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(1 ZFE MK T IE S B SR, PImMl REEMERE, B 650224; 2 MIRTA T A RISKR AT A A, WmikEA  427099;
3 Bl G RO AR S T R A S R R SRR, KUY 410125)

 OE: KT EREBE RO A SRR RS £ A E £ R R, DT ARER(YL, RETERA ALY,
JER(YT, kB FHMNLLF )M RIESTITYG, k& T fl)3 Fd 5k 848 H B b -5, R H A1
AT I AT 3 Fp e BRAL PR . A AL, IS5 A SR 9O i PCR BR AT Hlumina MiSeq T4 AR, 287 T 1
AL T (AOA) R 2 AU AL 4H 145 (AOB) Fi Y -F J R BEF 25 S [ o 25 3R WY . SR AL 2R BR Z BE I A1, 33BN .
YT>YL>TYG. YL 5 YT 3 AOA %t i £ 5 Hif7, AOA/AOB M HITE 0.72 ~ 3.05, 0.98 ~ 1.52; TYG L3 AOB
Bt £ 0L, AOA/AOB FL{EFE 0.21 ~ 0.75, #FH LA, AIFEER 1A AOA. AOB R4 ER B, 3 M+
AOA R HR S AHMIE, AOB M HE BN Nitrosospira. TUA/MHIFM, pH A A MR 15 i AOA . AOB RIS 45
ERZOHE T &L, ERETRYE—WIHET, REEFRLZ SR H 2@ T2 MR IBfAEE R, XHEREmE
A B AOA . AOB Y= DL R BEVK 454

KEER: LR RAH L AEIkdnE; "R

RESZS: S154.36 XERIRERR: A

Community Structure Characteristics of Ammonia-oxidizing Bacteria and Archaea in Paddy

Soil with Different Parent Materials in Southern China

ZU Shipei', PENG Deyuan?, WANG Zhenhua?, LIU Yi°, QIN Hongling®, ZHANG Junzhong'”

(1 Key Laboratory of Forest Disaster Warning and Control in Yunnan Province, Faculty of Forestry, Southwest Forestry
University, Kunming 650224, China; 2 Zhangjiajie City Company, Hunan Tobacco Company, Zhangjiajie, Hunan 427099,
China; 3 Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese
Academy of Sciences, Changsha 410125, China)

Abstract: Relying on the long-term positioning experiment of rice soil ex-situ soil of the Taoyuan Agricultural Ecology
Experimental Station of the Chinese Academy of Sciences, three paddy soils derived from different parent materials were selected
from Yingli in Guangdong Province (YL, basalt weathering material), Yingtan in Jiangxi Province (YT, quaternary red clay
material) and Taoyuan in Hunan Province (TYG, river alluvium material), physicochemical properties and nitrification rates were
measured using conventional agrochemical soil analysis methods, and the similarities and differences in ammonia-oxidizing
archaea(AOA) and ammonia-oxidizing bacteria(AOB)gene abundances and community structure were analyzed using real-time
quantitative PCR and Illumina MiSeq sequencing. The results showed nitrification rate was presented as YT>YL>TYG except at
tillering stage. And the abundance of AOA dominated in YL and YT, with AOA/AOB ratios between 0.72 and 3.05 and 0.98 and
1.52, respectively. In TYG, the abundance of AOB was dominant, with an AOA/AOB ratios between 0.21 and 0.75. Parent
material has a significant influence on AOA and AOB community structure, the predominant genera were different in AOA while
Nitrosospira dominant in AOB with three soils. The redundancy analysis (RDA) showed that pH and DOC were the most

important factors influencing AOA and AOB community structure. In conclusion, there are differences in the physicochemical

OI4WH: HR QKRBT R H 42377135), WIREA HARREILATE 135 H (2022)130647), 1RG4 MHE 2 ) R 5 Rt 24 W 35 H
(202103)FI = A — M2 BIREEZERL . BRI — W& bRk £l A 22 9500 H 98 By .

* 3l iAE # (zhangjunzhong@foxmail.com)

FEH RIS AEFI(1998—), 2o, NP RN, Biafset, FENS RS | BREIEAHCHCEYIFS . E-mail: 1294385782@qq.com
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properties in paddy soils derived from different parent materials in the same environment, which affects the abundance and

community structure of AOA and AOB.

Key words: Soil parent material; Paddy soil; Ammonia-oxidizing bacteria; Ammonia-oxidizing archaea

B A AE PR A H IR PR G R 2 — Al
NH; %fkh NO, . NO,#4kh NO, A~ 38, ¥y
T A= R 3 o Bl P R 7 A B RS R SR AN AT 28k O s
I SR 1 N S N (T 2y R (L e (322 Ve
T E SR NOP, I A s g . Pk, WIRHRS H £
SRS AL VR FIALEL I 2 A FH R R 0 & NLO I
HERA EER 2R L

SRR RN S A A FH A S L FIBR A5
E Ak 7 (Ammonia-oxidizing archaea, AOA)FIZE 4
Ab.21 4 (Ammonia-oxidizing bacteria, AOB)#XzhM,
SRR A W 0 =5 B R 7 2548 52 IS 0 ok i 7 22 i
IR, SF R, pH P E 2 AR
44 AOA . AOB SN /LI SR T, B X0
BemartE, AOA TERRME &4 TG E4e5%, AOB N
FERRIE AP T RBUS T b A= 47, H AOA. AOB £%
TRERFEAE pH AR 1) R L AF e R 25 51005 B
pH #k, FrEht & s2m 3 AOB WSS,
AOA 5 AOB TEARRIRZ KT T B4 KRB R,
WA, FEREHAR RS, W 238 o O A DG RHG
PEVETTRZ 0 AOA 5 AOB RYZhfEIGME . AHXTFEELL
KAREIELERTY, EART . oKORE oA A A) 45 P it
250 AOA 5 AOB 5301

A Ml X TR E KR 327 X 2 —, 2 A A 2 T
T LB TR ARG L o FFERM, 3R R e
TR SR A R A e R U e
TR Y R AEFEAEY HAT, ST AOA I
AOB 7EA[RIZEAFE H 3 b By R E A D 4l
i, SR, XL 32 B T [ XA ] 28 A
FEHE 398 RIS 2 BN ()l DX f 2% L A
3 it M T B KR S A Ay T AR 25 R, R
LR GEH LL RS I A RIS AR 3% AOA Fil AOB
TR S5 R 19 53 A B BN 25 AIE

FET U, ABFRARIE T ERE Bk TR A AL
5 JRUTR KRR 1 57 b K e (36, BEER AR
PORE LT 8 VTP JRE TR 25 DU 20 2T 3 AT B Bk oy i (3]
TR 3 FRE T B RS H RIS A, RIS
I8 e PCR Al Hlumina MiSeq #4540 FAE 42
BoR, 1ERRERAE IR (R KA ), RGN 3 Fh
IKFE ORI T | fiSfER I AOA Fil AOB F

FUEVE AR ShZS AR, DASCE AT 22 18] ) N FE B
2, RGHRIR E w7 A AR 3 MR AT
FEH 3% AOA il AOB [/ AR E AR LI )1 S5
SERITE AZ IR Bl R T WP G SR i e F R R
BRI N,O HEl A EE AR

1 MRS

1.1 iR REFERRE

Hh L RL A B Bk A M A AR 50 0 IR KRG 5
Mo A KIS BT 2010 4R, AT R
F BTG L2158 . WV 5% 24 A0 B Ak U T T AR 3R] 3 v AR
Wy VLV O R e Bk U R A ) £ DU 20 21 SR T
B S FPKRT B TR AR s Y [R] —
P8 3 ANER) BRI AR A > G <k
1.4 mx1.4 mx0.7 m, 2011 44, F I S b /K Ak
PR PR X A o R AT PRI 2, O T B Ik SRR+
FEFF 28 R o A A ), AR K s (Vi — s
IRALER . AFFEAE 2018 AR FPRLIPIR BEE T iz K
1 A6 a0 FH ) AR B R (A i 21388 (YL)(20°33" N,
110°04" B). VLPUER A UL 2038 (YT)(28°12' N,
116°56" E) F1#fl B Ak I i 69 0 ik vh B (TYG)
(28°55' N, 111°26' E)3 Fhb:ili & & +34E M50}
%, 2018 AFPNAS YL B ARHALME TN . &R
1.06 g/kg. 40 1.04 g/kg. 44 4.24 g/kg. AP
20.25 g/kg; YT HIEFEARIELIET N . 2K 1.21 g/kg.
48 0.71 g/lkg. 480 15.4 g/kg. AHLE 22.15 g/kg;
TYG HHERARPAPETR J: 2K 2.15 gke. 2HF
0.72 g/kg. 44 22.67 g/kg. AP 18.82 g/kg. 3 Ft
+HET 4 A 28 HiRAERI(1 BI=667 m’)ji A 25 kg
HBERRAS (% P,0s 120 g/kg ). 5 kg FALHI (& K,0
600 g/kg ). 11.5 kg JRZ (5 N 460 g/kg) 5 B AE (fh
Fikyrh B 35), 3T 5 H 4 HiERIA 8 kg JRZ ik
HBAE. 5017 4 A 26 HABARY . 5 H 6 HIKF
BEWL. 5 H 20 HpBEM 6 H 4 HZAARENRE +
FE o BN IEEETH G =B, AEBOR s BURE TR
FEEHO~20 cm)FIRA), BRI 3AEL,
LRI e E | AR, —E s B TR
PR RIS AL R , 55— A7 AE —80°C kAR H
TorFEW AR R E
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1.2 TEEAERANE

13 pH >R H pH it (Mettler-toledo320, I ifF)##%
K AR 2.5 0 1%, +3% NH, -N #l NO,-N & &
FKH 0.5 mol/L K,SO, i W= 82 J5 Wi sl 59 7 Hrfl
(AA3, 78[E SEAL, ENE; +IEEIEA LK
(DOC)KH 0.5 mol/L K,SO, 12 #J5 I A3 Lk 43
M1 (Analytik Jena, & ) 5E .
1.3 TIEWEAEREZERNNE

TR FR ] Kurola 252 07 v 5 |, -
TR FRELCS g B+ F 50 mL B0 PR %,
JIA 20 mL(1 mmol/L)®§FRZE Mk (M & 1 mmol/L
(NH,),SO4 1 50 mg/L KCIO, 40 fil§ ik £k 4 1k), 78
25°CRIEAL 180 r/min PRZH55% 24 ho KiFR45 R
5 mL1 mol/L KC1 25 NO, JG#FFTE.Ly, LAy
SRR E FIER T NO,-N &, PIE3E 24 h
AR/ NO, N R BE () 8 388 in 2 4 4 = B8l Ak
R
1.4 11 DNAREIUREKHEE PCR 5#7

% FastDNA® Spin Kit For Soil(MP Biomedicals,
2 IR SR H T4 DNA, FREL 0.5 g &V 7T
RIS I (1) - 43R i, e BEORR) S B 25 IR A T £ 4
DNA 28, H] 1% B tisE i H vk Fl UV-Vis 700001
J£ 11 (NanoDrop-1000, 72 = )& il $2 B A DNA J5i & 11
W, wEUE SIS amod-1F/amod-2 Fl Arch-
amoAF/Arch-amoARYI% AOB amod . AOA amod 3
KA T9 e 7 PCR 974, PCR AR FR A 20 pL,
f145 10 pL SYBR-Green II(Takara), [, FiiF5|4¥)
(10 pmol/L)4% 0.5 uL, DNA BiAiz (10 £55 )2 uL, I
JH RNase-Free Water #ME % 20 uL, PCR F#2/F¥ 4 95
CHAE 2 ming 95°CAEYE 155, 55CiB A 30s, 72
CHEM 325, 40 DMEIN . WML #Eh 95°C 15s,
55°C 30 s, 90°C 15 s, FriEthZeRH&H AOB Hl
AOA 1) amod SEH TR, 4% 10 5B R BEHIME. §
HRCEN 95% ~ 107%, R*H 0.997,
1.5 TIllumina Miseq &&=l F

{fi ] PCR "3 AOB amod. AOA amoA 3L,
R NAR R RS 2% 2 m e S ik, g
PCR 72WIR 2% Bnt B Al 6 Jie v vk Az il , =R ]
AxyPrep DNA kit #E & Bl 05 i 57 & (Axygen ,
California, J2ENVIEEINL, 4 PCR j=#rik 2 152
H A R 2R IR FI#EAT lumina MiSeq ¥ .
RS IR 97% BORILTERT g sE A P, Rk
F| AOB amoA Fll AOA amoA F:F 1Y OTU(FR/ N5

JOMCERFEF, Miseq P15 21 1Y 2 XU 17 51 B9
BEAFE SR D RE L 2 3R 3 T RARUT, I

G 7 B #E % & NCBI(National Center for
Biotechnology Information, 3 [F E R A ¥ A(E B
), R S5 PRINA673573 . PRINA673810,
PRINA674907

1.6 BIELEBSSFITHH

i R4 SPSS 25.0 % LI PR AL PR Bt A Ak %

AOA FI AOB JE[R = B #4751 K 22 J5 22 53 H7 (One-
way ANOVA) ., Jlis7 A4S t #5565 (Independent samples
t-test)-5 Pearson AHEME43HT . {#i ] R studio Function
AR P AOA I AOB BETA L5 T E e 250
7 2243 M1(Permanova analysis), f#f ] OriginPro 2022
Bz i Canoco 5 #MAXTEHEIEATIUAR 0 HT
(Redundancy analysis, RDA). f#i/] MEGA-X #f¥F
¥4 £ 5 ¥ (Neighbor-joining)f A1 & {34 OTU 1R
RN LIHARRUF I R E LB

2 HEREHN

21 AEABRAZEEHITEBEAERNESR

FREAF IR 3 FhbEL F RS H M T
TEREZET(E 1), 3 P30 pH 75 4 I — B R
P, HEH K. TYG>YL>YT., YL +iE DOC & E
ZET YT 5 TYG(P<0.05), TYG 3% NH;-N #
AN BEEST YT 5 YL(P<0.05), YL 13 NO;-
N F A/ BE A2 R 2 = A B (P<0.05)
22 ARBRAZEHBETEMLERMBURE

MEENER

3 FhBE T R - A e s S B (1R 2),
BRZEFEIIAN, ¥R R . YT>YL>TYG(P<0.05), A
[ £EfE 3 AOA 1 AOB F s HA i 2% H(P<
0.05)(&l 3), 7TE/AK A=K W1, YL 5 YT 3 AOA
B b 50, H AOA FREE(H IR 3.25%107 ~
5.5x107, 3.06x10" ~ 6.21x10” copies/g, AOB FJE({H
IR 1.27x107 ~ 4.61x107, 2.2x10" ~ 5.22x10’
copies/g, AOA/AOB H{E 43l 7E 0.72 ~ 3.05. 0.98 ~
1.52; TYG +H3erf AOB % i £ 5 Hif7, JH AOA
FEE(E N 1.37x107 ~ 3.86x10"copies/g, AOB FE(H
H1 4.28%107 ~ 9.82x107 copies/g, AOA/AOB H.{HTE
0.21 ~0.75, Pearson AT (K 1)K, pH 5 AOA
F 3 BT 3 SR et (P<0.01), pH. NH;-N & i
5 AOB FEHA W R E IEFCHEP<0.01), fiFfhis
5 AOA FJ BAT WD 2 1E A XM (P<0.01),
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Fig. 1 Physiochemical properties of paddy soils derived from different parent materials during different rice growth stages

r —v . 23 ARBHRAZETEBELTE AOA 1 AOB S
- 2 YT T 5 B
0sh TYG . BEHESR ) ‘ N
2 77 MR 2 AT, FERRRAE KRN, 3 Al M AOA
% 0.6 3%/ Shannon 650 E WA YT>TYG>YL, H 2535 H#FK
= c . F(P<0.05), VLW YT 3 AOA WFh ZHEHER i ;
2 04 . F TYG 13 Chao #5HUEK, UL TYG L3P fhf:
= s R . YT 13 AOB Shannon #8415 HAWifl +
' . HEAH H 8 E R (P<0.05), HLERZEFIISNL Chao 4
Bl fg/l, B 22 53 R G8 B 2 3% K- (P>0.05) . A
e g INBE 1 N
A Pearson AHIXHE AP BT AT LA 1 (% 1), AOA il
B o AOB 1 Shannon #5%(. AOA [ Chao #5445 A +
2 FRSRLARELIOKESEARRLEE I - .
Fig. 2 Nitrification rates of paddy soils derived from different ’ﬁ%f’j%lﬁ%‘*ﬁa& @(P>0-05) ) ’fR AOB E/‘J Chao ?El
parent materials during different rice growth stages 5 NO,-N & & F:HH E%IE*H?‘Q?‘Q%(P@.OS)O
YL YT BN TYG
2w % 5100} ®) 2
2 60F a k4 a
é 5.0 b % ? a ég 8.0F a
%40—3b . Lo ) s b )b .
2 20 2 aof T b -
= L| X
§ > : § 20F ¢ ;
<Ot 1.0 8
< 0 < 0 d
AMEACHT BT 0EEN R AMEACHT BT pBEN R
EH W FEH

B3 FRBRABHEELEKEZEEH AOA (AT AOB B)EEFE
Fig. 3 Abundance of AOA (A) and AOB (B) of paddy soils derived from different parent materials during different rice growth stages
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F1 TREBRABFEELIIE AOA. AOB EEFE. SHMEHSENIER. MIERROEXYE
Table 1 Pearson correlations of gene abundance of AOA and AOB, AOA and AOB diversity indexes, soil physiochemical properties, and
nitrification rates of paddy soils derived from different parent materials
DOC pH NH; -N NO;-N i A 7 3
AOA FJE 0.16 -0.68" 0.02 0.41" 0.77"
AOB +JE -0.39" 0.59" 0.67" -0.01 -0.17
AOA Shannon $5 % -0.16 0.453 —0.106 —0.33 -0.31
AOA Chao 5%k -0.16 0.50 0.26 -0.35 -0.36
AOB Shannon $§%% 0.01 -0.38 0.24 0.37 0.20
AOB Chao F5%{ -0.11 -0.57 0.15 0.65" 0.45
TE: *. M RIFRAE P<0.05. P<0.01 K EHIE,

x2 TEBRABEHEBALFKEZTLEEYN AOA. AOB ZH 1t

Table 2 Diversity indexes of AOA and AOB in paddy soils derived from different parent materials during different rice growth stages

AR Qb AOA AOB
Shannon 8%} Chao 5%k Shannon 5% Chao T8 %k

RN YL 0.88£0.04 b 15.67+2.49a 1.64+0.40 a 365.26 + 50.00 a
YT 1.65+0.07 a 13.50+2.48 a 0.06 + 0.03 b 151.69 + 87.99 b
TYG 1.56+0.23a 1833+3.77a 1.09+£0.19 a 184.54 + 96.82 ab
IR I YL 0.91+0.02 ¢ 10.00 + 0.82b 159+0.21a 235.67 £ 113.44 b
YT 1.74£0.08 a 13.33 £2.05 ab 0.38+£0.35b 217.65+23.51b

TYG 1.44+£0.04b 15.17+2.66 a 157+£0.26a 445.80+4129a

Sy BEI YL 0.87 +0.04 ¢ 10.78 £ 2.51a 0.95+0.53 a 246.65+66.75 a
YT 1.78£0.07 a 12.67+1.70 a 037+0.19b 211.57+20.07 a
TYG 1.43£0.05b 1633+2.87a 0.83+0.09 a 246.16 + 137.69 a
R YL 0.88 +0.03 ¢ 11.33+2.49a 1.13£0.28a 251.08 + 155.08 a
YT 1.72£0.09 a 11.83+1.43a 0.53£0.29b 231.05+ 137.46 a

TYG 1.48+0.10 b 1533+2.87a 126+£0.29a 332.12+24.39a

T RA/NEF AR R — YIS [ e 5 ) 22 53 3% P<0.05.

ATEBRESEHETIE AOA 1 AOB B %K
=R

PR 3 FiRE R B AR IR AR AR K AT AOA
Fl AOB B3 OTU1%)iEA 74047, K 4A H 5
EIval LUE , AFEREFZ TR H -5 AOA fi#
OTU & AR Herf, YL A5 47, OTU66 5 OTU3
TER R AE RN 4 R T 51, it 5 NCBI s 2
X &L, OTU66 J& T Nitrosocosmicus, OTU3 J&F
Thaumarchaeota(# & 11); YT +HI3ELFFHH
OTUS, 5 Ak H B M AL Fd -3 Y Nitrososphaera
AR R 99% AHBLEE; TYG 3751
1 OTU6, 55—k BIR KK GG A= 9 3k U 4% 1)
Nitrosotenuis(41/NIEAE LT E) A 66% FHLE . HIEl
4B AIH0, FUREAKMIE] OTUL041 7€ YT Hl TYG #

2.4

Fp 3 P 5 R RSB, M ik 88.4% ~
99.4%. 64.6% ~ 83.5%. [FH}, OTU1041 7£ YL 3
TR T IR T BRI R B 5. AOB RS
KEWEER BR(E 5B),0TU1041 5 Nitrosospira(li.
il AL A e TR R ) A 8 s AHABLEE (95%) . PERMANOVA
SRR 3N UIH], AN [EREET R R
AOA F1 AOB #f5 45 i BIFF a3 25 7 (P<0.01),

X} AOA il AOB #5241 il 5 ¥ 55 A8 1 1T RDA
SRR, PR [ R T AOA . AOB FEAC
79.27%. 34.75% AR S 6). FARIEETA R ] 1A
i H AR I I R O — 25, R [RI BT + 3 2 4 Ak
A W S5 AR % 25 SR, FLRFE IS [R) G 5 45
FSZIAS B {2 o pH Al DOC X2 A ALt A Rt I 254
FA 52 ) i 3% (P<0.05)
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(A) B)
100 100
80 80
< 60 £ 60 ot
e i others
E B others ﬁ m OTU1049
m mOTU67 T = OTU1041
X 40 mmOTU66 = 40 mm OTU1016
= B OTU6S = B OTU962
B OTU l OTU958
mm OTU7  OTU956
20 B OTU6 20 mm OTU948
mm OTUS 0TU499
OTU4 m OTU402
oT 0TU262
mmOTU2 0 mm OTU101
YL YT TYGYL YT TYGYL YT TYG YL YT TYG YL YT TYG YL YTTYG YL YTTYG YL YT TYG
RHEALT  ARTT S BE] ZPTE AHEALE]  ARTT S EEL] BT

El4 FEBHRABREEIIREEEY AOA(A)FN AOB(B)EF &AM
Fig.4 Community compositions of AOA (A) and AOB (B) in paddy soils derived from different parent materials during different rice growth
stages
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Ca Nitrosocosmicus arcticus isolate amoA A2-09 (MK978755)
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OTUS - Group 1.1b
100 Nitrososphaera viennensis EN76 (FR773159)

99 OTU5

OTU3

4{ r— Thaumarchaeota archaeon isolate amoA A2-12 (MK978758)
100l oTu?

100 ———— Ca Nitrosotalea devanaterra isolate Nd1 (JN227489)
L—oTU4 Group 1.1a
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0.050

®) &ZOTUWW
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U0
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100 0OTU9%62

100 OTU402 . .
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OTU1041 . .

951 Nitrosospira sp. Enld (EF175097) | Nitrosospira Cluster 3¢

71 Nitrosospira sp. 24C (AJ298685)
ﬂnculmred AOB (FJ517392)
100 = OTU1049
L __——om
99 0oTu262

Nitrosomonas sp. AL212 (AF327918)
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100 OTU499 Nitrosomonas Cluster
\W‘—|:Nitrosomonas nitrosa strain Nm90 (KU747127)
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Fig. 5 Phylogenetic tree of dominant OTUs of AOA(A)and AOB(B)
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%3 FRBRAZSHBALTIE AOA. AOB EE4H

PERMANOVA 7 #f7
Table 3 PERMANOVA analysis of community structures of AOA
and AOB
Tt A4 Pairs RAH PfE
AOA YL/YT/TYG 0.94 0.001
AOB YL/YT/TYG 0.36 0.001
3 Wit

30 AEBRABEEHITEI AOA F1 AOB £E
ySZEE AT E LA )
FELT 3 50 DU 20 21 3 Al 35t wh ARV B I 2 75 RO RS
FH - 39 0 1 e O KR 27 X et 3 . AR IESY
o, TR FRRASEE | A L AR RS A R
Si—MHREE ST, YL, YT fl TYG =F# AT
i HH A AL AR AR AF T 22 (B 1), X RIS
JRTEAR KRR LR 2 AL 5 . + 5%
(4 S it 2 g I, R AR R 20 4 75401k
BUANERAEE TR AT 25 3 B2t LSRR i 5 15
A TR IR RS — MR bR . AR R
(A) (B)

B, e S | S Y - AR PR 38 2 R 1) 22 S s Al e g
maE EREN, YL 5 YT f3Ed AOA ¥ 5
SHLAE, TYG 4 AOB %kt 5 & S HbA (8 2),
H Pearson #ICHEIM TR K, AOA 5 AOB F ¥
55 pH 43 HIAEAERR S 25 TR DGR Bk 3 TFAH C G R (P
<0.01), XEMT YL 5 YT H3EHWiRTE, AOA X
LHEVEIRTE , TEimiate L4, AOA HAMARNE
WAk Bt 2 REAE , REE N Ik pH AYEREET), P CO,-
DNA-SIP iR Hh & B, C bric BYBRJELE R 3155 b
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