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Tig 1, Temperature effect on the developmental period of egg and
nymph of Nilaparvata lugens
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Fig 2. Temperature effect on the rate of egg
development of N, Iugens
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Fig 4. Relationships between the nymphal density and the
percentage of brachypterous form of N. lugens (r:
1,2,4 means daily, 2-day and 4-day intervals of
renewal of the food and container, respectively).
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( B4 1975, Kisimoto 1976 ) 47,8

Table 1. Differences in the macropterous and the brachypterous
females of N. lugens
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Summary

The physiological and population ecology of the rice brown planthopper
(BPH) is reviewed. Specifically discussed in this paper are (1) the basic
events in the BPH life history; (2) the effects of temperature, humidity
and light on its development and normal actjvities; (3) the induction of
wing dimorphism and the major differences between the macropterous and
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brachypterous. forms; (4) the interaction between the BPH population and
the rice plants in relation to its' damage to and coevolution with its host;
and (5) the population eCoIégy of the BPH, particularly the spatial
distribution pattern, techniques used in the estimation of population density,

population dynamics, long distance migration and possible ways of its surgence
as a key pest.and its outbreaks.

In order to attain better’ management of the BPH population, the present
paper also calls for attention to (i) The establishment of relationship
between the population levels of the BPH and the yield loss of rice so as to
determine the economic thresholds of the BPH; (2) The development of
reliable crop survey methods, especially the sampling plans for regular field
surveillance; (3) An understanding of its population dynamics so as to
render a long- or short-term forecast of the BPII outbreaks possible.
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acof

3 PELITA 1/1
T4
85
= E BaaEH (Hopperburn began)
320 3 o
B 2
7 | s
-1
&
g & é
% .
;l; 8. A’ T T 1
55 | | 3 IR 26
® 2 ' g
¢ 50L§ BT
R ! Wl
£
g2 O T !
2 2 IR 28
E £1
= )
-} 50 B
P g ‘ ' IR 30
59'% U Jm
0.——&! 1
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B . EAARERHAREERRGERSTRERRKB L2 S
BRE S —HBrhIEE » 19752% (Mochida, 1976)(2
Fig. 1. The occurrence of the brown planthopper on four high-
yielding rice cultivars at Kutoharjo in the dry season 1975

o—o HREZ Untreated, -— HHPRABE 1095 Diazinon G F 259 Burecide EC
&6 o With 6 applications of 109 Diazinon @ and 259 Surecide EC.
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% EREN SN » HFTIVRNBRRERERRESEERER » HHEE1E
FREMEAFTME o AR SRS B 2 H A S BT » ARSI
A (EESEHENERERD) » REHNEHRAEE » BREIE RN
RERFEEEASERRBE RO SRR » REXAERL -8
B S T 5 | R KR D e BT R R R H o

Mochida (1967)O5H » #1960 RAHIP BB RBENBLTHRBRE
TRED - HERI967TE IR, IR5 K Pelita LRmERMEHBAENBAER
AL s ZERERDEWHZERN » H1968/1969 £WEL 2,000 HE=R

£ 1. AERERRRRHAEMEELARERERRERLZ
ERL& BN (Mochida et. al., 1976)9

Table 1. The dried unhulled rice yield of six high yielding cultivars
cropped at three locations in the brown planthopper
outbreak areas in Java

B ¥ #E B* Avg. yield (t/ha)

N 0
Varieties Insecticide treated(T) Untreated(U)

1975 B Z (Dry season)
Pelita I/1 (8) 3.95 1.37 100:34.6
IR 26 (R) 4.88 3.39 100:69.6
IR 28 (R) 4.38 3.03 100:69.2
IR 30 (R) 4.22 3.09 100:73.2

1975/76 1§ Z (Wet season)
Pelita If1 (8) 8.34 3.55 100:42.6
IR 26 (R) 7.52 6.25 100:83.1
IR 28 (R) 7.00 5.12 100:73.1
IR 30 (R) 6.79 5.18 100:76.3
IR 32 (R) 7.58 6.09 100:80.0
IR 34 (R) 6.54 5.73 100:87.6

* SHER IERZDEE

Average of three locations each with three replications,

T, 1975t 2 F fDiazinon 10 G (2 kgs a.i./ha) PEIORK » Surecide 259 EC (lkg
a.i./ha) PFE6K ; 1975/76 f§ Furadan 3 G (1.5 kgs a.i./ha) 6% » Diazinon
60 EC (1.0 kg a.i./ha) 6 Ko
In the dry season of 1975 the fields were treated with Diazinon 10 G ('2 kgs
a.i,/hafha) 6 times plus Surecide 25 EC (1lkg a.i./ha) 6 times; in the wet
season of 1975/76 Furadan 3 G (1.5kgs s a.i./ha) were given 6 times plus
Diazinon 60 EC (1.0 kg a.i./ha) 6 times.

U. 4mSERERBE o Untreated.
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1974/19756 [ %2257, 00078 » BINZHEHERA o HERNERBE LR
B AIRBUFRRIOTSEIICH B BB AR T % 5 | Abih f%E IR26, TR28,
IR30 % IR324% » BUMGEEMREIIEE o JBiehih KA E L AR ERRAT
Bl » BT ARI—4 - JUREEREDRE 328,065.95 AT 1976/19774 2
FEEEGEEE 1,490,000 » W RBUFRR RS BAES RSN RRRE
ZRED o

bR EERER T RN HARE Mochida (1976)*ORABRME
» ERHEBEEDPERBER R R RO REE RY N BB ERER
» BRRGRSEAEZERS » EER L ERTEENREERAARERS
& MEk] B4 o AMERDAE Pelita l/1 » BREFEZER LT BRR
EERENREEAEHMESHEES 3 RE4BYEE (E5] (1) 5k
REERRERFENRERLT  IIRAEZRNBARRERBRBRASE DR
WED  BEARRTHRARROAEELHARCEERER ERRERELZ
EERZRTMERBER (K1) o IRRI (97)HE » ERRSBPEREN TR
T BAEHYTRURERESEXBZEZNE  ERASENBEERR
EBRT  RENRER (R2)

RAREHRRBEREERRZAHRRAREERRAER XAEHR
RRBE (H2,3) « EERBE » RREE A4 B EE—FriERNAER

% 2. ERRBAREERT » BRABSAEENRERS
REEEZERILK (RRI, 1974)60

Table 2. Yields of rice varieties with or without insecticidal
protection during a severe brown planthopper outbreak

= B £ Yield (kg/ha)

Varieties Furadan* Diazinon* Control
IR 26 (R) 8260 6716 7203*
IR1514A-E597-2 (B) 6072° 4720° 5732°
IR 8 (8 1824¢ o0¢ 0°®
IR 20 (8) 4230° 0° 918¢
IR 22 (B) 14504° (Vg 146°
IR 24 (8B) 1620 0¢ 364°
TN 1 (8) 21664 o® 0°
Rexoro (8) 505° 0° 0°

* MERRMREE » S20K AKX SRERRRB 2.0k a.l. /ha.
Applied to the paddy water at rate of 2.0 kgs a.i./ha every 20 days
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B HEARARREZEE » BRBERLE—EREEGEI0ENT o AR
ARRERAEZ RS EREEuEE A REER AT RER L » A8HEH
R FENEZTE - TRRBARKET » BRBHANAF MY ZEER
BHBITENZER o BHNELFE  BRBIEZELER FAERRELE
RZAGEMRAHBEREZRE » HEXEEIRERE

B EEABER T » FIREEERERBZABAL: » REBEHE R T
Mz HBARS » KBREASHBREZBEFRBROFR - ERRERS
EEE AR o [FIARHEE FIATHOREEBN AL 22 » B ER e IR 85% » @51
BRBA BRI L - ARG RAEL IR 261l SENMHE R RERRE W
HBRERRBRTE » BEABREZ AN R ERRRSE » BR
N BB

o—o IR8, #& (Nymph)

—o RS, R (Adult)
O--==<0 IR8xmudgo, & (Adult)
360 @<-°-® IR8Xmudgo, ##& (Nymph)

=

(]

4 300-

g 280

2 2u0f

A

8 200F

¥ 180

=)

g

= 140F

% 100

b

S

®  40pF x

0 By - L S rn ---c-s,----Q"'".o

31 33 45 52 59 66 76 80 87 94 102

BB XE Days after transplanting

B 2. BRGERBHRIR 8X Mudgo ZRHATM IR 8 KigE
ZRE B Mg e (IRRI, 1971)¢0

Fig. 2. Changes in planthopper density and age structure vn Mudgo
X IR 8, a brown planthopper-resistant seleetion, and on
IR 8
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724.4
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e ---e I A H108k (CSY10)
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—-—e W FIE (CSYD) 7
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EIITY, FRIN RN Na st A

AT AT {FSY,

/% Insects /hill
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% 1 % X B,  Days after transplanting
3. EHM EENERER TERBEETRARERHRTEK

BEZEZERE LS (8 1976)®

Fig., 3. Change in density of field population of brown planthopper
on resistant and susceptible varieties in unprotected plots

=~ EnH

L& Lz IR

ﬁ%ﬁﬁﬁ%ﬁTﬁ?ﬁﬁmﬁZﬁiﬁ%iﬁ%E%#iﬁﬁﬂ%ﬁ(
FK3I)HL4HLE,5,343000— R F » BEBRBEBRBREEREIREREXEZ
FIBAEA » B 6 /DA s BRI RER R AKE L2 BB EREEER  HE
BRRBZXFHRAGEXEERBREER LB o #h15%48 5 72/ » H
BERRBEABEZREAHEREERAKBLEZBEZHTE (B4) oH
R4 SURRERERAFTREAR EYEBES » RERERBKBEL
WEETHRANEEBRTTESHBAVATMEBRGRAE - EEEBRNRS
EENEZRFARBATRERPAME  ERERBENHREZIRET » B ZIE
B2 R e SR R A 37,335,290 o Saxena and Sogawa (1977)GOFEH » #& » BT
BAH ST HSHE BRBYWEXRNE—D « BERRABRIREREATRERHS
BABEZEA®RHBRBUETEZS IFEE » AELE=ER+ » HEEERLR
BRERB
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BREREAES HSEATE RN a2 R - ARG AR R
FRAR AR M bR R UL B B TR A ™ o AR RBEE TR
BARE » REXEHEYRANSRFHERARRRHE XS » MER—RE
7 HERGHAEESZ RERAEYEREERBRRE LE o o ERKHR
BRBNNARETHEYT S BT RERET R » RIE—HRH  HERERR
BREARAHKE LETRERRANRYRERHEER - KETTHHEANR
Rouh @A L BREBREZ PO REF 2 RN BB HmE L&
HEERNTHORETY (F 3,095 o

£ 3 ERE EYWMEE £KE S R&HSEAR
ZMAZEM ( Pathak and Khush, 1977)@0

Table 3. Feeding behavior of brown planthopper ( biotype 1) on
resistant and susceptible varieties of rice and barnyard

grass
E%@lﬁiﬁﬂ@ @I%E%’Emﬁ EE?(EY&H#F& RARE/ /24
9% )12 HERE(% hry (mg)
] Proboscls
Varieties Inseet landing responses by Duration of Quantity
on plants arriving single feeding of food
insects ingested
Mudgo (R) 83 100 12 4.35
ASD 7 (R) 91 100 13 5.39
IR 26 (R) 90 100 17 6.23
IR 20 (8) 93 100 22 13,91
IR 8 (8) 97 100 36 23.22
™ 1 (8) 98 100 46 30.80
R Fi::3 88 80 3 1.62

E. crusgalli

! KR EAEZEAREEERANEL -

The remaining insects landed on the black wall.

! A—-ERHEVERE (7On E - 1200 B » W 408 2B RiSH s
HARITRERENZ % B—HBBEHED  ThRE0ERE  REERK
Bt — Rz ERYPBEE  BURRBEZ AN RIEEh LERZHARE -
Plants were placed at one end of the test chamber. Contact with insects
was permitted as the nylon net wall facing plants was removed.

| OBMEBERTRZRER 0 SEE-MRA  HERARNTATHAREZN
e
A female was placed on each plant with roots immersed in water in a

vial. Duration of feeding was determined by recording the time of
initiation and termination of feeding by the insect.
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% 4 BERBERARBEREABNAEEREES BB ZHE
(Sogawa and Pathak, 1970)©"

Table 4. Feeding marks and honeydew excretion of brown
planthopper on resistant and susceptible varieties

AENRR

& & Feeding marks/inseet/day =B IR

Varieties Ratio of honeydew exeretion
? 3

Mudgo (R) 50.8 31.0 1

IR8 (& 15.8 : 15.6 97

TN1(® 15.4 17.2 69

b REBERABLE

Based on total sugar in honeydew exereted by the insect.

BRBZHEERHMEABLERR » ATREEYRAZREBEE—HH
£ LS EHRNEREN » fiRGEN Mudgo ZNRBEREBERKNATEE
REREERT &1 M (LERS » REWMRIBP RIS EWMRZERYER
7 347 Mudgo KBFEAEZEERSE » HERE Biotype 1 AR
HEEMENZ Asparagine BUEEBBRESAE TNI X IR8 [ o KM KB
RBHAMEY NMERETRYDEABRESR » #2847 KMudgo fif8 177 Biotype 2
BRBEAKRGTE Mudgo KB LFEEHNNE ;5 MHEEFRE ASDT 2
Biotype 3 W7 ASD 7 KB LEFEEFWK (B 5)°V » WRAELY/MES
ARERZHNANSYE - RENNAELY MEZRZHERERSRAERT
ERFZAEY/NMEZHE  BERRRDE » NEXRITASE o BlL Sogawa

(1976) R AR RBELHE LB REAT B2 AR RN R R
AEREZ B RRRNERE - AMHE AR ERERREZ L LIRNR
Bt BRAXERES » THRAFTHGEHNARBARNIRZEREE -
BRERRBEF R EINL TN AR—FRAERE » E—RME » XEREDRH
BLEBRRERBRELERS (E5)0%4 o KM Saxena and Sogawa
AT RREDHEXBARDAEAREESRERBZEN » ZBIF
EAEZ A LIRREBEE DR ©
2FERBRE EZAR - REDRERZEE

ERBERARBEREMAEAR » BERERERHE RBIAMET » KA
DHEMERERRE ; AMBRRBEIE LR ZEFRRTEIOZE (B
6) o EEZERRAKCRUBEABESRRBFRETTE R G1152,25,80,80 0 —
BME » LEBFEERAERUZEEARE B MBRE RIKRGEHE RS o
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HeESMarhSE LAEE  BEESRAFRzRE-REARERRREK
BEEBE R SEBERATEE R BARPUNEEERRR
B EERD (K31

HEQEEERBARECIRERS » THEIAETRERBERNA
HEIRRCS R 18R %2 Biotype | TEREX LEF R ENALIZE
ENRETHIE » RTRRFZ Biotype 2 X Biotype 3 AIF#E7E Biotype 1 iZ
HRRE LMEEZNA » RESERSRELFREH (R6) o H—FHH
Pathak and Kush (1977)%0 %7 » iSRRG ERRNARET 2 HHRHA
A YRR RFEAE o KERBRERFEE » #7448 Phenolic glycosides
RUTHREARIE o
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(8 » 1775)

Fig. 4. Host preference of adult brown Dplanthopper for selected
resistant and Susceptible varieties
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Song et al. (1972)“OFERRAFE NIRRT RFREZIPH » HILEL
TR E AR o /£ Saxena and Sogawa (1977) 93 E IR HE AT ISP
RAI18ZHEMHE » FERBU R ARREARS &L 8~65% M » EERREmEE
EENEEIOZ DL o REIVARNRF LA HRE AT M

B RN ER R RE A - B REYE 2R RER RS R

WS A YR E Quantity of food ingestedlfemale>/24 hr (mg.)

40
i [] Mudgo
o] ! #8 ASD7
B TNI
20l
D .
(o]
HER B ES(L  Change in body wt. of female/24 hrs
40
W, : initial wt, [ Mudgo
| W, @ wt. a:vter 24 hrs ¥ ASD 7 _—
30"- L B TNI '
L w,
20k Wit ™ w[] Wi
[l
[Ko) od
0 3x_§
Biotype 1 Biotype 3

AW Brown planthopper

B 5. =4/ NEBRABAE Mudgo, ASD 7 R TN 1
KEERAHANARR BEBL LB (Saxena and
Sogawa, 1977)C®

Fig. 5. Quantity of food ingested and change in body weight of
three biotypes of Nilaparvata Ilugens allowed to feed on
Mudgo, ASD 7, and TN 1 rice varieties
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6. BERRFTAEXBRBENBESELETHERREREK

8 EZ 4 #7aE g (Cheng, 1975)4D
Fig. 6. Survival of first-instar brown planthopper nymphs at 15
days after caging on resistant and susceptible rice varieties
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(Cheng, 1975)an

Fig 7. Population development of brown planthopper on resistant

and susceptible varieties
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# S BRIBEETABRGE L ZAYBILERE
(Pong-prasert and Weerapat, 1977)%s>

Table 5. Biological effects of resistant and susceptible rice varieties
on the brown planthopper

FEREF 2EEBE K 2 0 HRXSEG %/?gﬁ

- & Host preference B x) *)
"Varieties ¥/  SAK/® % Nym. Nymphal 0 Nym.
TInzects/hill Bggs/hill developed  duration longevity produced/
into adult per £

Ptb 33 (R) - 0.8 56 14 26 3.6 3.2
Pth 21 (R) 1.3 80 20 25 3.8 4,0
Balamwee (R) 2.5 83 26 24 4.4 5.0
IR 32 (R) 3.0 90 40 22 5.4 12,2
Babawee (R) 2.8 84 34 23 5.2 7.2
ARD 7 (R) 3.0 100 43 21 6.2 18,8
IR 34 (R) 4.8 104 44 20 7.6 20.6
W 1256 (B) 5.5 109 46 19 8.6 22,8
RD 9 (R) 5.5 115 43 18 9.0 40,0
W 1263 (R) 5.8 128 54 17 9.8 52.8
RD 4 (B) 5.5 134 54 17 10.6 78.0
Mudgo (R) 2.5 78 36 24 4.4 4.2
TN1(S) 14.0 492 9% 13 23.0  280.2

% 6. WRBANYIG 3 BB T RUAR L2 EBREIH
( Pathak and Khush 1977 ) ©¢

Table 6. Population development of brown planthopper biotype 3
on some selected rice varieties

k% Varieties &  # Number of insect
Rex/2 X BBT 50 98
Sudarvi 306 50
Murunga 137 59
HR 98 77
PI 220408 161
Murunga 307 187
MTU 20 247
ASD 7 (Susceptible eheck) 2,160
TN1 (Susceptible check) 2,226

Mudgo (Resistant check) 0
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rrfE b o RIHSRERAZ e BB RV o £ AR » DI30E aEikK
T BIRA 5 HHACHRR S FEBSOR B AR R M LI IN2004E » TR
e B RN ~30ME (1 7) » SEEBRA R BN MERE {12555

(S5) - @REERAFEARBEZEZRRSE  —RRBZIARBEFGE
ESRMEE M AT RRE T E

M~ EMNES

AEKERERBZERERERRE RRERR (19700 # Mudgo
RITRZYT » HEREGAHT IR9-60 + BAH 12 S168KBHTT B EER
©,10 o HERHBER T2 H— B ARG ERBEL » ARESER FuLF,
E F, BERBeRERLEE - BHEHS Mudgo, MTU9, Surdavi 306,
Muranga 137, EK 1263, Sinnakayam J Heenakhulama &zt fTEEZ—
WEMRTHXE » TEWE 1258 » H5, Samba, Dikwee, IR9-60, ASD7,
Anbaw C7, Pannetti 7 HI05 &R —RRERTHTEH - ZEEETRARE
HEBREKAEFTGEZ Bph 1 HLMREETIE bph 2 BRH o

EREBKRERN RS TBRSBETRZARAEI 9764 2M4E
» Frb Mudgo 14882 —HBERFAEd » ZETO4HB Bph 15 ASDT
&R T —HBERTFYE » ZRTGHLE bpr 2 s Rathuheenati, Ptb
19, Kuruhondarwala J% Muthumanikayam %4 $5% —WREMETHZE »
w45 Bph3 » [l Babawee, Thirissa, Vellai Illankali, Lakan Samba %
Sulai 4% —HEBMEATHLE bph 4 FTEEH (7)o Khush and Pathak

A97T)DYF B Pib 21 Z—REMHKRTR—HEBERTIXE - #REATH
H AR FZBREME » 4539 o

Athwal, et al. (1971))WR% Bph 1 B4 bph 2 NEEEAER—HE» E
ANEMEETROARSRE AT o HEARES Bbh 1 K& bph 2 H
HARERARAY/ MEEREBEVRELR » BREREETRESETHERB W
o Bph 3 B bph 4 MERTF 2 HEARAREY » HiR Bph 1 F0 bph 2 B
Bph 3 51 bph 4 FZEBLSME o #58 Bph | B bph 4 T bph 25 Bph 3
ER—-RETETHE .

Ptb BREEBRARREERCRR =LY/ RS T RENE RS M H

a. MEHFEABRETAC0E BkBRI0X o

Two pairs of newly emerged adults were caged on 60-day old plants for
a period of 30 days.

b. AEY  FIBRIEH -

Figures are the total of 5 replications, 4 plants per replication.
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ERHEZ A/ ME o BMEZ B TRES MERBREZ —HEEEFIEH

GOFF W1252, WI1259 K W1263 SffE v it BET RN ZE—HEERTHX

o LiibiHNTE Bph 1 K Bph 3 ZBRAEHAG o
EhiE B RTIIEES » W IR747B,-6 (TKMS/; x TN1)X IR1154-

% 7. KRB ERREEHERETZS 4 (Khush et al.

1977; Chang and Cheng, 1974)%0,23

Table 7. Brown planthopper resistant varieties analyzed to date and

the resistance genes possessed by them

oo# W F -
Resistance K B 5 f8& Varietles
gene
Bphy Mudgo, MTU 15, CO 22, MGL 2, IR 747 B2-6, Tibiriwewa,

Balamawee, CO 10, Heenukhulama, MTU 9, Binnakayam, 8LO
12, Sudhubalawee, Sudarvi 305, Sudarvi 306, Murunga 137,
EK 1263. '

bphy ASD 7, PTB 18, H 105, IR 1154-243, Anbaw C7, ASD 9,
Dikwee, Madayal, Mahadikwee, Malkora, M. I. 329,
Murungakayan 302, Ovaruppan, Palasithari 601, PK-1,
Seruvellai, -Sinna Karuppan, Vellailangayan, H 5, IR 9-60,
Kaosen—yu 12.

Bphy Rathuheenati, Ptb 19, Kurubondarwala, Muthumanikayan.

bphy Babawee, Thirissa, Vellai Illankli, Lakan Samba, Sulai.

243(IR%[; X Zenith) Hbidipk s HBEREW MR ZBAL K —ATEREZER
EF o (HFER G RZEHRTE Martinez and Khush (1974) SR »
IR747By-6 {852 Bph 1 Pk Bim IR1154-243 % bph 2 Fritl o TKM 6 &
IR747B,-6 HIAZ— » HRRBREBRBSR » EF A IEMARBREN TN,
IR20 & IR24 #73 » MEFA—/MEREHRERARER o EEBETRRR
FERE TKM 6 FRrE—HEAE Bph | R—HBEHET -Bph 1 Fiske
B ERFEBERTFHSTHRE  WANAERRZERTAREEHR
FH - EREANRERE-RRRETRE » PRESHEY/MEFEE » Rik
BEPEATANRBEERRSRRSBARAZERRE

E~EYIE

Edub Y MERE AR KER R IR RS hREs ROER o —fi
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HE EERBNERER D » Akt B BRER RS LAEFHER &
PiR S XTI » RRBEREPIERRKE AT 2 B2 RIEKED
HOETR » (RN DA BE D) A A V(R A SRR M BT v A 1/ i o BB IIG—
BRNERHEETEZEIEERTI X ENSETERZMERER T
HelHE T 58 A 0 o /R 22 B M ATERE AR UB R B M Y B AT RE D
BRE3ERERTHEE » T EviRAEARG FE REE XGRS o
HMEFCEDRBA S HBERBNERRE » K1 1973 5IALiRHE IR 26
LEATEHRE » BRBRERRIRGENRENSEN » BERERNE=
£ 5 197645 F5 B 19774E%) » %= North Sumata —H#i » #7515, 000/ B iEi bt & &
AR (¥ IR26, IR30, % IR34 » HyihHTHR Bphl) ZIRRBMHEL
» FRTERHE OE A S R Y/ NE o [{RERRREIFRE Y Victoria
(Laguna province) » Santa Rosa (Laguna Province) 7% Davao (Mindanao)
BHeH4D o SREARE » FHRDEERRESEWHURREMRHERE
WrdREZ KEERRASTIEERBEE » BASARZBE ZBREBLY /|
BERALHEETRSV o i EMBAZEN » BREREBHREY/NERLE
Y AT BB DU T BB B R ) R B B R IR ©
EER FAEHEARERBEREERAATNHA R BREETRKBOTE
» EREEERERRAT UG ERERERKT R BE KSR = ER R
HOAEH/NES:%3:3 o A/ N 1 5% (Biotype 1) REMEAEBERBEERILES
BIA M/ INGE & SE—/NERAE DA RIS SR A (B AR 1 BEENEERE 5 30
BHERE o FaEEM—ERHEERTZAEEBIGARYE o £9/0VE 25
(Biotype 2) » H&HHBRHET Bph 1| ZKBEM Mudgo #EEHK » gERE

# g a0

| &

TR a0} e

1 § g

® “ 20} \__.—_..—-‘ 3 "E
<

# g0t A .

Biotype I Biotype II Biotype 1IL

el

Moo I S T M E I S T M H I s
g4 1K Varieties
8. BAESEAMMNEEE T RKBEREZSERITERDS
W (R - 1975) « BESF 0 MPEEWR 51 522
grEHLZE o M: Mudgo, H: H 105, I: IR 9-60, S:
Samba, T: TN 1.

Fig. 8. Host preference of and damage by three biotypes of brown
planthopper to some selected rice varieties
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&4 Bph 1, bph 2 ZfiRSiE DR MNE poEsd | SRR e » REIBRIR
IERBRENZAEY/E o RMAERBRKHAR H# % Z Biotype 2 TNEER
&K bph 2 KRS » Wiz Biotype 2 HE¥gH Mudgo KFSEHREIEHE
FAEBRER AR Rt — PSR o A:4/ME 3 8] (Biotype 3) HaAHURA
F bph 2 ARG HIOS, ASD 7 #5& iM% WE dph 2B TAIEZM

% 8. BTABHSE (R H=BAWNMEZRE (8 19759

Table 8. Reactions of selected rice varieties to biotypes of brown

planthopper
He G Yy
R | BERE L BEXME
Reaction Reaction

to biotypes to biotypes

Varieties —_——— Varieties —_—

BI BI BII BI BI BII

Muthumanikan R R R H 105 R S 8
DF 1 R R R Kaosen yu 12 R 8 S
Mudgo R S R IR 9-60 R S S
Murunga 137 R 8 R HS3 R S S
Murunga 307 R 8 R Samba R S 8
Serubellai R ] R Dikwee R 8 8
MTU 9 R 8 R ASD 7 R 8 8
EK 1263 R 8 R Pannetti R S 8
Heenukhulama B 8 R Anbaw C7 R S 8
Sinnakayan R 8 R Berawee R 8 8
Tibiriwewa R S R Pakhen Kang R 8 R
Sudarvi 306 R 8 R Pandorai R 8 8
Hondarawala 3786 R 8 R Sinnasuappu R S S
Pawakhulama R 8 R Kaluheenati R 8 8
ARC 6630 R S R Kosatawee R 8 8
DNJ 80 R S R Klewer R 8 8
CR 94-13 R S R Tjereomas R K] s
EK 1240 R S R Patong 32 R 8 S
IR 747-13-6-3 R S R C 8435 R R] 8
Andaragahawewa R S R Bakatable R R} S
IR 26 R 8 R VI(1806) X Mas-24(800) R 8 8
IR 1561-228 R 8 R Chianung Shen 11 R S 8
IR 1541 R ] R SLO 12 R S 8
IR 1541-A-E666 R 8 R T(N) 1 S S 8

BI, Biotype 1; BI, Biotype 2; BIL, Biotype 3.
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RLARZE PR | BB FELERE » BTHRESHE Bk | HihETZ
i (E8) o

HMALESAEAE/MEREETNARBRTARMEREREZER » Wi
—f%h Biotype 1 SEHI R Z i BN TR FES L BRI RE iR E
HEEC (F8) o FHMBLEE 50 REEHBTRBER DE=@4 %/
o AR EHREKEEMRERER (International Rice Brown Planthopper
Nursery, IRBPHN)®?zig5E » BREAS THEEXBERAHETHER
ZEEk s HERRER B A Y/ME - HhEIEE RS B A 2 A/ ME
(33,36) (% 9) o

ERERHAENIEESARBERNE ZEL » HAFERERFARBEX
ERBEHE R HRTEREZRHAENRIESGRRARY o REMFERDMNE

# 9. A RBRE=EEY/IMEZKBRER
(Pathak and Khush, 1977)®%

Table 9. Selected lines which are resistant or moderately resistant to
three biotypes of the brown planthopper

XK @& & % B oB % B REFH Danage ratings
Source of
Rice selections test materials Biotype 1 Biotype 2 Biotype 3
IET 5118 IRBPHN ’76 3.0 4.3 3.7
IET 5119 ] 3.0 2.3 5.0
IET 5120 u 1.7 4.3 3.7
IET 5122 u 1.0 1.0 1.0
IET 5236 n 1.0 2.3 4.3
IET 5085 " 1.7 4.3 5.0
IR 32 GEU Elite (WS *76) 1.7 1.7 3.7
IR 1632-93-2-2 n 1.0 0.7 5.0
IR 2071-137-5-5-1 ] 1.7 4.3 1.7
IR 2863-39-2-1 [} 3.0 2.3 5.0
IR 4432-28-5 n 1.0 1.0 3.7
IR 4432-38-6 ] 1.3 1.7 5.0
IR 4432-52-6-4 u 1.3 2.3 5.0
IR4432-103-6—4 /] 1.0 1.5 4.3

! ORBEREE 3 EEPE - EEEENR TN T BRIk SR e
T

The rating represents average of three replications in the seedling tests.
The moderately resistant varieties would be killed under heavy insect
infestation.
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LR MIER » Kush and Pathak (1977) RHTFAIMBERIE :

—~ BEZRFHRME AT AR | X HRAT Bph 1 Hik
mfd IR26, IR28, IR29 J IR 30 &S BEMBRIERE ZFIEKR » B—8F
2z RMENREEGARE 3E2A » FHLBESERT A/ MEFT HEXH
EHERS BN 2R TFSEN IR 32, IR36 X IR 38%  BENESE
bph 2 HiBRT » WEDL Biotype 2 o BRI T REENE 3 £ » HEBHH
H&H Bph 3-8 bph 4 ZHiBRTHM o ANLEEE R - MRS BEEEE
BRI o

HREABE » Y/ MEZBEIGIRER » AN/ MERZ2N
REBLY/ EWER R EZN » BENDEELR - FARBEBOEDRHEAR
E—TFEIE 15,000 AR Z BB A o WHILBHEN » EXBERTHE
Pathak and Kush (1977)®% Fi R RAGMES AEK | OEAERRERLERE
ZHE  BEVBSATMHERNABEEFZEE  IAEERREZBEEER
ERE  METRRAERTZRREHE RO %/ MEZBA » 0%
RITAXERRERAMEBEREBRE » HRZAAZREETNARBETF
BREATE » BHBHATRLBER Y MEZ R EE o

I FARAN EZEZRTRA—-H REABE | WEHTEE AT ez
BHRRBWHRBERT Bph 1, bph 2, Bph 3 % bph 4 WUfE » THER
AREEAERURBAN =AY/ » TIRSUREFREHEE o Hrpiit
MmEZBERTUEEEG0ERA—ME c EB4BME Bph 1 B bph 2
EFRHAET - HRETEHARNEEESER—ME 2 (8 Bph 3 [t bph 4 RIS
Bph 1 Fr bph 2 {REEBSLH o vk Bph 1 B Bph 3 K bph 2 §L Bph 3
BB RRHEIERRY) o WEKEASEEBATRE— R RAER AL
Rt mEZ S o

E-RAREREE LB RBNRBETFRE—BE » FHEAHR
i L BEERECBRAE THEL Gangala, ARC 6650, Kencana & H#
EZBRRGRBRHD o FARBABGH R FER—HHREEERR RN
s AHEERHMBRNETERRGECREEMRRREA °

M~ MALRGE  ESAMERIBEENESTHGE (R) WETH
BHAKE EEHE R EABZEREMER » KR~ BRBH -~ KE &
BEL s AETHRAZEZENBEET o EERSEMAH Borlaug (1958)®
TR EE R ARBEENTER (Crown rust) WERE o LEEMEEH
SARBRERBHABRERBREEERRCHE (RI0) BEHTLEY
INEEA Z MG REERTES S o AMBEL (19760 IHRRER
B NEREERERRRBAEY NVENZ RETBUTHARETHRETH
2P (Gene for gene theory) (Flor 195949 s R EELAREHER
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THZBE » ¥UHERRBELYMERR A RLE R A BEETREENH
TR RTEE S 4 o BEF W 2 WATH: » AR RE—SRE-

B B EEL TR RS » RS R EL A AR AR
WEAE » MEAEARRRRTFRABSEZRNE » A7 SBEsiHney
NE A TR A ERRNR R o EAS RIS ELT RAET - 8
IR — ek B 20 A R R /R AT R U — o (R B A e A /P
HERIE o PINAEAGBRBBAERN » B IERREBRABERE  £RER
R E R M M P — KB A I o BB S o RILEA— HERE—
B REIT o (EHHERRER BRBRERE » Hik MEARRLIEE - W
HIRA Y VR RN TR ENERER 4y VEERREDEBERT
ERKEZR GRS o BRILTTT T RERIRSG DB -

F10. BRARNEZRREHARARRBERERRREHE
(Pathak and Khush, 1977)%%

Table 10. Brown planthopper population in field plots planted
with mixtures of resistant and susceptible plants

HMBEAE%) 8485/ 201 B B
Plant 9 in each plot Insects/20 hills (kg/ha)
IR 1917 IR 34 IR36 .

(suseeptible) (Bph 1 gene) (bph 2 gene) 75 days 85 days Yield
0 0 100 126 294 2356
0 100 0 449°¢ 738 2671%
17 : 17 66 260 6042 2395%

17 66 17 3510 736%¢ 2268%®

33 33 33 512¢4 824be 2268

60 20 20 9540¢ 30329 1816°°
66 17 17 6844¢ 8629¢4 1538¢
100 0 0 1147¢ 19938° 7364

* WEHZRY

Av, of 4 replications.

B

A -

ARmER  FEAGBEZ2R  HERBZHZZRAEHENHTE
HRDIREERTTRAGRERBRBERGE » TERZAALECRRERE
REZ 7RI o REBIR R TIHEREZR 40K  EEEIRAEER
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RRESAEER  REMARRBOREMZER » ARNBEETRZHE »
FRARBZEDAERE » HRABERRZREER AR o ATMAERIE
TR AR Al MENES » R AT RS REZBEEGZANE »

PN A AR T e A/ NV R 2 DU R VT e S e R A e B R R

5

1.

oo

10.

11.

12,

13.

14.

RS BRHARZERRE

2 5 TR

R - SR 1971 - RREFEEREREXETEEMAREER BEr
20(2) : 68—75

RER 19700 kiR Mudgo X0 —HABEE ) BRRBENMZ NP BER
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Relationship hetween the susceptibility of rice
varietis and the occurrence of the
brown planthopper

C. H. Cheng

Chiayi Agricultural Experiment Station
Chiayi, Taiwan 600

Summary

The brown planthopper has been an important insect pest in most rice
cultivated areas in Asia. The causes of outbreak of the brown planthopper
during recent years have not yet been fully understood. However, it is
suspected that the cultivation of high yielding varieties and the change of
cultural practices may have provided an environment conducive to the insect
infestation.

The effect of host plant on the abundance of the brown planthopper
may be ecological or plysiological. Data from the laboratory and field
experiments conducted in several countries have showed that there are
differences in the susceptibility to the brown planthopper among varieties.
The planthoppers caged on resistant varieties generally have higher mortality,
lower body weight, longer duration for nymphal stage, shorter longevity and
lower fecundity for the adults than those caged on susceptible ones. The
plants of resistant varieties also exhibit nonpreference and tolerance to the
attack of the hopper. Therefore, while susceptible varieties are infested
severely with the brown planthopper, the damage on resistant wvarieties is
negligible. The value of resistant varieties in brown planthopper control is
obvious, particularly in areas where rice is infested severely by the hopper.
Under such conditions, application of insecticides is not adequate to protect
the plants of susceptible varieties from planthopper damage. On the other
hand, the damage on resistant varieties is slight even wunder natural
infestation.

Varietal resistance to the brown planthopper is inheritable. Four single
major genes for resistance have been identified during past few years.
They are Bpr 1, bph 2, Bph 3, and bph4. Among these genes, no
recombination between Bpi 1 and bphk 2 was observed probably due to either
allelic or close linking. Tests on the independence of Bphi 3 and bph 4
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have not been conducted. However, it has been proved that combination
of Bph 1 with bph 4 or of bph 2 with. Bph 3 is possible.

Virulent biotypes of the brown planthopper can be developed by rearing
the brown planthoppers continously on resistant plants in the insectary.
Recently, a virulent biotype of the brown planthopper has been recognized
in the Philippines and Indonesia where the rice plant with Bph 1 gene for
resistance was wildly cultivated during past three to four years. These
findings indicated that new biotypes of the brown planthopper can develop
in the field through natural selection, once resistant varieties become widely
grown. In order to cope with the problem of virulent biotype development,
it is important to identify diverse sources of resistance, especially resistance
which is governed by two or more pairs of genes. Plants with polygenic
inheritance ( horizontal resistance ) may last longer as compared to those
having only one gene for resistance. The combination of two or more major
genes together into the same improved variety or utilization of multiline
varieties is also suggested as a countermeasure to the occurrence of the
biotype of the brown planthopper.
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AZER

KERAE  AEBRROTER
BEA1978E12 AAKT p. 4782,

KAEE TR IR SRR TR 2 KK

% o Bl
B X

— M
=\ BEEEMRBRE L F AT
= RERRMABREZAAERHK
W S R R R R R RBRZ
i
A~ BETR
£ HIHE

—8 B

ISR EE (Nephotettix cincticeps (Uhler), Cicadellidae)? SUETREY
(Nilaparvata lugens (Stil), Delphacidae) BERE » EHEBIEHER
(rice hoppers) JYABHREBRRIEERPRIZEE ZES » LHEFTERKER
EREEREMEA ~ 28 « JERE ~ - B -~ TREMEZEERGWERE
RE 2 o HERBEARRRRIERERRDE » BT kEEE R
B EHEFENMRSEERES o AHEEEERARERERS » FREAEN

1 ERERRABERSMRKERRELE

2 RE BN IERPL Cicadollidae, BIAIART 3 Cicada () R ella UIN) + BB/
¥ AR AR « ARDURTIRAR o NOBEFIHA Jassidae RIEMAIE o (HiREE
RALEELL Cicadellidae FAH - ERPRET—LEHIAFNA » RERREE
BAZES - AERETSAERE  HEPFRZZETRESZEZHR—EES
o ERITHZEAREN  £X REE] 785 1 [HRNYART » OMTBRERR
F o HAFR  REMBETEREET » BHERERST  BERAAZIE » WK
BE ABEZ ] cERFHEZEETHREZEZHI (Sinulidae) REEH
(Chironomidae) o RHAMBRABESRE » AFIREER [BETH ]| -3
HHERMEER o BREIANRTERS - LS - LB TES M| 8 M2ET)
' REBRZES « ATFEXHREA -
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ZRBERS AR SRR > MEERARRLERBRERFZEMBER » R
REERFEZ— o FAE - RERGRRE » Bl RgEEI RS
Wiz B RERER o ELHEENFBAZMAER o AR BRRRBREE
HBRBZRE R —ERATERRZ AR SRR » REFESE o

13 B RIBBUE R B KUK SURITH » REEE A E GRE o HepBEa
o BAEREH62ME (EWMATUSF2IE) » GIERE ~ B TURFES o Wi
MREHOS1IE (ERATSEITE) » RIEED ~ ks o Zoralime

T BEREERARBIFEERE

RSB RBZ A R HREEE (Hymenoptera) ~ #4aH
(Diptera) FikistE (Strepsiptera)% o ML 4 B 2B F (Pipunculidae)
s [ H 2 % ER (Dryinidae) BRAER o THBURRIHERERZ %A TR
ARHER o MERIER R R4 2 RE > THRISNHFLERERR
B AR AR BANT o

O £ T

BERIERBBREZ INIFARR » ERREERRICHENL 21 & (X
1,2) PRE®wE Rt (Hymenoptera) » £33A RS (Eulophidae) » ik

# 1. BRERERIPZHEELEREK
Table 1. Egg parasitoids of Nephotettix cincticeps (Uhl.)

FAHRM p: T W

Parasitoid Locality Referente

& E (Hymenoptera)
W2 Rl (Mymaridae)

Anagrus nr. flaveolus AX 2, 87, 88
Anagrus sp. EM AR 28, 99, 103
Gonatocerus sp. W 28
Mymar? indica B 28
Ooctonus orientalis HA 84, 88
Qoctonus sp. BA 16

£/ \gF} (Trichogrammatidae)
Oligosita nephotetiicum Bl 72
Oligosita sp. A b F 28
Oligosita sp. B pi% 28

Paracentrobia andoi % RWEP N 28, 69, 84, 88, 108
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% 2. BREBWZFEERH
Table 2. Egg parasitoids of Nilaparvata lugens Stal

MR R xR
Parasitoid Locality Reference

JE#E (Hymenoptera)
Fh/N&EL (Eulophidae)

Ootetrastichus nr. beatus IEHE 52
fik/NeE B (Mymaridae)

Anagrus flaveolus HA 109

A. nr. flaveolus HA 85-88

A, optalilis E35) 81, 110

Anagrus sp. ®E - gk~ ERpEEE 28, 40, 67, Heong

(MARDI) 34t

Anaphes spp. BEMRE 71

Gonatocerus spp. #=E -~ EE 110, 28

Mymar? indica =g 28

M. taprobanicum E35] 110

Polynema sp. E350] 110
F/N&f}l (Trichogrammatidae)

Aphelinoidea sp. =1 40

Oligosita sp. RE~ HIE 74, 110

Oligosita sp. A =8 28

Oligosita sp. B =i 28

Paracentrobia andoi Z#- 0K 8, 28

P. garuda RE 110

P. yasumactsui F350| 110

Trichogramma sp. =@ 40

/NER (Mymaridae) RE/pEfl (Trichogrammatidae) o Fh/jNgEplEiE
RAEIG - BILBHZRE ~ EEINFLELE/N&ERZ Paracentrobia andoi
(Ishii) /&% » MEEBHER LG/ &R Z Gonatocerus sp. RE% o BE
ERBREZTAEREBVEANA - REXLTFERS  DEBRDHREBE
BRI HAREREKBZE P IEEBRE I
REREEIERBZIFESRBBERMEL o g1ELl P. andoi, #&E
Anagrus sp. REE - KEFBARHAFEBESBHESZEERHM - W
BRI RHARERAR » JPRAE » JPIEEE » ESNERDRINERERE
BB EREEARR « ERFShmaEEEl s Y mAEER
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BERRBEEZHERTINES o

% 3. 2ib (BE-~ B FiH R~ B2) BERBIZ

PHLETE (BRBERBERED

Table 3. Egg parasitism of rice leaf- and planthoppers in the
paddy fields in Taipei and Hsinchu (Chiu et al.,

unpublished)
BERRER B W =B
B | fF Nephotettix cincticeps Nilaparvata lugens
Year o0 |

% BK AR BE Bl #Kk O BF
% % % % % % % . %
1974 I 39.1 42.0 37.9 42,0 18.4 7.9 42.0 40.1
I 8.7 23.1 20.2 26.0 18.6 15,7 18.4 21,7
1975 I 47.0 40.8 46.5 42,2 32.0 30,2. 33.5 33,1

T 21.0 44.0 329 36.3 6.8 10,0 17.5 35.5

EHEMESK » FRWEIOR °

f EEamELECER - BREFHEZNF - BEARBHZREER
y ETRERBEZIVE AL RE63 ~ (AEH—HEL HIR 7.9~42.0%5230.2~
33.5% o B HIMESF RIS 15.7~21.7% B 6.8~35.5% o RAHIEZ INZFLE2R3E
BIRK » BERE MR R BB RS —IERR S o ARNFEREZ
A B » W RERBE_HFNRSEEIZERE « HHBIEAR
IS » BREZ L » B—HHFERRRFAHE » BIXRBSERAN
BEE » SN ZRRREETTEREER S » HE2RENRIE
o RIFBAANME » MISE—WHERRBZIFAER 6 AhHER » M 7A
LOBEE  STHERR 9 Ad - THHEBRR  MEIOA LTERLE -

e EIEe FIR b EL R A S B R IR SR AR o RBN63 ~ 644EEE—
HESRE37.9~42.0% B 40.8~47.0% » B _HED BIE8.T~26% 5 21~
44% o HRMEZERNE Y » A—HFRBEREEE L IR ERBNERIFAN
B BrEARZERMER  ERAGIRRRES o EHEREZRIMBAH
EMESHAESESE » ATRAYRIME EHBEANE » S —HifrEE
ZIEERERE S A LAHE  BEBRBEFERBZHARE « EHEN
EHBRERSE  WEBFA R B4 RRAERFERCEBRERMRER
o

(1)F/N2& (Trichogrammatidae, Hymenoptera)

Paracentrobia andoi (Ishii) #f 1
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B 1. £/ Paracentrobia andoi, Trichogrammatidae,

HEEALHNERBRBREERISEL L » AUEEREE » R
BRBIVE LR 50~90% o EHLPREES - 64457 LinZL (R ~ B0
Ry (R~ B3 SHBERZAZER  RIREREETILR T LETE
54.3% s FHHRAE 30~40% 2 o I W RBRBZFE » KEXRR Anagrus
sp. HEEDAK Anagrus sp. BE (EEXERPREED o

(@%k/ & (Mymaridae, Hymenoptera)

Anagrus sp. 2

AEEEBEHLSESENERBZI » BRERBEHLERHZ HBRE
SRR BT A K> 93240 o X W63 §i 644722k ~ FTRE
ZHRE R ARNERB 2 INF AL 0~38.4% 2 M - ERRBLZEEINE

B 2. Wi Anagrus sp., Mymaridae,
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APl H60~80% (EELERBEERD o
Gonatocerus sp. 3

AEHRNERBERBBRIEEL T A o REH63 1 64EERafra ity
R RHZAEER  BRARFARBREREEEZRBRARS o MUE—
Eﬁf’?Zﬁéﬁ@ﬁ%ZFﬂf?ﬁ% » X EREE20.5% o NIRBR66EE —EATFR 2 A
BER » ARFLREKEHFEEDHEM - ERENBWIREZ 2,395MBE
BRI » St A 5365.9% o BERE ~ BhiRHZHAE » R4S
E10~25.6% 2 o BFEghy (BlE) REL G2 BHZEMESRETL
pi et gl

B 3. w/N&E Gonatocerus sp., Mynmaridae.

O R R = & EXH

BEREREBRAZES - ROz HL:  EREEHEEKEREER
B RAREESPH2E £ 4.5 o KEUERZE 2Z&ER (Dryinidae)
S A 2 EI A (Pipunculidae) £1083% » R ARHEE » BEBETRE
BE o

(1H%# (Dryinidae, Hymenoptera) & 4

BRIP4 REBHER » WREREEHRERAZELHEAELHAERSY
—ERFOEBRAEZRERY » BREG o B TR 2HELHRLR
FHTRERBETE » MESIENF IS ZHEEEY » EXERBRCERR
B H & g K ERS R » M &R T8k o B NEFIBAm
1b# » HE—EEhRBIEREEARE » BRAF A (Internal parasite) s B
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® 4. BREBEEE QKR FEER
Table 4. Nymphal and adult parasitoids of Nephotettix
cincticeps (Uhl.)

FAEERE B OB x  ®
Parasitoid Locality Reference

E# B (Hymenoptera)
#ERL (Dryinidae)
Epigonatopus sakaii HA& 14
Haplogonatopus atratus HA 108
B E (Strepsiptera)
Hifalkigs (Halictophagidae)
Teltigoxenos orientalis HA 11, 13, 32

%4 (Diptera)
BEitPr (Pipunculidae)

Dorylomorpha lini =0 ERERBREN
Pipunculus javanensis JER - BX 28, 66, 100

P. mutillatus B B2 > BN 28, 66, 100

P, orientalis b 5 AW=PN 28, 100

P. roralis =5 28

Pipunculus spp. BA 11, 12, 13, 17, 32
Tomosvaryella epichalca =i 28

T. oryzaetora =E 28

T. subvirescens =8 28

Tomosvaryella spp. 2P 67

%5 (Nematodes)
HH#EEs (Mermithidae)

Agamermis zuimushi HA 32
Agamermis sp. BX
KB (Fungd)

SAEPE (Entomophthoraceae)
Conidiobolus sp. B 26
Entomophthora delphacis BA 18
Entomophthora sp. = 43

HERt (Moniliaceae)
Beauveria sp. BA 32

HIREE (Stilbaceae)

Isaria farinosa HA 25
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# 5. BREERER R 2 FHAEMRE
Table 5. Nymphal and adult parasitoids of Nilaparvata lugens Stal

FHEURM ooOE xR
Parasitoid Locality Reference

BB (Hymenoptera)
#iefl (Dryinidae)

Echthrodelphax bicolor HA > 28 17, BERBERER
E. fairchildi BE 74
Haplogonatopus japonicus HA 12, 19, 32
Haplogonatopus sp. HIEE~ 8550 74, Bante &3R4
€1 )
Monogonatopus sp. = BRERBRTH
Pseudogonatopus flavifemur BA - B 11, 14, 17, 40,
BERBRRS
P. hospes #EH Napompeth FEfE
Pseudogonatopus sp. =8 BRERBREH

#RME (Strepsiptera)
Biakasl (Elenchidae)

Elenchus japonicus B4 11, 13, 40, 67, 79
E. koebelei E |34 52

E. yasumatsui ZREA 61, 88, 110
Elenchus sp. SIEH Santa 4t

#WE (Diptera)
B} (Pipunculidae)

Dorylas sp. SRR Santa 4k
Pipunculus javanensis =2 ERERBHREE
Tomosvaryella oryzaetora = il

T. epichalca =5 AL

T. subvirescens T~ R F.E~110

25 (Nematodes)
MR (Mermithidae)

Agamermis unka B 7, 11, 14, 59, 67
Hexamermis spp. j21)i-4 74
RE (Fungi)
S4B E (Entomophthoraceae)
Entomophthora nr. coronata BA 26
E. nr. apiculata var. major 3E 52

E. coronata SERRE 50, 53
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TkS)
TR B OB W
Parasitoid Locality Reference
E. delphacis B 17, 18, 25, 35, 40
Entomophthora spp. HE 74
HIREH (Btilbaceae)
Isaria farinosa BA 25
Hirsutella sp. JERE 50, 51, 55
H, c«itrzfofmis EM2E 71

B 4. Bi& Pseudogonatopus flavifemur, Dryinidae,

FHAEREEZEHFERLBIER - SERRESE 4 (External parasite)
o F gkt B DR T Z B HERR — BRI A TS b » A B REHAIRH 3RS » £
FHBHMYE LB o FXERERFEVHRETRR » BREYHE
EMEN » HBEASYERARS » ¥EENEE LES » IRBER -

@yiR#h (Strepsiptera)

HHEEEFRRERRBENRPE BRAFEZEBARZR (Elenchidae) ¥
& s MBA 2 Elenchus japonicus » 3EW (Fiji) 2 E. koebelei + B2
E. yasumatsui RHFW2 1 REEBER - FERNRBREEELAALHARY
# (Halictophagidae) = Tettigoxenos orientalis T 1| REEME o

ROFBEHZEBENS » BB » BhEd  HEZTEERE &
ARYBRA o HEARBRBEEE Rt » HLEHES o FAER
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HE—ROh AT EAER BT EE » B H YR EREREHE
ERS  EFFZEHEEEH R —EHEBIRY » TiEH P o —RK
TR~ BERAITACEMER o BEXERSCREY » BEEERITY
BAMEELRE » ARERsBRYREFTBAT/ANEHESN o Bhfidt
BENEEHART » RESRERERTERL » KRELFEHBE » EXE2R
BRATH o REMEMRA MBEBRR AR B LR TR » ¥ AREEAZRRTE
BRHEZEE - EAETHBERETBEEEBELSARBRERB R EFAE o

()i~ (Pipunculidae, Diptera) & 5

BTy NUERE RS » FERARRY  HEL2RERTSE » FER

B 5. §it: Tomosvaryella oryzaetora, Pipunculidae.

HZEESR » MHERSS o AEiELGHFENRRERERENAISE
EPAHARERZION (X 4.5 » REEMEREERSHEEILZ B ~ B
W2 E s BESHBHRESENBREE REERZFHI 48 » AR
REREEZIME

Gt RS TEE B ARITEH » AR R AR o MM E AR
¥ SIRAIEIN  HEARECEE R EE  HaREP AR » LIE
BRIAB LB ERE SN » EIME T BIRE o HItZIPEIER LM AR(bE4 » B
RREFEER 2 A HE M WK R AT » ERMEALE » O
BHLYABRSE o BFEzEBE RERKE » ERCYREER » I
FERERE « AEBHZHTHBRERAEL Tomosvaryella oryzaetora
Koiz. (HS5) RBER » RHBAREZERL PN ERS o T. subvirescens
KZHGE 22% o BERAGEBHED T. oryzaetora [Ri% » WIFBARIL T.
subvirescens B% o X% 5 ANBHERZ WHEI T AEREHEE 2 HE
HARRIE » REEETREILYSEEH I B AHAREEEZIOBLT o

@id (Nematodes)
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BhFANBERESNERES » ALREERTSH o HA AIE -~ W
R RMEELSHASE (4,5 BIKEEXEWA R (Mermithidae)
s Agamermis B22% » 8 A. unka B A. zuimushi®'%¥55 R
Hexamermis)gz 2 f“oOtake il #i— R & 4 NB R T A A 285202, %
o Kaburaki 81 Imamura 388 Agamermis unka $H %42 BRFEFE4.3%
o MAHMILEGE K8 AhAEILA THRFAEEE i ALd » ik —
RIS EERAELTE T 10cm B2 » SR E o K4E S AP AMBHE » YREE
5§ o HghER T ARHBLRTSHE L » BERAKTIIREE R o BB R
EE o REBTEENBARLBRARE o $FL 2 EHEREHEXRMTEHIE
s BERERRER - S—EFXERER | ~28RR%E  BFERA2EL
E# o BEEHFTBARLEW 2~ 3 ARNEFTE 2 EHIREREERL - L
LERFERS  EREBNSBREFATNES - RERFBBITRARBZER
REC” o &SR BAMEREBABHEERRZ) » WATLMEFIA o
 Manjunath RBEEHNEFERBREZREAAE Hexamermis Bz2&
s Heh 1 EERE > MR 0.5mm > 5 | BEEBATEEI0L0H - B 174
BRER  BRIY4.20~5.90mm » F—HIEBARBAFEGR 1 & BHFE
ZRBIE AR » PR HE AR B HBAS T o
G)EE (Fungi)
B P R B R A R TR 2 RS S PR R e R T o R R TR R AR B
(Entomophthoraceae) » #85Ft (Monilaceae) R IAREEE} (Stilbaceae)ss 3
RO o MEBIKAS h4:BF Entomophthora B 1 1 « REFRNBE 2L
TECEREREREEERATE » BREERSBRIE 2Py EsERA B
BTREZF I L HASR » URRHEEHBEOEARBANTERE - BE
B KFERRER Entomophthora sp. FE—RRIERE LIgWAR » MLSHERS
BERRE  HERETELC~I°CHBTAR - UHARRREREE K
TR ERE TR » B2 Rash R » REIHB: (Spray) [EEIEE »
HEBTERER 26.66% » LliEgep: (Creeping-contact) FRIEHL 1 /i » 7T
ZRBFCRR 46.66% » 12 NRERT0% o REDIRAF 4 NEM e R EER
Ty B EHEE » HERFHESEE AREA » ERERIEENYRARES
' RWEHEBE  c BEARFLEERCRLN I ~TXK o fRZEHE - BREFT
BRIR » S A > BTREEM » (BRNBEXRE ~ E2EHNE > LIRBRE
S EME o ERZHBARER T ERTE o hEEEAREERENFEB
' BB ZRBBEBEDY B2 —B M -
FERBREBEZEHCBRTE (X5) » AEBLBZEEERKE o £+
EU Entomophthora BWRRPIRIBREZHE LK o Hinckley 7EJEFHEHRE E.
or. apiculata var. major WHAHMERERREEZRE » AHEBES
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HRERARCY o FEREEERAHER (RRD ¥REHREZRIERE E.
coronata 88 Hirsulella sp. HABFEZERZEE o Padua §1 Gabriel
ATHBRESMRER E. coronata JERFT) o K& B UIRE RS2 A T T
KESHREEL » BRBFNMATT BT RZEERE » LERTZAREBEES
o T HAGE2A/ N S M2 S H R IBUR Y o IRRI BEIEEEXBA{FH
R RBRERE T ZEH USRI 2 BoRiE o« EREVERRBZRINEEDIS

23 4

E-EREEGEHBRBCHALERH

REEERRERBCHAERBEREERR A& ETASIHE o AP
BINE S BAEHERAESIE (E6,7 » WERBR CFLEERBERZE
R o MEREERBEEES » MAER » #llskEP 2 ARRKk (Lycosa
pseudoannulata, Lycosidae ) -~ ZUGE/ME#: ( Oedothorax insecticeps,
Micryphantidae) » EBE Bz EE&(Cyrtorhinus lividipennis Reut.,
Miridiae) & HRKZWE o MMARMEY%E (Tetragnathidae) ~ HEgnskft

(Theridiidae) ~ RifgEEHRSPHWE (Hemiptera ) ZHRFRIESFF (
Nabidae) ~ EEKERF (Veliidae) » ##E (Coleoptera) ZEHF}
Coccinellidae) s #B3{7HF} (Carabidae) » EB#difl (Staphylinidae) s i
#8 (Odonata) Z#Efl (Aeschnidae) » 58l (Libellulidae) ek
BEFE TR o ShERHEREE ~ REZHAERHEAERERIERERE -
FEALEREDE R 2B RS ERERE RN EOX

O (Spiders)

Az Ykt (Fauna) Z2REE » RREEE » HAREE 25 H %k
DEgaFEREL - A BHRREZAERE » BRE/NERE® » JURE®
#2518 » EA Okuma®? » @A Paik £ KOVTZEEHIA Chu and Okuma®
2 EREERE -~ BA > EERRRCBHARE « B~ EEHE MRS o

ERBHE B2kl BB RATUIMER 2 » Bl Tetragnatha
BrEBERERER  BREGRABZBEPESESC » sEBEILRE
i T. witen FBERZER o WA ALANRRRGBRRERECRER
BRAMRANT -

WAREERE: (Lycosa pseudoannulata Boes, et Str., Lycosidae) [ 6

AR R » EAEBEPERER RS EEE - BA - ERES

HIFREBREECHERRE > IS » Kawahara &R0 s FHFLERCD
Chu and Okuma“® [[T Mochida and Dyck® &igEE=r ¥ o LIk

SRVREZHAYT - BRBIBBREERL 80% » TREREZLWR
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B 6. ABRY Lycosa pseudoannulata, Lycosidae,

0.49: 0.60°% » #7345 LRI 2:59% » AR NEREREA o

IRk SRR - B R TR  HE » ST %A » 8
B A RERERT - FELREZEHE  HARABATEXSIR Iz &
7 o BERE R R ORI R ML N R o SONEER NN » JUBEZEZEH 5
R BERZ R » IVTEE TSR RO M I S/R B AL o 55 | 75 N 28 Lok ok BT HHY
TRFIAR o Yok BRI METERRIEE » 182 ~ 3 BERIAITHER o PIREIER
BT HE 6 KENWRR# > BERESERRF » AIBERE TR o ks
25° &, 28° CRfORE 2823 HEDR BR#E Y o

B HEEERRERZER » EAREB B PRR EE - St
BERENEEZE s 8 RSBEERBEERZFSEZ » QAT
BHRBRHURBARS » REALIEERS o £FEEE 2 IRRI BERARKZE
EEETNR  ERAHAFER » UIHRRBRBZEERH » Dyck £%4
NHBEZBRBRS ~ HFRERDREREZHAS » KER 3 R HEER
» BEAEERZBNUEAEAREN o AREFHBURAE HLBERZ
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* 6. BEEZEEHANRE
Table 6. Predators of Nephotettix cincticeps (Uhl.)

i (Frogs)

AR oOE el
Perdator Locality Reference
25 (Hemiptera)
Sk sl (Miridae)
Cyrtorhinus lividipennis = SR S B 31, 55, 103
Tytthus mundulus = 31
BEEKERE (Veliidae)
Microvelia douglasi B gk 27, 42
BE#E (Hymenoptera)
iRl (Formicidae)
Iridomyrmex sp. =R 42
kB (Araneae)
&k El (Argiopidae) .
Neoscona doneitzs =N 39
43%uft (Clubionidae)
Clubiona sp. HA 32
Rifr (Lycosidae)
Lycosa clercki BA 32
L. pseudoannulata HzZEg4A& 4, 30, 38, 63, 67,
88, 105
Meta dentizi A% 32
Pardosa laura =P 6
/NEgRt (Micryphantidae)
Notioscopus palliduius B~ XK 32, 42
Ocdothorax tnsecticeps it RPN 4, 30, 67, 88
ERsaskft (Tetragnathidae)
Tetragnatha praedonia B 32
Tetragnatha spp. B4 34, 67, 88
gk st (Theridiidae)
Enoplognatha japonica H& 34, 67, 88
55 H (Odonata)
. éﬁﬂﬁ» (Aeschnidae) Bd B 32
i#8Fk (Libellulidae)
HA& 32
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TR #OE % B
Predator Loecality Reference
4 H (Hemiptera)
FeiEZ st (Anthoeoridae)
Amphiaraeus constrictus HigE 74
BHRBERE (Nabidae)
Nabis sp. HA 67
EHiEeE (Miridae)
Cyrtorhinus Lvidipennis B ~ Pk ~ Brigf 8, 31, 40, 45, 46,
28~ ERtE-HE 69, 70, 74, 90, 95,
BIjE -~ 88~ #R -~ § 101, 102, 103, 107,
ZRPGEE ~ B ~ SR Fernando, Z=RER
#
C. bvidipennis vitiensis 3ER 52
Tytthus chinensis JE¥ ~ B A& -~ FREMZ® 3, 52, 70, 71, 102
‘ B
T. mundulus =8 3l 31, 52
T. parviceps £1)::3 74, 94
B H (Hymenoptera)
gfl (Formicidae)
Camponotus sp. HIEE 74
Tetramorium guineense =8 40
Camponotus spp. HigE 74
¥ (Coleoptera)
17828} (Carabidae)
Acupalpus inornatus =24 BERBRLR
Bembidion semilunium = Gl
Casnoidea cyanocephala FEARPEER 69
C. intersititialis B ~ EAREEER 49, 69, 90
Ophionea indica 88
fRi#sa%l (Staphylinidae) ]
Paederus fuscipes BA~ EXRmEE - 28 3, 9, 69, 83, 110,
~ RE HERBRER
Stenue cicindelloides b3 &k BETE
B &7 (Coccinellidae)
Coccinella arcuata P~ BIEE - SEEE -~ 3 44, 52, 58, 88,

BAPVEE ~ BAEE

ERBRRE
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FEEKT)
RAERE i W T OW
Predator Locolity Reference
C. repanda transversalis Eje .3 52
Harmonia sp. IEE Dyck g2 Orlido 4t
Hippodamia tredacimpunctata thEARE 68
Micrapis discolor B~ BRETE -~ HIE 88
M. vincta #E 88
Verania =p. JEEE Dyeck B2 Orlido 4t
Pk H (Araneae)
£JukPt (Argiopidae)
Argiope pulchelle 51);3 80
Neoscona doenitzi HA 3, 39
Araneus inustus Bz RERBREE
Bt (Lycosidae)
Lycosa pseudoannulata A~ EW - JERE 3, 20, 21, 33, 34,
37 38, 36, 88
Pardosa annandalei (51):4 80
Pardosa T-insignita HE Choi B2 Lee k¥ HE
g
Pirata subpiraticus BE Atk
ANk Rl (Mieryphantidae)
Oedothorax insecticeps HA ~ 32 - B85 3, 29, 33, 34, 37,
88, 93
W Ft (Salticidae)
Plexippus paykulli B& 9, 32
Icius magister BA 32
gkt (Theridildae)
Enoplognatha japonica BA 34, 67, 88
Theridion spp. JERE 54
T. octomaculatum = SRR FEN
EB¥mspl (Tetragnathidae)
Tetragnatha spp. A 34, 67, 88
T. japonica =i BRERBRES
T. mandibulata =W AL
T. nitens =8 Ak
T. sutherlandi HIEE 80
M¥gikfl (Linyphiidae)
HA 9, 32

Notioscopus pallidulus
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HWEC o B —RBHRER L, 50 % 100 ERREHEEHAR » PRRUZEEE
AREPRIAEES » SERFLRBRCY » RETHEBIIRBERKZEGHE
AENRBRES R10~25% » THHB174 o JLHZIEH Samal X Misra 7EH]
S ) SERKTHRABRREIS~20£ 5V 2 s BHE o # Dyck &
RRERGELBERBHEREBERELE (Dyck ® Orlido RBEERD » RKE
HRE2 BEBAERE » %EWE5 (Cyrforhinus lividipennis) FHHE » 75
EREZ Lo

EERADLEDRNRSES  AEFE_HENERBCEEREES
B ZEERSREMIZ R - BEXSEElENEEREHHaER
BERMSERE » HIESHZ - 7138 2 R 4 RSk sk 2 B R B2 7
53.04,4.28,13.28%11.48% o bk 2 RRBIAKRNHEY » sk REELIHITHE
RERF » ENHSECEERABREEHEBERNT o FREPNRGETEZINER
R BRAKBTERE  RATREAREN o EEARAEIDBLT o

Bk WY ER o RS RBEREREAX » BIT#RAERE 50~113
RO o REAREFBAERE « BERENEAREBNT » &R EETA
FRERAN L o HEBSETREIRKRZHBIN - MERKEEERBREN
BIEFAE » AAOBEARRRED » WERSR > BEZERUBIEFRES - A
BEERE s BEEEEELTBBE RER » ARG CHAERRRE
B o

)T/ M@k (Oedothorax insecticeps Boes. et Str., Micryphantidae)

BT

ZGUMRRERRG » AAEBHPE R 2Rk » BEHATRARER o iR
LA HARGHELEARE » HARERRRBAEE Y FERR - RE63E%E
AERTHARBMZBE » EERATRE » 2E7B4~5 ME3I~S
A HERHS0K » 6~8 HEI38K » LNIARIZAERE 2 AKLIOR o« Hihtk 3
B REZHERK » BIEREZHFERFNIRI o RkEERHIERET »
BEAEKTETTE » SZREBIRRTRBRIE o WA » EERFEOKRELS o FikkZz
o IR GE » SO EERE » WHRENAE o Yt bBENENEH 3
~ 8K RIRK | REKKETHE » BITHE - HERHSLSRRE ~ TEZH
RERBAB/NZHMEE » A8 8~ B~ BRRVNEIBERE  HAREIE
REZINSBER MR LR » Ba BB  AaARERETS—
LKA EESEESNEERERE |~ SKER 1 X SEFXKBARS
1~32, FB1I~5EFRMI ~ 6% WA—FHZHE » MIFSKBEGFHA
o EBENRIGTNE » RESENZRARYEENER » EARHZEHER
ENENE AEMBRBISRL: c RE2EERLEBILAMRRE » H—IHEE
BREIOGEURBRK2HILE - HLEE 6L - B HIFFHEIORTHI 1 £ i
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AMAERAZHBALE—HERS o RSB~z 4 A LAZE T A LABES
o REF_HHFZ 9 A EAZEI2A Mz HEEREENRE—MEZ44% o &
SwERRBRZBRETSRE - 2Rk - ENSHUTYERAAR  AERPR

TR » WREERNZ HBNRE » BEBLEES » BTRNHAES
Piaa S EERSo

B 7. /MR Oedothorax insecticeps, Miecryphantidae.

© B8 (Insects)
WEEIBSE (Cyrtorhinus Lvidipennis Reut., Miridae, Hemiptera)
iR

EERKEESTVBRZERERARRBTRZIERE » URKSHTRRE
BN~ R —EATEBER o BEHARS ~ BEZI » ESEFYESR
MERIERE Peregrinus maidis (Ash.)® » BERBREAEREB Sogatella
Surcifera Howu.®50% o SH4EH ~ @~ SERBBLHERRERSFRERBZLE
YBFRHER o« AEBHBREEESN » AF—BREES (Tytthus mundulus
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. Reut.) BELERREIEHERS (Perkinsiella sacharicidae Kirdy) 2
HHRC o BB AEE « BRELBRHNABHERBRFDHARCY - X
SRELHERRE « LEAEETESENLARERES  KEHAREER
RUEBEHZ DHARERINEE - SlhEEEHRHREREE o AL
— MR RS S » EBRSADE _PIFRARS - HREEERZA
FEEMEEBHL » EREE25° CRllEs » HER—ERIE 30~35K» &4

B 8. etk Cyrtorhinus lividipennis, Miridae.

7 8 ~104% o SBIHY 6 K » 5l St » WRISK o RBBEMREISRER o &
Bz EEEEAHTAR » BERERFEER - DIBRE 2 HEAATER
o HBUEERR65.6% » LUNAEHRLRERR.8% - HELBERENE
BEFZITHETE - ERSIMHMLEEEANNFATHRERE » HEDR2HRE
T o SEERSHBBEERNRECHZHERIETER 112,30 fFER2
123,88 o MZERSN BB ANEE AR « BANKA USRI
» PR K o MEBRSRABMNEBRRETEHZINY AHEHRER
B o HHAHRRRENZABYTRELR » REEHRERIAZ o HR
HEEANAETRE (EEREXRER o IRRI R 1972 8 1973 RHEKE
BEAAEBRBUFHBRARS - HBERRS - EREERIABREERE
1o 1 Hpie > BIEZECHRR 19% 0 £ 1:20 RUEERTER 23% 0 &
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BRBEEELER  BERSZHRERNRE - BERRBE TR FIRERTTE
¢%,5 o Bae il Pathak BZRLUBREZ WEKERKAHRAE 5KE » RBE
H3I0.9% %Y » MHBHAPBREEHES » BAY 2 REBHEE » REXDERB
2 s HEERARRA » A RERBZ B TEE 3% MEHBEZRBTTE
EA519.89515,49 o

Stapley BERTREM BB ERSHEAUHEHERBAELARES 1:200
BRNHBRARE R » RAHAEKET NAZNHEREZBE « AF
BEHREERE S S CREABEE - REFRMESTHE2HH
BREKEBRSZTUEAEIEHBREERFE » FAAREMTARE 2 EE
¥ (Digitaria spp.) /&R o HABHEE MM (#RikE Eleusine indica)
$8 E. coracana HRRBRERS YL EYE - RXBEEYERBKM
68 » W EHRIFREAE 4% (Hopper burn) | BRERA: (o

Swezey BRER I » LARBREFLELFEZTERSERZE » BUHFE
BERLESY ) NENVERERINCHHERBED o

HABARS ~ B EEE » £AEE Tytthus parviceps (Lin. )0,
FESEYE ~ HARFRMIBRE T. chinensis®101.10 s dEiE AR R i
& o

(@8 &1 (Coccinellidae, Coleoptera)

BT REGRRIER 2R S o Sasaji iR @ IR RHE B HR33%E »
HpEARREE THE o Yasumatsu FRICHRRBHEE Rz 6 @ElH » ]
Micrapis discolor 81 M. vincta 5% » HEBRRBZFHUO o ERPEE
HEIBREZ10&E e » AR M. discolor 55549 o Coccinella arcuata
Bk AR EE RSN o BROUSEE AR RE ATRE o JEEE - TRUE ~ FIEAEESH
ARFREITRIRBFCEERMR c HEBESZ C. arcuata FEBERZ

(Sogatella furcifera Hor.) SURTRZBHERRRS » BEAE » MERBRE
ERETRED » BRAHRBEZEEREEHEAARC « FRERERE
# Harmonia sp. 88 Verania sp. BB RBREZ K HIEH o Dyck H#
Orlido 7@zl Harmonia sp. 81 Verania sp. Szl 1 + 4 HH
AUEBRBERZEZRABLEIRFAAE » RORBHARBZIETE » BRA
Harmonia sp. BlBHFAFASHZBRBERRR A2 CRSHIRTT1%595%
s e Verania sp. kAIRAEHHEZREBE RRRBFETELFIR52% 8 93% o
BEREHHARBZHEANEHES (Dyck B8 Orlido» RBERER) o

Ao —REIEEE Tetranorium guineense REIEATRERZ 50 ~ HIEER B p
CERREAMBZR T o FEIREE DA —HIREHABRE(Dyck & Orlido
s RBEERERD °

AENBHEbZ R AEAEERMERE2SfTHE (Carabidae) HiRz
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difl (Staphylinidae) ZAREH o RLIRAD » Paederus fuscipes Curt.
BERERREEYEARH » £%88EHE LEE » tSER X—2e2BE R
HINBOR A dikEs (Nabidae) ~ fEkEs4e (Aathoricidae) ~ friiEs (Redu-
viidae) IR WER - RELLRBIZHARK

W~ EAEENERERESHRBRERNM 2 LE

AR YRR AR » WHIHRE R BAEMRERLER o HHIERRE
ERMERE R ZAEYRE IRz E bR — By H R EERERK (
Resurgence) 5% R AR R KB 2 F REAREBER o HRRIERXHE
ZREREMABHEE RS W AR o RIRSNAEERRHERZ
HABRHNTEZER - ARBHEARMZALRFE  EIIKHERELE
Pk Z AL » HAEERRGEERNERZEAT » EERREMKZERR
HERRRSHABLERRERS - —RBELXRABETHRYDMIZERREK
ZREZHEEEL [EH (Qualitative) | #E)LE MBAY (Quantitative) |
BHEREE - fIMBERBRBREBEE LK  ERBEREBERAMZEE
WFd » HERRBZARERE » MHABEEEXNEEE o BERKPIHKD
Miyashita®™, Kiritani®®®® FiR#SR HRERRHES o WAEBRE
HRAHRREYEETRSCRET - ARG ARERERXHZEER
B DIRRRESAR A REEHARARSE » £TRBREETRE

HAEREBREZ - REERBRERBFEE MR EERBhZEREE » R
BRI ZAABR o TSR RIEES R R TR %
RAEE R T g K o SR EERBH R0 B HEH BEETmAER
TEE o L —RaHAREAE N RS Bl H /RN « HER
SZEERRZERERYEEME o

CREHBERERBZEEER

BHEREEEGEESIERRE  BARSEECEER DBEREHER
BYEZEY » HASFLEZHESE - ENEAREEEENE ke
i AL BHERERERRBRBZRKE N TR ER ZRZME - k%
BIAKRE N RA(LEY 2 REKRRE o flgN Phosvel, Bidrin J& Azodrin
Wik FPEEE » i Hokbal, Hopcide, Ortho-Bux, Lebaycid % PM Hi
5 o Lebaycid WiV Rk 2B EREH 2 Sumithion, Methyl Parathion £
@29, Lebaycid JhAREHBIGERE FHZEA o TREKRBEHE » Bk
ZHERELGEE  RERBRARXBEZERTEHEH » REZEHIH
B RBZELEARRS o AP AR ME R » MERTRHMERMER
ZBK o
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% 8. B~ BA -~ ZRRFEBE 2 foik
Table 8. Spider-families found in paddy fields in Korea,
Japan, Taiwan and Thailand

B4 ® B =% E B ® H
Family Korea Japan Taiwan Thailand
Agelenidae 1(1) 1(1D
Argiopidae® 5(8) 8(12) 6(12) 9(16)
Clubionidae 3(5) 2(5) 2(3) 2(3)
Ctenidae 2(2) 1(D)
Dietynidae 1(1)
Hahniidae 1) 12)
Heteropodidae 2(2) 11D
Linyphiidae* 1(1) 2(2) 3(3® (D
Lycosidae* 5(8) 6(11) 305 503)
Mieryphantidae* 4(8) 5¢5) 4(4) 3(3)
Oonopidae 1(1D)
Oxyopidae* 1(1) 1D 1(4) 1(2)
Pisauridae 1(3) 1(3) 2(3)
Salticidae® 5(6) 9(10) (ca.5) (ea, 10)
Tetragnathidae* 3(® 4(11) 4(11) 4(13)
_Theridiidae* 33) 5(8 3( 58
Thomisidae 5(9) 8(11) 7(8) 44)
Uloboridae 2 11D
& 3 # (families) 14 15 15 13
Total: & (genera) 40 57 37 Cos7 L.
4 (species) 64 85 60 59

1. BREEEHR Okuma (1968)¢4», Okuma B Wongsiri (1973)¢%, Chu g7
Okuma(1970)¢4® F; Paik, Namkung, Choi (1976, J. 8. Park &) o

2. BRAZEFERE (species) §» FHMADM (genus) Ko

3. m*mERTHARARRES D&

FEEEZ kR R EH B2 AETR o RIBASESANE 9 &Y
Ya—{viEZ @ IN Cidial, Lebaycid, Malathion, Methyl Parathion,
Ofunack, Padan, Phosvel, PM J Sumithion Z350R 8k ~ Bk HNEHE
s gEE T Lebaycid SRS R » Cidial, Malathion, Methyl Parathion,
PM £#:i8% % » T Sumithion § Padan Beh &M » 8% Ofunack H{E
o SRS RAB EM L B MRS o USRIk PM 5 Lebaycid Z&M:
BEA o HASHELES o SEXEMHRAESANERBHEERGRIESR » R
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BRI S R RN A vk » B IURG DR RSS2 B o KRR
322878 > IETRMERA » 5L~ KAEFIBRHILE o BREIEH BB R B
SHES > HBIE NE RS m AW (Food-chain) S Ak vk 2 BiBEEE o 4
B2 BNARER » BERER RS BRS8N Z 88A75% Orthene

P., 60% Azodrin S., 30% MTMC E.C., 85% Sevin W.P., 5%
Lebaycid G. J% 5% Disyston G. & » RAREMANHF—ESmEak A
EEZBBVER o 43 8® Tl 3% Furadan G. B 40% Hokbal E.C. ®4#
IRk 2 MRS 5 B 909 595 % » HEMR bk Z BRA IR RIAE21% B8 35%
A o LERERTHRIE s TERERARAHBREEZHARMERE » %5k
ZERAEIETE 80~100% o SEHIbEASEPRERZ 90% Lannate W.P.,
50% CPMC W.P. X 50% Carbamult W.P., HAEEES 2 75% Orthene
S.P. ~40% Kilval S #& B4 BRAERE » Eh7E80~85% (£9) - Hilk
TRFREEFASENEEEANRBZEBSIEE REX o R HES R
B2 R REREA R R BB S o SEIEEIRE T ERES IR
ERERWK CBE L B SKE » ERETEK » BLBORER 827
HEBARERS0E > PRQAERE » Z5H » Btk 6 HANREREH 1
K+ EREEA S REEES 2T TESREI0% (X10) °

REBHEERE 1973~1975 A4 12 BREREZER » Br BEE
(e R 2 YRR AR 2R RN A Sk 2 W R
B (EHfERE B - SRR 2 ~ 3 K) RRRTHRE (i
HiZE S ~ 6 K » 58I 15~20 KHigE 1 ) BEY” o FEHafeEll ~ HTSHn
H#%E > HEENVEEE ARG - RSB E RS » RERUZER
(£11) o WEREHERREERBHESTH

OREHEZEEERARBXRZHESS
Bz EHP R X RS EE S hE (Systemic insecticides) W LIEAIR
TEHERMAZRER B BAEBZERKE o HRAEARBHLEREANK
WEAREBER  EEZASRBES » EEBAERBZ AR T  RER
EZRECSH  MBENTHES (PE2AEES ]| Mheee® » HXEK
Eﬁéﬁﬁﬁlﬂ‘lﬁl HAEZcBEREREET c BMRERFEEEHBAZEL
B REMFAHESREAERE » EARKEEBE o Kiritani 5 Kawahara
@?ﬁﬁﬁ BHCEARWHEMBSERBZIEN - EEHBHCHEE L BHEA
o FREBFTEZERIRATEARRBRA » SEAENKEARELRE
BEHEHEEEC » TREBERHANNERERBLIHERHEZ2
%BIT%EEAR BPMC £ Unden RERREBRBEEEE » hEMAEF
E R ARk > BABKERY 6 KNZHARE » WERHFEAS
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% 9. BiipEh RERH AR AL R BE S Lk
(BB¥RI ~ BRI » 1976)40
Table 9. Contact effect of several insecticides wused for
controlling rice insect pests fo the predators of
leafhoppers and planthoppers

HIEFE A (%) Corrected mortality
ERAB RERE

Insecticide Cone. () Lycose Oedothoras  Cyrtorhinus
' one. (%) pseudoannulata insecticeps lLvidipennis

A Bip#E (Organophosphates)

5094 Lebayeid EC 0.05. 30 37 100
479 Parathion EC 0.047 30 25 100
4094, Kilval 8 0.05 35 21 85
509 Imidan WP 0.05 30 20 100
5094 Sumithion EC 0.05 15 26 100
7594 Orthene SP 0.05 10 15 80
6094 Azodrin 8 0.03 5 21 95
5% Disy;ston (&) 36 kg/ha 25 8 —
59, Disyston G 18 kg/ha 15 3 —_
B SEHRERY (Carbamates)

4094 Hokbal EC 0,03 90 21 100
259, Ortho-Bux 2 EC 0,027 80 25 100
309 MTMC EC 0.038 10 0 100
40% BPMC WP ’ 0.05 35 65 100
509, MPMC WP 0.025 45 15 90
509 MIPC WP 0.025 35 15 100
509 Carbamult WP 0.05 30 5 85
50% Unden WP 0.05 25 20 100
509, CPMC WP 0.025 20 20 85
859 Sevin WP 0.05 15 10 100
509, MTMC WP 0,025 20 0 © 90
909 Lannate WP 0.05 5 26 80
394 Furadan G 60 kg/ha 95 '35 -—

1. SEENAEZRERBKSR20%  RERRROE  “EH -
2. ZEERA Abbott FRASEIE o

MERERY 5% E » ERREHARLEERTACHLKBE o REBR
BPMC §i Unden B RWHHE RS2 SHMRE o TTRRKBRNHEATN
FAEZMAL MEERER o R 2 BRI ATRIER © RERARE
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®10. Pripkh AR NER AR ERSZ BB ERECY

Table 10. Contact effect of several granular formulations
of insecticides on Cyrtorhinus lividipennis

IESETEE Corrected mortality (9%)

%M 4 T %R

Insecticide kg/ha ai 6 hrs 24 hrs
59, Supanone G 2.0 70 100
59, Unden G 1.8 95 100
59 Disyston G 1.8 100 100
6% BHC G 2,1 100 100
594 Ortho-Buz G 1.8 100 100
59 Terracur-p G 1.5 100 100
3%, Furadan G 1.8 100 100

1. SENRE S R RS20 » B -
2. SR MBS RIEEREHA o
5. Fr-EF] Abbott FASEEE o

#11. DHEEREANRKERRECRE (BERBEER)
Table 11. The population densities of predacious spiders in
paddy fields with varying intensity of insecticide
application (Chiu et al., unpublished)

#H—HfE 1st eorp #M{E 2nd erop
1974 1975 1974 1975
B 2 B C A B C A B C A B C
Treatment ‘

# 4 1.0 14 1.7 06 09 1,1 0.7 0.9 1.5 0.4 0.7 1.2
Taipei

B2 1.1 1.1 1,3 0.6 0.8 1,1 1,1 1,7 2.4 0.3 0.8 1.0
Hsinchu

EhEF HEMORAESRER L 8% ~ BB SR ER -
. BEHRE FRIS~20RERE—XK - SREHEES~6K -
B. BEPEE WEAREWIEE  SHMEERE~3K-
C. "B B RafFAERMINTE RS -
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BPMC 52 Unden w2 ik » MEABENER » THANEHAREZHS
+ (AREERRE > B REDERERE » SRR BRER c EEHA
RERARSZEE o RLRERRS BPMC g Unden Jgchi ity Bk
 REBRERARRTIH o
%%U%ﬁﬁﬁﬂﬁﬁ%ﬁﬁi*’%mﬁméﬁz%EfW2§ﬁM@#
B AR  ANFHERREZ » B RBRET LR ER B AR
B MESERAERNCY o EERARRENE S BABBRAPRHAER

U A kT 2 85 o B4 Furadan G $& Terracur-P G #&7-BHC
¥#% > i Orthene G, Disyston G 8 Lebaycid G BIZMER{ECO (FEI12) -

F12. HERARLRBRBAE AP R SR E R RIRBk Rk
Zﬁ ﬁ(ao)

Table 12. The effect of several granular insecticides on the
predacious spiders through the food-chain

WIESF T8 Corrected mortality (%)
BEE LB HRER

Insecticide kg/ha ai  Lycosa pseudoannulata Qedothorax insecticeps

24 hrs 72 hrs 24 hrs 72 hrs
394 Orthene G 1.8 a 5 0 15
59 Disyston G 1.8 0 5 5 10
59 Lebayeid G ‘1.8 5 10 5 15
59 Unden G 1.8 10 20 5 10
59 Ortho-Bux G 1.8 25 30 S 10
6% 7-BHC G 2.1 20 70 10 35
594 Terracur-p G 1.5 40 90 20 25
39 Furadan G 1.8 100 100 25 50

1. (GRELAZ SIS 20% » EH o
2. HRIERSRRBO2-SETRERE S » ONSREROA BBk -
3. TR Abbott RARKE o

A& &

COBRBRRMZPANE MBRBRBREERECEHYIBEZ » ARAE
ﬁﬁ%'K%ﬁ%%iﬁ&%ﬁliﬁﬁﬁﬁﬁ’@ﬁﬁ%E&W$ﬁﬁ°é%
RIS R BRSBTS ZOHER » —BREEXRRAFAETIRHAAER
HREE » MUFEERBCFEATRRES » AEEBFER2MT » &1
RESEZIE~ H il ~ FREBERAFEYEELREFERLTME o FlIERZ
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SO BN ~ /N ~ /N AT o R BRI B ~ B S SR
MR AARSERE » WHLEDSATETECHR » HREREZREZR
ERAAMEZIHER » SR LHERgEREI R ZEERATEER -
Otake BB BAEINFEZRELMIGIEHER S » WAIFERFEMAZRE
o MEEMS » WBZIRGUNIXBIEART » HFEEZ BEMSE BRI o
{A Nishida 4RBFEREICLEBEZBRMFEERLE 902 D EEET
100252 o HREERRRRIISSAEFA AL R RB _MfF BRI AR 5807
W RIS AREE N AR PEUETHUER - BRERERTER

HAERBEINBBZEWHIRECR  EEAEZER - HEHREERS
HRAERBEREREE - BEK A2 B AR » Bl HE - P17
B R~ B~ TR B DRAMKEEHERAERHREETR o
ARBEEENEHSK  BRBHIRAHEERERTREHEZBR o #%
RRBNARADREZAEEBOMARELERE  EREEREXRERRE
B AE TERET  SEE—STRTAEMEILERREHE R IR - 88
HBBRES BREYIRTIE

CIR AR B R XA : Kiritani BFAREHIRAR 2B » TERS R
ERERERHE  MENEERFYERARSIGEUEBEZREFRE
EIRECY o ARG LERBB/RRZHATHEBRERAEREEHRHN
WREE RS LR  ARNATERERER RIS ERRRESRT - X%
197025088/ » BWAA 1 ~ 2 KEHBIERBERILAM 1 ~ 2 XBHEE
RECY o Kih» LI BHMNKBENSECEE  ARUBLTRERRH
s IRERBRSHERREECSB » ERFERAX-RI-ARERERE
BEZBY o REHEREHIZEE » BRREEHERETELBE - Frilluse
BLERZBRRRAE - RHLEADAMPBUEERITAE RE R MK
BHS  THEEHRERE » SUEHEEEE A (Blanket spray) » £F
TNERHERBESE > FAVEHN  BRERSITAHER - HEREY
Bz BENE » EAERAARCE Rt M EEARE » B2 R
BB o

RERRBRBRBRE L AR EE R I ARRRL AN
B o FHEARARBEREZER » SRS EETERSENRRCHR
ER MEXBERERREL  AEARS - XENELHERBTARE
ESEER » “ERZARTHBLBIURE » EhaBAERK (Bscape) Bifk
HEBHESWER - IR ESEEAIEE D BERE » BRE RS
BB HH] o RBUATT BER B E 2 HHER o

ERFERHERMELARBZEE » RNESAFRAR » E—BRANE
RA R L » WRERR ERRER 2 ARl AR S EEE » kX
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EARRE » FEEXSNNNNEAERBZ MBS AEIRA o KEm
Furadan, Terracur-P fEsaEHEERH AMERH A RK 2 FRET1HEI0%
Bl S8 —RaHRe o

EHZEREASTN BHC HRBRBUER kg s Fitiry
FIRIE3REUM B/ o Furadan, Hokbal, Hopcide Ortho-Bux, Lebaycid,
PM X Terracur-P 38#2 HH:RE o TEFAD AR M ERERRZ R
 BRRTS » BARESE - AERRRERERAERKBRRR 22N M
Orthene, Azodrin, MTMC, Carbaryl, BPMC, Unden, Chloro-phena-
midine, Padan, Phosvel X% MEP & » WjZsEMEREY BB AR
RAMBER D o EEENRRBRRLE » BDHERAET BRI o

CHUMERAXBZRE . REEARERRAREN  TEE—-PHEES
RRBAFSNEHET-BRESE » BOBEZRERTE  RESEHEZ
EYREEER  RREREY 2 RHABKRES YA REZDLEStapley
e Bz —LRARHES » MAHE Eleusine indica BEREHE Digitaria
spp. LWAEFNERSKZEME » HEBIEERSEDA S IEHE » BIEX
HERRE BIERRANEER - EEEMISREAMBBRNEES 2%
TR AR o B ABEMHESR - BRAMYERREEIRBERREE
FZEREE  FETIREBSAHBBRAPZEE Lo

"2 E X R

I, AKRBREEK 1965 kEIcRboh3 7% RBYEHE 1909 : 361—368 o
2, RYMWRES 1971 o JRED Y v HEOIEE+ 3 Anagrus vr. flaveolus (E:3E
JEYIBEEE  25(2) 1 25—69
3.k B 1961le = AL F 2 IEROBREBBBEHEY YV~ 2 2 AMHOERBE
K RETERCRT IR RERBLETRENRS 6:1-1260
4. JESER WEER - BHEL 1971 KEREHO Y~/ raz 45 kU 7 21
A EEE: BEBEE 36(3) 1 121—1280
5. NESER~ RAER S HEER 19740 ¥ 7 X% ax Y /e (Lycosa pseudoannulata
(Boes. et Str.)) D{EETAE BHAMBHKHR 6:7—220
6. HNFIE 19720 NV ¥ ¥ 7 /2 OBELRIFTHENOBEE LBEOKE BX
ERSMBESAEGE 16(2 : 113—1140
7. ANET 19320 {UERR YV AUFLETIHARQ EREMEME 4:176
~—180 ¢
8. KKk — 19630 wymyvH~ b4 vYYH QRGBT 3 4 REBNET
%8 UMBEHERSRR 8(1):1—152.
3 BHC RERGRMECNIGEAREREA
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HEEE BUREEGET] 18(4) 1 369—376.

RPBUT ~ RESEA ~ 83K 1976 o Padan, Ofumack J Sumithion $/XEVREE (Lycosa
pseudoannulata (Boes. ot Sir.)) FINFUMMESR (Oedothorax insecticeps Boes. et
8tr.) WRBEZHE YR SEGET] 18(4) 1 3773900

WK T 1957 BAEE Hi WE 493ppe

FERE 1971 v v i b 558 LBRE Conidiobolus sp. 12DwT JLNKS
SeE® 17 :107—110

RREZE-ERMK 19570 v=reaa {ORBIr Y H 27 AV EIDVT
IMNRERHRER 3:61—620

WReElR 1974 EERERREEL BRBZHAETHR BEHE 23(2) 1 91—115.
ERERES ~ VBT~ HEBEEE 1974 o FH/NBY  (Oedothorax insecticeps Boes. et

Str., Micryphantidac) ZHAGHMREREREY: BUREESET 1603—4) 1153
—161 o
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Summary

The natural enemies of rice green leafhopper and brown planthopper
have long been considered to play an important role in suppressing
the hopper populations. Many of them are normally present in the
paddy fields and some species have shown great potential in controlling
population density of the rice hoppers. Unfortunately, the natural
enemies of rice hoppers have been much less studied than those of rice
stem borer.

There are about 114 species of natural enemies of rice brown
planthopper (Nilaparvata lugens Stal) and green leafhopper (Nephotettix
cincticeps Mots.) reported from the southeast Asian countries, including
63 species of parasitoids and 51 species of predators. Among them, 39
species have been reported in Taiwan, with 22 species being parasitoids
and 17 species predators.

Parasitism is generally recognized as less important than predatism
in causing hopper mortality. However, the combined effect of several
parasitoids in a sequential parasitization attack during the development
of hopper outbreak, with various parasitoids predominating at different
rice growing periods and attacking the hoppers at different developmental
stages can be highly effective. Meanwhile, the egg parasitism of rice
hoppers is possibly under-estimated because of inadequate sampling and
calculating techniques. Therefore, it is suggested that parasitism may
be more important than we thought in the past.

Predators are considered to be more important in controlling rice
hoppers because of the abundance of predatory insects, spiders and
others in the paddy fields. The present problem is how to conserve
these predators and augment their effect in suppressing the population
of rice hoppers during rice growing seasons.

Past experience indicates that when chemical control is over
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emphasized it could disrupt the natural balance between natural enemies
and crop pests which results in a greater proportional loss of the natural
enemies and a quick resurgence of the pests. Consequently, the effects
of insecticides on the natural enemies have caused great concern of
entomologists working on pest control program. In Taiwan, the use of
selective insecticides at low rates for hopper control without destroying
their natural enemies has received serious consideration only recently.

Experimental results indicate that predacious spiders in the paddy
fields are generally susceptible to insecticides. Carbamate insecticides
have proved to be as toxic as, or even more than, the phosphates.
The mortality rate of Lycosa spider found as high as 80% or higher 72
hrs after treatment with Hokbal or Ortho-Bux 2. It was 30% or more
with BPMC, MPMC, MIPC or Carbamult treatment. Oedothorax
spiders were more tolerant to insecticides tested. 75% Orthene SP, 60%
Azodrin S, 30% MTMC EC, 85% Sevin WP, 5% Lebaycid G and 5%
Disyston G seemed to be comparatively safe for the Lycosa and
Oedothorax spiders. In addition, all insecticides tested showed a higher
toxicity to another hopper predator, Cyriorhinus mirid, than to the
spiders. The mortality rate of the mirid bug was 100 per cent 24 hrs
after treatment with the organophosphate and carbamate insecticides.
Granular insecticides are often thought to be comparatively harmless
to the free-living natural enemies. However, some granular insecticides
such as Furadan G and Terracur-P G, either by contact or through
food-chain, showed higher toxicity than y-BHC to the predacious
spiders. Consequently, the use of a low rate of selective insecticides
for hopper control without at the same time destroying their natural
enemies must be considered.

It has also been recommended that maintaining a favorable condition
in the paddy fields for the rapid multiplication of predators is of benefit
to the hopper control. The feasibility of including natural enemies in
an integrated control program to make possible of regulating the
population of rice hoppers in the paddy fields must be carefully tested
and its value in an actual control program evaluated.
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#1 HEDHERKRENTEE R ZHERMEE (Spurgeon, 1976)¢
Table 1. Estimated percent losses during the handling and processing

of rice in Southeast Asia

# {E BAEE (%)
1B b3 1-3
i H 2-7
oy Y 2-6
L7 B 1-3
icd o 2-6
B sl 2-10
o) g 10-37
%2 THBYEEBIMZEARES (Hall, 1970)u0
Table 2. Estimated range of crop losses from a variety of causes in the
postharvest system in different countries during storage
B # B & BRELR (%) FrE CAD
B B
ks 50-100 12
EREE 50 12
o W 9.3 12
2 W 90-100 12
Benin 30-50 5
2z B 0.5 12
iz} P S
FETREETE 17 8-9
H X 5 12
FIR{EB & LR 0.5 12
(=1 72
TKEHBRE ZRHEE 2-62 14
B # 2 B 3.4 12
i 3
ZR TS 34 24
H B 8.3 12
3.0 12

£ ®H
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ERARPTERARRGEBRER » AEBWEE - HE ~ BRITA
FER » BRAREAZFEATEFRZESRRBREY : hE_
B » RAZBREEE 100%% (EEE » FHEEE 0.5%% RED

) BEBURGERRK AR R R I RE SRR ER o

BERBYRE—EEANEYEEE Bio-complex) » HELARRTZA
Enly » HAER - BEURBREREZEE, BLUEE - RERAYESRE
o [HEW R UAHE ~ £R - BE -~ £~ B TREGHSY 5 R
BEAREE NS ZPEN » REEERSERATHE REANR ZEWHE -
R B4 KE (Moisture content) » TIEEHEARERZEGRA
BYZEREKWD 5 EREYHEBNEYZVE » WEER{BHE » KR
BARELEREZRNERREREM® o i » HMERRTHREERS
s KEBEMERSATREREZABTRARE - RER THARHEZRAER
fEE s WNAEE R A REREARERRE  EMERERY R » RS
BAERRT TR 2 AR RE ) THEARTE » JRERT) -

— - EERRERER

HEEThBERRERRIHE » EABAREFEEBRYLIR » KBEHR
(Weevils) B2#%% (Angoumois grain moths) BEHMEEIEYHHEE
TR A o M AEBIRE AR » hERHE A AT AHEARE - ZHRAE
HAEGTEEZHEABEYHAR » ESEEE2RREREABEE - 28
HIAE 65 FY » KEKWASNAE : gl L.3:EEH (Major pests) 2. KEEHR
(Minor pests) » 3.(@%=d (Incidental pests) F 4.FBEFHER ZHEHH
iR (Parasites and predators) » HPEAFBERERERRE  5TA
+aE (RESUW . BEME ZXERAZTHAEHE (REID® » #UR
EXETHY o REREBRYEE (kerneD) WY » XEHDEEE » BERR
[Sitophilus granarius (L.)] ~K&H [S. oryzae (L.)] ~ E¥kH (S.
zeamais Motschulsky) ~ 2 Rhyzopertha dominica(F.)1 %R (Sitotroga
cerealella (Oliver)] 4 o RERELBRENERNTEMEL » QEERE
(Tribolium castanewm (Herbst) R#E#% (T. confusum Duval) ~ §Eifi
B [(Oryzaephilus surinamensis (L.)] ~ Bl [Cryptolestes spp)
s K8 [Tenebriodes mauritanicus (L.)] ~ 843% %%, ~ (Trogoderma
granarium Everts) ~ BIEEgR [(Plodia interpunciella (Hiibner)] -~ %3
W& (Ephestia cantella Walker) Bas (Acarus siro L.) &0 o EE
BREZEAEYEY  CEXZRPC Do
=& &
M RWEE  BE ~ AYRHMBBERET » H—EEERER - i11F
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%3 HEHEIEARES (Hall, 1970040

Table 3. Major storage insect pests in the tropics

i & f i 2 £ £ BB O
B/ B £
BB Sitophilus spp. oK~ BB~ INEE S Ry
% 38  Rhyzopertha dominica (F.) S~ N S TR R

BEEE Trogoderma granariwm BEverts T~ INE~ BB~ K~ ¥~ Mo
T (oil seed) FRBHTBE ¢

oilseed cake)

WEMIE  Oryzaephilus svp. FER N K EET LR
BERW  Tribolium spp. TR ~ UINES ~ BERY ~ FBA: ~ B ~
R~ TR ~ BinEk
TR H Callosobruchus spp. T~ BENE (gram)
Acanthoscelides oblectus Say .
Zabrotes subfasciatus Boh, } L
Caryedon serratus Ol. FiZ:
AR SR Dermestes spp. =22
MERY  Lasioderma serricorne (F.) CICRY
B # 8  Cryptolestes spp. K~ Sk~ B B S R
Laemophloeus pusillus Sch,
& ik Sitotroga cerealella Ol K~ NE B BB
¥ % M8 Ephestia cautella Walk, ol ~ e~ R~ NEE S T S R
BEERE  Plodia interpunctelia Hubn, Eke~ T R
AXBiEkx  Corcyra cephalonica Staint R N K ET S TE

RFEHEPEERZEA ~ 4~ BERAREBES » YmBmT @
OREBE 2 B A B i

HURE 284 » YEBTRA > BEAIBRE DR » FHERYEZEHRTFIHEE
FRARAER » AR 2B T AR 2 ARG » SR IIKBRFR 2 B8 5E
BIATLA » EAERER 5 FRBRNVERE  HEE ~ RBH - RRESHA
75 RS MY EA SRS s AEERERARSET » B REBERR
M PSERBEPZAE ~ i~ FEZRBREEER MU sER
s BENER 2 ERYTAR  SUhARZERS « BRZHY ~ HE -~ B82
REYBAMEERTEA ©

—BTE » ERWHERY AR LEE » BYBEEIRARE AR
Wig o HRSERRE  EHSPTEBRERL » WEBRWEERZENDEH
% o TIERM R A IE » RFRERR » By ZAERFIREK » BLETHE
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#4 ERBEIERATAREH GRHE - 1976)7

Table 4. Major storage insects and mites in Taiwan

s =2 2 T 2 & o8 # oW
h % B %
E O B Sitopkilus zeamais M. Ko RN~ RS ER B
1 #  Rhyzopertha dominica F. e~ N TR T HEEE
% 4% 8  Tribolium castanewm H. K~ NI~ HEW S TR KT

Tk~ Tha: - Hiks - O
K w Tenebrivides mauritenicus L. KBS TR EmR - HE
HARES  Cryplolestes ferrugineus (Steph.) K&~ 2~ TR

R & Trogoderma granarium E. HedE ~ BRE

B i%  Sitotroga cerealella (01.) B - FORE

% i Tinea granella L. KB~ ESER BRI TEEB
p 2

Wtk Ephestia cautella W. KA~ KT~ 2~ HEE ~ fik)

1% W5 Tyroglyphus farinae (De Geer)  RyR~ &~ B~ i~ & T -
B~ TR

EHREE WS EFHBRE -

ARRBPEHYH R BH LSRRV » MBEDh 2R s
B WHRESERREFEEY s MRBEABRER 2 MR hamig
WHASHESZIRE - REBRERBBRZEECD o REREMNEEZHE » &
BB ZER s BRNEE 4 ~ 5 AN RERBEBRICY 2R o KRR
By RE « B RH B A2 ARG R » KEAZ TS ~ A4
FEREPRERE (Hot point) HRERH (Temperature gradient) s fhfE
RECAEHEHECSHERABHERBBYB I LR o

BEBYES » RUSBREBYERZGW » ZEEZHERE o 5
B EF s BBz e ZREPREBE LR ITELSFhiZERIK
HEANTEE c MEHRTHRBLSHHNBDRATE » MERSPH» 1o
AR RS A% 2B o« ARRERSAEETERKS cBRRE; &
RERBA T [ RE 2 RRER « EARBYE BRI RIRER » 84
EERRERRTE » REKSHBYHAEEEMEEBRYRE » BTEE »
RS R AE RS a2 BB AEEEF R (Hairy fungus beetle) RiSE
¥rRd (Foreign grain beetle) o FEIRMIBE » BB REERERR S
s AR BHEEHRKS > MNRBEELBATH A/ GG o

COEE
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BERFALYREHRERT » REENKRAFRSBAHRRE  HEEL
T » RKEPARKZEHS BB o BEW SRBEANERSE AN A
TR o BB EREERY EATRMIESE - (R3] 2°CRLE
AT » REBHERRERE BRI » HIEHEE - THREER 15° CRIF
BHHIEEE R ENEE - M 10° CER—BRR > EHEASHRHRIGE
o E{REF TR 50°Ch » SBIPIUSIE » A BEA > HNREMIHENES

(FIRER) - FEe— B AR IERE - EHIZ)E 80°CERk (A

—)un, .

304
o 44
g & 60+
‘6 : o o OECORSREONLDARID WUAALRIPSE
x E T
% B 744 «ssee :
Z > e
N3 3 :
‘Hf E 91- 00036 [00000000002000008000000000000800008¢q00000
£ 2 { i
@ [ *
S o y [
o 2 : g $ g :
1 : o ) a H
8 B 1 22 28 33 38 42 65 80
Mo Temperature (C)
0. wi  Wegph —-Eil e~ JIEH  e- HEF
mites fungi insects bacteria germination

B 1. &~ ERMREYEFZ-RBRRERSA (Hall, 1970)¢0
Tig. 1. General limits of temperature and relative humidity for the multi-
plication of biological agenecies

—BTS » FHESEHE (Lethal high temperature) EBRREE REE
MES® s ARFHFEHE (Sublethal high temperature) HEHARZHEHE »
HEREGT » @BATRMEI R o BEREN 37.8° CEEHFARNIRBER
BT » #55° CHEbi (Acarus siro (L)) (W R BRBEZIREF OV o B
BB RS 66° CHikr4 78k (H60°C » 10485149°C » 20438) FIARE
HAHAR BB R o BULSRECTIERARBYZREE » IRARBRE
e

ERGEERENEGEREYNEL » R—ERHRGESERRHECD
s EREBNGHShEAEYHENREE » BEXSEEREREELERPRZEM
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(Mesophilic species) #5% » Mgl (Psychrophilic) fWERA+4RB4 » %
ERERIERAYHZBEEL » BZRBEREE o Christesen and Kaufman
(1965) BB MR TREE » bR 5 ~10°C » QIR ERBYRZEEN
BE o XBTFHENER » BYSKEBMREIS » HHEAG R4 FREE
10°Cg 10°CLITF » QIR EHEY o
RERBOHERMREBLRPHAYNRME HABRENR » SRBYNE
b WE B — AR RRRIVEN 22 B SRR (Environmental barrier
) AAEEREERCEIIES | EHBEERNIERE » FHEERE
Cotton (1950)¢» BRI EFRBENRELREERTETERH » £-17.8~
—15°Clf » KFAR 1 BZR2EET » IREERBLEETLIR (Winter
hibernation) FyAHIERE AR B4 Hinte—REET o
REEEBHHEHRBRZER » £EER c AL HNEREEE RHRE
AEEHE » HRFEABHTSR (RER) - —BRBEER21.1°CrR» 7

#£5 EREHARRERINHEAYTE 100 RGERRARE ((E
SEBRRBRE) 2X2EE (Burges and Burrelll, 1964)ts

Table 5. Optimum temperature for rapid insect growth, and the
temperature at which the development cycle takes 100 days on
one of the best foods for each species

w4 x4 0 ®RoB g4 2 RER S3EE
EREE  Saw-toothed grain beetle, Oryzaephilus 34 19
surinamensis
= &= Grain weevil, Sifophilus (Calandra) granarius 28-30 17
Hia¥iEa  Bust-red grain beetle, Cryptolestes 36 20
(Laemophloeus) ferrugineus
##t B ¥ Rusi-red flour beetle, Tribokium castaneum 36 22
REE® ¥  Confused flour beetle, Tribolium confusum 33 21
B r#E  Khapra beetle, Trogoderma granarium 38 22
* % Rice weevil, Sitophilus (Calandra) oryzae 29-31 18
& E 1 Lesser grain borer, Rhyzopertha dominica 34 21
B #  Flat grain beetle, Cryptolestes pusillus (=minuins) 32 19

FREMHERZRERE » BR21.1°CR AIEBRERELTRRBE

Burges and Burrell (1964)%@54RH{z 22 RE#IER17~22°C » fiEAH
P AREBAELUB R EERIGRE » YIS AORRAERMENRR LR
RAZEEGE » ZHEFIOBRBEZHER2% » WERAMDHAREER
o FEZER @621 ~ L BB WSO 5,726 7,72 7O Bl iR Chilling units)
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EAZEZER » FAFBYHER

R EBHEp ZIEE » DIREFRY » EESMNE—EEANRN S A
TRE—FHP5E » DB EMTE » AR RS » BOEER2 W%
B0 RERE RBEEBLER (Acclimation) TiEEAaHigel: ©25 &0
o
ORE

BERBYHERZEBENRNE » AVNESEEERINEY TRE » 4
DERGZEEREBRE  IRAYAALR  EFEFEERENKS » 6l
TEEK 24~48 /BB c THANENEEEE » FEASRETS
FERD  RENEERENRAIED  TEHNBEERD o

E—-EHERN  BYEKERN » BFREREE 2R ; SEREE
» BEWRIMTRZ » FERMEARRESHITEEE o 14 » EBYELKEE
' JIERARAS » RAENEAYBABARZ AR NG BANRDER

L& KEEERENRE

B ZREIRME (Hygroscopic) 488 » KAFRERNE(L » EEZEBYRIEZ
EE - ARREAR » BYATHERKERFEZKTBRS » REABEYTY
PRAAEIR » HLEREMBRAR » BERERNARERANEEZRET » P HER
BUO o MBS EHERNEENR E_NREE S HBERZEKE
ERRESRERAREER 2R o HAaRERE 28B4 g m
E=¢ . BHEEERBENEIKSSETE » ZRERNTASERE
—iE » QREETE » ERERERENED » REESHFRRAEARY o

2. ARNASNBE

YRGB  BNHeRAEEES AR RR AR
Brh o SRR EARERE (Temperature gradients) THEBAXSIZ
BOFH - BYINELGIBEZR  TRHARNEA BIIREBLBIE
B ZIEEERLAH » RTIMR TAEAKSNEE TS

BYBRRATBEIE | ORSBARARRIEZBE > PAVESGKEER
16%28ies: » AERUTHEEEARSE 4°CU ; QRBER QIANES
KEER 15% 28YWHE » W 62°CZHEE o WRERFERTRREEA
REBRY » ERBAATHEZIE HREREFTRN o ATM—RBRAENRE
SLhBRZABERTE » MRSYSREY 2B ERT ENRE » XTR
P REARC o

% B A s RSB ER R REA Y BRI BB R (Hot point)
) BERBEAE  TRNERZABER » YINRLEREM  EMASERZ
HERBURM o IRBYIYAEONEE (Thermal conductivity) & BEFET
B AR (REEERDLIRHRERS » RPN BYEE » RERHT
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FEHZEE  EIBHERERESN » FEESCRM T ERE » BHENHERR

BIMEER » hERERRENT EAISENBYAH » MM TIEERRE » 1t
FRZETYD o HAETE BB AL T Y22 (Convection currents) » [&]
REFSXSHRREBHIERE - EERGN » JURRRERN » TWREEA
B BSMATUREREBYZRES » KSESBREEN - EERESR
HIEEOESE - HBEE—DHREEK -
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®6 WELAEFHBNRETHZEY (Hall,"1970)4

Table 6. Reduction in relative humidity resulting from an increase
in temperature

T B B E BESeIn Temperature increase (°C)
Air temperature
e 0 6 11 17 22 28 33 39 45 50 355 6l

43 95% 72 55 42 33 26 21
38 95 71 53 40 31 24 19 15
32 95 70 52 40 30 23 18 14 12
27 95 70 50 38 29 22 17 13 10 8
21 95 69 49 36 27 21 16 12 9 7 6
15 95 67 49 36 26 19 14 11 9 7 5
10 95 66 47 32 24 18 13 10 8 6 4
4 95 64 45 31 22 16 12 9 7 5 4

* Percentage

S.EZRBHKI SR

EBRWTEZH  DABARKS SR  RBBYZRENBYKSSEE
EREENRRE - EERGRATHEALEEN - EREE -~ HHRE - k5%
S BVERYBEFRAHRE RN R R NE AR

BaKEEREHHRENZRZTEKS &R » RINERE - £ 27°C
FARBHRETOS Z BT » REBWKSEBFHBYREZL » BRAKLR
MBWUEZINKSEEZBEEE  ABRYWERNE » REKSEEBR » KW
FERARZR o FIBREXRMEERZPEER 1.5% 228 EEEEKR
i s HRZBEEESKE - RSERE (WEE  BYNEE) WA
1 %2 ERE o FETH(NMBEZDEN TR » RETHRELRE  RER
FREIREETO~B0% W » REAHERRA » HMETTRT » MIET0%N: » BEEHE
ﬁ:%(@l) °

REHARLVBETNHENAS  CRARA BBWER » BRKSE
BERERREZT » RELSEYRENERSE - AREERERY AR
ERME » WHE—BARSE » ERTRHEELROEETHES - EREXSE
REAREFRARS WS » EEETNER o Cotton (1954) OB FKGFAEBY S
KEER 9 R R » ARBFAERET » XIS E 8 BB H%7E « Kt
EPRESE B ~ SRR IR\Fin  FRRERE » EMEEHERAE
B RMMEERE » RSSO MBREGA » AITREARENER -

&Y

RYZEFHESBERZ AR s BOUBREEE » MHER AR o

B EARE  HEBRERBERER » EERASED » B2 PE - e
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£7 % HERBEREYEKEZTHEE (Hall, 1970)¢0
(BENR 27°CH)
Table 7. Moisture content equilibrium values at about 27°C for a
range of produce at 70% relative humidity, the maximum
acceptable level for storage for any sample

HEREI0% 2 R akE

13.5
13.5
13.5
16.0
15.0
13.0
15.0
15.0
7.0
10.0
7.0
7.0
5.0

L EE L
2 ¥ B 3%

=y
a

B
v ol W HF A

P WL S
Equilipriam relative bumidity at g t® 25°%C
'?.,!55571l791 ? 0?0

pRuRBRERY
PiITREYY

0

w
o

R 4 Df £ gaFe
R S
RO

DRI RN N#as# yaeer wearne

TEMPERATURE

8 T

-~ B % ) e
:2 L s HF AL IN GEMINATION
- <] Eliﬁﬁf?& FUNDAL KEATING
A I

of- | I I

10 15 20
& & & (%) MOISTURE

A EBABMZTHR A, Lower limit for insect heating

B BEZTHR B. Lower limit for germination

C EEE#SZTHR  C. Lower limit for fungal heating

B 4. R2EHZEE RBNREREYAKE (Hall, 1970040

Fig. 4. Relationship of storage temperature, relative humidity

and grain moisture content to insect heating, reduetion in
germination and damp grain heating
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HZBERME - BEERRAY AL AR TIEEAREZEES » BB
B » KGSBEMEEREE SR » KU —LERERYHTHERE 248
WEME » FERHBEEWEKSKPLREZIEBHE?E o Frankel and Blewett
BT RERERHAFERIE (Ephestia kuehniella Zell.) EFIBENHKXS
' WEXSBEHNAYIRETE » AREAXERERYEL T » ZWEE BT
RELWAEY » DEAKS REMNEE » ARSBEEER » RAEEREZHR
H8H: 0

BYyh 2~ BENEY (Dockage) RETIRSIER » BRFERS
BFHBEY - ANSESRRERS AR 2N » RSP AER) AR
I HeEk/NgR (Dirty wheat) HENEE (Clean wheat) #5SERBEED o
AERHAIRESEMER AT » ANRERARHNARYRERIET R
REEEEBECBERGE » MEEFEAESBRE » THENEETE » TR
THEZHE - HEPHESERA EYIRRAESD » BH ARG RBREYRE
BEXETLNBSD  THEBRSZSEEARER » Ehoittpimg s

%8 BHEBAERCRERERR (Howe, 1965)4®

Table 8. Minimal humidity requirements of some stored products
insects

h £ 2 ] RGAHEEE (%)
* % Sitophilus oryzae 60
2 & Sitophilus granarius 50
B o & % Plodia interpunctella 40
43 = Rhyzopertha dominica 30
MOE R B Lasioderma serricorne 30
# E i Ephestia cautella 25
ERBERZ Oryzaephilus surinamensis 10
g & Callosobruchus maculatus 10
# ® % Tribolium castanewm 1
L Trogoderma granarium 1

FEFL (Endosperm) JUBUMRY) » KBRS B REBZHD o
RREREXRSNRBERAESF » BREFREXAEISME » HXBRE
»EXR Y KBRS » MAERS » ERRNKF » HREEE IR » HERT
HZER MHRETEARCERRRERE » B ZENREEEERE R
BERRASTAER XEBERY » ERXERRE » RHOKKEER - &%
s REREX » TR RBY 2 BRRATR ~ THER R 2 EBEFEeW
° Bell*YZEBABM AN MBS 2/ NEREE » HEBRSRERENEER o /%
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SRR » BB (Germ) KZgk (Bran) » AERU/INRIREBAZER » HIEAE
BRERE » KRR THEE : 28%FH (Whole-kernel diets) ; REFLHARES
# (Endosperm-germ s ez &8 1 ~50%) RARKILELEEAE (Endo-
sperm-bran » Hrpgk & E10~20%) o EREF—EEAHETHE BBH0%
s BZEA— T » ZEREBRHA S % 0 BIYHIGRERTS - RARBEZY S
s REENRE ) HHBFHERNERNAEZARIAZ—E » BENADERR
Heb > AIBUELHRE s NINEEERERSEME S » HEFHEENER
o WEMZHRBEBL » VIR ER AT RRMAZED o
AYEEARRNTER R AEEEE - 6 BERLSEREYIZT
RY » Rbige BB REE AR EEZZDE 78 » B (Thiamin, Vit.
B) - ¥#EFE (Riboflavin, Vit. B;) s FREW: (Nicotinic acid) » mhKE:
(Pyridoxine) » 7% (Pantothenic acid) » ik (Choline) RA#E (Biotin)
“9 o Cotton et al. (1945)CDigH I P IMARLE R » A RER I HIEER
BIN12.5% » SEEHMER (OREARER) TZEEEBER RN EEE
BRI o AR » ERFERKPZEHNERERR » BREAKFRK /i
R s FEEKhEEZBEE RRARROBERER KRR o
£9 ERENERBAPZEHEDRRERERER (B » 1978)40

Table 9. Reproduction and damage by the maize weevil in rice

£ i A S8 IERK XEBER (%)
B3 3007 49 242.4 9.15

28 208.0 4.26
% 3003 49 1,119.2 16.29

2% 1,028.4 11.41

a) BARBROAGRHAZE  4EEZPIE
@RI

B AR BRI » WIS EE - RH SRR (Air-tight
or hermetic storage) ZXEHW » ERELY ZARBEBZIARY » BEAERK
BHREZHIAER » Hyde“ BHHAMBER—BRANRL o

EHBEF2BCRETRAVR 2% » BRIEKFRITHEEETS o Bailey
8,17, 18,10 T4 SRAYRES) (Oxygen tension) » {EZF 2.5%~4.6% #E » 7
SETENEEERHRABAZENETE

Harein and Press“OH AR ARER > BRRA B ERIBRT » BRER
B o DRAESSELNH » HBGCAFE (Lethal atmosphere) T 7E F 5%
BE 1 %R B o -

Bailey (1955)OBWAERAREET » “HHORENICEHE » BHR
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EBRWAREE (15~21%) B » KRHF - S(maBE36%F » HREHH AR
BT o SRERBHED » HENRZSR (ntergranular air) » TRAJEEL L
EOERS R WA SRS » HFTLIEERBOE  EEE
KBS 2

Harein and Press“SYefEAfEIEAETZER » M58 R ~ ZHAHRES » 5=
EM=% (Binary and ternary) B& + BERERRPHI6% 2 St » &
RS HEIS% 2R » WHEERBRBIE - BEERW » LR » B
THEMEEE— PN » ARSI hEE = S0 » S-SR E
KABRESR » DHEESKEE » LS SARNBER—EKT » HEf+D
%E%%Zm% ) Emg%%l,52,53,54,76,77,87) o

WEBHOOEREANARF » HAZRELE QHEHEE » £EHY
Bl R—EEENERET - EHRAERBBELTRERKBESHARTR »
HECHARERBEARDTWEN  ERBERFHEHAEHEE o Navarro
and Calderon“® g iR 2 iS7EAHHIRE22% T » ERRZEER 3.3%5 »
R 4 RTERET » MESHHHRER » BRAEIAHEEZEFR » ATHEE
AR RBEEHECE (REE) o Navarro and Calderon®® s DI & (kg
REHRBS » FEREUNER  WRERTEXRRBEREAR » SANRES
20% » REER S B2 FACHK » SKEBRBREWET + & 95% ZIHAHRBER
BIE (@A) -

FREMNERABHENERSE BN SAMZEE » EERARSR
KA R » MEEREE » RERHASTEIREEE® o

BEANAARPARARTIERKBES K ZERAKSE (Critical level) 7%
ER B FE2I » EERESR 16.8%REKEEN » MEBHLHPIZE
ER1%EEEET » ATAEY o REBEBYT  BREERZEEZ
AL > FRFERZENERTRKE » WA BRLEER - HLESY
SXRBERBIOLEL » FREEHMABRREREEREEKT » KEYEH
HAEARBD KRS TAEEER » BARESKEAOMETS » AR ERFEBE
KZE s TR > IRNERBLRBERE » BYEKE » BEHERAEX,
TR » BRAEARZRRHE o

HAREKREEH1967 3| 926 BFARY 2 TRXTREBRER » 8UE
AFA S 2 HEABBEN » BEBREERT » EEERY » BERERSE
R TERYEZEE » EHRREREZES o BEHEESHERRENL
BERNEYHE » MAZELE » THEE BiR5ER (Free fatty acids) BB »
Ml 8 g B — SR AL » TR RKRBIBE 25k o KBERKR=FEZE
s EBERA R K ZBEEE » WHULERIIR RS » MAREEEEC o K
BRAWERER ARG TERET - REETHERRG » HHEARRD » THRE
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BRI Z— KPR

BARRED
HREENER » R EABRECRZAKEHER 420~760mm Hg

BB DE—EHNEERER » HEZEE » DAERNPEEEERZEN
“o WM BAEWHE » RESEBEREEHENE  AKB% - MYEHE
» F721925 Back and Cotton'" B EiBHEEJj7E22~25mm Hg BF » 7] Mk
BH¥AZ AR o Bare OO ZEIABE A A R » FRARALRER o Calderon 4500
RE/EH10~12mm Hg f1 16~200mm Hg K » HRERRBRERES » 6@
FHTE  BHEEARLNRER o Calderon and Navarro“Oz BEREUR » /-
FEENER  HEBRREABENZR » A RERNEERETHENE
Ao BIFraAR o BTREILE B » Navarro and Calderon g8 3 EE -y 100~
400mm Hg W » FlE THMIER HEH (REL) - %300mm Hg 2EBH&
B ESEZHSHEE » B 100mm Hg ¥ EFHED ; $REMET
258 (0 ~2/Nmp) » WERE (300mm Hg) 96/ » RSNzt » &

B REBIER B E IR IHZEC o
;ﬁ&g%m,as,ss) gH - @@%m%ﬁﬁgﬁ%ﬁﬁﬁ , Egﬂﬂﬁéﬁiﬂ(%ﬂﬁﬂﬁ ,

{ r.

lf —‘—xg.,;f*‘ =
:' FAO T
H ; / /i

E /
VAR

FEC-# (%) Martality
38888833

0G12ie3a 48 72 9% 120 w4
R (F) Time in days
+760,.———» 400,-——:+300, +-----:200, 0----~s100

L Hg: .

B 7. ERETREER SR> Ea (Wavarro and Caleron 1972a)¢®
Fig. 7. Longevity of Ephestia cautella adults exposed to different low

pressures
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HEERER Navarro and Calderon“PZERFEEH N HZ ERR » B3
HH o fiRB 2T HRFAS HBRAEERY - Wi RBHEEL S ER
B+ SERZOBIRHERNAEE o« RANERBERTIEE - BE ~ Z8 /iR
B (RRB—aERR » JERARFFEERATRN —EHE o
Gyt

BREHERT RGMERIHGREERE - BERNEERDCO™O 5 K
SEMTRE » HRFBRZAPR (EEEFIMNEEEN) H5E5] o Beard
TRSEE  HERAEBZEIER » WERHENEEZ RTS8 8ED o

Jung®® kT4 (Acanthoscelides obtectus) HJ5EL, 270~330nm;z I
REVHBIER o (FIRATRE » BT —FFMMERERT% (Embryological study)
o §# Navarro and Calderonyi%g » 4RS! » AP ERHEW L R
BH o EARE—PZWE » TR EELRENE R

AF-EXEATNHRAR » BEREARERBNNEBBRENCEEY
(Light and dark cycle) T » fTRZI 28,5, , WEIESIRIAS » B
BUEBNRYG » HEAMEHAERERE | BN EEREIWER » B
PRAR  ERIMER » BEE—PHHE -

Rawnsley® and Steele > BERILHMAEM TR HAMNERED
(Diurnal rhythum) » ZREIREINES > EECRBENBMUAR S - REEE
MRET » MBI EIREE B » RN » LB EE—PFfE o

MERERTZREER

LilEERESARRT MEBYERACAFIET » ZHHN &M
IMEERZER  EEESEER AR s S REEEE o

PUEE ~ BEXRAHEXSZAYSERBRRAY » EHHBE—E 45
%) B B CEL 35°CRRRR (23%)  BERETHZE 32°C» T
WP 0 § 32~16° CHefREs 2 %74 » RTEERZE 13° Crr » BTERTH
w BN o XE 16°Ci s RERR » ERFZRME AR » E 26~27°C
REERHEE » BN 26~27°C » BMBEEHEE - BARE 16°CH » HEAR
HBEHMAE » £ 8°CHESE » BR 28° CRAUZFTER WEAKET
o MMEAFEAERE—CR  INAREEXRSFZBER » REREEARS »
AMBERFIILE » MIEEHAREESRY ;s ARZESHALBEREREE - B
RBYBRSCEREXRSEERENREELEEGR 28° CHERERVY » LREER
B8 (Environmental index) £ 16.47Wo

B LA » fMZFES (Saturation deficiency) BAREHIRIN » ME®
BEAH T —ERENBBEEE (Thermal death point) FFETHE o HE—@
REEENZRS (ERELARN  HARBETH » BECHERERERHE
TR RAR R LRI o
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& 8. BBEMARTIKGIECEZHN (RYRMND GRS 1978)®

Fig, 8. Effects of temperature and relative humidity on the mortality of

the maize weevil
EEHABRET » EENEINE » EEEREERGREBREIEY » A

~ REMDAYEE » SR —BRRAMER R 288 (Predominance)® o
Btz ARHLSAEENHRIL  RENBRREREHTE - B

BIEB& » TEMNRLB A RE RGP AR R ER AR

M~% &
HRERCBEARAER 2 RRAERATERE AL BEERAHEHE
HEYIRIBRER o B STNRE h A fF BB » ARG B SRR » i
Bl AR R - AREEEFINERER » K2 » ERZBAGFD » HREEER

TR o
EdZATERERERNRE » £ &R P » —HIREESETIRERER

MZEIEEMET) » ARESRBRESE N RER L ERHBUZIRE  BE

~ BWER -~ KEER s KREDZARSEENRSERANPE - SEHBE

B AEEEEAR 25~30°C » SR 21°Cly » BIM RS2 BERETRER
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Fig. 9. Effects of temperature and relative humidity on the reproduction
of the maize weevil

B FREEREER 12~15°C» QIR BERRZE « XKRRERTEE
REARERZERN ATERYZEKEYSE » MHEYEERZEAT o
—RBRHE R HERESRRKR » AMEERRREBESF » FHZBAHRE
WREM o NEBYRERRSWERNETRET RZE » RAEATRREZ
(RIFEESUEM A E & RYIE o BYT 2R~ BETETRS Rk B
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10. BREEAREXRBEN (ANERSB) ZHMHK GERH - 1978)®

Fig. 10, Effeets of. t_empe;-ature z}nd relative humidjty on the development of
the maize weevil® . .

REBHWETER  ERARARSHER (Riboflavin, Vit. B;) ZBHWF: »
HETENEEE ; BYBBRREZE  BREPRBIELZHARE « Hib#
Y B MBS ERSTYERR 2B ERE » BORATES - RBERHA
BEEFZEFERFENELRERRE » —REFEEEER 2 25T » XK
B ER400mm Hg» MIRES 2 A FREBERFIZLE o

FERBERERZ AN » RTEERERAREEORMEN  AUERE
REZ AR » (EA BRI TAE » REBRIMILZ AR TR - W RRETR
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WEENSS » BREAEHZEE » AR AR ~ WE ~ £P0HEE
BB RES  FEENEERRARY ) EaRB 2 BERREERE

B B X R
1. $KAD 1968 0 MBEBRARY FEL « BEWE 170313945 .

. BRHE ~ ZE3CH ~ BIREE ~ AROCHE ~ SRRAEE ~ BRI - BRSRSE 1975 o EREHERRNEINM

REZRABPHEREE - EHEB2EEA 17:142-1490

. RELC BEEE - MR 1954 BERERTEZIREARBEARFRLEZHAE B

¥ 2(8):34-400

. EEE BBE 1978« B~ WERTENS (Sitophilus zeamais Motsohulsky) 24

Ve (ARBR) -

. R MWE 1977 - AEEHLEST - BIFREAKETHERE EWENRK

BHLET  pp.60-73 0

6. BME 1975 EEEEIRE : £YPIREBHRZ— - EREGEGA 1742-530

10.
11,

12,

13.

14,

15,

16.

17.

18,

. BIEER-EmELe 1976 RARTARNE  HBAF 7(3):26-34.
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Ecology of Storage Insects
F. K. Hsieh and S. S. Kao

Plant Protection Center
Wufeng, Taichung, Taiwan 431

Summary

The major storage insects and mite pests in Taiwan were identified.
Ecological aspects of some storage insects are discussed, with special references
to the effects of temperature, moisture, food grain, gas composition, air
pressure, light, and combinations of these factors in relation to the occurrence
and distribution of insects.

Stored grains may become infested from many sources, e.g., infested
grain holdover; cracks and crevices in bins; waste or spilled grains in or
under the granary; imported feeds or seeds from infested sources; migration
from nearby infested sources, etc. ’

Temperature is a determining factor in the development of all insects.
Unfavorable temperatures may cause the death of many insect pests of stored
grain, render them inactive or prevent them from feeding. Insect
development often accelerates with the increase in temperature up to about
42°C. At that level, most species of insects will die, if exposed for a
long enough period. Temperatures below 15°C considerably retard insect
reproduction and development and, if for a prolonged period below 10°C,
will cause the death of most insects. In general grains stored at
temperatures below 17-12°C may aid in preventing a heavy insect
infestation.

Moisture is another key factor to the safe storage of agricultural
produce. Grains absorb greater amounts of moisture in an environment of
higher relative humidity, Increasing the grain moisture within a threshold
favors a rapid increase in the numbers of insects and their infestation levels,
Rice and maize weevils are unable to reproduce in grain with a moisture
content below 9%, whereas flour beetles produce progeny in flour in which
all moisture has been removed.

The kind of grain or grain products may affect the fecundity, longevity
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or speed of development of storage insects, and may even influence their
survival and reproduction. The presence of grain dockage or dust is of
vital importance; without it, dry grain is unfavorable for reproduction.
Nutrition and the availability of food sometimes modity the effects of
relative humidity and temperature. The type of food may also affect the
ability of an insect to develop and mature to the adult stage. Insects often
show a feeding preference among various mixed grains.

Combinations of temperatures and relative humidities show a pronounced
physical effect upon insect reproduction and development. The insect
generally increases the rate of its reproduction and development proportionally
with higher temperatures and higher humidities before the Iatters reaching
a maximum limit. Effects of gas make-up, air pressures, and light alone
or in combination with temperature or humidity are also discussed.
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BHREAZELAMTHRERFR 2 EREE
Table 1. Rice tungro vectors in study fields in April, May, and
June and incidence of rice tungro disease in paddy fields
between June and October in Luzon, Philippines

® A B & B Ok B W
5 B Insect vectors Tungro disease
Year BO% MK M EE CEAEES B WS
No. per 10 sweeps Infeetive (27) Fields (%) Incidence(%)
1973 5.8 0 1 0.60
1974 11.0 1.77 45" 2,38°
1975 9.8 0.69 72 3.32
1976 3.9 0.18 25 0.33

* RENEOBREERMA

Rice fields with only a few tungro diseased plants were excluded.

* LA A BRI R R o

The Philippine government launched a green leafhopper control program
in the area in July and August.
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Fig 3. Bffect of number of Nephotettix virescems adults on the
percentage of tungro-infected seedlings
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Fig 4. Bifect of noumber of Nephotettix virescens adults per cage

at 0.6 insect/seedling on the percentage of tungro~infected
seedlings
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Fig 5. Etfeot of duration of confinement of Nephotettix virescens
adults on percentage of tungro-infected seedlings
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Fig 6. Number of moves of tungro-viruliferous Nephotexitix
virescens observed hourly from 08:00 to 17:00 hours while
the insects were confined with IR8 or TNI1 seedlings
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# 2. EREERARBREN ZHRRERRE BRER B
Table 2. Average duration of visits to tungro-infected and uninfected
IR8 and Taichung Native 1 rice seedlings from viruliferous
and infective Nephotettix virescens

IR8 Wrhfezk—it TN 1
- B ® WOHAEE EERE HARER ERERE
Vector Seedling Insect time Ingect time
Seedlings on seedling Seedlings on seedling
(hr [seedling) (br/seedling)
B W &
Intected 63 3.30 541 6.62
G .
Viruliferous %Em%ﬁtﬁ 655 1.93 1,119 3.62
L8D(19) 1.32 1.14
B wH &
Tnfected 63 3.67 541 6.90
b
; AR E 3
Infective Uuinfected 100 1.86 275 1,78
L8D(19) 0.91 0.42

¢ IRSEBPAK—RAIUBT - REMABERARETEY
Average of 12 trials for IR8, 35 trials for TNI,

® IRSERMhER—RA RS 2ERISIBHRSTHY o
Average of 52 inscts for IR8, 459 inseets for TN 1.

| 2HRRRRRENBREZYE
HRERERFARREACH AR TR ERRE (B »#%
HPBRSRRERRENER » RBHRZBRERBRD
AEFANERE  HERTA » FEARE » BRTAREE 2HRRES
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Fig 7. BEffeet of nomber and duration of caged viruliferous

Nephoteltix virescens on the percentage of tungro-infected
rice seedlings
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Fig 8. Effect of number of viruliferous Nepholettix virescens on
seedling infection with tungro
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£ 3. BEEBERCRREEREHIRERERRAS & T
BEEEZERE

Table 3. Percentages of seedlings infected by tungro-infective
Nephrotettix virescems serially transferred at different
time intervals from 08 : 00 to 18 : 00 hours

%ﬁﬁ§§ % g gsag REMEE Inﬁcte%se?&lijfs (ééo)

W OE O O
Transfer Infective Seedlings  Total

interval insects exposed to survival of

(min.) (no.) each ingeet seedlings %in{ﬁ vag? ﬁﬂaﬁ
(no.) (no.)

5 21 120 2,415 0.9 2.0% 5.4
10 17 60 984 1.7 7.3b 19.0
15 26 40 986 2.6 11.8" 31.4
30 23 20 441 5.0 24,1° 63.2
60 31 10 288 10.0  40.6? 90.0

b OELFRRAE  RERRESYHELRE
Means followed by & common letter are not significantly different at the
59% level,
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Fig 12, Percentage of tungro-infected seedlings of each pot at
different distanece from the virus source in a cage (means
followed by a common letter are not significantly different
at the 59 level)

% 4. FAARBERKBRREFESRERHNBRE TS
Table 4. Percentage of tungro-infected seedlings of the rice variety
Taichung Native 1 when diseased plants of different
varieties acted as virus sources in cages with 180 adult
insects of Nephotettix virescens for 7 days

WikmEERTD # R B Y B oW B
Virus source No. TN1 seedlings 9% Infected
(variety) tested seedlings*

IR 20 4,604 29*
C4-63G 4,502 32e
IR 22 4,326 63°
Bh7Edk—ik TN 1 4,347 71°

* S RENY 0 HERRE SYTEERE

Means followed by a common letter are not significantly different at the

5% level,



133

£ 5. AR TRATERABEARNERERRCERE
Table 5. Seedling infection of different rice varieties tested by the

cage method
N B R WM A
Rice variety Seedlings tested (mo.) Seedlings infected (%)
IR 24 1,701 17
IR 8 1,739 23*
IR 5 1,689 24+
IR 20 1,619 43°
1R 22 1.714 62°¢
Brifek—gk TN 1 1,635 68°

* EYFRAE HERRBSUZEERE
Means followed by a commom letter are not significantly different at the
59 level.

% 6. AEA THATEABSARRRRARBERZBRE
Table 6. Seedling infection of different rice lines tested by the

cage method
XK B & % B R W B 3 -
Riee line Seedlings tested (mo.) Seedlings infected (%)
IR 1541-76-3-65 1,612 20*
IR 1514A-E597-2 1,719 252
IR 2061-464-4 1,326 27°®
IR 1529-680-3-2 1,535 32be
IR 442-2-58 1,720 37°
IR 1561-228-3-3 1,683 581

* TS HERRE SUEERE -
Means followed by a common letter are not significantly different at the
59 level.

®~ REER

LRAENBREHE | EALRKE (Phytotron) A » AHTFERER
EHRRBRBREZYE  BRANELY » DREERER » BRENE
ZEBH - AERERTRERMSR » B/ REEH 24/16 E 30/22°C » B
By ZRAREREEE - BRASRIRHR 8% » EH/TEE 24/16°C2
TRERRE 30/22° CE{E o HEBRAEBREE 24/16°C K 27/19°CRE
27/19°C $2 30/22° CZZERRERBEE - TR RENBREZHEZHERE
BZHDHESR -
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£ 1. TAERBESASTEARRERZBRE

Table 7. Effect of temperature and virus source availability on the
spreading of tungro virus by Nephotettix virescens in a
susceptible rice variety (Taichung Native 1)

. BRBEERER—& FREFFERMA
H | REE With 1 pot of diseased plants With 4 pots of diseased plants
(BTN - - - .
Day/night ERAUE BB RS BEREH BR$
temperature® Seedlings tested Seedlings Seedlings tested Seedlings
(no.) infected (25) (no.) infeeted (%)
24/16°C 1,717 33.5* 1,373 61.9*
27/19°C 1,682 37.1%® 1,382 67.4*
30/22°C 1,716 43,1 1,360 72.5%

¢ ERBELIZNG o
12-hour day/12-hour night.

" BRARAELERE  HERRE SHZBERE -

For each column, means followed by a common letter are not significantly
different at the 595 level.
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WZEERRSR » BEKEZBERER 46.2% » REKER 31.9% » HILAE
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Epidemiological Studies of Rice
Tungro Disease

K. C. Ling

The International Rice Research Instiute
Los Bafios, Laguna, Philippines

Two approaches to investigation of theoepidemiology of rice tungro
disease are the statistical and the experimental. The statistical epidemiology
of the disease was studied by collecting, collating, and analyzing observations
of its incidence and of information on existing factors related to the disease
in 37 farmer’s fields in Luzon, Philippines. Results obtained in 4 years of
study secemed to indicate that tungro disease incidence between June aud
October was correlated to the average number of insect vectors and the
percentage of infective insects present between April and June (Table 1).

The experimental epidemiology of rice tungro disease emphasized on the
effects of various factors on disease incidence as determined by the cage
method (Fig. 1). The factors were classified in four groups—insect vector,
virus source, host, and environment. Study, illustration, and discussion
dealt with the following topics: dispersal of Nephotettix virescens (Fig. 2),
effects of number of insects (Figs. 3, 4) and duration of confinement of
the insects (Fig. 5) on seedling infection, differences in seedling infection
by nymphs and adults, movement of viruliferous N, virescens and seedling
infection (Table 2, Fig. 6), effect of viruliferous insects on seedling
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infection (Figs. 7, 8), capacity of N. virescens to infect seedlings (Table 3,
Fig. 9), effects of number of diseased plants (Fig. 10) and arrangement of
discased plants (Figs. 11, 12) on seedling infection, estimated maximum
distance of a direct virus source, effect of diseased plants of different rice
varieties on scedling infection (Table 4), difference in infection among rice
varieties (Table 5) and rice lines (Table 6), and effects of ambient
temperature (Table 7) and watering the seedlings on seedling infection.

The incidence of rice tungro disease is undoubtedly governed by a
number of factors. It should be easier to make a negative prediction than
a positive prediction of the disease outbreak, because an outbreak should not
occur when any factor essential to its occurrence does not exist in fields.
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ABERRIBELRECEEER T E 2L » ShEREEERANE
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F 1. EERERKBEERCBERR (AF)
Table 1, The distribution and acreage of rice yellow dwarf disease
in Taiwan (ha.)

iesh srop” Booond orop
i Yearg irst erop econd crop
x H B &£ B8 3 H
Field stage Ratoon rice Field stage

1965 — . — 8,032(ha)
1966 47,152(ha) - 37,084
1967 2,350 ) — 27,728
1968 235 _ 20,283
1969 10,358 20,757(ha) 19,976
1970 3,990 20,018 34,573
1971 3,414 14,200 23,519
1972 4,007 17,581 16,116
1973 6,489 12,918 9,806
1974 1,077 5,737 11,859
1975 706 4,143 7,750
1976 1,318 5,297 4,839

IRERESSKEERR o
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B 1. 1954~19714¢ bPER TREKBERZETHEREN
B (ATERUHARBER)
Fig 1. The fluctuation of the total catches of rice green leafhoppers
(Nephotettix spp.) from January to June and July to
October during 1954~1971 (Data derived from light trap)
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B 2. 1954~ 1971F6FT A RAERREET REYNE (ATE
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Fig 2. The total cateches of the rice green leathoppers in June and
July during 1954~1971 (data from light trap)
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OTREE BURA B BRI
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{872 15° C FTREZS8H ZA AR E BRI o PR ELELS £ 1°C TN
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BER 2B
% 2. BEHEERRAEEERNBSE N. cincticeps BAVE

Rz (| RBEEEN)

Table 2. Effect of temperature on the latent period of RYD
inoculability in N. cincticeps (Chen, unpublished data )

& R OHE
Incubation (days) MR ARY

ﬁmpeﬁﬁe&) Percent trans- g%lﬁeﬁ»f
3z B [ mitting insects inseets tested
Average Range
15°0 0 0 0 43
20°C 53.3 45-80 20 30
25°C 24.6 22-37 86 30
28°C 22,2 19-29 76 58
30°C 21.3 18-27 70.5 54
33°C 19.4 18-27 77 52
ORERENTEHEERERERECRE
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HHEZBEEFREAEEERARITMAZR - FECVIBM N. virescens &
REDZBMIETAR ZA » HEEMAZ BER—T7 » Mg R BB
ERRg TS o N. nigropictus FiBABRHEREHERAKEKS » BES
e FEE=H » IBRBERBESETRER
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[ 6. HRRRRETARS R BER (1974, XB)
Fig 6. The seasonal change of population density of the vector leafhoppers
viruliferous for rice yellow dwarf disease in the field (1974, Dali,

Taichung)
B Z A E RN IR R E RS » & 3 A THEH  £5 A LablekE
Rz Lt BIRREREEZ B o
* 3. BERBET N. cincticeps HRBRAREY (asa
& » 1969 H AT bR EHD

Table 3. Seasonal changes in the rice yellow dwarf-carrying
population of N. cincticeps in Ibaragi, Japan

HERH
Date of Apr.4 May 9 May 30 June 25 July 16 Aug. 10 Auvg., 24
survey
R EEE(%)
Percent 1.39 4.5 21.1 0 0 1.5 20.2
viruliferous
neets

X — — = <
Eineﬁtﬂ ﬂ%’c&g_g % ﬂig %&’rﬁg R §€ ﬁ%‘; %ﬁﬂig Sy

B
Adult of Adult of Adult of Nymph & Adult of Nymph & Adult of
overwin- overwin- overwin- adult of 1st gen. adult of 2nd gen.
ter gen. ter gen. ter gen. 1st gen. 2nd gen,

IREEE - AHIH PR » SHIRRBE » DISTERERE -

Location: Apr. 9, weeds; May 9, rice seedlings and other collection dates, rice
fields,
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% 4. BRBBETF (N. cincticeps) BIREBEFEBEWY (W
B » 1967 » HAEISER)

Table 4. Seasonal changes in the rice yellow dwarf-carrying
population of N. cincticeps in Miyagi, Japan

= E .

N 1962 1963 1964 1965 1966

(om0 Mar.) 42(%)  3.2%)  1.0(%)  35.6(%)  5-0%)
47 (April) 16.0 4,4 0 12.1 5.0
5 H (May) 0—39.0 4,2 2.0 8.3 1.7
64 (June) 0 0 1.0 0 0.8
7H(uly) 0—5.0 0—1.7 1.0~2.0 0—28.3 0
H(4duz.) - 5.3 2.0 12.0 9.0

% RERZEEHRE
CREBLRR
LRERBEENEHBRAE

BE O qEBARRERERECREY 1 IR 2ADREZRERE
F o BLERP B 2 EBRERE o MRS ORKE 63~65 £ 1 2 A

(REERFRY KB EBRETRE 2,004 £ BIRERS 13.4% 0 R
s 654E 2 A SR AR S 21~28% o RERMT~ H_RI|GEY» 11~2 1
PEENERERBRETTEERIIS 53R (FR61K) » HEMTH X
(EES3R) - R BREFR AR PRIAR I H RS MESREE o
B 0 65~664E A HRFAAZ HHE N\ EEI/DNEZES EARBRET
R (ER) o+ —RTABZ | ~ 3 #$HEHIE10.2~17.3% 5 4~
St 7.3~19.8% » Fill 67.4~82.5%49 o N iR BRRET
LA T ey - #AHAN o BRIIBRREE RN BEATELERR
FRARAE » AN ER N EBEREZEE o IWTHRERBHEI2~ 1 A
731~ 3 EREINEREE » BREERI.I~UYZAREREREE
ERAAMNBERE EELHRBELC o HIFRCR I ABRILA B
EERETREANAREFRERZRAE THERERE 5 A HERHERE40~
70% o Fl—RBNAEHERMT T ERBL HERHERI~T8% o EEIF
BRABREUZAEER » LEHIOA TI~11H LANERKZ RBERHE
T 69~94% » 11 A B ARFZ BB ERHRER 28~43% o 11 A AIRAR
Bz aBEREERE  HEXNHEEEHREREABRARM @0 o ERE
M SRR EEAREEN B HENRL » BEHREOFERBRBLIERR



152

# 5. REI6S~66E RN HE L NRERE T Rinkige
Table 5. The instar structure of the rice green leafhopper collected
during the overwintering period in Taichung areas
( 1976-1977)

HAEEY 2 B o KB - 5 &3 Total
Daio of Inseot 3 A WU Wk BE L3 S BE B 5 5aE
N

Survey instar
o. %

Dee. R & .
1976 Adult 481 709" 130 353 429 34 49 6 2,191 67.4

1—3 .
1st-3rd 139 76 188 81 61 0 17 1 563 17.3
instars

4—SiEs
4-5th 128 37 57 160 110 3 4 2 496 15.3
instars /

Jan, ) A
1977 Adult 263 95 186 228 246 26 49 6 1,099  68.1

1—3

1st-3rd 49 2 29 43 55 0 16 1 195 12,1
instars

4-—5 ﬁ .

4-5th 137 2 24 89 59 0 6 2 319 19.8
instars

Feb, R #
1977 Adult 24 78 125 39 34 44 178 10 532 82,5

1-3
1st-3rd 0 32 1 8 10 2 12 1 66 10.2
instars

4—S s
4-5th 2 4 3 13 16 3 5 1 47 7.3
instars

REBHBTRERR 300 R2THEK

Pigures in the table are mean number of insects/300 sweeps,

9 A H~10 LAMARFEERSE 5 A £~ hARMBMEIR - MREERCT~T9
% » 10A FALEM AREZ RBZEXE 5 A THRMBRER » ERHBERIT~45
% o FEX IR EIREERN 9 AhwElRE - BRRETREAR LEY » #Ht
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HRERRE LERRE » D4 BB REE S o TV HREFRE T 12~ 4
AMEBREE 1 ~5°CH » EREBRWELT » BLRERRETHEDLS
* ATAE ~ PAZERUEDRRS WTER2~38) o fIiRVAE
HERNF KRR » £FRBAREMRBER -

2fE AL

FEEEH » SEFRBNERRNS SRS » ERRETRERBRCER THEZ
A ERERRRS RGN » DEEA PRAMEEARREERE TR - §
ARATEESENE - SRKEREHNZREESERITAMAZRE - BK
UORAEREARER A BHA-BR-ABZEERRBLEALRTZA
DEBEEERD » LR ER BT

# 6. BaYNABHEAEEERRERERYREYY
Table 6. The incidence of RYD disease in regrowths from the
second rice crop in Taichung areas as surveyed 1974-1976

BE W B A E & A A E K B BLERERRERED)

Location Date of survey Hills surveyed 9% Diseased hills
i CL R ot 155 i
L emmume Do 6os e
N
w | Remamaz DI o 7
Cwewren R i
Lowwesse 2T 0 s

* 0.1 SUERTEHEERE MR

Total number of hills of ratoon rice in an area of 0.1 ha,

EHAAMBEXBRESFARRFRREEERLBREZ—CY o Hi
REOBHERRHENRABRIRREHTETRLORSR o MAFEEAM
HBEEER - AR 2R BERERERRS » ERAZE » BERERS
' B4~ 5 AHBLEFRBARBTRAE — A SRR 2 BRE o

SRAMEERL

FTUgoe MEERIR  Alopecurus aegualis, Oryza cubensis B
Glyceria acutifora TBEZRGSLEY o EREEER Phragmites communis
BRRTHEEEEDZ— o AHRESOEXBRRBLERRRUERERZ
B RARCEATBLERE2KER » DIR2ENARMABYABER o
IMEEOR B B RRERSZAER B TREE B - ReEaBEEERK
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FLAERER R BN O R R EERZF T o RERSOR
H s EAMHBE AHNERRRREERE LT HE » RICRR o

BRES “0 pRSABUERREEINER L » IRRURT R s 2
RERETEHRIRA » FEEENAREE SRS RIHE N ERTE
RE (FB) - EHEPERRBCKBEERNECHE » SEEPHERER
REERRIRE 2 THERD o

£ 1. KBRERAANEEFHE

Table 7. The gramineous plants experimentally infected by
rice yellow dwarf

BERE BRMNE B R Y ESEkEL
“# B OEE S A No. No. s La.tex:it RZ tﬁ fm
. plants disease perio: eaction o
Plant Inoculation date inoculated plants (days) backinooulated
rice plants
F & F Avng, 1975 7 2 61 +
(Leptochloa May 1976 10 2 67 +
chinesis) June 1976 10 4 60 +
H ¥ May 1975 5 1 59 “+
(Imperata April 1976 10 2 73 -+
cylindrica)
b K xr April 1976 10 3 115 +
(Leexsia
hexandra)
¥ 5 March 1976 10 4 125 +
(Polypogon
Sfugazx)
= H E B Mareh 1976 10 7 116 +
(Digitaria
setigera)
m B June 1976 12 4 42 +
(Paspalum
conjugatum)
B ERE gu Mareh 1976 9 6 110 +
(Digitaria :
Fauriei)
Feb., 1976 20 3 76 +
(Alopecurus
acqualis)
OERERBEEZMT

EPHEKBEERBENERL N. cincticeps SXE» N. nigropictus
KRZ+ N. virescens SHHLAIGE - E_HBKEIBRBELZBEBETR 2~
3ABRREERESEERERAEDHARBL . - ZAMEREAROE
ERFREHEISK » B i R BT R SR B AR AR
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FRHEERIRY o WA BLSRRZWA B(ZEPHE 22~23°C) « ZHATH
» By FERRBHAA I BURAL 5 BRI EME R RE BB T =z E Rl
» R EAA S~ THRRERERER SRS e B - KRR mEAH
Bl TSR S A B ARRE o BRERRETHREAAFREE
R R 2R R AR o EH— (BRESABAHD BB KERZHER
AEIUA THERLA R » WHBRPETATRES -~ KREMAREIREZ
BHEEIER“TTREA THEAA LORBEERE » SRRfi i
RERB (REEREEFEAAE o

SR HAGE HRAA FERMESRE - RER-EA PV RKEREZMEE
A R S TR A T T e S R B A I B UK F A 2 7K A o i EEL IR
AR o BLEHR A AR R O e RS BRI R R -
B—lE® (CAPRER) BARBRER » EENRRNLRETRE
DARENA BRSBTS o BEBAMAA L~ FHEEBREETHRARE
BB O HERE - RENFER BREERE SRR RELRE
EWR o A HEELERRRES bR AR REREE - B8R
ERTHBRRE GRHEBRE) ZRBERS IR SRR 2 ERERI
REZRE (Bt o

B_HHENM iR RS ERNIR Rz KBERSERHEZRY (L
Hepfp) HERE o LA TAMEEBEA AR BRARRESREBRTA
b~ PHERRERAR L o EFRG e ABERZHERD O ZHFRY
BUKEI SR R E A BRI R SRR TR E RS R AR -

FERANINHE » BREPETRIEKTERR » S—ERSREHIAH
PISATRA 5% o B_EIR . CE—IAD HRBRRD o REBR6 ATHZETA
HEBAEA - AR BRERRAE T - SIS R BRI o BER
IR 8 A ML RGN ARHIRE o 107 DR BB R
MATIRZE 4 AMLERRESRE o BABEZE  HEBRRBFERRIUR
B BAZFFHRERAE— RS ERAETR 6 AZE T A LAEERE .

EREHERNESRE N. cincticeps —8 » REREBBREHM » TEH
FARIEERS - B HAHERT - T ARNREZZE LA BRHBER
ELAMEREES o FHIKERERER T Aha~8 A L AN ERIIER
TEHARIATYR o B—HAE RBRREERR » AR ERERED o 1
RERR 8 A LHBRMHE » HRB—KREBHTHIRE  BRIZEES ¥
MR BEAA TORARETTREALB ERRRE

A KEZBERBRREBEROTE
ORkge s BIREHHERZPE
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EERTRBRRSERS » MHREREL o BRROBHBRESER
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BN o iRk LRSS RMAER ) BRERANBRE R BRER
2% RE o BRI RGE BRI HIARBUERED o

W5 BRI B Z

R R BRI A B T AT R R B R B R © R
BEEL  THORRERSIRZY ~"s o HIEEILBR2ERBIN2 ~ 32 BFE
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HRER o WERBEERREFRIAZWIRR

@) FEE A E R A At Bz e

S —WIHEB B M E S IR L R RN Z KRR A A A D
S BRE o BN Z 588 EJ5 i3EMT - BfR 2 MR RRIR(L » T
WEE » BRZEEA N - 2R - RREE  REERZ - BRER
HBVRBZ MO BEE » REBREBETREE A/ NEEMSE -

OFERNEERPBHRZRE

HE—HUEA TR YIS ERNR B R HRE K » RaERAER
REMEBRE - ELRBEEEABRZTHEHAUTREF SR8 X
ALER M EREEREE » WHBR MmN » ARARD » BRTEH
BB T3R] » —REHEH > Ar—EREYBBT ~AH o ERHK
A% RINE—HE

ORI R R

SE— AR Z R B — M s RO R G R R 2 I K RE ] B R
HEATREFH LN BE » BEEFLH BN T o 0 BRI K R
RIARBBEMEGR » EBCEER B P AERRRBERE o
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KBFABHIZER ZRRRFRZLE o HRABRIEE » AERIPTR
HIBAZA  RERRE—EAC o EHERRREET » KEREBRIR
REERETABBER » 15°CUTREE » BRIER ZFHHEEAEBHE
o (B7625° C JRER: » BIRFIMTER P o

EETHE AR T » WA HHUEBEEC KBERTERE=A ToRH
BB ERIRRENEA ZA (K12~ 3 AR ETHEENE 16~19°C4
B o ERMA—-HIFER S BRREH -~ S8 ZNRMAREEN 18
RHASYBIRB2 » 695 51 B 35K o F e HIRG AR - B R m B e e
35~38HMH » AREMREETERRBCD o WROVESHB » AR ZHR
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HRENBERBEEZELORR  KERERRAZRBLAEEFRAR
%o BERCOBRUHPHRZEZABRREER o i~ RRCOREBRRAR
AREER=AXETESR  FEEE (7T AEHER BREEBZU L
s (8 H6H) #2~3%%R  MKEE (8 A2IH) E—HEmERH
REG o HhAEB S IR AR 2 B A UK A0 A IE fE — MR A R &I » kR T
BARHERFREQEHRIEERD ~ WHEES o

BARE - ju.ﬂﬁhg(s,gs,n,:s,20,37,37,33,sv)@ﬁqﬁ%mﬁggﬁ@ﬁﬁgﬁ
B RERERZ s —BBERERD o MECREXBRE RIS KERRRE
27.6% » RAERITTE5.3% » —BBIENBLBEOC.4Z 8K - EEZRTHKM
EHENEHBREVILEE hEBFHERENRECKBRESAL 77 B
EHEE S ATE  —BRRISE 6 A THER c MkE 4 AR~ 5 A TER
£ EBRERAL S A £~ pABERS S A TIRENAEERE 26
HHEERTET e — kg2 KRR B A AR R 2 G BIRBED o

@R ERBRONR
HEEECONINEEERFL 49 AXBME (BHEERIRE) HEER
2GR R BE 49 AREEBREERE o ph BB EIFEF105E
~ B 388~ Tetep LRMBRIURHE o B~ RO AEAKERRE
Fe 2,610MEERR K 3 M ARAEIOENRE c RERBRBERLMWHE
B RRE T E » B ESRZ KERT—K o fiEAM &+ Firooz-1»
Kabara &+@MEHTREREE > WHIRIREEZEA  KEIBHASHE
-~ HWSTFA - RSB ~ [GESKY - Bl (Bl SBEFREREL
HEHRYE o BRI h R AER AR Z RN AR P s R
» WEERBEAAERE
BRREzERERERREEN  EHRARSEET  RREOEZEREL
Brp o G ERE o
OABPEXBRRZET
HifEE » EREEAE VS GREXE IR - RBPSFCVEHERER
BHREBE o AN ~ EBREZRUWERRZEER (Dwarl ) IFiEHS RILERR
REREERE » (RESZEERRNBRBETERYTR « HH ~ NFZK
ORI E TG » BATIER  ARERS » BIAR ) BRAKRE
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CEEBREERZYE .
AERLEERNESRAEE YEY » LRSS
AETEIG o BERCOWME » K24 E IR R EER o UK 36 5
BAMARRRET » 1 11 LB IR E » 12 36 (WORIURED #
BERETSY » 138K (M) BEEWERY » UBEEERETZYE o
FEEE R MR SRR ~ M2 IR 9P S HIERBE AR KRR » 21 5
BRI 0E L AR B SR » IR AESOZET0R (S BEHIZ 2D R
# 5 WER 28% o THMOOK (BMBHD HMEXBEBELW 6.5% » ML
BERXKETSYE - EMMHARANAT » EHABHEAME  RE—HEET
RASHERESIRES K 20% ; S-S SRS ENEEXERELE
B 93 %54% o« BRANRAEHERE KBERBEA TREELERER o
B~ RO ER A (68 BEEh 2 RRKERER Bl 15 K
B 6 MRMBEEREFSSY  BEEEES » 4 3 2R 1KE KFR
EAE69 » 500 472 34 R 14% o BHRBERY » REBLEEZEFRES
BB TEARR o
ORI g BHR% 2 B R
HER R R E BRSBTS o NER®E] Koshiki-
kari SHAMEE » REEGHNNHIFEERKER 75% ; ZRONZE T
TAEBRR B 31% 5 HE PIE R RIRIRREEIK 24% 5 BROUAZ IS
HIERERIK 17% 5 SRS RIRBRERI 13% © FERE2HE07E
H o RSN E AR KRR R E 6 o EREE o
e ch M A MR R BRI L T » ORI TR R Bl E R
{B47E 90~100% » ZoRENTH » ZRUASYE » HREHIRO R EEERARE
755 425 265%23% ; ERBIBFRERGIRNSZREBRE o L REEREK
SRS — e y="T77.0593—12.2015x4-0.0485x2 » 48 —HfifE y=237.2695
+4.9648x—0.114x2+0.00058x® Xrp y BEMERBEAE » x BERBERR
ZEEY e (BN~ L)
OBHEEZER
EEFRCBAREFREARSR > SR (B RESEAEEEZHERSS
23,5470 o (LK~ {SEF " RUDIBIMACE R L —EE AR AR
BEECREAHEYBFFENEEETRN o AERRMEE(y ) BERE
BEBRE ( x ) ZMRIL y =0.149x—0.735 [EEHER o Ty 548 1 EBL
BAEHERNEFEATERRELN (X ) 2RIy =0.0133x—0.22 |
BHER » R AR ARSI ER o
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Y= 777.0593~12.2015X+0.0485X"

REEBLBEFE Percvent of yield losses (%)

90 0 10 120
SHRRC LR 2 AR (BRI R

Plant age at the first appearance of symptoms
( days aiter transplanting )

H 8. KPEERTARHNRERBREE (1976FH—HifF)
Fig 8. Effect of rice yellow dwarf on yield relative to the time
of symptom appearance (first erop, 1976)
INEREZEORMFEARA M BT DI 1 BB R AR E L K ik
EHE ARG RN » SRHMEEERNRRE (x ) BAETHZERYHE
EFET AR (1 =0.9728%%) ¥R y =3.912+0.26 x [EEFHEX © 5 1 ElR
RS R th A B TR R A R i 2 TEAHBR ( 1 =0.9101*" ) ka7 y =0.62
+0.66 x R HER o MEHAEBNRRE (x0, (X)) X& 1 ERBHRER
(%), (xe) EAEYRER (v ) ZHEBEEZHEF( r =0.9668**) HELy =
0.133x,+0.38x,+0.50 B HER o LBEAERNBEEFEBOBRIRZEL
TRUREZBERE o
EEGHESE - HEXAREERZEERLRER- A NRERZEN M ER
o BIEAMBECOXBRAERARRES » FHTRE 56~65 FH S AR~ 6 A
B>sTABS(S+TI)ABSC6+TOABNR(S5S+6+7 ) ABZNE
17 APERRETHENZARYE - SMERNERBEMESEN » E2K
HAREEEERAB(5%) HEZ WHHWNERS » TAGHOEES
WDz 8% » WHERE—PRE -
1A HRBS58~654E M 2 A B — THEF A B RRE SRS IR R E RN
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H 9. KEHERARA SRS EREL BB (1976EE I
Pig 9. Effect of rice yellow dwarf on yield relative to the time
of symptom appearance (Second crop, 1976)
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Epidemiological Studies on Rice Yellow Dwarf
Ching-chung Chen

Taichung District Agricultural Improvement Station
Taichung, Taiwan 400

Summary

Active individuals of the rice green leafhoppers, Nephotettix spp.
that carry rice yellow dwarf (RYD) could be found all year round in field
collections. Two peaks are observed each year. The first one is in February-
March with 26-29%; being active transmitters. They become the main source
of inoculum for the first rice crop. The second peak appears in July-August
with 10-36% as active transmitters which transmit the disease to the second
rice crop.

The green leafhoppers that survive the winter season and carry the causal
agent (an MLO) play a very important role in the spread of RYD. The
surviving nymphs of the 7th generation which have acquired MLO from the
diseased plants in November become the primary source of inoculum in next
January and February. On the other hand, the offspring of some adults
of the 7th generation may also acquire MLO from diseased ratoons and then
transmit it in March and April. However, due to a low population of
RYD-diseased ratoons in the cool season, the latter might not constitute an
important way of spreading the disease.

Seven species of Gramineous weeds may act as hosts of RYD by
artificial inoculation under greenhouse conditions. They are Lepfochloa
chinesis, Imperata cylindrica, Leexsia hexandra, Alopecurus aequalis,
Digitaria setigera, Paspalum conjugatum and D. fauriei. However,
the symptoms on these weeds are rarely seen in the field and they might not
act as important hosts of MLO in the disease spread.

Infection with RYD mainly occurs in the seedling stage or shortly after
transplanting either in the 1st or 2nd crop. Because of low vector population
and low temperature in the early part of the first crop, the disease incidence
is usually low and the symptoms appear only after June, thus the disease
exerts little effect on the yield of the first rice crop.
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Fig 1. Population echanges of Xamthomonas oryzae and other
pacteria in paddy irrigation water at 30°C. Ordinate
numbers represent Log of the bacterial cells per ml
sample. Open ecircles, X oryzae alone; solid eireles,
X. oryzae when mixed with saprophytes; open triangles,
saprophytes when mixed with X. oryzae; solid triangles,
saprophytic bacteria alone.
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Fig 2. Population changes of Xamthomonas oryzae and other
bacteria in paddy irrigation water at 20°C. Ordirate
numbers represent Logm of the bacterial cells per ml
sample, Open circles, X. oryzae alone; solid cireles, X.
oryzae when mixed with saprophytes; open triangles,

saprophytes when mixed with X. oryzae; solid triangles,
saprophytic bacteria alone,

68750 » IR EHE U ISR » RSB W ATF0X o lREE
SRR RIRYE » BB E LB TIAREBUNRIR » SRS g H M A A
B SR A BTG R GRE T W E R R R R R AT » SR
REEAIK » BAFHEJT A » AiE 20°C > AREHRE 202 LI % 330K » 54%
AT 90K » T6%5 I BAF607K » 10025 IR BER - 5 K (22D o LW HER
ANZRERERFTER T RS | KERR -

K #EE » BRARERENRREBERE » MR EEEREALT
PR mE o ZWRECRAFIANER  REZBEME » BHERESRR
HYTRR » ARG RS RERFER - AEMREERENZEFL



174

£ 1. KEEERREELBA BT

Table 1. Survial of Xanthomonas oryzae in soil

Period of survival (days)

i} B
Temperature (°C) + @m & Xk B
Water content in soil(9)

0 20 40

1- 4 175 160 92
10 125 120 80.
20 30 33 32:
30 15 8 4

® 2. BERREHOENREEERABFZVE

Table 2. Effect of temperature and relative humidity on the survival
of Xanthomonas oryzae in ooze droplets

7 H
Period of survival (days)

ER:
Relative b=} Jicy
humidity (%) Temperature (°C)
14 10 20 30
0 >420 >420 330 150
20 —F —_— 330
30 —_— —_— 210
54 - - 90
68 - —_ 90
76 — — 60
100 — — 5 s
* BRETEHEPR

No test was conducted.
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% 3. BERREHOENRREREARTZYE

Table 3. Effect of temperature and relative humidity on the
survival of Xanthomonas oryzae in diseased leaves

H
Period of survival (days)

O OE E
Relative bz )i
humidity (%) Temperature (°C)
1-4 10 20 30
0 >420 >420 360 242
20 —* — 340 —_
30 — —_ — 200
54 - - 125 —
68 - - - 40
76 - —_ 110 -—
100 185 110 40 10
* EEETEERR

No test was conducted.
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HATHEMES® o FILEFREENRETHENRSEM » EEANEE  FHEE
HARLMBTATHEESHAC » RECETRZBEZBEVEEL
AR ERAEEAN 2T | BENEETHBSEIERT » SRR
» BIASRERE TERE » Blg  BREETRERS » SETh2REHE
SEHBEED G M2 ETFEKERE » BAREZRE » BREEHR
ZEETRERLTR » B BEETIS o

# 4. ERRRBFTOENREEETRZAR

Table 4. Survival of Xanthomonas oryzae in rice seeds under
farmer's practice in Taiwan

B F B A ¥ R R B &

Percent seeds with X. oryzae

]u%i’%%ﬁg %Fir—;t f‘ijop{}r5 % Se:c:c;nd c%%p fe
harvest g
2 ; &
Dried under sun¥ Dried under sun Dried under shade
48 59 59
3 29 32 58
20 12 18 45
40 8 9 23
60 (o} 0 13
90 0 0
100 0 0

* BEERE EEBETHR=X

Seeds were dried under sunlight immediately after harvest,

AN EZEE  BETTHNAENRERERNE ) ARRETHAER
BAN—ERERILATREE TS » REPRERELEL BEE » aRRLRN
ATEEFEETLIRINE » BFRAERI) S » ETHERABORE
FERNBERZET AR AR IENET B » BFETr » X2Hw
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RELETRY » ERET (28°C) BREA/NHET 9%HREEET » B
#%E 3SRANREHETHRIRE G » MERERET (5°C) BfSX
BT HERE » RREENEARATHEERETAA RS RAEREE
B8 o BREREHZNERWEIMT - 4 AR —ER » RTHRENETE
B HETRZRE » BUREErES R M RB T IR ESLT » BRM
HPEETI RN BYRZER RE » FF 6 RETHUSBRE » BAELE
P ARREER » EREERRRET DI REEE (Epiphytes) 53]
B BEALL  —RERREENREEET HEL R ERES® o

HRETTHEEEOENRE » RLBERUSEETRENE | AEYHE
BB » WERE 53°C 1/MEE 56°C - 3058 B0 ] BEEME T o 2k [l
B RN BERTIUR R RRET P ZREEE o

% 5. DENREERTETPRERKTZET

Table 5. Survival of Xanthomonas oryzae in germinating rice
seeds and soak-water in relation to time of soaking,

2 H B K 10(E3 358 T REFERAK D ZHES B
Duration of Cells[10 seedlings Cells/ml soak water
soaking (hr) 15°C 28°C 15°C 28°C
0 8.3X10° 8.3x 108 — —
3.8%x10* 4,0x10* 6.4%10° 4.9%10°
8 2.2X10% 3.5%10% 3.8%X10° 4.6%10%
24 1.8x10* 2.1%108 8.6%x10* 2,8X10%
68 5.3x10% 1.8%10 6.7x10% 8.6x10
72 6.8%10% 0 4.9% 102 0
96 1.5x 102 0 8.1x10 0
100 0 0 0 0
N2 B X i

1. chiBfEst ~ INBEEESS 1958 < AMIC b1F 5 AEHRERBORREEEERMAIZ -
wT BERAHEH 1:12—14.

2, KERE 1956 - MAERRICHT 3WE BEC 1 2REHER0BALIC BT
MIZ2WT (FH) EEABEMER 4:169—1750

3. RERSE 1960 o BAERKEICHT 2 ABBHHR LEABERESE 13:1—
85

4. RERSE 19640 4V PREOREIERKN 1P 18:179—1800

5. RERFE-HER 1956 MAEMREIC S o TH R ARES BAOHEEL
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Ecology of Xanthomonas oryzae, the causal organism
of bacterial blight of rice plant

Shih-pan-yu Hsieh

Department of Plant Pathology, National Chung
Hsing University, Taichung ,Taiwan 400

Summary

This review deals with the ecology of Xanthomonas oryzae in respects
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to the techniques used in such studies, the effect of environment on disease
development, sources of initial inoculum, host range, survival of the
bacterium, and seed transmission.

The techniques for ecological studies must be sufficiently sensitive to
detect low population levels of pathogenic bacteria in nature. Three
techniques, namely, the multiple needle-prick inoculation with bacterial
suspension from natural sources, the phage increase method and the use of
streptomycin-resistant isolates or mutants have been used for detection of
the bacterium in studies of the ecology of X. oryzae. The detection
level, advantage and disadvantage of these techniques are discussed.

High temperatures of 25-30°C are favorable for disease development.

The disease rarely occurs at 17°C. Heavy rainfall resulting in flooding
and the presence of high humidity increase disease incidence. Typhoons
accompanied by heavy rains at the tillering stage usually result in an epidemic.
Narrow plant spacing provides favorable condition for disease spread,
and heavy nitrogen application increases host susceptibility.
Sources for the initial inoculum of bacterial blight are various. Rice stubble
which remains alive to the next crop is claimed to be the source of inmitial
inoculum in the tropic., Alternative hosts, Leersia sayanuka and L.
oryzoides found along irrigation ditches in Japan, are usually infected with
X. oryzae which is released to the irrigation water during the early growing
stage of rice.

Many species of weeds and grasses can be infected with X. oryzae by
artificial inoculation and only a few of them are naturally infected.

In general X. oryzae survives longer under conditions of low relative
humidities and temperatures. The bacterium in diseased leaves may survive
long enough to attack a succeeding crop in some areas. In free state in
the. soil X. oryzae survives a much shorter period -of - time than in
diseased leaves buried in soil. In irrigation water, X. oryzae cannot
compete well with other bacteria and it declines very rapidly. Sunlight has
a discinct effect on the viability of X. eryaze. The bacterium survives less
than one-half the time in diseased leaves or in ooze droplets exposed to
sunlight than when they are under shade.

A large number of X. oryzae are detectable from rice seeds collected
from infected plants. Most are present in the hulls, with relatively few
located in the brown rice. X. oryzae declines rapidly in soaked seeds during
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germination as they readily oozes away from the seeds. The bacterium in seed
is reduced about 99% in 24 hr and it cannot be detected from the seeds S
days after soaking in water. No diseased plants are produced from infested
seeds, therefore seed transmission is considered to be unimportant. However,
because of the large number of the bacterium existing in seeds, indirect

transmission and introduction to new areas or to old fields in new seasons
are possible,
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% 1. PRAERRE IRKBIEER R
Table 1. The induction of kresek by different isolates of
Xanthomonas oryzae

B K RERERD) SRR
Isolate Lez.lgth of Percent
lesion(em) kresek

B-8 18.5% 91
B-9 18.1 88
Xos 17.8 83
B-1 6.5 o]
B-2 5.3 0
B-6-2 5.5 0

* RIS HRANEREBAILIR - SERVKIBRRERE

Chianung Sen 11 was inoculated by clipping method,
Length of lesion was measured 9 days-after inoculation.

ENTRAESEXEERAZNE

MEMHZERERZRKEZIEL » EFrRREREZHEHREERERLX
BRAEHRE » AHEMANY » EEAERBZEED  RIEE—¥ - EWL
8% ~ B 1875 ~ Heh188%% ~ MEHOSHERBEEMAL LR EBET L
RAMEZEAE » HER » FERAII5E - FEAL 8 5% BhAl 288~ BRI 38
R RSB SRR 2 ~ S BERABETRZEEER (K2 »
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% 2. NEREREESMERZEY
Table 2. The occurrence of kresek on different rice varieties
inoculated with two isolates of Xanthomonas oryzae .

i Isolate
Variety .
B-3 Xos
%f?}%;f? 1 0/40(0)* 0/40(0)*
5
%iﬁ;a? 5 0/40(0) 0/40(0)
Fch 18758
Taichung 187 0/40(0) 0/40(0)
31885
Talchung 188 0/40(0) 0/40(0)
ZEn65R
Taichung 65 0/40(0) 0/40(0)
8
%h%ﬁ%n? Sen 8 34)40(85) 15/40(38)
FRALIR
Chianung Sen 11 30/40(75) 28/40(70)
E 23R
Taichung Sen 2 40/46(87) 18/46(39)
T35}
Taichung Sen 3 40/46(87) 28/46(61)
EEh7ESR1E
Taichung Native 1 26[42(62) 10/42(24)

* SRREEE - STREERERLE  BIRNBSEERE
Number of plants with kresek symptom/number of plants inoculated.
Figures in parentheses are percentages of inoculated plants with kresek.

Hep B DI F R 1505 R » HESERR R RN — k=0 L » fit
WEMBERER—BRERET » HEEANRRZIRESK » KAERERR
BN  HEARERERABIEER » SERLIRBIZEE » BER
FREE  REESMESER T LR RLRE » TRSERENERATZEREE
THE EZ ) AEFRAZBERPERGERERMOZERANER R
EEMSEEAT SRS ER TER 5 R EERD o

M~ HRHVTREKRESRBRINERAZRLE

EHREEETMRBRDZERRNFE - BURDBNEBIRIBHAERS
BERAETE  E5IRAMRRZBEBURNER B-3 A B9 NRIE5EAE
ERWBBEORE B-1 f B2 Bk 1:15 114 0 1119 YLIRBREE
BRI B BRBON T R R AR FI HL A BCAR » SRR B AL 158 4
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L BRBABRDBRERBRNBEEREER (X2) » BB IRER
ISHLAI AR - BRI HAX » BHBRSBLAR . IBRY A SENE
RZHER AR 14 HaHRRCBRER 48%K3 20% 5 1119 BH40
ZHEEI0 0 15% » RITBER I HEKEDHBIR RS ? HBERARE2E
& BEAEBIR B RRBOR R RR A B E GG ERER
ZEFES » MBI BRI B R ER L EEMRYE » EERHERN (BEER=

) WYH SRR AR » MERERERED e ST ELAROYE » BB
HEBAFERORTEL® o

& 3. BRURMEBRREBIRE R A SRR AHAR

Table 3. Inhibitory effect of the less virulent isolate on kresek
symptom induced by the virulent isolate

R s AUEEN/EAR - AbEES
Final inoculum cone. (eells/ml) No. kresek/ Percent
virulent: less virulent No. inoculated kresek
5% 103(B-9)*:0 25/40 63
5X10%(B-9):0 23/40 58
5X108(B-9):5X 10°(B-1) 20/40 50
5% 108(B-8):5X10°(B-1) 22/40 55
5% 108(B-8):5X 108(B-2) 25/40 63
2% 108(B-9):0 19/40 43
2% 108(B~9):8 X 108(B-1) 8/40 20
5X107(B-8):9.5X 103%(B-1) 4/40 10
5%X107(8-8):9.5X 108(B-2) 6/40 15
5% 10'(B-8):0 16/40 40

0:10°(B-1) 0/40

0:10%(B-2) 0/40 0

b B-9 M B-RRBUREEAT S EREREZ ST - TNB-1 1 B-2R8K
FHEER RS R -

Isolates B-9 and B-8 are virulent which induce kresek on certain varieties
while B-1 and B-2 are less virulent which are unable to cause kresek,

A~ BEHAERREERARECEE

REMRLEESNRERS » REERAVREEFLURERES » B
SEREAERE » 28° CRURARIEE 80% » MERiRHBERAILL 34° C2BRER
BWR15% (RN ) ETHERVRMSEERERNTEERER » MERTHER
AR o



189

* 4. BEHZUERBLECEE

Table 4. Effect of temperature on the occurrence of kresek

= 4% M i B SHRFRB/EEK MR
Plant part Temperature No. kresek/ Percent
inoculated °0) No. inoculated kresek
16 0/16 0
20 5/20 25
#® R 24 12/20 60
Deal 28 16/20 80
34 14/20 70
16 0/16 0
20 2/20 10
B O 24 7/20 35
 Boot 28 10/20 50
34 15/20 75
A-ERRSMERBEZRRE

— e B AR RENRRS » HERMERFNES

% 5. NABkEEAENRERAEREZEL

Table 5. Plant age at inoculation with Xanthomonas oryzae
and its relation to the occurrence of kresek

P i *
Bom (D Methods of inoculation
Rice age
(days) B IE Ik E 8] B B OE B
Leaf elipping Root immersion Leaf spraying
10 45 [60% (75) 30/55(55) 40/60(67)
21 44[48(92) 56/66(85) 48/60(80)
35 21}77(27) 13)36(36) 14)60(23)
50 1/30(3) "'0/30(0) " 0/30(0)
64 0/30(0) 0/30(0) 0/30(0)

* SRBESI STREEERE . BUAREBRSEERE -
No. kresek over no. inoculated. The figure in parenthesis is the percentage
of kresek.
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FEA -~ RERMISENR X2 B0 S BEETEER » B TEH
BEERRBAE0Z5EER  BERAREL  RAZMEREAR » R LEE
B/ o

% 6. TRFEFBEEOEMRERSEERBEZMRK

Table 6. The occurrence of kresek in relation to leaf position
inoculated with Xanthomonas oryzae

B &8 % & SVES Y L E R
Leaf position inoculated No. kresek/ Percent kresek
No. inoculated
H—FER 1st leal#® 12/60 20
HZFEH 2nd leaf 45/60 75
H=3F 3rd leaf 50/60 83
$UMIEF 4th leaf 54/60 90
* mRETEREG

Counted from the lowest leaf.

A BAESRENZRERAMERZBE

EBERZ AR SEREE « EMERRS B0 » THHERRRERAZ
EERR  AHOVREEELRAER - ARSPRHANEE T HE2ERR
BZBA ? ZARSREE R 8 8357 BB RN MBLRREEO » 35 7112
» 24 ABFIT2 PR Z AT 0 BARERERW 1 /1 » BREIES S BR
BIRARMAR - KUERRBAELRD (L) BAT2PEIEIERES
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A LRAEN AREZBRER AR ZE2Y AR ERR T2 N R E 4
HHEMBALRARE » HRENREARR AR s8R » RRRHE#
BBEREAAR » GRERGZRES

# 1. S 0ReNHZRERZMZEARLEZRIR

Table 7. Duration of wound healing before inoculation and the
occurrence of kresek

EBAng FEEAIBER
BORAEE Chianung Sen 11 Chianung Sen 8
Wound healing
(hr) ® A ®mOE E R B A
Leaf Root Leat Root
0 $7/70% 30/70 52/75 33]75
81 43) (69 (44
3 61/75 21/70 64/80 15/70
(81) (30) (80) @1
7 39/65 2370 34/75 18/75
(60) (33) 45 (24)
12 47/78 13/70 40)78 8/60
(60) 19 (€2)) 13
24 43/80 18/81 19/75 12/80
4 (22) (25) (15
48 16/75 17/80 5/75 1/75
1) @n ) @
72 12/80 10/80 — —
(15) 13

* SRBEAN  STRAUERR  FIABERAESH

No. kresek over no. inoculated.
The figure in parenthesis is the percentage of kresek,

ho- AARIEEHCRERSNERZRE

ZERESG » AAERRZERERZXEEREM o Hu R HAKERR
BREAERE 10ppm A5 EZEER » M& 20ppm AIRAETHBRERME
ZEH » 40ppm LRI A REHRERAKMER » ARERERATRARZ AR
L BRENBRBEARLE 2 2 20ER » BERRNEREZEM  SHEER
BEERE RN  EEAEEAES 35D LR » BURERIN » B—5ESHIT
SRBETNMEERS L  HSEEANTFREE (RN ) - RithwiiEiEs kA
BREBRENERS » DEFBRIMERBDZAERR
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% 8. AW UHEREREMEAR LT EY

Table 8. Effect of nitrogen, phosphorus and potassium levels on
the occurrence of kresek

W ERMRGD* ST A RN
N:P:K No. kresek/ Percent kresek
(g/pot) No. inoculated

0:1:1 2/90 2
0.5:1:1 9/90 10
1:1:1 20/90 L2
2:1:1 53/90 59
3:1:1 64/90 71
4:1:1 65/90 72
5:1:1 54/90 60
3:1:1 50/80 63
3:2:1 48/80 60
3:3:1 53/80 66
3:4:1 57/80 71
3:5:1 48/80 60
3:1:1 62/90 69
3:1:2 65/90 72
3:1:3 ] 63/90 70
3:1:4 ) 64/90 71

* GA(16XIX 23RS EE2. AT H MRS S NS FREE MBS ~ MEAELLH o
Each pot (16X9% 23em) contained 2.5kg soil. The fertilizers used were
ammonium sulfate, caleium phosphate and potassium chloride.

FBRANERZ REREY

ERAERRRBBESDRE 7 ERAREZBOR IS Bt WikE
HRX » DRREGERANNREEAESENEBRDERRER » BRRM
AE s IEREBRAER » DIWEREEAE 4 ~60EREMEE T ERSE
2R/ (FL) » BONEREEERFAUFTAREE200~1,000E2HK (FN)
» BALUREEEW 10 BAERLBARRTER ZSEERAERRS ; &
ET5%TiIRERE16% » REREF X 2B EARETERMREILIERE o IR
EHREHEERNRE SR » Rt B AR NIRRT SRS O
» THEBRREBATERR » MAUERBEFTRERS o BAMBBRS
B BB A R ERE  TIRRERERTREEE



193

% 9. slRABE&EEAR R ENREZRERE

Table 9. The lowest number of Xanthomonas oryzae cells needed
to induce kresek

oM R i ERRRE BEBMRER SEIAR/EER SMERSR

Portion Inoculum No. bacterium* No. kresek/ Percent
inoenlated cellsfml on inoculated site No. inoculated kresek
5%10® 2%10% 31/40 78
108 - 25/42 60
oS 5% 107 9x 102 31/50 62
Leat 107 - 2645 58
5% 108 6x10 18/45 40
5% 10° 4 0/45 0
10° 8X10* 10/64 16
5x 108 -_ 7/64 11
B 108 7%10% 5/64 8
Root X107 108 2/64
107 2%10% 0/64

* ERRRNCREN  WEBRRERERT NS BETEE

The test plants were inoculated with streptomycin resistant mutant.
Xanthomonas oryzae cells were isolated immediately after inoculation.

+—- BEHFE > BERXRERARCERABIHER

BENBERHEREORA » REREH S RREBARELKERRNHE » it
FHR B R R RS 5 ~Tom 2 » B TR > FRIMBIKE HRPIigiE -
R B DR R A, 16~18cm » HEERR 9 REEBER BIENE » WHERA
B 4 ~8em J7 5 FEERIIK  WEBRAB KL A ST E—HENTE
W R AR BN R RBRA  BERISKITE R ESH
R BEHEEG  MEESEROETCERFNERRIURERA | #ER17
K HEAENERSRYE  AHDHREREEA » MEY USRI ELR
ERETE » RAKMEERZBR(EL)D o

HEIRE B OB ANIRE » NEEEK S K » £ LERIMEER: Som & R
FLRIAE 12em &> AFIOKMEHCRARETRBREFENER » 13RDIE
FEDEL2PRHERA AL BB ORE MREERERREA » Dk
FEERIGHERAMERMEE (B2 )

T - ERABERSNERAZEE
EBAARHR » R LS GZEMRIFRESANRE » B—HE
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10

20

30

a0k
(CM)

# 1. QESRERETSA (WHFRE) RERRB R
BES  FUARFRSEEREH  RIBRRRETS
HEBIRVERGL ¢

®ig. 1, Vascular transport of Xanthomonas oryzae in rice seedling
inoeunlated through leaf wounds (pointed by an arrow). The
figures in parentheses are days after inoculation., Dotted
lines indicate where the pathogen is detectable,
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B 2. AEEHEORBEA (FHEFR) ERRAB AR
IR  FHIAYFBEER BB ERETREET SR
FIHEREE

Fig. 2. Vascular transport of Xanthomonas oryzae in rice seedling
inoculated through root wounds (pointed by an arrow).
The figures in parentheses are days after inoculation.
Dotted lines indicate where the pathogen is detectable.
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BRSO T R ABEE » BMEHETHEEMNERE » XKBIRERD
EREAEZSREMEIGFEEENREY » HIREERHESERNRS

BEERREEDREEN T RRZ SR AR BRI ERE S » SETHEM
BURBERERERR RN o fKHRFAE B 4~6FAEHERRE0 ~3.5
% » TR BigE3.5~36.5% » &MEFH o —38HUs | IR8 BEREKE
BHELTHSEY » BMAEERRAER » REERRIEE » BT BELRN
ZRE s MHEETAKBP IR 2B

E~2 F X R
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Factors affecting the expression of kresek symptom on
rice infected with Xanthomonas oryzae, the
causal organism of bacterial blight

Shih-pan-yu Hsieh

Department of Plant Pathology, National Chung Hsing
University, Taichung, Taiwan 400

Summary

The host, pathogen and environment factors which affect the occurrence
of kresek symptom on rice followiug infection with Xanthomonas oryzae
Dowson were studied. Virulent isolates B-8, B-9 and Xos were capable of
inducing kresek symptom on susceptible varieties while less virulent ones,
B-1, B-2 and B-6-2, were unable to do so. Irrespective of isolates
from Taiwan used, no kresek symptom could be induced on resistant
varieties such as Kaohsiung 1, Tainan 5, Taichung 187, Taichung 188 and
.Taichung 65. On the contrary, Chianung Sen 8, Chianung Sen 11,
Taichung Sen 2, Taichung Sen 3 and Taichung Native 1 showed various
degrees of kresek after infection with the pathogen.

When a virulent isolate was mixed with a less virulent one and inoculated on
a rice plant, the percentage of kresek was less as compared with those inoculated
with the virulent isolate alone. High temperature 28-34°C was more suitable
for kresek development, and there was no kresek when inoculated plants were
kept at or below 16°C. Young rice plants under 21 days after sowing
were more susceptible than old ones. Infection on different leaves caused
different degrees of kresek, more kreseck was found on those inoculated on
upper leaves. A prolonged period of wound healing of leaves and
roots before inoculation reduced the incidence of kresek. If allowed
48 hours of healing, the percentage of kresek decreased from 81% to 21% in
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those plants inoculated by clipping on leaves, and from 43% to 21% in those
inoculated by clipping on roots.

Heavy nitrogen application increased the percentage of kresek. However,
potassinm and phosphorus seemed to have no effect on the occurrence of
kresek. Transplanted seedlings not only were providing wounded entries for
the bacterium to get infection but also became more susceptible to the
pathogen physiologically. Therefore, more kresek was found in transplanted
fields than those in directly sown fields.

The multiplication of X. oryzae and its movement in vascular bundles of
a susceptible variety, Chianung Sen 11, were traced by isolation technique.
After the pathogen invaded the rice from a leaf tip, it moved downward
and multiplied in vascular bundles very rapidly. It reached meristem of
stem 10 days after inoculation, and then translocated to vascular bundles of
other upper leaves. About 17 days after inoculation, the meristem and all
the lower portion of leaf vascular bundles were filled with the pathogen and
the rice plant wilted and showed a typical kresek symptom. The number
of X. oryzae cells needed to infect and cause kresek was 60 cells when
the pathogen invaded the wounded leaves and 1,000 cells when the
bacterium entered the wounded roots.
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PBATTBR o AL B RSN EE AR R T B ~ M
B WEBVRREASTROYE » M—Ha i ihn » LPPrR R
FRBRRZE% o

—E B

RERRE I ERE A TR EFRRY s RTEANSTEEVERER
&%ﬁ%’&ﬁ%ﬁé%?%%&%&ﬁ%#ﬁ%ﬁﬁoEEET%%Z%%’
HEASERTFZEERES 12~36°C » Ll 28° CREI S s FEHUREE
TS e HBERERS 15~35°C » Tkl 25~28° CHGEE ™ o AEH R
WA ER SIS » HE RS 12~32°C - T 28° CZERE®
y 18~20 1 30°CHES 28°CREREZ—4 » 14~16 K 32°CHYE 28°CZUs5
< a0 o RERB K FHTM R Z 7% R 457N R 02 fyEE(Sporulation potential)
s Wi 16, 20, 25 F1 32° C MFEEEE » Bl 20°CEHE » BRE 25, 32°CHilL
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K2 0 20°CHEL 9 K » 16°C FEA 2R AN AV B ; (A5 EETE
A B TTEE2S B 30K 20 o LU RRTD » HE IR AEIE - T e
R o |

B0 E BN RTREE A B AR » BRI 20, 24, 28 B 32°C 4 i
REMERR 11/ » ZERABALL 16, 20 B 24°C 3 MEEREIV I REANAEESA
s FERMEE TSR 10K » 5L 28/24°C (HTROMRE » S RAKER
1) EMEES - 20/16° CERERD » AAEH | AR LR ERE 28°C
W, o ISR MBS Y SR AER  DIRES 12 INRHREIREE (32/25,
32/20, 25/16 F, 20/16°C). ZeHa T457 » Bl 32/25 A1 32/20° CHREZEMR
R HBARREASE 3~ S K2 » EREIEEERIEIREE  25/16°C
- RMEEE S KINBERER » 20/16°C EHEARBENREL LR o B2HZ
BERRHES » [N25/16° C 2B R 0020 0

TR B IR R89% » T3S b BE A » HIREME »
BRGS0 (ANFEE LHIHEA RPN » BZERPHARER
I8 s SRR A ERTUO o e R KRR RIS R DU B aaywe
B o Y RSEUR Z M ARERBEREREST » Wi 4 ST B S 4T RE
FEERTAN » 6 NEBREESSETRRES TUBRRTN » T/ RN
SHBIATY R | AT » HBA0DEEA 4 RTEARIFHERHRD » &
@E%lﬁﬁ&m%Tﬁ%%ﬁﬁ&%REéﬁﬁ’%%iﬁﬁiﬁﬁmﬁzm
ST 5 TR 1 /N DA A — A IR T » —ERREREA
7 ~9 EFERTCV o EHM » RTFWELAGRAEERMBREST » B
AN ERT RS ERT » BAB KRS » RERE  REFEFERE - T
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EEE . AULRYRTZRBE  BESY 5 ARK » RERRIODA - THE
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» ERERTEBS VAR » Bibl-RARTERES FWRASBRS BRI
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o MEAREEARTHREE - RTERRXEZ RS Bodi - &
EHHS » Kz » BRERKAEAD o FBENEREE EZAERT > RTH
B A PRI IE AR R R ECY o /NN AT BHERIERZE T Z a4
JEFHT » TS NRERE LYY o REBERZEFZHLRT » EEGEE
NIRRT -2/ MR BB L » ARTTEERNERTEE » TR o #M
ZRFEEEENEN R » BEARBRKBERSEK » THEEARLMERE
6 o

RBFEF

EURBEREZHERT » EEEHRET » ZWWIE » LB 5%
WBANZITE - BMARESERT 2B FREREE 10~35°CZH » Tiki#
EEWEER 25~30°C99 o FZLUREE ATV THRETE » MRIERHK
WA 3~ 4 BBEMZER LETR 12~36° CRRE » HBFEHRF
RHAEPER FRIERAT 5 4 16~32° CIBEE TIRE 6 /iy » HBIFAET
B LI b5 8 /R TR 95~100% 5 T 12° CoREE81% 5 B0/
2 12°C i 9SHLI L2 B (K—) o HLW RERHE LBRRWET » &
HAEBFMRERER » HTEERRBEEFERY o RTEFHRRRER
ERRE > LRSS 100858883 (RDD » BN AERREAR
BT R DAR GRS o R ERBZRTE 25°CIK 2 /MR »
JTFRFEETRY » 3~ 4/NRFETEIOSLE (FZ) o BURINK » BEK

% 1. BEREETRRE TZRER

Table 1. Spore germination of Pyricularia oryzae at different

temperatures
¢l Duration (hr)
Temlzglg)t e EOn}j‘lide_‘: ke On detae]%d leaves

6 14 3 6 8 10
12 58* 81 12 31 81 99
16 90 94 73 90 99 100
20 89 96 82 93 100 100
24 90 97 88 93 100 100
28 92 97 94 99 100 100
32 76 95 89 96 95 100
36 60 78 53 58 54 63

* B MTFRRSEESRRE RIREE -
Percent of germination., Conidia used for this test were collected from
lesions on Tainan 5.
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* 2. REHRTRFZRE
Table 2. Effect of relative humidities on the germination of conidia
of Pyricularia oryzae

RENY  REKA # ¥ 2 0® B

Hours after In dist. _ Relative humidity (%)

incubation water 100 o3 0 a5 %0
0.5 0% 0 0 o o
1 0 o 0 0 0
2 78 11 0 0 0 0
8 91 58 0 0 0 0
4 94 91 0 0 0 0
5 97 99 0 0 0 0
24 98 99 0 0 0 0

* BEHP  FAEESWRE LR RTFERIH L 25°OFTHZ B -

Percentage of germination, The test was conducted on slide at 25°C.
Conidia were collected from lesions on Tainan 5.

A FNHERRET » —ERSIBH LWERKES » BRGKDHE » BFE
ﬁgﬁ%tas) o

RFAARFESEPERT 2R  NHERERE DR BT » B
LREERERTM Misato’s FHEEEERE BT » KT EARBEFEZ
MY M fERE T » HEHAR » DBRAEREXE » T Misato's
PEFEERED o EVHERRE FARBRZRT » Hr2ed TEW
ERBZBT » THER D RRRA

NEEEZ IR EEBEHRR » HBHFEWARANZEG » — IR BRI
BN LR RAAERGERBEZIEN FRREY o RESREREZE
Fr LA B MR T 285 ERE— PR o

t-MEFIHEK

EXBRERFRZEHRET » ERABSEC ERYRBREHKES -
FHRBREERAER  ERRAEERE » TREANZER® o FHEHE
MLIVR » RREURERE R RRAF GG - EEXEHELET » BT
RBARR 2 NEIBRAEE > 3/ BT HIER » MRS AR 2
BRMABM (R SEMTEARERZHE » BTHEWEMNCD » BT
BERTABREBNEEK S » HBINERRE > RMERAHEEDRRE o i
AV EERE R TR REREEO 75 12~36° C 2 » Fibll6~
24° CRES » B MBI REE 2 ROl 45 » 28°C Xz » T 36° C RAHA
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% 3. BARAERT KPR 2 RIGHR AR WER
HEMBAZEE
Table 3. Effect of wet period on spore germination, appressorial
formation and penetration of Pyricularia oryzae

] E-3 MR & A
, Germination Appressorial Penetration
ERGRR formation

Webporod  mBASH WA BBASH EESH  FMAEY EESH
Chianuong Tainan Chianung ‘Tainan Chianung Tainan

gsen 8 5 gsen 8 5 sen 8 5

2 70* 56 0 0 0 0

3 90 — 35 — 0 —

4 94 88 57 53 o 0

6 99 92 93 62 0 4

8 99 93 97 69 9 12

10 100 96 100 73 14 31

12 100 98 100 80 26 67

24 100 94 100 84 45 63

v EAHR ERARNERTRFRNENE L B RE - AREBIERBK
% NERE R RS 2 MRS M A Gl -

In percent, The spore suspension of Pyricularia oryzae was pipetted onto
detached leaves for a given wet period, after that free water around
spores was dried by a hair-dryer and then the leaves were kept in the
same condition until they were examined under a mierosecope.

BT RHERC? (EID o
A~ A

EEEOEET  URRBREXENKES » ThHERMHEARN &
BRAFEREME  WESNZRAEBEERAEH  BBATIMERA B
WRATLIERRR  WERNZRERZZ2RAMBABAER » BETS
FRERZRESTERERE » RZ » MIBAGRTR  HEBNREERAE
B R ERTHRERRES (B—)C o Enfl g s L pw
BREGOAURAERK  ZTREALE  INRBERESERZIE » K%
W ER B IRERE » BRBBE 20~28° CIREMER » £18 6 NREHRT
DBRAFE ; 32° CRAIA 8/ i B A 5 16° C 4 10 /Nt 5 12° CRIEE 24
PN TTRERSIA R AT o ML R20~28° C R EH B ANEEEE » 16°C
KL o RAFEHRE » B FRNERTMARINZEBE o 72 20~28°C[H » £
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& 4 BERBRREEEN EVBIER K E

Table 4. Appressorial formation of Pyricularia oryzae on detached
leaves at different temperatures

B E 38 %04 Incubation period (hr)
Temperature —FF —F———— - ——
(°C) 2 3 4 6 8 10 12 24
12 O* 0 3 0 3 18 12 10
16 0 9 15 18 43 82 91 95
20 0 9 20 22 55 64 68 90
24 0 15 19 26 48 84 81 89
28 0 11 20 24 46 55 73 66
32 0 11 13 21 26 30 36 32
36 0 2 5 3 1 1 0 1

* FRE RTEREBEHRFE  ERERhHEEHR -
In percent, Conidia were collected from lesions on Tainan 5 and germinated
on detached leaves of same variety.

10/ 10 ERTREBA » 12618 » BINE| 17~18% ; 24 /[etk

24°CHR 37% 3 20°CHR 26% 5 28°CR 24% (RE) -
PARER AT ERENMN » AREBARERE  BEZ » EHESEREA

MBS KB » BRABETZRBA LIS S225:30 o EREENEAREGE 20~

£ 5. BBUREENRABEERERZRA

Table 5. Penetration of Pyricularia oryzae into detached leaves
of Tainan 5 as affected by temperature

bis B 38 F Incubation period (hr)
Temperature
°0) 4 6 8 10 12 24
12 o* 0 0 0.1 0.2 4
16 0 0 1 5 14 25
20 0 3 10 9 17 26
24 0 2 11 12 18 37
28 0 7 10 11 19 24
32 0 0 6 5 13 10
36 0 0 0 0 0 0

* BAR RTHREERSRZRE  RAERBREESH -

In percent. Conidia were eollected from lesions on Tainan 5. Penetration
was ascertained by staining with cotton blue.
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28°C s {6 ~ 8 /)\i% 5 10~15° CBAEB AR » HEUBTHTREA
34~36° C B Aol o Kt ERS IR E - BAKMB RS o EMLERT B
4 MRS 4 L e 0 ORI T » T 2 T — B0 o AR T
P BEARH AR B LT  HERA ESI R WERARK A

M 1. BAVEETER R DERZ RS WS SREREnEE
RBFRAEBTERS B ATRMREA » BERA e
EREACBABYE  REBAHNL -

Fig. 1. Appressoria of Pyricularia oryzae on rice leaf surface.
Appressoria were stained with cotton blue, and those
deeply stained ones contained cytoplasm, indicating that
pevetration had not been acecomplished, and those lightly
stained ones contained no cytoplasm, indicating that
penetration had been completed.
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WR » BHREA » g2 L2 BAK » BARELRE 8 /NREHAEE
R s MAREHRFREZBAS? o HRBARKMEERAZE » B HRA
WAKKI Y » GIEEHE LRRTHHE

HILTT R » BAWEETZHE  WENZHRBRAGTEZE8E » RS
WM RAFAE T 5 BRAEST « EREENEET » SLERTULIERKE 2/
B JREREANES 0 6 /NEERIRAT A o EXDFEREIR
RAFROEE » S LRT—BE8BKE » MERARAMREKD » ART
BRI R o BEGREZ S ERTHBA0SEE 1 /N »
BRTRBEKOREMHERS 1~24008 » REFHEKD » JHBSFREERER
el s HEEK 2 R » FRElR 7/ » AIERFRTZEFEERASER
RBELMBERZEN (BA) - MERBFZRT » KEREPFEN - F
3~ 4/ BA  BRR LR FANRTEARRED » B R
REABFEETHEERER - K2 » BRTFERENREIKG » ERREYT
» ARFRELWERNED » TR 1 ERERBED -

£ 6. BANERTEREBREERREN BT VE
Table 6. Effect of dryness after a short period of moistening on
the spore germination of Pyricularia oryzae

gk T8 Prewet period (hr)
Duration of

dryness (hr) 0 0.5 1 2 3 4

A B A B A B A B A B
0 93

1 0 30 0 22 52 61 76 76 72 72
2 0 23 o 29 54 61 72 72 74 74
3 0 26 0 37 46 52 78 18 711 11
4 90 0 11 0 21 51 57 68 68 77 77
5 0 35 c 23 50 56 70 70 75 75
7 0 57 0 27 49 31 — -
10 96 0 24 0 25 48 48 70 70 69 69
24 90 0 4 0 6 56 56 7 70 78 78

' BFESE MERFRERNZRFS  RENFARRLERRERIONG
FRpPZBHFR » KBRS R LTS BT o

In percent. The figures on columns A refer to the germination percentages
immediately after prewetting while the figures on columns B are the
germination percentages obtained 10 hours pre-wetting and drying
treatments. This experiment was conducted on slide using conidia from
lesions on Tainan 5.
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AIEHARAEEA ~ AREWE » ERAETAARERZET T
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HER > MRRTARETS 7 BRREERER - QIS 2 K EFBEKRAR » BTE
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o RIE 7 BEEAKIAREE » T HEEARERAE 6 I » RBAERA | %%
% BAER 3/ » BT/ AR 9 ANRe » RIBAKTEIIS% S 0 1
B R RRTRRER 2N MaEs A Re g iiER s mT » RTER
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The pre-infection behaviors of the
rice blast fungus

Shih-pan-yu Hsieh and Wen-jinn Liang
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Taichung, Taiwan 400 and Plant Protection
Center, Taichung, Taiwan 431

Summary

This paper reviews the sporulation, spore release, transmission, deposition,
germination, appressorial formation and penetration of Pyricularia oryzae,
the causal organism of rice blast. All these preinfection behaviors of the
rice blast fungus are greatly influenced by environmental factors especially,
temperature, relative humidity, duration of free water on host plant, etc.

The temperature range for sporulation is 12-36°C, with 28°C as
optimum. Of varying day/night temperatures, 28/24°C is the most favorable
for sporulation. The minimum relative humidity for spore to discharge from
conidiophores is 89%. The amount of conidia produced is positively
correlated with duration of high humidity.

The precence of free water or a relative humidity near 1009 is necessary
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for spore to release. There is not much difference in spore release when
the spores are exposed in the temperature range between 10 to 35°C. The
wind accelerates spore discharge.

Most of conidia are suspended in air 10-20 cm around the lesions after
discharge. Rain water may wash off these conidia from the air. Trans-
mission of spore is mainly by wind. On the contrary, the deposition of
conidia on the host plant occurs much more easily on calm days than
windy days. The spores once deposited on the host plant may later be washed
off by rain water or carried away by strong wind.

Spore germination takes place at temperatures from 10 to 35°C with
optimum at 25-30°C, when the relative humidity approaches 1009 or when
free water is available. Under optimum temperature, spore germination is
observable 2 hours after wetting with water. The formation of appressoria
usually. takes place I hour after germination. The temperature range for
appressorial formation is 12-36°C with optimum at 16-24°C which is lower
than that for sporulation and spore germination.

Penetration is achieved by formation of penetrating hyphae from appressoria
which penetrate into host cells directly. After penetration, the cytoplasm of
the appressorial cells migrates to the penetrating hyphae in the host plant.
This can be differentiated by staining the appressoria with cotton blue;
appressoria without cytoplasm are not stained while appressoria with cytoplasm
are deeply stained. The penetration is completed in 6 hours after inoculation
at 20-28°C; 8 hours at 32°C, 10 hours at 16°C and 24 hours at 12°C.
From spore germination to penetration, the water is required in all processes;
the longer the water exists, the more penetration is obtained. However.
the discontinuousness of water supply at any steps from germination to
penetration may have some detrimental effects on infection by blast fungus.
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% 1. Van der Plank fysR#umHEa”

Tehble 1. Horizontal resistance in Van der Plank’s view

™ i N % Race
Variety d e £
D 3 3 3
B 4 4 4
F 2 2 2
* BRER

Seriousness of disease

HRBZS  A—REHTR/MERDA - EREBRBHFER—E » MEFH

2 2. Robinson i Nelson FfFF:ayEAHLpEQLM
Table 2. Horizontal resistance in Robinson and Nelson's view

& % N & Race
Variety a o )
D 3¢ 2 1
B 4 3
F S 4
* BRER

Seriousness of disease

& o HAVUREN S RERBELDERR » B—RERRE—/MER I XIE »
TREAHERBRE o EZ » —WERI S/ NMERYR » BB E/NERIRZ
0 MEZFIR o LR READUREED R » —BERERTREER

% 3. ERFHME: ~ 77 Robinson®®

Table 3. Vertical resistance after Robinson

X2 % AN & Race
Variety d e £
D 5% 0 0
] 0 5 0
F 0 0
* BRER

Seriousness of disease



215

HEREH » MERGURERE SR o RRMYE BA— » HHMENEK
% BUREMHER » BREHRD » BER— M » R—EWER o WHkR »
EAHREZRBARELRE - MABREFDRE ) BERENER  —FZ
P 2PN FHERE T — KB o (bR D TR X AR B RER
Rt o

RBRME » EXSURERERRTEY » RENE AR UHEER
B TREMEFRRATIR » M—RAEAIURENHEEE L ENME » [
RERRZBETED » TR ERNRN B HERE—/ MERRRNS B ER
o AR ZRRIEERBER - RAMEHRENBRERE ~ lRTHERK
BED c MEZ » REEAIURESENEE » RRLERE  RPOERR
18 o AERSURMSE—BBR » RATRERYE » RENERSEREL

EAURENTRBERREZ - BRALEIRIENSER U EERER
A+ B RRIRESREE R ABERSURMEN SERIYRERRENRZE » (iR
BRI » RTFRDES ) BHURBERTER - ARERRIERDBEHR
EREH » ZRAFEESGZESE « B « [ERASREHBEMER o FiEE
B RIAREN—ERBEERR T REEREE - 0URERN T » WER
TURENERA » —ENMEREREAERBRIERIA RIUROE EEE R
MRETREE DR o BAPUREMSBAEHERTER » TERRFEEE
FPTRER ) WHERA o

PURTER BIE SRR » DIERMBRRMEE - ER BERNEF S 0buR TR 7 4
FEARERIRE » RUATRDEREHE T/ NETRRIURE IR AL
BEATRENAETEEE ST PENAEERSURERT RN ZT/NE » B
RELTMNEARE - THERPRFHNMNERET/NERAHE « HAEHRE—
RERPNERTEEE-RRNETHARRB—E AR SBXRER - BT EAE
Vertifolia Z(fE“® » LB THERBKAIRENR/ » BRAZEDEERE
AOURER » SRFTANERE-2NLERNRERERERKE - fRINER
ERFENRE » 2RGERFREC—RENBSY o EHRERDER
B buRtE » TNREEREE » —BHRE ARRBERRE  FERTEER A
IREEATLIZIIRRSRN » A2 -

=~ okiEERX A

ERESHEE » —KBEHERERFIRIRANERT 2R » BR&
REVMERBT ~ BKE » BRRAE - IAERFBIHRESRGE (RO
RS O RALERE (PLATRRECRENETMES JIBERE 33
BCRD D BRERCLEK » BI—REeRBYURE B R E e —/ VR
BAERIARIE - K2 » BRERIRETIRRB5S BB 2 E/VER KB R



216

RAT#EHERER » —KBRERE— RN/ MER N RE » JE5ERE - Bk
SFRAEA MBI MER BRI - WURLEIRERER o
AEHBRRDTIRTEIARIIS0E » F—RBHRLIARIIS6ED » 7638
AEHET  ERRUATIURTE » WZETE S 51~ mlk 13953 ZiF68i =
il 3 BBRBGE R AN ARO2EIE o WAMKEATHERNER » Ba/IVEMR
HepETRERIR (R4 ) o RUINER » EERHE IR —RERIUE » ©
ARV HTEOUH L/NVE o Wk » ZEVURTRAPERT » FERCANWTE
——BEREREEEEENRRE  FRIS DAL EERIGERNIUR
B o
# 4. AEERKBHRET/MERORE

Table 4. Reaction of local rice varieties to some
physiological races of rice blast fungus

& % EHRHRE/NME Physiologieal race

Variety 1I-1 IH-1 IG-2 IFP-4 1C-18 10-26
®E S8 8 8 8 8 R B
W30 B R s 8 R R R
> §-Lr3 B s R R R R
EFE 6 R R R R 8 8
B B R R R R R R

8 : B5K Susceptible

R : fijis Resistant

BE BRI S » 2 S EERRREERL » TR 13958k E
B2 B EBRRBAERRE o BERIURREN TR » DRGSR RIRAER
BEREAEADUIRE

AZAE#H Kiyosawa ] H—f-LENKMENBRRERRREBRE
MEBBRIMERRER » BERCEERE #E52 » ZTERE LA—ENE:
FfZHE (allele) o fiMN5HME Aichi Asashi F—HifRER Pi-a » RBRRRK
Tna-72 & Ina-168 HRHiRKXIE » BHMA R (P-26 ~ Ken-53-33 ~ Hoku-1 +
Ken-54-20 & Ken-54-04) BISERIIE o 2B 5% Ina-72 % Ina-168 &KA—7k
BWEER AV-as i Pi-a ZRMEHR Ina-72 X Ina-168 » TTHMARKEE—F
PR V-a» #f Pi-a ZEERHARM o RA%E » Woo ~ Hsieh® & ®
WA ERBARIRIE G RETE » SR —SEE (BR/MEX ) R—
T MENRRER » BFEN (F) AR BRE—MMEZRLSEAER
s PELBBHTRKE » #R—DORNHURMER B — B RBERER Pix » PixFr
74 o ERRmARAKES THENIBRREROBEZERTE UK
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Solanum tuberosum) REMBIEHRWIRE (Phytophthora infestans) FZHR
R AE » EESS o thilEEh » —PuRER » BB R B/MVE (D~ ,2)
SRERNE BB Q) ~ 3 X (2,3) SRIRIURKE » FERES o

% 5. BHEMERARARE/MERETURRRY®

Table 5. International system of designating interrelationships
of genes and races of Phytophthora infestans

-4 & N 7 Race

Variety  (0) (1)  ()eee(1.2)  (1.3)  (2.3)vere(1.2.3)eee-(1,2.3.4)

r 3] S S veren S 8 g eennne 8 e 8

Ry R ] R oreves 8 8 R eeenes & e g

R, R R § eereen S R § aeeeen & e S

Ry R R R eeeree R S ] eeenn §  eenens g

R, B R R o-eeree R R R ceree- R eerene g

R R, R R R eeeese s R R eereee s ...... S

R;R,Rs R R R eeeee R R R oo S ...... 8

RRRR! B B R eeeees R R R eeens R e g

S : J&jK" Suseeptible
R : {5k Resistant
REGE ADURZE R ER L » MRS ~ B EEE » BREE —KA—
EHREFBESREENRE » TR—EERUFERE RIUEHE ke
FIRITHYER/ME o A LB RS » R4 PABRERBHEIE
RERH (EE#NE TH-1 RR9R > T 1H-1 RERHAFGEHRER) + It
/NE TH-1 DISHE9EE/NVE o 3 TH-1 BOBREER: » BE62BR—BEFBNN
RamfE s IH-1 EERR  MIRR—RARE o BROBHRFERATE
» BEYIGRE TH-1 f3RE o BT » IH-1 ZERENSHEER2.2%Y  MEHHE
B—EE » SROBIGERHB—hHME o Eohil 3 WA E—BHiFE
H » AR ABEARBEIEE—MEEEBHIUR TR BEHIE - (EREEE
HiAE B RTRATH/IME » BE—RBEWHEEXBRERIR o Bl 1395%RE
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Types of Resistance to Rice Blast Disease

Hsin-kan Wu

Institute of Botany, Academia Sinica
Nankang, Taipei 115

Summary

This paper discusses the various aspects of blast resistance in rice.
Vertical resistance to blast fungus in rice is considered to have the characters
of : 1) a clear-cut resistant or susceptible response to races, 2) a complete
but not lasting resistance, 3) being controlled by a few major genes,
and 4) displaying a considerable delay in the siart of the observed
epidemic in comparison to varieties without such resistance. Although rice
workers have long been using vertical resistance in breeding, no one is
positive about which gene being the strongest.

The use of horizontal resistance to protect crops from diseases has
been emphasized in the past fifteen years by many plant pathologists. In
practice, rice workers have been trying hard to find it. So far only a few
varieties have been claimed, with uncertainty, to have horizontal resistance.
Perhaps, the most important thing at present is to study the methodology
of identification rather than identifying horizontal resistance.
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There is some evidence that both vertical and horizontal resistance can
sometimes be traced in a variety, thus optimizing the use of both types in
rice breeding, if we could identify, separate and recombine them
effectively.
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Summary

During the years of 1965-1976, blast affected about 10-15% of the
total rice area per year for the first crop, except in 1966 and 1973
when it exceeded 20%. The rice varieties planted in Taiwan include
Japonica and Indica rice. The acreage of Japonica (ponlai) seems
to increase year after year. For example, the ponlai varieties occupied
61.87% of the total rice acreage in 1965, it increased to 79.82% in 1975.
On the other hand, the acreage of Indica rice declined from 36.33%
in 1965 to 16.92% in 1975. The number of varieties planted by the
farmers were about 45-60 for Japomica and about 27-48 for Indica
rice. The leading ponlai variety is Tainan 5, with an acreage of 333
ha in 1965 and 175,192 ha in 1975. The major Indica rice varieties
were Taichung Native 1, Taichung Sen 3, and Ai-chao-chien. Due to
the growth of different varieties in different regions, the incidence of
rice blast became complicated.

With the acreage increase for one variety and the occurrence of
a specific physiologic race of blast pathogen virulent to that variety
the population density of the pathogen will increase rapidly. The
variety will be attacked to end up with severe damage. Hence,
before variety release, the relationship between the new variety and
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physiologic races should be understood. In addition, rice breeders
should make efforts to develop varieties which are resistant to the major
races at different regions. These work will help in the control of rice
blast.

For selecting resistant plants from the segregating population, the
screening technique based on seedling reactions can be used. The response
of rice plant to blast at the seedling stage is positively correlated with
that in the paddy field. This technique is both time saving and
efficient. However, there are exceptions. For example, some rice
varieties are resistant to leaf blast at seedling stage, they may become
susceptible at middle and/or late stage of their growth or susceptible to
neck blast after heading. These problems should be considered, if the
screening technique at scedling stage is used.

Susceptibility of rice plant to blast may differ at different blast
nurseries, it may differ from year to year even with same variety at
same location. This phenomenon is relatively clear for those susceptibie
varieties, and is believed to be related to environmental conditions, type
and density of the physiologic races. Inblast nurseries, the climatic
conditions are more important than nitrogen fertilization for the incidence
of rice blast.

Based on the reaction of sixteen differential rice varieties, 55
different physiologic races have been detected and classified into seven
groups. Recently, races within I group which mainly attack the Indica
rice tend to increase, bscause several blast resistant genes for ponlai
varieties have been introduced from Indica rice.
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