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Research progress of limonene in the prevention and control of
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Abstract: With the implementation of pesticide reduction, plant-derived pesticides have received more
and more attention because of their low toxicity and low residue. Limonene is a natural monocyclic
terpene widely present in citrus essential oils, which has diverse biological activities, and has potential
and application prospect in agricultural disease, pest and weed control. The research progress of
limonene and its essential oil in the agricultural fields of insecticidal, acaricidal, phytocidal and
antifungal activity in recent years, and the mechanism of its biological activities were briefly reviewed
and summarized in this paper. Meanwhile, the registration of limonene formulations in China and the

research progress and application of limonene nano-formulations against agricultural diseases and pests
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were introduced, and the future development trend and research direction of this field were prospected,

which will provide the scientific basis for the application of limonene in pesticide reduction and

agricultural disease, pest and weed control.

Keywords: limonene; plant-derived pesticides; citrus essential oil; biological control; nano-

formulations
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AL 8 U BBE %A 68.33%, 25 I 50 uL/L )
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HOVEYE o AT 5 R A I 4 AN [R) AR RR B 1) R )
80%- 85% M1 90% A7 154 Tk £ I 77, X 41 KX
Solenopsis invicta B9« . T IFA # EHE ISR
BEBIFWERMEAP, Liang > #F5E L, 7
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I (cyflumetofen) A HUIH /i (chlorfenapyr) 55 4% HUF
B, X EHRPERAmERSERR, g5 EAT
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australe. IR IIE F. solani FIFNH]HRTE 15%~
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JIW MK, 3.9 mg/g AR 228 it 8T i e 2k
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F AW EE I, 2% W ae g 8 PR R
A EL R PKS4 I PKS13 1) 2 32 3k 1M 41 41
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FEEVERNSENE, BAT PR IEF A A
KBS P, Ma SN BESURIL,  BFEFERE I (FF
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e 2018 4F, i %) 7 B % Rl Bty |5 B PR 2 )
Bt T 92% D-Frighss R 25 /E Ao o, A &l
T 5% D-F71 06 AT GT T B va SRy Bl 40
Wk DA RO I KR AT Ak . FREE B H
RIAEME FRA R AR T 2021 F£F1L T 93% D-
i IR 2 E AR A, FEEIL T 18% D-Frig s
ARG T Bia ik ml. 2 AR, i
1 S R B A R R R BRI R R
Y, (Bl TirEmBAERME, Z2%. JILL
T P S DR 2R Y s i e AR A, R PR T
FEALM A5 () A AR

AR, GIREA R IARA AN & 280 A 7= i
ISR AL TR IR, AR
AR 2y Em . Rt R ARt AR AL T
BB AFT S el 7 o R 2K A RS
RKSEGIKAR LA, AR 25 3 AT 7 34
RZ—, WA E RGP HE., FBICHETS
YL ) ) — N 2 H ARG SRR R T T
TR, RHGUKPEG 29K 3 2 R G
AT M SRR 25 I AR s e L HE (AR O
DLE RS E e R ¥ 7 HERE S, HAr, &
38 3% A 5 1 P UE AR 24 AH 5% 1 9 KGR B AR
i, AN — e A B B AR YR AR 2 9h K
il 35 7= i, 1 W3 [E Eden Research 2 &) B & [
Melavone |7 F1 Cedroz #17. Melavone |71 )
FEFEERSORET HFH. &HEANT EED
3MmEM, AT PR 2 MAEY) BRI M
Cedroz il77) (FZ o Fikit) vl T Biia R ik
HIRREE 2k . —# 5R H Sustaine™ i B 255,
AR, B R T R W AR R
HERMIE S T EMM 22t Bar kg
2 PhREPIE AR 25 40K )77 CAE RRE 24N 53R 1555
it (https://www.edenresearch.com/). R I, f&
B KB AR AT 3t — 25 52 v W A R AR 2 1 AR 7 RO
MAgE M, A BT IR 261 7708 il 7 F 5
F= i, JE TR 32 R D UR A 24 1 g oK s R AE A A
PR AU HH A 4 1 R FH IS
3.1 FPAREANAEIT R

LA W TR R B, AR AT R I A A K FL
W, DA AR M 3 T A S R A A R R )
IER € S S B 12 b R Wl Sy e s S =i
FUAVEARRE AL VE, A FEEA K Al
FLAL IR A T BN ) BR T W0, A58 A8 J5T Hh
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Rt o8 1 R A 3 1 6 7 T R B HE B 4 ) Ty O
AL, JERR MR AR . OHLgK R 2 b
SRR R S RS AT B, il Bk
B DAy FLUE T o B RS e, B B ORI AN R
YER, 332 m by B0 S LR i R %0
=k D e BN R ey Al A D G
e, HALE. AWHEME . TR, T
Y ER A T A R A, AR )T,
FE R R DU W o A% 3 R0 428 )RR TR I R
AJ T A BT A M ) TE AL oK A U 60, 4 H A
TR Z M 2 AL SULEE (Si0y) gKbiF, HEAR
AR A R AR RS w48 S5 R A A,
REWE B [ AR R AT A 0, IERE 5 9K 45
JE 5 B A 2% A FH T AR AT M, 38 9 14 i o 1
FooE YR IR OB O R0, JeAh, i RS
RIRZWER G 7T HAEGUK B, ¥ hr i H el
i 1) £ PR B R R ] AR AT A M B L
Ko T B AR e A AEPTE TR . HAT, AR
HFHAE A R SRR B A — 2 T
HUREF S HFE B B3 % 7 T (9 AH 5C BF 55 4k 38 38
B,
3.2 IFERBAAKRFIFIER R RPN A
WEFCR I, K AT A 0 il 2% e g oK AL A 4 K Sl
JIAA REAS G SRAT IR IR I H ARV M. Lima
F R R, BT a-IRIE K - TR
BTG . FETR RS IR I M [R  RT R KR
R W6 R 4002 B R O EEVE P, B AT R AR oK
FLIE T A 5, WREEON 1.1 pg/om? B BIEAA B 3%
(FOKEEER . Badawy 5505 [ FUE I, 745
A5 249 K L0 B e P fe R v T AT R A, A
HE 24 h J5, AR K IR AT A M 0T B g (1)
Befh 85 71 LCso {4354 50.95 ng/mL 1 255.44
pg/mL, H 5000 pg/mL MIFFEIGAK AL S |
JtEH 2~3 d Ja, X BB T 100% .
Theochari ZB W &K BL, 3.8% 5%+ 8.7% Al
8.9% MIFT M 9K LT N SUBH IS Aedes albopictus
FR L EWL Culex pipiens molestus %)) B $1H1 75
BIREE TG, HA 8.7% gk AL T
PEf o, X B SUPHBORTR (4 BRI 4 ) LC s 1 55
A 20.1 pg/mL A1 23.9 ug/mL, &3 & A6
YK LCso 18 (36.0 pg/mL A1 32.2 pg/mL).
BEAE, R HE X T [CH2 M Anopheles stephensi F1EL
FEEERL C. quinquefasciatus 1] LCsy {H73 724 20.12

pg/mL 1 16.36 pg/mL, AT 44 K g 5T 44X 1t
PR A2 ISR S50 6 P A F) A P S35 19 5, LCso M1
I3 B 13.6 pg/mL F1 6.41 pg/mL, %14
PET 1.5 A12.5 £55, Abdel-Kawy 50 B 77 &
B, 3585 I 9N OK SL 7 R M A i (R A A
i 78.46%) XIHE R Ik Spodoptera littoralis — 3% %))
B IH SR B2, RA 20 uL/g (A H AR I b 3
Mok — 4, 24 h JFIIBUEZRE N 100%.,
117 4 uL/g HYANK S 77 W b AR G it x4 HR R 3508
FRANATIAF] 100%, B8 49K 355 258 5 M RdAs o 1)
A HE SR T 5

ZE LTI, R R AR S HORS i ) £ R K L
W ARG 5T A B K G5 R AT S RORE R % 1
B A S, XA R T KRS
Pyt Jais B FL R i UKL B A Ry P RS R0 M 3K T
RONE, AT LASE N5 dogl i B AR, A 5B &
EHUAN, BEMASH R JUE T 2 5 &,
3.3 IR RFIFIEEYRREEERGHHN
KA

WABFERM, A7 9K FLIR AN 9K g o
i, PAREETF50E . 4L Si0, 9K ALIT WA
HIN i B A g oK B B AR AR RS o, B Re R =
F i 9 R L B 45 . Feng 4507 BIF LK
B, AT )5 AN K FLWR IS, O 7K A i
Pyricularia oryzae. P25 5% Phomopsis
amygdali AL 22 FZ R J MR JE B 1 400 1) R
(P Z) ATy 1.5~2.2 £ o AT M 9K G ot 440
KR Botrytis cinerea~ 7= ¥ H 2 P. flavescens
BARZEMMHEIER, 50 umol/L MG &K
JAA T 5 4 U0 A B A LT DA R, AT B R
RN ARSI T HERE SRR, %
EeRT i Im AL B 3R & 122%™, Sedeek 5P T 5%
R, BATEoRE I (P Ba & & 44.36%) i & 1S
16 50 A4 G K G5 K AW UKL S, R B A A R
Alternarai alternata WANHE 4L T 2.5 £%,
H ECso M 229.10 pL/mL F#A% 5] 95.54 uL/mL.
Abdel-Kawy 250 3, 3582 J5 1 ANK L 77 8 i v
TN (A0 1 5 78.46%) X s ik ) T Al At
B ) B AR 2 E R m L, ECso B2 5l A
13.1 #1 11.0 pL/g FFEE] 8.30 M1 7.00 uL/g » L4,
K HA AL Si0, T K YK R RS il (R s & &
4.9%) Xof A EE I T B0 A R S R B 9, 100,
1000 1500 F1 2000 pg/mL FJZHKNE THI X B4 £2 11417
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Table 1 Insecticidal and acaricidal activity of limonene and its essential oil
FERE YERIX 5 AW SR
Source Targeted insect Biological activity Reference
HA € FREE, 100 pg/mL FFEIGEBIFEILIH 3 MG, REL
e Heit e o HRZE 8D 3%
Hé té;o dera schachtii Nematicidal activity, H. schachtii population was reduced to less than 3% of 21]
; the control after treatment of the sugarbeet seedlings with 100 pg/mL limonene
for 3 months
SO F AL, XTHEHR 48 h ) LCsq {2 231.73 png/mL, I i
F=BR[¥) 72 h ECso {84 54.19 ng/mL; o Mk s A2 5 1) 24 h LCso 18 535
N 541.07 pg/mL 1 630.45 pg/mL
Inhibition on spawning, the 48 h LCs, value to the egg was 231.73 pg/mL, the [36]
A4 Tl oviposition inhibition to females had the 72 h ECs, value of 54.19 pg/mL, the
Panonychus cirri 24 h LCs value for females and deutonymph was 541.07 pg/mL and 630.45
pg/mL, respectively
SoPMERIH . A WEBRT 24 h LCso {H A4 59.24 230 F 65.8 pg/mL
The 24 h LCs, value for female adult, nymph and egg was 59.2, 230 and [37]
65.8 pg/mL, respectively
— B EAEVE S TR IETE, LCso fH20 514 8.09 pg/mL F 255.44 ug/mL
g iy o Higher fumigation activity than contact activity, the LCs, value was [39]
Tetranychus urticae . 3
limonene 8.09 pg/mL and 255.44 pg/mL, respectively
ARG BRI, 12.5. 25 1 50 pL/L kg dand i g i 8E 543 5
TR I N 68.33% 100% Fl 100% 26
Tribolium castaneum Good fumigant effect, the mortality of 12.5, 25 and 50 uL/L limonene to the [26]
adult was 68.33%, 100% and 100%, respectively
HABUF I EHRGEYE, 25 uL/L #1 50 pL/L At 5K Rl BOER
EF/S 3 535124 90% Fil 100% »
Sitophilus zeamais Good fumigant effect, the mortality of 25 and 50 uL/L limonene to the adult (26]
was 90% and 100%, respectively
e XF LR 6 AN 1 9 LCsy 153154 36 pg/mL A0 322 pgmL
Vs 0 P P The LCs, value for the larvae of A. albopictus and C. pipiens molestus was [84]
Culex pipiens molestus 36 ng/mL and 32.2 pg/mL, respectively
A X B4 ERAZ AN S0P PR 50 FR) LCs L2009 20.12 pg/mL Al 16.36 pg/mL
Anopheles stephensi ATENER so 1777 /9 2002 g =0 Heg/m
Sl eI The LCs value for A. stephensi and C. quinquefasciatus was 20.12 pg/mL and [85]
C aui . 16.36 ng/mL, respectively
. quinquefasciatus
BRI | 2F R I ) T AG 1 LCso {H0 0.74 pg/mL,  RURETHORS it 1 il o7k 3 44
Artemisia dubia W % LCs {4 81.5 pg/mL
essential oil th oscelis bostrvchophila A. dubia essential oil showed fumigant toxicity with the LCs, value of  [24-25]
(PR & i 17.4%) P ! Tyehopht 0.74 pg/mL, J. formosana essential oil showed contact activity with the LCs,
(contain 17.4% limonene) value of 81.5 pg/mL
RRAH-RS 7 T R T 1 AR VS LCso BN 49.54 pg/mL, R RS deb 7 Ak 5% 0 1
Juniperus formosana FIA 1 LCso fE N 29.14 pg/mL
essential oil Tribolinm castaneum A. dubia essential oil showed fumigant toxicity with the LCs, value of  [24-25]
(contain 11;4) limonene) 49.54 ug/mL, J. formosana essential oil showed contact activity with LCs,
(B &5 11%) value of 29.14 pg/mL
N
Alpinia officinarum essential
ol 14.7 pL/L )\ T Bl ARG RS0 7348 F L 1) 48 b AR % g
,’Tl%%(ﬁ}ﬁ inarum essential A 100% 26
Oﬂpl na ofjiemartim Tribolium castaneum The 14.7 pL/L 1. verum and A. officinarum oil had fumigant effect, the [26]
ST =} i 9
CRTE R & 1) lethality rate was 100% after 48 h exposure
(limonene content was
unknown)
AT
Mentha haplocalyx essential 3 \
oil 14.7 wL/L 7 v AR 22 5 il 0] oK RS AL 48 h Y B BOE R 23 K
B = A B S 100% 1 79.17% 2%
Mentha spicata essential oil  Sitophilus zeamais The 14.7 uL/L M. haplocalyx and M. spicata oil had fumigant effect, the [26]
ORI WAFT R & &) lethality rate was 100% and 79.17% after 48 h exposure, respectively
(limonene content was
unknown)
) o K 1% FrEIGE RSV RBEN BRI B 1 min, PR T EBEE N
1% Fr M IR A i gy 69%~100% -
1% limonene aqueous solution Rhizoecus spp. The average lethality rate of 1% limonene to mealybug ranged from 69% to (22]
100% after spraying or 1-min dipping
o 80%. 85% A1 90% Fr iR A FURT LT KIS 8 TSR S B
F I IR 5 771 9T Kl S BA U RIRE AR
limonene and edible plant oil éoleno sis invicta 80%, 85% and 90% of limonene and oil mixtures showed excellent 28]
mixture PSL insecticidal effects on the eggs, pupae, workers and reproductive alates of fire
ants
o 2%- 4% F1 6% HUATHE L BRI AR SRR 5350 65%. 90% HI
PR LRI R R 100% 23]

limonene ethanol solution

Drosophila melanogaster

The repellent rate of 2%, 4% and 6% limonene ethanol solution to drosophila
was 65%, 90% and 100%, respectively
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Table 2 Antifungal activity of limonene and its essential oil
FERE fERXT % i SR
Source Targeted fungus Biological activity Reference
SR AL
Rhizoctonia solani
7N
?m%”ﬁ ECsy 18435179 72.98. 1532+ 26.83 Al 38.04 pg/mL
sent e The ECs, value for the fungi was 72.98, 153.2. 26.83 and 38.04 pg/mL,  [58]
HARE respectively
FriE Penicillium digitatum
i T
imonene . .
Aspergillus niger
. 0.075 pL/mL fRFT B A 85 Sk 28 0 )99 D 1) 24 S AR S T 3
TR FBI1 ({4 65
F. verticillioides 0.075 pL/mL limonene could significantly inhibit the fungal growth and [65]
the synthesis of fumonisin FB1
o ECso {69 1.40 pL/mL, 0.20 uL/mL " B A 52 254041 7o 2 o 420 5 1
5% KT RM AT R JIE B (DON) 53 A B B 3 A0 KRR B 3R ik 2
5% limonene SL The ECs, value was 1.40 pL/mL, and 0.20 pL/mL could significantly (62]
inhibit the DON synthesis and transcription of toxin-related genes
A 0.5%~2.0% (O HRHIHIAS 4 07T B 222 KTy 100%
oz 1% A L. o The inhibition rate of 0.5%-2.0% lemon essential oil was 100% to the [60]
(HPHE 7 Bt 48.3%) fungal growth
(contain 20% limonene) sal g
A R 4 L/mL T 8 L /AnLiE 40 00 2 58 0000 5 45 304 49.5% A
Baccharis dracunculifolia DC AR 57.1% 61
(FrB M & & 10.5%) F rar;linearum The inhibition rates of 4 uL/mL and 8 pL/mL essential oil to fungal growth [o1]
(contain 10.5% limonene) -8 was 49.5% and 57.1%, respectively
R IR e e g e
Ylang-Ylang (Cananga odorata) %ﬁ%%%ﬁgﬂﬁDmﬂ&%ﬂl*ﬁﬁ%%@ﬂﬂa%mimﬁ
esﬁsem‘lal/‘(iﬂq o 3.9 mg/g Ylang-Ylang essential oil could significantly inhibit the synthesis [68]
(R B A 27 B 6.40%) of DON and ZEA
(contain 6.40% limonene)
ELE L 1250 pg/mL F) 2% 2 Rk il RE 9% I R 43 B T 9B 4K, 1500 pg/mL
Ocimum sanctum L. essential oil W EHISL ZEA R AR 9
(BN & B 3.73%) 1250 pg/mL essential oil could inhibit the fungal growth, 1500 pg/mL (091
contain 3.73% limonene essential oil could inhibit the synthesis of ZEA
( i % li ) ial oil could inhibit th hesis of
it I 1IN o - WS i &6 B N A )
Citrus maxima, C. sinensis and Sclerotium rolfsii 400 pL/m‘LE?%H]Fﬁ%iﬁl%ﬂ%%*ﬁ‘]ﬂ}ﬁﬁﬁ%?ﬁéﬁ?& PRI 2 A 70%~
C. lemon essential oil AW F. oxysporum 100%, F7 A5 A5 T M1 B A A0 T 22 A= K 1 EC5 1 229.10 pL/mL
MM = AN 97.51%- S F. semtectium The inhibition rates of 400 pL/mL C. maxima and C. sinensis peel essentia 59
FERI B 5y A e L] he inhibiti £400 pL/ d peel ial  [59]
96.71% A1 44.36%) K% 1 Botrytis cinerea oil to fungal growth ranged from 70% to 100%, and the ECs, value of C.
contain 97.51%, 96.71% an MM Z2E% 1 R. solani emon essential oil to A. alternata was 229.10 pL/mL
( i 9 % and YR A / I ial oil ] /
44.36% limonene) BEAS Y Alternarai alternata
Mt ks I i i T B s
Cl?”ffH”?f"””m L. essential oil E solan Efé(’é%%’v’ﬂﬁi s ;Léiziiil ot B sporum was 13.1 pL/g and 110 86
(KPR 7 5 78.46%) ENEL Sl 15 Es vae tor £ - Osp 1 lie O 18]
(contain 78.46% limonene) F. oxysporum /g, resp y
VER VS -l ML WIIT F. avenaceum ’ P ” o s
. . s yagitoting 4 uL/mL ARG T x5 o T T 22 AR K A 1 32 38.5%~63.7%
Pt{:ug 4 n}gagessent;al oil %E‘% NE . cjulmorqm The inhibition rates of 4 uL/mL P. pinea essential oil to fungal growth  [49]
(M & & 54.1%) A8k JI W F. subglutinans raneed from 38.5% (o 63.7%
(contain 54.1% limonene) RIWHRTIH F. oxysporum & =70 e
RIAEIIE F. oxysporum
jﬁ'fﬁi?ﬂf%% R. solani
S ML bk ke MBI 2 EHE
ga{;jc'jd*?u)rsﬁrszcrole is var P.estalotiop sis funereal s
ﬁmmwmgmmﬁﬂ : B P B A R A 15%~65% 217 -
(*ﬂg;: G 21.6%) Colletotrichum The inhibition rates to the fungal growth ranged from 15% to 65% [63]
(conztf;lin ; 1%% l'imgnene) %0;’_0 j;f %ri%ides
Ganoderma austral
Kk TJ B F. solani
ORI PRI [ culmorum s, 10, 15 120 wLmL A BIAE AV CHTE . R
Ruta chalepensis L. essential oil F pseudoeraminearum JIE - BRI EMARBIRIIE N AEK 4
(PP BRI 2 i 4.19%) [ S liforanm 51015 and 20 uL/mL essential oil could inhibit the mycelial growth of . [64]
(contain 4.19% limonene) %§% TIE F Z :Z’;ienr;a%nm culmorum, F. pseudograminearum, F. proliferatum and F. graminearum
- ~ =4 A=
e +ERRRER R R B K ORI B (0B, WA & IS A
cinnamon, oregano and lemongrass w0l 21k
compogsite essential oils Aspergillus flavus Essential oils inhibited the mycelial growth of 4. flavus and the synthesis [66-67]

(FrBM & & 4.29%)
(contain 4.29% limonene)

of aflatoxin B1, decreased the transcription of toxin-related genes
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il 2 L AR B Rk o A = T 35.20% . 8.12%.
10.40% 1 8.15%, I H A AR B 94 KA i o K
B0 B A ROR B R, Guerra P SR 7
RWE B AR T (PR & 6.42%) J5 . KIN
HT DU 25 461 & A R TH 5 % P, expansum.
W MR Rhizous stolonifer W2 I K 79 B 1)
A, TR BN I AL S 5 T RS
100% P& 2 45%.

B FUR I, R AT IR S FORS I AT g K ) 3
Ja, BT K T R K B AR 1) e 3R T AR S R R
b BE/NTRIAR, R i A S FORS i i 4%
KA, HREIELBERR S YR ERKE
P, (TR 5505 200 IR s A MO, AT X
22K A R LK R AR A T R A
SR, T3 T IR S A R L P R R

4 RESRE

FrBM AR — M A AR T A A SRR i
P RAERE, FEEE. A5 A PiaE.
XF AR SEFR AR W) B PR B 2 A S R, AEAEIBTIG AL
A AR R 2 R LLR I R S R A
REERRR T2, AL SO 17 UK
JEDL T 9 AE B N A ER RAF R . BT R
B, A ER 7B S0 AT AR DR R e A
oy BT LA, DA KA o8 BRI B iR R . K
EEIR AR AN, 38 BAT I R B IR 2 R SRR
JEURRT ) A4 BRI BR B P RE . BEAL, AKEOR
ARG S FRE i SE A RO I7 i A It e 3R
BT BB AR, K AT AR B RS T ) % g oK AL
W BUEER. TR B AR 2 E A R A
ke I R0 i ST AP Nl Pl PTIP i A 2 SiY - S
Wi S FORE Wb B0 AR aE L A v DA RS e
P, DR B0 S FORS b A2 AR L AT b 58 T
L IVAE S

FUAT, [ A MBS A 60 S HLHS i it e 2
WAG— gt g, (EHAR N AEVIRA LG AE AL T+
B e ep N R AEAE — ZR 5 R DB R, B
wn, B 2 BT ORI AR R OT R R AR
FE S AT B Wkl (B SEBR A B 42 OR 21
A7 AT BE A2 AT A5 e ARG it o EL AR A o I R A
Mg R, DRIRAE T RAT ORNAR E 1% 2 51 FEL IR
AEGIS N5 o3 B W T AR AR R A
AW R o R 2 R b B R PR S, DU T

HbrEAL A

W FER B, AT S HLRG T R
HAT Z R AE B, AR VR 5 00 1 A4S b
WA RE S A, PR 75 38— D IR AT TN 1
Fr s M S O Ity o 0 e A 32 R A B an 4T 5
B O R4, 3t 0 D AT 0 S EORG il A2 A B
A U B B A PR R B A MR S AR . e Ah,
H ATA 9K BOR BARIT R T 2 R 1 711 Fr
BRG], SR 7 AT S RS I i A0
P R e PEAURI T =, (B LR oK A 770 o f) 28 4
NS IR NI R RIS AT N e s P )
fIFEIE, I H AR R AR AT Oy DA KO #E AR A
WIE T AF M RE BB ENR R, B,
T T 9 KB e R SR (38T 1) 70 T 7 A 1) 24
ARG DU TR LA S/ RS RO 352 75 2
SR W HC) B 2 27 8ONL AT RS AT AR ik — B AT T
DA T TURY], Fr B B 9K 177 5t 2 Ak 2
S ER YR R FH e RARE A, W
SEAE SEBR AL P AN A AT A7 M 5 LA A )
PRALG BAC A ARG S AR 98 2057 s B 77 DL 3
2T B IR ROR . AR, H R AT AR K
AN K AL AR 25 L E OB ST iR AR A R,
B — DT U R BCIR & YA R LA R T (1 24
s SR R BAR R RIS A AR, D
LerT G hs e HO 5 4 22 AR 245 B[R] s IO 3A B4 2
1700 FEELEEHLAI A A KU 45, 0 T DA T 0
LRI O 2R IR 2 AE A UL SR8
PP S SR AL E G TR AR A4 4
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