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Effects of saline and alkaline stresses on
growth and nutrient uptake of cotton

GUO Jiaxin, LU Xiaoyu, TAO Yifan, GUO Huijuan, HOU Zhenan, MIN Wei

( Department of Resources and Environmental Sciences, Shihezi University, Shihezi, Xinjiang 832061, China)

Abstract; To examine the effects of saline alkali stress on nutrient uptake and transport of cotton and to pro-
vide reference for promoting cotton growth in saline alkali land through nutrient regulation, Luyanmian 24 was se-
lected as the research object to analyze the effects of saline stress (CS, NaCl, salt content; 4.43 g + kg™') and al-
kaline stress (AS, Na,CO,+ NaHCO, mass ratio 1 : 1, salt content: 2.03 g - kg™') on cotton growth, physiology
and nutrient uptake. The results showed that saline and alkaline stress significantly inhibited the growth of cotton.
Compared with CK treatment, the K/Na value and total biomass of leaves, stems, and roots in CS treatment de-
creased by 86.4%, 9.2% , 75.0%, and 57.5% respectively, and the contents of REC, MDA, SOD activity, POD
activity, CAT activity, and PRO of leaves in CS treatment increased by 74.2%, 211.7%, 118.9%, 9.0%,
134.0% , and 230.0% respectively. The K/Na ratio and total biomass of leaves, stems, and roots decreased by
94.4% , 91.7% , 84.5% , and 58.8%. The contents of REC, MDA, SOD activity, POD activity, CAT activity, and
PRO of leaves in AS treatment increased by 31.5%, 208.3%, 215.3%, 12.4%, 276.1% , and 264.2% respective-
ly. In CS treated leaves: Na content increased by 563.0% , N content increased by 13.9% , P content decreased by
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35.5%, K content decreased by 10.0%, Ca content decreased by 21.4% , Mg content decreased by 19.2%, S con-
tent decreased by 14.3%, Fe content increased by 26.2% , Mn content increased by 37.2% , Zn content increased
by 32.2%, Cu content decreased by 11.1%, B content increased by 5.7% , Mo content increased by 21.1% and Ni
content decreased by 5.1%. In AS treated leaves: Na content increased by 1 761.0%, N content decreased by
2.7% , P content decreased by 23.3% , K content increased by 5.9% , Ca content decreased by 40.0% , Mg content
decreased by 27.3%, S content decreased by 17.5%, Fe content increased by 71.8% , Mn content increased by
81.8% , Zn content increased by 19.7% , Cu content increased by 10.3%, B content decreased by 20.3% , Mo con-
tent increased by 133.7% and Ni content increased by 66.8%. Cotton adapted to saline and alkali stress by
strengthening antioxidant enzyme system and accumulating proline. Foliar spraying of N, P, K, Ca, Mg, S, B,

Fe, Cu and Ni under salt stress and foliar spraying of N, P, Ca, Mg, S, Fe, Zn and B under alkali stress could

alleviate the adverse effects of salt and alkali stress on nutrient absorption.

keywords; cotton; saline stress; alkaline stress; antioxidant enzyme; nutrient uptake
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Fig.2 Effects of saline and alkaline stress on REC and MDA content of cotton leaves
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Table 2 Correlation analysis between Na®content and other elements in leaves,

stems and roots of cotton under saline alkaline stress
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Table 3  Contents of elements in leaves, stems and roots of cotton under saline alkaline stress
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Treatment Organ
ot CK  11200c 38010b 2868.0a 19891b 56672a 11723a 21017a 237.60c 150.80c 58.00c 7.687b 196.70a 44ldc 0.5168b
Leaf €S  74340b 44332a 1850.0b 17955 44541b 9476b 18022b 299.80b 206.90b 76.63a 6832 207.90a 5347h 0.4903b
AS  20856.0a 37862b 2200.0a 20857a 33988c  8518c 17331b 408.20a 274.00a 69.45h 8482 156.80b 10.320a 0.8620a
" CK  7139c 19850a 42330a 11728b 141482 5927a 2829 73.06b 13.83c 2558 7.032a 21.30b 1599 0.4748b
o €S 34510b 18626b 330502 11702b 10408h 4698 2560b 93452 19.63h 34.89a 5861b 1878c 2509 04159
AS 1273302 18020b 13380b 17320a  9908c 5335h 2433¢ 6543c 29452 3235h 5882h 2531a 2.267h 0.6474a
- CK  5043c 12879a 1254.0a 74682 3802a 1600c 1179 26320a 9.13¢ 1542b 3277b 1032b 1.293c 0.4533b
o €S  21030b 12381b 133602 7802a 3261b 1779b 1214a 256.10a 12.08h 23.6da 34252 10.07b 1.727b 0.4392b
AS  34660a  T729¢ 3232b 793la 3762a  2303a  962b 208.20b 16652 1536b 333ab 12.14a 1.971a 0.5198a

TE ARG FRERR AR BRIR] 22 53K P<0.05 7K T

Note: Values followed by different letters between treatments are significantly different at P<0.05.
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Fig.5 Hierarchical cluster analyses of relative concentrations of nutrient elements in leaf (a) ,
stem (b) and root (c)of cotton under saline alkaline stress
x4 HEHETHREN ZFRPETEREIERY
Table 4 Accumulation and distribution coefficients of elements in leaves, stems and roots of cotton under saline alkaline stress
Qb awE )
- Na P K N Ca Mg S Fe Mn Zn Cu B Mo Ni
Treatment Organ
#R Root 0047 0.116  0.691 1.191 0352 0.156 0.109 0.024 0001 0.001 0.0003 0001 0.0001 0.00004
Z£ Stem 0.121  0.717 1985 3362  2.395 1.003 0479 0012 0.002 0004 0.0012 0.004 0.0003 0.00008
CK M Leaf 0.160 0411 2849 5573  8.117 1.679  3.01 0.034 0022 0.008 00011 0.028 0.0006 0.00007
FFE Whole palnt 0328 1243 5525 1013  10.863 2.839 3598 0.071 0.025 0014 00026 0033 0001 0.0002
S “
)}’HE%?&/% 4893  33.04 5156 55.04 7472 59.15 83.66 48.11 87.14  59.07 4244 86.07 61.83 37.70
Partition coefficient
AR Root 0.132  0.084 0.49 0778 0205 0.112 0076 0.016 0001 0.001 0.0002 0001 0.0001 0.00003
2% Stem 0201  0.192 068 1.083 0605 0273 0.149 0005 0.001 0002 0.0003 0.001 0.0002 0.00006
s M Leaf 0554  0.138 1338 3303 3318 0706 1343  0.022 0.015 0006 0.0005 0.015 0.0004 0.00004
R Whole plant  0.887  0.414 2514 5164 4129  1.091 1568 0.044 0.017 0009 0.0011 0.017 0.0007 0.00012
AT Z R
/}ﬁb%ﬁ/% 6246  33.30 5321 6396 8037 6471 85.64 5092 89.02 61.89 47.79 89.98 61.02 29.78
Partition coefficient
#R Root 0221 0.021 0505 0492 0239 0.147 0061 0013 0001 0.001 00002 0001 0.0001 0.00003
2% Stem 0916 009 1246 1296 0.713 0384 0.175 0005 0.002 0.002 0.0004 0.002 0.0002 0.00005
AS M Leaf 1.197  0.126  1.197 2173 1951 048 0995 0.023 0016 0.004 00005 0009 0.0006 0.00005
FE Whole plant 2334 0243 2948 3961 2903 1.019 1231 0041 0019 0007 00011 0012 0.0009 0.00013
, “
ITRLARIY % 51.29 5194 4060 5485 6719 4796 80.80 56.60 83.19 54.66 43.37 77.62 6723 3831

Partition coefficient
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Fig.6 Effects of saline alkaline stress on

K/Na of cotton plant organs
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Fig.7 Effect of saline alkali stress on absorption and transport of mineral nutrients in cotoon

S % 3 K.

[1] WANG Q H, HAN W, HOU Y Y, et al. Responses of main characters
of root system to salt stress among cotton varieties with different salt
tolerance[ J ]. Chinese Journal of Applied Ecology, 2018, 29 (3):
865-873.

[2] LIN, ZHENG H L, CUI J N, et al. Genome-wide association study
and candidate gene analysis of alkalinity tolerance in japonica rice
germplasm at the seedling stage[ J]. Rice, 2019, 12(1) ; 24.

[3] ROLLY N K, IMRAN Q M, LEE I J, et al. Salinity stress-mediated

suppression of expression of salt overly sensitive signaling pathway



32

T F XA 5T

55 40 4

[10]

[11]

[12]

[13]

[14]

[16]

genes suggests negative regulation by AthZIP62 transcription factor in
Arabidopsis thaliana[ J]. International Journal of Molecular Sciences,
2020, 21(5): 1726.
WICKE B, SMEETS E, DORNBURG V, et al. The global technical
and economic potential of bioenergy from salt-affected soils[ J]. Energy
& Environmental Science, 2011, 4(8) : 2669-2681.
SHRIVASTAVA P, KUMAR R. Soil salinity; a serious environmental
issue and plant growth promoting bacteria as one of the tools for its al-
leviation[ J ]. Saudi Journal of Biological Sciences, 2015, 22(2):
123-131.
Wk B PR AR AR E AR RSEN B AMF S e
PERPLII ) ] HuERRL £k 2018 ,33(4) :361-372.
PAN J, HUANG C H, LUO J, et al. Effects of salt stress on plant and
the mechanism of arbuscular mycorrhizal fungi enhancing salt tolerance
of plants[ J]. Advances in Earth Science, 2018, 33(4) ; 361-372.
K S X PR T B 17 DX AR il A AT OB BOR B Y
(77235254 ,2016,36(22) : 7064-7068.
TIAN C'Y, MAI W X, ZHAO Z Y. Study on key technologies of eco-
logical management of saline alkali land in arid area of Xinjiang[J].
Acta Ecologica Sinica, 2016, 36(22) . 7064-7068.
YUAN Y H, ZHONG M, DU N S, et al. Putrescine enhances salt tol-
erance of cucumber seedlings by regulating ion homeostasis[ J]. Envi-
ronmental and Experimental Botany, 2019, 165; 70-82.
ZHU G 7Z, GAO W W, SONG X H, et al. Genome-wide association
reveals genetic variation of lint yield components under salty field con-
ditions in cotton ( Gossypium hirsutum 1.) [ J]. BMC Plant Biology,
2020, 20(1): 23.
SHAHID S A, ZAMAN M, HENG L. Guideline for salinity assess-
ment, mitigation and adaptation using nuclear and related techniques
[M]. Berlin Heidelberg: Springer, 2018; 43-53.
AZ1Z 1, KHAN M A. Experimental assessment of salinity tolerance of
Ceriops tagal seedlings and saplings from the Indus delta, Pakistan
[J]. Aquatic Botany, 2001, 70(3) : 259-268.
T A BORE, AR AR A I ARAE KA Na® B s R R M
ABRHLHIL ) ] ARSI, 2015,27(3) :208-215.
WANG N, YANG J, HUANG Q, et al. Physiological salinity
tolerance mechanism for transport of K* and Na* Tons in cotton ( Gos-
sypium hirsutum L.) seedlings under salt stress[ J]. Cotton Science,
2015, 27(3) . 208-215.
WUDZ, SHEN Q F, CALS G, et al. lonomic responses and correla-
tions between elements and metabolites under salt stress in wild and
cultivated barley [ J ]. Plant & Cell Physiology, 2013, 54 (12):
1976-1988.
GUO H J, HUANG Z J, LI M Q, et al. Growth, ionic homeostasis,
and physiological responses of cotton under different salt and alkali
stresses[ J ]. Scientific Reports, 2020, 10(1) . 21844.
- B e o3 434 [ M55 =R AL T A O i i, 2018
178-179.
BAO S D. Soil agrochemical analysis| M]. The third edition. Beijing:
China Agriculture Press,2018.178-179.
HODGES D M, DELONG J M, FORNEY C F, et al. Improving the
thiobarbituric acid-reactive-substances assay for estimating lipid per-

oxidation in plant tissues containing anthocyanin and other interfering

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

compounds[ J ]. Planta, 1999, 207(4) : 604-611.

TG AR A PR AL S0 SRR R [ M AL ST S S E R

#1:,2000.

LI H S. Principles and techniques of plant physiological biochemical

experiment| M . Beijing; Higher Education Press, 2000.

K8 B A W A B SRR [ ML R B 2L T R 2 R R

1,1904.

ZHANG X Z. Experimental techniques of plant physiology[ M ]. Shen-
yang: Liaoning Science and Technology Press, 1994.

22 AR A BAE AL S0 SRR R [ MO AU S S R R
#1:,2006.

WANG X K. Principles and techniques of plant physiological bio-
chemical experiment[ M]. Beijing; Higher Education Press, 2006.
RBBG TEE X2 BERE /N I e e I R e P
(] AP A HE2 I, 1990, (4) :62-65.

ZHANG D Z, WANG P H, ZHAO H X. Determination of the content
of free proline in wheat leaves[ J]. Plant Physiology Communications,

1990, (4) : 62-65.

RBIE  RLAMG, F AR A AR T SRR R S S

PR )] R E TR ST, 2011, 17(4) :888-897.

ZHAO X H, SHU H M, WANG Y H, et al. Effects of nitrogen fertili-
zation on accumulation and distribution of dry weight and nitrogen of

cotton bolls[ J]. Journal of Plant Nutrition and Fertilizers, 2011, 17
(4): 888-897.

ABBAS G, SAQIB M, AKHTAR J, et al. Interactive effects of
salinity and iron deficiency on different rice genotypes[J]. Journal of
Plant Nutrition and Soil Science, 2015, 178(2) : 306-311.

YANG C W, CHONG J N, LI C Y, et al. Osmotic adjustment and
ion balance traits of an alkali resistant halophyte Kochia sieversiana
during adaptation to salt and alkali conditions[J]. Plant and Soil,
2007, 294(1) . 263-276.

LOKHANDE V H, NIKAM T D, PATADE V Y, et al. Effects of op-
timal and supra-optimal salinity stress on antioxidative defence, os-
molytes and in vitro growth responses in Sesuvium portulacastrum L

[J]. Plant Cell, Tissue and Organ Culture (PCTOC), 2011, 104
(1) : 41-49.

ZEles Wit BRI, 45 28 SRR AR e 17 A= AL
[ A2, 2015,35(24) :8139-8147.

LI X R, YAO S X, CHEN S S, et al. Physiological responses to salt
stress of plants derived from heteromorphic seeds of Chenopodium al-
bum[ J]. Acta Ecologica Sinica, 2015, 35(24) . 8139-8147.

A /MBS, S5 N RIZERER S TUTGRN 71 K F 4
AR )] TR ,2021,38(5) 1 1436-1441.

LEICY, JIXM, PENG M Z, et al. Effects of sodium salinity stress
types on the germination of Kalidium foliatum seeds and its young
seedling growth[ J]. Arid Zone Research, 2021, 38(5) . 1436-1441.
FER, kg 2SS SR AT AR R 0 T KRS
FARYAE IR R ) ] A PR S FRIE74 2020, 37( 1) 98- 105.
WANG X Q, YAO Y Y, LIU Z G, et al. Effects of Paecilomyces var-
iotii extracts on the physiological adaptability of rice seedlings under
salt stress[ J ]. Journal of Agricultural Resources and Environment,

2020, 37(1) . 98-105.
(THE 9 MW)



