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Influence of moss disease on the biodiversity of phyllosphere
microbe on citrus leaves
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Abstract The eukaryotic diversity of citrus phyllosphere microbe communities after moss infection in Chongqing
was analyzed to find the possible pathogens, and to lay the foundation for better controlling citrus moss disease. In
this paper, Illumina Miseq high-throughput sequencing technology was used to explore the differences of eukaryot-
ic composition and structure community between having symptoms samples and no symptoms samples in
Chongging. 303 OTU were detected from 13 citrus leaves samples, and the diversity of samples was abundant. The
results showed that the advantage phylum were Streptophyta, Ascomycota, and Chlorophyta. The advantage clas-
ses were Dothideomycetes, Trebouxiophyceae, Eurotiomycetes, Sordariomycetes. The possible pathogens were
uncultured Apatococcus sp., Heterochlorella luteoviridis, Cyphellophora sessilis, Heveochlorella hainangensis ,
Coniochaetales sp. GMG C4. Chloroidium ellipsoideum and Kalinella bambusicola etc. The species and abun-
dance of suspected pathogens varied widely. The occurrence of citrus moss disease may be caused by a variety of algae
and fungal complex infection, the interaction between pathogen and citrus leaves remains to be further studied.
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Fig. 1 Rarefaction curves of different sample along the

number of sequences from citrus leaves
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Table 2 Classified phylotypes and numbers of microbe from citrus leave samples at different taxa
ST Koy ITEUR /> Numbers of different taxa
Taxon Al A2 Bl-1 Bl-2 B2 Cl-1 Cl1-2 C2 D1-1 D1-2 D2 1971 197
#L Kingdom 117 108 126 148 120 152 138 157 148 157 138 125 123
["] Phylum 98 96 106 126 108 127 114 133 123 119 117 112 110
24 Class 91 84 90 109 98 108 98 118 105 104 104 93 97
H Order 84 73 75 91 86 95 91 98 90 9% 91 77 84
Bl Family 53 44 44 57 54 63 60 66 55 63 59 47 58
J& Genus 62 54 54 73 64 72 69 81 66 72 74 57 71
Ff Species 49 42 48 59 50 60 56 70 55 62 89 46 61

D Al~A2: 17

IRERAR AT A AR L AJCRHTAE L s BL-1~B1-2. JPNFIREUREE AT A AR s B2 JFM S ARB A Joai 4l Cl-1~

Cl-2: JPMT BB A s RARELL; C2: JFINITREE ZFTORIELL ;s DI-1~D1-2. JFMATREE & AR D2: JHINATREE &
FIGWRREA s El~ E2. BABr B A PRAE A AICHTIEA . T IE .

Al and A2: Sample groups with and without symptoms from Tiefu village, Kangle town, Fengjie county; Bl-1 and B1-2: Sample groups

with symptoms from Huangling village, Fengle town, Kaizhou district; B2: Asymptomatic sample group from Huangling village, Fengle

town, Kaizhou district; CI-1 and C1-2; Sample groups with symptoms from Baiyun village, Zhuxi town, Kaizhou district; C2: Asympto-

matic sample group from Baiyun village, Zhuxi town, Kaizhou district; D1-1 and D1-2; Sample groups with symptoms from Qingji village,

Zhuxi town, Kaizhou district; D2: Asymptomatic sample group of Qingji village, Zhuxi town, Kaizhou district; E1 and E2: Sample groups

with and without symptoms from Guihua village, Xinli town, Zhongxian county. The same below.
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Glomerellaceae 28 ; i #Jg@ : £ 8 )& Cladosporium.
Parastagonospora.Knu fia B JE Camptopho-
ra Se/NERBEE Heterochlorella 25 {3 Fh . 2 £ 48
11 Cladosporium herbarum A7) 5555 W ELIBREE B Bk
ﬁ uncultured A patococcus sp.  Parastagonospora ve-
nae Knufia petricola ,Camptophora hylomeconis . #5245
SE/NERBE Heterochlorella luteoviridis . J5E # #% JE.
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Fig.2 Community composition dendrogram of microbe on citrus leaves from different area
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Cladosporium herbarum
Jaminaea angkorensis

Parastagonospora avenae Farysia taiwaniana

Colletotrichum gloeosporioides
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dosporium herbarum (5. 24%) ,uncultured Apatococcus

sp. (2.69%) . Parastagonospora venae (1. 28%),

C2 DI 1 DI 2 D2
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Vishniacozyma car Kalinella bambusicola
Golubevia pallescer Others
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Fig. 3 Relative abundance of microbe on different citrus leaves samples at species level

2.3 HEBMREZEMSHESHT
2.3.1 Alpha % #0247

M 3 AT LLE W & A PR EL R ) Coverage 15
BCARER L T 90 %0, B BATE 2 /K -1 1 45 R RE 1%
S et BT A A o A 4 LS . Chaol 8.
Shannon $844F1 Simpson & HUE F iR 7% 9
FhZFEMER Alpha Z2FEPEFE 5L, 13X 2L 58 50T LA
TEYIRN L B F R R R A B AT SR A TR T
Shannon F8 06 PP 3 & B UK. Chaol 3 {f i
1R 2 B REYE W) F %) = 5 B8 857 » Shannon {E B K it

HIHEV 2 FE PR . Simpson 5 $0U{E 8K B 75 24+
PERMARET™ . MO BESERAT LA B A A A% A
Vi Z Rt F s Hodh Chaol 8 $i i Al AI%
B943 B2 D1-1 F1 Al, Shannon 5805 25 R AR 10 43
g2 C1-1 #1 A2, Simpson 48 %0 2 A5 AR 1Y 43 5] 2
A2 FI Cl-1, ZEEXSEIRBUNERE 76 13 4IAE |
A B R E n e Cl-1 41, Sl E50 R,
13 ZUBE S E] ) B A ) 3 T M et 2 57 B (P
<20. 05) » B BN [R] DX 35 A5 5 AE R TGS E ARG 36 L
BAYINF S AR e D22 5 E.

R3 HBHAHRYMEEERSHEERR

Table 3 Diversity index from eucaryon of different citrus leaves samples

FE i RURIITEER Chao FRH5%K ACE 5%k TARAREL PR R AR AR AL HHEE
Sample group Observed Chaol ACE Shannon Simpson InvSimpson Coverage

Al 117 i 148. 00 1 150. 90 k 1.23 k 0.54 ¢ 0.46 h 1. 00
A2 108 j 157.60 g 145. 68 1 0.96 m 0.65 a 0.35] 1. 00
Bl 1 126 e 154. 11 i 145,67 1 1.68 h 0.41 e 0.59 f 1. 00
Bl_2 148 ¢ 183.43 ¢ 177.51 d 1.82 ¢ 0.39 f 0.61 e 1. 00
B2 120 h 151. 23 k 152. 91 1 1.45 0.49 d 0.51 g 1. 00
Cl_1 152 b 174. 56 d 180. 10 ¢ 2.35a 0.19] 0.81 a 1. 00
Cl_2 138 d 156. 00 h 163.56 g 1.611i 0.41 e 0.59 f 1. 00
C2 157 a 170. 04 e 172.47 e 1.79 f 0.39 f 0.61 e 1. 00
D1 1 148 ¢ 200. 00 a 194. 90 a 1.74 ¢ 0.39 f 0.61 e 1. 00
D1 2 157 a 192. 20 b 187.71 b 1.98 ¢ 0.34 h 0. 66 ¢ 1. 00
D2 138 d 165. 00 f 164. 33 f 2.04 b 0. 30 i 0.70 b 1. 00
El 125 { 152. 08 j 151.17 1.83 d 0.38 g 0.62 d 1.00
E2 123 g 152.18 j 162. 95 h 1.101 0.61 b 0.39 i 1. 00

1) Al — B 5 R R 5 4 2 5 .25 (P<20, 05),

The different lowercase letters in the same column indicate significant difference (P<Z0. 05).
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Fig. 4 Venn diagram of citrus leaves samples from five areas
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Fig. 5 Principal coordinate analysis (PCoA) of species

from different citrus leaves samples

AL R TCRE ALY 7 A5 DL R A
B AR EFER R LIFRE R R #E uncultured A pato-
coccus sp. LRSS I/NEREE Heterochlorella luteoviri-
dis TCHRMAEAE Cyphellophora sessilis R 5
Heveochlorella hainangensis, Coniochaetales sp.
GMG C4 . ¥R 3k Chloroidium elli psoideum \Ka-
linella bambusicola ; A HiE 2 T 3= BE J& oI iE ZH 17
1~31EYFVAE . IR1ERIAH Colletotrichum gloeos-
porioides Vishniacozyma carnescens | Jaminaea an-
ghorensis . HCHEN . A% 5 25 95 W] BE A S5 A LA
10 MR — AR E A TETCRIEAL T
ERAWAE 3 5L LY F A . Camptophora
hylomeconis , Farysia taiwaniana , Golubevia pall-
escens \Papiliotrema aurea , X 25T 7] HE 2 T 7E I A=
B kK » SR TE HAZAE W) S G 7 R EAE R R
AR A A TR
2.4.2 R XA RAE LA R A 4R Z 7

AT XELA T R IR A A R b R i
YRR A 22 AR R (B Do 7EZ 1 F AR
JEok Jaminaea angkorensis 1 Coniochaetales sp. GMG
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C4, Horr Jaminaea angkorensis Jir 5 Fei) ik 91. 76 %,
TS R/ NER 8 Heterochlorella luteoviridis g
MR B Heveochlorella hainangensis 1 Kalinella
bambusicola X 3 T ] B8 193 J5L I AN 6 5 AR 2 5
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KA A BB A RE M R o 5t 32 A v e AR
HpT & He ]k 35. 5056, Hiak
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fpiiE Symptoms
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1M J. angkorensis Fl Coniochaetales sp. GMG C4
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fa AT e S B 4 S AR AL, E 2 uncul -
tured Apatococcus sp. BG5S/ NEREE H. [uteoviri-
dis FEALRILTH C.
XL T G ) A AR R B A A

X 3 Fp, H &

gloeosporioides X

JCJdiE Asymptomatic

#f Sample group

Cladosporium herbarum Uncultured Apatococcus

Camptophora hylomeconis Heterochlorella luteoviridis
Helminthosporium velutimum — Jaminaea angkorensis
Heveochlorella hainangensis

Coniochaetales sp. GMG C4 Papiliotrema aurea

& 6

Paraphaeosphaeria minitans

Parastagonospora avenae Knufia petricola

Colletotrichum gloeosporioides w Vishniacozyma carnescens
Farysia taiwaniana Cyphellophora sessilis
Golubevia pallescens Sclerotinia sclerotiorum

Chloroidium ellipsoideum Kalinella bambusicola

A7 415 7 i 4E 0 T 75 1 4640 Foh 2L B R

Fig. 6 Difference of species composition between symptoms samples and asymptomatic citrus leaves samples

Bl il DI
ZH Sample group

Kalinella bambusicola
Chiloroidium ellipsoideum
Coniochaetales sp. GMG C4
Heveochlorella hainangensis
Cyphellophora sessilis
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Fig. 7 Species composition of eucaryon in citrus leaves samples with symptoms from different areas

3 it

A FE I R 3 AR XNR A B ROR A X
H BOAE FTCHEAE 1) 13 1 A A i 1 EL A% AR 0 )
FPHEAT TGN . 455K R W] BETEAE )] Streptophy-
ta. TH#E |7 Ascomycota, 4% #: | ] Chlorophyta F14H
F#[ ] Basidiomycota J& 13 {4 i EAZ AV A9
P, st Alpha ZHEPES T A BE 13 ke dh b &
BRI Z e 22 R A K. U] B e 8 1 R A
SUBSRAAN [F] S (H AR PR B AR Y B R R

ARABL. X5F Fb 23 B A i i 2E FD TG I ZH A ARG I e A= 9
TR 7 Lo A P Z R %) 22 57 0 35 s AT o e 41
R B R T IO AE L ) AL A W A T
DAHEDN HE AT RE 04 995 L5 0 2 AN 1] 1% 55 A BR 8 uncul-
tured Apatococcus sp. B Lk 55/ NREE Heterochlor-
ella luteoviridis JCHWIMAFEHEL Cyphellophora sessil-
is JHEFBIEE Heveochlorella hainangensis .Conio-
chaetales sp. GMG C4 ., [& 3Kk #E Chloroidium el-
lipsoideum Kalinella bambusicola %, TEICHRAELL
Y R T AR B R A R R L



45 55 6 1

Wi o LR T XA PR AR W) R R )

+ 105 -

BEIRERY N AE TR E AR . SR TR BR R E A B B
(AR TG St 3 i 27 A A X U BT

o 3 1) HE A T A i PR 3R A3 o LA 3 LY
IBE A, a0 AR [ XA 99 E 41 T RE 11
I ISV AL RSO 7 B R B, A [] DX s ) ) 22 S AR K Hy
W AT AN AN [5) DX 8 N 5 RS A ARG 75 7 9 140 s I 0 AN
JEA ] s 3 AT B2 A [r] DX IO BE L 3 9 o A O 1
T A SRR 7 A BOR 22 5 Y . B2 16 . Kemp
S F B IS R W I R A1 5 B DI A A S
—REAAICES T X AR A R — 3L

AW K UM T 5 7] BE 190 )5 ) o A ] 85
FERIBREE uncultured Apatococcus sp. - TE & 55 /NER
¥ H. luteoviridis TCARPFELE C. sessilis. 1 FE AL 5
H. hainangensis.Coniochaetales sp. GMG C4 5|
BR#g C. ellipsoideum . K. bambusicola | Ji& 73 7% JH. 7
C. gloeosporioides %5, RN MM E &
SRSk LI ERE B X BREE Apatococcus lo-
batus FTEC A6 G W AF 52 vh SR B0 05 95 I
S ML ER IR A T . ARG A5 R S
A ZSE AR KB, ARFRE SRR INE S
B AR SR TRy TR TSR b S R R R
uncultured Apatococcus sp. ,{H I\ 155 i & 7 25
AR R B KD BRSSP ERSE . B 7R A S TR P9 A X

' EIRE R 5 H A i 2 A LA TE 1 HL B

PISRIBAR . U AN JE 6 2 I T A S A ARG 0 T
J R TEATHRG - B 850 g 3 i » AR WF 55 A AT HE BR A A Bk
JEYAAE A AT B AT RE. B A RE A
TE A I T 2 M AR 75 & 0 0 it

g 1 DAL ot AR [t el K ST AR R ) 2R el
HRSRIBU o FEAS AR e 45 1 B AR P L B
SAXEAY W o BRBMRE MG it -, LR AR 13
By o HIASUR ARG 235 5 ] DA AS ] it Aol R0 A ] IXC
SN R AR B A P AR AR A ORI 22 5 SR 221
W AT AEATAHOG IR AR o IHeAh o (e M S M A
R T AR BAE R Rt — 2B WFSE, X T4 T AN )
TH ST MG RN A 2R EIEIHR R

S 3Lk

[1] BLAKEMAN ] P. Microbial ecology of the phylloplane [ M].
New York: Academic Press Inc, 1981:1 - 5.

[2] LEVEAU ]J H. Life of microbes on aerial plant parts [M]. Spring-
er: Principles of Plant-Microbe Interactions, 2015; 17 — 24.

[3] LINDOW SE, BANDL M T. Microbiology of the phyllosphere [J].

Applied Environment Microbiology, 2003, 69(4). 1875— 1883.

[4] WHIPPSJ M, HAND P, PINK D, et al. Phyllosphere microbiol-
ogy with special reference to diversity and plant genotype [J]. Jour-
nal of Applied Microbiology, 2008, 105(6); 1744 — 1755.

[5] YADAV R K P,PAPATHEODOROU E M, KARAMANOLI K,
et al. Abundance and diversity of the phyllosphere bacterial
communities of Mediterranean perennial plants that differ in
leaf chemistry [J]]. Chemoecology, 2008, 18(4); 217 - 226.

[6] NEWTON A C, GRAVOUIL C, FOUNTAINE ] M. Manag-
ing the ecology of foliar pathogens: ecological tolerance in crops
[J]. Annals of Applied Biology, 2010, 157(3) 343 - 350.

[7] BERLEC A. Novel techniques and findings in the study of plant
microbiota; search for plant probiotics [ J]. Plant Science, 2012,
193/194(3): 96 - 102.

(81 XBFHr. th A A4 M AP B R i e[ ], 2024k, 2005, 32
(6): 1140 - 1146.

[9] FOUTSDE, SZPAKOWSKI S, PURUSHE J, et al. Next gener-
ation sequencing to define prokaryotic and fungal diversity in the bo-
vine rumen [ J/OL]. PLoS ONE, 2012, 7(11); e48289.

[10] CARON D A, COUNTWAY P D, SAVAI P, et al. Defining
DNA-based operational taxonomic units for microbial-eu-
karyote ecology [ J]. Applied and Environmental Microbiology,
2009, 75(18): 5797 - 5808.

[11] SCHLOSS P D, WESTCOTT S L., RYABIN T, et al. Intro-
ducing mothur: open-source, platform independent, communi-
ty-supported software for describing and comparing microbial
communities [ J]. Applied and Environmental Microbiology.,
2009, 75(23) . 7537 - 7541.

[12] CHAO A. Nonparametric estimation of the number of classes in
a population [J]. Scandinavian Journal of Statistics, 1984, 11(4);
265 - 270.

[13] CHAO A, LEE S M. Estimating the number of classes via
sample coverage [J]. Journal of the American Statistical Asso-
ciation, 1992, 87(417). 210-217.

[14] HILL M O. Diversity and evenness: a unifying notation and its
consequences [ J]. Ecology, 1973, 54(2): 427 - 432.

[15] SIMPSON E H. Measurement of diversity []J]. Nature, 1949,
163(4148): 688.

[16] ESTY W W. The efficiency of good’s nonparametric coverage esti-
mator [ J]. The Annals of Statistics, 1986, 14(3): 1257 —1260.

[17] MAUGHAN H, WANG P W, CABALLERO J D, et al
Analysis of the cystic fibrosis lung microbiota via serial Illumina
sequencing of bacterial 16S rRNA hypervariable regions[ ]/
OL]. PLoS ONE, 2012, 7(10): e45791.

[187] JIANG Xiaotao, PENG Xin, DENG Guanhua, et al. Illumina
Sequencing of 16S rRNA tag revealed spatial variations of bac-
terial communities in a mangrove wetland [ ]J]. Microbiology E-
cology, 2013, 66(1): 96 — 104.

[19] BRig, w04, FMERE, 55, R BT A HURS R A R
eI ZES L] AEYIPRY, 2018, 44(1): 59 - 66.

CFH 123 50



45 55 6 1

FRIRIRAE Ko 55 B NFE A P ) B TR S AR I A R TR « 123

Sk

[1] ZHU Youyong, CHEN Hairu, FAN Jinghua, et al. Genetic
diversity and disease control in rice [ J]. Nature, 2000, 406
(6797): 718.

(2] RAH. LAY ZFErEE TR Y5 HOE 8o 5 7 %
[M]. Jbat: s ERE R AA Ak, 2012 305,

[3] WANG Ying. REN Zhong, ZHENG Xiaobo, et al. Detection
of Phytophthora melonis in samples of soil, water, and plant
tissue with polymerase chain reaction []J]. Canadian Journal of
Plant Pathology, 2007, 29(2): 172 -181.

(4] skfrse. wREEs M pival) ] dbdrfdZs, 2006(5): 131.

[5] SCHOOFS A, ENTZ M H, VAN A R C, et al. Agronomic
performance of pesticide free production under two crop rota-
tions [ J]. Renewable Agriculture & Food Systems. 2005, 20
(2):91-100.

[6] PFH)a, WSCH, SRR JEL, 5. T ORFEFF I A 98 1 R 1) A ) &
XN AT I T AR VE LD D, b A 24 4. 2009, 25
(2): 210-213.

[7] ICIEK M, KWIECIEN 1, WELODEK L. Biological properties
of garlic and garlic-derived organosulfur compounds [J]. Envi-
ronmental & Molecular Mutagenesis, 2010, 50(3); 247 — 265.

(8] AT SRS A BEARY » S5. JORR 5 MR VR X e SRV 1 Bl
TRRCR BV E NI ERLT ], B R3], 2016, 22(5) : 55 - 62.

[9] kAP, JIaH. BR3m JU 3 B8R L 1. Akl 2009(19) «
32— 33.

L10] sk, 7B, PRICH. REREARIBX PH = Fh 15 ) K 4
iR R L) ] IR Al R A AE R, 2005, 39(1): 63 - 65.

[11] DONG L L, HAOZP, ZUO Y M, et al. Effects of garlic bulb
aqueous extract on cucumber seedlings, soil microbial counts.
and enzyme activities[ ] ]. Communications in Soil Science &
Plant Analysis, 2012, 43(22). 2888 - 2896.

L12] JaHamg, A, dmie . REriR RPN AR 52 A8 3 11
PRRAEF L], B A & 24 . 2007, 18(1): 81-86.

(18] JalHamy, FA% A, &M, 55, R RK BB BAR R T
PIPLEAE PR L) 1. W JU AR B2 2 4 CHAR B O
2007, 35(10): 87 —-92.

[14] BB, 6 Sh KERREFE KBR300 B AR R0 3 4y
AL ] BEALA A EHR, 2008, 28(2): 324 - 330.

[15] FHo, BEE, £, 5. ek B RO 52
RS RAE LT ], PUAL R AP B R = 24 i CH AR
MO 2009, 37(7): 103 - 109,

[16] HAN Xu, CHENG Zhihui, MENG Huanwen. Soil properties,
nutrient dynamics, and soil enzyme activities associated with
garlic stalk decomposition under various conditions [ J/OL].
PLoS ONE, 2012, 7(11): ¢50868.

[177 HAN Xu., CHENG Zhihui, MENG Huanwen. Growth of
wheat and lettuce and enzyme activities of soils under garlic
stalk decomposition for different durations [J]. Journal of the
Science of Food &. Agriculture, 2017, 97(9). 2727 — 2735.

(187 Wiok 5, o SO VIARAE » 4. Kk & BEFR U6 53 s 3
e AL Y AR DR L) ). g ol K22 (A SRR
2),2011,26(2).284 - 287.

[19] 4475 . WM. FME R . 55, RFsfe1E 5 NSRS 250 R0 11 5C
AL RiEGE KR AR RRD - 2003, 21(1) 9 - 12,

[20] BRAEAS. skEe ., SR IBGE , 55, L= B AR 45 4k U AR Ak 2= B 16 3
ARFFFEHHRLT]. v E AR 2584 » 2008, 24.(1) £ 367 - 370.

[21] KRUPINSKY ] M, BAILEY K L., MCMULLEN M P, et al.
Managing plant disease risk in diversified cropping systems []J].
Agronomy Journal, 2002, 94(2); 198.

[22] ERIC BLOCK. #i#r & —fE U SRHEIM]. B4, b
A0 ARl A, 2017 343,

[23] HANSEN Z R, KEINATH A P. Increased pepper yields fol-
lowing incorporation of biofumigation cover crops and the
effects on soilborne pathogen populations and pepper diseases
[JJ. Applied Soil Ecology. 2013, 63(1): 67 - 77.

[24] RPFE RIS T T HE K57 20 7 A = b B0 180 5 A9 52 )
LI ZRAbAR MY K 2241 - 2004, 35(4) : 395 — 398,

[25] MRIRAS PR PR B, SRR 2R 3R IBORXT B 2 b £ 2
AR S A R ZE L) . DU AL ARMBHE R 25k (3 SRR
i) »2009,37(10) ;140 — 144,

[26] f2 % AR R, S B, 5. KGRAE MR K B MRV 1L o3 (1 AL I
L. PHAEAMBIE A A4 CHARBI2ARRD . 2007, 35(6) : 119 - 124,

[27] JE3% » 22 0RIR) A MAR. 5 R % SRS RIS 95 55 T 1)
2 P 3 0 e FH IR B B 9 L) . Bl A iR 2014, 23
(3):262 - 268.

[28] B, XA ML . RFRIE R PRI SO0 BB 75 18 11
T AL ] SRl K224k, 2014, 29(3) : 337 - 346,

[29] FEMbR, ZEHRAR . FAE. KRB IR AR O FRLN 1 1 A E
[J7. b 4% . 2008, 23(S2) : 47 = 50.

[30] X2 E, ARG, XU PV, 5. RO FE K BB R Ak A FH i i 5
(I3, dEr B2, 2015(9) .10 - 13,

(TS | #)

(B3 105 5D

[20] Zpguk, m/NT WhEHE, S5, ISR K RAT 5 A
A 3 R AT B T AR T g s L) ] A AR A4
2018, 45(3): 496 - 502.

[21] Bizeitg, Xooae, whac, 5. VY gt X RS IRI R HE MRt 1% 2 4
AT, MR R4, 2016, 43(4): 537 - 543.

[22] KEMP P F, ALLER J Y. Bacterial diversity in aquatic and oth-

er environments; what 16S rDNA libraries can tell us [J].

FEMS Microbiology Ecology, 2004, 47(1): 161177,
(23] ERV. 2. EABLEER 100 5 4 MO AE KA o
[J]. hERFE@EIR, 2005, 21(6): 288 - 291.
[24] FRF M52 ERBEEEmRELH A f A oE) ). vrg
fer 47 . 2015, 28(5): 2090 — 2095,
(%4 . HAm)





