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Replacement of chemical fertilizer with green manure at different
proportions affects fungal community in the paddy field of Ultisol
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Abstract: [Objective] This study investigated the optimal proportion of green manure
replacing chemical fertilizer and its effect on soil fungal community in the paddy field of
Ultisol, aiming to achieve soil fertilization and sustainable utilization of Ultisol in southern
China. [Methods] This study set seven treatments: no fertilizer (Control), application of
Chinese milk vetch without chemical fertilizer in early season rice (G), conventional
application of chemical fertilizer in early season rice (NPK100), application of Chinese milk
vetch and conventional chemical fertilizer in early season rice (NPK100+G), application of
Chinese milk vetch and 80% conventional chemical fertilizer in early season rice (NPK80+QG),
application of Chinese milk vetch and 60% conventional chemical fertilizer in early season rice
(NPK60+G), and application of Chinese milk vetch and 40% conventional chemical fertilizer in
early season rice (NPK40+G). The conventional chemical fertilizer was applied in late season
rice for other treatments except the Control. The root surface soil samples of different
treatments were collected at the maturity stage of late rice for the measurement of soil
properties. At the same time, high-throughput sequencing (Illumina MiSeq) was employed to
analyze the features of soil fungal community. [Results] Compared with NPK100, the
treatments of green manure replacing chemical fertilizer increased the yields of rice and straw.
Different treatments significantly altered the soil fungal community composition (P=0.001).
Replacing medium and low amounts of chemical fertilizer with green manure increased the
relative abundance of saprophytic fungi in soil, which increased the conversion rate of soil
organic matter and nutrient turnover rate. Compared with NPK100, replacing 0, 20%, and 40%
chemical fertilizer with green manure increased the relative abundance of saprophytic fungi in
soil by 33.55%, 167.27%, and 55.28%, respectively. In addition, replacing medium and low
amounts of chemical fertilizer with green manure decreased the relative abundance and
diversity of potential plant pathogens in soil. [Conclusion] Replacing medium and low
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amounts (20%—40%) of chemical fertilizer with green manure not only increased rice yield but

also reduced environmental pollution, improved soil nutrients, and optimized the fungal

community in soil. This study systematically evaluated the effect of replacing different

proportions of chemical fertilizer with green manure on the Ultisol paddy ecosystems. The

results provided a theoretical basis for the sustainable development of agriculture in the Ultisol

region of southern China.

Keywords: chemical fertilizer reduction; Chinese milk vetch; fungal community; plant pathogen
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Table 1 Soil chemical properties of different treatments

Soil properties  Control G NPK100 NPK100+G  NPK80+G NPK60+G NPK40+G

pH 6.17+£0.13b  6.32+£0.16ab 6.61+£0.20a  6.60+0.24a  6.46+0.02ab  6.58+0.17a 6.49+0.38ab
Moisture (%)  27.05+1.16b 27.51+0.51b 27.51+1.19b 29.33+£0.59a 30.30+0.88a  28.55+2.06ab 27.21+0.87b
TN (g/kg) 1.154£0.07d  1.45+0.05bc 1.34+0.08c  1.50+0.09ab  1.60+0.12a 1.36+0.10c 1.394+0.04bc
TP (g/kg) 0.50+£0.03b  0.63+0.16a  0.66+0.03a  0.65+0.05a  0.66+0.03a 0.61+0.05a 0.60+0.04ab
SOC (g/kg) 11.45+0.54c  14.48+1.12b 13.75+0.72b 16.35+2.04a 16.45+0.69a  15.25+0.76ab 14.23+1.36b
AP (mg/kg) 3.01+1.11d  5.06£2.10cd 12.01+3.74ab 15.04+6.63a  6.31+2.77bcd 11.14+3.33abc  9.52+4.76abc

DOC (mg/kg) 87.98+9.14ab 79.40+5.15b 69.25+2.64c 69.50+5.51c 66.85+6.15¢c  84.38+4.0lab 89.55+8.72a
DON (mg/kg)  2.59+1.44b  3.72+0.99ab 5.48+2.37a  3.65+1.22ab 4.30+0.74ab  4.51+2.25ab  3.33+0.90ab
NH,-N (mg/kg) 2.00+0.37ab 2.85+1.63a  2.46+0.76ab 1.74+£0.05ab 1.37+0.37b  2.23+0.83ab  1.27+0.29b

NO; -N (mg/kg) 0.81+0.03b  0.86+0.09ab 0.95+0.10ab 0.98+0.14ab 0.98+0.02ab  1.03+0.08a 1.02+0.25a
Results are presented as the mean+SD (n=4). Different small letters indicate significant differences at 0.05 level.

A 16000, P Shannon index 52 Wi AS i 2% . EL# ASV richness
H & & B & Control>G>NPK40+G>NPK 100+

E 12000
s G>NPK 100>NPK60+G>NPK80+G . E.[# Shannon
=4
= 8000 H & F M A Control>G>NPK40+G>NPK 100>
z NPK100+G>NPK60+G>NPK80+G . AiL4fi i /K #&
& \ . e :
+000 FHRAER T4 R A3 1, L3 ASV richness 55
0 FE(P<0.05) . T 3EA HLER(P<0.05) 7 & & 1 A
S KKEFR, FalEEA LK (P=0.001) 7 52 i 2%
C . . -
A—— IEMSRKFR; L Shannon B Al i LA MLk
T (P=0.010) B IEAH SRR R (3R 3).
5 15000 |
= x 2 FESTHREAMMRZERNERFBEXME
; 10 000 | 5
g Table 2 Pearson correlations between yields and
§ 5000 soil chemical properties
& Soil properties  Rice yield Rice straw yield
0 r P r P
& pH 0.595 0.001 0.587 0.001
& TN 0.712  0.000 0.643 0.000
. A RO I TP 0.454 0.015  0.394 0.038
1 . Z:Hi‘ﬂ*ﬁjﬂ*”%f’jf° A jﬁi’%i; soc 0.774 0.000  0.689 0.000
B’i’“*iiio Fiiﬁﬁ*ﬁﬁigﬁﬁljfﬁ?fz*no AP 0534 0.003  0.526 0.004
jﬁ/]\‘?%%%mﬁd&os 7K$J_:f#%%;}f DOC -0.376 0.048  —0.267 0.170
1gure ice and straw yields o 1fferent
treatments. A: Rice yield; B: Rice straw yield. The DOI\i 0334 0.064 0320 0.097
yield was based on the sum of early and late season NH, -N —0.174 0376 —0.195 0.319
rice yield. Different small letters indicate significant NO; -N 0.486  0.009 0.491 0.008

differences at 0.05 level. r: Pearson correlation coefficients; P: Significance.
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Figure 2 Soil fungal alpha diversity of different treatments. A: ASV richness index; B: Shannon index.
Different small letters indicate significant differences at 0.05 level.
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Table 3 Pearson correlations between soil fungal
alpha diversity and soil chemical properties

ASV richness index

Soil properties Shannon index

r P r P
pH —-0.330 0.087 -0.179  0.363
TN -0.383 0.044 -0.348 0.070
TP —0.359 0.061 -0.183  0.350
SOC —0.447 0.017 -0.339  0.078
AP —0.249 0.201 -0.053  0.787
DOC 0.588 0.001 0.477 0.010
DON —0.355 0.064 -0.188 0.338
NH,"-N 0.117 0.555 0.180  0.360
NO; -N -0.127  0.519 -0.063  0.751

r: Pearson correlation coefficients; P: Significance.

23 TEEERESW

i e A B2 i 22 4k R 70 B I 58 A [) b B
IR A RS2 (] 3A) o A [RD i N et
oA+ 9 TR VR 4 (P=0.001). RDA I
VPA R Hras T30, pH (6.08%) . & i#(4.97%)
T B (5.61%) F1 AT 1A HLAL(4.48%) /5%
M) TR AV 2 I i) F2 22 R 22 (18] 3B).

BEAILPE 32 2 Rt o P i R Uk W R T A
UMDY, FEXTREE 2R L ThRR SR A
SO, ABFRE T FEW B BRI T
TR AE T AL AR, BT B I Ao R A
FEXT FLRA R VR A A AR X B M, T
B F MMM 0 FoRFaNLIEL bR,
P2 1 FontfE thl ks . SXTRRARE, PR
Jite Ak N 55 5 N 5 4 T JES i Ak R - 398 T 7
T TSR A BE LM T R (] 3C) sk
B2 B AR 2041 A Ab B 4 98 T TR 75 45 oLt
PR RE FR 30 B %) A e Pl A

HI& 4A AT, FEZLEET 1020 b, 14
HWMFEEEH I FRET . BEE]
(Mucoromycota) . fH +F W 1 Fl 4 B [
(Chytridiomycota)., 5 AthZb PR H, ZRAEERAL
Hh e T E Ak 38 EL A A AU A - AT T 1R X 3 B
I e P PH TR T ARG S B L A [l it A it o)+
BEWEHEE AN FEZmB /N, WHE
ARXT = BEAERT BRAD B b dRe i, FESR B P IR
AL AR AL A

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



330 LU Jing et al. | Acta Microbiologica Snica, 2025, 65(1)
A B C
0.6 2D stress=0.146 1.0 ¢ pH 0.6
=0.44 P=0.001
04l sS0C i} ab
o~ L DON T a
o2l g 03 2 -% a gb ab @ Control
N S - s NPK100
= Q TP QL *
2 oof i_}& @l UL i 23 05; s NPK100+G
Z oy < Explained by VPA -IE 4 NPK80+G
—-02+F 2 pH  6.08% 5 é NPK60+G
—0.5+ TP 4.97% f": —8 * NPK40+G
—04r SOC 5.61%
DON 4.48%
—NA —10 . " L L nAa

B3 TIEEFEEEARWA). TRDTG)MEFZMRIIEZES(C).

%Eﬁ%‘o

ANF/NG FEERIRTE 0.05 K 1

Figure 3 The analysis of soil fungal community composition (A), redundancy analysis (B), and community
assembly process (C). Different small letters indicate significant differences at 0.05 level.
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under different
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Figure 5 The analysis of soil potential plant fungal pathogen and saprophyte. A: Relative abundance of
potential plant pathogen; B: Potential plant pathogenic ASV richness index; C: Relative abundance of
saprophyte; D: Saprophytic ASV richness index. Different small letters indicate significant differences at

0.05 level.
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Figure 6 Relative abundance of dominant potential plant pathogenic fungi in soil. A: Relative abundance of
Colletotrichum gloeosporioides; B: Relative abundance of Curvularia lunata; C: Relative abundance of
Nigrospora oryzae; D: Relative abundance of Alternaria padwickii. Different small letters indicate significant

differences at 0.05 level.
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