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ABSTRACT 

 

Pesticide spraying generally provides effective crop protection, but very much depends on the 

correct type of equipment and its usage. Some wastage of pesticide to the surroundings either by 

missing or overdosing is inevitable. The use of chemicals has contributed to weed control and 

prevention of biotic stresses such as diseases and insect infestation. An estimate of crop and crop 

produce loss shows that annually about 1/3 of the total food production is being destroyed by 

pest. Spraying machines applying pesticides have also given rise to concern as they frequently 

create drift, which reduces efficiency, affects off target crops and creates environmental pollution 

and operator contamination. Sprayer is a machine to apply the fluids in the farm of droplets. 

These challenges are helped to engineers to develop a precision canopy sprayer that is able to 

adjust both application rate and air volume to match the growing canopy as the season 

progresses. Canopy is a layer of something that spreads out and covers on areas, for example the 

branches and leaves that spread out at the top of trees in a forest. Precision spraying of the 

canopy allows to apply pesticides only to the target areas, to only apply the correct quantity 

according to canopy size, growth stage and season and to apply products in an economic and 

environmentally sound manner. Weed control, disease infection, environmental pollution and 

insect damage are significant issues in agricultural crop production. Weeds compete with crop 

mailto:chowdas705@gmail.com
mailto:narayanaswamy.konappa@gmail.com


2 | International Journal of Biological Research   volume 3/ Issue 4 

 

plants for moisture, nutrients, and sunlight.  Some insects that attack crops, including aphids, 

spider mites, and whiteflies, feed on the undersides of leaves or beneath the plant canopy. 

Disease infection and insect damage have detrimental effects on crop yield and quality. Nearly 

60% of the total losses in grape production worldwide are due to virus diseases. The use of 

canopy sprayers, chemicals has contributed to weed control and prevention of biotic stresses 

such as diseases and insect infestation and control environmental pollution.   

 

INTRODUCTION 

Pesticide spraying generally provides effective crop protection, but very much depends 

on the correct type of equipment and its usage. Some wastage of pesticide to the surroundings 

either by missing or overdosing is inevitable. Nearly 60% of the total losses in grape production 

worldwide are due to virus diseases.  (Hong et al.,2012). The use of chemicals has contributed to 

weed control and prevention of biotic stresses such as diseases and insect infestation. Estimate of 

crop and crop produce loss shows that annually about 1/3 of the total food production is being 

destroyed by pest. (Jain et al.,2012).  

             Under application of pesticides is not completely effective, while over application of 

pesticides increases the risk of environmental pollution and excessive residues on plant produce. 

To avoid economic losses and health hazards, it is necessary that the pesticide application should 

be efficient and precise. The magnitude and uniformity of spray deposition are mainly influenced 

by the target canopy characteristics, properties of chemical and design of spray equipment. 

Studies have suggested that air assistance to spray droplets is more effective for enhanced 

distribution and deposition of spray on target canopy compared to spray through hydraulic 

nozzles alone. Spraying machines applying pesticides have also given rise to concern as they 

frequently create drift, which reduces efficiency, affects off target crops and creates 

environmental pollution and operator contamination.     

               These challenges are helped to engineers to develop a precision canopy sprayer 

that is able to adjust both application rate and air volume to match the growing canopy as the 

season progresses.  Precision spraying of the canopy allows to apply pesticides only to the target 

areas, to only apply the correct quantity according to canopy size, growth stage and season and to 

apply products in an economic and environmentally sound manner.  Using of canopy sprayers 
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can increase spray deposition by up to 82% and reduce spray drift by 70% by adjusting the 

airflow coming from the sprayer. (lenders.,2011). Keeping in view the obvious advantages of air 

assistance to spray droplets, it is necessary to quantify the airflow characteristics for field crops 

as airflow patterns inside crop canopy determine the spread and deposition of spray droplets on 

plant leaves. But, quantification of air flow characteristics for different crops in field is very 

complex as control of climatic and other conditions in the field is difficult. 

 

General spraying patterns 

                  Three general spraying patterns are currently used broadcast, band, and targeted 

spraying. The traditional method of broadcast spraying is characterized by considerable 

inefficiency because an entire area is sprayed regardless of whether there are targets or non-

targets presented in the area. This approach has resulted in up to 60%-70% of off-target losses. 

To reduce waste and environmental pollution stemming from off-target losses, band and targeted 

spraying methods were developed. In band spraying, only selected regions are treated. 

Experimental results in the field showed that band application and mechanical practice can 

reduce chemical use and impose minimal environmental effects. The target spraying system 

involves the detection of damaged or infected plots or plants in the field, and features real-time 

control of sprayer operation. Compared the ground deposits and runoff resulting from targeted 

spraying with those from conventional broadcasting spraying in dormant orchards. Their results 

showed that targeted spraying achieved a 41% reduction in ground deposition and reduced 

pesticide concentration in surface water runoff by 44%. The target spraying system is a precise 

method for reducing unnecessary chemical spraying that may affect environmentally sensitive 

areas, humans, and non-targeted crops.  
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Fig 1. Three general spraying patterns: Broadcast, band and targeted spraying       

 

Three general spraying patterns: Broadcast, band and targeted spraying Traditional target 

spraying is manually carried out with a hand-held pump. With the development of sensing 

techniques and mechanical cultivation, the “smart sprayer” was developed to satisfy the 

requirements for automatic spraying. The smart sprayer is an integrated system of target 

detection sensors, analytical methods, atomizing spray devices, and control systems. 

                     

 The smart sprayer contributes the following advantages to sustainable agriculture:  

      (1) real-time detection of crop growth 

     (2) targeted analysis and decision making regarding chemical sprays 

    (3) precise operation and reduction of manual labor through optimized tools.  

  

                      It is an efficient approach to solve the issues of chemical waste reduction and 

product quality enhancement. In this study, the smart sprayer based on the detection technique 

was discussed. The target detection and spray control systems were analyzed. The results showed 

that in this system, various sensing techniques, such as machine vision, spectral analysis, and 

remote sensing, are applied. These are widely used in plant recognition and classification.  

 

Table 1. Inter-related factors affecting pesticide drift and deposition in canopy sprayer                        

Sprayer  Application  Target  Weather  Operator  

Design Application rate Variety Wind speed Skill 

Droplet size Nozzle orientation Canopy structure Wind direction Attitude 

Fan size Forward speed Area Temperature - 

Air volume - Every row Humidity - 
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(Landers et al., 2003) 

Working principle of canopy sprayer  

                    The sprayer travels along the rows of crops, monitoring either presence or absence 

of the canopy, canopy size and volume. Ultra-sonic or Infra-red sensors allow monitoring the 

dimensions of the canopy and thus altering both airflow output from the fan and liquid flow 

(application rate/acre) according to the variable canopy. Each sensor was connected, via a 

computer program board to an electric solenoid valve at the nozzle which allowed the nozzle to 

spray liquid. A sonic anemometer in conjunction with a GPS locator, will determine true wind-

speed and direction. Liquid flow meters were fitted to each side of the sprayer and monitored the 

flow rate of the sprayer. A computer board recorded the data, (flow and time).  

             Using a GIS map we were able to see how much spray was applied in crops. It used an 

equal number of hollow cone nozzles positioned on a pair of opposing booms on the inside of the 

hood. Each boom sprayed half of the row.The nozzles were angled slightly upward.Although the 

width and height of the hood can be adjusted for varying crop size and road travel.Each sprayer 

was properly calibrated and pulled behind a tractor at approximately 4.8 km/h. (Coffman et 

al.,1999  and  Lenders et al.,2010 ) 

  

Air velocity and 

direction 

- Alternate row - - 
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Fig 2. Tower type canopy sprayer 

  

Fig 3. Infra-red sensors and solenoid valves       Fig 4. GPS receiver on sprayer 

             detect the vine canopy 
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Laboratory setup of simulated canopy structure 

                      Canopy structures of vegetable and field crops differ significantly from one another 

and vary with the growth stages. Also, studying the effect of particular parameter on the 

performance of spraying system in field is very difficult as there are many factors, which cannot 

be controlled. A laboratory setup was designed and fabricated to conduct the experiments under 

controlled conditions.  

                 The experimental set up, consisted of a carriage, track and rope-winch with drive 

system. The track of 6.5 m length and 1.0 m width was installed at a height of 1.75 m above the 

ground surface. The carriage, attached to a endless rope-winch drive system, was moved both 

ways on the track at different speeds. Spray delivery system with air-assistance was mounted on 

the carriage. It consisted of a blower (an axial flow fan of diameter 850 mm with air output of 

4.5 m
3
/s without duct at 25000 rpm), hydraulic pump (HTP 3 piston pump of discharge capacity 

without pressure 100 l/min) and hollow cone nozzle with provisions of varying air discharge and 

operating pressure of the nozzle. Commonly used hollow cone type nozzle with discharge rate of 

450 ml/min at 275 kPa pressure and 60o cone angle was used for producing and injecting liquid 

droplets into the air stream. Air boom and upper surface of the canopy were kept 55 cm apart so 

that air and liquid droplets could achieve adequate turbulence before reaching the canopy. The 

center of air boom and nozzle was kept aligned with the horizontal line passing through the 

center of canopy. Based on the concepts of (7 and 9) a horizontal artificial crop canopy structure 

was developed. The canopy was constructed with a regular array of flow blockage planes to 

achieve desired LAI and LAD. Steel wires of 3 mm diameter were tied along the length of the 

experimental setup. To simulate resistance of leaf parameters to airflow, 5 horizontal planes, 

consisting of artificial plastic leaves, were created each spaced at 20 cm. Artificial leaves of size 

50 mm x 60 mm were made out of 50 μm thick plastic sheet. These were tied at both ends so that 

they did not get displaced by the air flow. The arrangements of plastic leaves were varied on 

each plane to create different levels of leaf area index and leaf area density, which were 

determined by using the following relationships  

              Total leaf area  

                  LAI = (m
2
/m

2
) Projected area of crop canopy  

            Total leaf area  
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                 LAD = (m
2
/m

3
) Canopy volume  

Performance of air-assisted sprayers is influenced by several parameters such as plant canopy 

characteristics, climatic conditions, airflow rate, forward speed, nozzle pressure, nozzle type, 

boom height etc. Experimental sprayer was evaluated in terms of droplet size and density on and 

inside the horizontal simulated canopy with respect to above mentioned variables. Water colored 

with indigo dye was used as liquid spray during the experiments. Droplets coming from the 

nozzle and assisted by air-stream were deposited on simulated canopy and on chemical treated 

kromekote papers placed randomly on upper and under side of top, middle and bottom of the 

canopy.  

The sample papers were carefully removed and taken for determination and analysis of 

droplet size and density with the help of image analyser in the laboratory. The droplet spectrum 

collected on sample card at a specific location was further analysed using a computer software 

“dropdist” developed by to obtain the droplet size and density. The droplet size was measured in 

terms of Volume Median Diameter (VMD), which is most commonly used parameter for 

characterizing a spray. However, few droplets of large diameter can account for a major portion 

of the spray, thereby, increasing the value of VMD to an extent that may not represent the 

spectrum truly. To account these variations, Sauter Mean Diameter (SMD) was introduced in the 

analysis of data.  
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Fig 4.0: Laboratory setup of simulated canopy structure (Gupta et al.,2011)  

 

CONCLUSION 

 Many formers are spending too much money on pesticides because they are not investing 

enough money in a quality sprayer. Improved chemical application equipment when properly 

integrated with an IPM program produces high quality fruit, reduces pesticide use, reduces spray 

drift, lowers maximum fruit residues, and reduces total production cost. Whole season herbicide 

cost were reduce by 18-54%.By improving deposition and reducing drift, growers can both avoid 

wasting costly fungicides and reduce off-target environmental impacts. Canopy sprayers mainly 

reduction in 41% ground deposition of chemicals. In row crops like cotton and pigeon pea fields 

also used these sprayers for better spray. The sprayer is operated at a travel speed of around 4.5 

km/h. Power tiller operated canopy sprayers will give better field efficiency (64.2% and 

59.4%).Canopy sprayer is a  precision control spraying equipment’s. 
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