97 ab 0.33b 11.09 ab 0.04a 2.33b 0.45 bc 0.14d 0.58 b 0.149b 2998.8 ab
Parneyan 430c 0.24b 11.36 ab 0.04a 2.30b 0.44c 0.128d 0.58b 0.155 ab 2804.2b
Hormone
0 41b 0.25b 9.84b 0.03b 2.27a 0.44c 0.12¢c 0.57¢ 0.146 b 2688.75 ¢
50 517a 0.3la 11.75a 0.042a 249a 0.50b 0.15b 0.65b 0.154 ab 3047.38b
75 5.25a 0.32a 12.58a 0.048 a 2.52a 0.56 a 0.17a 0.74a 0.161a 3466.08 a

3,05 K080 b (gl gime iglis oy gy Jledarl g 50 g S510 (glaiels aiz (g3l pell g g ST 50 alie By sl slanSils
Means with the same letter(s) in the same column are not significantly different at 5% of probability level, according to Duncan multiple range test.
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Table 3. Mean comparisons of the interaction effects of irrigation levels and genotypes on different traits

Cultivar Photosynthesis Carboxylation Photosynthetic Chla Chlb Total Chlorophyll  Seed yield
rate efficiency water use effiaency content content content (kg.h?)
(ummolom2s) (mmolom?s?t)  (umolco2mmolH20)  (mg.g*Fw)  (mg.g*Fw) (mg.g*Fw)
Sina 0.47bcd 3285.4h
12.93bc 0.049ab 2.53abc 0.151cd 0.628cd
Goldasht 3595.8ab
10.62cd 0.039bc 2.59cd 0.66a 0.185b 0.846ab
Optimal Mahally Esfahan 3677.1a
irrigation 12.96bc 0.048ab 2.45 bc 0.63a 0.161bc 0.790 b
Faraman 3518.3ab
14.13ab 0.055a 3.05a 0.48b 0.145d 0.629¢
Parneyan 3630.8a
16.35a 0.057a 2.77ab 0.69a 0.226a 0.919a
Sina 2322.9d
9.75de 0.035cd 1.85d 0.37e 0.128ed 0.507e
Goldasht 2366.7d
7.89% 0.27d 2.04cd 0.48ed 0.136cde 0.525de
Drought Mahally Esfahan 2672.9¢c
stress 10.15cd 0.041bc 2.37bcd 0.51b 0.149cd 0.659c
Faraman 2605.7cd
7.86e 0.0361cd 2.41bc 0.35¢ 0.120ed 0.512e
Parneyan 2660.6¢
12.15 bed 0.043bc 2.43hcd 0.58b 0.21b 0.778bc

of Safflower cultivars at two irrigation levels and different cytokinin concentrations
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to Duncan multiple range test.
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Figure 3. Interaction effects of irrigation levels and hormone spraying on the chlorophyll b content.

Means with the same letter(s) in the same column are not significantly different at 5% of probability
level, according to Duncan multiple range test.
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