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Abstract: In order to screen out the best rotation mode suitable for millet in the mountainous area of southeastern
Shanxi, seven treatments were set up, namely millet-maize-soybean-millet (SZGm) , millet-maize-sorghum-millet (SZSb) ,
millet-maize-peanut-millet (SZAh) , millet-maize-sweet potato-millet ( SZLb) , millet-maize-potato-millet ( SZSt) , millet-
maize-maize (waxy)-millet (SZZm) and millet continuous cropping ( SSSi), with millet continuous cropping as control.
The soil microbial community structure and diversity were analyzed by [llumina Miseq high-throughput sequencing technolo-

gy. At the same time, the changes of soil physicochemical properties and fertility were measured. The results showed that

rotation could reduce soil bulk density, change the particle
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size and stability of soil aggregates, and influence soil

FE LI 4B B T (202101140601026-5) ; fertility. The results of bacterial community structure
PG 22 AR B BB T35 H (2020xshf48 ) ; 11174 showed that Proteobacteria and Actinobacteria were the
T R R TS B T84 201703D211002-4) dominant phyla. The seven treatments had similar commu-
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sis (PCA) results of soil physical and fertility indicators, the comprehensive scores of the seven treatments from high to low

were SZZm>SSSi>SZSh>SZGm>SZLb>SZAh>SZSt. Therefore, it is considered that millet-maize-maize (waxy ) -millet is

the best rotation mode to keep the soil healthy and ecological.
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Fig.1 Soil bulk density under different treatments
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Fig.2 Particle size distribution of soil aggregates under different treatments
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SZGm SSSi

Qb
M 0.100~0.250 mm; [§0.251~0.500 mm; K3 0.501~1.000 mm; £31.001~2.000 mm; [1>2.000 mm

SZSb SZAh SZLb SZSt SZZm

FE IR 113, 9% ~26. 2% 3 SSSi AL T 1Y R B0 & 1A
AAS B ., LAl AL BT f4) s 5 XA R AT,
W& A1 16. 9% ~ 26. 8% , SZLb AbFE T 1) 18 &5 4 & 1 i
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Table 2 Composition characteristics of soil water-stable aggregates

under different treatments

IEPHIRIR B8 (%)

fbg i}n%; : - Bﬁﬂiﬁ‘i)mé
’ Hif2<0.25 mm FifE=0.25 mm mm
SZGm  0~10.0 28.93x0.94a  37.09%1.89a 0.2620.02a
10.1~20.0 25.97+0.61A 36.28+1.56A  0.33+0.01A
Sssi 0~10.0 25.75+0.36bc 26.89+0.61b  0.18+0.01bc
10.1~20.0  26.48+0.78A 27.05:1.49BC  0.24+0.01CD
SZSh  0~10.0 26.02+0.74bc 27.42+3.83b  0.18+0.02bc
10.1~20.0 25.6620.97A 29.26+2.22BC  0.27+0.02BC
SZAh  0~10.0 27.4120.4lab 24.6121.37b  0.17+0.01bc
10.1~20.0 24.68+0.84A 25.80+1.17BCD 0.23+0DE
SZLb  0~10.0 24.200.60c 24.02+0.41b  0.16+0c
10.1~20.0  23.87£0.96A 21.12+#2.13D  0.20£0.01E
SZSt 0~10.0 26.08+0.31bc 23.52+0.91b  0.16+0c
10.1~20.0  25.55+0.97A 23.96+1.89CD  0.23x0.01CDE
SZZm  0~10.0 24.3921.08¢c 36.22+1.49a 0.20+0b
10.1~20.0 24.50+0.65A 31.31+1.82AB  0.28+0.01B

SSSi SZGm .SZZm SZSt .SZLb .SZSb .SZAh L3 1, W E 5 AW
INE FAREERRO~10.0 em - JZ AR LB A - e K AR M A SR R 25 5
F(P<0.05) ; RSB G AR K S F 8% R810.1~20.0 em +)JE2 AN
[i) Ak 34 i) - MK Rt [ B A 22 53 1. 25 (P<0. 05)
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Table 3 Soil nutrient content under different treatments

R

B

A

AN A i

AHLBE

i (%) (me/ke) (me/ke) (me/ke) (&/ke) ol
SZGm 0.116+0e 57.05+0.04¢c 31.00+0.58¢c 190.09+0.55f 21.76+0.11bc 8.30+0.05abc
SSSi 0.142+0a 47.95+0.39d 45.60+0.31a 245.47+0.07a 24.47+0.59a 8.00+£0.03d
SZSb 0.131+0b 45.50+0.62¢ 32.80+0.25b 198.64+0.01d 22.29+0.20b 8.34+0.01a
SZAh 0.120+0cd 31.15+0.84¢g 29.40+0.15d 204.75+0.23b 20.11+0.49d 8.25+0abc
SZLb 0.123+0c¢ 70.00+0.88b 21.50+0.10g 180.31+0.21¢g 20.11+0.14d 8.24+0.05bc
SZSt 0.117+0de 38.68+0.21f 25.10£0.32e 203.52+0.11c¢ 20.36+0.13d 8.32+0.01ab
S7Z7m 0.122+0¢ 75.25+0.78a 22.70+0.69f 196.60+0.35e 21.56+0.17¢ 8.22+0.03¢c

SSSi SZGm . SZZm .SZSt .SZLb .SZSh SZAh W3 1. RSB IG AN E/INE bk m AN B AL B ) 2% 5 5835 ( P<0. 05)

222 EIEEEEM OR[EFPAER RS R 1 R
TP, A A T Ak P Yt R A S R R
TR, ST 5 L R AE FAR G A 1 ; ] sf 7T
Db A F A M, S HER AL, R
4 o, AN LA BT Gk R A SR TR R BN R
S7Z7Zm>SZGm> SZAh> SZSh> SSSi> SZLb> SZSt, 15 W
SZ7m AbFET - ENT I 5 =, SRR 158, SZSt Ab
T fe s, BRCPEWRIR B AR B ALy TR A 45 AR
FH AT LU0 AT BILRA %) il ok B 32 2 ol - 43 4
PRS0, AT 3 v B A AILBE K A Sk T IR 0 A
A TCHILIE T AS TR A BT R 5 I S 1 e K 3/
K :SZShb>SZGm>SZLb SZZm>SZSt>SSSi SZAh

JIR B AT DLy - b i B R AL B, A
) S R FOR T 5 R DA - S A AIE S 1)
FEEAER, AR PR A 398 v IR TG 1 /NI K
KN . SZZm>SSSi>SZAh>SZLb>SZGm> SZSb> SZSt,
SZ7Zm Ak B R MR i 3 0 A, L DK 6 O PR A AR
SZSt Ab i 31.0% , HiAth 5 ASAb PRI 22 AR 83

R4 FREAELEEEYE

Table 4 Soil enzyme activity under different treatments

ST AEZ B AT P T ECTE | A TR R TR A
A BERS IR SR RS AT R B AT 48 R B 35 0 Bl 3 4 3
Ht S O TR A B A 48 rp £ 2 RS P R E)N
9 : SZSt>SZLb>SZAh>SSSi>SZZm>SZGm>SZSh , SZSt
b PR T 2 R WG PR, HU IS P B AR Y SZSb 4b
P 47.8%,

SEAV TG SOPR REAR T , BB 6% (2 0 R0 A s H 4 A
FSOE AT DL 3 e ik, 14 i 4 38 v i) AL R
G300 TR AR BETR A 35 e BTG P Fh R BN R
SZLb>SZ7m .SZAh>SZSb>SSSi>SZSt .SZGm, SZLb Ab
PR RENE B PR A =, LTS M BRI SZGm  SZSt &b
PR 35.3%,

AR Eh R A A S A AR
FEP AT DA B R SOR) S R v e R . R
[ Ak 2T -+ 398 v 2 1l O 2 e K BN R SZLb>
SZSt>S7Zm>SSSi>SZGm>SZSh>SZAh, SZLb &b ¥
B G PE m, HS A P 22 5 0 2 LU 1
AR SZAh ZbFE 174. 2%

o CTTICHEIEE BRI R 1 CF A F WP A A
[mg/(g - h)] [mg/(g - h) [mg/(g-h)] [mg/(g - h)] [pe/(g - h)] [ pmol/ (g - d) ]
SZGm 5.61+£0.03ab 6.18+0.12b 0.91+0.04b 53.00+2.02de 0.68+0.01d 0.46+0.02d
SSSi 5.49+0.03bc 5.70+0.15¢ 0.94+0.01b 58.49+1.80c¢ 0.72+0.01c 0.62+0.04c
SZSh 5.52+0.03bc 6.51+0.12a 0.90+£0.01b 50.88+1.87e 0.73+£0.01c¢ 0.32+0.04e
SZAh 5.58+0.03ab 5.70+0.03¢ 0.93+£0.01b 59.11+1.00¢ 0.80+0.01b 0.31+0.02¢
SZLb 5.40+0.03cd 5.85+0c¢ 0.92+0b 66.94+1.10b 0.92+0.01a 0.85+0.03a
SZSt 5.31+£0.06d 5.79+0.03¢ 0.84+0.01c 75.19+1.77a 0.68+0.01d 0.73+£0.02b
S7Z7m 5.70£0.06a 5.85+0.12¢ 1.10+0.02a 56.38+1.57cd 0.80+0.01b 0.63+0.01¢

SSSi,SZGm ,SZZm ,SZSt ,SZLb \SZSh SZAh W.3% 1, [FFIEHR G ARG FEEFR R A R AR P ) 25 57 5.3 (P<0. 05)
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Proteobacteria , Actinobacteria . Chloroflexi . Acidobacte-
ria . Bacteroidetes A1 Gemmatimonadetes, 6 > ] )
Ji 5 R B 94.50% ~ 96. 70% ., Hith | Proteobacte-
ria . Actinobacteria WL F T 17], TE & AL B 5 H ik
64.20% ~74. 10% , 5 SSSi 4bFRAH Y, SZLb  SZSt 4k
FEHT Proteobacteria [ #H XF 3= B I, 43 51 89 i 1
2.30% 1. 60% , HAh AL B Proteobacteria [ AH X =
FEREAG, B T 3. 60% ~ 17.20%., 5 SSSi 4b ¥ AR
M ,SZSt . SZSb .SZAh SZGm Z-H 1 Actinobacteria
FHX 2 BERE TN T 3. 98% ~ 30. 70% , SZLb | SZZm Ab 3
1 Actinobacteria FAHXT FEEFEAR T 7. 50% 6. 30%
3 #b, Nitrospirae . Verrucomicrobia, Patescibacteria .
Rokubacteria 7& 73 4h 4 P EE W] ( Z/DFE— AL
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Fig.3 Relative abundance of soil bacteria at phyla level in dif-

ferent treatments

AN A 3 A S8 200 P T 7K - 7 465 4 A B &5 SR
(B4 Bl 5) K], 7 FfeEBREEBA B 7
S, VLB A HERUA: W S5 A AR AL, (E2 L] b A A 2
S, AR KT 1. 00%8Z /7E 1 A A
XFERERT 1. 00% LR B A 27 4,7 e HEIf

IR )R A 9 B, 739~ Subgroup _6 1% Hh4. 5% ~
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Fig.4 Comparison of relative abundance of soil bacteria at ge-

nus level in different treatments ( top 20)
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Fig.5 Hierarchical clustering analysis of different crop rotation patterns
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Table 5 Diversity index of bacteria in soil under different treat-

ments
AFE Chaol 155K RIS VAR (%)
SZGm 9 143.26+230.79a  11.24+0.21ab 0.998 940+0a  88.6+0.003a
SSSi 8 679.25+557.53a  11.35+0.12a 0.999 035+0a  89.4+0.018a
SZSb 9 482.17+275.43a  11.27+0.02ab 0.998 990+0a  88.4+0.004a
SZAh 9 255.48+132.62a  11.25+0.03ab 0.998 971+0a  88.5+0.002a
SZLb 9 269.61+349.96a  11.25+0.05ab 0.998 983+0a  88.7+0.005a
SZSt 9 034.97+514.38a  11.16+0.09ab 0.998 933+0a  89.0+0.007a
SZZm 8 852.82+181.00a  11.15+0.04b 0.998 868+0a  89.2+0.003a

SSSi SZGm ,SZZm ,SZSt SZLb . SZSh .SZAh WL 1,
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robacter B ' IEAH & (P<0.05) ; H{b B iG Pk S
Haliangium 5 0.3 IEAH & (P<0.05) 5 25 F G P S
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(P<0.05), Y5 Actinoplanes & i 3 i # & (P<
0.05) ; S A & 12 5 Sphingomonas & i 3%
1EAH5E(P<0.05)
2.5 BFARBREENXI LEWIE B HIEFRE I
HLEZEE R
2.5.1 XIEARKRIAFRIREG TR oo ER Ik
HCEA AR 1 AR G 7 45 . 3 4540 (&=
45 10.1~20.0 em (1§ MWD) | H 1540 (2R
A 2R U R A PIL ) i M (i
AL S | BT B IR W | IR | 2T 4t R L | AR
FIE ) W5, 3 13 A FRARAE N T U 4 B B PE M 4
bro AN F7E B JOME A ik 3] — 2, 7
X R B A TAR AL AL ] SR JE X I B R4y
FEPRIEA T A A E AT

A F M CHE IR E R g R (K T) &



A= PR BTN R A AR O SR P SO 20 R 7 1405 1507
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Table 6 Correlation analysis between soil fertility indices and dominant genera

R K
L= WA IR RN AR RE RN S PR RO R APUR
REAME mME sME mEEME wiE wdk st s Ak ok oam M

Subgroup_6 0.200 0.318 0.285 -0.192 -0.218 0.388 -0.035 0.725 -0.051 -0.168 0.351 -0.031
Blrii41 -0.375 0.319 -0.189 0.407 0.589 0.005 -0.008 -0.363 -0.286 -0.107 -0.539 0.105
KD496 0.495 0.469 0.372 -0.389 -0.120 0.058 -0.422 0.687 -0.345 -0.547 -0.006 0.348
Sphingomonas -0.343 -0.441 -0.423 0.195 -0.427 0.035 0.468 -0.525 0.779* 0.815* 0.513 -0.652
MNDI1 0.581 0.177 0.685 -0.327 0.088 0.253 -0.246 0.869* -0.339 -0.378 0.090 0.040
Blastococcus 0.405 0.356 -0.214 -0.655 -0.327 -0.904* 0.061 -0.554 0.480 0.142 0.178 0.095
RB41 0.045 0.365 -0.113 -0.193 -0.472 0.202 -0.050 0.377 0.195 -0.055 0.396 -0.004
Nocardioides -0.022 0.020 -0.478 -0.142 -0.277 0.745 -0.030 -0.900 0.341 0.225 -0.119 0.149
Devosia -0.803" -0.551 -0.392 0.419 0.211 -0.014 0.397 -0.633 0.245 0.435 -0.071 -0.258
lamia 0.697 0.638 0.515 -0.664 0.084 -0.252 -0.289 0.625 -0.343 -0.596 -0.027 0.413
Lysobacter -0.409 -0.282 0.181 0.509 0.529 0.935™ 0.142 0.677 -0.335 -0.140 -0.047 -0.256
Aeromicrobium 0.404 0.570 0.431 -0.428 0.526 -0.081 -0.189 0.622 -0.543 -0.724 -0.266 0.459
Haliangium 0.135 -0.359 0.312 0.154 0.780* -0.026 -0.259 0.036 -0.545 -0.364 -0.651 0.133
Giit-GS-136 0.422 0.810° 0.342 -0.628 0.085 -0.145 0.057 0.609 -0.163  -0.453 0.194 0.328
67-14 0.352 0.394 -0.220 -0.582 -0.656 -0.557 0.013 -0.243 0.555 0.188 0.437 -0.009
Subgroup_7 0.212 0.178 -0.113 -0.339 -0.479 -0.046 0.011 0.149 0.432 0.142 0.458 -0.208
Actinoplanes -0.480 -0.506 -0.572 0.456 -0.017 -0.148 0.009 -0.818" 0.217 0.339 -0.258 -0.125
Allorhizobium-Neorhi- —0.688 —0.456 —0.486 0.719 0.248 0.165 -0.067 -0.576 -0.184 0.074 -0.499 0.087

zobium-Pararhizobium-

Rhizobium

Lechevalieria -0.072 0.251 -0.034 0.028 -0.744
TRA3-20 0.494 0.114 0.492  -0.388 0.003
Streptomyces 0.076 0.236 -0.211 -0.214 -0.230
Nitrospira 0.407 0.276 0.461 -0.280 0.007
Altererythrobacter -0.735 -0.423 -0.161 0.800"  0.506
Acidibacter -0.030 -0.392 0.523 0.463 0.519
Micromonospora -0.045 -0.712 0.194 0.355 0.357
CCD24 0.167 0.035 0.628 0.079 0.330
IMCC26256 0.399 0.417 -0.027 -0.481 -0.328

—-0.082 0.117 -0.189 0.185 0.326  0.358 0.125

0.255 -0.021 0.771*  0.024 -0.132  0.348 -0.246

-0.772" 0.038 -0.751 0.141 0.133 -0.122 0.329

0.323 -0.224 0.846" -0.260 -0.391 0.140 0.063
0.794" 0.100  0.164 -0.351 -0.050 -0.298 -0.116
0.765* -0.299 0.723  -0.700 -0.375 -0.371 -0.003
-0.020 0.053 -0.366  —0.091 0.288 -0.294 -0.267
0.587 -0.073  0.866" -0.509 -0.334 -0.028 0.023
-0.209 -0.303  0.261 0.092 -0.283  0.147 0.176

“* TR B EAH I (P<0.01) 5 * Fom BB HH X (P<0.05)

252 FRRAAELSTLEHE ehizbikt 45
B b 1 PR AL A A G FE bR, A5 40 B i BN
SZZm AT (3 8) , Hk Ay SSSi Ab TR 1343 AR 1 Ky
SZSt Wb, NN F-FOK-FK ) - FIReAEAR
AT LU RIS R R i A

3 1 8

LI RAEY AR L E BEREE S &

PREC AT USR5 3R 40 o5 i, 0t RS AT
AWFTEAEREN], & B SRl IR T e A i, 3 o
IR R AR E M (BAR (BRZERARDBR SN ) 5 T
BEAEREAR T 13 pH, (R TR, X 50 =
Y BT PR AS R—BG A TR
&, R A B AL R s T E AL
A Y T E RO T A B2 M R, X
A HE S A R ML AN I 70 B SRS R A
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Table 7 Eigenvalues and contribution rate in principal component analysis
S C) GEER OR[N PRECE I FEA
Gt TUHRZE (%) ZHRTTHRR (%) it DUHREE (%) ZHTTHRR (%)
1 4.455 34.269 34.269 4.455 34.269 34.269
2 3.258 25.058 59.327 3.258 25.058 59.327
3 2.548 19.599 78.926 2.548 19.599 78.926
4 1.461 11.241 90.167 1.461 11.241 90.167
5 1.028 7.909 98.076 1.028 7.909 98.076
6 0.250 1.924 100.000
7 2.747x107'¢ 2.113x107'¢ 100.000
8 1.510x107'¢ 1.162x107'° 100.000
9 7.315%107'° 5.627x1071 100.000
10 -3.453x107'¢ -2.656x107'° 100.000
11 -5.919x1071¢ -4.553x1071° 100.000
12 -1.309x1071¢ -1.007x107'¢ 100.000
13 -2.833x107'¢ -2.179x107'° 100.000
*8 ARAREEXAFEISEHEEHS
Table 8 Factor score and comprehensive ranking in different treatments
44y
JOEL] H#
Fl F2 F3 F4 F5 F
SZGm 0.661 0.961 -0.563 -1.416 -0.119 0.191 4
SSSi 1.368 -1.407 1.101 0.083 -0.005 0.347 2
SZSh 0.667 0.201 -1.195 0.712 1.431 0.243 3
SZAh -0.321 -0.134 -0.824 1.372 -1.422 -0.269 6
SZLb -1.451 0.067 0.862 0.316 1.158 -0.186 5
SZSt -1.016 -1.066 -0.535 -1.214 -0.406 -0.907 7
SZ7m 0.092 1.378 1.155 0.147 -0.639 0.581 1

SSSi,SZGm ,SZZm SZSt ,SZLb . SZSb .SZAh WL 1,
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