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Combined application of organic and inorganic fertilizers affects
soil nutrients and microbial community structures and functions
in soybean fields

LI Kangkang', GAO Kailu', CUI Yimeng', ZHANG Xuzhu', ZHANG Yuanyuan', GUO Chengran’,
HUO Liyong’, WANG Qingtao'"

1 School of Landscape and Ecologic Engineering, Hebei University of Engineering, Handan, Hebei, China

2 Hebei Huafeng Seed Industry Development Co., Ltd., Shijiazhuang, Hebei, China

Abstract: [Objective] To investigate the effects of combined application of organic and inorganic
fertilizers on soil nutrient content and microbial community structures and functions in soybean
fields, thus providing a scientific basis for rational fertilization and high-quality, high-yield soybean
production. [Methods] Four fertilization treatments—control (CK: no fertilization), inorganic
fertilizer (CF: compound fertilizer), organic fertilizer (OF: dry chicken manure), and combined
organic-inorganic fertilizers (OCF: dry chicken manure+compound fertilizer) —were established.
During the experiment, soil organic matter (SOM), alkali-hydrolyzed nitrogen (AN), available
phosphorus (AP), available potassium (AK), and microbial community structures and functions
were measured to investigate the relationships between microbial communities and soil nutrients.
[Results] Different fertilization treatments influenced soil nutrients in soybean fields. Compared
with CK, the OCF treatment increased the soil SOM, AN, AP, and AK by 60.67% (P<0.05),
68.09% (P<0.001), 15.18 folds (P<0.001), and 59.54% (P<0.01), respectively, and it also
increased soil pH. Amplicon sequencing indicated that different fertilization measures did not alter
the community composition of soil microorganisms but changed the relative abundance of different
phyla and genera. Compared with CK, the OCF treatment increased the relative abundance of
Basidiomycota and Mortierellomycota by 5.62 folds and 4.51%, respectively, while decreasing that
of Ascomycota by 38.35%. The OCF treatment reduced fungal community richness and diversity
(P<0.05). The alpha diversity analysis revealed that both bacterial and fungal diversity decreased
after organic fertilizer application, with fungal alpha diversity showing the most significant
reduction (P<0.05). Functional prediction indicated that amino acid metabolism exhibited the
highest relative abundance among metabolic pathways in bacterial communities, suggesting that
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the OCF treatment promoted metabolic processes centered on nitrogen assimilation and protein
synthesis, facilitating bacterial participation in soil nutrient transformation. Under the OF
treatment, symbiotropic fungi exhibited the highest relative abundance, which suggested that
organic fertilizer promoted the ecological functions of fungi in soil nutrient cycling. [Conclusion]
Combined application of organic and inorganic fertilizers modulates soil pH, mitigates soil
acidification, and enhances soil nutrient content. Fungal communities exhibit greater sensitivity to
organic fertilizer application, which significantly reduces their diversity and stimulates the
proliferation of certain pathogenic fungi. Conversely, inorganic fertilizer suppresses the relative
abundance of pathogenic fungi. Thus, the combined application of organic and inorganic fertilizers
demonstrates distinct advantages in balancing soil nutrient supply with microbial community
structure and optimizing soil microbial functional composition. This approach provides theoretical
foundations and practical guidance for achieving efficient, green, and sustainable fertilization
management in soybean fields.

Keywords: combined application of organic and inorganic fertilizers; soybean field; soil nutrients;

soil microorganisms; community structure and function
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HEERGEREMEAHEEE L., T, Auf
FUURERM RIS, & E A
(control, CK). jifi JG #L 1k /It (chemical fertilizer,
CF). Jifi f5 #L4kHE (organic fertilizer, OF) & 47 HL -
Jc ML HE T jifi (combined organic and chemical
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(5-GGAAGTAAAAGTCGTAACAAGG-3")Fl ITS2-
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NovaSeq V-G AT 7 . I Bt A
Bl = F £ (https://bioincloud.tech) 1 74 ¥ 5 B2
SrHT, R QIIME 2 3y DADA2 #fi 41
X s A o 47 B & 4 (filtered), 2% Mg
(denoised). B % (merged) M 4 [ ik & 1K (non-
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Xt IS i . 3 pH AR o 26
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A Bacteria Fungi
OF OCF OF OCF
CK 5137 5473 CF CK 477 416 CF
632 1 1 006 91 45 54
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0 142
0 931 6 28
0 0 41 16

E2 XERHIREEMEREAOTUsTHT
Figure 2

Analysis of OTUs of bacteria and fungi in soybean farmland soil under different fertilization

treatments. A: Number of bacterial OTUs; B: Number of fungal OTUs.
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OTUs, CK #il CF % H A 598 1~ OTUs; OF
MA 477 4~ OTUs, OCF JhA 416 4~ OTUs, %%
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H2F P B 1] (Gemmatimonadota) A1 UL T T 1]
(Bacteroidota) WL, 5 CK AbBE A
b, 3 FEAL AL B & T M P T TR BT
AR 28, BEAR T R AT 1A 1A 25 R )
FOAERT R, o HAE OCF 4bBRF, AT ET T
FIXTERESGIN T 29 1.41 1%, HZE AT A AR

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

X oF B L EREAL T 42.48% (P<0.05), M4h, 7E
CF #1 OF Ab¥irh, JRZ A TRy AHXT 32 B &L CK
WA Hem, {H7E OCF AbFE PR T 10.93%. N
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UBA2421 . £ #  J& (Longimicrobium) il RSA9
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e, VAT B E MR X S EE RS CK Al T
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T 5.04% 1 21.14%; £ CF kb3 + 3 i i
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t, 3 MEEALEE T, R T A AR X 3= 43l
FEIT 117 /%L 6.86 fF AN 5.62 4, {HERFER]
JUTH . 7E OF AP 3 S 17 [ ] ARG = i
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tHEL, 7E CF Fil OF Ab3 T w9 0 5 s A A X =F
SIS T 31.18% i1 6.08%, {H7E OCF 4b# T
FEAK T 20.27%.
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Cladogram
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Figure 4 Analysis of significantly different species in soil bacterial communities under different fertilization

treatments. A: LDA values of soil bacterial communities; B: Cladogram of soil bacterial communities.
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Cladogram
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Figure 5 Analysis of significantly different species in soil fungal communities under different fertilization

treatments. A: LDA values for soil fungal communities; B: Cladogram of soil fungal communities.
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Figure 6 Analysis of alpha diversity of soil bacteria under different fertilization treatments. A: ACE index; B:

Chaol index; C: Shannon index; D: Simpson index. Different lowercase letters indicate significant differences at

0.05 level.
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Figure 7 Analysis of alpha diversity of soil fungi under different fertilization treatments. A: ACE index; B:

Chaol index; C: Shannon index; D: Simpson index. Different lowercase letters indicate significant differences at

0.05 level.
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Figure 8 Redundancy analysis (RDA) of soil bacterial communities and nutrients under different fertilization
treatments. A: RDA of soil bacterial communities at the phylum level with environmental factors; B: RDA of soil

bacterial communities at the genus level with environmental factors.
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Figure 9 Redundancy analysis (RDA) of soil fungal communities and nutrients under different fertilization

treatments. A: RDA of soil fungal communities at the phylum level with environmental factors; B: RDA of soil

fungal communities at the genus level with environmental factors.
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Differential analysis of KEGG metabolic pathways at the second level
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Figure 10  Functional annotation of soil bacterial communities under different fertilization treatments.
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Figure 11  Functional annotation of soil fungal

communities under different fertilization treatments.
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