55 43 55 2 1 S & 7 i Vol.43,No.2
2023 4F 1 H ACTA ECOLOGICA SINICA Jan.,2023

DOI: 10.5846/stxb202107031772

BB, pu M, ARG, R AROIGRT , BRAD TE. I TE F S R L1958 A R R AL T R R R B L AR 254, 2023,43(2) :849-857.
Duan C J, Wan S, Fan J B, Ye G P, Lin Y X, He J Z.Effects of long-term pig manure applications on the abundance of comammox bacteria in an Ultisol.
Acta Ecologica Sinica,2023,43(2) .849-857.

KEEABENIESESSUEEEFER M

BAAE? 55 R, BAIES AR ARARAT T e
1 VT T AT Ll A 2 P G SR IR S B A, AR 350007

2 REIE R A B 22 e A M 350007

3 P ERE B R s R IETST, BE A 210008

4 WYL= RBE RS b, AR 350108
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Abstract: The discovery of comammox Nitrospira challenged the conventional concept of two-step nitrification, which was
thought to be performed by two distinct microorganisms, and opened up new avenues to study the relative contribution of
different ammonia oxidizers to nitrification. Numerous studies have shown that comammox Nitrospira distributed widely in
terrestrial ecosystems, however, their distribution in agricultural soils and how they responded to manure application
remained largely unknown. In this study, we collected the soil samples from a long-term field experiment established 18
years ago at Yingtan Red Soil Ecology Experimental Station, Jiangxi, China. We determined the abundances of amoA genes

of ammonia-oxidizing bacteria ( AOB) , archaea (AOA) and comammox Nitrospira using real-time quantitative PCR. The
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results showed that, compared with none fertilized control, long-term applications of pig manure significantly increased soil
organic matter and nutrient contents, which increased with the increasing application rates of pig manure. Moreover, the
long-term applications of medium and high rates of pig manure significantly increased soil net nitrification rates by 317%
and 416% , respectively. In all the treatments, the abundance of comammox Nitrospira clade B was very low, which could
be resulted from non-specific amplification products. Comammox Nitrospira clade A were detected in all the treatments,
although their abundances were lower than those of AOA and AOB. The pig manure application significantly increased the
abundance of comammox Nitrospira clade A amoA gene, indicating that the comammox Nitrospira in soils were not
necessarily oligotrophic. Available phosphorus was a primary factor controlling the abundance of comammox Nitrospira clade
A. The Pearson correlation analysis showed that the abundance of comammox Nitrospira clade A was positively correlated
with the net nitrification rate, but that of AOA and AOB did not, indicating that comammox Nitrospira clade A might play
an important role in nitrification of the soils under long-term applications of pig manure. In conclusion, this study suggests
that long-term applications of pig manure increased the abundance of comammox Nitrospira clade A, which might play a

critical role in nitrification of the arable Ultisols.
Key Words: Ultisol; pig manure; comammox Nitrospira; net nitrification rate

AL VE R EIE IR P i — A OGRS A2, Rl A 8 R G R AU S 19 15% UL B . AR SRS AL VR B
jiﬂi%gﬁ\ﬁiﬁ%%ﬁ/fwkéﬁf]%( Ammonia oxidizing bacteria, AOB) ﬁﬁ%’fh?’?—[%( Ammonia oxidizing archaea,
AOA) ,Je ¥ NH, Ak i NO; , 2R J5 B W0 i 2 25 %01k 40 7 ( Nitrite oxidizing bacteria, NOB) 4 NO; % 1k A
NO; 2 SR, B—T A A AL SR R AR A BSR4 TR RE AR T i i, (R F) 2015 4F fig
g TR A A R EE IR ER ) 52 4 A B AL ( comammox Nitrospira) A& B, A MARAS 4T 8% T AL A6 FH 420 i
PR 00 T8 X — FARE Y Ak e A S R B A LB S Bk i, 3B %t amod ARG L H
38T, sE R AR AT DL AR A (clade A) FIHEALEL B (clade B) , i#EAbss A o] LAt — 2000 Ry kA A
AVRIEA: A2M S RS T REII R I 58 2 R S TR R [ A 5 v h Iz 43 A (A 58 4 U B AL T E AL A
A AL B e b 4 4 A BUEE RN D BE TG Mk i RV 28 L TR IR ik — 2B R e

1241k A H A3 A AN AL T 0 o AT R AN D BRI PEUF R C U R . SR
3 FERR AR FH -390 4 2 S A L F R 5 A A T R R S A O i T A T X U 3
TR 8RR S A m B T R AR, Huang 45 ST R IR, EUSAL AN R 7E R 1 3
W Al DL 5 8 A T R IR a3 vh s A A TR R A AL B P B DI RE TS AT A E— e i, AR T AL
A AT, AT AR e e L R ARz 2 A 2 . B, 582 SR 7EAR H 5 iy
SI AR AN e T MR AR A I, B i 25110 3 2o XA S0 4 T - 39 5 & B 4 S SR T T 1Y) =
P R R S A A T R T X S5 e R [ -3 (I 5% & 0 58 4 S AU IR 1 AR T U8 AL
WA LA . AT Kits BRI, 58 4 S S RO S 25 R0 e T A A R S S AL A T T AR
TESEEFRAAT P ATES 1,1 Li %V F0 Zhou %51 I %% 3056 42 SV S AL TR 7E 25 AU AR FH H 4 vp R 45 d B )
e, RUFTE B s AR R 8 2 2 AL . AR L0 2 0040 13K [ R O i X, B R M I ) 60 22
MR T O TR R P i, KRB A LT b (A5 B — 2 Ak, P AR Y T RS R R
Jiti A AU S e RA R = it e E R S BB Lin 55" 280 A EETREFFRISRAL it FH A% 2% T DA
AR LR RATE L, S TIEAPLUTTMFR > & &, B4 iERE ZE a2 i 2 S AL U E Y, U R 58
ERAME TR FRER N7

FET DL BRI A EURFE v I 2 e J Yo 21 8 A 25wl R U % 280t P 7 a9 FH 3 5 5 s 2¢
JEE R PCR BYT7HE P58 1 KMt FH A% 260 AL AR Wy D ek A 2 BE B 52 0 . 5 7 B BH RS 26 T8 im0 52 4
R E AU E I REIE N U HE S R d E AL I REHE I s DUIZE G PPl R 2D s AU iUk
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WK ST 3428 EOTRLE ,  2E 0 X 96 5365 BB BRI 55
1 HREE

1.1 BT XA

A5 b A T VT VG 48 T T T P [ R 2 g i B 1 38 A A S0 360t (28°157207N, 116°55'30"E) i X H AT
TR P B 28 R, AR R AR 1795 mm AR FENRE N 17.6°C . RN UL & B ik W4l @ %
4, B TR E N A (Ultisol ) , HerPoRR g 41.29% Hib b 33.2% kY 25.6%

1.2 Rt SRS

YGRS T 2002 4F SR FHE AL A BRIR R 7 X 805 R B AL X 41 1% 7 32 , 76 H f]
ik 4 LB BN ERA S 3 AN AR (CK) REFEAE (M) i 9 Mg/hm® %5 3% it 3%
A (M18) ,Jiti I 18 Mg/hm® 9353 ; Al i 3L (M27) L it 27 Mg/hm® O35 5 3600 M3blicsE | i Tt A 7
3N A BT R B, BEEES A DL (SOC) 157 g¢/kg, MA(TN)20.1 g/kg, M (TP) 12.1 g/kg, &80 (TK)7.90
g/'kg.

T EERESCRAE T 2019 4F 10 H SR HMETERAE M 775  TEAS A/ NX N ZEER 10 RS, RAETREE 0—20 cm,
T BRI 10 D588 00 WIRIR & B B — A1 IR AR CE T A BH48 T R REA R vk L,
S BRI RS E ARk A g IR T UL AT AL RS S R Ao = Ay — AR K I
E PR AL T — 040 ff 4= 57 20 0 5 RS AL R 5 — BB B e AR BUE T -80°C , R AT R £E
S ERE T
1.3 3T A e

A HA A TR B S AT SRR IR AT TR RN R BUR T R T e R, I
FroK i 5 pH (EHINE BRS¢ KT R, ITABRZ: CO, M5BTk , B % 58 ] pH i1 ( FE20-FiveEasyTMpH
MettlerToledo , German ) FEATI%E . AT EMEA HLEK ( DOC) I 5E . BUCS & 10 g Bk H A $2 88 K e 105 $2H, =
Y G UE S A B ER 2 5 BT ( TOC Veph, Shimadzu , Kyoto Japan) Ml %2 438 Al A A ( NO;-N) MEES A
(NH;-N) & HE BT 5 g T A8 R iTA 25 mL 2 mol/L ) KCl ¥, 537 a3 38 f5 F i sh o i
% (San** System,Skalar, Holland ) P& . & (TN) A MUK (SOC) MAE - H AR TG B9 LA, i S 8 100
H i, A E T E T ( VarioMAX , Elementar , Germany ) Ml 22 , 383 %005 ( AP) & &l 2 . FREL 5 ¢ K+
4, I 50 mL 0.05 mol/L HCI £10.025 mol/L H,SO, 1R-A- AR H, 1 Fb kil g, + 3R (AK) & i
DE FRECS g KT 4, AT 50 mL 1 mol/L BEERELHEH, K IAIGHETH (FP640, INASA |, China) Ml 22 .

1.4 EHES LRI e

SRR A R A fR B E T R RS 5 g HREE 120 mL BEFRR R INABRRR £Z , S AR
I B 2R FE R 50 mg/ke, WY Bk it 28 () o5 KRF K S 1Y 60% . K585 325 WAL, — 41 R A 25
mL 2 mol/L 1Y) KCl ¥ , 7% B0 2085 FH I sl Br i E NOS-N ¥R B ie/E C1s 5 —41 8 T 25°C K3R48
SRR ST B3R 7d, RIS 7 I 5E NOS-N MeBE I04E €2, fJa e R A v it R

R =V 2 - Cl
' wT
Horr R, F R L (mg kg™ d7') ,V R KCl BIERRL, €1 R 8555107 NOJ-N HE (mg/L) , €2 R KiF7
7d J5 NO-N ¥ (mg/L) , W R/RFEME & (g) , T RARFEFRIIT] (d) .
1.5 +HEE DNA $#2Ht

+ 35 DNA 25U MoBio PowerSoil™ DNA Isolation Kits( Mo Bio Laboratories, Carlsbad,CA , USA )&
BRI, BRI 0.25 o fifk 5 058 0 392, 42 1 0 W T2 0 A0 45 28 DR R B £ 1 4 DNA L K5 4R LAY DNA i T
-80°C UKFH , T/ 3L 15307 .
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1.6 SHFIOLE R PCR

KSR} 2% 9% %€ 1 PCR ( Real-time quantitative PCR) B9 75 1%, | H| CFX96 Optical Real-Time Detection
System( Bio-Rad Laboratories Inc, HerculesCA , USA) %€ i PCR ¥, Il & & A ALY DI e R R 5, i fAk
FN 20 pL, 24510 pL SYBR Premix 0.2 pL Fii5 (4 .0.2 uL 5514 .8.6 uL K&K S 1 ul DNA Fif, & &
PCR (i IS 1907 S0 A 34 26 AN 3R 1 s . e sl A b, B Rl R v i AR B8 = A A, IR
H AP

PR T 35 TR0 5 e H AR E T 418 | e R RIS A H R R IR 0 BORE , J5 8 e AR
W, TR S N 3557 SRS $UBUR. DNA | ] NanoDrop ND-2000 #6395 4% Rk B | AR i Bk vk i A R Be 4545 R
TR L R DL EL . 7ESEIN DG E B PCR R rp X BORLHEAT 10 %546 2R R, AR A [w) Jokr ok J32 11 i
R R A (C (B 15 BIFRHEM 2, DURGT SRR AR D F8 DU, 7 3G R rh i el 2 i 26 L1 I B0 3 203
N 90%—100%

#£1 EE PCRI3|FMBIREME

Table 1 PCR primers and thermal cycling conditions

W 5195 PRER R A S 3k
Target group Primer sequences Thermal conditions Reference

95°C AR 5 min;95°C 484 30 5,55°C B %k 30 s,72°C

A Arch-amoAF ; STAATGGTCTGGCTTAGACG = )
At rch-amodF' FEI 1 min, 40 ESF I 2 R M 65.0°C 19451 [18]
AOA Arch-amoAR ; GCGGCCATCCATCTGTATGT L
95.0°C, 4 5 s 4111 0.5C

. 95CTAEHE 5 min;95°C AEHE 30 s,55°C R k 30 s,72°C

A amoA- 1F; GGGGTTTCTACTGGTGGT ) S o ’
: Ef 1 min, 40 AMEIF I EE M 65.0C LT3 19

AOB amoA-2R: CCCCTCKGSAAAGCCTTCTTC SEff 1 min, 40 1G83F AR BN el [19]

95.0°C, % 5 s #41 0.5C

95°C HAEH: 3 min;95°C ZEHE 10 s,55°C R 2k 20 s,72°C
TEAP 15 5,39 AMIEIR; KM 42 EE M 65.0C 1 TF % [20]
95.0°C , 4 5 s i1 0.5C

SERRBNEN T A CA377E; GTGGTGGTGGTCBAAYTA
Clade A C576r: GAAGCCCATRTARTCNGCC

95°C WS 3 min;95°C4EHE 10 s,55°C R k 20 s,72°C
T 15 5,39 AMIEFR; J M 2k I M 65.0°C 73 [20]
95.0°C, & 5 s Hif 0.5C

FLFEMNES LB CB377f; GTACTGGTGGGCBAAYTT
Clade B C576r; GAAGCCCATRTARTCNGCC

17 Bt

FIF SPSS 18.0 B AT A Ge it . AL B R]EEA FRAR I B | ¥ 1k 3 R A B E ) D R TR
FE B 22 SR B R 7 22 38T (ANOVA) 47 L8, b 3] Y S22 1 AL Least significant difference ( LSD) i
Fikas, B IRAR (Pearson) AHICIMHT  AIFSE - EHEA AR BT e Al 03 1 ) Bk P = 22 (] A AL OGO
., RH Origin 2018 # PR T4

2 #R

2.1 St A T A SRR AR ST RN b 2 A5 e

3Tt % 2 T S ek s 4T AR PR AL B (22 2) . CK 1Y pH B 4.95, M9 Fll M18 43 31| i W AIG 1 4%
pH 2 4.80 F14.79, 1M M27 W¥EA , CK A DOC Fl SOC 1435 5.74 mg/kg F17.52 mg/ kg, R it H A% 2
$E1 SOC F1 DOC & it , HAETHm Bl 6 25 H A3 g . CK ZR¥ER TN NH; 1 NO; & it AR RAIL, K
1t A 2 S 25 S TN ONHL R NO; &, H M27 AbFRAGHRTHSCR fclf . CK ZbFR AP &80 6.39 mg/kg, K
Wit A 2 AR R AP & i SR RO BE A M FE A I G i, CK AL PR P A %5 R 0.33 mg
kg™ AT 1), MO LB A Ak R TG S S T M8 1 M27 Ab B i 3 i e Ak S 43 Sk F
317%H1 416% .

http ; //www.ecologica.cn



24 Bl A5 R I FE 0T 215 58 A S SR A T A IH B B R ) 853

F2 BAEANLIEEARELERIZN

Table 2 Soil physiochemical properties under pig manure in Ultisols

e oH AR AL A PR e ‘fft"ﬁ‘f?\ ﬁﬁ"u"ﬁ PR G
Treatment (1:5) DOC/ soc/ TN/ NH;/ NO3/ AP/ AK/
(mg/kg) (mg/kg) (g’kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 4.95+0.06b 5.74%0.71a 5.68+0.33a 0.66+0.02a 7.52+0.09a 5.95+0.17a 6.39£0.97a  76.70+12.4a
M9 4.8020.02a 8.22+0.74ab  6.6120.42ab  0.81+0.07ab  8.31x0.42ab  8.86x0.84b  28.50+5.49b  87.50+3.36a
M18 4.79+£0.01a  10.40+1.27b 6.73£0.25bc  0.81£0.05b 9.40£0.73b  11.20+0.67c  49.80+4.36c  129.00+3.08b
M27 4.90+0.03ab  14.00+0.41¢ 7.67+0.12¢ 0.90+0.04h 9.62+0.30b 11.80+0.83¢  105.00+14.5d 150.00+11.7b

FHE L FRAERR (n=3) , FIFIA R FAE R R 22 57 35 (P<0.05) ; CK . X A8, MO Jifi I 9 Mg/hm?® (4% 3% ; M18 . Jiti I 18 Mg/hm? P90 3% ; M27 . it
FH 27 Mg/hm? 19553
2.2 it A FE N 2 A A AR A R R A B Y5 i)
CK b ¥ () & AL W B amod FJEH 4.53%x10° b
copies/g( & 2),M18 Ab B &g 35 R T+ & H ALt B amoA - T I
FJEE 8.07x10° copies/g, I M9 Hl M27 Xt 2 Ak iy

2.0

amod EEEBELW, BRACME amot LR LR 5E 12 l

CK ALBE R A e 6 BEZ AR TR o A 2

amod FREELARE MM KR EH LS, womAl T

BEALRE A 9 amod “EIEAE CK ALBRARIE 1 3.84x10° 2 4] 3

copies/g, MO Al MI18 AbHH H Sk 42 w5 T R Akt = ’ —

TEAE A ) amod ML DA B L3 ik 51 50 3 22 5%, T 0= VT vrra————
M27 Ab B G 2 4 T o7 4 S A A TR IR A 1 amoA AP Treatment
JEPIERE % 1.19%107 copies/g, AT B amoA F B 1 KIS R R M

FEYES AR ) TR AL N M2 2 Z AL B Fig.1  Effects of long-term application of pig manure on net
R A, EHA 1—2 N ES, TESER9¢OGE  PCR nitrification rate in Ultisols
R R ARE Y A, N b B S g R TR R (P<0.05) ;s CR: XTI MO HEITT 9 Me/hm?
FEBEALRE B AP E TR AR BTl SR 00 estpk (R IS TR I8 M B85 27 TR 27 M
ST, E R A AT | L
BRAE G 22
2.3 FEACHUE YRR B S I P RS A R A 56 R

MR (£ 3) , J A MR EE S pH {HE 83 fAHE(P<0.05) , 5 NH; NO; TN &2 i
FIEAHX (P<0.05) , 15 SOC AP (AK Tl EAHOCHE . ZAMATR amod FEH 2 5 DOC AP 2 i 3 IEAHG
(P<0.05) , 1M 5 HAHALME FOC W Bt BB AR A 1Y amod ZEHE S pH (HTCH M,
A - SRR A M T B IR A OG (P<0.05) o 345 BIA A M6 B, pH (B2 52 2 AL B amod JE £
1) FEEEREE -, W] A RE L 41.19% 1728 57 DOC 252 M 20 A AL A T amoA FETR 3 B A 22K 1, ] fif B L
43.0% WA 5 AP 32 52 R EAL R VLR A amoA LR FFE ) F 2 [ 7, Al i BE 86.5% W) A8 5 . ItbAh, M
TSI HT R I (B 3) E A A B AL AN Y amoA BEPH - 5 b B R T BEM KK R | ML E A
TR PEEAE A 1Y amoA 3 [H =E B 55 vt fhod 6 5L W 35 1E A G (P<0.01)

3 Tt

3.1 it RSN L SRR AL P R )
Jite P AT AIUAE 2 2 33 40 1 I H R e M %) o B AO D A B il % 3 o — R B B A HLIE , X kst
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o
2
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©)
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CK M9 MI18 M27
40 ¢
— AOB CladeA b
o0 a
2 l 12t I
g 30t
s
: .M
=X a i
3 201 a 1
= 2 I I 6t a a
& I | . : i
z 10} ; T I
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2 KEMGERABEIAIEHE A AR E F E R m
Fig.2 Effects of long-term application of pig manure on amoA gene abundances in Ultisols
AR FBERRESR B E (P < 0.05) ;CK: X8 MO it 9 Mg/hm? (536 ; MI8 i FH 18 Mg/hm? (425 ; M27 . Jiti F 27 Mg/hm? [ 4#2% ; AOA .
AL T AOB  EU LA T ; Clade A 582 AL AL A

x3 AEBENMRSHATEERFEEXERE
Table 3 Correlation coefficients between soil physiochemical properties and nitrifying gene abundances in Ultisols

R Al

W pH ) . 2o BEE REE s ol
Target grou (1:5) ALK LK TN NHj NOj AP AK

get group : SOC DOC 4 3
AT AOA -0.681" 0.364 0.464 0.611°* 0.596 0.657* 0.251 0.374
FAATE AOB 0.107 0.694* 0.569 0.521 0.484 0.527 0.629* 0.403
SEA AL A Clade A 0.168 0.877 %" 0.840 ** 0.739 ** 0.654* 0.698 * 0.937 ** 0.782*"

* Fw x 35IFRIR P<0.05 F1 P<0.01; AOA . 2 AL 1 T4 ; AOB . & AL A0 I ; Clade A 52 Z EALI AL A

TIEFH NSRS G RAE BN B RVE R AT R S ZE R I 2 pH (B £ R RS X AT R
REFE P A LB AR B A, A DL E REAT R R HY, 2R pH (TR S [, 0 2t Al 1 - 4
FALTE R IR 1, o 30t — 2Rk, pH (EREAR . 55— T5ri , BB 4 280 12 )35 o, A AL Joi RS
TR S S AR R A HUTRN Y RE P AT LA A 4 s 1R 1 B B 14 8 o — R B R A R AL
PRI, v B AT it A 35 IR 8 pHL (AT BB th TR M Bk o A DL B i S o E T 3 . R
TR, SIS HUIE R RE I , o7 Lok 1302 B L3 DUSRIBR AR e R A 2 SR,
RS P A I, b B R 3R 3 (Y B R S TR 2 s M R 43 3% 43 1 S0 IR A AR
e SR ) LRI 40 R S 1 R B — A B S P A ARSI, AR BE T M8, M27 B0 4 i 8 43 37
ORISR, LR ERNA SO PR 2T A RE MG LR A RR AL TS B0, (AT DL S R T AL MR IR o 5 & A
M TR MR AR RA T o RN B RO FE AT AL | sl G A e ZE A N AN SR 40 0% | DA R aed it i ok
iU/ SR’ N
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3.2 it FHPEFERS G A A S W R JEE (R R )

’ﬁ:l\:‘iitj:i%qj ,ﬁ%’ﬂsﬁ% amoA E(J%EF‘E Hﬁ/g/%jh 3 o CK y= 1.56 X 107 -0.1142
LA AN 52 2 AL T 5 Y 1—2 Rt g, R W 7E IR ‘ o Mg R =051

P=0.006

o M27 ©

S8}
T

Peerierh A R R E RS A E e . &
ST TR A BRI 1% B A 35 DR 5 5 R 3R B %
FGT I FE IR G 14 R e v 3 g X S A '§
FEA R B, FEAK pH & F AR R AL AR ®
AP R NH, B R T RE T & A B AT AR
NH, WA R E IR BT i A A7, R, FE R M 21382
o A B amod FER R ey, AU AL B S e
amoA N F-FE F 457 11 pH (H TR 43 5 AFBR 1, 5% See HALE A ZA
S , SR ] EP%/\j(%ﬁHUﬁ, ﬁ’ﬁ’&%}ié‘g Comammox Nitrospira clade A/(X10° copies/g)
NH, fHYERRPESF T NH, 5 5 13 H' 455 E 0 B3 S2SSUERLK A anod BE+E5SREERNE
NH; ,NH, I3 BE 54 3MEI R i, AL sy *5%
E ﬁ ﬁ % ﬁ% %ﬂ jj , {EE NH3 % iﬁ E ﬁ ﬂ:‘lj ﬂ: /3??(4 /$:L ’ﬂﬁ E Til‘ éE Fig.3 Correlation between comammox Nitrospira clade A amoA
K2 BT amoA HEIN T2 B T B A B 5 18 2600
Jita T 2 AR G, axX — T T AR T KT N B S5 R A, B S R NH, BB R b A7) | i
FRVELT e A 9 NH, K2R A NHG BRI T 2 B A 408 B9 A 5 59— I, 6 2% it 5 30041 18 pH 1 T %,
pH (B AR 2 S A 40 B A BRI TR T 38 38t I s 95 4 S 4R S IR VR . e U SRR R b AR A
F R T 2 A A AN, 2 e R P A T 2038 rp 52 e G AL B EAL R A (O E IR AR (5 1 35
X5 Xu 2 7E R E SR b X TR A B A R R B — B, X T e TR A A A AL B R KO R A gt
A YA, 7 1P 0 3 B — BT 2 A o R R SR B Y L R CKO AR B, MO R M8 A FER
R 2 E AL A 1 amoA FEFE M27 W G 4 R B L OGRS M R, 78 S AL E
ek A B 5B pH (A AR A BT 2 W35 IEAHOC (P<0.05) , RIAHEILRL A £ F 22 LR S
Pt , FEEAE BRSNS 2R AL, B R0 & B, AP & R R 58 e E AL E bR A 1
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