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Rice is the staple Sood of spproximataely half of the
world's population, Rice produces mexime calories per unit
area of land emong the cepreals and is adsptable to a wide
agro=climatic conditions,

Rice 48 cultivated &n about 145 million hectares of
land in the world, India, the eouatrxy having the oldest
known rice specics of the world is slso the sccond larvest
rice producer, In Indis, asmual emltivated area of rice 4s
estimated as 35,6 millicn hectares (Muhassnad, 79), and
production of 43,8 million tomnes of rice, 7Thearea uader
rice in Kerala is sbout 875000 ha with an average yilaeld of
nearly 1500 kge/ha. The rice produgtion can be inereased by
adopting scientific cultivetion methods,

The Brown plant hopper (BFH), Nilspaivats
contimias to cause devastating dumage to rice, becanse of
the unpredictabllity of its infestation and lack of adequate
control measures, This necssaitates to isprove our pest
control tachnology and to dovise an effective post management
strategys

The outoreak of this pust gemarslly occurs after the
formation of a dense canopy Of leaves in the rice erope The
adults and nymphs of the pest goongregate around the stem,



usually 15 to 20 om. from the base, near the water level,
The estimated loss camsed by BPH to rice in Kerala, from
1973 to 1976 amounted t0 a total of 12 crore rupees, and
that of the world was 312 crore rupses., These are shown
in Table 1 and 3. Among the various control measures

for BPH, chemical method is reported to be better, provie
ded that an adequate amount of insecticide gets deposited
at the correct szone of infestation, The conventional
sprayers gemerally deliver the spray fluid over the plant
canopy, and not down eacugh to cover the lower regions
of the rice stems, DBResides, these conventional sprayers
4o not permit their use to dsliver the spray fluid around
the stem az the movemsnt of their lance through inter-
locked leaves is difficult. Repeatedly confronted with
this problem, the need for designing improved version of
sprayers for effective spray &f the fluid deep inside the
canopy to reach critical sose on the rice plant, has been
stressed very much by the Agricultural Scientists. The
present studies were taken up in this background,

The objectives of the project is to develop a suite
able insecticide applicator for the control of BPH, a
major pest of rice. The specific objectives ares
(1) To design and fabricate a suitable applicator to
control the Brown planthoppers in paddy fields.



Table 1. Damage to the rice crop caused by the brown planthopper
in Kerala, India, from 1973 - 76

Affected area

Crop year Season Degree of Estimated Approximate
damage % equivalent value of
Ha, tiZf :g::l area of crop loss*
total c U8 $
loss (ha.
1973-~'74 Mundakan 19,002 5.8 50-100 14,250 4,275,000
(Aug—Jan)
Puncha
{Dec-Apr) 48,910 63.4 10-100 19,800 $,940,000
1974-*7% Mundakan 17,150 5.2 0-100 820 - 246,000
Puncha 5,148 6.7 0-100 560 168,000
1975-'76 Mundakan 6,087 1.9 0-30 480 144,000
Puncha 27, 356 35,4 0-100 3,230 969,000
Total 11,742,000

* Assuming an expected yield of 2.0 t/ha. and a rough rice price of Us § 150/t.

{Dyck and Thomas, 1979)



Table 2, Summary of approximate total monetry loss
cause in recent years by brown plant hopper
and grassy stunt damage to rice

-Country Loss (Million USS$)
Fiji 0.50
India 20.00
Indonesia 100,00
Japan 100,00
Korea 10,00
Malaysia 1,00
Philippines 26,00
Solomon Island 0.12
Sri Lanka 1,00
Tadwan 50.00
Vietnam 3.00
Total 311.62

(Dyck and Thomas, 1979)



(11) To evaluate the pexformancs of the applicator
for its eff:lcienéy and limitations,
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REVIEW OF LITERATURE

| The informatiom relating to vb_mml planthopper a
notorious rice pest, crop losses caused by it, and its
control sre reviewed in thzllahwtor. The review is pre-
sented in the following headingss

Crop loas

Brown plaathopper and its feeding habits
Migration

Control

Rice Oryzs sativa &3 an ancient cereal crop domestie
cated about 10,000 years age alomg the hilly tracts, south
~of the Himalasya (Kazushige, Segewa 1982). Because of the
long history of its cultivation amd its widespread dispersal,
rice is probably the most genetically diversified among
the worlds cereal crops, With the spread of high yielding
rxice varieties and intensive ;ﬁzuntten. the most
destructive of rice pests has heen the brown planthopper ~
Nilaparyata lugens stal., (Ahxahsm and Nair, 1975), It
causes a severs direct damage %o rice by causing hopper-
burn and also of grassy stunt isdirectly through the
transmisasion of xmd stunt and virus dissases,



2.1 Crop losses

It is reported that the BPH causes incredibly heavy
losses to the g¢rop, The minimum crop damage is cbserved in
the d&ry season. OQuthresks coatinue to increase with the
expansion of irrigated rice growing areas, and with the
continwous cultivation of high yielding varieties. The
pressat control measures are not entirely satisfactory.

A severe outbreak of BPH in India oceurred in Kerala
State at the end of 1973 and early 1974 (Xoya 1974;
Nalinakumari and Mammen 1975), It mainly occurred in Kole
lands of Trichur district and the XKuttanad area of
Kottayam and Alleppey districts. The outbreak caused a
partial damage to about 50,000 ha of rice fields., Gopalan
(1974), reported that sbowt 8000 ha. was almost completely
viped out. The loss ia grain yleld ranged from 10% in
moderately affegted field to 70% in the severely affectsd
field (Xulshreshtha et al.1974). The damage to the stand-
ing crop some times reached eent pestent., The Table 1
shows the area equivalent to that which experienced total
loss of rice orop in recent years, According to Dyek,
and Thomas (1979), the estimated losses in Kerala from
1973=74 to 1975.76 amounted to U8 § 12 million (12 ovove
repees) and that in the world was US § 311.62 million
(Table 2).



2.2 Browa plaatpopper and its feeding habits

. Miles (1972) reported that the BPH is a vascular
feeders it primarily sucks the Phloem sap by “Stylet
sheath feeding®" and secxetes a coagulable saliva that
forms a tubular 1linling., Usually aymphs and adults
aggregate and feed on the leaf sheath at the basal portion
of the rice plant, When adult population is mcpmlnur
high, wm!emmn.umwrpu.taﬁ rice
plants and they are observed €0 swarm even on flag leaves,
the uppexrmost internodes of panicles and panicle areas.
Otherwise eggs are inserted into the leaf sheaths,

2.3 Migration

According to Mechida (1970), nymphs and brachyptayous
adults move by walking and hopping, Macropterous adults
move by flying, walking and lwpping. Asalina and Tsurnoha
{1968) states that the BPH can migrate long distances -
ssveral hundred kilometers or more.

The BPH severely damages rice plants in the post
flowering stage in most rice areas (Xulshreshta, 1974).
The typical sucking damags caused by the BPH i3 commonly
referred to as hopper-burm, Usually it occurs on rice
plants nearing maturity. 7The first symptom of hopper-burn



injury appears on rice plants az an yellowing of older
leaf bhdu. It extends progressively to all parts of the
plant that are above the ground., In the paddy fields,
hopper-burn usually appears as a browning of plants in
scattered patches, In severe cases, the patches spresad
rapidly on large scale, The water content of rice plant
decreases to cause wilting, 7The yield loss due to hopper
burn varies greatly according to the time of BPH attack,

It is reported that, if the plant suffer hopper-burn within
30, 40 and 50 days after booting stage, the yield losses
have baen estimated at about 835X, 50X and 10%, respectively
(Kisimoto, 1976). Hisano (1964) reported that besides the
yield loss, higher percentages of dead, imnature, and
broken grains have been recorded in the infested plants,
But, in tropical areas where rice is grown throughout the
year in continuous and staggered plantings, the hopper-burn
tends to occur at any stage of crop growth (Mochida, and
Dyck 1976). Table 3 shows the relationship between degrees
of damage by the BPH and the corrssponding yield loss in

rice.
2.4 Control

The BPH infestation can be controlled by varietial
method, biological method, cultural method, and Chemical
method,
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Table 3, Relationship between degree of damage by the krown
planthopper and rice yield loss

P 1 k 4
Damage Plant appearance a::::.‘ lé:id
@ % %
Slight No witheringy little socoty molda 25 10
Llow Little withering; much soety
moldy hopper burned area 40 35
Medium Withered of lower leavasp
severecsooty sooty moldy
60% lodging at the edge of
hopper burned areas 45 $0
High Comsiderable witheringy 80%
lodging within hopper
burned areas 70 65«70
Severe Completaly withered; few
fully developed panicles in
centsr of hopper burned
areas 90 80

@ Number of panicles with less than 70% ripend grains,

{Suenaga and Nomura, 1970)
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Imsediate destruction ef rice stubbles and volumtary
ratoons from hmum rice emp would also help to keep
down the populatien of the put. mung the water level
or araininq the field mu hnlp to destroy the inmt
population, Wider plant spacing nhcnld allow some sun-
light to reach the basal pam'.m of the plant,

Higher rates of nitrogencus fertiliszers results
in more protein and amino aecid syathesis by the rice plant,
The protein and amino aqids are among the essential
requirement for growth and development of immature insects
and are often needed by adults for the reproductive
process. Although reducing the amount of applied mitrogea
may lewer BFH populations, large amounts are aessential
for high rice yields. It is therefore, not realistic to
reconmend less fertilizer use, even if the pest problems
are mqq-nm (Pathak, 1971). In certain casei, early
plantii&g or simultaneous ¢roppisg of early maturing rice
would keep the crop well _clm of attack,

2.4.4. Chemical eontrel

Mcai control is the bqu method of the above
four methods of control, provided, sufficient amount of
the insecticide is sprayed at the gorrect place of
infestation (Heinrichas, 1975). To make chemical control



of BPH more effective and economical, insecticidal
application methods sequire considerable refinement,
Heong (1975) reported shat in Malaysia, the BPH could
be completely wnmu'«! in three days after spraying
vhen the spray fluid was directed towards the plzmt
base, Pest control was oaly 57% when the spray vas
directed towards the upper canopy. According to
Heinriches and Aguine, (1970) studics at IRRI indicated
that insecticides vary in dess depending on
the site of application, with paritawme. by 30X when the
insecticide wero applisd to the plant base, instead of

the canopy.

23.4.5. Mamually operated sprayers

Rice in Kerala is grown in uplands as welli as in
wet lands, by sowing or traasplanting in lines or at
random, The conventioasl mammally operated plant
protection appliances available in the market are single
noszle single 1am sprayers, There are three types of
manually operated sprayers widely used by the farmers;
they are Pasumatic or Haad ¢ompression knapsack sprayer,
Rocker sprayer, Hydraulic emergy Knapsack sprayer,

5.4.5.1. Preumatic or Hand Compression Knapsack Sprayer

This type of sprayer consists of a metal tank for



holding the spray fisid and coupressed air, s verticel
air pusp with a handle, a filler hole, & spray lance with
a aoszle aad & cut-off dwvice (Fig.1), Besides, it has
s metal skirt which pretects the bottom of the tank of
the sprayer against wear and makes ths sprayer stadle
when plaged on the ground, This alse sexves as a base
for the back rest, Aan adjustable canvas belt is also
provided for earrying the sprayer on shoulder,

The capacity of the tark varies from 10 %0 20
l1isves, 7The liquid chemical is £4illed two third of the
total volume of the tank, On operating the pump for
about 90 to 60 full strokes, it dewvelopes a pressure of
w&za

The main dissdvantage of this sprayer is that the
pressure in the taok drops pregressively as the spraying
procesds, Compression sprayecs are not idsal for spply=
ing suspensions, because ¢f the abssace of san agitating
mechanise,

2.48.5.2, Rogker apreyel

The roagker sprayer consists of a puwp assembly, &
platform, sn operating lever, a pressure chamber, &
suction lose with strainer, delivery hose, spray lance
with nossle (Fig.2). 7The rogking movement of the handle
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1, filler hole cap, 2, tank, 3, pump barrel, 4. plunger
rod, 5. plunger assembly. 6. air-check valve assembly,
7. delivery tube, 8, delivery hose, 9, trigger cutoff valve,

10, spray lance, 11, nbzzle, 12, back rest, 13, pump lever,

Fle, 1. HAND COMPRESSION SPRAYER




1. lever , 2. platform , 3. strainer , 4. suction hose ,
S. pump assembly , 6. closed delivery spout , 7. pressure
vessel , 8. delivery hose , 9. trigger cut-off valve with

strainer , 10. spray lance , 11. nozzle.

FI1G: 2 - ROCKER SPRAYER




operates the piston of the pusp, The sovement of the
pumummmmcmmmmm
barzrel, The liquid s the sugtion hwose which is at the
atmospheric pressure flows 4 the pusp bazrel, 1Ia the
returs stroke the 1iquid whieh was in the pwsp barrel is
let valve and reaches to the pressure chamber, The
pressurised liquid is tahen from the cutlet of the
pressure chembar, There is no Huilt in tank for this
Sprayer, Ammumuva’mn
doveloped in this epreyer, This is commonly used for
spraying tall tres orops. And is not convenient £or use
in paddy, since s long delivery pips 48 o be moved
inside the field,

2,4.,5,3. NHydrsuiic snesgy hnapsack sprayer

The hydramlic shergy kaapsachk sprayer has a tank
of slliptical or beansshaped arvss section, generally
made of galvanised iron, brass, stainless steel or plastic,
The f£illing hole of the task is uswally 12,5 om 18 &ise
meter for essy £illing withous a fumnel, The sprayer is se
shaped a8 0 conveniently £it on the back of the eperater,
The taak is provided with a pump, a pressure barrel and
mechanioal agitator (Fige3). This can De operated either



te
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1. filler-hole cap, 2. strainer, 3. tank, 4. pressure
chamber, 5, delivery tube, 6, mechanical agitator,
7 delivery valve assembly, 8, pump lever,

9, delivery hose, 10, Trigger cutoff valve with

strainer, 11, spray lance, 12, nozzle,

F1G, 3. HYDRAULIC ENERGY KNAPSACK SPRAYER




by right hand or left hand, A pressuse of 3 to § u;/c:u2
can be uaintainéd without much effort, On coniinuous
operation for longer periods the operator jets tired
because he has to bear the weight of the sprayer
containing the fluid and simultaneously operate the pump
lever with one hand and the spray lance with the other
hand (Bindra and Harcharan S8ingh, 1977), As such, the
lighter the equipment, less overall effort is needed
for the operation, These sprayers require very little
maintenance, The advantage of this sprayer is that a
constant pressure can be maintained during operation,
there by a uniform spray can be obtained, Besides,
operator's energy is not wasted by way of compressed

air as in the case of hand compression type.
2.4.6, Nozzles

8tandard nozzles available in the market are hydraulic |
energy nozzle, These are the common types used in manually
operated sprayers, These nossles can produce droplets with
volume mean diameter of 150 to 400 Aam at a minimum pressure
of about 1.0 Kg /cm3, while for the full development of the
spray pattern, a pressure of 2 to 3 mzamz is required
(Bindrs, and Harchearan singh, 1977). Nozzles are manu-

factured 30 as to give various rates of discharge, angles
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of spray and patteras of spray. These are designed for
higin pressure or low pressure use, to produce a fan shaped,
s0lid cone, or hollow cone spray patterns (Fig.4). These
nozzles give spr@y angles ranging from straight stream to
100 degrees,

2.4,6.1, Hollow cone nozgles

In the hollow cone nozzle (Fig.5A) the liquid passes
through a swirl plate and reaches the disc, wWhen the liquid
flows through the swirl plate it achieves a rotating action,
and when it is delivered through the disc it gets a hollow
cone shape,

2.4.6,2, So0lid cone nozzles

In the solid cone noszle, the liquid passes centrally
through the nozzle to £ill the air core to produce a solid
cone spray pattern., These nozzles are used for the spot
spraytng of weeds in lawns, because they cover the entire
circular area evenly. These nozzles can also be mounted
on special booms for a good coverage of the foliage at
various heights (Fig, 5B),

20406430 Triple action noxzzles

Triple action nozzle can produce a jet, a solid cone

and a hollow cone by adjusting the swirl plate (Fig,5C).
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Since the length of noszle is large compared to the other
types this is inconvenient to be moved inside the plant

Canopy.
2:,4.6.4, Plat-fan nozzle

Plat-fan nozzles are also. called fishetail nozzles
(Fig.5D). Their spray pattern is in the form of a triangular
flat sheet, with the apex at the nozszle, The internal shape
of a fan nozzle permits the travelling of two streams of
liquids towards each other inside the nozzle 30 as to meet
behind a single orfice, 7This produces a flat fan shaped
sheet of liquid which disintegrates to form droplets, The
spray patterns vary with the spray angles, which range from
45* o 147°, G&Gince there is no swirl plate, the nozzle has
low aMhiaﬁ ability and hemce it gives out a coarse spray.
These nozxzles are, ;zherefom. used for herbicide application,

2.4.6,.5., Swivel nazzles

Single swivel nozzle can twrn in any angle from 0° to
180°, The joint of the nossle with the extension rod is
swivelling, it can turn imn any direction and can be locked

at any required angle,

These are available in the single swivel mocdel (SSDN)
and Double Swivel (DSDN) models in the case of a double



A, HOLLOW CONE B. SOLID CONE C. TRIPLE- ACTION
D . FLAT FAN ‘
1. COMPLETE NOZZLE , 2. CAP , 3, DISC;IN D IT 1S A NOZZLE TIP,
4. GASKET , 5. PODY , 6.SWIRL PLATE ,
7.5TRAINER , 8. SCREW RETAINING THE STRAINER GAUGK —

ASSEMBLY.

FIG. 5. TYPES OF NOZZLES,
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swivel nozzle (Plate 1) there are two nozzles both of

- which can turn in any direction to spray wider surfaces
of plants and bushes, 7The nozzle size is small compared
to other types, and it can be fixed in any position,
Therefore, it can move freely under the plant canopy.
Moreover, it has two nozzles on each side, 30 complete

coverage is achieved with the minimmm number of down
pipes,

The existing types of mamaally operated sprayers
are suited for the application of insecticide over the
plant camnopy only, while the BPH is usually seen on the
basel portion of rice plant.¥ig,6' shows the position of
BPH on plants at the heading stage, For the effective
control of BPH, the spray should reach the base of the
plant (Fig.7). The design of these sprayers does not permit
to use them to penetrate through a dense canopy of rice
plants overcoming the resistance offered by the tillers and
foliage'and to direct the spray to the base of theplants,
It is also laborious and time comsuming to spray the base
of every plamt with a single nozzle (Heinriches, 1979).
The natural enemies of the BPH which are often found in
the foliage are killed when the upper canopy is sprayed.

This type of non-selective application causes relaxation



FIG. 6. POSITION OF BROWN PLANT HOPPER ON RICE AT THE
HEADING STAGE.

CORRECT INCORRECT

FIG.7. CORRECT AND INCORRECT METHODS OF SPRAYING FOR
BROWN PLANT HOPPER .




in the biotic stress from natural enemies and the
resultant population wlosion.A In order to over

come the above problems and to speed up the process

of the application ,ERRI has developed a six row sprayer
with drop nozzles (Fig.8). 1Its use provided more
effective control than the use of canopy sprayers.
However, it was advantageous only in rice fields with
wider row spacing, Since ths nozzles were exposed,

and pz;ojectinq sideways it was disadvantagecus in rice
fields of India, because of closer spacing, Similarly
ths shape of the handles d4id not permit the operators
to hold the down pipe vertical while combing, to bring
the nozzle in the proximity of the lower region of stem.
Besides, all the seven down pipes were connected to a
common delivery pipe from just one sprayer, this caused
non-uniform aprlication of chemicals from row to row,
Therefore it has become necessary to design and develop
an insecticide applicator t0 overcome the difficulties
explained and hence this project.



FI1G.,8, IRRI six row boom for basel
application
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This chaptar m with the design aspects and ndiﬂea%
jons incorporated during the course of development and testing
of the new BPH sprayer. These are arranged in the following

- subeheadingss

i. Objectives and soncept

2. Design considerations snd tiw development
of the sprayer

3, Preliminary laberatery stuwdies for the
selection of the nesxzle

4. Nain experimental programme
5. PFinal laboratory test
6. Observations and msasurements

3.1, Objectives and concept

A eritical review of the axisting practices, and methods
of applications available, brought sut the following factss

(a) Out of the four methods of control namely, chemical,
varietial, Bislogical, and cultural, the chemical
method is the best eae, provided sufficient amount
of the insecticide is sprayed at the correct place
of infestatioa.

(b) Bffectiveness of tha iasectic¢ide spray vary with
the place of applicatiocs.



(e
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{e)

The matural apemies of BPH are eliminated when
sprayed with cehventional sprayers, thereby
causing pest pepulation explesion,

The curreatly svailable mamually operated sprayers
can be used cﬁwﬂr for the gcamnopy spraying,
while for the utﬁt&n control of MM, the spray,
should reach around the stem at about 15 to 20 am.
from the £ield level where the insects are uswally
confined, |

With a single nossle comventional sprayer and
directing the spray st the base of every plant is
a laborious and time conswming process,

A Ii was, therefore decided to design a boom type imsecticide
applicator for the control of hrewn planthopper in paddy fields
" to overcome the afore-mentioned drawbacks of the existing

" prackices,

The main obj.ctives of this study were:

(1)

(4id)
($41)
(iv)

Design a suitable spray boom with boomedrops, to be

‘wsed in conjuction with a pair of knap-sack sprayers,

Fabrication of the wnit designed under (1) ebove,
Testing of the above applicater in the field,
Modification of the applicator to overcome the
drawbacks if any and to fit the best nossle combinat-

. ion,
(v)

Evaluation of the modifie@fversion for effectiveness

and limitations,
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3.2 Design considerations and the development of the sprayer
3.2.1, Theoretical gonsiderations

Based upon the entomological aspects and cultural
practices, the following Fundamental requirements were set
for the design of the new BPH sprayer,

1, It should discharge the spray of insecticide at a
height of 15 to 20 em above the ground on the base
of the plamty

2. The application rate of the liquid should be 500
litres/ha.*

3. The nozzle should be easily moveable through the
thickly planted rice,

4, The speed of travel of the operator should be
about 1 kmph. L

5, The discharge pressure of the nozzle should be
about 2 kg/mz‘a?
6., It should cause a minimum damage to the erop,

7. It should give omly minimm drudgery to operator,
8., It should be partablo; cheap, simple and easy for
maintenance,

In order to satisfy these a spray boom concept was used,

According to Menon (1986) for BPH control, a high volume
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spraying (400 to 500 litras/ha ) is recommended, which were
seen 45 days after trn@lutiaq (DAT) or 60 days after sowing
(DAS), Some of the imsecticides recommended for spraying one

hectare ares

1. Monocrotophos (Nuvacron) 600 ml of 40 EC
3. Phosmamidon (Dimecron) 250 ml of 100 EC
3. Quinalphos (Exalux) 1000ml of 15 EC

4, Phosalone 1000 ml of 35 EC

Of the above insecticides, Nuvacron has é;pt persistent
long residual action and ovicidal action, so it is more commonly
used,

3.2.2. Relations used

Width of boom = 2,5 m (assumed)

Speed of travel = 1 Xkmph ( * )
= 1000 m/hr

Applicatifim rate = 500 lit /ha

Tank capacity of '
hydraulic knaps 16 1

sprayer
Time required for :
one hesctare . 10000 m /ha
spraying
Boom width in m x speed of travel
in s/hr
10000
- . = 4,0 hr /}14

2,5 x 1000



Flow rate of boom

in lit/hr = boom width in m x Application rate in 1/hc
x speed of travel in m/hr
10000 m/ha
= 2 500 = 125 lit/hr
10000

Number of tanks perxr
hectare = Appdication rate in lit/ha
' Tank capacity

= 500 = 31,25 = 32 tanks (say)

16
Rumber of £illing = j% = 16
Time for one £illing = 5 min
Total £illing time = 16 x 5 = 80 min = 1,33 hr

Assuming an average plot size = 100x50m = 0,5 ha
Number of turnings at the headlands = 30 -1 = 19

2.5

Time taken for turning at one
headland = 1 min
Total turning time for 0,5 ha = 19 x 1,0 = 19 min
Turning time for one hectare = 38 min = 063h
Total time = spraying time + £illing time + turning

tinme

= 4 + 1,36 = 5,96 hrs/ha

Field efficienty = g_} 100 = 67.45%

+ 36 E P

3.2,3, Major components of the boom

The major components of a spray boom are sprayer, hose, boom
carrier, cut-off device, downpipe;and nozzle,which are shown in Fig.9.

3.2.3.1, Sprayer

In the existing mamually operated sprayers, hydraulic energy
knapsack sprayer was found to be more advantageous compared to other
types of sprayers as a constant Pressure can be maintained during
operation, thereby a uniform spray can be obtained,
The metal tanks are now expensive and the modern
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trend ia to use s plastis tank usually moulded fxom high
density polyethylens or polyepropylems ineorporating an

ultraviolet light imhibitor, The volume of the liguid in
pzummwmmmmmammamnozm
liquids | )

The pressure in this sprayer is develoved by an underx
mopemﬁadpiswhm. The pawp was connected by a
system 0f linkages to a lever which was pivoted at a lower
point on the side of the tank, During the upward operation
of the lever liquid was drawn theough a flexible piston $nwo
the purp harrel, With the return of the lever to the original
positsnmnquidinthemmlvmmwtmtht
valve, into the préssure chmbar, An agitator was also
fitted to the sxternal casing of the pressure chamber. The
coxpressad liguid from the pressure chanber was delivered
to the cut-off device by a flexible hoss,

3.2,3,2, Hoas

The hose was used for connegting the delivexy end of
the pressure chanber to the Openl end of the cuteoff device,
The cutlet end of the cut-off device was connected to the
taeejoint by hose pipes, From the teeejoint to the open end
of the down pipe, another piece of lose pipe was used, as shown
in Fige 9 The hose should be light, nonesbsorbents oil
resistant, durable and flexible, Acocording to Bindra and
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Haxgharaa singh (1977) ¥he bursting pressure of hoss sheuld
be thres times grestar than the spraying pressure. In the
prototype flexible ino with bursting pressure of 7 t@,/ﬁ’.
inner dismeter of Tam and wall shickness of Jum were wsed,
Hese clips ware wsed for tightening the ends of the hose,

3.2.3.3. Boom ocarxier

Spray lance carrying msre than one noazls is commonly
known as spray booms., In this work 18mm galvanised irxoa
pipe of length 3= with two ends bent at right angles were
wsed as the boom carrier, 7The beom carrier was cut inte two
halves which were joined %0gether with muts and boles, 7This
facilitated easy transpertativn. Cut-off devices, downpipes
and connecting hose, were sttached to the boom carrier,

Cut-0ff devices wvers pawvided %o control and cut~eff
the flow of pressurised liguid from the tank to the aessle.
Ian the prototype model of the applisator, trigger cut-off
valve with pressure regulater was used for reading out the
pressure of 1iqnld. But for cemmercial purpose trigger cute
off valve with strainer is only required.

3.32,3.53 Down pipe

The nogzle 15:@Wﬁmlﬁetﬁnmm
And the othar ead is ooocected W the tee joint by the hose,
Brass pipes of length 75 em with wall thickness 0-6 »-». end
internal diamster ¢ m . m wore used as down pipes,



3.2.,3.8, DNozsle

The results of the preliminary nozzle testing and
also from the review of literature available on nozzles,
it was found that Dowble Swivel Duro Nozzle (DSDNX was
better than other types of nozzlesy

3.3, Laboratory Studies for the selection of the nozzle

In order to select the most suitable nozzle from
the various types available, a laboratory study was
conducted,

3.3,1, Initial testing

Initial testing of the nomzle for their performance
was done at the Agricul'bu:al Engineering Rescarch Workshop,
Mannuthy, 8ince the BPH is usually seen on the lower stem
portion, insecticide has to be sprayed at the bottom
portion, and hence conventionmal mopzle testing methods
could not be used here, The types of nogzle tested were
flat-fan, Triple-action and DSD nozzles,

For testing the nozzle performance, a frame work of

size 200 x 150 ‘cm was fabricated making use of angle iron,

In order to study t}m pattern of droplet discharge
along a vertical plane, for spraying at different heights,
another table like moveable firame work made out of angled
iron having an overall dimensions 160 x 25 x 50 cm, The
movable frame work was placed over the frame kept flat
on the ground, In this moveable frame work, an angle
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iron section was p:om lengthwise in such a manner that

its vertical height from the ground level could be adjusted

to the required levels, Tv simulate the field spraying
conditions in which the lance and the noszle assembly is
moved alonq.a vertical axis to reach the base , m'imriury
test was conducted with the lance kept vertically dowawards
and this was mﬂy slided over the angled iron ¢ross bar to
deliver the spray from various fixed heights. The spray
deposition pattern alomg the vertical plane at various dist-
ances from the mossle point was studied by collecting the
droplets on a large paper sheet ¢f size 150 x 50 m The
paper was kept vertical with the help of metallic rods

velded at one end of the frame in ah Wpright manner. The
experimental set wp is shown i flate -1I. The liquid was
sprayed with flat-fan, hellow cone, selid cone and DSD 'nonlo_n.

Black ink ivu used as dye for spraying, The mumber of
droplets at difﬁmt haights for differemt nozzles were
counted. The results obtained are presented in Table -~ 4.

From the ébummu. ths DSD moszle was found %0 be
better as it gave a solid come spray pattern which could
cover a full area. The droplets formed are fine compared to
flat~-fan and houw.eono nossle,

3.3.2. Becond stags testing

The experiment was then coantimved by simulating the
field conditions in the laboratery. The set wp is shown in
Plate ~iiI. Paper was rolled out im open cyclindrical shape



Plats I, Double Swivel Bure Nessle

i, complete nossle; 1. ctp-.'a. disc,
4. gasket, 5. body, 6, wing mut.

Plate II, Laboratory testing of mh B
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of about 4 cm in dlameter and 25 Gm height to represest
emhulezpudyp&mt. Mmzmuthwn
uwﬂqet 15&:%5 aﬁomumt spacing of thm
hills of the nndh' exop. Then aveaznuz spray with
blagk ink was given, ul the four types of noezzles \ro:c
tasted, The paper mu nni the noszle has . got sowe
cun off, Because the spray liquid eoming out of the
nozsle tip lws% got mo time and usm for developmesat
when the paper roll was very close to the nossle. The
Wu were repeated for ﬁﬂmnt. pressures and
utuﬂomtnmtnqwg DED noszle was found to be
batter from a large mumber of trials, and it could give
" a uniform spray pattern upto a maximum distance of 60 om.
from the tip of noszle. '

3.3.3. Third stage testing

After selecting the most suitable nozzle as DSD
nozslie and the spacing of the down pipes as 60 om, the
fabrication of the sprayer was done. 18 mm GI pipe was
used as the hoom carrier. Pour sets of DSD moszles were
connected to four down pipes, and they were comnected to
a hand compression spraysr by flexible hose, Plate =Iv
shows the general set wp of the pretotype model, This
model was tested in the Agrl. Emgg. Werkshep, Manmuthy
with paper rolls as mentioned ia Pssa 3.3.3. It was found
that even m an iaitial pressuxe of G.Kw"ﬁ was
developed, %hc muun dropped m“ly and sufficient
atomization could not be achisved, 7This was because the
air pressure cams down very quickly simes four sets of



Plate 111, Simumlated field mm of nosszle

Plate IV, General set up of a protetype modsl
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DED nozzle mmu one hand W s’piqu.

Then the boom was medified wsing tvo hand gompression
sprayers by comnecting two sets of DSD nozzle to one sprayer
tank each. At this stage, two hand compression sprayers were
connected to the boom, ome at each end. This modified model
is shown {n Plate ~ V, The tasting was repeated with
different pressures and paper rolls, It was found to be
satisfactory and a uniform spray pattern was odbtained. Nowever
the preasure was not sufficisnt for the complete discharge of
liquid in the uprm:: 80 it was pressurised once agaim.

rnnu!inudmnnrﬁmmnh ﬁmunuus&nsMn found better than

Meles. The sise of the mmm-vu very small
mw%mtﬂphmisanmh. 20 it could be moved
fresly under the plant canopy. MNersover it had two noszles
on each. side so complete coverage could be achieved with
minimen number of down pipes, This type of nossle can be
tilsed or directed to any amgular position. It was also found
that it gave fine spray pattera at moderate yn:Ms than
the flat-fan rossles, |

3.4 Main experimental programme

| From the design criteria and preliminary studies a
prototype model was developed, This prototype model was thea
tested in actual field conditions.

3.4ete Emitial £ield westing

| 7 ke prototype fahriceted was tested firstly t Regional
‘ mmumunmsumm ﬂwuﬂ he



testing was condusted in a transplented paddy field, The
crop had just completed its flowering stage. A view of the
£ield operation is shewn in Plate «V{, The boom was testad
after the flowering stage because BFH infestation mainly
mttmauugi; Mt}»p&uﬂumtumm
at this stage, o

During the test, the following difficulties were
observedy

(1) tileing of the boom backwards from vertical
position due to the leaf hindrance on the mossle,

~

{41) pressure in the tank drops very quickly,

(441) 4t was Aifficult 90 keep the boom at constant
perpandiculaz height from the fleld surface,

3.4,.2. Modifications iancorperated

In order to overcons thess difficulties following
aodifications were made in the hoam:

1. A shoe shaped nossle sever wes designed and made
with M5 Shest, It is showm in Plate «Vi, This
arrangement helped the eombiag-cff operation in the
thiokly populated exop. This aleo reduced the tilting
of the boom to some extamt,

2. The boom carrier was modified ky extending the leagth
of boom in the perpendigular dire¢tion as shown in
" #ig. 9. This helped the eperator to held tha dowapipes
in the vertical position,



Plats V., Simmlated f£ield tasting of boon

Plate VI, Imitial tasting of the heom






33

‘ By operating the pump lever of the hydraslic energy
knapsack sprayer, constant spraying pressure can be maiantain-
ed. A canvas belt was Quomvtmtox carrying the boom on
the shoulder of the eperstor. This arrangement helped the
operator to keep the heem at a particular height from the
field surface, aud gave maye eperstional comfort.

Second stage field testing was carried out to locate
the spray height and coverage, This was to study the
effectivensss of spray. M ink was mixed with water for
spray which would stain the plant stam and bottom leaves.
Since there were a large number of droplets it was wvery
difficult to measure with maked eye. Counting the number of
droplets under a microscops was also difficult, because the
plamts gets withersd snd the droplets could met be fdentified.

" In erder to overcoms this @ifficulty glass pieces having
the sise of 35 cm length and 2.5 om width ware taken,
Magnesium ribbon was burmed in atmespheric air, amd the
magnesium oxide fumes coming were allowed to fall on eae side
of the glass plate. The ﬁm‘ plate is to be waved during
auung to ebtain a uniform muaq of magnesiwm exide.

fhe coated glass plates wers tied ia pairs with their
coatad sides facing in opposits directions. This were thea
arranged in vertical position raademly in plant htll xows
so as %o catch the spray yuaning from opposite directioas,
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in a transplamted M erop which was at the flowering stage.
The arrangement is showa in Plate -V, The impact of the
sprayed droplets of water forms micro-craters on the eoating.

Initial and fisal pressures en the gauge fised on the
boom, and alsc the speed of travel was moted. The mumber of
craters formed were M with the help of s microscope.
The experiment was W at different pressures, The
results cbtained are tabulated in Table - 6.

The boom vas also tested at the xutuctiom Parm,
Tavanur, The testing was done in the tramsplanted paddy
which was near the flowering stage, A uniform spray coverage
was obtained at heights of about § © 25 om. Only visual
obsgervations were made in this test,

3.5. PFinal laboratery tast

FPinal lshoratory tast was conducted at the Farm Machinery
Laboratory, !avmt; In this, spray intensity distribution
was tested with a pattermator in a closed reom to avoid the
air drift, A patternator was made with 24 gauge GI sheet.

This comprised 20°V shaped chammels (Pig. 10) each of 6.5 em
width and 6.5 om depth, The total lemgth of patternator was
130 om and width being 90 cm, Test tubes were kept close to
the end of each of the chamnels, so that the spray fluid

falling in each channel oould de osllected in the test tubes



Plate VII, Double Swivel Dure Nenzle in shoe shaped
cover

Plate VIII., Arrangement of magnesiwm oxide coated
glass plate in M‘tm
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provided. The quantity of fluid collected in test tubes were
#ffasured with a ummm cyelinder, Ia this testing, two
types of spray putum were studied,

In the first mt pcthruur was placed vertically
with mquau w The mnoszle was kept perpendicular at
a height of 20 om from the top of the test tube at a distance
of 30 cm from the patternater, Water was sprayed for a time
inttrv’ti of orne minute, keeping the spraying pressure at
2.0 kg/em3, The quantity of liquid collected in the test tube
was msasured. The experiment m then repeatsd for disctances
from 40 to 80 cms., The results are tabulated in Table - 7,

A spray intensity curve was aln drawm shown in Fig. 11,

In the second test, the pattermator was kept inclined
at an angle of 5.5° to horisental, the test tube stand was kept
under it in such 8 way that the liquid falling in the channels
was collected in the test tube below it (Mathews, 1979), The
boom was kept above the pattarsater in such a way that the
nossle height from the cemtre of the patternator was 25 em.
The experimental set up is shown ia Plate -iX. The liquid
was sprayed for one minute, keeping the pressure constant. The
liquid fell in in sach channel was collected in the test tubes
below it. The quantity of liquid collected in the test tube
. Was measured, This ie alse shown in Plate « X , The
expsriment was repeated by varyiang the pressure, The results |
are pressated in Teble - 8. The spray inbéhsity curve is
drem #nd shown in the Pig. 12a, 12 b, and 12 c,



Plate IX, Experimental set wp to determine the flow
pattarn

Plate X, Evaluation of the £lew pattern
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Durimng the mm following observations wers mades
(1) Discharge rate, messured in lpm
(11) Coverage, measursd in mumber of droplets

The flow pattern was takea during the final laboratory test
and is given in the Sable -~ 7 and 8.

It waz also decided to obsexrwe the efficaay of the
applicator, but it could mm because severe BPH
attack was mot reportsd from mm during the period of

b
*
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RESULYTS AND DISCUSSION

The results of the laberatory studies as well as the
£ield tests of the applicater for BPH control are discussed
in this chapter,

4.1 Laboratory tests

Selection of the noszle, detarmination of the effective
width per nozzle and the preliminary testing of the applicater
were conducted in the ladoratery.

4,1.1 BHNoszle testing

The results of the laboratory tests conducted with the
hand cospression sprayer fitted with solid cone, hollow cone,
flat-fan and DSD noszzles for finding out the uniformity amd
spray pattern when the direction ef the spray was perpendicular
- to the paper (Plate «J1) are givea in the Table - 4., From this
test, it was observed that the spray pattern was more uniform
~ for the DSD moszles. The nozzles were tested at a uniform
pressure of 4 kﬂ/mz. In the case of DSD nozzles it could be
swiveled to 180° in vertical plane and their size was small
compared to other type éz noszles, Moreover, by fixing it at
the ead of the dowmpipe the two nosszlescould be directed to
opposite sides, This arrangement get better coverage with
lesser pumber of downpipes,



Table « 4,

Spray characteristics of the nozzles

Nozzle moved parrllel to the full paper

Trial - X,

Triple action (hallow .cone) nozzle

pressure = dg/cm

2

Sl. Nozzle height

N

No.of droplets per unit area (em®) for distances from

paper

No, from bottom
Cm. ~
N b | 60cm 70cm 80cm

1 2 \ 4 5 6

1 4 56, 52, 32, 30, 38, 33, 26 52,47,39,14, 15,24,10 31,25,15,11,12,10, 4 8,5, 2, 5, 4, 4, 4
2 8 34, 36, 35, 25, 28, 25, 32 42,37,31, 8, 8,14,10 29, 6,10, 4, 3, 6,11 5, 5, 0, 3, 9, 6, 2
3 12 44, 47, 34, 32, 37, 31, 34 14,22,15,13, 9,18,22 68,55,30,51,34,33,36 41,21,30,24,20,18,15
4 14 20, 14, 16, 18, 17, 10, 10 18,15,16,17, 26,15, 7 8,14,12, 9,11, 9,14 14, 5, 3, 1, 2, 7, 7
5 ’18 39, 31, 33, 35, 36, 34, 28 0, 2, 4, 1, 0, 1, 0

10, 7,11,10, 8, 9, 3

8, 7, 8, 3, 8,10, 6

Trial -~ II, Triple action (solid

cone) nozzle

1 4 46,
2 8 53,
3 12 44,
4 14 66,
s 18 44,

4,
45,
42,
50,
43,

a8,
4.
43,
60,
45,

38,

51,

41,
51,
42,

4,
43,
42,
49,
44,

40,
40,
39,
42,
41,

29
15
42
39

50,47,43,41,36,29, 9
36, 36,38, 34,20,17, 9
32,36,37,41,35,42,40
72,63,66,61,61,46,51
3s,33,36,36,31,31,33

56,51,46,36,23,18, 8
30, 38,38, 36,31, 28,16

46,41,44,41,39,38,27

42,29,32,27,30,19,12
44,39,34,32,21,21,18

59,56, 44,41, 38,36, 32
44,44,41,41,43,30,12
35, 36,33, 32, 30, 28, 18
10,12,21,20,19, 9, 9
28, 40, 32,19, 20, 28, 27




Table - 4

(contd.)

Trial - III Flat fan « nozzle

2 3 4 5 6

1 4 42,40, 38, 34, 40,36,32 42,37,38,33,28,26,21 44,31,33,31,33,29,22 46,40,41,37,28,27,23
2 8 40, 35, 37, 34, 38,30, 23 36,26,37,34,24,27,18 48,42,34,38,42,35,31  49,41,33,31,24,21,20
3 12 50,49, 46,43, 36, 34,30 48, 46,42, 38,40,31,38 51,48,33,40,42,34,30 36,37,32,29,26,19,21
4 14 61,46,52,52,44, 54,40 30, 45,25, 34,49, 36,42 33,31,32,33,35,33,31  21,16,25,32,25,19,18
5 18 43,44,41,37,42,45,36 31,24,37,29,31,28,32 25,26,23,34,33,23,29 17,17,12, S, 9, 3, 2

Trial - IV Double swivel nozzle

N W N =

12
14
18

42,36,30,21, 8, 5, O

42,39,25,22,12, 2, 1

42,36,30,27,26,24,17
34,35,40,26,25,12, 7
31,29, 26, 28, 25,24,21

139,35,33,31,24, 9, 4

43,41,36,34,32,24,14
26, 28,32, 30,23,19, 6
25, 22,30, 25,16,15,15

25,30,29,25,17,13, 7

38, 36, 32, 29, 24,10, 2
29,26,28,13 7, 3, 1
21, 20, 28, 30, 26, 20,18
15,14,20,18,14,12,11
21,16,13,14,15,12,13

25,21,26,21,13, 5, 3
27,24,14, 4, 2, 1, O
28,33,23,17,14,12,13
8 6, 4, 9, 5, 6, 2
9 2, 3, 5, 9., 5, 3

6E
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4.1.2 Row coverage of the nozsle

The spacing of the soszles or downpipes were determined
on the basis of the reslts obtained in this test, The paper
roll near the nossle m zun off and a uniform spray pastera
wu&nmdwwammmeiwmtmm
uosnh. Visusl observations only were taken in this aspect.
The spacing of the downpipes was taken as 60 cm from these
results,

4,1,3 Preliminary testing of appuc_wor

A unch pasumatic lnup-am sprayer was connected to
four DSD noszles. It was m::d that the pressure decreased

- fyom 4 kq/anz to sere in two mimnutes dus to the high rate of
fluid discharge through more mumber of mossles. Whea this
test was repeated with two pnewmatic kmap-sack sprayers, each
ohe coRrmected to two DSD nossles, almost constant pressure
could be maintaned and a betber discharge and spray pattera
were observed, -

4.2 Pield test

Field test was goaducted with the prototype model of
the boom for the preliminary observation of its field
performance. It was found that silting of the boom from
vertical position was a problem, dus to leaf hindrance. A
shos shaped noszle cover was designed and fitted with the



41

nozzle (Plate - VII), whieh yeduced the problem to a greater
extent. A canvas shoulder belt was also provided to the

boom 80 that the weight of the boom was transferred from hand
to shoulder of the opexater, This arrangement also helped

to keep the nozzle at a constant height from the field surface,

 Testing of the boom, to £ind out its discharge and
coverage, was conducted using magnesium oxide coated glass
plates, It was observed from the results that a discharge
of 1250 ml in 55 sec was got when the pressure range was
3+2 kg/cm?,; The number of dﬁvplets per sq, om area for
distances 5, 10, 15 and 20 cm from bottom was around 15, 16,
17, 14 as in Table - 5, It was cbsexved that, in order to
spray one hectare of field infested with BPH, 450 litres of
spray fluid was necessary, this is in agreement with the
recomnended valus, It could be spreyed in a total time of
about 80 hours by two persons. The results are presented in
Table - 6, and Appendix - I It was fowmd from the trials
that as the leagth of plot inereases the time taken to spray
one ha decreases, This is because greater time was taken
at the end of row for curving,

4o Final laboratory test

Patternator testing was the f£inal laboratory test to
determine the spray intensity distribution. In this test,
the nozzle axis was kept perpendicular to the vertical



Table = 5 Coverage characteristics of the boom

180, Prescure  kg/am® Number of drop lets pur om®
1 ea 3.0 2,0 15 16 17 14
1-d - » 18 20 7 19
2-a . . 11 12 9 8
2wb " . 20 23 28 19
3 -a 3.35 2.0 16 18 » 15
3«b - - 18 n n 5
é-a 2 = 2
L 3 . » 0 18 9 b &
% ea 3.5 1.5 20 23 n 18
5wb - = 2 28 23 18
6eb ) ) 20 23 n 138
7 -8 4.0 1.5 25 26 8 20
Teb * . % 8 4 =n
Son & " . 2 20 18 16
8-b . . 286 30 32 15

C7

a and b represcots two sidss of the palr of magnesium coatod glass plated.



Tadble - 6

Discharge g¢haracteristics of the boom

Pressure (Waz)

Pischarge (ml )

Time  ¢ravelled
Initial Pinal (se0) ““n)
81.%0. SN | 2 3 4 Total
Left Right Left Right
1 3.0 3.0 2.0 2.0 320 305 300 315 1250 55 116
2 3.25 3.35 2.0 2.0 332 310 307 335 117¢ S8 1.6
3 3.5 3.5 1.5 1.5 660 640 625 680 2403 90 5.6
¢ 4.0 1.5 650 682 €75 €5 1732 0 15.6

4.0

1.5

£7



patternator, Decause ia the f£ield ths target (plant stem) waas
alvays perpendicular %o the oomzle, The results are givea in
Table =~ 74 From the results it is cbserved that the total dise
pattarnator reaching a maximum value of 256,5 ml/min at 60 om
specing and then decressed, 7Zhis may be dus ot

{1) When the nozzle 15 gloser to the patternator the
droplets peflects back from the patbtarnator and are not
collected,

{11) whan the nomsle diatance increases the Qroplet
velocity in that direction decreases, so the rebounding
{113) when the noszle distance from the patternator
ther increased, the spoay oone size incresses, and a
portion of the cobe was not reachiing the patternator, due o
the lower height of the nozzle, hemes the dlscharce deoveases,

Figurs 11 shows the graphieal representation of the
spraey pattern when the noszle was kept perpendicular to the
which is at 8,5° to horigontal a8 Lo Plate - IX, a uniform
spray pattern was cbtained in this test and the rusults are
shown in Teble « 8, This speay patteorn is represented in
Fige 12 8, 12 b and 12 ¢,



Table = 7  Spray patters characteristios of DSD mossle
(Patesrnater pleane psrpendicular to spray)

Test Mhm
tube Distance hetwess pattsraster and nossle at
"o, pressure § Rg/ond

Ve O ui- “‘, TOen 80 om

1.

2

3

s 85 0.8 0.8

5. 65 0.8 1.0 20 1,0 0.8

6. 13 3.0 7.8 NS 20 1,0

7. 65 3.0 12,0 18,3 685 20

.. 26,8 12,5 145 23 11,0 8.8

9 .5 355 38 S 19,0 12,8
10, 86,5 33,5 36,0 3.0 20,5 12,8
11, 30,5 35,5 53,0 42,5 3.5 218
13. 3.0 31,5 33,3 468 32,0 3AS
13, 1.0 7.5 138 480 9.5 170
14, | 1,0 28 88 168 268
1s, | 08 3.0 8.8 S5 17.0
16. .5 1,5 1.5 7.0
17 8.5 0.8 2.0
16, IR 0.8
19, |
20,

Total  175.5 172.0  307.8  386.6 178.8 163.0

-
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Table - 8 (econtd.)

@) (%) (3) &2
21 30.0 27.4 25.8
22 33.2 30.3 28,4
23 32.0 29.6 272
24 37.2 34,6 32.3
2% 40.0 36,2 33,4
26 9.4 - 27.2 25.0
27 26.6 4.8 23.2
28 26.6 24.6 23.4
29 23.0 21.6 23.2
30 22.6 - 0.4 19.6
£} 20,0 19.6 18,6
32 16.6 18,4 14.6
33 21.2 20.2 19.8
34 30.6 8.2 26.4
35 16.0 15.0 14.5
36 16.2 18.2 14.6
Y 16,6 | 15.4 14.4
s 17.2 16,4 15.6
39 16,4 18,4 14.6
40 20.6 19.3 18.4

Total 1051.8 1030.7 973.2
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The results from the laboratory as vell as the field
tests showed that,the sprayer boom gould be used as an
applicator against BPFH and also for the canopy spraying
after reducing the lemgth of down-pipes. If this boom is
to be used for canopy spraying the spacimg of the down=-
pipes can be increased from 60 to 80 em, This applicater
has got the following advantages over the ordinary foliar
applicators

() The spray fluid is delivered arcund the plant
base and thus the BPK population can be effect-

ively suppressed,.

(41) Por BPH control it is not necessary to spray
the entire foliage, since the pest populations
are confined to plamt stems, This contrivance
enables to restrict the applicator to plant
bases, and thus saving the total quantity of
the insecticide,

(114) Since the eatire foliage was not sprayed with
toxicants, it is possible to spare the parasites
and predators of BPH which occur on the foliage,
It is thus possible to conserve and augment bio-
control agents which may aid in keeping down the
pest population,
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4.4 oSt snalysis

The total epersting cost of the spplicator is werked
out on the basis of ﬁnmﬁm and galeulations given
in Appendix II, It 48 worked out on the assumption that
tmmpmlnmtmwmmmm
and punja seasons, |

The assumptions Saken ares

1, Hours of wear out « 1500
3¢ Number of wvorkiog hours per year,i =« 30
3. Life of the sppliceter, & - S years
4. Salvage value, 3 - 10%
S. walking speed = 1 Xph
6, Spraying hours per dey = S5
7. Teaak capacity of hydraulis

knapsack sprayer ' « 16 1it,
8. Mixing and refilling time = 5 ain/tank

From Appendix I the totsl time for spraying one
hectare of B9H infested peddy field is 8.0 hours, And
tren Appendix II the expected vost for spraying was
B, 159440 excluding the oost of insecticide.
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An investigation on design and development of aa
insegticide lp#l!.utor for the conmtrol of Brown Plamthopper
was carried out for spraying the plant base effectively.
The main emphasis of the study was ¢to spray the insecticide
at the zone of infestation without mmch injury to plant and
with a higher speed of spraying, with minisum drudgery to
the operator., For ecasy combing of the boom in the paddy

. £ield, a shoe shaped nozzle oover was developed, which
experienced less obztruction £yroem the interlocked paddy

leaves,

The optimum position of the nossle for effective
control of BPH was 12 om from the field surface. The
details of the complete BPH applicator boom is shown in
Fig. 9. The design aspects and results obtained from f£ield
evaluation are enlisted belows

(1) Four sets of DSD moxzles were attached to the
downpipes for directing the spray to the plant
base up 0 a helight of 20 om from the field
surface,

(14) The boom developed, had a total weight of 10,5y
and its width of coverage is 2,40 m,
(111) The discharge of the boom was foumnd to be around
1300 m}/min,



(iv)

{v)

Ivi)

The thl{l m revealed that around 450 litres
of chemizal ¢@ewld be .’ sprayed in one hectare
of rice aum time of 8.0 hrs,

The mm asst of the boom was m,980/-, the cost
of the complete applicator including the cost of
two sprayer was b,3,85%0/-.

Economic analysis revealed that the operating
cost of the applicator per hour is &.19.30,
excluding the cost of imsecticide used,

Following are some of the works suggested for further

investigations:
1. JModification of boom t» reduce the weight,
2., Modification of the system to use motorised
knapsack sprayer,
3. Reduction in leagth of boom, so that a single

person can operate the boom,
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Caloulation ﬁt"m&ung the guantity of mixture

and time needed for spraying one hectare,

Distance trevelled in 55 se¢ = 11,6 m (from Table - §)
Discharge in 55 sec o= 1250 ml( )
Width of hoom _ & 24 m
Ares of strip covered by 3.2350 it :
of mixture : o ' m £3,6 x 2.4
- Quantity aeeded for cne hactare = _1.25 X 10,000
' 27.84
= 448 lit/ha

(This 4s in agresment with the reccamended guantity)

Time taken for spraying ﬂel;uz

u 55 sec
area
Time taken for spraying one
heetare - X 1000

oy Rl

= 5,5 hours
Number of tanks of mixture ‘
per ha v = 440 « 20

‘ 15 |

Nusber of f£illing | - 14

Time for one filling = S min



Total £illing time : =14 x5 = 70 min

Turning time at headlands = 1 min/turn,
Rumber of turning per hectare = %«- 1 = 358
Turning time = 358x1 = 358 min = 6 hr
Total time ' = 54541,1646= 12,66 hr
Fleld efficiency = 8.5 x 100 = 43,44%
12,66 m—
ZIrial No,II
Distance travelled in 55 sec = 11,6 m (from table = 8)
Discharge in 55 sec = 1274 ml = 1,274 11t
Area of strip covered by
1,274 lit of mixture | = 11,6 X 2.4 = 27.84 m?
Quantity of mixture nesded | _
for one hectare = 1,274 x 10000 = 457,6 1lit
27.84 w—

(This is in agreement with the recommended quantity)
Time take for spraying

2%8&32 area = 55 sec

Time taken for spraying one ‘

hectare w 55 x 10000 = 5.5 hr
60x60 27.84 ==

Number of }':anks mixture

needed per ha u 457,6 = 28,6

Rumber of .[illing | = 15

Number of turning per hectare = 10000 - 1 = 358

27.84

Turning time = 358 min = 6 hr

Total time m 5,541,2546 = 12,75 hr

Field efficiency = 5,8 x 100 = 43,13%

12,75 S ]



Distance travelled in 90 sec s 25,6 m

Discharge in 90 sec = 2605 ml = 2,605 lit

Area of strip covered by

2,605 1it, of mixture = 25,6 x 2.4 = 61,44m°

Quantityof mixture needed for

one hectare = 2,608 x 10000 = 424 1lit
61,44

(This is in agreement with the recommended quantity)
Time needed for spraying one

hectare = 90 x 10000 = 4,07

2,605 60x60 m—
Rumber of tanks mixture
needed per ha - ﬁﬁ = 26,5
Number of £illing - z_g‘_s_ = 14
Filling time = 70 min
Number of turning per hectare = 10000 - 1 = 162

: 61.44
Turning time s 162 min = 2,7 hr
Total time = 4,07 + 1,16 + 2.7 = 1,93 hr
Field efficienecy = 4,07 x 100 = 51,32%
7.93 m—
Trial No, IV
Distance travelled in 90 sec = 25,6 m
Discharge in 90 sec = 2732 ml = 2,732 1it
Area of strip coveréd by
2



Quantity of mixture needad for

one hectare ' = 2,732 x 10000 = 444,66 lit
61,44 T—
(This is in agreement with the recommended quantity)
Timeneeded for spraying one ha = 90 x 1000¢ = 4,07 hr
' / 2,732 60x50
Number of tanks mixture needed ‘
per ha = $44,66 = 27.8 = 28
16
Nupber of £illing required = 14
Total £illing time = 70 min = 1,16 hr
Number of turning per hectare =%-1 = 162
Turning time : = 162 x 1 = 162 min = 2,7
Total time = 4,07 + 1,16 + 2,7 = 7,93 hr
Fleld efficiency = % x 100 - 51.32%

SR ouest



Calaulation of operating cost of BPE aprlicater,

I. Assumptionss

1. Hours of wvearout s 1500
2 Wauber of working Mours
pes yeax , H =« 300 hour
3 Life of the applicsted,
4 e § ysars
4 Balvage valwe, 8 = 10% of Snitial cest
Rate of faterest,i o 18% of Savestment
YOTege COst » $% of initial coss
7 wages for seni-shilled,
man lebouy = 8,35 por &ay
¢ Wages for un-akilled
womaa labour s W25 per day
9 imber of working
hours/day . = 5.8
10 Nintsam sunber of semie :
akillied man lebowr s Two

11 mm«w
skilled women ladour fer .
Bringing water end mixing » One



2. Iavestments

Table ~ 9
Cost of components of pretotype BPH applicator as on April,1988

8l.No, Item Quantity Total cost
.
1 ﬁydraulic every knap-sack sprayer -
16 lit. capacity (without spray-
lance and cut off device) 2 Mo, 870/~
2 Flexible hose 7 m 55/«
3 Pressure regulator cm-‘!:iqqo:
cut-0ff valve ' 2 Nos. 260/-
4 Bourden pressure gauge 2 Nos, 70/~
5 Wing mut with nipple 10 Fos, 75/-
6 Hose clip 20 Nos, 30/=
7 Spray lance 4 Nos, 100/~
8 Double Swivel Duro nozzle 4 Mos, 140/~
9 18 mmn G I Pipe Im 60/~
10 Canvas belt | 2 Nos, 20/=
11 Fabrication charge of brass'Tee’
joint 2 Nos, 50/~
12 Fabrication charge of M,5,8hield 4 Nos, 80/
13 Overhead charge for Fabrication
work - 40/~

Total (Q)

1850/~




3. Calculations

1 Depreciation = 0,9C = Q.%_%%%?, = Ral.1l/hr
2 Interest on capital
investment R K P T
= Oc6l/hr.

3  Repair, maintenance

and storage cost = Rg ? 5 = 180502 310§° = Rs¢0431/hr

4 Labour charges

1) Semi=skilled man
labours = _70 = Rse12,73/hx

i1i) Unskilled women
labours = 25 = Rs, 4.55/hx

§ Operating cost (sum
of items 1 to 4) u 1.1140,6140.,31412.73+4,.55

= B.19¢31/h:

Total operating cost of BPH gpplicator = RBaigy33/M
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The browa plasthepper Milsparvata fmaens sial. is
dangerous pest which asuses, quick and sericus damage to rice
in South East Asia. In ¥adia au:imudmgnmmdu

Kerala during 197376, and the estimated loss in this was
12 cores of rypees,

An investigation on the design and development of an |
insecticide applicater for the coantrel of BPH, by spraying
specifically the plaat base, at a height of about 15-20om
from the field surface, was carried out,

The applicator developed consisted of two hydraulie
energy knap-sack sprayers n«h of 16 lit. capacity, a boom
carrier having a length of 2,4 m made of 18 mm GI pipe,
flexible hose a pair of cut-0ff devices, ¢ down pipes each
carrying a set of noszsles and shee shaped nozszle cover,

The noszle used in this atudy was DSD nogzle, which was
giving more uniform spray m and which could be used
with minisus number of down pmn The shoe shlpod nozzle
cover reduced the tilting of the boom and enadled sasy
movement in the field.

The boom had a total weight of 10,5 kg and swath
width 2.4 m, The discharge of the boom was 1300 ml/min,

PN T A R L P
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at a pressure of 2 W@z. From the field tests it was
observed that around 450 litres of £fluid was sprayed in

8.0 hours of time w.tnq an area of one hectars, The
total cost of the complets applicator was k.1350/-
including the cost of two knap-sack sprayers, The ecomomic
analysis revealed that, the eperating cest of the applicator
per hour was 19,30 rupess, sxcluding the cost of
insecticide, |
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