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AU BRIGAT ARARAE PE T BRI FI 9% 48R
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T I B P o ) AR B EE B A X, bR L
F AR X SR AR X N PR e i, AR RS ) Ay
HEBHAHRREY X Z =B Shiask ( Pinus
tabuliformis Carriere. ) J& ff 47 X fir H AT & 1)
TR AR, XN IR 5 A A ek ( Juglans
mandshurica Maxim. ). 1147 ( Populus davidiana
Dode.). H#Et ( Betula platyphylla Suk.) .
¥ ( Quercus mongolica Fisch. ) 25 Ul s V&
R AR, HETE A RHZHB IR R AR 267 £
HRAN AN B BT HRAE D, SRR A T
8 [ AU MR RRIE ML S I Bk o 2 [A) A
HIRR TR WARIE

A LATE R L E R A SRR XN 4 Bt
RO CIRAAAR, EFRENESCHR . SEMARMR . AZBMK
M) T RIS, LAE R B A nifH 3&
KR THEFRP24 ) SR llumina MiSeq 3 AR/t
AT IEE R AR REIERAE, ST i%H
DX 31 420 P A V% ) 2 R PR R A 2H R e 5 H A ek
MRFR, N T IRV AR SR, W R
KA AR - S58 ) FIARMAE Rl VK & o A

1 PR R#R

A5 DX A5, T b 5 T B B XA L R SR 9 ) SR AR
P IX (1 115°43'44" ~115°5022" E, 40°29'9" ~
40°33'35" N ). % DX Bl A b 26 1l Ll ik v 3% 1L R
i, MEIK 628~2 198 m, JE MR IR KR e A
ISR 8.9 C, AR H B4 2 836 h, 4F
R 1 772 mm, AEFEKE 493 mmPY, R X
W H B 2 0 A, 2 1Ay 1l A
e 1 As S AL R 1 PRAP IX AR S A R
W, R AR, TR, HMESRES
87.6%. TRAPIXINFEZIRA N FIHEMR . THAAAE
INE 777 NN 72117 NN i e

2 HRF*E

21 tEMigE

RIEWFTE A IIARAR . BHIRTRASAR . SEl Rk
HIAZHEAR 4 Fft S RUBR G SR 73 A5 0L, FEBEFH
MER AR 20 m x 20 m 3 Heprifids, St 12
o aroxt By BERE MR TAROG A TR A, BEHLEEAR
ML UL 1o AR rp RS O IAR I, ik
B, ZREEL . WIBRETHE, BB SR
BEST, MR A AR, AR IR O AR AR
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Table 1 General characteristics of forest stands
Vet IR W 1) D I 1 2 A= A o
Stand types Elevation/m  Slope/° Aspect Litter depth/ cm  Canopy/% Associated tree species
THIFABR #5T % Syringa amurensis
Pinus tabuliformis forest 94 i 7R East v e FE# Corylus mandshurica
kA Pinus tabuliformis
= .
Jol ] Y A 1t ¥k Quercus mongolica
grliﬂe_/tb;:?r mixed forest 895 27 %’ Southeast 5 85 K1t 5t Deutzia grandiflora
pop AR T Lespedeza bicolor
JUEMK Acer truncatum
EET VYN ZRG:4% % Spiraea trilobata
Quercus mongolica forest oo = ARl b it e e “F#& Corylus heterophylla
5 A ) i
G 815 25 # East 25 85 T % Syzygium aromaticum

Juglans mandshurica forest

Hi# Fraxinus chinensis

T RPN B NSRRI P IE . R

Note: Data of each stand are mean of three sampling plots. The same below.

22 EFIMAESFREF

F 2019 4F 7 H b4 BFANJE A FIRE SR 4 . 7E
ANFIMAE N REL I E 3 H 20 m x 20 m AYFRIfERE
M, TSR RS 0~20 om +4E, EBHRENTE

YRR, AR MER 100 g 2471
+, AT AEAET, Mt 12 Oy SRR
VKA B R % . — B A -60 C UKAE R
77, AN RABHE HIVE LSRR
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2.3 HEBRAERINE

TR R LT s 3 pH e R
FRREE T, RIS RIE R AL Jik; 1%
ol e 20 2 >R PR s s T A RO o SR FH
BRI He ks - HE SR I S R FH T TR - K M
JERE T A HLTE I A SR R A R AR A
P,
2.4 DNA ZEUK PCR ¥ 1%

fii H Omega Mag-bind soil DNA kit i 1 132
HED S DNA, S JE R DRAE T-80 C vK4H H
T PCRY MY, ¥ 4519k #% nifH-F (5-AAAGGYG
GWATCGGYAARTCCACCAC-3') F nifH-R ( 5=
TTGTTSGCSGCRTACATSGCCATCAT-3 ' ) 19,
Xf fungene-nifH IX AT 9 3, BAFEMERY
3K, VAT AN IR AR A A BRA
FIHEATINE . PCR MR FR : 5 x LBl 5 pL;
dNTP (2.5 mM) 2 uL; 1EMEI4 (10 uM) 1 uL;
K514 (10 uM) 1 uL; DNA KR 1 uL; #H4k
7K 14.75 pL; e pfu DNA 247 0.25 uL, PCR
PHIZE. 98 C WiAETE 5 min; 98 °C ZE1: 30 s,
63.7 C Bk 30s, 72 C #Eff 45 s, HL 35 PF
FR; 72 °C #EfH 5 min, PCR 5, HU5 pL ™=
PIEAT 1.0% SRR WHEE I FEL IR ASI .
25 HIEQEBS5SITHH

MR 7 91) ot ) A 1o ) v 30 o 0 ) D

L, JHEEE LA E NCBI &, P58
SUB10898702., QIIME2 DADAZ2 4} #7 # 17 OTU
RI, RH CD-HIT ik, e 97% ByAHALIM: X
OTU #1742, LUIAKAS RS OTU XJ N i o2k
HE, FIH QIME by o Fl B 2R, 761
FE 532K b A [RI AR 1 458 [ R s 24
WS EHHRA IR Excel . SPSS24.0 Fil
R 7M. RAHHEZEI 2257 (one-way ANOVA ),
Duncan ¥ He B [ MRR G 34t | AU 2k
P25 (p<0.05), RH Pearson #¢ R H0T
WA EZ RS IR EZ A R . SR
TOAR5HT (RDA) K5 [ A B 45 14 4 i 5 s
PERI & Z . SR Spearman AHGHER Y, A0 HTik
A U R ARG, i3 ORI A e 1
A YRS AN S BRI R

HR

3.1 AEMTEET LR

ANTFEIMRP 2R B L e WL 20 T 220 Hr
ZHICBERY], TR 2R ST 4 Fi
MBLZ AT 522 5, A S BRI BT
RASHR > ISR > RZBERbR > Sty BRak, A Rk
TR . BBOBAR > SRR > B TR AL
AR > JHFARK

®2 AEMSEET TR

Table 2 Soil properties of forest stands

e it AHHLUR ol AR A R A
Stand types Bl SOM/(g-kg™) TN/(g'kg™") AN/(mg-kg™) AP/(mg-kg™) AK/(mg-kg™)
Pt 6.3+0.26 ab 70+26d 1.6+£0.070d 247+10b 28+0.11a 378+ 15d
Mix 6.9+0.35¢c 50+29c¢ 1.3+0.060 c 315+ 17¢c 28+0.14a 95+4.7a
Qm 59+0.24 a 33t14a 0.88+£0.030 a 68+28a 3.8+0.16b 174+71¢c
Jm 6.5+ 0.27 bc 42+17b 1.1+£0.040b 77 £3.1a 14 +0.58 c 142+58b

VE: PtiFAM (Pinus tabuliformis Carriere forest); Mix%T[#VEZ M (Pine-poplar mixed forest); Qm ZEdi#:#k (Quercus mongolica Fisch
forest); Jm Bk (Juglans mandshurica Maxim forest) . & 4R N FBELFR MR 2 . A F/NG FRER IR AN F AR 7y L3R5 A7 7E0.057K

FEFEREZER. TR GR3).

Note: Pt, Pinus tabuliformis forest; Mix, Pine-poplar mixed forest; Qm, Quercus mongolica forest; Jm, Juglans mandshurica forest. The data
in the table is the mean + standard deviation; Different lowercase letters indicate that the properties indexes of soil samples of different forest

stands are significantly different at 0.05 level. The same below (Table 3).

32 FAEMSEBTIEERRESEN

321 FEAMSEETEEERE a $HHE A
[E AR ZA T 3 AR o AR RS2 R
U3 3, Chaol 8% = LRI N . IHAAIK >

B RAITR MR > BB > St depk, AZMRM bR
STk Z M Z R AR (p<0.05), Shannon
Fe Rk m BRI . AR > £ TR AR > %
BERRAR > SEATRRAR, BRI S ARFIAZ B AR ObR 2 (8]



156 Mool B o OBF 5 %35 %
o - - . " A 100 - )
%3 FEAFRSENTHEERE o SHIHEN % m Froteobacteria
Table 3 Alpha diversity index of soil nitrogen-fixing g 80} imicutes
bacteria of forest stands § gg
Ve atit] Chao145%L Shannonfg %t § 50 -
Stand types Chao1 index Shannon index T 40 -
(]
Pt 486.28 + 30.95 ¢ 4.60+0.23c E 28 |
Q
Mix 398.21+16.14 b 363+0.15b © 10 -
0 L
Qm 264.29 £ 24.08 a 2.68+0.38a Pt Mix Qm Jm
Jm 266.48 £ 12.22 a 344 +0.25b B 100 - W Bradyrhizobium
° 90 - Azohydromonas
< 80+ Skermanella
%EKE% (p <0.05), § 70 Frankia
®© L Mesorhizobium
322 RA#KHSERTFTHEAREB SR K E o Azospirilum
a Paenibacillus
IR A TR E S AL e S, 36 § % eoscer
E=] i arinobacterium
 Bray-Curtis Hi % 7114 JF /il POOA /- Wi ikt 5 20 .
e e H N
4 FiobRsy - e [5 ZURA IR A A B AR RIS . 18] 1 ol
Pt Mix Qm Jm

T, BRI 3 NEERE TR LN, A
R EA RIS K, PCo1 il PCo2 43l fift ¢
AT 41.7% ., 21.5%, W Bitsiik &k
63.2%, R 4 PR ZSRT 1 458 ] S0 v A s A1 1)
LR THNER.

03 ® PT
/ ® MIX
e QM

0.2
o ® UV
0.1}

PCo2 (21.5%)
o
T

e

-0.6-05-04-03-02-0.1 0 0.1 02 03
PCo1 (41.7%)

1 AEHRETLEEREFEZLILESH (PCoA)
Fig. 1 Principal coordinate analysis (PCoA) analysis
of soil nitrogen-fixing bacteria of
different forest stands

33 AEMHSLBTIEEREFSEARELEE
= RFH T

S FENT AR T 38 B R A R S5 A 1 AR S
A, XFREEMN OTU REFIIAT YA IR
4 FhARR R P ) OTU BT 4 1] 6 49 13
H 16 Bt 29 J& . FFAXF AT 1% LLKTEZK
SRR R R AT T Others, 4 bkl 4332 #
RATET TRE Y L RREE AL LA 2,

T 20KF B (B 2A), 4 Flobky + 338 &
RAEBILASIEHE] ( Proteobacteria) }3, HAH

B2 AE#HETEEREEFMEKELABRER

Fig. 2 The soil nitrogen-fixing bacteria community

compositions of different forest stands on phylum
(a) and genus(b) level

Xof = B Y 2 91.87%~73.89%., K14 1 T H2H ik,
LU ) #E T R TR AS AR P i = (91.87% ), 7E5
BRI B A ( 73.89% ). [R] B AE 4 Fhbk
BId il 54 MR AT 18 1] ( Acidobacteria ), H:AH X}
P HE 7.91%~0.40%, HAo, JEBEHI]
( Firmicutes ) {XAFFE T IHIANMATEL Fal TR 3 Ak 1358
W, SRR 4.97% A1 1.76%. B ARTEETE 4 AL
L, (FEREITTRERBE.
TEJE K b, BUTTA REAS op S 2R 6 = B i
10 REFOTERE, 459L550 4 FhbkR R 44 s b 18
A= M98 W J®  ( Bradyrhizobium ) , X 4 N
39.24%~16.36%. ) iz [A A & A 5 1w E
(Azohydromonas ), FHX=£EH 38.48%~5.98% .
W90 R 2 [CH J& ( Skermanella), # X £ E K
28.24%~ 4.41%. ¥ = 3w [N W J& ( Frankia) ,
FXF T BE R 7.91%~ 0.40%. A4 AR W B
( Mesorhizobium ), FHXt=F 4 9.69%~0.34% .
A 12 & 8 ( Azospirillum) , AH X = BE N
4.64%~0.17%., HuFf )& ( Geobacter) {UAF1E
VA N ol I sl N R w0 R 2 <
( Marinobacterium ) {A77E FIHFAM T L4,
AT B/REE 8 ( Burkholderia ) {VAFTE T kK
AT 3
1 18 97% Sy F A PE R 4> OTU, #i4is Bray-
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curtis FROTAIEE], RIARMIPERERE, HEATHER
LEF 253 H. B Venn AT (18 3), 4 bk
RITF A OTUs $0H o 53 4>, Hrb, stk 5%
WER SR IEAT OTUs B H oy 124 4>, £ R3Sk
HEHM . PRI OTUs X 78 4>, [
Oy W] I P 4 58 oy BRAR S A BB ObR LA OTUs % H
181 4> AR L BT & R OTUs %k
ZH 448 1>, B PR OTUs fi/b oy
7114

Mix Qm

71

g

B3 AEMHETIHEERENEEERSN
Fig. 3 The variance analysis of soil nitrogen-fixing
bacteria community of different forest stands

34 AEAMBETHEERGEHESTEEAETF
HIREE ST
341 IAFMHE XIEERAAME SHRG X AR
R S AR A o A1 B ZREE B R S S
Mrinse 4 i, BAEE o 2RSS A PR .
SR R R S 3 IE MO, Bl &S Chao
TR W IEA G, 5 Shannon FE8 5 & 1E
e, AR S Chaot #8452 WM. B

F 4 TEHRFMEREEE o fB SHMENHEXERY
Table 4 Correlation coefficients between soil
properties and a, f diversity of soil nitrogen-
fixing bacteria community

e Chao145% Shannonfg %t B ZFErE
Soil properties Chao1index  Shannonindex  B-diversity
pH -0.385 0.21 0.158
SOM 0.917** 0.833** -0.718**
TN 0.903** 0.923* -0.793**
AN 0.779** 0.596* -0.376
AP -0.582* -0.18 0.397
AK 0.672** 0.672** 0.886*

E: *p<0.05,*p<0.01,
Note: *p <0.05, **p <0.01.

PR AR P EAS Z A1 T (B B A R Y
RAURIE TR SRR ME ). BMAEN B 24
5 AR M AR D EAHL, X5 a2
FEMEARR , 1 B A L AR 2 K B 35 IE
FH
342 LAM5IZERAMBEERNGLFZ
¥ M4 4 #H1 ( Redundancy analysis, RDA ) 45
FERZIN 4 FPAS[GIARTY T 398 [ S0 R A AL R85
Ky (Bl 4), i1 (48.85%) FlF s 2
(16.63% ) R Re 35 [ S0 G R V& 25 40 722 S 1)
65.43%, +3E4 FURIAT AT 2 5% Ml - 298 [ o R
TE A R B B R

Permutation test P-value: 0.123

0.5

RDA2 (16.63%)
o

|
I
4

-1.0 -0.5 0 0.5
RDA1 (48.85%)

B4 AEMHBTHEEREHES TEFENTRSN
Fig. 4 Redundancy analysis ( RDA ) between soil
properties and soil nitrogen-fixing bacteria
community of different forest stands
based on Bray-Curtis

% Spearman #H 5GP R B B 4 Rk +
B PR A R TR AR AR DG, R
20 W JE A AR (B 5) . Hib 5 sk
HEEREREMLCNEEAR O, 2481, A
LB 54, BfRAE 31, pH2 1,
4 3t
41 AEMRSEBETHEERRESHEREEEEN

AN 21 B B 25 A AN ) S B8 T8 0 Y I
AR RIS, X IR
AT [ 22 5 i 1 SR PR R (D S 4 g, (A [ /U
(1) 2R TR 24 e A AR 7200 ARHIFSE BB
ANFEMRAT AT I B A 2 & 22 5,
HMAAMR TS I A 2y, X 545X
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Fig. 5 Correlation heat maps between the genus of soil nitrogen-fixing bacteria and soil chemical factors.
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U8 A [T IE B A A3 2 R - 38 1 1R 2
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BV AL AR 22 5 2ty L AR ARG AR
[ . AR e X PR A8 Ak RN B fig
FELEZE0, BRI A 8 A D BE AR X AN [R] PR S5 A
2NN, PR BRI DX A [ R
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[ U LR T T BRFF BT TR IR TR T T ARFSE
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B R R T SR = ER TR o 1 AR AR A T LAAE AT
FAEPIHREBRE KL AR, EATnT e KA AN &
FAEYITRIHA, A L R R SRR A R LA
B E AL, A /K & R 1 2
PRIEH N nifH JEP, B2 H TSR K /K &
I & IR RERZ [ N, BT,
4.2 THEEFFEX TIEE R E KRG

FEAHRI SUEABE AT, AR AR R 55
WA [) B R 95 WAk 27 21 4 153 figt ik 3 ] P840

S AR B AR, KT 14
Feths R . MG R, et pRiry %
Y S AL ARIEER . AT WSS TA
MY, FBURED RS g, BRERATEY
P, JEENAEEYEE S R, i
AR T 632 R B3R, ek T+ 38701
TR R AR A AR LR, ARWESEh, Sl
BRARR 13 pH o8 5.87, SHE MMM, il
BRUA &Y i, HEEY T NSRRI,
CINE &, KRR G R &Y FERE SRR
T -4 pH (E R, PhBk =219 ST e AR cRh &
VrJG 3 1 A R 2R AR AT B, R R AR
T AR MR 2 E R R E, SO
FPs RN FAE A oAy, - s
SRR Z — B E A AR A
P R 25 5 SR B RO TR Y 3 2 (R T i iy, I+
HEpH. AHLR . S MA R 4 AR5
i i Pearson AH 31 43 B A 3 [ &L i 22 A 1 A
HEREE I FIIMIE R R, AR X R R AR
AR A A AR R, b+
BEEPLR . 2% AL AR A 18
RA SRR, BIER /e 5 1
A o ZFEMEREIEASC, X ] B8 LI 78— 2 75 [l
W, BRGSO RS EAR a ZHEMERIELL,
DITEI Y 4 B 18 pH S 5 4 1 [ U R ER 4544
RO, AN, EE A 2R RRES
4589 5 143 pH IFBCA HOCHE, A AT R AT
X+ 3 pH JELF# %4 N 5.87~6.93, RDA 7347 .
N, SRR M R R R S S A AR I R
h1 65.43%, - HELFURIA BT M - 58 A
AR AL R SRR R T T R ARk
Uh, R RS E T AR . AAERRIR
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Characteristics of Soil Nitrogen-Fixing Bacteria Community of
Typical Forest Stands at Haituo Mountain, Beijing

SHI Ce', NIE Li-shui', WEI Yi-fan', ZHU Lin', YANG Hao', ZHANG Run-zhe',
NIE Hao-liang?, WANG Jiang®, BO Hui-juan®
(1. College of Forestry, Beijing Forestry University, Beijing 100083, Beijing, China; 2. Institute of Agricultural Resources and
Environment ,Hebei Academy of Agriculture and Forestry Science, Shijiazhuang 050051, Hebei, China;
3. Agriculture and Rural Bureau of Qingbaijiang District, Chengdu 610300, Sichuan, China;
4. College of Resource & Environment, Shanxi Agricultural University, Jinzhong 030000, Shanxi, China)

Abstract: [Objective] To provide theoretical evidence relating to forest soil nitrogen circulation and forest
vegetation restoration in warm temperate forests, the diversity, composition of soil nitrogen-fixing bacteria
community and their relations with soil properties were studied in four different forest types in Songshan
National Nature Reserve of Beijing. [Method] Four typical forest stands (Pinus tabuliformis Carriere (Pt),
Pine-poplar mixed (Mix), Quercus mongolica Fisch (Qm) and Juglans mandshurica Maxim (Jm)) were se-
lected with three replicate plots (20 m x 20 m). Soil samples of 0~ 20 cm soil layer were collected from
each plot to analyze soil properties. In this study, real-time quantitative PCR and High-throughput sequen-
cing were used to study the diversity and composition of soil nitrogen-fixing bacteria. Pearson’s correlation
analysis and redundancy analysis (RDA) were used to examine the soil properties factors driving the com-
munity structure and diversity of the soil nitrogen-fixing bacteria. [Result] A total of 4 phyla, 6 classes, 13
orders, 16 families and 29 genera were detected from the soil samples. There were significant differences
in the a diversity of soil nitrogen-fixing bacteria in the four forest types with Pt > Mix > Jm > Qm. B-diversity
analysis showed that the inter-group differences of soil nitrogen-fixing bacteria communities of the four
forest types were greater than the intra-group differences.. Proteobacteria was the dominant phylum.
Bradyhizobium, Azohydromonas and Skermanella were the dominant genera in all soil samples. Redund-
ancy analysis (RDA) showed that soil properties could explain 65.48% of the variation of soil nitrogen-fix-
ing bacteria community. Soil organic matter and total nitrogen were the main factors affecting the structure
and diversity of the soil nitrogen-fixing bacteria community. [Conclusion] There are abundant soil nitrogen-
fixing bacteria resources in Haituo Mountain. There are significant differences in soil properties, soil nitro-
gen-fixing bacteria diversity and community structure under different forest stands. Soil organic matter and
total nitrogen are the main soil properties factors that significantly affect the soil nitrogen-fixing bacteria in
Haituo Mountains.

Keywords: Haituo Mountains; forest stand; soil nitrogen-fixing bacteria; the diversity and composition of
bacteria community; soil properties
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