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Abstract:; To investigate the differences in nitrogen removal contribution and the influencing factors of
soils around typical plant roots in the riparian zone of the Third Drainage Ditch in Ningxia, Phragmites
australis (Cav.) Trin. ex Steud., Bassia scoparia (Linn.) A. J. Scott, and Iris lactea Pall. in the riparian
zone of the Third Drainage Ditch were taken as research materials, the denitrification and anaerobic
ammonium oxidation rates, nitrogen removal contributions, and related influencing factors of soils around
plant roots were analyzed by using the "N isotope tracer method. The results show that the NHj-N
content, NO;-N content, NO,-N content, total organic corbon content, total nitrogen content, and C/N
ratio of soils around P. australis roots are significantly ( P<0.05) higher than those of soils around I.
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lactea and B. scoparia roots, while the pH value and electrical conductivity of soils around B. scoparia
roots are significantly higher than those of soils around P. australis and I. lactea roots; the richness and
diversity of denitrification bacteria in soils around the three plant roots are higher than those of anaerobic
ammonium oxidation bacteria. The denitrification rates of soils around P. australis, I. lactea, and B.
scoparia roots are 2.397, 2.137, and 1.479 pmol + kg™' - h™'
oxidation rates are 0.650, 0.479, and 0.405 pmol - kg™ - h™', respectively, and the denitrification
nitrogen removal contribution rates (78.52%-81.70% ) of soils around the three plant roots are all greater

, respectively, the anaerobic ammonium

than those of anaerobic ammonium oxidation (18.309%—-21.48% ). Soil denitrification rate and anaerobic
ammonium oxidation rate show significant or extremely significant ( P<0.01) positive correlations with
NH;-N content, NO;-N content, total organic carbon content, and water content, while showing
significant or extremely significant negative correlations with pH value and electrical conductivity. The
relative abundances of dominant genera of denitrification bacteria Luteitalea , Nitrososphaera, Gaiella, and
Rubrivivax, and anaerobic ammonium oxidation bacterial genera Candidatus Brocadia and Candidatus
Jettenia show significant or extremely significant positive correlations with the corresponding nitrogen
removal rates. The abundance of the denitrification functional gene nirS and the anaerobic ammonium
oxidation functional gene AMX16S show significant positive correlations with the corresponding nitrogen
removal rates. In conclusion, denitrification is the main nitrogen removal pathway in soils around plant
roots, with soils around P. australis roots having the highest nitrogen removal rate, and soil physical and
chemical properties, microbial communities, and their functional genes jointly regulate the soil nitrogen
removal process.

Key words: soil around roots; denitrification rate; anaerobic ammonium oxidation rate ; soil physical and
chemical properties; bacterial community; Third Drainage Ditch
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Table 1 Physical and chemical properties of soils around the three plant roots in the riparian zones of the Third Drainage Ditch in Ningxia

(X+SD)V
o AL, o4 s AL %
L. NH;-N&ht/ NO;-N &kt NOj-N frhty BATHLEERL LR A o
FREE e ke ) (me-ke')  (mg-kg'y  (Brke) (e-ke'h) o pHIE (pS-em™) Sokit/%  C/NI
Sample nr:g & me " Xe me * X8 Total organic Total nitrogen pH value Electrical Water content  C/N ratio
NH;-N content NO3-N content NO3-N content .
: carbon content content conductivity
Gl 6.69+0.47a 123.44+2.89a 1.66+0.35a 25.11£0.64a  1.49+0.08a 8.22+0.15b  920.53+43.23¢  14.43+0.17b 20.11+1.32a
G2 2.01+0.38¢ 1.70£0.42b  0.51+0.09b 14.36+0.25¢  1.17+0.05b 8.55+0.02a 7 467.67+131.91a  8.43+0.0l1c¢ 16.61+0.88b
G3 4.18+1.54b 2.46+0.28b  0.47+0.13b 17.14+£0.66b  1.15+£0.02b 8.32+0.08b 2 728.33+55.59b 14.76+0.01a 16.81+2.00b

D'G1,62,G3: MR35 M P A ) i (AR 2R - 3ERE & Representing samples from soils around Phragmites australis (Cav.) Trin. ex Steud., Bassia
scoparia (Linn.) A. J. Scott, and Iris lactea Pall. roots, respectively. [F131 FPAN[R])/NG FEAE 7R 22 57 1 3% ( P<0.05) Different lowercases in the same

column indicate the significant differences (P<0.05).
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(Cav.) Trin. ex Steud., Bassia scoparia ( Linn.) A. J. Scott, and Iris
lactea Pall. roots, respectively. #:F_ I 7 AN R /NG “F 1 327 W] — i
A BE A 7] 25 53 B 3 (P <0.05) Different lowercases above the bars
indicate the significant differences ( P<0.05) between different samples of
the same reaction. FF 175 19 H 43 B 0y it A 5T MK % The percentages
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Fig. 1 Rates of denitrification and anaerobic ammonium oxidation
and nitrogen removal contribution of soils around the three plant
roots in the riparian zones of the Third Drainage Ditch in Ningxia
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Table 2 « diversity of denitrification bacteria and anaerobic ammonium oxidation bacteria of soils around the three plant roots in the riparian

zones of the Third Drainage Ditch in Ningxia (XSD)!

A AY b Ace 8% Chao 554 Shannon 8% Simpson F8%%
Bacterial type Sample Ace index Chao index Shannon index Simpson index
A Gl 824.333+25.106¢ 824.333+25.106¢ 5.531£0.015¢ 0.011£0.000a
Denitrification G2 1 045.000+12.166a 1 045.00012.166a 6.043+0.024a 0.005:0.000c
bacteria G3 893.333+23.861b 893.333+23.861h 5.747+0.045b 0.009+0.001h
REE AL Gl 280.000+6.245h 280.000+6.245b 4.286+0.032¢ 0.036+0.001a
Anaerobic ammonium G2 370.000=+17.349a 370.000=+17.349a 5.044+0.076a 0.013+0.001¢
oxidation bacteria 63 301.667+20.257h 301.667+20.257h 4.529+0.051b 0.031:0.003b

D' G1,G2,G3; 43 HIF RT3 P AN D A AR 2 - R Representing samples from soils around Phragmites australis (Cav.) Trin. ex Steud., Bassia
scoparia (Linn.) A. J. Scott, and Iris lactea Pall. roots, respectively. [G) 5 Hh AN R NG 2R R S 40 o A [R] A P 2H @%g‘ﬂ%( P<0.05) Different

lowercases in the same column indicate the significant differences (P<0.05) between different treatment groups of the same bacteria.
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Bassia scoparia (Linn.) A. J. Scott roots; ®: I R 13 FE i Samples from soils around Iris lactea Pall. roots. 55 o1 43 50 R Jr 22 ff BEJE The
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B2 FTEE=H/KARDE3MEMREZTBERBLE(A)MRESELE (B) BEHZE T LIRS (PCoA)
Fig. 2 Principal coordinate analysis (PCoA) of denitrification bacterial (A) and anaerobic ammonium oxidation bacterial (B)
communities of soils around the three plant roots in the riparian zones of the Third Drainage Ditch in Ningxia
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3 FEYIAR 2R 3B h R T TR A 2 S IR nirK B
ST A 3K T I R 4 A IR TR T AR X R R TR R

J&KF Genus level

100.0

B KR IKE)E Nocardioides
S EAIEHE Luteitalea
WAHALER A J& Nitrososphaera
HETE A @ Streptomyces
T Gaiella

B %R IKEJE Pseudonocardia

B T EE Microbacterium

B 21K ATE)E Rubrivivax

B 213k Rhodococcus

W B E Pseudomonas

W Candidatus Scalindua
Candidatus Anammoximicrobium

W Candidatus Brocadia
Candidatus Jettenia
Candidatus Kuenenia
HiAth Others

80.0F

60.0

Relative abundance

40.01

AHX /%

20.0+

0.0
Gl G2 G3

FEdh - Sample

G1,G2,G3: 43 F/R /26 | Bk A1 55 7 () HR 2 1 3EFE  Representing samples from soils around Phragmites australis (Cav.) Trin. ex Steud., Bassia

scoparia (Linn.) A. J. Scott, and Iris lactea Pall. roots, respectively.

B3 TEEZHKARDHEIMEYRRIEREAEMRESELEHENFE
Fig. 3 Relative abundance of denitrification bacteria and anaerobic ammonium oxidation bacteria of soils around the three plant roots in the
riparian zones of the Third Drainage Ditch in Ningxia
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nirK™ nirk-type

100.0 100.0
80.0 - 80.0
L Q
Q Q
g g
=] =]
=1 =1
3 2
S 60.0 | S 60.0
= =
= =
2 Q
=7 =2
< 00l s
13‘\1( 40.0 = 40.0
# -
+= =
™ =™
oo jrang
= =
20.0 - 20.0
0.0 0.0
Gl G2 G3
Fedh Sample

nirS% nirS-type

B Wi L ER TR Nitrososphaera
W FIEREEJE Paracoccus
W 55 R ICH & Nocardioides
W AR R Pseudomonas
B & WEFPIVHEE Luteitalea
HERE P Streptomyces
B % V& Gaiella
BH R KR Pseudonocardia
W GiATE 8 Thiobacillus
B A KATEE Rubrivivax
W = 22540 )8 Hyphomicrobium
W BT B Microbacterium
W 2 EKEEJE Rhodococcus
W JLAb Others

Gl G2 G3
FEdh - Sample

G1,G2,G3; SRR ZE M AN S AU AR &R R Representing samples from soils around Phragmites australis ( Cav.) Trin. ex Steud., Bassia

scoparia (Linn.) A. J. Scott, and Iris lactea Pall. roots, respectively.

B4 FEFE=HKEGEIRT I MEWRERTE nirk B nirS BRBHEEZER (BKE)
Fig. 4 Composition of nirK-type and nirS-type denitrification bacteria community of soils around the three plant roots in the riparian zones of
the Third Drainage Ditch in Ningxia ( genus level )

A 1 AR AR A3y M2 TR e RS R T e 1Y
FEXT = BE A AE MO RRAR 2R 3 b iRy, arS AU PRI EK
B & ( Paracoccus ) 1/ A XY =F BE7E 55 78 AR &R 1358 &
15, FEFT A RN R 3R b 22 B O K R e R
FEHb R AR 2R 149 b (R T B I o T S AR R 1 4
TP =B AR 2R 4 b R A B

233 R ARFESA R(EERI) DR JRAA
FALTIRE L AMX16S 1 3 B SR &, Y Ik )
3.16x10 copies + g, i AHAL DI REFE A nirK F1 nirS
B9 =FREEE 510 1.22%107 F1 1.67%107 copies + g”',
PR MR RN AR R Y nirK R 22 RN
KM R I nirS LK T2 B 55 T bR R0 2
AR, H =25 A E,; MER AR
1) AMX16S LR 3 fe K (5.48 %107 copies « ¢7') , 5
7 M R K 22 (2.29%107 copies - g7') , MR & +
HEfe/N(1.70x107 copies - g7 ), SR R+
225w &, ARk A, ROk T AE 5L A (nirk I
nirS) FEEZ 1 (2.04%107 ~4.22x 10" copies - g7 ) 5
FRADAMTBEILH FEJE (1.70x 10" ~5.48 x 107
copies - g ') , UL S AL D) BE 3 R 3 B L IR R R
T DIRESEH =

®3 TEESHKEIGRELGEIMEYRFLIEDREERFE
(X+SD) "V
Table 3 Functional gene abundance of soils around the three plant
roots in the riparian zones of the Third Drainage Ditch in Ningxia
(X+SD)V

=T L FEFE/ (copies - g7')  Gene abundance
Sample nirk nir$ AMXI6S

Gl 1.16x107+0.63x107a 3.06x107+2.69x107a  5.48x107+2.74x107a
G2 1.29x107£0.19x107a 0.75%107£0.22x107a  1.70x107+0.42x107h
G3  1.22x10720.31x107a 1.18x107+0.60x107a  2.29%107+0.67x107ab

M 1.22x107£0.38x107  1.67x107+1.17x107  3.16x107+1.28x107

VG1, G2, G3: 43 B SRR M MR R S Y AR R AR
Representing samples from soils around Phragmites australis ( Cav.)
Trin. ex Steud., Bassia scoparia (Linn.) A. J. Scott, and Iris lactea
Pall. roots, respectively. M: ¥J{H Mean. [RZH ARl /NG FHE:£ R
2253 1.3 (P<0.05) Different lowercases in the same column indicate
the significant differences (P<0.05).

24 RETERBUMRESESLETRZZMEF
ST

241 MMEREIERAAREREMNEEL LR
E T 6948 % o #  Pearson AHIEPE P HT 45 5 (%
4) IR TR S HEK A R bR R AR
Z MR AR S NH -N & & S WL & &
Tk A IE A 56 (P<0.01) , AH5E R B0 9l
0.838.0.836.0.905; 5 NO; -N & & & § # 1E M &
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935 %

(P<0.05) ,MiX R BN 0.683; 5 pH 5% % 14
K MR FREN-0.769 ; 5 H1L TR S I 25 7UAH O A
KR HN-0.954; 5 NO,-N & MASHE . C/N I
T EAA A, RAAAMEFES NH, -N & &,
NO;-N & # \NO,-N & i BANE 7 S/ =
SR IE A O, A O R BT il 0.865,0.941
0.890.0.983.0.897; 5+ &K &  C/N H & B3I

*4 TEEZHKARDTIMEWRRE LERMEUEE(RL)
RESELEZE(R2) 51 EEKEFH Pearson HHXEDHT

Table 4 Pearson correlation analysis of denitrification rate (R1) and
anaerobic ammonium oxidation rate ( R2) of soils around the three
plant roots in the riparian zones of the Third Drainage Ditch in
Ningxia with soil physical and chemical factors

) AR
EHGLA T Correlation coefficient!
Soil physical and chemical factor

R1 R2
NH; -N %3 NH;-N content 0.838 %%  (0.865
NO3-N & NO3-N content 0.683 0.941 ==
NO5-N 75 NO5-N content 0.578 0.890 =
B PR S 18 Total organic carbon content 0.836 #*  0.983 s
S & Total nitrogen content 0.564 0.897 =
pH 1H pH value -0.769 = —0.789 =
15 % Electrical conductivity —0.954 #% —0.873 =
/K& Water content 0.905 == 0.689 *
C/N It C/N ratio 0.538 0.779 *

D% . P<0.05; #* . P<0.01.

AHSE M R B0 0.689 ,0.779; 5 pH {2 %
TR BB -0.789; 55 1 G A BL B 1§ 3 1 AH
KRR ECN-0.873,
242 IEBACRFANMBABELELEHG YA EE
MR 2R AT =E B HEAS W 10 A SRS AL TR s A 5 AN IR
AR AL RS Bk N 7 2k AT 0 A b
(RDA) 25 R ILIE 5, 459 (Kl 5-A) /R RDA 1Y
2 AR T b SO A T 45 0 8 K1Y 96.60%
pH A FIH FR 5 A0 R ICHE SRS Bif R IR
PR M EP M TR R 235K T J 1 AR B S A DG
&ML HIE W AHCEREE 56 S T R
FNELK A T A AE 6 35 B 2 67 A OG; NOS - N % it
NO,-N Fit SVA HLER & = AL A S 2 5 & WP
B RS IR TR B | 55 WD e R 1 s A2 LA A TR
& P RE X T S IR G, 5 T i AR P R 1)
AHXS FE B S A 56 NH, -N & 5 f1 35k i 54
WAPE R AN CER TR | 55 W D | fOFT 1 s A2
Kb AR = B IE A OG, 52K R IR 8 B
T E B TG T | B M T RN 21 Bk 1A i 14 A
X R AHE

ZE(J8 5-B) Bs: RDA B 2 Ml 17+
IR AR 2 A AL T 45 H ARk Y 88.68% ., pH H 5

@ W, !
W Tw, )
w, = 50!
% TAHAEIRTE s i~
V3 " Nitrososphaera éélﬁffs E”%
0.5F Fn, S ) Nocardioides
S w,
N
5 00 ZIERTH JE Rhodococcus
< EE BRI
a Pseudomonas Streptomyces|
-0.51 H
: pH EC
-1.0 . ; .
-1.0 -0.5 0.0 0.5 1.0

RDAT1 (68.98%)

B 1.0
0.5F w, ™ '
S :
2 i ' pH
S Candidatus Brocadia i
S 00 oo g e e
< w, Candidatus Jettenia’, EC
a Candidatus Kuenenia
=4 [)
-0.5r " Candidatus Scalindua
e |
:
10 Candidatus Ana}mmoximicrobium
1.0 -0.5 0.0 0.5 1.0

RDAI (67.98%)

o, PMEEMR AR L HEREN Samples from soils around Phragmites australis (Cav.) Trin. ex Steud. roots; @ HifK#HE 2 1 BEFE & Samples from soils around
Bassia scoparia (Linn.) A. J. Scott roots; ®; LW AR 2 A HERE S Samples from soils around Iris lactea Pall. roots. w ; NHX -N & NHI -N content; w, :

S AL

NO;-N 5 NO3-N content; wy: NO;—N & NO,-N content; w,: &7 HLEK & 5 Total organic carbon content; ws : A% 7 #t Total nitrogen content;
pH: pH {f pH value; EC; HL 3% Electrical conductivity; wq: 757K Water content. $5*5 " H 438K J7 22 f# B The percentages in the parentheses

indicate the degree of variance explained.

E5 TEEZHKAFLEIMEYRRATERFULER(A)MRXREEELEE (B) BN FES T EEHEFHITRS4(RDA)
Fig. 5 Redundancy analysis (RDA) of relative abundance of denitrification bacterial genus (A) and anaerobic ammonium oxidation bacterial
genus (B) of soils around the three plant roots in the riparian zones of the Third Drainage Ditch in Ningxia with soil physical and chemical factors
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Candidatus Scalindua FAAXT 32 B 52 1EAH 5, 5 HAh B&
JRBY AR XS R A, SRS Candidatus
Scalindua I Candidatus Anammoximicrobium F¢JAH X} =
JERREAROG 5 A B A AR 2 S R G NH -
N & NO;-N & & NO,-N & &  EA S B
BAEHEY Candidatus Brocadia . Candidatus Jettenia
F Candidatus Kuenenia ) F3XF £ F R E ML, 5
Candidatus Scalindua 1 Candidatus Anammoximicrobium
FUAR X 2 B B A ¢, S K E S Candidatus
Scalindua 1A XS 3 B2 5 GAHOC , 5 H Al T8 119 A X
FRERIEA,

243 ARAR LR AR BRBACE R L T B
% AR R e R AT NIRRT A A A
SR HEA T 10 7Y SR AL I s LA S R A A A
AL 5 Fh IR AE AL R A X E 1T Pearson
PP, 45 R WLER 5. 45 R WoR M &R 118 S i
e R 5 WAL RS | 55 W H 8 | 20K & 94
Xt BE A 3 I A G, M OG AR KR D 0,828
0.935,0.843 ; 15 VA Ak 35K 147 Ja AH X 2 8 52 2 3 IR AH
KRR RECH 0.681 5 5547 25 T Ja AR T s 1) A
XF A R B AR UM G, AH OC R E i O -0.856

®5 TEHEDHKARNGIMEYRRTERHLERNRES
FLIE R 53R H B3 F E /) Pearson 18X %53 #

Table 5 Pearson correlation analysis of denitrification rate and
anaerobic ammonium oxidation rate of soils around the three plant
roots in the riparian zones of the Third Drainage Ditch in Ningxia
with relative abundances of corresponding bacterial genus

JE AR B

Relative abundance of genus

HIRZRE"

Correlation coefficient"

JZAHALE Denitrification bacteria

KR IREE Nocardioides -0.586
SEITEHEIR Luteitalea 0.828 =
W AELER & Nitrososphaera 0.681 =
FERE VA J® Streptomyces —0.856 =
FWHIE Gaiella 0.935 s
B R IR R Pseudonocardia -0.459

AT B Microbacterium 0.357

LKA & Rubrivivax 0.843 %
21 3R )& Rhodococcus -0.462
B JE Pseudomonas -0.904 =

= =l

RAA R EALHE Anaerobic ammonium oxidation bacteria

Candidatus Scalindua -0.241
Candidatus Anammoximicrobium -0.354
Candidatus Brocadia 0.817 =
Candidatus Jettenia 0.694 = %
Candidatus Kuenenia 0.282

D, P<0.05; % ; P<0.01.

-0.904, KA A EAHE K Y Candidatus Brocadia Fl
Candidatus Jettenia FOAHXT 3= BE AR 2 3 1EAH G , 40
FEUT R4 0.817.,0.694,

MR L O AL AR SR A R S T g Ak A
F LM Pearson tHXRME S ITEE R (F6) Bn . RAR L
BERAHALE RS narS B PR T2 BE 5 3 TR AR OG, AH G
FHH 0.696 ;R A AL AT AMX16S KN F )&
0 IEARDE MR REC 0797,

*6 TEESHKARDEIMEYRRLERBUEE(RL)
REFENLER(R2) STHEEERE F EH Pearson XS

Table 6 Pearson correlation analysis of denitrification rate (R1) and
anaerobic ammonium oxidation rate ( R2) of soils around the three
plant roots in the riparian zones of the Third Drainage Ditch in
Ningxia with abundance of functional genes

— AR

2 JISE B Correlation coefficient"
Gene abundance

R1 R2
nirK 0.113 -0.087
nirS 0.696 * 0.633
AMX16S 0.630 0.797 *
D %, P<0.05.

3 ALk

30 AEEYRRTERIERMPRAKES

TR =K R 3 MO IR R
fEHARAE 1.479~2.397 wmol - kg™ - h™' Z i) 1Bk T
20 IR M A P AR B U FR W A Ak R (8. 92
e hT) PRI T I A R AR R 1 I
AL A (31.43~142.14 pumol - kg™ - h™") ¥ R
A AL HERAE 0.405~0.650 pumol - kg™' - h™ Z[H]
AP A VG F I8 DX T AR IR AR A A % (10,11
pmol + kg™« ™) AT REE R RS = HEK I
A IR R 0 i R A (N IR AR R 1
BRIk 7 467.67 wS » em™") | Tk /M AT SR
AR YRS Z RV T R H BUR R R R Y
REAL, ISP (2 0 A 8 /K 8 7 2 7 e R I
R e, 308 T 00 ) S R 3 3 R AR AR
AR T IR A A B A AL VR FE T
SN, B DT T IR A 48 A, X2 TR AR R 43
WA BB A BLER AT VR R R A AR I A P H R A
MITTBR B0 5 35 SR AL

3 FPHIPIAR 2 1 HE Y S A 5 IR A R A R
ZSEFE, P (2.397 pmol - kg - b)) A1

pmol -« kg~
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935 %

(2.137 wmol - kg™ « h™") B S Ag P R .35 & Tt
JIR(1.479 pmol - kg™ - h™") , HIRA R B bR L5
Bk, AT RE I R 2 3 M T AR R ik HH
AR, FEHEK I 0 AR K -5 T B
B, HAR R 08 Bl 22 IR 48U X, fE 0 I il AR AR
AR Y S 5 T PR AE S R AR AR i R
T B, 3 AT D F A A s, U0 ) S A b R R SR
AL PSR AR TR AR R AR A A R
TR B DA R PR 2 10 43 2640 0 B8 75 0 S A
A I A SRR UR 35 A AL 43 M RE ) B
150, N O AR TR AR AL T 70 1 L TR TR K 3k 1
R AR R R AL T AR B A ORI B 015
3.2 EYRFLEEAERIMERERNIMN
TR =HKE R BT 3 MR &R 5
FERIIR S SR A % 27 £ 3 B AL PR 7 5 g B |
RS AR AR A A A R 50 5 pH (AT
SRR R E (P<0.05) FI 35 (P<0.01) AL, X
SRR pH A 23 1E FH T 4 R F5E F) F g, 5% o) il 9%
S BUORA A DA R R 4 22 S TR W ORI A o 5 4 o
R B5 R AR, I 52 M S s £ AN PR AR SRR PE
T 2 R S T LB, FR AR R
PE B E ST 5 S A A R R A A R R
SRR A AL 3 T SR AL SRR R AR A
HRE NH] -N NO; -N FEA HURR & 5 b & K B 5
BE BN B E IR A C, 5 B A T g R p
e HARIREE th NH, -N £ fbad FE 4k Atk 8 NO; -
N, 1 NO; =N Fll NH; -N & 5 fiff Ab F IR A8 22 Sk i
FRH , BOCHLR B e R B A T R AL R 4
AT, R R T 7 Ry, fE e A
MRERILJFL(NO; BN N, ) iy B v w5 2 A DLk AR
TR, — Bk U, R A MUK
S RN G BR R A R i, i PR AR A
TEEEJE FALRE F IR, AR KO B AR BRI A
Bl , (AT REARS S A b 111G 3 ™= A= 4 o ) 7= 4 (n
NO; ), 7EX A~ ad F o, A HLAK BE 5 42 3 S A AL A
F e )42k PR R AR I S 5
33 AEBEEEHNSHEEEMRERERMNZN
TR = HK W RT3 MR R Y
AT T T A R TR T )RR TR 1], 3 2 AT TR ) VT
T 1 4 390 Pl A I AR R KAy 26 R
nirK B SRS AR B 5 B i s 1) T O S A AL Bk T iR R 2
VR TR, RS A BR PR A AE T = B A 2 35 R0 I 1 AR

F A TR RAR B LR R A, 2SR
JE AR = B2 AR R AR R 3 b ey, AT REE R A
TEAL KT JE T 5 TE 1] ( Crenarchaeota ) , o0 & G4
SR, 35 0 i AR AR T8 e A 18] 3 2K (ROL) B
IS T SR A A 5 Tyl R AR P T e S 38
THIHE P, 2R R B T ], A Al
NS A BRI, TR SRR 2R
TIPS O 2K R R A AR R Y
nirS BUSCAR AR T o LU B v ) D N I BR T R . TR T 1K
Vb RS R A A AT TR PR R ], A
X F AR T RZ RABEHAIETT, fEImAKF b R
HAEANH KM B Candidatus Scalindua . Candidatus
Anammoximicrobium . Candidatus Brocadia . Candidatus
Jettenia 1 Candidatus Kuenenia 5 5 J& . 158 W ] 1)
A R A b R AR R R TR R RO 2R R A
A WA T A PRAA AL R S E SR
FIEETE . WHHOCHER , WARIL BRI R | & B E s
S5 TR B AN 2 5 PO AR B R (P<0.05) B
B (P<0.01) IEARSC, 1 W1 IX S 1R s 2 5 = R 7K
B J 0 S AR I A A% O D RE T, AR 42 2 1Y
$ETHRE ELHEUK Sl S i A A 1 T A s MR
JEL AT IR 55 S A A e 3 S k3 B R O HE DI X R T
A REIE T T A IR o b 8 AR S AL AT = ]
T Ak B AR B, R TR S g Al %7

nirS RIFE R FF (¥I{H 1.67x107 copies - g7') K
T nirk B ($4{H 1.22x107 copies - g7 ) , YLHH nirS A
SR AT A R 2 B B s AR R PRI, R
3 FEYIIR AR LIRS AR G nirS R F R B
FIEMK, 5 nirk FEP F2 R0 BE M OCHE X 5
A X R AR R A T 4 R — B
REREMNHER G AMX16S LN F B 2 0 EIEHX,
HHI T AMX16S JE[H =42 BB ARAR T S AL DI RESE A,
PRI 30T AR 2R 430 1 PR AR SR A R T
AR
34 #ig

TEH = HKE R MR R S 1 AR AR
e S A R STRRAR B R TR AR A,
0 AR 2R - S3 SOR A VR T B R R T b ik . SO
R A AHE RS NH, -N 1 NO;-N &
A LR A K R (P<0.05) B R
# (P<0.01) IEAHSC, 115 pH {ELATHL 55 58 1 2wl
ARG, SO AL P55 AT AR 1ok 1 1 fol A 3 P B
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