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B OE: [HF) BEGAAMN K 6 E IR AR RAENE 5] 1A A 8 L 3E 0 Fr o7 1 ek 2 A BE
EEZHBFRT P EOME, ZFHT BT SRR THE, BRI LGERPFELRE
AT EEBRM. (86 B LA IREAT ARG B 81 N £ AT B AW R 37 BRI An § 51 4
AR L 3E ) S A AL R GRS, A A A F AR ICIRAETT 6 R IE, ABRMGLMRE S
SEEEMAAAEX. [FE] AEBGER 5B 4 3 RsbAe $ Sk SR A 5T £, Ik
BT REERBALEOHERN, sSHELEOHEFMFHERAATTRE, FHHGEZMNAFHEK
StemE B AR R AR S AR IAT T IRASAH. [4R] BRRBRARGH AR SH I G YPNLER
BAAREL, KAJERT BIBK £ 4956 0 SRR AL, A SRR IEAT 8 E ST oABE o B AP AL L3R P a9 A
HUBR Fa ALE Fe 4> Bl BT AE MK £38 09 pH A B Z . 3n 2 GEIE &R R 5 imm T A E
EE P mB o) S AR, ERBERS T I BMH LIE a1 Simpson = Shannon % #i4
bﬁﬁ%%?ﬁ%m%iﬁ%éﬁﬁ%ﬁﬁ AR FRIROGEG AR LELTHEH I
(Proteobacteria). %% & I'1(Chloroflexi)Z 3% £ & 1 (Actinobacteria), 7~ [F) HUE F R L3 a9 % F
JB R RFHATH B (AC netobacter) % & #F 14 & (Ochrobactrum). #%Ji5 £ I # /& (Sphingomonas) = 4% &
@ /& (Streptomyces). @i TTA S AT LIV EE 49 pH . ik 247 (available potassium, AK)Z A& 5
(alkali-hydrolyzed nitrogen, AN)L fi 2 4 A% % 45 A 18] 69 48 K M2 3K B % 49 (P<0.05). [4#&] 3%
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Application of pea green manure alters bacterial diversity in the soil
cultivated with tobacco for years in Panzhihua

SONG Jingqi', ZENG Zongliang?, YANG Peng?, YU Wei%, YAN Fangfang?, ZHANG Zongjin?,
ZHANG Peng®, GU Yunfu™

1 College of Resources, Sichuan Agricultural University, Chengdu 611130, Sichuan, China
2 Panzhihua Branch of Sichuan Tobacco Company, Panzhihua 617099, Sichuan, China
3 China Tobacco Shandong Industrial Company, Jinan 250014, Shandong, China

Abstract: [Background] The continuous cropping and poor fertilization habits in the
tobacco-planting areas of Panzhihua have brought serious stress to the nutrient balance and
microbial diversity in the soil, leading to declines in the yield and quality of tobacco and
seriously affecting the development of the tobacco industry. [Objective] To study the effects of
applying rhizobium-inoculated leguminous green manure on the microbial diversity and
community composition in the soil cultivated with tobacco for years in Panzhihua and provide a
theoretical basis for scientific fertilization and establishment of a reasonable planting pattern of
flue-cured tobacco in Panzhihua. [Methods] We collected soil samples from the newly
reclaimed tobacco field and the field planted with tobacco for years (both with the application of
green manure) in Pingshan Township, Miyi County of Panzhihua. The physical and chemical
properties of the soil samples were determined, and the bacterial community composition and
diversity were analyzed by high-throughput sequencing. [Results] Inoculation with rhizobia
increased the number of nodules and roots of pea seedlings, especially in the newly reclaimed
tobacco field. The application of green manure increased the content of organic carbon and
inorganic nutrients in soil and reduced soil pH and volume weight. In addition, the application
of pea green manure changed the bacterial diversity and community composition in the soil.
Specifically, it elevated the Simpson and Shannon indexes of bacteria in the newly reclaimed
tobacco field and reduced the relevant diversity indexes in the field cultivated with tobacco for
years. The predominant bacterial phyla of the soil samples planted with tobacco for different
years included Proteobacteria, Chloroflexi, and Actinobacteria, while the dominant bacterial
genera were Acinetobacter, Ochrobactrum, Sphingomonas, and Streptomyces. The redundant
analysis showed that soil pH, available potassium (AK), and alkali-hydrolyzed nitrogen (AN)
had strong correlations with the microbial community structure (P<0.05). [Conclusion] The
application of green manure improves the nutrients and changes the bacterial diversity and
community composition of the tobacco-growing soil.

Keywords: leguminous green manure; application of green manure; tobacco cultivation years;
soil bacterial community; diversity
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# i (Nicotiana tabacum L.)/E A 354 Tl
B EEERL, REENLTEY, Hym R R
St 1 R AR R A A R 7 M 2 A i T R R R
JEU, l Tl e B B IR R R ) A
ZRRNZE LRGSR, AR L X RIS R
(A i O P P SN S PSR 280 7
B4R ) - b A KRR, AR 3 1 5%
A NI A I RETE 2R Ok T E S, FEL
PR3 TR, MIMRAE R E B AR, JEr -
SRR E T I, AGEN R R AR,
T ERMETHIRM, IEXHHE Tl 4
SRR 2 R TR R

AR T EEAE S RGN — K
SRS, BTN B F 4 S - R R S5 A
et ErE, WY EFRWBRERET
Jri R B OREEMERPT, L EY
(1) Z R TN AL L2 3 2 RO IR R 52, 1
P TCBE R P i e g R R 2 — B, e
YERBEZEMAPUICE, ZERNEw0E . ) 550
SHHEAEEEN, Y IR EE
FBP, GErRBE L, ¥ LMSIEasE 7
TERHERNE A GRS N U L HOR TR Y
SRR 5 LA B AR BRI RS A A S
R, 2 B A AR RT3 B 5 (Pisum sativum
L) EA AR WA . 35 0 B8 138 A2 4 A1 1Y)
Fesi, B ER—FEEE ELA T LR
P EIH SRS, 2RSS, X B A
PRIEAT LR T A FE A ASAURT DA 350 i i 3 A
KAARE, AReHg N sy & 25 g
A5 53 Ot B SR E W g BRae 10 SR, oG
F B B PR B O R AT B A % B B A
i 0 22 A 34 S AF AR A 8 B0 A 1 52 )RR AE
ANIERE

BRI T G MRS BT L AERR A, A7
TEARFIRR G SRS . N TIRR GRS

P ARIRT TR X AR KA A SR E W A S
AT 5T LA BE AL B B 0 1 0 22 4% 1 S A A 1 0
A, R B SRR TR A R BB X
A RPN B, 0 A 4 i HJR BT ) B L TR
X 32 DU B AR b R 3 8 22 A AR A - AT g
TSR R AR E S v AR, LU S
R L S o B A ST LA A IS - R A
A, AR BERE ARl T HF 2 e i i

1 #HRE5rZE

1.1 #&m

oK Ok B B (101°44'-102°15°E
26°42-27°10N) AR SR 19.7 °C, £ H
REESF] A 2 700 h, AEFEFN AL ES 1100 mm, St
PO BOK GEIRER A E w155 A
A A s B X,

FE I SR R 2 M 87, T B A L R 3 A
M IEREACK B oK B 5L S i, Tk
FE 1800 m, HHERANERM L F 2020 4
3020 H, fFFREMBIGAEKR S SRS, #
“MEAE R 1R AR 3R 2 RO VK IRl [l S50
=, Rk A RSy . — R BT R
A, AFRIEHER S DNA; 5—inad
AT i 0 5 BRI S5 B AR b R 5 A 0K
SRR i ) HLAR AP LR 1

2R A . i 5 (Pisum sativum L.), "3
6 F (CHHb ) o

i B bk . B AR TR (Rhizobium sp.)
CP4-2, /rE HBI TR R, o U&= HRTT
REPARAL

L AN . 1 YMB RiRh iR 2
XFEUA KA CP4-2 BRU™.,
1.2 EHFE

YMB Hi3#3(g/L): HEEE 10.0, BB
1.0, K;HPO4:3H,0 0.5, MgS0O4:7H>0 0.2, NaCl
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* 1 FMEE SRR AR R

Table 1 Basic physical and chemical properties of
two tobacco-growing soils

AL P T T B2 R 2 X AR Z AR
Basic physical and The newly Continuous

chemical property cultivated tobacco cultivation for

field control many years
pH 7.11£0.015a 6.534+0.032b
AL 5.49+0.22a 4.95+0.09b
Organic matter (g/kg)
caxy 1.3120.01a 1.27£0.01b
Unit weight (g/cm)
Wl & 3.26+0.81b 21.90+1.40a
Alkali-hydrolyzed
nitrogen (mg/kg)
AR 12.20+0.20b 21.60+0.51a
Available phosphorus
(mg/kg)
B 58.90+3.06b 134.60+3.06a
Available potassium
(mg/kg)
FEIAAF PR <l <1

Planting years (years)
ANTR) NG " R AQR s 1A A7 A 35 22 57

Different lowercase letters represent significant differences

between the data.

0.1, CaCOs; 3.0, pH 7.0-7.2, 121-126 °Ci#k
K 30 min,
1.3 FERFIFNEE

FastDNA® SPIN Kit for Soil, MP Biomedicals
8]y SXEXTaq 2% 1 A1 ANTPs, Thermo Fisher
Scientific A v, WATHERBEK, RDUCIRAY)
BHEABRA ] X mEZRRKE S, L
GBERIT A ; PCR 1L, Eppendorf 24wl 5 HLJK
1, demtmi s —AEYFHARA ] BER S
48, aIUTFEEASA R A
1.4 RIEEIT

TEBT B M (O FEE M (L) i 3 4
RIGALFE . (1) 25 AL HR(XCK Fil LCK); (2) H#
afi PR B TL(XW HLW); (3) Rl & )F 4% Ab
% FAAL IR 1 18 7 (XWR Fil LWR) ., AR~ Ab H 8 i

3, BEMLIXHARE, AL E 9 4>
AN, AN EE S 7.5 m, FEER 5.0 m,
I HA/NXZ R IEEN 1.0 mo B SRR N
210 kg/hm? K LR T AR L AP 2] YMB 3557 2
28 °C. 180 r/min K557 X B4 K W3 d) LAl &
96 TR 0] o Ao S0 S IR AR TR 5 i D IR
HFERD, HUETERI RN 15 kg/hm?, F 2019 4
10 A 8 HIFELRNEF . FTER LS 1 f5 1 9l
SRFRET, IR A BERLAS R A L
SR NP A B A FIERE, 35 242 HEK I, #f i
REVEREHE. T 20204F 2 1 16 H Bl %A AR (2E
B 130 dyFeR it TR A L, RAHERHIL
W HE W) 56 B b A TR FE S 10-20 em A9 4t L
DA JCHE AT PRAR 5 AE IR R v
1.5 BmEEHKRMERNE

T3 SR AE S I o A5 TS A o HURE 7
K 30 cmx40 cm PYHEEHE, BEHLEUR: 5 PRAH
PR MEFSPR: MRE . K. RE . REE.
FESATAI P R AR R rh, BT MRl e
LRI, R KRS YE, WK 48
W R T, I J5 XA (B T e T IR A T
FREE
1.6 1IF DNA ZEIRSEENF

FI| ] FastDNA® SPIN Kit for Soil 4 Hit 113
()48 DNA, LIRS DNA AR 4 S |
#1 515F (5-GTGCCAGCMGCCGCGGTAA-3")Fl
806R (5'-GGACTACVSGGGTATCTAAT-3") i}
1T PCR #3511, PCR [ b {R % : SxExTaq % i
W 10.0 uL, 1E. K594 pmol/L)4% 0.5 uL,
dNTPs (2.5 mmol/L) 4.0 uL, DNA $4%(10 ng/uL)
1.0 uL, ddH,0 #hE 50.0 pL. PCR S 514
94 °C 3 min; 94°C30s, 56°C30s, 72 °C
30 s, 35 MEFF; 72 °C 10 min, PCR ¥ )5
B 7= ik 2 AR T A TR B A RS A
T
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1.7 £WMERESHREIT 5

K QIIME 2 B4t I ik ) £ 0 e 51 it
Ji R W45 . f#F Mothur v1.31.2 #{4X} OTU i
AR, FFBEE 97%RIBIE ., tEok, dF)
F RDP classifier # {5 Fh EA TR RS, R A
R 15 pheatmap 256l 4 R A R #EL i H]
QIIME2 % f4k Ak %4 Chaol. Shannon, Simpson
F1 Observed_species 6 %%, {3 FH CANOCOS5.0 &
PFiEAT IR S B A R VR FEPE R TR
#T(redundancy analysis, RDA), {#i A Excel 2013
Ak BRANZ i Bk Bt , R SPSS 21.0 HfF
HEAT T BRI R Oy 25 1 4 BT

2 ERS594

21 EMIREEXNREEEHE KN
T AR IR B G i S Y A K B R A A
F, R R RN F (3 2). SRR B AL
FL(XWR Fl LWR) 5 AL R AL EE(XW
LW)HAE, M e, B S AR R R
T AR AR R, 22 F A B UK, R
5 TRT (14 B 2 AF R 5 AN 2 P LR O 1 W A
MR B, WEIRIITE 50.0%LL b Rl RhERAn
FEA YR B S N AR B L, Rt TR
F, BEOAREONIEE 63.9%. SR, SRR
IR A1 1) b R LL, B2 IR R 1T ) AR A K R AR

T2 EMIREE CP4-2 W T EKHIEN
Table 2

IR E
2.2 FRAESE S 4R A A0 3% A AR 9 B X Fh
ERthFEEE M T 1EF 7R 2R

T AR 59 2. 2o RS AR el M IS T 0 B2 A0 3k A1
AR A S PR AL M A DLk 3

MR 3 AT LIE Y, FER LA TS i B S AR IE
CINDRTE7ar=1Ta = AU R SRiIR e gl (1N e JE N
I A 30 4 R B 7: L (alkali-hydrolyzed
nitrogen, AN) 75 i, HAh, TIEFATA R (available
phosphorus, AP)F1# 2 #f (available potassium,
AK) & WS T8I, H A A LK (soil
organic carbon, SOC) & 543 FIE N T 6.5%F0
52.9%, BRAEEITHIGER 26.2%H 175.5%, A
B3 BB 56.3% 11 64.3% o 19 KA b L B B
A 1) A5 BN, A L R AR Y G i e
Ko SEREE R B 7R Wi 5 4% I 0 BE A% B . 42 7
TR IR AR, JF HREW B g
MLY% &
23 MEHIFREMEMREBEN L
IR AR A R SR IR
2.3.1 FhESE T AL FIEFR B E X 18
i % BRI

i1 Simpson, Chaol., Observed species FlI
Shannon 4 > o ZFEPEFE R 4T 2 Fi K Hb 1) 40 3 2
FEVESATIEANY, S5 1

Impact of inoculate strain CP4-2 to the Pisum sativum L.

Item BT B A A A H

New reclamation of tobacco land Continuous cropping of smoke

XCK XW XWR LCK LW LWR
¥R 15 Plant height (cm) nd 39.44+1.60b 41.58+1.61a nd 37.38+2.32a 37.09+2.23a
R Root length (cm) nd 27.87+1.33a 27.03+2.87a nd 25.86+1.34a 25.90+2.29a
% Root number nd 61.00+13.20b 100.00£16.65a nd 27.00£5.69b 36.33+5.49a
HRIEE L Nodule number nd 7.67+1.76b 17.67+3.53a nd 0.3340.33b 3.67+1.20a

B R bR R (n=3), ARG FRAUR 5 B3 (P<0.05), nd: RAE],

The numbers are averagetstandard error (n=3), and the different lowercase letters represent significant differences (P<0.05),

nd: Not detected.
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R3PS AR R R X R At R 3 A A b SR IR L B A S0

Table 3

Impact of Pisum sativum L. cultivation with strain CP4-2 inoculum on the physico-chemical

parameters of newly reclaimed tobacco fields and continuously cropped tobacco fields

Item BT B At FE A AW 3

New reclamation of tobacco land Continuous cropping of smoke

XCK XW XWR LCK LW LWR
pH 6.71£0.17b  6.72£0.10b  6.27+0.11¢c 5.73£0.07b  5.81%0.11b  5.37+0.04b
A LK 5.03+0.21c  4.91+0.17¢c  7.69+0.11a 7.08+£0.13b  6.70+0.33¢c  7.54+0.74a
Soil organic carbon (g/kg)
K 1.2840.01b  1.26+0.02¢  1.24+0.01c 1.27+0.01a 1.27£0.01a  1.25+0.01b
Bulk density (g/cm)
2R 1.35£0.18¢c  1.62+0.10c  2.28+0.10b 1.96+0.15bc  2.03+0.04b  2.72+0.09a
Total nitrogen (g/kg)
A A 5.59£0.81b  6.53£1.40b  15.40+0.81a 22.91+0.81b  28.91+1.40a 28.90+1.41a
Alkali-hydrolyzed nitrogen
(mg/kg)
U 497+031d  9.07+0.15¢  15.93+0.25a 27.31+0.31b  21.93+0.41c  30.82+0.55a
Available phosphorus (mg/kg)
B 39.3242.00d  46.90+2.08c  64.61+2.52a  167.91x4.16c 219.12+4.57b 262.52+2.15a

Available potassium (mg/kg)

B N ERR R (n=3), AE/NE FRARE 2R B3 (P<0.05).,

The numbers are average + standard error (n=3), and the different lowercase letters represent significant differences (P<0.05).

E3 0 WT AN ¢ T = 3 (b LY I BE (Db M e
59l S A ) P M R R R A A - A T 2 A
BAW S, SRS, i o st Jf 4
PR IR TR 42 1o B A b i) L A T 2 R
AR b, Pl S FRHE Y 5 5 208 (LW)
DL K 2 A AR 988 TR (LWR) 19 T S 20 7 Chaol .
Shannon., Simpson Fl Observed species Z {1
8B R I R W AT AR
232 FhIEHE T AL FIEMIREE T TR
B R B S

Al A AE B & £ 48 R J¥ (non-metric
multidimensional scaling, NMDS)#3 14 AR X} 2 Fii
A [F)H0H 1 P 40 TR A U S AL T T VRN ELARES
RILE 2.

K2 s, 2 AHE ) Z5 A AR A - 3 20 R
RETE LA 50y 2 ANRE, o8 B AR A 34 1 A
MR LA R A B R —HE . A, B

FBEEL(XW, LW) B3R 18 (XWR, LWR)AY
YR FEE 25 A CK L3RI B A —FE, R
HERFHE SR, R REN, EHE
KR b b R B9 2 A ) 2 R R TR G 3 A T
PR 52 ) B R TR Z
2.3.3 MEHERIEMZFMIRBET LIE
B % LA AN L B I M A SN

K3 SR 2 Bl b SN TR R AL
g R, B BN R T
(Actinobacteria) . Z2JE 14| ] (Proteobacteria) Fl 4k
251 ] (Chloroflexi) (& 3A). 768 B Wb, Fh
Wi 5 (XW) 142 i AR T B8 (XWR) BB 19 i 2k
I"J(Actinobacteria) it A1 X = JE 34 i, 1 fe A5 TR 7R
TR AR FE BN s e VR K b, R
(LW FIEE Rl AR IR B (LWR) 4 BH (2 388 i 1 A8
BT EIARXT 2B, AR e e v 1) 4 B AR G
FRE, FA MR B (LW)IN A Bir g n
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AP A HE A TR B 7% 7Y Observed_species 541
Figure 1

Impact of Pisum sativum L. cultivation with strain CP4-2 inoculum to the soil bacterial diversity.

A: Chaol index of bacterial communities in each treated soil; B: Shannon index of bacterial communities in
each treated soil; C: Simpson index of bacterial communities in soil of each treatment; D: Observed_species

index of bacterial communities in soil of each treatment.

WL topl0 MEHRS AT LOWEL R, TEAH
[ B AL AT, HE % Y 2 AN S0 78 B 20
B o </ N i P = e o P e N o
(Sphingomonas) . A~ 5l 141 J& (Aci netobacter ) Fl 45
1 #1 5 & (Ochrobactrum) (& 3B). 1£57 B A,
TR 98 2. (X W) 1) - 33648 B4 141 & (Acinetobacter)
AT = BE (B F5e 1 (11.47%), T HoAH ok 32 3 Fe I 2
TR 0 &7+ R R TR AL B s T AR A

TR 59 2 R AR JRE TR AT 1 AR R = B A
X5 FUAF & (Ochrobactrum), - 785 & b
ZRNEBH A - BEAR T 2% 40 T AR S A (R
FE T VE AR b H BN BN 8 35 . B TR S o
(Sphingomonas) 7£ 7 B Af b 1 38 R FEAIR

FEEAEIR L A AR A B Ak, BERE TR R
(Streptomyces) 4 B 75T B AR b R 25 A BT 3 B
BN REE, AR KR b 5 RIS
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Figure 2

PCol (38.5%)

1AL 435504 2 T B 00 st i 3 4

Impact of Pisum sativum L. cultivation with Rhizobium sp. CP4-2 inoculum on the soil bacterial

community structure. I and II represent the obvious difference in bacterial community structure between
newly cultivated and continuously cultivated tobacco-growing soils.

R T H 7R R B S 2 N R 42 AR IR TR
A A AR, A — 5T T A
() AL B AS [RIAEL A - 3R A R R 20 A8 5400 AR
XTEEEAZE, 2R ILE 4,

NI 4 BT LI Y, Flke 5 &7 % A A A A 9
TR0 R AR - S S 2 TR P A S TE R
B kb, FioA i AR AR I TR AL T (XWR)
LSO H A b2 D3R R (Massilia) . 110 0C
FIT 1H J& (Amycol atopsis) . Streptomyces Fl17Jg F.
Jif1 15 )& (Pelomonas) <5 5 M 72 12 1 4 i (LWR) H
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FF 7 J& (Bryobacter) . fili 1k 12 1% J& (Nitrospira) &
98 1 & (Rhi zobium) 55 . i B A8 b 1 342 1 470
rh ALl b AR B S A0 T (XW A LW) Y 34 34
PRI B A 22 5, ISR P o3 ) 2
Acinetobacter . /R K45 & (Delftia). RB41 #l
{575+ % J& (Pseudarthrobacter) . Nitrospira., 2%
-~ =UH# B (Nocardioides)%s . IEAh, 4R H 5
BT B Hb 4 3 (XWR) HR (4 4R 988 T (Rhi zobi um) AH
Xf RO BR(XCK) A PITREAIR, TE/EARI(LWR)

- 458 v %) AL R T (Rhi zobium) A % 3 37 45 o R
(LCK) . =48 in .
234 AELETHEMAREESTIER
HER X F

AWFFELL pH. A HLEK(SOC) . % (bulk
density, BD). 2%(TN). 0ff#Z(AN). 3%k
(AP)FI AR (AK) R FRAF 55 etk 22 5% %t
B VAR AR R A BT 20 TR AR A g
EPE BRI TIUAR AT (B 5), 255 B iE e
AN RE S pH B IEAE, S5 HAh 6 4
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Figure 3

Impact of Pisum sativum L. cultivation with Rhizobium sp. CP4-2 inoculum on the soil bacterial

community composition at the phylum (A) and genus level (B).
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Impact of Pisum sativum L. cultivation with Rhizobium sp. CP4-2 inoculum on the top 20 bacterial
species at the genus level in the tobacco cultivation soil.
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Figure 5 Redundancy analysis between soil
bacterial community composition and physico-
chemical properties. SOC: Organic carbon; BD:
Bulk density; TN: Total nitrogen; AN: Available
nitrogen; AP: Available phosphorus; AK: Available
potassium.
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