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ABSTRACT 

An animal drawn hydraulic boom sprayer of 100 liters tank capacity was developed using locally available materials 

and its performance evaluated. In field testing, discharge rate (ml/min), swath width (m) and droplet size 𝜇𝑚 (vmd) 

were used as performance indicators. And operating pressures (15, 30 and 45 psi) and heights above target (30, 40 

and 50 cm) as independent variables. Results revealed that the effects of operating pressures and heights above target 

were found to be of great influence to the discharge rate, swath width and droplet size statistically. Effective field 
capacity of 1.04 ha/hr and 89.6% field efficiency was determined. Comparing the results with what was obtained 

using the manually operated knapsacks sprayer represents 59% and 64% increase in discharge rate and swath width 
respectively. The finding of the research study presented in this paper could be used to boost agricultural 

mechanization during the application of liquid chemical on field crops.  

 
KEYWORDS: Pressure; Height; Discharge rate; Swath width; Droplet size.  

  

1.0 INTRODUCTION 

Agricultural mechanization is needed to replace the 

labour which is not available or is very expensive 

due to migration from rural to urban areas, making it 

very difficult to meet peak demands for crop 

production. Undoubtedly, agricultural mechanization 

plays an important role in crop production and could 

address problems like drudgery, high production 

cost, low quality work and the labour scarcity. 

Various equipment and tools in appropriate forms 

had been used in history of crops cultivation 

(Kanetani and Fauzi, 1991).  In northern Nigeria, 

other operations like chemical (pesticide) application 

are still performed with manually backpack 

conventional knapsack sprayers which have many 

disadvantages. These include; lack of uniformity of 

distribution applied to the crops, demanding high 

number of labour and drudgery in handling and 

loading of input on the field (Buba, 2003). Due to 

the increase in the cost of labour in manual wedding 

and chemical application using manually operated 

knapsack sprayers with narrow swath width, there is 

need to develop an animal drawn hydraulic boom 

sprayer with larger swath width which will be 

beneficial to the farmers for pesticides application. 

More also the sprayer can be operated even when 

soil condition are too  wet to allow the  passage of a 

tractor and the animals do not  damage the crop or 

compact the soil (Matthews, 1992). In order to 

minimize the drudgery of small farmers, to increase 

efficiency and save farmer’s time for taking up 

additional/supplementary generating activities,the 

use of modern time saving machines/implements of 

appropriate size needed to be suitably promoted. 

Consequently, the application methods of pesticides 

and the uniformity of the spray droplet sizes have 

become of important research focus in crop 

protection. Hence there is the need for the 

development of a machine that can improve 

agrochemical application for liquid pesticides to 

boost agricultural mechanization for field crops. 

Chouldhuryet al. (1982) developed a “Ground-

metered shrouded disc herbicide applicator which is 

a controlled droplet Applicator (CDA) spinning disc 

manually operated herbicide sprayer based on very 

low volume (VLV) spraying system. Their study 

was an attempt to improve both the spray volume 
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distribution pattern of a convectional herbicide 

(CDA) and the application rate by employing the 

principles of disc shrouding and use of peristaltic 

pump. The pump, which is a ground metered was 

able to supply liquid to the center of the shrouded 

disc at a rate that is proportional to the walking 

speed of the operator. They however, obtained that 

the spray application rate is controlled and the spray 

volume distribution pattern improved. 

There was an attempt by Bitrus (1985) to improve 

the efficiency and capacity of existing manual 

(CDA) herbicide application technique. The sprayer 

has a boom with two spinning disc shrouded with 

1800 rpm speed and at 95 cm apart and positioned at 

60cm above the ground. The results obtained gave a 

coefficient of variation of spray distribution of 

34.6% at disc spacing and height of 95 cm and 60 

cm respectively. Imam (1987) also in an attempt to 

improve the GMSD sprayers obtained a similar 

result with a swath width of 2.9 m and field capacity 

of 0.84 ha/hr. Abdulfatah (1997) developed an 

animal drawn controlled droplet application ground 

metered shrouded disc (CDA – GMSD) herbicide 

sprayer based on very low volume (VLV) spraying 

system. The sprayer consist of the main frame, 

ground wheel, peristaltic pump,  an 85 liters single 

tank feeding 4 spinning disc on a boom length 

of4.8m, two 6v acid electrolyte batteries to power 

the discs which rotate at 1900 rpm and atomize the 

liquid from the tanks into droplets. He obtained from 

laboratory test, an even spray volume distribution 

with co-efficient of variation of 16.9% at nozzle 

spacing of 120 cm and at vertical height of 45 cm 

above the target. Droplet spectrum volume and 

number median diameters were 250µm and 225 µm 

respectively with a low dispersion ratio of 1:1. 

Droplet density of 16 droplets/cm
2
 and calibrated  

application rate of 4.35 L/ha were also obtained, 

while field performance test gave an application rate 

of 4.8 L/ha with maximum swath of 5.82 m at 

nozzle spacing of 120 cm and boom height of 45 cm 

above the target.  Field capacity and efficiency were 

1.03 ha/hr and 89.6% respectively with slippage of 

1.13%. Kalikar et al. (2013) carried out performance 

evaluation of bullock cart mounted engine operated 

sprayer. The engine of 4 hp was used as power 

source for operating the sprayer and the bullocks 

were used for hauling purpose. The sprayer units 

consist of 9 hollow cone nozzles adjustable 

according to row spacing of crop. During 

performance evaluation, the field capacity of the 

sprayer was 1.89 ha/hr and average speed of 

bullocks cart during spraying operation in cotton 

crop was 2.8 km/h. The draft measurement for 

spraying operation was found to be 804.42 N. 

Veerangouda et al. (2010) did performance 

evaluation on three types of sprayers namely bullock 

drawn traction sprayer, bullock drawn engine 

operated sprayer and local cart mounted engine 

operated sprayer for cotton crop. The bullock drawn 

traction sprayer is capable to cover 6 rows at a 

stretch with an average field capacity of 0.66 ha/hr 

with a power output of 0.68 kW. The average 

quantity of chemical solution sprayed per ha was 

441.80 l/ha. The bullock drawn engine operated 

sprayer is capable to cover 6 rows at a stretch for 

cotton crop with an average quantity of 585.92 l/ha 

at an operating pressure of 20 kg/cm
2
. The average 

travel speed of unit is 2.84 km/h with an average 

draft of 76.67 kg. The field capacity of bullock 

drawn engine sprayer is 1.19 ha/hr with a power 

output of 0.60 kW. The field capacity of local cart 

mounted engine sprayer is 0.66 ha/hr with power 

output 0.72 kW. Among three sprayers tested, the 

bullock drawn engine operated sprayer worked 

satisfactorily.This paper represents the effects of 

pressure and height above target on discharge rate, 

swath width and droplet size of the prototype 

sprayers. 

 

2.0 MATERIALS AND METHODS 
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2.1 Materials 

Description of the Machine: The prototype sprayer is 

made up basically of the mainframe, spray tank, 

pump/prime mover, traction wheel, boom, nozzles 

and flexible rubber hose. The mainframe is mounted 

on the axle shaft with two traction wheel and carries 

the spray tank, pump/prime mover and boom 

assembly. The spray tank is connected to the nozzles 

with the aid of distributing flexible rubber hose via 

the pump. At the rear end of the frame, is bolted the 

boom with ten (10)  

Fan nozzles spaced at 500 mm each, on the boom 

riser. The chemical in the spray tank flows by 

gravity to the pump and sends the chemicals with a 

pressure monitored on the pressure gauge to the 

nozzles. The prime mover (engine) which is the 

power source gives power to the pump with the aid 

of V-belt and pulleys. A pair of bullocks was used as 

drought for pulling the prototype while the spraying 

operation is ongoing. Plate 1shows the assembled 

prototype sprayer.   

Stop watch for time recording, measuring tape for 

measuring the swath width, measuring cylinder, 

microscope set, glass slides for droplet samples 

collection and magnesium ribbon were materials 

used for the test. 

 

 

 

Plate 1: Assembled Prototype Sprayer 

 

2.2 Performance Test Procedure  

2.2.1 Discharge Rate: Discharge rate test was 

done to know the amount of liquid discharge from 

each nozzle and to check the variation between the 

discharge rates of each nozzle. Liquid was pumped 

at the same interval and discharge was collected 

from each nozzle at the same time by tithing big 

white polythen leathers on each nozzle. After 60 

seconds the valves were closed and each liquid 

collected from the nozzle was measured with the aid 

of graduated measuring cylinder. At different 

operating pressure and different boom heights 

discharge rate was measured. Mean discharge in 

ml/min was determined. 

2.2.2 Swath Width: The prototype sprayer was 

set and hitched to pair of bullocks for operation. The 

swath of the sprayer at different height above the 

ground and operating pressure was determined by 

spreading cardboard paper on the ground along the 

sprayer boom. Spray deposits were noticed on the 

cardboard and the width of the area covered was 

measured for each height and pressure as the swath 

width as described by Buba (2003). 

2.2.3.  Determination of Droplet Size: Glass 

slides were uniformly coated with magnesium oxide 

by burning two 10cm strips of magnesium ribbon 

(Plates 2 (a and b)). Droplet samples were collected 

on the coated slides, positioned at one location to 

obtain droplet samples. The samples collected were 
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then observed under a microscope filled with a field 

graticule eyepiece for precise droplet size 

measurement as reported in the literature (Matthews, 

1977 and Abubakar et al., 2011). At different 

operating pressures and different boom height, 

droplet samples were collected and the number (N) 

of droplets corresponding to each class of the 

graticule was recorded. 

2.2.4. Field Discharge and Time: All relevant field 

times used for the performance analysis were 

recorded during the test. The sprayer tank was field 

with a known quantity of spray liquid. The sprayer 

was then run until all the designated portion of the 

field was sprayed. The time and amount of spray 

liquid were noted. The spraying was done in three 

replicated. The data collected was employed to 

determine the effective field capacity, theoretical 

field capacity and field efficiency. 

 

 

  

 

 

 

 

 

 

 

                         (a)                                          (b)  

Plate 2:  Preparation of Droplet Sampling Surfaces (a) Coating of glass slides, (b) Droplet size measurement 

 

 

2.3 Statistical Analysis 

All data were analyzed with completely randomized 

block design method using SAS 9.2 statistical 

software to identify statistical differences between 

the various combinations of variables. Analysis of 

variance (ANOVA) was conducted for each of the 

performance indicators. 

 

3.0  RESULTS AND DISCUSSION 

3.1  Discharge Rate (ml/min) 

Table 1 shows the effect of operating pressure and 

height above the target on nozzle discharge rate 

(ml/min). It also shows that for a given combination 

of variables, the discharge rate change appreciably 

with different operating pressures used.  The 

ANOVA result (Table 2) shows that, the operating 

pressures used were found to be significant at 1% 

probability level, while the height above the target 

was significant at 5% probability level. The 

interaction was statistically significant at 5% 

probability level. Further analysis using LSD (Table 

3) revealed that the mean discharge rate was found 

to be statistically higher with lower pressure p1 (15 

psi), but also, p3 (45 psi) value of mean discharge 

was statistically found to be closer to the higher 

value of mean discharge. This difference can be 

attributed that nozzles controls the spray quantity 
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and pattern. Similar trend was obtained by Buba 

(2003). LSD also revealed that the mean discharge 

rate was found to be higher with increase in height 

above the target. This shows that discharge rate 

increases with increase in height above the target 

used from 30 to 50 cm. This trend was in line with 

what was obtained by Khuram et al. (2004). 

Comparing the discharge rate values of the prototype 

sprayer with that of the conventional knapsack 

sprayer, as given by Miller and Bellinder (2001), 

shows that the highest discharge rate (930 ml/min) 

of the prototype sprayer compared with 380 ml/min 

from the knapsack sprayer represents a 59% increase 

in discharge rate. 

 
Table 1: Discharge Rate (𝒎𝒍/𝒎𝒊𝒏) at Various Operating Pressure and Heights above the Target 

 

VARIABLE R1 R2 R3 

P1 H1 880 865 875 

P1 H2 914 880 924 

P1 H3 943 935 930 

P2 H1 824 829 836 

P2 H2 815 820 820 

P2 H3 800 823 820 

P3 H1 851 835 857 

P3 H2 880 835 830 

P3 H3 885 870 880 

 

Table 2: Analysis of Variance for Discharge Rate (ml/min) 

 

Sources of 

Variation 

Degree of 

Freedom 

Sum of 

Squares 

Mean Square Calculated F Pr> F Significance 

Replication 2 613.40741 306.70370 1.66   

Operating 

Pressure, P 

2 32225.85185 16112.92593 87.26 <.0001 ** 

Height above 

target, H 

2 3242.48148 1219.37037 8.78 0.0027 * 

P * H 4 4877.48148 1219.37037 6.60 0.0025 * 

Error 16 2954.59259 184.66204    

Total 26 43913.62963     

NS = Not Significant; * = Significant at 5% probability level; ** = Significant at 1% probability 

level 

 

Table 3: LSD for Discharge Rate (ml/min) for the Main Effects 

 

Treatment Discharge rate, ml/min LSD 

P1 905.111 A 

P2 820.667 C 

P3 858.111 B 

H1 850.222 C 

H2 857.444 B 

H3 876.222 A 

NOTE: Means with the same letter are not significantly different 

 

 

 

 

3.2  Swath Width 



   ISSN: 2449 - 0539 

BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.1, FEBRUARY, 2017 

94 
 

Table 4 shows the effect of pressure and height 

above the target on swath width (m). It also shows 

that for a given combination of variables, the swath 

width change appreciably with different height 

above the target used. ANOVA results (Table 5) 

shows that, the operating pressures used were found 

to be significant at 1% probability levels, while the 

height above the target was also significant at 1% 

probability level. The interaction was statistically 

not significant.  Further analysis using LSD (Table 

6) revealed that the mean swath width was found to 

be statistically higher with higher operating pressure. 

It can be said that any increase in operating pressure 

(15 to 45 psi), there must be an increase in swath 

width. This finding was in line with what was 

obtained by Khuram et al. (2004) and Veerangouda 

et al. (2010). LSD also revealed that the mean swath 

width was found to be higher with higher height 

above the target. This shows that swath width 

increases with increase in height above the target 

used from 30 to 50 cm. This trend was in line with 

what was obtained by Buba (2003). Comparing the 

swath width achieved with the prototype sprayer 

with the swath width of the knapsack sprayer given 

by Miller and Bellinder (2001), shows that the 

highest swath width of the prototype sprayer (5.6 m) 

compared with 2m from the knapsack sprayer 

represented 64% increase in swath width. 

 
Table 4: Swath Width (Meters) at Various Operating Pressure and Heights above the Target 

 

VARIABLE R1 R2 R3 

P1 H1 5 5 5 

P1 H2 5.2 5.2 5.1 

P1 H3 5.6 5.6 5.6 

P2 H1 5.1 5.2 5.1 

P2 H2 5.3 5.3 5.3 

P2 H3 5.7 5.6 5.6 

P3 H1 5.1 5.2 5.2 

P3 H2 5.5 5.5 5.4 

P3 H3 5.7 5.8 5.7 

 

Table 5: Analysis of Variance for Swath Width (m) 

 

Sources of 

Variation 

Degree of 

Freedom 

Sum of 

Squares 

Mean Square Calculated F Pr> F Significance 

Replication 2 0.00888889 0.00444444 2.29   

Operating 

Pressure, P 

2 18000000 0.9000000 46.29 <.0001 ** 

Height above 

target, H 

2 1.41555556 0.70777778 364.00 <.0001 ** 

P * H 4 0.03111111 0.00777778 4.00 0.0195 NS 

Error 16 0.03111111 0.00194444    

Total 26 1.66666667     

 

 

Table 6: LSD for Swath Width (m) for the Main Effects 

 

Treatment Swath Width (m) LSD 

P1 5.25556 C 

P2 5.35556 B 
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P3 5.45556 A 

H1 5.10000 C 

H2 5.31111 B 

H3 5.65556 A 

 

3.3 Droplet Size 𝝁𝒎 (VMD) 

Table 7 shows that the effect of operating pressure 

and height above the target on droplet size (volume 

median diameter) 𝜇m. It also shows that for a given 

combination of variables, the droplet size changes 

appreciably with different pressures and heights 

used. ANOVA results (Table 8) shows that the 

operating pressure used were found to be significant 

at 1% probability level, while the height above the 

target was found to be significant at 5% probability 

level. The interaction was statistically significant at 

1% probability level. Further analysis using LSD 

(Table 9) revealed that the mean droplet size was 

found to be statistically higher with lower operating 

pressure. This shows that droplet size increase with 

decrease in operating pressures used from 45 to 15 

psi. This trend was in line with what was obtained by 

Kaul and Suleiman (1990) and Laukik et al. (2013). 

LSD also revealed that the mean droplet size was 

found to be higher with higher height above target. 

This can be attributed to that any increase in height 

above the target, increases the opportunity time for 

more droplets to coalesce hence, more of the larger 

droplet are obtained similar trends has been reported 

by Bitrus (1985). 

3.4 Field Capacities and Efficiency 
The field performance test data of the prototype 

sprayer is shown in the Table 10 below for 

capacities and efficiency. 

 

Table 7: Droplet Size (VMD) 𝝁m at Various Operating Pressure and Height above the Target 

 

VARIABLE R1 R2 R3 

P1 H1 200 200 200 

P1 H2 300 300 300 

P1 H3 250 250 250 

P2 H1 100 150 100 

P2 H2 100 90 150 

P2 H3 90 100 90 

P3 H1 70 60 70 

P3 H2 60 50 50 

P3 H3 60 70 50 

 

 

Table 8: Analysis of Variance for Droplet Size (VMD)µm 

 

Sources of 

Variation 

Degree of 

Freedom 

Sum of Squares Mean Square Calculated F Pr> F Significance 

Replication 2 96.2963 48.1481 0.19   

Operating 

Pressure P 

2 175829.6296 87914.8148 348.43 <.0001 ** 

Height above 

target, H 

2 3785.1852 1892.5926 7.50 0.0050 * 

P * H 4 12437.0370 3109.2593 12.52 <.0001 ** 

Error 16 0.03111111 0.00194444    

Total 26 196185.1852     
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Table 9: LSD for Droplet Size (µm) for the Main Effects 

 

Treatment 

 

Droplet size (µm) LSD 

P1 250.0 A 

P2 107.7 B 

P3 60.00 C 

H1 127.7 B 

H2 155.5 A 

H3 134.4 B 

 

 

 
Table 10: Theoretical and effective field capacities and efficiency of the prototype sprayer 

 

 

 

 

 

 

 

4.0 CONCLUSION 

 

The prototype sprayer was evaluated using discharge 

rate (ml/min) swath width (m) and droplet size 𝜇𝑚 

(vmd) as performance indicators. Operating pressure 

(psi) and height above the targets were used as 

independent variables. Results obtained revealed 

that highest discharge rate of 930 ml/min was 

achieved, which represents an increase of 59% from 

the discharge rate achieved with the knapsack 

sprayer. Also ANOVA conducted revealed that the 

effects of  operating pressure was significant at 1% 

probability level, while height  above target was 

significant at 5% probability level. The highest 

swath width of 5.6 m was achieved which when 

compared to 2 m achieved by knapsack sprayer 

represents 64% increase in swath width. All the 

main effects were found to be statistically significant 

at 1% probability level.  The droplet size (vmd) 𝜇m 

obtained revealed that the effect of operating 

pressure was statistically significant at 1% 

probability level, while the height above the target 

was statistically significant at 5% probability level. 

Therefore the sprayer has the potential to be 

operated for herbicides application, insecticides or 

fungicides application with due consideration on 

operating pressure and height above target. 

In course of field test, it was observed that the 

volume of solution during spraying wasn’t 

proportional to the speed of animal thereby resulting 

in under-dosing. And if the animal stops moving for 

sometime spraying is constant resulting in over-

dosing some areas. 
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