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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 at which it occurs can significantly
influence the physiological, biochemical, and yield-related traits of safflower (Carthamus tinctorius L.).
However, the impact of waterlogging stress at different developmental stages on photosynthetic processes and
antioxidant defense mechanisms in safflower under field conditions remains poorly understood. This study
aimed to identify the most sensitive growth stage to waterlogging stress in order to enhance our understanding of
the 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 irrigated 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, chlorophyll 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.
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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 played 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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Table 4- Correlation coefficient between yield traits, photosynthetic characteristics, and antioxidant activity of sufflower under

waterlogging stress
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I~ = 1 2 3 4 5 6 7 8 9 0 11 12 13
Row Traits
1 slajsy colin 1
Stomatal conductance
bk ey colia 0.850™ 1
Stomatal conductance
3 Frog® Sy 0.866™ 0.769" 1
Photosynthetic rate
4 s g 8y 0.845™ 0605 0.833" 1
Photosynthetic rate
5 J*”K‘P_ 0.715™ 0.763™ 0.637" 0.583 1
Chlorophylle index
6 ’Wm‘ﬁnfs_ -0.517" -0.565" -0.66™ -0.63™ -0.268"™ 1
Catalase activity
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9 b ) Sas 0.896™ 0.747" 0.905™ 0.870™ 0.685™ -0.247™ -0.379™ 0.447™ 1
Seed yield
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Figure 2- Effect of waterlogging stress at vegetative and reproductive stages on catalase activity of safflower
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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
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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
i I3 gme BB (s do > e Jlass] pdaws )3 (S5 90;] 5l o3litul b Sy gy (clly sla ke
Means followed by the same letters using Tukey's test at 5% probability level did not differ significantly

Jad clesl )3 Tga (YU clod 5 cuslS Gl asle 505 138,50

De San Celedonio, Abeledo, ) couwl sa s ooly Cuus 4,
J(Brihet, & Miralles, 2014

01b pasude s Sl plu > hagh ol @l L Bl

VO ol 4 ot IS (dag) 0y alsyo 3 CBjE (15 &S ol

obej e aiile il Jalgs @y a5 Slas 20 50

WU ) 13l oglie Wl o GBye (A5 Bas 5 (05 J>lye (5
als o o ash o, Sloe 48 Cowl oas e e (et al., 2015
Llee Rl (gl ety ¢ pdng) Jolre b dulie )3 (23S
Jslse g alo o 5l )3 (532058 Blge 4o Coranl 4y ialS ()



VAY L (timgid o Shrg (B 2 oy cilicio o150 50 0 yE A5 loj o 13l (Ko 5 (Livg 9 (g ySums

5 wsllas (6Ll )l dn byoye cully (adld i oy il
(7 Jgi2) 392 208 GBS & bgye ] (58

M 36 Jalge alex 5l ol 689 loj g CBye (A5 (o s
ol bl )0 a8 sy e el 4wl 03 j g wily 5 Shas y
2 e loj o (b Sl Llys | oS agalye Jises Mo
03553 3y Slos b duglie ;3 &l 5 )Slos s (55 b duwlio
Y Jodn) o a5 U dslie jo cudby adls polie
pasS d olsye i sl aimej o Cllas plo gl (Jlapl
039 32 AU @S o pe j) S By i o8 o ol
2S5 5l e 48 sy il casb y (asld 5 0355
Dlng ) A wl.}f ua.>‘.w L)wl)B‘ 9 0395wy (939 uuz,lS o
[etal., 2020

90 ¢l giae

(¥ dgiz) e )15 a5 U cod s k) sliome
O Slpome (n il 9 (23S b Sike duglie ol (ol
Mo GLE)E S5 9 20 VF lieedy Cllas ()bl ) ey
— e Gold (b i bl pd b ol o> YAR lied
s oaalide cglhae (gilul b dulie )3 89, Moy Hlai 5l ()l
Joi) €8l 3l g, (slgne qeadle (A5 g9 b (S)leas
Ol ly mMe S35 Lulyd )3 (29, (slgoe Sl dne ial33 (Y
@l ) 5 GBye 5l g S cale jidn pd b &
OiblS phas (SHleds wld caws plByl pl dily 5, Slee iy ials
sl ol g 0390 (1) e e i oy S cale
A a ST Jls > cwl osds bled e (cloie il38l i yaody
A8l GleSe (LS (ol e e IS Ll b 5 ey oo ylaS
(¥ Jg)

9y Slyime yp OByt G5 b diej > (Sl e
2 03958 e GEalS &S 090 oo 4iS )5 392y 9y slaaly
Slyome pialS cuw @il (1b Jogbo dl> e )3 GBS loj
5 (Gutierrez-Boem et al., 1996) 54 5 o 4> pgy
Dyl3 pegy Slgme b puSe (slabasly 4> gy doys a5 Lol
Ll (BRI (Eg) slpore WBb Vb (g doyd 42 (plpl
I318"oLLS ;5 .(Brennan, Mason, & Walton, 2000) S o
L ¥V 5l ey lgome CBye A5 Lalyd )3 o8 canl oad ()18
>y (Wollmer et al., 2018) e il 3l a0y Fo
Sy LS K55 4 Bdos o ) & Wil 315 o) Ktmoy
Koutroubas, Papakosta, ) >,.5 .o ;8 b il cod g 0yl
gl 48 A Suaime (B 2500 (gow jl (& Doitsinis, 2008

L agalse bylyd jo ials cpl a8 Jbyo s aily 5,Slos sy
Wollmer, ) sy 3> Ad 4y dly adsyo lal o s
oialS 5 )38 ,56 Jelee Lo ;I .(Pitann, & Muehling, 2018
ile Sigledyee g Sl Ol 4 e a2 )Sdee
2,5 o)Ll dils 4 lge (anass 5 03giCwn (i o Sles (sl
L oYU byl b 115 0 aly 5 ,Sas polie yuss ¢ Jlio (sl
Wang et ) s5 il & (g 5tmwgsd dlge dizme @555 9 gazd Ol s
izl 2 86 Bk 5 By 25 55 s ool o (@l 2016
2 ashoolis gl o &l sl g pd Gubo dliad alas 15 Sas
S0 9 0 ladsll olaw LialS isren g il i 59 i
ol 03l L Laoald) 30,8 asily oy Slae yidlS Cows 2,8
Cléye byly s o ash o Slas )b re yialS a2 4 (Cwl
sl 5 gl 2 ol ol Joo 5 ol s Sl

g (X%

00 93w y o jSlac

90 ;2 1D 0dgiCum 3 ySes HI sxe el Cawe Qe i
9 i) Jolye o an ST S il 5 oMo il
Sl 392 (63 Hme D9l (g8 Jolpe 9 T S eh
3y Sas (npeS WAl IS g ot ogllae bl (Y Jgi2)
KR 9 rb-’M-" (J"""’ C9hw OF 9 sl uoLa.o‘ .)9> 4 ‘) 0395 s
3, Slas yialS uo)d yolde (codll 509 (gl ixe gl
PN g pde OLE,e i 51 b i bl ) edgicm
J932) 390 200 VY 9 YV (e o 5y gllan ()l b dunlia
(¥
Sl wlal e 2 09 )9, CB)E (A5 Lulyd b glusjs
S 3l a5 1 ol ol ) ailate 3 baylys ol
O 5 [(Huang & Johnson, 1995) .S’ o sgioce |y oS
I 55U cou len plul g laddy) cp ST Jlas! ool
iyl g i & il loALT S G o g 43S
9 0L o plie > Sl «Clod 53 9 3980 Jriwgid 9 ()5
O Dgd e el ‘O}.‘,‘Sl )5,45 Ja.sl)w CoS (gAne bl}a TN
Gutierrez-Boem) 544 oo 4ild 3 Slos g 0355 j inlS 5 AD)
(etal., 1996

M‘AJ:\UAAL_Z
52 12 Cedlp pasld b re (Il G GBS
OMS ey 5 iy ol oy (g el il g Mo 5 s



VELE Ll o o)l YT alo (ol (81,5 Shwidgis apnis  VAYF

8 5 4o

bz ol o OBy Jloj cne slajloy (imgly oyl 4o

Cdlsd g (gigd sla Shy (Sylite jybany S5 A,
A6 2o ]y oS (ol (29 5 4l 2,Sles pizmed 5 S| 5l
@ STy )3 (coten G OBy loj e g (o) e 2l 118
e sl g (slugy Mby Alaye 93y )3 OB Il S
2 pials e aS GlagSa b a0 Sles )b gxe ialS 4
3 YF L ply e ollae )bl b duglie ) 0 9 oMo 5
g OB il ol )3 ialS polde (picren g b0y ¥
by 3 )Slas Sl o yide o GlaigSa g Colite ad) e
Ay ads e 3 s i bl Gglhas ()bl b dwslie j
slae sl edld Lilisl b sanlin (als oy FY) bl
ok i Bgannd ST sy g 3enSTy GBI (s il
i ol o) el izl 5,2 Lyl by ol 3ldasl sloxy) 5
adhate ;> S5 gl (e sroged Cogll &ty o sl
CLye 5 &S bl g bl (6y9 8 liumej Juad > Olwjss
sba S8k Jew 989 plin Il (Bgo 5 )35 slonyy L
Shlas ol 68 o ke 5 ilo Ol Bis pglatoas (Shus
ae)je P S (oo g (rlaw (2585 1L S (ool

g ‘ol.’>o1

S5l Fowlps
gl g Lhagh Coglee slacules S Bt g damgps
JSSCU.AAG9.96 wlags, ojlas 4 jlsal lyen dutcd olatils

Ay 1y gl a8

References

oo 5 sy GRS @i Louis) O 09y Sl
oo Ll 5l (b G2y W oS J 58 lagy) ple g
Hussain, Lyra, Faroog, Nikoloudakis, & Khalid, ) ¢l
Jsloe clacllimg: S (lgims 45wl 00l asie (2016
ladly (o2 pudplie (ly ()8 (ol @ie (g a4 Bl
5 Fiwgd Candg oplplo (Khan et al., 2018) 545 i 1318
Jolre g G ) e g (st dlge Ol ) (gl e
585 Olej 2 258 &ly 50 s (g Sleme 2 Sl oo 50
Alge JLisl cyglyl ol (1Som g S (0 s ol lgy (15
Sl yod Gl g ol s il A (ol (gftmgid
Zandi, ) 545 aaily 9 sleime i Lialidl el cunl Soo

.(Rahnama, & Meskarbashi, 2023

Of 9y 9 Slas
d)LH] L duolie o b 5 0o i 0 €9y 0,Sos
ORelS o3 VY 9V liedns i iy ()l ixe sl ogllas
Joiz) cudls 929 (6l dine gl 35 608y Jolye o g 8L
Ol e (5168 5 wollae o)kl )3 25y 3o oyt (V5 ¥
Jole 93 a9y 0, Slas (Y Jods) b odnline yud (55 4
3y Shoe yialS Ly g0y ([ Sin €4y slgizme 5 il 5 Slos
BBl () lpme (Il o) e b g @Yo (IS 53 (489,
3y Slas oy €9y slaime Llil oo Jo ploly g aily 5 Slae
Sheikh Mamo, Rahnama, & Hassibi, ) ¢l  jials e,
GLEE G5 )3 Sy 3y Shee (n )5S iRgR cnl > (2023
s oy e il 5 Slae yialS 4 yol ol a5 A5 odmlie a0
5 Caio (Siawad D929 095 0 03> Coud (E9) (gloizme jd
O g 1 = V) by 0 )Sles b 25y 0,Soe oy Jd imo

(F Jgie) 2y a9y 3 Shas cymns 5 &l 5,Sdas

1.

Annual Report. 2022. Annual harvested area, production, and yield in 2021-2022. Ministry of Agriculture Jihad.
Iran.

2. Arbona, V., Hossain, Z., Lépez-Climent, M. F., Pérez-Clemente, R. M., & Gomez-Cadenas A. (2008). Antioxidant
enzymatic activity is linked to waterlogging stress tolerance in citrus. Physiology Plantarum, 132, 452-466.
https://doi.org/10.1111/j.1399-3054.2007.01029.x

3. Asada, K. (2006). Production and scavenging of reactive oxygen species in chloroplasts and their functions. Plant
Physiology, 141(2), 391-6. https://doi.org/10.1104/pp.106.082040

4. Ashraf, M. A. (2012). Waterlogging stress in plants: A review. African Journal of Agricultural Research, 7, 1976-
1981.

5. Bailey-Serres, J., Lee, S. C., & Brinton, E. (2012). Waterproofing crops: Effective flooding survival strategies.
Plant Physiology, 160(4), 1698-709. https://doi.org/10.1104/pp.112.208173.

6. Bansal, R., & Srivastava, J. P. (2012). Antioxidative defense system in pigeonpea roots under waterlogging
stress. Acta Physiologiae Plantarum, 34, 515-522. https://doi.org/10.1007/s11738-011-0848-z

7.

Beers, R. F., & Sizer, I. W. (1952). A spectrophotometric method for measuring the breakdown of hydrogen
peroxide by catalase. Journal of Biological Chemistry, 195(1), 133-40.


https://doi.org/10.1111/j.1399-3054.2007.01029.x
https://doi.org/10.1104/pp.106.082040
https://doi.org/10.1104/pp.112.208173
https://doi.org/10.1007/s11738-011-0848-z

YAD

o Gy B S By g by ilise Jolpo 50 Ol AT loj e T oyl g (Slbg b (5 S

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Blokhina, O. B., Fagerstedt, K. V., & Chirkova, T. V. (1999). Relationships between lipid peroxidation and anoxia
tolerance in a range of species during post-anoxic reaeration. Physiologia Plantarum, 105, 625-632.
https://doi.org/10.1034/j.1399-3054.1999.105405.x

Brennan, R. F., Mason, M. G., & Walton, G. H. (2000). Effect of nitrogen fertilizer on the concentrations of oil and
protein in canola (Brassica napus L.) seed. Journal of Plant Nutrition, 23(3), 339-348.
https://doi.org/10.1080/01904160009382020

De San Celedonio, R. P., Abeledo, L. G., Brihet, J. M., & Miralles, D. J. (2014). Waterlogging affects leaf and
tillering dynamics in wheat and barley. Journal of Agronomy and Crop Science, 202(5), 409-420.
https://doi.org/10.1111/jac.12151

Ding, J., Liang, P., Wu, P., Zhu, M, Li, C., Zhu, X., Gao, D., Chen, Y., & Guo, W. (2020). Effects of waterlogging
on grain yield and associated traits of historic wheat cultivars in the middle and lower reaches of the Yangtze river,
China. Field Crops Research, 264, 107695. https://doi.org/10.1016/j.fcr.2019.107695

Fazeli, S. B., Rahnama, A., & Hassibi, P. (2022). Effect of waterlogging stress on yield and yield components and
photosynthetic characteristics of two Mung bean cultivars in Ahvaz conditions. Plant Productions, 45(1), 95-108.
https://doi.org/10.22055/ppd.2020.30538.1805

Fazeli, S. B., Meskarbashee, M. & Rahnama, A. (2023a). Effect of waterlogging stress at the three-leaf stage on the
growth and some physiological characteristics of bread wheat (Triticum aestivum L.). Plant Productions, 46(2),
279-292. https://doi.org/10.22055/ppd.2023.42792.2072

Fazeli, S. B., Meskarbashee, M. & Rahnama, A. (2023b). Evaluation of waterlogging tolerance in twenty-one
cultivars and genotypes of bread wheat (Triticum aestivum L.) and its effect on some physiological characteristics
of shoot and root system at the three-leaf stage. Iranian Journal of Field Crops Research, 21(3), 303-318.
https://doi.org/10.22067/jcesc.2023.80038.1209

Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology Biochemistry, 48(12), 909-30. https://doi.org/10.1016/j.plaphy.2010.08.016

Grassini, P., Indaco, G. V., Pereira, M. L., Hall, A. J., & Trépani, N. (2007). Responses to short-term waterlogging
during grain filling in sunflower. Field Crops Research, 101, 352-363. https://doi.org/10.1016/j.fcr.2006.12.009
Gutierrez Boem, F. H., Lavado, R. S., & Porcelli, C. A. (1996). Note on the effects of winter and spring
waterlogging on growth, chemical composition and yield of rape seed. Fied Crops Research, 47, 175-179.
https://doi.org/10.1016/0378-4290(96)00025-1

Hasanuzzaman, M., Bhuyan, M., Zulfigar, F., Raza, A., Mohsin, S. M., Mahmud, J. A., Fujita, M., & Fotopoulos,
V. (2020). Reactive oxygen species and antioxidant defense in plants under abiotic stress: Revisiting the crucial
role of a universal defense regulator. Antioxidants, 9, 681. https://doi.org/10.3390/antiox9080681

Hasanuzzaman, M., Hossain, M. A., Teixeira da Silva, J. A., & Fujita, M. (2012). Plant responses and tolerance to
abiotic oxidative stress: Antioxidant defense is a key factor. In Crop Stress and its Management: Perspectives and
Strategies. In: V. A. Bandi, K. Shanker, C. Shanker, M. Mandapaka (Eds.); Springer: Berlin, Germany. 261-316.
Huang, B., & Johnson, J. W. (1995). Root respiration and carbohydrate status of two wheat genotypes in response
to hypoxia. Annals of Botany, 75, 423-427. https://doi.org/10.1006/anb0.1995.1041

Hussain, M. 1., Lyra, D. A., Farooq, M., Nikoloudakis, N., & Khalid, N. (2016). Salt and drought stresses in
safflower: A review. Agronomy for Sustainable Development, 36, 4. https://doi.org/10.1007/s13593-015-0344-8
Khan, S., Anwar, S., Kuai, J., Noman, A., Shahid, M., Din, M., Ali, A., & Zhou, G. (2018). Alteration in yield and
oil quality traits of winter rapeseed by lodging at different planting density and nitrogen rates. Scientific Reports, 8,
634. https://doi.org/10.1038/s41598-017-18734-8

Koutroubas, S. D., Papakosta, D. K., & Doitsinis, A. (2008). Nitrogen utilization efficiency of safflower hybrids
and open-pollinated varieties under Mediterranean conditions. Field Crops Research, 107(1), 56-61.
https://doi.org/10.1016/j.fcr.2007.12.009

Lee, Y. H., Kim, K. S., Jang, Y. S., Hwang, J. H., Lee, D. H., & Choi, I. H. (2014). Global gene expression
responses to waterlogging in leaves of rape seedlings. Plant Cell Reports, 33, 289-299.
https://doi.org/10.1007/500299-013-1529-8

Loreti, E., Van Veen, H., & Perata, P. (2016) Plant responses to flooding stress. Current Opinion in Plant Biology,
33, 64-71. https://doi.org/10.1016/j.pbi.2016.06.005

Malik, A. L., Colmer, D. T., Lambers, H., Setter, T. L., & Schortemeyer, M. (2002). Short-term waterlogging has
long-term effects on the growth and physiology of wheat. New Phytolog, 153, 225-236.
http://dx.doi.org/10.1046/j.0028-646X.2001.00318.x

Manvelian, J., Weisany, W., Tahir, N. A. R., Jabbari, H., & Diyanat, M. (2021). Physiological and biochemical
response of safflower (Carthamus tinctorius L.) cultivarsto zinc application under droughtstress. Industrial Crops
and Products, 172, 15. https://doi.org/10.1016/j.indcrop.2021.114069

Mittler, R., Vanderauwera. S., Gollery, M., & Van Breusegem, F (2004). Reactive oxygen gene network of plants.
Trends in Plant Science, 9(10), 490-8. https://doi.org/10.1016/j.tplants.2004.08.009

Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach


https://doi.org/10.1034/j.1399-3054.1999.105405.x
https://doi.org/10.1080/01904160009382020
https://doi.org/10.1111/jac.12151
https://doi.org/10.1016/j.fcr.2019.107695
https://doi.org/10.22055/ppd.2020.30538.1805
https://doi.org/10.22055/ppd.2023.42792.2072
https://doi.org/10.22067/jcesc.2023.80038.1209
https://doi.org/10.22067/jcesc.2023.80038.1209
https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.1016/j.fcr.2006.12.009
https://doi.org/10.1016/0378-4290(96)00025-1
https://doi.org/10.3390/antiox9080681
https://doi.org/10.1006/anbo.1995.1041
https://doi.org/10.1007/s13593-015-0344-8
https://doi.org/10.1038/s41598-017-18734-8
https://doi.org/10.1016/j.fcr.2007.12.009
https://doi.org/10.1007/s00299-013-1529-8
https://doi.org/10.1016/j.pbi.2016.06.005
http://dx.doi.org/10.1046/j.0028-646X.2001.00318.x
https://doi.org/10.1016/j.indcrop.2021.114069
https://doi.org/10.1016/j.tplants.2004.08.009

VELE Ll o o)lowd YT alo (ol (81,5 Shwidais dpnis  VAF

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

chloroplasts. Plant and Cell Physiology, 22(5), 867-880. https://doi.org/10.1093/oxfordjournals.pcp.a076232
Parent, C., Capelli, N., Berger, A., Crévecoeur, M., & Dat, J. F. (2008). An overview of plant responses to soil
waterlogging. Plant Stress, 2, 20-27.

Plaut, Z., Mayoral, M. L., & Reinhold, L. (1987). Effect of altered sink: Source ratio on photosynthetic metabolism
in source leaves. Plant Physiology, 85, 786-791. https://doi.org/10.1104/pp.85.3.786

Qi, X. H., Xu, X. W., Lin, X. J., Zhang, W. J., & Chen, X. H. (2012). Identification of differentially expressed
genes in cucumber (Cucumis sativus L.) root under waterlogging stress by digital gene expression profile.
Genomics, 99, 160-168. https://doi.org/10.1016/j.ygen0.2011.12.008

Rahnama, A., Poustini, K., Munns, R., & James, R. A. (2010). Stomatal conductance as a screen for osmotic stress
tolerance in durum wheat growing in saline soil. Functional Plant Biology, 37, 255-263. doi:
http://doi.org/10.1071/fp09148.

Shahrokhnia, M. H., & Sepaskhah, A. R. (2017). Physiologic and agronomic traits in safflower under various
irrigation strategies, planting methods and nitrogen fertilization. Industrial Crops and Products, 95, 126-139.
https://doi.org/10.1016/j.indcrop.2016.10.021

Sheikh Mamo, B., Rahnama, A., & Hassibi, P. (2023). The influence of terminal heat stress on physiological and
yield characteristics of promising sunflower cultivars in Ahvaz climate condition. Environmental Stresses in Crop
Sciences, 16(3), 835-851. https://doi.org/10.22077/escs.2023.4928.2107

Smith, 1. K., Vierheller, T. L., & Thorne, C. A. (1988). Assay of glutathione reductase in crude tissue homogenates
using 5,5'-dithiobis (2-nitrobenzoic acid). Analytical Biochemistry, 175(2), 408-13. https://doi.org/10.1016/0003-
2697(88)90564-7.

Soengas, P., Rodriguez, V. M., Velasco, P., & Cartea, M. E. (2018). Effect of temperature stress on antioxidant
defenses in Brassica oleracea. ACS Omega, 3(5), 5237-5243. https://doi.org/10.1021/acsomega.8b00242

Striker, G. G. (2012). Time is on our side: The importance of considering a recovery period when assessing
flooding tolerance in plants. Ecological Research, 27, 983-987. https://doi.org/10.1007/s11284-012-0978-9

Tian, L., Zhang, Y., Chen, P., Zhang, F., Li, J., Yan, F., Dong, Y., & Feng, B. (2021). How does the waterlogging
regime affect crop vyield? A global meta-analysis. Frontiers in Plant Science, 12, 634898.
https://doi.org/10.3389/fpls.2021.634898

Wang, C., Hai, J., Yang, J., Tian, J., Chen, W., Chen, T., & Wang, H. (2016). Influence of leaf and silique
photosynthesis on seeds yield and seeds oil quality of oilseed rape (Brassica napus L.). European Journal of
Agronomy, 74, 112-118. https://doi.org/10.1016/j.eja.2015.12.008

Wollmer, A. C., Pitann, B., & Muehling, K. H. (2018). Waterlogging events during stem elongation or flowering
affect yield of oilseed rape (Brassica napus L.) but not seed quality. Journal of Agronomy and Crop Science, 204,
165-174. https://doi.org/10.1111/jac.12244

Wu, X., Tang, Y., Li, C., Wu, C., & Huang, G. (2015). Chlorophyll fluorescence and yield responses of winter
wheat to waterlogging at different growth stages. Plant Production Science, 18, 284-294.
https://doi.org/10.1626/pps.18.284

Yan, K., Zhao, S., Cui, M., Han, G., & Wen. P. (2018). Vulnerability of photosynthesis and photosystem 1| in
Jerusalem artichoke (Helianthus tuberosus L.) exposed to waterlogging. Plant Physiology and Biochemistry, 125,
239-246. https://doi.org/10.1016/j.plaphy.2018.02.017

Yin, D., Sun, D., Han, Z., Ni, D., Norris, A., & Jiang, C. Z. (2019). PhERF2, an ethylene-responsive element
binding factor, plays an essential role in waterlogging tolerance of Petunia. Horticulture Research, 6, 1-11.
https://doi.org/10.1038/s41438-019-0165-z

Zandi, R., Rahnama, A., & Meskarbashi, M. (2023). Effect of deficit irrigation regimes on photosynthetic, morpho-
physiological and yield traits of safflower (Carthamus tinctorious L.) in Ahvaz climate condition. Crop Physiology
Journal, 15(59), 19-40. http://cpj.ahvaz.iau.ir/article-1-1614-en.html

Zhang, G., Tanakamaru, K., Abe, J., & Morita, S. (2007). Influence of waterlogging on some anti-oxidative
enzymatic activities of two barley genotypes differing in anoxia tolerance. Acta Physiologiae Plantarum, 29, 171-
176. https://doi.org/10.1007/s11738-006-0022-1

Zhang, P., Lyu, D., Jia, L., He, J., & Qin, S. (2017). Physiological and de novo transcriptome analysis of the
fermentation mechanism of Cerasus sachalinensis roots in response to short-term waterlogging. BMC Genomics,
18, 649. https://doi.org/10.1186/s12864-017-4055-1

Zhang, R., Zhou, Y., Yue, Z., Chen, X., Cao, X., Xu, X. X,, Xing, Y. F., Jiang, B., Al, X. Y., & Huang, R. D.
(2019). Changes in photosynthesis, chloroplast ultrastructure, and antioxidant metabolism in leaves of sorghum
under waterlogging stress. Photosynthetica, 57, 1076-1083. https://doi.org/10.32615/ps.2019.124


https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1104/pp.85.3.786
https://doi.org/10.1016/j.ygeno.2011.12.008
http://doi.org/10.1071/fp09148
https://doi.org/10.1016/j.indcrop.2016.10.021
https://doi.org/10.22077/escs.2023.4928.2107
https://doi.org/10.1016/0003-2697(88)90564-7
https://doi.org/10.1016/0003-2697(88)90564-7
https://doi.org/10.1021/acsomega.8b00242
https://doi.org/10.1007/s11284-012-0978-9
https://doi.org/10.3389/fpls.2021.634898
https://doi.org/10.1016/j.eja.2015.12.008
https://doi.org/10.1111/jac.12244
https://doi.org/10.1626/pps.18.284
https://doi.org/10.1016/j.plaphy.2018.02.017
https://doi.org/10.1038/s41438-019-0165-z
http://cpj.ahvaz.iau.ir/article-1-1614-en.html
https://doi.org/10.1007/s11738-006-0022-1
https://doi.org/10.1186/s12864-017-4055-1
https://doi.org/10.32615/ps.2019.124

