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Abstract: [Background] Muskmelon under protected cultivation faces soil deterioration, serious
diseases, and the decline of muskmelon yield and quality as a result of continuous cropping and
excessive chemical fertilizer and pesticides application. [Objective] This paper aims to clarify the effect
of continuous cropping span of muskmelon on soil chemical properties, enzyme activity, and microbial
diversity. [Methods] Topsoil samples were collected from the greenhouses after 1 year, 5 years, and
10 years of continuous muskmelon cropping. Soil chemical properties, enzyme activity, culturable
microorganism count, and microbial diversity were determined with conventional methods, enzyme
assay kits, dilution-plate method, and Illumina MiSeq, respectively. [Results] Continuous cropping
increased soil total nitrogen, available nitrogen, available phosphorus, and pH. The total nitrogen,
available nitrogen, available phosphorus, and pH in soil after 5 years of continuous cropping were
1.04%, 0.56%, 6.00%, and 4.45% higher than those in soil after one year of planting, respectively, and
the corresponding figures for soil after 10 years of continuous cropping were 7.25%, 6.86%, 17.75%,
and 5.60%, respectively. However, soil available potassium was reduced significantly with the
continuous cropping and the reduction reached 12.68% in soil after 10 years of continuous cropping.
Continuous cropping significantly decreased the activity of soil urease, alkaline phosphatase, and
sucrase, and the decrease was 2.79%, 41.05%, and 38.81% for soil under 5 years of continuous cropping,
respectively, and 23.43%, 42.30% and 66.21% for soil under 10 years of continuous cropping,
respectively. However, the activity of catalase reduced first and then rose with the continuous cropping.
The counts of bacteria and actinomyces decreased significantly with the continuous cropping. To be
specific, the number of bacteria, actinomyces, and fungi was 6.02%, 29.32%, and 32.50% smaller in soil
after 5 years of continuous cropping, respectively, and 58.65%, 53.17%, and 33.75% smaller in soil after
10 years of continuous cropping, respectively, than that in soil after one year of planting. Moreover,
bacterial diversity was lowered, as manifested by the reduction of the dominant Proteobacteria and
Bacteroidetes and the beneficial Rhizobium, Pseudomonas, and Bacillus. The abundance of fungi was
increased and the evenness was reduced. Specifically, the abundance of Ascomycota rose. Redundancy
analysis indicated that soil total nitrogen, available nitrogen, available phosphorus, and pH and soil
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Sphingomonas, Gemmatimonas, and Mycothermus were in positive correlation with continuous cropping

span. [Conclusion] Continuous cropping of muskmelon resulted in deterioration of soil chemical

properties and microbial environment. The study provided a reference for the remediation of soil under

continuous muskmelon cropping and sustainable development of muskmelon industry.

Keywords: muskmelon; continuous cropping span; soil chemical properties; soil enzyme activity;

microbial diversity
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AR AR BRI B E 25 s T T AU ok
uh, HE R RIREIGEE, EE 10 SRR
JEIE 12.68%. TIPS BRI G T
Ragh, HA AR S AR A WL R
22 AREEEFERI#KTIERMEHET
TR AR AR BR 6T - 198 il 6 4 LA BH 2 A 5
(R 2), FHorb - SEREE . Bk R R R
Tt 115 2 Bt 5 A A R 38 i S R e # . SR
| AER SR EE, AR 5 AERY - SEIRER . etEm
MRME . FEREAETEPE T BIFEAR T 2.79% . 41.05%7F

38.81%, EAE 10 4% 13853 I FEAIL 23.43% .
42.30%H1 66.21%. A Ak U % 1R 1 22 1k
FGFHA 3 AL, FEIEVEAERR
S0 SRS B, AR 5 AE I
AL SIS PR T 1A 10 4RI £
e, mgE T, G VR R TS IR . B
P T R R TS PR RIS, AT AL
FBRIE IR Z B, 55 B0 RE 1 EAIK

23 ARIZEEFERIMRTIERTIEFRNEY
HET

e 3 Frox, GHONRNAR L35 b Rl R IR 40

x1 FAREEFERHRLECFZERT L

Table 1 Changes of soil chemical properties of muskmelon at different continuous cropping span

HEARAE IR AL B AR A A pH
Continuous Organic matter Total nitrogen Available nitrogenAvailable phosphorusAvailable potassium

cropping span (a) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

1 31.41+1.57a  1.93£0.05b 125.71+4.65a 268.05+4.23¢ 644.17+14.43a 7.86+0.01c
5 28.22+0.37b  1.95+0.05b 126.41+£3.08a 284.14+2.13b 663.33+10.10a 8.21£0.02b
10 33.30+0.70a 2.07+0.10a 134.34+7.41a 315.63+10.45a 562.50+20.00b 8.30+0.02a
e [P HOR RN F B3R OR 22 57 i 2 (P<0.05)

Note: Different lowercase letters of the same column values indicate significant differences (P<0.05).

F2 AEEEFERMMTIREEETK

Table 2 Changes of soil enzyme activity of muskmelon at different continuous cropping span

HEARAE R IR it B e R I TR i AL A
Continuous cropping span (a) Urease (U/g) Alkaline phosphatase (U/g) Sucrase (U/g)  Catalase (U/g)

1 3615.36+405.63a  25.53+2.26a 36.85+6.45a 26.96+0.59a

5 3 514.58+322.52a 15.05+3.86b 22.55+3.74b 23.13+1.54b

10 2 768.25+242.03b 14.73+2.11b 12.45+3.04c 27.85+£2.12a

T RS RENG TR R 22 5 1.3 (P<0.05)

Note: Different lowercase letters of the same column values indicate significant differences (P<0.05).

x3 TREEERHERLETEFRMEVHENT L

Table 3 Variation of the number of culturable microorganisms in the soil of muskmelon in different

continuous cropping span

HEAFARRR AR B g TR ISNE) 2N T/ EL A
Continuous Total microbe Bacteria Actinomycetes Fungi Bacteria/Fungi
cropping span (a)  (x10° CFU/g) (x10° CFU/g) (x10* CFU/g) (x10° CFU/g) (x10%)

1 13.8+3.3a 13.3+3.3a 45.7+£3.3a 8.0+2.5a 1.7+0.8b

5 12.8+3.0a 12.5+2.9a 32.3+£10.6b 5.4+1.8a 2.3+0.8a

10 5.7+0.8b 5.5+0.8b 21.4+2.9b 5.3+2.1a 1.2+0.5b

T RS EING i R 25 57 1.7 (P<0.05)

Note: Different lowercase letters of the same column values indicate significant differences (P<0.05).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



106 (P ES Gk

Microbiol. China

WL TR . LA A 34 B R A R SE T
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29.32%F1 32.50%, EAF 10 4F RIS 1 4557
BIFEAR 58.65%. 53.17%F1 33.75%. AN B
5 B BRI HE SR B3 R R R )
EAPIRAS 1 HE RN LI R A A E
PIRTREME R C, MR 3 5T LA W, #1E 10
AP A AN TR /B I EUAEAIC TR 1 AR FIELE 5
RN R, R AR T RS s AR A%
24 FEEFROHMALIBWENEEIEZZH
4 B4 £ M
241 EEERFIN T IEMEM S RSN

R 4 S50 LIE W, 3 DA FEFp L 4R
A HE OTU %I~ 4 487, 5 470
4599, U T HEA 98%. X 3 P[RR
RN o 2RI SIM N, HE
A B R AE R, - 38 A o 5 2R (Simpson) 48
$. Chaol #8%50H1 ACE #5505 — & 21 1 I
%, UL TGEE S 2o 2 Ak, B2
AN FEVEA IR Z MR AE B 3 22 5

LA rDNA ITS JFF 53l OTU K45 i
R, 3 ARRIFMEAER -5 L OTU 451k

388, 497 M 5681, BHEIEMFAFRAIELR, HIH
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AOSEN, TIEETER T R AR
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TET K X - S 0 G 7 =F B 64T 00 A
RIERS), AEEVEAERR R 6 f i
WA S, BRI
(Proteobacteria) . KT [ 1(Bacteroidetes) . Ji{
28 1 '] (Actinobacteria) # J5- BE T8 | ] (Firmicutes)
X4 AR Y B SR A R AR, o
MM 1 AL 5 AER 10 FR L EP AT ET]
(Proteobacteria)] 5378 48.63% . 45.55%
Ml 40.83%; MERATFE ] (Acidobacteria) . 1755
B 1] (Planctomycetes) Hl % B Jify ]
(Gemmatimonadetes) ) 7= & W) i Ff A B (8] SE
Mt B TS, FOA AR AR 5 AR 10 4F
1 1 38 vh R FT 1 1] (Acidobacteria) i) 3 FE 43 5|
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Table 4 Alpha diversity index of soil bacterial and fungal communities in muskmelon in different

continuous cropping span

iES BEAFAERR OTU #k % AR454L FARIEE  Chaol 53K ACE 551 B
Classification Continuous Number of Simpson index Shannon Chaol index ACE index Coverage
cropping OTU index (%)
span (a)
| 1 4 487+479a 0.012 2+0.008 8a 6.08+0.46a 6 020.03+611.41a 6 161.85+£575.76a 98
Bacteria 5 5470+569a 0.003 6+0.000 8a 6.90+0.17a 6 960.84+334.52a 7 187.61+395.58a 98

10 4 599+£779a 0.005 2+0.000 5a

B 1 388+28b  0.485 1+0.167 7a
Fungi 5 497+92ab  0.166 4+0.023 6b
10 568+£105a  0.130 2+0.077 7b

6.56+0.29a 5764.81+778.34a 5 924.43+£852.70a 98
1.47+£0.38b 566.94+20.34a
2.75+0.03a 582.39+112.74a
3.15+0.81a 597.63+138.04a

640.92+106.16a 100
608.66+128.41a 100
619.22+150.87a 100

T [N/ NG T RER R 22 53 8.3 (P<0.05)

Note: Different lowercase letters of the same column values indicate significant differences (P<0.05).
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Table 5 Variation of soil bacteria abundance at the phylum and genus levels in different continuous

cropping span

PRI & & Abundance (%)
Dominant phyla Genera la Sa 10 a
ARFE T ) Proteobacteria 48.63+4.09a 45.55+4.56a 40.83+8.79a
BN BA R B 8 Sphingomonas 3.75+1.80a 4.52+1.33a 5.88+3.94a
RPN JE Pseudomonas 3.60+3.69a 3.044+2.33a 1.44+1.46a
BAPHE Lysobacter 2.29+1.79a 2.63+2.36a 1.30+1.54a
h AN EE )R Halomonas 4.72+7.64a 0.13+0.10b 0.15+0.24b
M55 25 LB Luteimonas 2.47+2.11a 0.67+0.80a 0.87+0.71a
R W7 R 8 Devosia 1.27+1.07a 0.61+0.32a 1.2240.56a
5 W B B J&® Brevundimonas 2.01+3.10a 0.12+0.08a 0.56+0.36a
W ELARFF R Povalibacter 0.78+0.42a 1.18+0.41a 1.17+£0.29a
HEHE s Novosphingobium 0.94+0.67a 0.97+0.38a 0.76+0.67a
W B 8 Rhizobium 0.67+0.62a 0.18+0.06a 0.45+0.25a
WA B S 4 Roseovarius 1.44+2.46a 0.20+0.17a 0.13+0.19a
TR Thioprofundum 0.54+0.59a 1.05+0.36a 0.15+0.01a
W H B Sorangium 0.27+0.37a 0.02+0.02a 0.24+0.42a
Rhodoligotrophos 0.25+0.16ab 0.49+0.16a 0.11£0.09b
& [ FEAT )8 Steroidobacter 0.25+0.15a 0.16+0.07a 0.18+0.07a
WA 1# 8 Thiobacter 0.07+0.06b 0.41+0.17a 0.13+0.05ab
YIM- BT ] Bacteroidetes 18.49+3.02a 10.88+1.81b 10.34+4.21b
T T8 Pedobacter 2.22+221a 0.89+1.00a 1.02+1.14a
HFPEFT )8 Pontibacter 1.34+0.41a 0.59+0.22ab 0.49+0.24b
+ A AN JE Terrimonas 0.14+0.06b 0.14+0.04b 0.43+0.16a
FRFT R 1] Acidobacteria 6.62+2.41a 11.33+3.82a 12.06+7.12a
Gp6 2.47+0.70a 4.13+1.75a 4.57+1.83a
Gp4 1.19+0.67a 2.32+1.42a 2.46+2.83a
Gp21 0.00+0.00b 0.04+0.02a 0.01+0.01ab
F# W] Planctomycetes 2.84+0.77b 6.66+0.96a 6.10+2.03a
INBIE R Pirellula 0.47+0.17a 0.86+0.33a 1.13+0.41a
A /NBIE & Rhodopirellula 0.25+0.17a 0.31+0.15a 0.16+0.19a
Thermogutta 0.10+0.00b 0.25+0.04ab 0.29+0.09a
Zavarzinella 0.03+0.02b 0.10+0.01a 0.08+0.02a
TRER T ] Actinobacteria 4.81+1.43a 4.22+0.22a 3.86+1.13a
AT B Corynebacterium 0.38+0.37a 0.01+0.02a 0.01+0.01a
K95 R R )& Nocardioides 0.16+0.05a 0.10+0.04a 0.10+0.05a
SR B Aeromicrobium 0.2340.06a 0.20+0.08a 0.09+0.03a
HA R NS Lysinimonas 0.25+0.16a 0.14+0.08a 0.10+0.05a
JERERE ] Firmicutes 7.44+8.91a 1.54+0.42a 2.93+2.61a
ZETUAT B8 Bacillus 1.65+1.33a 0.61+0.43a 1.36+1.84a
KA B Paenibacillus 0.32+0.13a 0.08+0.04b 0.08+0.05b
PESE 1] Verrucomicrobia 2.09+0.85a 4.12+1.53a 3.96+0.66a
EH B Opitutus 0.22+0.08b 0.33+0.08ab 0.45+0.05a
ZEFRET] 1.93+1.08a 2.90+1.45a 3.57+1.28a
Gemmatimonadetes
SERRE Gemmatimonas 1.93+1.08a 2.90+1.45a 3.57+1.28a
HAth Others 60.97+5.01a 69.26+5.41a 68.60+8.18a

e [P HOR RN F B3R OR 22 57 i 2 (P<0.05)

Note: Different lowercase letters of the same column values indicate significant differences (P<0.05).
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B IR B XA B b KB, SR
1 FAEEE, H#AE S AR 10 4 LIEH L]
(Proteobacteria) . WAH- &[] (Bacteroidetes) . JiX
L] (Actinobacteria) FERE TG 1] H Y KK 7
Jm R R REAUE S, b AL W e
(Halomonas) W F= BEAFAE B & 25 5 3 BRATTAT]
(Acidobacteria) . % % W | ] (Planctomycetes)
BE RS, HdigfE 5 4 LI
FF & J& (Thiobacter) . Gp2l. Zavarzinella FJEF1

HEAE 10 4 3 rp 4 BRI R & (Terrimonas) |
Thermogutta . Zavarzinella 55 J& W) F & B &
Y
243 EEFERMENTIZEEREEBRE
lE:0EA

F B W ) (Ascomycota) . B 16 )
(Mortierellomycota) F1#H ¥ & '] (Basidiomycota)
AR LR R E T (R 6). Hrp
THEW ] (Ascomycota) 22 j& K1) (Cercozoa)F

Fo6 FREMEFRIBERANMBEKFTEMFEEEWL

Table 6 Variation of soil fungi abundance at the phylum and genus levels in different continuous cropping span

["] Phyla J& Genera £ Abundance (%)
la S5a 10a
FHEW ] Ascomycota 11.48+3.66b 36.79+14.44a  36.16+18.88a
Acaulium 3.13£5.42a 13.74+£2.37a 0.65+0.19a
Mycothermus 0.00+0.00b 0.02+0.03b 12.67+1.94a
W 11 4% 1 ) Aleuria 0.07+0.05b 5.53£2.22a 0.95+0.64b
Unclassified Hypocreales 0.07+0.06a 0.65+0.70a 4.19+6.96a
Unclassified Saccharomycetales 0.00+£0.01a 0.03+£0.03a 2.84+4.82a
Unclassified Pyronemataceae 0.09+0.14a 1.67+1.84a 0.46+0.77a
WeIIH I8 Fusarium 0.70+0.63a 0.91+0.27a 1.11£0.98a
ih %% )& Aspergillus 0.15+0.18a 0.12+0.05a 1.97+3.31a
W5 J& Podospora 1.2242.11a 0.01£0.01a 0.63%1.02a
Plectosphaerella 0.00+0.00a 0.18+0.20a 0.56+0.67a
SRR Verticillium 0.02+0.03a 0.51%0.75a 0.310.18a
Y THLE Acremonium 0.12+0.16a 0.05+0.07a 0.04+0.02a
8 W8 Penicillium 0.01+£0.01a 0.070.08a 0.49+0.79a
KEW @ Trichoderma 0.00+0.00a 0.00+0.01a 0.13+0.22a
W8 Sclerotinia 0.00+0.01a 0.02+0.03a 0.05+0.06a
RIEH B Mycosphaerella 0.00+0.00a 0.01+0.02a 0.00+0.00a
W HIBE ] Mortierellomycota 11.78+4.84a 14.24+3.36a 1.18+1.25b
17558 Mortierella 3.10+1.16a 4.38+1.17a 0.86+0.75a
Unclassified Mortierellaceae 0.15+0.25a 3.13+£1.34a 0.13+£0.22a
HH-FE ] Basidiomycota 0.11+0.12¢ 3.71x1.12a 1.69+0.85b
HE A= JE Conocybe 0.00+0.00a 1.13£1.79a 0.02+0.02a
Unclassified Agaricomycetes 0.04+0.04a 0.03+0.03a 1.01+0.72a
AW Chytridiomycota 0.00+0.00c 1.47+0.47a 0.27+0.02b
HWRYETE B Rhizophlyctis 0.000.00a 1.44+2.49a 0.20+0.35a
22} B[] Cercozoa 0.02+0.01c 0.14+0.03b 2.40+0.82a
Unclassified Cercozoa 0.02+0.01c¢ 0.14+0.03b 2.40+1.82a
At Others 91.12+3.08a 72.05+19.44a  69.75+19.58a

T RS RENG TR R 22 5 1.3 (P<0.05)

Note: Different lowercase letters of the same column values indicate significant differences (P<0.05).
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JEREEVFARIRIERC BE R, 1 4F . 5 4FA1 10 4F
AR 4 PR 43 b 7 RE T ] (Ascomycota) F-
JERIR R 11.48% . 36.79%F1 36.16%, 22 jE
I'] (Cercozoa) E FE MK IR 1 0.02% . 0.14% F1
2.40% . PR, #EHELT ] (Mortierellomycota)F
JETEZEAE 10 Enf B2 N, R K B
e, EEAEEER 438 B B s, Rb e
LA, S54RI 10 AFI H B H 209000 48, 75
801 JE, TEFHEE ] (Ascomycota)iy 16 1~J&
A 11 A& BEFP R AR PR S B, H
R TR YO F R R H W R R
(Sclerotinia) . ¥ K )& (Verticillium) . % )&
(Aspergillus) . Hit )] H & (Fusarium)5§ .
25 TIEUFMHRMMEDMEAEX
V2

X IR . A RN T TR 43
Br, Z5RWE 1, mEIAZRTLES, 11
R AR A, pH S L IEVERT S %
YEAEFR RAEAHSC . (AR, XS+ 5 8 A 5 A
W J& (Sphingomonas) . Gp6 . % B Jfi 1§ J&
(Gemmatimonas) . Gp4d 553 Wy 52 1E A1 & %
% H51RH M & (Pseudomonas) . VBT 1 &
(Lysobacter) . L AT T J& (Pedobacter) 1t f1 Al
KKF, HE 1B 8RATUEFED, AED
Mycothermus 5 4R . AR . B .
pH & - 3Efb % [H + & IE A ¢, Unclassified
Mortierellales . {1155 )@ (Mortierella)55 E.H 5
RO, B, IR PR R
(Sphingomonas) . Gp6 . Z H Ml & J&8
(Gemmatimonas). Gp4 EE I T A Mycothermus
S5 FLTA AT BE S i A I i AR 0] R G B Ik 2R
Yo 27 FH T P8 R R AE Py o 0 722 S
FRRRRE, A pH N2 TR A EL TR VR 7 R
JEfm, Hb pH XHANEMAFRE D 23%. X
LI R RE R 53%, Ud B 398 pH (B2 X 1358

Tl W TR R R B ik e R A TR 7~
3 WwE5E#®

IR RN R R T
ARG 43 M T D it Ef AN [) 3 VR AR R i) - 38 5%
ORI, S BUETGE/E M . B
R, SAER & BRI, ARFRE IR 51R/NE
IR I 25 FARL . 3R AR Ak it e )
WUARSE, B AR DRI AE AF BR X 1 396 5% 20 1 52 i)
A DU P it AL S 4 S, B R R 2
pH 2 HEEE =, 2 BgEam . e
BRI R | Pl A PR A5 i 2 R R 152
FEIXNRTIRAARFMT, TR f
NN SR, T IR AR A A
MM, Bt KM -6 7E 1020 47, LR
S YR ] P PR R Ab o ¥ PR A SR T 5 UL BH I e
BRSNS 145 pH &L, pH EAESS 3 4EH 6.53
FEZ 6.00, 1E55 6 4F T K 2 5 A B R A I AL
pH A 5.52M%, [AlkE DL 8 3 1% A + 18 R i
FNG, WSO AT SE RN R 1L AR ok
b DX i S FH 338 pHL A Fifl 2 1 4 PR 4 5 T
AItE S, HEHETRESAPIE R IAT
AR B4 WK B A T AR RS R S
oo A AL, I pH (EHFEE
VEAEPR3G 2 BT #ads, JLJR Al gE 9% X
Jita A A e o R R IR B, IR
L HBTE AT HLIE 30 000 kg/hm?, 4 Ky sh¥p3efEf
MR, pHAEFES.0LL . J4h, ZIX /K pH
W BEPE K, pH (ESEE 77008,

RS MR RAE R AR R G
R EEIE AR, SRR SE 5 AR RGEE
- S8 0% I T R B R TS R R, 2 I
PEBITFRET 31.25%F0 31.54%M", A58 5
BT A [R] 34 VA BRI it N 398 9 pRE A L R
it . R R A O AT R L SR
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Figure 1 Diagram of relationship between environmental factors and major bacterial and fungal
communities. A: Bacteria; B: Fungi. Red, blue and green graph represent soil samples for 1 year, 5 years and

10 years, respectively.
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F71 MEEAFHEFEAEAMEEHENBERE
Table 7

Interpretation of environmental factors on major bacterial and fungal communities

HEE R 7 4l Bacteria HE.H Fungi
Environmental factor IR h-F P il Tk iE h-F P
Explains (%) Pseudo-F Explains (%) Pseudo-F

pH value 23.0 2.1 0.082 53.0 7.9 0.002
A% Available nitrogen 13.2 1.2 0.298 9.20 1.5 0.264
B Available phosphorus  15.0 1.5 0.182 5.60 0.9 0.514
HALA Available potassium 13.4 1.5 0.252 5.60 0.8 0.538
BA Total nitrogen 5.40 0.5 0.642 6.60 1.0 0.482
A ¥ Organic matter 4.60 0.4 0.720 4.10 0.5 0.720

FEARML, THEAE S B b R i . ORI
A A e R T 76 P AR, U B - 3 P e
A BROEIRSZBE, FRAMIENIRE I TR, SR
(LT =50 =N 03T et e M b I L 53
PEARTE, BTG BT, wrss
54 R DTAE XA [ 0o A T S TR Y
WFFEAE AL, %Ak mT BRI A Bt 6 H i 1Y
JE A AR L, AR IRt P R R L 3
A TR PEAT A3 B0 R 2P,

AP e ARG R RO TR R . X IR A
TR B N T AR R S B
WG T2 B S B SRR R 1
FHRMETERY], EETIE SRR SR T
R FLTEHCE BFHRYL SRRCE A X A A i
AW WIFGE S B, e v A R L ) e 24 B
YA RS T R R FE AR AR AR B g 2 R 3R
BRIOTGE A o L rh Al R R A0 . R A A
PR YRR P BN Bk S A AR S R
KB, LAY R R . EARAE
PR, HWAE B Z R AN, A R
FERA R A YL AR A R, (AR H
58 3 W1 34 AR - M8 200 TR/ T TR A LU0 52 BT B
B, T E IR, SECREMA
AIEEAL R SR, AT
ZE R FWIELINAIAE 5 45 B -39 40 7/ 0 AT 1Y) LA

ST 2 v TR AR R, FRE 10 425 R E
5 A0 40T/ LT LG ARAE B0 R B R AR
e, ATRE A b TR AR ) R A L it A (] 2 el
HemBEEN BAAERER

Sl SRR Y R AR T, IR YR
7% 22 FEVE B A% B 4 T Hb Sz e T ST W TR Y
AR . AHIE 5T R BAS [R] i GE VR AR R 4
S RE NSRS B - R Sy N W S S A
I'I(Proteobacteria) . A1) (Bacteroidetes) .
JERE T ] (Firmicutes) 1) F B[R AL, BRAF IR T]
(Acidobacteria) FiF 55 W | 1 (Planctomycetes) +- £ 3
e FREREARI T b AL 45 5 4 5 AR B A SC Y
M IR T8 )& (Rhizobium) . Yk & 1§ J& (Sorangium)
SR G E R AR K 54 WA DG
B R B M B 8 (Pseudomonas) . U FF 1 &
(Lysobacter) . 25 [& FEHT 1 J& (Steroidobacter) . i
W® W W & (Thioprofundum) . H ¥ 8 W )&
(Novosphingobium) . * i #F J& (Bacillus)
L0227 NS AR 9 A e BRI it TG A
A 5 30 A AR R (Rhizobium) . ZF T
J& (Bacillus) %A 25 i @ et

IR TR, TR
(Ascomycota) & T S PLARTR 1T, #HNEAE
R T — 2P . 2 RIS
it 0 S VR T 1 S L IR S s A B, T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



112 Hay/ES

=S|

e Microbiol. China

BET ] (Ascomycota) & AT + 15 FL 1 BE 7% AL
AT, HFEREZEEFERZmARE, i
VEYI X 3825 S5 3 BOEAE XS TR 1) F LR
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(Ascomycota)) 16 @A 11 4JE i F Bkl Fh
FEAE PR AE I, 35 4% &7 & (Sclerotinia) |
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PEAEVENE T A MR A R B, ARG
PR L AR BN, REGEA R IR N
9 & PV Plectosphaerella . % ¥ #1 )&
(Verticillium) . ¥ #:T)& (Sclerotinia) 59y It HLI#
i 1) = B 5 B 3 A A R A g B B2, B 5
R FE ) A K B A B 2 A R ARl AR S
T EE Ty ], AW S R T i AR
WA K B TR AP, o AR A YT
HEE ] o SR 1L 1 BRI

TUAR J3 AT BE % AR AT 12 1 B A5 A - [) B A G
PEo ZERUFERATT R, Bt vE K -3 v iy
B ALK, ASASE . HEAEP AL &R
M 240 P A L PR R 25 A 7 A i AR DGR R Y
AR IO AT A2 AVE ST . R YT
HIFHOCHE A B, 138 pH. A . HECGA . SRk
58 B & (Sphingomonas) . Gp6 . (B
J& (Pseudomonas) . 2§ JfL 1R J& (Gemmatimonas) |
Mycothermus ST 2 IEARE

SNZ L TRt i AR R AR 3 B 1 S Ak 2k
JT . WS TR SR 2R s, DA AR
P AT HE R 2 S RS R . AR R
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