TRAE SRR Sep. 20, 2019, 46(9): 22142230
Microbiology China DOI: 10.13344/j.microbiol.china.180498

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

BEXRAR T EREGEEASR TIREER SRS
MRS

gk TR R4 ZEES Mz ZIRY BEH ELET

1 Frm e A A S A B S S AW R BiiE AT 832003

2 R T AEY ARG S TRE S E P EBABERE T AYE AR KE 300308
3 HEAR BRERE BrEE A 832003

4 PENILN T ARAE wh B HEE 831300

i E (T FBEMNASZFANKIBERBETF A UASKHKILZAET —25]%m, IHERL
FEATH B R4S A S PR A B A NGt oA L. FRAREFREARFEL. [B 6]
WILAFRHE LR T AR R BT R H a5 B A RE N L3 Tr B L3R il AR 254
B ST, MAREFLEHT LERAESOT A, [FF] AR BAFERN B EARTE T i
MIRGEMAGE BRI A R B, AHL. MR A 2B, #249. pH F LERIMHT;
#RIEIE K DNA, #@id PCR ¥ ¥ & 2 L&, F# —AX lllumina HiSeq 2500 M 5 ARAF £4% DNA #t
47 16S tRNA A E (V4 R)ZHAEMNF; FRAWEEFoM@MAREEN o M Chaol.

Observed species. Phylogenetic diversity (PD). Shannon. Simpson #= Good’s coverage 8§4k). B % #f
AP T, KT &P R 9047 742 [Linear discriminant analysis (LDA) effect size pipeline,

LEfSela T AR A B % 2 R ey mE o KR A; 46 LE AR BEA /TN ST %A
AR E AR M R TR T, [LR] LERREABT N LM 5 RAEA AL,
AR BAER. EH. pHAEREHMm, ST EAR. BM A4 pH £ 2 F EA0X(P<0.05);
A AT o 5 A 4840 Chaol. Observed species #= PD /245 B AF o& 7 3 2 F KT M ARAF
4&, Shannon 54K £ F & RRE, (B2 LRI L R T, @ABZE RSN PAHE L P
RFMARKA - BHAARN. KEXAI. FERAT. AFH. BB, v-EHAN. B-
EHREN. S-EHERN. ZTHN. BEAI. FEH. A58 A0S NEFEE>1%); £

Foundation items: Major Science and Technology Projects of Xinjiang Production and Construction Corps (2018AA004);
Key Research and Development Plan of China (2016yfd02004005-4); The Project of Science and
Technology Research and Achievements Transformation Project of Xinjiang Production and
Construction Corps (2016AC005); Science and Technology Support Program of Tianjin Municipal
(16YFTSY00580, 18ZXSZSF00100); National Natural Science Foundation of China (31500424)
*Corresponding authors: LYU Xin: Tel: 86-993-2057998; E-mail: Ixshz@126.com
HUANG Zhi-Yong: Tel: 86-22-84861931; E-mail: huang_zy@tib.cas.cn
Received: 26-06-2018; Accepted: 10-04-2019; Published online: 22-04-2019
EEWH: LPIE KR H(2018AA004); [EIK H MM A& 15 H (2016yfd02004005-4) ; gkt FHBLACALO R B
X5 R AT H (2016AC005); REFHL TR H(16YFTSY00580, 18ZXSZSF00100); E% A AR
2EF4(31500424)
“BIEEE: B#r: Tel: 0993-2057998; E-mail: Ixshz@126.com
WS, Tel: 022-84861931; E-mail: huang_zy@tib.cas.cn
WS EHEA: 2018-06-26; EZ HHA: 2019-04-10; MLEE % HE: 2019-04-22



X AHE 5 B BRI v I Y A FH A S A7 AR - S A AT P 25 S 2 REVERIE Y 2215

FANWERE T, HBENEILEFTEEGTENRAD I ZOEBATAT . AKXAN. &5R@
. BB, AR, o ZHEAR. -EHEARFH— L, UBRRLEH 1T Candidatus
Nitrososphaera, #7528 RISHAMMLIE TR E S ENMAEM I ZOIEH ], SEMHRNUAEHH
TP &) E e A, iE Q482 F @ 1]+ 49 Nitrosopumilus, E AR5 (PCoA) SRR T, HEAELK A%
QB mMABR LB SRR ESRANBEENN I ST, BATEeImAA R SMm—8 L
Z. ARFTNLERE T, ZNAFTAER ZFZ T REAHMK. THRSIT(RDA)E R L LR
S mABREEMA RE 0., (L] ERPIAEIEFAABZTFILT, ZMtsE LE@E %
B AL ME AP REAE, @A o SRR KT REAMIR, @@ B ML 7RG, R
—k G A K FE A E G AR, kA E . e BFREGE. AR T AT RGN
ARG TE R AR IR R SR A

KA BEZAFIRK, GMARE, SR, mEARELEM, AT
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Tarim river basin

LIU Hai-Yan'** WANG Jing-Jing® ZHAO Wei* LI Qing-Qing® CHEN Yun’
YI Zheng-Bing* LYU Xin"' HUANG Zhi-Yong >

1 Key Laboratory of Oasis Eco-agricultures, Shihezi University, Shihezi, Xinjiang 832003, China

2 Tianjin Key Laboratory for Industrial Biological Systems and Bioprocessing Engineering, Tianjin Institute of
Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

3 Xinjiang Agricultural Reclamation Academy of Sciences, Shihezi, Xinjiang 832003, China

4 Agricultural Technology Promotion Station of the Sixth Division of the Xinjiang Production and Construction
Corps, Wujiaqu, Xinjiang 831300, China

Abstract: [Background] The large-scale agricultural reclamation and development of oasis ecosystem in
Xinjiang have ecological impacts on the environment. Thus, it is important to evaluate the effect of human
activities on the soil biological characters, especially the soil bacterial community, to provide a guidance
for rational utilization of land and sustainable development of agricultural resources in the future.
[Objective] By comparing soil bacterial structure and diversity in cotton fields affected by agricultural
reclamation, with those in Euphrates poplar forests where ecological environment has largely been kept
intact, we studied the effects of human activities on agricultural reclamation and development on soil
microbial ecology. [Methods] The national standard method was used to measure the soil physical and
chemical properties, including total nitrogen, total salt, organic matter, alkaline hydrolysis nitrogen,
available phosphorus, available potassium and pH in the cotton fields and poplar forests in the lower and
middle reaches of Tarim river basin. Total soil DNA was extracted, a library was established by PCR
amplification, and 16S rRNA gene (V4 region) was high-throughput sequenced using Illumina HiSeq 2500
sequencing technology platform. Bioinformatics was used to analyze the changes of bacterial a-diversity
(such as Chaol, observed species, phylogenetic diversity (PD), Shannon, Simpson and Good’s coverage
indices) and B-diversity in the two areas, and redundancy analysis was used to find the main factors that
may have affected the changes of the bacterial community structure in the both areas, as well as
community function prediction results were also used to give an auxiliary interpretation. [Results] Basic
physical and chemical properties of soil analysis: compared with the primary Euphrates poplar forest in
oasis cotton field, there were significant increases in total nitrogen, alkaline hydrolysis nitrogen, salt and
pH, and significant positive correlation between soil salt content and total nitrogen, alkaline hydrolysis
nitrogen and pH (P<0.05). Bacterial diversity analysis: the diversity index of chaol, observed species and
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PD in cotton field samples were significantly lower than those in Euphrates poplar forest samples. The
Shannon index difference was not significant, but it showed the same variation trend with the above three
indexes. Bacterial community composition analysis: the dominant bacteria across the two places were
Alphaproteobacteria, Actinomycetes, Gemmatimonadetes, Bacteroides, Acidobacteria, Gammaproteobacteria,
Betaproteobacteria, Deltaproteobacteria, Chloroflexi, Firmicutes, Planctomycetes, Crenarchaeota and
Nitrospirae (>1%). According to the results of linear discriminant analysis, the significant enriched
microorganisms in cotton field soil were Acidobacteria, Actinobacteria, Chloroflexi, Firmicutes,
Flavobacteria and some species of Alphaproteobacteria, Gammaproteobacteria, and one species
(Candidatus Nitrososphaera) belonged to Crenarchaeota was also discovered in cotton field. However, in
Euphrates poplar forest soil samples, the significant enriched microorganisms were Chlorobi, and
Deltaproteobacteria. Some species in Proteobacteria and the Nitrosopumilus which belonged to
Crenarchaeota was enriched in Euphrates poplar forest soil. The results of principal coordinates analysis
(PCoA) showed that soil bacterial community composition (BCC) of cotton field could be significantly
separated from that of Euphrates poplar forest, and the BCCs in cotton field ecosystem was more
consistent. The results of functional prediction showed that nitrification function in cotton field was
significantly surpassed the Euphrates poplar forest. Redundancy analysis showed that the total nitrogen
content had a significant effect on the variation of BCC. [Conclusion] Under the influence of long-term
cultivation, fertilization and other human activities, the soil bacterial diversity and community composition
of oasis cotton field have been significantly changed, the a-diversity of bacterial community was
significantly lower than that of the Euphrates poplar forest, the p-diversity of bacterial community was
weakened, and some bacteria related to plant growth, such as Actinobacteria and nitrifying bacteria, have
been significantly enriched. This result can provide useful information to utilize and develop Xinjiang
oasis ecosystem filed in near future.

Keywords: Tarim river basin, Oasis cotton field, Euphrates poplar forest, Bacterial community structure,
Diversity analysis
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F—ANmBORE R KA —2, ARG, R TK
BT R AT RS 2 S K SRS
—ASE T UKAS g ML =, TR 4 °C P THR
B35 DNA; 7 —438 HFE BRI R | A H5E
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o, FIH 16S rRNA FEH 5[4 F515 (5-GTGC
CAGCMGCCGCGGTAA-3")#l R806 (5-GGACTA
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Table 1 Physical and chemical characteristics of soil

Items MT HY
pH 8.76+0.09a 8.02+0.11b
J=EN 4.25+0.52a 1.84+0.29b
Salinity (g/kg)
AL 8.37+2.62a 8.05+0.13a
Organic matter (g/kg)
2R 0.20+0.11a 0.07+0.18b
Total nitrogen (g/kg)
T 91.58+5.16a  27.53+7.26b
Alkaline hydrolysis nitrogen
(mg/kg)
Rk 37.69+4.76a  24.70+10.16a
Available phosphorous
(mg/kg)
AR 125.39+22.74a 123.41+47.19a

Available potassium (mg/kg)

P BRI T ARG o AR
AL FR 2 [ () A HEERAE A AR H Duncan R IU7E 0.05 7K P75 ik
225 (n=3). HTERLRYIAR H (MT) RS SR HY).

Note: Data in the table are the Means+SD; The different normal
letters in the same row indicate significant difference among
treatments at 0.05 level (n=3) according to the Duncan test.

Xinjiang oasis cotton field (MT) and original Euphrates poplar
forest (HY).

A
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R e
= 8
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=
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RO . R B2 IR (P<0.05) (3% 2).
22 WEMZHMEERSHT

AV Z R A I Z5 R & 1 BR, 6 AMFE

®2 DRIBACEMEAEX SR

Table 2 Correlation analysis between physical chemical
properties (Pearson)

Item pH Sat OM TN AN AP AK
pH 1

Salt 0.947" 1

OM 0228  —0.050 1

TN 0969 0915 0.004 1

AN 09717 0.924" 0.010 1.0007 1

AP 0.829°  0.544 0372 0756 0.745 1

AK  0.200 0.117 0.000 0.158 0.134 0.562 1

TE: *: P<0.05; **: P<0.01. Salt: S#h&Ht; OM: AL ; TN:
RAEGR; AN: A S AP ARBES I AK: A%
BIE L HEmAR AR I (MT) R LR SR (HY).

Note: *: P<0.05; **: P<0.01. Salt: Total salt content; OM: Organic
matter; TN: Total nitrogen; AN: Alkaline hydrolysis nitrogen; AP:

Available phosphorous; AK: Available potassium. Xinjiang oasis
cotton field (MT) and original Euphrates poplar forest (HY).
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Figure 1 Rarefaction curves of soil samples at cutoff level of 3%
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mn AR W A 122, BURII 7 1
M, WA R, TS S mi i 6 > T3 it A Gl
YRS, A AR E TR, BLIAI T A R
T T REZEEW IR FEARE S iz Xk 1 3
TR DRI I 25 A AR, (AT A /D R B A b 2K
Y S

AEI) o ZREPE AT R s BT e s ]
MR HY) 3 A Y 28 48 (Chaol . PD
F1 Observed species) ) i 2 i T 4% Y AR H (MT)
(P<0.05) (3 3). Hrm i ia i RHY) T ik
A R 2 R (PD) FULI B OTU % H
(Observed species)Z) LRI HI(MT)AY 1.5 1%, F
B L8 5 (Chaol) A &M AR FH(MT) 19 2 f5 % .
Shannon #8§ FC(E 8K, ULHIHEE ZHEME R ;
Simpson FEEHA, UiHIHETE ST, BER
Shannon #5022 7 A B3, (HIESHAAREE S AT
=R EEE (G 4), [HBT, &FENAY Simpson 5
BN 1, UL TCIE 2 S AR 1 S A R A

R3 LIEEY o BN
Table 3 Soil bacteria alpha diversity

SRR i P AR A 2R X AR, (B RS
P& W R S MREE S 1K) Simpson $8 BUAIE TR FHAE
i 4).
23 TIEMERERERSEHESR

F1 ] Tlumina HiSeq 2500 I FFF- 5 % 6 4> 14
FESRARE M Z RS TR, I3RS 386 174 4
FEA, BRAREASES 45 000 257551(49 908-70 900).
B EFAFEA S BEPLREL 30 000 25 F 51 HEAThrife
Rorbrla, RIEHEYF N o-BIEFF RN . ik
T ZERMIE ] AT BRI y-25 B
WA, B-AETERN . SETE R . LRI, JEEE
BT, TREWTT . SR BT RAS AL IRE R ] (F
FE>1%) (K 2). Frimagt iR H(MT) 58 b i BT
W83 TR GASIARHY) , 8- 818 49 .25 11%
FIRIEEAHAREY) (P<0.05) (35 5). Fromstis H
(MT) - FRAT BRI 1] 9 3 2 29 Ry B LR B A AR (LY )
) 2 A5, Frsl iR EY) B3 §-BIE RN
()7 i 20 R SN AR FH (MT) Y 2 5.

U 9> LIRS S TR OTU %(H TARIEE  FEHRGS BaR
Source No. Chaol PD Observed species Shannon Simpson Coverage (%)
MT ys-33 9266.13 451.97 4506.90 10.09 1.00 91.90
ys-36 9463.16 485.31 4770.40 10.08 1.00 91.68
ys-55 9287.93 470.04 4 576.40 10.08 1.00 91.87
HY ys.8.1 21507.77 628.81 6 861.00 10.81 1.00 84.20
ys.8.2 28 237.40 718.08 7 968.60 10.97 1.00 81.09
ys.8.3 15 875.36 536.51 5514.40 9.41 0.97 87.82

T BTSRRI FH (MT) RS I S AR (HY).

Note: Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).

R4 IREEY o SEMMELERS R

Table 4 Comparison analysis of soil bacteria alpha diversity

Items MT HY
F & 84X Chaol 9391+173b 21 42946 564a
ik R ZHH PD 469+17b 628+91a
OTU %t H Observed species 4 618+163b 6 781+1 229a
AR 454 Shannon 10.09+0.01a 10.4+0.86a
3 ARFE U Simpson 1+0a 0.99+0.01a
#75% Coverage (%) 91.81=0b 84.37+3a

TE: R EER PR ER s AT A RS RN R b 32 (6] (4 - AN B o 2R IKGR Duncan R0 7E 0.05 /K FAA7E 2

FFEFMm=3); PR B MG EY).

Note: Data in the table are the Means+SD; The different normal letters in the same row indicate significant difference among treatments
at 0.05 level (n=3) according to the Duncan test; Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).
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Figure 2 Bacterial community composition on phylum level (phylum Proteobacteria is grouped into class level)

. TR IR FH (MT)FR LA S AR HY).

Note: Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).

x5 TEWMEDTVKFERANRBRIL)FEE
ELig

Table 5 Comparison of bacterial abundance on
phylum-level (phylum Proteobacteria is grouped into class
level) in soil

Items MT (%) HY (%)
Alphaproteobacteria 14.48+0.68a 14.85+0.77a
Actinobacteria 13.21+4.57a 5.41+£2.22a
Gemmatimonadetes 9.95+1.76a 7.83+1.56a
Bacteroidetes 7.07+4.12a 5.36+1.69a
Acidobacteria 10.67+2.18a 5.44+0.65b
Gammaproteobacteria  12.53+4.94a 21.27+£9.61a
Betaproteobacteria 6.49+1.81a 8.08+1.05a
Deltaproteobacteria 5.96+1.17b 11.26+0.88a
Chloroflexi 6.07£1.19a 4.50+1.09a
Firmicutes 4.20+1.99a 2.26+0.59a
Planctomycetes 3.26+1.81a 3.11+0.72a
Crenarchaeota 0.88+0.44a 1.55+1.10a
Nitrospirae 1.19+0.30a 0.83+0.34a
Others 4.05+0.47a 8.26+1.87a

TE: RPEdE I WA NE PRI AR
AL PR [A] ) L e AL PE BT AR Duncan K, 7E 0.05 7KFAFLE
WEZEF(=3); HEEL AR HMT) RS ISR HY).

Note: Data in the table are the Means+SD; The different normal
letters in the same row indicate significant difference among
treatments at 0.05 level (n=3) according to the Duncan test.

Xinjiang oasis cotton field (MT) and original Euphrates poplar
forest (HY).

1E LEfSe 7-Mraifh, g XK 3A)+
M N 2N AR T i T 28 53 28900, AR
()53 28900 E B — /N B B AR IZOK T I —
525, /NI B EAR K/ IMUER T AT 3 B AR
N TRELZFOIGE—E O RNER, ZREHE
B9 F Biomarker BRBEZH IV TE (O, 2007 SR
INTE AR AR AR (HY) 20 531 ke 38 24 T ik
YIZEHE, SR SRR TESENAR B (MT)Z 500 ke
P EEAEHAZERE . LI LDA score KT 2.0 Fh
BEZSYF, HA%2%25 51 Biomaker H£1}
301 F', 3 LDA score KT 3.5 By ¥ phidetT
LDA A HERIE R (] 3B), HAdR & B
REKHWHR, KEMRERZE LDA score, HIA
[F) 2 ) S 25 22 S A s e R B, 61 AN 2R T 1)
(Actinobacteria) . fRHT i1 (Acidobacteria) . /5t
i ® H (Sphingomonadales) . Mt i #T i H
(Desulfobacterales) . T I J& (Geobacter) /& 5 £t
ZR YA FH (MT) 5% T I 36 W Ak (HY) B 3 2 RUE
Vs
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Figure 3 Least discriminant analysis (LDA) effect size taxonomic cladogram (A) and LDA score of the discriminants

comparing soil bacteria
TE BRI AR I (MT) RS G S AR (HY).
Note: Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).
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Figure 4 Principle coordinate analysis based on Jaccard
(A) and Bray-Curtis (B) distance method of soil bacteria
community structure

e HT AR AR H (MT)AUF SR HY).

Note: Xinjiang oasis cotton field (MT) and original Euphrates
poplar forest (HY).
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Figure 5 HeatMap of soil bacterial community function

. TR IR FH (MT)FUR LA S AR HY).

Note: Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).
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Table 6 Comparison of the functional differences of soil bacterial communities

Community function MT (%) HY (%)
Chemoheterotrophy 16.83+5.75a 8.82+1.06a
Aerobic_chemoheterotrophy 13.16£2.61a 7.73£1.07b
Phototrophy 1.13+0.05a 1.10£0.25a
Photoautotrophy 0.96+0.10a 0.98+0.31a
Photoheterotrophy 0.91+0.09a 0.70+0.05b
Anoxygenic_photoautotrophy S oxidizing 0.81+0.18a 0.97+0.31a
Iron_respiration 0.09+0.05a 0.89+0.36b
Respiration_of sulfur compounds 0.12+0.04a 0.82+0.54a
Sulfate_respiration 0.11£0.05a 0.81£0.55a
Dark hydrogen oxidation 0.30+0.17a 0.37+0.07a
Dark_oxidation_of sulfur compounds 0.01+0.00a 0.44+0.30a
Dark_sulfide oxidation 0.00+0.00a 0.44+0.30a
Dark_iron_oxidation 0.00+0.00b 0.15+0.06a
Fermentation 2.95+2.22a 0.73+0.11a
Nitrification 2.45+0.78a 1.09+0.28b
Nitrate reduction 1.314+0.03a 2.06+0.40a
Nitrogen_respiration 1.06+0.09a 1.71£0.56a
Aerobic_nitrite_oxidation 1.204+0.30a 0.84+0.34a
Nitrite_respiration 0.78+0.19a 1.07£0.13a
Aerobic_ammonia_oxidation 1.254+0.61a 0.25+0.07b
Nitrous_oxide_denitrification 0.77+0.20a 0.59+0.04a
Nitrogen_fixation 0.05+0.04a 0.02+0.01a
Chitinolysis 1.16+1.22a 0.20+0.09a
Aromatic_compound degradation 0.47+0.47a 0.18+0.04a
Ureolysis 0.38+0.08a 0.16+0.08b
Methanotrophy 0.06+0.01b 0.11+0.01a

T R i IR S s AT AR RN P RER RS [R) 4 BR 22 () B L 20 B THE P D REAR i Duncan A& IU7E 0.05 AKFAF1ER

F 225 (n=3); HEELRIIAR I MT)FEER AR EY).

Note: Data in the table are the Means+SD; The different normal letters in the same row indicate significant difference among treatments
at 0.05 level (n=3) according to the Duncan test; Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).
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Figure 6 Redundancy analysis of soil bacterial community and soil physical and chemical properties

T BTN F (MT) R LG S AR (HY).

Note: Xinjiang oasis cotton field (MT) and original Euphrates poplar forest (HY).
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PRI A5 22 5 (B 2264 7 T o Yl AR S Ak
A8 1) B ) N T SR SRS 5 2 I A g i

TZMIF 5 A P BBORE 550 - b 1 ok -
A 25 R GERTE TR S5 40 7 A 50 1) 22 5 1
RDA sr#rés R s, 3R BRI A8 S0 il
i B, HAa% & 2 H R a0 b
FEE TP RIIRAF IR ] ST AR e 7
BT, BIFFETT. AR TA IE R, [FR,
TIRe WO 25 B, FEM AR S b B E W
Candidatus Nitrososphaera . V. fil§ 1k 24 Y i H
(Nitrosomonadal es) 31 i il £k A FH A48 24 S8 AR A
FA TRk, T a8 T TR A HRYE I B (Rhizobiales) LA
K y-78 I TR B (A R L T H (Xanthomonadal es) M
X IRZE A R o AR, 3 R Y R TE 2
a2 X6 BRI B8 0 () R A T B A5t , 38 Ao IR A A N )
I GBS S STy N Ryl PN -E= 7/
Cheng 25 P71t ¥ 44 0 ] 37 58 35 49 1 52 ) 43 3t
A 3K A R 22 S ) I 9 S, R IR AT TR
I, AR TR [ HAG E e, XA SRS AL
IIRFFE 25 R —5 bR TRHITER , Ehor X s 2 7
ARIEM, ER 5 0 R B HEAE 5 A7 o BIFEIX I,
AGREOKFED, HZERBER, mnihmerss, &
FERTREVR 0 5E A 2 AN 25 AR — 340 o BARER B
HPR R R A AN 2 (H i T RIS S 54
R DIAR RN R MG R , FhEEXHR S IEHE5E
M 5 4 RUe— 800, XA BT R A I
s, Hodr, A S A KRR . A=
2V 397 98 BT 7 95l X 6 Bl 240 A 2K A SRR YT
FEAE R A6 B BV L T AR TR R H
BT, KGR Asry sl xu Py
AAHRIE , TEABE Y, i g rh i i 2
FEARMR, R TR 1K Al 8 3 & ik
THERESL SR, BEEDIRETIN ML R ER, 25
RACH A RUE I E R . Bk, RDA 45
RE R FEORL R 5 2% EREM pH 1Y
o B IEAH e

S A DA TR Vi 45 4 A8 A B £ BE R

T i AT AR - SRR i i 25 5, PR B IR AR
FHAEEA TR AT 2 S AR — 5853, 7SR
M E RIS Tt 74 AR RS
MMM S R G TE— R B, A SCHIRE AR
FHAE AT DR Ml i Al A= A8 R ¢, B R AR S
SRR AR T A 15 Bt + e A M) 2 R 5
M S AL R R TR S B R A —E Y
JRi B, AR REANRE S B 1 FSORAE . AT
3 WREL TGRSR R AL, X ORIE T 3250550805 1)
FEVEE . AN, BR T T RS SIS, R
PEAT T RETE DO RE RS T , T 45 S o R A B
R FEE Z RN E, el St — 1
BURE SRA YR, 15 m DI BESE R i A B aE
TR Z 9T, 207 R A IE SIS RS
T4
4

3 Ao ) 5 BT e it g R U A FH R R GG
AR IR . o ZREME . B ZREME . AN
BRI A S AR F R AZMUE, L8] (1)
BT 2 PN AR 5 R A6 S A AR A S A o 22 S
BOK: ORI R 3 pH, S3h . 2R . BURA
BE TG, LA 2% A
TR AN R IR AR R IR 2-3 £i5; (2) Hramagi
AN RS o 2R B ST IREH A, 3)
AP AETE P RRFT AT . BT BT | S
TR JERERR A o- 28T B A B I M T E
YRR R AR H | SRR, DOk A
SR TE 19 Nitrososphaerales. i A4 1 5 J@ 7E
A3 i 2 A, TSR EE T -8 TE 1A A N A
FEH . BRETAME B A y-Z8 98 B P 30 8 B i
WH. #OWH. miAWH. BT B-EIEHML
NP B AKOR A A7 TR 1] 1 S A A R A7 0 AR
itk b B E A (4) M IR AR
(RN TR BV 25 A 22 S 0 S8, LA FE 33 v A 4 T R
LM T—8G 5) HELEAXPIMAESRE L
P 0 A1 ARV 2540 22 S5 IO A R e K A 45
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