Effect of waterlogging duration at different growth stages on some

photosynthetic characteristics, antioxidant activity, and yield of safflower

Fatemeh Askari Foroshani?, Afrasyab Rahnama?*, Mousa Meskarbashee® and Iman Kamranfar*

1- M.Sc. Graduate of Agrotechnology, Department of Plant Production and Genetics, Faculty of Agriculture,
Shahid Chamran University of Ahvaz, Ahvaz, Iran

2- *Corresponding Author: Associate Professor, Department of Plant Production and Genetics, Faculty of
Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran

(Email: a.rahnama@scu.ac.ir)

3-  Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Shahid Chamran University
of Ahvaz, Ahvaz, Iran

4-  Assistant Professor , Plant Production and Genetics, Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Ahvaz, Iran

Introduction

Waterlogging is a complex environmental stress limiting crop productivity and yield stability. Waterlogging
in crop plants remains a serious barrier to crop production around the globe in high-rainfall areas with heavy
rainfall or poor drainage. Waterlogging duration and the growth stage during waterlogging can affect the
physiological, biochemical and yield traits of safflower. However, the effects of waterlogging stress at different
growth stages on photosynthesis processes and antioxidant defense systems of safflower under field conditions
are not yet known. The aim of this study was to identify the most sensitive growth stage of the safflower crop for
waterlogging stress to develop our understanding of complex mechanisms underlying waterlogging tolerance in
safflower.
Materials and Methods

In order to study the influence of waterlogging duration at vegetative and reproductive stages on the yield,
photosynthetic characteristics, and antioxidant activity of safflower, 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 research farm was located at Shahid Chamran University of Ahvaz, Iran. The plants
were grown in the field to ensure the environmental conditions found in waterlogged and 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 were implemented at
stem elongation (vegetative stage), and full branching (reproductive stage) as sub plots. Seeds originated from the
Seed and Plant Improvement Institute, Karaj, Iran. Before and after the end of waterlogging period, waterlogging
treatments were watered with sufficient water (80% field capacity) until the end of the experiment. The data for
stomatal conductance, photosynthetic rate, chlorophylle index, catalase, peroxidase and superoxide dismutase
enzyme activities, biological yield, oil content, and seed and oil yield was recorded. Gas exchange characters were
measured after waterlogging stress and then after 7 days of recovery.
Results and Discussion

The mild and severe waterlogging stress treatments at both vegetative and reproductive stages led to a
significant reduction in stomatal conductance (24 and 35%, respectively), photosynthetic rate (49 and 60%,

respectively), chlorophyll index (14 and 44%, respectively), biological yield (21 and 27%, respectively), seed (34



and 39%, respectively) and oil yield (16 and 32%, respectively) but increased catalase (7 and 51%, respectively),
peroxidase (7 and 35%, respectively) and superoxide dismutase (9 and 17%, respectively) enzyme activities
compared to well-drained controls. After 7 days of recovery, gas exchange measurements were recovered in mild
and severe waterlogging stress treatments. Plant growth stage and stress duration playe d an important role in the
response to waterlogging stress. In severe stress treatment, the activity of antioxidant enzymes; catalase,
peroxidase and superoxide dismutase at the reproductive stage was higher than the vegetative stage (26, 17 and
9%, respectively). However, there was no significant difference between growth stages in terms of all traits except
for catalase, peroxidase and superoxide dismutase activity. The mild and severe waterlogging stress at both growth
stages led to a significant reduction in seed yield by 34 and 39%, and oil yield by 16 and 32% respectively,
compared to control. In contrast to the results of antioxidant enzyme activities, the maximum decrease in seed
yield was found when waterlogging occurred in severe stress treatment at the reproductive stage. The reduction
was 43%, when compared to the control.
Conclusion
The results highlighted that waterlogging during the reproductive stage of oilseed safflower resulted in higher

yield loss than during the vegetative stage and these findings emphasized that the impacts of waterlogging stress
on oilseed crops are important and the management practices of safflower fields especially in the Khuzestan region
must be strengthened during the winter season.
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Figure 1- Effect of waterlogging stress at vegetative and reproductive stages on stomatal conductance of
safflower. Means followed by the same letters using Tukey's test at 5% probability level did not differ

significantly.
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Table 2. Mean square for yield, photosynthetic characteristics, and antioxidant activity of safflower under waterlogging stress condition at different groth stage

" | . S pygw olled s Sl
Sjgy colda gl o yuo ; s " ; ; G Sloe . s
L SYEK cuJls STy cled 5 sl s .
Olp® @le 4, Stomatal conductance  Photosynthetic rate S0 on ’ i SR )b"’“‘*’f a5, Ses 0355 o= 589 OF9) 35k
SOV ¥ Chlorophyll Catalase Peroxidase Superoxide Seed vield . . Harvest : 0il vield
eV < e index activity activity dismutase Y B'Ol_o?écal index Oil y
Df ol om ik Sl oe bl activity yie content
After stress  Recovery  After stress  Recovery
Means of squares (MS) Slape (1 leo
< *
Bloik 2 173ns 96" 66.5m 73" 81ns 0.253 " 0.003 M 9.14ns 17502" 45666" 2.2 24,1 8382
Gl i N
Waterlogging 2 12736™ 6047 4068™ 4625 1591 0.353" 0.106™ 1432™ 1143005™  11216985™ 42.9™ 419" 34548
stress (WS)
Ea 4 126 258 39.0 200 61.9 0.160 0.016 22.1 64986 5411668 1.57 135 1563
gady Ao
Growth stage 1 55.0™ 668 " 8.7m™ 217" 1136™ 1.08™ 0.040" 234.2™ 22656 " 6192630 " 10.88 ™ 0.20 ™ 499 ™
(GS)
WS x GS 2 368" 307" 70.0" 226" 41.6" 0.158" 0.191™ 99.5m 38686~ 4775709 8.82m 0.095" 1450
5 glas
“’C’E‘; 6 915 356 24.0 274 311 0.030 0.009 34.4 12109 4053034 25.63 5.99 1472
el 12.7 6.1 13.6 17.1 9.5 14.01 12.24 105 7.44 25 25.83 9.39 9.75
C.V (%)

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Table 3. Effect of waterlogging stress at vegetative and reproductive stage on yield, photosynthetic characteristics, and antioxidant activity of

safflower
, N KWy 3Skes oSl lgee
s Gl @59, culin g Jbo)lS a3 ls N o . s 28kee
o JRawgld sy iU gomnd 039 by ) :
Treatments Stomatal Photosynthetic rate Chlorophylle "y iological 0il =9
conductance index Superoxide ~ Biological  Harvest ! Oil yield
dismutase yield index  content
activity
Ol om bbby G jlom bbb
2 ol 2 o1 _ (Units mg'* 1 V 1
mmol m?. s mmol m?, s brotein) kg ha % kg ha
Sl i
Waterlogging stress
Ls
- 330¢ 3482 1392 1282 738 38.70°¢ 9590 2 22,272 240" 4692
Control
(el ¥F) B2 i3 254b 308>  8.1° 8.7b 63 ¢ 4209 7586 1975  289°  393°
Waterlogging stress (24 h)
el FA) OB,e a5
(Selo FA) 5,2 25 215° 285° 6.1° 76 41° 46.31° 6977 ° 168¢  248%® 317 ¢
Waterlogging stress (48h)
Sy A 5o
Growth stage
wa) - 268 @ 3208 98¢ 93¢ 678 40.97° 8638 2 18.82 25972 4128
Vegetative stage
a l. -
w15 2652 308 2 892 1002 510 43762 74652 20.32 26.12 396

Reproductive stage

Means followed by the same letters for each trait in each column and each experimental factor using Tukey test at 5% probability level did not differ

significantly.
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Table 4. Correlation coefficient between yield traits, photosynthetic characteristics, and antioxidant activity of sufflower under waterlogging stress

)

Row Traits olas 1 2 3 4 5 6 7 8 9 10 11 12 13
1 Stomatal conductance K149y colin 1

2_St0matal conductance ik 19, colan 0850 1

3 Photosynthetic rate Fwsd cepw 0866 0769 1

4 Photosynthetic rate bl e copw 0.845™  0.605 0.8337 1

5 Chlorophylle index Jedg s a3ls 0715 0.763™ 0.637"" 0.583" 1

6 Catalase activity VB edlé -0.517" -0.565" -0.66 ™ -0.63 ™ -0.268" 1

7 Peroxidase activity Ty el -0.204™  -0.575" -0.247™ -0.495" -0.267" -0.267™ 1

8 Superoxide dismutase activity jbsewsdimS|powcdls -0.346™ -0.695™ -0.425™ -0.547" -0.247™ -0.267™ -0.347™ 1

9 Seed yield abosles 0.896™ 0.7477 0.905™ 0.870™ 0.685™ -0.247™ -0.379™ 0.447™ 1

10  Biological yield 03y Cuwj3ySlas 04477 0.400" 0.442° 0.348™ -0.371™ -0.353™ -0.531" -0.631" 0.621™ 1

11  Oil content O89) Slgme -0.2327 -0.114™ -0.179 -0.214" -0.187™ 0.161™ 0.145™ 0.185"™ -0.355" -0.365"™ 1

12 Oilyield of9y RSes 07717 0.696™ 0.780™ 0.753™ 0.544™ -0.251" 0.290™ 0.280™ 0.790™ 0.454" 0.258™ 1

13 Harvest index cuby gadls 0.552°  0.392™ 0.5527 0.6227 0.409™ 0.152™ 0.084™ 0.380™ 0.491" -0.365™ -0.049™ 0.408™ 1
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Figure 2- Effect of waterlogging stress at vegetative and reproductive stages on catalase activity of safflower. Means
followed by the same letters using Tukey's test at 5% probability level did not differ significantly.
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Figure 3- Effect of waterlogging stress at vegetative and reproductive stages on peroxidase activity of safflower.

Means followed by the same letters using Tukey's test at 5% probability level did not differ significantly.
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Figure 4- Effect of waterlogging stress at vegetative and reproductive stages on seed yield of safflower. Means

followed by the same letters using Tukey's test at 5% probability level did not differ significantly.
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