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Abstract: [ Objective ] To establish scientifically grounded, synergistic regulatory approaches for the comprehensive mitigation
of the persistent challenge of saline—alkali soil degradation in cotton-growing systems, this study conducted a controlled field
experiment during the 2024 cotton season on moderately saline—alkali soils in Manas County, Xinjiang. The objective was to
elucidate how the integrated application of poly-y-glutamic acid (y-PGA) and regulated irrigation influences soil biochemical
processes, cotton physiological performance, yield formation, and fibre quality under field conditions. [ Method ] A two-factor
randomized block design was established, involving three y-PGA rates (F1: 7.5 kg-hm™%; F2: 15 kg-hm%; F3: 22.5 kg-hm™) and
two irrigation quotas (W1: 4 000 m*hm™>; W2: 4 500 m*hm2). Comprehensive measurements included soil physicochemical
indices (Electrical conductivity (EC)-based salinity and pH variations across growth stages), key enzymatic activities (polyphenol
oxidase, catalase, urease, sucrase), root morphological traits (length, diameter, biomass ratios), organ-specific dry matter
accumulation, and yield and fibre parameters (boll number, lint percentage, composite quality index). [ Result ] Compared with F1
and F2, the F3 treatment effectively suppressed peak soil salinity and pH, concurrently elevating enzymatic activity, particularly
urease, which increased by 30.13%-35.22 %. Nevertheless, the response plateaued beyond the F3 level, suggesting diminishing
returns under higher y-PGA concentrations. Enhanced enzymatic activity and improved rhizosphere conditions promoted root
proliferation and biomass accumulation, resulting in a moderate but statistically significant yield increase (3.02%-27.96 %).
Likewise, a higher irrigation quota (W2) alleviated surface salt accumulation and improved enzyme activities by 9.16%-48.33%,
although excessive irrigation risked secondary salinization through capillary rise and nutrient leaching. Also, multivariate
analyses (Principal component analysis and Pearson correlation) revealed a strong positive correlation (P < 0.05) between enzyme
activity and yield traits. At the same time, soil salinity and alkalinity showed negative correlations with fibre quality indices,
emphasizing the trade-off between osmotic stress alleviation and fibre maturation under saline conditions. [ Conclusion ] The
combined application of 22.5 kg-hm™ y-PGA with 4 500 m*hm™ irrigation proved the most efficient configuration within the
tested range, primarily by ameliorating the rhizosphere microenvironment (lower EC/pH and enhanced enzymatic turnover) and
optimizing photosynthate allocation to reproductive organs. However, the overall improvement remains conditional on soil
salinity thresholds, long-term stability, and economic feasibility. Thus, while the integrated y-PGA-irrigation strategy
significantly enhances cotton yield and fibre quality in saline—alkali soils, its scalability and sustainability under variable climatic
and hydrological regimes warrant further investigation.

Key words: Saline-alkali soil; Poly-y-glutamic acidy-PGA; Irrigation quota; Soil improvement; Cotton yield and quality

R AR A R (Y PR (R T,  ™ E  fi
oA RGN A R Al & T P FE e L
L2 3.6 x 10" hm?, 5 o] Fi] I -3 Y 4.88%2), Jorf,
FraEE s AL AL 233.1 U7 hm?, 5 RO
B 37.7%, BfE NG EL A TS sh A s As 1
i, R T BT R R i CY, e R ] 2 R A
MIRTHRPEL ke . IR Ak S i h 73 1 RZ T
H 55 R IEAE g, e R SR A XU, T A
RAEIR XA EE, ol & EAK ERAY, m&Hl
SSVEMIFIRE AL ES , & AR AR 2 R G R TR o )

4 3 ek A A v HL 5 i i k5 4,
FH B TR BE Al U R LR,
BAE MR ( Poly-y-glutamic acid, AT & #R
y-PGA ) &L D-BF AR L-4 Z R P RE T o-2 3
- REEZBERER G —Fh 2 IR& M+, BA
RAFRILRKE . W R AT AT B, R 1 R
IKAEST « BOAE 3K 43 0 o A T A Y R AR RED
B, AR, y-PGA i B Il A R A ik
. RUHRERR AR, R PR
Ma 558 KW, y-PGA T3 i 5 1) + 4k 1 1

i 5 I

http://pedologica.issas.ac.cn



43 T

INAE s BRA 2R IR A 51 B ) 42 0 £ 398 B A ™ A 5

1073

HMAE M, #E— P R A K R
RN R, y-PGA BER FH IR FIERT A, W
FNER A, SR IR A IR AR . Bai Y
RIGUER, y-PGA i F % H i 3 7= SRR ) %
LA B

T Y 1T R T R AR OK B B A
TR R RR, B ucE L AL, IEY
R RBAGE E YIRSy, A BT oes L ersst™, N
MR AVE YR RS (52, BeAh, DRI HEE
ARE N VE YO 1 TE UL AR XK ER R, R EVEDIAR
REH . WIS WIEE ", (R o kR
FIARAESE =, L= m 5 A rsasm . e
PH A FE R B 2 S B R T R AR, o AL
PEBT, WHIEMAERKET .. KM, HETX y-PGA 4
N AR 28 b Tk LRI R g5 h | PR R
VI A BN 3 W 5 0 o O = W o NG 2
BER S y-PGA HrlmIVE IR AR AEE K52, ok
/D5 Je y-PGA Xf T 3EER 53 Je pH SE 5210

SR, ARFGE T 2024 AF 78 5 B S 78 v b Rl
P i 56 . ARBFSE I EZEHAR N : (1) #78 y-PGA
it FH 1 5 TR A0 A K R AE RS K IR TR A R
Ml s (2) f#AT y-PGA Jiti FH 12t 5 V8 R 2 200 B[R] % A
AR XY s e a4 (3) WIH y-PGA
Jiti FH 5 B R A0 A A 7 e A BT e . B
ZiR BTEH v-PGA BYFF2= (0 FER (LS AR 4 AR
A, SRR A A A2 ek R A BT R AR
WITEMZSY%, BZGREE . R, KE Bir.

BRI

1.1 R X

T 2024 47 4—10 H 7E 55 35 40 1 B Al 3
i K EEHERT (44°16'1"N, 86°24'43"E) #47. ZIX
JB MR R Bl T R, R 412 mo AEXH
MEWIE] hy 2 865 h, AFF-¥RE/KEN 207 mm, 4FEF
¥R 23.6 C(E 1), F¥7E K EH 1 660 mm,
HAP KT 10 CHIE N 3463.5 C, LFHEYIHN 1704,
RIS+ R AR IREE A+, 0~100 em +HEFE;
Iyl 6.98 gkg', pH N 8.0~9.0, iXEHELA
TR 1.
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1 /< il Minimum temperature
1 # = Al Maximum temperature
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o 40 - oK & Rainfall
5 60 _
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Fig. 1 Daily air temperature and rainfall patterns during the 2024
cotton growing season in Manas County, Xinjiang

F1 R TIEMR
Table 1 Soil physicochemical properties of the experimental site before cotton sowing
T2 AL A 15 pH £
Soil depth/cm Organic matter/ ( g-kg') Total N/ (gkg ") Soil pH Total salts/ (gkg ')
0~20 18.89 18.89 7.35 6.53
20~40 16.13 16.13 7.39 7.16
40~60 4.98 6.39 7.65 6.67
60~80 4.55 6.88 7.93 7.74
80~100 6.88 7.44 7.94 6.82

1.2 REHE
A 5 R A R 52 B AL g 5, %
y-PGA Jiifint (F1: 7.5 kg'hm*, F2: 15 kg-hm?,

F3: 22.5 kg'hm *) FVEME A (W1: 4000 m™hm >,
W2: 4500 m*hm?) 2 HZ&E, Jt6Mbr, ik
H3WER, 18 4hX . AKX EFN 45 m?
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BN ZEAT

Narrow row
“" "

WM FEAT

Wide row

MR 25, 2/ FREEAT 10 Wk, Ak
it R % 600 kg-hm 2 (N /3800 46.4% ) Fiwk
ik — &8 KH,PO, 300 kg-hm* ( P,Os it 2r 50k
51.5%, K,O /80N 34.0% ) , Hof ) 45 B
TR —3, PRI 2. 25 /N X 3l A5 A
SEKRFIEACHE , K HE G IE , & 2 K
Tt IE 5 % .

SRR

Plastic mulchingfilm

— AT
6 rows per film

21.5emi10cmy 66cm j10cm g 66cm (10cmy | 60cm

ro 1
205 cm | T BR iy

| Bare land Drip irrigation belt
K2 FE s

Fig.2 Schematic diagram of the cotton cropping system used in the experiment

x2 BKERAR

Table 2 Irrigation and fertilization regime applied during the cotton growing season

H:H W Growth period TR R FEIK LA /% AR LB /%
T Seedling stage 1 1 5 5
%] Budding stage 2 2 15 15
1441 Flowering and boll stage 5 5 65 65
it 244 Boll-opening stage 2 2 15 15
4EE M Whole growth period 100 100 100 100

@ Irrigation frequency, @ Fertilization frequency, @ Irrigation ratio, @ Fertilization ratio.

1.3 MEmMBRAZ*
1.3.1 e B FHIAEN 5 (A
25 cm) TARAEA A B WIRTEREHLZE Y 3 PRk
MR X HEAT 3 2 BORE o W A 498 300 1 2 BT a1 4% 0~
10 cm, 10~20 cm H % 90~100 cm {EEREHZE
RAE, BEZIMSTARASPRIC . FES 5 BR AT WA Y AR
T MRRNBRA TS, BT B EGE KL D F AR KT,
s, i 1 mm fLAEJR 0T M

+ 35 pH M5E . FREL 10 ¢ KT HKE, RAK L
i 2.5 0 VIRA R 30 min, #& 24 h J5 {4
pH 1 ( Mettler Toledo FE28-Standard, ¥i+ ) M5E.

TR T BRER 10 g KT HRE, RAK L
iR 5. 124, #2%% 30 min J5H 20 mL 387,
HEECHEEMZE KIS, 105 CHTEEE, ¥
HEFRE, AT Origin 2021 AL (1) 15

AR
SC = 6.59EC + 0.83(R> = 0.96) (1)
Arf, SC hadh i, gkg's EC M SH, mS-em ',

1.3.2 RIERGEVENE  MEMEZORE, S
BEMLIEI 3 MRARAERAEMR X 3. 7 BRREHEY
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FU%, JaHR R84 (WinRHIZO 2021) H3)
30T, AS B EARK AR AR

1.3.4 b FFT SRR R il e FEAR AL 224
REEPLEREEA R 3 PR, BHAR . 2%
i B AIBTR L YR, BCE TR, 7E 105 CF
AH 30min, 75 CHETEER, WY RE,
1.3.5 MUE SRS ME SR
AREEE TP, AHAC2 AR R(R/S ),
X (3) AR 2R (BCR) M,

RS = rrmme )
. #PH
B HEJIBOR) = T

e < T T

1.3.6  MifE =i Al PP BRI
M, FERA/NX IR 2 mx2 m BIARERETT, 3 IR
HE, FAAEBGREREON SR, TR BRRE L
PR AE AR AERRE AR 5, FLAEJS SRAF Al ™
i, AR IR (4) SRAS GRS E (HI ).
=21 (4)
M

Kb, YOk R, kghm 2 M R TR

FREH, kg'hm 2,
A A . RRAEMOGIR IS, 7R 45 /N X R A A
By FEGL 200 g (BEYI TR ), BAAEMRE 3 IRER,
S N T HIBR I K 2% s, o 4 v SLAE WL 78 il 25
¥o AL R Bl BEAR AL I IR I 5T,
BRI 2P B | RS EERR A BT LR B

T ye B LA AR FE . SR)E RIS (5) ST e 4
mn s % (FQI ).

FQI =FSxLxU+MV (5)

A, FS FRWIZHLIRIE, oNtex '; L Fn 2R
PR, mm; UFRREFE, %; MV EZRSn
E(H .
14 BUERESSH

FIH Excel 2019 #E47 84 BB 55047, RH
Origin 2021 PEA7 R84 28 | [RIIE 2 )RR M #r
fii ] SmartPLS 4 #4245 44 Jy FEAEAY, H] SPSS 26 4t
THAROEEAT R0 00T, SR SR ok 52000 Ak 3
LR BTN

L E AR S AL P i R IEA KRR, s
(6); HEMMIKLR, MiEEL (7) .

UX) = (X; = Xpin) + Kipax = Xuin)  (6)

U(Xi)zl_(Xi_Xmin)+(Xmax_Xmin) (7)

X, UX) FRFARR SRR R EUE X, R ix
TEVRAROIE (B X o RN LI MR KA 3 X,
ANZAR PR B /IME o

2 45 R

2.1 y-PGA FEBLER T EEE TR LI pH 0

B

+3E pH s3 AN 3a~E 3d B, HRIX 4
pH BfA:F R 2P R S, HREE 2R
LB S A RRAE L 25~65 em )2 A pH R, 0~
50 cm 1 )2 pH FEEERS W EF, 50~100 cm W
Bl RE B I R . A&l 3e~1&l 3h iR, g
Sy BEAEE SRR R, W R R 2R
Sy, A FEMETF 25~55em £ 2. HA, 0~
50 ecm i EBEE LR WER N £, 50~
100 cm 543 7 il 2 VR BE G i B A1
2.2 y-PGA TEBREZh EAE T L EmE S

mEl 4 pis, EAHFEEBR SRR, 4 B
TG TEREE v-PGA SIS n . 78 W1 ab#irh,
y-PGA FHI I b S 38 ik A Ul . R il R A
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HE S = aa EHE = am EEN S = s HE R = .
50 55 60 65 70 7.5 50 55 60 65 7.0 75 50 55 60 65 7.0 75 50 55 60 65 70 75
5 5 5 5
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i 55 i 55| i 55 55
\§ 65 ﬁ; 65 ﬁ 65 MH 65
=75 075 075 o075 I
85 85 85 85 [
95 95 95 95
S R > > >
T S e T W S
ifl Treatment ﬁiﬂ Treatment ALFE Treatment ALHE Treatment

1. pH, 13 pH, SS, 145355, WIFL, #EBEE S 4 000 m>hm 2, y-PGA MM 7.5 kg'hm 2, W1F2, J# B & %0 4 000 m>hm 2,
y-PGA Hi i 15 kg-hm?, WIF3, #EMEES 4 000 m*>hm2, y-PGA Jifili& 22.5 kg-hm™2, W2F1, BEBEH 4 500 m>hm™2, y-PGA Jifi
fiE: 7.5 kg-hm 2, W2F2, 88 5E %7 4 500 m>hm 2, y-PGA Jtifill & 15 kg-hm 2, W2F3, #E8E E %1 4 500 m*hm 2, y-PGA jififil 4 22.5 kg-hm 2,
FIH. Note: pH, Soil pH, SS, Soil salinity, W1F1: Irrigation quota of 4 000 m* hm * and y-PGA application rate of 7.5 kg hm?, WIF2:
Irrigation quota of 4 000 m* hm ? and y-PGA application rate of 15 kg hm?, W1F3: Irrigation quota of 4 000 m* hm * and y-PGA application
rate of 22.5 kg hm 2, W2F1: Irrigation quota of 4 500 m* hm 2 and y-PGA application rate of 7.5 kg hm*, W2F2: Irrigation quota of 4 500

m?® hm ? and y-PGA application rate of 15 kg hm 2, W2F3: Irrigation quota of 4 000 m* hm * and y-PGA application rate of 22.5 kg hm >, The

same below.

1,

i

[¢]

Bl 3 AR A A B 0~100 cm + 200 pH (a. H#1, b, 501, o L840, d. nbZ) A& (
fOAW, g 8, b nhEH)
Fig.3 Soil pH( a—d )and salinity( e~h )in the 0~100 cm soil layer under different treatments, corresponding to the seedling, budding, flowering

and boll, and boll-opening stages, respectively

12.44% . JIRHE 35.09%~40.62% . EEWHAEE 22.49%~

48.33%.

2.3 v-PGA MIEBRERTNEIHE THRERRLE
AN [E] b BEXS AR AE AR 2R - 542 (Root average

diameter, RAD ) 52 M QN1E Sa fir 7~ o 764 [A] v-PGA

KT, W2 AbHEE 3 m T W1 (P<0.05), HEiE

ik 16.69%~34.35%. 7 W1 &b #iH, RAD B y-PGA

fitg 35 PE ( P<0.05) , ¥EHE3 A 3.70%~6.65% .

12.23%~30.13%. 21.99%~41.55%; W2 AbFirfr,

22 W 48 Ak TG R DR It 05 1 B 25 4R R (P<0.05) , 43l
BT 8.07%~27.95%. 9.67%~34.22%. {EAH[H
y-PGA FEAMTT, W2 AbBHE 4 Fiih o 25 3%
WRERST WL (P<0.05) , HIEEE R 2B
AACEE 9.16% ~39.78% . it A b KB 9.85% ~
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P<0.01, ns: P>0.05. The same below.

4 ASTa] b BT - R A A 5 )

Fig. 4 Effects of different treatments on soil enzyme activities

RGN, F3. F2 % F1 AR E%m, 7
FIBETNT 24.82% . 17.93%. AN[EJAbBEXSHRAE AR K 1)
A 5b s, 15 W1 AbBErR, HKEE y-PGA
FHE RGN, F3 8 F1 BEWINT 6.88%
( P<0.05); #[F] y-PGA &, W2 £4b#iH ) RL
WL BERINT 27.86%~33.56% ( P<0.05). U
Sc [N, AR5 H Rl A S AU y-PGA FH 1
TN TS E 5d Frs, e R E A W
WEFRAET, B y-PGA RIRLRYIE N, HRARE5E 6]
A
2.4 y-PGA FIEBRERHERAE THMHZEETY

RAREE

m A E TR RWE 6 s, HIFEHE
BEB T, B, 22, MRk Ty a ke
y-PGA Jifi & (3G i 2 LI, Hop, 25+

Y IRRZ y-PGA {2 EHI 2% (P<0.05), F3 Al
F2 AbEEETYRE F1 45428 T 18.19%~
24.63%F1 9.15%~14.45%, MR y-PGA HI# T,
W2 AR ERE T R B E ST W (P<0.05),
ML ZE L BRI 20.00%~20.35% .
19.57% ~ 31.03% . 22.36% ~ 28.22% Fl 23.45% ~

29.48%.
2.5 y-PGA FEBER M EEE TR~ A KR
ma R

FEEA AR bR NG 3 N, VEE E A AR R
F3 REBARFAR P 5 . SRR BRI R B E m T
F2. F1 (P<0.05) . 5 F1 ALk, F3 ¥Ff™= g m
T 7.37%~12.15%, AR HOEIN T 3.02%~4.00%,
KAPRIENN T 26.13%~27.96%; 5 F2 4L, F3 i)
A B E 15.07%~20.61%, S iRSEUE
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K5 ARABNARARFSER (a) K (b) | B (¢) RARTEELRREST (d) RN

Fig. 5 Effects of different treatments on cotton root average diameter (a) , root length (b) , root-shoot ratio (¢) ,

and root boll-setting capacity (d )
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[
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{E: AB-BO, mEZHTHRMER, EHARNGFHER
AR TR AR 32 A [6] b BE W) 25 5+ 2 %%, N Ao Note: AB-BO, Aerial
biomass at the boll opening stage, different lowercase letters

indicate significant differences among treatments at the same site.
The same below.

K6 ARIALHT AR AL 2 T4 AR R
Fig. 6 Aecrial biomass of cotton at the boll-opening stage under
different treatments

14.76%~21.20%, &5 F42E 5 6.00%~6.07%; H[F
y-PGA HI& T, W2 MR & . bR EORmA s
I W1 BEREM T 18.81%~24.95% ., 25.48%~
30.34%. 11.10%~12.06% ( P<0.05) .

FRAE A AR N 4 Frs o AR AL BEXAR A6 1Y
TR, SO R LA AR H O R
(P>0.05) , 1 W2F1 Ab B ) I 23587 244 B il i 524
FEsmEERE WIFL 435l 48w 1 5.90%F 7.73%
(P<0.05) .

Pl 7 Ry AN b BEGAR £F 4k i BT B 52 e, AT
FFH G BR X AR A6 5 BT AT 25 G P . Bl 7 WL
F i, ASEIEME E 4R y-PGA FH XA 21 4 5 4
B EZm (P>0.05) .

2.6 HlatEEr-EMEER

REE AT AR AL ™ i SOLA DGR, AR SCR A
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Table 3 Effects of different treatments on cotton yield

AbFE Treatment SCY/ (kg:hm™?) BPP/ ( plant™ ) LP
WIF1 5139483e 5.83+0.44d 0.413+0.01d
WIF2 5 7304+23d 6.71+£0.51d 0.427+0.01cd
WIF3 6 522+5¢ 7.90+0.18¢ 0.440+0.01c
W2F1 6 847+82¢ 8.17+0.60cb 0.470+0.01b
W2F2 7 740+£425b 9.00+0.33b 0.480+0.01b
W2F3 8 033+116a 11.34+0.58a 0.500+0.01a

IE: SCY, ##"#; BPP, HAMRE%; LP, KR, RFIAR/NE FRERRA IR 225 W3 (P<0.05) . . Note: SCY,
Seed cotton yield; BPP, Bolls per plant; LP, Lint percentage. Different letters within a column indicate significant differences ( P<0.05 ) .

The same below.

R4 TR LT GRRAY ST

Table 4 Effects of different treatments on cotton fiber quality

REFR Treatment MUL/mm Ul/% BT/ (cN-tex ') MV ER/%
WIF1 26.63£0.97b 82.33+1.01a 27.80+1.56b 4.80+0.26a 6.67+0.58a
WIF2 27.40+0.46ab 82.27+0.64a 28.43+0.84ab 5.10£0.17a 6.70£0.00a
WIF3 27.13+0.21ab 83.10+0.26a 28.90:0.60ab 5.10£0.10a 6.70:0.00a
W2F1 28.30+0.62a 84.10+0.90a 30.13+0.40a 4.83+0.31a 6.70:0.00a
W2F2 27.93+0.29ab 83.40+0.85a 29.60+0.44ab 4.80+0.00a 6.70:0.00a
W2F3 27.67+1.29ab 82.80+1.73a 29.13+0.98ab 5.00+0.58a 6.67+0.58a

#: MUL, BRIP4 UL, 85850 BT, Wi thsi i, MV, S5ap(iE; ER, ik, . Note: MUL, Mean upper
length; UI, Uniformity index; BT, Breaking tenacity; MV, Micronaire value; ER, Elongation ratio. The same below.
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12 000} J

=, 10000f
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K7 AR B AREF 4 5 SR 4 (FQL) BRI
Fig. 7 Effects of different treatments on fiber quality index ( FQI )
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KB 25 B R . KMO=0.76>0.6, H. Bartlett 53 i
F (P<0.01), BOZEHEEHT F 0.

YR BUR PN IR R T 1 B, B
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WA (TTERZE 83.11% ) LT 4R
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H pH . Z W A ALBEE M  REMER TS AR B
KAREF Y S B IEAS B . T 280, 455
K (6) 5 (7) X HHATLEE TR SHET
S5 WoR: W2F3 RS540 e (0.903 ), FI
wft; M WIF2 AbFEAF Ak (0.171), ZRA3RM
e2E (R 5), RUEME S y-PGA Jiti H 2 1 BrIR]
PR 7 A BRE S MR BT S
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Table 5 Comprehensive evaluation score for cotton performance

bFE Treatment — Zi4 454> Comprehensive HE44 Ranking

WIF1 0.590 3
WIF2 0.171 6
WIF3 0.354 5
W2F1 0.532 4
W2F2 0.660 2
W2F3 0.903 1

AT (L 8) R, FpAe ™ i 5 REpE il
TGP Z MW E RS vE . o SR Sl e L IR TS
PO OBRK . AR EA . ik 20 AT R
PR LR RR YRR EFIEME (P<
0.05) , 5448 pH., +8eEhsr 5 & DL A L 2

FRMAIE (P<0.05) 5 HREF4E s 405 -4 pH
BREFENMHIX (P<0.05) .

Sk i — 25 B A AN [) Ak B G AR AL 7= 8 5 1) A A
BEAR, SR PN e /N 31 454 5 B ABEAY ( PLS-SEM )
HATRAE (K9 ). TEGSARAY B Fabn 1, W
7 R[] B SR ZR M2 R Dy 22 B I R ¥ VIF (B ik
R, s FAE R 5P, # VIF KT 5 BT
Bro BRI R, WEWEE A A y-PGA 5 1 Ak it
FELER MmN (B2 RECH-0.911, —0.364), JfIE
Al I S M (BRI RECH 0701, 0.523 ), MTAE
R AR (R RECN-0.741, 0220 ); #F—43
Ay ENE (BERECH 0.910), JFHE
FARAE P (B RO 0.953), Ak, Bkt
BB AL 4 E— b 1+ SRS M (AR R ECR
—0.101 ),

1.0
M P VVVVVONVNINNN
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SR & U T AV S 4 0.60
S-CAT|[-056 -0.88 0.78 Vi & Y
- 0.40
S-SC|[-0.56 -082 076 097 ////\,f
S-UE[-055 093 095 091 091 VO LAY &d 020
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FQI|-057 035
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*P<0.05 ** P<0.01 *** P<0.001
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Fig. 8 Correlation analysis among the evaluated indicators
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0.910%*
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0,979 obp
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E: 1Q, EMES; SPP, LIEFIMLIE; SEA, Ll
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IR REG ->» LIVBF RN F ;. * « R REE
FIBBIME FACE (P<0.01); % /R AR B2 R L B B3 K
( P<0.05 ). Note: 1Q, Irrigation quota, SPP, Soil physicochemical
properties, SEA, Soil enzyme activities, RD, Root development,
B, Biomass, the numbers on the paths indicate standardized path

coefficients: the numbers adjacent to the variables( or measurement

items ) indicate factor loadings; * * indicates a statistically

significant path coefficient; * indicates a highly statistically

significant path coefficient.

B9 i/ N Ak S5 H Jr RS A g
Fig. 9 Constructing a partial least squares structural equation
modeling ( PLS-SEM )
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b B2 FIHE S5 ) I (0], sk, 2025, 62

ARAFTEVIARAE A AT XSG, T A [m] 3 1 o (1): 69—80.]

5 v-PGA hﬁ}zﬁ%ﬂgx/z%%iﬁgﬁ s R Lﬁ*ﬁ?iggfﬂ [ 4] Dilinur A, HuangJ, Qi T, etal. Study on the effect of
A i @@(ﬁ‘l&"\ *E%kﬁ\ ﬁiﬁ?ﬁb$ﬁ&}iﬁiﬁq]ﬁ washing and desalting of soil in saline-alkali land of
2 v N e I B Xinjiang by the breaking of the barrier by the deep pine

AR A EUT A5 :(1OMEREE AN 4 500 m’hm . ridge[J]. Xinjiang Agricultural Sciences, 2020, 57 (9):

v-PGA MLy 22.5 kgrhm ™ Sy fre PR AL A 3t 1754—6 1.0 Jy S8R AR, R, AR . BT

ORI s F IS RIRER R AT, K RO 657 30 B s 9 R IR OR (0], S

A (0.16% ~ 1.20% ), 5 i 25 4 e 5 Bl2£, 2020, 57 (9): 1754—61.]

C115%~1.51% ). A SR bR e b [ 5] ShangXL, PeiZF, LanT, et al. Coupling effect of salt
: : ’ AT AR dynamics and SOC changes before and after irrigation in
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BT AL | G TR AR 2025, 57(3): 568578, (W AE . Fikifi, =K. .

GUVETE . D3 L HEAEWITRE . AR e A KR L i A3 H T ER oA FH W K TS 43 sh A AU DLk A2 Ak

FAYEI. B3, 2025, 57 (3): 568—578.]

WEERER: (3) Gty r Re B o Hr 3R W, B i [ 6 ] Qadir M, Quillérou E, Nangia V, et al. Economics of
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R, R R I IR R ) [ 7] ShiW1J, Liang J P, Tao W H, et al. y -PGA additive
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Re, Eigghﬂ‘j&:ilkq:o émj: . K 4500 m™hm holding capacity[J]. Transactions of the Chinese Society
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