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ABSTRACT 

The variable rate fertilizer spreader was modified to control each pair of nozzles for spot-

application of fertilizer only in plant areas of wild blueberry fields. The experiments were 

conducted to evaluate performance accuracy of modified variable rate granular (MVRG) 

fertilizer spreader. The results suggested that the MVRG fertilizer spreader performed 

efficiently in detecting bare spots/weed patches and clay filler application only in green 

grass/plant areas. Two wild blueberry fields were selected to evaluate the impact of 

MVRG spreader on nutrient leaching through small bare spots/weed patches. 

Management zones were delineated on the basis of slope variability. The MVRG 

spreader significantly reduced the nutrient loading in subsurface water samples collected 

from the bare spots/weed patches. Based on the results obtained, it can be concluded that 

the fertilization in wild blueberry fields using MVRG fertilizer spreader can result in the 

protection of subsurface water quality, thus protecting the environment. 
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CHAPTER 1 

INTRODUCTION 

The wild blueberry (Vaccinium angustifolium Ait.), a vital horticultural crop in 

eastern Canada and the Maine state of USA, is a stress-tolerant calcifuge shrub normally 

situated in naturally acidic soils with low mineral nutrients (Grime, 1979; Chapin, 1980). 

The wild blueberry is compelled from its natural perennial fruit production into a biennial 

production system by regular pruning (mowing or burning) that eradicates most of the 

above-ground plant material (Hall et al., 1979). First year is for vegetative growth and 

fruit bud formation, followed by fruit development and harvesting in the second year 

(Eaton, 1988). Wild blueberry production depends on the management of native 

indigenous stands. Fields are promoted in areas where pre‐existing wild blueberry 

coverage is sufficient to justify commercial field development. Fields worthy for 

commercial development are typically abandoned farmland or newly deforested areas and 

have gentle to severe topography (Zaman et al., 2010a). Field development is dependent 

upon the eradication of competing vegetation and may also include the removal of trees, 

stumps, and rocks. Newly developed fields may have significant proportion of bare spots 

(varies from 30% to 50% of the total field area) (Zaman et al., 2010b). 

Currently, crop management practices are implemented without considering 

substantial variation in soil properties, topographic features and bare spots in wild 

blueberry fields. Wild blueberries are low input systems with a narrow optimal range of 

plant nutrients (Percival and Sanderson, 2004). Detrimental effects of excess nitrogen (N) 

occur when too much N is applied (i.e., lowers floral bud numbers and harvestable 

yields) (Percival and Sanderson, 2004). Fertilization of both bare spots and weed patches 
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can deteriorate water quality, promote weed growth and reduce profit. Under-fertilization 

restricts yield and reduces berry quality (Zaman et al., 2010b). Site-specific fertilization 

can reduce fertilizer usage, improve crop production, and protect environment (Zaman et 

al., 2006; Saleem et al., 2011). 

Site-specific fertilization, using differential global positioning system (DGPS) 

guided prescription maps, have been reported for several cropping systems (Miller et al., 

2004; Derby et al., 2007). Saleem et al. (2011) applied fertilizer on a site-specific basis 

with a variable rate granular (VRG) fertilizer spreader using prescription map based on 

variation in slope within wild blueberry fields. They demonstrated that variable rate (VR) 

fertilization in wild blueberry field improved crop productivity and reduced subsurface 

water contamination. 

Existing commercial VRG fertilizer spreaders change fertilizer rates in different 

management zones using DGPS-guided prescription maps without considering uneven 

distributed bare spots and weed patches in wild blueberry fields. Unnecessary 

Fertilization in both, bare spots and weed patches, can be avoided using VRG fertilizer 

spreader with sensing and control system for spot-application of fertilizer. Zaman et al. 

(2011) and Esau (2012) developed a prototype VR sprayer for spot-specific application of 

agrochemicals in wild blueberry cropping systems. They reduced the amount of herbicide 

(60% to 80%) and fungicide (20% to 30%) in wild blueberry fields. Similar technology 

can be used to develop/modify VRG fertilizer spreader for spot-application of fertilizer in 

plant areas within wild blueberry fields. 

The precision agriculture team at the Faculty of Agriculture, Dalhousie University 

has modified the existing VRG fertilizer spreader (Valmar Airflo Inc. MB, Canada). This 
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modified VRG fertilizer spreader can be used simultaneously with prescription mapping 

to change rates of fertilizer application in different management zones, and the automated 

sensing and control system is able to detect plants, weeds and bare spots in real-time. The 

detection information is then provided to VR controller to dispense fertilizer in a specific 

section of the boom where only plants were detected. Avoiding needless application of 

fertilizer, using modified VRG (MVRG) fertilizer spreader, in bare spots/weed patches 

can reduce cost of production and protect the environment by reducing subsurface water 

contamination through nutrient leaching.  

The hypothesis proposed in this study is that unnecessary application of fertilizer 

in bare spots/weed patches still occurs with VR fertilization guided only by prescription 

maps. Fertilization in bare spots/weed patches can increase fertilizer usage and can 

deteriorate subsurface water quality. If this is true, then modifications in existing VR 

spreader for real-time sensing, control and spot-specific application of fertilizer will be an 

important management strategy for wild blueberry industry. 

1.1 Objectives 

The objectives of this study are to: 

a) Evaluate the performance accuracy of principal components of MVRG fertilizer 

spreader for spot-application at exact targets. 

b) Evaluate the performance of MVRG fertilizer spreader for spot-application of 

fertilizer in commercial wild blueberry fields. 

c) Examine the impact of VR fertilization on subsurface water quality in bare spot 

areas with uniform, variable rate using prescription map, and spot-application 

using automated sensing and control systems. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Wild Blueberry Cropping System 

The wild blueberry is native to northeastern North America. The wild blueberry 

has a unique production system as it is not planted but developed from native existing 

stands. Presence of wild blueberry before land development is the prime requirement. 

The wild blueberry is compelled from its natural perennial fruit production system into a 

biennial production system by regular pruning (mowing or burning) that eradicates most 

of the above-ground plant material (Hall et al., 1979). This practice accelerates new 

growth from dormant buds on the rhizomes and consequently increases yield (Hall, 

1955). After pruning the first year is for vegetative growth and flower buds initiation for 

the crop (second) year from August to October, followed by winter quiescence (Hall et 

al., 1979). During the crop year, further development of flower buds occurs during 

spring, and flowering is completed in May and June. The pollination of flowers is carried 

out by insects, and development of ovary walls occur quickly after ovule fertilisation 

(Bell, 1950). Fruit remains dormant during June and July, and then enlarge and ripen 

until harvest, which normally occurs in August and early September.  

Management and environmental factors also seem to have influence on fruit 

production of the wild blueberry. Management practices include pruning, weed control, 

insect and disease control, irrigation, and fertilizer applications (Hall et al., 1979). 

Whereas, natural variation within stands (Hepler and Yarborough, 1991), differences in 

soil conditions (Trevett, 1972), climatic factors such as low winter temperatures, severe 

frosts and droughts are uncontrollable environmental factors (Hall et al., 1979).  
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Wild blueberry systems have some characteristics which are more similar to 

forest systems than to tilled agricultural systems (Eaton, 1988). Research to increase 

production of wild blueberry through the use of nitrogen (N), phosphorus (P), potassium 

(K) fertilizers started as early as 1928 (Chandler and Mason, 1933). Application of 

fertilizers is usually after pruning in vegetative year. Results of studies conducted to 

examine the response of berry yield to different combination of fertilizers indicated that 

fertilizer containing N could increase yield, but if the weed growth is accelerated 

excessively, production would be decreased (Jensen, 1985; Yarborough and Bhowmik, 

1989; Penney and McRae, 2000). Penney and McRae (2000) found that there was little 

yield gain from applied P and K. One of the important features associated with N is the 

internal transfer of N from one plant part to the other in autumn and early spring (Chapin, 

1980). Eaton and Patriquin (1990) used labelled N fertilizer and showed that N fertilizer 

is taken up by blueberry plants rapidly, and that the labelled N is transferred from leaves 

to stems, roots and rhizomes prior to leaf fall in autumn. Some of this applied N was 

returned to newly emerged leaves during the following spring. About 1.5% of the 

labelled N applied in the spring of vegetative year was exported in berry after 16 months 

(Eaton and Patriquin, 1990). Boron (B), magnesium (Mg) and zinc (Zn) were also used in 

combination with NPK and results suggested that wild blueberry responded well as the 

increase in berry yield was observed (Eaton, 1988). The fertilizer experiments conducted 

subsequently without using an effective herbicide exhibited different results, i.e., best 

response was from N (Trevett, 1962), complete fertilizer application gave better results 

than N alone (Chandler and Mason, 1938), inconsistent response of wild blueberry yield 

to applied fertilizer (Eaton, 1950; Trevett, 1950), and reduction in berry yield when weed 
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growth was accelerated (Chandler, 1943). The increased weed growth was the result of 

fertilizer uptake by grasses and other weeds which in turn restricted the wild blueberry 

growth (Yarborough and Ismail, 1985). The introduction of herbicides enabled the use of 

fertilizers and herbicides in wild blueberry fields to increase yield and to control 

competing weed (Yarborough et al., 1986). Fertilizers used for wild blueberry in the past 

contained only N, but recent fertilizers have also incorporated P in formulation such as 

13-26-5, 14-18-10, or 18-46-0 (Eaton et al., 1997). Litten et al. (1997) revealed that the 

use of diammonium phosphate (DAP) increased the stem length, number of floral buds, 

and yield, from 4900 to 6235 kg ha
-1

.   

Recently developed wild blueberry fields can have a significant proportion of bare 

spots (varies from 30% to 50% of the total field area) (Zaman et al., 2010b). 

Traditionally, fertilizers are applied uniformly with inadequate attention being given to 

the significant bare spots and weed patches in blueberry fields. Excess usage of fertilizer 

in bare spots and weed patches, using conventional methods, may result in increased cost 

of fertilizer input and a serious threat to the subsurface water quality. The substantial 

variation in soil properties, plant characteristics, topographic features along with the 

presence of bare spots and weed patches emphasize the need for spot-applications of 

fertilizer in wild blueberry fields (Farooque et al., 2012). 

2.2 Nutrient Leaching 

Establishing the balance between the amount of N needed and optimum plant 

growth while minimizing the transportation of nitrate-nitrogen (NO3
-
-N) to ground water 

and surface water systems remains a major challenge for researchers trying to understand 

and improve agricultural nutrient use efficiency (Dinnes et al., 2002). Subsurface water is 



7 
 

vital natural resource that provides drinking water supplies for about half the world 

population (Kaown et al., 2007). This subsurface water can be polluted by nitrate 

leaching beyond the soil rooting profile. According to Saffigna and Phillips (2002), 

leaching is defined as the downward movement of nutrients beyond the rooting profile of 

soil with drainage water. The leached nutrients become unavailable for plants, and 

therefore, can be considered out of the soil-plant system (Saleem, 2012). The leached 

nutrients may accumulate at the depth in the soil or may pollute the groundwater, 

depending on the amount of water draining out of the rooting zone. 

Lehmann and Schroth (2003) stated that leached nutrients contaminate the ground 

water in areas of intensive agriculture. The transport of N from agricultural lands to 

subsurface water through leaching is a serious environmental concern and a potential risk 

to human health (Gaynor and Findlay, 1995; Owens et al., 2000). The majority of 

agricultural systems have ammonium-N and nitrate-N as the major forms of inorganic 

nitrogen available to plants (Keeney and Walsh, 1972). Owens et al. (2000) stated that 

environmental and economic sustainability associated with agricultural practices is of 

prime importance, therefore, the reason of giving more attention to environmental 

impacts of agriculture is NO3
-
-N leaching as it does not adsorb to soil particles and 

readily leaches down to subsurface water. Therefore, the cropping systems which require 

high doses of nitrogenous fertilizers are a major source of N contamination of subsurface 

water. The major portion of the N is leached in the form of NO3
-
-N (Owens et al., 2000; 

Zhao et al., 2001). The agricultural production can be considered as the primary nonpoint 

source of NO3
-
-N in the subsurface water, therefore, a better understanding regarding 

impacts of different management practices and cropping systems on NO3
-
-N leaching is 
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important for developing agricultural practices that reduce NO3
-
-N leaching (Zhu and 

Fox, 2003).  

Nitrate pollution of subsurface water is a current global problem (Weisenburger, 

1993) because the presence of excess nitrates in drinking water is a serious threat to 

human health (Aparicio et al., 2008). The NO3
-
-N concentration in drinking water should 

not be greater than 10 mg L
-1 

(Health and Welfare Canada, 1996). Elevated levels of NO3
-

-N (> 10 mg L
-1

) in subsurface water cause methemoglobinemia in infants and stomach 

cancer in adults (Addiscott, 1996; Canter, 1997).  

The amount of NO3
-
-N concentrations in the subsurface water depends on the 

management practices being adopted, the soil class and its leaching potential, the depth of 

subsurface water table, rainfall, land use, slope and drainage density (Nila Rekha et al., 

2011). Different factors that determine the amount of leached NO3
-
-N from the plant root 

zone to groundwater in different agro-ecosystems may include, the amount of NO3
-
-N 

present in the soil above the plant requirement and drainage volume, fertilizer application 

rates, climatic conditions, frequent cultivation, short periods for plant growth, low 

nutrient use efficiency and quantities of crop residues, and application of animal manures 

in organic farming systems (Di and Cameron, 2002). Thorn (1986) reported that nitrate 

leaching is affected by the amount and the number of applications of nitrogen fertilizer. 

However, the relationship between soil texture and the amount of nitrate leached was not 

significant (Thorn, 1986). Whereas, Wolkowski et al. (1995) reported that nitrogen 

management in sandy soils is influenced by the nitrification process which occurs when 

nitrogen is added to warm and moist soil and the soil bacteria convert the ammonia to 

nitrate. Due to the negative charge on nitrate ion it is not held by ion exchange process 
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and is leached readily in drainage waters. Nitrates leach more rapidly in sandy soils than 

in fine textured soils due to the difference in rates of water transmission (Wolkowski et 

al., 1995).  

The results of many studies on site specific application of fertilizers have shown 

the reduction in the amounts of nutrient leaching beyond the root zone. For instance, 

Ersahin (2001) reported that the variable rate application of N fertilizers reduces the NO3
-

-N leaching from soil. Zaman et al. (2006) reported significant reduction of NO3
-
-N 

concentration in leachate water from 28.5 to 1.5 and 14.0 mg L
-1

 to 4.5 mg L
-1

 under 

small and large size citrus trees, respectively by using site specific variable rate 

fertilization. Zhou et al. (2006) found that approximately 16% of total ammonium 

fertilizer applied, leached in sandy loam soils which they studied. They also reported that 

the weeds, grasses and bare soil were the major contributor towards ammonium nitrogen 

(NH4
+
-N) leaching.  

In future, the increasing demand for food to feed the increasing population will 

exert more pressure on the global environment. The agricultural production will need to 

be enhanced to feed the growing population, and the poorly managed use of N fertilizers 

may accelerate the NO3
-
-N leaching problem (Di and Cameron, 2002). Improved 

management practices are needed to optimize economic returns to farmers and minimize 

environmental risks associated with the nitrogen use. The relationships between 

subsurface water quality and management practices will eventually help to develop 

criteria for long term sustainability of our production systems (Nila Rekha et al., 2011).  
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2.3 Variable Rate Fertilization 

Agriculture has undergone a large number of mechanical and biological 

innovations during the last several decades. The farmer’s land base was confined after the 

settlement of the west and as a result the farmer’s community started to explore new 

ways to increase crop productivity with a limited supply of agricultural land 

(Friedrichsen, 2003). Moreover, the environmental and economic problems with existing 

crop management practices forced developed countries of the world to manage crop 

nutrients and fertilizers in a more precise manner. These concerns and issues are even 

more pressing in developing countries, where poverty is widespread (Smaling and Braun, 

1996). Bramley and Wuabba (2002) stated that precision agriculture results in better 

management of agricultural production by considering the variation in productivity 

potential of agricultural land which changes over very short distances. Precision farming 

techniques enable farmers to improve crop production efficiency and reduce 

environmental impacts by adjusting rates of seed, water, fertilizer, and pesticide 

application in a site-specific fashion by identifying spatial variability of soil properties, 

topographic features and crop yield (Yang, 2001; Khosla et al., 2002; Schumann et al., 

2006; Patzold et al., 2008). In the absence of variability, the concept of precision farming 

has very little meaning (Mulla and Schepers, 1997). It is correctly stated by Bell et al. 

(1995) that efforts towards management through precision farming must consider that the 

factors affecting environmental sensitivity and crop yields vary in both space and time. 

Precision agriculture technologies have gained popularity around the globe. The farmers 

with larger land holdings are more attracted by these technologies as compared to the 

farmers with smaller land holdings, and they rely on research institutions and extension 
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agencies for information on adaptation of the technology (Winstead et al., 2009). Results 

of cotton precision farming from a survey in 2005 from 11 southern states of the USA 

revealed that 48% of farmers have taken benefit of precision agriculture technologies in 

one form or another (Roberts et al., 2006). Producers need appreciative information 

regarding economic returns of the adaptation costs associated with precision agriculture 

equipment (Mooney et al., 2009). 

One of the many important applications of precision agriculture is site-specific 

nutrient management using variable rate technology (VRT) (Attanandana and Yost, 

2003). Accurate estimation of field characteristics is very important for the successful 

implementation of VRT. Increased sampling allows the input application to be better 

tailored to the individual site characteristics. Variable rate fertilization (VRF) is a vital 

part of VRT for varying the fertilizer inputs based on the nutrition requirements or 

fertility in the soil (Lan et al., 2008). The VRF can reduce the amount of excess nutrients 

applied in the field (Wittry and Mallarino, 2004; Schumann et al., 2006). The VRT offers 

an opportunity to improve production efficiency by allowing input applications in 

amounts and locations where they are needed. The basic idea of VRT application is to 

allocate inputs more efficiently by exploiting spatial variations in soil type, topographic 

features, fertility levels, and other field characteristics (Miller et al., 2004). The VRT has 

the potential to lower the cost of production and improve farm profitability by avoiding 

unnecessary input use (Yang, 2001). Variable rate technology includes GPS and 

geographic information system (GIS) map-based, “on-the-go” sensor-based, or a 

combination of map and sensors (Miller et al., 2004; Schuman et al., 2006).  
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Robert (2002) stated that the cause of precise application is strengthened due to 

the development of VRT for applications of crop inputs such as fertilizers (liquid and 

granular), seeds, pesticides, and irrigation water in a precise manner. These newly 

developed precision agriculture technologies have provided many opportunities for 

researchers to evaluate the economics and environmental advantages of VRT (Saleem, 

2012). Schumann et al. (2006) investigated the performance characteristics of a variable 

rate fertilizer spreader during fertilization of a commercial citrus grove using prescription 

mapping based on individual tree volume. Zaman et al. (2005) showed a 40% reduction 

in fertilizer use with VRT in a citrus orchard. Zaman et al. (2006) also reduced NO3
-
-N 

concentration in the soil solution from 28.5 and 14.0 mg L
-1

 to 1.5 and 4.5 mg L
-1

 under 

small and large size citrus trees, respectively, by using variable rate precision fertilization 

as compared to uniform application.  

Developing accurate VRF application maps is critical in implementing precision 

farming management. Thrikawala et al. (1999) suggested that the VRT based on proper 

characterization and quantification of spatial variability can result in improved yield. 

They also reported that deficiencies and excesses in N application can be avoided by 

using VRT for all fields with spatial variations and thus reducing potential leaching 

losses and protecting environment.  

English et al. (1999) investigated the economic and environmental impacts of VR 

application technology. The experimental fields under study benefited economically by 

VRT depending upon the spatial variability within field, as well as showing a reduced 

risk of subsurface water contamination.  Wang et al. (2003) evaluated VRT for N and 

lime to measure its effect on water quality in corn production. Results of their study 
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showed that greater water quality benefits were achieved using VRT. Saleem (2012) 

reported that the VRF reduced the nitrate and ammonium loading in subsurface water 

significantly as compared to the uniform application from wild blueberry fields. Based on 

these results, it was strongly recommended that the slope of field must also be 

considered, while fertilizing. This can reduce the cost of production and nitrate and 

ammonium leaching beyond the root profile to avoid groundwater contamination. 

Lambert et al. (2007) conducted an experiment over five years in Minnesota to examine 

nutrient carryover–crop response dynamics from a corn-soybean rotation, variable rate N, 

and P applications. The site-specific management of N and P was compared with uniform 

management and the results suggested that when P carryover is accounted for in 

determining optimal P fertilizer rates, returns to the VR strategies were higher than 

returns to a uniform or whole-field management strategy. 

2.4 Real-time Sensing and Control Systems for VR Application of Fertilizer 

 Camera-based, non-destructive fruit yield estimation and mapping techniques are 

the basis of many studies (Chinchuluun et al., 2009; Schumann et al., 2007). Chinchuluun 

et al. (2009) introduced a system based on citrus fruit counting for a continuous canopy 

shake and catch harvester. The system was developed using a three-charge-coupled 

device (3-CCD) camera, four halogen lamps, a laptop computer, and an encoder. The 

fruit identification and size measurement information was obtained using a 3-CCD 

camera with custom image processing software. A digital color camera mounted on a 

moving vehicle was used to identify and quantify the number of mature fruits. The 

mounted digital color camera was capable of acquiring georeferenced-overlapping 

images based on red-green-blue pixel ratios and thresholds. Aleixos et al. (2000) reported 
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that the low image resolution in machine-vision based commercial sorters failed to solve 

problems like defect detection and correct color classification. They described a new 

machine vision system which was capable of real time classification of different citrus 

species and external features of the fruits such as color, size, and defects. A specific 

hardware was developed which was capable of running these algorithms in parallel 

making the work possible at speed of 10 fruits/s with an adequate image resolution. 

Annamalai et al. (2004) investigated a machine vision system based on color vision to 

identify citrus fruits and to estimate yield information of the citrus grove in real-time. A 

machine vision system consisting of a color analog camera, a DGPS receiver, and an 

encoder were used to acquire images in stationary mode. Moreover, a computer vision 

algorithm was developed for enhancement and extraction of information from the 

acquired images.  

Management of cropping systems can be improved by replacing conventional 

technologies with VR technologies for precise application of fertilizer to enhance profit, 

reduce production cost and environmental hazards. High proportions of irregular shaped 

bare spots and weed patches of crops such as wild blueberry, need to be detected in real-

time using sensing and control system to avoid fertilization in these specific areas.  

 Several techniques have been developed and evaluated for real-time detection of 

bare spots/weed patches and other crop requirements in different cropping systems. 

Hanks and Becks (1998) developed and evaluated a weed-sensing technology in row-

crop production systems. They reported that real-time weed detection can be 

accomplished on the basis of spectral differences in green living plants and bare soils. 

Adsett et al. (1999) developed and tested an automated on-the-go, soil nitrate monitoring 
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system which used a nitrate ion selective electrode, and offered a quick and convenient 

method for real-time in-field soil nitrate measurements. Tian et al. (1999) used a real time 

machine vision sensing system with an automatic herbicide sprayer to create an 

intelligent sensing and spraying system. In this system multiple video images were used 

to cover the area to be targeted. Tumbo et al. (2001) developed and tested an on-the-go 

system for sensing chlorophyll extent in corn using neural networks and fiber-optic 

spectrometry, and collected the data consisting of spectral response patterns at a 

travelling speed of 0.6 km hr
-1

 in five corn field plots. Hemming and Rath (2001) used 

digital image analysis to develop an identification system for weeds in row crops. 

Schumann et al. (2007) developed and tested ultrasonic and optical sensors which were 

able to control the placement and application rate of crop nutrients and pesticides with 

VR fertilizer spreaders in Florida citrus groves. Billard and Stewart (2004) quantified 

normalized difference vegetation index with compact airborne spectrographic imager 

images to differentiate weeds and wild blueberry plants. Probably due to high computing 

and economic cost involved in these research efforts and inherent difficulties of the 

methods their use has been limited.  

Zhang et al. (2010) mapped bare spots in real-time, using automated machine 

vision system mounted on a specially designed farm motorized vehicle, within wild 

blueberry fields. Chang et al. (2012a) developed algorithms which were capable of 

discerning weeds, plants and bare spots in real-time using digital photographic techniques 

in wild blueberry fields. Zaman et al. (2008 and 2010b) and Chang et al. (2012b) 

developed an automated yield monitoring system consisting of two µEye color cameras 

(UI1220SE/C, IDS Imaging Development System Inc., Woburn MA, USA), real time 
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kinematics-GPS, custom software, and a ruggedized laptop computer Latitude E6400 

XFR (Dell Inc., Round Rock, TX, USA) for real-time fruit yield mapping. The digital 

color cameras with custom software, fast controllers and processors can be an option to 

differentiate weeds, bare spots and blueberry plants real-time in the field. 

According to Chandler (2003) one of the major concerns regarding the use of 

computer vision in an outdoor condition is the variable lighting conditions due to clouds, 

going under trees, etc. He also reported that the texture analysis for image segmentation 

enables more flexibility towards changing environmental conditions in outdoor 

environment. Texture analysis is more resistant to changes in lighting conditions as 

compared to the identification of objects depending on color. Therefore, differentiating 

objects based on the physical property of texture is more appropriate (Chandler, 2003). 

 Real-time weed and bare-spot detection at the time of fertilizer application could 

be very valuable for reducing fertilizer costs and subsurface water contamination. Since 

the sensing technologies are being introduced to offer cost effective alternatives for 

detecting weeds and bare-spots in specific sections of variable rate fertilizer spreader 

boom. Many commercial controllers have been introduced to apply fertilizers on site-

specific basis, e.g. DICKEY-john Land Manager II (DICKEY-john Corporation, Auburn, 

IL), Mid Tech Legacy 6000 controller (Midwest Technologies, Springfield, IL), Topcon 

X20 controller (farmer’s edge), Raven 660 controller (Raven Industries, Sioux Falls, SD). 

Schumann and Hostler (2009) developed an 8-channel computerized variable rate 

controller (VRC) with the partnership of a machinery manufacturer (Chemical Containers 

Inc., Lake Wales, FL, USA). This controller consists of electronic hardware with internal 

firmware and matching Windows Mobile 6.0 software on a handheld pocket personal 
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computer (PPC). The controller is linked with the PPC using wireless Bluetooth. This 

controller relies on sensors to provide real-time plant information which is used to 

dispense fertilizer only in plant areas. 

Zaman et al. (2011) and Esau (2012) developed a prototype VR sprayer using 

cost-effective sensing and control system for spot-specific application of agrochemicals 

(fungicide and herbicide) in wild blueberry fields. Similar technology can be used with 

VRG fertilizer spreader for spot-specific application of fertilizer.  

2.5 Global Positioning System 

The possibility of locating any object on the globe is enabled by the introduction 

of GPS for civilian purposes (Abidine et. al., 2004). Low cost hand-held GPS receivers, 

are able to provide accuracy within the range of 3 to 20 m. The Wide Area Augmentation 

System (WAAS), a satellite-based system with free-differential correction of atmospheric 

and other GPS signal distortions, is the kind of hand-held GPS system which is capable 

of providing accuracy within about 3 m (Abidine et. al., 2004).  

Agricultural producers have accepted the fact that uniform treatment of fields 

reflects in sub-optimal crop production due to the spatial variations of many factors 

within the field (Schueller, 1991). The relation of spatial yield variability with 

topographic features has been reported by many researchers (Jones et al., 1989; Cassel et 

al., 1996; Yang et al., 1998; Kravchenko and Bullock, 2000), but this relation is not 

exploited well by growers for improving crop management decisions (Schmidt et al., 

2003). Many growers are finding ways to predict spatial yield variability by adopting 

site-specific management techniques in order to improve crop management decisions, but 

the frequency of successes to date is low. Measuring the factors which effect the within 
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field yield variability patterns can be costly and time consuming (Schmidt et al., 2003). 

Earlier, it was difficult to acquire the large amounts of data required for detailed maps 

showing the field behaviour in crop response, salinity, soil variability, and nutrient 

displacement. Moreover, the lack of navigation capabilities to return and treat the 

agricultural field in an optimal way has been countered with advances in computer 

technology, intelligent sensor hardware and GPS (Gehue, 1994). The introduction of GPS 

and GIS in agricultural systems can be considered as the base for precision agriculture. 

The function of GPS is to record and store the spatially variable field data, which is then 

incorporated in GIS, thus generating complex view of fields and making valid agro-

technical decisions (Pecze, 2001). 

The GPS is a source to determine the locations anywhere on the earth. GPS 

allows farmers and other agriculture services providers to record the data automatically 

rather manually for applying variable rates inputs to smaller areas within larger fields 

(Pfost et al., 1998). The GPS depends on a radio navigation system which has ability to 

determine 3-dimensional locational/positional data (longitude, latitude, and elevation) 

from a constellation of orbiting satellites. A GPS receiver specifies the location of the 

point using pseudo random signals from at least four satellites and even higher accuracy 

with more satellites (Morgan and Ess, 1997). The GPS satellites broadcast signals on 

continuous basis allowing the GPS receiver, while moving, to specify the location of 

point in real-time. Any deviation can result in error since the GPS receiver depends on 

the time taken by the signals from a satellite to the receiver (Hurn, 1993). Timing errors, 

noise in the medium and electronic noises produced in the receiver can be compensated 

using differential GPS (DGPS) (Saunders et al., 1996). The disturbances caused by 
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atmospheric variations, satellite location errors and other effects are compensated in 

DGPS using correction signals that come from different sources like ground stations or 

satellites. Commercial vendors or government agencies are generally responsible for 

providing correction factors but the horizontal positioning errors of DGPS are normally 

less than 1 m. The relatively low cost of the system enables the rapid expense recovery 

when the system is utilized for agricultural operations such as variable rate application of 

agro-chemicals, and in automatic guidance (Abidine et al., 2002; Gan-Mor et al., 2002).  

Kasper et al. (2000) made use of kinematic GPS to measure elevation on a 16 ha 

field and elevation, slope, and curvature surfaces were generated using digital terrain 

analysis. Yang et al. (1997) measured slope and aspect during typical field operations by 

mounting GPS and inclinometers on agricultural vehicles. Clark and Lee (1998) 

successfully developed topographic maps for fields using a dual frequency GPS. They 

used both, stop–and–go and kinematic methods. Their major concern was development of 

elevation maps in real time during field operations. The GPS system provides accurate 

guidance for various field operations like planting, control of weeds, insect and disease 

infestations, cultivation and irrigation, or gathering of data for mapping purposes. 

 Higher accuracy of about 1 cm on-the-go can be achieved using the GPS units 

generally referred to as real time kinematic global positioning system (RTK-GPS). The 

cost associated with RTK-GPS is relatively high as it needs a dedicated base station close 

to the rover unit, and a radio data link to achieve this accuracy (Gan-Mor et. al., 2007). 

Many commercial companies are now developing and distributing automatic tractor 

guidance systems, based on an RTK-GPS (Gan-Mor and Clark, 2001). The position 

information obtained from RTK-GPS can be used for both guidance and various other 
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applications such as seed mapping, traffic control, and tillage control (Li et al., 2009). 

Abidine et al. (2004) evaluated the effectiveness of an auto guidance system based on 

RTK-GPS with accuracy of 1 cm in agricultural production operations. They found that 

the system enabled the automatic steering of the tractor and implements attached to it 

along a path close to buried drip-tape and/or plants without damaging them, even at high 

ground speeds. RTK-GPS and GIS were used together to extract topographic features and 

relate them with the soil attributes (Iqbal et al., 2005).  

2.6 Soil Sampling 

 The concept of increasing yield from areas within a field is attractive to farmers. 

However, the accomplishment of this goal requires a greater understanding of the 

variability in soil factors across fields (spatial variability) and effect on crop performance 

(Earl et al., 2003).  The basic objective of site specific crop management is to identify 

and exploit the spatially variable information within a field to design better crop 

management techniques. The physical and chemical properties of the soil can be 

considered as the biggest variables in a field which can influence crop production directly 

(Shaner et al., 2008). Plant-available water, soil structure and texture, soil depth, soil 

organic matter (SOM), soil salinity, and topography are the examples of physical and 

chemical properties of the soil (Black, 1968; Hanks and Richie, 1991). Among these vital 

soil properties, soil texture and SOM can be considered as most important soil properties 

affecting crop growth. Clay content directly influences the water holding capacity of the 

soil, hydraulic properties, and the cation exchange capacity of the soil under 

consideration (Triantafilis and Lesch, 2005).  
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Soil is the basic component of crop production systems, and investigation of its 

characteristics is essential when deriving management decisions for field operations and 

agrochemical inputs (Lark et al., 2003). Technological advances in GPS and GIS have 

allowed the producers to design more effective soil sampling techniques and use the 

information obtained for lime and fertilizer management decisions. The major objective 

associated with soil sampling is to classify and characterize the nutrient status of a field 

accurately and inexpensively. Depending on the different field conditions among fields 

combined with different management practices, no single optimal soil sampling strategy 

for collecting soil samples in all production systems is used (Clay et al., 2000). However, 

a better understanding of various soil sampling techniques should help in identifying best 

strategy that fit the project’s goals. Based on the plan developed for soil sampling, the 

selected field is normally divided into either zones or grids. Collection of the soil samples 

is performed randomly or at the intersection within marked zones or grids (Srinivasan, 

2006). Grid soil sampling is one of the earliest methods for collecting soil samples and 

measuring soil variability. The spatial structures of soil properties within a field influence 

the efficacy of grid soil sampling (Flatman and Yfantis, 1996; Sadler et al., 1998). 

Although relatively accurate estimate of soil properties can be obtained using grid 

densities of 0.1 to 0.4 ha (Wollenhaupt et al., 1994; Franzen and Peck, 1995), but a coarse 

grid usually having the grid size of 1.5 ha or larger is used more in practice (Sawyer, 

1994). Zone sampling is another method to map within field soil variability. Zone 

sampling is based on the assumption that the field is naturally divided into homogenous 

areas (i.e., zones) with differences in soil properties between these areas. An estimate of 

the soil properties within homogeneous zones can be obtained by sparsely spacing the 
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soil sampling points within each zone (Shaner et al., 2008). The advantage of zone 

sampling is the reduction in cost, while maintaining information about soil variability 

(Shaner et al., 2008). Mallarino and Wittry (2004) compared more dense grid sampling 

(0.2 ha grid points) with less dense grid sampling (1.2–1.6 ha), elevation zones, soil 

series maps, and zone sampling based on P, K, pH, and SOM in eight different fields in 

Iowa. It was found that the most effective sampling techniques were grid sampling and 

zone sampling. They also reported that grid sampling approach was more effective for P, 

whereas zone sampling approach was better for SOM. As there were fewer sampling 

zones in zone sampling than the grid sampling approach, therefore zone sampling would 

cost less for producers but more information and judgment is required to adapt it to 

specific field conditions. Many methods are in practice to create sampling zones. These 

methods include soil survey maps, topography, yield maps, and soil color (Franzen et al., 

2002; Fleming et al., 2004). One method which is most popular and receiving much 

attention is directed sampling (Corwin and Lesch, 2005; Bronson et al., 2006). Directed 

and grid samplings are soil sampling techniques commonly used for collecting soil 

samples. Directed sampling is more cost effective and economical than grid sampling if 

an accurate yield map is available (Pocknee et al., 1996). Grid sampling is performed by 

splitting the field into small grids and sampling at grid intersections (Chung et al., 1995). 

Grid soil sampling is used widely to measure soil variability (Brouder et al., 2005). 

Although grid sampling results in better characterization of soil variability, it is more 

expensive than directed sampling as closely spaced samples are required. Based on the 

results obtained after analyzing the soil samples collected from the field through zone or 

grid sampling, a single estimate for the soil test values from the entire field is drawn. The 
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fertilizer application rates can be calculated using single estimated value. Random 

sampling techniques are commonly used for collecting soil samples from uniform fields. 

The soil sampling points should be georeferenced with GPS and same points should be 

considered for collecting soil samples in subsequent years to study the long term trends in 

soil nutrient data (Logsdon et al., 2008).  

The spatial variability of soil properties can be used to develop management 

zones for spot-specific application of fertilizer inputs to minimize the cost of production 

and improve water quality. Pierce et al. (1994) stated that smaller grid size will improve 

the accuracy of soil variability information. Malay (2000) used a grid size of 30 m to 

examine spatial variability among two wild blueberry fields. Farooque et al. (2012) used 

a grid size of 15 m to assess the spatial variability in soil properties and fruit yield for 

wild blueberry field. Plant et al. (1999) collected samples using 61 m grid to characterize 

spatial variability in yield. In order to determine soil spatial variability; many scientists 

have suggested grid size greater than 60 m (Hajrasuliha et al., 1980; Morgan and Ess, 

1997). The size of grid for soil sampling is not fixed, however collecting soil information 

using grid sampling based on geostatistical results is considered to be more reliable, 

efficient and accurate than other techniques (Farooque et al., 2012; Pierce et al., 1994). 

2.7 Data Management 

Geostatistics combined with GIS can be used to quantify the spatial variation in 

soil properties, topographic features and fruit yield. According to Blackmore (1994) GIS 

is: “A software application that is designed to process, manipulate and display the spatial 

data. A GIS database used for agricultural purposes consists of layers on field 

topography, soil types, surface and subsurface drainage, rainfall intensity, irrigation, 



24 
 

fertilization and other chemical application rates, and crop yield. The collected 

information can be analyzed to understand relationships among various parameters that 

affect crop productivity”. 

The GIS works with data in layers, each of which having its own characteristics. 

GIS can develop either raster based (i.e., stored as individual cells) or vector based (i.e., 

stored condition of boundaries) maps. The vector format explains the location of points 

(x-y coordinates) by utilizing a continuous coordinate system, thus allowing geo-

referencing to be more precise than raster format (Morgan and Ess, 1997). Implementing 

the input decisions using variable and spatially precise doses of fertilizers or pesticides 

can be assisted by GPS guided prescription maps developed in GIS software. 

The significance of slope variability cannot be ignored in site-specific nutrient 

management. Information about space and time variability can be used to get valuable 

insight of dynamic nature of soil properties within a field’s boundary (Cox et al., 2003). 

Management zones can be delineated based on the distribution of topographical features 

and these zones should be practically manageable. After delineation of management 

zones relationships between spatial variation in soil/crop parameters and yield can be 

examined (Pilesjö et al., 2005). Positive results were found by researchers after dividing 

the fields into management zones depending on topographic features and other soil 

variation in different cropping systems (Thrikawala et al., 1999; Whitley and Davenport, 

2003; Goddard and Grant, 2001). 

Both t-test and analysis of variance (ANOVA) can be implemented for the data 

analysis. The t-test is used to compare two treatments with each other. Three types of t-

test are one sample t-test, paired comparison, or group comparison. It is better to use 
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paired comparison instead of group comparison, where possible. The reason for selecting 

paired comparison as a priority is the positive covariance due to same experimental units 

and same number of replications which leads to more precision. Whereas, in case of 

group comparison the covariance is zero which makes it less precise as compare to paired 

comparison (Montgomery, 2009). If there are two or more treatments the better option is 

ANOVA. Analysis of variance is a statistical technique to analyze variation in a response 

variable measured under conditions defined by discrete factors. Analysis of variance is 

frequently used to test equality among several means by comparing variance among 

groups relative to variance within groups. Analysis of variance is basically based on the 

partitioning of total variability in the system. It determines whether the difference in the 

response variable is due to the factor of interest or due to the error terms associated with 

it (Montgomery, 2009). The effect due to the factor of interest is said to be significant if 

the variability due to factor of interest is greater than the variability due to error terms 

(Montgomery, 2009). The rejection of null hypothesis that all means are equal, leads to 

the acceptance of alternative hypothesis which suggest that at least one mean is different 

from the others. Therefore, the acceptance of alternative hypothesis suggests the multiple 

means comparison (MMC) to see which means are different. Orthogonal contrast or 

Scheffe’s method can be used for MMC depending on the background information 

available, if the comparison is to be based on all means. If the comparison is to be based 

on pair of means least significant difference (LSD), Duncan’s, SNK, or Tukey’s methods 

can be used based on the magnitude of experimental error (Montgomery, 2009). 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Modified VR granular (MVRG) fertilizer spreader 

 An existing commercial VRG fertilizer spreader was modified for spot-

application of fertilizer only in plant areas. This VRG fertilizer spreader had a 7.32 m 

wide fertilizer boom with 12 nozzles spaced at 0.61 m and independent control on each 

half of the fertilizer boom. The ACCU-RATE controller (Rawson Control Systems Inc., 

Oelwein, Iowa, US) of this spreader is capable of reading prescription map generated in 

ArcGIS 10 software which is then imported into the Farmworks Site Mate VRA software 

(Farmworks CTN Data Service, LLC, Hamilton, IN, USA). This software enables the 

ACCU-RATE controller to read prescription maps and adjust the application rate. The 

ACCU-RATE controller uses ground speed, location, boom width and desired application 

rate for a specific location to calculate revolutions per minute of the hydraulic metering 

drive unit. This unit drives fluted metering rollers for the desired application rate. The 

fertilizer then drops in the venture cups due to gravity and is carried towards the nozzles 

through hoses by air pressure from a fan.  

The modification was accomplished at the Engineering Department, Faculty of 

Agriculture, Dalhousie Univeristy, Truro, NS, Canada. It allowed the spreader to operate 

each pair of nozzles independently rather than operating one complete half boom at a 

time. For this purpose a diverting valve bank with 12 solenoid valves (model: V3221-

08T, E.MC
®
, Yinzhou, Ningbo, China) along with 12 single acting pneumatic cylinders 

(E.MC
®
, Yinzhou, Ningbo, China) and an air compressor (model: CBHRFP209400RB, 

Campbell Hausfeld/Scott Fetzer Co., OH, USA) were used. Each pneumatic cylinder was 
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attached with a gate which acts as one wall of each slot in valve bank. The valve bank 

was placed above venture cups and air manifold. Six μEye digital colour cameras (UI-

1220SE/C, IDS Imaging Development System Inc., Woburn MA, USA) were 

incorporated on the custom made front boom of the tractor. Each camera is able to cover 

two sections of the boom (1.22 m each section). Cameras are attached using USB cables 

to a ruggedized laptop (Latitude E6400 XFR, Dell Inc., Round Rock, Texas, USA) on the 

tractor (Figure 3-1). The camera lenses (LM4NCL, Kowa Optimed Inc., Torrance, CA, 

USA) has a focal length of 3.5 mm. The lenses are set up with fixed aperture (f/4.0) and 

infinity focuses. Auto exposure shutter/auto gain control are able to automatically control 

exposure time and digital gain to adjust for variable outdoor light conditions. Picture 

blurring is prevented by setting auto exposure shutter to 2 milliseconds (ms) during field 

operation. 

 

Figure 3-1. Modified variable rate granular fertilizer spreader and its components. 
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A custom image processing software, developed by Chang et al. (2012a) is used 

to process the images and to differentiate between bare spots and foliage (wild blueberry 

plants and weeds) in real-time and sending ON/OFF commands to a U3-HV (LabJack 

Corp., Lakewood, CO, USA) I/O unit. The U3-HV sends ON/OFF to the VRC. The VRC 

has user programmable inputs from PPC such as before and after buffer for precise 

overlapping, distance between front boom and fertilizer boom and response time, and was 

able to automatically compensate the signal delay based on vehicle ground speed from a 

WAAS-enabled DGPS (Garmin International Inc. Olathe, KS, USA). The VRC sends the 

ON/OFF signals to the programmable logic controller (PLC) (model: Omron ZEN-

20C1DR-D-V2, Santa Clara Systems Inc., CA, USA) which incorporates the delay time 

of each nozzle to turn two or more nozzles ON/OFF at the same time when required, and 

sends the signal to solenoid valves. The pneumatic cylinder, attached to solenoid valve, 

pushes the gate from the bottom to close  the venture opening for the nozzle which is 

needed to be turned off and the fertilizer is collected in fertilizer return system which 

consists of two augers. The diverted fertilizer is finally added back in the fertilizer 

storage tank with help of these two augers (Figure 3-2). 

3.2 Laboratory Evaluation 

3.2.1 Calibration of ACCU-RATE Controller  

 The performance of the major components of the prototype MVRG spreader 

including ACCU-RATE controller and digital color cameras was tested at Engineering 

Department and Bio-Environmental Engineering Centre (BEEC), Faculty of Agriculture, 

Dalhousie University, Truro, NS, Canada. 
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Figure 3-2. Flow chart displaying the complete process from foliage detection to fertilizer 

discharge. 

 

The experiment was conducted to evaluate the performance accuracy of Rawson 

ACCU-RATE Controller (Figure 3-3) for fertilizer application rate (flow rate) using clay 

filler. The weight of clay filler from each nozzle, and using different combination of 

nozzles was collected and weighed manually. The delivery rate of the clay filler was also 

recorded from the ACCU-RATE controller. This experiment was repeated three times 

and weight measurement readings were averaged. The differences between ACCU-RATE 

controller readings and manually measured weights were used to characterize the 

performance accuracy of the ACCU-RATE controller. 

The same experiment was repeated to calibrate ACCU-RATE controller using 

actual fertilizer as the bulk density and composition of the fertilizer is different from clay 

filler. This practice allowed for a suitable delivery rate to apply the desired amount of 

fertilizer across the selected wild blueberry fields. 
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Figure 3-3. Rawson ACCU-RATE Controller (www.google.ca) 

3.2.2 Calculation of Mechanical Delay Time  

 The MVRG fertilizer spreader has the front boom (look-ahead camera boom) 

equipped with 6 μEye color cameras attached by USB cables to the computer and 8-

channel computerized VR controller. The experiment, using clay filler, was conducted in 

the metal shop of the Engineering Department to calculate response time (i.e., lag time 

between look-ahead camera boom detection and fertilizer application) for 8-channel 

computerized VRC to open the nozzle at right target after receiving target detection 

information from the camera boom. The time taken by the clay filler to travel from 

venture cups to outlet nozzle and the time to build up the cone of clay filler from nozzle 

was added up in calculating response time for precise real-time fertilizer application in 

the areas where plants were detected. An LED bulb was wired into a switch on VRC. A 

µEye camera was positioned in front of the nozzle being inspected to record the video. 

The video was recorded with 149 frames s
−1

 when the camera boom detected the target 
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and bulb turned on until the opening of nozzle to spread fertilizer in desired area. This 

test was repeated for each nozzle at different fan speeds (static pressures) and video 

images were analyzed with V1 HOME 2.0 software (Interactive Frontiers Inc., Plymouth, 

MI, USA), allowing for a frame by frame analysis of response time between target 

detection and fertilizer application. 

The same procedure was repeated using actual fertilizer instead of clay filler and 

delay time was calculated again. The total response was calculated as follows: 

Tt = Tc + Tp + Td 

Where: 

 Tt = Total response time 

 Tc = Time taken by camera for image acquisition 

 Tp = Image processing time for plant or bare spot detection and time from   

  computer (sending signal) to VRC 

 Td = Time from VRC to fertilizer application 

3.2.3 Evaluation of VR Spreader 

A small scale field test using clay filler was conducted at BEEC (Figure 3-4). The 

test was carried out to evaluate software and hardware components of MVRG fertilizer 

spreader for spot-application of fertilizer in plant areas. A track, which was 7.3 m wide 

and 57 m long, was selected for the preliminary test. The boundary of the test track was 

mapped with the RTK-GPS. The test was conducted by making artificial bare spots using 

orange colored tarps placed at random locations in the selected track. These artificial bare 

spots were mapped with RTK-GPS. Equal numbers (i.e., 12) of pre-weighed rat catchers 

(Catch Master, AP&G Co., Inc., Brooklyn, NY, USA) were placed on the artificial bare 
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spots and green grass areas to collect applied clay filler. The spreader was operated first 

on modified VR mode (for detection and clay filler application only in green grass areas) 

and then on UN mode (clay filler application on green grass and artificial bare spots). The 

Visual observation for both modes of operation was made to examine the performance of 

MVRG spreader. The rat catchers were weighed again after the clay filler application 

test. The weights of rat catchers were recorded down and the weight of the applied clay 

filler on each rat catcher was calculated by using simple arithmetic laws. The weight of 

the clay filler collected by the rat catchers placed on the bare spots, when spreader was 

operated on VR mode, was compared using paired t-test with the collected weight of the 

clay filler from same bare spots when spreader was operated on UN mode. Similarly, a 

paired t-test was used again to compare both treatments (i.e., VR and UN) by comparing 

the weights of the collected clay filler by the rat catchers placed on green grass areas.  

           

Figure 3-4. Preliminary field test experimental setup. 

3.3 Field Evaluation 

3.3.1 Experiment 1 

3.3.1.1 Site Selection 

A wild blueberry field was selected in central Nova Scotia to evaluate the 

performance accuracy of the MVRG fertilizer spreader for spot-specific fertilization in an 
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actual wild blueberry field. Clay filler was used as the applied material for the test. The 

selected site was the Debert (45° 26' 28" N and 63° 27' 02" W). 

3.3.1.2 Methodology  

In this study, image texture analyses and RGB image processing software were 

used simultaneously to differentiate between plant areas, bare spots, and weed patches. 

Custom image processing software (image texture analysis and RGB image processing 

software) were evaluated under mainly sunny conditions and mainly cloudy conditions. A 

test track 7.3 m wide and 100 m long was made in the selected field. The bare spots and 

boundary of the test track were mapped with RTK-GPS before application of clay filler. 

Equal numbers of pre-weighed rat catchers (i.e., 12) were placed in the non-plant areas 

(bare spots and weed patches) and plant areas for collecting clay filler. The position of 

the rat catchers was also marked using RTK-GPS. The spreader was operated first at VR 

mode (detection and no application in bare patches) and then on UN mode (Uniform 

application throughout). This procedure, for each light condition, was repeated at three 

different ground speeds (1.6, 3.2 and 4.8 km h
-1

) of the spreader (Figure 3-5). The weight 

of each rat catcher was recorded after clay filler application and the weight of the applied 

clay filler on each rat catcher was calculated. The weights of the clay filler collected by 

the rat catchers placed on the bare spots/weed patches in UN and VR treatments were 

compared using paired t-test. Similarly, a paired t-test was performed to compare both 

UN and VR treatments for the collected clay filler by the rat catchers placed in the plant 

areas. The statistical analyses were performed in Minitab 16 (Minitab Inc. NY, USA). 

Same procedure was repeated at the three different ground speeds (1.6, 3.2 and 4.8 km h
-

1
) of spreader using standard collection pans (ASABE standard, 2006). 
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Figure 3-5. Experimental setup for performance evaluation of modified VR spreader in 

actual wild blueberry field using clay filler.  

3.3.2 Experiment 2 

3.3.2.1 Site Selection 

Two wild blueberry fields were selected in central Nova Scotia to (i) perform 

fertilization using MVRG fertilizer spreader and (ii) examine the nutrient losses through 

leaching from the bare spots or weed patches. The selected sites were Kemptown Field 

(45
°
 31' 50" N and 63

° 
07’ 45" W) and Cattle Market Field (45

° 
22' 37" N and 63

° 
13' 7" 

W), Nova Scotia. Selected fields were in vegetative sprout year in 2012 and 2013, 

respectively. Both fields were divided into three sections, first section received UN 

fertilization, second section received VR fertilization using prescription map only, and 

the third section received VR fertilization using prescription map and automated sensing 

and control system of MVRG fertilizer spreader. 

3.3.2.2 Topographic Maps 

Slope variability was measured and mapped with a slope measurement and 

mapping system (SMMS) at the start of the experiment (Figure 3-6). The system consists 

of a tilt sensor that determines the tilt of the vehicle in any orientation on slope. RTK-

GPS was mounted on the all-terrain vehicle (ATV) to determine the location of the 
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sampling point. A laptop computer, with the software to which data is transferred from 

the tilt sensor and RTK-GPS to calculate slope in real time, was also used. The detailed 

procedure for measurement and mapping of slope can be found in Zaman et al. (2010a).  

Slope map of the selected fields were generated in Arc GIS 10 software using the 

kriging interpolation technique. Nugget, sill and range of influence were measured by 

performing geostatistical analysis using GS+ Geostatistics for the Environmental 

Sciences Version 9 software (Gamma Design Software, LLC, MI, USA). The variance at 

zero distance is nugget, semi-variance and the range can be defined as the lag distance 

between measurements at which one value of a variable does not affect adjacent values, 

and the plateau at which the variogram reaches the range is called sill. Sill is basically 

used to calculate the range (Oliver, 1987). The semivariogram parameters were used in 

the kriging interpolation technique to generate the smooth slope maps. The boundary of  

 

Figure 3-6. Slope Measuring and Mapping System (Zaman et al., 2010a). 
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the selected fields, bare spots, and weed patches were mapped using RTK-GPS. Both 

fields were divided into three slope categories. 

3.3.2.3 Soil Sampling 

Soil samples were collected from the fields to determine selected physical and 

chemical properties of the native soils. A sampling pattern to gather equal number of soil 

samples from each management zone was established on the basis of the generated slope 

map (Figure 3-7). Soil samples were collected before the fertilizer application in 3rd 

week of May 2012. The 2nd soil sampling was performed in 3rd week of July 2012. Soil 

samples were collected using manual auger at the depth of 0-15 cm below soil surface at 

each sampling point. A representative soil sample was made by collecting five cores of 

soil samples from each sampling point and mixing them together (Brouder et al., 2005). 

Each soil sample was then segregated into two sub-samples which were stored in two 

properly labeled sampling bags for the respective treatments. The sub-samples from the 

same parent sample were given the identification, and was stored immediately in the 

refrigerator at 4 °C for analyzing NH4
+
-N and NO3

-
-N, while the other was air dried for 

two weeks. A soil grinding apparatus (Nasco Farm and Ranch Co, WI, USA) was used to 

disaggregate the air dried soil samples and then the material was passes through 2 mm 

sieve. 

These samples were analyzed for electrical conductivity (EC), SOM, pH, and soil 

texture. The SOM and texture parameters were measured only once at the onset of the 

experiment. Other parameters including soil pH, EC, soil NH4
+
-N and NO3

-
-N were 

measured twice (i.e., before and after the fertilizer application). The RTK-GPS was used 

to record the coordinates of each sampling point. 
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Figure 3-7. Slope zones and sampling points for (a) Kemptown Field (b) Cattle Market Field

(a) (b) 

3
7
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3.3.2.3.1 Soil Analysis 

3.3.2.3.1.1 Soil Organic Matter Content (SOM) 

Organic matter in the soil is the material which distinguishes soil from mere 

geological deposits. It is essential for plant growth, water holding properties, cation 

exchange properties, and various other soil physical-chemical characteristics. There are 

many techniques used for the determination of organic materials in the soils. Some of 

these determine the organic matter content, others organic carbon content, and some 

determine total carbon content. Davies (1974) used the loss on ignition method to 

determine SOM. The same method was used in this study to determine SOM.  

3.3.2.3.1.2 Electrical Conductivity (EC)  

Mann (2009) used a conventional EC meter, Accument 50 (Fisher Scientific, NH, 

USA) to determine EC of soil samples. This procedure covers the determination of 

soluble salts in soil by measuring the EC of a 1:2 soil:water suspension. A 0.01 N 

potassium chloride (KCl) solution, with EC of 1.412 dS/m was used to calibrate EC 

meter. Dixie cups were used to carry prepared soil and water mixture and these cups were 

placed on the shaker for 40 minutes. The EC electrode (probe) attached with EC meter 

was then inserted in the soil water suspension. The EC readings were recorded when the 

EC values stabilized for a minimum of 30 seconds.  

3.3.2.3.1.3 pH  

The procedure for measuring the pH of the soil samples was used as outlined by 

McLean (1982). The pH meter, Corning 450, (Corning, Incorporated, NY, USA) was 

calibrated and pH of the soil samples was determined using a 1:2.5 soil: water ratio. The 
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solution containing soil and water was placed on shaker for approximately forty minutes 

and pH of each sample was measured by inserting the pH electrode (probe) connected 

with the pH meter in the soil water suspension. 

3.3.2.3.1.4 Ammonium-N and Nitrate-N  

A Technicon auto-flow analyzer (Technicon Autoanalyzer-2, Terry Town, NY, 

USA) was used to determine (i.e., NH4
+
-N and NO3

-
-N) using a 2.0 M  KCl solution. One 

liter of distilled water was mixed with 150 g of KCl crystals to prepare the 2.0 M KCl 

solution. Twenty grams of the field moist soil sample was placed into the square French 

bottles. The weighed soil sample was then mixed with 100 mL 2.0 M KCl solution. The 

square French bottles containing the mixture were placed on a reciprocating shaker for 

one hour at low speed. After shaking for one hour, the solution was passed through 

Whatman No. 42 filter paper and the filtrate was collected in 20 mL scintillation vials. 

The vials were capped after filling to 3/4th level and stored in a freezer for further 

analysis (Voroney et al., 1993).  

Technicon auto-flow analyzer uses the nitrate method (Technicon Industrial 

Systems, 1978) to determine NO3
-
-N in the soil. The technicon auto-flow analyzer 

reduces the nitrate concentration of a sample to nitrite utilizing a copper/cadmium 

reduction column. The nitrite is then mixed with the reagents to form reddish purple azo 

dye which can be determined colorimetrically. NH4
+
-N in the soil was also determined by 

using Technicon auto-flow analyzer ammonium method (Technicon Industrial Systems, 

1973).  
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3.3.2.3.1.5 Soil Texture  

A standard hydrometer (ASTM. No. 1-152H) was used to measure the particle 

size distribution (Day, 1965). The hydrometer method is commonly used to estimate 

particle size distribution without any pretreatment, except dispersion with calgon solution 

(Sodium Hexameta-phosphate solution diluted with water in 1: 20 ratio). Forty grams of 

the oven dried soil was transferred to a 600 mL cylinder. The % sand, % silt, and % clay 

were determined. The detailed procedure is outlined in Day (1965).  

3.3.2.4 Variable Rate Fertilization and Evaluation While Actual Fertilization 

         Management zones were delineated on the basis of variation in slope (Figure 3-8 a). 

To perform fertilization the selected fields were divided into three sections i.e., variable 

rate with prescription map (VRPM), variable rate with prescription map and real-time 

detection (VRPRD) system, and the third section of the field received grower’s uniform 

rate (UN) for comparison (Figure 3-8 b). Each section was than divided into three sub-

sections, such that each sub-section contains all three management zones (Figure 3-9). 

The fertilizer (N, P, K: 16.6, 34.5, 4.5) was applied in 3
rd

 week of May during sprout 

year. Three fertilizer rates, 200, 150 and 100 kg ha
-1

 were allocated in steep slope, 

moderate, and low lying areas respectively, according to the prescription map in all three 

sub-sections of VRPM section.  

The large size bare spots (> 13 m
2
) were defined as a separate class in the 

prescription maps and zero rates were applied to those bare spots. The sub-sections of 

VRPRD section received the same rates of fertilizer based on slope variation, however, 

sensing and control system equipped with VR spreader detected the bare spots and weeds 
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in real-time and turned the nozzles off in specific sections. Uniform rate of 200 kg ha
-1

 

was applied in the sub-sections of UN section. 

 Before fertilizer application six non-plant areas (i.e., small bare spots and weed 

patches) and plant areas were selected in each management zone of VRPM and VRPRD 

sections of the Kemptown field to place rat catchers and standard collection pans for 

evaluation of spreader while fertilizing actually in the wild blueberry field. The data 

collected from non-plant areas of each management zone using VRPM and VRPRD 

treatments was compared using two sample t-tests. Similarly, the data collected from 

plant areas using both treatments was also compared to examine the performance 

accuracy of fertilizer spreader. 

3.4 Nutrient Leaching in Bare Spots  

3.4.1 Subsurface Water Collection 

Eighteen lysimeters were installed in bare spots of each treatment section (6 in 

each management zone) to collect the leachate sample (Figure 3-10). The lysimeter 

locations were recorded using RTK-GPS. The ceramic cup of each lysimeter was 

installed at a 40 cm depth, well below the rooting depth of wild blueberries. The leachate 

sample were extracted from each lysimeter using a vacuum pump after a heavy rainfall 

(>15 mm) event. 

3.4.2 Statistical Design 

 The subsurface water samples were analyzed for NH4
+
-N and NO3

-
-N using a 

Technicon auto-flow analyzer. When sometimes in multifactor factorial experiments it is 

not possible to randomize the order of runs completely, generalization of the factorial  
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Figure 3-8. Slope maps for (a) Kemptown Field (b) Prescription map for Kemptown Field. 

(a) (b) 
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Figure 3-9. Slope map for (a) Cattle Market Field (b) Prescription map for Cattle Market Field

(a) (b) 
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Figure 3-10. Lysimeters location for (a) Kemptown Field (b) Cattle Market Field

(a) (b) 
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design is used, which is termed as split-plot design (Montgomery, 2009). Therefore, the 

experimental design used for this particular experiment was split plot design with three 

replications. Each section (i.e., VRPM, VRPRD and UN) was divided into three blocks. 

Each block contained eighteen lysimeters such that two lysimeters installed in each 

management zone of all three sub-sections (VRPM sub-section, VRPRD sub-section, UN 

sub-section) at randomly selected points (Figure 3-10). The design was modeled with 

fertilizer treatment as a main plot and slope as sub plot, and sampling date as a repeated 

measure factor. Response variables for subsequent statistical analysis were NH4
+
-N and 

NO3
-
-N losses in soil leachates. The SAS (SAS Institute Inc., NC, USA) was used to 

perform repeated measures analysis of variance (RM ANOVA) using mixed-model 

procedure. 
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CHAPTER 4 

PERFORMANCE EVALUATION OF PRINCIPAL COMPONENTS OF 

MODIFIED VARIABLE RATE GRANULAR FERTILIZER SPREADER FOR 

SPOT-APPLICATION AT EXACT TARGETS 

4.1 Introduction 

The wild blueberry is a vital successional fruit crop of cleared woodland and 

deforested or abandoned farmland of northeastern North America where commercial and 

managed blueberry fields have been developed (Jensen and Yarborough, 2004). Different 

management practices (i.e., land improvements, pruning, fertility management, 

pollination, insect control, and disease and weed control) have been adopted over time to 

improve blueberry coverage and berry production (Barker et al., 1964; Blatt et al., 1989). 

Wild blueberry field development is based upon the eradication of competing vegetation, 

as well as the removal of trees, stumps, and rocks. Therefore, newly developed fields may 

have significant proportion of scattered bare spots throughout the field (varies from 30% 

to 50% of the total field area) (Zaman et al., 2010b). Traditionally, fertilizer is applied 

uniformly in wild blueberry fields, without considering the topography and bare spots, 

neither of which are distributed uniformly within fields. In such conditions, spatial 

information management systems are of immense potential for allowing growers to fine-

tune the locations, timings, and rates of fertilizer application.  

Many research efforts have been reported for the development of VR application 

technologies (Carrara et al., 2004; Miller et al., 2005; Zaman et al., 2005, Schumann et 

al., 2006; Dammer et al., 2008) but, wild blueberry production system was less 

considered. Michaud et al. (2008) developed a VR prototype sprayer which uses the 

aerial spectral scans of wild blueberry and was able to deliver pesticides based on 
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prescription maps developed using GIS software. But, the sensitivity to positional error 

caused by GPS and expensive up-to-date aerial photography, variable quality, and 

intensive data processing for weed detection were the disadvantages associated with this 

VR prototype sprayer. Site-specific fertilization has also been reported using DGPS 

guided prescription maps for different cropping systems (Miller et al., 2004; Derby et al., 

2007). Saleem (2012) used a VR fertilizer spreader for fertilizer application on site-

specific basis using GPS guided prescription map based on variation in slope within wild 

blueberry fields. But, the existing commercial VRG fertilizer spreaders are able to change 

fertilizer rates in different management zones only using DGPS guided prescription maps 

without considering unevenly distributed bare spots and weed patches in wild blueberry 

fields. Fertilization in both, bare spots and weed patches, can be avoided using VRG 

fertilizer spreader with sensing and control system for spot-application of fertilizer. 

Many researchers put their efforts in developing machine vision systems for real 

time detection of weeds and bare spots in various cropping systems (Sui et al., 1989; 

Shearer and Holmes, 1990; Zhang and Chaisattapagon, 1995; Zhang et al., 2010), 

because real-time detection, of weeds and bare spots, at the time of fertilizer application 

could be very useful in lowering fertilizer usage and reducing environmental 

contamination. Gillis et al. (2001) developed and evaluated a system that was able to 

detect and spray herbicides on weeds in real time along highways. This system was 

composed of vision sensors and spraying nozzles without boom.  

Brown et al. (1994) stated that the different weed species can be detected using 

spectral analysis in green, red, and near-infrared. Tian et al. (1999) controlled solenoid 

valves on a spraying boom using real time image processing of spatial and frequency 
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parameters which enabled the on-the-go application of agrochemicals. The system 

performed efficiently at a speed of 4.2 km h
-1

. Hanks and Becks (1998) developed and 

evaluated a real-time weed detection system for row-crop production systems, which was 

able to detect weeds in real time on the basis of spectral differences in green living plants 

and bare soils.  

Since sensing technologies are being introduced to offer cost effective alternatives 

for detecting weeds and bare spots in specific sections of VR fertilizer spreader boom, 

many commercial controllers have been introduced to apply fertilizers on site-specific 

basis (e.g. DICKEY-john Land Manager II (DICKEY-john Corporation, Auburn, IL), 

Mid Tech Legacy 6000 controller (Midwest Technologies, Springfield, IL), and Raven 

660 controller (Raven Industries, Sioux Falls, SD)). Schumann and Hostler (2009) were 

able to develop an 8-channel computerized VRC with the partnership of a machinery 

manufacturer (Chemical Containers Inc., Lake Wales, FL, USA). This controller consists 

of electronic hardware with internal firmware and matching Windows Mobile 6.0 

software on a handheld PPC which is linked with controller through wireless Bluetooth. 

This controller relies on sensors to provide real-time plant information which is used to 

dispense fertilizer only in plant areas. 

 A newly established wild blueberry field can have a significant proportion of bare 

spots (varies from 30% to 50% of the total field area) (Zaman et al., 2010b). Fertilization 

in bare spots/weed patches may result in increased cost of fertilizer input and a serious 

threat to the subsurface water quality. Therefore, modifications in the existing spreader 

are needed for real-time sensing and application of fertilizer in plant areas only. In this 

present study, a VR prototype granular fertilizer spreader consisting of digital color 
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cameras, 8-channel computerized VRC, solenoid valves, PPC with operating software 

was evaluated for real time detection of bare spots and weed patches for site-specific 

fertilization.  

4.2. Materials and methods 

4.2.1. Modified variable rate granular fertilizer spreader 

The existing commercial VR granular fertilizer spreader, used for this study had a 

7.32 m wide fertilizer boom with 12 nozzles spaced at 0.61 m and independent control on 

each half of the fertilizer boom. A GPS guided prescription map generated in ArcGIS 10 

(ESRI, Redlands, CA, USA) is imported into Farmworks Site Mate VRA (Farmworks 

CTN Data Service, LLC, Hamilton, IN, USA) software. The ACCU-RATE controller 

(Rawson Control Systems Inc., Oelwein, Iowa, USA) of existing spreader is capable of 

reading prescription maps to adjust the fertilizer application rates as prescribed in the 

map. The ACCU-RATE controller uses the ground speed, location, boom width and 

desired application rate for a specific location to calculate revolutions per minute of the 

hydraulic metering drive unit for the desired application rate. The fertilizer then drops in 

venture cups due to gravity and is carried by air pressure through hoses to the output 

nozzles. 

The modifications in this VR granular spreader were made to control each pair of 

nozzles independently rather than operating half boom section at a time. In order to 

control each pair of nozzles a diverting valve bank with 12 solenoid valves (Model: 

V3221-08T, E.MC
®
, Yinzhou, Ningbo, China) along with  single acting pneumatic 

cylinders (E.MC
®
, Yinzhou, Ningbo, China) and an air compressor (Model: 

CBHRFP209400RB, Campbell Hausfeld/Scott Fetzer Co., OH, USA) were incorporated 
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into the commercial VR granular spreader. Each pneumatic cylinder was attached with a 

gate. The valve bank was placed above venture cups and air manifold. The pneumatic 

cylinder, attached to solenoid valve, pushes the gate from the bottom to close the venture 

opening for the nozzle which is needed to be turned off and the fertilizer is collected in 

the hopper using return auger system (Figure 3-1). 

4.2.1.1. Hardware and software development 

Six μEye color cameras (UI-1220SE/C, IDS Imaging Development System Inc., 

Woburn, MA, USA) were incorporated on the boom in front of the tractor at a height of 

1.2 m (Figure 3-1). Each camera covered two sections of the boom (1.22 m each section). 

Cameras were connected using USB cables to the ruggedized laptop (Latitude E6400 

XFR, Dell Inc., Round Rock, TX, USA) on the spreader. The camera lenses (LM4NCL, 

Kowa Optimed Inc., Torrance, CA, USA) had a 3.5 mm focal length and were set up with 

fixed aperture (f/4.0) and infinity focus. Exposure time and digital gain were 

automatically controlled by auto exposure shutter and auto gain control to adjust for 

variable outdoor light conditions. However, maximum auto exposure shutter was set to 2 

milliseconds to prevent picture blurring during field operation. 

Custom software installed in the ruggedized laptop was capable of processing 

images to differentiate between bare spots and foliage in real-time and sends on/off 

commands to U3-HV (LabJack Corp., Lakewood, CO, USA) I/O unit. The U3-HV send 

on/off signals (5/0 VDC) to the VRC. The VRC has user programmable inputs from PPC 

such as before and after buffer for precise overlapping, distance between front boom and 

spreader boom and response time, and is able to automatically compensate the signal 

delay based on vehicle ground speed from a WAAS-enabled DGPS (Garmin 
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International Inc. Olathe, KS, USA). The VRC converts on/off signals from 5/0 VDC to 

12/0 VDC and sends to the PLC (Model: Omron ZEN-20C1DR-D-V2, Santa Clara 

Systems Inc., CA, USA) which incorporates the delay time of each nozzle and sends the 

signal to solenoid valves to turn two or more nozzles on at the same time in the areas 

where targets have been detected (Fig. 3-2). 

Custom image processing software was developed in C++ using Visual Studio 

2010 (Microsoft
®
, Redmond, WA, USA) for real-time green foliage detection in wild 

blueberry cropping system. The digital color images taken by the cameras were 

transferred onto the ruggedized laptop. The image processing software installed in the 

ruggedized laptop acquired a 752 × 128 pixel image (24-bit RGB) corresponding to 1.83 

m × 0.31 m area of interest from each camera for processing in real-time to differentiate 

bare spots and green foliage. The ratio used was (G×255)/(R+G+B), and a manually 

obtained threshold (> 85) adequately discriminated the apparent foliage green pixels from 

the remaining pixels in all images. The final result of the foliage detection process 

converted 0 or 5 VDC signal, in each image and sent it to the VRC for fertilization in the 

specific section of the boom where the foliage had been detected (Figure 4-1). 

4.2.2. Laboratory tests 

The experiments were performed at Faculty of Agriculture, Dalhousie University 

to calibrate the ACCU-RATE controller for proper application rate and calculation of 

response time using clay filler. The growers normally operate the fertilizer spreader at 

ground speeds of 3.2 km hr
-1

 or 4.8 km hr
-1

 for fertilizer applications in wild blueberry 

fields. Therefore, MVRG fertilizer spreader was operated at ground speeds of 3.2 km hr
-1 

and 4.8 km hr
-1

 for calibrating ACCU-RATE controller. The fertilizer application rate of 
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200 kg ha
-1 

(grower’s application rate) was fixed in ACCU-RATE controller and the clay 

filler from each nozzle and using different combination of nozzles was collected and 

Figure 4-1. Flowchart displaying the complete process from foliage detection to fertilizer 

discharge using digital color cameras. 

 

weighed manually. This experiment was repeated three times and the manual weight 

measurements were averaged. The average weight readings were converted to application 

rate (kg ha
-1

) and the ACCU-RATE controller readings were compared with manually 
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measured application rate to examine the performance accuracy of the controller. The 

experiment was repeated to calibrate ACCU-RATE controller using actual fertilizer. 

The MVRG fertilizer spreader equipped with a 7.32 m look-ahead camera boom 

consisting of six μEye color cameras connected with computer and 8-channel 

computerized VRC via USB cables (Figure 3-1). The experiment, using clay filler was 

conducted at the Engineering Department, Faculty of Agriculture, Dalhousie University 

to calculate response time (i.e., lag time between look-ahead camera boom detection and 

fertilizer application) for 8-channel computerized VRC to open the nozzle at right target 

after receiving target detection information from the front look-ahead camera boom. The 

time taken by the clay filler to travel from venture cups to outlet nozzle and the time to 

build up the cone of clay filler from nozzle was added up in calculating response time for 

precise real-time fertilizer application in the areas where the targets have been detected. 

A light emitting diode (LED) bulb was wired into a switch on the VRC. An image 

recording camera was positioned in front of the nozzle being inspected to record the 

video. The video was recorded with 149 frames
 
per second when the camera boom 

detected the target and LED bulb turned on until the opening of nozzle to spread fertilizer 

in the desired location. The response time calculation test was repeated for each nozzle at 

different static pressures (4.98, 6.23 and 7.47 kPa) attained by varying the fan speed of 

blower and the recorded videos were analyzed using V1 HOME 2.0 software (Interactive 

Frontiers Inc., Plymouth, MI, USA), allowing for a frame by frame analysis of response 

time between target detection and fertilizer application. 
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4.2.3. Field test 

The use of actual fertilizer for extensive testing of MVRG fertilizer spreader in 

the field was not feasible as it can adversely affect the field soil conditions and 

environment. For this reason, clay filler was used for evaluating software and hardware 

components of MVRG fertilizer spreader in the field. A small scale field test was 

conducted using clay filler at BEEC, Faculty of Agriculture, Dalhousie University. A test 

track (7.3 m x 57 m) was made in the selected field (45° 23' 17" N, 63° 14' 13" W) to 

examine the accuracy of MVRG fertilizer spreader to apply fertilizer in the areas where 

the targets were detected. The artificial bare spots were made using orange colored tarps 

placed at random locations in the selected track. The track boundary and artificial bare 

spots were mapped with the real-time kinematics global positioning system (RTK-GPS). 

Twelve pre-weighed rat catchers (Catch Master, AP&G Co., Inc., Brooklyn, NY, USA) 

were placed on the artificial bare spots and green grass areas to collect applied clay filler. 

The spreader was operated on modified VR mode to testify the application of clay filler 

only in green grass areas and no application on artificial bare spots (orange tarps). The 

pre-weighted rat catchers were replaced with the new ones and the spreader was then 

operated at UN mode to apply clay filler, both in grass areas and artificial bare spots. Rat 

catchers were weighed again after the test and the weights of the clay filler collected by 

the rat catchers were calculated and recorded. 

The weights of the clay filler collected by the rat catchers placed on the artificial 

bare spots in UN and VR treatments were compared using paired t-test. Similarly, a 

paired t-test was performed to compare both UN and VR treatments for the collected clay 
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filler by the rat catchers placed in the green grass areas. The statistical analysis were 

performed in Minitab 16 (Minitab Inc. NY, USA) 

4.3. Results and discussion 

 The principle components of MVRG fertilizer spreader (µEye cameras and 

controllers) were tested and calibrated at Faculty of Agriculture, Dalhousie University for 

target detection and fertilizer application through a specific section of the fertilizer boom 

where the target has been detected. Results of calibration indicated that the ACCU-RATE 

controller performed reliably and accurately to control the application rate for clay filler 

and fertilizer from combination of different pairs of nozzles at the ground speed of 3.2 

km h
-1

 and 4.8 km h
-1

. The difference between the ACCU-RATE controller reading and 

manually measured readings was found to be < 5%. The ACCU-RATE controller at the 

ground speed of 3.2 km h
-1

 was found to have a deviation of 3.19% in application rate 

when nozzles 1 and 2 were operated using clay filler as the applied material. However, 

the maximum deviation in the ACCU-RATE controller reading was observed to be 

2.02% at the ground speed of 4.8 km h
-1

 when nozzles 1 to 4 were opened (Table 4-1). 

Similar results were obtained when the controller was calibrated using fertilizer as the 

applied material at 3.2 km hr
-1

 and 4.8 km hr
-1

 (Table 4-2). Overall, the results of 

calibration reported that the ACCU-RATE controller was accurate enough to dispense the 

correct amount of fertilizer based on the prescribed rate for different combinations of 

nozzles. 

In order to assess the accuracy of the ACCU-RATE controller for the individual 

pair of nozzles the fertilizer spreader was operated at the ground speed of 3.2 km h
-1

 and 

4.8 km h
-1

, using clay filler and fertilizer as an applied material. The difference between  
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Table 4-1. Comparison of ACCU-RATE controller reading with manually measured clay 

filler application rate from different combination of nozzles at 3.2 km hr
-1 

and 4.8  

km hr
-1

ground speeds. 

3.2 km hr
-1

ground speed 

Number of Nozzles 1, 2 1 to 4 1 to 6 1 to 8 1 to 10 All 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 206.38 204.62 202.67 201.22 200.05 200.55 

Difference (%) +3.19 +2.31 +1.34 +0.84 +0.03 +0.28 

4.8 km hr
-1

ground speed 

Number of Nozzles 1, 2 1 to 4 1 to 6 1 to 8 1 to 10 All 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 202.60 204.04 201.84 197.82 197.07 198.38 

Difference (%) +1.30 +2.02 +0.92 -1.10 -1.47 -0.81 

 

Table 4-2. Comparison of ACCU-RATE controller reading with manually measured 

fertilizer application rate from different combination of nozzles at 3.2 km hr
-1 

and 4.8  

km hr
-1

ground speeds. 

3.2 km hr
-1

ground speed 

Number of Nozzles 1, 2 1 to 4 1 to 6 1 to 8 1 to 10 All 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 206.32 204.80 203.41 201.12 199.61 200.60 

Difference (%) +3.16 +2.40 +1.71 +0.56 -0.20 +0.30 

4.8 km hr
-1

ground speed 

Number of Nozzles 1, 2 1 to 4 1 to 6 1 to 8 1 to 10 All 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 205.49 206.28 202.07 201.04 200.73 202.30 

Difference (%) +2.75 +3.14 +1.04 +0.52 +0.37 +1.15 
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the observed reading from the ACCU-RATE controller and manually measured readings 

from each pair of nozzles was found to be < 5% using both clay filler and fertilizer 

(Tables 4-3 and 4-4). 

The maximum deviation from the ACCU-RATE controller at the ground speed of 

3.2 km h
-1

 was observed when nozzles 7 and 8 were operated for clay filler. The actual 

application rate from this pair of nozzles was 3.76% less than the theoretical application 

rate (i.e., the application rate fed in ACCU-RATE controller). The least deviation 

(0.28%) was observed when nozzles 9 and 10 were operated at 3.2 km h
-1

. The maximum 

deviation from the ACCU-RATE controller at the ground speed of 4.8 km h
-1

 was found 

to be 4.92% when nozzles 7 and 8 were operated. The second last pair of nozzles (i.e., 

nozzles 9 and 10) at the ground speed of 4.8 km h
-1 

was found to have least deviation 

(i.e., 1.73%) when compared with manually measured application rate (Table 4-3). 

Similar results were obtained when each pair of nozzles were calibrated separately using 

fertilizer as the applied material (Table 4-4). 

 The C++ calculation was performed to measure the image acquisition and 

processing time with a C++ millisecond timer function using a ruggedized laptop (2.5 

GHz Intel® Core™2 Duo CPU) (Chang et al., 2012b). Image processing time for 

foliage/artificial bare spot detection for six images plus time required for sending the 

signal from computer to VRC was found to be 0.21 s (Table 4-5). The fan speed was 

varied to get static pressures of 4.98, 6.23 and 7.47 kPa. The time taken by the VRC to 

clay filler discharge from the spreader nozzles was calculated at these static pressures. 

The results of the response time calculation indicated that the time required from VRC to 

clay filler discharge was higher at a static pressure of 4.98 kPa when compared with 6.23 
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Table 4-3. Comparison of ACCU-RATE controller reading with manually measured clay 

filler application rate from individual pair of nozzles at 3.2 km hr
-1 

and 4.8 km h
-1

ground 

speeds. 

3.2 km hr
-1

ground speed 

Number of Nozzles 1, 2 3, 4 5, 6 7, 8 9, 10 11, 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 206.52 206.39 196.98 192.76 200.55 203.46 

Difference (%) +3.26 +3.20 -1.53 -3.76 +0.28 +1.02 

4.8 km hr
-1

ground speed 

Number of Nozzles 1, 2 3, 4 5, 6 7, 8 9, 10 11, 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 204.18 206.81 195.83 190.15 196.59 204.03 

Difference (%) +2.09 +3.41 -2.13 -4.92 -1.73 +2.02 

 

Table 4-4. Comparison of ACCU-RATE controller reading with manually measured 

fertilizer application rate from individual pair of nozzles at 3.2 km hr
-1 

and 4.8  

km h
-1

ground speeds. 

3.2 km hr
-1

ground speed 

Number of Nozzles 1, 2 3, 4 5, 6 7, 8 9, 10 11, 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 206.52 206.10 195.07 191.93 200.51 203.41 

Difference (%) +3.27 +3.05 -2.53 -4.20 +0.26 +1.71 

4.8 km hr
-1

ground speed 

Number of Nozzles 1, 2 3, 4 5, 6 7, 8 9, 10 11, 12 

ACCU-RATE Controller (kg ha
-1

) 200.00 200.00 200.00 200.00 200.00 200.00 

Manually Measured (kg ha
-1

) 204.77 206.34 195.45 190.91 198.11 204.45 

Difference (%) +2.39 +3.17 -2.33 -4.76 -0.95 +2.23 
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and 7.47 kPa. Moreover, it was also found that the least time was taken by the clay filler 

to come out of the nozzles at a static pressure of 7.47 kPa (Table 4-5). The reason for the 

lower delay time when fan was operating faster (i.e., at static pressure of 7.47 kPa) was 

due to direct relationship of fan speed and air velocity. The faster the airstream is the 

more force it applies on the material to be conveyed (Baker et al., 1994). The results of 

the tests at the static pressures of 4.98 and 6.23 kPa are presented in appendix A (Table 

A1 and A2, Appendix ‘A’). The results of the VRC response time indicated that the time 

taken by the clay filler to come out of the nozzles kept on reducing on moving from outer 

nozzles to inner nozzles. The maximum time taken by the nozzle 1 was 2.38 s, while the 

minimum time consumed by nozzle 6 was 1.57 s to dispense the clay filler (Table 4-5). 

This reduction in response time was due to the reduced distance of nozzles from the 

hopper and metering rollers. 

Table 4-5. Response time using clay filler for 8-channel computerized VRC to open 

nozzle in the specific section of the boom where the target detected at static pressure of 

7.47 kPa. 

Nozzle 

No. 

Image taken/processing time 

(from  camera to VRC) (s) 

LED bulb start 

time (s) 

Clay filler 

dispense time 

(s) Response time (s) 

1 

0.21 

5.01 7.39 2.38 

2 3.66 5.90 2.24 

3 3.25 5.31 2.06 

4 3.07 4.92 1.85 

5 3.53 5.25 1.72 

6 3.59 5.16 1.57 

7 3.55 5.13 1.58 

8 4.23 5.95 1.72 

9 3.92 5.77 1.85 

10 3.27 5.30 2.03 

11 3.45 5.67 2.22 

12 3.64 6.01 2.37 
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Similarly, the time taken by the VRC to discharge fertilizer from each nozzle of 

the spreader was calculated by varying the fan speed (i.e., to give static pressures of 4.98, 

6.23 and 7.47 kPa). The results of response time for fertilizer were in agreement with our 

findings for clay filler suggesting lower response time at the static pressure of 7.47 kPa 

(Table 4-6). The results of the tests at the static pressures of 4.98 and 6.23 kPa are 

presented in appendix A (Table A3 and A4, Appendix ‘A’). These results showed that the 

response time using fertilizer was less as compared to clay filler. The possible reason of 

different response time at same fan speed (7.47 kPa) can be due to the nature of the 

material being conveyed. Rizk (1986) reported that the clay filler having greater bulk 

density requires more time to reach the outlet as compared to fertilizer. These results 

were in agreement with the findings of Baker et al. (1994). 

Table 4-6. Response time using fertilizer for 8-channel computerized VRC to open 

nozzle in the specific section of the boom where the target detected at static pressure of 

7.47 kPa. 

Nozzle 

No. 

Image taken/processing time 

(from  camera to VRC) (s) 

LED bulb start 

time (s) 

Fertilizer 

dispense time 

(s) Reponse time (s) 

1 

0.21 

4.16 6.41 2.25 

2 3.59 5.67 2.08 

3 3.79 5.51 1.72 

4 4.07 5.70 1.63 

5 3.40 4.92 1.52 

6 2.96 4.42 1.46 

7 2.64 4.10 1.46 

8 3.29 4.82 1.53 

9 3.52 5.15 1.63 

10 3.11 4.85 1.74 

11 3.22 5.28 2.06 

12 5.07 7.32 2.25 
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After successful calibrations of the ACCU-RATE controller and calculation of 

response time, the MVRG fertilizer spreader was tested at BEEC for real-time 

performance evaluation using clay filler. The application rate was fixed at 200 kg ha
-1

 

and the fan speed was set to give static pressure of 7.47 kPa. The MVRG fertilizer 

spreader was operated at the tractor ground speed of 3.2 km hr
-1

 with the response time of 

2.59 s programmed into the VRC. The front boom was spaced far enough ahead of the 

rear spreader boom to compensate for the time lag needed to process the images and 

dispense clay filler. The MVRG fertilizer spreader was operated at VR mode to detect the 

foliage/artificial bare spots using sensing and control system to apply clay filler only on 

foliage. The grasses were treated as foliage to dispense clay filler at VR mode. The 

MVRG fertilizer spreader was also operated at UN mode to apply clay filler at both 

artificial bare spots and grasses for comparison. 

  The results of the paired t-test indicated that there was significant difference (P-

value < 0.0001) in both treatments (i.e., UN and VR) when weights of the clay filler 

collected from artificial bare spots were compared, suggesting that the MVRG fertilizer 

spreader performed accurately to detect and leave artificial bare spots un-fertilized (Table 

4-7). These results also reported that there was non-significant difference (P-value = 

0.58) in UN and VR treatments when weights collected from foliage (grass) areas were 

compared (Table 4-7). This non-significant difference between both treatments suggested 

that there was no difference in applying clay filler in grass areas of the selected track 

using either mode of operation. 
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Table 4-7. Paired comparison of the data collected at VR and UN mode for MVRG 

fertilizer spreader using clay filler in grass field. 

Comparison of VR and UN treatments in terms of clay filler applied on artificial bare spots 

Treatment (n) 
Minimum        

(g m
-2

) 

Maximum      

(g m
-2

) 
Mean (g m

-2
) 

Standard 

Deviation (g m
-2

) 
P-value 

VRB (12) 0.0 9.3 3.0 3.0 

<0.0001 

UNB (12) 10.3 33.0 20.3 6.7 

Comparison of VR and UN treatments in terms of clay filler applied on green grass areas 

 

Treatment (n) 
Minimum      

(g m
-2

) 

Maximum      

(g m
-2

) 
Mean (g m

-2
) 

Standard 

Deviation (g m
-2

) 
P-value 

VRG (12) 7.0 43.3 20.7 10.7 

0.58 

UNG (12) 10.3 32.7 19.0 6.3 

 

4.4. Summary and conclusions 

The µEye cameras and controller were tested and calibrated for target detection 

and fertilizer application through a specific section of the fertilizer boom. The ACCU-

RATE controller performed reliably and efficiently to control the fertilizer application 

rate through each pair of nozzles and different combinations of nozzles with < 5% 

difference from manual measurements. Image processing time for foliage/bare spot 

detection for six images plus time required for sending the signal from computer to VRC 

was 0.21 s. The response time of 2.38 s was programmed into the VRC using clay filler 

and the front boom was spaced far enough ahead of the rear spreader boom to 

compensate for the time lag needed to process and spread clay filler in the areas where 

target have been detected. The performance accuracy test suggested that the MVRG 
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fertilizer spreader performed efficiently and rapidly while conducting field operations, as 

it detected the artificial bare spots in real-time and applied clay filler only on the target 

areas. Therefore, the MVRG fertilizer spreader could be used to further expand the 

fertilization capabilities and allow for spot-application of fertilizer only on as needed 

basis. The spot-application of fertilizer using MVRG fertilizer spreader can result in 

increased input use efficiency and reduce cost of production while minimizing the 

environmental risks. 
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CHAPTER 5 

PERFORMANCE EVALUATION OF MODIFIED VARIABLE RATE 

GRANULAR FERTILIZER SPREADER FOR SPOT-APPLICATION OF 

FERTILIZER IN COMMERCIAL WILD BLUEBERRY FIELDS 

5.1 Introduction 

 The wild blueberry is an endogenous plant which is an important horticultural 

crop in northeastern North America (Percival and Privé, 2002). Wild blueberry crops are 

usually fertilized by the growers with 30-50 kg N ha
-1

 as ammonium nitrate or urea 

(Trevett, 1962; Hall et al., 1967). Most agricultural systems utilize ammonium and nitrate 

as the major forms of inorganic nitrogen available to plants (Keeney and Walsh, 1972). 

Despite the fact that these inorganic forms of nitrogen are less effective on most 

calciphile plants, but they are effective on calcifuge plants significantly, including wild 

blueberries (Korcak, 1988). Townsend (1966) examined the response of wild blueberry 

towards the use of ammonia- and nitrate-based forms of nitrogen. He found wild 

blueberry responded better when ammonia-based forms of nitrogen were used. 

 Research efforts to determine the impact of fertilization in wild blueberry fields 

has shown improved nutrient uptake by plants, however, yield varied inconsistently in 

response to fertilizer applications (Eaton et al., 2009). Eaton (1994) found that repeated 

NPK fertilizer applications combined with herbicides resulted in increased stem lengths 

and fruit bud numbers, whereas, yield response was not consistent. A study conducted in 

Newfoundland indicated that the use of herbicide and nitrogen fertilizers significantly 

increased yield over 8 years, whereas the effect of fertilizer containing P only had no 

effect on yield (Penney and McRae, 2000). Moreover, a 12 year study on second 

cropping demonstrated that the plant growth and yields were elevated in both first and 
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second crops with the application of NPK fertilizer (Eaton and Nams 2006). Percival and 

Privé (2002) conducted an experiment to assess the impact of fertilizer application on 

wild blueberry yield at three different sites in Nova Scotia. They found that the yield 

increased by 23, 27, and 25% as compared to control (no fertilizer application) at the 

selected sites. They also reported that nitrogen formulation influenced the wild blueberry 

yield and must be considered while developing management strategies.  

Most agricultural systems have the objective of precise application of crop inputs 

like fertilizer applications (Al-Gaadi and Ayers, 1999). According to Schueller (1991) 

varying the crop inputs in relation to the variations within the field is called precision 

farming. Precision agriculture is the way of combining different technologies together to 

make agriculture economically and environmentally more viable (Al-Gaadi and Ayers, 

1999; Castro et al., 2011). Variable rate fertilization is a precision agriculture technology 

which is achieved by using fast controllers and computers, accurate GPS receivers, GIS, 

remote sensing techniques, actuators, and sensors (Schumann, 2010). One of the recent 

innovations in precision agriculture is real-time fertilizer applications. Real-time 

management strategy normally does not need GPS data as the decisions about 

agrochemical rates and crop targets are made “on-the-go” at the time of fertilization. This 

type of system is widely used for fertilizing agronomic and horticultural crops 

(Schumann, 2010). Although research efforts throughout North America have been 

extended for the development of VR technologies for various crops to date, minor 

attention has been paid to wild blueberry production systems. In this present study, 

performance accuracy of MVRG fertilizer spreader for spot-application of fertilizer was 

evaluated in selected wild blueberry fields in central Nova Scotia. 
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5.2 Methodology 

After successful evaluation of principle components and preliminary field test 

conducted at the BEEC, Faculty of Agriculture, Dalhousie University, a wild blueberry 

field was selected near Debert (45° 26' 28" N and 63° 27' 02" W) in central Nova Scotia. 

The performance of software and hardware components of the MVRG fertilizer spreader 

for spot-application of fertilizer was evaluated in the selected field.  A test track 7.3 m in 

width and 100 m in length was made. Equal number (12) of bare spots/weed patches and 

plant areas were randomly selected in the field. Pre-weighed rat catchers and standard 

collection pans were placed on the selected bare spots/weed patches and plant areas to 

collect the applied clay filler. The software and hardware components of the spreader 

were performance tested for spot-application at three different ground speeds; 1.6, 3.2 

and 4.8 km h
-1

 and two different light conditions; mainly cloudy and mainly sunny. The 

spreader was operated at VR and UN modes for each ground speed and light condition. 

The clay filler collected by each rat catcher and standard collection pan was weighed and 

recorded.  

The weights of the clay filler collected by the rat catchers and standard collection 

pans placed on the bare spots/weed patches in UN and VR treatments were compared 

using paired t-test. Paired t-test was also performed to compare both UN and VR 

treatments for the collected clay filler by the rat catchers and standard pans placed in the 

plant areas using Minitab 16. 

After testing the hardware and software components of MVRG fertilizer spreader 

in wild blueberry field using clay filler, another wild blueberry field, Kemptown (45
°
 31' 

50" N and 63
° 
07' 45" W) was selected for actual fertilization. The field was divided into 
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three sections (i.e., VRPM, VRPRD, and UN) and the management zones were 

delineated on the basis of slope variation within the field. Prior to the fertilizer 

application, six bare spots/weed patches and plant areas were selected in each 

management zone of VRPM and VRPRD sections of the field to place rat catchers and 

standard collection pans for evaluation of spreader. The small bare spots/weed patches of 

VRPRD section were expected to receive no fertilizer, unlike small bare spots/weed 

patches of VRPM section. The weight data collected using VRPM and VRPRD 

treatments were compared using two sample t-tests. Detailed procedure can be seen in 

Chapter 3 (Materials and Methods). 

5.3 Results and Discussion 

Results of this study indicated that automated identification of irregularly shaped 

and spaced bare spots/weed patches in real-time and spot-application of clay filler using 

sensing and control system would help in avoiding useless fertilization in non-plant areas. 

5.3.1 Evaluation with Clay Filler Application 

5.3.1.1 Mainly Sunny Condition 

 The experiment was conducted in Debert, on May 08, 2012 to test the 

performance of software and hardware components of MVRG fertilizer spreader in actual 

wild blueberry field at three different ground speeds (1.6, 3.2, 4.8 km hr
-1

). The day was 

mainly sunny. The temperature ranged from -2 to 18 °C, average humidity was noted as 

58.5 %, and wind speed was 10.5 km hr
-1

 from the West (National Climate Data and 

Information Archive, 2011). 
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The weights of the clay filler collected by the rat catchers placed on plant areas in 

UN and VR treatments were compared using paired t-test. Results indicated non-

significant difference between UN and VR treatments in applying clay filler in plant 

areas at ground speed of 1.6 km hr
-1 

(Table 5-1). The weight of the clay filler collected by 

the rat catchers at UN and VR modes of operation ranged from 0.38 to 0.60 g and from 

0.39 to 0.64 g, respectively. Similar results were obtained at the ground speeds of 3.2 km 

hr
-1

 and 4.8 km hr
-1

, indicating no difference between UN and VR treatments in applying 

clay filler in plant areas of the wild blueberry field (Table 5-1).  

Paired t-test was performed to compare both UN and VR treatments for the 

collected clay filler by the rat catchers placed on the bare spots/weed patches. The 

MVRG fertilizer spreader was operated at a ground speed of 1.6 km hr
-1

 and the results 

indicated a significant difference between UN and VR treatments (Table 5-1). The results 

suggested that the bare spots/weed patches were avoided during fertilization using VR 

treatment. Similar results were obtained at the ground speed of 3.2 km hr
-1

, suggesting 

that the fertilization can be avoided in bare spots/weed patches of the field using VR 

treatment (Table 5-1). The test was repeated at the ground speed of 4.8 km hr
-1

. The 

weight of the clay filler collected by the rat catchers at UN and VR modes at this speed of 

operation ranged from 0.37 to 0.88 g and from 0 to 0.76 g, respectively. Despite the 

significant difference between UN and VR treatments, few bare spots received clay filler 

using VR treatment at 4.8 km hr
-1 

(Table 5-1). The potential reason could be the 

insufficient distance between the front camera boom and rear spreader boom reducing the 

time for image processing at speed of 4.8 km hr
-1

. The visual observation while setting 

out experiments suggested that the custom made image texture analysis algorithm was 



69 
 

Table 5-1. Comparison of UN and VR treatments using rat catchers at ground speeds of 1.6, 3.2 and 4.8 km h
-1

. 

Comparison of VR and UN treatments in terms of clay filler applied on plant areas at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 13.0 21.3 16.7 2.7 

0.55 
UNP (12) 12.7 20.0 16.0 2.3 

3.2 
VRP (12) 14.3 26.7 21.0 4.0 

0.96 
UNP (12) 13.0 29.0 20.7 4.7 

4.8 
VRP (12) 12.7 27.3 18.7 4.3 

0.27 
UNP (12) 14.0 26.3 20.0 4.0 

Comparison of VR and UN treatments in terms of clay filler applied on bare spots at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 0.0 2.7 1.0 1.0 

<0.0001 
UNP (12) 12.3 20.7 16.0 2.7 

3.2 
VRP (12) 0.0 2.3 1.0 0.7 

<0.0001 
UNP (12) 13.0 27.0 18.7 4.3 

4.8 
VRP (12) 0.0 25.3 15.7 8.7 

0.03 
UNP (12) 12.3 29.3 21.0 5.0 

               Significant at P < 0.05         

 

 

6
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unable to perform efficiently due to minor changes in camera focus. The intensive jerks 

and vibrations felt by the front camera boom might cause minor alteration in the focus of 

the µEye color cameras resulting in the acquisition of blurry images. Therefore, the 

developed image texture analysis algorithm could not differentiate plants and bare spots 

effectively at 4.8 km hr
-1

 ground speed of MVRG fertilizer spreader.  

The developed software and hardware components were tested again by using 

standard collection pans for collecting applied clay filler. The MVRG fertilizer spreader 

was first operated at ground speed of 1.6 km hr
-1

. The weights of the clay filler collected 

by standard pans placed on plant areas in UN and VR treatments were compared using 

paired t-test. Results obtained were similar to those obtained for rat catchers, suggesting 

non-significant difference between UN and VR treatments in applying clay filler in plant 

areas (Table 5-2). Similar results were obtained at the ground speeds of 3.2 km hr
-1

 and 

4.8 km hr
-1

, indicating non-significant difference between UN and VR treatments in 

applying clay filler in plant areas of wild blueberry field (Table 5-2).  

Paired t-test was performed to compare UN and VR treatments for the collected 

clay filler by the standard collection pans placed on the bare spots/weed patches. The 

results obtained at the ground speeds of 1.6 and 3.2 km hr
-1 

were found to be satisfactory. 

The results indicated significant difference between UN and VR treatments (Table 5-2), 

suggesting that the bare spots/weed patches received no clay filler during VR treatment. 

The test was repeated at the ground speed of 4.8 km hr
-1

. The results indicated significant 

difference between UN and VR treatments (Table 5-2). The results also suggested under-

performance of MVRG fertilizer spreader at the ground speed of 4.8 km hr
-1

, as the real-

time sensing system failed to detect few bare spots during VR treatment. The insufficient 
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Table 5-2. Comparison of UN and VR treatments using standard collection pans at ground speeds of 1.6, 3.2 and 4.8 km h
-1

. 

Comparison of VR and UN treatments in terms of clay filler applied on plant areas at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 15.5 21.0 18.0 1.8 

0.23 
UNP (12) 13.0 21.5 16.8 2.5 

3.2 
VRP (12) 15.5 20.1 17.8 1.5 

0.12 
UNP (12) 12.6 18.8 16.5 1.8 

4.8 
VRP (12) 13.0 19.5 16.6 2.0 

0.85 
UNP (12) 13.1 20.1 16.5 2.1 

Comparison of VR and UN treatments in terms of clay filler applied on bare spots at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum   

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 0.0 3.3 1.2 1.0 

<0.0001 
UNP (12) 14.8 19.7 17.2 1.7 

3.2 
VRP (12) 0.0 3.2 1.2 1.2 

<0.0001 
UNP (12) 14.0 19.5 17.0 1.7 

4.8 
VRP (12) 0.0 18.3 10.2 7.2 

0.02 
UNP (12) 12.3 20.0 16.7 2.2 

               Significant at P < 0.05         
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distance between front and rear boom and the intensive jerks felt by the front camera 

boom while moving on undulating surface could be the reasons for under-performance of 

spreader. Therefore, the developed software could not differentiate plants and weed 

patches at 4.8 km hr
-1

 ground speed of MVRG fertilizer spreader. 

5.3.1.2 Mainly Cloudy Condition 

 The experiment was conducted in Debert, on May 07, 2012 to test the 

performance of software and hardware components of MVRG fertilizer spreader for spot-

application in actual wild blueberry field at three different ground speeds (1.6, 3.2, 4.8 

km hr
-1

). The day was mainly cloudy. The temperature ranged from 1 to 11 °C, average 

humidity was noted as 78 %, and wind speed was 16 km hr
-1

 from the South (National 

Climate Data and Information Archive, 2011). 

The experiment was designed for the paired comparison of the weights of the clay 

filler collected by the rat catchers placed on plant areas in UN and VR treatments. Results 

indicated a non-significant difference between UN and VR treatments in applying clay 

filler in plant areas at ground speed of 1.6 km hr
-1 

(Table 5-3). The weight of the clay 

filler collected by the rat catchers at UN and VR modes of operation ranged from 0.36 to 

0.67 g and from 0.39 to 0.67 g, respectively. Similar results were obtained at the ground 

speeds of 3.2 km hr
-1

 and 4.8 km hr
-1

, suggesting non-significant difference between UN 

and VR treatments in applying clay filler in plant areas of wild blueberry field (Table 5-

3). 

Paired t-test was performed to compare UN and VR treatments for the collected 

clay filler by the rat catchers placed on the bare spots/weed patches. The ground speed of 
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Table 5-3. Comparison of UN and VR treatments using rat catchers at ground speeds of 1.6, 3.2 and 4.8 km h
-1

. 

Comparison of VR and UN treatments in terms of clay filler applied on plant areas at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 13.0 22.3 17.7 2.7 

0.63 
UNP (12) 12.0 22.3 17.0 3.0 

3.2 
VRP (12) 12.3 21.3 16.7 3.3 

0.38 
UNP (12) 15.3 19.7 17.7 2.0 

4.8 
VRP (12) 12.0 20.7 16.0 3.0 

0.20 
UNP (12) 14.0 24.0 18.7 2.3 

Comparison of VR and UN treatments in terms of clay filler applied on bare spots at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 0.0 5.7 2.3 2.0 

<0.0001 
UNP (12) 12.7 21.3 17.7 3.0 

3.2 
VRP (12) 0.0 2.0 0.7 0.7 

<0.0001 
UNP (12) 9.7 19.7 15.7 2.7 

4.8 
VRP (12) 0.0 20.7 12.3 7.0 

0.08 
UNP (12) 12.0 22.3 16.7 2.7 

                Significant at P < 0.05         
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MVRG fertilizer spreader was first maintained at 1.6 km hr
-1

. Results indicating 

significant difference between UN and VR treatments suggested no clay filler application 

in bare spots/weed patches during VR treatment. Similar results were obtained by 

operating MVRG fertilizer spreader at the ground speed of 3.2 km hr
-1 

(Table 5-3). The 

test was repeated at the ground speed of 4.8 km hr
-1 

to characterize the performance 

accuracy of real-time detection system for spot-application at high ground speed. Results 

indicated non-significant difference between UN and VR treatments, suggesting that bare 

spots/weed patches received clay filler during VR treatment (Table 5-3). The weight of 

the clay filler collected by the rat catchers at UN and VR modes of operation ranged from 

0.36 to 0.67 g and from 0 to 0.62 g, respectively (Table 5-3). In addition to the intensive 

jerks on undulating ground surface, cloudy conditions resulted in the under-performance 

of real-time detection system of MVRG fertilizer spreader. Other potential reason could 

be the insufficient distance between the front camera boom and rear spreader boom 

reducing the time for image processing at speed of 4.8 km hr
-1

. 

The procedure under mainly cloudy conditions was repeated using standard 

collection pans for collecting applied clay filler. The MVRG fertilizer spreader was 

operated at three different ground speeds (1.6, 3.2 and 4.8 km hr
-1

). Visual observation 

indicated that the MVRG fertilizer spreader performed efficiently in applying clay filler 

in plant areas at ground speeds of 1.6, 3.2 and 4.8 km hr
-1

. The weights of the clay filler 

collected by standard pans placed on plant areas in UN and VR treatments were 

compared using paired t-test. Results showed similar trend as shown by the rat catchers, 

suggesting non-significant difference between UN and VR treatments in applying clay 

filler in plant areas (Table 5-4). 
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   Table 5-4. Comparison of UN and VR treatments using standard collection pans at ground speeds of 1.6, 3.2 and 4.8 km h
-1

. 

Comparison of VR and UN treatments in terms of clay filler applied on plant areas at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 15.7 21.0 18.5 1.7 

0.20 
UNP (12) 13.7 19.8 17.2 2.0 

3.2 
VRP (12) 14.8 20.3 17.8 1.5 

0.73 
UNP (12) 13.2 21.0 17.5 1.8 

4.8 
VRP (12) 13.8 18.7 17.2 1.8 

0.90 
UNP (12) 13.2 20.0 17.2 2.2 

Comparison of VR and UN treatments in terms of clay filler applied on bare spots at all speeds 

Ground Speeds 

(km hr
-1

) 
Treatment (n) 

Minimum    

(g m
-2

) 

Maximum    

(g m
-2

) 

Mean    

(g m
-2

) 

Standard 

Deviation 

(g m
-2

) 

P-value 

1.6 
VRP (12) 0.0 2.7 1.2 1.0 

<0.0001 
UNP (12) 15.0 20.8 17.8 1.8 

3.2 
VRP (12) 0.0 2.3 1.0 0.8 

<0.0001 
UNP (12) 14.3 19.3 17.3 1.5 

4.8 
VRP (12) 0.0 19.5 13.2 5.2 

0.02 
UNP (12) 14.0 20.0 17.0 2.0 

                Significant at P < 0.05     
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The experiment for paired comparison was designed to compare UN and VR 

treatments using standard collection pans for collecting applied clay filler. The standard 

pans were placed on the bare spots/weed patches of the selected track in the wild 

blueberry field. The results obtained at the ground speeds of 1.6 and 3.2 km hr
-1 

showed 

efficient results. The results indicated significant difference between UN and VR 

treatments (Table 5-4), suggesting that the bare spots/weed patches were avoided during 

clay filler application in VR treatment. The test was repeated at the ground speed of 4.8 

km hr
-1

. Although the results indicated significant difference between UN and VR 

treatments, the visual observation and P-value (0.02) indicated under-performance of 

MVRG fertilizer spreader (Table 5-4). The results suggested that the real-time detection 

system of MVRG fertilizer spreader failed to detect few bare spots at the ground speed of 

4.8 km hr
-1

. The reason could be the insufficient spacing between the front camera boom 

and rear spreader boom limiting the time for image processing at speed of 4.8 km hr
-1

. 

The visual observation suggested that the minor changes in camera focus affect the 

performance of custom made image texture analysis algorithm. The intensive jerks and 

vibrations felt by the front camera boom might cause minor changes in the focus of the 

µEye color cameras resulting in the acquisition of blurry images. Therefore, the 

developed image texture analysis algorithm could not differentiate plants and bare spots 

effectively at 4.8 km hr
-1

 ground speed of MVRG fertilizer spreader. 

5.3.2 Evaluation with Actual Fertilizer Application 

 The evaluation results suggested that the MVRG fertilizer spreader can be used 

for fertilization in wild blueberry fields. A test was devised in order to assess the 

performance of MVRG fertilizer spreader in a wild blueberry field at Kemptown site. 
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Equal number (i.e., 6) of non-plant areas (i.e., small bare spots and weed patches) and 

plant areas were selected in each management zone of VRPM and VRPRD sections of 

the field to place rat catchers and standard collection pans for evaluating MVRG fertilizer 

spreader during fertilization in the wild blueberry field. The MVRG fertilizer spreader 

was operated at the ground speed of 3.2 km hr
-1

. A two sample t-test was performed to 

compare VRPM and VRPRD treatments. The rat catchers placed in the steep slope plant 

areas (fertilizer application rate of 200 kg ha
-1

) of the field were compared. The results 

indicated non-significant difference between VRPM and VRPRD treatments (Table 5-5). 

The results also suggested that both treatments were identical in applying fertilizer in 

plant areas. Similar results were obtained for moderate slope (fertilizer application rate of 

150 kg ha
-1

) and low slope plant areas (fertilizer application rate of 100 kg ha
-1

) of the 

field (Table 5-5). 

The weights of the fertilizer collected by the rat catchers placed on the bare 

spots/weed patches of VRPM and VRPRD treatment sections were also compared using 

two sample t-test. The results indicated significant difference between VRPM and 

VRPRD treatments (Table 5-5), suggesting that the MVRG fertilizer spreader performed 

efficiently in applying fertilizer only in plant areas. The standard collection pans were 

placed beside the rat catchers in the selected bare spots/weed patches and plant areas of 

VRPM and VRPRD sections of the field. The results indicated non-significant difference 

between VRPM and VRPRD treatments (Table 5-6), suggesting no difference in applying 

fertilizer in plant areas. Whereas, significant difference between both treatments (Table 

5-6) suggested that the MVRG fertilizer spreader can be used to avoid fertilization in bare 

spots/weed patches of the fields.  
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Table 5-5. Comparison of VRPM and VRPRD treatments using rat catchers at different slope zones. 

*
Comparison of VRPRD and VRPM treatments in terms of fertilizer applied on plant areas  

Slope Zones Treatment (n) 
Minimum     

(g m
-2

) 

Maximum     

(g m
-2

) 

Mean     

(g m
-2

) 

Standard 

Deviation  

(g m
-2

) 

P-value 

Steep slope 
VRPRD (6) 15.3 20.0 18.0 2.0 

0.71 
VRPM (6) 14.3 21.0 17.3 2.7 

Moderate slope 
VRPRD (6) 9.7 15.3 12.3 2.0 

0.36 
VRPM (6) 11.3 15.7 13.3 1.7 

Low slope 
VRPRD (6) 6.3 10.3 8.0 1.7 

0.42 
VRPM (6) 6.0 11.0 8.7 2.0 

*
Comparison of VRPRD and VRPM treatments in terms of fertilizer applied on bare spots/weed patches  

Slope Zones Treatment (n) 
Minimum     

(g m
-2

) 

Maximum     

(g m
-2

) 

Mean     

(g m
-2

) 

Standard 

Deviation  

(g m
-2

) 

P-value 

Steep slope 
VRPRD (6) 0.0 1.0 0.3 0.3 

<0.0001 
VRPM (6) 16.3 20.7 18.7 1.7 

Moderate slope 
VRPRD (6) 0.0 1.0 0.3 0.3 

<0.0001 
VRPM (6) 9.3 13.3 11.7 1.3 

Low slope 
VRPRD (6) 0.0 0.7 0.3 0.3 

<0.0001 
VRPM (6) 6.7 11.3 9.0 1.7 

              Significant at P < 0.05 

           
*
Test was conducted at the ground speed of 3.2 km hr

-1
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Table 5-6. Comparison of VRPM and VRPRD treatments using standard collection pans at different slope zones. 

*
Comparison of VRPRD and VRPM treatments in terms of clay filler applied on plant areas 

Slope Zones Treatment (n) 
Minimum     

(g m
-2

) 

Maximum     

(g m
-2

) 

Mean     

(g m
-2

) 

Standard 

Deviation  

(g m
-2

) 

P-value 

Steep slope 
VRPRD (6) 15.8 19.0 17.7 1.2 

0.51 
VRPM (6) 14.7 19.0 17.0 1.5 

Moderate slope 
VRPRD (6) 11.7 15.2 14.5 1.2 

0.10 
VRPM (6) 12.8 15.5 13.8 1.0 

Low slope 
VRPRD (6) 6.3 10.5 8.7 1.7 

0.71 
VRPM (6) 7.3 11.3 9.0 1.3 

*
Comparison of VRPRD and VRPM treatments in terms of clay filler applied on bare spots 

Slope Zones Treatment (n) 
Minimum     

(g m
-2

) 

Maximum     

(g m
-2

) 

Mean     

(g m
-2

) 

Standard 

Deviation  

(g m
-2

) 

P-value 

Steep slope 
VRPRD (6) 0.0 1.3 0.5 0.5 

<0.0001 
VRPM (6) 15.0 20.7 17.7 2.0 

Moderate slope 
VRPRD (6) 0.0 0.5 0.2 0.2 

<0.0001 
VRPM (6) 11.5 14.0 13.0 1.7 

Low slope 
VRPRD (6) 0.0 0.5 0.2 0.2 

<0.0001 
VRPM (6) 6.3 10.3 8.5 1.5 

                 Significant at P < 0.05 

                 
*
Test was conducted at the ground speed of 3.2 km hr

-1
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5.4 Summary and Conclusions 

 The MVRG fertilizer spreader performed efficiently and reliably for spot-

application of fertilizer (applying fertilizer only in plant areas) under different light 

conditions and at different ground speeds. The ground speeds of 1.6 and 3.2 km hr
-1 

were 

found to be most suitable for real-time detection and fertilizer application under sunny or 

cloudy conditions. The under-performance of MVRG fertilizer spreader was also 

observed at ground speed of 4.8 km hr
-1

 under sunny and cloudy conditions. The 

insufficient spacing between the front camera boom and rear spreader boom could be the 

potential reason. Moreover, the custom made image texture analysis algorithm found to 

have performance issues due to minor changes in camera focus. The vibrations in the 

front camera boom might cause minor changes in the focus of the µEye color cameras 

resulting in the acquisition of blurry images. Therefore, the developed image texture 

analysis algorithm could not differentiate plants and bare spots effectively at 4.8 km hr
-1

 

ground speed of MVRG fertilizer spreader. The MVRG fertilizer spreader was operated 

at the ground speed of 3.2 km hr
-1

 for actual fertilization in wild blueberry fields. 

This MVRG fertilizer spreader could be considered as the vital precision 

agriculture machine which can be used for spot-application of fertilizer in wild blueberry 

fields. Further research and experimentation are needed to make it rigorous to apply the 

fertilizer at higher speeds in commercial wild blueberry fields. The knowledge of 

agricultural engineers, agricultural economists, and agrochemical experts must be 

combined to develop the high performance expert system required for a VR spreader with 

real-time detection system. 
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CHAPTER 6 

QUANTIFYING THE IMPACT OF FERTILIZER APPLICATION ON 

NITROGEN LEACHING THROUGH NON-VEGETATED AREAS OF FIELD 

USING A MODIFIED VARIABLE RATE FERTILIZER SPREADER 

6.1 Introduction 

 Nitrogen fertilizer is one of the main sources of increased agricultural production 

over the past few years (Di and Cameron, 2002). Increased N application to soil beyond 

the plant requirement can result in adverse environmental impacts (Zhao et al., 2003). A 

large proportion of applied N is either incorporated into the soil organic matter, is lost 

through volatilization to atmosphere, or lost through leaching to ground water (Di and 

Cameron, 2002). In general, most soils have lower concentrations of ammonium (NH4
+
) 

compared to nitrate (NO3
-
) due to the fact that NH4

+
 is converted readily to NO3

-
 (Di and 

Cameron, 2002). The intensive agricultural activities using economically viable 

agricultural production systems to meet the world food requirements have increased the 

chances of groundwater contamination with NO3
-
-N

 
leaching, especially in developed 

countries (Addiscott, 1996; Cameron et al., 1997). Drinking water containing high 

concentrations of NO3
-
-N are considered harmful to infant’s health having age of 1 year 

or less as it can cause methemoglobinemia (blue-baby syndrome) (Di and Cameron, 

2002). The world and national health organizations have set the standards for drinking 

water, allowing maximum of 10 - 11.3 mg NO3
-
-N L

-1
 (World Health Organization, 

1984). The two basic factors which determine the amount of NO3
-
-N leached from the 

plant root zone to groundwater are the accumulation of NO3
-
-N

 
in the soil beyond the 

plant requirement and drainage volume. The presence of high concentration of NO3
-
 in 

the soil profile accompanied with heavy rainfall event can cause high NO3
-
-N

 
leaching 
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(Di and Cameron, 2002). The NO3
-
-N present in the soil may be the result of either 

applied N in form of fertilizers, or mineralization of soil organic N (Addiscott, 1996).  

Wild blueberry is a heath plant which likes strongly acidic and low fertility soils. 

Under such circumstances the microbial production of NO3
-
-N is restricted, whereas 

NH4
+
-N is likely to be a major part of inorganic N in wild blueberry fields (Colgrove and 

Roberts, 1956). However, some nitrification of NH4
+
-N in acidic soils cannot be ignored 

(Vitousek and Melillo, 1979). If the NO3
-
-N production is greater, it can result in higher 

losses of N through leaching and denitrification, because wild blueberries are reported to 

be inefficient users of nitrate (Townsend, 1969). Also, the shallow rooting depth of the 

wild blueberry (i.e., 15 cm below the soil surface) (Trevett, 1962), and intensive rainfall 

may result in high NO3
-
-N and NH4

+
-N leaching risk in wild blueberry production system 

(Thyssen and Percival, 2006).  

The improved site-specific management practices considering the within field 

variability can reduce the risk associated with groundwater pollution. Dampney et al. 

(1999) compared uniform and variable rate application of fertilizer to see the impact of 

both treatments on winter wheat. They found significant reduction in NO3
-
-N leaching 

using variable rate treatment. Kitchen et al. (1995) reported lower amounts of N in the 

soil profile with variable rate application of N in corn. Variable rate fertilization based on 

slope variations in wild blueberry fields also reduced nutrient leaching (Saleem et al., 

2013). Wild blueberry fields are developed on deforested farmlands that have gentle to 

severe topography and have significant proportion of bare spots and weed patches that 

vary from 30% to 50% of the total field area (Zaman et al., 2010b). Fertilizer application 
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in bare spots/weed patches can result in increased cost of production and environmental 

contamination through NO3
-
-N and NH4

+
-N leaching.  

In this present study, existing VRG fertilizer spreader was modified for real-time 

detection and application of fertilizer only in plant areas of wild blueberry field. The 

automated sensing and control system of MVRG fertilizer spreader was used in 

conjunction with the GPS guided prescription map based on slope variation. The function 

of the automated sensing and control system was to detect bare spots and weed patches in 

real-time and no application of fertilizer in these specific areas, whereas, the prescription 

map was used to vary the fertilizer rate based on slope variation. It was hypothesized that 

VR fertilization using MVRG fertilizer spreader could reduce leaching losses from bare 

spots and weed patches of the field as compared to VR fertilization using existing VRG 

fertilizer spreader. Therefore, the objective of this research was to quantify the impact of 

variable rate fertilization on subsurface water quality using MVRG fertilizer spreader. 

6.2 Materials and Methods 

Management zones were delineated on the basis of slope variation (Figure 3-8 a, 

Chapter 3). Fertilization was performed by dividing the selected fields into three sections 

VRPM, VRPRD system, and the UN for comparison (Figure 3-8 b, Chapter 3). Two 

lysimeters were installed in each slope zone of a sub-section (Figure 3-10, Chapter 3). 

The lysimeters were installed such that each slope zone of a sub-section contains 2 

lysimeters (Figure 3-10, Chapter 3). Subsurface water samples were collected in the 

sampling bottles from suction lysimeters after every heavy rainfall event during 

vegetative year. Vacuum was created in suction lysimeters before, or soon after heavy 

rainfall event using manual vacuum pump. Nalgene sampling containers were used for 
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collecting leachates. The collected samples were immediately placed in a freezer to avoid 

volatilization of analytes. Samples were analyzed for NH4
+
-N and NO3

-
-N at the Water 

Quality Research Laboratory, Faculty of Agriculture, Dalhousie University. The samples 

collected were analyzed for NH4
+
-N and NO3

-
-N. The experimental design was a split-

plot with three fertilizer treatments and three slope zones. The design was modeled with 

fertilizer treatment as a main plot and slope as sub plot, and sampling date was 

considered as repeated measure factor. Response variables for the statistical analysis were 

the concentrations of NH4
+
-N and NO3

-
-N in soil leachates. The SAS (SAS Institute Inc., 

NC, USA) was used to perform repeated measures analysis of variance to find any 

treatment effect. The mixed-model procedure at 5 % level of significance was used. Least 

significant (LS) means was used as the multiple means comparison for comparing 

significantly different treatments. 

6.3 Results and Discussion 

6.3.1 Nitrate Nitrogen Leaching 

6.3.1.1 Kemptown Field 

The results of repeated measure (RM) ANOVA indicated that mean NO3
-
-N 

concentrations in the bare spots/weed patches of uniform treatment were significantly 

higher than the NO3
-
-N concentrations in the bare spots/weed patches of VRPM and 

VRPRD treatment sections of the field. The mean NO3
-
-N concentrations in soil leachate 

samples collected from the lysimeters installed in VRPRD treatment section ranged from 

1.84 to 2.06 mg L
-1

, while mean values for VRPM and UN treatment sections ranged 

from 2.57 to 3.80 mg L
-1 

and 3.84 to 7.40 mg L
-1

, respectively (Table 6-1). The mean 
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Table 6-1. Effects of UN, VRPM and VRPRD fertilization techniques on mean NO3
-
-N concentrations in soil leachates 

through bare spots of Kemptown Field. 

Slope Zone 
Fertilization 

Method 

June 26 

(mg L
-1

) 

July 24 

(mg L
-1

) 

August 16 

(mg L
-1

) 

August 28 

(mg L
-1

) 

Mean 

(mg L
-1

) 

Zone 1 

VRPM 

UN 

VRPRD 

2.50
ab

 

2.36
b
 

2.25
bc

 

2.98
cd

 

3.21
bc

 

2.24
ef
 

4.84
b
 

4.87
b
 

2.00
d
 

4.88
c
 

4.94
c
 

1.74
d
 

3.80
b
 

3.84
b
 

2.06
c
 

Zone 2 

VRPM 

UN 

VRPRD 

2.73
ab

 

3.13
a
 

2.27
bc

 

3.75
b
 

5.57
a
 

2.19
ef
 

3.90
c
 

7.69
a
 

2.11
d
 

4.36
c
 

8.01
b
 

1.56
d
 

3.68
b
 

6.10
a
 

2.04
c
 

Zone 3 

VRPM 

UN 

VRPRD 

2.33
b
 

3.15
a
 

1.62
c
 

2.46
de

 

5.84
a
 

1.84
f
 

2.71
d
 

7.93
a
 

1.91
b
 

2.78
cd

 

12.68
a
 

1.98
d
 

2.57
c
 

7.40
a
 

1.84
c
 

Mean 

VRPM 

UN 

VRPRD 

2.52
ab

 

         2.88
a
 

2.05
b
 

3.06
ab

 

4.87
a
 

2.09
b
 

3.82
a
 

6.83
b
 

2.01
a
 

4.01
a
 

8.54
b
 

1.76
c
 

3.35
a
 

5.78
b
 

1.98
a
 

RM ANOVA 

Effect DF F-value P-value 

Fertilization Method (F) 2 171.55 <0.0001 

Slope Zone (S) 2 20.78 <0.0001 

Time (T) 3 63.20 <0.0001 

F × S 4 44.07 <0.0001 

F × T 6 33.38 <0.0001 

F × S × T 12 5.13 <0.0001 
Significantly different means contain different letters at a significance level of 0.05. 

Significant at P < 0.05 
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NO3
-
-N concentration in leachates collected from the bare spots/weed patches of VRPRD 

section was lower than the mean NO3
-
-N concentration of VRPM section. The higher 

NO3
-
-N concentrations in the leachate samples collected from lysimeters might continue 

percolating downwards through the porous soil until they reach the groundwater. Thus, 

there is the possibility of potential impact of NO3
-
-N pollutants on groundwater. The NO3

-

-N concentrations obtained from bare spots/weed patches of zone 1 (Z1) indicated non-

significant difference between VRPM and UN treatments with mean values of 3.80 and 

3.84 mg L
-1

, respectively. The mean NO3
-
-N concentration (i.e., 2.06 mg L

-1
) in bare 

spots/weed patches of VRPRD section was significantly lower than that of VRPM and 

UN sections (Table 6-1). Similar result for NO3
-
-N concentrations in bare spots/weed 

patches of VRPM and UN sections was due to the application of identical fertilizer rate in 

Z1 (Figure 3-3 b, Chapter 3). The reason for significantly low NO3
-
-N in VRPRD section 

might be due to no fertilizer application in bare spots/weed patches of this section. The 

results also indicated significant difference between all three treatments in terms of NO3
-
-

N concentration in leachates collected from zone 2 (Z2) of treatment sections. The 

VRPRD section was found to have significantly lower NO3
-
-N concentration (i.e., 2.04 

mg L
-1

) in this area of the field.  The possible reason for the lower mean value of NO3
-
-N 

in Z2 of VRPRD section could be due to the fact that there was no fertilizer application in 

bare spots/weed patches of this section (Figure 3-3 b, Chapter 3).  The results also 

indicated that some NO3
-
-N concentration was found in the leachates collected from 

VRPRD section which could be due to the nutrients accumulated through runoff in bare 

spots/weed patches of this section.  Similar trend was observed for zone 3 (Z3) indicating 

significant difference between VRPM and UN treatments with mean NO3
-
-N 
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concentration of 2.57 and 7.40 mg L
-1

, respectively. The NO3
-
-N concentrations in 

leachates collected from bare spots/weed patches of VRPRD and VRPM sections were 

found to be non-significantly different from each other with mean values of 1.84 and 2.57 

mg L
-1

, respectively. Nevertheless, the mean NO3
-
-N concentration in leachates collected 

from of VRPRD section was lower than that of VRPM section because of no fertilizer 

application in bare spots/weed patches of this VRPRD section (Table 6-1). The higher 

fertilizer application rate (200 kg ha
-1

) in UN section as compared to VRPM section (100 

kg ha
-1

) in Z3 could be one of the reasons for more concentration of NO3
-
-N in soil 

leachates for UN treatment section of the field. The other possible reason for higher mean 

values of NO3
-
-N in Z3 for UN treatment section could be the accumulation of nutrients 

in low slope areas. On the other hand, no discrimination of bare spots/weed patches in Z3 

of VRPM section might be one of the reasons for more concentration of NO3
-
-N in the 

bare spots/weed patches of VRPM section as compared to VRPRD section of the field. 

The results obtained were found in agreement with the findings of Farooque et al. (2012) 

and Saleem et al. (2013), who reported higher values for NO3
-
-N in low slope areas and 

vice versa for wild blueberry fields. The variation in NO3
-
-N for soil leachate samples 

from bare spots/weed patches present in wild blueberry fields indicated significance of 

modifications in the existing VRG fertilizer spreader. Therefore, the results suggested the 

use of MVRG fertilizer spreader for spot-specific fertilizer application in wild blueberry 

fields is better option to avoid nutrient leaching in bare spots/weed patches to subsurface 

water (Table 6-1).  

 The results showed that NO3
-
-N concentrations in soil leachates increased with 

time indicating the occurrence of nitrification process in wild blueberry fields. Thyssen 
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and Percival (2006) also reported that nitrate concentrations in blueberry soils increases 

with time. Although, the acidic nature of wild blueberry fields hinders the nitrification 

process, however in general, nitrification proceeds slowly. Wide spread presence of wild 

blueberry plants and low pH conditions in wild blueberry fields can be considered as the 

favorable conditions for autotrophic nitrifying bacteria which are the main contributors to 

nitrate production. On the basis of these results, it can be concluded that the apparent 

acidity was not been able to restrict nitrifying activities in wild blueberry fields. 

In general, NO3
-
-N leaching losses from the bare spots/weed patches of VRPM 

treatment section were significantly lower than UN treatment section of the field. 

Previous studies carried out on different cropping systems also supported the findings of 

this study (Shahandeh et al., 2005; Zaman et al., 2006). The NO3
-
-N leaching losses from 

VRPRD treatment section was low but not significantly different when compared with 

VRPM section. The reason of less NO3
-
-N leaching losses from the bare spots/weed 

patches of VRPRD section could be due to real-time detection and no fertilizer 

application in these specific areas of the field. Some NO3
-
-N losses in leachates could be 

due to accumulation of nitrates in the bare spots/weed patches due to runoff after heavy 

rainfall event. 

6.3.1.2 Cattle Market Field 

The results of the experiment indicated that mean NO3
-
-N concentrations in the 

bare spots/weed patches of UN and VRPM sections were significantly higher than the 

NO3
-
-N concentrations in the bare spots/weed patches of VRPRD treatment section. The 

mean NO3
-
-N concentrations in soil leachates collected from the lysimeters installed in 

VRPRD treatment section ranged from 1.31 to 1.87 mg L
-1

. The mean values for VRPM 
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and UN treatment sections ranged from 2.32 to 3.01 mg L
-1 

and 2.87 to 8.85 mg L
-1

, 

respectively (Table 6-2). The higher concentrations of NO3
-
-N leaching through the bare 

spots/weed patches of UN and VRPM treatment sections can deteriorate the ground water 

quality. Results indicated significantly lower NO3
-
-N concentration (1.87 mg L

-1
) in the 

leachates collected from the bare spots/weed patches of zone 1 (Z1) of VRPRD treatment 

section as compared to VRPM and UN sections (Table 6-2). The reason of significantly 

lower NO3
-
-N concentration in VRPRD section might be due to no fertilizer application 

in bare spots/weed patches of this section. The results also suggested significant 

difference in NO3
-
-N concentrations in leachates collected from zone 2 (Z2) of all three 

treatment sections (Table 6-2). The VRPRD section found to have significantly lower 

NO3
-
-N concentration (1.75 mg L

-1
) in Z2 as compared to VRPM and UN sections (Table 

6-2).  The possible reason for the lower mean value of NO3
-
-N in Z2 of VRPRD section 

could be no fertilizer application in bare spots/weed patches of this section (Figure 3-3 b, 

Chapter 3). The concentration of NO3
-
-N found in the leachates collected from VRPRD 

section could be due to the nutrients accumulated through runoff from plant areas to bare 

spots/weed patches of this section (Table 6-2). Similar results were observed for zone 3 

(Z3) indicating significant difference between VRPRD, VRPM and UN treatments with 

mean NO3
-
-N concentration of 1.31, 2.32 and 8.85 mg L

-1
, respectively (Table 6-2). The 

difference of fertilizer application rate (200 kg ha
-1

) in Z3 of UN and VRPM section (100 

kg ha
-1

) could be one of the reasons for higher concentration of NO3
-
-N leaching through 

Z3 of UN treatment section. The other possible reason for higher mean values of NO3
-
-N 

in Z3 for UN treatment section could be the accumulation of nutrients in low slope areas. 

Whereas, no fertilizer application in bare spots/weed patches of Z3 of the VRPRD section 
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Table 6-2. Effects of UN, VRPM and VRPRD fertilization techniques on mean NO3
-
-N concentrations in soil leachates 

through bare spots of Cattle Market Field. 

Slope Zone 
Fertilization 

Method 

May 25 

(mg L
-1

) 

June 08 

(mg L
-1

) 

July 26 

(mg L
-1

) 

August 10 

(mg L
-1

) 

Mean 

(mg L
-1

) 

Zone 1 

VRPM 

UN 

VRPRD 

1.68
cd

 

1.77
c
 

1.36
def

 

2.18
de

 

2.25
d
 

1.76
ef
 

3.58
cd

 

3.71
c
 

2.12
e
 

3.80
c
 

3.76
c
 

2.23
e
 

2.81
c
 

2.87
c
 

1.87
e
 

Zone 2 

VRPM 

UN 

VRPRD 

1.41
cde

 

3.13
b
 

1.24
ef
 

3.09
c
 

7.06
b
 

1.57
fg

 

3.81
c
 

9.96
b
 

2.03
ef
 

3.73
c
 

10.37
b
 

2.15
e
 

3.01
c
 

7.63
b
 

1.75
e
 

Zone 3 

VRPM 

UN 

VRPRD 

1.09
ef
 

3.82
a
 

1.02
f
 

2.20
de

 

8.14
a
 

1.19
g
 

2.96
d
 

11.78
a
 

1.42
f
 

3.02
d
 

11.64
a
 

1.63
e
 

2.32
d
 

8.85
a
 

1.31
f
 

Mean 

VRPM 

UN 

VRPRD 

1.39
ac

 

2.91
c
 

1.21
b
 

2.49
a
 

5.82
b
 

1.51
c
 

3.45
a
 

8.48
b
 

1.86
c
 

3.52
a
 

8.59
b
 

2.00
c
 

2.71
a
 

6.45
b
 

1.64
c
 

RM ANOVA 

Effect DF F-value P-value 

Fertilization Method (F) 2 254.61 <0.0001 

Slope Zone (S) 2 33.47 <0.0001 

Time (T) 3 79.18 <0.0001 

F × S 4 49.21 <0.0001 

F × T 6 40.16 <0.0001 

F × S × T 12 18.31 <0.0001 
Significantly different means contain different letters at a significance level of 0.05. 

Significant at P < 0.05
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might be one of the reasons for less concentration of NO3
-
-N in the bare spots/weed 

patches of VRPRD section as compared to VRPM section. The results of this study were 

found in agreement with Shahandeh et al. (2005), Zaman et al. (2006), and Saleem et al. 

(2013). They reported that NO3
-
-N leaching losses in a VRPM section were significantly 

lower as compared to NO3
-
-N leaching concentrations in UN treatment sections under 

different cropping systems. 

Similar to Kemptown field the results, suggesting the higher concentrations of 

NO3
-
-N in leachates collected from the bare spots/weed patches of VRPM and UN 

sections as compared to VRPRD section, were found in agreement with the findings of 

Saleem et al. (2013). Overall results suggested the delineation of management zones 

based on the slope variation along with the modifications in existing VRG fertilizer 

spreader for real-time detection and fertilizer application only in plant areas. The 

modifications in the existing VRG fertilizer spreader can reduce NO3
-
-N concentrations 

in the leachate water through the small and irregularly shaped bare spots/weed patches of 

the field. These improved management practices using MVRG fertilizer spreader can 

result in increased profit margin and environmental protection. 

6.3.2 Ammonium Nitrogen Leaching 

6.3.2.1 Kemptown Field 

The NH4
+
-N concentration in the leachates collected from the bare spots at the 

start of the growing season was found to be very high which could be due to the use of 

ammonium based fertilizer. The results indicated non-significant difference (P-value > 

0.05) in NH4
+
-N leaching from bare spots of VRPM and UN sections, when the samples 

collected from Z1 were compared. Whereas, the concentration of NH4
+
-N in the 
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subsurface water samples collected from the bare spots that exists in the Z1 of VRPRD 

section was found to be significantly lower (P-value < 0.05) as compared to VRPM and 

UN sections. The application of same fertilizer rate (i.e., 200 kg ha
-1

) without 

discriminating bare spots and plants in Z1 of both treatment sections (i.e., VRPM and 

UN) could be the reason of similar NH4
+
-N concentrations in leachates. The reason of 

significantly lower loss of NH4
+
-N in subsurface water samples could be no fertilizer 

application in the bare spots of the VRPRD section using real-time sensing and control 

system of MVRG fertilizer spreader. Comparison of the NH4
+
-N concentrations in the 

subsurface water samples collected from the bare spots existing in Z2 of VRPM, UN and 

VRPRD treatment sections indicated significant difference among treatments (Table 6-3). 

Lower fertilizer application rate (i.e., 150 kg ha
-1

) in Z2 of VRPM section as compared to 

UN section might be the reason for less NH4
+
-N concentrations in soil leachates collected 

from bare spots of VRPM section (Figure 3-3 b, Chapter 3). Again, no fertilizer 

application in the bare spots of VRPRD section might be the reason for low NH4
+
-N 

concentrations in the leachates collected from Z2 of this section. Similar results were 

obtained from the subsurface water samples collected from the lysimeters installed in the 

Z3 of VRPM, UN and VRPRD sections, with mean NH4
+
-N of 1.49 mg L

-1
, 4.70 mg L

-1 

and 0.51 mg L
-1

, respectively (Table 6-3).  The difference in NH4
+
-N concentrations from 

the bare spots of VRPM and UN sections could be due to the difference in fertilizer 

application rates in Z3 of both sections. Although, the NH4
+
-N concentration in all three 

slope zones of VRPRD section was significantly lower due to the no fertilizer application 

in bare spots/weed patches of this section, however, small amounts of NH4
+
-N in the 

leachates could be due  
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Table 6-3. Effects of UN, VRPM and VRPRD fertilization techniques on mean NH4
+
-N concentrations in soil leachates 

through bare spots of Kemptown Field. 

Slope Zone 
Fertilization 

Method 

June 26 

(mg L
-1

) 

July 24 

(mg L
-1

) 

August 16 

(mg L
-1

) 

August 28 

(mg L
-1

) 

Mean 

(mg L
-1

) 

Zone 1 

VRPM 

UN 

VRPRD 

5.05
c
 

5.13
c
 

0.94
f
 

  3.76
ab

 

3.90
b
 

0.78
d
 

        3.17
a
 

3.35
ab

 

0.67
cd

 

1.94
b
 

1.99
b
 

0.62
d
 

3.48
c
 

3.59
bc

 

0.75
f
 

Zone 2 

VRPM 

UN 

VRPRD 

3.64
d
 

5.73
b
 

0.75
f
 

3.34
b
 

4.79
b
 

0.66
d
 

2.45
b
 

3.45
ab

 

0.58
d
 

1.67
b
 

2.58
a
 

0.56
d
 

2.77
d
 

4.14
ab

 

0.64
f
 

Zone 3 

VRPM 

UN 

VRPRD 

1.92
e
 

6.72
a
 

0.59
f
 

1.71
c
 

5.18
a
 

0.47
d
 

1.21
c
 

4.02
a
 

0.56
d
 

1.15
c
 

2.87
a
 

0.40
d
 

1.49
e
 

4.70
a
 

0.51
f
 

Mean 

VRPM 

UN 

VRPRD 

3.54
a
 

5.86
b
 

0.76
c
 

2.94
a
 

4.62
b
 

0.64
c
 

2.28
a
 

3.61
b
 

0.60
c
 

1.59
a
 

2.48
b
 

0.53
c
 

2.58
a
 

4.14
b
 

0.63
c
 

RM ANOVA 

Effect DF F-value P-value 

Fertilization Method (F) 2 727.59 <0.0001 

Slope Zone (S) 2 15.52 <0.0001 

Time (T) 3 170.25 <0.0001 

F × S 4 72.99 <0.0001 

F × T 6 40.53 <0.0001 

F × S × T 12 3.32   0.0008 
Significantly different means contain different letters at a significance level of 0.05. 

Significant at P < 0.05 
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to nutrient runoff from plant areas and accumulation of nutrients in the bare spots/weed 

patches. 

The results of this study were found in consensus with the findings of Hong et al. 

(2006). They reported significantly lower NH4
+
-N concentration in subsurface water 

samples for VRPM treatment section as compared to UN treatment section. The results 

obtained were also supported by the findings of Saleem et al. (2013). They found 

significantly high NH4
+
-N leaching losses from the bare spots of the wild blueberry field 

after site-specific fertilization. Zaman et al. (2009) also suggested that fertilization in the 

bare spots should be avoided for wild blueberry fields. According to them no fertilization 

in bare spots will lower input costs and reduce NH4
+
-N leaching. Overall, the NH4

+
-N 

concentration collected from the bare spots in all three slope zones was significantly 

different for VRPM, UN and VRPRD sections.  

The decreasing trend in NH4
+
-N concentrations after every rainfall event is due to 

nutrients uptake by plants, ammonium loss through runoff and leaching, and nitrification 

(Saleem et al., 2013). These results were also supported by the findings of Thyssen and 

Percival (2006). They reported that decrease in ammonium level increases nitrate 

concentration in leachates with time. Farooque (2010) also reported increase in soil pH 

below root zone in the wild blueberry fields. The elevated pH can accelerate the 

nitrification process in the wild blueberry fields. 

6.3.2.2 Cattle Market Field 

The mean values for NH4
+
-N concentration in subsurface water samples collected 

from the bare spots/weed patches of VRPRD treatment section were significantly lower 

as compared to VRPM and UN treatment sections with mean values of 0.73, 2.75, and 
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4.26 mg L
-1

, respectively (Table 6-4). The mean NH4
+
-N concentration in leachate 

samples for VRPM and UN treatment sections were similar in Z1. Whereas, the NH4
+
-N 

concentration through the bare spots/weed patches of Z2 and Z3 of VRPM treatment 

section was significantly lower than UN treatment section throughout the study period 

(Table 6-4). Higher fertilizer application rate in Z2 and Z3 of UN treatment section as 

compared to VRPM section could be the reason for significant differences (Figure 3-3 b, 

Chapter 3). The mean NH4
+
-N concentration in the samples collected from the small bare 

spots/weed patches of VRPRD section were significantly lower for all three slope zones 

with mean values of  0.86 (Z1), 0.74 (Z2), and 0.60 (Z3) mg L
-1 

as compared to VRPM
 

and UN sections (Table 6-4). Real-time detection and no fertilizer application in the bare 

spots/weed patches of the VRPRD section could be the reason for lower NH4
+
-N 

concentrations. Overall a decreasing trend was observed for VRPRD, VRPM and UN 

treatments during the study period (Table 6-4).  

The mean concentrations of NH4
+
-N for VRPM treatment section at the start of 

the experiment were found to be 5.12, 4.07, and 2.47 mg L
-1 

for Z1, Z2, and Z3, 

respectively (Table 6-4). The results suggested the decrease in NH4
+
-N concentration 

with decrease in fertilizer application rates. These results were found in agreement with 

the findings of Burwell et al. (1976) and Saleem et al. (2013). They reported lower NH4
+
-

N concentrations in subsurface water samples for low fertilizer inputs in various cropping 

systems. Similarly, the mean NH4
+
-N concentrations for VRPRD treatment section were 

found to be 1.06, 0.93, and 0.72 mg L
-1 

for Z1, Z2, and Z3, respectively, at the start of the 

study (Table 6-4). These results suggested significantly lower NH4
+
-N concentrations in 

the leachate samples collected from the bare spots/weed patches of the VRPRD section as  
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Table 6-4. Effects of UN, VRPM and VRPRD fertilization techniques on mean NH4
+
-N concentrations in soil leachates 

through bare spots of Cattle Market Field. 

Slope Zone 
Fertilization 

Method 

May 25 

(mg L
-1

) 

June 08 

(mg L
-1

) 

July 26 

(mg L
-1

) 

August 10 

(mg L
-1

) 

Mean 

(mg L
-1

) 

Zone 1 

VRPM 

UN 

VRPRD 

5.12
b
 

5.02
b
 

1.06
e
 

  4.04
b
 

4.18
b
 

0.91
e
 

        3.05b
c
 

2.96b
c
 

0.80
e
 

2.11
b
 

2.47
ab

 

0.69
c
 

3.58
c
 

3.66
c
 

0.86
f
 

Zone 2 

VRPM 

UN 

VRPRD 

4.07
c
 

5.47
b
 

0.93
e
 

3.32
c
 

4.51
b
 

0.84
e
 

2.51
c
 

3.49
ab

 

0.64
e
 

1.92
b
 

2.86
a
 

0.54
c
 

2.96
d
 

4.08
b
 

0.74
f
 

Zone 3 

VRPM 

UN 

VRPRD 

2.47
d
 

7.04
a
 

0.72
e
 

2.02
d
 

6.09
a
 

0.68e 

1.45
d
 

3.99
a
 

0.54
e
 

0.88
c
 

3.01
a
 

0.47
c
 

1.70
e
 

5.03
a
 

0.60
f
 

Mean 

VRPM 

UN 

VRPRD 

3.87
a
 

5.84
b
 

0.90
c
 

3.13
a
 

4.93
b
 

0.81
c
 

2.34
ab

 

3.48
b
 

0.66
c
 

1.64
abc

 

2.78
b
 

0.57
c
 

2.75
a
 

4.26
b
 

0.73
c
 

RM ANOVA 

Effect DF F-value P-value 

Fertilization Method (F) 2 486.23 <0.0001 

Slope Zone (S) 2 4.13 0.0204 

Time (T) 3 131.55 <0.0001 

F × S 4 57.80 <0.0001 

F × T 6 25.07 <0.0001 

F × S × T 12 2.63   0.0062 
Significantly different means contain different letters at a significance level of 0.05. 

Significant at P < 0.05 
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compared to VRPM section of the field (Table 6-4). The results of the study were found 

in agreement with Saleem et al. (2013). They reported that useless fertilization in bare 

spots/weed patches can increase the risk of NH4
+
-N leaching.  

6.3.3 Impact of Soil Properties on Nutrient Leaching 

6.3.3.1 Kemptown Field 

The results suggested that the sand content in Z3 of VRPM section was 

significantly lower as compared to Z2, with mean values of 51.14% and 56.85%, 

respectively. Whereas, non-significant difference was found between sand contents of Z1 

and Z3 of VRPM section (Table B1, Appendix B). The sand contents in all three slope 

zones of UN section were found to be non-significantly different from each other, with 

Z3 containing lowest sand content (i.e., 52.07%) (Table B1, Appendix B). The results 

also reported that the sand contents in Z1 and Z3 of VRPRD section were significantly 

different from each other, with mean values of 59.79% and 49.88%, respectively. 

Although, the sand content in Z2 and Z3 of VRPRD section were non-significantly 

different from each other, but Z3 contained lower sand contents as compared to 52.86% 

of sand in Z2.  

The comparison of mean values of clay content in all three slope zones of VRPM 

and VRPRD sections indicated that the Z3 of both sections contained significantly higher 

clay content with mean values of 11.77% and 10.60%, respectively. Whereas, the clay 

contents in Z1, Z2 and Z3 of UN section were found to be non-significantly different 

from each other with mean values of 10.21%, 9.89% and 10.48%, respectively (Table B1, 

Appendix B).  
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The comparison of SOM content in all three slope zones of VRPM, UN and 

VRPRD section indicated that the Z3 contained significantly higher values of SOM with 

mean values of 9.52%, 9.61% and 9.54%, respectively (Table B1, Appendix B). The 

results found were in agreement with Beckie et al. (1997), Zaman et al. (2009), and 

Saleem et al. (2013). They reported lower sand and higher clay and SOM contents in the 

low slope areas of the field, which can result in accumulation of more soil nutrients in 

these specific areas of the field. It was also reported that the soil EC in Z1 of VRPM and 

VRPRD sections was significantly lower as compared to Z3 of these sections, before 

fertilization. However, the soil EC in Z1, Z2 and Z3 of UN section was significantly 

different from each other with mean values of 46.12, 51.96 and 59.34 µS cm
-1

, 

respectively. Similar results were obtained for soil EC after fertilization. However, the 

soil EC in Z2 and Z3 of UN and VRPRD sections were non-significantly different from 

each other after fertilization (Table B1, Appendix B). The silt content in all three slope 

zones of VRPM, UN and VRPRD sections were non-significantly different from each 

other, except for Z1 of VRPRD section which was significantly lower as compared to Z2 

and Z3 of the same section with mean values of 30.95%, 37.42% and 39.52%, 

respectively (Table B1, Appendix B). The results suggesting non-significant difference in 

pH of all three slope zones of each section were found in agreement with Farooque et al. 

(2011). They reported no effect of fertilization in pH of the soil.  

 The comparison of soil NO3
-
-N in all three slope zones of each section before and 

after fertilization reported significantly higher soil NO3
-
-N in Z3 of each section (Table 6-

5). However, the soil NO3
-1

-N in Z2 and Z3 of VRPRD section was found to be non-

significantly different from each other after fertilization. Higher values of soil NO3
-1

-N in  
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Table 6-5. Comparison of mean soil NH4
+
-N and NO3

-
-N with mean NH4

+
-N and NO3

-
-N concentration in soil leachates for 

Kemptown Field. 

 
Slope Zone Fertilization 

Method 
NO3

-
-N (BF) 

(mg kg
-1

) 

NO3
-
-N (AF) 

(mg kg
-1

) 

Mean NO3
-
-N 

leaching 

(mg L
-1

) 

NH4
+
-N (BF) 

(mg kg
-1

) 

NH4
+
-N (AF) 

(mg kg
-1

) 

Mean NH4
+
-N 

leaching 

(mg L
-1

) 

Zone 1 

VRPM 2.77
a
 4.13

a
 3.80

b
 4.01

a
 5.44

a
 3.48

c
 

UN 3.23
ab

 4.22
a
 3.84

b
 3.63

a
 5.22

a
  3.59

bc
 

VRPRD 2.87
ab

 4.48
b
 2.06

c
 3.91

a
 5.25

a
 0.75

f
 

Zone 2 

VRPM 3.27
ab

 4.59
a
 3.68

b
 4.29

a
 5.67

a
 2.77

d
 

UN        3.49
b
 5.12

ab
 6.82

a
 4.04

a
 5.97

a
  4.14

ab
 

VRPRD 3.13
ab

 4.78
b
 2.04

c
 4.34

a
 5.84

a
 0.64

f
 

Zone 3 

VRPM 4.43
c
 6.25

c
 2.57

c
 5.58

b
 8.01

b
 1.49

e
 

UN 4.38
c
 7.55

d
 7.40

a
 5.54

b
 9.99

c
 4.70

a
 

VRPRD 4.70
c
 6.04

bc
 1.84

c
 5.28

b
 7.84

b
 0.51

f
 

Treatment Factor Mixed ANOVA  

Fertilization Method (F) NS NS *** NS * *** 

Slope Zone(S) *** *** ** *** *** NS 

F x S NS NS *** NS ** ** 
Significantly different means contain different letters at a significance level of 0.05. 

BF= Before Fertilization      

AF= After Fertilization 

*Significant at the 0.05 probability level    

** Significant at the 0.01 probability level  

*** Significant at the 0.001 probability level   

NS=Non-significant 

 

 

 

 

 

9
9 
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Z3 could be due to the surface runoff from steep and moderate slope areas and 

accumulation of nutrients in low slope areas of the field (Frank et al., 1994; Farooque, 

2010; Tsui and Chen, 2010; Saleem et al., 2013). Similar trends were observed for soil 

NH4
+
-N before and after fertilization. In general an increase in soil NO3

-
-N and NH4

+
-N 

was observed after fertilization. 

6.3.3.2 Cattle Market Field 

The results of ANOVA indicated significantly different values for soil properties 

in different slope zones for Cattle Market Field (Table B2, Appendix B).  The sand 

contents in Z1 of VRPM, UN and VRPRD section were found to be 60.28, 60.42, and 

62.07 %, respectively. The results also indicated decrease in sand contents as moved from 

Z1 to Z3 of the field with mean sand content values of 51.39, 50.71, and 52.14 % in Z3 of 

VRPM, UN, and VRPRD treatment sections, respectively (Table B2, Appendix B). The 

soil in the Z3 of the field for each section found to have significantly higher clay contents 

as compared to Z1 and Z2. The silt content in Z1 and Z3 of VRPM and UN sections were 

significantly different from each other. The silt content in all three slope zones of 

VRPRD section was found to be similar (Table B2, Appendix B).  

The results suggested significantly higher SOM in Z3 of VRPM, UN and VRPRD 

treatment sections with mean values of 9.88, 9.57 and 9.16 %, respectively as compared 

to Z1 and Z2 (Table B2, Appendix B). The soil EC was found to be significantly lower in 

Z1 of all treatment sections as compared to Z2 and Z3, before fertilization. An increase in 

soil EC was observed after fertilization in all three slope zones of each section. The 

fertilization found to have non-significant effect on soil pH in all three slope zones of 

treatment sections (Table B2, Appendix B). The presence of higher clay content and 
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SOM in low lying areas of the field can result in higher nutrient retention in these specific 

areas of the field (Saleem et al., 2013).  

The mean values for soil NH4
+
-N before fertilization in Z1 were 3.63, 3.46, and 

3.73 mg kg
-1 

for VRPM, UN and VRPRD treatment sections, respectively.  The results 

indicated significantly higher concentrations of soil NH4
+
-N in Z3 of VRPM, UN and 

VRPRD treatment sections with mean values of 5.23, 5.37, and 5.21 mg kg
-1

, 

respectively as compared to Z1 and Z2 (Table B2, Appendix B). The results also 

indicated an increase in soil NH4
+
-N after fertilization in all three slope zones of each 

section. Significant difference in soil NH4
+
-N among all three slope zones were observed 

for VRPM and UN sections, with Z3 having the highest and Z1 having the lowest soil 

NH4
+
-N. Whereas, non-significant difference was found in soil NH4

+
-N retained by Z1 

and Z2 of VRPRD sections (Table B2, Appendix B).  

The mean soil NO3
-
-N before fertilization in Z1 of VRPM, UN and VRPRD 

sections was found to be 2.46, 3.04, and 2.24 mg kg
-1

, respectively (Table B2, Appendix 

B). Whereas, the Z3 found to have significantly higher values of soil NO3
-
-N as 

compared to Z1 with mean values of 4.12, 3.78 and 3.92 mg kg
-1 

for VRPM, UN and 

VRPRD treatment sections, respectively (Table B2, Appendix B). The post-fertilization 

effects on soil NO3
-
-N were found to have similarity with soil NH4

+
-N. Overall the results 

suggested an increase in soil NH4
+
-N and NO3

-
-N after fertilization in wild blueberry 

fields (Table B2, Appendix B). 

The comparison of soil NO3
-
-N and NH4

+
-N in all three slope zones of each 

section before and after fertilization indicated significantly higher soil NO3
-
-N and NH4

+
- 

N in Z3 of each section (Table 6-6). The relatively higher values of soil NO3
-1

-N and  
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Table 6-6. Comparison of mean soil NH4
+
-N and NO3

-
-N with mean NH4

+
-N and NO3

-
-N concentration in soil leachates for Cattle 

Market Field. 

 
Slope Zone Fertilization 

Method 
NO3

-
-N (BF) 

(mg kg
-1

) 

NO3
-
-N (AF) 

(mg kg
-1

) 

Mean NO3
-
-N 

leaching 

(mg L
-1

) 

NH4
+
-N (BF) 

(mg kg
-1

) 

NH4
+
-N (AF) 

(mg kg
-1

) 

Mean NH4
+
-N 

leaching 

(mg L
-1

) 

Zone 1 

VRPM 2.46
de

 3.39
e
 2.81

c
 3.63

c
 4.93

e
 3.58

c
 

UN 3.04
cd

 4.05
d
 2.87

c
 3.46

c
 5.31

de
 3.66

c
 

VRPRD 2.24
e
 3.67

de
 1.87

e
 3.73

c
 4.98

e
 0.86

f
 

Zone 2 

VRPM 3.01
cd

 4.92
c
 3.01

c
 4.18

b
 5.68

d
 2.96

d
 

UN 3.36
bc

 5.13
c
 7.63

b
 4.14

b
 6.20

c
 4.08

b
 

VRPRD 2.71
de

 4.05
d
 1.75

e
 4.16

b
 5.12

e
 0.74

f
 

Zone 3 

VRPM 4.12
a
 5.98

b
 2.32

d
 5.23

a
 7.82

a
 1.70

e
 

UN 3.78
ab

 7.36
a
 8.85

a
 5.37

a
 7.98

a
 5.03

a
 

VRPRD 3.92
ab

 5.32
c
 1.31

f
 5.21

a
 7.26

b
 0.60

f
 

Treatment Factor Mixed ANOVA  

Fertilization Method (F) * *** *** NS *** NS 

Slope Zone(S) *** *** *** *** *** *** 

F x S NS *** *** NS NS *** 

Significantly different means contain different letters at a significance level of 0.05. 

BF= Before Fertilization      

AF= After Fertilization 

*Significant at the 0.05 probability level    

** Significant at the 0.01 probability level  

*** Significant at the 0.001 probability level   

NS=Non-significant 

 

 

 

 

1
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NH4
+
-N in Z3 could be due to the runoff load from steep and moderate slope areas and 

accumulation of nutrients in low slope areas of the field (Frank et al., 1994; Farooque, 

2010; Tsui and Chen, 2010; Saleem et al., 2013). Overall the results indicated an increase 

in soil NO3
-
-N and NH4

+
-N after fertilization (Table 6-6). 

The higher values of soil NO3
-
-N and NH4

+
-N in low slope areas of the field can 

enhance subsurface water contamination through leaching of NO3
-
-N and NH4

+
-N 

(Saleem et al., 2013). Therefore, VR fertilization in conjunction with real-time sensing 

for spot-application of fertilizer only in plant areas can reduce subsurface water 

contamination through nutrient leaching. 

6.4 Summary and Conclusions 

The MVRG fertilizer spreader equipped with real-time sensing and control system 

applied fertilizer only in plant areas of the wild blueberry field. Therefore, the NO3
-
-N 

and NH4
+
-N leaching through the bare spots/weed patches of the VRPRD section was 

decreased significantly as compared to the VRPM and UN sections of the field. The bare 

spots/weed patches in the low slope areas of VRPM and UN sections indicated higher 

concentrations of NO3
-
-N and NH4

+
-N as compared to VRPRD section in Kemptown and 

Cattle Market Fields.  

On the basis of the results obtained, it can be concluded that the real-time sensing 

and control system in the MVRG fertilizer spreader helped in avoiding the bare 

spots/weed patches during fertilization. Therefore, the use of real-time sensing and 

control system along with the prescription maps can result in reduced nitrate and 

ammonium leaching through the bare spots/ weed patches of the wild blueberry fields. 

 



104 
  

CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

The main objective of this project was to evaluate MVRG fertilizer spreader for 

spot-application of fertilizer only in plant areas. Results of this study indicated that the 

ACCU-RATE controller performed efficiently with < 5% difference from manual 

application rate to control the fertilizer application rate through each pair of nozzles and 

different combinations of nozzles. The overall response time of 2.59 s was programmed 

into the VRC to apply clay filler accurately in the areas where target have been detected. 

The results of the field tests suggested that the MVRG fertilizer spreader performed 

reliably, as it detected the artificial bare spots in real-time and applied clay filler only on 

the target areas.  

The MVRG fertilizer spreader was also tested for spot-application of fertilizer 

(applying fertilizer only in plant areas) under different light conditions and at different 

ground speeds. The ground speeds of 1.6 and 3.2 km hr
-1 

were found to be most suitable 

for fertilizer application using real-time sensing and control system under sunny or 

cloudy conditions. The MVRG fertilizer spreader was found less efficient in detecting 

bare spots/weed patches at ground speed of 4.8 km hr
-1

 under sunny and cloudy 

conditions. The reason for the under-performance could be the insufficient distance 

between the front camera boom and rear spreader boom reducing the time for image 

processing at speed of 4.8 km hr
-1

. The visual observation while setting out experiments 

suggested that the custom made image texture analysis algorithm was unable to perform 

efficiently due to minor changes in camera focus. The intensive jerks and vibrations felt 

by the front camera boom might cause minor alteration in the focus of the µEye color 
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cameras resulting in the acquisition of blurry images. Therefore, the developed image 

texture analysis algorithm could not differentiate plants and bare spots effectively at 4.8 

km hr
-1

 ground speed of MVRG fertilizer spreader. The ground speed of 3.2 km hr
-1

 was 

selected for actual fertilization in wild blueberry fields using MVRG fertilizer spreader. 

An experiment was conducted in a commercial wild blueberry field to examine 

the impact of nutrient leaching on subsurface water quality. Small bare spots/weed 

patches were selected to install lysimeter within the fields. The selected fields were 

divided into three sections (VRPRD, VRPM, and UN) for fertilization. Each section was 

further divided into three sub-sections, such that each sub-section contains all three 

management zones. The lysimeters were installed in a way that each slope zone of a sub-

section contains 2 lysimeters. Subsurface water samples were collected in the sampling 

bottles from suction lysimeters after every heavy rainfall event. The MVRG fertilizer 

spreader was used to apply fertilizer only in plant areas of the wild blueberry field. The 

results suggested significant decrease in NO3
-
-N and NH4

+
-N leaching through the bare 

spots/weed patches of the VRPRD section as compared to VRPM and UN sections of the 

field. The higher concentrations of NO3
-
-N and NH4

+
-N were found in the bare 

spots/weed patches located in the low slope areas of VRPM and UN sections as 

compared to VRPRD section in Kemptown and Cattle Market Fields. Based on the 

results of this study, it can be concluded that the real-time sensing and control system of 

the MVRG fertilizer spreader helped to avoid fertilization in small bare spots/weed 

patches within the field.  

This MVRG fertilizer spreader could be considered as the vital inclusion in the 

precision agriculture technologies which can apply fertilizer on spot-specific basis in wild 
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blueberry fields. Fertilization using real-time sensing and control system along with the 

prescription maps can result in reduced nitrate and ammonium leaching load in bare 

spots/ weed patches of the wild blueberry fields. Therefore, the use of MVRG fertilizer 

spreader can expand the fertilization capabilities by allowing for spot-application of 

fertilizer only on as needed basis. This would result in economic benefit and environment 

protection.  
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Table A1: Response time using clay filler for 8-channel computerized VRC to open nozzle in the 

specific section of the boom where the target detected at static pressure of 4.98 kPa. 

Nozzle 

No. 

Image taken/processing time 

(from  camera to VRC) (s) 

LED bulb start 

time (s) 

Clay filler 

dispense time 

(s) Response time (s) 

1 

0.21 

2.96 5.58 2.62 

2 3.67 6.26 2.59 

3 3.68 6.17 2.49 

4 3.35 5.60 2.25 

5 4.00 6.12 2.12 

6 3.30 5.24 1.94 

7 4.27 6.20 1.93 

8 3.86 5.97 2.11 

9 3.40 5.65 2.25 

10 2.98 5.47 2.49 

11 3.96 6.56 2.60 

12 4.51 7.12 2.61 

 

Table A2: Response time using clay filler for 8-channel computerized VRC to open nozzle in the 

specific section of the boom where the target detected at static pressure of 6.23 kPa. 

Nozzle 

No. 

Image taken/processing time 

(from  camera to VRC) (s) 

LED bulb start 

time (s) 

Clay filler 

dispense time 

(s) Response time (s) 

1 

0.21 

2.96 5.47 2.51 

2 4.59 6.99 2.40 

3 4.82 7.09 2.27 

4 3.54 5.63 2.09 

5 4.24 6.16 1.92 

6 3.36 5.10 1.74 

7 3.77 5.51 1.74 

8 3.65 5.58 1.93 

9 3.91 6.00 2.09 

10 4.24 6.52 2.28 

11 3.78 6.17 2.39 

12 4.52 7.03 2.51 
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Table A3: Response time using fertilizer for 8-channel computerized VRC to open nozzle in the 

specific section of the boom where the target detected at static pressure of 4.98 kPa. 

Nozzle 

No. 

Image taken/processing time 

(from  camera to VRC) (s) 

LED bulb start 

time (s) 

Clay filler 

dispense time 

(s) Response time (s) 

1 

0.21 

1.14 3.74 2.60 

2 3.54 5.95 2.41 

3 2.85 4.97 2.12 

4 3.51 5.51 2.00 

5 3.51 5.42 1.91 

6 2.73 4.55 1.82 

7 3.42 5.25 1.84 

8 2.01 3.91 1.90 

9 3.49 5.48 2.00 

10 2.55 4.66 2.11 

11 3.30 5.71 2.41 

12 4.39 6.98 2.59 

 

Table A4: Response time using fertilizer for 8-channel computerized VRC to open nozzle in the 

specific section of the boom where the target detected at static pressure of 6.23 kPa. 

Nozzle 

No. 

Image taken/processing time 

(from  camera to VRC) (s) 

LED bulb start 

time (s) 

Clay filler 

dispense time 

(s) Response time (s) 

1 

0.21 

2.86 5.20 2.34 

2 3.74 6.02 2.28 

3 3.98 5.89 1.91 

4 2.48 4.25 1.77 

5 3.84 5.48 1.64 

6 3.96 5.54 1.58 

7 3.58 5.16 1.58 

8 3.19 4.84 1.65 

9 4.09 5.87 1.77 

10 3.44 5.35 1.91 

11 4.08 6.35 2.27 

12 3.71 6.05 2.34 
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  Table B1: Comparisons of soil properties between different slope zones for the Kemptown Field. 

Soil properties VRPM UN VRPRD 

Slope Zones  Slope Zones  Slope Zones 

Zone-1 Zone-2 Zone-3  Zone-1 Zone-2 Zone-3  Zone-1 Zone-2 Zone-3 

Soil Properties 

Sand (%)  55.48
abc 

56.85
ab

 51.14
cd

  54.42
bcd

 56.71
ab

 52.07
bcd

  59.79
a
 52.86

bcd
 49.88

d
 

Clay (%)  10.27
bcd

 9.18
d
 11.77

a
  10.21

bcd
 9.89

bcd
 10.48

bc
  9.26

cd
 9.72

bcd
 10.60

ab
 

Silt (%)  34.25
bc

 33.97
bc

 37.09
ab

  35.37
abc

 33.40
bc

 37.45
ab

  30.95
c
 37.42

ab
 39.52

a
 

SOM (%)  8.26
b
 8.65

ab
 9.11

ab
  8.84

ab
 8.95

ab
 9.61

a
  8.23

b
 8.39

b
 9.04

ab
 

EC (BF) (µS cm
-1

)   52.15
cd

 54.28
bc

 59.45
a
  46.12

e
 51.96

cd
 59.34

a
  49.06

de
 52.39

cd
 57.53

ab
 

EC (AF) (µS cm
-1

)   65.84
bc

 71.96
ab

 76.15
a 

 59.02
d
 70.22

ab
 75.76

a
  59.46

cd
 68.38

b
 72.47

ab
 

Soil pH  (BF)  5.07
a
 5.02

ab
 4.91

ab
  5.01

ab
 4.89

b
 4.91

ab
  5.00

ab
 5.05

ab
 4.96

ab
 

Soil pH (AF)  4.94
ab

 5.03
a
 5.02

a
  5.06

a
 5.07

a
 5.08

a
  4.98

ab
 4.95

ab
 4.87

b
 

Soil Nutrients (Before Fertilization) 

NH4
+
-N (mg kg

-1
)  4.01

a
 4.29

a
 5.58

b
  3.63

a
 4.04

a
 5.54

b
  3.91

a
 4.34

a
 5.28

b
 

NO3
-
-N (mg kg

-1
)  2.77

a
 3.27

ab
 4.43

c
  3.23

ab
 3.49

b
 4.38

c
  2.87

ab
 3.13

ab
 4.70

c
 

Soil Nutrients (After Fertilization) 

NH4
+
-N (mg kg

-1
)  5.44

a
 5.67

a
 8.01

b
  5.22

a
 5.97

a
 9.99

c
  5.25

a
 5.84

a
 7.84

b
 

NO3
-
-N (mg kg

-1
)  4.13

a
 4.59

a
 6.25

c
  4.22

a
 5.12

ab
 7.55

d
  4.48

b
 4.78

b
 6.04

bc
 

Significantly different means contain different letters at a significance level of 0.05. 

BF= Before Fertilization      

AF= After Fertilization 
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Table B2: Comparisons of soil properties between different slope zones for the Cattle Market Field.  

Soil properties VRPM UN VRPRD 

Slope Zones  Slope Zones  Slope Zones 

Zone-1 Zone-2 Zone-3  Zone-1 Zone-2 Zone-3  Zone-1 Zone-2 Zone-3 

Soil Properties 

Sand (%)  60.28
ab

 59.16
ab

 51.39
c
  60.42

ab
 57.14

b
 50.71

c
  62.07

a
 57.74

b
 52.14

c
 

Clay (%)  7.96
d
 7.66

d
 12.28

abc
  8.18

cd
 8.63

bcd
 12.48

ab
  5.81

d
 8.58

bcd
 15.72

a
 

Silt (%)  31.7
6c

 33.18
bc

 36.33
ab

  31.39
c
 34.23

abc
 36.80

a
  32.12

c
 33.68

abc
 32.14

c
 

SOM (%)  8.01
c
 7.95

c
 9.88

a
  7.72

c
 8.05

c
 9.57

ab
  7.84

c
 8.02

c
 9.16

b
 

EC (BF) (µS cm
-1

)   55.29
e
 58.14

cde
 62.69

abc
  57.12

de
 63.29

ab
 67.05

a
  55.30

e
 60.67

bcd
 61.72

bcd
 

EC (AF) (µS cm
-1

)   66.34b
c
 69.48

abc
 72.83

ab
  70.96

ab
 73.62

a
 75.05

a
  63.25

c
 70.17

ab
 73.64

a
 

Soil pH  (BF)  4.66
d
 4.85

a
 4.75

abcd
  4.79

abc
 4.67

d
 4.83

ab
  4.68

d
 4.70

cd
 4.74

bcd
 

Soil pH (AF)  4.58
c
 4.76

ab
 4.79

a
  4.81

a
 4.60

bc
 4.74

ab
  4.57

c
 4.74

ab
 4.69

abc
 

Soil Nutrients (Before Fertilization) 

NH4
+
-N (mg kg

-1
)  3.63

c
 4.18

b
 5.23

a
  3.46

c
 4.14

b
 5.37

a
  3.73

c
 4.16

b
 5.21

a
 

NO3
-
-N (mg kg

-1
)  2.46d

e
 3.01

cd
 4.12

a
  3.04

cd
 3.36

bc
 3.78

ab
  2.24

e
 2.71

de
 3.92

ab
 

Soil Nutrients (After Fertilization) 

NH4
+
-N (mg kg

-1
)  4.93

e
 5.68

d
 7.82

a
  5.31

de
 6.20

c
 7.98

a
  4.98

e
 5.12

e
 7.26

b
 

NO3
-
-N (mg kg

-1
)  3.39

e
 4.92

c
 5.98

b
  4.05

d
 5.13

c
 7.36

a
  3.67

de
 4.05

d
 5.32

c
 

Significantly different means contain different letters at a significance level of 0.05. 

BF= Before Fertilization      

AF= After Fertilization 
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