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Spatial characteristics of denitrifying bacterial communities in
different habitats from typical steppe
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Abstract: [Background] Xilin river-riparian wetland-terrace grassland are the most representative
aguatic-humid-terrestrial habitats in typical steppe region of Mongolia plateau, but little is known about
the spatial characteristics of denitrifying bacterial communities in different habitats. [Objective] To reveal
the composition, abundance, spatial distribution of denitrifying bacterial communities in different habitats
of typical steppe region and associated spatial heterogeneity. [M ethods] Using 454 pyrosequencing of 16S
rRNA gene, we characterized community compositions and abundance of sediment/soil denitrifying
bacterial communities from 6 sampling zones associated with aguatic, humid and terrestrial habitats. Based
on the information of denitrifying bacterial 16S rRNA gene from previous references before 2014, we
constructed denitrifying bacteria library as a reference to screen denitrifying bacterial genera associated
with habitats. Meanwhile, we explored spatial heterogeneity of denitrifying bacterial genera by canonical
correspondence analysis (CCA). [Results] The reference library contained 80 denitrifying bacterial species
(65 genera). Accordingly, 36 denitrifying bacterial genera were screened out of total 469 bacterial genera
from 6 sampling zones. Fourteen denitrifying bacterial genera co-existed in aguatic-humid-terrestrial
habitats. Among them, Flavobacterium (1.65%-14.17%) and Hydrogenophaga (1.56%—1.69%) were
dominant denitrifying bacteria across aquatic and humid habitats. Pseudomonas (1.85%) was the dominant
bacteria only in low-floodplain wetland. The spatial distribution characteristics showed a tendency, first
increased and then decreased along the aguatic-humid-terrestrial habitats, and reached peak value in
low-floodplain wetland habitats. CCA analysis showed that Flavobacterium, Hydrogenophaga, Aeromonas
and Sphingomonas were positively correlated with pH, water and sand contents. Whereas Bacillus,
Sreptomyces, Actinomadura were positively correlated with contents of clay, silt, organic matter and total
nitrogen. [Conclusion] The compositions and abundance of denitrifying bacterial communities in typical
steppe region showed obvious habitat heterogeneity. Low-floodplain wetland was the suitable habitat for
growth and reproduction of denitrifying bacteria, which were driven by multiple environmental factors
such as sediment/soil particle compositions, water content and pH.

Keywords: Typical steppe, Representative habitats, Denitrifying bacterial communities, Composition and
abundance, Spatial characteristics, Driving force
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W EEA K (Glyceria triflora) . HUiE LR (Poa
subfastigiata) . Kk & % (Carex appendiculata). #
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K43 Al H D REHY RL AN R SRy R2; 12k
Az 5 0] 3 SR AR REAE T WL R g T T A
W2, &, RIS R R 2 bk S VK (Potentilla
anserina); Filid=AE35 843 M E5E (Leymus chinensis)fE
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GACGTATGAC , W2 : GACTAGCTAG, T1:
GAGACGTCGC, T2: GCGTAGACTA,
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Figurel Technology roadmap to construct denitrifying bacterial library based on 16SrRNA gene
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KEFSF (Sipa grandis)kEiy T2 3% 7 062 45)7 41
(2503 4~ OTU)., ¥4 R1, R2, W1, W2, T1, T2
(I 7 ¥R E (Coverage) K Yl 86.59% . 88.67%.
93.22%. 88.79%. 90.39%. 90.89%. 6 LR
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Figure2 16SrRNA gene phylogenetic tree of denitrifying bacterial generalibrary
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Figure 3 Spatial characteristics of denitrifying bacterial communities based on Cumulative histogram (A) and Venn

diagram (B)
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Figure4 Heatmap (A) and PCoA (B) analysis of denitrifying bacterial communities

25 KE-RE-FEERERECERNTERR
14 R &

itk CCA 434 (18] 5) & BRAK Az R A A B A Xt
FEEFFHRIR SR, pH. S/KE(WC)IE MK,
T i A A 358 TR AR 2 R PR RS 4 AL
(OM). 2&(TN). SBE(TP). #FEE (DS)IE
WKl s 20 R 2 S A TR R S B 0 A e 7K A R
A s, JCHORARIEME W1 AR, ST+
Berpyb RO i pH . F K i (WC) 2 BEIEAH 56 %
Fi DE SAHALERE, 140 CCA EIh%E 13 514
Sreptomyces, 5 26 54 Brevibacterium F1% 28 =
i Actinomadura 4R A FEREAE AR SR, STTERY/
TIERPB RS . APLR(OM), 2%(TN), &
BE(TP) . WfEPEE(DS) S it I IEA K R

i1 Pearson AH 3¢ PE 2> M (R 1) W,
Flavobacterium, Pseudomonas, Hydrogenophaga.
Acinetobacter , Rhizobium, Deftia %5 ) fig 4k % &

SR AR pH . & KA (WC) £ B IE A 6 ¢
., SBRRLE R APLEI(OM), A (TN),
EETP) . BRI (DS) MMM K KR . M
Senotrophomonas .  Sreptomyces . Brevibacterium
FEHWR AR pH. E K (WC) 2 8L 17 AR GO
., SBIKKLE R AHLEIOM), 2E(TN), &
BE(TP). R (DS) R BLIEAHI KR,

{5 2, Pearson FHICHE 45 1A CCA 43
SERILA—FL
3 Wik
31 REUHEESFEMRAZZMEN

Z: 5 RO AR B0 AR A W e R Ak 2
W Gamble ZE I LG B R IR 4 E K I 22.6%
(19 SR AL AN R S REES T3 260 B- (Ungrouped) ™, 1%
G 1 S AR TR 7T 28 S T R AE AL D RE IR Bl 1Y
OYESERIROR AT, B E A4 E 3 B P
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Figure 5 CCA of denitrifying bacterial communities and
physicochemical factors

TE: 1 SR 2 BUERMERE; 3. WMERE; 4 PN
WE; 5: FEMFRIE; 6: AT RE; 7. WHEBHEEE;
8: WARTHR; 9: HUEEIE; 10 HURKHEfFRE; 11. g
LRSI 12: JLELIERERN; 13 AEHRMIEE;

14: WAFEE; 15: VMR 16: ZIKEE; 17: 4220
J&; 18: KHAUFEIE; 19: HOliREIE; 20 WITRHE;

21 AR 22: RIREE; 23: WIRITER; 24: 3
R ; 25: RIBRIAIE; 26: GiFFIREE; 27. SERF 28:
IatTRE; 29: #EFREE; 30: WIREE; 31: MiTHE; 32
TRt RO B s 33: TR 34: WesIKEE; 35 KA
FrEJE; 36: IEJE. WC: &kiE; OM: HAHLUFR; TN: 24;
TP: 2W; DS: Wbl RBZOREEN ZAFRUSLRE.
Note: 1: Flavobacterium; 2: Pseudomonas, 3: Hydrogenophaga; 4:
Aeromonas; 5: Bacillus; 6: Acinetobacter; 7: Sphingomonas; 8:
Sohingobacterium; 9: Rhizobium; 10: Delftia; 11: Senotrophomonas;
12: Rhodospirillaceae; 13: Comamonas, 14: Microbacteriu; 15:
Cytophaga; 16: Rhodococcus; 17: Hyphomicrobium; 18: Paenibacillus,
19: Derxia; 20: Arthrobacter; 21: Ochrobactrum; 22: Thauera; 23:
Propionibacterium; 24: Zoogloea; 25: Paracoccus, 26: Thiobacillus;
27: Neisseriaceae; 28: Enterobacter; 29: Sreptomyces, 30:
Herbaspirillum; 31: Brevibacterium; 32: Actinomadura; 33:
Alcaligenes; 34: Planomicrobium; 35: Brevibacillus; 36: Vibrio.
WC: Water content; OM: Organic matter; TN: Total nitrogen; TP:

Total phosphorus, DS: Dissolved sdlt. The circles represent the sample
points; The triangles represent the denitrifying bacterial genera.

ASWEE . LE P AR 2 16S rRNA LRI JEE Sy
Bk AT G G i A A 55 T BEAAS B Rl
LB BRI BB GR, 5 T Rl 1 1 e
JE o ARFRBERE B R AT B 3R B R R R R
0.1%-10%, [Hitt, AT IR HEE YA BEd
G A0 = Biihsn LV 2 (ESF iV U e A S s N

) 6 T RE B U R OR B SR Mt T L, Ry
Pyrosequencing F1  lllumina %5 & i & M 5
(High-throughput sequencing) 5 A& 75 i 4= 4 Z2 FE 1
R R T2 2 RHEMIEM, B 59.01%
(R1). 54.98% (R2). 40.29% (W1). 58.49% (W2).
80.38% (T2). 82.84% (T IC4r2%:4% (No_Rank)
PR JE, BLBHTE B KO AR Z 40 ER 1) 7 24
R HE . LRI UL, SO A A B 1 R By LA
K e i TAEA ReE— 2D sk . Aok
T 2014 4 Je DAFT i E i R A AL 20 1 16S rRNA JE[A]
H A VOR I i T O R LR, S
Je RASAR B PE TAE A2 T 3L

16S rRNA [R5 vk — EHOA N R M4 Y 4
AS AU T AN T RE VR AR AR ERY . B E
2013 4F, JERZIMA: 9 16S rRNA JE R4 PN ZREMERY
RIRE T AT RS 2 RerE IR, sun
SEWERIL, A 16S rRNA JEDH [ B 2248 NUEHE
(GLIHZH N 2R 2 SR R RS R R 1512
1€ 0.05 253K |, 16SrRNA JE[H V1-V3 X A5
N ZREME(907 4~ OTU) B S 5k 35 K 28 1 2 Rk
(856 4~ OTU)E &l 6.0%, i V4-V5 X1 E e
JiE B (1.6%), V6 IX B s it P i 4 755 (9.8%6) P4
AW T ARSI 16S rRNA JEFH N ZRENE, B
PR 16SrRNA JE[H V1-V3 X i) OTU $ie it 4
AR Z e, &S BUL R afIBE A
PEFEE s, (AR ERER VI-V3 X it
FE2RT Sun P8R V6 IXTiE T V4-V5 X,
S JE ST TN A Z PR ZIBR 16S rRNA
FEDR R ARV IR B, DA B 2 0 b S Bt A% ek
Y RER oI AR ELSIE L . [FIB, AR5
KA 16S rRNA SR N 2, HiEEM OTU
B A AR R s e . DRI, AT
A (1.65%—14.17%) . W S 1# )& (1.56%—1.69%)
A % {1 5 B 1 i (1.85%) 45 1t #4 T Ja 1 4 X = B
SWHTHS. @WFZ, AR KHEE 16S
rRNA JEFR N ZFEM R BUUM L R afI B2 A
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®1 MR TEBEUSES REUAER 8 R R REE XS
Tablel Pearson correlationsbetween sediment/soil physicochemical parametersand denitrifying bacterial genera

S AEAE s KR oH et AR B g5y Rk FyhL {UzA
Denitrifying bacterial genera wcC DS oM TN TP Clay Silt Sand
Flavobacterium 0.66** 0.51* -0.25 -0.41 -0.44 —-0.18 —0.53* —0.54* 0.56*
Pseudomonas 0.69** 0.55* -0.25 —0.39 -0.43 -0.14 —0.54* —0.50* 0.54
Hydrogenophaga 0.51* 0.45 -0.25 —0.50* —0.558 -0.44 —0.58* —0.67** 0.65**
Aeromonas 0.44 0.34 -0.17 —0.36 -0.33 -0.11 —-0.42 —0.49* 0.49*
Sphingomonas 0.29 -0.16 0.61** 0.70** 0.58* 0.75** 0.38 0.68**  —0.60**
Acinetobacter 0.59** 0.74%* —0.56* -0.65**  —0.64** —0.38 —0.69** —0.69** 0.72x*
Thiobacilus 0.08 0.16 —0.20 —0.36 —0.42 —0.53* —-0.33 —0.45 0.40
Bacillus —0.30 -0.04 0.01 0.15 0.14 0.24 —-0.03 0.23 -0.14
Thauera 0.06 0.13 -0.13 —0.30 —0.36 —0.48* —-0.28 —-0.39 0.34
Rhodospirillaceae 0.18 -0.21 0.60** 0.66** 0.62** 0.66** 0.61** 0.67**  —0.66**
Hyphomicrobium —0.10 0.46 -0.87** —-082* -0.72** -0.85**  —0.53* —0.71** 0.67**
Senotrophomonas —0.49* -0.30 0.29 0.35 0.43 0.50* 0.32 0.38 -0.36
Sreptomyces -0.69**  —0.88** 0.74** 0.83** 0.88** 0.79** 0.79** 0.85**  —0.85**
Microbacterium 0.30 0.59** -0.85** -0.86** —-0.87** —0.91**  —0.74** —0.82** 0.81**
Rhodococcus -0.17 0.18 -0.70**  —-0.59**  —0.49* —0.51* —0.42 —0.48* 0.49*
Rhizobium 0.76** 0.37 0.11 0.08 -0.11 0.17 -0.33 —-0.01 0.12
Sphingobacterium 0.39 0.17 0.09 0.05 —0.04 0.26 —-0.30 —-0.03 0.13
Comamonas 0.12 0.26 -0.61**  —0.55* -0.42 —0.46 -0.25 —0.47* 0.42
Deftia 0.84** 0.59** —0.03 —0.08 -0.21 0.09 —0.36 —-0.16 0.24
Derxia 0.20 0.52* -0.78** -0.75** -0.75**  -0.85** —0.60** —0.68** 0.67**
Arthrobacter 0.38 0.25 0.15 0.06 -0.12 —0.04 —-0.26 —-0.04 0.10
Cytophaga 0.39 0.34 -0.11 -0.27 -0.25 —0.03 -0.34 —0.40 0.40
Herbaspirillum —-0.30 —-0.38 0.24 0.19 0.12 0.06 0.01 0.14 -0.11
Alcaligenes -0.14 0.22 -0.72**  —0.58* -0.49* -059** -0.32 -0.44 0.42
Planomicrobium 0.03 —0.01 —0.07 -0.19 -0.25 —0.37 —0.18 —0.25 0.22
Brevibacterium -0.83**  -0.67** 0.30 043 0.56* 0.43 0.58* 0.54* —0.56*
Paenibacillus -0.11 -0.34 0.45 0.40 0.34 043 0.17 0.32 -0.28
Actinomadura -0.45 -0.48* 0.42 0.46 0.42 0.48* 0.20 0.45 -0.38
Brevibacillus 0.04 0.03 —0.07 -0.21 —0.28 -0.41 -0.21 —0.29 0.25
Ochrobactrum 0.76** 0.58* -0.05 -0.18 -0.32 -0.10 -0.43 -0.29 0.34
Propionibacterium 0.70** 0.35 —-0.10 —-0.16 -0.25 —0.02 —0.36 —0.24 0.29
Zoogloea 0.24 0.10 -0.16 -0.25 -0.23 -0.13 -0.25 -0.30 0.30
Paracoccus 0.30 0.11 -0.15 —-0.33 -0.34 —-0.28 —0.35 —0.43 0.41
Neisseriaceae 0.04 0.32 -0.78** -0.71** -0.60** -0.63** -0.48* -0.62%* 0.60**
Enterobacter -0.12 0.17 -0.64** -0.51* -0.43 -0.53* -0.29 -0.39 0.37
Mibrio -0.12 0.17 -0.64** -0.51* -0.43 -0.53* -0.29 -0.39 0.37

TE: *: £ 0.05 TR FEARR s ** . AE 0.01 AKF-OBUI) | 4.
Note: *: Correlation was significant at the 0.05 level (2-tailed); **: Correlation was significant at the 0.01 level (2-tailed).

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



JAREAE: ML TR B i DA [ A 35 SR A TR AR ) 2 ) ARPAE

717

PE LR A 32 B A =, XM 5 BRI
e 20 TR 16S rRNA B: PR Z 1 i T 7R 45 SR B AT A
L2,
32 HMARRXRECHARNRZELESH
DAAS B 5 40 2 1) S R A0 20 T P8 (18 2) 1 S 2
e, gty 36 Sk e sk e TR ]
(Proteobacteria) . L1 1# '] (Bacteroidetes) . J5EEE &
I"J(Firmicutes) Fli £k B ] (Actinobacteria) . 75 T 1
IR 2R, B8 210 Ptk . I
o, a-Z5JF 1 24X (Alpha-Proteobacteria) fu, £ Yt & 41
12 7§ (Rhodospirillaceae) . #4 2 B ¥ il & &
(Sphingomonas) . A= 22 i Bk T4 J& (Hyphomicrobium) |
it & B Bk & J8 (Paracoccus) . & 1 AT @ &
(Ochrobactrum) . #4# 74 J& (Rhizobium) 5§ 6 >
J&; B-Z2IE I 24 (Beta-Proteobacteria) fu, & F= s AT
J& (Alcaligenes) . %42 1 J& (Herbaspirillum) . £ 57
Wr G TR J& (Derxia) . AT I J& (Thiobacillus) . 7% &%
i (Neisseriaceae) . M )T [ 14 @ (Thauera) . a ICFF
% & (Zoogloea) . & W Jifd 4 J& (Hydrogenophaga) .
AT B 14 & (Comamonas) . 3 /R 48 45 1 & (Del ftia)
410 MN&E; y-BIE H 49(Gamma-Proteobacteria) fi
5 W A7 2F 51 5% B4 i T (Stenotrophomonas) . A BT
14 )& (Acinetobacter) . < HL /iU 7 J& (Aeromonas) . 5
FJ&E (Mbrio) . A#TF & (Enterobacter) %5 51~ J& . 1
FF BT TR HG AR 17 20 B Wk 2T 24 411 747 )& (Cytophaga)
FNBEF T 20 A0 B R (Flavobacterium) . 3542 AT
P J& (Sphingobacterium) . J& BE & [ 140 & 2EHL AT 1
W 5 NI TR . 53 0o R A R R
(Brevibacillus) . 2 ZF /4T 1% J& (Paenibacillus) . i
BBk & (Planomicrobium) . 24T 1 J& (Bacillus) |
% HA i 12 s (Pseudomonas) o THCZK T 110 75 TRk T
WHE 7 ARMACHEE, 555 DAk E
(Actinomadura) . £1.BR % J& (Rhodococcus) . 4 R FT
P J& (Propionibacterium) . 5575 B J& (Sreptomyces) |
THUFT 4 J (Microbacterium) . 541 i (Arthrobacter) |
{055 4 1 & (Brevibacterium) .

33 REEUHERENE MBS REN
ESE iy

B AT 14 J& (Flavobacterium) F1 i H. il 1 J&
(Pseudonomas) . I EK 1 J& (Paracoccus) . 7= 14 &
(Alcaligenes) S5 sC f 4 AT TE K AE | M2k Rkl A= A
[FIAEBErR, BRIRT B 45 S B — S,
UL A AL B )0z o3 A T L3 KR R TR )
o TR, ROmS Ak Al B BE AT A EAE A ML =
F R DTER Y, SORT S BRAE A LB AR X AR Y
P by R0 B -, XOFD Gamble S5 Y 5E 45
R 8 B R Ak A T R A4 BE AT AL
WIS SR, A 4R e A H TS HLaR R 1) H 7 1R
PR,

KEMFEIESE pH. A AP, AL, 5
JiZEAEI(NOsN, NO»-N. NO. NO), MkidH e
SN SRS R B S B T BB R I 11182031
A HWF 5% % B Flavobacterium .
Hydrogenophaga. Acinetobacter . Rhizobium, Deftia
S AL TR B R G VD R B 3R AR R B B K A
MRAASLE, 5 pH, Wk, &/KE B EAHK
(P<0.05), Sk, AP, 2% . Sk,
TR R IMAOCE R . 1 Senotrophomonas.,
Streptomyces.  Brevibacteri um 25 i i 45 ARtk Al E 37
X FE R AEAL, 5E . AR, 2%
S EARTEER R ILEARSCOCR, HUYKL. pH.
TR IR COC R o X 150 B SR B [ X8 bR
AT AN [) A 358 SR Ak 40 B T8 1) 53 0] 49 A1 R AT
VKL, MIRRL, pH, &K, IREA S HSE
FhERLEE A 2L [ 9K Bl BT 3

AMHFERIER) 36 I L A g A 28 i
AR MR AR, Bt & TR A K
Rili 2R A2 BE AT, XN 5% B AR e RUA0 P T AR 170 5 (1]
ARG A RIMERPE, Chiaramonte 550 S:F
IR IR 8 7K 3 ) S B AR Ak K 57 43 i A S A
PR E T S AH TR E 3G I AR AL AR AE, F B
18 e 7K AL 1) ) U P A A BIK 2 A TR A Vs S 2 AR
ARAL g E KB X AT 4G A — Bk,

Pseudomonas .
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BT 7 MORN B i X S0 e 3% T s s ] 9 e IR AR A G
SIS, AT IR AR R S S AL TR R S 4
WO, FE TR R SRS A B R ) Fh A AR
A XS F B . 3 B A B A7 0 00 S A Ak |
Flavobacterium, Hydrogenophaga #1 Pseudomonas
BIFEARmIE R WL A8 F R mE 14.17%.
1.69%71 1.85%. Michaud 251 1 (i AS 1
T PCR 22053 FHORBR mtl K A e
Yy RV ARG, o A B ANAS B 5% () A 1) A0 A 1
Flavobacterium F1 Pseudomonas, 13H]ixX S6{) #
I 2 A0 TR bR AKIIA . dE L . vk
VPN B T R b o T R N M 1 B AN T R R
Shannon F1 Simpson ZHEMEFEECH 1.28 Fil 0.52
(W1). 0.67 il 0.70 (W2), B @& Tk A A 4% R F:
7 0.44 F10.80, R2FF47 0.41 71 0.82, flid:A:5% T1
FEiF 0.36 1 0.85, T1 A4 0.31 A1 0.89, #t—2E]
UE T AT TR R T bt S i A TR A i PRAR ) A 5
34 KE-RE-FEESIERMEAEEEESE
HLHl

KHILOR, DIPFhic & (Species-sorting) sl J 5%
15 V€ (Environmental filtering) b 1% 2 (19 4 25457 B 6
TEfRREA RIS AR ik . B ARV T 2 3
WL 7 T80 o 4 T 54 Zhang 2505k R
# ¥ i J8 (Flavobacterium) #1 % P I & J&
(Pseudomonas) ¢ 7 T [A] — 4= 5% i AH B 35 4,
Flavobacterium k. Pseudomonas 4= Kb, 235k
AR E IR X, RS & (Pseudomonas) i
Toag I PORSIEE AR . Yu 05 %
PR MIT RS e K i ib - Flavobacterium B3k pH
AR . B TR B TR, fEiE CH, HEOEHI
il N,O Fll CO, 774k ; i Hydrogenophaga H &%k
BN\ AR, {23 NL,O Fil COL HERIF
il CHa A o X Ul B [A]— 2R 355 N A Wi T 1 21
2 (Community  assembly) L] ] BEJE T MA E] A 3%
G, R FELA AR AL 1y g 4y, R
A 250434k (Niche differentiation) B0 A
FKRIUE— LGP E e A WA, DA 20

3 AR TE i B A A B AR I 40 A1 Jy T A
ik 77

B ABI 5 A S50 9 SR A TR 32 FERRAIG, W]
RE S PR BT [N 7 1 F RS A DAL 2 1 il Ak B
ARSI R, PR R AR SR A I A
e HA SN ERIG, FEHELRN
HpPE B (Neutral theory)! P34 | 50 B[] — Ak 3% 3k
FE 0 SR AR TR AT g 2 B) R e R AL . W]
PR ELSE 4, IR IR b BT A S A 3 B 1Y
K25, plmdtfrFKAE A, widAdsmi
7 W 4k E Flavobacterium . Pseudomonas il
Hydrogenophaga [H = Jif 2= 5 ¥ 3 B XK A S
e A B I D (1.65%— 14, 17%) X [ A A= 15 1) i 25
(0-0.07%).

4 S

300 32 IS A A TR T 050 P A v 1 i R
AN B 5 DX AR 0 A1 A 36 S SR AL AN A
R A T R e o SR A AH R T R AR
AR 3= B T K A= -1 A= - i A 0 B S IS T v e B
IR B Bl 23 (8] A e e, IFAE T8 W H A E i 1
P U {H . B HT H )& (Flavobacterium) . 105 & 7 J&
(Hydrogenophaga) . =, it 1 J& (Aeromonas) . #H42
- EL I 1 (Sphingomonas) 55 55 pH L 7K 73 Kb
DRI R, A #E (Bacillus) . 5%
1 JE (Sreptomyces) . H 7L & (Actinomadur a)
SEERRL . RyRL . AP, SRS AR IEADCR
o ARIATTER AR 2 SORH Ak R i REAR A7 L
[Ep IR = i N VTG RN = 3 R CIDZ SVEZ < £ i 35
AL AR PRAR A AE B , F 5 (Leymus chinensis)i:
AR A S5 (Sipa grandis)FEy A& A S il Ak i R
AR R £ B
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