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Impacts of organic manure on rice paddy arthropod communities
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Abstract [Objectives] To investigate the effects of organic manure on rice paddy arthropod communities, including
predators and rice pests, and determine whether this increases the abundance of important rice pests. [Methods] Single-
season rice was planted for two consecutive years (2017-2018) in two kinds of rice paddy; one which used organic manure

(RPOM) and another which used chemical fertilizer (RPCF). Soil fertility and the abundance of aquatic insects, spiders,
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predatory insects, functional rice pest groups, and the compensatory prey of predators in both field types were investigated,
and predator-to-pest ratios for species richness and individual species abundance calculated. [Results] Alkali-hydrolyzable N,
available P, total P and total K were significantly higher in the soil of the RPOM than in the RPCF (P<0.05). Total N and
organic matter in the soil of the RPOM was also much higher than in RPCF (P<0.01). The number of aquatic insects in the
RPCF was significantly lower than in the RPOM. There was no significant difference in the total number of Chironomus and
Collembola between the RPOM and RPCF. In 2017, 887 rice insect pests belonging to 17 species were collected in the RPOM
compared to 917 rice insect pests belonging to 18 species in the RPCF; a similarity coefficient of community of 0.86. In 2018,
1 226 rice pests belonging to 13 species, and 2 035 rice pests belonging to 15 species, were collected in the RPOM and RPCF,
respectively. The similarity coefficient of community was 0.71 between the two paddy types. The number of individual rice
insect pests was significantly higher in the RPCF than in the RPOM. In 2017, 1 316 predatory predators belonging to 41
species were collected in the RPOM compared to 989 belonging to 31 species were collected in the RPCF; a similarity
coefficient of community of 0.83 and a Bray-Curtis distance of community of 0.151. In 2018, 1 537 predators belonging to 41
species were collected in the RPOM compared to 1 031 belonging to 36 species in the RPCF, with a similarity coefficient of
community of 0.78 and a Bray-Curtis distance of community of 0.31. The diversity of predatory species in the RPOM was
significantly higher than that in the RPCF in 2 consecutive years, a difference that was highly significant in 2018 (P<0.01).
Furthermore, the number of individual insects in the RPOM was significantly higher than in the RPCF (P<0.05). The ratio of
predatory species to insect pests in the RPOM and RPCF were 1.86 and 1.09 in 2017, and 1.64 and 0.64 in 2018, respectively,
and was significantly higher in the RPOM than in the RPCF in 2018 (P<0.05). [Conclusion] Organic manure markedly
improves the soil fertility of paddy fields, has no significant effect on the abundance of compensatory prey, and reduces the
number of insect pests, which suggests a bottom-up effect. However, the species richness, abundance of predatory species, and
the ratio of predatory species to insect pests, were significantly higher in fields with organic manure, suggesting a top-down
effect. These results demonstrate that the addition of organic manure enhances the ecological control effect of the natural
enemies of insect pests.

Key words paddy field; organic manure; arthropod community; bottom-up effect; top-down effect
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F, BE MR HEFR 24 0.05<1V; < 0.1 B,
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0.01 B, SAFEAF (far = 1145, 20185 XIFN 4%,
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W 0.47 g/kg, 281 13.73 g/kg, WAL 87.67 mg/kg,
R 2.47 mg/kg, BfHA 218.00 mg/kg, 11
Tt . it — 2= sl A FUIE 5 4k A
J&, RPOM 5 RPCF LTI A i, RPOM
f) pH 4.94, RPCF [¥) pH 5.02, +IEMHALIER S
NESARE A I 225 . Rl . AR . 2k,
25 5 RPOM 2 # = T RPCF (P<0.05),
SR SHEYFSE RPOM W % & T RPCF
(P<0.01), 4% H RPOM W% T RPCF
(P>0.05), RPOM 5 RPCF + & HRRA%
()T A B R 5 R AT, R 1) S P
FERHN N2, RPCF T 2B S BRIt (£ 1),

2.2 RPOM 5 RPCF K4 R Z 1L

FE 43 STt RE S35 H A IS IR A 2R B, K
PRAFE BT 6 K AE B R YAl S A g, R
) 18 Fhuk A B, Hr XU HE 11 Fh, 2
HEH 4 Fp, BEBEESR 3 Fo 1 AR
HAANMARUR 283.67 3k, FEBUEEERMEHEAL
B, HAMARCE R 95.42%, FEEC Radotanypus

3% 1 RPOM 5 RPCF HIRIBAM RSB ATUELER
Table 1 Comparison of soil fertility between RPOM and RPCF

JLZE Element RPOM e Prpom- RpCF
Mean+SE  Change value Mean+SE ~ Change value
A (mg/kg) Alkali-hydrolyzable N 216.33+1.76 - 1.67 203.33+0.88 - 14.67 0.039
HEWE (mg/kg) Available P 4.43+0.03 1.96 3.77+0.09 1.30 0.010
HALH (mg/kg ) Quick-acting K 51.33+0.33 -36.34 49.00+1.00 - 38.67 0.192
4% (g/kg) Total N 2.45+0.01 0.22 2.27+0.01 0.04 0.007
4= (g/kg) Total P 0.50+0.00 0.03 0.47+0.00 0.00 0.035
&8 (g/kg) Total K 13.83£0.03 0.10 13.40+0.10 -0.33 0.039
FHLF (g/kg ) Organic matter 48.53+0.33 11.40 38.93+0.38 1.80 0.000

RPOM: Jififi HLIEIIFE 3 RPCF: JfLAERIATH . Preom-recr: RPOM 5 RPCF [LAH P . T 3E[F .
RPOM: Rice paddy field used organic manure; RPCF: Rice paddy field used chemical fertilizer. Prpor-rpcr: P value of

comparison between RPOM and RPCF. The same below.



13

FH - 3ESE: A HUIE RS 1 B sh B ek 5 i S = Top-down R

+ 157 -

paremaculipennis A ZE xR R, i ETE S
{E1Y 0.83. el BRI, /KFEREAR 2= /Bl |
ZAREIN LR 2 R A A 2 R, 5 BIBEET L
B, REHKA: B AR B | AR
T F%, RPCF H/MARCE T % L RPOM EE B .
(£2),
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()4 I 5 A 2 U8 Bl 28 T RPCF ((P<0.05 ), i
Y RPOM 1Y #2 A A % i W KT RPCF
RPCF ( P<0.05 ), HAEA K WA R 7 i 55 2
AR RPOM B 55 T 5B {IK T RPCF,
BHTLBEES (P>0.05) (£3), L850 iE
2L 2 SRR AMETE AR CR SVARIE DL, RPOM
RPCF A & 2R (P>0.05) (& 1),

24 RPOM 5 RPCF fEHKEERINGERALE
XU EE 8

2017 47 RPOM H R AEFKAEHE d 17 Fh,

%2 RPOM 5 RPCF kK4 BB # MR

Table2  Comparison of diversity of aquatic insects between RPOM and RPCF
P - YIFhEE E Species richness  MA%(E Individual number ZFEPEFEEL Diversity index
Year Rice field SYBE ZHE SYBE ZHE IYBER 2R
Tillering stage  Booting stage  Tillering stage Booting stage  Tillering stage Booting stage
2017 RPOM 5 4 16.40+2.69 6.00£1.05 0.513 0.865
RPCF 4 5 6.00£2.70 3.40+1.40 0.778 1.313
2018 RPOM 7 7 4.80+0.80 13.80+5.45 1.816 1.142
RPCF 7 4 18.80+2.49 5.80+2.59 1.097 1.177

ARBEE TR 1 MRAREEFR, KR S5TRIK R 3125 em’

The measurement volume of individual quantity was 1 mixed sampling volume, incluing water and mud sample 3 125 cm® each.

% 3 RPOM 5 RPCF fEHXEMRIEYR B ERT B

Table 3 Temporal dynamics of compensatory prey number of predatory natural enemies in RPOM and RPCF

MR By - JKFE &% B W Developmental stage of rice
Aoy FE H
Compensatory ;- Rice field SrBEL] Zp ) izl R
prey Tillering stage Booting stage Flowering stage =~ Maturation stage
PR 2017  RPOM 11.4£1.57 84.6+3.08 22.2+1.00 10.240.61
Chironomidae RPCF 27.0+2.15 83.8+4.90 21.242.25 10.2+0.79
PreoM_ RPCF 0.084 0.938 0.745 1.000
2018  RPOM 34.446.23 13.846.62 41.4+4.99 9.6+1.54
RPCF 18.643.39 27.042.68 40.6+8.64 16.241.96
PrroM- RPCF 0.015 0.173 0.937 0.034
S H 2017  RPOM 5.240.47 4.8+0.47 3.0+0.36 14.8%1.18
Collembola RPCF 7.6+0.86 6.0+0.18 2.240.14 12.4+0.93
PreoM .- RPCF 0.275 0.109 0.099 0.374
2018  RPOM 4.8+0.66 1.2+0.80 7.4+2.80 25.842.06
RPCF 2.440.51 1.4+0.60 5.8+0.86 34.40416.65
PrroM- RPCF 0.033 0.854 0.587 0.659

HEMAHY R 1 m?>. % 5[, The measured area is 1 m?. The same as table 5.
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Fig.1 Comparison of individual number of Chironomidae and Collembola between
RPOM and RPCF in 2017 and 2018

2017-Y 5 2018-Y 43 53E/R 2017 5 2018 4ERY#RML, 2017-T 5 2018-T 4353/R 2017 5 2018 4Ey s B it o
RPOM: JitiAA HLALHIFEH ; RPCF: JtifbACAYAE H .

2017-Y and 2018-Y mean Chironomidae in 2017 and 2018 respectively; 2017-T and 2018-T mean Collembola in 2017 and
2018, respectively. RPOM: Rice paddy field used organic manure; RPCF: Rice paddy field used chemical fertilizer.
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ventralis, #ij5 5 FEOMEEMHRE A, HEEIE
AT 0.01<<P;< 0.05 X [H] A, il RPOM HY i L
FHF, RPCF AL#AF A 3 Ff: #5 LA
Nilaparvata lugens. 17 &5 H G Inazuma
dorsalis, BEVEHEZMH P AALT 0.05<P;<0.1 X
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I . SRISBE IS A4 G 6 FiE R ER R, HE
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WL A 2018 4F RPOM HA 4 R34 il
St CEl . OB SRR i Nephotettix
cincticeps S# 5y ; WA FEMER, F 3 M
DApE R, AR CE, R 5
B, HEFE(EAT 0.01<P;<0.05 X[a] 4,
HA i KE P = 0.049, #3T 0.05; £ RPCF
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Fig.2 Comparison of the compose and individual number of important insect
pests between RPOM and RPCF in 2017(A) and 2018(B)
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Z S 2018 AFEW YA EE E AN E
(P<0.01), 2017 4E5 2018 4E/MASEE 2 H
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2.5.2 HRENEFFIES KBRS
3 RPOM 5 RPCF i & K FL I e A iy b =
B MEREGE . SRR R, AR, B
TEARUME: | Bray-Curtis 185 B i) shZsange 5 fr
TN o PR RN SRR I R E s B, Bk 2018
ERY KRR S A RPOM BE IR T
RPCF, (HEA BEZES (P>0.05) 4k, Lk 2
FEHAK KB, ¥k RPOM B E & T
RPCF, H7E 2018 4F ()4 BE AR B B 2 25 5
(P<0.01 ). i1 R &L B8 A 78 S Ay AR
MRS, Y908 RPOM B i 55T RPCF, &
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#&4 RPOM 5 RPCF fHEMXHINGER PR EFFES D IRELE

Table 4 Comparison of the characteristic parameters of the predatory natural enemies between RPOM and RPCF

YIRRERE KR EZRSER R BIorEfese B HIITE Bray-Curtis B ES

iﬁ Rictépﬁj ddy Species Number of Di.versity Eyeness Cqmmupity Bray—Curtis
richness individuals index index similarity distance
2017 RPOM 21.75+0.85  329.00+44.25  2.163 1+0.14 0.702 7+0.04 0.833 0.151
RPCF 17.00£0.71  247.25+62.39 2.097 8+0.22 0.740 8+0.08
PrpoM - RPCF 0.008 0.025 0.617 0.468
2018 RPOM 22.00+£0.71 384.25+123.04 1.922 6+0.11 0.622 8+0.04 0.779 0.311
RPCF 19.754£2.81 257.75+108.11 1.964 4+0.05 0.670 9+0.04
Prpom - RPCF 0.398 0.017 0.640 0.038

Yol R S AAREOR N A 4 YORFERFI(E, AR S m®,

Species richness and the number of individuals are the average of four sampling times a year, 5 m” each time.

&5 RPOM 5 RPCF R MXHINEERHES KRBT EESEL AL
Table 5 Comparison of temporal dynamics of the characteristic parameters of the
predatory natural enemies between RPOM and RPCF

KGR B Y Developmental stage of rice

280 0y et H o —
Parameters Year Rice paddy o3 BEll] PR 1M HIH
Tillering stage  Booting stage  Flowering stage Maturity stage
L B 2017  RPOM 14.8+0.82 14.8+0.47 12.2+0.64 16.6+0.21
Species richness RPCF 13.0£0.36 13.240.64 9.0+0.36 14.6£0.93
PRpOM- RPCF 0.167 0.160 0.056 0.142
2018  RPOM 13.0+0.95 11.241.39 12.0+1.05 13.8+1.02
RPCF 7.4+0.87 12.4+0.93 9.0+0.63 14.0+1.34
PRpOM- RPCF 0.006 0.603 0.070 0.838
ANRRE 2017  RPOM 90.0+9.30 54.6+2.65 50.8+6.90 67.843.65
Number of RPCF 82.6+8.44 38.4+4.87 24.243.11 52.6+3.43
individuals
PRpOM- RPCF 0.700 0.128 1.063 0.097
2018  RPOM 44.8+7.86 54.4+4.72 58.0+11.95 150.2423.69
RPCF 17.6+3.76 43.843.53 30.4+4.02 114.4+18.73
PRpOM- RPCF 0.056 0.052 0.083 0.343
SREVEFE R 2017  RPOM 1.733 9 2.168 8 2.2842 24254
Diversity index RPCF 1.456 2 2.403 7 2.146 8 23843
2018  RPOM 2.132°8 1.9429 1.9377 1.646 8
RPCF 1.9750 2.0725 1.989 6 1.820 3
PIA PSR 2017  RPOM 0.592 1 0.682 4 0.750 3 0.784 7
Eveness index RPCF 0.503 8 0.8316 0.792 8 0.824 9
2018  RPOM 0.690 0 0.619 6 0.646 8 0.5252
RPCF 0.729 3 0.661 0 0.734 7 0.558 7
BEVEHI LI 2017  RPOM- RPCF 0.789 5 0.857 1 0.666 7 0.800 0
Similarity 2018  RPOM- RPCF 0.702 7 0.565 2 0.648 6 0.816 3
Bray-Curtis }i 5 2017  RPOM- RPCF 0.105 4 0.273 1 0.402 7 0.174 5

Bray-Curtis distance 2018 =~ RPOM- RPCF 0.4717 0.715 4 0.348 4 0.1429
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ZRARE (P>0.05), YAREGSIT#E L
PSR, (EAMERECE X R 22 R AR 2.

253 EEMBRMAREBTESEE 2017
4F RPOM 5 RPCF HYH ZMRFPZE (L Rhig
LS o L IL Y N R N ol WL 7 2 AT )
e R 2 LR RS 2 ARk
Pr3Fhts k& diva ik Pirata subpiraticus 54\
25005 Marpiss magister, R4 A/ BE Y ik
Coleosoma octomaculatum 5 #1 7K JR ik Pirata
subpiraticus, A TERAEA: K & H 45 WA
Fif, AT AT PL SR B B HUA R Ik 1
Flrs GAIRWRIN Jy A6 5 ARl , 2EF
IR AR ERD 5 NSRS IRAE S BN 5 22 B0 A A0
A, BLELE S BRI, 24EF
WO B8 s WACRRAEALI AR, AR

o3 BE] 55 2 R A AR I AR Bl S 2 30 Bl
B A N A, 2 F IO+
BEFh, 2017 4F RPOM 5 RPCF i 8 2 ik fh 25
B BB 209 68.48 5 66.19, 2018 4F
RPOM 5 RPCF ¥ 4 FhE ELUMRFh2, Hidr 3
SRR S 1SRRI, RN &
HOyaE R .\ SRS IR S KRR, SRR
1 Tetragnatha sp.. £ HVATERTES DAY
o, HHARSEIER . 2018 4F RPOM 5
RPCF (1) B 2 W e b 2 T o7 19%) 52 20653 00
87.48 5 83.31, MIELE 2 4F F B A )P 2H h
S5F AR S A R R S A S R R T
W78, RPOM 5 RPCF A L E#ES (£6).

2.5.4 MHBMBER/MERLE AW PR
F1%) e FE A £ B H ) i A 32 PR W B A e

#& 6 RPOM 5 RPCF EZMBKFNAEER . MBESEZENMENTRBMAHLR
Table 6 Comparison of temporal dynamics and whole stage of the compose, individual number and
important value of important spiders between RPOM and RPCF

o3 PANG: i ;25 %iﬁ%ﬁ
- sl A o BER ZARE e A
R4 Yy 25 , o . . . Whole
. Rice Tillering Booting Flowering Maturity
Year Species Grade developmental
paddy stage stage stage stage
stage
2017 £ BT IR DS RPOM 50.80/59.21 24.40/50.21 12.40/25.94 20.00/34.13 26.90/41.07
Ummeliata insecticeps DS RPCF 54.20/67.58 11.00/31.98 5.40/23.08 12.20/25.10 20.70/41.84
Y\ S5 b DS RPOM 3.20/3.73 2.60/5.35 12.00/25.10 9.60/16.38  6.85/10.46
Mar piss magi ster DS RPCF 1.60/2.00 4.20/12.21 5.80/24.79 9.80/20.16  5.35/10.81
J\BEH AS RPOM 10.00/11.66 6.00/12.35 2.60/5.44 2.20/3.75 5.20/7.94
Coleosoma octomaculatum AS  RPCF  8.20/10.22  3.80/11.05  0.20/0.85 1.60/3.29 3.45/6.97
AR AS RPOM 4.80/5.59 1.80/3.70 10.00/20.91 7.00/11.95  5.90/9.01
Pirata subpiraticus AS RPCF 2.40/2.99 2.00/5.81 3.80/16.24  4.80/9.88 3.25/6.57
2018 F HUA R Ik DS RPOM 16.60/49.11 25.80/51.39 20.40/39.53 75.60/53.09 34.60/50.10
Ummeliata insecticeps DS RPCF 7.20/48.65 1.80/4.52 9.40/35.34  53.40/48.90 17.95/44.38
J\ BRIk DS RPOM 1.25/2.96 0.60/1.20 18.00/34.88 33.60/23.60 13.36/19.35
Coleosoma octomaculatum DS RPCF  0.40/2.70 19.20/48.24 8.40/31.58  26.80/24.54 7.00/17.31
AR ke DS RPOM 6.20/18.34 6.60/13.15 6.00/11.63 17.00/11.94 8.23/12.96
Pirata subpiraticus DS RPCF 4.00/27.03 2.20/5.53 2.80/10.53  10.20/9.34  4.80/11.87
i AS RPOM 3.20/9.47 5.40/10.76  2.20/4.26 3.20/2.25 3.50/5.07
Tetragnatha sp. AS RPCF 1.60/10.81 7.80/19.60 1.80/6.77 4.60/4.21 3.95/9.77

DS: {E#Fh Dominant species, AS: FFJEH Abundant species; /75 EJ5 8 1 m? B/MEEE, /B9A FIF NEE(Y,
The upper left of the / is the individual number of 1 square meter, and the lower right of the / is the important value of
species.
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M BB DHZ, P AENTEREIE.
U6 5 H WIS G H RS R, M ST S
%G BT, EAR TR . 2017 4E7E RPOM 5
RPCF 515 4 MOLEMErER R . H3EB0E
Feu# i Paederus fuscipes, 22 /5 4% H % Cyrtorhinus
lividipennis, K& Megaselia sp. 5244 i /e Ik
Microvelia horvathi, A 3 FohIL[REIEHF,
P TERIE(U N RPOM AL HFR, 2018 4E7E
RPOM 5 RPCF Wdtikfs 4 FpLsFhdli kR
d, BRSSP E R RS 2017 4
St RHEBBOVRM A KR, Q8

4.

w
T

AMES R /m?
Number of indivuals/m?
[\]

—
T

W7

s S RIFEE, Har 3 Aoyt E gL,
MUH SR H {8 RPCF IEHFh, 78 RPOM iy
FEE R o BT T AR P B O SRR A R B Y
RPOM M & F RPCF (& 3) . MILAH I HFh
[ EEEE AT, W RPCF W& & T sl g AIKF
RPOM, fHIEWEZES (K 4) .

2.6 FEHEBERENESINEEREENRN

AR 25 E SRR UE 25 F
2 AN4ERE L8 RPOM 5 RPCF Kk B A 4kl
TR U AR S T RE S B RE B A5 55

EJRPOM-2017 [ RPCF-2017
td RPOM-2018 RPCF-2018

R
s

S
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TRE® | RASEE

HRBOE R iy R TE I

Megaselia sp. Cyrtorhinus lividipennis Paederus fuscipes Microvelia horvathi
¥ Fh dominant species

El3 RPOM 5 RPCF MR M RAN MFIRELLER
Fig.3 Comparison of the individual number of dominant predatory insect between RPOM and RPCF
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Megaselia sp. Cyrtorhinus lividipennis Paederus fuscipes Microvelia horvathi
i #Fh Dominant species
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Fig. 4 Comparison of the important value of dominant predatory insect between RPOM and RPCF
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2017 45 2018 4 2 4F K FE AL K 2R P A
FEERFEL Spi, RIVEH—F, BRZFHEYN
RPOM {ik T RPCF #b, Hap s A KI5 4 03k
A RPOM B & & F RPCF (% 7), {HAMAT
WEZES, 2017 4EH P =0.744, 2018 4EHY P =
0.251,

SRR 25 3 Npi {5, 2017 4E5305100 -
Npirpom = 1.86, Npigpcr = 1.09, RPOM BH I 5 F

RPCF, {H TG {2 & 2 5 (P>0.05 ); 2018 440514 -
Npirpom = 1.64, Npigpcr = 0.62, RPOM i & & T
RPCF ( P<0.05), %44 H Npi Heis o3t 2
B, 2017 4ERKREEAK I, Npi Y28 RPOM
=T RPCF, (HFRIRF| G242 L A,

ZRAREE (P>0.05), HAEFFERS sl 2
S (P<0.05) (K 5: A)., 2018 4EHI/KFESS
AR, Npi ¥°5 RPOM Bl & T RPCF, H7E

#*7 RPOM 5 RPCF B4 KHIS2HMMMEETEHELL
Table 7 Species richness ratio of predatory natural enemy to insect pests both
total period and every growth stage in RPOM and RPCF

Ay AT SrBEN 2R FE3] A x|
Year Habitat Tillering stage Booting stage ~ Flowering stage Maturation stage ~ Whole period
2017 RPOM 222 1.85 2.10 1.47 241
RPCF 1.89 2.57 1.36 1.38 1.72
RPOM/RPCF 1.18 0.72 1.54 1.06 1.40
2018 RPOM 3.14 2.30 2.50 2.30 3.15
RPCF 1.67 2.56 1.67 2.17 2.40
RPOM/RPCF 1.89 0.90 1.50 1.06 1.31
41 A @ RPOM
P=0.097 D RPCF
3r P=0.097
P=0.123

P=0.301

natural enemies to insect pests
[ 38

P=0.392

MEBE IR HF I
Individual number ratio of predatory

0 HEHES
o Tillering Stage Booting stage Flowering stage =~ Maturation stage Whole stage
S, 4. IKFEA K & B Developmental stage of rice
S % B E RPOM
a5 O RPCF
g8 31| P=0.023
Hio 8
?ﬂﬁ =2 P=0.063 P=0.013
SEg 2r  P=0.051
= 5 s P=0.017
= o
<= N N . =
clE
> < H
g = i
= Sy BE ZRE e RS &4
Tillering Stage Booting stage Flowering stage =~ Maturation stage Whole stage

KK & F B Developmental stage of rice
5 2017 (A) 52018 (B) RPOM 5 RPCF Mr#EH E LM 2k SHEEZA

Fig. 5

Temporal dynamics and whole period of the individual number ratio of predatory

natural enemies to insect pest in RPOM and RPCF in 2017 (A) and 2018 (B)
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ZHFEI S A B 22 R (P<0.05), TE4r
BEW 22 R KT, PAEIEH H2E 0.05 (&
5: B). UiB5 RPCF b, RPOM A 5 4fd
M R KRS F R LA, o] T
RPOM  AJ S 3 %) A 25458 75 R4 RE 10 R B Y b o T
RPCF,
3 itig

i FHRE AR “ARBEIE” A MEYHEE, B
R R R T X R EGRMEAE ) (R B
e SR ) AR B i AT B RS X
IKAEE BURAE AN | RFER A A g, (H
REFEARKAE LTI Re A AR B, o T
Bottom-up RN ; 23 B B 5 4 A AR
WP B S AR, X R 5 A B
s, (AR EFRSMEEEGEL, BRT
Top-down A0, 2R Wit FHA HLIEA F) T 57 5
I EMRE, WK E R E, A5
)R B T R Tl K R T 9 4 T i, ] A
A 2SRRGB SE PR B I 1 i

it FHAT HLAE ,  BEA RCHeE /=i e 398 BLJTG
A AR S a0 R R T
HAKW . Fr8E8Cr) (BReL4a:%, 2019), i
Jiti A HLAE RE A R4t IR ) ( B B A5,
2017), AAUERRACIELE S, AR .
o NI SV Q7 T BT i = 8 o e
(LA, 2019 ). X 5AHESE it A HLIE
A2 it FE A RS S 386 g - B ML L el
AR 28 ST ESNMRER %
HH A 2R = B R A0, 380 T 3 A LR
i, PEE TR R A W AR AR S
KRR M ERE, o TIRYIRsI A i -
RONE 3 30T e B VA B i R B DA S e kA
BH LR FREIE, XRUTA BT 800
(Chenetal., 2019 ), L 5AMF5E Fit HA HLIE
A AR B sh B SR B P b = R L ELR%
R UL ARRE | e MRS R F L SR
B E A SRR A SR B — Bk

& 4% BI#t 5, #F RPOM 5 RPCF Hiy7K
Az R B FR S S5 AMARBOR S R IEI, AN S

SEYIA AR E R RO SRR, PIRR AL BE
HEA—E BB R R LS BRi i, X Rh Bl n]
AE 2B HIHLBIAR ST A B E” 51
i, BRI N T Z—; Al #
BB s P20 BTG AC AR B, 5i S AL ARG )
FHENLRHAE B, n] HE— 5t A HUIE 275 52
M P 7K A B LI RE A o 5 ERIMEL U, M2t
JIEL 40 S Y 38 P 0O 5 R AR T e, 7E A HILAE
AR PP 2 OB A Y L], AEARAE I o
HAMTERE, DLRRE IR i L RIS Ey
SRR

B8« APV o B 2 R B TR i
SEZK A R I, R IR A i Bk B BURUE
TS E W H S H R R, —If
Il
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