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Table 1. Growth of tomatoes in the vinylhouse.

Date of Census Plant height

Number of leaves

Leaf level of the top Leaf area per plant

(cm) (dm?)
May 26 21.8 8.8 8.8 0.023
June 6 45.0 11.8 12.4 ) 0. 086
15 73.6 15.8 16.4 0. 401
24 97.0 18.3 19.9 0. 642
July 5 135.8 19.1 24.8 1.134
13* 152.4 17.8 24.5 1.204
28 - 14.6 - 1.164

Note; * The main stems were stopped after having taken whitefly census.
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Table 2. Population trend of whitefly on tomatoes.

Date of Census

Days after release

Mean no. of individuals per plant

Adults Small larvae Large larvae Pupae
May 26 20.0
) 31 5 10.3
June 6 11 5.7
10 15 3.5

15 20 1.6 518. 9* 0.0
20 25 1.6

24 29 27.9 76.9 109. 2 260. 4
29 34 214.3
July 5 40 415.7

8 43 461.1 )

13 48 425.1 5627.1 1390.0 257.3
18 53 903. 3

22 57 2729.0 3483.1 3577.3 5864. 2

28 63 5863. 1 24589.0 6268.0 11014.0

Note; * Small larvae and large larvae
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Fig. 1. Fitting of the changes in the density
of whitefly adults to the equation of
exponential growth (Nt=No-eTt).
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Fig. 2. Sequential changes in the mean number
of whitefly adults on leaf levels.

The solid circles and dotted lines show
the number of adults and the leaf area,
respectively. The Roman number means
leaf level.
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Fig. 3. Sequential changeés in the mean number:

of whitefly young stages (larvae+pupae)
on leaf levels.

The Roman number means leaf level.
Arrow signs show the leaf area at its:
maximum.
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Fig. 4. Distribution battern of whitefly adults
per plant.
Note, In the figure A, the solid circles show
¢ . the relation of mean crowding (X) to
" mean density (X) and dotted line shows
expectation from POISSON series. In the
figure B, the solid circles and the open
circles show i/i ratio and mean density,
respectively.
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Fig. 5. Distribution pattern of whitefly adults
per leaf.
Note; Constructed as in Fig. 4.
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Leaf-by-leaf distribution of the whitefly population (adults:A ; eggs:E ; small
larvae:SL ; large larvae:LL ; pupae:P).

The solid circles show percentages in the number of individuals per plant.
Horizontal bars represent confidence intervals in 959 reliability by the so-
called occurrence probability method. Dotted lines show the leaf area. Leaf
levels are shown with the youngest leaf at the top and the oldest one at the
bottom.
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Table 3. The number of whitefly young stages and their mortality on tomatoes.

Days after whitefly release

Stéges Leaf level 63 84
Mean no.* Mortality (%) Mean no.* Mortality (%)
>21 72.8 3.9 132.0 78.2
Small larvae 16~20 7.3 7.4 110. 5 44, 2
<15 0.4 1.9 62.9 20. 6
>21 17.1 9.6 59. 6 70.0
Large larvae 16~20 4.6 39.8 35.0 35. 4
<15 0.1 0.7 15.5 10.7
>21 18.5 2.1 64,1 32.5
Pupae 16~20 10.8 13.6 40.5 17.5
<15 0.7 3.1 19.7 6.6
Note; * per six 15-mm-diam leaf disks of each leaf.
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Table 4. Percentage offtomato plants contaminated with sooty mould.

Days after whitefly release

Leaf level Truss level ——
53 57 63

25 0.0 0.0 100.0

6 _ — _
24 10.0 20.0 100. 0
23 20.0 36.4 100. 0
22 33.3 ' 63.6 100. 0 _

5 — 0.0 22,0
21 80.0 100.0 100. 0
20 80.0 100, 0 100. 0
19 80.0 81.8 100. 0

4 0.0 10.0 57.1
18 73.3 100, 0 100. 0
17 73.3 90.9 100. 0
16 73.3 72.7 100.0 :

3 21. 4 88.9 100. 0
15 66. 7 63. 6 88.9
14 53.3 54.5 77.8
13 26.7 45.5 55.6

2 91.7 100.0 100. 0
12 6.7 27.3 -
11 13.3 — -
10 0.0 — -

1 78.6 100. 0

100.0

Note; The first formation of sooty mould on a leaflet was recorded on 48 days after
release, when mean number of adults was ca. 425 per plant.

o2 » ARO €= — Loy ARBIE&ETA v
YaFrs IO E S THEMThHoTob 2B, T
bbb, 5~TBOE =~y AOEET R\ T,
P bOAER (B1R) v, FEBHOAEIS
eI, TCREBE - AN - 7ERREV £ oMl
EFERHVNZ Do AP ZIC, A Vv aF T G
HOSELEEN AN EEL BB,

5~7 BB HMD 1 BHich OBEMEIMINE(r)
TOWTIE, BRBALT0. 0020 B o e, AHAEOS
&, BAWEIDOE = — L~y ARG, v R
HADREL CORROEHEHBG BT 3TH ot &
DIz, FEEHOBIEIZRCNEL > TWBHERD
hn, EEOr OEIR0.092 L h LRIV ERTIND,
¥lo, rOEREESL GRFEXR) D978 6~8 FOH
HTIX0.102TH D, EBEH CKER DI EL~TH
OREF—~200EHBTHL0.019THsTc. ZhHD
MEMND, BRED b= FOREOHE,O—THE W
2HF) ETO, Ea A T ARTOF VY YaFy

7 101 OfFL, ~v ARKIROHERCHCBRIED
FHOSEERH - BT L 0 2L BEHTH, $L%0.08
~0. 100FFHCH 5 L HEEI IS,

8 AR} ARMOBEELEL7T BETOXR IO LI
DU, BEEABEIEINER L I bt st ZORE
o, BEPOBER L 5B HENRE
HHGITREORELIBOBL (HOHEOKRD - h HEEmE
DEARPEDEAL) R EBRBHTF LB, ERELTH
FETFTTORFED HEN ELOLRD, TOBEHM LLT
X, 8 ATHDHBLWOBAELT ARKOENED D
BN U EC T RAR LI L GE3HK), ~V AR
DAREz » FHH T 0ol FORBCSEHORRETE
PEEXNII L, BRI~ AROCHE LT
T CIRE IR RBEOBGEIT AR5 8 AT
SHLcZ L (B, KRR LEOERE D, T
e, 8 AUBEFEWYONBHIU LA vy aF
US INHMELLEER, Aoy are T IoAE~T
B LOMETEI EE -2 &, BLUSROHBH



BRUE - iR - b M 2 A Yy Y 30T S OARREBBRICEIT BB (R 4HD) 55

e TS AARORE LT L W EEMEDOFRES
ERBE LI 2 S X ABRFEOREN, FEMYHHLO
RO FEOTERLE LU HPIHOIERD LR X
BIHLRROBHEROBS L1 > THObhI L ELD
na,

U TABEERORERMEEEE 2, 3SED»D,
REUTEVCECHE L TERL, SELcshiidESD
BRI - THRE L, ERBVBRAL RDRIICEHR -
WoBGEITY — 27 Lieh, XN EBDENTTHES
5ETT+5, EWdFdvevares i0FEEMED 2
—~ VYA LA o, HENDRAERRCELET
DEOBRHFIEAEIINNATHY, A vyvaFrPs
I DREHEOK20~308Y LT —H L&, KX
CEORBHICLE - BOBEGEEOE—~ 7 23H 72 &
WERIRB, ChOOERL, A vy varvdsin
ESIH RETHECE B RH A, FLEWOEFBRC
IEBLTVA S LRt B, RIBAEADHEAT
WELWEVEYE L UTERRS L TA/KR, Sl
SRTENIEM UMIET HURMCREE LXK 25 0T
XB0THH D, FREBINCY, BEEEEESOE
HADOHABBEBEOIAC>hTH D, EOR
PSR ShTW®, & ShTLa0T, H
D SRR E S MO EO R BHEIL, Aveyar
5 IDEN REWC L - THFETRETH S LA
n3, bicsicHussey 59 1%, Eoaging 1> Th
BUVNLY Y RZDHBERETIE, BB THZE
BRELTWB, ¥h, EORICH ST, SHkX
UG BRI AT 5D T, BVE~DEINC L
h, ThoDRBIZEKT S ZAH VI L ARE~NDEME
DEHEINTWS L Ebh 3,

ZH LA VY Y aFY I i OFEFAOMEED, R
BFIREAEN L FI20~3089) 1oL ETHD (MR
ROFIEEA - 30~4081), 1 #ED IV ¢ 28~534(8
), Vo HEEEN E HE SR, TAETOA
vy are 7 IBARFEEOSELEME - THD
bhi-tELbh5B,

2. HHERR
Fvevaros i OBE - SEIRRICL - TfTh
h, SR EEAESLL I ECEELTAETHD
DT, Avrvars7 EERO RRLO SRR
i, BRI TREIND &AM LES,

IR EM H63BH ¥ TORB DG, KRBT
B—EDOARXEDar=—%y 07 vELGMELoT

GEAR), ZDZ &, THRMIME (RROBEGE
DI|FEARABEIM MMThh, £RBE (FEHHDOE
B REEL EOKEEY - BN KB REW) 2
BWETHY, pORETOER LT (RBROLAPE
B - R - IEERE O£ BEFTO AR L ST L 5%
BHIBE) MRt EFALTV3E, FELD LY
== LAY ATCORT LOFEERLPBRNLT, AV
VarTd I MR TTARARHTOE LTV 2 &
FHRE LT B, 2L, RRETIHRS L OFERR
B DEGE R ABKICHiZ 1ctod, W20 %E (EMEk
378) Wb I v H LG ETL oI, —BEEEHT T
RFE X RO ARITH BIiA S CEER b B O EFA
BAC L ABENTHINLDOT, THERN ST VF
L5HE LT BTTREEL RV E B2 Dh B,

BURDOEBRFN COGMOBEFFME o1 GESH)
i, HRNTOREOREANE, X& LTEOHERDE
R, RIsL0THY, FULRDOES - EIRERT L LT
FOEVEEFTIHEY 2 RB ShERERL
Tw5, LkisT, WGHTREROBERMIMHIL b <.
F DRI PR T LA BER D b T AEFRC T THRAE
IUER, EashH, E4EH, BORE -7,
LavL, S CIRBRI O 5750 SR AT 1
RTFEH, FUEHOXILSTHTRBOEMC LEI
RAEHLN, HBIEPMERCREELE 66X,
~ P TIRETIC L b, EERERCEY LEE$OED
HEHIT5 L IhaHD, AFEETE, WEEOE
ER BIO BRSO ERRIBRIL (F1H), LAE
BOEEEN MBS LEECR), 1okt hEDIR
Ex@E L, 20X BN TOREOREEOET
X, TREOHIEE LT X bk LECHhRLHD o
ZHVHVEL, BB B LR, Sfo%
FEORY GESEB) Ligoto L Ex bR B, L
L, REDOEIBHOK|RNTOIND T, #heths LT
g RO BGRROBEM, bbb iadb - OBILy
R T Eitie B, Lichio TEHRPEOFBRIERIL
B THE-2CE (535 &, A4 CHEPHR
% L AAFRDBIE L BEBBFOREIC L5 b0
LEZBID,

3. BENOWA BRI
FvvardI IR IAHEHOTEEBL, BRITKID
EDRE, ER, HELEUIEEEL, BELCHR
WRAETHAARCLAMBEE LA DD, FdBER
WCIFELhBSPEMEELET IS, BERBE



56 EERIBRARBRE $405

ORFHETILE Y BT AAROREC X BRI E

Lith, AARC L BEEDHRIL, EHONEH - F
EHEXAE L CREOBIRZ B HEHH 5, Licdd
5T, AVYYAFTT IOREHBREEIFRERL
B & DHE HREIN BLEIS BN, ZITO
BEXARFTEORTEL, ETOAARMREROBRRD
&L &S\, RFEETOAARORAER, +
vy aFrYs I HFEMSHE (EEGHEE) TED LR,
Z O S TCORBRDOBEERIIISH/ B TH - To, EH
LOROTEE (REER) CTREHO0E/ K TETOMRE
XLTHD, FIRE GRER TREOFHR #4505/
HTRAELTVE, ZhLD0HR1S, ERKED b=t
DE = — o~y ARIELET TR, Kdich OfhOE
A HIM00 I T BRI EE ki A Af{H BET S
o sh, 1 BMLURCTRREBOHFRIKES &
HEIhD (B4,

ERECHLMZLILIOE, AvyyaFrds ik
FEBRECHHER T, EELEORLXELD ¥
TIEREIBEHEI BCHEESITH > TINTORNL
e B BEEHY KR SR T D, 20Xk 5rvyy 2
FO5 I OFEEBOLD, —BHICEEYETIRT
3 BRI D 5 bIEE T 5, Z i), SRESR
HTTREANC I BRI LD THRETH Y, FEHD
HEEADE LD, L L, EHORECABERL,
Biz=3 v v2DDV PiItH L TERAKERES BRI N
T3 L HI?), foEFIT O TLEFEDOREY
b TRhDSH B, Fic, REEPEIR INERR E
WERETI, BYEEaKRE, BRoBRREC LD
IR DB BRIE & A ERABETH B,

LicdioC, MRS b~ b OBE, INEHLAnCE
EHBREELUTCREFEYML TRLLEND D, £
DIDdDAL, AV ¥y arPs I OMERERI LT,
B O EE wE T BRI chd uiin b
Vo BEKED b OREOIC BT 2EIRER,
BB 1 BHic b OREHEME (r) tHEHEEE (A
AFRHIFAR ORBOBEER) %, BEEENEERC
HTIHBZ LT L 5 THETES, r :0.08~0.10,
BELREE  HHich400HE T 5 &, EHEERCL 0~
3. SO F A TINERAR (EMEHRE0R &3 3) KA AR
PIRAEL, EFRPRSRENSRTH Z EATH
Thp, COCEd, HHIREHOSOHERC L 5%
A BB E R COE SR X UHRAAOER - &
BRI, BEOMCG »REBE XD D
B 1 EU T OKBETHHT 2 0EEYRL T 3,

L Lizdti s, BREECIETRARE o, U
BRrAEIRTHOFERC L b, BRESBEEICRET S
EEHD S D, RETIINC 0 2 B R EEOHECE
Wientga—z— (1) 2%, ARFEORLEIELL T
B EEX BN HIEDLETLFBOEBEY b2 E D
M O TRV O T, INERERTONROBEHE DD
RFDOVTUL, SERH I IREFETH S,

V # =

o ANy AREDO = Ty YyaFrPsi0
BERBE TV, * vy ar o7 I EERO HEE
B, b7 rOEFEABORM - AR L OBEfRI X
UCAAFRORERR A RE L CROMRAL B,

1) Aveyarss I 0khich oBREERE,
5 A2 67 A¥ T2 » AR, {EEKNHENY R
L, 1 B&ich OBRHEIRENERIL0.092 &>, 8 ALL
B itk L TOBFEDOD, Sl - BOTTERAFE W
ROBHA~OHHAET, by DRBEGEETEY
Lt

2) Avyyaros i OFEFIER, RIBIEEL
THVCECERL, WRIEORBCH- THEL, &
REMMHERFIGR - BOBGER L~ Lich, X
TS ETCIUEDRET T2, LW0HF—-VvThHo
oo

3) Avevarvs iofiu, E2ERAORE
CETIE, BB TS v Fagfil, ERCisd
B Ui, '

4) Avrvaros i, BN EVERNLT
SEEEREC 2T, BBk JUEP - B4%hH - E4hH -
MEONRICHER CTHAR Lichd, s BRI TT
OREMIBEEL, PP THEMRCLIR LI,

5) AARBEFSAE Ghdich OBURBEGHE :
4255F) THMIECREL, 63REITE £k THRER
TRELIR,

6) &AVYVAFTT IDE = — Aoy ANREFB
2B, BREECRWTIRREDE, DOEEELI B
BRAROEETHD - L XERH L,

E &

AFREEFTHCHI D, BRI ¥HH Y ER
E£D 7 — 2 B X TE T AUNKS A WRE s
ERORBFETLCK LELRBMHOBYET D, K%



BB - RIR Ak ME A vy 3505 S ORBEBRICEIT AR GE 48D 57

TBHKEARERMRD—BELTT- b DTH
b, BIRELIICH LEL LB L LT3, ROME L
FREEBDH & & Sl MERE RPN RCH
AL LTS,

5B X

1) Harcreaves, E. : 1915. The life-history and
habits of the greenhouse whitefly (Aleyrodes vapor®
ariorum). Ann, Appl. Biol.,, 1 (3/4) : 303—334.

2) Hereesen, R. G. and Taueer, M. ]. : 1974.
Biological control of greenhouse whitefly, Trialeu-
rodes vaporariorum (Aleyrodidae : Homoptera), on
short-term crops by manipulating biotic and abiotic

factors. Can. Ent., 106 : 1175—1188.
3) MIEHMEE - BEHE - PRE—-% EH : 1976,

Frvvvaros i ORRBERICETAIHE H2@ -

RIREBEGRO BRARZIYE. KEAHAEE, 37 63—
68.

4) Hussey, N. W. and Gurney, B. : 1958. Green-
house whitefly (Trialeurodes vaporariorum WEsST-
woop). Rep. Glasshouse Crops Res. Inst., 1957 : 134
—137.

5)
factors affecting fecundity of white-flies. ibid.,
1959 : 99—103,

6)
of pests in glasshouse culture by the introduction

1 1960. Some host plant

and Braveneoir, L. : 1971. Control

of natural enemies. In Hurraker, C. B. ed. “Biolog-
ical Control”, Plenum Press, New York, 195—216.

7) Iwao, S. : 1968. A new regression method for
analyzing the aggregation pattern of animal pop-
ulation. Res. Popul. Ecol,, 10 : 1—20.

8) IRHEEL. - NEESCS £ 1976, MRk b~ F OARM
. BRABIREER, 2: 4144,

9) IMERREZRMEE : 1954, By Rk (¥
SRl 9 | UEE, 177,

10) RTTHIE : 1976. BYHBEEM T | [
thaEE14 ] FEr AR, pp. 192.

11) BREERE - Ak & - (AR 1977. A vy
aF VT IOBRAFRELER. BBRA21RIAESERE
&, p.110,

12) MiiLiron, H, E.: 1940, A studiy ‘of some
factors affecting the efficiency of Encarsia formosa
GaHAN, an aphelinid parasite of the greenhouse
whitefly, Trialeurodes vaporarioum (WEsTw.). Mich.
tech. Bull., 173 : 3—23.

13) FiRFE— 1975, Vv v aroF I OEMED
B Bk LUE, 50 1385—1390.

14) < bk EB 1977, FvvvarT I
DA EPIRICEET PR F38 KERCKIHX
BEaOBN. KEEARE, 39: 35—42, :

15) AR - AREXR-B K~ FH E-4%
JER « DUBEEF LR - choAREE - 1977, HREFEC RIS
FREOEELEMELZEHR . €=~y AR
BirdAvovares i, 775 A0HoREEHEE
FRBIER. IEEE, 21:236—238,

16) {EAMIRG : 1964, HMBEE HEEKEHKRE,
pp. 309.

17) Hep B - BRESIZEE : 1972, < FORFEAE
Wi} % Source & Sink OHIMEZOMNT (1 8)
BHEREEHT TOLBREE L OHE - BE0EE.
+EzE, 43:25—30.

18) HEFEA 1972 EEES CWHEAE PAZRK
B (Tepocal e mELE] BEE. 280—287,




58 ‘ EERVAFABHRE $405

Studies on the Biology and Control of the Greenhouse whitefly,
Trialeurodes vaporariorum (WESTWOOD)

4. Population growth and distribution pattern in the vinylhouse

Kunihiko NaBa, Keiichi Nakazawa, Hideaki HAYASHI
and Akio Hosopa

Summary

Population dynamics of the greenhouse whitefly, Trialeurodes vaporariorum (WESTWOOD), Wwas
conducted in relation to the growth of tomatoes in the vinylhouse during May-August in 1977,
Results are as follows ;

1) When twenty whitefly adults (in sex ratio ; 1:1) were released on each tomato plant late
in May, the increase in the number of adults per plant corresponded well with the equation of
exponential growth (Nt=No.ert) till July and the instantaneous growth rate (r) was estimated to
be 0.092 per day (Fig. 1). The number of adults decreased in the middie of August as the results
of both the dispersal of adults and the high mortality of young stages (Table 2, 3).

2) Whitefly adults had made one peak of their numbers on a leaf before the area of the .leaf
was at its maximum (Fig. 2). The total numbers of larvae and pupae on a leaf increased with the
development of the leaf and reached to one peak at the largest leaf area (Fig. 3).

3) The distripution of whitefly adults on plants was random, probably due to their response to
homogeniety of the enviromhent in the vinylhouse. When the size of sampling unit was taken as
leaf, their distribution was contagious, mainly due to their preference to young leaves (Fig.4,5). ’

- 4) Whitefly adults inhabited on the leaves grown at top portion as the terminal bud of the main
stem emerged conﬁnually. Consequently, eggs, small larvae, large larvae and pupae predominanted
on the upper, middle and lower foliage, respectively. After plants had been topped, larvae and pupae
were abundant on the upper foliage and eggs were distributed on almost all leaves (Fig. '6).

5 The first formation of sooty mould that grew on honeydew excreted by whiteflies was
recorded on 13th July, namely 48 days after release, when the mean number of adults per plant
was ca. 425. All trusses in the bottom of plants were gradually contaminated with black mould
since then (Table 4).

6) Based on the results mentioned above, the authors concluded that quite low infestation on and

after the early stage of tomatoes cultivation is important to the whitefly control.



