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. Y R R S R A BURHE R, SR Tllumina HiSep A 437 A 7] 78 35 77 S0 2 10 00 5 52 X 4 1 - e 42 e
TR AL S ZREPERYEMA LU AT 90 1 6 B T 4 FELAS () 8 i R ke T S B s S, 1 3 Pl s A =X P AR S b I
(P) SPAERSFHE 35 (S) FIZBREVAIG A 35 (R) , LRPAEARE 35 X IR (CK) IS A R s 520N H e MR i 2 10, /i 45+
AR T SRUZEM RS Z PR, 45 R RIS S A8 0 U T 3 W B S5t M 2 M e . BT L ERE
e AR VR LA T2 AR IE B 1] ( Proteobacteria) (RFTFE ] ( Acidobacteria) JIZE T ] ( Actinobacteria) , 3 BE4r 518 29.69% |
28.28%Fl1 20.76% , CK Ab¥H T 8 5 19 38 pH A NO,-N & il T 138 rh R AT 11T ( Acidobacteria) F) A= 1 58, T 2R B4 )
(Actinobacteria ) FHXT=F B R BT A Ab B i, ECBR ARV IO PR3 1R 1102 F 2 B4 1T ( Ascomycota)  #HF B ] ( Basidiomycota) , ¥ Ji
S35 R 59.65%F1 20.96% ,S AL T A -3 B2 H0 ) T $HF B 1] ( Basidiomycota ) Az < HN B A, FLAR X 5= B2 i b 21 b g
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Abstract; Soil microbes are sensitive indicators for characterizing the quality of soil. In this study, Illumina HiSeq was used
to analyze the effects of different mulching patterns on the microbial community structure and diversity of semi-humid
dryland farmland soil in order to evaluate the impacts of these mulching measures on the soil quality from a microbial
perspective. The soil microbial communities were tested under three different mulching patterns comprising film mulching
(P), straw mulching (S), and ridge and furrow mulching (R) , with conventional tillage without mulching as the control
(CK). The relationships between the soil physical and chemical characteristics and microbial communities were analyzed.
The results of the study indicated that each mulching treatment significantly changed the soil microbial community structure
and diversity. The dominant phyla of bacterial in the soil samples among all treatments were Proteobacteria, Acidobacteria,
and Actinobacteria with abundances of 29.69%, 28.28%, and 20.76%, respectively. Actinobacteria had the highest
relative abundance under CK, but a high soil pH and low NO,-N content inhibited the growth and reproduction of
Acidobacteria in the soil. The dominant phyla of fungi were Ascomycota and Basidiomycota with abundances of 59.65% and
20.96% , respectively. The low soil temperature under the S inhibited the growth and development of Basidiomycota, and its
relative abundance was the lowest among all treatments. Compared with CK, P and R significantly increased the diversity
and richness of soil bacteria, while S and R significantly increased the soil fungi diversity and richness, and P had no
significant effects on the soil fungi diversity and richness. Spearman’s rank correlation coefficients showed that the soil
bacterial diversity was mainly affected by the soil moisture (SM) and nitrate nitrogen contents (TN), and the soil fungi
diversity was mainly affected by the soil temperature (ST), total nitrogen, and nitrate nitrogen ( NO,-N). Redundancy
analysis showed that the microbial community structure was affected mainly by the soil moisture, soil temperature, nitrate
nitrogen, and total nitrogen. In general, the diversities and abundances of soil bacteria and fungi were significantly higher
under R than CK. The relative abundances of Basidiomycota and Glomeromycota were the highest under R in all treatments.
The ectomycorrhiza and secondary mycorrhiza formed by these phyla can enhance the absorption of root nutrients as well as
improve the stress resistance by crops. The results showed that the crop yields were the highest under R. Ridge and furrow

mulching is recommended as the planting method in this semi-humid dry farming area.
Key Words: farmland mulching; microbial community; Ilumina Hiseq sequencing; soil physicochemical properties
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S - e KM T AR AR PR, E ™ 32 P T R LB M A 25 R GE A 7 9 ) R
HABTSE 24 b TRk B 0 L HOKAY | MR R 7= B B , T 64 T 35 46 1 - S W B
B AL TR, ATEL AT 840 DF 5 S AR T 6 05 0 e B0 - 2 M0 ( Mk 48 e
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PRI 1 i A FH 7 55 0 3B W R D 25 A i 52 ), 5 (AT RIF A () A A s B - S 4 TR M L TR R s 2
FEPE AR AR 1L

AWFFEIET 3 AF L H RS, /E PG RAE X I8 T 3 PN 55 05 X PR b 35 (P ) FEAERSFF
T (S) MBFENRRE S (R) , LIEEASE RS X IR (CK) W H Mlumina HiSeq I FF 4 A 20 H7 -+ 398 4H 7 1 EL
PRV L BURN 2 R | U TR S A 9 S e e i 28 Ak, 2 48 I 32 4 4 P AS [) b 28 7 55 XoF
- A W S BV R TR AL G R 22 5 | 48 A A S Y R ERAL MR B (B pH ;- ERR R, SM: K 4
ST + 3R, SOM ; H3EA ML, NO,-N; T A ZA TN 34 %0) 281k, B 3k Wi v Ar Ak 5 +
FRAL IR Z TR DG 2R AT R PH A SR X e B 3 AR AR () A BN FH AR B Ak s

1 #MR57EE

1.1 e X HEAL

ARG AE B VU A 2 P AL AR R i [ 52 X K RO i 5 e X050 FT (34°207 N, 108°04” E) #E47, 1%
RIS X MEIR 466.7 m, ZAEF-REK R 585.0 mm,7 H % 9 H W0 Z4EF- 4 B 8 380 mm , 4E78 & i 993.2
mm, AERR 13.5C  4F H BETECH 2196 h, TTFEHH 220 K J&@ B BRI 2 5 X, B3Ryt
0—20 em T2 HIEAR ST 1.21 o/kg, HHLT & 11.97 o/kg, A&7 1.31 g/ke, BAUA S 53.35 mg/kg,
PR S 21.35 mg/kg, AL A 142.97 mg/kg, BEN 1.28 g/em’, HHET X NF T K EE,
1.2 5Tt

PR o8 LI BT, % 3 AN R AR (1) AR S5 (P) A 55 O IR w5, 98 120
em; (2) FAERSFHE T (S) FEFF A EOKRREFE A58 35, B 35 50 9000 kg/hm?; (3) ZZEAREE 35 (R) .
1 ZEFEXN 60 em, 28/ 15 em, o 28 B S5 MU ) BRYE 70 cm, 1 P RIAR X AN EA T 78 B IG5 AR N 5
FIXFHR(CK) 4t 4 AAbFE A0 BE 3 REE, B4 /NX A 58.8 m* (14 mx4.2 m) , HBE A 3R 20 SR Hl
(RKKEIBABRTAEAFA) R 0.01 mm, FZRVEYCRIE B A& B R (P R ) A 35 TH HifE 4= 3R
B, Bk 5 FR 7 s R, 7 S TR b R T B ) BB 200 em R — 2 B R XUIB AR, 7E S b B,
BRI B bR N RE I R RS R, RO L b J TR 7 S RS FF L T A BB 5 R X8 S BK ZE R
(8 Aha)) .

RIGLE T 2013 45 MEY A Tk, R o K3 30, FAR4E 4 A R A 46 FR 8 A drfdicik, £ 4b FR%
i BEXI R 67,000 BK/hm* (A78E 60 em , #RHE 25 em) | WS RE Rl (H AT ) #5% AN LHEFP, BEFIR R 4—5 em,
FEAINE 25 A0 BRI T s RE b (WA ) 856 AP (N 140 kg/hm? Fl P,0, 150 kg/hm?) , FKIEF)F 65 KIG1E
FKRAREBEATIB AL (N 140 kg/hm?*) | WEAEERIE A 4—5 em, 2L FWIARTHEK X639 18] B A 4b B 5 K A2 9%
A RIS L T N TR
1.3 THEHE

FE K HIREGEES 3 4EAY 2016 4E7 A 1 H (3&J5 74 K, TR 22]) gEATHORE, A2 5 om A9 A5 B YIAR
LA ST BRI 9 AN EFEA (0—20 em HJZH 118 SREIRABMMIE M EAREE /N E SHEM ., ¥
FEEE 2 mm G, B2 BRAR R RN HAD LA R AR AT LA 224 . B o0 i, =B 43— o0 5 = FH TR S &L (NO, -
N) B E s — 53432 5 50 mL B0, 7 B A -80°C vkAE FH R AE , T 41 ) DNA FOFREL R4y +
FEXT S T 3 pH  HEAHUT (SOM) | 342 (TN) 2548 AR A9 AE
1.4 3R ARPE N

T KA GUREE B AERY R P RE T E 0—20 em 13K 43 (SM) |, AN/ X 3 W L [
T TERRERT S %22 3 RIE 5.10,15 .20 em (¥ HIEREE (ST) |, LA 5—20 JEK Y + 3830 B AP Y (E AR b B
INIX Y A SRR

358 pHBUX T+ 10 g, 35Tk = 1225 IUREEUMA 25 mL /K S RIZ RG4S % 30 min, JH pH HIE™)
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TR - AT LR S R R A R 5 A U R LI R Y
BAG RN A T  BUFTEE LA 5 ¢, A 50 mL 1.0 mol/L KCI #&3% 30 min, 28 )5 i 8 $2 B4
R8I BT ( Autoanalyzer 3, Bran Luebbe , 72 [ ) Il 2 fif &5 2
1.5 DNA #HUHI lumina HiSeq 5

+ 35 Y DNA ffi A FastDNA 187 & ( MP Biomedicals, USA) 2, I A barcode B4 5|9 51
(4014 : 341F 5'-CCTACGGGRSGCAGCAG- 3' Fll 806R 5'-GGACTACVVGGGTATCTAATC- 3'; B j# ; F2045 5'-
GCATCGATGAAGAACGCAGC-3"F1 R2390 5'-TCCTCCGCTTAT TGATATGC-3") ¥ 3441 W + HEAN B 16S rRNA
V3-V4 DI FIEL R ITS KEH . § 14K 24045 . 2xKAPA HiFi Hotstart ReadyMix15 pl, iIF R0 514146 1 pl, 10 ng
DNA it , 5 H dd H,0 #M2 % 30 wL, PCR #3554 4 . 95°C FlZEPE 3 min; S5 94°C 281 20 s,58°C iRk
30s,72°C #EMH 30 s 522 24 MG BeJi 72°C LEfH 150 s 25

P8 AxyPrep DNA SEZH2HUA T £ ( Axygen Biosciences, Union City, CA, USA) M 2% B JEAEEE i
FEUOIF ] Qubit dsDNA HS Assay Kit( Promega, USA) Zlifk DNA, ¥ 4lifb iy 38 1 DL B R E A9, R 5
FRYEARIE T 2 7E Nlumina HiSeq PE250 V-5 LA 7 FC X AR 3l ¥ (2 x250 bp) , lumina HiSeq ¥ 7E L8
MUAEYIRL A B 7 58 L, PANDAseq K PF I F & 91 % A B IG DNA F B i B 7 41 32 400
USEARCH v5.2.32 XJ P SN HEA 73— 20 43 B, ik SRISARUT 91 1 22 5 /N T 3% K U8 A LR g5t . XT3 =9
He 255 8 T R T S 0 A P O oK B 26 OTUs 132 8 418 97% HH AU 1k ke %8 3 #0443 25 8T
( Operational Taxonomic Units, OTU) '**! |
1.6 B

KB 2R Ty 25 ik o M S B b Mtk | DU 2 A 3 2 R 1Y) 25 57 (535 25 SR 7F 95% 1) A /K F- T 1
FE) o R #) B E MR (P<0.05 KF) XSS i T 2 AL, A QUME B3R B IR ik 2R
H Chaol 4115 Shannon ZAEPEFE BT AN B REA AL TH 00 F & M2, I/ Canoco 5.0 BAF#E47IT
AT (Redundancy analysis, RDA) , DA#E A 324 W B 75 R S IR 5 S 80 Z ) O A 56, 7F RDA HH ik £
manual forward selection #2 5 LA {# F H. 5 999 A~ HEF) 1) 5¢ 45 & 2 3k ok o 2 TR 45 A2 | S 80 8 & 1k
Spearman 1455 AH & T AE P 1 78 A 5 - BB AP o 22 (R ) S& Bk, ] SPSS18.0( SPSS Inc. ,
Chicago, IL, USA ) 47 FIr & S 13 M1 1 Spearman S5 AH 44347

2 HREHS

2.1 iEREER

M 3 AP A A M R A T B AL (SR 1), EEALI (P .S A R) I EREAL T 44
pH(P=0.01) ;5 CK #HE, R F1 S AbFE TN Fl NO,-N £ 1 (P<0.01) 43 51 i 3 42 55 12.84% ,7.96% Fl 14.95% |
25.13%, 1M P AL BN FOKRE FRA KRR, i BEIH#EHb 7, 158 TN & it 48 CK I 3 PR 5.08% ; 75 55 155 X X
SOM FUIH AN 2%, A AL FEF +38 SOM & HH7E 15.00—15.58 mg/kg; P Hl R Kb PR B 485 7 SM Ml ST, FE
KPR CK 435 3 17.4% M1 16.69% (&1 1) , FEFFE X SM ST AP~ A B3
22 HEERHUEWIREE 2R RS R IR R

R FEAESY IS0 (OTU) AR i SN I B 3 45 0 T I eV 3 M 2R (R 2) v, &7
TEMEFR(P,S A1 R) N HEELHEAY OTU Chaol TE%HN Shannon ZAEMETEE CK AP AR, MEHEE
JE RN Z R B A e AN [ B P AR AL FLAL A S5 A0 BE (S FI R) Y Chaol #5%% ,OTU il Shannon Z+f
PEFE B W T CK, 1 P ACHE N HIE R SR F & S CK AR BEA L 22 5% R i 2, Spearman 5 &
BOorHr R B AR Y OTU 1 Shannon ZFEPETEHES SM Y5 B35 IEAHIC, OTU 1 Chaol 5405 NO,-N &
T AR E IR A S B BEYS 19 OTU | Chaol #5441 Shannon #5444 5 ST 2 B A AH5E, fl TN \NO,-N & &1y
HEEEIEAHG(E2),
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F1 0—20cm TELEBHER
Table 1 Soil physicochemical properties measured in the 0—20 cm soil layer
1 S NO;-N/
Trﬁim pH ( ;\L;) (Z(jfg/ ) (/) SM/% S1/°C
P 7.37+0.26b 0.82+0.08d 15.44 +1.33a 12.60+0.79b¢ 14.55+£0.74a 28.73+0.84a
S 7.36+0.14b 0.93+0.04b 15.58+1.24a 13.75+0.53ab 12.92+0.68¢ 25.86+1.06b
R 7.29+0.33b 0.97+0.07a 15.43+1.45a 14.96+0.66a 13.75+0.67b 27.57+0.97ab
CK 7.53+0.22a 0.86+0.10¢ 15.00+ 1.64a 11.96+0.94¢ 12.47+0.58¢ 26.89+0.84b
P=0.01 P<0.01 ns P=0.012 P<0.01 P=0.01

P. FAEHIEA 2% Plastic film mulching; S: FAERS 7 3 Straw mulching; R. Z8JEA4% 4 2% Ridges and furrows with only the ridges mulched with
plastic film; CK: #HiF1E conventional tillage without mulching. pH: +1ERRHKE soil acidity; TN: 4% total nitrogen; SOM: 75 HLJF Soil organic
matter; NO;-N: A% Soil nitrate nitrogen; SM: 3 7K & soil water content; ST + MR (FEZEF A LIES cm,10 ecm, 15 cm Fl 20 cm 4b
R A9SF- Y1) soil temperatures ( the average values of 5 cm, 10 em, 15 em, and 20 cm soil layers were used in this table ) 45 53¢ /R A V-S4 {E AR ER
IF) 51 B0l J AN ) Bk e 22 5 TR 31 5% 1 b 27K

2.3 IEGCEVIRES A S B AR G R

14000
TR LA TR R R | ;
BTy MIARAS 143025 1 139826 AN B9, 45 HEA f@ oo | ! b .
(AN AU S H 33155—38411 (FHfi= 35756) i 2 I T
L I ROBCR: 3343836800 (B M= 34957), 3 |
th 3T, 4 R fE ST R B T F
( Proteobacteria) . FRFT ] ( Acidobacteria) FIHCZEF ] ﬂmj 4000 |-
(Actinobacteria) , &I THIAR R 32 BE 05 [l 73 1) 24 28.92%— 2000 |
30.55% .25.66%—30.48% 1 17.85%—27.3% ., . 5B 0
10 0 % 11 2 T B T8 17 ( Ascomycota ) . 1 F- 14 [ ’ e

( Basidiomycota) \BRZE [ ] ( Glomeromycota ) Fl#% A HE 1]
(Zygomycota) , "B AT AHXF 3= BE i 43 501 24 49.78%—
64.36% ,13.52%—33.44% ,5.55%—7.75% F 3.93%—
10.27% ., 350, LE T #3830 7R AR BE Y A T
I"J( Chytridiomycota) .

1 TRESLEHEXRTE
Fig.1 Corn yield under different mulching treatments
P: VAEH A 35 Plastic film mulching; S: “FAEFRE FF 5 3% Straw
mulching; R: Z2IA#E % 55 Ridges and furrows with only the ridges
mulched with plastic film; CK. # H#i 5 /E conventional tillage

without mulching

K2 TRBSLETEMEMNEEENMSHEREY

Table 2 Richness and diversity index of soil microbial communities under the different mulching treatments

b3t YT Bacteria H.& Fungi
Treatments OTU Chaol Shannon OTU Chaol Shannon
p 2467+53.91a 3240+64.82a 9.72+0.11a 427+14.15b 463+13.64b 6.42+0.27b
S 2473+37.70a 3300+63.74a 9.55+0.89ab 589+27.77a 634+23.9a 7.17+0.28a
R 2521+47.58a 3322+68.61a 9.73+0.10a 550+23.23a 615+28.78a 7.05£0.29a
CK 2276+53.92b 3033+104.07b 9.45+0.08b 476+18.23b 514+17.09b 6.14£0.25h
P=0.005 P=0.021 P=0.035 P<0.01 P<0.01 P=0.015

OTU . #AE4r 258850 Operational Taxonomic Units; Chaol ; Chaol 54 Chaol index; Shannon: Shannon ZFEVEFE S Shannon diversity index

Ik, Spearman SFZARIC /T (3 3) e W] - HERRALRRVE W35 52 T AR WU RE TS A A 7 40 TR RV 2H R
o BRAT B TT AR X SE 5 TN, NO,-N Al SOM & i # IE M ¢, 5 pH & 8 & A 3¢, 25 A i 1]
( Gemmatimonadetes ) F14UFT T ( Bacteroidetes ) FUAAXS FFEY S TN 2 B3 IEASC, AN, NO,-N AT 5
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B2 TEMEMSHEUEEREERFITERSBEXRY
Fig.2 Spearman correlation coefficient between soil microbial diversity and environmental factors
% :P<0.05; % * :P<0.01; SM: 137K i soil water content; ST: THEEE (TEZERPHEMA LIS em, 10 em, 15 em F1 20 em AR EE 19 T4
{#) soil temperatures( the average values of 5 cm, 10 cm, 15 cm, and 20 cm soil layers were used in this table) 4% J: 2675 J V- £ KR 1fER ; OTU
FfE4JSHATT Operational Taxonomic Units; Chaol : Chaol 54X Chaol index; Shannon: Shannon ZA£#5%( Shannon diversity index

M B
B BATE LIS 1))
W BRATET] @ #HTFHEN
O HRHET] O BRFEH]
. O R . B AW
35 W A S B RAEHET]
2 B T E B T
g o JHE k=i
2 o BAFHIT 2
] B 5T 2
k= W ORFET] g
& B At &
4 E::d
# H#
r ®
= =
P S R CK P S R CK
KbFE Treatments AbFE Treatments

B3 AELELEREMBEESEKTETHARMBENFE

Fig.3 Composition and relative abundance of different soil microbial communities at the phyla classification level

WEEIEASC, X FEBEBHEN S ,ST BELMME T A E], F SiE 2B F EHX, FE 52,
BREEBAT 1S TN Ml NO,-N B IEASE, 5 pH ML 3 O 56, e B T T AOARXT F 5 5 SM &L 3% IEAH 56,
FH I A 2R IR R AL B e R R T A MR A R R R

FHITUAR G HT (RDA) i —25 53 W 45 LIRS EMIRE S 25 Z G &R . ] 4 4R R RV 46 1
5B Z RO R SR RIg B i LW (£ 4) , 1248 SM(F=10.1,P=0.001) ST(F=4.5,P=
0.012) Fl TN( F=3.7,P=0.025) S 41 R #5228 5 10 = NI B A DTk . A i B A8 i JL R A B T AR AR
V1) 240 B AR 75 78 S 1 86.7% , SN R/INITUF A SM>ST>TN>NO,-N>pH>SOM,, RDA Y Hi A HE 4l 20 B i e 1
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BT 211 59.96% 1 16.63% , TES—HEF R L, ok [ P ARFERE S S A 5 H AL A AR 5 05 i R A S
FHPEACHE ] 4 R ELEE VR 2540 5 - B0 S 2 [ 114 O 2R, 5% W) L T A 9 4 A e R 1Y)+ S B Ak >l SM
(F=6.2,P=0.004) (£ 4) . I3 iYPR5EAE i AL R fift B T REAS 0] FLER F 7% 48 5119 83.4% , 52 WA AT 2 SM >
TN>ST>NO,-N>pH>SOM ., RDA (¥ FiT W5 1~-HE 74l 20 5 i B 1 05 2219 51.9% F1 26.6% , 755 — il I
CK 1S AbFR A RE S s BB HGIT , o [ P A RALBRBE S A5 00 R AL 5 B A T A

K3 TEBEM(T0IOKF) MBEEM S T SR EFAI Spearman FHIEX RE

Table 3 Correlation coefficients between soil microbial community composition ( phyla) and soil physicochemical properties

["J7K3F Phyla pH TN SOM NO,-N SM ST
YN Bacteria AT 0.039 -0.035 0.445 0.14 0.315 0.035
FRAF AT -0.595 " 0.587" 0.588* 0.846 " 0.448 0.217
TRERTA T 0.539 0.021 -0.462 -0.119 -0.497 -0.042
2R ] -0.126 0.601 " 0.305 0.573 -0.357 -0.469
HFFR -0.27 0.762** 0.326 0.804 %" -0.126 -0.217
PR 0.525 -0.790 ** -0.039 -0.608 * 0.189 -0.007
JUHE -0.123 -0.42 0.018 -0.049 0.804 0.853**
FEFFTT] -0.427 0.105 0.147 0.531 0.755 " 0.748 "
SRR 0.371 -0.392 -0.13 -0.294 0.217 0.483
WEFFIA ] 0.578* -0.35 -0.067 -0.196 -0.217 -0.336
FLIH Fungi FHETEI] 0.441 -0.524 0.095 -0.336 -0.021 -0.343
W] -0.182 0.336 -0.228 0.35 0.161 0.678 "
BRAEA ] -0.676* 0.734** 0.571 0.860 ** 0.294 0.105
A 0.501 -0.133 0.025 -0.252 -0.545 -0.783*"
REIEE] 0.207 -0.636* -0.102 -0.343 0.594* 0.552
A -0.228 -0.336 0.042 -0.014 0.825** 0.888 **
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Fig.4 Redundancy analysis (RDA) of soil microbial community structure and soil physicochemical properties
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Table 4 The contributions and significances of environmental variables to soil microbial community compositions

+ e T YN Bacteria R Fongi
Soil properties factors TERRAR % F P TIHRER /% F P
SM 50.3 10.1 0.001 38.1 6.2 0.004
ST 30.8 4.5 0.012 15.7 1.9 0.173
T 26.9 3.7 0.025 20.9 2.6 0.082
NO;-N 14.4 1.7 0.187 15.6 1.9 0.157
pH 14.0 1.6 0.203 14.2 1.7 0.201
SOM 4.7 0.5 0.688 1.9 0.2 0.893

3 itie

3.1 BEN HIEHCEY 2R R R

AR T L BURR AR R SR LSRR AR AR AT IR M A ) 2 R R A S
pH IR BEFIUK G345 R ) B AIR9E R B0, AP 8 | 22 o i LA B A W M I 5 4 R A 4 13
WEIZ R 3 R RS 10 F  BE AR RN R 2 B BE 220 ARRIF Y A B4 T R AL PR (R AT
s S BN RE A T R MR AT . P) BB T A R AR R A R T (R BE E AE  X E ECR 2
FEPERZ AR (35 2) X BB TR PR B A AR A 5% o AT A B S A T S A T 52 - K 7 B 2 )
(1 2) 7Kk 733l o b AR T A W ) 2 IR A | R SR A 8P (pHL L S 3O L 458 422 k[ ]  o) 1-
SERAE i 22 REPE | TR T R A0 A A O o PR K S PRI R R g T A K ) 4% 7 i Ak 2
(P .S I R) BIREA R 1 5 XA LK 73 24505 (38 1), O 3R A 1 10 A R B 17— i 1 3 ) R 055
PERE AR NSRS FE 0 S A ) R o B B RS R e) m RE A A 2 T RSB AT T T - BERE I, SR AT
B8 [ ] ( Acidobacteria ) FIERTE [ ( Glomeromycota ) (8] 3) , 3X R MBI s st fe o 7 WUEME BN T M AR,
WA ISR 10 e B, 5 A R AR L, AT B i AR AR AR 77 s 2 B IR VE o 2P O o ) LRI
H(F2) , RIEP T LA B S & R 2 T Re |t TR K A A AL, 22 2
FEHE T VEMIAR R 0 A R T 43 W0 SE 2 A LA 20 R AT AR P R Fp 8 P B e A S S A S e 17
PR 0 A IR B, BB 2 A0S I SO A HILRE ) S, by B B R AP ER 1A R Al R g £
HE SOM Fa e A L3 e, T LR LA Z R E B I BRI R, B s )
2RI 2, 18] 4) 34 SR RE A 2 G4 M6 S 0 Bl (i AL i e BRI AR R B | DR
MRS 35 (P) AbBE R e () LR B AR — g B BB T R AR LT U R
e ZETRE R ALE T A b S A 2 M7 PR ER T I O, O e SRR I A A AR A T T L
WL, RS AR i (S ) XoF e EL TR RV 22 R PR A B A0 AR A T A BT A SRR A 1 i A ML T LA
A - HOF LU A 78+ LB AR5, RO B T R BRI AN AR T A, BRI
W] - SE A 0 (A TR R LT ) AR PR 75— B AER oy A I 7 A s IXC 3 K R 28 93 A1 A 42, 1 SR R K IR A
W52 B Wl T 5 SHE X M T AR B 23 B, R W P ) 5 AR W 2 T ) S A SR S T A S A ) 2 R
ST RSAE S W R ] 1 A M ZAEVE S TR A (TN R NO,-N) S 88 35 IR ARG, 2B 54 35 (R ) Ab 2R
2BV LRI T VEIAR 2R AR A DN 4308 5 22 A LAY 2 DA RS P S T 98 W 4 8 1 ik Ui A 28 °h
TIPS A KA T R AR R AT, P BT SEAL B R A A L K S R R R e (A RE K
THAE T Ade i L3R 43 1 3B W R 58 4T BRI AR 35 43 AR T S AR R v 1 R e
1, S R R AR B A SRR [R]IN  1 - AR R R L A 2 REE AR R R TP AR BT IR R AR 2R
FE X AL T B2 e X SRR A VB 5 RS A L SRR A MU | B R B IR A W 2 R
EAISE=E
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ABIFSE e BRAR P BE S 46t 0 2 1 - S A R P A 2R B, B A A i b SR TR TP R LSRR
AR 1] (Proteobacteria) B2 FF B[] ( Acidobacteria) FI 2k 71 ] ( Actinobacteria) . [FJ#f, 4 8% 45 "' | Lipson
SELNBR A R AT WESE R IR A VRV T BRI R FE M, | ey 1L AT SR ] R v R UL R,
HMIRATR A B S B (P S T R) N ARTE B T TRIBRFF B8 1T A AR = B34 8 T XS BR (81 3) ik 2l TR TR R 1
N — PP SR, BRI AT RO A K R A BB R A R S ) SOM I NO,-N BT
WAL T ST R AR O i T A A VBT 5 AT R IA y mT Mg e 3 ik e L, Xk T 90~ A 40 ke e >k 3
W B~ A W R SR 5 AR A5 6 b H R AR IR pH RN B AR IR A T R T R Y
AR TR 23 05 - A BRIV G 40 TR M R BT A e R R S R b R R TR
I, BEAIE(P S A R) M EARX F T CK X T g th TR s Ml 7 Lok 2k,
B5ER T Rt 7KBE T, PRMORER BT T A AR R = B A S K R BRI CK iR

ABIFFE h B RE 7% LA T #E B 1] ( Ascomycota ) FI#H T E ] ( Basidiomycota) 24 32, — 2 F A I A B 2 5 A+ Ak
BV TE B X A Y R AR AR RS AT AR B A B AR A Horh R AEHE R TR T
JERAIL, 5 NO,-N & 2 FUHSC 3 52aG A T a5 SR — 80, IR BITh i R 28 e RS R g
FAAGYE T bt E AR T S0 - e Y 43, R AL B A AT % 0 T DA X = B BT 43 S A Ak o e v e AR
B HIRE SR N,O, 7T REA A FAE SR . 520, #F 1T ( Basidiomycota ) AHXF 4 B 76 R AbFH +
Heh A T A AL B SO 2R R RE T T O P TR A AR AR AR T R AP MR R A BT R R
T A LA SAEYIE BME AR, IR T AEPIAR R XK o 3R (i o A 35 AR = e, FR A9t
I RAL R R LI 5 Ry A kb B fe i (B 1) o BRPE TR ( Glomeromycota ) T #4) B i A= AF 4 1) S BIAR | T2
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AEEE(P S R) N 3P BREER | TAAR X E BE R R T CK, X2 i T 3P AR i pH A& A& R A A T ER
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SRR, T S AL PRSP T VR IX 1 LK o3 A R (B RS AT AL G T AR LR B I R T IR Rt R
Sy IEEACANAES, | BRG] TR T8 & ARZEM RIS 2 AR R A K A E AR, SR HEE TR R AR R A TIFEY)
P CK 2RI AR . R AR & B T S50K o PR EE A A Wi B T RAF AR AP 3R EE AR T ISR
IR AR e R R

4 Hit
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