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ABSTRACT

In order to evaluate the possibility of partitioning photoassimilate improvement and increasing the
percentage of safflower seed oil by cytokinin application, a split plot factorial experiment was conducted
based on a randomized complete block design with four replications at the research farm of Agriculture
Faculty, University of Zanjan, Iran, during 2018-2019 and 2019-2020 growing seasons. In this experiment,
irrigation levels included optimal irrigation (-0.4MP) and drought stress (-2 MP) were the main plots and
safflower cultivars (i.e Sina, Faraman, Parnyan, Gholdasht and Mahaly Esfahan), and three levels of
cytokinin, (i. € no- application (control), 50 and 75 uM) were subplots. Drought stress started at flowering
stage and cytokinin spray and drought stress were performed simultaneously. The results showed that
drought stress increased the remobilization efficiency (42.75%) and contribution of stem reserves to grain
yield (26%) and decreased the grain yield (26.8%) and seed oil percentage (10.6%). Under drought stress
condition, Mahally Esfahan cultivar had the highest oil percentage with an average of 35.42% and an
increase in the transfer efficiency of stem reserves to grain (52.7%). Cytokinin application minimized the
negative effects of drought stress and improved traits such as stem efficiency in grain transfer, grain yield
and oil percentage in the studied cultivars. The highest percentage of seed oil was obtained by 75 pM
cytokinin application (with an average of 33.38%) compared to the control treatment. Therefore, cytokinin
application can be suggested to reduce the negative effects of drought stress, increase photosynthetic
partitioning material and of safflower seed oil percentage.

Keywords: Photoasssimilate partitioning, safflower, seed yield, stem remobilization efficiency, stress.
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Figure 1. Soil moisture curve of the experimental site soil. Pink curve: moisture curve; Yellow: soil water
potential in -0.4 MP as control treatment, Blue: soil water potential in -2 MP as drought stress
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Table 1. Variance Analysis of the effects of different cytokinin concentrations (C) on different traits of five safflower cultivars (B) under two irrigation treatments (I) in
two crop years(Y)

\§ 23

Dry Dry Dry weight Total dry Dry weight of Dry weight Transfer
d.f weight weight of  of capitule weight Leaves/ Total Dry weight of of capitule/ efficiency Contribution of stem
S.0.v of stem dry weight stem / Total dry Total dry of stem reserves to grain
Leaves weight weight reserves yield Seed yield Oil
to grain percentage
Y 1 "$30.87 0.076" 107.25™ 61.53" 61.53" 472.9™ 349.71™ 137.22" 0.007" 2406003.7™ 3543.09™
R(Y) 6 3.25 13.47 26.59 28.8 18.84 73.30 89.56 55.46 0.405 1301843.1  37.46
| 1 *70.08  193.39" 153.29" 2501.05™ 2501.05™ 29.44™ 3.1m™ 1676.9" 0.94" 30317041.6™ 192.67"
IxY 1 "0.79 1.19™ 4.17™ 1.192™ 1.192™ 0.876™ 8.44™ 15.5™ 0.08™ 67000.4™ 95.18™
RxI(Y) 6 1.18 16.19 13.85 36.66 26.21 308.92 311.48 134.48 321.28 906571.6 2591
B 4 72649 171.347 350.54™" 827.23" 827.23" 132.34" 1093.3™ 179.4™ 0.73" 2666561.6™  274.44™
C 2 56.9™  119.8™ 201.55™ 678.27" 678.27" 4481.55™ 2911.92" 1273.3™ 0.67" 13097337.6"  265.14™
1B 4 2.6 24.34™ 37.70™ 91.24™ 91.24™ 37.74™ 30.64™ 119.6™ 0.05" 771797.6 5.54™
IxC 2 "$0.042 0.97" 4.92™ 57.16™ 57.16™ 32.26™ 51.96™ 42.01™ 0.07" 211019.4™ 38.30
BxC 8 " 2.57 5.08™ 9.57™ 118.55™ 118.55™ 54.34™ 89.74™ 31.71™ 0.07™ 392740.99"  7.74™
IxBxC 8 "$1.152 1.38™ 8.36™ 18.44" 18.44" 31.22™ 78.98™ 47.11™ 0.08" 415814.7™ 8.75™
BxY 4 1029  29.105™ 10.46™ 29.105" 29.105" 207.46"™ 146.94 " 67.23"™ 0.91" 2900048.5™  9.58"
CxY 2 2.98™ 9.27™ 16.77" 9.73™ 9.73™ 82.18" 57.32™ 70.95™ 0.09" 1427609.06"  26.26™
Y xBx| 4 "$0.96 5.96™ 5.36™ 5.96™ 5.96™ 35.84™ 27.13™ 29.42™ 0.11™ 187903.01™  6.61™
IxCxY 2 n$2.20 0.28" 6.45" 0.194" 0.194" 3.44m 2.33™ 30.11™ 0.61" 722888.8™ 24.03™
BxCxY 8 "$1.63 2.06™ 10.55™ 2.06™ 2.06™ 11.72" 8.30" 27.66" 0.05" 157967.4™  5.38
IxBxCxY 8 "$2.07 2.01™ 2.71™ 0.68" 0.68" 11.74™ 8.4 15.26™ 0.1 424261.5™  5.48™
Total Error 168 1.04 3.44 5.09 27.08 27.08 49.47 58.96 30.06 05 330931.9 5.128
Cv(%) 21 24.8 18.7 19.6 21.6 19.6 13.53 23.6 24.7 19.31 6.95

", *and **: Non significant and significant differences at 5% and 1% of probability levels, respectively.
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Table 2. Mean comparison of the interaction effects of irrigation levels and cultivar on different traits of

safflower cultivars in two irrigation levels and different cytokinin concentrations

Cultivar Dry weight of Leaves Dry weight Dry weight Transfer efficiency ~ Seed yield Oil
Irrigation (gr) of Stem of capitule of stem reserves kg h?h (%)
(@ (a0 to grain (%)
Sina 4.9bc 11.8b 25.42a 12.9def 3195abc 35.92a
Parneyan 4.8bc 8.5b 15.85hc 12.72def 3256.7ab 30.31de
Normal Mahahhy Esfahan 6.2a 13.35a 15.69bc 9.65f 3243.8ab 36.77a
Goldasht 4.31cd 7.93cd 15.67bc 13.38cde 3030.2abcd 32.66bc
Faraman 4.35cd 7.62cd 17.43b 14cde 3365.8a 31.55cd
Sina 3.15f 7.11d 22.5ab 21.67a 2949cde 33.93b
Parneyan 3.97d 7.84cd 13.7cd 15.8bcd 2874.4cde 29.08e
Stress Mahahhy Esfahan 5.09b 10.42b 12.1d 14.73cde 2820.8de 35.42a
Goldasht 3.81de 7.4d 12.55d 16.8bc 2639.6e 29.77e
Faraman 3.28ef 6.82d 13.55¢cd 18.18b 2776de 30.04e
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Means with the same letters in the same column are not significantly different based on Duncan's test at 5% of probability level.
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Figure 2. Mean comparison of the interaction effects of year x hormone spraying on capitule dry
weight. Means with the same letters are not significantly different based on Duncan's test at 5% of
probability level.
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Table 3. Mean comparison of the interaction effects of year x cultivar on different traits of safflower
cultivars in two irrigation levels and different cytokinin concentrations

Year Cultivar Dry weight of Dry weight of Seed yield (kg h™)
Leave(gr) stem(gr)
Sina 4.1cd 9.4b 2995.8abc
Parneyan 3.97cd 8.2bc 2889.4bc
First Mahally Esfahan 4.58bc 11.6a 2764.6bc
Goldasht 4.2cd 8.9bc 2889.4bc
Faraman 3.51d 8.5hc 3008.3abc
Sina 4.09cd 9.24b 3049abc
Parneyan 4.8b 8.2bc 3366. 7a
Second Mabhally Esfahan 6.7a 12.17a 3300a
Goldasht 3.56d 6.12d 3115.4ab
Faraman 4.1cd 5.9d 2697.9c

225505 5yl iregles cds o iy e lembans 10 g Sl yge T pulisl S a8y gl I0 slayaSiliac y g o )0
Means with the same letters in the same column are not significantly different based on Duncan's test at 5% of probability level.
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Table 4. Mean comparison of the effects of different cytokinin concentrations on the different safflower traits under two irrigation conditions in two cropping years.

Dry weight of ~ Dry weight of  Dry weight ~ Total dry  Dry weight of  Dry weight of Dry weight of Transfer Contribution of stem Seed yield Oil percentage
Leaves Stem of capitule weight Leaves / Total stem / Total capitule/ efficiency reserves to grain yield (Kg/h) (%)
(ar) (ar) (ar) (gr) dry weight dry weight Total dry weight of stem reserves (%)
(%) (%) (%) to grain (%)
Year
First Year 2.8% 9.33a 16.04a 28.28a 10.45a 34.15a 57.8a 14.23a 0.51a 2905.5a 28.7b
Second Year 2.78a 8.32b 16.02a 27.21a 10.84a 31.34b 57.7a 15.57a 0.53a 3105.8a 36.3%
Irrigation level
Optimal 3.26a 9.72a 18.01a 31.04a 10.88a 33.80a 56.71a 12.35b 0.46b 3361.1a 34.74a
irrigation
Drought stress 2.52b 7.93b 14.08b 24.54b 10.41a 30.10b 56.48a 17.63a 0.58a 2650.3b 31.41b
Cultivar
Sina 3.53a 9.32b 21.96a 34.61a 10.22b 27.80c 62.16a 17.28a 0.57a 3194.3a 34.92b
Goldasht 2.62c 8.19c 14.76b 25.58¢ 10.28b 32.31b 57.39% 14.26bc 0.51ab 2841.5bc 29.69d
Mahally 3.03a 11.8a 13.88b 28.81b 10.53b 35.63a 54.82b 13.49b 0.46b 3258.8a 36.09a
Esfahan
Faraman 2.97b 7.52cd 14.11b 24.61c 12.22a 31.5b 56.26b 15.09ab 0.54ab 2697c 31.22¢
Parneyan 2.52b 7.22d 15.51b 25.25¢ 10.17b 30.4bc 59.33ab 16.13ab 0.52ab 3035.9ab 30.79¢
Hormone
0 3.17a 10.18a 12.6¢c 25.95¢ 11.88a 41.39% 49.63b 10.61c 0.41b 2556.8¢c 30.46b
50 3.36a 8.51b 16.65b 30.77a 11.31a 28.41b 60.25a 16.18b 0.56a 3117.56b 33.34a
75 3.15a 7.79% 18.89%a 27.61b 11.66a 28.44b 59.88a 18.18a 0.5% 3342.5a 33.83a

2235 5 o e sglat s ;o iy Lot lorhans 10 g HSils 03T bl 1S jia ity g1 Io sla uSilooc y g 2 )0
Means with the same letters in the same column are not significantly different based on Duncan's test at 5% of probability level.
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Figure 3. Mean comparison of the interaction effects of year x hormone spraying on seed yield. Means
with the same letters are not significantly different based on Duncan's test at 5% of probability level.

OE9) My (o i Juo, YOIFY (o Silo byl
oeels gl as dale S (Y Jga) ails |,
3,5 Olgre Gl oo (SiS i o ails (€5 oo
20 S e el o Sis i oS cal Gl
Iy als ol 5 0,90 Job g 9gd oo brails ol

4ld (€94 oy
-09as90 08y o)l llpd Jlo Sl ls pelul
bilys 56 908, 5 )bl s bl 51y ool
S92 o gima o (495 w0 )0 (Bbyge)92 9 55k
e pByl cogllae Lol luld o () Jga)
5 YPIVY Gl :Sile b b jay L 5 pladol
S 08y 5 (SiS G Ll )0 g s 0 YO/AY



ARA

5 & haly) eas g leidlanl 5 (5 mgtd Slge
Mahrokh ) ceul ool ails 58 ol cel oy35xe
b oS g 45 el Jl>y5 ol o (et al., 2019
e el cel ls 00,9, 0, Jlal olial
als je Comd iol8l L caigd co ails awgy 4y ails
b o Gl 58 fsy weys ol aey 4
oley > adllas L (2014) Mohammadi et al
sy ST eLE) iy gey90 b (Sl slxe
) a5 (A (Al n g (Pl (sl slaaile
Wges o (Luww g MECL91 g 00i)) o,lgy 5,18
NyegSos VO B L lagl sl oS
ol el (oalS al>pe o S een (5050
il S5LI8 8B eg, wo 0 g ails o Sles o Se
MEC191 43, j0 ()€q, do,yd g dils o Slas o 5V
Aol 4 Camnd Qo ,0 FONY 4 PYIAT ol anas oy
oesi ol @l @ arg b nlple ol Gl
ol Lulyd 5o o2 oSy a5 CiS g
SRl sl o Sas a5 Lald s eh 5 osllas

Bigd oo HEgy oy Gali8l g il Sl Lo ol S

40
35
30
25
20
15
10

Qil percentege (%)

YF) 50l oV 6 Ll Y 8,90 )l ely5 lalS psle

50 GRS (g, doyd Azl 50 g 390 g0 pl 8 Al
Sy plin j0 o9 (S S &dlg je b
L oefon ey 5 el 1) (8, do)s daails
i syt IS oo o 55 5 983 0n G
(Maleki Nejad & o5 co o2l,8 o cpsigy 5l 0,
Jlize 31 slaools uSile dwnlio Majidi, 2015)
Lul s a8 ols (las 5 Bhogey90 5 6okl Ll
b oS g V509,500 VO jloss 5 ogllan (L]
Slerd 9 9y Sy G inden oy YOITO (Sl
o2 g oollae Solel Lty o o2 (3052 3 )5 pae
als (589, 2oy (nyieS (S 25 lls o
VO e b ails g, doyo (F JS&) asdls
(el oslle Ll o (S Vseg S
ol asyo Ve Sas s Ll by 9 as 0V 0
WYe09,500 YO jlos (o a5 Cul Jl yo ol g 8L
Sl DS (GuiSgi VoegSs Oty
olBl el GeSgn (5090 00,15 ol sanlive
Sl 0ad 325 (6,500 gl 50 S5 (85, st
JGsl xol8l b psS guw (Ullah & Bano ,2011)

Bosthe ol L SER A

(o
[en

[

" I,

o

i, ®

5]

Treatments(UM)

bl e g (Sl sla s Siln gy %oy Bliisasss 5 el ot Mo 1 (Sis aslio -F S5

5l 0S5 b gl s Dl s jo gy Jlesa] g j0 5 SOls (glasals sz g0

Figure 4. Mean comparison of the interaction effects of irrigation levels x hormone on oil percentage.
Means with the same letters are not significantly different based on Duncan's test at 5% of probability
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