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Screening and identification of upland cotton germplasm with tolerance
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Abstract; To screen for cotton genotypes with tolerance to composite salt stress, 166 cotton genotypes were
used as experimental materials and subjected to compound salt stress at concentrations of 0.15 mol + L™" and 0.30
mol + L', During the germination stage, genotypes were evaluated using comprehensive ranking and fuzzy member-

ship function methods to identify those with greater tolerance. The selected genotypes, along with the control varie-
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ties ‘ Zhong 9807’ (salt-tolerant) and ‘ Xinong 606’ (salt-sensitive) , were grown to the three-leaf stage and sub-
jected to compound salt stress. The measurements of leal morphology, relative chlorophyll content, gas exchange
parameters, and chlorophyll fluorescence were conducted to further assess their tolerance. The results showed that
seed germination and embryo root growth were significantly inhibited under 0.15 mol - L™ compound salt-alkali
stress in most genotypes. Specifically, the germination vigor, germination rate, germination index, fresh weight,
and embryo root length decreased by 72.558% , 63.542% , 74.737% , 52.790% , and 17.080% , respectively, com-
pared with the control group treated with distilled water. However, 32 genotypes screened using germination traits
showed relatively mild inhibition. At 0.30 mol + ™' concentration, the inhibitory effects were significantly greater than
those observed at 0.15 mol + L™', with five measured traits showing reductions of 96.247%, 90.909% , 95.389%,
98.097% , and 97.602%, respectively. Through comprehensive evaluation, two compound salt-tolerant genotypes,
‘De 93-04 (ID: X170743) and ‘4SA-805" (ID. X170523), were ultimately identified. Three-leaf stage evalua-
tions confirmed that these two genotypes maintained larger leaf areas and higher photosynthetic activity than the con-
trols under high-concentration composite salt stress, indicating their strong tolerance at the seedling stage.

Keywords: upland cotton ( Gossypium hirsutum L.) ; germplasm; compound salt stress; germination stage;

three-leaf stage
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Table 1 Mass of compounds in 1 L compound salt-alkali

solution at two concentration gradients

e 1 LKH BT &L &9 Bt/ g

Mass of compounds in 1 L of water

Compound

0.15 mol - L™ 0.30 mol - L™

CaCl, 5.384 10.767
NaHCO, 0.361 0.722
Na, S0, 10.018 20.036
K,S0, 0.845 1.690
MgSO, - 7H,0 7.171 14.342
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Fig.1

Differences in germination parameters and embryonic root morphological characteristics of 166

cotton genotypes at the germination stage under compound salt stress (0.15 mol » L")
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Table 2 Phenotypic traits of 166 cotton genotypes at the germination stage

under compound salt-alkali stress (0.15 mol + L")

szl GiitiE RFH KEEH KEEIRE fief Jo i AR
Treatment Statistic GV/ % GR/ % Gl FM/g ERL/cm
TR Max 1.000 1.000 157.410 4.023 25.448
- #¢/IME Min 0.000 0.000 0.000 0.000 0.000
Con‘t‘r‘;ﬂ SEH{E Average 0.645 0.672 44.666 0.932 4.473
FRifEZ SD 0.271 0.256 21.298 0.642 4.189
ARFRECV/ % 42.054 38.065 47.683 68.853 93.649
B RAE Max 0.775 0.833 52.490 2.013 22.092
e f2/MH Min 0.000 0.000 0.000 0.000 0.000
- SEIE Average 0.177 0.245 11.284 0.440 3.709
Salt treatment o
FrifE2E SD 0.184 0.188 11.277 0.467 4.030
ARSRZECV/ % 104.110 76.572 99.937 106.120 108.657

®3 HEAURELRFSHSRRESHENEXES
Table 3  Correlation analysis of germination parameters and
embryonic root morphological characteristics

in cotton at the germination stage

RS IR ORZFREL SRR IERKE

HER Trait 6V GR Gl M ERL
REFEH 6V 1
KA GR 0.803* % 1
RHFEEL 6l 0.873** 0.939** 1
ik FM 0.899"* 0.818"* 0.832** 1
JRARAC B ERL 0.618** 0.575"" 0.646"* 0.647"* 1

W ox Flx o+ 43 BIFRAE P<0.05 Fl P<0.01 KETF 24 7 2%
Note: * and * * indicates significant differences at P<0.05 and P

<0.01, respectively.
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Fig.2 Differences in germination parameters and embryonic root morphology characteristics

of 32 cotton germplasms at germination stage under compound salt stress
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Giebn, B 5Tk RIAE] 98.17% (% 5) , UL
FILE AL T IR 5 AR AR K Ge 5 B
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(0.931) KZFH#(0.919) &K ZF45 %41 (0.980) Flfif i
1 (0.907) AR, TR WL T M AEFR T i &
KAFOL, PC1 Y i 8 ny {159 I i e AR i AR 5 — A
Sy EA LA, REUS AR U Mo AR AR AL 1 10
KRES . LEETRER PC2 15 2 5Tk R N 17.795%
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Table 4 Phenotypic traits of 32 cotton genotypes at the germination stage under compound salt stress (0.30 mol « L")

AbPH Treatment it Statistic R GV/ % KR GR/ % RHREL I fif i FM/g WRARISE ERL/cm
KA Max 0.975 0.975 79.250 2.496 19.322
#¢/IME Min 0.250 0.250 13.929 0.055 0.800
CK FH{E Average 0.733 0.748 55.801 1.125 5.608
FrifE2E SD 0.178 0.167 14.428 0.586 3.668
AR CV/ % 24.254 22.299 25.856 52.067 65.409
e RAE Max 0.775 0.833 52.490 2.013 22.092
/IMA Min 0.025 0.375 19.002 0.054 0.000
0.15 mol + L' SEA{H Average 0.453 0.517 30.039 1.156 6.548
FrifE2E SD 0.140 0.106 8.301 0.451 3.912
ARFRE CV/ % 30.893 20.488 27.633 39.054 59.747
KA Max 0.150 0.358 14.387 0.288 1.641
#2/IMH Min 0.000 0.000 0.000 0.000 0.000
0.30 mol - L™ FH{E Average 0.017 0.047 1.385 0.022 0.157
ez SD 0.035 0.081 2.876 0.052 0.424
BSZRE CV/ % 202.401 172.829 207.676 236.983 270.798

RS5 HRBBELFSHESERESHIENERLS S
Table 5 Principal component analysis of cotton germination
parameters and embryonic root morphological

characteristics at the germination stage

HFAE ] i Eigen vector

F8HR Item
PC1 PC2 PC3

% ZEH Germination vigor 0.919 -0.008 0.327
K ZEHR Germination rate 0.931  0.003 -0.371
K HEFEEL Germination index 0.980 -0.088 -0.091
#E Rt Fresh weight 0.907 -0.378 0.118
JEH K Embryo root length 0.505  0.860 0.038
FHAEAH Eigen value 3749  0.890  0.269
TR Contribution rate/% 74.980 17.795 5.372
I E Weight 0.764  0.181 0.054
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Table 6 Ranking and D values of salt tolerance genotypes under compound salt stress (0.30 mol « L")

Hi4 st R AR S Ha o MR D E AN 3%
Ranking Genotype Variety name Category Ranking Genotype Variety name Category
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Note; Different lowercase letters indicate significant differences
(P<0.05), and the values in the figure are means + standard devia-
tion. The same below.
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Fig.3 Effects on the relative chlorophyll content of cotton

leaves under compound salt stress at the three-leaf stage
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Fig.4 Effects on gas exchange parameters in cotton under complex salt stress

(0.15 mol « L™" and 0.30 mol « L™") at the three-leaf stage
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Fig.5 Effects on fluorescence parameters in cotton under compound salt stress
(0.15 mol « L™" and 0.30 mol + L™") at the three-leaf stage
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s W ol TR B CK A 53 TR (FE 1) L )
> ) 1y R
0.15 mol + L™ ¥REEE AEEXT 166 13 HEAEFN T (5 ) Fi
3.1 E&HMMBXEEE AR E KRN T A R SRR A o R A AR P 2

R AEFD Bt 1 B B 2 i i 07 2 7y O
Eﬁﬁﬂwk%ﬁkﬁﬁ%mﬁﬂﬁgmoﬁaw
LB E&EINE T, 166 AR AEF B & 25251
(ﬁ%%k%%i&ﬁﬁ@ﬁﬂﬁﬁufﬁﬂﬁﬁ

mo.

A5 ,0.15 mol -
TEY) 32 By 5 AR AL R BT 55 CK ZHAR LL, fif ot it
ZEFART IR B
i 4k R Y NaCl A BY TARAERRFiE &

DR NI S ER S

EA WA,
ZS



%5 6 1Y)

WV i A5 ki MR B R 3R = i AR

ELFh U S S E 21

WA R B 7R ,0.15 mol - L7 & &b RE AL 3 40
O R 2050 e 1 A A 7 1 R o R P IR AR A=
K (K 2),/80.15 mol - L' J&75 A B FHI4EF T
AREBE AR SR G S0, gt
7R IX 32 M FRAERN R AE CK AbBER 5 045 b5 28 5
ZBELH N 22.299% ~ 65.409% , 2% Wi 1 & 25 3R |
fief JoT SRR B 3 AN HE AR I 8 T 15 1Y 32 A Ak
ol J5 A -1 & R AR A K T T 2 A X — B
i) 22 588/, 0.15 mol « L7 A b A T, 5 I
TRFRAE S R B 46 /N 2 20.488% ~59.747% , /N T
166 M FRAEFITAE 0.15 mol - L7 AL b3
f 78 S 2R BT ] (76.572% ~ 108.657% ) , 136 1% He
A A ER XX 32 A T 5 A PR X 32
R AEAN 5 A HL At A2 3R AL Fh BT e s th SR 1 2 A
RS2, MR E) 0.30 mol - L7'HY, 35X 32 {4
AL S R 79 728 S 2R 8050 Bl K IR 1% M 22172.829% ~
270.798% ,iX 3¢ B Lk B R |) 22 5 YR,
0.30 mol - L™ & A EhXFiX 32 1M AL F ot (1) A& 2 il
IR AR A TR VR, BRI RN 5T ) &2
G AR R I T B B4, 68 0.30 mol - L'

LR X AE Tl TR A0 & AR AR AR A S A e A
(R 4)

X 0.15 mol « L™ ¥k BEE A Eh AN BE 166 ) K AL F
[ A5 R b I i B 2R A AT A S A BT R B, IRAR K
JESHAY 4 AN FEARZ 18] 0 A S At R 22 E] A
FHET/NE 3) , XS e E A WEIE A e S
MrfEfE2 5 AE R (R AE G M AR Ak R S [R] , (545 1
B AN 5 e AT o 1 25 S R BRI AR AR
AR R 5 & 2548 hn B X T RE Rt T tb i 5
A ERRATERAENAR R A R LR R s
3.2 =M SR TEMN X & ERIEIRT L

HAVERRMEY A K R F W EEak, i1y
Al hiR A R RE R0 L R e A E R
Al 4 WY R A X R ) B R R R

MR (LA ) J2& S BAR ) i 66 4 A 7™ e
JIH— A EH LG bR, T Fh 5 93-04 Fl1“ 4SA-
805 TE Mk 2 430 (0.30 mol - L") AR, H 14
B E T TX IR PUAR 6067 (1 6), BRI LA
REAZ I NG A A R0 S5 0 4 42 16 aff O i R ok
e, RIEHeHT & A B R W] L (LMA) B
MR A VR DG 28 A R ik 5 F
LMA 5 LA W45 53 Ik < 18 93-04" F1° 4SA-805°
TE W R A R e R Rt BRI A RE T, X
52 R SRS 4 S 5O i 4 R S B A
W6, FRATA e X 52 G 0 W30 B T 6 A A6

PN
=
&

FhoT BB T I N LMA LA PREEM RO ARE T, iE
T SRR AL XS 2 G 5R B

FOLE A (Ay) &R OGH 1E 5 55 1) &%
Bbw, eS8 2 M PSR BE 0 A R B AR
‘4SA-805° Fl1“ 78 93-04" #£ CK F10.15 mol « L™
JEEGEEIT A 3w T B A b 9807 Al
‘PEA 6067, 0.30 mol - LMk AERAIET, < 1
93-04" 1Y A .3 = Tt 9807 il “ U4k 606° , M
“4SA-805" 1Y A H T EETER AL RL 9807 ToHA
25 50 B = T HER AR R PER 6067 (B 4),
FEHH € 4SA-805° Fil ¢ {8 93-04 St A fiE S &% A b
S, AR AR B 8 AT A0 B A DR A B 1Y
G

M2 28 9 6 2 80T DL ' A 1 R I
B BB RCR(F/F,) 592brot & 1 e h
(@(PSy)) 43 B PSy e Kb 2% F 7= &
PS, FBRefbiE e A R W& PS, 1
SRR CREFALCRE M5 5 B T PSS Hc &6
Iy KB S2bR PS, GRER AR AR, ARek
SEVERFZE(NPQ) W DL i i PS ) R K
WSRO R F TG AR LA B X
FERBEAERERR />, EAWEIE R, Eh i £
SURY 3741/ SIS s | K=K C AR &L R e Wi K|
AR E P PSIT SR H L A5 7 X R st 4
WHIERNCS P RN N F/F, F/F,  qP F
e(PSI) T FEF NPQ 9 b T A6 b | B
ER AW 4 MREARE BTG F/FT
e .o (PSID) TRE NPQ M (B 5) , i ik i &
HEE LI 4 ADARAL AN PS IT R o 6
RESE AR AR, Tt A2 S iy B G RE T 22 (1 LA
eI e, LG RE IR, MEl 5 ATLLE
i, CK AP 55 G0 T 12 93-04" 1 F/F,, |
©(PSTI) F1 NPQ #AR- 5 AH X 45 75 7K SF | ¢ 4SA-805°
W F/F, 5 NPQ BEMT 1893-04" ,p(PSI )T
WEES ., REUZAEHEE T 1H93-04" H0 I
Fili < v 9807 Fl ¢ PEA 606 HA TSR HEILAR0R,
HAE S B AR Ia T R FOLRe R PG & 2
HINARE ) BB A R R SR 56 B R PR AR
606’ HLL, < 4SA-805" 7~ HH B = i NPQ il @ (PS
1) (Kl 5) ik R H A G it M T 08 BE G A 3
W 5 AR IS TAS 45 A — 2

4 %5 i

RS A W ia Ak P fo 28 0 38 H TR B K
IR = SUI R SR B i 3 O R A AE



22 T XA 5T

5543 45

B 4% 93-04" (4’5 X170743) Fl1* 4SA-805" (4’5
X170523) , M Je SLAZ A AL it 52 G 6 35 DX S ik 9 H:
it 52 A AR AL Bt T B MR, B AR ia Xk
53 W R AR AL A - 0 i & R A AR B,
0.30 mol « L™" M B & A ERXHARAEFh 1A= 4 B A 4 il
YEFHEA S F 0.15 mol - L7 MR BE 35 BE IO & Eh
AR B T & A SRR IR A IO R K FE
3 ) P R R S AR & AR R P
SR M SR S S TR SRR, & BT % o
Fili ¢ 5 93-04" | < 4SA—805 8 XoF FR s o 7 1 Ik 3 42
AR e AR R OB A RE T, UEB] T X A
i AN TE = A R AR B B A AR

2 % X #k:
(1] BREEE, RE22, JAEY, 45 JPRCRIF T BREMAL % 4 R

KA ERmE ], hEAL TS XA, 2020, 41(5) : 140-145.
QIAN J F, SONG Y L, YUAN R L, et al. China’s cotton industry safety
issues and development strategies under open conditions [ J ]. Chinese
Journal of Agricultural Resources and Regional Planning, 2020, 41(5) .
140-145.

(2] b, XIaE. AALERE FHER AR AERD i A RS [T ], o
EARAE, 1994, (3): 14-15.

YE W W, LIU J D. The effect of sodium chloride and table salt on the
germination of cotton seeds[ J]. China Cotton, 1994, (3) . 14-15.

[3] JREE, SERE, M4V ALY E Rt [T ], hEfl R
2FEEAR, 2021, 26(12) ; 11-19.

SUY, GUO A H, HUA ] P. Strategies for evaluation the salt tolerance
in cotton[ J ]. Journal of China Agricultural University, 2021, 26(12) .
11-19.

(4] R, X8, AR BT B IR L P S E AR SR T]. i
HiAE, 1998, (9): 34, 38.

YE W W, LIU J D. The identification technology and application of
salt tolerance in cotton germplasm resources|[ J ]. China Cotton, 1998,
(9) . 34, 38.

[5] DKHIL B B, DENDENE M. Salt stress induced changes in germina-
tion, sugars, starch and enzyme of carbohydrate metabolism in Abel-
moschus esculentus 1.. (Moench.) seeds[ J]. African Journal of Agri-
cultural Research, 2010, 5(12) ;. 1412-1418.

[6] FARMH, FAe, SEHT, . Rk E =R R4 & BB
TR RFPEL 7). AEZSAR, 2011, 31(13) ; 3720-3727.

WANG JJ, WANG D L, FAN W L, et al. The characters of salt-toler-
ance at different growth stages in cotton[ J]. Acta Ecologica Sinica,
2011, 31(13) . 3720-3727.

[7] HUGF,LIUY M, DUOT Q, et al. Antioxidant metabolism variation
associated with alkali-salt tolerance in thirty switchgrass ( Panicum vir-
gatum) lines[ J]. PLoS One, 2018, 13(6) : e0199681.

[8] SIKDER R K, WANG X, JIN D S, et al. Screening and evaluation of
reliable traits of upland cotton ( Gossypium hirsutum 1..) genotypes for
salt tolerance at the seedling growth stage[J]. Journal of Cotton Re-
search, 2020, 3(2) . 25-37.

[9] ZRR, Fr, Ble], 5. WAL E T E N S

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

REARRN BT R AOMRER RS E [T ], AL, 2024, 36(4) : 306-319.
LIHM, YIN H, XUE L S, et al. Comprehensive evaluation of two salt
tolerance identification methods and salt tolerance identification of
glandless cotton germplasms [ J ]. Cotton Science, 2024, 36 (4):
306-319.

B, SRR, EA, S RNRIERBRITA AR AR A 5
W[ J]. A5, 2018, 37(1); 38-45.

LI SN, GUO HJ, WANG ], et al. Effects of different saline and al-
kaline stress on seed[ J]. Seed, 2018, 37(1) ; 38-45.

VIHIE, FPERE, ZRIRIR, A5, LA ERma T2 A AR i T
EMEER AN BRI E BRI ARG ). ARAE A4, 2018, 30
(3): 231-241.

XUYC, WEI' Y Y, LI Z Q, et al. Integrated evaluation and the
physiological and biochemical responses of semi-wild cotton under
complex salt-alkali stress[ J]. Cotton Science, 2018, 30(3) : 231-241.
TR, RRPEEARXT S R B AL 5 5007 R B ER i a i
T D]. BRI APl ey, 2017.

WEI'Y Y. Response of mixure salt-alkali in semi-wild cotton and salt
stress responsiveness of awild cotton species ( Gossypium klotzschia-
num) based on transcripyomic analysis[ D]. Wuhan; Huazhong Agri-
cultural University, 2017.

R, KM, o, AR BT DAL S A D 1 AU
IRTHSZYETA[ 1], AL, 2018, 30(6) : 455-463.

GAOLY, DENG Y S, HAN Z F, et al. Evaluation of the low-tem-
perature tolerance of cotton varieties in the Huang-huai region during
seed germination[ J]. Cotton Science, 2018, 30(6) ; 455-463.
TR, sk, W, A LT AR LR AR AR R
WRRENI 225N )] Bl Rl 2017, 54(9) : 1569-1578.
XU J W, ZHANG C, ZENG X Y, et al. Evaluation of seed germina-
tion of main-cultivated cotton under low temperature in northern Xin-
jiang in recent ten years[ J]. Xinjiang Agricultural Sciences, 2017, 54
(9) : 1569-1578.

MONOSTORI I, ARENDAS T, HOFFMAN B, et al. Relationship be-
tween SPAD value and grain yield can be affected by cultivar, envi-
ronment and soil nitrogen content in wheat[ ] ]. Euphytica, 2016, 211
(1): 103-112.

R AR B IE M. B B
JiiE:, 1983 99-193.

XIE Z J. Fuzzy mathematical methods in agricultural science [ M ].
Wuhan; Huazhong University of Science and Technology Press,
1983 99-193.

IVINGT, FEERS, XA R, NaCl A XA AERD T & gl A 1
AR L] AR S FRETAA, 2000, 9(3) : 22-25.

SUN X F, ZHENG Q S, LIU Y L. Salinity injury to germination and
growth of cotton ( Gossypium hirsutum L.) at emergence and seedling
stages[ J]. Journal of Plant Resources and Environment, 2000, 9(3) :
22-25.

IR, B, AR, 55 SRMaXEARAERD 1 & K A
KA. fibT, 2000, (3): 10-11, 13.

XIE DY, WANG H P, WANG F X, et al. Effects of cotton seeds
germination and seedling growth under salt stress[ J]. Seed, 2000,

(3): 10-11, 13.
(TH% 3B M)



