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(Table 1-1 Planted area of greenhouse vegetables

in Japan (1973)
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(Table I -2 Diseases and injurious insects to cucumder)
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(Table I -3 Classification of agricultural chemicals)
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St | AR A 3 BRMRE BN
SRANLTE (mg/m®| (mg/m®)| (mg/m?)| (%)
1 19. 4
2 23.0
% 3 23.4
2 4 23.0
gg 5 24.6 | 22.1 171 7.7
/%\ 6 21.8
= 7 22.3
8 19.6
9 21,8
1 12.0
2 14.9
ﬁ 3 12.6
2 4 12.7
Eg 5 1.6 12.1 1.22] 10.1
K 6 11. 4
Lot B 11.2
8 10.8
9 11.6
1 16.6
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Ea 3 23.1
; 4 16.5
;L 5 22.9 | 19.1 3.99 | 20.9
JE 6 19.6
& 7 20.0
8 10.8
9 19.1
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1-9. Temperature change in a pesticides
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(Table I-8. Particle size distribution of each experimental plots)
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(Table I-11. Control effect against Cotton aphid)
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Table ! 1-15. Particle size distribution of each positions in a vynilhouse)
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(Fig. 1-28. Diffusion of fume perticles——micrograph of 600 magnification)
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(Fig. 1-29. Diffusion of fume particles
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(Fig. 1-32. Temperature change in a pesticides tray)
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(Fig. 1-34. Fumes generation——Model K-IIT)
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(Table 1-20. Control effects against Downy mildow and powdery mildow)
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(Table 1-21. Control effect against Cotton aphid) (Table T1-22 Particle size distribution of each
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(Table 1-23. Particle size distribution of each

positions in a vynilhouse)
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(Table I-25. Particle size distribution of each

positions in a vynilhouse)
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(Fig. 1-36. Fume particles——mixing of Daconil
wettable powder, Morestan H50 and
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(Table 1.-26. Name of used pesticides, dosage and application time)

e EE ) . N )
A (10a24 0 = < N R O N 1 I 4
& a = — IR FIH 200g 10821, 270, 118 4, 10, 17, 25A, 128 1, 8, 15, 22H ®3110[
=L AKXy HS50 180g 10/ 27H
D.D.V.PHH 100mf 10421, 278, 118 4, 10, 25H, 12A 8 HD# 6 A
BI2R FEHENENORNBRY S

(Table 1-27. Particle size distribution of each positions in a vynilhouse)
(7H3H: 2= =~rkRH4508)

] j Boo®& #m & D
MAEALE | L W Lapr | 1m2p [ 2~8u | 8~4p i~5p
# T T DT T

o 53 92.6 7.7 5.7 0 0
® 63 31.8 50.8 14.3 3.1 0
® 73 27.4 54.8 16.4 1.4 0
@ 68 33.8 52,9 11.8 1.5 0
® 65 12.3 64.6 12.3 10.8 0
® 80 2.3 8.8 20.0 5.0 0
@ 73 2.5 61.7 17.8 0 0
69 41 81.5 10.1 2.9 14
® 54 13.0 63.0 16.7 5.4 19
72 2.8 | 59.8 1.1 6.9 1.4
@ 72 2%. 4 54.2 13.9 5.6 0
@ 51 11.8 66.7 19.5 2.0 0

2 66.1 21.3 60.3 Ma1 3.7 0.5
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(Fig. 1-39. Side view of tested box)
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(Table 1-28. Particle size distribution of each positions in a vynilhouse)
(1A 48 : = =—1kFH200g, D.D.V. PAFI00cc)

B oA % #) e %)
MENE | BT W N 1~2p | 2~3p | 3~4p | 4~5p | 5~6p | 6~8p | 8~10u
Le b | yf YT LF LT LUF PF DL
® 61 11.5 75.4 11.5 1.6 0 0 0 0
® 56 5.4 71.4 16.1 7.1 0 0 0 0
® 56 25.0 59.9 11.5 3.6 0 0 0 0
@ 52 36.5 46.2 9.6 7.7 0 0 0 0
® 62 9.7 64.5 16.1 8.1 1.6 0 0 0
® 61 6.6 73.7 11.5 8.2 0 0 0 0
@ 66 4.5 75.9 9.1 4.5 1.5 3.0 1.5 0
71 2.8 53.6 21.1 8.5 7.0 4.2 1.4 1.4
® 68 7.4 64.7 19.1 4.4 2.9 1.5 0 0
73 15.1 73.9 4.1 1.4 4.1 1.4 0 0
@ 66 12.1 71.2 7.6 6.1 1.5 1.5 0 0
® 60 8.3 73.3 11.7 6.7 0 0 0 0
P 62.6 10.6 68.8 12.2 5.5 16 L01 az‘ 0.1
CRIFH o iEtem 6. 4h, ZEHRE10.2%)
BI-29% AEMENONBED A
(Table T-29. Particle size distribution of each positions in a vynilhouse)
(A1ALTH ¢ # 2 = — VR FAFI200 8)
N wooo®  ®W & D
AEHLE | BT N 1~2u [ 2~8u] 8~4dpu| 4~5p ] 6~6p] 6~8p
LB yF LT LT LT LT LT
@ 46 19.6 73.9 6.5 0 0 0 0
® 51 29. 4 54,9 15.7 0 0 0 0
® 52 44.2 51.9 3.9 0 0 0 0
@ 54 24.1 61.1 13.0 1.8 0 0 0
® 53 52.8 34.0 1.8 3.8 3.8 3.8 0
49 30.6 38.8 12.2 12.2 4.1 2.1 0
@ 63 36.5 50.8 9.5 1.6 0 0 1.6
59 49.1 45.8 5.1 0 0 0 0
® 18 11.1 72.2 16.7 0 0 0 0
48 29.2 58.3 12.5 0 0 0 0
@ 52 23.1 74.5 2.4 0 0 0 0
@ 46 10.9 76.1 13.0 0 0 0 0
L t 49.3 ] my] %ﬁ‘ 93[ 17 0.7 0.5 0.1
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(Table 1-30 Particle size distribution of each positions in a vynilhouse)
(128 8 H : # 2 = —A7kF#I2008, D.D. V. P#HI100cc)

j woo® @ & O
LR | BT T i~2u4 | Z~3u | B~dp | A~bu | 5~6p
1p BT | "yF YT LT LT Y
@ 51 35.2 58.8 6.0 0 0 0
® 50 40.0 54,0 6.0 0 0 0
® 48 35. 4 56.2 8.4 0 0 0
@ 59 35.6 49,2 13.6 1.4 0 0
® 58 55.2 34.5 10. 3 0 0 0
® 78 42,2 50.0 2.6 2.6 0 2.6
@ 51 39.2 52.9 7.9 0 0 0
54 20. 4 68.5 11.1 0 0 0
® 52 57.7 36.5 5.8 0 0 0
43 39.5 51.2 9.3 0 0 0
@ 46 42.0 56.0 2.0 0 0 0
@ 62 37.1 56.5 6.4 0 4} 0
R 54. 4 40.0 51.7 7.6 0.5 0 0.2
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micrograph of 600 magnification)

(Fig. 1-40. Diffusion of fume particles
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(Fig. T-41. Diffusion of fume particles
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(Fig. 1-42. Number of fume particles in a

tested box)
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(Table 1-31. Control effect against Scab)
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(Fig. 1-43. Logarithmic probability curve of

particle size distribution Model
K-1)

dn - >n
d(log Dp) log o4+ /97

_(og Dp—log Dg)* i 7
xexp [ 2log® oy } W

coCln: BT, Dy MAPEE, o MR
ﬁ%ﬁ%h@Dg) Gg l’i[z); (3)—5&@7}‘\%%50
log Dy= (Xn log Dp)

n (2)
log GQZVZ [n(log %PHWIOE Dy)*] (3)
ek D, BIMNFERWRCRITLNTES,

71=———-——Zn —
log o4+ v/2r

D (log Dp—log Dy)?
P _ g Uyp g g
j‘o exp[ 2].Og2 ag
TeCT

= log Dp—logD 4
log aq¢

|- Qog Dp) —ta)




99.99

99.9
1973.7 '/
v
99 (%3 =—nkF#l) /(
KL 95 ,/
% A
& 4
80 ﬁ/
70
% 60
/s
50 —
jm 40
30 //
# 20 oy
- 10 //
% 5
& / Dg 1.73
cg=1.73
1
0.1
0.01
0.5 1 3 4 5 10
KoO& (w
99.99
99.9
1974.5.1
Qn
(&2 =— nakFn#l) ¢
/4/
# 95 g
z %
80 -
g7 70
60 .
50
4
30 .
=90
T / Dg=1.65
% ) // 08=2.18
1
0.1
0.01
0.5 1 3 4 5 10
wWooO® (W
B 1-44K

99.99

99

1973.9.18

95
90
80
70

(2 =—nkF0H)

60
50
40

30

20

10

0.1

0.01

99.99

99

95
90

80
70
60
50
40
30
20

10

0.1

Dg=0. 97
og=1.92

0.5

10

1974.6.18

(%3 =— )L KFH)

Dg=0.84
[ og=1.96

0.01

0.5

.
L

WES T OFHHERAR K118
(Fig. 1-44 Logarithmic probability curve of particle size distribution~—~—Model K-II)

— 38 —

2

3
% (w

4

5




99.99
99:9 1974.8.30
w (33 =— VoK)
0
)
% 9%
90
%
80
70
mo 6o
50 /)
E S 40 7
30 A
—~ 20 ©
%
10 Dg=2.5
5 og=1.99
1
7
0.1
0.01
0.5 1 2 3 4 5 10
pis %= (#) ar
99.99
v
9.9 1975.11. 4
(;r:r :——/wkﬂlﬁ‘l)
o9 D.D.V. P2LHI /
& % A
90 ¥
£ g ,/
70
m 60
50
&40 /
30
~ 20
%
N /
5 / Dg=1.34
og=1.73
1
0.1
0.00 53 1 73 4 5 10
W B (w)
= 145K

99.99
99.9 1975.7.3
3 = — kA
Ko 99 ( ) //
& o /
90 /
)
80
70 /
m g /
/
50 7
# 40 7
30
2
% /
T 7
5 va Dg=1.40
og=1.51
1
0.1
00155 1 2 3 4 5 10
W8 (W
99.99
4
© 999 19751111
, (3 = — LKA 4
#0099
& '/
B o5
% /
% ) 4
80 /
m 70 /
60 /
50 —
# 40
30
~ 20 /
% /
<
5 ,/ Dg=1.23
og=1.64
1
0.1
0.01 0.5 1 2 3 4 5 10
BoOE (0

RIES T ORHEEREIR (K-

(Fig. 1-45. Logarithmic probability curve of particle size distribution——Model K-II1)

— 39 —




99.99
99.9
W= AJESE o—e Dg=2.20
og=2.35 -~
W % Dg=1.50 2
i Vv HY—F o0 ooy 7 }/
9 l
7% L~
90 /// <
= A //
80 P
70 7 -
w60 s
50 (/
40 A
E A ~
20 /// /
9% 10
5
&1 = — )L K FIF
1
0.1
0.01 0.5 1 2 3 4 5 10 20 30
i % (w

BI-46E HMEHTONBHERBG (V—F CAES, CviRY—FAER)

(Fig. 1-46. Logarithmic probability curves of particle size distribution

and Jambo Sachi Fumigator)
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(Fig. 1-47. Logarithmic probability curves of particle size distribution

Jowsan Fogger and Plus fog)
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EI-2% R RBICES T 32 EH N TR
(Table T1-32. Mean diameter of each experiments) (€2vAD))
® OB 4 A H . =p HOF B
B oK R B % # B B F | Dg | oog | D De | Dol (q1gy078,0 )
K-181| 1972. 6 Hoa=— kKl | 1.61]1.88 | 1.97 | 2.41 | 2.94 R
1973. 6 JHAE2. 24m*/min | A== — AAKFIH] }2. 20 | 1.71 ' 2.53 1 2.93 | 3.38 \ 2%
1973. 7 4.24 X a3 = — LakFEH 5 1.73 ’ 1.73 [ 2,01 2.34|2.72 l 46
1973. 7 6.42 Ha = — kgl 11.61 1.73 | 1.87 | 2.17 | 2.51 43
1973. 7 9,47 Ha=—AskH%] | 1.10 | 2.17 | 1.48 | 2.00 | 2. 70 47
K-T24 J ==
1973. 7 ”VE@&&E Ha=—kFiE | 1.80 | 1,95 | 1.62 ] 2.03 | 2.54 52
1973, 9.18  3964f o~ % Faoa=—uMmEl 097 1.9211.211]1.49 | 1.85 28
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SUMMARY

In this paper we describe an experimental study
of the automatic control fumigating machine.

There are two methods to prevent the diseases and
the injurious insects to the greenhouee vegetables.
They are a liquid spraying method and a chemical
fog diffusing method.

It is dangerous to spray the liquid in the green-
house for the worker because he is covered with the
liguid. So the sprayer is investigated and improved
to the automatic control system with battery car
or the monorail carrier. The fog machines which
are used in the greenhouse are the pulse fog, the
fumigator and the steam fogger. When we use these
fog machines, the chemical fog must be deffused
uniformly in the greenhouse. Then the automatic
control fumigating machine which is our trial pro-
duction can prevent the greenhouse vegetable dise-
ases and cover an area of 10a. The construction of
this machine consists of the electric heater and the
blower. The pesticides is heated by the electric
heater and emit the fumes. The blower diffuse the
fumes in all over the greenhouse. In such a way,
this machine is used automatically to prevent the
diseases and the injurious insects to the greenhouse
vegetables.

1. To prevent the diseases and the injurious insects
without staff, we have conducted the developing
investigations 'on automatic control fumigating

machine (Model K-I, K-II, K-III) between 1972

and 1975.

2. Following experiments on the performance of
those trial machines were made.

1) Experiment on generation of fumes.

2) Experiment on the diffusion of fume particles.

The diffusion of fume particles was ex-
pressed as a change in fume density meas-
ured at each positions of vynilhouse in the
case of Model K-I and was expressed as a
change in number of fume particles meas-
ured at each positions of vynilhouse in the
case of Model K-II and K-IIL

3) Experiment on the control effects against

Downy mildow, Powdery mildow, Gray mold,
Sclerotinia rot and Cotton aphid of cucumber.
Pesticides in this experiment were Daconil
wettable powder, Morestan H50, Sclex
fumigant and D. D. V. P emulsifiable con-
centrate, and we observed chemical injury

to cucumber at the same time.

Developing Investigations on Model K-I.

1. Fumigating machine (Model K-I) is mainly com-
posed of the blower, the electric heater, the pesti-
cides iray and the control box as shown fig. II-1.
Fumes generated in the pesticides tray are blown
up straight upwards by wind delivered from the
blower, and after that, fumes diffuse throughout
a vynilhouse along inner surface of the roof. It
is possible to regurate output of heater and to
start and stop a driving of heater and blower
automatically.

2. As a result of comparing experiments in 168m?
vynilhouse Model K-I with Sachi-Fumigator, the
fume diffusion by Model K-I was more uniform
than that by Sachi-Fumigator and the size of
fume particles generated from Model K-I was
finer than that from Sachi-Fumigator.

3. When we-investigated the control effects against
Downy mildow, Powdery mildow, Gray mold and
Sclerotinia of cucumber by use of Model K-I,
Sachi-Fumigator and small sprayer in 41.3m?
vynilhouse, there was little reason to choose bet-
ween plot applied Model K-I and other methods.
Ofcourse, those effects were far better than plot
not applied.

4. If we use Model K-I in larger vynilhouses,
following problems were feared from the obser-
vations above the experiments.

1) If we change wind volume according to the
size of wvynilhouse, it is difficult to regurate
output of heater because heat loss from the
pesticides tray changes with wind velocity aro-
und it.

2) It is assumed that the fume diffusion is not




even because of blowing up straight upwards.
5. To solve above problems, we reconstructed as

follows, and named to Model K-II.

1) The pesticides tray was so located on the
upper plate of the machine as to be unexposed
directly to wind.

2) Two elbows were located on the upper plate
of the machine as shown fig. II-11, II-12, so
that the fumes were suck by wind delivered
from the elbows and diffused in two directions
along the ridge.

Developing Investigations on Model K-II

1. We investigated the fume diffusion changing
wind volume delivered from the elbows in four
steps (2.24, 4.24, 6.42, 9,47 m®*/min) and the
blowing height in two steps (140cm, 70cm) in
308m® vynilhouse in order to know fitting values
of that things. As a result, we found that if the
conditions of about 530w output of heater and
wind volume over 4.24m®/min were satisfied,
sufficient results of the fume diffusion were
obtained in around 300m® vynilhouse.

In regard to the blowing height of the fumes,
the result of the fume diffusion on 140cm height
was more uniform than that on 70cm height.
But, even 70cm. height condition, we considered
to can be received practical application.

2. As a result of the experiment on above condi-
tions in the 396m’ vynil house, the control effects
against Downy mildow, Powdery mildow and
Cotton aphid of cucumber were satisfactory. In
addition, the percentage of fume particles with
diameter under 2 4 was about 89% and the fume
diffusion was even thereby.

3. On the otherhand, as a result of the experiment
by use of Model K-II deepened the pesticides tray
to 6. 5cm and increased wind volume to 6. 4m®/min
in 1110m* vynilhouse, the control effects against
same diseases were unsatisfactory.

We considered that increasing of the fume
particle size and decreasing of the fume particle
number thereby were the main reason of those
results.

4. Increasing of the fume particle size must have
its own reason. So, ‘experiments on the fume
diffusion under next conditions were performed
to study this problem in same vynilhouse.

1) Under condition of reducing the amount of

pesticides (Daconil wettable powder) to 100g.

2) Under condition of inproving the adiabatic
character around the pesticides tray.

The results were as follows,

1) Reducing the amount of pesticides didn’t come
to decrease the particle size.

2) Inproving the adiabatic character came to
decrease the particle size and the percentage
of fume particles with diameter under 2 g was
93%.

Thereby, the number of fume particles in
creased by about five times that of above result
and more uniform diffusion of fumes was ob-
tained.

5. In order to treat pesticides of a few kind in the
same time, We enlarged the pesticides tray and
increased output of heater to 1200w, and named
to Model K-IIL

Developing Investigations on Model K-III

1. As a result of the experiment made in 1069m?
vynilhouse, the fume diffusion and control effect
against Downy mildow of cucumber were unsatis-
factory.

2. When we inproved the adiabatic character aro-
und the pesticides tray same as Model K-II and
the blowing air was allowed for another period
of fifteen minitues after heater cutting off, the
satisfactory results of the fume diffusion were
obtained.

But, as there was not the outbreak of diseases
both on plots applied and not applied during ex-
periment, we investigated the control effect by
use of inaculation of Scab germ.

As a result, sufficient effect was recognized.

Discussion
The following was found from the experimental

results of Model K-I to Model K-III.

1. We could diffuse the fume particles uniformly
in adout 1000m® vynilhouse by use of the trial
fumigating machine,

2. The diameter distribution of the fume particles
can be expressed by the Log-Normal Distribution
and is characterized by geometric mean diameter
(Dg) and geometric standard deviation (og).

3. Arithmetric mean diameter, mean area diameter
and mean volume diameter are caluculated by
equation (7), (8 and (9), respectively and the
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results are shown in table II-32,

When the amount of used pesticides was con-
stant, we reconfirmed that the number of fume
particles was inversely as mean volume diameter
cubed.

Generally, the size of dropping particles in a
vynilhouse had a tendency to increase with app-
roaching to the fumigating machine. however,
when the diameter of the fume particles generated
from the fumigating machine was in the range
of about 1.0~1.54 in arithmetric mean diameter,
there was not above tendency, and more uniform
diffusion was obtained.

The change on number and quantity (volume)
of dropping particles at each positions of vynil-
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house had a tendency to grow large as increased
the size of the fume particles generated from the
machine.

Throughout all experiments, it was found that
the control effect against Cotton aphid of cucum-
ber was satisfactory and the chemical injury to
cucumber didn’t matter in practical application.

As a result of invetigating the relation between
the number of dropping particles and the control
effect against Downy mildow, it was found that
the more number of dropping particles, the larger
its effect become,.

After this, it will be neccesary to apply other
kind of pesticides to this trial machine.
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