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Abstract: To investigate the role of exogenous selenium in regulating plant tolerance to saline-alkali stress,
alfalfa (Medicago sativa 1..) ‘WL298HQ’ was used as experimental material. Different concentrations of
exogenous selenium were applied during seed germination and seedling stages to explore the effects on seed ger-
mination and physiological characteristics under mixed saline-alkali stress. The results showed that applying
exogenous selenium at concentrations of 0.5, 1, and 2 mmol-1.~" significantly promoted the germination of
WL298HQ seeds under stress. The most pronounced promoting effect on seed germination was observed at
0.5 mmol-L~". Comprehensive analysis of various physiological indicators at the seedling stage revealed that
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2 mmol-L™" exogenous selenium effectively alleviated the physiological damage caused by mixed saline-alkali
stress to alfalfa seedlings. Mixed saline-alkali stress significantly inhibited the antioxidant capacity and increased
cell membrane permeability of alfalfa. However, exogenous selenium application under mixed saline-alkali
stress promoted plant growth, reduced the degree of membrane lipid peroxidation, and simultaneously enhanced

the activities of various antioxidant enzymes in the leaves.
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Table 1 Concentration of seed germination treatment solution 1.3.1 #FH & #Amn g  WL29SHQ' Fl F 15 &

Qb B WS e
Treatment solution Treatment group

K CK
0.5 mmol-L ' Se (FA A 4b 3 ) T1
1.0 mmol-1. " Se (Bl Al b B ) T2
2.0 mmol-L~" Se (B A b 31 T3
4.0 mmol-L ™" Se (B filf b 3 T4
8.0 mmol-L ' Se (PRl b 3 ) T5
120 mmol- L~ R4 £h % CK1
120 mmol- L~ R4+ 0.5 mmol- L' Se T7
120 mmol- L~ 'R A3 &6k +1.0 mmol- L~ " Se TS
120 mmol-L "R A#hE +2.0 mmol-L ' Se T9
120 mmol- L~ "R A 6% +4.0 mmol- L' Se T10
120 mmol-L~ "R & #58 +8.0 mmol-L™" Se T11

RIERM I OB GHES N 18 ecm Tk,
FoR R A R A H R 30 1 1Y EL AR A ok 3
Ji , B 7% 5 LT 640 g K5 WL29SHQ' #7115
S] R TR R A S T B R
N TABERFREITH—H 9% MkmE KR 10 cm
B (220 ), B KB —Buw gh i 2R T IR & 4
i Jolp 360 Ak B ) AR A A A B A VR 3% Na,SeOs
O Hr gD Hl 2 . R0 IE R A7 W3 + 2% i b 11 3
U, A FRRT I 2 S K 750, BERE 3 d #E AT —
UKL B8 B8 — T 5% W BE AT Be v o 301, A UK U E R
B4 400 mL o B30+ 92 A 58 B0 #EAT 45 TUEE B
MAE . 2% b FRZH 42 2 fr s o
2 WHULERRE

Table 2 Concentration of treatment solution during the seed-

ling stage
BUBLING Ab 321
Treatment solution Treatment group
ZEIRK CK
0.5 mmol- L~ Se (¥ fif§ 4b F1 ) S1
1.0 mmol- 1.~ ! Se (Bl i 4zb 2 S2
2.0 mmol- L~ Se (¥ fifg 4b 21 S3
4.0 mmol- L' Se (Ffuplt i b B ) S4
8.0 mmol« L ™" Se (& i 4b # ) S5
120 mmol- L~ 1R A 2 ik N
120 mmol-L™ R4 K +0.5 mmol - L' Se NSl
120 mmol- L™ R A# ik +1.0 mmol-L ™' Se NS2
120 mmol- L~ "EA 5+ 2.0 mmol- L' Se NS3
120 mmol-L "R & #h# +4.0 mmol-L ' Se NS4
120 mmol-L~ "R A #5058+ 8.0 mmol- L' Se NS5

T AN A O 8.0 mmol- LV B T AR T, R
BEAT B o A7
Note: Since all seedlings died at an exogenous selenium concen-

tration of 8. 0 mmol-L ', this group was excluded from data analysis

5 GO AR A I o o A 30 R ) E AT 0N, 3% H g
SR B SR ML b 0 E R R 2R R T UL A A
AR50 & S8 (HE R ZEH R R R
TREE 14880 I E MR K SRR,
1.3.2 A massmn g SHHERNE . K
SR E B AEEOE G R RAL S M
CO, ¥ JiE L) B 75 ¥ 3 2% CR T GF-3100 8 5 20t &
YERMSGET T D .

e Ra g EDDMAMSZESTHERH
Arnon' 3R (14 5 B AT A2

JE i 3t S AR I S < AH X L 2 38 (Relative conduc-
tivity, REC) HI Hy § AL 5 I K 4l 2 X L=S1/
S2X100% it %4 . i if N = [ (malondialdehyde,
MDA & 1 53 Hr K PEAR k38 2508 T A vh i AR s
PR, 7 WS A0 I R B 543, 45 T MDA SR BF Ak i BT
1 Ak, R B B L 2 R vk AT I

S AR T PRI E - W38 AR RS WO WL298HQ'
R AR A, 37 BT IR 2 YROF R AEAE —80°CTH L
T A B SR A R SRR B A4 AR T W AL
(Superoxide dismutase, SOD)"* i 48 1k ) i (Per-
oxidase, POD)"™" i & fk & i (Catalase, CAT)"™ |
45 b H KA JEU R ( Glutathione reductase, GR)™7)

1.4 Zitah

BOAE 88 1 B B 3 Bl A Microsoft Excel
2016, 2 & /1 Origin 2022 5¢ i , # F} SPSS 26. 0 i
180 A 207 22 73 B CANOV A FIl 3 4343 b, Il
it Duncan 35 #4172 5 LA, DLSS 8 G it o i PR AR
b, 45 R 3R - £ hR R (SED .

2 ER54HMH

2.1 HFE B E-SNEME T WL298HQ' # F 8 & By
85 1E

M2 30, 5 CK A L, R A S5 5 bk 36 0 B
Jiti 0 A0 PTG LA S TR A k- A1 TG XoF ol i %
AT —E W B B AT Ah R AN AL B AR
0.5~4 mmol- L™l ¥ B ¥ 4b ¥R, GP, GE, GI fil
VIFEAS 5 56 T i I B I 0 o 5 5 > A1 T Tt ok J32 36 )
8 mmol-L I}, & ZF 545 SC AR bR 1 A 0 8
RN (P<<0.05) o 5 Bl TR A 0 5 36 A L, it
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0.5 mmol-L "1 mmol-L""F1 2 mmol- L") ZM 5 A
Jo IR A R T A WL298HQ Ff F 1) & 2F &K
T oEFEXES B 4 mmol- L ' F 8 mmol- 1. ' 4ME
Al g BT, WL298HQ' R 1 B9 & 2F 3 22 S 1k 1 3%
(P<<0.05),

H— S PE AR AR R, WL298HQ' Fh 7 (1 & 2

i B30 5 R RO M AR A BE R B BT B T S
RAARG , >4 ARG v 2 S T2( 1 mmol- L~ DB & 248
e, o 94,40, FEIR G EROMN A T, A0 U5 vk
o B Kb B[ B 5 5 0 ) A AR S R S A e R A
=, M JE AR e BE K T7C0. 5 mmol- LD E 148 %k
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£3 EHEE-SMNEER WL29SHQ' Fh FHi & K 2210

Table 3 Effect of salt-alkali stress and exogenous selenium on the seed germination of ‘ WL298HQ’

Ab T 2H KA R REFAREL ILAE R

Treatment Germination percentage (GP) /% Germination energy (GE) /% Germination index (GI) Vigor index (V1)
CK 85.25+1.11° 84.5041.19" 81.97+1.11° 33.0941.15"
T1 94.0041.78" 93.254-1.93" 91.4542.14" 44.8444.18"
T2 97.004-0.58" 96.7540.75" 94.404-0.64° 50.564-4.11°
T3 92.2541.70° 92.2541.70" 88.4640.88" 29.3041.93"
T4 94.254-1.80° 94.0041.96° 82.9041.43° 13.06 4 1.39°
T5 53.254-1.55° 53.254-1.55° 34.2741.62¢ 0.00-£0.00
CK1 43.50=42.00" 42.754-1.89 16.184-1.95¢ 0.6640.06"
T7 48.0041.22% 47.7541.03 19.1040.58° 1.03£0.41¢
T8 45.5042.33" 44.504-1.66" 16.924-0.90¢ 0.704=0.06"
T9 49.754-1.44% 43.50+2.25¢ 14.964+1.07" 0.00-0.00
T10 20.254-2.14° 20.254-2.14° 6.814-0.72¢ 0.00-£0.00
T11 8.00+£2.31" 19.75+2.10° 5.504-0.37¢ 0.00-£0.00

T [ESUAS [ /NG 5B 3R 22 53 Wik 3% (P<<0. 05)

Note: Different lowercase letters in the same column indicate significant differences (P<20. 05)

2.2 HmEAE- MR EILERE WL29SHQ' &
HA 4 18 A L IB AR R D
2.2.1 AW -9 RS WL298HQ vt K vt 4
FAHEONELE  WEFTR, B— M IR AL P
LR a MR b MM AR R R
MRS T A A B v BE B 5 5 T S R AR R
FoOH A S2AF (]I mmol- L D P MRS &K
w, H5 CK G 35 25 5, Ul VA TR & £6 A b 38
Jiti Jon A1 G X - S 2R A B BTGt 3 R )

AP HTE  WL29SHQ £33 120 mmol- L "AY IR
B R A S MR R T R CK 2 T R,
L i AS [ v B 9 A U5 b 3L ), F Bt S R a0
ZEDMBM GRS RDE . RAEHRBEME
T W 2 A it 0 AS [ e B Y A0 R A A B S i
2 a Mg ER b HLE ISR & B 400 L BT A R
Jip 301 A 3 CON 6 Ak 3D 3545 R [R) R B A 4 o, 24 TR
TR S JEAR VR BE R NS 3 Ah BRI I 4% 2K 4 4o B
SRR g R a R b S H B
W N B A Kb R OZH B K 49.34%, 91.24% AN
59.48%6 , ik FNWEAA o (A5 VE B A, X M R0 vk i
FEFFZE 4 mmol- L' (NS4 &b B4 B, 45 100 4 % 45

b 5 B — IR A £ e 0 Ah BE 2 1) R BB GE o 22
S, 3K S R R R B AR A TR A R a8 T
SRFEY A R R B R R AR . R
TG 2 1 5% fft 2800 A B S 1) R R (L BB S NS 3 ik
JE 5 LA AR 52 300 e

2.2.2 HBMEE -SSR AT WL29SHQ *F A A4k
R A %em 820 LG, B0 R 6
We B Y AN TR AR, C WL298HQ' Y Pn. Tr 1 Gs # %%
T CK HE 7R 5 3% M7 N B i #a #, CL &t Tt e B 1
M A BRI R N AS R v BE 9 A1 VR B
S5 L BE 2 T BE (0, NST A NS2 ot 4 R i 3
BT N e A B CP<<0.05) , 3 iiF 43 % 61.93%
M 92.11%, NS2 ¥ Ot & M % & & , ik 12.33
pmol-m *+s ' CO,o Xt B AN A X ' & 1 F Y £
PEVE B A e B AP, NS TR NS2 &b B 1Y 40 Y5 Al
W BE X % i TR G R 0B 30 B 52w B o AR
NS1~NS4 fig[a] CO, ¥ FZ 5 N 8 4 B X L 22 5 A
3 M NSTALFE T 78 1 M R MR AL S AT
N 36 42b B3 50 w5 106, 09 % M1 51.54% . XM
AT 38 35 98 1 AL T R ok R T IR A AR sl
‘WL298HQ' e & 1EH o
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Fig. 1 Effects of exogenous selenium on (A) chlorophyll a content, (B) chlorophyll b content, and (C) total chlorophyll content

in WL298HQ leaves under mixed saline-alkali stress

W CK R ZEMK A3 ;ST 0.5 mmoleL ' Se; S22 1.0 mmolsL ' Se;S3 4 2. 0 mmol-L. ! Se;S4 k4. 0 mmolsL. ' Se; N i 120 mmol-L. HRE &
R ; NS1 K 120 mmolL RS E 0. 5 mmolL. ' Se; NS2 %y 120 mmol-L. “EA #h %+ 1. 0 mmol-L. ' Se; NS3 4 120 mmol-L 'R 4 £k i

+2.0mmolL. ' Se; NS4 4 120 mmol-L. "R & +4. 0 mmol-L. 'Se.

Note: CK is distilled water treatment; S1is 0.5

120 mmol-L.” ! mixed salt-alkali stress; NS1 is 120 mmol-l.~

stress+ 1. 0 mmolsL. ! Se; NS3 is 120 mmol-L ! mixed salt-alkali stress+2.0 mmol-L. ' Se; NS4 is 120 mmol-L.~

" mixed salt-alkali stress+0. 5 mmolel.~

INE SRR 2 5 i 3 (P<<0.05)
5 mmolel. ! Se; S2is 1. 0 mmolel. ! Se; S3is 2.0 mmolL. ! Se; S4 is 4.0 mmolL."! Se; N is

!'Se; NS2is 120 mmol-L. ! mixed salt-alkali

! mixed salt-alkali stress—+

4.0 mmol-L ' Se. Different lowercase letters indicate statistically significant differences (P<C0. 05)

2.2.3 ARG -SNR S AT CWL298HQ v A B fg
TR Frm B3 W MU NS [ B Y S
fiff J5 , S1~S4 4b B X%} WL298HQ' M A Y REC Al
MDA & A AR 52, HI7E S2 4 BRI A%,

(AR SR = CK, 20 B TH T 39. 52 % F18. 56 Y., 1RA
RN E R, WL298HQ' M | I i 1 48 Ak Bt & A~ [+
R RE SIMIEATG ) R I AN R AR BE A AR 4, H I HE NS3
Ab BT R P R AR R, 43 R 23. 98 %46 1 30. 41 %%,

2.2.4  #HAphiE -SSR AS A WL298HQ *t K A
B &M Hon B4R T S in S R v BE Y
A0 U5 A0 TR A 8 8010 38 TR it A [ Wk B A R A0 X
‘WL298HQ' M Jy $it E AL B 1 P 2l . MR T
CK, B 7t i AS [R] v B 0 SR A J5 L WL298HQ’
- POD .SOD Ml GR & M 44k I 2 5 T J5 BRI

ka3, HTE S4 b 3R 38 B B I, 4 5 Lk CK %
ik 7 10.71%,13.99%,58.88% .

5 N Wrad ab FEAH b, FE IR G S E T B A
AN [A] e B Ah J5A 0 s i, WL298HQ H i CAT .,
POD 1 SOD 7% 11 % A 1 5 31 5 T 55 )5 BRI il 28 1k
L, NS1~NS3 4k 2 J5 () CAT, POD, SOD i 14
A FEE2E S HHEAE NSRG4 2 mmol-L- )
Wik 3 0 , CAT . POD . SOD &t 4 9 I+ T
45.06% ,26.92% ,10.10% . ifi GR %, U #E NS3
FF A A N A B b R A R 9. 79 %6
W, A U G R FH 25 FR R 52 e A 0 B 4R AL B AR AL
il U H R TE B VR T, AT LA SR TR A £ A e
™ WL298HQ M- 1 A 470 48 Ak i 9 1% M, 5 B L AE TR
SN I SER NS R =R AR R
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Fig. 2 Effects of exogenous selenium on (A) net photosynthetic rate, (B) transpiration rate, (C) intercellular CO. concentra-

tion, and (D) stomatal conductance in WL298HQ leaves under mixed saline-alkali stress
W CK R ZE KA ;S1 /0.5 mmol-L ' Se;S2H 1.0 mmol+-L ! Se;S3H 2.0 mmol-L ! Se;S4/ 4.0 mmol-L ! Se; N 120 mmol-L !
IRAER B NST R 120 mmol- L RA R 0. 5 mmol- L~ Se;NS2 24 120 mmol- L' A 355 + 1. 0 mmol- L' Se;NS3 4 120 mmol- L' i
A +2. 0 mmol- L' Se; NS4 120 mmol-L R A#: 5 +4. 0 mmol- L' Se. /NG 7R R 22 57 3% (P<C0. 05)

Note: CK is distilled water treatment; S1is 0.5 mmol-L ' Se; S2is 1.0 mmol-L ' Se; S3is 2.0 mmol-L ' Se; S4is 4.0 mmol-L ' Se; N is

120 mmol-L ! mixed salt-alkali stress; NS1 is 120 mmol-L ! mixed salt-alkali stress+0.5 mmol-L ! Se; NS2 is 120 mmol-L

! mixed salt-

alkali stress+ 1.0 mmol+-L ! Se; NS3 is 120 mmol-L ! mixed salt-alkali stress+2.0 mmol-L ! Se; NS4 is 120 mmol-L. ! mixed salt-alkali

stress+4. 0 mmol- L' Se. Different lowercase letters indicate statistically significant differences (P<0.05)

2.3 EhEMMHE-SMEE T WL29SHQ £ B £ S
B ER S DT REEEN

SR FH 3 B 43 43 M 2k R S T oR B0 AT 3 F A 41
TG Xk 22 0 6 Bk 36 1 % i R (R 4 R 5) . FIH
SPSS B A XF 25 A 46 br 09 S5 b K08 #E AT B v Ak Ab
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Fig. 3 Effects of exogenous selenium on (A) relative electrical conductivity and (B) malondialdehyde content in WL.298HQ

CK S1 S2 S3 S4 N NSINS2NS3NS4
Ab P Treatment

leaves under mixed saline-alkali stress
W CK R 288K b #5819 0.5 mmol- L' Se;S2 4 1.0 mmol-L ' Se; S34 2.0 mmol+L ' Se;S4 4 4.0 mmol-L ' Se; N 4 120 mmol-L !
TR AR ; NST 4 120 mmol- L' IR A #6i+0. 5 mmol-L ! Se; NS2 24 120 mmol- L™ EA K+ 1. 0 mmol-L ' Se;NS3 Jy 120 mmol- L~ 'R
AR +2. 0 mmol- 1! Se; NS4 24 120 mmol- L~ R4 888 +4. 0 mmol- L' Se, /NG TR R 22 5 1 % (P<<0. 05)
Note: CK is distilled water treatment; S1is 0.5 mmol-L ' Se; S21is 1.0 mmol-L ' Se; S31is 2.0 mmol-L ! Se; S4is 4.0 mmol-L ' Se; N is

1

120 mmol-L ™" mixed salt-alkali stress; NS1 is 120 mmol-L ™! mixed salt-alkali stress+0.5 mmol-L™" Se; NS2 is 120 mmol-L ™" mixed salt-

alkali stress+ 1.0 mmol-L ™' Se; NS3 is 120 mmol-L ! mixed salt-alkali stress+2.0 mmol-L ' Se; NS4 is 120 mmol-L ' mixed salt-alkali

stress+4. 0 mmol-L ! Se. Different lowercase letters indicate statistically significant differences (P<0. 05)

3 it

b 43 W 300 38 S B LA P B LR A AR S 0 A 3
IR o A R, SR A K R
J b R ™ B o AL T R A S EI
IR Ay W A L 35 43 S i R AR 5 2 A 7 A S | ) B )
555 AH Y0 BT M L DT U™ o PRI, AE AR AR Ak
A 5 SR AT RS2 1 & R S e X TR FEVE Y
7 R T A G E Y AR e e R Y I
5B T AR P R T B 4 Y AT AT P iR
0T 2 R LA 2 i 2 R AR S AR ARk aa i
AT RO, B A B B A e B R A R 1 AT Y
D7 1) o X6 A A K 11 R T A 0 T DT R 1
TR A I R RV P B T G R o A
HEAE A T R S R EOE R B 1
EROR IR BT b, A1 AT Ak B 2N 22 L AR BT R AL B
HF I B 0 A AL A, G i R S R A
22 SRR AR L AR 56 b IR A R W a0 Xt
‘WL298HQ' Fi 1 1 & K i # A K 1 L4247 , 5% i)
TOAEE A B E B, WO AR AR
WS R 9 X WL298HQ 1 W] & 2 548 A L 1T 4
A AR DL R A B R 1 45 T TR B — 2 1Y 2% AR
FH ARG fin 3 oo v B 0 A S o L AR R X S R
B T 5% 45 AL

FEFNF W RPN IR R b, & ZE SR AR N R Tl &
EIESYIUNER NS E i TN kA .y s R X N
B BE , e 2 A 2o A ek ) A vh R 2R R ORI AG
Fi =7 AR 2E 06 1 K7 16 1 46 SO0 25 I B gl i R
K5 MY RE™  EFERNE, & FRE
X — 2 Bk % 2 55 s i A ) il b R G Rl T & F
R B WY ARG, 7R A SR T
B 5 A1 V5 AT v B S, W R G EE TR AR B R
Rk, Uk B 1 A B 1 A TR 2 5 | A A 9 119 98 3 T 3 R
BT HE @ mmol- L), 8 WL298HQ #f + &
R, AL A B i R, BRI R 2R R
1117 35 ‘L e R 1% AR U] 8 % A SR U WL298HQ'
P BB &, 3878 T AR 307 0 R 2 R

I VR ¥ B AR RGN AR S I, <k
B4 A AR ORUR [ R HE S T AR B
SR W) TE £ 38 45 1 T B8 05 4t H5 40 i 1 S AL 8 R
S 2 T U R R 3R A B T R e, FL
2 2RO A VE T 75 1, T & 5 ) PR AR A
YAEER W E R AR I A R AR S
T, WL298HQ’ 1 I £ 28 % 1t 28 b 1 Wi b R AE 1
W30 55 2 Al AR < TR A R B T 3O B SRR AR
I it N 0. 5~2 mmol = L & &1 JE Al 0] 52 2R i v i A
T 9 R 2 O, 2 W R R I A BE A S e
381 S M4 2 WA . AR Tholen 28075 5¢ 4



%58 1) 1R Tk B S < AR X VRS B R B A0 T 5 K 1 A W R B U A IR 1 5 2967
A B
~ 800
80
= Z
& a = ab 2
ﬁg 6 ab I 2 F 600 ab l I
< v oo bed abe
H\'E_ on be pae
Eo be g2 cd
/< 40 K2 400
Nz 2z
K ik
) "Jg 200 F
z E
< 2
U 1 1 1 1 g O 111 1 1 111
CK S1 S2 S3 S4 N NSINS2NS3NS4 CK S1 S2 S3 S4 N NSI1NS2 NS3 NS4
KbPH Treatment Kb PH Treatment
C D
150 - 04 r
a
a a
bed ab o L o 03 b l
= cd be

lOO-I

AT AL 1
3

Superoxide dismutase activity/(U-g'FW)

CK SlI

1 1 1 1
S2 S3 S4 N NSI1NS2 NS3 NS4
Kb T Treatment

be

(umol-min~!-g'FW)
(=)
|38

AR H TR S5t

Glutathione reductase activity/

S2 S3 S4 N NSI NS2 NS3 NS4
Kb B Treatment

CK S1

B4 SMEWEXESHEBET WL298HQ /M & (A)CAT 14, (B)POD iEHE, (C)SOD iE %, (D) GRFE M N
Fig.4 Effects of exogenous selenium on (A) CAT activity, (B) POD activity, (C) SOD activity, and (D) GR activity in

WL298HQ leaves under mixed saline-alkali stress
W CK R 288K b #5819 0.5 mmol- L' Se;S2 4 1.0 mmol- L' Se; S34 2.0 mmol+L ' Se;S4 4 4.0 mmol+L ' Se; N 24 120 mmol-L !
TR A R NS 2 120 mmol-L MR A 5% +0. 5 mmol- L' Se;NS2 Jy 120 mmol-L 'JE & £h i +1. 0 mmol-L ' Se;NS3 24 120 mmol- L~ iR
AR +2. 0 mmol- L' Se; NS4 24 120 mmol- L~ SR A6 +4. 0 mmol- L' Se. /NG FhEF /R 2 % 1 ¥ (P<0. 05)

Note: CK is distilled water treatment; S1is 0.5 mmol-L ™' Se; S21is 1.0 mmol-L ' Se; S3is 2. 0 mmol-L ' Se; S4is 4.0 mmol-L ™' Se; N is

120 mmol-L~" mixed salt-alkali stress; NS1 is 120 mmol-L ™!

mixed salt-alkali stress=0.5 mmol-L ™' Se; NS2 is 120 mmol-L ' mixed salt-

alkali stress+ 1.0 mmol-L ™' Se; NS3 is 120 mmol-L ' mixed salt-alkali stress+2.0 mmol-L ' Se; NS4 is 120 mmol-L ' mixed salt-alkali

stress+4. 0 mmol-L ' Se. Different lowercase letters indicate statistically significant differences (P<0. 05)
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Table 4 Principal component analysis and contribution rates
EfEE 2N Fsr1 T2 T3
Index Principal component 1 Principal component 2 Principal component 3
ol % Net photosynthetic rate 0.074 0.951 0.092
7% ¥ 3 % Transpiration rate 0.104 0.972 0.076
Mg lE] CO, ¥k Intercellular CO, concentration —0.047 —0.832 —0.377
FALF % Stomatal conductance 0.052 0.978 0.064
4% 2% a Chlorophyll a 0.569 0.331 0.328
m2¢ % b Chlorophyll b 0.673 —0.091 0.625
JI44% Total chlorophyll 0.481 0.030 0.783
1 S AL AU Catalase 0.170 0.304 0.843
i A AL P Peroxidase —0.155 —0.722 0.511
i E ALY AL i Superoxide dismutase —0.809 —0.537 0.061
2 B H KL JEE Gglutathione reductase 0.966 —0.02 0.207
AT HL 5 % Relative conductivity 0.961 0.082 0.147
N ¥ Malondialdehyde 0.968 0.016 0.187
1k % Contribution/ % 47.510 28.405 11.813
FIT BTk Cumulative contribution/ %4 34.837 69.668 87.727

£S5 BERBRSERNEREIBEDERESITEN

Table 5 Comprehensive indicators, weights, membership function values, D values, and comprehensive evaluations for each

treatment
IS D i GETH
Treatment X, #X) D value Comprehensive evaluation

CK 1.15 —2.22 —0.28 0.88 0 0.33 0.52 6

S1 0.56 —0.72 1.07 0.68 0.40 0.71 0.59 3

S2 0.20 0.08 —0.62 0.55 0.62 0.24 0.53 5

S3 —1.00 0.27 —1.47 0.14 0.67 0 0.29 9

S4 —1.38 —0.46 —0.82 0 0.47 0.18 0.18 10

N —1.21 0.18 2.11 0.06 0.64 1 0.38 8
NS1 0.14 0.38 0.12 0.53 0.70 0.45 0.57 4
NS2 0.63 0.88 0.17 0.70 0.83 0.46 0.71 2
NS3 1.49 1.51 —0.24 1 1 0.35 0.91 1
NS4 —0.58 0.11 —0.04 0.28 0.62 0.40 0.41 7

HLHE Weight 0.542 0.324 0.135

bR JFRE 1, A AT T CWL298HQ™ X 1 4 4
(ROS) 785 BR &R, 25 117 55 £k 7 HE 400 %8 0 10 T 5 ik
P, 8 B AT LA A ) O AR A A R g (A R
Tl 7 A 3 Sk ST S5 D IR Tl T A TR R S Can
PUIR IR A e H ORI 193 2546 & 1) 19 & 1, 18 5 A
IR R AT 4

) 7 T A7 390 5% 3 1), 24 95 PR R (ROSO 9 4=
L 3 PR R G R RS B ik A ik
AL B Y T T (MDA S5 E 0 =
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SE B MR SRR JE A R AR Ik & B ) U ik AR
5 T AN R R B E AR MDA i REC DL 5 5 458 4

45 S AR IR S, MDA FI REC 1 S A 5 5t 52 B 1
5S8R R ORI R D HR A L KO bR R
AP AE 38 T AR o R R R A i RS2 i
BRI . AR IR b, WL298HQ' 52 £ IR & $h i i
5, MDA % i fl REC Xt b CK 2 3 - Ft, i A3
1l Ak B2 F) MDA 57 8 FIAH X HL 52 R 38 e TR A 6 il
360 2 B SR B IR S AR R AT 38 BT BR ROS S
Tl BE 0T 4o A1k i 2 A 30 RS 0 R RS 45 A 1 1

4 #Hig
RIS DL 15 WL298HQ i #t kL, BF 5%

T ORI B B AMIEAR X 120 mmol- L™ YR A b 5l B0
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