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AR E LA TE(AOB) RIS . F B B REMEIEAT T 07 . S5RAI: HIERHI S A o R 3 (34.7%0 ~51.1%0) 5514 T Bl i 25
FEZ R | pH Al NO-N /KF B &I ; AOA-amod FEHFEFE L AOB-amod & HBIANEURYL, 7ehih it £ 5 s
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FrTrh . mEREE AL SR AOA I AOB WIEHRMERBRE S5 ZER MRS AR K, ARSI TR, mikiE#5 AOA fil AOB
FREHTC R EMKNM:, M5 AOA/AOB HAKLIK AOA [ Shannon FEEUE & FAISE . ML AT L, i+, SREEMMshxt HiEa
AALTEVE R R At 2o AR R B R, R AN pH 1 A L 5 A AL AR fb v R R S T £h L RS L IS P A Ak E
Y F B B AR R R

KB WA MRS EAULABERGTE B BRI

RESHES: X172 XHktRERD: A

Patterns of Activity and Community of Ammonia Oxidizers Along Salinity Gradient in

Salinized Soils
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(1 Sericultural Research Institute of Shandong Province, Yantai, Shandong 264002, China; 2 Key Laboratory of Coastal
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Yantai, Shandong 264003, China; 3 Institute of Modern Agriculture on Yellow River Delta, Shandong Academy of Agricultural
Sciences, Dongying, Shandong 257091, China)

Abstract: To explore the effects of the salinity gradient on the abundance and diversity of ammonia-oxidizing microorganisms
in coastal salinized soils, salinized soil samples with different salinities (6.4%0—51.3%o) were collected from four estuary transects
(Yellow River, Bailang River, Di River, and Jiaolai River) in the southwest coast of Laizhou Bay. The methods of soil chemistry
and molecular ecology (qQPCR and T-RFLP) were applied to analyze the activities, abundance and community structures of
ammonia-oxidizing archaea (AOA) and bacteria (AOB). The results showed that soil nitrification potential (NP) was significantly
inhibited at high salinity (34.7%0—51.3%o) and it was significantly correlated with soil salinity, pH, and NO3-N level. Abundance
of AOA-amoA gene was two orders of magnitude higher than that of AOB-amoA4 gene, which was highest at medium salinity
(9.92x10° copies/g soil), and was inhibited at high salinity (5.28x10° copies/g soil, P<0.05). Abundance of AOB-amod was
correlated with soil salinity, which was highest at low salinity and significantly reduced at medium and high salinities. However,
the diversities and community structures of both AOA and AOB were little affected by the salinity gradient based on the T-RFLP
data. Furthermore, correlation analysis showed that NP was not significantly correlated with abundance of AOA or AOB, but

negatively significantly correlated with the ratio of AOA/AOB and the Shannon index of AOA. In conclusion, the ammonia
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oxidation activity and its functional microorganisms in coastal saline soils were affected intensively by the fluctuation of salinity.

The changes of soil nitrogen availability caused by salinity and pH may be the key factors affecting nitrification activity,

microbial abundance and community composition in coastal saline soils.

Key words: Coastal salinized soil; Nitrification potential; Ammonia-oxidizing bacteria and archaea; Salinity gradient;

Community structure

R Vb 1 AT VA T T R A
HZ—. EiEEh M Eh . & pH AYRHEXT H3EAE )
TP ZREE A S TR A AR, i
AR . GOKGRAE T2, ™5 i 29 X3
AU Ty ST AR+ IR TR L 2R
PE RO ARIE , BEAE R BRI 13 R R G TREIR
fRPEHtIEmb B, Xkt ek, fRmiEh, R
AT B AESREBE N ARAREAE
HRE Y.

KREWTERMA, HoamElE myerER. A
WAHMSR Won, REHRGSRERNT L,
I AR L S R ik, oY e
EHhEIRE] 0.5% ~ 1.0% I, HIEAREIIEH S8
S, w ik R e ks, Horp E Ak
PRI HOE B, thikhg A 77 0 2 A fL 21 14 (AOB)
A A AT TR (AOA) L [R] 58 o 3 W AT 15 3 i
A 2 AL — 28 B A RN Al 2 (X (amo) .
FAZIMENE o WREE (amoA)VE R4 Fhric ol i
5% AOB Fl AOA TEMEEh Ry ZHEME . BRI T
JERFAED) Eh Bt e e R AL R P e A&
FEVERY SN T, R AR5, AOA FI AOB
BBV 2H A 22 )30 510 Sahan 25 URIE S st
IRTE () AOB ZHEMEFEARER X M Tk X .
Mosier Fil Francis®™ X} [H4: LTSI AOA B/ Hr
ORI, O ERERTT X A AOA JE R T A4 i (K Eh
o AR R T HA R SRR AL, A E TR
TR . pH I SEREAE . SR H AT AT Xk R 4
AOA Fl AOB {2k . 3B SR I i
NIEHE

SN K AR B S 4 300 km®, 75
fEIERLA 2 100 km?, USRI e, 4
VT 1) ol S R P S8 P R B AL ARRAE - AT I I S
J BN, ISR X i AN TR ) LSRN A EL A iR B
M, (L 8 A %o RO B A 9 1) S i R A
M, AHFFE R bER k2% . AR S5y
FAERERLNTFB, WML M R 15 AN [H)
T T AOA Fl AOB HIZHENE . BEVRALN . 1%
PEREAE B FOX BRBE B F I R, DA IR AR 5% h 35t

P LR AR AL S LT RESE AR B 1 N L] 2 3t
HEARE o

1 HREH®

1.1 HEEERLE

A GRS VU FE 72 (119°09" ~ 119°36" E,
36°56' ~ 37°46' N)IJ BT 1 (YR). HIET1(BR). 3%
To] 1 (DR) ST 11 (JR)A 1R 4 Aty e L 14 >l
BL(E DHEATRE SRS b, BT T 5 A
(YROI ~ YRO5), FRIEBiE 2 4 ufifz(DRO1 Al
DRO2), & Wi 3 ~ulf(DRO1 ~ DRO3), B3k
W 4 S H2(JRO1 ~ JRO4)

FESCRAEERE R 2014 4F 7 A, LSRR EGR
J20~5cm FHHRA] . FEA K DORAFEERS B0 =,
— BBy 4 CLAEEIFTF 48 h N T & A ALTE M E , 5
—#B4r —80°C ¥Rk, FHT M +-HEprks 1 R
1% DNA.
1.2 TEENEFHNE

48 pH I SR FHHL T 3 5 4 K I e R
BT B EE K B e 1 5 R
VS ok A . BRI TS, 25 ¢ T
+HAnA 25 ml 2 mol/L KCLE IR, & 1 h, iF
U, RIS S o3 O 2 3 S A (NHL-N) |
HAANO-N)FAS B A NO-N)F i, HHEA2E
(TN). SAHLER(TOC) & i A TR At e ; 1
R (GS) R ORI A 53T o
1.3 T iEERH{L & B (nitrification potential, NP)AY

M zE

SR AR SR U0, LU/ A T R AR
) NO,-N [ KR AE
1.4 TIiEX DNA RS NE

FREL 0.5 ~ 1.0 g Bt +AF, WERfICSRBUE, i
TS KR T A B, DM S S5 5 DL
P44, FIHH] FastDNA®SPIN®(MP Biomedical, 3 [)
1138 DNA $2BAT) G Ui I 5 2R $E L DNA L $2HL
() DNA HIfi 58 78 6t B i1 (NanoDrop 2000c, 38
]IS e B M A, 3 e T80 C IR AF -

1)AOB Fl AOA 4. RHZOEE R PCR
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Fig. 1 Sampling sites along estuaries of southwestern coast of Laizhou Bay

HARMTE AOB-amoA(amoA1F/amoA2R)F1 AOA-amoA
(Arch-amoA-for/Arch-amoA-rev) & K 1 #5 D15, 1155
JECRLFE DUBE , 20 5 F5 B AOA I AOB Jiki £ 107 ~
10°%, DAFE DB ST BCA B A bR, CT (E A rat
SEARERNZ . BEARESD 3 KER, FFRA AR 1 )
REE R BAPERT IR . B4 PCR 2 B3 B 85 3R 1
90% LI, HCRER)IKT 98%.

2)AOB Hil AOA FHIEZE AT, LA+ 4E5 DNA
AR, SR FH R i B M R W R 2 S
(T-RFLP)s-#r#h BE AR AL 1 AOB(amoA 1F/ amoA2R)
Il AOA(Arch-amoAF/Arch-amoAR) [ EETE 4544,
HREXTS TS 1) S'bric A oSG 6-R B9
Y (FAM), AOA-amoA WYIEFA Rsal Al Hhal,
AOB-amoA NN Rsal Fll Mspl, BEI=4pik 4 T
AW TR ) B A7 B2 W 6T 6 40 A8 FL TR
1.5 HFELESSZITHH

FIH SPSS 4 i 4K {4 iy 5 K 3R J7 22 4 B
(ANOVA)KG 5 8 BE#6 B X i L i #%. AOB #1 AOA
W= K Z RS2, JF R A B/ B 3 25 Rk
(LSD) b4 AN [] 6 i [8] A 22 5 ; Rl Spearman AH 14
YR IR L AOB il AOA [=FJE K ZkEME S
WHH TR B R W BRSSP
PRIMER-6 X AOA Il AOB WY FEIK 45 pEA TR i &2
4 RBE (NMDS)HEFF , IF I H ANOSIM #6955 BEA6 2

X AOB F1 AOA BV 45 FBY52 M . Al FH CANOCO %k
A H B B G I 43T (CCA 5% RDAVRZR & E A
YIBEIE S5 SR A i Z A &R .

2 ZERE4SW

21 TEBUETF

AT ST ARAF I TG AR b AT R 2 AR B (R
Y 6.8%0, ZENE 6.4%0 ~ 7.6%0). HHELE ELEEF-H
{8 16.44%0, ZEWE 12.5%0 ~ 23.9%0). e ih BF (R
I 44.47%0, 7251 34.7%0 ~ 51.3%0)3 ABEEEIY, H
HREL A 45367 YROS ., JRO1, DRO1, HEhEALE
3 YRO1, YR04, BRO1, BR0O2, DRO3 ., JR02, JRO3,
JRO4, EEREAIRE YRO2, DRO2. YRO3, pH JufElh
735 ~ 7.58, BT, THLEE SRR L
NO;-N mE, Hir, ik, . &EE 3 NOs-N &
HEIME M 6.05, 26.37 F1 23.25 mg/kg, NH-N
Fl NO>-N Frip ARIERER R ZIAR ., AT
WWEIN 059 ~ 0.88 g/kg, MANLSH 577 ~
7.19 g/kg(F 1),
2.2 TEWEAER

ML 2 HaT DI, ek B S A ST 35
0.12 pg/(gh), HAKERE (0.28 ng/(gh)) Al £k B
(0.33 pg/(g-h)AHH H B IR (P<0.01), Ui RGERRE B
FIH T AT
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Table 1 Physicochemical parameters of saline soils of southwestern coast of Laizhou Bay
i pH i K NO:-N NO>-N NH;-N gt pSEERiIR T R
o (%) (%) (mg/ke) (mg/ke) (mg/ke) (@kg)  (gke)  (d0.5,um)
R 7.40£0.15 6.8+0.57 27.00+3.04 6.05+0.37 0.74 + 0.25 0.09+0.03 0.68+0.20 7.19+2.63 37.61 +19.97
HEF  735+020 16.44+3.85 21.59+£226 2637+4293  0.65+0.36 0.11+£0.07 088=1.12 6.47+3.57 56.83+23.01
FERE  7.58+0.31 44.47+8.68 10201032 2325+30.1  0.59+0.16  0.093:0.006 0.59+0.09 5.77+1.48 33.69 +35.26
T d0.5 RRFHkiAR, HRAEE Rt dirh 50% FTxd i Bz,
051 23 ETF amoA EEEHKEE PCR B AOB
= 04 . T AOA £E
2 ol [ FMNEERE: - AOB WYERE R 10* ~ 10°
CaAs \ { copies/g t, AOA [J=EEH 10° copies/g (&l 3). T
%RI 02} ) AR AOA-amod HER FFE R i AOB-amod 2 2
Z ol I A, UL SNV i 1 A A A R
% LI AOA N E.
0 e e e AOA-amod F&HFFEAE R B e () F-39(E
ek B, N 9.92x10° copies/g t, HUEARELE + 1

(FE P L7 AN R/INE A 3 7n 21 8] 2 5 .3 (P<0.05), T A])

(8.45%10° copies/g 1), EiEhE + 3R (5.28%10°

2 FRHEHETRORHILEE copies/g 1), Hrir#hE LT AOA-amod [

Fig. 2 Nitrification potentials in soils under different salinity £ +h R A ;
e i SEET G, 1R LRP<0.05. P 3A).
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Fig.3 Abundances of AOA (A) and AOB (B) amoA in soils under different salinity gradients

AOB-amoA FEH 3= B 75 £8 FE 46 BE [0 AE A6 A B 3%
P22 5(P<0.01, & 3B), HAPKEh 3 -1 AOB-amo4
LR FEE Ny 3.48x10° copies/g +, W& m TrhibE+
2 (4.90x10% copies/g t )l £ B + 4 (4.16x10*

copies/g 1)
2.4 ET T-RFLP 4 #T# 115 AOA 1 AOB & #
MEFNBEE

BREE S TROS 1Y AOA-amod FelK A 1145 BRAR )
gERAN, HAbRES 28 T-RFLP 3Hr &3, AOA-amod
F1 AOB-amoA 1 T-RF FLHTEAL ., . m3hE i
BB EWEZTCR 2). AOA A2 35 B
Shannon FEEUTEAIG | mERE H-3Erh 22 7 R B3 (P>0.05),

{358 3w P+ 3E(P<0.05)(3% 2).

NMDS 7 Hrés i Bon, AT AOA 25H
Al 43k 2 ANHEL . A 4H(BRO1, BR0O2, DR03, YR04,
JRO1. YRO2 il YRO3)HI B £{(JR04, JR02, JRO3,
YRO1 Fl DRO2). {i£h BE# i DRO1 ) AOA Hf ik 4%
P4 55 HA AR A 22 S K (] 4A). ANOSIM K 56 (%
)R, AOA 1Y HE ¥ 45 10 AN 32 h FE B i 52
(P=0.23), AOB f§ NMDS 4 #7455 (& 4B) T,
JIT A RE S B 2R 3 AN HELL: A 414045 DRO1, DRO2,
DRO3. JRO1 1 BRO1; B 4113 YRO1. YRO2,
YRO3., YRO5,. JRO3. fil BR02; C #lfiff YRO4
F1 JRO4 .
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Table 2 Diversity indexes of AOA and AOB in saline soils based on T-RFLP analysis
bR RS R AOA-amoA AOB-amoA
T-RF % H B2y R A Shannon 354X T-RF $(H B2 B AL Shannon 3541
iz 1450£4.50a  0.81+0.06a 2.32+£0.08 2 1250 £531a  0.71+0.09 a 1.73+£0.54 a
Gk S 14.10+1.19 a 0.59+0.77b 1.62+£0.39b 13.00+ 1.94 a 0.77+0.06 a 1.96+£0.25a
[N 19.00+1.53 a 0.75+0.06 a 221+0.17a 15.67+2.03 a 0.80+0.06a 2.20+0.26a
P1E 0.14 0.27 0.10 0.47 0.63 0.52
TE: R BE A 9 S 22 S KT ) PAEEEAE s [RIFUAS IR/ NG 7Rk 327 20 1R] 22 57t 1 35 (P<0.05).
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Fig. 4 NMDS analysis of community composition of AOA and AOB amoA genes in saline soils

*3 HEHEEE AOA 1 AOB amoA £ E B 5 L1 H
ANOSIM %4t
Table 3 ANOSIM analysis for groupings of AOA and AOB amoA

gene communities between salinity gradients

Vol RIHi P1i Vil RIH P
AOA 0.12 023 AOB —0.16 0.89
AR vs REREE 012 0.75 | FERE vs KRB —0.21 0.88
FEREE vs HEREE 043 0.07 |FERE vs rh*“)“ -0.08 0.66
HEREE vs IREREE 0.08  0.40 |HEREE vs KERE —0.04 0.60

H: RAHDEMIGAIR (Flo 242 5 26 B K TN
Z5, P<0.05 IFERRAMZRRKTHNES,

2.5 11 AOA 1 AOB £E ., SHMMEELEN

RINEETFEBX R

T 4 0T LA, SNSRI L s RS
ERBE (p= —0.58) F1 pH(p= —0.55) .3 11 #H X:(P<0.05),
M5 NO3-N 7K 35 IEAH G (p=0.37, P<0.05). AOA
B85 1% pH E%E*ﬁa‘éwo 39, P<0.05), 15
FIEL R (p=-0.36). EAHLIK(p=-0.37). NH, -N(p=
—0.45)H1 NO3-N 7 (p=—0.33) . & 11 #H 5 (P<0.05).,
AOB M FJE S A AEEH T A A B E
(P>0.05)., 734, AOA/AOB il 5 11 pH % 1EAH
X(p=0.36, P<0.05), MiS52A & E(p=-0.39, P<0.05)
WET AR AOA 1 AOB ¥ Shannon F5%0 5 i 3
B2 K744 0 S 3 M SR (P>0.05) o LS X 18 43 B &
I, AOA Fil AOB BV 451 5 I A PREE IR 735 0 1

FHERISE(P>0.05)

B RS A YII8 bR (amod “FJE . AOA/AOB
FAE . Shannon $§%0)i1T Spearman AH5¢ /3 HT A 3K,
LTG5 AOA FIl AOB 1 amoA B [H - FE T 1k 3%
F(P>0.05), {H5 AOA/AOB AR AELE i35 7 AH G
KA (p=-0.35, P=0.04); 75t, FHILIEHS AOA 1)
Shannon £t 5 i 2 AR Z (o= —0.68, P=0.008).

R4 AOAFIAOB FE. ZHMUEHESHNERTEH
Spearman 1% 14 (p {B)
Table 4 Spearman’s correlation coefficients (p) of nitrification

potential, abundance and Shannon index of AOA and AOB with
physicochemical factors

Tl Al P H amoA SLF F Shannon #5 %

AOA AOB AOA/AOB AOA AOB

pH -0.55"  0.39"  0.03 0.36" 029 0.14
R -0.58"  -030 —0.29 0.32 029  0.39
Bk 0.10 045 035 0.01 049  0.49
hite 0.08 0.14  -02 0.31 039  0.47
2R 0.15 -036" 0.04 -0.39" 041 0.36
BAUmE 0.00 -037"  0.03 -0.28 0.51  0.29
A 0.08 -0.45" -0.05 -0.32 0.14 0.35
WAsAZ 0.00  -033" -0.17  -0.28 0.74  0.64
HAZE 0377 —028  0.04 -0.05 044 029
i A v e - -0.035 0281  -0.35" -0.68" -0.215

#: p & Spearman I FRE; AOA/AOB & AOA-amod 5
AOB-amod £ HLAH 3 * +*43 I|F/R AHOCHE X P<0.05 1 P<0.01
EKF,
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3.1 EMEABMRERSH TS

SN TET 1 X -3 HAT B G 00 56 B B B R AR, 2
JEVEEH 6.4%0 ~ 51.3%0, B5EERCK, SMARHT AT
R F . REE ST, IR, LA
(NHi-N . NO3-N il NO>-N M F) & & 1E 433 ~
132.98 mg/kg, AR THHLAIEUK T, AR S &
AR T — i K
32 EBHRIMEUBNANFERZMESE

SNV g AR E R W TE S AL R AE 011 ~
0.51 pg/(gh), AT RZE0 H XA 3R AR X
U3-141 AT fig 14 JE R] 2 3k S 30] 11 X () BIF 5 06 42 R AR
Yy, Hrh ES AR R , AT SE X 1 4% NHA-N
SRAEEHAL, FH 0.14 mg/kg, BHBRE T i1k
WEYE . KA RE R B R (34.7%0 ~ 51.3%0). P
(12.5%0 ~ 23.9%0) . 1(6.4%0 ~ 7.6%0) /4 K IR, 133
B PRV A A s 5 P Bt 5 T v T FARAER
e, (ASMREEEZE R AR E, mEhERM0E 2).
AR AR RE—, A Colne i 1114
Randers Fjord Ji] 1A Douro a7 110, R B X il 4k
WA ALHLA AN BRGNS, SRR TR 2
R A - 180 NHL-N AR BRHRE 17, il Ak R
AL, TR RR I T 2 AT M AEARER R LT
1458 NHa-N R R R, ik EE NHL-N Al g2
Hil R 2 F A E YR E, RR5I% AOA H
AIEIVE NS A B A NHE-N /K] fE T3S
AR AATEE 5 1R B e NHL-N AR AR,
SRR T R EATE T WA RN, SRR
e o s ma & SE AL A P AR B R SRR R )
TEVR AL, 1T 2 ) - e A AR A g

Spearman FIEPE AT BN (R 5), BRILEESLN, fiF
LIRS pH WA HAHDC, SEMTEYE R 7+ pH
JLECH 7.11 ~ 7.94, J& T 559080k + 18 . KRy,
+3 pH SRR LTE R SN E, pH 7.5 ~ 8.5
JE R AT P B A pH IR, TR AN Ak
B2 ) - 4 A d AT O L — T T T R e
FaVESE R P2 0 [ i NH; R RS R 0 2 8 Ak ok
W 2 A TR R T S AR TE R 55— i ]
RERMRIE 51T, NH; #5108 B NHy, H9n T4
AR TR, H Gk, AR5 pH
TU PRI i FLHGE A R RS AR TG , SR 45 S A i
A TE PR R 1358 pH Y T 55 1 AR, DU L AT R S R 2
% DX 3 A SR T R T K AR S 80 e Bk

FrEk, B, SRR OC T R ER R pH 3L [FIAE
2R
33 EERISEUREYHNEESMEFRIRENR

7

3 M VS U A T A RE b A A AR Y LA
AOA AE, X 5EWNIMRZHOM HIAEE 5545
=52, M40k, WAHBISN, 7E Douro 1V
Cochin J[ 1%, AOB (i FJE & = T AOA, R HiH)
NH;-N 7Ky vl 82 1 X P RR R B 42 ) 2L
JRH . AOA-amod FEH=F BE7E h b H e i, &
R P IR AR (& 3A), T AOB =F X £ B fit i 1
5 AOA RIF, fEr . i L3 bl 25 i
(& 3B). AOA FI AOB Xf£hBE#EEE (10 1 51R 2
T 2RI, BIAHXS T AOB, AOA Xk B (T 52 fit
S E . XAlRERE T AOA il AOB X NH;-N EH1
T AFFFSERIP, B AOB {2 & NH;-N Bk,
fIRERAIE F 3% NH,-N (9B, R A 1+ AOB 11
K M AOA X NHG-N AUSERM 488, WZK
NH, N #58, $EREE + 50 NH-N /K] 68 L sE
G AOA A MR, A FHESE AOA 1 AOB il
Xof e B 1 A4 B R AR ) DT S 350 T sk A B e 410
AOA £EEH M pH BF ML, SCHBINA

“AOA TERRPEM IR 5 325, T AOB 7£ H i Fmd P

e AT ARREROS) FESEMN TSV R AR 1
+ 48 pH 7TEE AL A YE BV BN, BeRS pH )
SN LA ES , 1A FR A U W T B2 s Ak A
ARBREINZER, pH B85, 8FT NHi-N [1 NH;
(AL, IMETE T AOA fAEK . IAh, AOA FJ¥
5 BERAHEGER 5. —MIEBL T, AOA 7£
JEFCA A P oTmkE R, 2R AOA XY
R EM I T AOBP, K AEARAL g+ rh o B
SR PRI AR S R AR, R, X
AOA I & THABM T, 1 AOB NI .
34 EBSRTIENMEVEZN ST

RPN EFEHIT X AOB Fll AOA BEE4S
R Z RV i 3 2 2 . Bernhard 255K BRI
R RS T, AOB FEESR @ T A AL B A1 G
FHELA SO AL A TR R, e R AR E B, AOB
TEE LS AR ) LA AR B o £ 59 4h, fEF5
FEIRET 1, IRER B2 3k 4 AOB () Z FEPEAL b B
v P ZEXHE S IS IR AOA 4 i h &
P, ok AR W I IXE) AOA T R T 3 45 Al (R £h
JEHEL, SRmiABF ST, EREEXT AOB Hil AOA K
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3.5 HMUEBEREIEUMEVHNER

LSS AOA B AOB Ay =F B0 L EAH
PE, 15 AOA/AOB [ {H & A G (3R 5). X BiH]
FESRMIVEVE g R R £ b, BUAR AOA BIEH AR
TR, (B H R AR AN REAR f b i B 2 SR A TS R 1)
A GRS Z AT AN R 2 A2 D (BR
0.52%0, pH 8.0)A A )G, MibE#S AOA
F R EMEHLERA—, BRTHERZR (L
N B R A NHG-N A stk 5%, AR
BRI 00 ) 2 VA 48 DX I gk - i A v A
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X AOA A —E LA A LG 54,
AOA/AOB I {H— % 11 NH;-N /K, b
NH;-N ACF BRI . FEARTF R SR 1Y 14,
NH-N AT ST A BRI P 2, PR A fh v 4
5 AOA/AOB U {HIA Y FAH G SE FR , A A] g2 HO A
ESRQIUIEE =S

4 Z5ig

SEMVE VIR g R H R AR S A S RS,
R pH m . BREZ . fEXAERER, RN
W BT 3 A SR AT P N I R AR A M 2 7 A R A7
BIFEI o, SARATE, TEREE(12.5%0 ~ 23.9%0) HEE
B SRR TG, I g AR 2 T A A T
AOA FI AOB X £5 Bk ghmia v H- A —3: AOA %
TR EEIREE, T AOB W BT BAIREE B FR8% . R Al pH
T A - 39 R R A R A AR Ak T BB B R S v 1
B AT T RN 4 T RV A A D R 2R
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