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Abstract; Biological nitrogen fixation is the major source of nitrogen in Pinus massoniana areas, and the nitrogen supply
and soil fertility maintenance can be largely affected by the composition and quantity of the nitrogen-fixing bacterial
community. In this study, pool cultivation experiments were conducted to analyze the relationship between the soil chemical
behavior and structure and abundance of the nitrogen-fixing bacterial community in Pinus massoniana soil developed from
different parent rocks ( blastopsammite, quartzose sandstone, feldspathic quartz sandstone, and basalt). The fluorogenic

quantitative real-time PCR technique was adopted in the experiments using the high-throughput sequencing platform
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[llumina Miseq to target the nifH gene. The results showed that; (1) the Basalt had higher amounts of organic carbon, total
nitrogen, alkaline nitrogen, and microbial biomass nitrogen with larger plant height and diameter compared with other types
of parent rocks( P<0.05). (2) The abundances of the nifH gene varied significantly for the four types of parent rocks; more
specifically, the nifH gene abundances of basalt were 3.75, 7.89, and 4.41 times higher than those of blastopsammite,
quartzose sandstone, and feldspathic quartz sandstone, respectively. (3) The diversity index a ( abundance and diversity)
of the four types of parent rocks was significantly different, and basalt showed a considerably higher a than that of other
parent rocks. In total, 159,231 valid sequences, which belong to 6 phyla, 14 classes, 69 orders, and 122 genera, were
obtained from the soil of the four parent rocks. Proteobacteria and Cyanobacteria were the dominant phyla, whereas
Bradyrhizobium , Calothrix, Rhizobium, and Azospirillum were the dominant genera. Compared with other parent rocks,
basalt had higher abundances of Proteobacteria, Calothrix, Rhizobium, and Azospirillum. The results from hierarchical
clustering and non-metric multidimensional scaling ( NMDS) showed that for the nitrogen-fixing bacterial community,
quartzose sandstone and feldspathic quartz sandstone shared a similar structure, whereas basalt had a different structure
compared with the other types of parent rocks. (4) The amounts of organic carbon, total nitrogen, alkaline nitrogen, and
microbial biomass nitrogen were the main factors for the abundance of nitrogen-fixing bacteria, the diversity of a, and the
structure of the bacterial community. In general, basalt soil had a high fertility, increased the amount of nitrogen-fixing
bacteria, and enhanced the diversity of the bacterial community, thereby facilitating the growth of Pinus massoniana. Our
study provides a scientific basis for selecting the appropriate growth environment and nitrogen adjustment for Pinus

massoniana from a microbiological point of view.
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i i DA [l B A 7 B R e I R b e v A L SRR N R S AT SR ILARGE . DAk, A 32 ] Tllumina
MiSeq 75 1 1l P B FNDEEE B PCR SRR ME R i [X 32 BERE5 e 5 FE A - S 1] 20T 1 4t g M 2 2
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1.1 WX Sadse it

IFFE DX T BN KA i MRAE 5P (106°407427E,26°25'41°N) TR 1100 m, J& 318 b g By 2 KUSUe
AEARRIIRIE 819 , 4V 2 14.9°C, JoAR ] 285 d ey AP 3 H BLEECH 1274.2 b,

R R P S A R VR AT S S PR PR 2 S o6 U0 e J R s ), SR BB 1 R . BTN A D
FATEMRTERR 3 A ) 2 W R AR AR X G, F 8 R T TV BES 7350 28 i % ( Blastopsammite ) < A7 f1
YLfib 4 ( Feldspathic quartz sandstone) A1 9L ( Quartz sandstone ) FIZ A (Basalt) , PURKEA L B IE A+
B 1 em G5, 0B AKX TEXIR =5.0 mx 1.2 mx0.5 m AHENE R 1 AMRE/NX, 2t H3EH 5 3 1K,
gt 12 M/ N BN 6 m® . FEEEEARTE LR 1, F 2014 4F 4 A/ MXNBRAERKEE RIF
HR/NE—1 1 AEAE SRS A TR, B/ X 36 bR, X5 ) a) 48 3y 20— 25, YR e .
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Table 1 General information of the soils developed from different parent rocks

e THEE LR/ (g/ke) SR/ (k) Bt LA/ (g/em’)
Parent rock pH Soil organic carbon Total nitrogen Texture Soil bulk density
BL 5.81 15.6 0.74 HTORG 1.08
FQS 5.32 9.20 0.59 Bkt 1.35
Qs 5.54 14.25 0.93 HETRE + 1.21
BA 5.73 23.40 1.16 P IR + 0.92

BL:AEAR DA Blastopsammite ; FQS: 1 /1 A1 950 A Feldspathic quartz sandstone ; QS : A1 3£V Quartz sandstone ; BA : Z i Basalt

1.2 FEACREE

2017 4F 7 H it A7 3R SRR AR /N ST S TEREZR HEAR 5 em 451K IS 4~ 0—10
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Itid 2 mm 5, Fe o R =y, — AR AT —80°C UKAR , T nifH SEPR BRI S5 K0 RN =E B 50 BT s — 1 4°CUKAE IR
17, T 30 A o i R 00 2 5 — 0 T R S AN A /D2, 4 T 3o = KT, 2o 0 AT s
HF b2 E A8 bRl 2
1.3 Mgk
1.3.1  Hh AR R R AR I

2017 4 7 7N 5 EAME = FHAR AT o AR R P RO |, A% R AR - RO
1.3.2 3 fbi b e S e s e I

AL TR A s I 2 0 3 pH SR LA s A LR R R SIS s 2 AR A BLIR
FE R A R P ST 5 2 R I i B (7 s A S R I 8 T b (0 32 5 T80l R ik 1R &
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T R CR FH S B 78 -5 s, SR i it R B ) B 75 - B — B b s
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1.3.3 -4 DNA $RHE A iy i

FREL0.5 g 13 3% 8 E.Z.N.A.® Soil DNAKit( Omega,GA, USA )X & 1f/E L BRI 44 DNA, H 1%
H SRR BEEE RS FEL UK R TN DNA SE8: | A% IR 5 1 { ( Nanodrop-NC2000 ) £l DNA ¥ FE FH26RE

KB Y nifH-F ( 5'-AAAGGYGGWATCGGYAARTCCACCAC- 3') 5 nifH-R ( 5'-TTGTTSGCSGCRTACATS
GCCATCAT-3") P4 [# & nifH $24'*' 0 PCR K ZR (25 wL) :5xExTaq 28 5.0 wL,dNPT(2.5 wmol/L)2.0
pL, E IS4 (10 wmol/L) 45 1.0 wL, DNA #if 2.0 pL(1—10 ng) ,ExTaq(5 U/pL)0.25 wL, )5 HE4ik
(ddH,0) #MZE 25 wL, PCR W 444 4:95°C 3 min;94°C 30 s,55°C 30 s,72°C 30 s,30 MME#;72°C 5 min,
DL 2% B IE A 5 i FEL UK AR I PCR =4, B ik & I UR 2% 345 U 7 /A 7] ( Personalbio, China) , 32 ] 1llumina
MiSeq W75 24 TI0F .

1.3.4  nifH FERFFENE

FIFHZEE5E 7 PCR(Real-time PCR) £ AR nifH He K5 DU, [ i 7E ABI7500 26 %€ & PCR X ( ABI,
CA,USA) L4751 9lE 1.3.3 Fias, KNAKZR A :2XSYBR real-time PCR premixture ( Bioteke, Beijing) 10
pL, E RIS (10 wmol/L) 4% 0.4 wL, DNA #if 1.0 pL(1—10 ng) , FeJi FB4EK (ddH,0) #hE 20 pL, 7%¢
JerEE PCR W 457F 4 :95C 5 min;95°C 15 5,60°C 30 s,40 NMEFR, $#18 Poly J5i%' > 315 &4 nifH 3EH
B EZH R, 43 I LA 10 R BE AR ek O] B 2H ok A5 B AR AE N 42 o AR AR i M et S5 R 2 B nif 2 B o
L B e T RS DB
1.4 404

FUFH FLASH A Xef 38 23 [543 £ 00 ity 17 510 AR 4 T 285 Ml i A 7 B ) o 22, AT SR AR B SRR A I A 30U T
H, it QUME 34 F USEARCH 52 JE 5Bkt G A7 . W00 05 4 2R 28 i34 43 25 BRI ( Operational
Taxonomic Unit,OTU) , B{E S & A 97% , I BUEAS OTU H=F B & & (0 P SI4E iz OTU AR F51, b
RDP-classifier 7£ GenBank H1XF OTU #7702 7E R, GEi 45 KL i [ 1 FE K BEVE 4L ] QUIME %44, X
Chaol ,ACE ,Shannon I Simpson 8 £ 11118,

K SPSS21.0 Seit 4, 18 1 B 2 )7 2234 (one-way ANOVA ,n=3,P<0.05) Fl1 £ & FL K 1 PU )
HRE RIS B AR AR TR RUE o 2R R T B AUV 2 AR R TR B A 25 S R (P<
0.05) ; AHICHE 73 A T SPSS21.0 Fl R B 58 1l 5 1 0 B8 Vi 48 A8 SR 28 40 i IR B2 1 22 4E RUEE 73BT ( Non-metric
multidimensional scaling, NMDS ) F1TC4x 73 #HT ( Redundancy analysis, RDA) F R #XF 58 L,

2 HR55%H

2.1 HEMRE LR

DU B AR R R A AR 2 8] 2% 57 1235 (P<0.05) (8 1) o BL.FQS.QS il BA % L 1E T i) o R HA bk
o (AR ) 4514 282.30 em(2.78 em) ,292.93 em(2.84 ¢m) \305.17 cm(3.05 cm) f1340.83 ¢m(3.36 cm) , HH
BA 3T 5 MR IR B T BL A FQS(P<0.05) , HILAIH, BA K F LA M T SREMEK,
22 TSR BRI Y R R A

ANl BE By A AR BN SR 2 s, VOZR B R F B A H IR 2 55 8 1 (pH<6.5) , QS 115
pH Al 4.71, BEAR T HAL A A (P<0.05) . T HEA HLBK 4 2T AF A & 5102 BA fkim, 200 28.34
o/kg 1.32 g/kg Fl 168.54 mg/kg, JF 5 HAMRES 22 5 0 3 (P<0.05) . BA HIEESA ST REM MAAS EK
=, A S A R 25 FOR B BL 3R AR 1 i, A AR

AN BRI R R A 22 5 8.3 (P<0.05) (K 2) , MUY & it m TRUEY A, BL L3
TR W e 1 it 2 R T LA AR (P<0.05) , BA IR Y Sohie & i 5 (IR, o4 147,13 mg/kg, (HH H3ERUE
i A i B R T RS (P<0.05) o p e r] AL ORI REE & B D R A 3R A e e RN S B R[]
SR Y SR
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Fig.1 Height and ground diameter of Pinus massoniana soils developed from different parent rocks

BL.ZE WP A Blastopsammite ; FQS ; & f7 £1 9l 7+ Feldspathic quartz sandstone ; QS : £1 90 %5 Quartz sandstone; BA : Z i 7+ Basalt

®2 TRBEREDEMRIEAFER

Table 2 Chemical properties of Pinus massoniana soils developed from different parent rocks

BA 4 A LA £ TRl AR SR R TR
Parent pH S0C/ TN/ AN/ NH;-N NO3-N AP AK

rock (g'kg) (g/kg) (g'kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
BL 5.30+0.19a 16.27+1.05bd 0.82+0.06b 91.31£6.62b 3.91+0.33a 1.47+0.04a 1.86+0.11ab 90.79+3.44¢
FQS 5.28+0.24ac  12.29+0.85¢ 0.60+0.04¢ 90.56+2.45b 3.98+0.37a 1.46+0.16a 1.51+£0.09a 110.62+4.13bhd
QS 4.71£0.10b 18.55+£0.41b 0.57+0.03¢ 102.38+4.33b 3.16+0.18a 1.42+0.16a 1.19+0.16b 151.78+2.54a
BA 5.32+0.07a 28.34+1.46a 1.32+0.07a 168.54+5.73a 3.11+0.58a 1.59+0.14a 1.27+0.24b 117.44+2.55b

TP BUE A FEYEAREZE (n=3) , FFIEAE AR F/NE FHR R R 22 57 8.3 (P<0.05) ;SOC: 3G HLE% Soil organic carbon; TN : 4% Total
nitrogen ; AN : il f# &0 Nitrogen hydrolysis; NH} -N : #45% Ammonium nitrogen; NO3-N: i A% Nitrate nitrogen; AP ; 3B Available phosphorus; AK:
LA Available potassium

2.3 EEMEY niH FHERE

ANTRIBEE T R A S AR W) nifH HE DR E 25 57 1 35 (P<0.05) o L 3 W) D DU BEZ 1-3E nifH
= B2V A 0.19x10°—1.5%10° copies/g T 1, BA 1 nifid JEPHF B 1B 3 T HAth =288155 (P<0.05) , 1M
BL .FQS il QS Z[A|22 %A B3 (P>0.05) , K/NBF 4 BASBL>QS>FQS,

5 O WAYRmR w A RE 20 a
S 250 2 6
= £ L6}
B a00f ] oo
= H_
§ § B b b b H-'Eg‘ e 121
mEDIS0F Hg 3
s5< Mg s
52§ TE5 o8
5 @ 100F TIS
EES 5% oa b b
?ﬁ.g = s50F b b b a 2 < 04r ’—’—‘ b ’—]—‘
=)
o m e [N 0 e O I O
@ BRDE KOAAKDE GREpE  ZREA AR KAAXDE A¥EpE XA
B4 Parent rocks #}:45 Parent rocks
E2 AESELZEFEEMIERMEMERNEA B3 AESELESEMTERESR H EEFE
Fig. 2 Microbial biomass carbon and nitrogen of Pinus Fig. 3  Abundance of nifH gene in Pinus massoniana soils
massoniana soils developed from different parent rocks developed from different parent rocks
AR NE FREFR TR AR AL B H] 22 5 35 3 1 2 7K - (P<0.05) ANTF NG FRE RIS AN R Ak B ] 22 5735 B i 2 K- (P<0.05)
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W H AN TR B S R E Y nifH LD 2B 22 S AW DR 32 ol nifH BE DR 28 5 Al a v o o 2
FARR i M AR AT AR G E 0 Ar . SRR (I 4) | nifH B IR B 70 5] 5 AT LR 4= 0 B R0 TRl A i
R IR R 2 (8] AR R TEAHDCOC R (P<0.01) , AR 8 WA IEAH R (P<0.05) . ATH, B A E RS
TGRS BAME R Z R SE R %),

NH,*-N
NO;™-N
SMBC
SMBN

o
= &)
0.92

] .

-9 M Z

T2 £ 2 % 2

- 00 @- 000
0.64

e 00 00 o

0.50
- 0.36

ACE . ‘ . . ® L 022

- 0.08

Simpson . . . . . . . - —0.06
F —0.20

Shannon ‘ .. . . ’ . - -0.34
=1 -0.48

B4 BESHEEHHERFESTECFER KSTHEMEXME
Fig.4 Correlation between community diversity index, nifH gene abundance and soil chemical properties, Height, ground diameter
# Fl o 43 BB RAHSCHE WA TE P<0.05 A1 P<0.01 K, SMBC : H 3850 P&k Soil microbial biomass carbon; SMBN ; + 386 A4 ) i & Soil
microbial biomass nitrogen; H; £ %5 Height; Gd: H1#2 Ground diameter; nifH ; nifH 3£ - Abundance of nifH gene; Chaol ; Chaol #§%¥ Chaol
index; ACE : ACE #§%1 ACE index;Simpson ; %% £$8 %X Simpson index ; Shannon : A& 84X Shannon index

2.4 [ERMAEDTEE R o 2R

FIFH Mumina MiSeq ~F- 5 %] B &GS nifl FEFDF 73047, BL FQS QS I BA 345 #5515 51 5k
4331k 41338 34229 38223 Fil 45441 55( 3R 3) o HEAUBEIK T =97% 75 3 Sy — A HAE 43 FE BT (OTU)
Hrp BA HHE5H 19 OTUs £ £ (2206 1~) ,FQS 3 OTUs Fdne /b (1471 4>) , L E ZR Jr 220 Hrnl 0 (36
3) RS R E DR LI o ZHMIREER B35 (P<0.05) , TREES 1 o ZFEIERSEUE B2,
KN4 BASBL>QS>FQS ., Uil BA & & B A + IR i Z AR B o 5

AHPE D HT 25 LB (18] 4) , Chaol FEEUAI ACE #8405 H3E A B B E 1IEMH KK R (P<0.05) , Simpson

SX05 HIEAHLRR (r=0.651,P<0.05) FIHHA# A (r=0.688,P<0.05) Y B EEHELER; 54 A (r=0.709,

P<0.01) MG A YA (r=0.750, P<0.01) 24 B3 IEA K R, Shannon 5505 LA HLEK (r=0.791, P<
0.01) &% (r=0.864,P<0.01) Flf# % (r=0.814,P<0.01) Fi LY #% (r=0.808,P<0.01) ¥ 5 4% i 2 1FA4H
KFR, HHRE (r=0.594,P<0.05) flH145 (r=0.628 ,P<0.05) £ . EF IEMH LR

£33 TRBELRELERIERRHE « ZHM4

Table 3 Alpha Diversity of nitrogen-fixing microbial communities in Pinus massoniana soils developed from different parent rocks

Bt oo

il ik Operational taxonomic Chaol *E%I ACE #ﬁﬁ éﬁ*ﬁﬁ qﬁ%ﬁ%ﬁ
Parent rock Reads Unit( OTU) Chaol index ACE index Shannon index Simpson index
BL 41338+989h 2053+ 126ac 1354.61+43.66ac 1359.78+44.14ac 6.90+0.15b 0.96+0.01ab
FQS 34229+275¢ 1471+60b 926.67+76.29b 926.78+44.16b 6.52+0.27b 0.94+0.01b
QS 38223+1371bd 1561+60b 972.68+68.91b 973.54+40.59b 6.53+0.55b 0.95+0.02b
BA 45441+1678a 2206+48a 1392.65+206.74a 1424.14£210.30a 7.64+0.13a 0.98+0.01a

ANTR] /NG T R AN [ b 2R ] 22 S5 3 31 . 50K F- (P<0.05)

2.5 [FRBCEYIEE A
IR FE AR ARARH OTUs BEATIAZE A58 6 4N17] 14 240 41 A H 69 ABHAN 122 Mg, 721K L, 7
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S AASIEBE ] ( Proteobacteria ) | i ¥ ] ( Cyanobacteria) | JEBEH ] ( Firmicutes) \JilZ% B [ ] ( Actinobacteria)
% 1] ( Verrucomicrobia ) F17% £ 1 | ] ( Planctomycetes) (] 5) o ASJE B ] A0 E e ] Sk F2 BEAR IS HE ) AR X =F
G391 84.05%—94.71%H 0.57%—3.94% , BT VARG T AL VU REA K 7 5 R A e 2 [] 22 53 . 2%
(P<0.01) , AP s AT R BEAE BL A3, IR W 1] R BE 1 1D RO T 1] A DU 2B+ 3 2 [] 22 5
B3 (P<0.05) . BILE TN FEETE BA TR E & T HAB RS (P<0.05) 5 JEBET [ TAIXS 3= AL FQS 15
i (1.19%) , QS HHERAR (0.02% ) s LRI TARX -EEEAE QS T3t (0.17% ) ,FQS 13 MR (0.04% ) 13k
TR IHE QS HIERAATE W & B 1 TAUAE QS LIAATE X 0 0.02%

100 7
W ABJEE] Proteobacteria*
80
m #5¥E] Cyanobacteria**
60 m JEREEHE] Firmicutes*
JHZ BT Actinobacteria®
40 |- B JEPET] Verrucomicrobia®*
B FEH ] Planctomycetes
s T e
8
g
<
5 0
s TBRDE  KRAAEDE Akl KA
>
2 -
<
& 100 m BAEMIEHEE Bradyrhizobium*
s . m JB¥E Calothrix**
t W RIGE)E Rhizobium**
-i% = [ERIBH B Azospirillum™*
80 W Pelomonas**
W LS E Rhodoplanes**
W FEF R Methyloversatilis*
60 B LIEEBWE deonella**
W Azohydromonas
B EWEE)E Variovorax**
B HRAT R 8 Rhizobacter™*
40 W AR Xanthobacter™
w CRITH B Agrobacterium™*
n AEBAME)R Rhodopseudomonas
20 LA B Methylocystis
Roseiarcus
B FIEATER Bacillus*
W Methylocella
0 B HFAEREE Blastochloris*

TBRDE  KRAAEDE Akl ZRA B REHM B Anaeromyxobacter*
4 Parent rocks m Al

ES5 AEBELZELENTERREAITMBEKFEAK
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