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Factors affecting the incidence and damage caused by Huanglongbing
in the orchards of Guangdong Province, China

CHENG Baoping, PENG Aitian" , SONG Xiaobing, LING Jinfeng, CUI Yiping, CHEN Xia
Guangdong Provincial Key Laboratory of High Technology for Plant Protection, Plant Protection Research Institute,
Guangdong Academy of Agricultural Sciences, Guangzhou, Guangdong 510640, China

Abstract; [ Aim] The Huanglongbing (HLB) , caused by Candidatus Liberibacter asiaticus is one of the major diseases in citrus. Fx-
ploring the influence factors of HLB occurrence and harm in Guangdong Province can provide the basis for scientific prevention and
control of this disease. [ Method] The incidence and distribution of HLB were investigated by a real-time PCR and conventional PCR
for various citrus cultivars grown under different climatic, environmental and geographical condition and culture practices in citrus pro-
duction areas, including Huizhou, Zhaoqing, Yunfu, Jiangmen, Yangjiang, Qingyuan and Shaoguan in Guangdong Province, China.
[ Result] The incidence of HLB on different cultivars were; Hongjiangcheng 78.05% , Mashuiju 76.04% , Shatangju 73.20% , Gonggan
69.30% , Nianju 63.00% , Shatianyou 58.68% , Ningmeng 56.96% , and the incidence of this disease on different root stocks were: Su-
anju 15.30%, Zhike 6.57% , Ningmeng 4.43%. Other factors such as low latitude, high temperature, more typhoons, location near the
mountain, high density planting, and poor disease management were also associated with high incidence. [ Conclusion] Apart from nat-
ural causes (low latitude/high temperature/more typhoons, plain terrain), several management-dependent factors were conducive to
the prevalence of HLB. It is possible to mitigate the damage by improving orchard management practices.
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REPR-A5 . T 2R A A bl B fe o A 2R 5 FE I R M D R E 5T - 225 -

9 MG £ 2 2w e E . b TR E A
24 J7 hm® G0, HRGA 173 DL IRz , ARk
ik EACTE (B4, 2016, ZERE AR o, 2002,
MO ESE,2012; WHEPEESE 20095 RELIFISE, 20115
WA Ee,1989; X2 EIHAE,1979) .

H AT, BT A R A AR b X 2 e TR AN R B
B, (LA ] P ARG ot ol Xof 265 e 1 1 T g P A —
EEF (X 4% 2014; Halbert & Manjunath,
2004; Hung,2001; Miyakawa & Zhao, 1990; Shok-
rollah et al.,2009) , 4N Shokrollah et al. (2009) F|
U1 7 vk ) AN [ S PR AR IR 2 1 B e, 45
PR WG AR B9 — B8 5 FR ( Citrus reticulata, Citrus
sinensis , Citrus reshni cv. Cleopatra) "5 % , & .
T RIS AGE 1Y — 22T
Chinai, Citrus macrophylla, Citrus microcarpa) " &
RN T A% | TR RS ROREL A A6 ) — 85 B [ Ciitrus
medica, Citrus aurantifolia, Citrus sp. ( natural bio-
type) , Citrus jambhiri ] W52 BE & 5, B2, B R
ARAE AN [ AR it Al 7 T R] 9% 5 B 2 0 246 1 f5 2 T
S IR o

BRI A A S 16 E S ARG XA PR A —
TERYIRFR . FRIFE DN 3R — 7 T 1 5 W B D TR 1Y
145 HL I —M 4% K B\ Diaphorina citri ( Kuwaya-
ma ) FY A7 SEBH , 55— J T 300 5 5% 0 AV AR 104 ik 6 i
SRR B IR (R AR P45, 20165 2R AT ot
2002; WERERSE,2009; #ARIR, 1989, B4 AR,
1979) , SE T2 W 58 Je i 1Y & A= S AT . HA KT
ARAE A FIMT G 7 D PR 85 2% 1 5 B e i & AR 5 18
F YRR M ICHARR BT, A, T Bl
R R PR R B AT A K RS A AR H TR AR X
BRI KRS G F R MBI RETE R

AWFFEAE H [B) ) A 0 BE Al B PR A A
R e P IR 5 7 A5 X ) AR A A e e R AR
506 B5E | LU T AR AR R AR Bl e i) B 45
HEEE Z AR
1 ##REFZE
1.1 EERESEEMmER

T 2013—2014 48 FE] 7R HE IR T B I
B VL 2 YL R OGN A A 7 X, AR
A ) 2 B R e R Pl AT I A

J7ARAE AN TR A 77 X0 A Rl R 2R A —

( Fortunella sp. cv. Kasturi

FEZER, ARYETT IR AN Gt AR S A B s VLT
FHYT AV VR IX B AE 2 6 R, 26 8 ok 21°27 -
22051 AEXIMIRHIEET8.9%  AE YR 22.60 °C ,4F
YIRE M i 1939.91 mL, 4EF H 148 d; 260K =%
A H 21k, 4655 A 220227-23°30" , AR A XHE
JF 72.0% AEYIREE 22.52 °C  AERE R R 1625.54 mL,
AERTH 148 d; g S oR I B 2 Lk, 26 B
k1 23°307-25°31" , AE B MR 75.4% , AF- 34 IR
19.92 °C , AE [ 1766.00 mL, 45T H 156 d.,
1.2 MRE#ERRERLE

FH AR AR, SR S R HURE T, B R 1
PO bR TERE 1 AR S, AR A 4% 1Y) TOT 30 i 5 45 4%
RAR 2 At AR R AR 16 i FRAER
1) ST i 2 = i ) AN A Sl R =
AbEE, IR W VR BT A A i R SRS Y R
K IF A KA B o AR AT 1A iR
B 200 mg FF i, 4% 2 SEHE 28 w5 G Ul B A B R
R it ) A R R ZEL A R AR, A FH 5 B PCR RN 2
FE T PCR VR S 19 &9 8- T A
1.2.1 ## PCR  _L¥#514%) O11:5'-GCGCGTATG-
CAATACGAGCGGCA-3', T i 51 ¥ OI2c: 5'-GC-
CTCGCGACTTCGCAACCCAT-3" ( Jagoueix et al.,
1996) . 5T H )N FEAR A F A ., PCR ZZ i
W Taq BS54 HREF AW AR, FEHY] DNA #2
HORAFH G550 H 2 B A AN Molecu-
lar Tmager Gel Doc XR+HUEERE IR RS, 50 pL JX
MK Z . Premix Taq 25 nL,10 pmol - L™ F RS
P4 2 pL,DNA Bifi 1 pL, %K% 50 pL, ¥ 3%
ML .94 CHiAEYE 3 min, 94 °C 30 5,55 °C 30 s,
72 C 1 min, 3t 35 PMEFR,72 CLEf 10 min,
1.2.2 KA EEPCR BIWFIHINSI Lie al
(2006) , M )M R A Al A R, = BB
(2014a,2014b) F1 Li et al. (2006) B 77 B 3EA 7460
20 L VAR R | SI L E 250 nmol « L7, B4R
LR FE 150 nmol + L', 2 #h i = IR Takara #4EM 7%
S EE G E B PCR A & Ui B 45, PCR J2 1 2
J¥:95 C A 20 5,885 95 °C 55,58 C 40 5,40
AMIEFR, i FHALZS A Roche , LightCycler ® 48011 %!
SEIEEGE i PCR,

FI A 19 PCR S5 35 AAE 92 % - A7 T B HL )
PR EERE AT AR I ik DNA A BT B DAGRAE T B
PO PR P B T R AG K DNA S BT R
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1.3 AERNE
1.3.1 FRMESANELERLREE  (1)RRH
P, EFXITZRA R 7 PR DL SR ——E A
Lok AP WEAE . TTHT ARG UD RN R AT B TR A
PR YT I 38 H YT i LT RS AT
AR P2 X L BE ML e 112 S BREE F R 1 45 B 4%
PARARL AR 2R Bl DA A SR el SR S i 7 0 o R 0 G
BRI AR, () RARGF, EXRE W 3 Fh
LG A G Bh——R A AT FIAR 5T 7 2 PR
VL I 8P BHVE =0 VLT R OGN EMN (A AR
FEXAERERLIERE 31 AN B AR AR LIRS 5 0K i I
A [ e SR L A i, ARSI LB IR R R
1.3.2 #AFER MEZERREEREE, AR
VR I 3k X 4] sBE B Ak, i ke R b
KRR/ NE R | B B 2T B IR IR kg
HHRE RS2 FH [A]H2 W R 3] o s %) J LA 4l (OF
LR 2016) , SR, AE 1.3.1 H B RE A0 R 55T
P IRENT 5 A E T SR g e i R A A
BRI R REMLE PR 20 43, HEATSCHT 98O 5 PCR
RS DA 2 A5 B B R 1A
133 FAREFXEREHFELFBLRE (1)AFK
A EE S, FEVLT] PRV R = 0% TH A
FROC™ X (R S5 F I 1.1) JERENLEE RS 194
A SRR B B AR LA D AR R, DA
RPESRAEM BB & R B R kR, (2) A
FIHE . T 2548 FH A 7= X ) i LA K b
A S i S BE E 3 5 ~ 10 km A 8 T Y SF
HiL, FREE R T 5 10 L e 2R el — 7 T 1 B el
SEMIT L Z [R], SRS AR X AT, FEAE R EN T
8 TR AR AL RHALIE BE 199 > IABE AR 1 5 3
S ARARL AR S b AT L) b A0 A SR Tl DA SR Pl OR
AR AR R L e A A (3) AN R A
B, TR ARG 32 X AT S SR AR E oy
A7, A7 S ) 2R 0o A, B R A R IR 5 ~ 10 km,
TEEEER UM VB I 7% | BH VT AN 56 7= X SRR AL
VERE 157 A FRBE AR 15 8 B 2% 4 A 0L %) 3R 4 Ay
FRORRE A ARG SR Tl | DA A SR Bl SR A 7
A B e i A
134 FEEHEATRENELRARERFE
R I A E 45 B4 25 1 SR Pl e . T A Ok B
TEERF B AL A 837 FhAE = A4 1~ 3 4R

MG AR L0 s — 4t F A< IR 3~ 4 Wk A LR
O~1 W AL 1~2 R R HGR 3~4 Ik, b
AREFVFRFF RA A ENE BB 1 b 3=
I AR B T UM 62 19 JC 8 1 R 1 i ; i
FUH 10 4E DL A AR R 22 50— 4t FH AR R 4 ~
6 U, Horh A HLAE A & S IR Y 50% L) L, B
AW R RERIE TR R K 5, — AR i e 4
~5 R AHF 5 ~T7 U Al P B A 0B SRR AN,
BUBRR SR A4

TEEERR N YT | 2 V7 R BT AR A A 7 X 3
BEALIZERE 154 A PRI S5 4 AR AL T 4R 15 45 BRK P A
[ FR) SR el | DA A SR el SR A I R g, A T L
R, FIRHA S SRR R AL B 5 AR
R, RS BT, SR AR TR AR L 1 BT A B
RATFHRHE SR, X 5 DG X 4%
TEHE 4 A R8T S5 R AH RN AR 35 A8 JHL A4 1Y) T e 2R
el it FH IR 1) O vk SR S R ST R L B BT i, 1R R
X8,

1.4 HiESWHE

FIIH SPSS 19.0 XF &4l #1748 3t 7 b, I 1 T-
test Z3 BT L2 5 g S
2 HR5H5H
21 ARAHBRMHNELREBELE

FER 1AL AR MG 7 X 7 A8 DRI
Tl i 25995 KA BT AS[R) , B0 R 20 VT4 > T /KA > b A
> >AEAG >V F Al > A7 8, Geit b i, 20
VIAE | S KA AR 1) 8 s R 2R 22 [ TG I 35
ZE5E(P>0.05) , HAX 26 5 Rl &9 1 35 = T
H Al A4 (P<0.05)

M 1 BT AL TR H UL 3 R A AR
(A A AR5 ) Y mT R BRI . AR dh AR
RRIAIESIHTEITE, Gtttk RAERL A
(BRI A 2 e TAHGE R AR (P<0.05) .
2.2 AEGERM RS R

B T B ) B R I BRE S R AT B AR R
Gh, HoAth 5 Fh AL E WL 1, R O =
PCR XF3X 5 Pl i i it ARG 2 B0, 3 o i ( &) 1
C.D.E) 1y PHE A 343K 100% , HoAx 2 Flopede
(B 1B.F) W PHPER H 58 90%
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Table 1 Detection of the citrus greening disease pathogen on different citrus cultivars

3 . FEROR A SR (P D B BHPESL/ 1~ Positive numbers ‘ '
fhFh Cultivars Samples Orchard (nursery) HHE PCR SEHF PG E R PCR K Incidence/%
numbers Conventional PCR Real-time PCR

£I{14% Hongjiangcheng 287 14 45 224 78.05+15.41a
K A% Mashuiju 217 11 59 165 76.04+17.38ab
W% Shatangju 403 20 91 295 73.20+12.22ab
Tif Gonggan 596 30 102 413 69.30+8.26b
4EA% Nianju 281 14 41 177 63.00=11.11hc
b HAl Shatianyou 242 12 42 142 58.68+9.95¢
Fr## Ningmeng 237 11 38 135 56.96+12.98¢
% Suanju 268 13 12 41 15.30+11.52a
HFE Zhike 213 10 3 14 6.57+7.20b
¥7# Ningmeng 158 8 1 7 4.43+5.77b

RV B RSAE J55 AS [ /N5 5 B 2 AN [ R R B A B P IRITE 0.05 JKSF 12850 3%

Different lowercase letters in the same column indicate significant differences among different cultivars at P=0.05 level.

A BB H 5B U PTG 80, 1R 25 6 C BRI P50 05 D S 1, 1P RS
B F L, TR G B RO, s

A Healthy leaf; B: Mesophyll turns yellow while the vein remains normal; C; Mesophyll and vein turn yellow; D: Vein turns yellow while the

mesophyll remains normal; E: Upper part turns yellow while the lower remains normal; F: Margin turns yellow while the vein remains normal.
1 HiGH R REERFHARAER
Fig.1 Citrus leaves displaying various symptoms of the citrus greening disease
23 AEAREREMERRERELE (74.74% ,P<0.05) ; % PR 2= A7k el 114 4 o el o 2%
HhE 2 AT, VT LR BV TAG B G e e e TR R OCAR el 1 AR (62.35% , P<0.05)
R, 3590.01% , .3 i T HE RN 2 PR ARG el PR A 2R
*2 AESEMHEZFGRENERZFEN

Table 2 Detection of the citrus greening disease pathogen in orchards with different climatic and geographical conditions

BAE#/ 4~ Positive numbers

Hi, Origin o ’i@ﬂ]ﬂﬂﬁ%ﬁ‘ N M REHA HWHLPCR  SERUOE Ziﬁfﬁ{
Climatic and geographical conditions Samples Orchard numbers Conventional & PCR Incidence/ %
PCR Real-time PCR
VLI Jiangmen i ZHR AR Z PR R ik 20 265 12 103 246
FHYT. Yangjiang Coastal , typhoon-prone, relatively low latitude, 466 22 191 412
plain, high humidity, high temperature, rainy
B3t Total 731 34 294 658 90.01+5.68a
HEIK Zhaoging  ANIHE AAXTHES 2Lk AR i R 1251 60 301 880
=% Yunfu Inland , relative middle latitude, mountainous, rel- 606 30 218 508
atively low humidity, high temperature, little rain
B3t Total 1857 90 519 1388 74.74+9.37b
HIE Qingynan NI AR R 20K =i =R 2T 701 35 149 459
#R5% Shaoguan Inland, relative high latitude, mountainous, rela- 704 35 187 417
tively high humidity, high temperature, rainy
Bt Total 1405 70 336 876 62.35+10.54¢

[RIZVECHE 5 A RN 5525 2R TE 0.05 /KK B 225 B3

Different lowercase letters in the same column indicate significant differences at P=0.05 level.
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2 3 R M IR TR B 9 R v T L AR
Bel S-SR Bl ) B e R T 84.72% , Bk
FE T ILHL B (65.97% ,P<0.05) ., 7 4 F£H], &

SRR SR Pl %) #2940 TROR R R
Pel SRR IR S Pel 9 B I 2 9 TR 76.14%
3 TR SR [ (58.41% ,P<0.05)

x3 FREMERERELZFEN

Table 3 Detection of the citrus greening disease pathogen in orchards with different topography

g LT

b %A

B85/~ Positive numbers

Mo Origin Topography Samples  Orchard numbers Tﬁ'ﬂl‘ PCR iﬁ#ﬁ%%% PCR Incidence/ %
Conventional PCR Real-time PCR
ZEIR Zhaoging i Flat 344 17 158 284 82.56+7.96a
11} Near mountain 907 43 143 596 65.71+15.28b
M Huizhou P Flat 384 19 118 349 90.89+9.17a
114 Near mountain 405 20 129 301 74.32+10.23b
JEIZE Qingyuan i Flat 187 9 44 141 75.40+12.52a
11} Near mountain 514 26 105 322 62.65+18.69a
7% Yunfu St Flat 230 11 51 212 92.17+4.23a
11H Near mountain 376 19 167 296 78.72+15.32h
#H I Shaoguan iy Flat 164 8 103 123 75.00+11.24a
113 Near mountain 540 27 84 294 54.44+22.89b
B3t Total S Flat 1309 64 474 1109 84.72+7.57a
113 Near mountain 2742 135 628 1809 65.97+9.43h
] — 3 XAy 2 ZERBEAR LE , A [R)/NG FRERRTE 0.05 K- F 225 3,
Different lowercase letters indicate significant differences between two orchard types in the same area at P=0.05 level.
x4 ARMEEXRERHELFGED
Table 4 Detection of the citrus greening disease pathogen in orchards with different planting patterns
R BEsA RERA MRRERUE Poitive mumbers S
Mo Origin Planting patterns Samples Orchard numbers ﬁﬂ[‘ PCR %HT%)K“E% PCR Incidence/%
Conventional PCR Real-time PCR
ZEJK Zhaoqing R Aggregate 544 26 98 417 76.65+14.77a
FH Scattered 363 17 45 179 49.31+19.49b
EM Huizhou R Aggregate 260 13 93 207 79.62+11.21a
EH Scattered 145 7 36 94 64.83+12.37b
WIE Qingyuan REE Aggregate 260 13 72 176 67.69+8.14a
FH Scattered 254 13 33 142 55.90+7.83b
7% Yunfu R Aggregate 219 11 147 183 83.56+11.57a
EH Scattered 157 8 20 113 71.97+14.33a
FHYT. Yangjiang REE Aggregate 270 13 111 262 97.04+3.54a
FH Scattered 196 9 80 150 76.53+11.39b
#A 5% Shaoguan R Aggregate 383 19 66 229 59.79+21.43a
EH Scattered 157 8 18 65 41.40+14.23b
Bt Total R Aggregate 1936 95 587 1474 76.14+£10.76a
ZHL Scattered 1272 62 232 743 58.41+12.84b

) —Hu X (9 2 JERBAA L, ARV NE FRERIRE 0.05 /K- L 2SR,

Different lowercase letters indicate significant differences between two orchard types in the same area at P=0.05 level.

5 Wow B 2 AL B i ORI K s R i
o TR SR A A AT R e Y e R
TR 71, 18% , i 35K T 48 B 4% 22 1 R [
(87.28% ,P<0.05) ,

PRI AT R L PR A R Y o 2 T
BHEE 22 R (P<0.05,3 5) . EHRHRER
S R TR B R 75.02% T A B4 25 R el 1Y

SR IO E 1Y 52.26%

DL b Sz 6 40 H ML PCR IS I 96 6 5
PCR 2 N R AR S 04T T AN, 245 3R B, % M
PCR 46 I BH P20 K RAR T SE A 298 % 7 & PCR K
A BH 5, 150 BH S 26 S 2 £ PCR X FH ] A i
AR RCR 41 T8 M PCR.,
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Table 5 Detection of the citrus greening disease pathogen in orchards with different management levels
BHE%L/ ™ Positive numbers P,
.41 Origin HEKTE  RESEAS RERA BHPCR SRk SoffioH Aversge yil 1
Management levels ~ Samples Orchard numbers  Conventional EH PCR Incidence/ % /(kg - hm™)
PCR Real-time PCR
EEIR Zhaoging 4F High 334 16 85 231 69.16x11.78a  55876.25+7012.28a
2% Low 554 27 171 470 84.84+9.54h 39183.32+4485.45b
HM Huizhou 4T High 218 11 62 161 73.85£12.51a  51315.67+6682.05a
B2 Low 426 21 149 395 92.72+4.42b 37036.51+5647.05b
JHIT Qingyuan #4f High 420 21 80 256 60.95£10.6la  61842.36+8428.20a
B2 Low 281 14 69 203 72.24+11.78b  43370.85+4432.24b
=% Yunfu B High 184 9 82 148 80.43+7.22a 71367.33+£3061.26a
B2 Low 265 13 116 247 93.21+4.08b 47268.39+£6113.70b
FHYT. Yangjiang 4T High 239 11 71 197 82.43+6.09a 38994.26+6473.73a
B Low 227 11 120 215 94.71+4.83h 28587.62+5837.55b
K3t Total B4f High 1395 68 380 993 71.18+7.82a 56300.25+11818.05a
B2 Low 1753 86 625 1530 87.28+10.07b  39207.67+7381.65b

) — M X 9 2 JERBAA L, ARV NE FRERRE 0.05 /K- L2 R,

Different lowercase letters indicate significant differences between two orchard types in the same area at P=0.05 level.

3 WHieE4Eie
3.1 HERWMNERBEENZIT

O % A S IR FR B, AN () A R ARG 5t o o)
e Jis TR T 9 P A — 5 25 5% (Hung, 2001 ; Miyaka-
wa & Zhao,1990) , AMF5E I 1 K H 5L i £,
SERLR AR 7 FiEy IR AT AR 8 R )R] A
KA  LLTIR | SR AR AR (19 FH ) 0 %
e, DU AR R R, Vb A RIR Y A6 % 0 %
Bl X I Bl 3 Fhw DLAE AR S Rl & S E 1
IR BRI IR R e, RS SRR, B,
FET R oA Fof 7 %5 45 o 14 i 12
32 RERENERBE LN

BRI AT R G 5 M AR T A X B
H—E MR (B ERAE,2009; HAxEs,1989; X
FURAE 1979)  ABFSEE LT H R R EBA
AR B 2% 1 1 7= DX e, Y 2 DG 7 X1 e
KRR FEACT R IR, aTRE Rt TRr
SRR RE | R TR R R H R i AR A, M &
RY AR D AR FAREAST 10T BHYT B SR A A
X T R 1 1 R G I {88 A 2 i 2
FHEPAN A TEHLIX W] BESE: T IV V1 S5 ) b 2
FEPES 5 AR 22 5 WU A I T R AR AR L K B
BALAE RS IR IX T AL E R £ 1k
BT I 55 T & RS2 /D T A A A mL Y A%
&, WIS - RBEAE XTI 57 S el ) 8%
T 25975 7 . 25 2 T PR B AR G A A o e SR e 4

HhEE AR A A DX 1) 0 o 2 R T R A
DX sk, TT B -5 AH A7 A L 4% 3% 18 R A %
I, A 0 1 b 22 HE SR el A Jmy A7 SR 08 A B e e 1Y)
fak
3.3 ERREMRER

AHFFEEW, i T H ) S PR 2% R B e
B T 2% B0 B A DR A, A 2K Y0 iE o W O 3
B o PR S Al H DLRE IR A AR DR AT AR, 45
R R R R T AR AR A, X UEEH 5 Ah Al
SR T T N B AR 1 IS W (S %
3.4 FIKFEMERKEENZIM

ABIFFE 587, SR BE A BRSPS A
— R 5 A K5 v 1) SR el 1 6 e e s R ik
FARTEBACE AR A 0T, & HUK P8 2 2k
B SR Pl 22 50 F BT, 1 RO DG H™
A Bt HLAC 5 v AR, A2 00 A% He ) AR
T2 AT 5 T2 B ) D SR AR R (B R T
25,2012 EHUR5E 2011 PIVINERAE,2012) . —JF
TET , 50 g SR ] A5 B 02 A SRR 50, R A1
TIPS 5 55— 1T, 5 e ) SR el T ik
AR AR IR Z2 5 107 , 24 4 SR AR 1) 3 35 1 A, SE 2 )
PR | A RS — 2 AP P s o, M 7
—EFREE T HEAE RIS B g AR R 1 e
W AP b Rl 1 A AT DA B e 1

IR AR — B B Y SR b, SRR A
BT #5099 89 B 4% ( Boveé , 2006) o K11, AR 22 el
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R E A BB, i AR ] A, HAR 2 #4475 T
FUR, DR AR BR AR B BE AR s e Ah, — BB e
T R A o — E BAEL, AR IR BT AR B i SR
R HERLSEAT 6T AR BUAR , 0 B 8 B A< 7 T
SiR T 20 T B B 3 TRD IR s g el A9 A LR 4 ( Lu
et al.,2015) , B 1o 35 10, IR BT ()
Al PRI R e B R O A ol

£ Sk

BT, WK, KL, w4, BRE, 2014a. =FF PCR
T WA A 2 99 T PR BRCAR L. AL AR AP, 40(5) .
106-110.

BT, &ELE, HIRK, Rk, WA, WREE, 2014b.
DL omp FE PR A AR 04 = Rkl ik o BEA B R0 DA A
B IAT ERFFE. T R AR LA S, 41(5) ; 141-145.
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