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Partial substitution of chemical fertilizer with bio-organic
fertilizer reshapes soil microbial community structure and
function in wheat fields
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Abstract: [Objective] To investigate the effects of partially substituting chemical fertilizer with
bio-organic fertilizer on the structure and function of soil microbial communities in wheat fields,
thus providing a theoretical basis and technical support for fertilizer reduction and efficiency
improvement in wheat production.[Methods] This study compared three treatments—conventional
chemical fertilizer (CF), partial substitution of chemical fertilizer with organic fertilizer (OF), and
partial substitution of chemical fertilizer with bio-organic fertilizer (BOF)—with respect to soil
physicochemical properties, microbial community structure and function, community assembly
mechanisms at the wheat jointing stage, and plant growth traits at the harvest stage. [Results]
Compared with CF, BOF increased the biomass by 33.33% (P<0.05). Compared with CF, BOF
increased soil organic matter, available phosphorus, available potassium, sucrase activity, and
urease activity by 29.82%, 35.13%, 5.32%, 14.93%, and 36.18%, respectively. Compared with OF,
BOF showed the corresponding increases of 3.29%, 133.73%, 47.21%, 19.58%, and 14.78%,
respectively. The soil quality index ranked as BOF>OF>CF. Microbial community analysis showed
that BOF significantly increased the abundance of beneficial taxa such as RB4I, Massilia,
Mortierella, and Cystofilobasidium, while reducing the abundance of potentially pathogenic fungi
such as Fusarium and Aspergillus and enhancing the complexity and connectivity of the molecular
ecological network. Functional prediction indicated that compared with CF, OF and BOF increased
potential carbon metabolic functions such as aerobic chemoheterotrophy and aromatic compound
degradation. In addition, BOF enhanced the potential function of ureolysis while suppressing the
potential function of nitrate reduction. [Conclusion] By comparing the comprehensive effects of
different fertilization combinations, we found that BOF significantly improves soil nutrient status
and enzyme activities at the wheat jointing stage and optimizes the microbial community structure
and ecological network, thereby providing favorable soil fertility conditions for plant growth. This
study lays a theoretical foundation for optimizing fertilization structure and reducing chemical
fertilizer use while improving efficiency.

Keywords: wheat; bio-organic fertilizer; soil fertility; microbial community structure; co-
occurrence network

INE (Triticum aestivum) =R EEZ MR ENE SR . #E— PRGN S0 IR 2 4
Y, AEFEEAN 13842 1, SHUNEF TR REEEERPL IR A: =z

P4 actamicro@im.ac.cn, 7 010-64807516



KFEN S| BEYER, 2026, 66(10)

5077

P EZRA S, W ERER =R T EE 5
BRUT, sk, I RO A B AR AR A 5 &
T HERRAL . ERARAL . AR L LA R A R
GER AR S — RGN A ZS L, BELAS AR A ]
S Rl Rk, AR REAR A . S AR
IR, BURAR R I ORI it A T =R R e
T4 - SRR ELAT R O,

A HLAE A Ak IR B e 78 B = B I AT T
T TR AL TR o AR 25 A ] R AN Lt A
PUAE A AS U3 S5 vy A HLRR 5 2 LA K A
Bt . DR e PECTOL mE o + e R R
JEUU D B oK AN SR e P R
i, HABAAE SR B X 2848 | MR AcReak vk
AR, PLETRES | AR R 9 . IR
YRR R E R R RIS ML R, Ay
AU A VLY RS R D se A E &,
e ELA MLER IR 5 3 Py s S s A
A MUAE e it T B B A T 4 R o AU A= By
U1 E U SR R AR IR = R
PRHE % 2 IR, Wang ZPURFSE KB, 4
YA HLAC G PG A T 3 E pLe & B, T
IR YRR, SRR AR . BRI AT
it TR ERR I A YA PN G BRI
P T R BEEETE A R TR, T R
PFEY it

oW, A= WE HLAE it 78 ol 3 £ 45 e
FIRE T A R I 45K i e A AR Y,
AT /NEAF A B I IR E R a4
] A% 0k AR R S 2 HAEMLE A AR B A
B, b 6 i A A 4 4 R A R B4 B R
JEPH N RN AR KR S B, %
A /NS AR 2R 6 J1dReo . IR R ) B L
RS, P IR R . DIRERA
T Lok B85 %) i o 38 T Sk R
ARHEGER A/ PRATIH], XA AT T Rt Ak A
(CF). AHLIEER B AL (OF) A= 954 HLAEHS
3B RALRE(BOF) 3 Fite A AL #H XS /N2 i 1438
FRACE BT . S PR A A P R TR S5 A 5 T RE

O3 FHEAS 2% KT8 AR AL A s, I W4
FHEPR I DN R G R WA v A RE A A G
5 T P A [ R L5 % /N2 3501 10 3B g
A Wi v 4 4 55 T A DI RE B R ) B A 2
BL, s 3 R PR A

1AL

1.1 AR XA

] 3 36 7 152 F 2023 4% 10 7, A Fifde
RHE KA NIR S HL(36°58'N, 114°31°E), J& T
I i 7 R i P 0 = KU X, AR AR
142 °C, AE¥JF/KER 487 mm, HIEITRL N
+, WiR BTN R . R LI (soil
organic matter, SOM) ¥ & 7.67 g/kg, Wl it &
(hydrolyzable nitrogen, AN) % i 93.45 mg/kg, £
AW (available phosphorus, AP) & & 2.66 mg/kg,
A (available potassium, AK) & & 92.5 mg/kg,
1L 5% (electrical conductivity, EC){H 82.83 pS/cm,
pH 1H 7.24,
1.2 Rt

AR 3 AR, ARAEXSBR[CF, N-P,Os-
K,0 (28-8-8) 600 kg/hm*], A3 HLAL 43R0 AL AT
AbBE(OF, 75% FLAE-+A HLAE 3 000 kg/hm?®), A=
YA HUIEER 53 AU IE AL BR(BOF,  75% fIE+4:
YA HLAE 3 000 kg/hm?), SL 5% 2 A B R
)28, Horfr OF A1 BOF AbBEJE T HLAE 8 %
o AT A, R AR R R IE A AR A Y
25%, BMAGEACAE R 1 R AR B 3 )
WA, HEHLHEST, NXZIEE R 0.5 m. fheriE
AR T RO D B A R A F, AR
F AR ) Z2 AR R BRA R A AL % :E>60%,
N-P,05-K,0 (1.4-1.3-1.3)]; AEWAPUEHAHLIE
oS N Y6 AR B B (Pseudomonas fluorescens)
DI55 DA K DU 3 1 28 #9 ¥ B8 (Bacillus velezensis)
GW22 F L 3 1 ZF 468 41 18 (Bacillus velezensis)
B02 4, 3 PRIDBERRHZ 1:1:1 WY FL G,
25 i TR RO T E=0.2x 108 CFU/g>3% ) indg

http://journals.im.ac.cn/actamicrocn



5078

ZHANG Meiyi et al. | Acta Microbiologica Sinica, 2026, 66(10)

*1  AEHEABERE T et H £

Table 1  Fertilizer rates under different fertilization treatments (kg/hm?)
Treatment Organic fertilizer input N P,05 K,O Total nutrient input
N P,0;s K,O
CF 0 168 48 168 48 48
OF 3 000 126 36 168 75 75
BOF 3 000 126 36 168 75 75
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Effects of different fertilization measures on wheat growth traits and yield. A: Plant height; B: Biomass

per plant of wheat; C: Theoretical yield. CF: Chemical fertilizer treatment (control group); OF: Partial
substitution of chemical fertilizer with organic fertilizer; BOF: Partial substitution of chemical fertilizer with bio-
organic fertilizer. Different lowercase letters in the figure indicate significant differences among treatments (P<
0.05). The same below.
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Table 2  Effects of different fertilization measures on soil physicochemical properties and enzymatic activities

Treatment CF OF BOF

pH 7.3240.03a 7.33£0.03a 7.28+0.02a
EC/(nS/cm) 82.23+0.60b 83.63+0.21a 81.53+0.25b
Soil organic matter/(g/kg) 7.61+0.23b 9.56+0.28a 9.88+0.12a
Hydrolyzable nitrogen/(mg/kg) 94.85+0.70b 95.32+1.07b 101.50+0.93a
Available-P/(mg/kg) 14.66+0.71b 8.48+0.22¢ 19.81+0.50a

Available-K/(mg/kg)
Alkaline phosphatase/[nmol/(h-g)]

162.83+0.58a
330.754+27.52¢
17.60+0.98ab
300.59+7.06a
985.16+4.39¢

116.50+4.00b
612.80+14.41a
16.91+0.78b
145.46+18.95b
1 168.83+27.31b

171.50+6.56a
532.70+15.20b
20.22+1.91a
135.96+25.32b
1 341.64+26.74a

Sucrase/[mg/(d-g)]
Catalase/[umol/(h-g)]
Urease/[png/(d-g)]

Different lowercase letters in the same row indicate significant differences (P<0.05).
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Figure 2  Effects of different fertilization measures on soil microbial community characteristics. A: Bacterial
venn diagram; B, C: Bacterial community diversity indices (Shannon, Chaol); D: Bacterial PCoA plot; E: Fungal

venn diagram; F, G: Fungal community diversity indices (Shannon, Chaol); H: Fungal PCoA plot.
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Figure 3  Effects of different fertilization practices on soil microbial community composition. A: Species
distribution bar plot of bacteria at the genus level; B: Species distribution bar plot of fungi at the genus level; C:
LEfSe analysis results of bacteria (LDA>3.0); D: LEfSe analysis results of fungi (LDA>3.0).
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Figure 4 Effects of different fertilization practices on the soil microbial ecological network. A: CF; B: OF; C:

BOF. Red nodes represent bacteria, green nodes represent fungi. The edges between nodes indicate positive (red

lines) and negative (green lines) correlations.
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Figure 5 Effects of different fertilization practices on the soil microbial community assembly processes. A, B:
Bacteria; C, D: Fungi. Stochasticity refers to stochastic processes. DL: Dispersal limitation; HD: Homogenizing
dispersal; DR: Ecological drift. Determinism refers to deterministic processes; HoS: homogeneous selection;
HeS: heterogeneous selection.
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Figure 6 Effects of different fertilization practices on the relative abundance of predicted functions in soil
microbial communities. A: Bacterial functional bar chart; B: Fungal functional bar chart.
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Figure 7 Correlation analysis of soil environmental factors, microbial communities and functions, and yield. A:
Mantel analysis of differential microbial genera and environmental factors; B: Mantel analysis of differential
functions and environmental factors; C: Mantel analysis of differential microbial genera and differential
functions; D: CCA analysis; E: PLS-PM analysis. Values along the arrows are standardized path coefficients. The
width of the arrows is proportional to the coefficients. The red line indicates positive correlation, the green line
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relationship (*P<0.05, **P<0.01, ***P<0.001).
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