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Abstract ; Soil organic nitrogen mineralization (SONM) is a critical N cycling process. Quantita-
tive prediction of SONM is essential for assessing soil N supply capacity. In this study, four
different mineralization models (i.e., effective accumulated temperature, hyperbolic, One-pool
and Two-pool exponential models) were selected to fit SONM process in nine typical paddy soils
in Dongting Lake region. The relationships between model parameters and soil organic nitrogen
components were analyzed using correlation and path analysis. Results showed that SONM rate
substantially varied with soil subtypes. The cumulative mineralized N measured throughout the
whole incubation periods generally ranked as Fluvisols > Gleysols > Cambisols. Basing on the
coefficients of determination (R*) , root-mean-square error estimations and model fitted parameter
values, all the four models could effectively simulate the SONM process, of which Two-pool expo-
nential model consistently had the best fitting effect, followed by hyperbolic, effective accumula-
ted temperature and the One-pool exponential model. Pearson correlation analysis showed that
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model fitted SONM rate constants were insignificantly ( P>0.05) correlated with soil organic
nitrogen components due to their weak variability. On the contrary, all model parameters of char-
acterizing SONM intensity or potential had significant positive correlations with amino acid N and
ammonium N (r=0.755-0.950, P<0.05). Furthermore, amino acid N was the primary organic
N component directly affecting soil mineralizable N capacity. Our results suggested that the Two-
pool exponential model could simulate SONM process more effectively than others as it could
reveal the mineralization processes of soil active and slow pools of mineralizable N simultaneously.
Thus, Two-pool exponential model could improve the validity and accuracy of SONM prediction
by assigning fixed values for the mineralization rate constants of soil active and slow mineralizable
organic N pools.

Key words: Dongting Lake region; paddy soil; organic nitrogen mineralization; model fitting;

organic nitrogen component.
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THRRE AT MAC RV XA ( EZ R AR 4K
9 PR ST A AR (Li et al. ,2016) o IR
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Koo =In2/T, (3)

R AR - A DA AR B (o TR A ]
SHRNEE I HU, AR I 5 1 fol R 1) R 2 A8 7 2
Bh Nom)*” Ko o
1.4.3 —B(One-pool ) $5 KA
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RIET AL, mg - kg™ s K, Fl K 73518 38 5 07 4k
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HAp5 2 XA (1) FI(3),

Table 1 Development types and basic properties of the tested paddy soils

+%5 RIES S A B o) pH Fhki BRALL
(g-kg™")  (g-kgh) (H,0) (%)
+1 WE KL HETR (R RD R ) 15.60 1.59 4.8 22.3 9.8
+2 wEMKREL e (k) 11.86 1.05 5.1 13.7 11.3
+3 wHEMKREL OB E L) 13.97 1.33 7.4 35.3 10.5
+ 4 WE KR L T (AP EhEE) 21.73 1.96 5.6 19.9 11.1
+5 HE Mk L BT (Fhe) 19.21 1.96 5.3 21.3 9.8
+6 WEMKRE L i (M EE L) 22.56 2.52 5.2 43.1 9.0
+7 WEE KL (R L) 27.42 2.54 5.3 34.4 10.8
+8 WEHAKREL (R L) 26.20 2.50 6.6 40.5 10.5
+9 WE KR L R CBEL) 28.43 2.74 6.8 36.1 10.4

It o SR FH I s A B oA
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HARER"

HRE5SH

2.1 HIEER AR b 3h A SO 5 B 5 1)
YA DG

T+ B LR - R R 2R R (1) it
WA VLAY L R I A AT R, BT LR &
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T2 SR B4 IR BRIk RE
WAt 14 R & HIERB AR GER 12 K E
T fE 2 Y H i B 3k 43.7% ~ 54.7% . A
RBERBKF L+ BRI AN 2 7l 8Bk E,
B BRI W & KRS > KR L >
T KRS W RRAE R BE IR B U B K RS
T A BB B E R B AR AT E K
i T ARERIE 43 4R 5 58.9% ~ 68.5% Fl 14.6% ~
32.7% , i & MK F £+ AR (0 S & K
e b RE(E R 24.9% ~41.0%
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(R 2) B4R AN [E] B 5 I E ) 139 2 AR
R 3 HLAR A4 o e HA W 3 I AR G
X £ (r=0.863~0.944,P<0.01) , H1 5%k & & pH
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Fig.1 Accumulation curves of soil organic nitrogen miner-

40

20

alization

BB A IR A TE B A O R (P>0.05)
2.2 TEEAYAAN S E

FIFH Bremner FR/K ffi20Ks + 38H HLA R 43 MR
R SR A A SR R A RAMA S
Rl 2s . 263 Mo, RIVEE 4 48 B0 Ak 1 R A7 AR
KT AR+ HEH DI i 2P IR R 0 £
A AN [] A S R it 2R B2 78 I 838.9 ~ 2276.9 mg -
kg™, di B R M LB T 66.3% ~83.1%, i R
MR A IR Y EAGE 23.3%, BH
PE B EE B KRS R R AR AR T R i)
4 838.9 ~ 1215.6,1509.2 ~ 1759.2 . 1684.0 ~ 2276.9
mg - kg™, RIAWEE AR L > F KR >
BHOKRE L. R At R LR A E I
A ASA KRARSEHNAEN, N 3 8R4k
fa i A P E R IR A S e, R A SRR &'
BHEMAI S AT HIE
2.3 HHLATLERS

iz A BRI B2 One-pool Fl Two-pool f
BRI % R DA L i RT3, 25
RULE 2, ATLUE AT KR L5, A2
BREAL 5 200 A 9 - A AL R L5 (3
i TSI, (A B R O R LA R LG

Table 2 Pearson coefficients between cumulative soil mineralized nitrogen and physicochemical properties

+- s 5 2T A (N,

ﬂ:“l‘iﬁ Nmin»3 Nmin-7 Nmin- 14 Nmin-21 Nmin-ZB Noin- 42 Nmin-56 Nmin-70 Nmin-91 Nmin-] 12
A Bl 0.893 0.934***  0.912*** 0.910"** 0.900*** 0.924 0.924***  0.917***  0.920 0.927***
£t 0.863 0.939%**  0.944"*" 0.929*** 0.915*** 0.933 0.937*** 0.925*** 0.923 0.928 " *
pH 0.229 0.189 0.269 0.313 0.328 0.316 0.270 0.326 0.304 0.321

Y A 0.469 0.534 0.631 0.663 0.619 0.599 0.589 0.588 0.550 0.566
A -0.080 -0.269 -0.373 -0.329 -0.309 -0.281 -0.293 -0.270 -0.243 -0.231
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Table 3 Contents of organic nitrogen components in different tested soils
+5 PR (mg - kg™") TR A A
BERA AR HEA RAA pEv il (mg - kg™")
+1 599.0+£17.4 116.5£15.2 266.0+14.6 234.1£35.1 1215.6+61.4 374.4+61.4
+2 400.0+18.0 94.0+8.2 221.9+24.8 123.1+39.8 838.9+64.1 211.1+64.1
+3 405.4+16.5 61.0£3.9 253.9+8.9 179.3£15.3 899.7+24.6 430.3+24.6
+4 735.4x£17.4 117.7£6.9 360.9+7.7 404.2+5.0 1618.2+23.2 341.8+23.2
+5 748.8+28.2 80.4+12.5 356.7+15.6 323.3£37.7 1509.2+50.1 450.9+£50.1
+6 703.1+23.6 153.7+23.5 512.3+18.9 390.1+35.3 1759.2+43.2 760.6+43.2
+7 726.6+5.2 170.2+4.8 408.9+7.1 378.3+7.3 1684.0+18.9 856.0+18.9
+38 983.8+8.6 112.0+£8.9 458.3+11.2 385.9+4.8 1940.0+13.1 560.0+£53.1
+9 1180.9+35.6 150.7+26.0 611.2+26.3 334.1+43.1 2276.9+75.7 463.4+75.7

H AR TSI 5 Xl £ Fn One-pool $5 %0 1Y 411
B EAES IR S W AR T S, 78 55 5% rh )
N FEEAE L One-pool $& K 2% L 57 Ay
B 525 1M Two-pool i R A 1Y 4805 (B LA | [w] 52 )
(ELEE

BII5HRR 22 (RMSE ) A& e E RE(RY) 3
SERAEA I ERG EE S8, R (BB RMSE {E
R R Y A UL 5RS BB . 3R 4 W A AR
B WUHIZE | One-pool il Two-pool $i§ EH5 £ 27 A Xif
TIEA PR BT A OB, B BE (DL R
K/NFR) BIKF] P<0.001 B E /K, 4 MR
One-pool & BRI BT A7 LA HLAW L5 13k
AR RME A 51 1Y RMSE {., T Two-pool 844
BERIFT AR R* {ELf /55 , W] IF RMSE {ELE A%, U0 W] 3%
Two-pool 8 BRI X IRA/K RS A HLE S i 72 4
HRORAE

T IFEE LR R PE S LT S e () i SR RE ) 22
SR AT A AR LS S BORIR L, 3R 5 FR
A A IR 112 R BT A (N, ) XS
RIPPLE T LS E S F . AU ZEFT One-pool $5 %K
BAVZH) ) B S8 Al ] (B AR /] — 4 B

x4 TEANETHUERUSHRIEN

T BUEA A B W25 5 B W — AR P
PG AT Ny (IS T Ny, (B AL, ] — 1
FEAMLED B G RTFIG Ko o (AN T Ko () 1H,
XA S bR R . 58 TFE N, (AR AL,
Noge) THRFAE T 7.1% ~10.6% , 11 Ny, HHEER T
7.9% ~11.9% , i% {7~ B Z B 2404 One-pool
FEHCRR Y S 40T B e b e - A LR A Y S
5., Two-pool 8L BTl & (1) H I B A VLA b
PIE R N AN RS, R R 137.8 ~
307.6 mg - kg™, ¥ TAHE LR N ) BUEL, Two-
pool F8 B ][] i 145 3R A HLE L 50 b A
A MR E e A R R 1A
MLRT IR EEE, 32 5 o, Ml TR AE LA AL
RIS (S i B ) 19 S5O, AN [F] 1 e )4
B HAFHA HLEN b HR 5 R (B R ) BUE
A S AR 1 B I AT 5 P Bl AR - B AL
PERAEE I 25 5 A ML b HOR 5 SR DL E
SR BRAN )+ A HLER AR 22 5
2.4 WERRISHCE - HEE HLA L HHOCE

P BT SH S A WU A TR M 4y
Br, 25 R IL3R6 RAE LA HLA Y fb 3 R (50F

Table 4 Evaluation indices of model fitting for soil organic nitrogen mineralization

+& A BB AR R XL R AR R One-pool F5 %5 78 Two-pool 55!
RMSE R? RMSE R? RMSE R? RMSE R?
+1 6.98 0.983* * * 4.59 0.992* * * 9.23 0.970* * * 1.37 0.999 * * *
+2 1.51 0.998* * * 5.62 0.972* ** 8.03 0.949* * 1.29 0.999 * * *
+3 7.45 0.977*** 3.12 0.996* * * 6.69 0.982* * * 1.15 0.999 % * *
+4 6.01 0.991* * * 5.97 0.991* * * 11.07 0.969* * * 1.53 0.999 * * *
+5 8.93 0.978* * * 6.11 0.989* * * 10.77 0.969* * * 3.54 0.997* * *
+6 8.85 0.982* * * 5.93 0.991* ** 11.08 0.972* * * 2.43 0.999 * * *
+7 7.91 0.984" * * 6.16 0.989* * * 11.64 0.966* * * 1.69 0.999 * * *
+8 9.42 0.984 " * 6.06 0.993 " * * 12.40 0.973* ** 2.08 0.999* *
+9 8.38 0.989* * * 10.56 0.981*** 16.95 0.955* * * 3.78 0.998* * *

* s % Fesn P<0.001 2K FIF
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Fig.2 Comparisons of models fitted organic nitrogen mineralization process for every tested soil
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Table 5 Results of cumulative mineralized nitrogen for incubation 112 days and mineralization model parameters

15 Noine112 K n Noc Koy Nor) Ko Ny Ky Ny Ky

+1 165.5 13.6 0.342 181.2 0.047 153.7 0.057 75.7 0.169 110.2 0.016
+2 118.6 6.5 0.387 128.0 0.033 106.0 0.042 36.4 0.298 101.4 0.013
+3 150.2 9.7 0.375 168.1 0.039 139.4 0.050 84.8 0.103 125.8 0.007
+4 202.9 13.6 0.369 225.6 0.039 188.4 0.050 88.3 0.155 151.6 0.013
+5 188.6 14.2 0.353 205.9 0.044 173.6 0.055 90.1 0.151 132.2 0.012
+6 202.5 14.3 0.363 224.5 0.041 188.2 0.052 91.7 0.151 144.6 0.013
+7 198.3 15.9 0.344 214.2 0.047 181.7 0.056 91.2 0.171 137.7 0.013
+8 235.3 18.1 0.351 257.9 0.044 217.5 0.054 107.1 0.157 159.3 0.015
+9 252.1 18.0 0.360 275.5 0.042 232.2 0.051 106.2 0.192 201.4 0.012
AR S R 21.6 27.0 4.1 21.6 10.6 22.0 8.7 24.4 30.8 21.0 2.0

$%%%[( NO(H) XK()(H) \NO(E) XKO(E) \ND ><KD \NRXKR)
ISR IR A MA SR AN B EML LR (P<
0.01) , fH 5 ZUHE IR L R] A AR DG I i e T 5 &
SAUE FYAH I (P<0.05) .

M A AR A B AR AR A S
RAE T IEA WA R B S L A S EU LT A
A W EREADCOCR TR SR [ B TE AR e
F B PR 2 BOMIER SR R 00— 20 3 B ix S HLA 2R
O3 XERU G AT A LA LA S, TEIEA
SIRTHT, JEXTRERALA AT A DL EE S HGHTT IE
BOARE . AWTER IS S T /MEA R Shapiro-
Wilk Test /AT IEAS R R Kag g5 R R U],
UG S K Ny «Nogey F1 Ny 119 Shapiro-Wilk 4t
TR X B Y 8 3E K F (Sig.) 239 0.299,0.951
0.922 #10.657 , HAE K T°0.05 , T NV, Y Shapiro-

x6 ITEANRAS ST HEEUSSHEL Pearson 18
Table 6 Pearson coefficients between soil organic nitrogen
components and mineralization model parameters

RE S AR
FRMA AEWE AAE  KmA  BREMA

K 0.902°** 0591  0811** 0819**  0.561
n ~0.466 -0.443  -0322  -0.528 -0.544
Nocu 0.947**  0.548 0908 ** 0.836"*  0.457
Ko 0.429 0.405 0310 0.507 0.580
Noe) 0.950** 0.558 0906 ** 0.837"*  0.467
Kocr) 0.374 0.307  0.275 0.540 0.565
Ny 0.776* 0.353  0.755*  0.780* 0.558
Ky -0.128 0.108 -0.173  -0.428 -0.406
Ny 0.912* ** 0473 0.906* ** 0.641 0.287
Ky 0.313 0457 0.145 0.321 0.057

Nocuy*Kouy 0.907** 0582  0.831** 0825"*  0.568
Nocey*Ko(k) 0.901“** 0566 0.834** 0851**  0.561
NpXxKy 0.966* **  0.681" 0.875** 0.653 0.357
NgxKy 0.911*** 0650 0797  0.730* 0.278
w0 o# w3 RIFEIR P<0.05,0.01 B EKF

Wilk S350 0 Y 2 25 KF- (Sig. ) W2k 0.024 3% 12
78 K Nopy Nocgy B N B IRMIEZS 2041, Al % H
A PR LS BRI SC R IEAT AR T, P RAL
SR ARSI HT R AR G AR B B AR R AT
J7 , Fern A 1A 78 oG PR AR S 1) L 4 e R E (O
U5 ,2017) , &7 B, SASEMARMAE, &
FERR AR K Ny Nop, BN, IIPEE RECRE A
P S B i . AR R BB SOk A
FER AN K Nogyy Nocpy M Ny PR R BUR AR TE
A HLBUE K, 28 B 2 L R 00 ik Le i A S 8 oy 3%
fEM A MLAED A R AR IEER , B &
BYORNE , SEILMRA L, AR N R R
KO AT A, MH BN X K B P A — 2 W BRI A, &
HRIRXT N A8 Az BRE T

3 i i

3.1 +HEAILAED BRI A

VS KB % — A BRI e B o A LA e i)
FE IR IR R B K ek IR, HL
TCT 7% b8 R I A e v 38 AR I K o S
i, Wl Ze I FE B Ik I KRR = HLET Ak i T
TR (AAREAE 2012, 2 TIH4E 2013) , HIEA
LR LA R PE BT (B GRS ) A HILRETE
Bl Ve T 554k R O ZE B 32 2 ( Benbi et al.,
2002) , A 5% A3 -+ B LR B IR 0 A S
BB B I AR A [R] i 7 A5 B R AE , X 0
A HLRT LR YA SO AR R i 25 5
M4 5 (Dou et al.,1996) : 7E5 500, + HEWE K2
et e T T P Gl 2 7 DR T R fi
I 5 o i A WL A X T R PE T e
WA HE BT - A MU R IR AR
J& (Inubushi et al.,1985) ; i 557 i [A] (1) A W 2B 4
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Table 7 Coefficients of determination and decision coefficients between soil organic nitrogen components and models fitted

organic nitrogen mineralization intensity and potential

HHLAA L YeE AL B EY A

K Nomy No (x) Ny K Nony No(x) Ny
AR A 0.578 0.353 0.378 0.279 0.796 0.772 0.790 0.684
SR 0.025 0.024 0.017 0.254 -0.282 0.256 0.222 0.659
RANA 0.167 0.097 0.099 0.008 0.505 0.424 0.428 -0.126

MG AR R FER , B 35 )5 A T e W b
F= T3 OME S AT DL AE B IR A &
VAR EZAERN, 1R AR B AR 9w fh i
(Paul et al.,1989) , AW B, T KE i XA [6] I
BB A HLAT AL A & SR L DL E KR
+ WEMAKREL T KR R PR IR AL,
%N IR e 2 R AR R, —
i e NS b 7S S G N N [ we = 1 P
Rt 25 5 32 257 4 P Ak 5 M 19 52 i ( Sahrawat,
2010;Kader et al.,2013), SEitsrHras LR (£
2) i F ARG IR 0 B A S R
PLK SRS B R R B KRR R A LI
A R A P Y E R
PEHE T,

J T IR AR R LI AR NIE IR, K
= NIEFRE R TE L AR AR, iz e
ABEAIT - e b B AT LAY B S, AUAE T
o BIRA R0 ad #& B 7E T MAEH G £ LT
W AL RE s AR AR e R R SR B
(Wang et al.,2004) , BSRYATH TG LA L
REN T R ERIE | 24 | HICG— o0 bR,
HH B 340 2 T RE AL B (47 6 45, 2003 ), X H
BT HIEART S E A R TR
T BT BB T B ) T FH T A2 B 22 OG0 (M i AR
45,2003) . AHFFENELRIA A (E 5 S50 E 2 5 40
BN JE DL B AR 2 8 U = 7 T A PR &5 SR B
AR HIZE  One-pool I Two-pool $5 KA 1 )
A PRI + A LA Ak, (H T 3 AT X
T A HUA A RS AE A = A B, B — I B
WAL [, BRI TR AL A 7B AR R AR AR
JB 2 gAY W AT R R E T IR SR SR
SO RS H 2 pE 3 [R) 258 T 4 I B AR A Y 52 %
P, Toikia AR A i e 355 % Ui B A1 T 5 a5 1 B sf
1) A LA FLRRAE , X BR AR 72 N
FHXT T R A AY | 5 ) 22 A 1 S e A+
HEAPILAY AL RRAE B B 2 S PR & L (Benbi et al.,

2002;Li et al.,2003) , W& F1 One-pool Fi§ %5 5% 7Y
FA IR T B A AR S, —
LRI LA A B A5 28 fh A 34l 8 B — 5, {H One-
pool FE BRI A it HIRA R LB S BT
TR R S E VLA R EE, X5+
BRI FriA 0 E R R LR - it
RAE IR, BT 9 L A BE R ) (% F I,
2013) , HAELR KT 520 B 7 A B T T AN AT, e 2
TIZAE R A HLE T b B 55— BB
(Benbi et al.,2002) , PRI, ) FH X 4 A5 70 A5 4003
B AT LA HLEE One-pool 5§ KUK I A7 B K 1)
SEHPE .

AWFFEH, Two-pool 8 FA Y X} iy A 56 + 1
BILART I EA S B A 255, X 5 e m—
BURIFSE 0 45 8L ( Wang et al., 2004 ; i 5 2T 45,
2009) , Two-pool & FUAL Y & 3L F + HE B A WL A UE
P AN [F) 43 A AR 40 4L 4 2L B %) I L i 7. ) A 1Y
PRI < 22 P22 A0 0 930 0 4 398 HIL R T e < o
JE AR R ELA B . Li & (2003) BFSE IR & PR, 7E
One-pool FeRE R L) 1/N,~1/t TER , SR E 2
HP B C R | A T B AR DG | 7R 555
R R HLE R IE T A A R R R
WAL A HLEE . Two-pool F8 B RLKVEYI 4 &
B LT A HLE 8 5 A AR 2218 0 4k
R, PR R AR AR R [ #E 2250, 5 LA
JIE LA B /N B A R K A R B (R
4) 7E 438 SR A fh i B rh R P A AR
FH, 0 HER P 08 ) %ot - 39 % 5% v S 0T LA B
L HA K TR,

3.2 T EHEEVLIEA T A VLA AR
ZELT

AHLET BRI S B el A R s R
PR R B 354, % B8 30 A W s 2 0 G Bt | i o
AN TR S50 Mk AR I, PR g ST+ A ML
(20 DIREE 5 TP o A5 LA 43 8] 1) Bk, 3 2L
S HMME (Elliott et al. 1996 ; Wang et al.,2004) , +
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Hi3sE HsW

BAAT R R I LR W B RIES
B, XA HLA S A P 18 A R I8 g AL
SER JEE 0T [ SR RN Ay 17 50 S i i 7 () RIF S T A2 3
JEHA(Dou et al.,1996; % T UH5E 2013) , AW 5%
W A A HL A EH 43 n B G S50 ™ A5 AR
H R AE A HLAR Ak B B L A AR 24
A VUE b 3w 5, R N A T A HLA
WALH (B LR ) 3Z 4 A B BEAL R M R
(Wang et al.,2004) , AU FZ — g B ] LA,
AT bR T AN R B 09 A HLAZH o s A S, 3
PLAD L A B A R 2 5 I R A (15 3%
M R AR ) B R DIOC R YRS S8, K
BAHAE A2 BT Z9E F IR M R R W 25 5 52 R
(Wang et al.,2004) , F52 b, F BRI A
PLRW b3 3 B /N A8 S, U — 25 2
FEH I One-pool 5 % all 22 41 43155 78 i i 1 847
BLER A AT [ 2 AH AT HLEUZE B 8 i B0
{H ( Stanford et al., 1973 ; Christensen et al., 1998) ,
Wang 25 (2003 ,2004 ) #F— A F 5% 45 H 1 2 A HLA
AT Ak 2 5 BBUE S FF R B 252 W One-pool F1
Two-pool F§FEL X} + 54 HLAT 1L LGRS
HAE SRR 22 R BRI IE T I R 2 A ]
IR HLEW LB N AR . A5
RS T RE TR AR B 2R HA AR
A 0 T 3 S A o b A B R ) A R g, 3
TE—EFEE Lo s 3 B B i A LA b
TR HCRAAE DR 31 7 X i 2 R 48 BORE 78 A7 AL
R b B E BUREAT B T4 B R B A 93 X K
A HLE LR S P

TIAR FE AW EE T, AR
JAFFEIRSL 2 5 ) - R R P A R ( Yeasmin et
al.,2012) , faj BAH SR A 46 7 A ML R 4L o0 5
AV SR P47 0 R A WF R & B K it
R RSB B R E(P>0.05)
X SRR R FE LIRS T B4 & HAR e
PR 1 JE BB B 2H 3 P A B 3 G & (Schulter et al.
1998) . THERFIA HLA L 53 A0 B AE A —E H 2
T ERAHOCOC R, PR I 17 B AH G ZR BOR RE 58 42 S Bt
AR 5T GEA PTG A PR s B Bl
W HHSEIA L IE X R (Lu e al.,2009) , 14T
ARSI T E AR AR DS 2R BN mT 433l A 55
AN R 3 72 d 0T PR AR 8 0 A R R 7R B N ZR A AR
P (2 5 & 55 2001 it /N #1128, 2013 1 WUGE 25,

2017) . AWESE, AR 53 B vh ok R BRI 3R AR AR
J S B p s Al 2 R 2R B A R R AU R i X 9 7K e
TR A LR S B AR B PR AR & 3 AR
S TR 5 X ZE R A A K RS AN R A AL AU
AT AL AT SR A LA 5T .

- SR it S FE R A+ R R LN IR AN R A
BRG LA LREREAEH (FHE S,
2002) , WFFE N, FHXT T HAB A VLR L5y, B IE R
RORAEY W WA T A U 32 R VR (2 E R4S,
2000) , HA WG, LA A LA L 55 %5 7]
WAL AR DT AR AL 5 R R O R W),
PR R AR LA 3 v ) AR A R (BT - S I 8%
TRl R AR AR AR M A E A LA 53 IR % 145
WAk A A A 2 BTk (32 R M AF, 20125 Li et al.,
2014) . AWFFEAR A B, TR A 2 A5 R R LR 2%
P RS S Noyy Nop, BUE R 3 — & 4 Bl
YERI(ZR 7)o ST A3 5 A e Lo M) A TR fie 2
MR RS A AR, HAFA YLELL5 T A B 5
fk.(Schulten et al.,1998;Li et al.,2014) , H i, A [
WSS T W 4h B 2 H R 2 S R - A L
R DA RGBS i B 855 57 I R A HLA
UIReER AT {25 i
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RERBKFE+ B2 EEA RN S T
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