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Table 1. Effect]of insecticidal foliage sprays on decreasing sooty tomato fruits (1978).

Spray schedule*

No. of fruits

% fruits belonging to the indicated
degree of sooty mould contamination**

Ist ond  3rd  4th  5th harvested - + +4 + 4+
C C C M M 482 99.8 0.2 0.0 0.0
C C C C C 380 99.7 0.3 0.0 0.0
C C C — —_ 326 99.7 0.3 0.0 0.0
- — - C+M C+M 374 100.0 0.0 0.0 0.0
- - — M M 399 99.7 0.3 0.0 0.0
—_ — — C C 234 98.7 1.3 0.0 0.0
Check 502 61.2 22.5 9.3 7.0

* C : chinomethionat wp. 125ppm, M : methidathion (DMTP) wp. 360 ppm. Spray schedule was as

follows; 7,14,21,30 and 37 days after the adult release, respectively.

In this experiment 6 adults

per plant were released at 11.3-leaf stage of tomatoes.

dok .

to 2/3, + <4+ : more than 2/3.

clean fruits, + : sooty mould covered less than 1/3 of the surface of the fruit, ++ :1/3
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Fig. 1. Effect of insecticidal foliage sprays at early stage of infestation on controlling
the greenhouse whiteflies on vinyl-house tomatoes (1978).
Solid curves with solid circles indicate the trends of adult whitefly populations
on sprayed tomatoes, and dotted curves with open circles indicate the trend on
unsprayed tomatoes. Dotted curves without any circles show expected recovery
of adult density in the case of exponential growth of the population. C=spray
of chinomethionat wp (125 ppm a. i.), M= spray of methidathion wp. (360 Ppm
a. i.), S=the adult density corresponded to the occurrence of sooty mbuld, and
T=time of topping.
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Fig. 2. Effect of insecticidal foliage sprays at early stage of infestation on controlling

the greenhouse whiteflies on vinyl-house tomatoes (1979).

I=spray schedule I, II=spray schedule IIL

Fig. 1.

Other symbols are the same as

Table 2. Effect of insecticidal foliage sprays on suppressing the greenhouse

whitefly population on vinyl-house tomato plants (1979).
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No. individuals per plant on indicated days after adult release

Spray schedule* Stage
12 19 26 33 40 47 54

Adults 5.9 0.2 7.0 2.3 0.4 0.0 0.1

Small larvae 344.5 81.5 1.7 0.2 0.3 0.0 0.0

I Large larvae 3.1 29.5 2.7 0.3 0.1 0.0 0.0
Pupae 0.0 1.7 11.1 0.5 0.0 0.0 0.0

Adults — 2.1 — 356.9 1.3 0.7 0.3

Small larvae — — — 438.1 118.7 4.3 0.0

I Large larvae — — — 77.5 5.1 1.1 0.0
Pupae — — — - 81.4 4.4 0.5 0.1

Adults 4.6 2.3 42.6 249.1 322.5 274.9 973.9

Small larvae 257.3 280.5 98.3 33.0 1716.4 5510.3 3756.8

Check Large larvae 2.6 185.7 165.5 54.1 51.8 1280.0 3187.6
Pupae 0.0 0.7 180.5 79.9 31.1 186.9 1400.7

* Spray schedule I : chinomethionat wp 125 ppm on 12, 19 and 26 days after the adult release,

chinomethionat wp 125 ppm + methidathion wp 360 ppm on 33, 40 and 47 days after the adult

release.

Spray schedule II : same as the latter half of spray shedule I.

adults per plant were released at 8.8-leaf stage of tomatoes.

In this experiment 12
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Table 3. Effect of insecticidal foliage sprays on decreasing sooty tomato fruits (1979).

Spray schedule*

9% fruits belonging to the
indicated grade of sooty
mould contamination**

No. of fruits

1t 2nd  3rd  4th  5th 6th harvested - ¥ f+ 4+

I C C C C+M C+M C+M 136 100.0 0.0 0.0 0.0
I — — — C+M C+M C+M 167 100.0 0.0 0.0 0.0
Check — - - - - 136 2.2 529 346 10.3

* Symbols are the same as Table 3.
after the adult release, respectively.
8.8-leaf stage of tomatoes.

** the same as Table 1.
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Fig. 3. Fluctuation of adult whitefly population on unspryed tomato plants in vinyl-

house (1978—1979).

Population trends are indicated by solid lines with solid circles.

E=trend of

the emigrants which escaped from unsprayed vinyl-house, S=the beginning of

sooty mold occurrence on the leaves, and T=time of topping.
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Fig. 5. Leaf-by-leaf distribution of the whitefly adults in tomato plants. The number
above each graph indicates the mean number of adults per plant.
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Table 4. Summarized data on the population growth of the greenhouse whitefly

and the sooty mould occurrence in vinyl-house tomatoes.

Beginning of

Date of adult No. adults Timq of sooty mould Maximum Instantaneous

Data release released topping occurrence density Nmax/No rate (;i 1(111;:rease
to No T ts Ng tmax Nmax P r Y
1 11 April, 1978 20 untopped 49 451 77 9369 468 0.079
2 26 May, 1977 20 48 48 425 63 5863 293 0.092
3 13 June, 1979 12 56 33 249 60 3270 273 0. 089
4 6 June, 1978 6 45 47 400 61 2169 362 0.102
Mean — — 44.3 381 — — — 0.091

Numerical expressions of N,, Ng, and Np,x; adults/plant.

days after adult release.

Time expressions of t,, ty and tgax;

1 —Kajita (from Naba et al. 1978), 2 — Naba et al. (1978), 3 & 4 — present study. Varieties lused
are as follows; 1-——Kyoryoku-Beiju, 2 & 4—Choko-Ogata-Fukuju, 3—Kyoryoku-Toko.

AT x=-g—1iY, JESCFIEDEELAORESE
Bl o TERTs LB Tw5, Graham? i3
TNT g7 2T B T 75 &, Therioaphis
maculata (Buckton), oW THREL, AEDOHHH
RIEMBLGREHT I - THEERRD Z LY PHLLI
Liz, 58P i vrg=,
Gregor) O WTCHRBORS®B DTS, BT 13
Ay are s i HEETHIEERRCOWTHIME
B L ToFERY A—KEFEM T LB L, AEOH
BILr =PI hF vV REBWTBL Z EXHALMIL
f2o —7H, WHEB®L2 B b 4 B ERHORICER
TR RBIEDOF o VYV DOWTHEED 1 HY2eh B
RSB NEE R R, 0.048~0.086 (FH{HO.062) *1E7-
2, ZHBIREARED P~ MEFDL T IS WRIE
Lo Twh, SO &Y, 2727 i OEMEBCEL
OERNMEHECEE L TWDZ ERRBL T2, $F4
ED L, AHGEOTF—FESWTRDL LD TR
{, EHTET3EEROEE MG, DEERDIG D
ThbH, Thihbil, PELrOBHEGESELCT

Panonychus citri, (Mc

HEGEYATNEE LT — 20 5B IhTW5,
Lichis T, Thbo TIIEORNBAEMEY R~T
DTRIEGD, B0 T OREIERER & b B
IFLESTWART &N D, EBCRTD 27053
DOWEMO KLY RTHEL LT, £CROIESHEY A
WBZ EREMTHD EELONRD, T RBHEGDOK
DY LS EPRED Lt T B LTL, —
BOFEERR TS COREOBHIPEUCE LD, FHE
FRERTED, ST A—x—TEHAVT2FCF D
BIRRAIRE E 2 5358, KREE <~ P ofEEic - T
BEFMVEESHH D, BERMGL rOBEFREYHLITL
TRE, WgETHEHOBEFMTHIETS 1 DHE
ERAVHOREE L, L, BEZOZ LZETA
BT - 2320w, FARRLIC < FOER
DHRE, TEs&thiaro T I OMBETHFECH- &
Aird8hd, TOLSFASGETTRRE IR O
EXEA L TR ABRLETHHDOT, YEHEDOEHD
BECLERRDEBEHEY M TTEL,
HAFTEWT, 1A TTREL, #6REDOL

Table 5 Tolerable survival density (TSD) of the greenhouse whitefly on vinyl-house tomatoes.

Instantaneous rate of Tolerable pest

Tolerable survival density (TSD) which corresponds to
indicated period (t; days)

increase per day density (TPD) No’
adult/plant
ST Nt’ 40 50 60 70 80 90
0.091 381 24.9

100 40 1.6 07 03 01

TSD is tolerable density (adult/plant) immediately after control.

—_ 381
No’ T e 0091t
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tmax

CULTIVATION TYPES OF VINYL-HOUSE TOMATOES

Topping  Harvesting period

mid-Feb. to late May

Transplanting

I mid-Nov. mid-Feb.
mid- Aug.
il

mid-Apr. to late June

early Oct. to mid-Dec.

Unsprayed Sprayed
Last spray permitted

[95]
T

------- TPD

[\-]

......

Nt=No£°‘°'“

Number of whitefly adults per plantlog (N+1)

/ - YTSD,=1

L L L R L L N :
-80 -60 -40 -20 0 20 40 60 80
Days (t, 0=the beginning of harvest)

0

Fig. 6. Schematic representation of the design

of whitefly control in vinyl-house toma-
CTD shows the control threshold
TSD

survival

toes.
density (25 adults per plant).
tolerable
and TSD; (10 adults per

is applicable to the case of

indicates the
densities,
plant)
6-trusses-yielding tomatoes without
regard to cultivation types. CE means
the efforts of control to achieve each
TSD.

populations after control is shown by

Expected recovery of adult

solid lines in the cases of untopped
tomatoes, and by dotted lines in the

cases of topped tomatoes.

ETH, 2, EZOAF - SREFMEHEU S, B
B DA E®RY, BERNEORE L%, ERBMAEBORE
ERHEO D, BERKECE I SELMHRAILETH
B, FRIC X - CEBPRMAED, — B EN R
Vo BRTEMHT X SEF O ERE IR, &b
HEOB L OTLNER 3 ARITH D, 5, NEHIC
ADANCHREET L TR LEBERD 5,
PIREHRCEEER-To 22T 11, R RDBR
FMRL b - CEERHETS 2 L8 TFREhD, Tk
bbb, BRFERBAEIES LEG Noo ThHhi,
t HROK Y0 BER (Nt) 13, Nt’=No’ et
TRDOND, HEHFBEE (TPD) I38LH/HETH
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Table 6. Estimation of sample size based on the regression of mean crowding on mean density.

Mean desity (X) 1 2 5 10 20 25 30 50 100 200

Sample size (q)

number of plants 855 428 171 86 43 35 29 17 9 5
t2/a n N

q=fﬁ( ;1+B—1}$=&+Bm=mﬁ+me,t=Lm,D=Q3
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3 To’ (a)
S ool m=42.6
8 9 July, 1979
&z (26th day) m=27.3
| 600 F 24 June, 1977
- (29th day)
(]
& g
L 400+ To” (@
5
4
Z o200t
= m=10.3
E C 7 July,1979 (24th day)
O 0 1 1 i 1
0 5 10 15 20 25
Number of plants sampled (q)
Fig. 7. Application of sequential sampling to judging whether or not the whitefly
density on tomato plants is over the control threshold density. Date in
paren the ses shows the day after adult release.
Table 7. Sequential table for the control threshold density (CTD) and tolerable survival
density (TSD) of the greenhouse whitefles on vinyl-house tomatoes. Judgement
is as follows; “control immediately” when cumulative number of adults exceeds
the upper limit, “control” or “re-examine 2 or 3 days later” when the number
is between both limits, and “do not control at present” if the number is below
the lower limit,
A) CTD : m,=25 adults/plant
Cumulative number of
plants surveyed (q) 2 4 6 8 10 12 14 16 18 20 25
Upper limit, T/ (q) 113 188 258 325 389 453 515 577 637 696 844
Lower limit, T’ (q) —13 12 42 75 109 147 185 223 263 300 401
B) TSD : mq=10 adults/plant
Cumulative number of
plants surveyed (q) 2 4 6 8 10 12 14 16 18 20 25
Upper limit, T/ (q) 60 9% 128 159 188 217 244 272 298 325 390
Lower limit, T" (q) -20 -—16 -8 1 12 23 36 48 62 75 110
T (@=qmo+ ty a[(@+ 1)me+ (B — 1)my2] t =1.00, =76.9, 8 =1.03

T (@)=qme— t v a{ (e +1)m,+ (8 — 1)m,2]
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Studies on the Biology and Control of the Greenhouse Whitefly,
Trialeurodes vaporariorum (WESTWOOD)
8. Control at early stage of infestation and control threshold density

Keiichi Nakazawa, Kunihiko NABA and Hideaki HAYASHI

Summary

The greenhouse whitefly, Trialeurodes wvaporariorum (WEsTwoop), has become one of the most
important insect pests of greenhouse crops, particularly tomatoes, cucumbers and eggplants in
Japan. Growers frequently fail to control the pest and claim that any registered chemicals have
insufficient effects on the whiteflies, However, most of such the cases resulted from inadequate
control practice. So the authors conducted vinyl-house experiments in order to prove the effi-
ciency of insecticidal foliage sprays at early stage of infestation in tomato plants during 1978 and
1979. Results obtained are as follows;

1) In six-trusses-yielding tomatoes, 12 adult whiteflies were released two days after the transplan-
ting of seedlings. Two scheduled foliage sprays at weekly intervals were applied; the spray
schedule I was consisted of three applications of chinomethionat wp 125 ppm and further three
combined applications of chinomethionat wp 125 ppm and methidathion wp 360 ppm. The spray
schedule II was the same as the latter half of the spray schedule 1. The spray schedule I started
on 12 days after the adult release when density of whiteflies was 5.9 adults, 344, 5 small larvae and
3.1 larvae per plant, respectively. The spray schedule II began on 33 days after the adult release
when mean density of whiteflies was 356.9 adults, 48.1 small larvae, 77.5 large larvae and 81.4
pupae per plant, respectively. Both scheduled foliage sprays gave excellent control of whitefly and
no harvested fruits had been contaminated with sooty mould.

2) During nine weeks, whitefly populations grew exponentially on tomato plants. The
instantaneous rate of increase per day was 0.091. About ten days after topping, density of whiteflies
was on the decrease because of lack of new leaves suitable for food. On the contrary, it may
be possible that whitefly populations continue to grow exponentially during a considerable
period on tomato plants which are not topped in the prolonged cultivation.

3) Since some tomato fruits were contaminated with sooty mould about seven days after the
beginning of sooty mould occurrence on the leaves, first occurrence of sooty leaves was defined as
the tolerable iniury level. The adult density at that time showed little variance in some experiments,
and the mean density of 381 adults per plant was defined as the tolerable pest density.

4) Tolerable adult density immediately after control was derived from the equation of exponential
growth and the tolerable pest density. The authors termed it “tolerable survival density (TSD)”.
This new concept, tolerable survival density, means a final goal to be achieved in chemical control,
and it is concrete when we can exactly forecast the population change of objective pest. Using
this standard, growers may adjust their control schedules to reasonable insecticidal applications.
TSD of the greenhouse whitefly was determined to be 10 adults per plant in six-trusses-yielding
tomatoes of all cultivation types. As for control threshold density, it was determined to be 25
adults per plant.

5) Sample sizes necessary for estimation of adult densities were calculated. But they entailed
too much labour to be practicable. Iwao’s method of sequential sampling based on the .m
relationship was applicable to quick classification of adult densities. Sequential tables for the

control threshold density and the tolerable survival density were given.



