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Effecgs“ of Chinese Milk Vetch Re.-tilrning Incorporated with Chemical Fertilizer
Reduction on the Composition and Function of Soil Bacterial Communities in Paddy

Fields

ZHANG Ji-shi'*, LIU Chun-zeng'>*, ZHENG Chun-feng'*, ZHANG Lin®, ZHANG Xiang-ning'*, LU Yu-hu’, CAO Wei-dong,
ZHANG Yu-ting'**

(1. Institute of Plant Nurition, Agricultural Resources and Environmental Sciences, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China; 2. Henan Key
Laboratory of Agricultural Eco-Environment, Zhengzhou 450002, China; 3. Xinyang Academy of Agricultural Sciences, Xinyang 464000, China; 4. Institute of Agricultural
Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Chinese milk veich (Astragalus sinicus L. ) is an important organic nutrient resource in the southern Henan rice-growing area. Thus, the effects of Chinese milk
vetch (MV) returning incorporated with reduced chemical fertilizer on the physicochemical properties and bacterial community characteristics in paddy soil were studied. These
results can provide a certain theoretical basis for the improvement of soil fertility and reduction of chemical fertilizer in this area. A field experiment was conducted for 12
consecutive years, involving six fertilization treatments ( blank control, CK; 100% chemical fertilizer, F100; 80% chemical fertilizer +22. 5 t-hm = MV, MVIF80; 80%
chemical fertilizer +45 t-hm = MV, MV2F80; 60% chemical fertilizer +22. 5 t-hm = MV, MVIF60; and 60% chemical fertilizer +45 t+hm > MV, MV2F60). The high-
throughput sequencing method was used to compare the effects of different fertilization treatments on soil bacterial community diversity, composition, and structural
characteristics. The FAPROTAX function prediction method was used to analyze the abundance differences of functional groups between different fertilization treatments.
Additionally, combined with soil physicochemical properties and bacterial community characteristics, we explored the key soil environmental factors that changed the structure
and functional characteristics of the soil bacterial community. Compared with that under CK, the soil bulk density (BD) under the MV returning incorporated with reduced
chemical fertilizer treatment was decreased, whereas soil organic carbon (SOC), total nitrogen (TN), total phosphorus (TP), and total potassium (TK) were increased by

12.7%-35.5%, 38.2%-65.7%, 66.7%-95.2%, and 20.3%-31. 6%, respectively. Compared with that under the F100 treatment, the Sobs index and Shannon diversity
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index of the bacterial community under the MV returning incorporated with reduced chemical fertilizer were decreased, and the Sobs index and Shannon diversity index were
significantly positively correlated with BD (P <0.05) but significantly negatively correlated with SOC and TN (P <0.05). Compared with that under the F100 treatment, the
relative abundances of Firmicutes under the MVIF80 and MV2F60 treatments were significantly increased by 82.2% and 67.4% (P <0.05), but the relative abundances of
Acidobacteria were significantly reduced by 32.6% and 40.5% (P <0.05), respectively. The relative abundance of Actinobacteria under the MV2F60 treatment was
significantly increased by 30.0% (P <0.05) compared with that under the F100 treatment. According to RDA analysis, soil SOC, TN, and TK were the main soil
environmental factors that significantly affected bacterial community (P <0.05). Compared with that under CK and the F100 treatment, the abundance of functional groups of

chemoheterotrophy, nitrogen fixation, fermentation, and ureolysis under the MV returning incorporated with reduced chemical fertilizer treatment were improved, whereas the

abundance of functional groups of animal parasites or symbionts, all human pathogens, and human pathogen pneumonia were reduced, particularly under MV1F80 and

MV2F60. To summarize, the long-term MV returning to the field incorporated with reduced chemical fertilizer improved the soil physical and chemical properties, thus

changing the structure and functional characteristics of the soil bacterial communities, contributing to the improvement in the soil fertility, stability, and health of micro-

ecosystems in paddy fields, thus ensuring the green and sustainable development of regional agriculture.

Key words:. fertilizer reduction; Chinese milk vetch returning; soil physicochemical properties; bacterial community; function prediction
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Table 1  Effect of different fertilization treatments on soil physicochemical properties
fbam BD w(S0C) w(TN) w(TP) o (TK) ®( Nmin) w(AP) w(AK)
/geem ™3 /g-kg™! /g-kg ! /gkg ! /g-kg! /mg-kg ™! /mg-kg ™! /mg-kg ™!

CK 1.32£0.11a  11.0+1.02¢ 0.984 £0.22¢ 0.21 £0.04b 5.66 £0.65b 24.0 £2.54bc 2.81 +0.48a 84.0 +2.89a

F100 1.31 £0.05a 12.5+1.58bc 1.27 £0.11b  0.39 +0.08a 6.81 +0.44a 31.2 £6.33abc 3.52 +1.22a 87.1+6.70a
MV1F80 1.30£0.05a 13.9 +1.16ab 1.36 £0.11b  0.35+0.0la 6.81 £0.82a 22.9+3.65¢ 4.22+0.16a 89.5 +5.55a
MV2F80 1.18 £0.02ab 14.9 +£0.60a 1.43 £0.17ab 0.35+0.0la 7.02 +0.54a 27.7 £5.02abc 3.54 +1.33a 91.1+10.3a
MV1F60 1.27 +0.13ab 12.4 +0.53bc 1.45 £0.0lab 0.41 £0.07a 7.45 +0.45a 32.8 £7.79ab 3.09 £0.47a  90.1+13.9a
MV2F60 1.16 £0.07b  13.8 £0.82ab 1.63 £0.03a  0.37 £0.02a 7.31 £0.33a 35.0x5.55a 2.93 +0.46a 95.9 +6.23a

1) FFARRING 1 s b B ) 25 57 i 35 (P <0. 05)



5 SRV A . 48 25 A P A Mk TG T R P - S0 T 9 2L A D e B 5 2939
BERE T TN, B R 38.2% ~ 65. 7% , /L MV2F60 ¥ ik T CK &b B, Jp H & MV2F60; X T

AEFRY) TN 53255 T F100 AL 3 5905k 28. 3% ; %}
T TP F TK ik, i R ALY B 25 5 T CK {5 2
HE Kb ] G ik 2 22 5. MV2F60 Kb FEAY BD %8 CK
FRIRT 12. 1%, 13 Nmin 3255 T 45. 8%, HoAth4b
F5 CK ¥ 3 22 5 Xt T AP A1 AK SRk, Jit
NE AL v T CK, A 2 45 A 341 i) 25 57 oA 3k 3] Bk 3
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F5 %M1 Shannon #8485 BD ¥R W IEAH X (P <
0.05),5S0C 2 FMAMK(P<0.01 F1P<
0.05); TN 5 41 7 Sobs 8§ % (P < 0.01) .
Shannon 8 %¢ ( P < 0. 05) 1 Shannoneven $§ %{ ( P
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Fig. 1

Effect of different fertilization treatments on alpha diversity of soil bacterial communities

R2 HEEE o SHES TEBAKEZ EH Spearman X 1E"

Table 2 Spearman correlation between alpha diversity of bacterial communities and soil physicochemical properties

ZHEMETEEL BD soc TN TP TK Nmin AP AK
Sobs 0.488 * -0.622* -0.656 ns ns ns ns -0.523*

Shannon 0.496 * -0.534* -0.568 " ns ns ns ns ns

Shannoneven ns ns -0.546 " ns ns ns ns ns
Coverage 0.531° -0.480" ns ns ns ns ns -0.492"

D)ns, # Fl s SRR AHIDE  £E 0. 05 7KV T EAHSCHILE 0. 01 /KT 240 ¢

2.3 TIEANERER A 2
ANFTEAEAN IR T AR AR 25 TET IRl
BNl 2 iR, 2% B 1] ( Chloroflexi ) | i 28 B 1]
(Actinobacteria) ZE B[] ( Proteobacteria ) \FRFT 1 | ]
(Acidobacteria ) FIJEEEFE ] ( Firmicutes ) J2& 2 41 B4 B
BE,7E 18 AN FE AR v S 35 40 X 3 B2 4301l R 22. 9%,
16.5%. 15.9%. 13. 1% F17. 12%, 24 5 BAEFER) 75. 5%,
T3 11 BT TR FBE R T 1..00%, 29 5 S F 1Y)
21. 3%, AN FBE/INT 1. 00% BT 120 3. 20% .
WE 3 Frs , TR 2L T, ARt AR b 2

BN T JEEER ] (Firmicutes ) BYAHXT FE B (P <
0.05), H ¥ MVIF80 F1 MV2F60 fY J5 BE 1 ]
(Firmicutes ) YA XT3 FEHE CK W EHE N T 48. 0%
M135.9% (P <0.05), % F100 4k ¥ 8 hn 1
82.2% M 67.4% (P <0.05) , HAth 4b 3 [a] G i & 22
5o WP T ( Actinobacteria ) it MV2F60 4k
PRAGARXT F B W2 T H A (P <0.05). 5
F100 A8 [, BT A3 &b 38 ¥ B 8 7 R AT 1 T
(Acidobacteria ) #Y AH %F = £, JU H & MVIF80 #l
MV2F60 i 3[R T 32. 6% F1140. 5% (P <0.05).
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MV2F60; al. Chloroflexi, a2. Actinobacteria, a3. Proteobacteria, 5 A ok o . e
a4. Acidobacteria, a5. Firmicutes, a6. Myxococcota, —a. ool AFN . = & BD
Myxococcota, a8. Nitrospirae, a9. Gemmatimonadetes, al0. ; mg%gg A : M
Bacteroidota, all. MBNTI5, al2. Planctomycetota, al3. ok @ MV2Fa0
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30 100 AR FAP TAX Xf 1 Hz] ﬁ"’
# VN AT AEE e L3634 50 Frohfe s 4 _ﬁﬁ

[ MVIF60
B MV2F60

J $r“j<? 1% Eﬁiﬁﬁ%%iﬂﬁ 22 4, 3t ﬁ,ui&fﬂ’ﬂ
704 59% ~96. 0%, 11 3 R, 441% 22 Fi AR
TR R Ty 2500, i ik th e AL R IE) A B 22 571

8 WTHAEZEHE. MV2F60 AL i) 1L fE S5 37 2 Rt A X
FREFRERET CK M F100 (P <0.05) , HiAth b 34 a]
TWHEET 4 82 I8 H 5 A8 = B it b 2

1) EEAE FH 0 AE AH X =F B2 3% 8 3 85 T CK Al F100

(P <0.05); 5 CK Al F100 A1 kb ,MV1F80 . MVIF60
FIMV2F60 4 = 1 [ S0 AR 28 50 f P e 11
FHXFFEEE (P <0.05) , FEAR T 2 25 28 sl A= 2/
N AR A FhBE AR YT E B2 (P <0.05) ; 5 CK
AHLE 4 A58 = 0 i H 55 00 AT il 1 i Ach 341 40 35

R T AR BR LR WP W (A R R AR X 2 BE (P < 0. 05).
%3 FREMEAER HIEMEEE MR

Table 3 Effect of different fertilization treatments on soil bacterial community function

MRS EIE %

Firmicutes

Chloroflexi Actinobacteria Proteobacteria Acidobacteria
AF/NG FRER R A 22 5 B 2 (P <0.05)
AEMERELEN T EAREETERITEENTMN

Fig. 3 Effect of different fertilization treatments

E3

on abundance of dominant phyla in soil bacteria

UInedsnt CK F100 MV1F80 MV2F80 MV1F60 MV2F60 P1H

TLBESFR 27.2 +1.39bc 26.0 £2.45¢ 29.6+1.25ab  28.2+1.22abc  28.9 +0.45ab 30.0+0.88a  0.0377
EE-ES 5.87 £0.96b 5.19 £0.62b 9.43 £2.12a 7.44 £1.02ab 8.32+1.32a 9.3120.78a  0.0107
A =S 4.29 +0. 26¢ 4.24 +0. 24¢ 8.60 £1.35a 6.15 +1.23b 7.30 +1.32ab 7.93+1.66a  0.000 4
YA AERIES 4.38+0.47a 4.56 +0.35a 3.34 +0.25¢ 4.20 +0. 80ab 3.52 +0. 50hc 3.34+0.21c  0.0227
NZEPTA e i 4.37 £0.47a 4.55 +0.36a 3.34 £0.25¢ 4.20 £0. 80ab 3.49 +0. 50hc 3.33£0.21c  0.0206
NS YN R 4.08 £0.38a 4,23 0. 40a 3.12 £0.26b 3.86 +0. 76ab 3.22 +0.35b 3.15+0.19b  0.0205
e N A 1.15 £0. 34a 0.865 £0.05ab  0.796 £0.20bc  0.774 £0.06bc  0.819 +0.14bc  0.543 £0.06¢  0.0306
ISy =S 0.406 £0. 12¢d  0.387 0. 03d 1.15+0.36a  0.761 £0.08bc  0.902 +0. 09ab 1.12 £0.31ab  0.0017

1) FFFARING bR Ab BRI 22 57 3% (P <0. 05)
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3R 8 T 25 5 ) BE 5 4 S o P AL AR I
(BD, SOC HITN) | 4NHH o 2B 48 Ko £ 2R
I TADG 2 RS AR HEAT A e 0 AT (32 4) . fLRE SR 9%
KME MRS BD W R W ERAME(r N
—0.484F1 -0.525) , 1 SOC 5 [ &I & BT
AEX S B IEAE(r 9 0. 492 F10.560) ; fLESR
FE | BEARMEBRYIREY S TN 2 8 % EH
K(r}0.493 ~0.586) , 1M 5 4 Sobs 18 £
EHAF(r B -0.498 ~ —0.593); fLAESF F K

He 7+

INRESHCER ] AL T W ) NS BE B ] 12 fl 2% 0F

K (r 4 0.470 ~0.713) , 1 5 B AT B8 1] 2 A% 2
FEHAMC(r=-0.666); sh¥a e a3 A
JE A o DA RN I T AR il 4R 2 1) i 5 ik 4 T
[T B FERME(r H -0.486 ~ -0.515) , 552 B
BT R A (r i -0.787 ~ —0.835) , 1M
HRRAFH T2 W& EAK (r 2 0.540 ~0.587) ;
AN, REERDIRE S MRAT T 2 B A (r =
-0.503) , A, KBEEMRESMEDRS
JERE G I8 2 W3 OE A G (r S 0.612 ~
0.839).

R4 TEAFHEDAESTEBASENMIERTAMEEZEHXRY

Table 4  Relationships of soil bacterial community function with soil physicochemical properties and abundance of dominant phyla

e BD SOC TN Chloroflexi Actinobacteria  Proteobacteria Acidobacteria Firmicutes
A2 =S —0.484* ns 0.493* ns 0. 639 ** 0.470" -0. 666 * 0.713 ™
EEES ns 0.492 " 0.541" ns ns ns ns 0. 8}8- =
RS -0.525* 0.560*  0.586" ns ns ns -0.503* 0730
By st R ns ns ns ns ~0.498 " ns 0.540 " 0,787
NP & ns ns ns ns -0.515" ns 0.556" -0/798
YN TP ns ns ns W ns ~0.486" | Jns | 10.587" A0 835 ~E
BB ES ns ns —‘Q. 692" - ns ns " ns ) | ns [ _c.r"'ns J >
PREZE g ns ns 0.563* | ns ns ng” ns 0.6127
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