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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] Atwo-factor randomized block design was established, involving three y-PGA rates (F1:
7.5kg-hm?; F2: 15 kg-hm2; F3: 22.5 kg-hm2) and two irrigation quotas (W1: 4 000 m3-hm~ 2, W2: 4 500 m3-hm™ 2),
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~ 2 y-PGA with 4 500 m3-hm~ 2 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
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Fig.1 Daily air temperature and rainfall patterns during the 2024 cotton growing season in Manas County, Xinjiang
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Table 1 Soil physicochemical properties of the experimental site before cotton sowing

& AHLR Ex 4% pH Eot

Soil depth/cm Organic matter/(g-kg?) Total N/(g-kg?) Soil pH Total salts/(g-kg?)
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 I F5E

ARG AU 2 58 4 B LR 6 11,  y-PGA Jtiin&: (F1: 7.5kg-hm2, F2: 15kg-hm
2. F3: 22.5kg-hm?) AEBER (W1: 4000 md-hm?2, W2: 4500 m3-hm?2) 2 K&, Jt6
ANEEE, REANKEE 3 IREE, $E 18 MK BANMXTHAY 45 m? (3 mx15 m) , FiE
B 0.6 m @R, EARIPRTH.

MRPET 2024 45 4 H 24 HEEFP, 9 A 20 HGE, &4 E W 150d. RA “— =475
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Fig.2 Schematic diagram of the cotton cropping system used in the experiment
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Table 2 Irrigation and fertilization regime applied during the cotton growing season

£ E W) Growth period II/C TR K L1 1% HEREELGI® 1%
T4 41 Seedling stage 1 1 5 5
# 1] Budding stage 2 2 15 15
1644 W1 Flowering and boll stage 5 5 65 65
28] Boll-opening stage 2 2 15 15
44 F 1 Whole growth period 100 100 100 100

@ Irrigation frequency, (2) Fertilization frequency, (3) Irrigation ratio, (4) Fertilization ratio.
1.3 MEmB K%
1.3.1 BEEEAMERIE RSN LE (B 5em) THITES A & HIRZEBENLIE Y 3
PRAEARAR X HEAT 73 R HORE o 1Y 1338 1T ELJ7 [704% 0~10 cm., 10~20 cm FL % 90~100 cm ¥ %
BRI IRREE, RREISLRARARIC . AR SIBR T WA AR . IRAR KB )E, BT Rl
WALEEE BARRT, B, 1T 1 mm fLA2JE Je i o

8% pH JIE: PRI 10 g W FE8F, RAKEFUR L 2.5:1 IR G /54 30 min, # E 24
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SC = 6.59EC+0.83 (R2=0.96) (1)
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4B I Teatment bALl Treatment Ao I Tentment b £l Treatment

H: pH, tHEpH, SS, HIEHSEE, WIFL, #EBES 4000 m®hm?, y-PGA jtifini 7.5kg-hm?2, W1F2, J#ilE%i 4 000
mé-hm2, y-PGA Jitii# 15 kg-hm?, WI1F3, #EBEEHi 4 000 me-hm?2, y-PGA it 22.5 kg-hm2, W2F1, #iE%i 4 500
mé-hm2, y-PGA jifiin% 7.5 kg-hm?2, W2F2, #EBE# 4 500 m®-hm?, y-PGA jifilii& 15 kg-hm?, W2F3, #itE%i 4 500
mé-hm2, y-PGA Jifiiif 22.5kg-hm?2, [, Note: pH, Soil pH, SS, Soil salinity, W1F1: Irrigation quota of 4 000 m®hm~ 2and
y-PGA application rate of 7.5 kg hm~ 2, W1F2: Irrigation quota of 4 000 m3 hm~ 2 and y-PGA application rate of 15 kg hm~ 2,
WL1F3: Irrigation quota of 4 000 m® hm~ 2 and y-PGA application rate of 22.5 kg hm~ 2, W2F1: Irrigation quota of 4 500 m3 hm~ 2
and y-PGA application rate of 7.5 kg hm™ 2, W2F2: Irrigation quota of 4 500 m3 hm~ 2 and y-PGA application rate of 15 kg hm™ 2,
W2F3: Irrigation quota of 4 000 m3 hm~ ? and y-PGA application rate of 22.5 kg hm~ 2. The same below.

B 3 ARAE FARAEH 0~100cm L2 pH (a MW, b. W, c £8M, d HE2ED ks

SR (e WL, fOEH, g PRI, h. mEEUD
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
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test. * : P<0.05, * *: P<0.01, ns: P.>0.05. The same below.
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Fig.4 Effects of different treatments on soil enzyme activities
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Fig.5 Effects of different treatments on cotton root average diameter (a), root length (b), root—shoot ratio (c), and root boll-setting
capacity (d)
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5435 4 20.00%~20.35%-. 19.57%~31.03%. 22.36%~28.22%F/ 23.45%~29.48% .

Wi* *  Fns WxFms[[[[T] # Root = % Stem I Leaf [/77%: Boll
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80 |
60 -
20
% 40
m
<
20 |+
=
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0 =
T
I
Il
20
WIF1 WIF2 WIF3 W2F1 W2F2 W2F3

42 Treatment
W: AB-BO, HZWTMHRMR, WP AFR/NG FRR AR 253 5%, FF. 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.
6 A [ AL AR AR ST T AR R =
Fig.6 Aerial biomass of cotton at the boll-opening stage under different treatments

2.5 y -PGA FIFEBLE BN EIEIE TR = S A MR

PRI AR AN 3 B, REMLESUHEFEIRS, F3 ARG R AR AR R
BREET F2. F1 (P<0.05) . 5 FLAALL, F3AFBr~ RN T 7.37%~12.15%, R4
BEINT 3.02%~4.00%, AKRHINT 26.13%~27.96%; 5 F2 Lk, F3 KRR
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15.07%~20.61%, FEREAEER T 14.76%~21.20%, K7 R 6.00%~6.07%; +HE y-PGA H
BT, W2 B8, PRRBANR S FE WL BEIN T 18.81%~24.95% .
25.48%~30.34%. 11.10%~12.06% (P<0.05) .
< 3 NEILIEF IR =2 KN

Table 3 Effects of different treatments on cotton yield

JbEE Treatment SCY/(kg-hm?) BPP/(plant™) LP
W1F1 5139+83e 5.83+0.44d 0.413+0.01d
W1F2 5 730+23d 6.71+0.51d 0.427+0.01cd
W1F3 6 522+5¢c 7.90+0.18c 0.440+0.01c
W2F1 6 847+82c 8.17+0.60ch 0.470+0.01b
W2F2 7 740+425b 9.0040.33b 0.480+0.01b
W2F3 8 033+116a 11.34+0.58a 0.500+0.01a

E: SCY, ¥/~ &; BPP, HECH: LP, RAK. [MAAF/NG PRSI 257+ 23 (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.

MRAE AR FEAR IR 4 7R AR BEX AL BT REfa 5, S oe B DAL A L e
FHRM (P>0.05) , {X W2F1 LB L3P A LA 2 L 5 B2 A WAFL 79 ) (8 25 3 e
5.90%#H1 7.73% (P<<0.05) -

*® 4 FNEIEXHR LT BRI

Table 4 Effects of different treatments on cotton fiber quality

AP Treatment MUL/mm Ul/% BT/(CN-teX'l) MV ER/%
WI1F1 26.63+0.97b 82.33+1.01a 27.80x1.56b 4.80+0.26a 6.67+0.58a
W1F2 27.40x0.46ab 82.27+0.64a 28.43+0.84ab 5.10+0.17a 6.70+0.00a
WI1F3 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

A MUL, 3P UL, BFFEE%G BT, WisREE; MV, ik (E; ER, fiKlk. F[F. Note: MUL, Mean upper
length; Ul, Uniformity index; BT, Breaking tenacity; MV, Micronaire value; ER, Elongation ratio. The same below.

B 7 A R AL BN KR £ 248 it B S22, o] R RSB Fn e A e it B BEAT 22 5 PR .t
K7 ATLAE Y, ASFEBLE B y-PGA FIE XA 4 it BLFR BC & 5o (P>0.05)

18000 - .
Wi+ Tns WxItins

6oL o a_ q a
14000 | a a b =
12000 | _-F*'a}

_ 10000

=4

= go00f
6000 |
2000 |
2000

WIFl WIF2 WIF3 W2F1 W2F2> W2F3
HLTT Treatment

Bl 7 AN AR EEX AR AT 45 5 S AR E (FQD 52
Fig.7 Effects of different treatments on fiber quality index (FQI)
2.6 IR ~2RIER
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RNERE VU R & LA AR, A SCRH E 701 (PCoA) L dfi 3% pH.
LTI AR, ZMAEREE. S EEREYE . R TE . RS AR P
BEAA. 2 B S TR R R ME . AR RE T A DL AT 4 T
FaE 13 MEAREAT R 4E ST BT o BUREE VI 2 (KMO) i1 Bartlett BRPRAS 56 45 5 Bk -
KMO0=0.76>>0.6, H. Bartlett {3623 (P<0.01) , #uZEdiEH T a9,

AT ILEE U AR R T 1 B85, RIFDTEREE N 91.644%, ReAR UK EAGAE
EHELR B (GrkE 83.11%) FEACK LI W S ARG DRERS .
R 2T A R L RS R E AR B EE R B El (0t
Bk 8.53%) FEIxM 18 pH. ZEyEALEEETE. FEPERRETE. BT85BS B 4R 4 i i
PRFE(S B BT RS E0, 456X (6) 50 (1) W& AT EETT 5HF, 4531
Eon: W2F3 AbFRZEA15 70 e (0.903) , RILmM: 1M WIF2 &bFEfR ik (0.171) , %5
RV ZE (KD, RUFEBTHE y-PCA i H = 1K P R X 7= i KA IR B A W3

AR

x5 WMLIFNEEED

Table 5 Comprehensive evaluation score for cotton performance

4bFE Treatment %4184 Comprehensive He44 Ranking
W1F1 0.590 3
W1F2 0.171 6
W1F3 0.354 5
W2F1 0.532 4
W2F2 0.660 2
W2F3 0.903 1

FHORMES M (1 8) R, FFpr= R SREMERVE I 2 M S BEE M S A REE
ARBEIE T SR IR TR ERE 2 TR RE L AR S5 i /13 R 52
IEAHE (P<<0.05) , 5435 pH. T3 & & DR b 2 23 A 5¢ (P<<0.05) 5 #R4f
d i R PR S 3 pH B E UM% (P<0.05) .

v P VNNNN b

5 NN NN

SPPO [ 0.47 iR ”f’

SCAT | 056 88 078 /,f

S-S0 |50 82 076 097 ,,
”

S-L10 (055 -093 095 091 09)
’f-052 088 076 084 091 090
A -082 083 088 082 08D 085
AB-BO [-0.57 093 0HF 094 081 095 093 0Ky

RS | 00d 053 09 S04 079 6 0RT 079 090

AYASNOMANNN Y.L

[CR [-061 <083 030 0381 076 086 081 074 0890 -097

SCY (054 -090 034 095 096 095 095 092 097 -087 034

Y| 05T
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8 B ITM FEARIBIAH SR> Hr
Fig.8 Correlation analysis among the evaluated indicators

N3t — 0 W AN [F) A BE G R AL B A R AR, SR i B/ — 3 My 75 R 1Y
(PLS-SEM) #HATZRAL (89) o FESSMIBRIMIFIE FaAR i, W AE R[] 3R 2 It 2 Wk
75 ZAK T VIF BT H 00, s FHE A 52Y, % VIF KT 5 BB 5e 5Bk, B EIR,
HEWLE WA v-PGA 5 HIRBALIE A AE TR MR, (%42 REON-0.911, -0.364) , JFIE[URY
MRS PR (AR RHON 0701, 0523) , MMfE#ER A4 K (Bi: R %C08-0.741. 0.220) ;
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E— D A AR Y 1OAR R (R A2 R EOR 0.910), I HLAR mifEAE 10 2 (8412 R ECH 0.953).
UEAh,  BGE IR ERAL R R D R LIRS (4R R EON-0.10D) .

_0.364%# 0911%%
pH “=0.979 ..
| SPP -0.101
09167\ 0.962
ss “
0.7415%

0.910% %
e
0.979 0.972
e N\
AB-BO BCR

e 1Q, VEWMLEH: SPP, LMeEfbtER; SEA, LIEERNYE: RD, ARAK: B, £¥WE, —» LWHERpmENE
M REG - LMBFERRE TR ¢ RBAEREEFEFINEEKT (P<0.0D) ; * RoREEREE LR
H#E/KF (P<0.05) . Note: IQ, Irrigation quota, SPP, Soil physicochemical properties, SEA, Soil enzyme activities, RD, Root
development, B, Biomass, —p 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 /N it i) Jy FRAR AR 2

Fig.9 Constructing a partial least squares structural equation modeling (PLS-SEM)
3 1 it

SRR 5 T P W RO P U A R A A P R S R S B AT L, B SE A -
PGA i[RI F20 2038 - e 5 BAT B35 ORI, AR FUR WY, 389 TnaEE 8 52 AR y-PGA it il
B AR pH FIER MM (3D o BEBLE BRI THEREK D NS, BRI T2
VERRIZ AR DA 10 1 0 S (A UKL ) 3 BORERE, - M TTT 22 3% pH )T s A R 70 AR
K12, SO 13 pH ML IR REON A (B9 o A, y-PGA MR TlAT Beds 4%
MREST, A RCT T R P R EZ R, thAh, MEBUERS y-PGA PRI AT 2T
TR (B 4) o XTI REA PR A HEL 52 A0 A 1 I T sk e e S S RISl R S R
AETE, X5 Trseder®¥ S50 AHL. 358 pH FIER M BEE LZIRBESETHGRE (BI3) , 7T
RERPFUNTER Z L3, K HIZ R =SB IRYE, (EARIZ R0 pH The. TkE%E
REEHEIN, T 23T BRI DK 7 1 RS @E LA M AL £, M B 7 38 i £
TP pH A (181 3) o B RINeE G, Sl —Pitm it (89,
SKHLER 7RI IR 7 [ 5 A BRI, FTaE— 0 2 3R . y-PGA 15 BB E A bl [F) 5
TRy pH SERETE, XAMNEM T RIZER T B, ERER RGN KSR T
RIS IEA, 2 RO B XA AT 8 e BT TR BT e

TEVIRR AWM ] 3 K 2 FIFR 2 M 2GS S, = RSN EMN AR A H « A6t
FORI, T EBSENIREIR R, DU y-PGA BRI AR TER R A
HARFEILREW (8 9 o XEFAEINERES SR 28R, e afEHee,
M ERTHR R TR (IRE JT . BEAh, y-PGA RIBGE 3B IR BT, BN 38 <k, (Lt
TEVIIR R K B, MRTERIAR AR AR A B R G — B, IRAR A AOA R = R 2
MEAE B AR A= 028, T AR et b S e 7 AR B384 AR K B P, AR5 2R RE ) T HR 7R AR
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G EL 2 [ 2 RO, Wi AR B, AR el b SRS TE T4 T AR 28 B 7= i b Jo 2% DD AH DR B0, iR
COERFR, MINER B v-PGA R, TV EE 2L, Rt TR, 1R
RERRE I REY, 5AIGH AL R (B 5 ) — 3. nJREE NN y-PGA REFEF L A%,
MR R AR, SEm YT IR R, HRI T HTYRAR R RRAEK SR
HASTEE (E5) , RN AR y-PGA R P [FIAE LA N3R5 4e), W sRARfE P
YEEYIR T BCRE ST, AZMLE R = PR TR LR AR

BT IR TR A R AR A K R B I S R, a0 R 0, 38 e
ERY y-PGA HE RV R M e =&, JUH BN 7 RrmReRs (R 3) ; AR, =X
FRTELT4E it R I CCEAAAERIIRYE (R 4) o R T 4P 5 & BN aEE 24, aTaE & A
NEFYE I B R R R B s e, S5ARSCIR R AL AE R (R 4) AL SR, B—FEARTE
ik R DU e — 1 G 1R 5, DRItk A Fiidad 32 i o o A AR e B 4 & 1 ik kAT
CEOVEAL, 15 HIREIEE AN 4500 m3-hm2, y-PGA & A 22.5kg-hm?2 (W2F3) AbFH N EE
FHBMER TR (K5 o A, IS, TR R Z B ERUE A KBRS
S50, WM F G546 7 R Y B AT b 2 AL 3R AT (9D, HEBRSE BN y-PGA BN A2
AR A A E R R R A0 pH R ARG, BETR S IR, SR R IEA KR
5t MM{EERAERIR RAK, S PR EREEMERNIA R, LR~ =0 H 1,
N ERIRHL VB BRI T BB AR

4 45

KA CARBIE AR AN G, B TAFREBRESS y-PGA i EIINHE R RE, R0
BT IR BEEYE . IRAKE . AR AR AR, BHURER: (D #
5 E A 4500 m3-hmr2, y-PGA Jiti &)y 22.5 kg-hm2 At 40 a4, %] B 3% s
TN, RAEMERRELET, BIEREL (0.16%~1.20%), &R 645 ft
(1.15%~1.51%), AREETYRAR, St/ E; (2) =SEMES y-PGA P F AT
B ERT IR IR 2 By AR AR DREGRRERERE VE Y, o LIRAEY YRR,
R AE KPR R IR I IR (3) SEM AR M R B, EWEE AU y-PGA I Hi%%
PRARRLN P i — Rl A R IR A, T TR (RIR R R B S TR A R
TRl E R A, WSRAR R IAE, AT EAKCE. 45k, SR 4500 m3-hm2
BLEAS 22.5kg-hm2y-PGA Jiti F B A B, AT 20 shmd - e a0, (R SERpIEAR &
Lt B RAEAC, IR T ACEEER BN G PRS2 L SR, A TR i A ) - e
TR FE, ST 305 pH BRSO R FE BN T RLHLE], A FCRTHE 5458 IR
NSEHT BT AN T AFE R IR o SR TR a8 & s T il e, ik — P i S -
PGA 1EH T il -4 & 708 . A8#e 5 1l 1) B A ik B2 A 00 AR B FVE P A= K P
FEHLEL
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