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KR K N AE A K 5K RS £ s DGGE ; AOA BEE 4544

Impact of different long-term fertilization systems on ammonia oxidation Archaea

community structures in Calcareous Purple Paddy soil

LU Sheng’e', WANG Yingyan', CHEN Yong', TU Shihua®, ZHANG Xiaoping', GU Yunfu'*

1 Department of Microbiology, College of Resource, Sichuan Agricultural University, Chengdu 611130, China
2 Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066, China

Abstract ; Increasing evidence revealed that ammonia oxidation Archaea (AOA) belonging to Thaumarchaeota could control
nitrification in various agricultural ecosystems. Studying the impact of different long-term fertilization systems on the shift of
the AOA community structure and vertical distribution would contribute to understanding the soil nutrient biogeochemical
cycles and microbial drive mechanisms. In the present study, an “N, P, K long—term fertilization field experiment
(1982—2014)” was established in a Calcareous Purple Paddy soil in Suining City, Sichuan Province of the PR China.
Eight treatments including three chemical fertilizer (CF) treatments (N, NP, and NPK) , three CF plus farmyard manure
(M) treatments (NM, NPM, and NPKM) , M only, and no fertilizer (CK) as control were used. Soil samples amended
with different long—term fertilization systems at four different depths (0—20, 20—40, 40—60, and 60—90 cm) were
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collected ; the soil physico—chemical parameters and the shift of the AOA community structure and vertical distribution were
analyzed by chemical analysis and denaturing gradient gel electrophoresis ( DGGE). The results showed that compared to
the no fertilizer treatment ( CK), soil pH decreased under the CF treatments, and showed little variation under CFM
treatments. The pH values in the 0—20 cm soil depth were lower than those in other soil depths. The combined use of
farmyard manure and chemical fertilizer could also improve the soil total nitrogen concentration. The total nitrogen content in
0—20 cm soil depth was also higher than that of other depths. Fertilizer increased the soil ammonia content in the 0—20 cm
soil depth, and in this soil depth, the CK treatment had the lowest ammonia concentration. Furthermore, soil ammonia
concentrations under the four CFM fertilizer treatments (e.g. M, NM, NPM, and NPKM) were similar. Additionally,
chemical fertilizer plus farmyard manure decreased the soil nitrate concentration, and the nitrate concentration in the 0—20
cm soil depth was higher than that of other depths. Based on the DGGE analysis, different fertilization systems affected the
AOA community structure in different soil depths differently. The AOA community structure in the 0—20 c¢m depth with
different fertilizer amendments showed minor variation. With increasing soil depth, the AOA community structure with
different fertilization systems varied significantly. The AOA community structure in the CK and N fertilized soil were much
simpler than those under CF and CFM fertilizer treatments. However, the AOA community structure showed significant
vertical variation, both the richness and Shannon—Wiener diversity index in the 0—20 c¢m soil depth were the highest,
while those in the 60—90 cm soil depth were the lowest. According to the sequence and phylogeny analysis, AOA in
Calcareous Purple Paddy soil were all affiliated to Thaumarchaeota, and they were highly similar to the AOA in different
soil and water environments. According to the redundancy gradient analysis (RDA) , four soil physico—chemical parameters
such as pH, total nitrogen, ammonia, and nitrate concentration showed 11.3, 2.8, 1.8, and 1% contributions to the AOA
community structure, respectively. Soil pH (P = 0.012) was the critical factor to shape the AOA community structure in
Calcareous Purple Paddy soil. The study revealed that AOA in the Calcareous Purple Paddy soil responded to the

fertilization systems variously, and showed an obvious vertical distribution.

Key Words: Long-term fertilization; Calcareous purple paddy soil; DGGE, AOA community structure

F AR A RGP T 2 AR B E ] S AV E IR B AT 4 i B, 25 vh (A= aik sl i
il AEAE F ( nitrification ) J& HiER 2 Z G FH ( biogeochemical cycle) HUOIATT | Hid &% 4k ( NH,—NO, ) 72 1AE
BB AL B P 2 Ak I R 1) R AL G WL N R AR T T AN Y R R AL A (ammonia oxidizing bacteria,
AOB) J&: Bk 0 08 2 5ot B i AL A FH 0 32 R HR 35 020 (LT 30 W 5% % B0 4 4846l T (ammonia. oxidizing
archaea, AOA) | VZ/0 i FIVE 8RR AR B R G R ARG B i 5 EEMIEH
AOA 3 3f 2 N4 ( AMO ) F55 il 0 580 BT AF R R 1Y 3R 32 ) amoA 2 Gt AL 22 BRI 48 TS M 67 5 22 IR R 1A
HTF amoA L H SR AR  WEAE R 2 FARic T 12 M T2 B 0 0 TAE S5

AOA 2R AR RGeS R ny 20K 2 H 32 30l 48 PR it 1) WY S 3 it S ) 32 | 1= 4% pH 1+
HERRUESL AOA FEELSHIMEZ A 717 KM Aot A0 23 % -+ 39 v ) Al Ak VB RN &0 S A B 2 g e o
ShRG S F AR IE U s g pH DR B ) P SRS A AR I e SR AR 0 i R R
P B AR ARRRAE L BRI R, 7 P P A it v e RUIE 4 R B AOB (R A 4 RN SF
BT AOA AOFEmAG RV (EAERE 58 BT S50 305 Z A, K IR 25 3 52 i) AOA FEVE 45
FARRAED ) 25 b SRR —RF AN [Fl i I ] Xof - 48 S A Bl A 0 1) 5 i AR R — 3, 2 it IS ) 5
Wil Y -3 AOA Y B 73 Al A2 AL ARE L i ANTE AE

AR R KRS R DU TS 5 4 [ )32 50 A ) — PP B Al - 18 TR 4.00¢10%hm ' %K
AR A LTS A, L BRI, AR BROKST R ARE 1 220 ORGP A AR 58 (KRS 1 i, AT T
PR, PU)148 T 20 el 80 ARARAEIZZE 14 LN 1 NPK KIHIEAGAL " . AR SCIRR T A KIEEAK
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-k AOA JHEPA 245 g0 I B FE W 9 5 VT 43072 14, L9 4g AFUAS B B 7 % 586K
B SRR B B e R S L), R 1 25 € KRR TR AR R B

1 #MREFE

1.1 Lmikit

I A7 S50 5 A TP 3% 7 T M LU X BE £ AT 20 (30°107507'N, 105°03'26"'E ) , S fig Ay W #4ky 2=
WA, A AR I e, O AR B R B T AR, R A, IR T 1982 4R,
SEAFEHLIX %, 4 8 AL B. (1) AR (CK) 5 (2) BIE(N) 5 (3) BB (NP) 5 (4) ZHEHE (NPK) 5 (5)
KRG (M F o A8 I A HLE & 1.5 mg/kg) 5 (6) BHE+RFEM(NM) ; (7) BB+ Z AL (NPM) ;
(8) AMFEPIE +4 ZHE (NPKM ) . HEARMIE & : ZUIE (N) :55.2 kg/ha; # B (KC1) :31.5 kg/ha; BEAE (P,0;) : 13.
2 kg/ha; RENE.3x10* kg/ha, ERE BT, SLITFARE LAY FRMEDN . pH 8.6, AHLI 15.9 ¢/ke, %K 0.
109% , BHfi A 66.3 mg/kg, 25 2.689% , A %48 130.6 mg/kg, ZRUH 699.4 mg/kg, W 0.135% , 4 %k 3.9
mg/kg
1.2 +FERES bR

T 2013 457 A 1 H KR MEK R BT TE] , 26/ DX 42 AR Y7 A aOBURE | T 45 23 il B 0—20 em (L1)
20—40 em(12) ,40—60 cm(L3) Fl 60—90 cm ( L4) IR HE, 7021 5T, HHIGH PET B 4s B2 F ok & h
WK E . BURA AT EE R 7 BB 3 5 DNA |, 573 BGH > R T 508 F XT84 7 e Bk
A, T4y HAET-20 CRAAA .

1.3 AR P O

M 5E ik S R s b Ak 22 ikt
1.4 TJE AOA FF& 451 PCR-DGGE 434

1.4.1  TIERUAY)E DNA $2H

KM Fast DNA Spin Kit for Soil ( Qbiogene, Carlsbad, CA, USA) By & 7%, FRER 0.5 o Brif 38R0
BE 3R & 0P BRI T RIS Y B DNA IHRHL,

1.4.2  amoA LA PCR ¥ 3%

PCR 5| #) CrenamoA- 23f ) J3* 41| 5'-ATGGTCTGGCTWAGACG- 3’, 5| ¥ CrenamoA- 616r (1) J¥ %1 5'-
GCCATCCATCTGTATGTCCA-3'1" | [ W& % : PCR Master Mix( TIANGEN BIOTECH. BEIJING )25 wL,&#h5]
0.5 wL(25 pmol/pl, 10 ng +-3 5 DNA il ddH,0 ELARFL50 wl, KVFEF  FUAEYE 95 «C 5 min, A8 95
°C 30 s, iR KJEEE 52 °C 30 s, SR 72 °C 45 s, FdF47 32 AMEH,72 °C 10 min, &5 T 4 CHEIBIRAE, H
PCR 729145 2 L, 1.0%5 IR A BEE i B, vk ASr 0, 368 2 1% 22 4t ( Gel Doc Documentation System, Bio-Rad, USA)
gL,

1.4.3 DGGE /37

HUPCR 728 15 wL #47 DGGE 438, ZEPEFIARE R 30%—60% , 58 N 4 Tk g 268 et Tk i 8% ( 100% 14 25
FIAIRZE 7 mol A1 40% 1K) 23 FHEEIE ) . 78 1XTAE 280,50 V 30 min PERE, F7E 150 V 60 °C FHLJK 5
h, BRI A R AR X JE 1R A7 e €, SRS FHECRD M ML B, R FH 358 1% R 45 ( Gel Doc Documentation
System, Bio-Rad, USA) "' H# Y Quantity One 4.4 /4% DGGE FEi& 474347 .

1.5 DGGE 4545 1) v b S5

PCR 7“#1 ] Clean-Up™ il £ (MO BIO Labs, Solana Beach, CA, USA) #:474lifk, 4lifkJ5HY PCR /=91 5
pGEM-T Vector #47i% 4%, FIH E. coli DHS o JBZ S MM AT AL, HE R 5 B & (100 mg/L) i PEA PCR
ARG, 2R FH 3 I B e B e e 1, 26 3 ) T RR ARG BRA R A TN
1.6 ik

FAh BRI AL BRI Excel 2007 #£47, Duncan BPK 2 J5 22 43 SPSS17.0 58 %, DGGE Kl F| F Bio-
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Rad A ) ) Quantity One 4.4 4387, F MEGA 6.0 ¥J% AOA amoA N ARG A B W, H Shannon ZHEPEFEEL
(H) ,F&EE(S) M¥SIE (E,) ST AOA BEVE 451 Z M. R H CANOCO4.5.1 A4 ( Microcomputer
Power, Ithaca, USA ) 5381 AOA BEIE L5/ N L3 BILIR Tl e R . 2R EOT R AN . H=-X (n,/N)In
(n/N) Ey=H/InS, HH n o — A5 50 | N N IrE 2007 BRI | S A —UkGE B 241

2 HREHS

2.1 HIERf R

AN T it RS ) JBE X6 A e 5 e 7RG = B A B ™= A= B S R i (38 1) o AW TR IR AR B (pH =7.53) , RFKNHE
BehE AU AL BE R A9 358 pH A+ F 7.24—7.41 Z [0, BN iEIE S FEAC 3 pH, 5 [ R38R M, 0—20
em IR pH AR TFIHERE . TTHUBAEE W LA PR & 8N T 1.44%—3.85% 2 18], R AL -5 THLE AL
Jiti T B9 H A HLUEA T 1.91%—3.28% 2 18], 1 CK A T AR PR S84 1.7%, 148 A0 -5 L IE EC it 2538
nEERAE SR, MARIREN S ,0—20 em HIEM RS ES THERE, RFNICECHE AL 2 AL+ 5%
A i, SR 1 ,0—20 em HIERRAR S &8 THER R, XTI AL ACAL 2 Bl it AL 1 4 Fil
JHEALFE (M, NM,NPM,NPKM) T B RSB ZI AR . SR E +(0—20 em) P AS A & &,
AR E R ES RS BB S E A,

®1 FEBEHETHS TEBUERBRERENTN
Table 1 Vertical variation of part of the soil physico-chemical parameters under different fertilization systems
Jite A Ab 2 TR pH TIEHEHLE SOM 2% TN THAA Nitrate FA A% Ammonium
Fertilizer treatments L, L, Ly L, L L, Ly L, L L, Ly L, L L, Ly L, L L, Ly L

CK 7.03a 7.53ab 7.71a 7.64cd 1.7¢ 1.31c 0.40f 1.36bc 0.11d 0.10c 0.04c 0.08b 6.70a 2.52cd 2.77a 1.12¢d 3.93¢ 8.71bc 7.12bc 7.61a
N 7.24bc7.55be 7.71a 7.66cd 1.44f 0.53e 1.46bc0.96d 0.14cd 0.03d 0.11b 0.07b 3.80c 4.56a 2.08ab1.03cd 6.16b¢2.2a  7.59bc 7.96a
NP 7.27b 7.59¢d 7.68ab7.62d  1.71e 0.59¢ 1.02del.95a 0.14cd 0.06cd 0.09b 0.12a 5.49b 3.64b  2.76a 5.03a 9.87a 6.07cd 8.85a 4.62b
NPK 7.41bc7.51a  7.63b 7.66cd 3.85a 0.25¢ 1.85a 1.42bc 0.256a 0.02d 0.14a 0.08b 2.43d 2.12de 1.01cd1.89bc 5.14be5.75¢d 5.85¢d 4.32b
M 7.44c 7.62de 7.71a 7.76a 1.91d 0.85d 0.87e 1.46b 0.16ab 0.08c 0.10b 0.09ab 1.14e 2.68c 2.01bc2.11b 7.98ab6.41c 6.51bc 4.51b
NM 7.43¢ 1.72f 1.72a 7.72ab 2.64c 2.42a 1.65abl.52b 0.12bc 0.21a 0.07bc 0.08b 3.45¢ 2.25de 1.39¢d2.02b 7.79ab2.74d 5.50cd 7.79a
NPM 7.48¢ 7.72f 1.71a 7.72a  2.75¢ 1.95b 1.00e 1.21c 0.18bc 0.15b 0.07bc 0.08b 5.78b 1.41e 0.52d 2.31b 7.37abh0.0ab 8.26ab 5.76ab
NPKM 7.46¢ 7.65¢ 7.73a 7.72bc 3.28b 1.25¢ 1.26cdl.44be 0.18bc 0.08¢c 0.09b 0.10ab 2.1e  2.39de 2.71bc0.53d  8.29bc7.98cd 5.39d  6.75b

SOM . +HEA ML Soil organic matter; TN AR Total nitrogen;CK;Xiﬂﬁ;N;?ﬁﬁE Nilrogen;NP;ffj%HE Nitrogen and phosphoms;NPK:ﬁ%ﬁﬂE Nitrogen ; phosphorus
and potassium;M;ZE%:{HE Manure ; NM : 20 +4¢ AT Nitrogen +manure ; NPM ; R+ F AR Nitrogen and phosphorus+ manure; NPKM ; B 40 A + ¢ K HE Nitrogen;

phosphorus and potassium+ manure

2.2 [EVEAE T EE 3 AOA BIHBETEL5HI AT
2.2.1 AOA DGGE K343 #r

ANEEAEALPE 4 45 AOA FEVE S50 DGGE E1E WA 1, AFIEALPE 158 AOA % DGGE ElIE7E FL ik
Sl fice RSSO S AR — R 22 5 W R AR [ it A RS S T A R 5 A OK RS Y AOA BEIE4S
¥, B IERE AT (a b e A d B7K TR ), AR £ 38 7E AR FR BRI E A 3G 19 AOA 287 (H 2 i
AN), e KR )it AR AL BE AOA 7E DNA /K F A A, ANFVRE +HE AOA Fhifrah iy R B B i 22 57
£ 0—20 cm &b, ANFEGEALHIE T 148 AOA FfFL5 A . VR EEHE N, AOA F 5 B/, AOA Hf
TELE RN 2553 . 7 20—40 cm &b, N ZbFE T AOA HEVEZ5F9 5 77 50, NPK il NPKM AERHMEEE T 9 AOA B
TR BRI A% F 40—60 em VREE N AT AOA V% 45 # e fi 51, CKOHIR, i ZUNE e it AR R B AL 31 11
AOA FeE 5% 1E 60—90 em VRJE , CK AbHE T ) AOA FEIE L5 F e 1 20, NP Ab B T ) AOA BEIEZS IR A4
2.2.2  AOA FHIE 45N ZHEE A

AN [t AT TS R A [FIR BE 1 AOA ZAEMEFEEUH  F R S A EH AA4E 3 22 7 (P<0.05) (£ 2)
TE 0—20 cm &b, A[EIHENEHIEE T T8 AOA BER LS ZHEE A -5 B AT i, PEBEE TR BRI 3g
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AOA ZFEVERIFE B/, 7E 20—40 em &b N AEALHE R AOA ZAEMEFR B F & &Ik, NPKM AR 3R
B AOA ZAEMEFR RO £ & E i 5 ;40—60 em AbHL 2 N ABALTE T +3E AOA RIS £ 5 B ik, CK
U, NM AEALFE R 19 AOA Hi¢ 5 s 7 60—90 em IR, CK AP R AOA ZAEMEFE RO 5 B e ik, NP Zb3E R
M AOA i,

CK N NP NPK M MN MNP MNPK CK N NP NPK M MN MNP MNPK ~ CK N NP NPK M MN MNP MNPK CK N NP NPK M MN MNP MNPK

Lii iliiii il iii L[;i!

H: L433
| oLl |
L HHEHH
“ | L4 1.4-3-5 i
Y, [ Hgg “ - uz -
(. _J \\ J
Y ' e
L1 L2 L3

E1 AXRELEKEL AOA ¥ DGGE EiZ&#
Fig.1 DGGE profile of AOA communities of the Calcareous Purple Paddy soil
L1:0—20cm ¥R, 12:20—40 cm ¥, 13:40—60 cm VR, 14:60—90 cm ¥ fifi I8 Ab B 22 8047 4K R JEAE ( CK) 5 ZUIE (N) 5 AUBEIE
(NP) BB AL (NPK) s REML (M) ; RACINARZIE (NM) ;s BBERC IR ZAL (NPM) 3 RBEFR AL IR ZAL (NPKM) 5 55 a b e d 7440 51
6] (R 454 5 He A L1-1-2 S5 5 FR VI IR I 464

%2 AEMERLIE AOA 1) Shannon ZHFMIEL (H) WA E (E, ) MEEE(S)
Table 2 Different fertilization AOA Shannon diversity index (H), evenness (E,) and richness (S)

P b Shannon ZFEVEHE AL ) 3 FEE
Fertilizer Shannon’s diversity index (H) Evenness (Ey) Richness ()
treatments L, L, L L, L, L, L L, L, L, Ly L,
CK 2.38¢ 2.40c 1.88e 1.78e 0.992a 0.937d 0.967cd 0.916f 12¢ 11c Tc 6d
N 2.54ab 2.23b 1.68f 2.25ab 0.991ab 0.870e 0.949¢ 0.939d 13be 10d e e
NP 2.6la 2.46¢ 2.25¢ 2.47a 0.991ab 0.988b 0.984a 0.978a 15 13a  10bc 11a
NPK 2.46b 2.58a 2.16d 2.17¢d 0.988b 0.979bc  0.956d 0.942¢cd  14b  13a  10be 9b
M 2.46b 2.40c 2.40b 2.21a 0.991ab 1.004b 0.955e 0.921e 14b  12b 11b 10ab
NM 2.46b 2.40¢c 2.43a 2.06d 0.986b 0.866f 0.975be 0.939d 15  12b 11b 9b
NPM 2.36d 2.49bc 2.35¢ 2.18¢ 0.988h 0.946¢ 0.976b 0.945¢ 14b  12b 12a 10ab
NPKM 2.36d 2.54b 2.37be 2.24b 0.985¢ 1.024a 0.973¢ 0.966b 13be 13a 11b 10ab

B BARR 1o 25 A 3 BT R BN 5 B3R 22 57 13 (Duncan B &R 225 TI5: P=0.05)

223 AOA RGELE T

XA IRAE 2L A KRG L H LA AOA P31 Al GenBank 085 4 H (1 AH G 7 81 EL XS FIF MEGA 6.0 847 & 48
KA I (E 2) 455598 16 )75 F 2500 2 ME, S —A8F 5 U5 TRV A 38 b i 20 40 fk T 21 TR amoA
FERUAHARL, 4320 3 A9 38 A BE S5 I e AR AR AR S AH G, 43 — A8, 9F 5 2 & A Ak T Candidatus
Nitrososphaera gargensis( G1:EU281321) RAFE—2, 5z AOA R REE M T AL ¥ 51 A >k B
T, AR AU KRR . 7E 16 %5 DGGE Bl ) M 4545 1, KP400767 , KP400765 5 K VLI I
DU #F 51 KC735504 BAE—tL ; KP400756 , KP400753 il B 43 8 e 0 AR M 7 1 5 471 1Q345856 B AE
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— il ; KP400760 , KP400766 57 7K A H + iy B /5 51 KJ908047 J¥E— i ; KP400768 , KP400757 5 =5 JE i v UL
T 6 % 51 KJ005035 B 7E — 2 ; KP400764 , KP400761 5 s /K A% H - 1t B 7% 51 KJ907957 B AF — i,
KP400758 , KP400763 43 51| 5 v 1 35 1% 1 DL AR W0 1 18 17 51 KJ645381 , /K A8 £y B ¥ 971 KJ542817 R AE— L
KP400762 , KP400755 435145 K32 1) 7 1 77571 KF537053 AT 1 3 B 551 KC735430 RAE—if; RAE L B LG
SRR A RPEEE KT L AOA BRIE MR 2%, A KPR KAE b i & 8 an & ¥ s Tah |, 5
EHNEE AT Candidatus Nitrososphaera gargensis( G1; EU281321) #H{ML

L2-5-1(KP400765)
SedimentsoftheYangtzeEstuary (KC735504)
Chongmingeasternintertidalsediments (JQ345856)
L4-3-5(KP400756)

L1-1-2 (KP400753) Cluster I
YangtzeEstuary (KC735504)
L1-1-1 (KP400767)

L.1-2-2 (KP400760)

77 Floodingpaddysoil (KJ908047)
L4-3-2 (KP400766)
Floodingpaddysoil (KJ908042) = Sediment/soilrelated
L1-2-1 (KP400754) ]Cluster I

87

100 94 Wastewatertreatmentsystems (JQ864896)
L1-2-3 (KP400757) b
67| Sedimentsofhighlandlakes (KJ005035)
L4-3-3 (KP400768)
99| |High-altitudewetlandsediments (KJ645381)
Paddysoils (KJ542817) Cluster Il
L1-1-3 (KP400763)
Floodingpaddysoil (KJ908043)
9411.2-7-1 (KP400758)
L4-3-4 (KP400764)
L1-1-4 (KP400761) -
57 Floodingpaddysoil (KJ907957)

75 Riversediment (KF857142)
AGrandCanal (KF537053)
1001 1 4.4-4 (KP400762)

98| 49 Riversediment (KF857103) Sl '
YangtzeEstuary (KC735430) Sediment/waterrelated
9L L4-4-2 (KP400755)
74 Nitrogen-richlake (HQ202401)
L4-4-3 (KP400759)
Floodedpaddysoils (GU225883) -
EU281321, CandidatusNitrososphaeragargensis

EU239961, CandidatusNitrosocaldus

IN227489, CandidatusNitrosotaleadevanaterra

99 EU239959, Nitrosopumilusmaritimus SCM1

97

100

2 ARMEEEKELH AOA amoA BERANRERER (MENKES ARLBEEF)
Fig.2 Phylogentic tree of the archaea amoA gene sequences retrieved from the Calcareous Purple Paddy soil amended with different

fertilization systems, the bold codes refers the sequences obtained in this study

2.3 AOA BHIE 45 5 IR B S HNAH DG 4

¥ DGGE &3 271 A B AN BE 43 B L T oAb (R SRR > 12 U4 /0T (RDA) #E4T AOA BEVE
S5 S ABES BRI AT (8] 3) o TUARIIHT B R Sk R IR A -, 3k Ir Ak i 2 R R IR 852 R 7 S5 4k
Pl ) ) I S A DG | 8 Sk 1 R K R A IR B DR T 5 R AR 43 A7 AH DGR B 118 TR/, 7 3k 328 2k 1) 1) e £ 4R 3 36
BRI AR AR EE Y HE R AE(E 4 514 0.112,0.035 ,0.018 F1 0.016, 43 BIf#RE T 11.2% 3.5% .1.8%
M 1.6%1 AOA FEE LAk, pH A2 = T BB HE 7, MEI AT LUE H 3 pH (P =0.012) J& 3 g i i
EEFHEERE X AOA BEEL5 M HA W&, AP(P=0.76) ,TN(P=0.364) ,NH}-N(P =0.402) ,SOM
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(P=0.49) ,P>0.05, %} AOA FBEVE A S35 500
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