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Impact of typical agricultural land use on the characteristics of soil microbial communities in the Nyingchi re-
gion of southeastern Tibet

ZHANG Xu-bo', XU Meng", SHI Fei’

(1.Key Laboratory of Ecosystem Network Observation and Modeling/Institute of Geographic Sciences and Natural Resources Research,
CAS, Beijing 100101, China; 2.College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract: Changes in the soil microbial community can have a significant impact on ecosystem functionality and stability. The Nyingchi re-
gion, which is located in the southeastern part of the Tibetan Plateau, has a long history of agricultural cultivation and land use. However,

the impact of agricultural land use on soil microbial communities remains unclear. Therefore, it is necessary to investigate the effect of agri-
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cultural land use on soil microbial communities and the factors that control the variations in microbial communities. This will help to under-

stand the influence of agricultural land use on the stability of ecosystems in southeastern Tibet and provide a scientific basis for the sustain-
able management of agricultural soils in this region. In the present study, soil samples were collected from two typical agricultural land use
types (cropland and pasture) and native forest in the Nyingchi region of southeastern Tibet. Phospholipid fatty acids (PLFA) analysis and
MiSeq pyrosequencing, in combination with analyses of soil properties, were conducted to analyze the differences in the biomass, diversity,
and composition of microbial communities in soils under agricultural land use types compared with those of native forest soil and to deter-
mine the controlling factors of the variation in microbial communities. The total PLFA concentration indicated that the microbial biomass in
cropland and pasture soils decreased by 38.7%~51.8% compared with that of native forest soils. The decreases in the PLFA concentrations
of Gram—positive bacteria, Gram—negative bacteria, actinomycetes, and fungi under agricultural land use were 26.1%~47.6%, 40.0%~
61.1%, 44.1%~60.6%, and 5.2%~31.3%, respectively. The diversity of the soil fungal community was markedly decreased in cropland soil
with 53.0% and 71.4% lower richness index (Chao) and Shannon diversity index values, respectively, compared with those of native forest
soil, while the decrease in the richness and Shannon diversity of the bacterial community was 15.7% and 5.1%, respectively. The relative
abundance of Actinobacteria(bacterial phylum) was significantly increased in cropland soil, whereas those of Planctomycetes, Chloroflexi,
and Firmicutes were reduced compared with those of pasture and forest soil. The relative abundances of Bacteroidetes and Cyanobacteria
were promoted in pasture soil compared with those of the other land use types. The relative abundance of Agaricomycetes (fungal class) in
cropland and pasture soils was 23 and 19 times greater than that in native forest soil, thereby suggesting the significant dominance of Agari-
comycetes in the fungal community under agricultural land use. Meanwhile, the relative abundances of Ascomycota and Zygomycota (fungal
phyla) in cropland and pasture soils were 67.7%~89.6% and 58.7%~67.4% lower than those of native forest soil, respectively. The dis-
tance—based redundancy analysis showed that there were significant differences in the structure of the bacterial and fungal communities
among the three land use types. Changes in the microbial biomass, diversity indexes, and community composition were strongly influenced
by soil properties such as pH, soil organic carbon, and the C/N ratio. In addition, the response of the soil fungal community to these changes
in soil variables due to agricultural land use was more sensitive than that of the bacterial community. The results of the present study
showed that typical agricultural land use in the Nyingchi region exerts a significant impact on the soil microbial community by decreasing
the microbial biomass and diversity and altering the composition and structure of the soil bacterial and fungal communities. Furthermore,
the soil fungal community was more sensitive to agricultural land use than the soil bacterial community. Therefore, there is a great need to
emphasize the physiological and ecological understanding of soil bacterial and fungal taxa that could be sensitive to agricultural land use
and the potential influence of these taxa on the functionality of the ecosystem in southeastern Tibet.

Keywords : soil bacterial community; soil fungal community; high—throughput pyrosequencing; land use type; cropland; Tibetan Plateau
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2 GHRESW

2.1 iF AT LR RA G

A FBEAE FBCHC S 3 AR T - R A T (3R
Do 5 ASRBRMA EL , A BRI 3817 pH 5y
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60.6% F15.2%~31.3%
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(Cyanobacteria) 7£ it 45 & M 1 5 o (%) A X 3= B
(6.5%.6.1%) & # i T 4 B (3.1%. 0.3%) Hl 7 Hk
(3.8%.0.4%) 135 . HAWACIHANHFIRE (FET TR |
AEXTFEFE KT 1%) , Bl i 22 L 7 1] (Proteobacteria)
MRFF T ] (Acidobacteria ) X A [7] 1 1] I 07 2 i w1
NTE

STANTERETE A L, 1 TR A RO - A
ﬁfi E’(J ﬂﬁ&?%f]ﬂ@ii?&( [zl 1 ) o ?‘%%”j (ASCOmycota)
& H AR FRbR - 85 ECTE VR A D SRR CRE X 3 2
57.9% , F B B9 PL 9 S 26 52 17 44 Sordariomycetes ) ,

F1 3FEFIAARXT LB RAFE

Table 1 Soil general properties under three land use types

T H Ttems 4% M Cropland JICHCRL L Pasture FRAK Forest
pH 7.81+0.09a 5.87+0.05h 5.33+0.04¢
ALK SOC/g- kg™ 15.2+0.5¢ 23.7+2.7b 49.9+5.7a
M TN/g kg™ 1.45+0.06¢ 2.53+0.25h 3.95+0.40a
WA L C/N 10.50+0.26h 9.32+0.19¢ 12.53+0.31a
AR AN/mg kg™ 1.30+0.48b 9.45+2.48a 8.16+1.55a
F 5 AP/mg kg™ 16.1+0.8a 16.3+1.8a 17.9+2.6a
KA R IK Macroaggregate/% 52.1+2.4h 55.2+¢3.2b 65.7+2.2a
WA R IR Microaggregate/% 42.1+2.6a 41.0+3.0a 30.1+2.6b

+ 525 b Soil texture 34+ Silt loam

b3+ Sandy loam b3+ Sandy loam

VI B R AN LR 7 AT (I b . R R/NG 5 ERR A AR ] MR 7 U A B3 22 5% (P<0.05) 0 Rl

Note: Date are presented by mean value + SE. Different lowercase letters indicate significant differences among three land use types by Duncan’

multiple range tests(P<0.05). The same below.
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R2 3FIMAAAXT LIEBEMEEZPLFA S ER o- S HMIEH

Table 2 PLFA concentrations and diversity indices of soil microbial community under different land use types

I H Ttems 4% Hl Cropland TR Pasture FREM Forest
WA ZFEPE Microbial diversity
4 A Chao #5 %X Bacterial CHAO index 1 439.5+74.0b 1 528.8+67.2ab 1707.5+16.4a
2 Shannon 48 %1 Bacterial Shannon index 5.91+0.06b 6.09+0.07ab 6.23+0.04a
LA Chao 7541 Fungal CHAO index 148.2+10.9b 288.8+18.9a 315.4+£27.0a
LA Shannon #5 41 Fungal Shannon index 1.10+0.45¢ 2.62+0.16h 3.84+0.14a
T4 Wi Microbial biomass
WM NG i2 St Total PLFA 17.94+2.63b 22.79+1.35h 37.19+2.14a
22 R PH M4 Gram—positive bacteria 9.01+0.23b 6.38+0.25¢ 12.18+0.74a
22 IBATEAN T Gram—negative bacteria 6.72+0.68¢ 10.38+0.49b 17.27+1.13a
&S] Actinomycetes 1.33+0.10b 1.89+0.30b 3.38+0.43a
HA Fungi 2.76+0.22b 3.81+0.41a 4.02+0.15a
&1 [ J4l Others ' B 344 Others
§ 90 B 2 HA BT ] Gemmatimonadetes ; 90 W AT Zygomycota
- AL T Nitrospire £ 8of .
£ W LA Nitospiae 2 7)) B SRIEET ] Glomeromycota
2 0 u Hn?ﬁu ‘CyaTlUbflClena 2 0 O B AR K152 Fungi_norank
= 60 B JEEEFE ] Firmicutes = 60[ JFORN s
2 g s . g O a7 ] Chytridiomycota
2 50 W #FFE T Bacteroidetes ‘5 50f s o
= Jr s . = W HF Basidiomycota
s 401 O £ 5[] Chloroflexi S 40F R
&~ S = O FHER ] Ascomycota
w o30h O 742 # [ ] Planctomycetes = 30h
H- 2of O BRFT ] Acidobacteria B 20h
E 1ok W £ T ] Actinobacteria E 1ok
= 0 [ Z8TE ] Proteobacteria < 0
e i FCN A i FCN
Cropland Pasture Forest Cropland Pasture Forest

AR (1K)

Bacterial community composition (at phylum level )

FURAEE AR (1K)

Fungal community composition(at phylum level )

B1 AELFAAXTLEARMERREEN

Figure 1 Composition of soil bacterial and fungal communities under different land use types

(LR B s 5 g 3 e w0 VDO I S
WEAR T 89.6% 1 67.7%. Al - 1] FiT {35 B s 1 35
Hh 7 B 1] (Basidiomycota) (45 3 R B A <> 18 44
Agaricomycetes ) [ AH XS 3= B, HAE AR H (90.8% ) Fl i
O - 358 (75.9% ) v AR AR O = B2 23 J31) 2 AR bk 1 3
(8.0%) ) 11.445H 9.5% o ehh , Al 43 A 52
AT (Zygomycota) AR F BEARELT A SR BRAK
(4.6%) B3R T 58.7%~67.4%(P<0.05) .

BETHE B MR TUAR 73 (db-RDA) 5 5L 2 1]
AN T A b )T 2T 38 40 T 0 L RV B 2 A A
83522 5 (P<0.05) (K12) o F I BEHL AR AR RLS3#r
HE— 248 R T B S AN T N L DR VR A A E 3 A
At A I 7 2T A 22 5 1Y B RAE ) 26 A (A0 T =
ELRR R ) L DTk . X T AN, B R (P<
0.05) 3 A - b ) I 5 =0T 9 4 A 22 S AR A T )
BN Actinoallomurus (Increase in MSE=2.20% ) . Chtho-

niobacter (1.99%) . Thermosporothrix (1.98%) . Mucilag-
inibacter(1.95%) %5 , Jf H X SeRpHEEEAER A8 THEVR
B O R CFE BT A AR P i S S A R R /N T
5%) (K13) . it T+ HERTA , 2552 00 (P<0.05)3 i
b R T O 3T RV A A 2 S Y LA R 2 Tno-
cybe(3.93%) .Emericella(2.93%) .Guehomyces(2.93%) .
Wardomyces (2.52%) . Cylindrocarpon (2.52%) &It H
B T Wardomyces J& TE AR 1 358 i 9 AHXT 3= B2 36 21 6%
b, HoAh 2 Ja 7 A3 b AN EE BN T 4% (K1 4)
2.4 INEREFX T EMEY R FIZM

AHOC /BT R B, 18 pH 252 i - iR 1)
LRV B IR 1 (R 3) o LAY
(2 R M0 T i 2 R L PLFA & &t &%
PLFA G 20 T AL TR RIS 0 2 R R R (R R
TR Z M) 5 5 pH B 2% 71 A ¢ (P<0.05) .
SOC I TN & 4 5 AR Wy 22 PRV B 4 22 ER BT Pk 4N
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A1 TA Y% Bacterial community
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Figure 2 Differences in the structure of soil bacterial and fungal communities and the controlling factors among three land use types based

on distance—based redundancy analyses
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e V1 3R 7R 45 240 T J X AN ] b R FH 2 B 45 4 22 55 T80 149 TR (Increase in MSE, %) , 47 13873 Xof oz (14 4 14 £
2% Ay 3 RE X o
Figure in the left column present the predicted contribution(Increase in MSE, %) of indicator genus to the differences in bacterial community structure
among three land use types. Figure in the right column present the relative abundance of each indicator genus under three land use types

3 ARLHMAAAX T LREREEE R E SRR RME (BKTE) BBV AR 5 47

Figure 3 Results of random forest analyses that identifying the microbial indicators (at genus level) that can predict the differences in soil

bacterial community among three land use types

P PLFA St B IEAH G OC R, BEH A &S
FLA PLFA & 8 & IEA O R (P<0.05) . i [%
FHPE 4 B8 PLFA 55 £ i 25 52 3] 1+ 58 C/N By 521 (P<
0.01).

db—RDA 73 7 8, +-3% pH .SOC . TN 7% & J +
198 C/N J2& I 35 5% i) - 98 441 PR R L TR R T 4 R 1) O
WEEA - (K2) o TEAK- b, B vE 2R
CF- AT 2 K F 1% ) WA 3 B 78 3 Fh 4 R

T AU B 2E 55 4 SC B PR B I W 3 AH OC (P<
0.05) (#£3) . Agaricomycetes [ %] & J& 5 + 1 pH
IEARDE, 5 SOC TN & K C/N {25 A G, i Al
4 (] 4N Sordariomycetes . Dothideomycetes . Tremello-
mycetes , Chytridiomycetes % ) W 5 1 3% pH 456, 5
SOC.TN &t Jx C/N B EIEA K . 15 AL, 41
HETE 1 32 B0 5 PRI IR O AH G AR R 58 o 13
pH I E 5 a—Proteobacteria ( 1E4H &) . Bacilli 1 Ni-
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13
Guehomyces E b
Ascomycom_norank% :I

Onygenales_norank —— —

Wardomyces B ]
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Gibberellal |
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W PR 275 4% T T e X A ) L b ) P 2 TV 495 22 S 900 9 SR (Increase in MSE, %) , 47 P 3R 75 08 1o7 ) B0 19 J 78
A M 7 ST A R B2

Figure in the left column present the predicted contribution (Increase in MSE, %) of indicator genus to the differences in fungal community structure among

three land use types. Figure in the right column present the relative abundance of each indicator genus under three land use types

4 AEEMFAAXT LEEREHEERHNERME (BKTE) B BEHLAR I 247

Figure 4 Results of random forest analyses that identifying the microbial indicators (at genus level) that can predict the differences in soil

fungal community among three land use types

trospira( FUAHC) AR YT =E . Nitrospira il Spartobac-
teria [ AHXTF 2 5 SOC TN &5 it Jz +3 C/N | 25 1E AR
2%, Tl B—Proteobacteria Fl Cytophagia FAH X 3 5 1
HEC/N R DURHISG . BEAh, 35 AP 354 1 25 RO ) Acc-
tinobacteria . Acidimicrobiia ( 1 AH < ) 1 Planctomyceta-
cia(IEAHIC) B AR F B2, 1) Acidobacteria 1A 32 3
] 25 52 %) -+ 3 AN B9S2 (P<0.01)

3 g

FI SR A Bl 7 28 R Al 3t R 2 (A A 9 Fil
M CHRCSE) B S R — R LR s
il i A\ T 5000 T | - R B R A 2 I A T 2
AR A1 M T 5 I S A AR W R A
ST PO, AT 2 R FE A R AR MK,
Al A 1 R 205 25 e A W R i B
AR BB AR T 38.7%~51.8% (3£ 2) . 1EH Al
IX 8 B AS ) A RS T, 490 00 e ] 0 9t X )
A JE 0 H U VR 2 X A 2 T P S B BT T M
XS A WS HRAE T AR AR SRyl A IS 3L
TR YR T RIS . A5, AR EIR
b A 3t A 3 AR S B0 HE pH B D T 0.54~
2.48 N HNE (1), 1M 438 pH A AR fL X - et E 9

A CHEAFZI (3R 3) , JUHUR X 22 FRBA R A B (=
-0.842, P<0.01) F1 EL I (r=—0.795, P<0.05) . B& T +
1 pH, SOC FH TN 5 it (9 184 o Sk 2 & e o =2 LR BA Pk 24
PR AR o K R B T 2 B A R R AR AR
“r-SRME T AR RV (H R VRIS ) R R AR (A KAk
AR ), BRI Al B e U5 IS A P e B R, -
W AR, K-SR B G A= 0, 491 40 o 22 FG FH P 20
U BB KB IR A7 AE AR Y, TS BB R 218 (Bl
AR R ) I B A RE & & B HAE, R4
FIF 5% 45 SR 2 B0 > 1 B e A 7 %o = 3t ) O e A
T 35 pH LA IR A RO B R RS 2 T R
5 -3 C/N B35 IEAH 6 (7=0.844, P<0.01) . EFEY
i BE AN A B R OEOC R (7=0.742, P<
0.05) , AT RE /2 1 T & R Mk 10 4 i B AR 1 HO X B 7R
ARG B R, L P AN 5 2 43 06 B 22 1 I A il ok 43 A
BLITE AARAS R4, D5 0 B 22 el o0 T 31 A6 ot
MR ML A B, T R B A m . -
A Wit BTN A ) AT R E S R
Al = H A A 5T (R FH AR 1) - i A=
B R Z0 T R U B AR R DX RO 1 Bl %t - 38
A TR . LAk, A YRk LA AT S
[ 5% BA B3 (f G 22 JE ) o 2 A e R 4 45 1= A L
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Table 3 Pearson correlation coefficients(r) of soil microbial biomass , diversity index and relative abundance of

various groups with soil general properties

pH AHEESOC  METN TRA L C/IN R AP ABAAN
TAE Y ZREHE Microbial diversity
Yl B Chao #§ %X Bacterial Chao index -0.717% 0.690%* 0.683* 0.497 -0.35 0.601
A7 Shannon $5%X Bacterial Shannon index ~ —0.818%* 0.680% 0.722+ 0.500 0.155 0.476
FEL# Chao 154X Fungal Chao index -0.95 1 # 0.601 0.668* 0.284 0.260 0.447
LB Shannon #5451 Fungal Shannon index -0.888 0.702% 0.713% 0.534 0.142 0.422
AR Microbial biomass
WEAE AR ViR 5 Total PLFA -0.753* 0.684* 0.655 0.626 0.064 0.394
HE G PHPEAN R Gram—positive bacteria -0.224 0.524 0.393 0.844 0.116 -0.070
W 2% [CBIPELAN A Gram—negative bacteria -0.842% 0.710% 0.696* 0.623 0.044 0.397
BB Actinomycetes -0.723% 0.602 0.584 0.595 -0.014 0.475
LU1H Fungi -0.795% 0.393 0.435 0.140 -0.090 0.7425
I A XS B (49) Bacterial relative abundance(Class)
Acidobacteria Acidobacteria 0.477 -0.323 -0.401 -0.063 0.232 -0.918%*
Proteobacteria a—Proteobacteria 0.788* -0.251 -0.395 0.275 -0.114 -0.615
B-Proteobacteria -0.022 -0.451 -0.294 -0.797+ -0.189 0.192
Actinobacteria Actinobacteria 0.011 -0.186 -0.164 -0.210 -0.763* 0.637
Acidimicrobiia 0.041 -0.134 -0.136 -0.121 -0.890% 0.467
Planctomycetes Planctomycetacia -0.578 0.499 0.455 0.572 0.686* 0.082
Firmicutes Bacilli -0.681% 0.456 0.527 0.217 0.261 0.171
Nitrospirae Nitrospira -0.732% 0.897%* 0.848% 0.833%* 0.111 0.302
Bacteroidetes Cytophagia -0.367 -0.234 -0.087 -0.667* -0.088 0.524
Verrucomicrobia Spartobacteria -0.558 0.810%* 0.727* 0.875%* 0.150 0.162
H AT (49) Fungal relative abundance(Class)
Basidiomycota Agaricomycetes 0.772 -0.832% -0.789% -0.781% -0.066 -0.375
Tremellomycetes -0.643 0.876%* 0.840%* 0.766* -0.189 0.373
Ascomycota Sordariomycetes -0.650 0.808* 0.738 0.8447% 0.450 0.195
Dothideomycetes -0.713% 0.841%% 0.867%* 0.483 0.269 0.555
Ascomycota_norank  —0.671% 0.947%% 0.895% 0.853%% 0.107 0.308
Pezizomycetes -0.282 0.471 0.383 0.712% -0.201 -0.010
Eurotiomycetes -0.337 -0.081 0.020 -0.381 -0.026 0.772
Chytridiomycota Chytridiomycetes -0.598 0.945%% 0.885%% 0.8627% 0.104 0.250

T % P<0.05; %% P<0.01;%%* P<0.001,
Note : #P<0.05;**P<0.01 ; ***P<0.001.
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B - 2 200 R P L BT VR 1) o 2 AEVETE AR BRART 12
Fn TA B A AE T (2 2) 0 Jiao SFER +

oy JEUR BRI AR M A 58t B, I AR 20 4R LY
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TAENE S PNFIAR A —LE RIS A B, AR ARMREE 22 0
JRCHCH 3 i P A AV ) o 2 RS e
SR Ay Ave v 22 B X AR AR Al = R P 5
A AN [ i WA AT BE S ph AN ] X B R A
125 S MG LAY o 75 E R4 3 B T 7 3l X B BF5E
RS AT R AR I g i (EUE R R
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PRI AR BE T - e AV o= ARSI
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TIAEARZ L X, DL LIRS R 2 A2 AR LR
TR BT RR TR SR RAT S T AERKSFE AR T
Al b AN R T E AR RO
AR AT B T BCR O A HA I 7 20T - 9 40 T LR
RETE B9 o— ZREPE 25 R A B S 5L . A, A
R, A A oA S B IR Y 2R R
55 3% pH W T R A IR 25 AR SCME (R 3) o il Xy
SER 189 LK 7560 AR L AR SR I BT R W, £
8 pH 2 TR E - S RV W0 Rh S D RE 22 REPE I S
PR PR, 2 A 3 LR 22 A R DGR s
SRMITEAWE ST b, BB REV& 19 25 X pH 22 46 1 i)
O $5 FHURK (r=—0.951, P<0.001) . X FhZE R 2T —T
T 56 W T S AR W T S 0 DX ) A4 b B 3 A A6
K IHF g H il 5 2R nk 2 e &,
— 5 T, EL A AR ) A e T R R R T HOR A L O
HAR IR 2 R 2 PR ) FE S8 FUR A A K, DR AR B
FE WL 1 1 B TR 2 RE RN 398 pH ) R R DG L AR AT
ABSEJBT o a2 3 A A O =R i R i R w284k
e 5t A A\ S5 VSRR AR AR 2 i T IR - 3 pH Y
HEREEN . IR R 2R R
ARG RE R SE AR, % Tk AR LRI
R, Ol LA 5 S B LR 2 R
e AP ] 52 i AR o XS 1 38R R BRI 72, R
A S G TE R R ()R

BR 1A R o~ 2 RE T, U YRR
ZH RN A5 Rt 32 ) - b AR P 5 =AY 2 R (&1 1 A
K2). HATCA V20588, Bl an7e i 5o b X
) — RIS I, A FAFAE e bl O B s e Sk
Ml b ) e 52 W) - SJE AR W R v A SR 45 A )
BRI ARG F IR ARAR AL S AL H]
Jei SRR R AR S5 R 1 iR 5 3 pHL 3
I .SOC HITN 5t & 435 C/N 1T B 25 DA G (181 2.
#3) o ABANIE] LA A ol - b Ry =X
S S B PRI A 542 A A i A — |, SRR T A [
AR YRR AR B A 3 et B 22 5 i, 28
TE T B9 1F 2 41 (£ 45 a—Proteobacteria . B—Proteo-
bacteria 55 ) LA S UATF B 11 09 4 1 2 500 = 5 92 1
(Copiotrophic Vsl R R AR 4 8P a—Proteobac-
teria F AR XF =E B (22.7%+1.7%) . % & T A%k 115
(15.4%%0.2%, P<0.001) , 7R 7] i J& th T HLIE 1 )it
RS TAH BIEIE T . FEFEPTEARILER LIX
ORIt IR R K B, A 3t A ATLIE N EUIE W25 42
T a—Proteobacteria 7£ T 3EH ) E . B—Proteobacte-

ria Fl Cytophagia (J& T FU0FF 1 ] ) 78 7k e 2 b 1= B 1Y
FHXF = B4 3 (P<0.01) 5 T AR L3 JF B 15 13
C/N B A ¢, 31X 5 LA WF Y 438 119 3 TR 2 241 B8 g
UF R 5 3 i IR A 4518 — B0 . ARX T e E R
0 E 37 A (Oligotrophic ) A4, Bl U1 Acidobacteria i
B TE - SR AT TR W PR i AR A R X S 3R
fITREE 2] 1 Acidobacteria A X} 3= BEFE 13 AN 7 & T
B FEAL (r=-0.918, P<0.01) MW &

5 A AN A A O 20 R
FEVR LR 22 AR BRI 20 (L 1), FF B[R AP i A
XF A2 5 138 SOC TN 5 4 Nz C/N A AR G BE v (3R
3) o JEETHNLT AR Y A A IR e R v AP A
TR AT AR S T R A, DRI T A A 2 X
Ak A T B UL F A . IeAh, &
38 240 TR R0 L D R Rl D VS 0 1) i e T MR A AN TR,
AP T RN Al 5 TS ) S A AR A SR X L RE
fiff % - 438 L D AR U X Al = H A = AR A Ay i 1
T 22 AR T T IR U A AR (B B ) o
AT BARM A= A FH 7 O R & 1A R
TR PR (K1), JE 2 Agaricomy-
cetes, o 7E A HH ik 40 B b 4 3 ob (9 AH X5 9= B2
(90.4%,74.1%) 3 5| & F SR R bk 13 (3.9%) 1) 23.2
fEHRI194% . Agaricomycetes 24 Ji§ A= BLTAT, 76 A AL
F B IR BRI R A , KA HILIE S P B 2l
REAS A LR AR R AR A, DA A2 a2 AR X 5 B 1Y)
Han™, Jf H., Agaricomycetes X 3% 43 F1 HE U5 1Y 55 4+
D AT RE R T HAM AR , PR B R i A A &
Jit AL, JH Al B A S T T, AT S B A IR Y
VIR ZHEME R E TR 1) IO, AW K B 1 15
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FL I B A XS =R (r.=0.772, P<0.05) , 3% BH 33X 28 B 1 X
T TR BB B DA P R A 25 2 T
AR X — SR HADEA T s . RES T
A= 2 B R (A1) 4 v e 0 7 ) fig 8 DA DR 2 1T
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