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Foliar application of cytokinin hormone on morphophysiological and
yield traits of sunflower cultivars in late sowing date
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Table 2. Mean squares for morphophysiological traits and yield of sunflower cultivars under different sowing dates and foliar applications of
kinetin hormone
Sl e ke Means of squares (MS)
s slaws sl 25 oT g5 Shos
»N.pu\ 2 4l 2l als im0 e._uuu.wrv ovbn.x.t.uu.b.?v ﬂklw,hv. Chv. e Sl ey Culda RESL > .
Sl wbe &l sk ag Jos 8 = R23)
SOV Seed Relative
e 1000 -seed Seed . . . Leaf area Chlorophy Stomatal - oo
Df number weight yield Biological yield index 1l index water conductance Oil percentage Oil yield
per head content
EOMW 2 77161 ™ 507.2 13732"™ 32322 0.0383 161.1 102.2 0.00162272 10.8 6732"™
o | 2144356 9166 3986619 77413856 1.42 2359 4183 0.12303482 312.8 e
Sowing date (A)
a gl
Ea 2 85732 21.2 14285 52164.9 0.00153 11.41 8.61 0.00021012 3.26 5243
™ 4 7010177 80335 S8BT gs040717 0.8941" 34617 82727 0.05347239” 53.16” 714068"
Cultivar (B
P 56 s " - - ns - - - s -
A B 4 9892 264.8 56215.4 453068 0.01424 642 248.8 0.00261536 59 3238
o 1 813938 gs3t 1146507 17574928" 466" 679" 13613 0.03655602" 183.7" 4382082
Hormone (Cy
C erl“u;w ~ G * Kk *k ok
c\c%> «C & 4 11363 ™ 62.52 160 ™ 155550 ™ 0.0790 23.8™ 3.75™ 0.00435202 0.150 ™ 3847
Dkoc.wb xlg * ok ns ns ok ns ns o ns *
BxC 1 14166 134.8 10332 62713 0.1312 34.12 1.82 0.00082239 1.16 7765
X5 X S 5
RIVRPN 4 15551" 79.7" 303717 131182 0.05222" 18.77™ 320 0.00040773" 7.23" 7829
A xBxC
b slas
Eb 36 4948 15.31 7267 45146 0.0075 9.94 1.8 0.00013614 2.60 1999
Sl 2
CV % 7.8 53 54 35 3.6 12.5 4.4 42 4.1 7.5

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Table 4. Mean comparison for morphophysiological traits and yield of sunflower cultivars under different sowing dates and foliar applications of kinetin hormone

bl Gk o dils sl als )l 05 als 3 Shoe ri,ubwwrb erﬁmcwvr s A5 pels {#Msmnvu sl ol RIS a3 Shes
Treatments Seed number 1000 .\moma Seed yield Biological Leaf area Chlorophyll W,M_Mm,a\o Stomatal 0il Oil yield
per head weight yield index index content conductance  percentage
Sl b o S oles - g kg ha'! kg ha™! - - % mol m?s™! % kg ha’!
SGue | Cutivar O
a8y 0 1065 109.1° 2471° 7910 < 2.52% 19.2% 722°¢ 0.314 40 > 973°
(Lakomka) 50 1354 129.2° 2758 8728 ° 2.70° 243 % 83.6" 0.377° 45.6° 1257
o Fon 0 1168 “* 83.5¢ 2293 ¢ 8189 ¢* 2281 18.6% 79.1° 0.359° 39 be! 894 °
A (Porogres) 50 1553 ° 111.9° 2475° 9367 ° 3387 25.3¢ 88.1° 0.441° 41.6° 1015°
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Means followed by the same letters for each trait in each column and each experimental factor using Duncan test at 5% probability level did not differ significantly.
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Table 4. Correlation coefficient between the studied traits in late sowing date M;v w/ ZX
i ~ e
ot SNH 1000 SW BY sy LAI Chl index RWC sc oy o9 =
Traits ) )b |M
Gab s als sl 1 "w " _
Seed number per head Mu a 3 .
s fia ot . .y
et 0.963 1 = /W.,
1000 seed weight S ™
e 0.897 0.940 | m . o
Biological yield m 9
15 > Slos " " - 2 B
o 0.878 0.957 0.940 1 SO
Seed yield M 3
& " " " . " = 7
g o 0.794 0.836 0.844 0.806 1 3 B A
Leaf area index _ S v
; " " " " : " 3 g
s mt 0.821 0.774 0.766 0.721 0.783 1 . g= w
Chlorophylle index .|m/ O e
T o 15 - - - - - - =
Tl S 0.944 0.927 0.856 0.924 0.771 0.792 1
Relative water content
sl a5y e o o - I - - -
- 0.798 0.833 0.919 0.804 0.755 0.755 0.783 1
Stomatal conductance
ke 0.621° 0.691° 0.686™ 0.659™ 0.724™ 0.449° 0.629™ 0.495™ 1 3 4 B
Oil percentage — w
o553 Skes - - - - . - - . - S 3 )
o 0.891 0.923 0.971 0.971 0.815 0.696 0.862 0.846 0.741 1 S R 2
Oil yield N ]
SNH; Seed number per head, 1000 SW; 1000 seed weight, BY; Biological yield, SY; Seed yield, SC; LAI; Leaf are index, Chl index; Chlorophylle index, Stomatal - \.M/ /M
conductance, OP; Oil percentage, OY; Oil yield. m e
*and ** significant at 5% and 1% probability levels, respectively e N a
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Introduction

Crop yields in tropical regions are threatened by high temperatures during
the reproductive phase which cause a severe change in the physiological and
biochemical behavior of the major crops (Salehi et al., 2023). Suitable sowing
dates provide adequate growth and development for crops and altering sowing
dates is beneficial for crop productivity as it helps the critical growth stages to
avoid high temperature stress. Manipulating the sowing date is one of the the
most important management practices for improving crop yield and resource use
efficiency (Srivastava et al., 2018). It has been reported that the highest grain and
biological yields of safflower were observed on early sowing date, compared to late
sowing dates (Sahu &Thakur., 2016). A delay in sowing date causes a shortening
of the growing season and distances the plant from suitable growing conditions.
Cytokinins are effective in responding to environmental stresses by triggering

a complex signaling network. To further improve plant growth and production,
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exogenous cytokinin has been applied to enhance the heat stress tolerance of
plants. Exogenous application of cytokinin can reduce the inhibitory impact of
heat stress on photosynthetic properties, and increased antioxidant system activity.
Hence, the current study aimed to evaluate the effect of cytokinin foliar spary
on the morphophysiological traits and quantitative yield of sunflower cultivars in
winter planting dates in Ahvaz conditions.

Materials & Methods

A field experiment was carried out in a split plot factorial design in randomized
complete block design with three replications at the research farm of Shahid
Chamran University of Ahvaz in 2022. Main plots consisted of two sowing dates;
3" February and 5" March (normal and late sowing dates, respectively), and sub
plot consisted of factorial arrangement of different concentrations of cytokinin (0
and 50 pum 1-1, Kinetin), and sunflower cultivars (Progress, Lakomka, Shams, Oskar
and Qasem). The cultivation on 3™ February experienced optimum temperature
during growth stages as normal sowing date. On 5" March, the flowering and grain
filling periods were exposed to severe heat stress at the end of the growing season
as late sowing date.

Results & Discussion

Terminal heat stress in late sowing dates caused a significant decrease in the
biological yield, seed yield, seed number per head, 1000-seed weight, oil yield,
chlorophyll index, relative water content and stomatal conductance of sunflower
plants. There was a significant difference among cultivars in terms of all traits. Late
sowing date caused a significant reduction in seed yield of Lakomka, Progress,
Shams, Oskarand Qasem cultivarsby 32,30, 32,37 and 33%, respectively, compared
to normal sowing date. This was equal to 1.1, 1.03, 1.1, 1.27 and 1.13% for each
day of sowing delay, respectively. The concentration of 50 um I"! kinetin improved
the studied traits in both sowing dates. In late sowing date, foliar application of
cytokinin enhanced seed yield by 24, 29, 14, 25 and 21%, in Lakomka, Progress,
Shams, Oskar and Qasem cultivars respectively, when compared to cytokinin-
deficient plants. Lakomka and Progress had the highest seed and oil yield in both

sowing dates. In optimum and late sowing dates; cytokinin application induced
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an increase in seed yield (by 11 and 24%, respectively) and oil yield (by 27 and
34%, respectively) for Lakomka, when compared to cytokinin-deficient plants.
Lakomka cultivar was identified as the most tolerant to heat stress due to higher
seed and oil yield in both sowing dates and both cytokinin levels compared with

other cultivars.
Conclusions

We focused on the foliar application of cytokinin on the morphophysiological
traits and quantitative yield of sunflower cultivars in response to terminal heat stress
to highlight the function of cytokinin in the heat stress response and its potential to
increase heat stress tolerance. It appears that the delay in the optimum sowing date
synchronizes the plant’s reproductive stages with a high temperature at the end of
the season. The results of this study provide evidence that exogenous cytokinin (50
um 1) can be an effective strategy to improve heat tolerance of sunflower under
terminal heat stress conditions in tropical regions such as Khuzestan.
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