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Agricultural Technology Extension Centre of Lin'an City, Zhejiang Province, Lin’an, Zhejiang 311300, China)
Abstract:  Objective In this comparative study, impacts of soil arbuscular mycorrhizal symbionts on ammonia-oxidizing
microbial communities and their response mechanism in moso bamboo (Phyllostachys pubescens) groves different in
management intensity were investigated, in an attempt to provide a theoretical basis for scientific and rational application of
nitrogen fertilizer in moso bamboo forests and contribution to mitigation of global climate change. Method Sample sites of
bamboo groves similar in standing condition but different in management intensity, intensive and extensive, were selected for this
field experiment, in each site, four 10 mx10 m quadrats or sample plots were set up, and in each sample plot two microcosmic
systems were built up with PVC and nylon nets different in mesh number. With the aid of the microcosmic system, mycorrhiza
fungal mycelia were separated from the mycorrhizal root system into two compartments: the mycorrhizal chamber (RA) and the
mycelial chamber (AH). Once the systems were fixed, they were left in the soil and cultured in situ for 3 months. Soil samples
were collected from the microcosmic systems with a soil auger for analysis in the laboratory. The soil samples were prepared into
suspensions, (1 : 2.5 = soil : water) for determination of soil pH with a pH meter; Alkali-hydrolyzale nitrogen (AN) was
determined with the alkali-hydrolyzed diffusion method; available phosphorus (AP) was extracted with ammonium fluoride and
hydrochloric acid solution and determined with a molybdenum-antimony colorimetry; available potassium (AK) was determined
with the flame photometric method; soil organic C (SOC) with the potassium dichromate oxidation method; Soil nitrification
potential with the aerobic culture method; copy numbers of amoAd gene of ammonia-oxidizing archaea and bacteria with the
Real-time quantitative PCR; and ammonia-oxidizing microbial community with the high-throughput sequencing technique.

Result Results show that both intensive management and extensive management reduced significantly soil pH in the mycelial
chambers (AH) in the moso bamboo forest, and only intensive management did soil alkali-hydrolyzed nitrogen in the mycelial
chamber (AH). No significant difference was found between the two compartments of the same system in nitrification potential,
but the soil nitrification potential in the mycorrhizal chamber (RA) in the bamboo forest was significantly higher under intensive
management than under extensive management. AOA in the mycorrhizal chamber and mycelium chamber was significantly lower
in gene abundance under intensive management than under extensive management, while AOB in the mycelium chambers was
significantly decreased in gene abundance regardless of management intensity. Ammonia-oxidizing microbial communities did
not vary much in composition or structure in either chamber under either management. However, network analysis shows that the
ammonia-oxidizing microorganisms in the bamboo forest under intensive management displayed better interaction and symbiosis
relationship, but less competition than those in the bamboo forest under extensive management. Conclusion To sum up, AM
mycelia significantly reduce soil pH and AN content in intensively managed moso bamboo forests. Intensity of forest
management does have significant impacts on nitrification potential, which however does not differ much between the two
mycorrhizal compartments. Intensive management has significant effects on gene abundance of AOA and AOB in the AM
mycelial compartment. Although management intensity does not have much impact on structure of the ammonia-oxidizing
microorganism community in the soil, intensive management does dull nutrient competition among ammonia-oxidizing
microorganisms to a certain extent.

Key words: Phyllostachys pubescens forest; Intensive management; Mycorrhizal symbiont; Ammonia-oxidizing microorganism
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MALE MR ( Arbuscular mycorrhiza, AM ) .
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B FAFARCRY, h TR Ak R esE A 37
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el 5 Z E A A Y g T A A ( NHY )
M 5 2SR AR B A W i R B R IR O
Teutscherova 25V %8 PN 1% 95 SEEG BIF 5% & B4 RN AM
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W) Z (8] B 5% 43 5 4R s © B B AT ECH WAT B0
R IR SIS AR AM B SR R R T,
PR TE R MER PP AM FL A 5 AR R0 2 8 A AR D)
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T B0 b A5 T W VLA B T I 2 X LR
(119°42' E, 30°14' N ), ¥ 50 m, J& I #A7FK
S, TEBERE, LR, AFEFEKE 1420 mm,
YRR 15.6 °C, AEH TR 230 d, HIEH
IR, IR RR L. SBUE 208 BT

YERWFFEXT G, [R] B 35 BB 0w 7l 25 424 A AL
ZEBIIMME X R, R E BT 2 E R i
FERMRAE R BT FEHAT, KRR TIHEAR. 42
B, X BATHITAN . BAE 6 AT AR U
w7 2O BATAREEA TN, SRS HEATIRE, ARIEH
A JRZE (CO (NH,) ,) 450 kg-hmfz\ FuR S
(Ca (H,PO,) ;) 450 kg'hm >, ZALHP (KC1) 150
kg-hm 2. HMURZE BARATEIL, FAERAET M
FEHR AT, MM E R ERE ( Camellia
cuspidate ). JB WK ( Woodwardia japonica ). % JL
A= ( Syneilesis aconitifolia ). %41 ( Trachelospermum
Jjasminoides ). FAAEWEE R ( Patriniavillosa ). FF%
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1.2 Xt

T 20174F 6 H e E AL EMHR A ENE
PrARBELASEE ST 4 4 10 mx10 m IREDT, S B
[EFE KT 30 m, 3t 8 MET . FERMET N
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YR R A, iCEL PVC &5, PSR
PEGOR G K 33 JZ AT N . FERCTE RS
HOERUR RS 3 A, AR EMTH RS
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i, —iRsr LIS BD AT DNA $8E R Al Ak 55 g )
FE L I3 —wBar KA AT BRAR R BT A3 A o
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B, FREC 10 g it HAEE THIE T, A
( NH4) SO, #¥5 NH} -N ¥ #] 400 mg'kg ', T
FE, B S KRR E M R R KR 60%,
[ AT (NHy ) SO, # WY - 5 4E A XTI 4
HEIEHA T 25 CRYEEFRAR hEE G 37 48 h, H5FRds
WIS, 50 mL 1 mol-L 'KCl B IR 4RI g, Wi
A HHI 2 NOS -N &,

1.4 11 DNA IREUKEE PCR

+ 58 DNA AJHECRA MoBio PowerSoil®
DNA Isolation Kit 37 & ( MoBio Laboratories, 3¢
), FREL 0.5 g WUk Tt 3epefh, 5 IR & il
B4R DNA, 420 DNA FBER/NZ 1% (m/v)
14 B¢ A A 6 i Fl W AR T, O O O O B I
( NanoDrop ND-1000, Thermo Scientific, ZE[E ) #
PN E, RAFET-40 CHTIRET -

i Ff} CFX96™ Real-Time System ( Bio-Rad ) 1%
AT E A AT TR A A AL T amod DI REFE
S E AT, DA E R S B DB, AOA
1 AOB amoA H:[H 5 PCR ¥ 18% 5% I (495 | 491 % 43 5]
J& Arch-amoAF: 5'-A ATGGTCTGGCTTAGACG-3'/
Arch-amoAR: 5-GCGGCCATCCATCTGATTGT-3'l
amoA-1F : 5'-GGGGTTTCTACTGGTGGT-3'/amoA-
2R: 5-CCCCTCGGGAAAGCCTTCTTC- 3", 454>
R 3 ANEE, VR ZR N : 2xSYBR Premix Ex Taq
10 pL, 50 umol-L™" _LUi#51 ¥ M FiiE 54145 0.2 uL,
DNA 4% 1.0 uL, JCH/K#MEE 20 uL. AOA Al
AOB W4 R UL 22 SCHR[ 18]

1.5 BEENFREELLIE

K FHHF barcode f) AOA Fl AOB FrF4%:15147,
FIF Mlumina Miseq F & #E47 m @ &0, 0 iRk
55 ZHEAUINIR N A ) H AR A FRA 7 58 18 FH QIIME2
¥ Miseq M58 B 75 2 R 4R A R ALECE 2817 4b
BRI overlap B X 5 AT DR , IF- AT BT
WA R UE, IRAT o R A RO . R R AR AR
17 ROBE R T Vsearch2.3.4 S5 532 8 97% I AL
BER, T RRARMR FH MR, i 3845 singleton ¥4,
ALY OTU E i RAREITH, b — ik 17 24
PO . W o I RN 25 R o BT A
1.6 HIESH

K SPSS19.0 X - HEHIAL P 5 | il . AOA
1 AOB amoAd FERF5 VUKL . o ZREMEFE B S A 35

J& AR XF S BE B AT 5 R J7 22 48 B ( One-way
analysis of variance ) FIE ZE 7 22001 ( Two-way
analysis of variance ) A& b2 8] Y 2 53 1 35 1
( P<0.05 ). % L EHALIETTS AOA Fll AOB B9 amoA
L5 DL EEAT Pearson AHOCHEM T, RH RIEFH
Vegan X A [A4b #1358 AOA Fll AOB #5455t it
1Ak B & 2 48 ROFE 5% 45 )5 73 1 ( Non-metric
multidimensional scaling, NMDS ), J38 i AP P: 46:
% ( Analysis of similarities, ANOSIM ) 5 %A [a] B
5 2Z A 2253 5 (P<0.05). b T —2 T4
B 0 JIFIA [A] 43 28 A0 30 2 S A A ) A 2 TRTAH
HAEFHREN, FIFH MENA 4% OTU FEE T
Y28 53 BT o

2 4 R

2.1 TEEBUMRRELEE

T B AL BRI AE B, AH &b
P44 pH ¥ B F X T RA ALH ( P<0.05), A%
EHEI AH 203 1 i A W E KT RA Ab3E
( P<0.05), A HLET B HAh TR & ¥R KA B 3548
b (F£1). SRR ELAIAE, A [F 208 5w 5 Xt
TSR T RS I T AR 2 BATAK RA
AbFE A HEA AL . pH K TR E B, M
B A 2R P o R R TR BT [RIA
EAZETBITIR AH Ab B - A R A
BESTRHBAEEEMA, W pH B EKEK
( P<0.05). XIHZ 525 Hr a5 RaRW], 28w
Sy ARFRYS B E R 5 pH RIBRR R S, (H
HWAT BE RN (£ 1),

PR — BRI, NI 4328 Ab 3 2 ] +
ML BEES (F 1), MEHLEEBMK
RA Ab 4 5 1 % W 3% o T MU & 8 BAT A
(P<0.01). MWHZE 2 ITaEREH, S8R
LB 3 ( P<0.01), AN[F] 4328 Ab BT filg fh 2
WA B, (AR X A LA 3 A B )
YER (P<0.05 ).

2.2 FENWEEY amod EEFE

POE E PCR 45 R, L RENLE L
M8, AN Z A0 B2 [ BT AOA HYEEH F
EX W EZES (K 1), MR —a= AT,
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Table 1  Soil physic-chemical properties and nitrification potentials of the Moso bamboo forest relative to management intensity (mean+SD, 7=3)

g . A AR R 5
ZE X Sy b P A5 pH
Alkali-hydrolyzale N/  Available P/  Available K / Nitrification potential /
Management Compartment SOC /( gkg™) (H,0)
(mgkg™!) (mgkg ") (mgkg ") (mgkg '-d")
M RA 24.00+0.76a* 60.20+3.18a* 5.32+0.69a 71.00+7.55a  4.83+0.06a* 1.94+0.32a*

AH 25.21£1.51a 52.36+2.95b 5.36+0.37a*  74.50+1.00a* 4.71+0.03b* 1.45+0.30a
EM RA 30.54+2.66A 49.84+2.70A 4.61+0.87A  77.83+9.75A  5.06+£0.05A 0.66+0.08a
AH 24.48+4.82A 47.60+0.97A 4.60+0.28A  63.50+1.50A 4.91+0.08B 0.97+0.40a

F1 P>0.05 P<0.01 P>0.05 P>0.05 P<0.01 P<0.01

F2 P>0.05 P<0.01 P>0.05 P>0.05 P<0.01 P>0.05

F1xF2 P>0.05 P>0.05 P>0.05 P<0.05 P>0.05 P<0.05

e IMFEREALE, EM FRHAEE, FI FREERE, F2 XRaE0M, ARWNEFHFRREAZEBITHARPAR
SIEAIZ 2R B E (P<0.05), AEMKEFHRRHBEEEBMRTARFE T EZM2ERRE (P<0.05), *FARAFEE TN
[A] —sr AL PEZ [A] 22 7 8% (P<0.05), T[d. Note: IM stands for intensive management, EM for extensive management, F1I stands for
the factor of management intensity, F2 stands for the factor of compartment. Different capitals or lowercases indicate significant differences
between different compartments in extensive or intensive management bamboo forests, respectively. * indicates significant difference

between different bamboo forests ( P<0.05) the same in compartment. The same below.

AL E B RA N AH B9 AOA ZENE MR XUNERTT 20 Hrai R LW, 28R > A H
TR E(P<0.05 ). W R Ty 2o Hrai RE W], X 13 AOB B F MR E (P<0.05), ME

ZEREENT AOA LR FFEREZ M 2% (P<0.01 ), HAE LA B2 K (P<0.05),

TCit & RA b A2 AH Zb3E, AOB EAFIZL 23 SEUREY amod EEFESHIEELEA
OB MRZEB TR EES (B 1), EFR—% FRELBEHEXE
EUE T, T REANLERBMNSE, RA A XA A Y S 1 A T R A

+ 3 AOB JFL[H F 2 3 & T AH 4L BE( P<0.05 ), Y Pearson AHCHER IR ZE 2 M, AOA F ¥ 5k
B ORRAR A B, 58 pH B AAHDE, T

0 A =Y AOB FFE N5 A LT AN pH BEEM S (£ 2),
2 M peoos C1EM R -

2ol 2.4 EEIHE Y HBE S
% 35 e EAZETAH, AHALEE AOA HYHIFEL
wS 30 . EET RA LbBE, TOHLAZE BRI , AH 4b
7z 28 . B AOA MIMIFIER o Z REMERS B0 25 85 T RA A
ME B (P<0.05). PIFHZTT ML, HIZHEATH
2 1 X b AH AEFRAOMIFRC, o S REVER M 35 8 TR
5 o5 ﬁ ZeE BN (F3)0 SRR E 507 DR 2 BRI
0.0 L - - " % AOA HIMIFIEN o ZHEMAISROEIMEE, K
AR AOB Sy AL 5 R, ELJE B N 26 R

H1 B M A Chaol #RECHAW BEMWZEAEN (P<0.01), 5

1 AOA M AOB i3 e vy e NG

Fig. 1 Abundance of AOA and AOB in Moso bamboo forest soils AOA Ik, AOB WML o ZHLIREAEA 2
relative to management intensity ﬁ‘a‘if}? %ﬂﬁ%ﬁiﬂzrﬂﬁjaﬁﬂ %%j@r ( %\:2 3 )o ﬂ
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Table 2 Correlation analysis of abundance of ammonia oxidizers with soil properties and soil nitrification potential
EiaEan Tt % AL R AL ARk A
Index Nitrification potential SOC Alkali-hydrolyzale N Available P Available K P
AOA £JZ 0.86%* -0.23 0.59* 0.42 0.40 —0.58%*
AOA abundance
AOB £JZ -0.39 0.67* 0.01 -0.23 0.20 0.72%*

AOB abundance

L RRIEE IR R TE 0.05 F10.01 K F225 B3 . Note: * and ** indicate significant difference at the level of 0.05 and 0.01,

respectively.
£3 EMHRLIE AOA. AOB FE S HiEigE
Table 3 Diversity indices of the AOA and AOB communities in the Moso bamboo forest soils
AOA AOB
BEHFR SR
Management  Compartment L7RL Ik AR EL Chaol 5%( L7RL Ik AR AL Chaol 54X
Observed species Shannon index  Chaol index Observed species ~ Shannon index Chaol index
M RA 681.7£19.7a 5.33+£0.43a 886.3+36.0a 1 398+198a 7.63£0.20a 1937+219a
AH 622.5+29.3b* 5.43£0.07a* 822.3+26.1a* 1378+141a 7.23£0.18a 2 023+168a
EM RA 656.3+22.0B 5.51+0.66B 869.4+36.0B 1 500+£126A 7.21£0.30A 2 115£114A
AH 762.3+34.3A 5.92+0.06A 961.6+40.8A 1 650+130A 7.54+£0.34A 2 412+180A
F1 P<0.01 P<0.05 P<0.01 P>0.05 P>0.05 P<0.05
F2 P>0.05 P>0.05 P>0.5 P>0.05 P>0.05 P>0.05
FIxF2 P<0.01 P>0.05 P<0.01 P>0.05 P<0.05 P>0.05

R EMEEREY, (XL EREX AOB B %
Chaol 8GN .3 ( P<0.05), ZERE K3 ab
FXT AOB B HRIEEHEAA D EFEN L EAEH
( P<0.05 ),

ANOSIM 7 Hr &5 R s, Toibie 48 i il 2
ARy AL B AR X AOA Fil AOB RETE 45 7= Ak
W Esgm, (HAEEALE BT, RA Fil AH
AhHL AOA BEEA B IX 4. X AOB 17, A
2B E BT AH AR 18] X 20 S (& 2),
2.5 SFENMEYS FESMEHE

BT WA 2 E R BT 3 T K, X AOA
F1AOB 1Y e 12 0 7 B0 A R4 7 I 25 730 BT . AOA 1Y
WL A3 AT 4 R R, R 28 B AT AR £ T s 8k
m THRAZE, (B E HAORE A OC LG B IR T 4R
Az (F4), T AOB 1M 4/ 4s 50 B

FHTBC 28 BT AR 2 3y OB ORGE S 808 5 T2
{EIEMSE MR TR LE BT (£ 4).

A AOA iR J& AOB, PIZ% i IE A G Y & FE R %
M EA L E m TR E WS, BMNETTmHE
I8 R 7 AT 2 R R A M 43T ( Mantel test ) & 8EL,
TERRAN 53 H 7K P58 PR I AR50 0 288 v (AN [m] 49 e
R TE SN

s
(Y=

3

T A IR 45 AR R W 0 R S A 48 8 Rk
BB, AH L+ 5 pH HMEZEM{LT RA
( P<0.05), x5 Veresoglou Z& S HF 5245 1 —%%,
FEIERT AM 2215300 5 A HLIR T AR 1 g
pHo HAA7 3 23 5 DR BLFVD T HE S 18 F A5
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Fig. 2 NMDS ordination plots of the community compositions of ammonia-oxidizing bacteria and archaea

F4 EMAHLIIE AOA. AOB 9 FHE 7S W KIFE

Table 4 The properties of the molecular ecological networks of the AOA and AOB communities in the Moso bamboo forest soils

M 2% 28 AOA AOB
Network index M EM M EM

¥ 3K Total nodes 364 401 265 482

% HE4) Total links 1272 632 342 1276

R? of power-law 0.73 0.89 0.91 0.76
S Average degree 6.99 3.15 2.58 5.30
SR 25 KL Average clustering coefficient 0.36 0.28 0.27 0.38
ALK B Average path distance 6.79 8.41 4.93 7.04
1EH & He 5] Positive correlation ratio 76.49% 65.82% 81.58% 78.75%
Kk Modularity 0.62 0.83 0.89 0.74
HiHEL The module number 36 44 46 45

AM B TR H: A R Al 5 A 5 e A 21 T A R] AY
GEIRUO20T MG 28 BATAR AH A0 2 4 HERL i A 0
EMRT RA A (P<0.05). BREERARG T,
YRR . AM E LR A A YT RE 2 58 4
THEP A SE R, (AR R AEENER ARG,
TR 7 BE AR TE AT 3 B Ao, 7 AER R
WE P e AR BRI R 2T, JRk
AN I D FRRE, WA R FEEEA R
RO R, XATAEE S 3 RA b + HEmd i A
T AH ZbER A R A

FOLE R PCR ZREH], TATREE R EEX]
AOA JERF /=4 T BERFM, X AOB 5
AN, FHEOX -SRI EE TR pH FEAIK
ST AOA WERE, HCH/ T R AOA JEH

FEE pH BEHMIE. Nicol L, AOA HH
FHEKEF 45 pH (3G InmiFEAL (1F 4.9~7.5 Z 0] ),
RIAH42 T AOB i 5 AOA 7E HAR A IlA T 21
AZSAL, TS TERRYE BT AR A AR R
TR R R VE T R, AR LS AT
AR B MR S8+ pH TR, F AOA 424t T —
AN RS H AR A . DRI AE R R AR A 4 =
AbBEXT AOB 54 B 3%, NS 4E 48 I R &
B, AH AP AOB BB F B2 W2l . A,

RA AEHAR M AM HL AP AR R S8 AOB
FEE . AT R pH A i E L2 T AOB
MESE, JEH AH b3+ 38 pH kA5 AOB £
BE—2, HIt, AH 4b3 AOB =F ¥ 1y i /b vl g
JERC AM HLGE R 228 S AL pH [R5 i 1
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58 &

AOB, 1M pH & F#{% AOB JIEH AR AR,
X —45 5 Teutscherova 257k 45 5 —5, AM
B SHY I X AOA B F A W iy, (2
AW ERS T AOB WEE . BRILZ4h, 78 RA 4
HPHEYARRYE AM H A b 2 15 LB
BN, KR ZR 53 W) A 22 43 D) 1 R VR FH 25 3 n
e R AR R A A, ST AOB N
— R RE ALY, B AR A T
AOB [WAEAF o BUAR 225 5 B o3 3 A 3143 73 % AOA
il AOB WyFFE ™A T WERE M, HX AOA FI
AOB B ¥4 25 520 3 A 1 3% . Cavagnaro 25P7E 2007
EX—H WA AOB FIBFFT 45 B &, AM
BRI A N LRI 2 R S F A B s, H
Ji PR AT R A2 R A BIF 5 Bsf ) ARG 5 e S B 2 S AN i
F . LA, AOA FlI AOB FRETS&hFg o + HEFR Ak [A]
Frym N R 2 2%, R S5 1 AR AL T 2 R
K FIERE R0, X MR A28 FEU
T+ I AU AR T AOA Fil AOB LR
JE T LR VR A5 R I oA 7 AR I 2 S e A AT e S A

AR, TSNS L) T T
T A Wb E) 58 H 2 B E R A B R G ke TP, AR
WFSE T W 28 7 18 ( Total nodes ). ##£%1 ( Total
links ). F¥JEE ( Average degree ) XS HL/rHTH %
I AOA W 2% v 4 24 28 78 % e ORI 738 B R TRk
208 A2 S B AOA 7 FA S ML YY)
FhEE R . PR AC B A Zetem TRUIZ E . AOB
WL, R B A R, SRR PR =
WHEAR A K FEALE, ULIHHIEE BT
AOB A ML A 5 B . AP 28 B2 ZEL T
LA, XMW T AOA Hl AOB 78+ B A
AN AERAL, RIAEER N AR KNS W
2 Fp o 12 1) T G7ORE & T LA FH T S B sk A 4 =2 1D £
HERFR, EAHRCEAS -SRI XR, #
A A A W IR A A T, U R R
SR, AR A AR, M
25 R Z BRI LLIE AR OGO £, K] AOA #1 AOB
MHAEMZREEXRRR TS LR, JFH AOA
1 AOB 1A 75 W 24 24 2 B Hh 4 2 28 A 1E A 2G5
R TR S E, RHUEALEEBMMP AOA I
AOB fA7EE Z AL X R, MRS E BT
AL TUE Y Z IR 35 4 T R 8, AT RE R T 1
TN > TN ZE , FAZE PR AMAEY

ZI6) 9 B R A S AR ORI 2838 BN 5%, ik
AE BT A A Z M 5E 4 LR 2
BIAL, T RX — SR Y B R AT e RO B AT AR
A ESBRPIEERm T LETPAREE,
FERE L Zef T A A AL A Y Z TR B3R 20 S5 4

4 45

TCIE BATIRGE 5 A ] AM EC B o 2234 0 3%
FRAK T 14 pH, HEEEAZE BT AM FHH
22 4 F AR T IR A S i SR RAR 4= b B
FEARXTAE A= A B E S, (0408 0 B 5 ) g
R ZE R AM HL A W 2253 5% AOA 1 AOB A
FEER W E, BARWIE X R S UE YRR S5
WA BEZW, BT ESMNE N BREANLE
G T A EAUED Z B 3Ry a4 o
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