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B TR e

FAEEERR LZH i+ RpHIE,
FSEESHMNES

K OB MK EFF BHR WEAFT Tk
ERZE #3kE ;O MiEE
GIRT A 2B 25 SR 0B & TR0, AT 311300)

R R 5T EEYH R 22 R E By L Th RExh 1L % Bk (Carya cathayensis) 2 B 1 3 48 SAE H, A R 116S rRNAZE
] v e 7 BRI 3 L 1 AR A A BB I LR L AN B B TE, AT 1 LAk R e e
TR R e . 3EpHIE . 779 SANE S REMERIAN G . 45 BRI (1)E S E B EOR HE $0(3.3 £ 3.35)
BER TR A R (81.9 + 1.27). QEFELE LT pH (6.64 + 0.06) 535 & T1d EEE ILIZ K
(5.80 +£0.04). ()i FELE AL AR A Ak it o 3o AR AR R0 7 5249 73l 18.10 + 0.58 mg/kg. 698.63 + 11.24
mg/kgf1227.13 + 3.81 mg/kg, 35 A5 3 m T = E TEAE S LS AZHAR 3 (15 5:(14.94 +£ 0.27 mg/kg. 497.13
+6.19 mg/kgF1195.28 + 6.01 mg/kg). (4)A=45EE i JE 4 8 L AZ AR 139855 5T 14F204 T AN JE, 3P i
Fi B4 i 1 J& (Sphingomonas) . Gaiellafl i #F 1 J& (Lysobacter) Jy 2B 25 2025 (LA Rk bk LI OO0 34 a8, oA £ 1 i 3
T B LA AR, iBryobacter. Candidatus Solibacter i1 4 #J 4 J& (Bradyrhizobium) Ayt iF 2278 111 7 Bk
WA AR, AN 28 B s T AR S AR, A& g U ILAZ kAR 381 0TUs. Acefig 4L,
Chaof& %, Shannonf&#A1SimpsondEH TE L # % 5 . RDAZHT 55245 F B A6 L W, pHAR 33 25 il ANl 2 2 5t
T B O A B R 45 M S 2 (P < 0.05).
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Difference in pH value and nutrient and bacterial diversity in the Carya
cathayensis forest soil under different management models
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Fan, Ming Guo, Haiping Lin

Local and National Joint Engineering Laboratory of Biopesticide High-Efficient Preparation, Zhejiang Agriculture and
Forestry University, Lin’an, Zhejiang 311300

Abstract: To optimize management of the Carya cathayensis forest through the diversity and function of soil
bacteria, disease index, soil pH, and nutrient and soil bacterial diversity were investigated under ecological
management and excessive management during the Botryosphaeria dothidea infected period using 16S rRNA
gene high-throughput sequencing technology. The correlations between each interrelationship factors were
also analyzed. Results showed that the disease index of the ecologically managed forest was 3.3+£3.35, which
was significantly lower than that of the excessively managed forest with 81.9+1.27. Moreover, ecological
management significantly improved the ability of hickory forest resistant to B. dothidea. The soil pH value of
the ecologically managed forest was near neutral with a reading of 6.64+0.06, which was significantly higher
than that of excessively managed forest soil with 5.80+0.04. The contents of available phosphorus, available
potassium, and available nitrogen in the excessively managed forest soil were 18.10+£0.58 mg/kg,
698.63+£11.24 mg/kg and 227.13+3.81 mg/kg, which were significantly higher than those in the ecologically
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managed forest respectively, with 14.94+0.27 mg/kg, 497.13+6.19 mg/kg and 195.28+6.01 mg/kg. There
were 14 and 21 major bacterial genera found in the ecologically and excessively managed forest soil samples,
respectively. In ecologically managed forest soils, the dominant genera were Sphingomonas, Gaiella and Ly-
sobacter, and the relative abundance of these was significantly higher than excessively managed forest soils.
Bryobacter, Candidatus Solibacter, and Bradyrhizobium were the dominant genera in the excessively man-
aged forest soils, and their relative abundance was significantly higher than the ecologically managed forest
soils. There was no significant difference of OTUs or Ace, Chao, Shannon and Simpson indices between
ecologically and excessively managed forest soils. Redundancy analysis (RDA) and Monte Carlo testing
showed that pH value, available phosphorous and available nitrogen had significant effects on the bacterial
flora of the dominant bacterial species in the soil (P < 0.05). Our results can provide valuable references for

the sustainable management of hickory forests.

Key words: ecological management; excessive management; Carya cathayensis canker disease; bacterial di-

versity; pH value; soil nutrient

R AR S5 FE A ) AR R R A T S A
SXof R A P A A R R HE BT H T 1 e D R e
TER, BRIt E SRR iR A . Lk
pHIE B Mt A K AR AR L s 97 e R
(R FH 28 (- F4%, 2017); = KICEA. B A%t
BYEK 2R EBE(GRE TS, 2009); LIEMAEY
WREEK, FREL, 1E6ERE s MY 2
B EEER, FESHEDMERKKERREY]
(Wang et al, 2017). WF5¢ I, AN [ bR A e A 7
X LR AE Y X R (F 5%, 2015; A K,
2016"), HIA%EHE(2015)% B T & B R AR AL SR
FEHURPRNIN-6, 4 HOR B S5 A DUIEIR & R 9
A DL AR . BTl % A, TR T A DA
P A ERED X R, KRBT KWE, FRf
EHE T HEENS R, EERSEQLT)F 7RIS
WEEFE RN AR, KA AER S LT
(R BRIPR, 5 B SR B U3 o PR 5255 (2015) A& LA
MRbr TS A F E N ES RPN R, GEHEh
SR A FEAS R I8

Ll #% Bk (Carya cathayensis) /2 % [E £ 4 (1) A 4
TR Rl G4 J5 %5, 1985), 32 B4 A 16 i e 58 ALK
HilX, BFEXRAEE . B /gt
B BEA VA (B KEEEE, 2012). TR, N T

mzesriicas, M2 AR R T 4 E R

FHHE SR &, — R R IR AR AR, KA
AR ZG . AL, BREFISE, FEULHAR b goE
FIWIR L KB R E . IR )R R (R AL,

@© JWME T (2016) AS[F) it AL b B 434 FH L35 2R IX R F . L
SRR SC, VRBRARAME R, TERH.

@ MEL (2004) L EBRGLITER FHLEE ARG R KT AL, At 2
Rrig e, ZRURIR:, AL

2012). WA Z AR (R K AREE, 2014), L%k
TIERR . RIER . PO o & XA R Hia
e (IR 2, 2013; B A%, 2015), 4FHl&Z& L
A% 55 973 100 2 R0 K T AR 2 4 %k ik 7k
AR R R KA O™ B P (88 72 £, 2004)®.  H RITE
AP b, R EURIGH) B9 B S VR R B A 2 A
(R TEIRTT AR BT I s (BT 55, 2009; BT
2, 2015), AN E A H AR E ™ E AR S
Y. Rk, PR s AR e s G i
BRI, HE R LA T RS R R AR
SRR, 8T GG AR AR S I
MR A ERE, ARgE R —ME SR LS
B, I AR R R R (B 05 55, 2014) MRIEJEFN (R
BREE, 2011) WL FC T (Ph— NAE, 2016) S5 A B4 E
ERHHTERBE, WME LR, BEEmErt
PEL P dUE R A, AT 2 LU A kbR T R fe
FRAEK (PR H %45, 2010).

AT T AR S R 48 0 1L A% Bk
MR B0 B Fe K. I 2 REME L pHIE &
FeorZE s, HEEEW AT TS, DU
PRF LA AR (g B AR A (1 DGR R 7, LR 2= ]
Frg i, b =i e R .

1 MR5EE

1.1 #fhiEsE

1% B W VL A8 e 22 XK BH 41 iUk (29-30° N,
118-120° E) N SEEGHE AT, 1LIAZ BT 35 bR 14 304
% B 380k /ha, EE A AIEIL MU rE . Y E
25°, WEHR340 mitg Ll . 2 SR T G B XS,
EIX, 0. SEEA. WER, FHE
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%6 HKIHSE: ARSI L3 pH (. R S U 2 HEVE I 2 5 613

17.2°C, ¥ H B #1,837.9 h, FEHEKE
1,613.9 mm, H3ERAUHLIE,

RS BRE. AL, RS AR
— B AR AR, BB A S R B 48 s U
Wi 234, BRI AUA0.2 ha, 7K F[E] #E500 m.
FH1, 2. INERZERH A, HBELALE 558
29°40'21" N, 118°16'16" E, #4336 m; 29°40'25" N,
118°16'33" E, #4333 m; 29°40'30” N, 118°16'50" E,
MFHR344 m. 4. 5. 6N FELE R, 45
29°40'37" N, 118°16'14" E, #1k349 m; 29°40'31" N,
118°17'09" E, #1k341 m; 29°40'46" N, 118°16'48" E,
K337 Mo

A EBR ARSI N TR, it H
B 77 (1 kg/#k, N:P,Os:K,0 = 15:11:12), AN A
2y, 1l A Bk R [A] A b B 24 = 5 (Panax notogin-
seng), BR T AE B o5 ik 80%, SR it B
SRIEIR . SRR, ot B iR B E A: R
FHI % 25 791 o &5, 45667 m? 5% it 1096 2 H i /K 7
1.5 kg, HMiBe50fEmE; KEMH R SEG koltk,
N:P,05:K,0 = 15:15:15); 45667 m? Wik 243%/¥,
MEREAS g, FRORE1,0004% Wit (A% Bk AR R TG B,
MR AR &, KR N TR R
1.2 Wik FRRERIER ST BEE

FERRASRE L B BE N L% BS0RR LLAZ B, Siit4s
RRBE (0F JB5 Jod B A i, AR LA bk 3 003 23 b
e Bom R HOH A KGR 5, 2004)7, HEAEA
FERLA ISR TE R, 7 obnitE N Az pk (g e o v
BERIR, RFMERO; 1-5MRBE AN, REME N,
6-10/ Ml BE NI L., REEME N2, 11-15M R BE NIV

%, RIS, 16BN UL EVE:, RN

W AE D VIZE, (R 2095,
BB
S (b < A1)

BEIRTRE = : X
RIS TR T e

100

13 TH#HRE&E

FE WL AZ AR 85 95 A 00 B (2016 -7 H ), RS
ZE R 8 3, S BE LSRR A% bk
B, #E B AR T EEES50 cmAb R4S, PE. F. b

© MELE (2004) LBk E FIHLER KR SC R R BT 5. Al 1o 2
Rrig e, ZRURIR:, AL

ANTT I &R B L RFE AL, RH0-20 em 3 H 1
TR BAFEHL AR R A4 R, SRR 3R
20 LR, X ERERMR G IS, B E)IX
AR R . SRR A B RAESEE ML ES
B3N LA BRE LR RZRY), 12 mmi,
VY58 LR AP 5, — 5 B AT fE
Skl e 3B pHAE AT IR 43, o b — 8 53 7 i
FH R e A0 2 A6, DRAFAE-80°C IR .
1.4 US55

HiSeq 2500 #ll /3 4% % H 2 El lumina 2 & ,
Bio-rad T100%# B PCRIVE B FilF AR AR A
PR T, PHB-1BY(EHE K pHIT I il =540k,
=R EPCR Master MixJJ 5 New England BiolabsZA
H, VPN SRR R AE YR AR BRA F A .
1.5 TFEpH{E. FoRME

K25 107K S LeAe o, AE 45 XpH Tl 2 pH
B, R FH EEAS TREH 25 HVE I E A ALK (OC); K F ik
FEA BRI S A (AN SR FHAH B8 Lt vl e 3l
Rt (AP); K CH3COONH IR $2— K I 56 FE ikl 5
AR (AK) (Hh R Bt g ol 3R 70T, 1978; A
KR 22, 2007).
1.6 TIEMEZHMENE
16.1 ERFZADNAFEE

K F CTABYZE S B - e FE K ZHDNA, 1% IR b
HEI HL VKA IIDNAWK FE S 240 . AR5 DNARHK L,
FATE B KB AR 1 ng/ul, WL KR iR
RIEABRA =T
1.6.2 EFEEDNANF

{5 iy Barcode (e 5 51 4 e 88 T 1 g ot
16S rRNAKHI V3. VAT 38, 51475
N341F (5'-CCTAYGGGRBGCASCAG-3) (Yu et al,
2005), 806R (5'-GGACTACNNGGGTATCTAAT-3')
(Yu et al, 2005), PCRJ% {4k % 430 uL: DNAKK
#5210 uL, Phusion Master Mix (2x) 15uL, ER514%)
#%1.5 uL, ddH,0 2 pL. RN 4&HFA: 98°CHiArfE
1 min; 30 MG EHE: 98°CAE 1410 s; 50°CE 130 s;
72°CHEH30 s; fJa72°CLEMS min. PCRYI4/=4)
2% I M e H Uk 48 o, B UK B2 7400450 bp
2 [8) {1 3% W 46 4, FH Thermo Scientific 2 ]
GeneJET i[RI St A7 [FISC. 383 IHuminaill /7
PGEAT I -
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1.6.3 HEZHMESHT

I T 45 $ 45 4% 25 Barcode A1 51 W0 5 41 i, A
FFLASHEE TN FEAR AT HHE . 98, LGk
AhPE, B S5 A5 B R #dE (Caporaso et al, 2010;
Mago et al, 2011). @it UparseZs Xt BT A # 5 10 2%
tagsiE AT KM, LLOT%FF 41— B0 K 5 51 3 2%
JROTUs, FHF Silva.nr_v123%4E 75 553 20K
SRR P HI AT )P BE 43 T (Edgar, 2013). B
FE i B AR AU =4 93 — (A BRI bR dE, fE R
version 3.2.2 (https:/cran.r-project.org/) 7 Hra s FEE
ML FEE(E H &, 2016) 7,
1.7 HIBEABES SR

{8 HISPSS  19.05%F B 15 48 ik A7 5 K 86 07 22 57
#r, BETT AT 22 e i 2

21 ARIGERNLZMHBRFIE . TiEpHE
5xnEENES

AR e A AR I i 2 78 A L Ak MR B
FREIG T TR, A8 MBI 45 2L
3.3 £ 335, WEML T ELE LMK EBLI +
1.27) (P < 0.05).

KU T AR EB AL - pHE S
FoeE, KRRETESA L, HHEERK
(P AZ PR AR S pHAE AT R . TR TR
BEFHRNEZP <0.05). ESLE LMK 115E
pHAH & 2 5 T id B8 LBk AR (P < 0.05); 1T fiE
28 (AR AR 3R I A . U SR A R
BRZEESTAESEE LEK. EEE2ENTES
B LR LA LA S R .

22 oBHEMS

ey B 45 BENCBIF 515 NSRP127701, 7
Pz, LIEM AR ARG, ESEE LZP MK
TR ST . A Aktags FIOTU %L H 43 7l N
64,777 + 4,595, 54,667 + 4,084413,786 + 82, ¥&=T
I P 28 A B AR (99 531 460,555 + 1,634, 51,470 +
1,754, 3,569 + 128), (HZ& R R, #IiLSPSS
AR FIRE S TE9T%)F 51— EUPEKF FOTUsHa
Z IR EOIAT R T 2 i, IS g Rkl

© FHE (2016) WL LA ARABE LR MFIFIE R o A1 B
ZRAERTIT. W20 S, RS, UM

#*1 ARSEEXLZkMALIEpHE, FHRE5HES
HMERES

Table 1 The comparison of pH value, nutrient contents and
bacterial diversity indices of hickory forest under different
management models

Eiztuy EBEE oEEE
Item Ecological Excessive
management management
pH 6.64 + 0.06 a 5.80+ 0.04 b
WAL AP (mg/kg) 14,94+ 0.27b 18.10 + 0.58 a

WA AK (mglkg)
HALE AN (mg/kg)
HHLEE OC (g/kg)
OTUs 3,786+ 82 a
Acefd ¥ Ace index
Chaofi# Chao index 4,117 + 152.61a 4,032+ 304.55a
Shannon#E% Shannon index 9.861+ 0.116 a 9.648 + 0.079 a
Simpsonfi % Simpson index 0.9969 + 0.0003a 0.9965 + 0.0003 a

FPEAR A TIIME + FRMEE@N = 3), AT ARR/NE FRERE
0.057K~F N Z 7 i 3 (P < 0.05)»

Data in the table are the average value + standard deviation (n = 3), and
different lowercase letters in the same column mean significant differ-
ence at 0.05 level (P < 0.05).

49713+ 6.19b 698.63+ 11.24 a

195.28 £ 6.01 b 22713+ 3.8la
36.27 + 1.58 a 3757+6.13a
3,569+ 128 a

4,198 + 136.80a 4,044 + 320.22 a

Fime alAN, AAREE LR 13 Ace. Chao.
Shannon DL & Simpson i £ 3% & sk B 2488 11 A% bk
A3, HERIARE,

MR A B A i 75 & K I Rl e % % {5
B, EBUH X 2 K F0.05% &, AR ATEE b
PJTTHEAT 2R, i B (B1). LTS, 7
B b, AREE AR 1440 R,
43 B AN B H0 1 J& (Micromonospora), Blastocatella,
+- 734 J& (Pedomicrobium), fif{t.4H 5 J& (Nitrospira),
73 AT H B (Mycobacterium), Gaiella, ZKFEAT &
(Phenylobacterium), 74 )& (Arthrobacter), Ster-
oidobacter, ¥ PL % 1 J& (Roseiflexu), Variibacter,
Solirubrobacter, #4% % %} & J& (Sphingomonas),
M 1R J& (Lysobacters); i 45 LAZ kMR A 214
FEREHE, 7 aAHaliangium, {5 5 # JE (Pseud-
omonas), 18£8 1# J& (Bradyrhizobium), £LAT#
J&(Rhodanobacter), Rhizomicrobium, 4 5 J& (Fla-
vobacterium), Candidatus Entotheonella, Aquicella,
J5 3% 14 J& (Archangium), Candidatus Solibacter, #
B J& (Acidothermus), ZI.3i%3)) 1 J& (Rhodoplanes), 1H
e, [ F# J& (Burkholderia), Bacillus, Reyranella, Acidi-
bacter, il & (Woodsholea), Bryobacter, % & fil
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Phylum 2z 1L BBk bk

Ecological management

Mi Phylum

icromonospora g 0.6 Acidobacteria
Blastocatella 0.4 Actinobacteria
Pedomicrobium ’ Bacteroidetes
Nitrospira 0.2 Chloroflexi
Mycobacterium 0 Firmicutes
Gaiella Gemmatimonadetes

-0.2 Nitrospirae

Phenylobacterium Proteobacteria

Arthrobacter -0.4
Steroidobacter 0.6
Roseiflexus

Variibacter
Solirubrobacter
Sphingomonas
Lysobacter

Haliangium
Pseudomonas
Bradyrhizobium
Rhodoplanes
Rhizomicrobium
Flavobacterium
Candidatus Entotheonella
Aquicella

Archangium

Candidatus Solibacter
Acidothermus
Rhodanobacter
Burkholderia

Bacillus

Reyranella

Acidibacter

Woodsholea
Bryobacter
Gemmatimonas
Phaselicystis
Sorangium

WELE LR

Excessive management
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FHzE)

Fig. 1 Species relative abundance clustering heatmap of bacteria of hickory forest soil under different management models. The
corresponding values in heatmap are Z values which are obtained after standardized treatment of the relative abundance of each row

of the species.

T J& (Gemmatimonas), Phaselicystis, 1% [ & (Sor-
angium).

FH P LR 0 A 7] 22 75 A 2 L Ak AR 5 24 1 AH
XF % B iR T 0.5% 1 2 R BEAE 11K B At
T, 28 BDR 27 22 40 A AT R A 4 B A LD A A
BN B BT B 2 R B (P < 0.05). A
BEE MR LI, TR AR IE R ]
SR T L4 3 N35.7%. 7.1%. 7.1%, 3
B S T3 IR A E (AR - 40
HHET 5 A EL (P < 0.05); Tk B 2078 LLAZ Ak bk £ 45
ARSI T ]S BRATEA T TS 2R 1] JOLFF I 1]
JEEEFE T &7 E A3 59301 71.4% - 9.5% - 4.8% 4.8%-

4.8%, YW TS T IEAESZE Lk
3B b 5 BRI (P < 0.05).
23 pEEMSH
231 ARZEENLZMMHTIRAREEZE
HWES

FEAS[R] 73 27K B0 P AR 228 1 20T B 1L
Bk IR P Fh 2 BEEAT IR T 0. A5 2R
KW, FEHAKTP B, ABEE LA L g B
HPMEH . HEERREH . BRATEH .
Acidobacteria (Subgroup 3). Acidobacteria (Subgroup
2). BB H . SC-1-841X 7/~ H BUAHXT £ BE 53 7l N
3.53%. 3.31%. 1.98%. 1.81%. 1.64%. 1.53%.
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1.43%, HEEE T BELELERLIERT
XS Z BE(P < 0.05). FERIKF L, AEZE LM
PR A 3520 B i B LB B L. Acidobacteriaceae
(Subgroup 1). & Ef B AFIX 3R AE XS 22 B 43l
N2.51%. 1.98%. 1.23%, 143w T3/ MR
FE 28 LIAZ MR T g8 (R AH X 22 FE (P < 0.05).

TEJE AT XA FE A B BN A% Ak £ 13
AT R 2R 7 2500, 13 3IHXT 2 B E
PRRE(R2) . PR 2 e B A AR AR 358 40 10 2
WREMBMZ E B AEER . EESEE LK
Be#k L35+, Sphingomonas. GaiellafllLysobacter A3
MESHE, X2 E BEERETEESE Lk
(P <0.05). MTERELE ALK LIS,
Bryobacter. Candidatus Solibacter#1Bradyrhizobium
N3N, FX 2 275 91.03%. 1.40%.
0.95%, 453 =T34 @ AT 2 243 1) 250.8%.
0.87%-. 0.67%MIAESZEE LB (P < 0.05).
232 ARESEBRNLZEMKTEAERNDEEH
SpH{E. FoREXM

43 % A [ 28 %85 55 5 L1 A%k PR 3 4 A 5
JESpHIA . 77531704 7 #r(redundancy analysis,
RDA)fS 2 K2, 2 (1) 55 —HE 7 il vl fdoke L 18 4
LA JE 1 76.25%, 25 —HF AT ##%20.03%. 5
—HF M 50C. AN, AK. APEIEMX, HpHE
TG, 2B Hp i 50C. pHEIEFAS, H5AN,
AK. APE K. AEZE LS L HpHE
IERE, S ELE LA SAN, AK. AP, OC

72 ARFEENT Lk TIBMEAEEEERENZ
EER

Table 2 The differences of dominant bacterial flora and rela-
tive abundance of hickory forest soil under different manage-
ment models

[Lfics HEBLE Ecological il B 4 % Excessive
Bacterial flora management (%) management (%)
Sphingomonas 229+0.18a 147+0.27b

Gaiella 0.61+0.07a 041+0.06b
Lysobacter 057+0.10a 0.26 £ 0.05b
Bryobacter 0.80 + 0.08 b 1.03+ 0.03a
Candidatus Solibacter 0.87 + 0.02 b 140+ 0.07 a
Bradyrhizobium 0.67 £ 0.09 b 0.95+0.07 a

FPHIE S PIME + ARMEEN = 3), W4T ARG T RERR7E0.05
KT 2% 7 @ # (P < 0.05)

Data in the table are the average value + standard deviation (n = 3), and dif-
ferent lowercase letters in the same column mean significant difference at
0.05 level (P < 0.05).

5 26 %
RDA Plot
1+
" *
ocC ¢
| |
A
S Lysobacter
S He— _
S P I
) olla  Candidatus_Solibacte FEAR
(-\1 Ga:e a Bryobacter o "AP
é Sphingomonas Bradyrhizobium
1L
| |
*
1 1 1 1
-1.0 -0.5 0 0.5 1.0
RDAL1 (76.25%)

Ecological management Excessive management

E2 AEZEEATLZkATIRARRSEFSpHE
MFTEMEXRM. AN: YA, AP: BEHEE; AK: RHEH;
oC: Bk,

Fig. 2 Correlation of the dominant bacterial flora between the
genus level and environmental variables of hickory forest soil
under different management models. AN, Available nitrogen;
AP, Available phosphorus; AK, Available potassium; OC, Or-
ganic carbon.

EIEMX%. HiE, pHE. AN AP, AK. OCHJ N
Fh 2 B AR N LA Ak bR - 38 41 A A0 34 B B 1 32 2
SR K1 . Horb, Lysobacter . GaiellafiSphingomonas
XIFAEREE LRI 8 5 pHE & 1EAH K,
Candidatus Solibacter. Bryobacterf1Bradyrhizobium
X3P FE L E LRI B 5 AN AKL AP,
OCHKkFE ¥ B IEAH K . X 5 A A A BT Iz
Mot 3FEpH. R0 12 45 A — 2.
FNERFPHIE . AN. AP. AK. OC/Z 75 &Rt 4H
HAL AR A B E (P < 0.05), XFFRLE R T
Ll A Wk AR 3 4 O 35 8 5 5 e BT 1 R AT SR R
PR, ZEREM, pH. APSANS N B M
R, =% L s g sz 53 (P < 0.05);
TTAKFIOCHKT - S5 21 B A0 35 B Jag 5w AS (. 2%

AWARRN: EBEE LM L EpH{E
Fim T B2 LA, TBORREOE Z KT T
FE4 8 ILAZB AR (P < 0.05). 5K %3 (2013b)iF 77 A& H
IR PR SR, LAk TR R T s R AR
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(2017) R 18 K3 Bt A0 R 5 R A A = S8t
HEpHEPEMK. A ESIEMIR, g fy e,
WA ZREMRRE —RIIARER, A 80l
AR BURRE TR ES . AR RS B
WF9C— 30 AHE U B I6 e B B 2T, B
SRR — B, WA E MR L3 R
HpHE R ZE K TASEE LMK P < 0.05), A
R it FH 52 6 AN o R e Rl ), 3k Ak ol
B, HARE. AR EY & TAESEE L
BeAR, mree i KEE ST R .

Bk 75 25 (2014) W AU R W, A M EETE
Shannon 5 4 fi% /&1 1) /2 4K Fh i B3 = 1 (Trifolium
repens) i LLAZ BE AL, 53.786. 22 R AR%(2014)HF
FORIN, ARk it B 28 B AR T IR A Y T R
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