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Effect of crop rotation system on diversity and community
structure of soil microorganisms with nifH gene in Panxi
Plateau, China

LIANG Jinpeng', CHEN Yulan"?, WANG Yong’, LUO Lin*, LEI Shanyu', YANG Qinyan',
CHEN Qiang', GU Yunfu™

1 College of Resources, Sichuan Agricultural University, Chengdu 611134, Sichuan, China
2 Sichuan Tobacco Company Liangshan Prefecture Company, Xichang 615050, Sichuan, China

Abstract: [Background] A few studies of the effect of rotation system on the community
structure and diversity of soil nitrogen-fixing microorganisms on plateau are available.
[Objective] To clarify the effect of rotation system on farmland soil fertility and diversity and
community structure of soil microorganisms with nifH gene on Panxi Plateau and screen a
reasonable rotation system. [Methods] Soil samples were collected from five crop rotation
systems: 15-year Vicia villosa Roth-flue-cured tobacco rotation (G1), 20-year V. villosa-flue-
cured tobacco rotation (G2), tartary buckwheat (Fagopyrum tataricum)-flue-cured tobacco
rotation (KQ), barley (Hordeum vulgare L.)-flue-cured tobacco rotation (DM), and abandoned
soil (CK) in Mianning county, Liangshan prefecture. Through chemical analysis and
high-throughput sequencing of nifH, soil physico-chemical properties and community structure
and diversity of soil nitrogen-fixing microorganisms were analyzed. [Results] The total
nitrogen content, ammonium nitrogen content, nitrate nitrogen content, organic carbon content,
and water content were the highest in the CK (P<0.05) and the pH value was below 7 in all
rotation systems. Under KQ, content of soil available phosphorus and available potassium was
43.0% and 2.60% higher, respectively. Soil physico-chemical parameters were lower under DM
rotation than in CK. Soil nitrogenase activity was highest in CK and lowest under G2. The
diversity of nitrogen-fixing microorganisms was the highest under G1 and lowest under G2. At
the phylum level, the relative abundance of Proteobacteria was the highest, accounting for
63.0%—-92.4% of the total abundance. At genus level, Azohydromonas dominated the soils under
crop rotation and Bradyrhizobium was most abundant in CK. Redundancy analysis revealed that
soil pH and water content were the key factors driving the composition of soil nitrogen-fixing
microorganisms. [Conclusion] Rotation systems obviously changed the soil fertility and the
composition of nifH gene community, particularly the G1 which improved soil nutrient content
and diversity of soil nitrogen-fixing microorganisms.

Keywords: nifH gene; high-throughput sequencing; diversity; community structure; crop rotation
systems
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[ A YRR S Ta e A B R L. &
PR ACAE T AN RE ks - BE PR | BG 0 1
TR, AEYA KSR WA, mE
5 ) - 9 [ U A 0 10 3 R R U 5 F T
2305 G KB, SRR R 1138 44
AL AN P R B R, AR T R AR
AR, M VERE e 2w AR ™ 4
e 30F 398 [ U BRT 1 A D SR 5 AR O R i
4 SEFEAT KR -5 AR b RETR SR i B
SR FEAE DT 20N HIEE B A nifH HEH
RS, R K AE- 58 = e A A Y - 438 A
R B R B TR RR-ARIN . oA 22 ST UK R
THEONREA, R BLHRE o A AR nifH
A B AL amod ¥5 U1 L (P<0.05).

AT B 5 32 B v AR DX, oG T
e i A 5 A ol R T A S I R A P A s
Fe 2 BEPE M A 78 AN 20500 DU 1 B0 o )5
WA = XA, B H BRSE 2 L i E el
ST SRR AL, B R O A 7 O
Tk, YEYRe MR B & U, (B H i X S
F AT A g [ UL W 10 5 T e = TR R G 1Y)
WEFE, 29 16 DR AR AR RE By P Ak S
H S OR AP R AT FR LA o ASBIESE LAY 1T 48 T
Wi Qa2 T 5 5 FOREVEY SRR
B AT G, AR AR T By 3R
APk BT 25 S, 3SR v a2 I B R o3 A 3
[ RTE D) nifH FE D ZREvE SR A, DA
AN PUAR [R]VE P 48 VR X 13 o0 KA 3 1Y 32
Wiy, i 7 e D AR A R A P 48 0 - 33 AE g K
1358 nifH BEDR [ R G I REVR RSN, S B
XA - 8 A A PR R A LR A

1 #RE5FE

1.1 EREEHEER
HF 2 DX 3 A DU 1 48t L 3 VA N B

[l 2 K A R A (101°38'-102°25"E
28°05'-29°02"N), i T Tim ik rudbm, &
BT RUEEVEY R AE . By DAL 50
F, AL E AR, R 1800 m, -1y
EARE R 20 m; FEREAKH 834 mm, FHHIE
g 8.11 Cy A I W) Bt Vg 1) T s i s 9, e
r TAEER, PR T AR . T IR A LR
M, FFEHRIE 1022 C. ZHEFHFEREY
1100 mm, J& MAT By Z2 XU e, BRHOURR Y
S, EENAE B RAESEE XM,
1.2 ikt e 5 A

B REZ AR 15, EI3Eamfhh
NFE 15, SR EFFIE, IS F oy
= 87, IRIIAT 2000 4E, HHFE 5 NBAE
T, 23 5 A 5 BEZH (CK) LR 32 -1 J 48 7E (DM) |
TR AE(KQ) . Sert A H - A AE
(G1) Dt 22467 2-15 AR (G2), B LER 1,
TR e R A, R R ) R pH {H
J 6.05, HHLEHN 6.24 g/kg, &% 1.40 g/kg,
W% A 90.21 mg/kg, A 5%WE 35.70 mg/kg, HAL
B 198.01 mg/kg, F/KEN 16.11%,
1.3 TIE#H#RFXE

F 2021 43 H 14 HR% CK., DM, KQ,
G1 Fl G2 X 5 FlAS[R] 56 A il B2 AR PR BT i) A I
WPrt3E, Gl Ml G2 AbHh p 6K AR
2020 42 9 WA T R . Il — X, SRAE AR
R 2 2 m, REXHEBN 4 mx5 m, &Mk
MIAEE, N RCRERERZE 0-20cm 1
B, BREMR . BRASEARST, IRAEEA LR
SIS SN e b~ 4 = o N 1 R 19 o - |
L NI Rt 20 B, D4 e
Ao HT 5 3 — 8850 37 20 B T A R
FHF 3 5 DNA A93REL,
1.4 FELFIFONE

FastDNA® Spin Kit for Soil, MP Biomedicals
Zvw]; PCR . Bifews. @519 ITST M
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F1 Rt

Table I Experiment design
AL i) FfReL ) 2 1 A
Sample codes  Crop rotation systems Details of the rotation systems
CK £ Tt HE
Abandonment No fertilization
DM KA -15 MM RFEHE 6.42 thm®, EAME 675 kg/hm?, FEERHR 225 kg/hm?
Barley-flue-cured tobacco Farm manure 6.42 t/hm* compound fertilizer 675 kg/hm?, potassium
nitrate 225 kg/hm?
KQ TIE-KE LRZFIE 6.42 thm?, &AM 675 kg/hm?, 4N 225 kg/hm?
Tartary buckwheat-flue-cured ~ Farm manure 6.42 t/hm” compound fertilizer 675 kg/hm?, potassium
tobacco nitrate 225 kg/hm?
Gl JentSAEH 1450 2000-2005 4 Ay SR FEE HHFEAE , 2006 4FE R M 546 1-15 MHEe AT .
Vicia villosa 1-flue-cured RFIE 6.42 thm?, EANE 675 kg/hm?, FEERHR 225 kg/hm?
tobacco From 2000 to 2005, it was the rotation of rape and flue-cured tobacco, and
from 2006, it was the rotation of Vicia villosa 1-flue-cured tobacco, farm
manure 6.42 t/hm?, compound fertilizer 675 kg/hm?, potassium nitrate
225 kg/hm®
G2 S B 2-15 I RFHE 6.42 t/hm?, EAHE 675 kg/hm?, FERHF 225 kg/hm?
Vicia villosa 2-flue-cured Farm manure 6.42 t/hm* compound fertilizer 675 kg/hm?, potassium
tobacco nitrate 225 kg/hm?

RGN T ER I TN, A HLBUS i 33.2 g/kg, A NEFRD O NiPiK=10:15:25, Jii I Ak 5 00 2= i NE i
The farmyard manure was mainly composed of pig manure with 33.2 g/kg organic matter content, the ratio of the N:P:K
nutrient in the inorganic compound fertilizer was 10:15:25, the amount of fertilization is only the amount of fertilization in

flue-cured tobacco season.

ITS4, JLHERAMBHCAIRAR; 2. 2 1.6

o, AR A BRA A

5 DNA 12EK nifH EE @SN F
FREL 0.5 g H3EREN, 2 B0 S UL A

fEIRRE A, SRR AERAR; &
0L, Eppendorf B2 w) s A AHEATEAL,
Phenomenex 23 Al 5 ISR, &4+ BEESA AR A R
N TRARFE, DU SRR A A PR F
1.5 ElREEENE

[P 2R S SR 2 AR D i A ) s 1)
I T U4 2B (CoHL) 38 A 2 M (CoHy) Y
REJy, MEMIRGE T A, BT E 15 g B
fif 1+ 6T 100 mL MBI, 5 8 ZE% B, it
L 10 mL 28 U R S IR AR S <Udk, &
FHEER ST, 28 CHEERIR 2 d, P a
W O e SO RSO, R AU g kgt
iy el P =N AR PNy S K S A e sk 5N D 3
i E =2 ) C,Hy nmol 1,

LR HE B DNA, I 1%E5 IR S I L K AG
=20 CPRAF o i F BT X 4800 2 80 [ R A
BRSPS % nifH-F (5-AAAGGYGGWAT
CGGYAARTCCACCAC-3")Y nifH-R (5-TTGT
TSGCSGCRTACATSGCCATCAT-3")% nifH %
KA B AT 451 PCR WA R (25 pl):
2xTaq Master Mix 12.5 L, I, Fii#51#9)(10 pmol/L)
4 1.0 uL, DNA &A% 1.0 uL, ddH,0 9.5 uL.
PCR Wi &F: 94 °C 4 min; 94 'C 455, 55 °C
30s, 72 °C 40's, 35 MME¥; 72 °C 10 min; 4 C
FAFFEA . DL 1%B e B EE R HL Uk A I PCR
P, AR R IR AR AE RN R A PR
ZvH], s Illumina MiSeq il 2 & 2E1 700 %
TEMFF- 63 2184 5, @il NCBI £
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J% (https://www.ncbi.nlm.nih.gov) #47 H XF,  F)
H QIIME 1.9.0 /%114 Chaol ,Shannon-Wiener
Simpson. Pielou & F 1 88 [ A 4 W)
nifH SRR A LS4, 1/ CANOCO 5.0
oot 17 AR B E 2 4E R OB 43 A (non-metric
multidimensional scaling, NMDS) & 70 4% 43 #r
(redundancy analysis, RDA).
1.7 #HiELE

FeAh B e iz A Excel 2019 Y4710, @3
SPSS 26.0 F AT B 2y 223 (analysis of
variance, ANOVA),

2 EREAM

21 TEBEUMREESLIEEREEEE
BY#E K

AN TR 0 e A R T A 0 Ak 1 o AL
=2,

FIH SPSS 26.0 Xt 5 FiefE + e Hfb 1k
FiE AT B 2 7 22538 (one-way ANOVA). H
JE) R AL M T 20 4E 5 - SRR AL e ]
HI(F2), 204 )5 R bR ZE R AR,
AR A S & AT R . 5 MEY ARG
T R TE . G1. G2 #AEH pH (E 435 B 3
=T CK. DM F1 KQ #:A/E(P<0.05), A[FEFEAE
Tl B -4 pH B PRk, B aa &l
BFEET DM. Gl. G2 Ml KQ #1E(P<0.05),
PERMA R . SKE . A . RS E R
A B E 5 T HABAEAE S (P<0.05). KQ %
VR R RLCRR 34 2 v T A AR A 1 B (P<0.05),
J 200 mg/kg, Gl #AERIK,

MR 2 AT, [ R 0 M AR AR YE B R
3 126—6 032 nmol/(g-h), I H AR FAEH E T
VE X [ S PR s o AH SE R BT R 8
[ U G I S A LR . R R
IRFRH 2 R B4y 0.867 . 0.694 ., —0.736

(P<0.01), 5 /KHE . Blfif B AN Z B3 b
0.581. 0.631 (P<0.05), 5 pH. &M . #4&
R 25 AR R R Er 0 0,133, 0.489
—0.087., 0.157 RJ UL [ S0 % 1 55 - 3 ALK |
G TN W B o N A o S
(P<0.01), 57 %0k 5% B 3% T 56(P<0.01),
5 pH, 3R IHSEZIEMHX, SERSEAE
UikiEPSs
22 TIEEEME nifH EENFER R
o ZHEFMIEHRS N

TRREE VR + M i CK. DM, G1. G2
M KQ e A/ERFA 1 OTU 434k 2 436, 2292,
3119, 643 Fi1 942 4>, 5 FMEEAILA [ OTU Ny
269 4~ A5 KA Chaol #§%{. Shannon-
Wiener ZFEMEFEEL. Pielou ¥)5)FE 8 ET +
S 1 R A ) nifH JE R ZFEPE R T 0 4. 3R 3
S WA [ S AR B2 -3 1 AW mifH SR
ZHMER . GI e fF - Chaol #HEH
Shannon-Wiener 8K, BE & T CK f#/F
(P<0.05), +TIERAMAEY) nifd FEF AR H
WE L. KT Pielou F5%, DM #8435 /&
WA nifH JERBORER S fRm, G2 8 AF
2398
2.3 TIEEIRMEY nifH EE BEEEEMN
54515

Hi P& 1 a0, SR E] o AT TR AR, 535
h A e I'] (Proteobacteria) . ;i ¥ ]
(Cyanobacteria) . THZ ] |(Actinobacteria) . JERE
["1(Firmicutes) . PEtllid | 1(Verrucomicrobia) .
21 1(Chlorobi) . 4251 1 (Chloroflexi). |/
W [ (Euryarchaeota) IR TREAK ] (Spirochaetes) .

15 5 ANl b LS Y R R T
(Proteobacteria), HWREWwE] (Cyanobacteria)
ML 1 (Actinobacteria) . 22 T W | 1Y F &
S35 CK Ab#E 82.9%. DM %1 83.7%. G2
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x 3 EASETRRMEHETLREERNEY
nifH ZE B % #4154

Table 3 Diversity index of the nitrogen-fixing
microorganisms nifH gene communities under
different rotation systems in Panxi Plateau

PE&hSiS  Chaol #84L  Fk4R%L Pielou 154k
Sample Chaol index Shannon-Wiener Pielou index
code index

CK 2 485+157b  5.54+0.52b 0.52+0.06b
DM 2395+159b  6.79+0.50a 0.63+0.04a
Gl 3404+£520a 6.37+0.72a 0.58+0.05b
G2 1397+417d  4.22+1.21c 0.44+0.11¢
KQ 1 604+401c  5.04+0.29b 0.50+0.05b

BT bR, 7R AR NG BN
— ¥ RPN [ Ak 3L ] 22 5 8. 3% (P<0.05)

The numbers in the table are the meantstandard error,
different lowercase letters after the numbers indicate that the
same index has significant differences among different
treatments (P<0.05).

A 92.4% . KQ #1E 89.2%F1 G1 4 1E 63.0%.
HASE T G2 fefE s . Gl fefER k. ¥
TR 4> 9 CK b3 12.30% . DM %
F 0.58% . KQ %4E 5.02%. Gl #:4F 36.50%7F
G2 $e1F 6.35%. HAHE#E] Gl %/Ef CK 4
YEf R, DM SeAEAHRT F B e fi . R pii T T4

100
90 |-
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70 -
60 -
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40 -
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10 -

Relative abundance (%)

XA B R YC AR, 4351 21.90%.

EEA b (R S A & (4zohydromonas) .
18 H: MR 9% I JE (Bradyrhizobium) . [F 22 7 &
(Azospirillum) . HFFIEJE(Geobacter) . Wi IK R
J& (Desulfovibrio) . [ A 40 & J& (Azotobacter) .
i 22 5w R E B (Frankia) . 20 1B 90 5 )8
Hrosw /K = IR EE
(Skermanella) F1{A 5 2& /K 15 5 (Burkholderia) M
LHSERE, MM FELRE T 0.15%-19.10%,
B o 2= SO p i TR ), R s 1
HjE TAIE W], 2B B e (B 2).

TR AR BE R iR T AR B TR R 0K
V- EAFTEZE S 7E G, G2, DM il KQ PUFh4S
VEMIBE -3 b, IR T A S PR EE
(Azohydromonas) & 55— L& , XS L4351
N 19.1%. 17.1%. 11.0%F1 17.6%. 7£ CK $/E
TR, BIRET bR EERE R E
(Bradyrhizobium) &5 — L #J& , MHXTFE N
39.8%. fE G2 feff 4, IR TH AR
YRR J& (Azospirillum) & 55— L # & , AN =12
N 16.9%.,

(Rhodopseudomonas) .

M Others

W Spirochaetes

B Euryarchaeota

W Chloroflexi

W Chlorobi

B Verrucomicrobia

B Firmicutes

W Actinobacteria

B Cyanobacteria

W Proteobacteria
DM Gl1 G2 KQ

Treatment

1 FAERESET HIEERMED nifd EERETKEREEEN
Figure 1  Soil nitrogen-fixing microorganisms nifH gene community composition at the phylum level under
different crop rotation systems.
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100
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Relative abundance (%)

CK DM Gl
Treatment

H Others

B Burkholderia

B Skermanella

B Rhodopseudomonas
B Frankia

B Azotobacter

B Desulfovibrio

B Geobacter

W Azospirillum

B Bradyrhizobium
B Azohydromonas

G2 KQ

B2 AEREFETLRERREY nifH ERERKFRIEFEHEN

Figure 2 Soil nitrogen-fixing microorganisms nifH gene community composition at the genus level under

different crop rotation systems.

2.4 AEEAEHE LIEBERMED nifH £
B REHNTR

AN FES VR BT 3 A ) nifH HE D
IHE 5 254 28 S5 LI 3,

FLF Bray-Curtis 1 2 NMDS 2345 (14 3),
5 FORTEIFE AR 9 38 B AU UE D) nifH S
DTS SARTE 2 AV . 411 4 CK. KQ
I DM %/, H2 M GlL R G2 R/E, 41

4 2 ZEIFFTESE, UL R S5 i 22 R
K (P<0.05).
2.5 TIEBUAMRMNTIEBERMEY nifH
EF R E

XA [RS8 AE - 338 v [ B A W) nifH BE DR
B 75 5 A 58 2 Ak M 5T OC I E AT T AR A A
(K 4), &R En, 75 1 2R+, Gl G2 #
YE5 pH. AR IEM G, 7255 2 2R+, CK

Stress=0.074 9

J— e @ ®CK
081 A o m DM
0.6 - A N
04+ © s Al
a9 02 Group 1 * G2
% 0.0F | Group2 g +KQ
Z -02F * -
—0.4 k + u
~0.6 ++
O08F e KR e L
-1.0 1 1 1 i aldadatlt] - 1

-14 -12 -1.0 -0.8 0.6 -04 -02 0.0 02 04 06 08 1.0

NMDS1

3 AERAEHELIEERMEY nifd EERBEESR

Figure 3
rotation systems.

Differences of soil nitrogen-fixing microorganisms nifH gene communities under different
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Permutation test P-value: 0.012

1.0+ pH
< 05+ * Group
3 @® CK
S soc_® ° { Gl
S 0.0 A XQ
= | NH-N ® G2
=~ NO;-N K * DM
—05F AN ol
MO AK AP
| | |
-1.0 -0.5 0.0 0.5

RDAI [33.81%]

B4 TEERMED nifd BRI EEME LIE
BIULEFBI TR

Figure 4 Redundancy analysis of nitrogen-fixing
microorganisms nifH gene communities structure
and soil physico-chemical properties. AP, AK, MO,
AN, TN, NO; -N, NH, " -N, SOC represent available
phosphorus, available K, water content,
alkali-hydrolyzable nitrogen, total nitrogen, nitrate
nitrogen, ammonium nitrogen and organic carbon,
respectively.
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