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EFFICACY OF ENVIRONMENTALLY EFFECTIVE UNIVERSITY BOOM
SPRAYER FOR BOLLWORM MORTALITY
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The efficacy of the University Boom Sprayer was tested for mortality rate of bollworms on cotton variety CM-496-
PB planted at Post-graduate Aqricultural Research Station (PARS) experimental fields, University of Agriculture,
Faisalabad. Both the booms (over to top conventional and upward spraying nozzles) washed the cotton leaves
thoroughly and helped to kill bollworms lying in buds, squares, flowers, bolls and on leaves. The boom height and
drop pipe angle (45° backward w.r.t. boom axis) were adjusted so as the drop nozzles hung between the rows in
the middle of the upper half dense canopy prevent the crop and machine breakage. At the time of first spray, the
only bollworm seen was spotted, while at second spray Spotted as well as American bollworms were seen. At first
spray, boll worm mortality was evaluated at three intervals after spraying (24-hr, 48-hr, and 72-hr) while at second
spray mortality rate measurements were made one day and one week after spraying. The mortality rate of
spotted bollworms was found significantly affected by sprayer velocity, spraying pressure and spraying angle of
drop nozzles. Greatest bollworm mortality was achieved 72-hr after spraying in case of first spray and one week
after in case of second spray at 4.0 kmlh field speed, 400 kPa pressure, and 30 ° upward angle of drop nozzles
w.r.t. horizontal.
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INTRODUCTION

Spraying has become an essential tool to protect the
food and cash crops from insects/pests to increase the
crop yield and to feed the ever-increasing population
with limited resources. Therefore, sprayers have
played and will continue to play a vital role in the
advancement of agricultural production by increasing
the quality and quantity of crops and by reducing the
labour requirements for insect and pest control.
Cotton, the silver fibre, enjoys pivotal role by providing
fibre, food and fuel. Cotton was cultivated on an area
of 2796 thousand hectare during the year 2002-03.
The yield of cotton per hectare was 621 kg. The yield
of cotton is very low as compared to many other cotton
producing countries of the world due to inefficient
control of insect/pests on the crop (Anonymous, 2003).
In Pakistan, cotton crop is attacked by about 150 types
of insect and mite pests (Attique and Rashid, 1983).
These insects and mite pests act as significant limiting
factor in increasing its production. The bollworms
damage the maturing crop by affecting the quality and
quantity of the produce considerably (Ali et aI., 1995)
Use of drop-pipe sprayers resulted in a leaf coverage
of 200 droplets/cm of more than 80% on both sides of
the lower leaves of the plant and of close to 100% on
the higher leaves (Gan-Mor et aI., 1996). Marilou
(1997) reported that cotton is a crop that is very
attractive to a host of insect pests. Uncontrolled pest
attack can drastically reduce its production due to
which over 1/3 of the insecticides used in aqriculture is
applied on cotton crop. Womac et aI., (1993) reported
that the drop nozzle sprayers either with or without air

assistance provided a high degree of nozzles
orientation control and spray targeting to leaf
underside. A drop-pipe type tractor mounted
University Boom sprayer was designed and developed
in the Department of Farm Machinery & Power,
University of Agriculture, Faisalabad (Figure-1)
Therefore, the objective of this study was to evaluate
the performance of University Boom Sprayer for
controlling the bollworms on cotton crop

MATERIALS AND METHODS

The University Boom Sprayer was evaluated on cotton
crop at experimental fields of Post-graduate
Agricultural Research Station (PARS), University of
Agriculture, Faisalabad. A 3*3*3 factorial design was
used to determine the effects of three field velocities of
sprayer (25, 4.0, and 5.5 km/h), at three levels of
spray pressure (300, 400, and 500 kPa), and at three
levels of nozzles spraying angles with the boom axis
(15°, 30°, and 45° upward with horizontal) on insect
mortality of bollworms. For complete coverage of
bollworm, both the booms (over to top conventional
and upward spraying nozzles drop pipe type) were
spraying the cotton crop at the same time.
At the time of first spray only spotted bollworms were
found on September 1, 2003 and the average crop
height was noted as 106.68 cm. But at the second
spray against bollworms on zo" September 2003, both
the American (Helicovepa armigera Hub.) and Spotted
bollworms (Earias insulana Boisd. and E. viffella F.)
were found. Average crop height of plants was 137 cm.
All the treatments were replicated in Randomized
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Complete Block Design (RCBD). Pest scouting was
done both before and after spraying using standard
procedure and insect mortality of bollworms was
measured using the following model (Mahmood, 2004).

N-n
M = -- x 100 -------------- 1

N
Where, M = % age bollworm mortality, N = No. of
bollworms before spraying, and n = No. of bollworms
after spraying

RESULTS AND DISCUSSIONS

Data collected were analyzed using PROC GLM
(General Linear Models) procedures of the SAS
Institute (1998). Total discharge of both the booms
(over to top conventional and upward spraying nozzles
drop pipe type) at 300 kPa, 400 kPa, and 500 kPa was
17.6, 19.6, and 21.6 Llmin respectively. The
statistically analyzed results of both the sprays (first
and second) for controlling the cotton bollworm were
discussed as following
First Spray
Effect of velocity on spotted bollworm (58) mortality
The effect of velocity on % age mortality of spotted
bollworm of 24 hr, 48 hr, and 72 hr after spraying was
presented in Table 1. The effect of velocity on % age
mortality of spotted bollworm was significant at 5 %
probability level in the three cases 24 hr, 48 hr, 72 hr
after spraying as shown in ANOVA, Table 7. The
interaction of V and P was significant after 24 hr of
spraying. All other interactions were not found
significant at 5 % probability level. The results
indicated that significantly more mortality of spotted
bollworms was achieved at V2 (4.0 km/h) field velocity,
which was 53.3%, 85.04%, and 94.31 % at 24 hr, 48 hr,
and 72 hr after spraying respectively. Table 1 also
revealed that the mortality results were significantly
greater at V1 than those at V3 field velocity. It is also
clear that the mortality of the spotted bollworm
increased with the passage of time after spraying
which was greatest at 72 hr after spaying at all the
tested velocities.
Table 1. Effect of velocity on mortality of spotted bollworm

at 24 hr, 48 hr, and 72 hr after spraying

Velocity 24 hr 48 hr 72 hr
V1 47.26°* 76.79 ° 88.00 °
V2 53.30 a 85.04 a 94.31 a

V3 41.87c 73.34 c 83.47 c

Mean 47.48 78.39 88.60
LSD (0.05) 0.92 1.64 1.53

*Means in each column followed by the same letter are
not significantly different at 5% probability level. V1 =
2.5 km/hr, V2 = 4.0 km/hr, and V3 = 5.5 km/hr.

Table 2. Effect of pressure on mortality of spotted bollworm
at 24 hr, 48 hr, and 72 hr after spraying

Pressure 24 hr 48 hr 72 hr

P1 44.06 c ; 74.59 c 85.77 c

P2 50.50 a 81.18 a 9108 a

P3 47.87 b 79.40 b 88.94 b

Mean 47.48 78.39 88.60

LSD (0.05) 0.92 1.64 153

*Means in each column followed by the same letter are
not significantly different at 5 % probability level. P1 =
300 kPa, P2 = 400 kPa, and P3 = 500 kPa

Effect of pressure on spotted bollworm mortality

Table 2 indicated that the result of % age mortality of
spotted bollworms at 24 hr, 48 hr and 72 hr after
spraying were significantly different at three pressures
P1, P2, and P3. Maximum mortality was achieved at P2

followed by P3 and P1 respectively. At P2 (400 kPa) the
mortality of the bollworm was 50.50, 8118, and
9108% at 24 hr, 48 hr, and 72 hr after spraying The
interactions of pressure were not significant at 5 %
probability level (Table 7). Pressure P2 was the best
application pressure for new drop-pipe sprayer As the
spray was upward against the gravity, therefore, low
pressure such as P1 (300 kPa) was not satisfactory for
the successful approach of spray droplets to the target
insects. Too high pressure P3 (500 kPa) was also not
suitable for crop spraying operations.

Effect of nozzle spraying angle on spotted
bollworm mortality

The effect of spray angle on % age mortality of spotted
bollworm at 24 hr, 48 hr and 72 hr after spraying were
presented in Table 3. The interactions of angle with
pressure and velocity at 5 % probability level were not
significant as shown Table 7. Percentage mortality of
spotted bollworm was observed significantly different at
three levels of angle (15, 30, 45 degrees) The best
results were achieved at 82 (30°) at the crop height of
106.68 em. Other two angles 15° and 45° were less
effective than 30° Moreover, the mortality rate also
increased with the time of measurements after
spraying at all the three nozzle angles. It can safely be
depicted on the basis of the results achieved that the
nozzle angle be adjusted at 30° upward w.r.t. horizontal
in order to have maximum mortality of boll worms.

Second Spray

Effect of velocity on mortality of spotted bollworm
(58) and American bollworm (A8)

The effect of sprayer velocity on percentage mortality
of spotted bollworm and American bollworm at one day
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and one week after spraying were presented in Table-4
Velocity at 5 % probability level had a significant effect
on % age mortality of both the spotted bollworm (SB)
and American bollworm (AB). All the interactions were
Insignificant at 5% probability level (Table 8 & 9). The
results indicated that significantly greater mortality of
both SB and AB was achieved at V2 (40 km/h) field
speed followed by V, (2.5 km/h). V3 (5.5 km/h) was
recorded less effective and unsatisfactory for crop
spraying operations. The % age mortality of SB and AB
one day after spraying was 5848% and 64.07%
respectively at V2 speed and 97.89% and 9893%
respectively one week after spraying at the same
speed of V2 (Table 4). At the highest field speed of V

3
(5 km/hr), low mortality of bollworms could be due to
the reason that the spray might not had hit directly the
insects due to movement of plants with drop-pipes.
Too low field speed V,(2.5 km/h) might not be suitable
due to bending of cotton plants with boom for long time
and spray exposure might be away from the target.

Table 3. Effect of angle on mortality of spotted bollworm
at 24 hr, 48 hr, and 72 hr after spraying

Angle 24 hr 48 hr 72 hr
01 42.91 c* 7462 c 85.18 c
O2 50.82 a 8233 a 9252 a

03 4870 b 78.22 b 8808 b

Mean 4748 7839 8860
LSD (0.05) 092 1.64 153

*Means in each column followed by the same letter are
not significantly different at 5 % probability level. 0, =
15, O2 = 30° and 83 = 45° are the nozzle spraying
angles upward w.r.t. horizontal.

Table 4. Effect of velocity on mortality of spotted bollworm
(SB) and Amerivcan bollworm (AB)

Spotted Bollworm American Bollworm
Velocity After After After After

1 Day 1 Week 1 Day 1 Week
V, 5096 b' 94.89 b' 58.33 b' 9800 a'
V2 5848 a 97.89 a 6407 a 98.93 a
V3 47.33 c 91.85 c 5493 c 9541 b
Mean 52.26 94.88 59.11 97.44
LSD (0.05) 1.65 1.79 1.35 1.20

*Means in each column followed by the same letter are
not significantly different (a=5%)

Effect of pressure on mortality of Spotted Boll-
worm and American Bollworm

Table-5 presents the statistically analyzed results
Table-5 indicated that the results of % age mortality of
spotted bollworm (SB) and American bollworm AB at
one day and one week after spraying were significantly
different at three selected pressures P1, P

2
, and P

3
Maximum mortality was achieved at P

2
(400 kPa)

followed by P3 (500 kPa) and P1 (300 kPa)
respectively. At P2 (400 kPa) the mortality of SB and
AB was 5526% and 61.78% respectively one day after
spraying and 96 74% and 89 30% respectively one
week after spraying. The interactions of pressure were
found nonsignificant (Table 8 & 9) Pressure P

2
was

the best application pressure for new drop-pipe
sprayer As the spray was against the gravity so too
low pressure such as P, (300 kPa) could not be
satisfactory for the successful approach of spray
droplets to the target leaves. Too high pressure such
as P3 (500 kPa) could also not be suitable for crop
spraying operations due to off target exposure of spray
and excessive drift.

Table 5. Effect of pressure on mortality of Spotted
Bollworm and American Bollworm

Spotted Bollworm American Bollworm
Velocity After After After After

1 Day 1 Week 1 Day 1 Week
P1 48.22 c' 92.22 c' 55615 c' 96.22 b'
P2 55.26 a 9674 a 6178 a 8930 a
P3 53.30 b 95.67 b 5941 b 97.81 a
Mean 5226 94.88 5911 97.44
LSD (0.05) 1.65 1.79 135 120

*Means in each column followed by the same letter are
not significantly different at 5% probability level. P, =
300 kPa, P2 = 400 kPa, and P3 = 500 kPa

Effect of nozzle spray angle on mortality of Spotted
and American bollworms

Table 6 showed that spray angle had a significant
effect on % age mortality rate of Spotted and American
bollworms at 5% probability level. Change in the spray
angle changed the % age mortality of both the
bollworms significantly At angle 8

2
there was

maximum insect mortality, which was 55.81% and
62.15% one day after spraying and 9663%and
9863% one week after spraying for Spotted and
American bollworms respectively Bollworm mortality
was significantly greater at 83 than at 8, nozzle spray
angle both after one day and one week of
measurements All the interactions were found
insignificant (5% probability level) for both type of
bollworm after one week of spraying (ANOVA, Table 8)
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Table 7. Factor-wise ANOVA for mortality (%) of spotted bollworm 24-hr, 48-hr and 72-hr after spraying

After 24 h After 48 h After 72 h
Source df

F Value Pr> F F Value Pr> F F Value Pr> F

B 2 - - - - - -

V 2 312.11 0.0001 10840 00001 102.17 00001
P 2 100.12 00001 34.91 00001 24.62 00001

0 2 159.98 0.0001 44.63 0.0001 47.14 00001
V*P 4 545 0.1010 103 0.3996 1.05 0.3895

V*O 4 1.99 0.1097 1.23 03096 1.14 0.3495

P*O 4 0.05 0.9946 043 07835 043 07839

V*P*O 8 083 0.5825 0.72 0.6717 0.51 08410
Error 52 - - - - - -

Total 80 - - - - - -

Table 6. Effect of angle on mortality of Spotted and
American bollworm

Spotted Bollworm American Bollworm
Velocity After After After After

1 Day 1 Week 1 Day 1 Week

01 4811 c" 92.07 c· 5548 c· 96.22 e-

O2 55.81 a 96.63 a 62.15 a 98.63 a

03 5285 b 95.93 b 59.70 b 9744 a

Mean 52.26 94.88 59.11 97.44

LSD (0.05) 1.65 1.79 135 120

*Means in each column followed by the same letter are
not significantly different at 5% probability level Here,
81 = 15° , 82 = 30° and 83 = 45°

Table 8. Factor-wise ANOVA for mortality (%) of Spotted
and American bollworm after 1-Day of 2rd spraying

Spotted Bollworm American Bollworm
Source df

F Value Pr> F F Value Pr> F

B 2 - - - -

V 2 95.94 0.0001 95.13 0.0001

P 2 39.13 0.0001 35.55 00001

0 2 44.81 0.0001 50.62 0.0001

V*P 4 2.15 0.0883 1.18 0.3286

V*O 4 1.58 01925 1.02 040
--

P*O 4 0.62 0.65 0.84 0.51

V*P*O 8 0.88 0.54 0.47 087

Error 52 - - - -
Total 80 - - - -

Table 9. Factor-wise ANOVA for mortality (%) of Spotted
& American bollworm after 1-week of 2rd spraying

Spotted Bollworm American Bollworm
Source df

F Value Pr> F F Value Pr> F

B 2 - - - -
V 2 2302 00001 18.56 0.0001

P 2 1408 00001 6.57 0.0029

8 2 15.20 00001 7.84 00011

V*P 4 2.79 0.0858 1.71 01610

V*8 4 1.56 01976 385 01082

P*8 4 041 0.8005 0.42 07956

V*P*O 8 0.55 08148 0.34 09488

Error 52 - - - -

Total 80 - - - -
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