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Extended abstract

Introduction

Waterlogging stress is a common, agricultural problem in many regions across the globe. Crop
productivity is threatened primarily by waterlogging in rainfed areas. Plant growth and crop production
is constrained severely by waterlogging in many regions around the world. Waterlogging significantly
reduces the grain yield. Moreover, oil yield reduces mainly due to a significant decrese in grain yield
under waterlogging stress condition. Waterlogging at different growth stages has different effects on
crop growth and yield. In most.crop plants, it was shown the different adverse effects of waterlogging on
yield determination at.the vegetative and reproductive stages. However, the effects of waterlogging
stress at different growth stages on safflower under field conditions is not yet known.

Materials and methods

In the currentStudy, in order to study of the influence of waterlogging stress at different growth stages
on the morphological traits and grain yield of safflower under field conditions, a field experiment was
carried out during 2020-2021 growing season in a split plot arrangement in randomized complete blocks
design using three replicates per treatment. The study site was located at the research farm of Shahid
Chamran University of Ahvaz, Iran. The plants were grown in the filed to ensure the environmental
conditions found in flooded soils. Three waterlogging treatments were applied to plants as main plots:
Well-drained controls watered weekly, mild stress (waterlogged for 24 h) and severe stress (waterlogged
for 48 h). Waterlogging treatments implemented at the vegetative and reproductive stages as sub plots.
After the waterlogging period, waterlogging treatments were watered with sufficient water (80% field
capacity) until the end of the experiment.

Results and discussion
The waterlogging treatments at vegetative and reproductive stages significantly decreased biological
yield, grain yield, number of sub-branches, branche number, capitulum number per plant, grain number
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per capitulum, grain number per plant, 1000-grain weight and oil yield. There was no significant
difference between growth stages in terms of all traits except for capitulum number per plant and the
number of sub-branches. The mild and severe waterlogging stress at both growth stages was led to a
significant reduction in grain yield by 34 and 39%, respectively, compared to control. The waterlogging
treatments at different growth stages differently reduced the grain yield. The maximum decrease was
found when waterlogging occurred for 48 h at the reproductive stage. The reduction in the number of
sub-branches was associated with capitulum number per plant and grain number per plant. Under
waterlogged conditions, the reduction in capitulum number per plant was mainly due to the decrease in
the number of sub-branches.

Conclusion

These findings indicate that safflower is more sensitive to waterlogging at the reproductive stage. The
effect of waterlogging stress on grain and oil yield varied between two growth stages.and waterlogging
durations. Under waterlogging condition, grain yield loss occutred mainly due to a decrease in the
number of sub-branches, branch number, capitulum number per plant, grain number per head and
grain number per plant, which led to a significant decrease in grainyield and altimately reducing the oil
yield.

Keywords: Grain yield, Growth stage, Harvest index, Oil content
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Table 1. The results of physical and chemical analysis of soil
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Fig. 1. Effect of waterlogging stress at vegetative and

reproductive stages on grain yield of safflower
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Table 2. Mean square for agronomic and yield traits of safflower under waterlogging stress condition at vegetative and

reproductive

O @b olasi o ailo olusi Paldolaxs  Hl i as Ll olowy
Wy . &g als Slishs e e
4> 40 .
) i - Capitulum Grain Grain 1000 =P Number of
Oldi @lo ol diloo,Sdas number  number per number per  grain Branch sub-
S.0vV df Grainyield per plant capitulum plant weight number branches
uie 2 17502" 7.01m™ 10.92m 1094" 29" 0.046™ 7.54"
Block
LSEGF L;U.J“ Kk Kk Kk Kk * Kk Kk
Waterlogging 2 1143005 193.01 579.9 35240 147 3.77 80.1
stress (WS)
a slks
4 6498 1.35 27.82 1820 12.55 0.11 1.42
Error a
Gy > yo » "
Growth stage 1 22656 28.22 1.680™ 2688 5.33™ 0.226 "™ 26.18
(GS)
GS x WS 2 35986* 8.61" 26.98 "™ 2881 3.11™ 0.767"™ 126"
b stes 6 13109 3.5 42.92 1309 24 0.30 1.84
Error b
Oyl o p0 7.44 8.58 20.21 10:39 9.49 6.96 9.66
C.V (%)
Table 2. Continued aldl.Y Jgus
3l asll gl gl o Slos L™ &lgxo
4z o) gk &gy gl 038 Lo 3 o o9 Q’STLM
Oldi @be 031 “Height of the first Plant Biological Harvest Oil o9,
S.0.v df branch height yield index content  Qil yield
ads 2 6.45"™ 3.77"™ 45666" 2.2M 24.1m™ 8382"
Block
BE S y o N . "
Waterlogging  stress 2 17.28™ 18.7 11216985 42.9 41.9 34548
(WS)
astes 4 5.76 3.42 54166 1.57 135 1563
Error a
SOl ) al> o ns ns ns ns ns ns
Growth stage (GS) 1 9.67 4.95 6192630 10.88 0.20 499
GSx WS 2 4rs 1.21m 4775709 8.82"m 0.095™  1450™
bt ¢ 35 1156 4053034 2563 599 1472
Errorb
Ol o 0 3.62 3.66 25.0 25.83 9.39 9.75
C.V (%)

Dl sre 8 NS D mhaws )0 o gme N e jo o peel*F

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively

Jox g bl cud b Sily B, Lyl jo ails o Sles
O o JLo.C‘ S C?“a““ ﬁ‘ﬁ B OLS u-*-'l*

Wy 40 G olies

Al wigr ;o Gub olowi o e alS cow SB S
By 55 g Gayiden s sl slal a5 slagTay
O SHle 09y Ay 0 Bub olawi o S glls apall

oblE o Gl ps ld o alo o, Slee als

Seals g e jo dils slaws ralS 5,k 5l g o IS
ild 59 JialS G b 5l g LS o e o e olaws
Gk 3l paiS oLS jo g alaw jo ails slaw 5 alow olaws
Gl 00 U‘“")‘)f alo )‘]b OJ99 445; B d-lM.U Slows w.:olf
o gme alS s a4 (Ploschuk et al., 2020)



A>ye o aS Jp wl W o alaw olaw els
I olawy malS o i g g il ol g Slidles S
Marti ) oo als (39 g abow o ails slows ;T JLis a g
Cotl 5 B, 25 cow ile LS o (et Al 2015
Ot 30 M )0 il slasl a4y Gl Wigr y0 B dlass

(Fazeli et al., 2023) el oty o ST wils o Sloe

= 30 4 a a [J Vegetative stage

o Reproductive stage

E— 25 mep g
B (53 b b
325
27 o

Q c
3 € 15
%N <
3 E 10

E

= 5 -

S

0
Control Mild Severe

Stress levels

o sl

2l 9 gy Wby alo e o e s Wl YIS

S5 gy jo Gub olasd
Fig. 2. Effect of waterlogging stress at vegetative and
reproductive stages on capitulum number per plant of
safflower

as ogllae ylal b oanslie j5 b ol sas)s
G olaws p cinly al>ye o B i 56 paizmen
J392) 890 sy ad o 5l iy 495 JB jeboas d5gy 5o
29, ¥ g VF o i Lulpl jo il g ool
wf bl i baolie ;o ao,0 FA o VY o i Ll il
(Y JSs) 0g0 i
szl » F5e szl 5l (Splarea 25 g58y oo
R £S5 =5 slasll el Gals &bl 2B,e
Oliae Sy oo Hla3 Aty s Sidier 18 5ubs slass el cow
o, b pleen@s e58 £8 slaasls é‘..\.u).s).ui.: o2
6‘)L> :L\}.’ )Q d,«..lo .)‘J.’.: el 009 JAM S| ‘sw.:‘)
(=215 alsis Sloe b 5 )b xe g e Ko
0 £y 4L slaws g (=2 /A ™) o8 asls olass

(652 4L ol Gl (185 Coenl 4y o g, (P /A7
3 8kes” adgiy o)l Jlis 4 g Bl ags 0 (o8 2
3 SREAS ol j,155 paiS oL o ol Vs ol

Aonid o g Aoy ol ialS o gy G, al> e

515 50, 5as g 2ly) Sl (B 1 1 Sl g gy by Sl o ByE i Y Jgua
Table 3. Effect of avaterlogging stress at vegetative and reproductive stage on some agronomic and yield traits of

safflower
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Table 3. Continued
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Means followed by the same letters for each trait.in each column and.each experimental factor using Dunkan test at 5%

probability level did not differ significantly.
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Table 4. Correlation coefficient between agronomic andyield traits of sufflower under waterlogging stress
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ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Fig. 3. Effect of waterlogging stress at vegetative and

reproductive stages on number of sub-branches of
safflower
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