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Effects of amendment application on structure and abundance
of nitrogen—fixing microbial community in acidic
tobacco—planting soil
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Abstract: [ Objective]To study the abundance and structure of nitrogen-fixing microbial community in different amend-
ment application in acidic tobacco-planting soils, and to provide a scientific basis for selecting the amendment and applied
in flue-cured tobacco production from a microbiological point of view. [ Method ] Open-field random test involving a sin-
gle factor was performed. Four soil conditioner treatments were set, namely, silicon-calcium-potassium-magnesium(T1),
dolomite (T2), silicon-calcium-potassium-magnesium and biochar (T3) , dolomite and biochar (T4). The treatment with-
out soil conditioner was the control (CK). Agronomic traits were investigated during the exuberant growing period, and
rhizosphere soil samples were collected. The fluorogenic quantitative real-time PCR technique was adopted in the experi-
ments using the high-throughput sequencing platform to target the nifH gene. The abundance, nitrogen-fixing microbial
community composition in acidic tobacco-planting soils werestudied under different treatments. The driving factors for
structural changes in the diazotrophic communities of the soil were identified. [Result] The application of different soil
conditioners generally improved the agronomic traits of tobacco plants and soil pH value, organic carbon content and C/N
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ratio. Soil conditioners significantly improved the nifHf gene abundance in soil nitrogen-fixing bacteria (P<0.05, the same
below). T1, T2, T3 and T4 treatments achieved 2.97, 3.32, 4.68 and 3.81 times increase compared with CK, respectively.
Soil conditioners also increased the a-diversity index of the soil nitrogen-fixing bacterial community. Of all treatments, T3
had the highest Chaol, ACE, Shannon and Simpson indexes. The results of correlation analysis showed that the abun-
dance of nitrogen-fixing microbial community, Chaol and ACE indexes were significant positively correlated with soil
pH. On the phylum level, five phyla were identified. Proteobacteria, Cyanobacteria, and Firmicutes were dominant phyla.
In contrast, the amendment addition altered the nitrogen-fixing microbial community structure with shifts in the phyla and
dominant genus, with significantly higher Proteobacteria, Cyanobacteria, Bradyrhizobium and Azospirillum in the silicon-
calcium-potassium-magnesium and biochar. Soil pH, organic carbon, nitrate nitrogen and C/N were the key factor correlated
with change in nitrogen-fixing microbial community structure. The results from redundancy analysis showed that soil pH,
organic carbon, nitrate nitrogen and C/N were the key factors correlated with change in nitrogen-fixing microbial commu-
nity structure. [ Conclusion]Mixed application of silicon-calcium-potassium-magnesium and biochar has multiple effects:
alleviating soil acidification, improving tobacco field environment, promoting tobacco plant growth, and increasing nifH
gene abundance, a-diversity index, and relative abundance of dominant species in soil nitrogen-fixing bacteria. This ferti-
lizer combination is worthy of wider application in acidic tobacco-growing soils.
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Table 1 Tobacco agronomic traits under different soil amendments

AbFE Treatment PR (cm) Plant height 25 (cm) Stem girth  M4&(cm) Leaflength  M5%(cm) Leaf width 7% Leaf number
CK 76.60+11.10b 7.48+1.32b 58.30+2.11b 25.80+0.83b 17.00+0.84b
T1 86.80+3.56a 8.29+1.37ab 62.00+4.42ab 27.20+2.28ab 17.00+0.56b
T2 86.20+3.27a 8.28+0.91ab 62.40+3.78ab 26.20+1.92b 18.00+1.12b
T3 91.60+1.82a 8.69+0.60a 65.60+3.65a 29.20+0.89a 19.00+1.03a
T4 89.00+3.39a 8.57£1.03a 64.20+3.56a 27.80+1.48ab 18.00+0.84ab

[FIZV A AR NS TR 2E 57 B35 (P<0.05) . K2~ 4[]

Different lowercase letters in the same column represented significant difference(P<0.05). The same was applied in Table 2-Table 4
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Table 2 Chemical properties in flue-cured tobacco under different soil amendments

st pH B (g/kg) R (g/ke) B Pk (mg/kg) A Z Y it (mg/kg) C/N
Treatment Organic carbon content  Total nitrogen content Ammonium nitrogen content  Nitrate nitrogen content

CK 4.65+0.14c 15.99+0.21c 1.58+0.09 0.34+0.05b 31.11£1.98a 10.13+0.49b
Tl 5.32+0.27b 16.61+0.15bc 1.57+0.04 0.43+0.04a 17.37+1.94b 10.53+0.35ab
T2 6.11+0.28a 17.2140.75abc 1.64+0.07 0.34+0.03b 14.01+1.80c 10.49+0.68ab
T3 5.78+0.55ab 18.84+1.93a 1.63£0.06 0.29+0.05b 10.68+1.11d 11.5141.22ab
T4 6.05+0.40a 18.34+0.44ab 1.57+0.05 0.35+0.06b 9.74+0.65d 11.65+0.65a
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Fig.1 Abundance of nifH gene under different soil amendments
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Table 3 o diversity index of the nitrogen-fixing microbial community with different soil amendments

Ab3E Treatment Chaol #8%X Chaol index ACE #5%{ ACE index Shannonf§%{ Shannon index Simpsonf§#{ Simpson index
CK 921.25+95.58¢ 658.37+81.95¢ 6.07+0.26b 0.94+0.02b
Tl 1301.79£174.72b 950.37+141.59b 6.81+0.38a 0.97+0.01a
T2 1448.54+39.82ab 1045.6+27.51ab 6.58+0.54ab 0.96+0.02ab
T3 1532.04+70.36a 1112.16+15.20a 7.04+0.15a 0.98+0.01a
T4 1477.68+102.54ab 1082.57+47.96ab 6.89+0.25a 0.97+0.01a
0.83
nif HRE IR - 2
Abundance of nifH gene 0.65
s 0.47
Chaol EU
Chaol index 0.30
0.12
e
ACEfEﬁ -0.06
ACE index
-0.24
v
Shannonf& 4§ -0.41
Shannon index
N -0.59
Simpsonf§ %L
Si : -0.77
impson index
-0.94

B 2 BEREFZ«ESEEES HERFES TBEEFERMRZEROEXE
Fig.2 Correlation between nitrogen-fixing microbial community a diversity index , nifH gene abundance and soil chemical

properties , tobacco agronomic traits
I 53 IR AR DG (P<0.05) R i 2 4H G (P<0.01)

* indicated significant correlation(P<0.05) and ** indicated extremely significant correlation(P<0.01)
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Fig.3 Nitrogen-fixing microbial community composition at the phylum(A) and genus(B) levels with different soil amendments
BRI ) ZEAS R AR R 22 5 19 2% (P<0.05) 5l % (P<0.01)

* represented significant difference among treatments at phylum(genus) level (P<0.05) ,and ** represented extremely significant difference(P<0.01)
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Table 4 Relative abundance of dominant nitrogen-fixing microbial at the phylum and genus levels with different soil amendments

hb 1] Phylum & Genus

Treatment Proteobacteria ~ Cyanobacteria Firmicutes Bradyrhizobium  Azospirillum  Geobacter Nostoc Leptolyngbya
CK 61.72+1.28¢ 8.24+1.08c 14.45+£3.22a 23.34+2.37b 6.73+3.25b 6.76+2.93 1.47+0.64b 1.45+0.74b
Tl 68.07+2.74b 12.35+3.33b 4.08+1.56b 30.41+2.80a 8.92+1.81b 5.06£2.01  4.81+1.81ab 1.83+0.96b
T2 67.16+2.58b 16.24+3.43ab  2.42+0.20b 31.71+5.23a 8.8942.92b 6.2143.21  3.63+0.31ab 3.97+0.52a
T3 75.26+1.08a 18.1+1.72a 3.12+0.38b 36.62+2.49a 14.08+1.52a  3.97£1.02  7.06+2.78a 4.39+1.63a
T4 75.55+2.31a 17.98+1.74a 2.98+1.60b 37.23+4.16a 9.89+1.31b 2.75+0.94  5.04+2.34ab 4.12+1.16a

2.7 BERBEEESEHMEREZWE TS
i 1614 1 0 R A 7 5 40 1) S AR B 3BT (PCoA) 1T
AL HT 24 3 AL b BB R IR A B Y
36.8%. Forfr, CKIP [ U A B 75 5 I Ath b 21 &2 4
BT T2 T3IFNTAb IR A —fe . F it M R
25 R TR A S R R R A . AR R
TEEER 5 LA VE ORI PR A BT
(RDA) &5 5 (K]5) W], RDA1FIRDA2 3 5] it B¢ [
TR TV AR 5 1 64.65% F116.77% , A B A8 S (1)
71.42%, T 3FEpH A HLER A A8 AR 5506 42 158
[ L DA R 7 25 R AT A S 3 2 T, C/N R g
0 - S [ R R P 4 A A S R
3 g
3.1 FEBRFIAIEXS 12 2 BRI 2200
R A X - BRI W i M B AT ML A i
FEEMEA, B A AK T B IR 43 AR ER A AE

] o CK
0.40 71

0.35 AT
0.30 +T3
0.25 - *T4
0.20 -
0.15 -
0.10 - *
0.05 -
.
-0.05 -
-0.10 -
-0.15
020 o

PCoA2 (11.6%)

-0.40 4
0.35
-0.30
-0.25 4
0.20
0.15
0.10
0.05
0.00
0.05
0.15 1
0.20

PCoAl (25.2%)

4 TEEIRBEBEPCOASITER
Fig.4 PCoA analysis of the soil nitrogen-fixing microbial com-
munity

-5

0.05

0.00

RDA2 (6.77%)

-0.05

-0.10

Azospirillum

20.15 B :
-0.2 -0.1 0.0 0.1 0.2 0.3

RDAL1 (64.65%)
5 TIREIREFERDASLER
Fig.5 RDA analysis of the soil nitrogen-fixing microbial com-
munity

TR MR AR R R T (RS, 2021) 0 7ERRPEAE
FH L T 408 REESEREE AR My T4
= IpH (R EAE 2014 HLAE S5, 2021) o AWFSTL
AW it FH A ] 2 1 70) 42 AT A8 25 488 AP A - 4
pH, Hi, A= A8 A= A+ R S EIEE+
A= Wy A - M pH AR 5 B3 5 I SR A Y 5.5~
6.5 [l (AR /MVEAE,2021) 0 FH AR R 2 A1 K+
AR - EpHER R RCR I, ATRESE NN H =4
K AR BrpHAL 7, %t - pHAR G d K, 2 5L
S5 (2006) WF 5T 45 Tt HT 1 2 308 AT 35 4y L0
pH 3 0 I 5T R 25 SR AR AL (E S 22 i A
(2015) BFFEIAA 2 A A X i i - S pHAE 55
RORA B E TS RN, 7 A 22 5 A I AT fig
55 RSB P R RS R R s DR SRR




94 RIS AR R AR L3R B RA AR S A R0 Fh

£ 2441 -

M EA K, SRR T R VLR
i, H T3 FIT4A BE XA HLAR 35 =5 1E F s 1 oAt ik
HELATRE S O A AR A O AR TR A 1
(Zhang et al.,2016), R At , HIEMSAS
HIE TR, T3IM T4 B R F i ., il fig 5 +
HepH 2R A 56, B R A i Yo
D P A R A P 4E A (Wang et al., 2017¢) ; [\
B, A TR it A R A R AR A K, s A A X
B A A AW
3.2 HETEERBFEMBEEMRESHE
HFHIXF

+ 5 pH A WLk A S HAR R S &
S [ R/ R A (B AR 45, 20175 F 455, 2020) .
Wang %5 (2017b) W55 Ay , 3R bt i A 4 A
FCIA S s, o] B A sk | B )
R RE T o ASWFSE & B, it AN [ el R 791032 d = 4
e T [ AR RS R B 3 ok B e - S pH A 2k
ey AR UEE R UE Y AR K, - 3EpH
SnifHFRE R FJE B A, SPereira e Silva?$(2011)
B 45 R —3 . A=W 18 AR 32 1 BEpH AT ZUA
EFRFREZ AN, Bl o R R — A PR A
% (DeLuca et al.,2002) ., Liu%: (2019) 858 %M, it
FHA= Y ¢ T 4 vy 8 R i i . T3 T4 3 +
e [ U B AR A, P RE S A R IRt BLAR
Er A %, ol RS A K AR T R
[ AR B S5 AT AL 2 1EAH G, 5 Wang 45 (2018) fF
FEEER—2, WA R U e A 25, i
SEMATINAE B 23S AR AU E %5 (Chen et al.,2019) .
A=W IR S, A= ) e R SRR A L T g ]
R BRI 5 R 3R nT e bR 4 A K ot
R R 53 W itk — 20 B A HLAR A2 E M (Liu et al.,
2019) . = T WG AR (202 D BFFE A A, R 34
I R R TIYI 2 AR T R A Y e . R
P EE -+ W) e TR it ALk B ) MR AR AR 2Pt (B vy 25
R P SR R 0 83 v R T R AR AR
TR R A [ R A K AR 2 R AL

AT, T A RV AR 1K DA TR
PTG ST JREER T T 3, 525 (2021) [ A
FELETARL . ASTE TR T TR ARXT = B — e R ]
WA A LTSS i, HL7EpHER i 4 A=
K44 (Zhang et al.,2014) . ZEHE B A XS 32 B LA
T3IFTARL B & , v RES A LK & i S pHA =
AKX BT PRSI, Bt T
H315% (Zehr et al.,2003) . W JAIXT £ BE LAT3 A
TARL PR &7, W] 6 5 A 40 o T it RN IBURE B B A G
A= Wy it FH AT 3 B v AR K BE T (R S

2019) , HAWFFE ORI B T 4 22 , A A T i e ) [
R KBS, JEERETE )R] A 16 LR v A5, e 1ot
IR F YT, TR R, IS R A K
(Karelova et al.,2011) . ABFFEH, XT B Ab P EERE R
IR = B 3 i T A AL B, TR 5 SR AL AN
TR AE K GB A OC, TEJR/KF b, 48 A AR T A
XF 2B v T AR, PRI H T8 A AR R T PT HE
AL S, TERR PR IR b L HAR SR B A S 5
fLF (Fujihara, 2008 ) o it FH 24 R 7R H 8 5 4 iy 118
AR R TRURE X T2, AR W Rt A P A AR R A
X B fe i, S LiucE (2019) A=) ok Bt 0 FF 7% 485 R
AN B, U W A= 0y e T it AR B ot o A 2 S 5
AW FELE R, BERE S S g, 18 AR AR
& AR R = B 3% W AR, 55 Favero 55 (2022) (19 W 52
g R—2, ERIREEBA Y A K E
(Steenhoudt and Vanderleyden, 2000; Veresoglou and
Menexes,2010) . T34 H ) [ U8 & & AR XS 3 5 5
F i T AR R HED T3 AR B R A BT fig &
A G, M B 7E IR EREE /A )iz,
FTIK S B S5 IR AR AR I, R A3 D5 AR A
WA AR FLA A A A 28 I FH i A
T#%,2020) . T3FITAREHE AT 15 J& A1 X =F BE AR T
FUABAL B, i T A= % BAT o e & VR
(EFH,2021) 72— FIHIb A AR K,
—DRAIE T AT B A A ) T PR AR PR

4 e

R A A R e pH, B S L P R Al
T 5 | R ] 50 P A v 2 M A e etk . e RS 8
B+ W pe TR Ak B 2 i+ S IRAL s A T 2R
B3 AR IR AR A B B e ] R BT i HRE DR 2 JEE T
o FEVERIIL SR EAR O 2 ORI 3, 1SS e R
RIS Pt LA o

SE

i1t H. 2000. LALLM, HE3[R. LA A
Jdift . [Bao S D. 2000. Analysis of soil agrochemica[ M].
The 3" Edition. Beijing:China Agriculture Press. ]

R/ ATERER , B, SR, X B4, EARAE ST, A B
i XBAK R, SR, AR 2021, 1Lt 2
0 BRAG AR N Wl G P S S AR A [T ] R R 42
(4):17-23. [Deng X H,He M Y, Chen J,Peng S G,Liu
Y J,Wang Z H,Peng D Y,Fu C W,Deng Y S,Su G X,
Xia Z. 2021. Dynamic of soil physi-chemical properties
and enzymatic activities after restructured arable layer of
mountainous acidic soil[J]. Chinese Tobacco Science, 42
(4):17-23.] doi: 10.13496/j.issn.1007-5119.2021.04.003.

FEAG , BEAY 220K, £ B4, SO, W =, BRE IR
2021. A=W A FH XA - S3ETE PR DL B T P 1 5



-2442 -

B oF Rk F R 534

Wi (7], kA4 ,35(6) : 1440-1450. [Du Q, Huang R,
Li B,Wang C Q,Wen D H,Xie Y B,Chen Y L, Feng L.
2021. Effect of biochar returning on labile organic carbon
and enzyme activity in tobacco-growing soil [J]. Journal
of Nuclear Agricultural Sciences, 35(6) : 1440-1450.] doi:
10.11869/j.issn.100-8551.2021.06.1440.

e S0 S R, 2021 REAEST AR ZR M I 0] e e - b
AT RETS S R AR [T ], P RO, 43 (6) -
76-84. [Gao X F,Han G D. 2021. Effects of Stipa brevi-
flora root exudates on soil bacterial community and soil
nutrients in desert steppe [J]. Chinese Journal of Grass-
land,43(6):76-84.] doi: 10.16742/j.zgcdxb.20190310.

2, HAL ARGAE, Ut , B S AT JE. 2015, 2R
X A S PR S AR A A A R A I 4 S R R
[J]. +3,47(1):171-176. [Jiang C Q,Dong J J,Xu J N,
Shen J, Xue B Y,Zu C L. 2015. Effects of soil amend-
ment on soil pH, plant growth and heavy metal accumula-
tion of flue-cured tobacco in acid soil[J]. Soils,47(1) :
171-176.] doi:10.13758/j.cnki.tr.2015.01.027.

AR, XA, XIZ8F, RS TSR, TR, 2001. bk
LA - S FH A0 R B Je S8R [T ). MR, (7)  38-
41. [LiCY,Liu TY,Liu Y P,Xiong D Z,Xing S H,
Tang L N. 2001. Discussion on after effects of applying
lime in acidic tobacco planting soil[J]. Tobacco Science
& Technology, (7):38-41.] doi:10.3969/.issn.1002-0861.
2001.07.018.

RN HOE R ORBTHE, ZEHEEY 5 R, A XIHERE,
BT, 03 R 2021 A AT AR 0f 3 A= ] 2k 3 A
R R RRE R0 [T ], o E AR R, 54(5) - 980-
991. [Li X,Dong W L,Song A L,Li Y L,Lu' Y Q, Wang
E Z,Liu X T, Wang M, Fan F L. 2021. Effects of straw
addition on soil biological N,-fixation rate and diazotroph
community properties[J]. Scientia Agricultura Sinica, 54
(5):980-991.] doi:10.3864/j.issn.0578-1752.2021.05.010.

2R AR MORTIR. 2006. Tt Mk A7 | 2 A R AR 5
HE R [T ], M ERH, (4):50-54. [Li Y,He C
M, Lin X J. 2006. Effects of zeolite and solomite applica-
tion on tobacco growing soil and tobacco leaf quality[J].
Tobacco Science & Technology, (4):50-54.] doi:10.3969/
j.issn.1002-0861.2006.04.014.

LhAF4. 2020. fEAG HEE AL AN [R] FH ek X 1 P 4 HE pHAF K A
AR TR0 [T LI RR,48(19) :83-86. [Ma
C J. 2020. Effects of different dosages of silicon-calcium-
potassium-magnesium fertilizers on acid soil pH and to-
bacco root development[J]. Jiangsu Agricultural Sciences,
48(19) : 83-86.] doi: 10.15889/j.issn. 1002-1302.2020.19.
018.

du i, LG, TR, XS BOSAR, F . 2014, A4 R X
FOR B M BR B AR IE S SRS W s (1],
rhE A SR 2= 4%, 22(3) 1 270-276. [Meng Y, Wang H
Y,Yu S,Liu Z H,Zhao C S,Tao Y. 2014. Effect of bio-
char on nitrogen forms and related microorganisms of rhi-
zosphere soil of seedling maize[J]. Chinese Journal of Eco-
Agriculture,22(3):270-276.] doi: 10.3724/SP.J.1011.2014.
30750.

DR PHAE A  BREEAE , TARAR 2%, A, XK. 2007, it
FHARIE TR e A7 R S AL B A AR 2R L) . VPRl
24%,19(3):29-30. [Ouyang Y S,Xu G H,Yu X G,Li X
H,Ye D S,Liu S H. 2007. Efects of nodule bacteria and
lime on growth of alfalfa[J]. Acta Agriculturae Jiangxi,
19(3):29-30.] doi: 10.19386/j.cnki.jxnyxb.2007.03.010.

IR RN , 2. 2020. AT B G 0 7E R AR5 K AL B g 1

FHE 7], 27K HEK ,46(S) :201-206. [Tian L L, Wang
X. 2020. Potential applications of Geobacter in anaerobic
wastewater treatment [J]. Water & Wastewater Eeginee-
ring,46(8):201-206.] doi: 10.13789/j.cnki.wwe1964.2020.
S2.030.

FA, KRB O, KA. 2020, NE—HEREK
SIS T AT ATLAC XS B e M o] 20T A v A e 2 R
7], AR, 40(16) :5771-5782. [ Wang L, Wang
J,Zhang A J,Zhang H,Zhang Y C. 2020. Effects of long-
term organic fertilization on soil diazotrophic community
structure and diversity under wheat-sweet potato rotation
system[J]. Acta Ecologica Sinica, 40(16) :5771-5782.]
doi: 10.5846/stxb201907231551.

FEF . 2021, WAEBCHEE R A= Py T ERA T B X R
KIS R [D ], 08 /R : ARILRL K. [ Wang
Y L. 2021. Effects of nitrogen reduction combined with
humic acid and biochar on soil physical and chemical
properties and nutrient absorption of maizet[ D]. Harbin:
Northeast Agricultural University.] doi: 10.27010/d. cnki.
gdbnu.2021.000544.

S, BN, AR PRE T, SR B, S,
2019. AR 540 A= 9 ¢ S it e kg -3 pHAE AR
KRR BE S R FZ WA [T]. o [ S IR, (1) - 87-92.
[WuY P,Wang M H,Xi J J,Pan J,Chen L Y, Lian Y,
Sun H, Zhou P. 2019. The effects of different agricultural
waste biochars and application rates on soil pH, water
holding capacity and N adsorption[J]. Soil and Fertilizer
Sciences in China, (1) :87-92.] doi: 10.11838/sfsc.1673-
6257.18094.

BRIGEAR. 2020. A4 1 0] A FEHE AL v [ S0 ) 2 R S o
REAYSZMI (D] i /R AR Jb Al R [Wu X T. 2020.
Effect of biochar on the diversity and function of diazo-
trophs in cattle manure composting[ D]. Harbin: Northeast
Agricultural University. ] doi:10.27010/d.cnki.gdbnu.2020.
000782.

WA, I e tge, WABR S AL AL, W I, 2017, SLRMEY)(E]
A2 oF - 8 I8 R A 0 = RE RV S A s i [ .
R 2524 4R, 28(3) 1 957-965. [Yang Y D, Feng X M,
Hu Y G,Ren C Z, Zeng Z H. 2017. Effects of legume-
oat intercropping on abundance and community structure
of soil N,-fixing bacteria[J]. Chinese Journal of Applied
Ecology, 28 (3) : 957-965.] doi: 10.13287/.1001-9332.
201703.007.

SR EE R JA e, SRR R R AR, EAESE, TLRAT, e A
2014, g B AR X 2 A X TR 1 A0 - 8 ) T R A 5
[J]. £4%,46(3):534-538. [Zhang G,Zhu Q F,Guo X
S, Xiang Z H,Wang S J,Shen S D,Ji X J. 2014. Amelio-
ration of dolomite on acidity of flue-cured tobacco soil
in south AnhuilJ]. Soils,46(3):534-538.] doi: 10.13758/j.
cnki.tr.2014.03.023.

Chen J, Wang P F, Wang C, Wang X,Miao L Z,Liu S, Yuan
Q S. 2019. Dam construction alters function and commu-
nity composition of diazotrophs in riparian soils across
an environmental gradient[J]. Soil Biology and Bioche-
mistry, 132:14-23. doi: 10.1016/j.s0ilbi0.2019.01.020.

DeLuca T H, Zackrisson O, Nilsson M C, Sellstedt A. 2002.
Quantifying nitrogen-fixation in feather moss carpets of
boreal forests [J]. Nature, 419 (6910) : 917-920. doi: 10.
1038/nature01051.

Favero V O, de Carvalho R H, Leite A B C, dos Santos D M
T, de Freitas K M, Boddey R M, Urquiaga S. 2022.
Bradyrhizobium strains from Brazilian tropical soils pro-



94 AL 7 R R PLALIE £ LI RUI B 4 M A R 0 Y

£ 2443 -

mote increases in nodulation, growth and nitrogen fixa-
tion in mung bean[J]. Applied Soil Ecology, 175:104461.
doi:10.1016/j.aps0il.2022.104461.

Fujihara S. 2008. Biogenic amines in rhizobia and legume
root nodules[J]. Microbes and Environments,24(1):1-13.
doi:10.1264/jsme2.ME08557.

Gao L, Wang R, Shen G, Zhang J, Meng G, Zhang J. 2017.
Effects of biochar on nutrients and the microbial commu-
nity structure of tobacco-planting soils[J]. Journal of Soil
Science and Plant Nutrition, 17(4) : 884-896. doi: 10.4067/
S0718-95162017000400004.

Hu X J,Liu J J,Zhu P, Wei D, Jin J, Liu X B, Wang G H.
2018. Long-term manure addition reduces diversity and
changes community structure of diazotrophs in a neutral
black soil of northeast China[J]. Journal of Soils and
Sediments, 18 (5) : 2053-2062. doi: 10.1007/s11368-018-
1975-6.

Karelova E, Harichova J, Stojnev T, Pangallo D, Ferianc P.
2011. The isolation of heavy-metal resistant culturable
bacteria and resistance determinants from a heavy-metal-
contaminated site[J]. Biologia,66(1) :18-26. doi: 10.2478/
s11756-010-0145-0.

Kunhikrishnan A, Thangarajan R, Bolan N S, Xu Y, Mandal
S, Gleeson D B, Naidu R. 2016. Functional relationships
of soil acidification, liming, and greenhouse gas flux[J].
Advances in Agronomy, 139:1-71. doi: 10.1016/bs.agron.
2016.05.001.

Li CJ,Ahmed W,LiD F,Yu L,Xu L J,Xu L,Xu T Y, Zhao
Z X. 2022. Biochar suppresses bacterial wilt disease of
flue-cured tobacco by improving soil health and functional
diversity of rhizosphere microorganisms[J]. Applied Soil
Ecology,171:104314. doi: 10.1016/j.apsoil.2021.104314.

Liu X Y,Liu C,Gao W H,Xue C,Guo Z H,Jiang L,Liu Y.
2019. Impact of biochar amendment on the abundance
and structure of diazotrophic community in an alkaline
soil[J]. Science of the Total Environment, 688:944-951.
doi: 10.1016/j.scitotenv.2019.06.293.

Mia S, Van Groenigen J W, Van de Voorde T F J,Oram N J,
Bezemer T M, Mommer L, Jeffery S. 2014. Biochar ap-
plication rate affects biological nitrogen fixation in red
clover conditional on potassium availability[J]. Agricul-
ture, Ecosystems & Environment, 191:83-91. doi:10.1016/
j.agee.2014.03.011.

Niu J J, Chao J,Xiao Y H, Chen W, Zhang C,Liu X D,Rang
Z W,Yin H Q,Dai L J. 2017. Insight into the effects of
different cropping systems on soil bacterial community
and tobacco bacterial wilt rate[J]. Journal of Basic Micro-
biology,57(1):3-11. doi: 10.1002/j0bm.201600222.

Pereira e Silva M C, Semenov A V,van Elsas J D, Salles J F.
2011. Seasonal variations in the diversity and abundance
of diazotrophic communities across soils[J]. FEMS Mi-
crobiology Ecology, 77 (1) : 57-68. doi: 10.1111/j.1574-
6941.2011.01081.x.

Quilliam R S,DelLuca T H,Jones D L. 2013. Biochar applica-
tion reduces nodulation but increases nitrogenase activity
in clover[J]. Plant and Soil,366(1):83-92. doi: 10.1007/
s11104-012-1411-4.

Rosch C, Mergel A, Bothe H. 2002. Biodiversity of denitrif-
ying and dinitrogen-fixing bacteria in an acid forest soil
[J]. Applied and Environmental Microbiology, 68 (8) :
3818-3829. doi: 10.1128/AEM.68.8.3818-3829.2002.

Steenhoudt O, Vanderleyden J. 2000. Azospirillum, a free-li-
ving nitrogen-fixing bacterium closely associated with

grasses: Genetic, biochemical and ecological aspects [J].
FEMS Microbiology Reviews, 24 (4) : 487-506. doi: 10.
1016/S0168-6445(00)00036-X.

Veresoglou S D, Menexes G. 2010. Impact of inoculation
with Azospirillum spp. on growth properties and seed
yield of wheat: A meta-analysis of studies in the ISI Web
of Science from 1981 to 2008[J]. Plant and Soil,337(1):
469-480. doi:10.1007/s11104-010-0543-7.

Wang C,Zheng M M,Hu A Y,Zhu C Q, Shen R F. 2018. Di-
azotroph abundance and community composition in an
acidic soil in response to aluminum-tolerant and alumi-
num-sensitive maize (Zea mays L.) cultivars under two
nitrogen fertilizer forms|J]. Plant and Soil, 424 (1) : 463-
478. doi: 10.1007/s11104-017-3550-0.

Wang C,Zheng M M, Song W F,Wen S L,Wang B R,Zhu C
Q, Shen R F. 2017a. Impact of 25 years of inorganic fer-
tilization on diazotrophic abundance and community
structure in an acidic soil in southern ChinalJ]. Soil Bio-
logy & Biochemistry, 113: 240-249. doi: 10.1016/j. soil-
bi0.2017.06.019.

Wang Y S,Li C N,Kou Y P,Wang J J,Tu B,Li H,Li X Z,
Wang C T, Yao M J. 2017b. Soil pH is a major driver of
soil diazotrophic community assembly in Qinghai-Tibet
alpine meadows [J]. Soil Biology & Biochemistry, 115:
547-555. doi:10.1016/j.50i1bi0.2017.09.024.

Wang Z Y,Chen L,Sun F L,Luo X X,Wang H F,Liu G C,
Hu Z H, Jiang Z X, Pan B, Zheng H. 2017c. Effects of
adding biochar on the properties and nitrogen bioavaila-
bility of an acidic soil[J]. European Journal of Soil Scien-
ce,68(4):559-572. doi:10.1111/ejss.12436.

Xun W B, Li W, Huang T,Ren Y, Xiong W,Miao Y Z, Ran
W,Li D C,Shen Q R,Zhang R F. 2018. Long-term agro-
nomic practices alter the composition of asymbiotic dia-
zotrophic bacterial community and their nitrogen fixation
genes in an acidic red soil [J]. Biology and Fertility of
Soils,54(3):329-339. doi: 10.1007/s00374-018-1264-y.

Zehr J P, Jenkins B D, Short S M, Steward G F. 2003. Nitro-
genase gene diversity and microbial community struc-
ture: A cross-system comparison [J]. Environmental Mi-
crobiology, 5(7) :539-554. doi: 10.1046/j.1462-2920.2003.
00451.x.

Zhang J, Huang Y, Lin J, Chen X, Li C, Zhang J. 2020. Bio-
char applied to consolidated land increased the quality of
an acid surface soil and tobacco crop in Southern China
[J]. Journal of Soils and Sediments, 20(8) :3091-3102.
doi:10.1007/s11368-019-02531-z.

Zhang J X, Zhang Z F, Shen G M, Wang R, Gao L, Kong F
Y, Zhang J G. 2016. Growth performance, nutrient ab-
sorption of tobacco and soil fertility after straw biochar
application[ J]. International Journal of Agriculture & Bio-
logy, 18(5):983-989. doi: 10.17957/1JAB/15.0197.

Zhang Y G,Cong J,Lu H,Yang C Y,Yang Y F,Zhou J Z,Li
D Q. 2014. An integrated study to analyze soil microbial
community structure and metabolic potential in two forest
types[]]. PLoS One, 9(4) :€93773. doi: 10.1371/journal.
pone.0093773.

Zhang Y T,He X H, Liang H, Zhao J,Zhang Y Q, Xu C, Shi
X J. 2016. Long-term tobacco plantation induces soil
acidification and soil base cation loss[J]. Environmental
Science and Pollution Research, 23 (6) : 5442-5450. doi:
10.1007/s11356-015-5673-2.

(%% £ BF)



