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Abstract: To elucidate the adaptive capacity of Cyperus esculentus to salt-alkali stress and clarify the synergistic
effects of salt and alkali, a two-factor completely randomized design was employed using ‘Zhongyousha 1’ as
the test material. Compound salt-alkali stress was imposed using six salt gradients (0, 100, 150, 200, 250,
and 300 mmol-L ' Na') and three alkali gradients (pH 7.0, 8.5, and 10.0). Seed germination, seedling
growth, leaf osmolytes, and antioxidant parameters were determined under these conditions. The results
showed that germination percentage, fresh weight, and seedling length decreased significantly with increasing
salt stress (P<C0.05). Notably, the lethal salt threshold under strong alkali conditions (250 mmol-1.7") was
lower than that in neutral and weak alkali environments (300 mmol-1.""). With intensifying stress, seedlings
mitigated damage by accumulating proline, soluble sugars, and soluble proteins for osmotic adjustment, and by
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enhancing peroxidase and catalase activities. In conclusion, Cyperus esculentus adapted to salt-alkali stress by
regulating osmotic and antioxidant capacities; however, excessive salt and alkali levels exceed its tolerance
threshold, causing irreversible damage. These findings provide a scientific basis for promoting the cultivation of
Cyperus esculentus in saline-alkali lands in Xinjiang.
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1.1 R

B ah A8 AR 15, i AO B B
TRV W) 0T 5 B S 43 o 2 5 SWURL AL 3 R /N — |
TEALBE A5 TC & R S BUIR 19 Fh o 28 520 NaClO
WRCIE 75 10 min J5 , 25 B 7K sh ot 3 IR KT 4%
Ao 6 e B F A T R S i (447207 N,
88°30" E), 14 - S PEAL 1k it W3 1.

F1 TEBAMER
Table 1 Soil physical and chemical properties

B A A AL AL AHLET o
Alkaline nitrogen/ (mg-kg ') Available phosphorus/ (mg-kg ') Available potassium/ (mg-kg ') Organic matter/ (g-kg ') E
153.27 38.3 70.18 25.1 7.48

1.2 K&t

A3 5 SR P R 8 A B ALK 56 15,
Na' ¥ &% & 6 17K F:00S),100(S),150(S,),
200(S,), 250(S) 1 300(S ) mmol- L3 & & 34 pH
K 7.0CA), 8. 5CAD F10. 0CA,) , I 184~ kb 3
(%2, RIEFH NaCl,NaHCO; #1 Na,CO-FZ FE /K He

(G R L TE A ) ER B B2 L 4% pH FE O mmol-L !
Na " 4b B4 R FH KOH 795 .

W B 7 284K IR M 48 h R, e B8 B Al AT W2
YhA S SR LR, R0 7 LB IR A . AR AL B R
SAHEE ,HATEE T S0ORFF . KRR R
116 h/8 h(Jg /1), JE B3 & 52 pmol-m 2.5 !, i
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Table 2 Salts composition, molar ratio, Na™ concentration and pH of solutions for mixed salt-alkali treatment

Ab 3 £ 73 21 BLRIEE /K L Salt composition and molar ratio N .
Na"/(mmol-L™ pH
Treatment NaCl NaHCO, Na,CO,

AsS, 0 0 0 0 7.02
AS, 1 0 0 100 7.01
AS, 1 0 0 150 7.01
ASs 1 0 0 200 7.01
AS, 1 0 0 250 7.02
AS: 1 0 0 300 7.01
ASS, 0 0 0 0 8.50
AS, 69 67 1 100 8.51
ASS, 69 67 1 150 8.50
AS, 69 67 1 200 8.52
AS, 69 67 1 250 8.51
AS. 69 67 1 300 8.52
ALS, 0 0 0 0 10.03
AS, 4 2 1 100 10.04
AS, 4 2 1 150 10.03
ALS, 4 2 1 200 10.04
ALS, 4 2 1 250 10.05
AS. 4 2 1 300 10.05

J& 35 °C, MGV 80961 g K 46 1) A RV I
WA, DA Re R B 1H |, I 58 e SR T & 2R 8
o RAFRB AT WG 0 & R T o SR Ak & 9
BEECETEHAA 20 em, FHEA 14 em, @& 17 eco)
F R R BN A s 50 48, A9 2006 3T 3 kg,
W B T EIR SR IR DB/ ROREE R 30°C/25°C, it
[ >4 14 h/10 h, {& B 75%"% . AP 10 42, 4
T 3R o EKREUE S H AR ER MR 1/2 Hoa-
gland 5 72 1 Ly WS 45 3 d PEME 26 487K 500 mL , fifi
B K A AR AT . a4 B 25 d L R
)T I AH G A FRAE A

1.3 WEERMTTE
1.3.1 A58 R4Fn R ILIEST 10 d, AR
2 d JF R B K8 B E S B K 2R & i Kk 2F Rl T AR
CUAMR 25 9 Wb e O & 2R A ) o 28 5 d 1Y & 28 Fb
F OB & ZFEH (Germination potential, GPO) ;25
10 d e it & 2F % (Germination percentage, GPE) , 1T
B % ZEFE B (Germination index, GI) FlAH %} £h 92 %
(Related salt damage rate, SDR),A=UNTF .
GPO =(N;/N )X 100%
GPE =(N,,/N )X 100%
GI=X(N,/D,)
SDR =(GPE.— GPE,)/GPE, X 100%
2, Ns, Ny MENG3 J30 32 78 55 5,10 itz d B

R H N R R 7 S8, DR R i Kk R EL,
GPE R X JALRD A S Ab B (1 % 2F %, GPE, %R
E UL R

R ZFIRE A 10 d, 76 A b B3 b BE L 18 Bk A
R R R E 284 (Bud length, BLOFIAER K
(Adventitious roots length, ARL) , i1 54 2 b (Adven-
titious roots length/Bud length,R/B), A1 R«

R/B=ARL/BL

1.3.2 ¥ A KA BArnE ki 25d
S A b FR A AL 2 B3 4, RO £ 1 K (Seed-
ling length, SL) AR K (Root length, RL) , ¥4+
JU 250 (Stem diameter, SD) ., R4l i )5 75 vk
PR AR e A, S BR B Il V5 40 1 A bk fF 85 (Fresh
weight, FW) , i B FHUAR 85°CHLT 40 &, FR s M Ak
T H (Dry weight, DW) . 53 FHLER 3 4L, & 2 0L 2 #k
A BUW AR RAE S A= B BTAE af o IBORE I 5 JC 5
Oy JEIFHITHBERT  FRELZY 1. 0 g BEFE U & TR AT
BV, S5 T —80°C UK A8 v Rl o W %5 4 W
(Soluble sugar, SS) & & F B L k0 |, T % 4%
i H (Soluble protein, SP) & & H 2% 5 7 5% ¥ 7%
N A AL E U (Catalase, CAT) Gt E AL Wi (Per-
oxidase, POD) | # % 1k ¥ B fk [ (Superoxide dis-
mutase, SOD) i 4 1 il & 2 (Proline, Pro) & & % ]
IS 0L R A BR 2 ) A= 7 g A ) a5 &)
ENY T T (Malondialdehyde , MDA) 5 5 5% F R &
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Xl Microsoft Excel 2020 #E1 78 #4011, iz
FISPSS27. OGEiH 4T AT Rl 19 XK 2807 22 23 #r Fl
Duncan £ # 4 ; R Origin 2024 31443647 5 10543
BRI R B 25 [ B 3z 1 R 2R b (Pearson) AH OGP 43
BRI P S RN AR K AR BRAE AR AT AR DG 40 #7 -

2 HRESH

2.1 HWEHENHTEMFHENZD

2.1.1 #HmppriastmF e FRFSH AFHRE L
FagaAeAast EER G Y HR I, LA
Jip 0 R = A8 HO U R R SR R R R
TR ECFN AR R R IR B 3520 (P<<0. 05) . 7E S,
S\HIS, 5E R, & 2 H bt pH AE TH s 5 S TH S B #4
PFON MM R ZERI B E R T AL, S K

T ALK BEAY K 2R R T AGKL B T AE SRS, S
LA EACT AL EE . FE SRS AR L &
RSB pH A 1) LT, RBEARE . W — Na ik
TR ZFRMR AR EME pHAE M BT, BT R A
ot AT 1 i B4, A X 3h 3 22 B pH (A Y B T, & JE AR
JEFtm R, F—pHE T, R R RFERMK
SRR Na Wiy T, R 3 . R T
Aoy AFIAL 58 T 7E SOAb BRI B 85 16 AcSE T
F S BN 0,78 A SAE T N STFURIE R 0,78 A, 55 1F
TS FFIERE R 0. 7 Ao, AVFTALSHET , R HEZ
TE S BF B A%, B8 So 43 B EAR T 45. 206,42, 22% Fl
54.87% o TE Ao, AVHTALZKIE T, R ZEHE B0 TE S, i
B, 88 S 4 WIFEAR T 74.07% ,76.93% #184.02% .,
[l — pH{E T, B Na' ¥ BE (9 L 7, A 46 5 R 2 5t
1R B, ALS, A I A R Eh R e, O 49. 2897,
ALS, B AR F AR AR, R —23.25%, 16 Ay, A
A R, S A LT S A X R B R T
45.28%,51.95% F61.74% A, P m &% .

x3 HEMPEMNBTEMTFRFE LFX RFEHMENEFT XM
Table 3 Effects of saline-alkali stress on GPO,GPE,GI and SDR of Cyperus esculentus tubers

Ak 3t R R RAFTEEL PO
Treatment Germination potential /% Germination percentage /% Germination index Related salt damage rate /%

AyS, 37.33+£2.31% 48.67+2.31% 58.053.41% 0t
AyS, 31.334£2.31" 48.00+3.46™" 53.66+3.88"" 1.45+2.51"%
AgS, 27.3342.31° 44,004 3.46" 47,55+ 444" 9.68+2.91%
AyS, 15.3341.15" 36.67+£3.06"" 33.05+£2.14% 24.744.18"
AS, 5.3341.15% 34.6741.15™ 24.2541.91™ 28.743.02"
AoSs 0.00%0.00" 26.67+3.06"" 15.0541.045" 45.2844.57"
ALS, 58.003.46% 60.002=4.00 78.1144.74% —23.2544.21%°
ALS, 38.67+2.315 54.0043.46" 63.16+3.16" —10.9041.91%
AS, 33.33+3.06 52.67+2.31% 55.30+2.56 —8.23+0.40°
A,S, 15.3341.15"" 43.3343.06% 36.493.54" 11.0142.66"
AjS, 0.00==0.00™ 40.00=44.00% 24.4741.52% 17.9145.19
A;Ss 0.002=0.00" 34.67+1.15 18.02+0.75™ 28.70£3.02"
A,S, 44.6741.15 54.6741.15 66.6023.54"" —12.46£4.71"
A,S, 8.6742.31™ 47.334£2.31™ 30.43+1.15" 2.6744.62%
A,S, 0.0040.00 38.67+2.31 20.35+1.52 20.58+1.00"
A,S, 0.004=0.00" 32.67+2.31" 11.8641.52"" 32.93+1.61""
A,S, 0.00-0.00" 28.0043.46™ 12.9241.22"" 42.6144.52%
A,S; 0.00-0.00“" 24.674+1.15 10.64+0.98"" 49.28+2.36™

S ok kok ok kk

A * k% k% *%
Ax S ok kS Sk k%

TE A RRRALHL, S AR K ER AL HN, A X SARE HARKON ; K5 58 R R [l — pH A ] Na "Wk B [0 75 P <<0. 05 K - 22 57 3% /NG 7 HE 0R
il — Na # Ji AN 6] pH ] 7E P <<0. 057K ¥ 22 5 5 3, « Flex 50 SRR AE P <<0.05 M P <<0.01 KF b 2557 3% NS E/R L HFHE% R P>

0.05, KA

Note: A represents alkali treatment, S represents salt treatment, and A XS represents interaction effect. The uppercase letter indicates that

the difference between different Na' concentrations at the same pH is significant at the P<<0. 05 level. The lowercase letter indicates that the dif-

ference between different pH at the same Na ™ concentration is significant at the P<C0. 05 level. # and #« represent significant differences at the P<<

0. 05 and P<<0. 01 levels, respectively, NS indicates no significant difference, P=>0. 05, the same as below
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2.1.2 #mpasm e FREBKk . FRG
Fom t A AT, BR R a0 B 3 A8 O I
TN ARG 2R ORI ZF LA B R e (P<<
0.05), [Al—Na ¥ T, b pH 1y b T, AR 2 87 F
fiKo TE SRS &N W& pH W b, 2R KT
Ji BEAR M FE S, Sy, SU M S & F L Bl pH B9 B T, 2F
KB, W —pH T, b Na W B 1) LT, A

R ZERK RN B . ANEREKAE A A
A, S E T A SO B L FE A SRR AE SR
1.231 cm, PR T 82.78% , 7 A &4 F M S, HF R B%
J O, AR ST IRFE N 00 2R K AE Ay, AR
A 5 R B AE SSBT SR AR, AH BT S o AR T
75.16% , 85.95% M1 88.68% , £ A, % 1 F F& 1%
ISEN

R4 HEPENHTEMFRAERK . FKHZMN
Table 4 Effects of saline-alkali stress on ARL and BL of Cyperus esculentus tubers

b AE R ERIS HRZF L
Treatment Adventitious roots length/cm Bud length/cm Adventitious roots length/Bud length

AyS, 7.15040.742% 6.6140.484"" 1.0840.05*
AyS, 6.50240.538" 4.837+0.333" 1.3440.06"
A,S, 4.21140.456" 4.5384-0.386"" 0.934-0.06"
AS, 3.35740.158™ 2.85140.164" 1.1840.01"
AyS, 1.73740.059" 2.36440.216" 0.74-+0.04"
AgS; 1.23140.088" 1.6434-0.069" 0.75%0.05"
AS, 6.690+0.383"*" 7.26270.396" 0.924-0.02%"
A,S, 5.24240.590" 5.18840.596"" 1.0140.054"
A;S, 2.60440.075" 3.4980.166" 0.744-0.01"
AS, 1.2634-0.049™" 2.0790.165" 0.614-0.03"°
AS, 0.81540.136™ 1.73940.135" 0.47-+0.05
A,Ss 0.0002=0.000"" 1.02040.030 0.0024=0.00"™
A,S, 6.228+0.5024° 5.46140.3317 1.14+0.03%
A,S, 2.9104+0.147"% 2.25040.143" 1.3040.04*
A,S, 1.27740.065" 1.6304-0.065" 0.784-0.03
A,S, 1.047+0.057" 1.45840.084%¢ 0.7240.01""
A,S, 0.000=0.000"* 1.19440.062%¢ 0.0040.00™
A,S;s 0.000=0.000"" 0.61820.030"" 0.00=0.00""

S kK k% k%

A kk ko *
A>< S kok kok Kok

2.2 HWEEMEX BT EHEERKNEZNE

M2 5 BCE T LU H AR RBRE 38 % v Y
SR E T E R AR R A T B
SZ 0 (P<<0. 05) , 1M k58 58 B ALK 1 A i 25 52 i
(P<<0.05), b S A b 38 DL J2 ALS A BRAE T .
[ — Na" ¥ £~ , bt pH A9 1 F+, & 5 F 58 K.
HRA TS M 3 RS T R B AR i . 7E S, Fi S,
T A K R T AR AE S, S,, S,
Sy R A T W S T AR, TES RIS, &
T LA T E R E S T AL S, T LA,
Ab PR AT AT AR FE S 7E S, T L AL HL A AR
KB E T AMLEE 78 S f1 S, &R, AL 40 B A AR
KM T AL HE 76 S, M S, R, A ub FHAY 250 1
FEE T AR, W —pH T, b6 Na ¥ ¥ E I,
fE T E AR M SRR, S T iRE

TES, T, 75 A A ST .S, 5 Soh [ &
REAK T 92.38% A180.32% , T E &ML T 87.93% #
64.38% , M K FEAK T 83.34% M1 77.79% , 25 H [k
iR 7 42.75% F142.25% . 76 A M A, K F , B
Na™ ¥ BE (9 b F AR 5L B2 T 0 5 e A0 0 8
TE S B fe o, 78 SO BT B IR, R B T 52.03% M
59.12% .

2.3 HWEEMHEX BT E L EM A EEIERNZ M
2.3.1 ZBMadd TN Gr A SEYRASE
W Fem S, SIS, T, AT P A B pH Y
T, R BEREACE TR R R K SORT S, T LA,
BEMT A ES, T, AlEEESSERMpHAY bk
Th, BB AL S, AL B EART AL BRIR T
73700 TEAFAGMET i EPEE A& R Na
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Table 5 Effects of saline-alkali stress on the growth of Cyperus esculentus seedlings
A 7 fief T T HiK i3S E-viil
Treatment Fresh weight/g Dry weight/g Seedling length/cm Root length/cm Stem diameter/cm
AyS, 5.76440.328" 0.66320.036"" 50.1344.98 12.9141.10% 3.0940.19™
AS, 3.17240.170" 0.428+0.023" 33.24+4.35" 13.8241.12" 2.204-0.15™
A,S, 2.32640.145" 0.3514+0.022"" 23.28+1.76°% 10.57 4 1.545® 2.10-+0.425
A,S, 1.778+0.103"* 0.291+0.017%" 22.58+0.49 8.87+0.65" 1.8140.08
A,S, 0.43940.031™ 0.080=0.006"" 8.350+0.32"* 6.6340.49 1.77+0.07*
A;S, 6.1980.728" 0.688=£0.081"" 53.68+1.13% 13.5441.96"8 3.2940.12%
AS, 3.75320.2945 0.537220.0425 34.3743.03" 14.854-0.88% 2.674-0.29"%
AS, 2.685+0.137% 0.45140.023 26.1441.43% 12.3341.595¢ 2.26+0.20%
A,S, 1.97240.115 0.36320.022"" 24.16+£3.01° 10.931.06%* 2.0240.11°"
ALS, 1.22074-0.040" 0.24320.008" 11.9240.51" 6.074-0.39" 1.902£0.14""
ALS, 6.086+0.368" 0.749+0.045™ 53.91+3.25 10.7240.74" 3.3240.17M
ALS, 3.23740.303" 0.47640.045" 32.08+2.53" 10.5240.51% 1.9940.28"
A,S, 2.2524-0.179%* 0.40320.032¢ 19.3441.69" 9.7241.74" 2.124-0.03"%
ALS, 1.3734+0.075™ 0.278+0.015™ 16.7641.08" 7.0740.39" 1.84+0.16™
S sk skosk skosk ok ok
A k% k% k% ok kok

AXS NS o NS NS NS

W b TR T L TR S Ak B R OR, HE S T
T 37.62% F50%  7E AR TR EAE
Bl Na ™ v BE () b T i S B0 T v S R AR A
TS,k B K S THR T 24.94% .

S, T, = A pH N Y RV OB A =
S LTE S HUS, T AR AT PERE S i AT AR
A,(P<<0.05) , A5 A2z SRR E S, T,A
(A ATV A e K, AL /N e AT PERE ST R TE A,
AL ZF T BE Na W B 1) L Tz 8 T, fE Sy ik 2
BRI T S THE T 70.5% F152.84% , 16 A, &
PR B Na R BE R b FE, ATy b B i 5 R S T
L B Sy de K, 5 Sy BT T 43.09% .

[l — Na" ¥ & T, i 202 & &b pH 19 L FH5E T+

R, b S, S, IS, T LA B EE T ALES
T 26.69%,14.48% F116.55% . fE[R—pH T, i
SR T WL RH Na ¥R B9 LM Wi 7 o 7E Ao, Ay
AT A SRR K LTS Thm T
100. 62% ,56. 24 % F146.46% .
2.3.2 HBAME T 24 et A L AALEREE R
ol Z A F 09 H R SoM S 1 SOD i M Bl pH 11
T MR AE AL R T A BEAR T 13.08%
M18.77% . S, M S, SOD 3% P 7E 46 pH 4144 F G
25, fERl— pH T, SOD 7 ¥ fifi Na ™ #¢ & 9
T AR R T . 7E A, AVRTAL ST LS Y
SOD i P & ik, 2 #F 8 T S, BEAR 1 26.79%,
26.81% M131.59% , bl J5 iZ i 7t =5 o

TE S, SiAIS, F L B pH 89 - TF, CAT 1% 4 3% ¥
ThE, AR ALY B 3 E T A TR ACET i R A EEF
AgTHE T 18.09%,48.00% M136.37%. fES, F,
B pH 1 _EFF, CAT 1% M 2 35 TH i Ja BRI A 3,
AR, BEST ALTE T 29.94% . 1A,
ZUFF,CAT G MERE Na e B 09 B, BT S
Ja AR R E SR Bl R K T ST T
19.33% 76 Ay AL CAT 15 PEFE Na' ¥k i
() T ZE W TR E Syl KL T SO TR T
38.48% M124.73% .

TES S, T, 4 pH F M/ POD & 22 7 A
W, FES, M S, R, A R POD % 7 W 3K T
Ay FRIR T 9.44% M 21.91% , A\ 5 A ERE LR,
il —pH T, 5 & it 5 POD 3% PEBE % Na' ¥ |
T BTSRRI S EALA A, KM
T.PODWEMHHES A, 5ESHEKFART
77.51%,80.00% F163.80% , B J& & #i M1 , Sy By
POD i& WA B 2 /T So, A H T S THiE 1 55.02%,
44.65% F112.65% .

FE TR — Na ¥~ , i i MDA & & pH /9
THEIMETH GRS B AR ER K,
Ao FHE T 49.81%, 95.18%, 8.96% 1 20.45% .,
AT pH 2 4F R L Iy 0 MDA %5 & B Na ' ¥
BE BT R ISE T R R . AL AFTA,
2T L FES, N MDA & il Bl oK, ST T
154.85% ,70.41% ,106.67% .
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Fig.1 Effects of different saline-alkali stresses on osmotic substances in leaves of Cyperus esculentus
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Note: A represents alkali treatment, S represents salt treatment; the uppercase letters indicate that the difference between different Na' concentra-

tions at the same pH is significant at the P<Z0. 05 level. The lowercase letters indicate that the difference between different pH at the same Na”

concentration is significant at the P<Z0. 05 level, the same as below
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Fig. 2 Effects of different saline-alkali stress on antioxidant enzyme activity and MDA content in leaves of Cyperus esculentus
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Fig. 3 Correlation analysis of each index of Cyperus esculentus under saline-alkali stress
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ALY B ALEE , CAT R S AL &, POD R i S AL W B, MDA 3R T8 ¢

Note: GPO represents germination potential, GPE represents germination percentage, GI represents germination index, SDR represents related

salt damage rate, BL represents bud length, ARL represents adventitious roots length, R/B represents adventitious roots length/bud length, SL rep-

resents seedling length, RL represents root length, FW represents fresh weight, DW represents dry weight, SD represents stem diameter, SS repre-

sents soluble sugar, SP represents soluble protein, Pro represents proline, SOD represents superoxide dismutase, CAT represents catalase, POD

represents peroxidase , MDA represents malondialdehyde
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Table 6 The factor load and contribution rate of each comprehensive index
F8 45 Index C, C, C,

K 2E# Germination potential 0.255 0.012 0.122

J 2E % Germination percentage 0.249 —0.100 0.296

K ZEH8 % Germination index 0.258 —0.047 0.151

HHXFER 5 % Related salt damage rate —0.249 0.100 —0.296

% Bud length 0.264 0.031 —0.069

AEM K Adventitious roots length 0.258 —0.070 —0.238

MZE L Adventitious roots length / Bud length 0.117 —0.350 —0.479

T K Seedling length 0.267 0.130 —0.051

# K Root length 0.213 —0.269 0.226

fif 7 Fresh weight 0.268 0.151 —0.029

T 5 Dry weight 0.261 0.135 0.062

ZEH Stem diameter 0.260 0.216 0.060

A PERE Soluble sugar —0.240 0.049 —0.216

AP A Soluble protein —0.259 —0.085 —0.065

ifi &% Proline —0.199 —0.044 0.331

R AL W AL Superoxide dismutase —0.052 0.556 —0.086

it AL AU Catalase —0.184 0.149 0.451

i AL Peroxidase —0.109 —0.566 0.154

N % Malondialdehyde —0.241 0.100 0.199

TT k% Contribution rate/ % 66.96 12.42 9.45
29} 57k % Accumulative contribution rate/ % 66.96 79.38 88.83
F7 BB EREPEEESSTENE
Table 7 Comprehensive evaluation value of salt stress degree of Cyperus esculentus
Qb FE Treatment PC1 PC2 PC3 24 EA . Comprehensive evaluation

AlS, 1.223 1.005 —1.211 0.829
AoS, 1.543 0.904 0.747 1.216
ALS, 1.209 0.878 —0.294 0.891
AoS, 0.390 —1.624 —1.017 —0.037
ALS, 0.675 —1.275 1.088 0.396
AS, —0.234 —1.333 —0.196 —0.341
ALS, —0.326 —0.485 —0.544 —0.330
A,S, —0.168 —0.201 1.573 0.011
A,S, —0.942 0.437 0.122 —0.565
A,S, —0.962 —0.068 —1.306 —0.776
ALS, —0.928 0.473 1.414 —0.429
A,S, —1.480 1.290 —0.376 —0.866

R PC,PC, I PCy 43 5l Fem 4 A0 FRAE 321043 1,2 F1 3 W45 43

Note: In the table, PC,, PC, and PC, represent the scores of each treatment under principal component 1,2 and 3, respectively
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