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Soil Microbial Diversity and Its Key Driving Factors in Wheat-Maize System Under Annual

Conservation Tillage

WANG Miaofen" > *, ZHANG Xianfeng', LI Mengrou"*?, LIU Chaoyi® 3, XIN Xiuli', YANG Wenliang', ZHU Anning" > *"

(1 State Key Laboratory of Soil and Sustainable Agriculture/State Experimental Station of Agro-Ecosystem in Fengqiu, Institute of
Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of Chinese Academy of Sciences, Nanjing,
Nanjing 211135, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Conservation tillage is an important measure to optimize soil structure and microbial diversity, which is of great
importance for soil fertility and productivity. This study based on the positional experiment of wheat-maize annual conservation
tillage in fluvo-aquic soil area of the Huang-Huai-Hai Plain, soil physiochemical properties, microbial diversity and community
composition were analyzed after 16 years. The results showed that: 1) Compared with continuous tillage, reduced/no-tillage
significantly reduced aeration pore and water holding pore and the mass proportion of microaggregates, and significantly
increased soil bulk density, the mass proportion of macroaggregates and total organic carbon (TOC), liable organic carbon (LOC),
total nitrogen (TN) and alkali-hydrolyzed nitrogen (AN). In contrast, compared with straw removal, straw returning significantly
reduced soil bulk density and mass proportion of microaggregates, and significantly increased soil aeration pore, water holding
pore, mass proportion of macroaggregates, TOC, LOC, TN and AN. 2) The responses of bacterial and fungal community

diversities and compositions to tillage and straw managements were significantly different. Tillage significantly changed bacterial
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community diversity and richness, while straw management had significant effects on both bacterial and fungal community
diversities and richness. Compared with the conventional treatment (continuous tillage with straw removing), reduced/no-tillage
with straw returning decreased the Shannon and Chaol indices of bacteria in general, increased Shannon and Chaol indices of
fungi significantly. At phylum level, reduced/no-tillage and straw returning both had significant effects on the community
compositions of bacteria and fungi. At genus level, species differences among different treatments were mainly between straw
managements. 3) Annual conservation tillage significantly affected the diversity and richness of bacterial community through
changing soil chemical properties (TOC, LOC, TN and AN), while changes in fungal community diversity and richness were
mainly driven by soil physical properties (bulk density, aeration pore and water holding pore). In conclusion, annual conservation
tillage in wheat-maize system can affect the diversity of microbial community in different degrees by changing physiochemical
characteristics of fluvo-aquic soil. This study can provide theoretical guidance and technical support for cultivating soil biological
fertility in the Huang-Huai-Hai Plain.

Key words: Annual conservation tillage; Microbial diversity; Soil physiochemical properties; Driving factors; Fluvo-aquic soil
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2, NXHEAN 7 mx6.5 m, EAARREEHNEE 1
FI7R o SR T3 Y MR AR AR 2, AN R 7 X
I T /NPt 2, 1T R KPR 22 2 R UG R
JI A g /N X A K A B AR ], 008 | W A gR
AESRRPRER | BT — 4 . BRIRAR . /INAERIe 2R, SR
N 135 kg/hm? . P,05150 kg/hm? Fil K,0 150 kg/hm?,

BN N 90 kg/hm?; TORFPAE S, Al S A B KGR
BB, 55—YGE AR K N 78 kg/hm? Fil P,Os 75 kg/hm?, 45
TUGEAE N N 117 kg/hm? ., BHELNBET /N2 JEAE - B
Hby T E S R0 22 b, AR A R IRUA T 18] VA 14 7 =X
i AR, /N2 B RERT ] R 2 H R, K8 AR E]
7 AW T R, YREGHUE T AGER &

F1 IR
Table 1 Experimental design
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)2 - HERE S 0 [ B SR AEFR JTRE (100 em?)
14 MWEIERREFZE
1.4.1  H3ERALIR AR R R 000 5 A4
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hPa Y HIEE KA, LHKFEML, #imiA
APO Il WHPO RYRB . SR PR 2% 0 5+ HEK £
PEAT R, FREC 50 g(BET38) +3ERE T 0.25 mm
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P E .
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HF . @PCR ¥ 1 5K 44k - DL E AU DNA
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18S/ITSATSIF _ITS2R) % 41 1 Al EL & #£ 47 PCR 9~
. PCR Y 7 24k . 95 °C #ZEME 3 min,
95 C AP 30s, 55°C Bk 30s, 72 °C IEf 455s,
PG 27 ~ 350 72 °C FRUELEH 10 min, 10 C fx
FEHBERNESH ., P71 B &0 KMl ; - 2%
DR WHEE IS FL VKA = . PCR F= 9 4lifk i H DNA
BRI I 44k 57) & (PCR Clean-Up Kit, b [Efi1E)
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Briss e, B A A P SV EGI -, PP 5 A
(¥ 25 7 9 B 5 B2 5 AT G5 99.09% . I A RDP
classifier [t Xf Silva 138/16S rRNA(ZH % ). Silva
138/18S rRNA (ELB# )l Unite 9.0(E B )3 K 410405 7 a0t
1 OTU WyFh sy 2R2p ke, BAREEMMEA 70%, Jf1E
ANFE D FP 53 2K G A REA B TR 4
1.5 #HiEAbE
i il SPSS 25.0 AT ARG 70 o FE T e/

1322 55 (LSD), SRR 3Ry 22 03 B 3 AN [+
BEAE T ) B 35 1 22 5 o Sl I SE REAS T K 36 40
BT 9 o s A LR i ) ) 0 P 25 R SRR R
J5 22 3 Bk e AR O 205 Rl AP A8 BRSO DA S — 3
2 HAE DN R IEHACREE R . AREMEAH R
Studio(4.3.2) 175 4b B 5 AT ¥4k, i “dplyr”

“vegan” “ggrepel” “tidyverse” “leaps” “ggplot2”
TR A B . ZREMERR RO O
RN )T LERMEREAL T, JFAHIER ., 250
FWARFIE R P<0.05.

2 HBREHSH

21 AEMEFREBHAEETHLEELEY

T3 2553 Bl R W], BEE Jr SORABS FHE 2L 355
M+ 3EAY | G AALIR . FEKALBR . KRR A A
RURFE L S . AR 25 A,
BRSO A 35 GR 2). SIS ERMEM L,
DHFRT) AR NT) 52 & LA E 2.90% ~
5.80% . KHIRIKT & 20.03% ~ 23.71% ., EA P
6.60% ~ 7.18% . TG PEAHLEK 17.53% ~ 18.56% . ®A
4.12% ~5.15% . BfRA 14.95% ~ 15.20%; & FAIK
WA LER 6.85% ~ 34.25% . FHi/KILPR 16.95% ~
17.80% LA KA A S 5 i HE 16.44% ~ 20.09% o 4 EE
ZF, R B (AS) A FF AL BR(NS) b - Y R AR 1
BN 5.48%., HAIRIATE L 15.18%, FIiEs
HAFLER 100% . FEKFLBR 9.00% ., K P ER A5t
11.77% . MSAHLER 48.88% . iGtEAHLER 75.32%.
5 48.75%. BIfEA 32.15%.

F2 FAREAHEAXMBEHSERET DIEBERSN
Table 2 Soil physiochemical characteristics under different tillage and residue managements
Qb T e R
BD(g/cm’) APO(cm’/cm®) WHPO(cm?/cm?) Mac(%) Mic(%)
T 1.38¢ 0.073 a 0.118 a 30.15b 54.56 a
RT 1.42b 0.068 a 0.098 b 37.30 a 43.60 b
NT 1.46 a 0.048 b 0.097 b 36.19 a 45.59b
NS 1.46 A 0.040 B 0.100 B 32.62 B 51.85A
AS 1.38B 0.087 A 0.109 A 36.46 A 43.98 B
BHEIT(T) P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
FEFFERL(S) P<0.001 P<0.001 P<0.01 P<0.01 P<0.001
TxS ns ns ns ns ns
Qb R 2t h e
TOC(g/kg) LOC(g/kg) TN(g/kg) AN(mg/kg) AP(mg/kg)
T 8.49b 1.94b 0.97 b 71.65b 11.68 a
RT 9.10 a 230a 1.02a 82.54 a 1093 a
NT 9.05a 228 a 1.01a 82.36 a 11.84a
NS 7.12B 1.58 B 0.80 B 67.93 B 12.06 A
AS 10.63 A 277 A 1.19 A 89.77 A 10.91 A
BHEIT(T) P<0.05 P<0.001 P<0.01 P<0.001 ns
FEFFAEHL(S) P<0.001 P<0.001 P<0.001 P<0.001 ns
TxS ns ns ns ns ns

. BD: +HIZE; APO: HHEEASLEL; WHPO: HHERF/KILE; Mac: KPIREFRELL; Mic: MHAIRMEFTFLL; Toc: HA
LA ; LOC: WEMEAMLAK; TN: 2% AN: BE; AP: A3, FI/NG FRAFRRRARRBAET KXW 2257 B35 (P<0.05), KEF#

REAS ) 275 AN TR R A4S BE 7 X A) 28 52 1235 (P<0.05), ns R 2

22 TERAMESHEESEEAN
XUH R T7 220 4 R 3R AR SRS AT A B

FRW . AS: FFTEH; NS: FiFFEER. TR,

X 24 TR P L 2 B LU O R R A R A
YERIGR 3)o TERSATREERTS . A Sl 4 T AL 1 19
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Shannon $§ 503 JC B #5200 i E KL Chaol
1540 10.76% ~ 17.18%; TERSFFAHT, Ak afk
- FRARAN B Shannon 5% 0.73% ~ 3.97%, {H R #E
{5 BT Shannon $5%1 8.79% ~ 10.05%. Chaol 5%k
9.93% ~ 10.58%. SHELEMERHEMLL, Dbk Bkl
fRZHEE Chaol F5% 1.15% ~ 8.28%; i FFif HALAS FT
P bk i PR AN Chaol $5%K 5.54%.

TENTK L, A B R) A it A A AR L,
R = BEANTR (B 1) A0 R PR3 RR T ] 2R AR
I"J(Proteobacteria) . iRFT- i J(Acidobacteriota) . il 2k [
I"](Actinobacteriota) . ¥% [ ](Planctomycetota), 73
S5 23.56% ~ 28.86% . 19.74% ~ 28.46% . 7.67% ~

16.05%. 8.21% ~ 10.30%. SiEZeMAHEMLL, b
BE RN T 2E R ] (Gemmatimonadota) AH X}
B, B TASIERT] . ST ] (Bacteroidota) FHXT
JE . SFEFFREERA L, FEFHE H =2 TASE R
FRFFA T TR B, (RS TR AT T IRaTA T
LRSI ] (Chloroflexi) . 2 FATET TAHXT 1 . EERY
P T T AT #E B ] (Ascomycota), fitb 62.21% ~
81.30%, TEHELEMEHHVERSFTIE HIALB(TS) T AR
JEd R . TR AR R R = 1 TR B2
P T (Rozellomycota) A7 X 3= B, BEAR T 4% /0% ]
(Mortierellomycota) . $HF-F# [ ](Basidiomycota) , BRFE R
I'J(Glomeromycota) . 47 [ J(Chytridiomycota) X} 425

®3 FREBEAXMBEFEEERE T TIRREY o ZHM

Table 3 o diversity indices under different tillage and residue managements

A3 B BN
Shannon $5 %% Chaol #5%% Shannon 5%k Chaol #5%%
NS AS NS AS NS AS
T 9.57 a 9.57 a 4460 a 481 a 3.98b 81la 800 b
RT 9.50 a 9.50a 4409 a 4.75a 433 a 724 b 885a"
NT 9.59a 9.19b" 4091b 443 a 438a 672b 880 a"
NS - 4443 A - -
AS - 4197B - -
BET L (T) P<0.05 P<0.05 ns ns
TEFFEH (S) P<0.05 P<0.05 P<0.001 P<0.001
TxS P<0.01 ns P<0.05 P<0.001
e *FRAH RV T 20 W RN RS FF 4 S i 1) 22 5+ . 3 (P<0.05).
(ONE L . (B) B
m others
100 m Latescibacterota 100
m Nitrospirota
m Entotheonellaeota
80 m unclassified_k norank_ 80 m others
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Z 40 m Myxococcota 7 40 m unclassified_k__Fungi
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= m Firmicutes = W Ascomycota
m Planctomycetota
20 m Actinobacteriota 20
m Acidobacteriota
0 m Proteobacteria 0
T RT NT TS RTS NTS T RT NT TS RTS NTS
Qb ¥R Jiisii
1 AERMEAFRNNBHFEERETAEQMNERE®B) TKERBENEE

Fig. 1
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norank f Geminicoccaceae

Relative abundance of bacterial (A) and fungal (B) at phylum levels under different tillage and residue managements
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FrAHE, FEAFE W FEZER S T Aspergillus .
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Fig. 2 Heat map of top 20 species compositions of bacterial(A)and fungal(B) at genus levels under different tillage and residue managements

23 TEBEASESHEWEXES T

RDA e, 3e B AL W 5 4
AR (K 3)0 SH—ArifE(RDA IS AR
HERI(RDA2) 53 B T AP OTU 38.2% Fll 12.1%
HAs FfE L, L OTU 49.8% F19.9% (748 5.,
TERTA FAE IR 7, I RCAE MR . TETEAHLIR . 4
A WA BAALER . AE . KRR
PRI L 540 OTU WA, s, @
SALBR . FRKFLBRE . KA R & b L S SR A s
o RGP . WA L. A A 'ﬁﬁﬁl
OTU & i A0 G

J7 R B it — 2 B, AN P A

P 2R R 2 5 B 2 31 - B I S R AR 1
(K 4). TIENE 244 (Shannon $5%0) £ 2%
TR LK . SEFE A VLR, R
M 19.31%., 18.48% F1 15.28%; HHZHEMZ +
HERKILBE i K, MR 24.7%; Hak il
SALBR, MRERE R 11.18%. 52 REVEFE AR,
Y F & (Chaol 850 F B Z Ak 2R MR W, 1 T
W R R, e A .
AL R AT BIURR G A8 TR S B R I A R R 0 ) R
22.92%. 18.66% £ 15.08%, i+ 138 %% & A3l < fL
B 4P LA RO Y R R R xS 18.61% Al
16.12%.
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Fig. 3 Redundancy analysis of community compositions of bacterial(A) and fungal(B) and soil physicochemical properties under different
tillage and residue managements
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Fig. 4 Generalized linear model analysis of bacterial(A, C) and fungal(B, D) community diversities and soil physicochemical properties under
different tillage and straw managements
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