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Effects of y-polyglutamic acid combined with chemical
fertilizer on soil microbial community structure and function
in Xinjiang cotton fields
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Abstract: [Objective] Long-term and excessive application of chemical fertilizers leads to soil
degradation and an imbalanced microbial community structure in soil. The combination of
organic active substances with chemical fertilizers is considered an important approach for
controlling soil degradation and maintaining microbial community stability. [Methods]
Metagenomics was employed to study the effects of combining the bioactive substance
y-polyglutamic acid (y-PGA) with chemical fertilizer on soil microbial community and function
in cotton fields. Four fertilization groups were designed: chemical fertilizer (NK), chemical
fertilizer combined with y-PGA aqueous solution (YT), chemical fertilizer combined with
v-PGA granules (GT), and no fertilizer (CK). [Results] GT and YT groups outperformed NK
and CK groups in terms of cotton growth and soil nutrient content. The combination of y-PGA
with chemical fertilizer significantly increased the microbial abundance and diversity in soil,
while chemical fertilizer alone did not improve soil microbial diversity. In addition, the
application of y-PGA changed soil microbial community composition. Compared with the NK
group, YT and GT groups showed a 9.70%—12.72% decrease in the relative abundance of
Proteobacteria and 13.33%-20.90% and 8.09%—-13.01% increases in the relative abundance of
Bacteroidetes and Actinobacteria, respectively. In addition, the relative abundance of
Rhizophagus (a genus of mycorrhiza fungi) increased by 19.71% in the YT group. The
functional gene analysis showed that GT and YT significantly increased the abundance of
functional genes related to amino acid biosynthesis, secondary metabolite biosynthesis, and
ABC transporters. [Conclusion] The application of y-PGA has the potential of improving soil
microbial diversity and ecosystem stability in Xinjiang cotton fields.
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RERYSEI, AL RAM R G5,
v-RA AR (y-polyglutamic acid, y-PGA)Z&
AV RIS R —MoKiEE 2 RE R, A
D0 R 7KV | R iR A W2 SR N A T R A
WA = ) R TN T AT BATR , B —Fh S iy
IR o FARE, FRESA T T2 0 P,
Ak, y-PGA BEAREHEYIER LT | B
FVRIFK AT IVE R, DR I I FH T ARl A 7 4 43
B, T ET IR v-PGA W 1=
FhAbRR B, JHERNF 2R | R 2F R EORG J)
FEREAA H BT, v-PGA B E L R Y X
R BRI AU, SESERAE PSR A R
Bai ZEPWF5Y & BH v-PGA Jifi i - SR 918 72 I JE
BIFIARE S WA BEEm. HEXET y-PGA
TEARE | BRI s YA B, X/
SO R /N MR Ay 7 B SR 4 W ACR]
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S BFFE R v-PGA W B B R X
FEVE B AT 78 VTG 08 T ) 56 5 P s
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AHTAJE A ERERS U e y-PGA R T
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TEVE) ™ 5 K S WSO T E R -, (EXF
TAHRA R - S ) )y T AN RS
AR, o3 F AW ROR VAR 2 e ffi 15
JHE TR 2 2 R TR R B 5 b 1 T e )iz Y
Tz U IR ARBEW A B
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o AT LR LN AL 27 R HoRTFBE, DIARAERh
EIR s /S L - R I i PRSI RS E 7/ R 7/ D
v-PGA , RT3 A= Wy 2 A K S RERY
SN o LAY B i M A6 0 A R R e e 1t
RS2 PRI AR I S kig 5, R A A AR 7 Y
A HFEE A JEAT H DTRR o

1 MRETE

1.1 RGN

R M F B sm e B /R IR X S8 A5
T 7K V) DX P 5 DT 27 Tl SR A [X (44°96'N
80°95'E)MBkIIIRIR I, MM, B
Rl KB PE TR AU%, BN, 42 W
K, BRIRZER, 245 K ED
HI4 6.7 °CHj 280 mm. HHEARAIRIE L HHL
FiEr i 13.2 g/kg, BHARA 63.25 mg/kg, AW
22.5 mg/kg, A 210.3 mg/kg, pHH 7.61,
1.2 R

FRAERI T FH Bl 52 80 5, ALAELE & WE
BB RUNSY 1N 15%, P,05 15%,K,0 15%),
4l y- IR ZRRIK T (v-PGA 5 1t>5%) FIAE y-R 4
SRR (y-PGA 5 5>10%) H B8 2R Al 4 141
ARG PR AR ERAE, Al y-ZRA MR K I R A WP
it N0.3%, P0s0.16%, Ky00.11%; 4fi y-5
PR B /L N 0.15%, P,050.11%,
K>0 0.41%. AH y-PGA KIFWRF y-PGA ik
P B FEFRD AN AR AT
1.3 IEIt

FAAET 2023 4 5 A 10 H - %R0 R
kR, BEBE 2 47, FTEEBEE R 50 cm, HEFREE
JEEh 22.2 T3 A /hm?  BEAMRAE A KRR 121K,
F 6 AhatiaZ 9 A FAZS R K EWI 57 d,
FEWEE A 300 mm. IXIGILIEE 4 0B, 25
FARGHAEATAERNCK) . A AL IE(NK) . 1k
NETA v-RA AR (Y TS y-3
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B HRPKL(GT), M 34 ER, I ER
A 2 mx5 m, AHEEXIZ AR 1 m. K5
RABEH AN 15%, P,Os 15%, K0 15%)ii
Fit 285 kg/hm®, 4 y-RAEBRK B (v-PGA
Er i >5%) i 9 L/hm?, y- B4 & R Bk
(y-PGA & 8>10%)Jiti & 4.5 kg/hm?®, RS
ALY y-PGA LB A =358 450 g/hm’,
HEREFERR A A K U] 43 6 YR /K HE IR , 4 it IE
i AR 16.7%, IS 16 H 17 H,
FE2WTHLIH, 37 15H, 4k TH
29H, S8 H12H, H6wk8H260H, 7¢
8 5 16 H({EXR W), W NMbIRREHLLEEL 10 BE,
EUEESINSIIUR ¢ 7 3= S b2 i NANB U ==x 7 < e 3 |
SPAD-502Plus M4 Z A (R R B B0 A5 PR
O w) DU E I A A R R, IR IC R
R, SRR AFEURIER A
1.4 TIEHRAREFNE

TAFERE L TR S RS 5SS R H 17 H)
KA, B AL PEREHLZEEL 6 A RFE S, SRAEIRE
A 0-20 cm, KRAERY LR A 519 LB
FIZR . AIMRAE, R4 3 ANEAR, IR 12
AFERL . — 8B EREX TR RS T 35201
WZE , 73— LFEARAFAE—80 °C N T2 3k A
T 54T

TR 2% (R ) 1
AT Hoip 438 pH R pH T HIE s HHERAHL
e & F R FHEAR TR - AL e s A
il vario MACRO cube JCE 4T (Elementar
Trading 2> @) AE ; TR R TIBTH6@
P s HIERAHER PR IR SR B L
P s -SSR R PR BRI E

DNA $EEUM 22 L R AP At H S E A9
BARBBRARISAT, MR 3 MEYEER
J a6 A I A o e A ], ARAR R R Y
PEEL, TR, A5 BRI REAR I S

RIZHZH %% contig 8], LT AR A4 2 45
A TIRASEE TN, [R] iR BRI S R U,
B I A5 FEAS B I DR T ) S 5 22 R Tl 45 2
IR FARTUR AL, [R5 3R TTR A
FEFE, BIEURENESIEITTREN T
U4 JPE (non-redundant protein sequence database,
NR)E KEGG HilA7 X IR, A3 Rhaish
RESEPRI TR ., SRS (0 X Iz Ay B A 3 3 A
HRZY RS RE RN FE, 7E]. B, HARM
IR AACE B K G HETUAR SR AR TR A5
SRR, MESRH I 2K B E R
1.5 HIESH

K SPSS 26.0 4 One-way ANOVA i1
N 22 5 (least significant difference, LSD)EEX}
FRAEA MR AN T3 Bl i A T BB 22 Ry
Mr(P<0.05). T HIHEK = F-F (www.biocloud.net)
AT A YRR FEYE R LU T, Wik
IHREIALRL, 255 IIRe R /T as .

2 BRS04

2.1 AEMEAIEX L KNS
R 1 AT UL, AN (7] f i TS A B G A A P A 4
AR, 5 CKME, NK, GT #1 YT ¥
AT UL SRR A AR . o, DL YT Bk e i
5,153 49.03 cm, = F CK A FH(32.98 cm),
GT (48.23 cn) AR BB T YT, NK (42.50 cm)
W2 . FEZEHIF T, GT (7.79 mm)f) 2k FHl
L E ST CK (5.13 mm), YT (7.30 mm)H) 2Lk
f&F GT, NK (6.42 mm)X=Z ., FZEMHEAeiie
AbPRE AT EE N, YT (12.50 Fr)fty FE25m4%
&%, BFEET CK (7.63 i), GT (11.50 F)Fl
NK (10.11 J)Ay =255t 2 % % T CK. SPAD
B2 AT s R e R S dE bR, GT 1Y SPAD
{8(50.05) 5, NK (47.51)F1 YT (48.40)% i 3%
T CK (44.85)(1) SPAD {f . 7E R4 K0 Hi, GT
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(9.67 M)F1 YT (8.17 AM)SREEUE 5T NK
(6.67 ™M CK (6.50 1) GT (15.17 M™MF YT
(13.50 MAFEHCRE = T NK (10.50 ~)F1 CK
(7.33 1) GT (3.50 MFT YT (3.50 M)A EE
F T NK (2.50 M)A CK (1.83 1),
2.2 A[EHEABALIE T IR IR M FRAY RN
F1 2% 2 W, AN [ B4 i S A FE XS A FH g - 458
P JFA A E B2 . 5 CK (7.84)4 ., NK (8.14)
WERE T pHAE, GT (7.40)F1 YT (7.17)0 i 2%
FAR T pH{E; YT (22.41 g/kg)i) EA HLEK (total
organic carbon, TOC)% i B & fix 5, J& CK
(17.04 g/kg)i) 1.32 £%, GT (16.12 g/kg)Fil NK
(16.43 g/kg)5 CK LU 2 5% ; GT (1.87 g/kg).
YT (2.36 g/kg)¥s i e E T &L A (total nitrogen,
TN) &, 7309100 CK (1.69 g/kg)ft 1.11 /%71 1.40 1%,
NK (1.52 g/kg) Wl i 2 AKX ;6% A (available
nitrogen, AN b TN —2; GT (1.28 g/kg).
YT (1.21 g/kg)ib PRI 2548 & T BB (TP) & &,
4398 CK (0.90 g/kg)) 1.42 f501 1.34 f%, NK
(0.81 g/kg)M 2 E AL ; NK (60.79 mg/kg). YT

(134.02 mg/kg) 1 GT (75.23 mg/ke) ¥ B B4 T ik
(Wi (available phosphorous, AP)& &, 437l CK
(46.83 mg/kg)ft) 1.30, 2.86. 1.61 fi%; 5 CK (10.09)
I, NK (10.84) R #4855 T RA L (C/N)E,
GT (8.61)H1 YT (9.49) ] it & AIK
2.3 AEIMEBLCIEX TIEMEIREEAEM
=ppAl
23.1 AEEBLEN TIRMEDREZE SN
oAl

WE 1R, A YIRS ZRE R B
225, KM Chaol 5% ACE 8% T HEVE 4
A FRE, BB B OR SRR B F R R . SR
Shannon 5 $F1 Simpson $5 50T HEVE 4341 2 4F
P, BE BRI Y R Z RS . 5 CKOAH L,
NK Frfifedc %24k, H Shannon #5445
Simpson FEEIE A FEK, 1 GT 5 YT IrA 54K
W EET NK, YT e, GT IRZ . 25 BN,
W y-PGA AT LUME m HIERUE IR A e
JE 5 Z R, B AAEAE — e R B U 2 R
Fh A ZFEE

Fz 1 FEIHEAELLIE XS #8128 520

Table 1 Effects of different fertilization treatments on cotton

Treatment Plant height Stem diameter Number of leaves Chlorophyll =~ Number of Number of Number of
(cm) (mm) in main stem SPAD fruit branches buds bells

CK 32.98+3.74¢ 5.13+0.84¢ 7.63+£0.74¢ 44.85£2.35b  6.50+0.55¢ 7.33+0.82d  1.83+0.41b

NK 42.50+3.80b 6.42+0.63b 10.11+1.27b 47.51£3.24ab  6.67£1.03c 10.50+1.64c  2.50+0.55ab

YT 49.03+3.88a 7.30+0.88a 12.50+2.45a 48.40+4.50ab  8.17+0.75b 13.50+0.55b  3.50+0.84a

GT 48.23+£3.18a  7.79+0.63a 11.50+0.76ab 50.05+4.77a  9.67+0.82a 15.17+1.94a  3.50+1.38a

Different lowercase letters in the same column indicated significant differences between different treatments (P<0.05). CK was
treated with no fertilization; NK was applied with single fertilizer; YT was applied with y-polyglutamic acid aqueous solution; GT

was applied with y-polyglutamic acid particles.

®2 AEHEARLIE IR RV

Table 2  Effects of different fertilization treatments on soil physicochemical properties

Treatment pH TOC (g/kg) TN (g/kg) AN (mg/kg) TP (g/kg) AP (mg/kg) C/N

CK 7.84+0.12b  17.04+0.57b 1.69+0.02¢ 232.32+1.40c  0.90+0.01c 46.83£1.61d  10.09+0.24b
NK 8.14+0.01a  16.43+0.46b 1.52+0.02d 206.63+6.01d  0.81+0.01d 60.79+1.90c  10.844+0.41a
YT 7.17£0.02d  22.41+0.20a 2.36x0.02a 761.11£11.72a 1.21+0.01b  134.02+1.57a 9.49+0.01c¢
GT 7.40+0.01c  16.12+0.12b 1.87+0.01b 453.7445.59b  1.28+0.04a 75.234£0.28b  8.61+0.09d

Different lowercase letters in the same column indicated significant differences between different treatments (P<0.05). CK was
treated with no fertilization; NK was applied with single fertilizer; YT was applied with y-polyglutamic acid aqueous solution; GT

was applied with y-polyglutamic acid particles.

<l actamicro@im.ac.cn, & 010-64807516
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Effects of different fertilization treatments on soil microbial diversity in cotton fields. Connections

between groups indicate significant differences between treatments (P<0.05). A: Shannon index of different
treatments. B: Simpson index of different treatments. C: Chaol index with different processing. D: ACE index
of different treatments. CK was treated with no fertilization; NK was applied with single fertilizer; YT was
applied with y-polyglutamic acid aqueous solution; GT was applied with y-polyglutamic acid particles.

232 A[EIFEARALEE LR R R LA RS20

TEMAPIT 102K, A SR BERIT 10 Aof
) £ AR Hh 2L 8 A = B8 22 T 2 A IR 1] 25 R 3%
B 2A), CK AR, ZIBHI TR+, &
L2 43.04% . K JEBIFF B[] (Bacteroidetes,
9.78%)FI Tl £k i ] (Actinobacteria, 10.45%). &
¥ ®i 17 (Acidobacteria) 1 %t & = I']
(Chloroflexi), 435295 8.40%F1 5.56%., NK
i, ASTE TR T AR E BERS AR T CK MRS, 24
17 41.01%. BRATET TR0 LL ) 2 2 5 T CK AR b,
iKF] 14.30%. AR T F S CK A S AE
AR, (BB EAMELL. YT H R

AT TR, A TE & 1T He i) e 2 e 2
2y 31.30%, TMAMTIR TR R T Y 32 B
o, AraZh 22.81%H 21.39%. IAh, YT
FE 5 A By SR BE B 1] (Firmicutes) o ), 5 35 5 T
HAFES, 208 9.48%. GT FefhH, AP
Feflfe, 2 28.90%, AT 1HET %X —%L
o ZFESL R T E AR, A
16.50%. SHAWFEMAEL, GT B AIERFT ]
LR FEEE TR FL B A1 o

BRI EEAERT 20 (AR B 32K T
R A5 2 BN = B 22 T 2 AR IR TR, 25 SR B (TR
2B), 7E CK i v, i 2 B Lt 727 (Sphingomonas)
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Figure 2 Effects of different fertilization treatments on bacterial community structure in cotton fields. A:
Relative abundance at the phylum classification level. B: Relative abundance at the genus classification level.
C: LEfSe analysis of microbial community structure (LDA>3.5). CK was treated with no fertilization; NK was
applied with single fertilizer; YT was applied with y-polyglutamic acid aqueous solution; GT was applied with
v-polyglutamic acid particles.
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Figure 3 Effects of different fertilization treatments on archaeal community structure in cotton fields. A:
Relative abundance at the phylum classification level. B: Relative abundance at the genus classification level.
C: LEfSe analysis of microbial community structure (LDA>3.5). CK was treated with no fertilization; NK was
applied with single fertilizer; YT was applied with y-polyglutamic acid aqueous solution; GT was applied with
y-polyglutamic acid particles.
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Figure 4 Effects of different fertilization treatments on fungal community structure in cotton fields. A:
Relative abundance at the phylum classification level. B: Relative abundance at the genus classification level.
C: LEfSe analysis of microbial community structure (LDA>3.5). CK was treated with no fertilization; NK was
applied with single fertilizer; YT was applied with y-polyglutamic acid aqueous solution; GT was applied with

y-polyglutamic acid particles.
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Figure 5 Effects of different fertilization treatments on microbial community function in cotton fields. A:
Differential analysis of KEGG pathways of microbial functional genes. B: Heatmap of three-level functional
layers based on KEGG database. C: LEfSe analysis of microbial community function (LDA>2.5). CK was
treated with no fertilization; NK was applied with single fertilizer; YT was applied with y-polyglutamic acid
aqueous solution; GT was applied with y-polyglutamic acid particles.
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Figure 7 Correlations between microbial communities and their functions and soil physical and chemical
properties in cotton fields. A: Correlation between dominant microorganisms at phylum level and soil physical
and chemical properties. B: Correlation between dominant species at genus level and soil physical and chemical
properties. C: Correlation between microbial community function and soil physical and chemical properties.
CK was treated with no fertilization; NK was applied with single fertilizer; YT was applied with y-polyglutamic
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Figure 8 Mantel analysis of cotton fields microbial communities and soil physical and chemical properties
and cotton growth traits. Ph is plant height; Sd is stem diameter; CK was treated with no fertilization; NK was
applied with single fertilizer; YT was applied with y-polyglutamic acid aqueous solution; GT was applied with
v-polyglutamic acid particles. * represents P<0.05, ** represents P<0.01, *** represents P<0.001.
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