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Effects of different levels of saline-alkali on the growth and
physiological characteristics of cucumber seedlings

LIU Panpan,CHU Rui, LIU Zhaomei, WANG Xin, LU Pengfei, CHEN Shuxia "

(College of Horticulture/Shaanxi Vegetable Engineering Research Center,Northwest A&F University, Yangling 712100, China)

Abstract ;[ Objectives ] The paper aimed to explore the effects of different levels of saline-alkali treatment on the growth and
physiology characteristics of cucumber seedlings, in order to lay the foundation for saline-alkali tolerant cultivation of cucumber.
[ Methods ] The saline-alkali mixtures of 25(T1),50(T2),75(T3),100(T4),125(T5),150(T6),175(T7) and 200( T8) mmol - L'
separately were prepared using NaCl,Na, SO, ,NaHCO; and Na,CO; according to 1:9:1:9 concentration ratio, and the clear water
(CK)was as the control. The seedlings of cucumber were quantitatively treated. The indexes of seedling growth were measured at 5,
10 and 15 d after treatment, and physiological indexes including of chlorophyll content, photosynthetic parameters,root activity and
antioxidant were measured at 7 d after treatment. Principal component analysis( PCA ) was used to analyze the indexes of cucumber
seedlings under saline-alkali stress. [ Results ] The plant height,stem diameter,leaf area and leaf number of cucumber seedlings were
significantly inhibited at 5 and 10 d after saline-alkali treatment,and the indexes decreased significantly at 15 d compared with those
of the control ,and the plant height,stem diameter,leaf area and leaf number of T8 treatment decreased the most significantly , which
were significantly reduced by 85.68% ,56.54% ,66.94% and 53.52% ,respectively, compared with the control. The leaf dry weight,
leaf fresh weight,root length, root tip number, transpiration rate, net photosynthetic rate and leaf K” content significantly decreased
compared with those of the control under the lower concentration saline-alkali treatments such as T1-T3, which were 15.35% -
32.53%,7.04% - 16.90% , 14.25% - 32.50% , 17.88% — 26.85% , 6. 68% — 46.30% , 15.76% — 36.15% and 7.80% - 19.79% ,

respectively. However,the contents of chlorophyll a,chlorophyll b, carotenoids and leaf Mg®* increased under the higher concentration
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saline-alkali treatments such as T4-T8,which increased by 13.84%~-25.42% ,1.63%-39.74% ,1.41%-15.47% and 3.75%—8.83%
of the control. The principal component analysis showed that plant height, stem diameter, dry weight, fresh weight, root tip number,
transpiration rate ,net photosynthetic rate and leaf K*content could be used as evaluation indicators for plant growth under T1-T3 low
concentration salinity-alkali treatments. Total chlorophyll, carotenoids, leaf Mg** content and other indexes could be used as
evaluation indicators for high saline-alkali concentration treatments such as T4-T8. [ Conclusions ] The indexes which were plant
height , stem diameter, dry weight, fresh weight,root tip number, transpiration rate ,net photosynthetic rate and leaf K* content could be
used as the evaluation ones at the lower saline-alkali concentration treatments, and the total chlorophyll, carotenoids and leaf Mg™*
content could be used as the evaluation ones at the higher saline-alkali concentration treatment.

Keywords : saline-alkali stress ; cucumber ;seedlings ; growth indicators ; physiological characteristics ; evaluation indicators

BN ( Cucumis sativus L) JEf FoRk—4F L FAKIY) . VRN ICHEH: oA ZARY) ORI BUZ AR
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Lo AR BN WY Rf AN [ SR B8 R BE R 38T A SARBL R PR F5 b , % BN ER B Sl B e H 2
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Table 1 Composition of saline-alkali in different concentrations

by ERRVKEE/ (mmol - ! ) ﬁ@éﬂﬁi&mﬁ/( mmol - ™! ) Saline-alkali composition and concentration pH I
Treatment Saline-alkali concentration NaCl Na, S0, Na, CO;, NaHCO, pH value
CK 0 0.00 0.00 0.00 0.00 7.24
Tl 25 1.25 11.25 1.25 11.25 8.98
T2 50 2.50 22.50 2.50 22.50 9.02
T3 75 3.75 33.75 3.75 33.75 9.05
T4 100 5.00 45.00 5.00 45.00 9.07
T5 125 6.25 56.25 6.25 56.25 9.08
T6 150 7.50 67.50 7.50 67.50 9.10
T7 175 8.75 78.75 8.75 8.75 9.11

T8 200 10.00 90.00 10.00 90.00 9.12
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1.2 Rt

RIGEN TR E AT, KR 45 0F OB IRER R 360 pumol -m ™ +s™" B/ IR R (26+1)°C/(20+1)C,
FESEIAHR 16 h/8 h FXHREE N 70% ., X I 8 A ER Ak ira 4b 4. 25(T1) (50(T2) \75(T3) . 100(T4) |
125(T5) .150(T6) \175(T7) .200( T8) mmol - L™, LAVE/K AXTIA(CK) , ¥ JNFpF 25l 2 A il 285 #E AP 2
IR (DA R A 2 7.0.5.0.7.3 em) N, H i SRR FE R AT R B O, B0 3 RER B
30 Mk 1 IREE , PR ES | 5 B AEE ST 5 12 BEMS 22 E IR, K 2 2 i 1L.OR S T3 it
PRI GEE SR, X IR CK) A RE A /K, A B PR DEE 40 mL 3R, ThR 2 d 403 1 R, &
FIFELE R
1.3 MEEBREFE
1.3.1 HINGEEKIER OF5 d 0, S FRBEDLEERPRIC 9 PRI, BERR 5 d M 1 bk 2
K 58 kR8RS 3 vk IR A A R Ge R E AR
1.3.2 ERHEHBREHRIRERBERYGTE S X RIS % 5 TS 052, X $E 5
PEITRARMEE Lo 0 P AMRAARIE T, RSZ BN ER TG 5 1 P AR KIEA IR F AR DB v B2 4
M52 9 A K2 AR 2 R iR I 3 9 AR REEAT I i 28U G i 4 e AR IE LR,
HIRRIET, HARFRIILIE 1, SREHE80 AR 3hER = Y, (ICRGHR ) / (kB e i 4
%) %100% .

B1 BERYEBESRIRAE0~45K)
Fig.1 The grading standards of cucumber seedlings under the saline-alkali damage(0—4 grade)
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Fig. 2 Performance of seedlings treated by the different levels of saline-alkali( Bar=5 cm)

F2 AEHZBWAENENRBEREH N
Table 2 Effects of different levels of saline-alkali on the salt damage index of cucumber seedlings %
AbPERTE]/d Treatment time — CK Tl T2 T3 T4 T5 T6 T7 T8
5 0.00 0.00 0.00 0.00 0.00 0.46 2.08 6.02 9.72
10 0.00 0.00 0.00 0.00 0.00 2.81 6.63 10.71 13.27
15 0.00 0.00 0.00 10.83 25.56 30.00 41.39 51.67 57.78

PP 3 AT UL Bt Al B ] P SiE 4, AN (] e Bl 7 - Ak BT B TR0 1k i 2SR W 2, 5 CK A
P, T8 AbFH 510,15 d BRI v B i 20 31 . 25 PRI 29.78% .65.01% ,85.68% , ZEH1 7355l k. 25 [ A1 32.25%
40.45% .56.54% (P<0.05) , HIE 4 AT UL, 55 CK A LE , A [F] ER Ak P-4k B ) B JTCRE R P T AR 7 30
%, I LBt AR sk S 2 (0 38 I i8R B B 5 Ab 2R 15 d, 5% BRAR [, T1—T8 Kb 3t [ AR 4508
R, DL R ER B0 38 0T BTN B B PR g R T AR P A 4 £, B T H e
JEE B A ) P
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Fig.3 Effect of different levels of saline-alkali on the plant height and

stem diameter of cucumber seedlings
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Different lowercase letters indicate significant differences among treatments( P<0.05). The same below.
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Fig. 4 Effect of different levels of saline-alkali on the leaf area and number of

leaves of cucumber seedlings
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22 AEHEKERNERGEHEYENIT
H1 3 WL A [ ER K A BB ANy e v e 25 AR G I I T IR AR 3, T1—T8 Ak 37351 [
Nt BRI & R % 15.35% ~ 62.43% 17.06% ~76.07% .29.41% ~71.12% . /A [a]Eh 57K 7 2b 3088 R4 7 - A
ZEMRARTEAM T XA, T1I—T8 &L F I ZE AR & T 8 7300 T K% 7.04% ~ 30.99% . 5.56% ~
33.33% ,12.50% ~50.00% , < PHERBRIBE AF T 2R i it - ZEFAR REEY BT B FL R
3 FRERBAFEX &R EERT ST

Table 3 Effect of different levels of saline-alkali on the dry and fresh quality of cucumber seedlings g
pisi fif T Fresh weight TFH Dry weight
Treatment - Leaf 2£ Stem # Root - Leaf 2% Stem H2 Root

CK 8.73+0.30* 8.44+0.60* 1.87+0.03* 0.71£0.02° 0.36+0.02° 0.08+0.00*
T1 7.39+0.15" 7.00+0.46" 1.32+0.05" 0.66+0.02" 0.34+0.01* 0.07+0.01*
T2 6.03+0.13¢ 4.79+0.14° 1.25+0.02" 0.61+0.02° 0.28+0.01" 0.07+0.00*
T3 5.89+0.26° 4.59+0.51¢ 1.03+0.08° 0.59+0.01° 0.28+0.02" 0.06+0.00"
T4 4.63+0.32¢ 3.42+0.29% 0.77£0.04¢ 0.58+0.01¢ 0.22+0.02¢¢ 0.05+0.00
T5 3.94+0.07% 2.61+0.11°" 0.73+0.02¢ 0.58+0.01° 0.18+0.01% 0.05+0.01°
T6 3.67+0.15° 2.18+0.09" 0.63+0.06% 0.54+0.01% 0.19+0.024 0.05+0.00"¢
T7 3.41£0.07° 2.30£0.11°" 0.60+0.074 0.53+0.01% 0.15+0.01 0.04+0.00"
T8 3.28+0.19° 2.02+0.12f 0.54£0.04° 0.49+0.01° 0.24+0.01° 0.04+0.00¢

2.3 AEEFAENERLERREKZ N

HIE 5 AL, TI—T8 AR AYHR S 3 0 2 /N T CK T Ak HUR 3 in B 5 %o A HE A 35 1900 12.84%
TA—T8 Ab AR i AR5 X8 HEAR BU 23t 25 AR T T2 A PR AR 38 18, 23 31l e B 1.28 A1 1.42
o AR Y4 BLAR Bt 2 S B 32 P 1 I e s s/, T2 AR B AR P 2 AR I R (A 25 AN 2, T1—T8
MBI IE /T CK, T1. T2 A B BOHR AR5 B v, 7o) L X MR =5 4.23% 1 13.56% .,
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Fig. 5 Effect of different levels of saline-alkali on the root growth of cucumber seedlings
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H15% 4 Al UL, Bt SR80 B8 A8 N, BRSNS R S R AR B e, SR IRAH L, T1—T7 4bHint
28R ab F LALLM AR A RSN, Hob TS AR FRI AR a b S DLROR AR AR R R, 20 i) HE R R
B4 20.27% ,28.44% F1 22.68% ; T8 ALFLIF 4 FK a b & it FLETH 42 & BEFEAN, 15 CK A FITE B 3% 25 5%
5 CK AL, T1—T8 AbBHISHI S N & &, Herp T1 A T8 A HJC % 22 5+
2.5 AEEREA T ER L EHFE R

& 6 Al L, 5% AR, T2 AR BB R/ F /F, F1 NPQ Y5 & 300, T5—T8 Zb¥mt - F /F_ Fi
NPQ A 7 T R T3 AL BPI#Ik B KB, 5 CK 25 3 . Pt IRk B R s aa R s 4R Ot R 4e iRk
Jefe i TR OERGE N SRl 7R OB A K RECRAR AL 778 K R Bk AR B S
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Table 4 Effect of different levels of saline-alkali on photosynthetic pigment content in cucumber seedlings mg-g™!

Qb PR Mg a T E 4R b & Kind R AR B E S
Treatment Chlorophyll a content Chlorophyll b content Carotenoid content Total chlorophyll content
CK 24.43+0.62¢ 9.21+0.19¢ 7.82+0.01¢ 33.64+0.79<
Tl 25.50+0.53¢ 9.80+0.23¢ 8.18+0.23% 35.30+0.56%
T 28.23+0.16* 11.54+0.26¢ 8.72+0.12% 39.77+0.29¢
T3 30.03+0.26" 12.11+0.14" 8.96+0.13% 42.14+0.14"
T4 30.64+0.51% 12.87+0.21" 9.03+0.11* 43.51x0.31"
Ts 31.66+0.27° 14.24+0.27° 8.84+0.25% 45.89+0.54*
T6 30.29+0.43% 12.05+0.37" 8.75+0.09% 42.34+0.80"
T7 27.81+0.39¢ 9.36+0.411 8.48+0.18" 37.17+0.74¢
T8 24.12+0.43¢ 7.92+0.25¢ 7.93+0.13¢ 32.05+0.68"
a ab
08ed abc L 2 abc ¢4 4 g4
0.6
S 04f =
I =~
02F
00 1 1 1 1 1 1 1 1 J .
CK T1I T2 T3 T4 T5 T6 T7 T8 CK T1I T2 T3 T4 T5 T6 T7 T8
1.0r 041
0.8 F a
(o4
=9}
Z
0 0.0
CK T1I T2 T3 T4 T5 T6 T7 T8 CK TI T2 T3 T4 T5 T6 T7 T8
KIbFH Treatment KbFE Treatment

B 6 AREHHKENERYDEHRRRLSHBIZM
Fig. 6 Effect of different levels of saline-alkali on the chlorophyll fluorescence parameters of cucumber seedling
F./F, PSSO b 2E i 743 PS T maximum photochemical quantum efficiency; Y ( 1 ) : SZPR6Ab 248 T 20K PS 1T actual
photochemical quantum efficiency ; P ; Y% K Z 3L Photochemical quenching coefficient ; NPQ : JE 3t £k % 5% K 2 %1 Non-photochemical

quenching coefficients. T [f] The same as follows.

2.6 ARBHEAKENERGDEHLESEZ N

HI Pl 7 AT DL Bl A0 R BE A3 0, 78 0 % o & R AL B R R L T1—T8 Ab 3
A ZE IS R oA R A FL S ) BB T CK AbH e COo, W5 E T %, T2—T8 kb Fi 4y
SR N 8.14% 17.97% . 18.88% .21.99% 27.96% .29.83% F1 31.42% , 7] W, | AN [F] 3R B 7K - 7] FRA%
RME IR oA R AL S R B e co, ¥R
2.7 AREHEKENERRELE RO

Hi [l 8 mI UL R A LB AL (SOD ) TEPEAE T4 AbFRT 7 d 358, 5 CK A 35190 10.49% ; 12
AL S (CAT) 3G PETE T2—T8 AbHL R ¥ % T/, H,0, AN 8 (MDA) & =43 5I7E T7 A1 T6 AL
7 d BB, 5 CK AL 14 85.96% A1 292.21% .,
2.8 AREEHEKERERLDEEFHHHITME

L9 W UL, 555 JEAR L, Na™ & i E 2 M AEAEARAR R b S5 X REAR B, T1—T4 Zb 3 7 Na”®
FrEERRAR, T To—T8 AbFH 2 b2  7EAR &b TI—T8 AbFE Na* o ¥ B, SXT AL, K & i TE
FEPR I R 22 24 rh B SRk B2 p 1S 34 52 R e a3, ST REAR LG, Ca™ il Mg® & 5 43 I 7E T3 5% T4
AbFRIR B e K, Forfr T3 AbBE Ca™ B S AE R FIAR 43 513 0 103.72% Fi1 23.49% ; T4 Ab 3 Mg™ & f7E R h
K4 8.83% ;T4 ALIH Mg™ & i AEM TP a4 I 7.07% , £ b, TEAREL 680B 30 T B A0 v ok i AR 2 b
Na® K" Ca™ Fll Mg™ & - AERFER M0 B IN4h 1 1 2 114
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Fig. 7 Effect of different levels of saline-alkali on photosynthetic parameters in cucumber seedling
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Fig. 8 Effect of different levels of saline-alkali on the antioxidant system in cucumber seedling
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Fig. 9 Effect of different levels of saline-alkali on the ion distribution in cucumber seedling
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Table 5 Effect of different bacterial agents on the physicochemical properties of

cucumber seedling cultivation substrate agents

Qb3 pH fH SR/ (mS-em™) AR/ (ng L) Qb pH & BSE/(mS-em™) #HEE/(ng-L7")
Treatment pH value Electrical conductivity Salt content Treatment pH value Electrical conductivity Salt content
CK 8.02=0.13¢ 2.92:0.13" 1.55+0.05" T5 10.39+0.05° 9.3120.20° 5.45+0.15"
T1 9.04+0.01" 5.20+0.04# 3.20+0.20# T6 10.50+0.03" 11.84+0.16" 6.95+0.15°¢
T2 9.67+0.01°¢ 6.36+0.15" 3.65+0.05% T7 10.61+0.01* 15.61+0.22° 8.65+0.05"
T3 10.02+0.01¢ 7.09+0.18°¢ 4.05£0.15¢ T8 10.70£0.01* 16.16+0.31* 9.65+0.05°
T4 10.38+0.03¢ 8.02+0.22¢ 4.40+0.20°
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Fig. 10 PCA analysis of different levels of saline-alkali on physiological growth index of cucumber seedlings
PH: #k Plant height;SD ;254 Stem diameter; LA ; I T X Leaf area; LN ;M 54X Number of leaves ; LEW ;I fif 8 Fresh weight of leaves ;SFW ;
ZEfif 7 Stem fresh weight; REW . ARE£ T Root fresh weight; LDW ;i i T-F Leaf dry weight; SDW ;25T Stem dry weight; RDW . fR T-H Root dry
weight; RL: HR1 Root length ; RSA : HRZE 1B Root surface area; RV AR Root volume ; RAD : HF-H4 /% Average root diameter; RTN : FRZREL Root
tip number; RA . AR 1% 77 Root activity ; Chla: '"-4%Z a 5 #& Chlorophyll a content ; Chlb; H4%Z b £ H& Chlorophyll b content; Carot : J5 % M & &
= Carotenoid cnnlent;TChl;E‘\ufﬁ% i Total chlorophyll cnntent;SOD;féﬁi{t%iﬁ{t%?ﬁ‘ﬁ Superoxide dismutase activity;CAT;J‘jéﬁﬁﬁ%ﬁﬁ‘f;i_lC
1 Catalase activity ; H, O, R E S E Hydrogen peroxide content; MDA ; N s Malondialdehyde content; LNa® . M H Na® 2 Leaf Na*

content ; RNa* ;8 % Na* 742 Root Na* content; LK* ;M K* 52 Leaf K* content; RK* : AR & K* &1 Root K* content; LCa>" ;i Ca®* & Leafl

2+ A- L

Ca?* (‘,ontenl;RCaZJr MRER Ca® % & Root Ca®* content;LMngr NUYS Mg2+/§§ Leaf Mngr cnntent;RMngr JRER Mg~ 712 Root Mngr content ; pH: pH
B pH value; EC. L 5% Electrical conductivily;Salt:%r'Z/E\ﬁ Salt content.



F3H XYW, 25« AR ER BT XF BTN AJ) v A 1 B A B 1) 52 ) 499

3 SR

3.1 AREEKEXE/R 4 EEEE KRR

VEVIAS R AL R R T R B IUAFAE 22 53, For, U AR P X SR U a6t Jre BgURR I By Be 2 — 1% A
BFSE s, SRR A A R S A0 bR e AR ML AR T ARG R R, SR A S0 RE RS
IR A L TR R S T RBLRT L bR ZERL RS A b A R B i
St ARG b B ERGRURE E 1 1 X BN v e e KL L R e AR 0 o A P I 2, O L
W5 Ak LESF ] P S A3 0 44 TS T 3Kl e v T R e R vy 1) 5 Tl LA TSR 92 i I s e
fi 3 LA R I P A e S W A A R B TR AR AR R R AR AN R BK P
BRI AL ) 5 A S B o0 BRI AT i D AN TR ER B 1Ak B e Rl v i A 25 RAR
i T M AR T R A B 5 TR A 30 A M) T BT 1 % 7 B A o A AR R I B
SRR TS B

YR FIESIE THYPRBUK T WRE ST, SR R B S @Otk KR A B 2 REE ™ WY1
TR AT T T 2 B R S, T ORI PN T A4 A, DA i A B A A A QI R R R
AR PE A DI RE , BEMTM R B AR E Y . AR, AN R R BRSPS AR RIAR
IRB AR, ELBE SRR B 1 34 im i 6 P B0 B d 3 5 0 2 S PRI R I 45 R — B0 (2 B
RN AR SR AR ARARR AR 2 AR DA RAR R 6 I 7EAR IR B A2 5 2h 0l T 32, mivk BE L S 3 T
REARG , 33k 7T R 7E AR VR B ER BR300 R o 2 5 AR R T SRR, 3 1 R DL 45 2 e e i L 9 5
ZER—HL
3.2 AREEEK X E R4 8 & EEE AR

SCEMERIDIAEI I AR R B A B G AR L T W BURIRE I BEAE 7 M SR DO AR R
YT, 5O RE MW ISOR BB DIAR DG . A | B SRR 14 g R RS 8 N R A
AR B A 5 Rl T 4, TN v P 2 R T A, T AP B R B0 M d i e Rt & e R i
Rt AR Z A YRR T, 3X 5 R TLAE ) 2 A BN (8 5 2R 0 A 3 A Rt A xd BURA R OR
H R 1 el AR R B, 7E M 2 R DO S RO 1, T3 AL B PS 11 52 Pt il 734
RO F B R T3 AR B 2 3OS KU W S e WL, il A SR PR e e
I3 X XA BT R—B, IAh AN TRER BOK T B R AR R g0 A R DL RS AL
R IX HIE TR E A R 8

AHIFERI, A S FRh AL BV BE R R H, 0, & i SRR SEAE ™ ) MDA & 81558 BTG TR
e UMK N B9 H,0, 55 MDA &5 m] DIVE S TR A9 Sh B0 282 f5 bR . T7 WA T H,0, ik
B ARAH, T T6 A MDA & i K, 3X A B P MDA 55 f X R Bt 1) SR B0 s fusk > e R0
AT BT b S K S RN AR YRR R S RIGE 2 Na*™, S8 Na' Kok AL
KW IR 3, — 33 RS e, 7 A T M A R R B 2B E Y W AR Nat
Ca™ WAFTE R THEDUVEI, Na" iR B A B AM B AR RS Ca® B, Ca®™ AN R 23 I 40 8 14 e 436 528
P LUK BB AR 1 AR5 50 AR A SRR W] MR BE i ER BBV T Na™ i R R AEAR R
e EE Y ER BRI E R Na® 5 BB WAE R R e 3G ) K & e FR &R P RS PR, Ca™ 5 Mg™ & ity
Bt 2 /K T B SN S SR T B IR T A R Ca™ 5 Mg™ 35 R ZERF B 111

LR LA | 525 TR0 3 AT W A A 2R BRAR PR R A AN TR R S B2, AR ER Ak B T1—T3 Ab
BSOS M BB T ORI R IR (A R LA A K5 X 8 2 0 s v
FhRUBAR B AL B T4—T8 Ab BB IS E R R DR M Mg SRR, B R
7 BRI ERL BEE T RARM R ER (O E R DL KSR A IR AR ] LAYE DN T1—T3 254K
ERORA FE AL BRI R B, BUARER G SR i Mg S R S AR AR ] LUVE S T4—T8 2 i $h ik JiE
AL BRI BR

22 3Lk References:

(1] BRE BRER, PE, 5 TEAEY X SR i o7 K FCi £E IR S TEAT A [ ] TaRAl#41 ,2024,40(5) :952-960.



500

[EZI S S A NI S 55 49

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Zhai C J,Cheng Y J, Qiu L, et al. Research progress on the response of cucurbit crops to salt stress and the enhancement measures of salt
tolerance[ J ]. Jiangsu Journal of Agricultural Sciences,2024,40(5) :952-960(in Chinese with English abstract).

RN, SRR, TG, 4. |25 DU A 5 G It X 0t B T P W o O BB 5 [T ] . AR "4, 2024,38(6) : 1163~ 1174.

Shen J L,Wei Y F,Ding Z W, et al. Effect of combined application of earthworm manure and desulfurization gypsum on continuous cropping
obstacles of cucumber in facility[ J]. Journal of Nuclear Agricultural Sciences,2024,38(6) :1163-1174(in Chinese with English abstract) .
2o FRAPH AR, 5. WHRE T FOuh BN A B RO AT SE ] R, 2023,36(1) :53-58.

Li R,Jiao Z Y,Yin S S, et al. Effects of melatonin spraying on salt tolerance of cucumber seedlings| J]. China Cucurbits and Vegetables,2023,
36(1) :53-58(in Chinese with English abstract).

Liu D R,Dong S Y,Bo K L, et al. Identification of QTLs controlling salt tolerance in cucumber( Cucumis sativus 1.) seedlings[ J ]. Plants, 2021,
10(1) .85.

WS 50, I3, 5. NaCl 35t 8R4 A K AN BEE MRS [ D], SRR ,2016,44(8) : 19-24.

Shen J X, Jiang J L, Tian Y, et al. Effects of NaCl stress on growth and cell membrane permeability of cucumber seedlings[ J]. Guizhou
Agricultural Sciences,2016,44(8) :19-24(in Chinese with English abstract).

TRt ABUR , WL, 55, EROME T A A K R AE IR A2 [ D] POAEAL %4, 2023,32(6) :866-877.

Xu T,Li S C,Wang H J, et al. Study on growth and physiological characteristics of peanut under saline-alkali stress[ J]. Acta Agriculturae
Boreali-Occidentalis Sinica,2023,32(6) :866—877(in Chinese with English abstract) .

ML BB Ak, AT, 45 R R ER BRI IE 9 > T OLRIRT S HE R ()] AR BRI A, 2024,40(10) : 122-138.

Feng K Y,Zhao X Y,Li Z Y,et al. Research advances in the molecular mechanisms of plant response to saline-alkali stress[ J]. Biotechnology
Bulletin,2024,40( 10) :122-138(in Chinese with English abstract).

PG DS, F e /N, 45 Ehmih e T B e G bt AR BRI ()], WA 4R ,2021,41(7) : 1199-1209.

Gong Z Y ,Xin J H,Shang X Y, et al. Photosynthetic characteristics and stress tolerance physiology of Toona sinensis seedlings under saline-alkali
stress[ J]. Acta Botanica Boreali-Occidentalia Sinica,2021,41(7) ;:1199-1209(in Chinese with English abstract) .

Dou J H,Tang Z Q,Yu J H, et al. Effects of exogenous melatonin on the growth and photosynthetic characteristics of tomato seedlings under
saline-alkali stress[ J]. Scientific Reports,2025,15(1) :5172.

P2 KU, SRR R B e 0 B T AR s S8 A0 T 0 R R VR 2 P S T BE S R [ 0] o B AR ARk 24, 2017, 25 (1)
1626-1635.

Bai J Z,Zhao Y,Wu F Z. Effects of saline-alkali stress on structure and abundance of bacteria/fungi community in rhizosphere soil of grafted
cucumber seedlings[ J]. Chinese Journal of Eco-Agriculture,2017,25(11) :1626-1635(in Chinese with English abstract).

MG, B G ARk S, FE X RO A0 T B OGS R RS R T Y B A AR ()], BT AR AR R, 2022,33(7)
1901-1910.

Wu P,Lii J,YuJ H,et al. Effects of melatonin on photosynthetic properties and osmoregulatory substance contents of cucumber seedlings under
salt-alkali stress[ J]. Chinese Journal of Applied Ecology,2022,33(7) :1901-1910(in Chinese with English abstract).

2PN AR . S TURN BT PR AR R R v [ M ] b o E Rl R R, 2005,

Li X X,Zhu D W. Descriptors and Data Standard for Cucumber[ M ]. Beijing: China Agriculture Press,2005(in Chinese) .

WS T, MRk A, AR BRI A B PR IN I 18 ST ()] BRI, 2022,36(5) :865-875.

Cao Q W,Du L D, Yang Z H, et al. Screening and evaluation of cucumber salt-tolerant germplasm[ J]. Journal of Nuclear Agricultural Sciences
2022,36(5) :865-875(in Chinese with English abstract).

PSR, ER B ik, 45, SIS Rl i U0t S PR B 0 18 S5 PP AR R A (7] P ISR, 2013 (22) :20-26.

Men L Z,Wang Y,Cao Y E, et al. Salt tolerance indexes screening of different cucumber cultivars at seedling stage and construction of its
evaluation system[ J]. China Vegetables,2013(22) ;20-26(in Chinese with English abstract) .

R A AHYE B SR S [ M. JLnt . WSO H U, 2006.

Gao J F. Experimental Guidance for Plant Physiology[ M]. Beijing: Higher Education Press,2006(in Chinese) .

Rl FR, e far. gkl [ M. 2 B db st .t E AR R A= bk, 2011.

Lu X, Xie Y H. Soil and Fertilizer Science[ M ]. 2nd ed. Beijing: China Agricultural University Press,2011(in Chinese).

B B R HERATHTI M. 3. JEET . ROl i, 2000.

Bao S D. Soil Agrochemical Analysis[ M]. 3rd ed. Beijing:China Agriculture Press,2000(in Chinese).

TR XSRSk T, A5, IR0 T e A A B N[ ] R, 2017,25(2) 1337343,

Gao C T,Liu J H,Zhang Y Q,et al. Physiological responses of oats seedlings to short-term salt stress[ J]. Acta Agrestia Sinica,2017,25(2) :
337-343(in Chinese with English abstract).

SR, 2R BE, B IE, 45 N- St -L- 2R DEE R A L D30 X R A A AR [ )] RGARE,2025,44(1) :96-105.

Zhang X L,Li S Q,Guo S, et al. N-acetyl-L-cysteine alleviates the inhibition of salt alkali stress on the growth of soybean seedlings[ J]. Soybean
Science,2025,44(1) :96-105(in Chinese with English abstract) .

Bi Y P,Zhou B B,Ren P Q,et al. Effects of Bacillus subtilis on cotton physiology and growth under water and salt stress[ J]. Agricultural Water
Management 2024 ,303 :109038.

Lv B'S,Li X W,Ma H Y, et al. Differences in growth and physiology of rice in response to different saline-alkaline stress factors[ J]. Agronomy



F3H XYW, 25« AR ER BT XF BTN AJ) v A 1 B A B 1) 52 ) 501

[22] k&

[23]

[24] &

[25]

[26]

[27]

[28] E

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36] |

Journal ,2013,105(6) :1889.
KR R FET, 5F. Ehiia TR A A K A 2: S TR B BR(E [ )] PEbARL 24,2024 ,33(10) : 1849-1857.
Zhang B R,Mi J Z,Zhao B P,et al. Physiological difference and saline-alkali tolerance threshold of oat seedlings under saline-alkali stress[ J].
Acta Agriculturae Boreali-occidentalis Sinica,2024,33(10) :1849-1857(in Chinese with English abstract).
o REE B AL, A e A A WIS SN AR T AR LA X T D 355 A SR [ 0] ROl b4, 2023(9) 12534,
Ma F J,Yang C Y,Su C C,et al. Effects of interaction between vermicompost and microbial agents on growth of honey dew melon and soil
nutrients[ J |. Heilongjiang Agricultural Sciences,2023(9) :25-34(in Chinese with English abstract) .
B RBEH PSIIH, SF . SR X R R RRAR ZR A AR ARSI [ T] . ARAEARl R 224, 2024 ,52(4) :29-33,45.
Luo D,Song F H,Lu M Y, et al. Effects of salt stress on the physiological and biochemical characteristics of Pingou hybrid hazelnut root systems
[J]. Journal of Northeast Forestry University,2024,52(4) :29-33,45(in Chinese with English abstract).
FdE, EEM, EAFET A BSE SRR 2 00 R 08 e 1 R P2 5[] T EDIER,2025,38( 1) :57-64.
Wang T,Wang Y Z,Wang M K, et al. Differences in salt alkali stress response and tolerance between two melon varieties during bud seedling
stage[]] . China Cucurbits and Vegetables,2025,38( 1) :57-64(in Chinese with English abstract).
FEDL, TR, K EEZRAOAR XS SR pmm iz [ J]. o B3 ,2019(8) :47-53.
Cheng B,Wang W H. Response of tomato lateral root to salt stress under hydroponic condition[ J]. China Vegetables, 2019 (8) :47-53
(in Chinese with Engliih abstract) .
JriR8R  BESL. SRIE XTSRRI W B SR (1] AR ,2019,38(3) :225-234.
Fang Y R,Xue L. Research advances in the effect of salt stress on plant chlorophyll fluorescence[ J]. Ecological Science,2019,38(3) ;225-
234 (in Chinese with English abstract) .

Bedly, KA, R BAR, AF. R TERBRIMME X AR RDG A R B B i [T, VREPIZR8,2024(1) :193-203.
Wang X L,Zhang Y H,Mu J M et al. Effects of soda and saline-alkali stress on photosynthetic characteristics and yield of rice[ J]. Crops,2024
(1):193-203(in Chinese with English abstract) .
RUZEIT., LhER AR BT IREXT BRI )] LRI R ,2000(6) :31-32,34.
Liu S J,Ma X R. Effects of different chloride ion concentrations on cucumber growth[ J]. Beijing Agricultural Sciences,2000(6) ;31-32,34
(in Chinese).
ZR. T H HOGIRE IR AR S BT BT R E R ST D). duat . EflE K 2004,
Li C. Study on the effect of secondary salinization of soil on the growth and development of cucumber in solar greenhouse in Ningxia[ D].
Beijing: China Agricultural University,2004 (in Chinese with English abstract) .
X, FFE M, TR 45 ShusUbia xS 3 PR A R MR i R MR B S RO LR R [T ] R T A 42 ,2023(1) :85-91.
Liu J,Qi B L,Yu H Z, et al. Effects of saline alkali stress on growth traits,leaf traits and chlorophyll fluorescence of three switchgrass species
[J]. Heilongjiang Animal Science and Veterinary Medicine,2023( 1) :85-91(in Chinese with English abstract) .
Xu Z J,Wang F,Ma Y B,et al. Transcription factor SIAREBI is involved in the antioxidant regulation under saline-alkaline stress in tomato[ J].
Antioxidants,2022,11(9) : 1673.
AR KA, U A AN 52 B0 AR O R k3 1 A B R R R 2 R [T POl R 2B, 2024,55(2) 1 129-137.
Zhang N,Zhang H,Bai B Y, et al. Physiological responses and yield differences of different tolerant peanut cultivars to salt stress[ J]. Journal of
Shenyang Agricultural University,2024,55(2) :129-137(in Chinese with English abstract).
EW A O, 2 AR R R IMRRIR SE N SIPINS TEARHTER B T DIRE[ 1], ARAERA K541, 2025,56(6) :52-62.
Wang S, Yang J] H, Xu J T, et al. Function of tomato auxin transporter gene SIPIN8 in resistance to salt stress[ J]. Journal of Northeast
Agricultural University,2025,56(6) :52-62(in Chinese with English abstract).
WrlE , TR, B e, 25 NaCl JHhaf SRR E 40 1 B TS A B OS2 [ 1] 1l 2240, 2015,42(5) :853-862.
Jin J,Wang Y,Lu X Y et al. Effects of NaCl stress on ion absorption and distribution in sour jujube seedlings[ J]. Acta Horticulturae Sinica,
2015,42(5) :853-862(in Chinese with English abstract) .

R R, AT A5 S0 X A 8 B OB A K R BB TR R (1] BRI, 2014,34(2) < 1-4.

Yan D L,Zhu X L, Yang Q L, et al. Effect of salt stress on the clonal growth and accumulation of Na* ,K* in Hydrocotyle vulgaris[ J]. Journal of
Zhejiang Forestry Science and Technology,2014,34(2) :1-4(in Chinese with English abstract).

EEmE. LT HE



