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Abstract: This study aimed to investigate the growth, physiological characteristics, nutrient accumulation, and yield
performance of different maize varieties under saline-alkali stress conditions to address issues such as reduced maize
(Zea mays) yields in such soils within the Ningxia Yellow River Irrigation District. By establishing a multi-trait
evaluation system, the study sought to identify superior varieties suited to cultivation in saline-alkali soil, thereby
providing a scientific basis for variety selection and cultivation management for efficient maize production on saline-
alkali land. The experiment was conducted in Pingluo County, Ningxia, in 2023, with two main areas set up: mild
saline-alkali (QS) and moderate saline-alkali (ZS) soil conditions. The varieties tested were Xianyu 335 (V,) ,
Yinyu 238 (V,), Jindan 73 (V,), Deke 622 (V,), DK815 (V.), Heyu 157 (V,), Xianyu 1321 (V,), Jinrun 919
(Vy), Tianci 19 (V,), and Xianyu 1225 (V,,). It was found that under the tested contrasting saline-alkali stress
conditions, the 10 maize varieties exhibit variety-specific differences in growth, physiology, nutrient accumulation,
and yield, with different varieties demonstrating distinct advantages for various traits; Among them, under QS
conditions, V; achieved optimal net photosynthetic rate (P,) , kernel weight, and yield, with average increases of
4.90% —57.48%, 1.36%—35.97%, and 9.70% —40.26%, respectively, compared to other varieties; V,
exhibited the highest PS [l potential maximum photosynthetic capacity (F,/F,) and K* content, with increases of
3.50% to 27.29% and 2.54% to 6.02%, respectively, compared to other varieties; V,, had the highest PS I
maximum photochemical efficiency (F,/F,), proline (Pro) content, and total phosphorus content, with increases of
0.25% t03.77%, 0.14% to 46.16% , and 12.59% to 48.48%, respectively, compared to other varieties. Under
7S conditions, the relative chlorophyll content (SPAD) and PS Il potential maximum photosynthetic capacity (F,/
F,) of V,was increased by 2. 88% to 35.30% and 4. 30% to 35.37% , respectively, compared to other varieties; V
yield was increased by 3.56% to 61.80% compared to other varieties; P,, peroxidase (POD) activity, and K"
content of V,, were increased by 3.39% to 32.24%, 1.11% to 15.05%, and 1.32% to 5.19%, respectively,
compared to other varieties. A multivariate evaluation was conducted using the entropy weight-TOPSIS method and
principal component analysis (PCA) , with results showing consistent trends. Under the QS conditions, the three
maize varieties with the optimal multivariate scores were V,, V;, and V,,, while under the ZS condition, the three
maize varieties with the optimal scores were V,,, V,, and V.. Therefore, based on the combined score of the two
statistical methods, Jindan 73 (V,) demonstrated outstanding adaptability and stable yield under mild (QS) saline-
alkali conditions, while Xianyu 1225 (V,) performed relatively well under moderate (ZS) saline-alkali conditions.
These two varieties provide a scientific basis for variety selection in saline-alkali maize cultivation in Ningxia and are
suitable as core varieties for regional demonstration of contrasting saline-alkali soil tolerance and extension agency
promotion.

Key words: maize; variety; saline-alkali stress; growth and physiological characteristics; nutrient accumulation;

yield; comprehensive evaluation
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FE AL B T AR RS ZE AT R OR TN, o AR AE NaC VA WOk B T i R o, 2 R e
B W B R T ORI A A KR Y 52 e AR AR I A 1R T AR N AR Y i
o5, AN AR A Y RV TG R R v B A Y XU Bk R, 2 8 41k 0 B 4K I (superoxide
dismutase, SOD) 1 i % 4k ¥ i} (peroxidase , POD) 7 ¥ F & , [5] B 5| 52 i g 5 484k , £ 9 — 8 (malondialdehyde,
MDA) & &3, SA W5 R FEARER b E R R W R R, K B AR RO 7 T A7 B 1
SEMR R I 5 . PR F Y © W R BP0 X oK A KR T A BRI S i S R e, LR S S R AR
o ROR) T ER AL b b A A% O i AR B ZHUOE TS AA AR SR BRAE L e = DR 2 PREFBE ) L il ik 22 d S L L 255 oK
BERKRE ABRE SR WO R R R 28 7 i A 2 MRS R AR, RGN TR BRI ER B B AT . R, T
Ji& 22 it i R P R, 2 0 22 T R P 5 7 2 IO A K o ol S A RE A A B Rk 1 A 5 S, in LR R
i 7 R Bk, R K AR Y 7 R T AR B Rl 2 G A st R A ISR X
1 MBERE
L1 R

AT T 2023 448 T BRI B Ia DA W LT 2 BT AR Y (397217 NL106°437 E)JEAT , 1 DX J 152 i 47
KRBl MM L 4 T AT AR B K B 200 mm, 252 9. 5 °C bl - S A SEAR FRAL VE BT AR 1R .

F1 TEEMEHKE
Table 1 Basic fertility of tested soils

R B2 b pH H AL 2R AT e A AL AL
Saline-alkali Till Total salt Organic Total Total Alkali-hydrolyzed Available Available
gradient layer content matter nitrogen phosphorus nitrogen phosphorus potassium
(cm) (g-kg ) (g-kg ) (g-kg ) (g-kg ) (mg-kg ) (mg-kg ) (mg-kg )

B2 Eh A Mildly 0~20 2.87 8.62 9.76 0.95 0. 64 26. 23 10. 11 69. 08

saline-alkali 20~40  2.66 8.75 13.51 0.81 0.61 42.14 5.25 63.11

i EE LB Moder-  0~20 5.80 8.92 9.24 0.63 0.42 36. 30 4.28 136.28

ately saline-alkali 95049 571 9.05 8.79 0.58 0.48 43.10 3.79 121.31

1.2 RKEHH5 &

AW 5T R B DRI BT, 32 DO Eh 086 B2 (S) L 4300 R B SRl (QS) A BEER R (ZS) 5 &l X 104> oK b
B CV) 2050 R 58 £ 335(V,) AR 238(V,) (B 73(V,) (8 EL 622(V,) \DK815(V,) (R# 157(V,) % £ 1321
(V) HRIE 919( V) VKI5 19(V,) B E1225(V,) . AXEAH 48 m* (K 12mX %4 m), 3K EHE . RMGEHEIT
T K NE — PR AL BRI AR, SE4T 70 em (A% 40 e, VA B B AE AR AT , PR %5 B D 90000 #k - hm *. 3 56 is FH 20N 37 145
B (NZ=45%) R — 8 [ (N+P,0,)=73% | EALAT (K,0=62% ) , ¥ 9 K 175 Pk HERE , ELAA S 7K it BE 475 00 4 ¢ 2
TR
1.3 M ZW/AFA T &
1.3.1 FORAERKMBROME 78 FARER I, /N X BEHLR A 5 bk B A R0 FORMRE , I 2 b 25
R T AR o A R 8 8 e T Ak 81 b 8 e v Ak ) B A R R ZE R SR SR R b R e A R i 25 3
TR 371 ] R 2R AT 09 AR He IR S L SRAS B DB B KRR B 2R R 4y T R AR A LA
105 ‘CAH 30 min, F 80 CHE 1 2 18 5 J I 2 B 1) o3 o &

B i g R = A X 5E (I R S Ah ) X 0. 75 (1)

1.3.2  FORM FAEMMBRNNE FEFRERTH, T B4 9:00—11:00 7€ H ] 4 51 TPS-2 5% 4 7 4L
(R HE S I BB R A R A R, RE) W ot & sl (P,) (ZE I 3% (T,) , 1l FMS-2 286 I s A (b 5t ) B B
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FHE A BR2A R 50 % PS I fie KOk~ 2% ®2 WK R

(PS Tl maximum photochemical efficiency F.JE.) Table 2 Experimental irrigation and fertilization scheme

PS 1 ¥ 1 i KOk 4 fE 1 (PS 1T maximum potential O WA IR BRI R

. Drip irrigation Quantity of  Nitrogen ~ Phosphorus ~ Potassium
phOtOSyntheUC rate, F‘/FO) °© iFIJ )EH SPAD-502Plus date irrigation fertilizer fertilizer fertilizer
M2 RALCHT VLA = AR BB I A BR A A, Bei) water usage usage usage
I 7 # = A A X i 4 3 5 & (relative chlorophyll (m’+hm *) (kg-hm *)  (kg-hm *) (kg-hm *)
content, SPAD) Jf R £ = AL PR 3 : . .

41 25H April 25 450 30. 00 15. 00 12.00

B P T S 5 S P 2L P (i
A mﬁ?ﬁlxﬁé',*ﬁﬁﬁk PO w4 (nitrogen blue 55 20 B May 20 200 B B B
tetrazole, NBT ) ¥k " il i i 4 A 1y 150 A Tl 05 17 5 % 6 H 5H June 5 450 54.00 27.00 21. 60
PR RIAC A 00 5 o S A W 4 5 R BN 64 20 A June 20 450 54.00 27.00 21.60
P 2 TR I S T 5 SR R K A TR i U 7H5H July 5 375 36. 00 18.00 14. 40
I AE il 28R (proline , Pro) & ik 7115 H July 15 375 36. 00 18.00 14. 40
1.3.3 £kt Na K& 7 & &l & %HEJ 77 25 H July 25 375 — — —
H,SO,-H,O, 14 2 3 il /5 $2& U, R k4O B 8717 H August 7 300 45.00 22.50 18.00
B (FP6431; INESA B AL 40 Hr AL 2% A BR 2> 8117 H August 17 300 45.00 22.50 18.00
A E Na' K #& & . 8 H 27 H August 27 300 — — -

1.3.4  FORFFHF &I E FE B K HE 2 4 9H 7H September 7 225 — — —
HEATORE , B R IBORE 5 0K 4 M1 S0 80 % F 105 CA
30 min, EEF A E R TS CH TR E ., AR IS 12 0. 25 mm i o A PR 4 000 I 9L IR /R
AR 440 00 52 FH HLSO,-HLO, T8 7, KA G BT s A R 2 B0 2 ) HLSO,-HLO, T 2, AL8H 38 Fb ks ki i 3
AR A B R R
1.3.5 7l 7E 3 A B DA A4S /I8 DX Bk 32 v ) Y G AT R AT RD 7 A I E 5 3k R 20 A R Y T OK
AT A B, 76 2 925 B, 0 B A R A A S bR R S K TS 14 06 T SR 1 R i
1.4 HKFELE

K Hl Microsoft Excel 2019 % P Ky B804 , £ ] SPSS(Version 20. 0) #E47 5 K Jr 22 40 07, LA ] 4k B
B9 2= 5, I8 e/ 18 38 1 22 57 3% (least significant difference, LSD) #4772 & L4 . R FH Origin Pro 20252 4,
ffi I SPSSAU £k I 7 & (https: //spssau. com/index. html) #4 # 45 #4) 7 #2541 (SEM) | [6] i, #5375 A — TOPSIS'™
H1 3 843 9 B % (principal component analysis, PCA)'"i £ HARZE S VEM 1A & .

2 GERESH

2.1 Bt RE ERSAEKIBIRG Y A

2.1, 1 ER G 30 X AS TR) T K S b R A 25 R p P 1 R] T, ER AR B (S) Rl (V) B a2 BAE (S X
V)X KR I ZE ML S AR AE 25 57 . XF AR, SV R I Ik ) 3 (P<0. 05) 3iAl 2 3 (P<<0. 01) K-, 11 1§
HISE HAE A GE B B E KT FERERR(QS) M G (ZS) A H T, S8 E 1225(V,,) T K fh B i bk &5 35 3k
A, 43 9 Ho 5 A s 2. 57~29. 96 em (QS) 1 6. 88~34. 18 em(ZS) ; i %f T 25K, V 5 1 1k 2 by i 2K F
(P<<0.01), M EZLH XA W EKF. 7 QSAB T, e E 1321(V,) M & &, B HA 5 Fh s th 0. 15~0. 55 em,
M ZS AL FT 4 919 (V) 1y 2 A H A 5 K 5 B s i 0. 38~1. 06 em.

2.0.2 R0 AN ) T K S b e AR SRR T TR SR A Y 5 HY L2 RT 0, FhBRR B (S) LR AN (V) I
A2 B AR (S XV )X 3 K i 17 R 147 o FR B2 4k 1) 52 i 349 38 B0 B 7K (P<<0. 01) o ERR R (QS) Ml
IR AR (ZS) AR 4R K 238(V,) £ K T R i 1 AR 2 38 SR AL, A A FL At R R R T 7. 63%0~60. 58%0(QS)
F113.38%~64. 73% (ZS) s 76 QS AL T, KW 19(V,) (4 Bk T4 ot B 22 b o oo, 88 L Al 5 o 398 i 3% 21. 80 %6 ~
49.41% , T ZS AL HE T, #iiiE 919( V) iy Bk T i AR 22 o 0 38 /o 1 LAl oK S A 32885 T 19. 86 %60 ~82. 12 %
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Fig. 1 Effect of saline-alkali stress on plant height and stem thickness of different maize varieties
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Fig. 2 Effect of saline-alkali stress on leaf area and dry matter accumulation per plant of different maize varieties

2.2 HBMIRE R K S AP A I AR 6 e

2.2.1 X R OGA R AR X 2% 5 (SPAD) 19 521 A P 3 AT ERARES BE (S) i AR (V) AR HAE
H(SX V)Xt 6 #Z (P,) FE M 3 2R (T,) 1 SPAD 19 52 I #4735 B B K (P<<0.01) . ZEREEHRBM(QS)
TLE 73V Pk B B f, e Hofb 5 Al 4R 3 T 4. 90 %0 ~57. 48 % , 1 Hh BE R AR (ZS) T, 6 1225(V ) Y P, &
Fmn T H A R SR B T 3. 39%0~32. 24 %0 5 7E QS M ZS AR FE R, KI5 19( Vo) 1 T34 35 B 45 i, 439 4 H Al
Pl 5 0. 08%0~46. 42% M1 1. 49%~61.90% ;7F QS AL HL R , R E 157( V) By SPAD ik F1 d5c i, 3 Ho Al 5 b 438 i 15
0.02%~9.50% ,1M ZS T , FH 5. 73(V,) [ SPAD ik B Fe f , f5 HoAl b R 7 2. 88 %6~35. 30 % 6

2.2.2 RS SEAE m HT L 4 TS0 AR R B (S) X PS 1T W e e KOG A B 1 (FU/F,) 152 Wi ik 3 &
FOKT . R (QS) T, 08 £ 1225(V,) 1 PS I fie KAk 2= 80R (F/F,) 35 81 35 5, 55 3 b 56 B 83 i 3k
0.25%~3.77% , Wi h IR (ZS) T, RE 157(V) I F,/F, ik B, B oAb i i 8 17 0. 01%~7. 36 % 5 76 QS
T, DK815( V)W F,/F, ik 8% K, 85 Hoph 5 R s ik 3. 50%~27.29% , 10 ZS F , & ¥ 73(V) W F/F ik 8l e i
B H At S AP R T 4. 30%0~35.37% .
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Fig. 3 Effects of saline-alkali stress on net photosynthetic rate (P,) , transpiration rate (7,) , and relative chlorophyll content

(SPAD) in leaves of different maize varieties
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Fig. 4 Effects of saline-alkali stress on maximum photochemical efficiency (F/F,) of PS I and maximum potential

photosynthetic capacity (F /F,) of PS I in leaves of different maize varieties

2.2.3 R FPURAREER Il ST SR B (S) LR P (V) B 32 HAE (S X V) X A A Ak
it (SOD) Ak AL Py i (POD ) T3 4 (19 52 i 353K B4 2 3 K7 (P<<0.01) . EREIRM(QS) F, %% 1321(V) 1Y
SOD ¥ ¥t 3 i 1 Ho Al 5 B 3R K 13, 01%6~33.99% , 1 W ER B (ZS) T, KI5 19(V,) 1 SOD & ¥ fie e, B
by iy BB R T 5. 69%~12. 73% 5 #E QS F L S8 1321(V,) B POD 36 4 & 35 &5 T oAt 55 R, 4% 1% 35 16. 06 %6~
43.84% ,MAEZS T, J6 E 1225(V ) 1 POD 1 P 34 3 fe iy , A St AP 2 1 1. 11 %6~15. 05% .

ERI RS BE (S) AN (V)X T (MDA ) F 2 2 (Pro) 2 1 9 52 W 34 14 BBk W 2 K7 (P<<0. 01) , BN Z 3¢
RN KT Pro & i 1Y 5 W A 2 2 (P<<0. 01) , Xt MDA £ 5 (19 52 0 oK 38 B 8 5 K . e R R (QS) T, DK815

SikE ViAx SXVirE St ViRE  SXV ks S:*¥; Vik¥; SXVINS S:¥E Ve SV
v, an=€§' Vol © < e —| V2 —_— - | V| —— =7
\]g 5} \/9 B @ Vg 0'2 L V9 < &
2V, B 7o [ Vi o] E— m—T I A S -+ | 'V, © I —— ©
2 V)i~ jo | V.| =& go |V, e — — VI et 3g
< Vb =t 75 V, of 32 | V, =} — — < \ H
Z Vi et i3 V.| et 38| V, OE:hg%_ V|eE 18
' 3o |V, of Fo | V,} =3 Vi, BE 3
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Fig. 5 Effects of saline-alkali stress on superoxide dismutase and peroxidase activities, as well as malondialdehyde and proline

content in leaves of different maize varieties
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(V)i MDA & B i, B HAb 5 A R I T 3. 65%~39. 42% , 1 Hh B 3L 58 (Z2S) F L, 6 E 1225(V ) i MDA & it it
G, B HoA S P R T 2. 48%0~27.33% 5 4E QS T, JE T 1225(V,,) b Bl Y Pro £ i 15 21 B A, 4 H Al 5 b 348 R 38
0.14%~46.16% ,IMTEZS T, F5HL 622(V,) 4 Pro & & e, B AL M A4 & 17 5. 0326~23. 81 (E 5).

2.2.4 XFrb R Na® (K™ i & H HfE 7 52 1 &6 AT AT, FhBE B (S) LA AR (V) R A2 BAE (S X V) %t
Na* o S HE A B i 38 2K B R K (P<<0.01) o FER R IR (QS) T, KIB 19(V,) Tk i R i Na ™ &
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TEZS T e E 1225(V ) W K% & & T HAl i A 3205 1 1. 320~5. 1920 7E QS FIZS T, #idid 919(V,) £ oK
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Fig. 6 Effect of saline and alkaline stress on the content of Na and K ions and their ratio in the leaves of different maize varieties
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(V) 2K b b il 4 80 & i 25 v T Hoft St A, B89 0 3k 3. 89 %0 ~43. 09 %, 11 H EE 2R AR (ZS) F L 4R & 238 (V,) iy 4
A R T I R R B T 32, 95%0~59. 622 7E QS T L SE K 1225(V,,) fl Rl A B i B e b
P, 03K 12.59%0~48.48% , M AEZS T 4 £ 238(V) i My s & i ¥ m T HAMA S A 25 T 5.08%~
71.00% ;7 QS T, 5B 1321(V,) il Bl (1 4 B0 55 i 25w 1 0 A s L 3 R 3K 10. 2200 ~117. 26 040, MIAE ZS K, %8
3350V, ah A A A B 0 T AR AR 4R & T 5. 9520~51.29%,

2.4 HABGAIRE E K SA TR LM RN A

H1 P 8 T, ER RS B (S) R AP (V) B HL A2 A FGE 7= i R ) i B A 7R 25 5 o 6 FRERL AR, SV 2 R
FIAR B 2 (P<<0.01) , 1M P & (028 BAE A IK 31 0K 7 7 R B 3 il (QS) AL B R B B 73 (V) Bk fFp
v 1.36%~35.97% , AE T EER R (ZS) T 4R 238(V,) By R A 8 5K B 5 5, B
2 e 15 35 B A B 2 K F (P<<0.01) . 7

2.3
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Fig. 7 Effect of saline-alkali stress on the dynamics of nutrient accumulation in different maize varieties
~ 60 SINIS; Vikx: SRVir* 22500 Sk Virxs SXVEINS 350 SikkaVER*: SKVENS
2 R 20000f & Y 5 abi2y, 0
= b b a a 5 6300 zb a
?9 " szd a-T-CJE b_g[d iabc | ab ¢ 17500 del be ab = i I Led cde ©de ab a % &
}5) e J Cfe‘ de abcb ’ I 6:1[301 Cdcd I Tcdd cd| ‘fn 250 1l dde [ de ]_abl
Z 40 el |[{FF e [P < 15000 ' s 7 SHNTI | ab ab
8 on z [ + b
g < 12500 - 200 b
on =) =]
= 5 10000 3 150
5 >
2 20 1 7500 W 100
o) 4 5000 ﬁ
i 2500 = B
m O s gnmes mansaanmas O anRes mmmsnanass QS sernmes mamsowrwmes

P> P>

S>ESSO P

>SS P

QS

8

ZS

QS

ZS

Th WL FE FE Levels of saline-alkali

BB AR ERMM 2R LM

Fig. 8 Effect of saline and alkaline stress on yield and its composition in different maize varieties
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AR PR K S R Al AR A AR BEE Y R B P R A ] O 4R R o AR R SRR
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2.6 E&IFM oA

A FREAL — TOPSIS ¥4 LA 224> R A 18 b o A b D506 20 9 (3R 3) 1R R ERh 8 (QS) T, B ML i
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Fig. 9 Analysis of structural equation model (SEM) and Mantel test correlation test on various indexes of maize under different
saline and alkaline stresses

GT:AERARDR s PL A BUR AR 5 1C 8 7L Y C R AL i ORI NA: FR 0 BUR S ZG MR s JC Z8HL LA B GW BBk T B BT bk 5 P2 1
SR AR T, B HR F/F,,  PSITE IO ERCR F/F, PS TR R KOG RE 1 5 SPAD  MIXS M2 K & &t 5 SOD -l S AL W) BUAL B % 45 POD
I S P TG A 5 Pro: IR & 8 Na S8 T I s K B0 T s Na /K AT B T He o 20 (5 Sk R IE A 6 5 1 (03 Sk 2R 0 M OG5 S5 3k
A I A A 2 7R AR AR 10 U 2R 0 5 o % e A DG Y R i i 5 A A e Y SC R R R AR S . BRI S E BT X/ AP R T S H
JEHAE s GFL LA 0 38 850 CRL: LB LA 15 8. 378 P<C0.001, GI: Growth index; PI: Physiological index; IC: Ion concentration; YC: Seed
yield and its composition; NA: Nutrient accumulation; ZG: Plant height; JC: Stem thickness; LA: Leaf area; GW: Dry matter mass per plant; P, :
Net photosynthetic rate; T.: Transpiration rate; F,/F,: Maximum photochemical efficiency of PS Il ; F,/F,: Potential maximum photosynthetic
capacity of PS Il ; SPAD: Relative chlorophyll content; SOD: Superoxide dismutase activity; POD: Peroxidase activity; Pro: Proline content; Na ' :
Sodium ion concentration; K : Potassium ion concentration; Na /K™ : Sodium/potassium ion. Red arrows indicate positive correlation; blue arrows
indicate negative correlation, and values associated with arrows indicate standardized regression coefficients. The R* value associated with the response
variable indicates the proportion of variance explained through the relationship with other variables. The statistical information of the model is as follows:

X*/dfis chi-square to degrees of freedom ratio; GF1 is the goodness of fit index; CFI is comparative fit index. *** denotes P<C0.001.
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A kR T R P, T, F./F, .F,/F,.SPAD .SOD .POD MDA Pro Na* K* Na'/K* &% . & M
RLEE | EORLEE K R R AR 43 iR 0. 3296 .1, 23% 4. 99% .3. 75% .8. 78 % 5. 95% .0. 18% . 1. 43% .0. 29% .
2.19%.3.40% .3.41% .5.98% .8.88% .0.09% .9. 28% .4.89% .4.89% .19.79% .3.50% .2. 74% Fl 4.04% ., H
H, 28 Nat/K* Na® S8 bR A0 E 8, Se il 73X SE 35 AR 7E QS R B STMR FE R i o A6 Th EEER B (ZS) T, % g A AL
FA R 0.15% . 1.58% .2.17% . 5.74% . 1.01% . 4.49% .0.02% .0.90% . 38.82% .0.18% .0.28% .2.58% .
0.40% ,13.91%.0.03% .14.70% . 2.34% .3.17% . 2. 34% . 1. 44% 0. 45% #13.29% . H# ,SPAD Na*/K* |
Na* 48 bR AT 3 i, W T 3k S48 AR 7E ZS T 09 SR B A o ARAE TR R AGE TH B 45 T0OT M 48 bR AN T 45
15 HY I PR A 7 55 0 70 BEAEL % () B 5 B AR 3 IO BE (relative proximity, C,) , 23 SR AL — TOPSIS 44
5R MR AFTR, QS T &AL B AR X I T BE i R BNER S V>V >V >V SV, >V >V >V V>V L ZS
TRV, >V, >V, >V, >V >V >V, >V >V >V B 550 816 22 4568 B8 3847 B 2 53 B, 32 IS
— ZEr RS QS PP AR M KRBN R VSV SV SV SV SV SV VSV SV,
ZS FWEH NV, >V, >V. >V, >V, >V, >V, >V >V, >V ZEAPREN kS 7/EQS F, B 3
ASERGAIE V, VRV TTEZS T LSRG R bR 1Y 34 EKR A Rl 2 v, VL RV (R 5) .

®3 WEFTESTUEMERNESER

Table 3 Results of the entropy method for calculating the weights of various evaluation indicators

PE 48 b THOR A Saline-alkali gradient
Evaluation indicator 1% ER i Mildly saline-alkali (QS) o R B Moderately saline-alkali (ZS)
15 B 15 BAUNE BEEY B 5 BRUNE DEES
Information Information ~ Weight coefficient Information Information Weight coefficient
entropy value  utility value (V,, %) entropy value utility value (V,, %)
B 5 Plant height 0.9998 0. 0002 0.32 0.9997 0.0003 0.15
22 Stem thickness 0.9992 0. 0008 1.23 0.9972 0.0028 1.58
T AR Leaf area 0. 9968 0.0032 4.99 0.9962 0.0038 2.17
bk T4 R Dry matter of per plant 0.9976 0.0024 3.75 0.9900 0.0100 5.74
¥t £ 7 % Net photosynthetic rate (P,) 0.9943 0. 0057 8.78 0.9982 0.0018 1.01
&M ¥ % Transpiration rate (T)) 0.9961 0.0039 5.95 0.9922 0.0078 4.49
PSR FE=RE F/F, 0.9999 0. 0001 0.18 1.0000 0. 0000 0.02
PS I WERRICHRETI F/F, 0.9991 0. 0009 1.43 0.9984 0.0016 0.90
AHXS 2% 2 5 i SPAD 0.9998 0. 0002 0.29 0.9324 0.0676 38.82
ALY B AL R SOD 0.9986 0.0014 2.19 0.9997 0.0003 0.18
it A LB POD 0.9978 0.0022 3.40 0.9995 0. 0005 0.28
M % MDA 0.9978 0.0022 3.41 0.9955 0.0045 2.58
I Z 2 Pro 0. 9961 0.0039 5.98 0. 9993 0. 0007 0.40
Na* 0.9942 0.0058 3.88 0.9758 0.0242 13.91
K* 0.9999 0. 0001 0.09 1. 0000 0. 0000 0.03
Na*/K* 0. 9940 0. 0060 9.28 0.9744 0.0256 14.70
4R Total nitrogen 0.9968 0.0032 4.89 0.9959 0. 0041 2.34
£ Total phosphorus 0.9968 0.0032 4.89 0.9945 0.0055 3.17
28 Total potassium 0.9871 0.0129 19.79 0.9959 0.0041 2.34
TR T Kernel weight 0.9977 0.0023 3.50 0.9975 0.0025 1.44
T4 ki T Hundred-grain weight 0. 9982 0.0018 2.74 0.9992 0.0008 0.45
PR Yield 0.9974 0.0026 4.04 0.9943 0.0057 3.29
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F4 ETFTOPSISZEEM IR R BT E &S R4

Table 4 Adaptation analysis of varieties with different saline-alkali gradients based on comprehensive TOPSIS evaluation

S LB B I Saline-alkali gradient
Variety #% B2 £5 58 Mildly saline-alkali (QS) o £ £ 5, Moderately saline-alkali (ZS)
D’ D, C, HeJF Sort D’ D, C, HeJF Sort

v, 253. 692 22. 644 0. 082 10 137.182 66. 647 0. 327 6
v, 224490 145.104 0. 393 5 172. 868 74. 382 0. 301 7
v, 28. 384 258. 770 0.901 1 58.757 142. 824 0. 709 2
v, 178. 959 93.895 0. 344 6 157.753 33.981 0.177 10
2 92.319 181. 434 0.663 2 70. 901 169. 652 0.705 3
v, 164. 882 108. 060 0. 396 4 147.558 48.007 0. 245 8
\ 214. 819 106. 859 0. 332 7 83.032 112.283 0.575 4
v, 234.166 104. 554 0. 309 8 87.944 113.723 0. 564 5
v, 214. 268 75. 386 0. 260 9 151. 994 44. 420 0. 226 9
Vi 126. 808 146. 005 0.535 3 57.601 157.887 0.733 1

D IEMAIER: D UMEBIER G X INTEE

Note: D;": Positive ideal solution distance; D, : Negative ideal solution distance; C;: Relative proximity.

R5 BETFERSESITMBRE ERGEEE &R FE RS 7

Table 5 Adaptation analysis of varieties with different saline-alkali gradients based on comprehensive principal component

evaluation
fin A R0 BA E Saline-alkali gradient
Variety 1% BE B Mildly saline-alkali (QS) i 4 i Moderately saline-alkali (ZS)
PC1 PC2 4> Score HEFF Sort PC1 PC2 543 Score HEF Sort

\A —1.4011 —0. 8839 —0.57 10 0.9180 —1.5923 —0.04 5
v, —0. 3346 —1.1385 —0.29 8 —1.2373 0.2730 —0.30 9
Vv, 0. 0840 2.0281 0. 36 2 0.3917 0. 5700 0.22 2
vV, —0. 3682 0. 5838 —0.01 6 0. 3430 0.3262 0.16 4
Vv, 1.2385 0.1816 0.40 1 1.0677 —0.5338 0. 20 3
Vi, —0.1208 1.0732 0.14 5 —0.7325 —0.4030 —0.28 8
Vv, 1.4352 —0.9784 0.27 4 —0.1586 —1.1259 —0.26 7
Vy —1.0334 —0.2630 —0. 36 9 —1.7272 0.5723 —0.38 6
Vv, —0. 7450 —0.1072 —0.24 7 —0.1486 —0.0643 —0.05 10
Vi 1.2455 —0.4958 0.29 3 1.2839 1.9779 0.73 1

HEPCL S — E Iy PC2: 58 Lo
Note: PC1: First principal component; PC2: Second principal component.

3 e
3.1 EBMA AR E2R&AEK AL ETRELNGY ®

A T) 3 B A 3 BRI T e 5 R R i Rl S IR B v AR A OCHE R RN AR RIS R T AN ) oK
sty Ao DA 5 DR Y I 28 i R A B A AR BT ) 2 S, ok 56 el e 3 A g 7 2 B A S 3 04 s PP Rk R SRR I i AR A
TR AR SCHEAE Y i 7 R (i R AR A b VL SRR R b BE R BT, I AR IR B R AR, Ve VL I B
B4 AR SR A B e QS R ZS BREE T I8 B e i o SR, MRASUR 25 45 b O JE VM BoAT — 5 19 Jey BR- A, LG vk
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REEE VRN I ME— RS . T4 A A SE TS E PR A S A B bR . UL AR R B B
F 38R (Oryza sativa) A=) 2 7= 5K ARG im0 2R R T H B A 88 gt G388 (P,). F./F,fMF/F,
SR WG Ak TR 0 0 T A BB S, T T AR R AR R R S U R R AR AR
S, SOD 19 0 i 45 S BB A% 000 S W K 32 300 1% ol 388 79 A5 2 5 TR IR, 76 SR B b 38 T, 28 7 O A7 2 T 40 it 9 A
A, 51 R R R R TR K TG 2 SR Ak RS, XoF 400 i 45 F Sl RE T R 05 5 T MDA 2 20 B I 5 4R
Ak B B =), L e I R ST W ) 38 7 36 45 3 N AT B I ot AR AR R Y L R AR B RO R B, R e
30 T KRG I v Na ™ /K 35 TR, R A bR 19 B8 T P R R OB REIR o BT L Na ™ /K2 A7 2k A8 0 1 2k 2 1) ¢
SRR AR e R LR R LI XA R R TR R O E B, AR PR, QSHIE T & P, F/F, .F./F,.
SOD MDA Na' /K" $8#5 R AL 19 £ K A 0 302 Vo Vi Vo Vo Vo Vi T ZS R, 3 32 Vi Ve Vi Vol
Vi Vo
3.2 #Amias AR ERENAS>RREEFE T TH YA

ER B 38 2 4 EOR AR R T SRR BRI R ) T AR AR W B 2 —  (EOR ] K R TR AL T S
Az BB R AE RIS R E B2 R, S S EOUN 3R (A 2R 2R BRI S A TR 58 S AN TR T R
e HL = R RS ETREGE R, A 0k R E R PP A R R IR A A O TR AR R — e R B R
e T K b X 5% 43 B W I A2 AR R BE T, IR RE SR S A E O A R A R R R MK E A
L R A K SRR R R RO e bR o A ISR BT, R OK T i A AR ] S A DR R 25 e ROK A R Y
F B MR R BN EOR S O B D R R T AR IR A R S R AR A R A — L QS M R L E A A
S A BRI TR R R B bR R BRI R SR A B Ve Vo Vo VeV VL T TE ZS TR 43 SR
V,.V,.V,.V,.V,. V..
3.3 FRF R KA eY HARE B S AT

TOPSIS 3 8 a3 718845 05 28 5 PAR A A B 3, S B 5% A B 258 5 VA, 53X — D 125 B A0 37k b B2 it [m] 051 43
HrALRE B — B AR TP R IFMM R B . (A H FASRFR AR 0 BN AEFE 22 5, FEE A8 be Z 8 TC7E B 2017
YT WS W SRR 5 TOPSIS ¥k S &, LI X 24 B As T 28 A PFH ™ . fildn , 22 2% R A
REALTE 5 TOPSIS 5 X4 K A A A BN TR A9 7™ 5 R R B 1 80 A8 ZUIR B0 IF 255 A0, F 90 0
K 400 m®-hm * & FH & 2 200 kg-hm 203, 0] DLS2 B 56 iR 5 R R AE Y 247K W8 TR -5 e 0 AR 1 Y
o BEMEPSRMAUM TOPSIS 454, % /NE (Triticum aestivum) ZEHAE T RMEKXZRAN T EHAE FE
Kpeht TP A Z R B ZERBCECR AR R RCE EE AL T AR AR 2= RCR AR TR R ST 4R
TEAN B, 22 BRI A ER A2 210 kg-hm * A FE Ry 52 M 22 — 5 W2V Z 5 K i 7 o 85000 Ak 35 485 X DA &
1o A BV AR S T 2 A 3 BT (PCA) BB A48 B R A7 W 48 43 BT L 78 & R ITAN O IHD , i 2 9832 F PCA
S AR . BN, 558 WA X 16 A KRR SRR (R ) AR PR SR O B R R RURE RV B A G
it 0 P O A 3 ek R A A AT (PCA) 8546 SEBR ™ S, 0 6 HH A B 77 520 0 1l o s i) 7K R it b o DXL, AR R 5T
KA — TOPSIS #3553 50 B3k AT 285 VR A, 0 28 40 Hb S WS [ 6 K 5 b 7 22 48 B8 38 b T 1 255 A B %
S A (i) 6 B P 458 14 305 1 P 2 R, DT 9 326 14 355 P AS ] 60 B ) 1 34 i
4 it

A5 33 AL — TOPSIS 35 A 3 54 0 T, s T oK S M ZE AN R SR A B8 R i 25 & R L 5T, T % 1

Vi Vi Vo J2 i AL 2 v B2 R BT JEE A 00 38 T R it , e rb VOV 7 e 2 R R 3R BTG, Vo 7 v R R et T
S o X Ay Bl Al A 7 B AR Tt o AR | () N DAy A R i R Bl o O B A T 2%
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