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ABSTRACT 
Precision farming is a management system to optimize input and maximize benefits. Variable rate technology (VRT) of inputs is an 
important component of precision agriculture that results in the reduction of inputs. This not only provides economic benefits to the 
farmers along with reductions in agrochemicals and fertilizer application, but also has positive environmental impact. Citrus growers in 
Florida are willing to adapt VRT fertilization, if they are aware of the economic benefits. This study attempted to estimate the economic 
benefit of VRT fertilization by accounting the savings of amount of fertilizer. There is a potential of 40% savings of urea which 
corresponds to US$138/ha/year. Although the initial investment for a VRT spreader is high, to the tune of twenty nine thousand dollars, its 
use for 558 ha of citrus grove would pay for it considering even 15% reduction in amount of urea applied. Assuming a 40% reduction in 
urea and about 40% adaptation rate VRT fertilization, there is a potential of savings of 8.3 million kg of urea and US$10.7 million per 
year in Florida. This would also marginalize the gap between demand and supply; reduce nitrate leaching and fertilizer uptake efficiency. 
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INTRODUCTION 
 
Precision agricultural technology is fast emerging as an aid 
to the farming community by improving production effici-
ency, optimizing inputs, reducing environmental pollution 
by agrochemicals and consequently increasing profits and 
decreasing ground water contamination. Citrus fruits are 
Florida’s largest agricultural commodity, producing over 
80% of the United States’ supply of citrus and are second 
only to Brazil in orange production (Hodges et al. 2001). 
Florida citrus groves are managed as large, continuous, uni-
form blocks although there are variations in tree sizes and 
yield. Variable rate fertilization on a tree size basis could 
considerably enhance the profitability of groves and envi-
ronmental protection (Zaman et al. 2005). 
 
BACKGROUND 
 
The USA used 10.9 × 106 MT of nitrogenous fertilizers in 
2005, which is an 8% increase over the last 15 years where 
as the production declined from 13.1 ×  106 MT in 1990 to 
7.7 ×  106 MT in 2005 (FAO 2008). The trend of produc-
tion and consumption of nitrogenous fertilizer in the United 
States is illustrated in Fig. 1. Although the demand and 
consumption maintained steady, N-fertilizer production dec-
lined, especially after the mid-nineties and resulted in con-

sumption surpluses in 1999. 
Urea is the most commonly used nitrogenous fertilizer 

in Florida’s citrus groves. However, uniform conventional 
fertilizer application practice disregards the productive pot-
entials of the various areas within the field. Thus, some 
areas end up with more soil nutrition than others. An in-
crease in the levels of fertilizer generally increases the crop 
yield up to an optimum level, but less of the excess ferti-
lizer will utilized or mobilized. Another important issue is 
that nitrogen from fertilizers may be lost into the atmos-
phere or enter streams through surface or subsurface drain-
age (leaching). Thus, over-fertilization is a potential source 
of pollution in the form of ammonia (NH3), nitrite (NO2), 
and nitrate (NO3), which may pose a hazard to human 
health. Therefore, a contemporary issue is how to give an 
effective dose at the accurate position and right time for 
optimum growth of crops, while preserving the environ-
ment without causing economic losses (Iida et al. 2001). 

Precision farming or site specific management assists 
growers in the decision making process involving the use of 
inputs. Variable rate nitrogen fertilization is one of the use-
ful ways of reducing production costs and conserving nit-
rate. Comparison of costs and economic profitability of 
conventional methods and that of using precision techno-
logy in any crop production is necessary for a grower about 
to adopt any new technology. One such study was conduc-
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ted by Silva et al. (2007) using simulation to analyze viabi-
lity indicators with the help of net present value and the 
internal rate of return methods. 

Sevier and Lee (2004) conducted a probit analysis with 
decision to adopt as the dependant variable which indicated 
that variables associated with age of a grower and grove 
variability, had significant influences on the decision to 
adopt a new technology. Elder growers were reluctant to 
adopt precision agricultural technology tools, including 
variable rate technology (VRT); even though moderate and 
maximum in-grove variability when compared to minimum 
in-grove variability, were positive influences on the deci-
sion to adopt such technology. Sevier and Lee (2005) ana-
lyzed adoption process and investment decision made by an 
existing citrus caretaking organization. They concluded that 
the organization saved approximately $34/ha in a plot of 70 
ha and $55/ha on a plot of 4 ha in one year after the adop-
tion of a VRT fertilizer spreader system using urea. 

Batte and Arnholt (2003), analyzed case studies of six 
leading-edge farms in Ohio, which adapted precision far-
ming technologies and concluded that the benefits depended 
on the unique problems faced by the farm (e.g. soil pH, fer-
tility, drainage) and perhaps on the analytical style and 
managerial strengths of the individual farmer. 

Environmental non-point pollution (NPP) problems as-
sociated with agricultural practices have come under increa-
sing scrutiny in recent years. Agricultural practices are con-
sidered the largest contributor of surface water quality deg-
radation in terms of sediment, runoff of nutrients, and lea-
ching of chemicals (Crutchfield et al. 1993). Variable rate 
application of chemicals can limit the amount of nutrient 
and chemical runoff to the environment because they pre-
cisely match fertilizer and pesticide application to the needs 
of the crop. Intrapapong et al. (2003) used a bio-economic 
model to investigate the environmental and economic im-
pacts of variable-rate fertilizer application, as compared 
with a conventional, single-rate application and the empiri-
cal results demonstrated that VRT could provide both envi-
ronmental and economic benefits when used on cotton, soy-
beans, and corn in Mississippi. With 50% of the urban 
population and more than 90 percent of the rural population 
relying on groundwater as their primary source of drinking 
water (USEPA 1987), nitrate leaching is a public health 
concern. Although the long-run public health effects of con-
suming nitrate-contaminated water are not clearly under-
stood, government regulators have made efforts to reduce 
nitrate leaching (Vickner et al. 1998). 

This study was undertaken to review the economic and 
environmental impacts of variable rate fertilization in 
Florida’s citrus groves. Specific considerations were given 
to estimate the monetary savings and reduction of urea ap-

plied in adapting VRT under different scenarios, without 
decreases in citrus yield. 
 
Present VRT Technologies 
 
Though precision farming technologies have been adapted 
in Florida’s citrus groves, it is still in the experimentation 
stage. A granular fertilizer spreader (M&D, Arcadia, Fla.) 
equipped with a control package (Chemical Containers, 
Lake Wales, Fla.) is available in Florida for variable rate 
fertilizer application (Miller et al. 2003). A MidTech Leg-
acy 6000 controller and radar speed sensor (Midwest Tech-
nologies; Springfield, Ill.), 10-Hz Trimble AgGPS132 
(Trimble; Sunnyvale, Calif.), six Banner QMT42 long-
range diffuse photocells (Banner Engineering, Minneapolis, 
Minn.) to detect tree canopy on each side of the spreader 
and a switch box (Chemical Containers, Lake Wales, Fla.) 
comprises the main control elements external to the ferti-
lizer unit. The unit is equipped with modulating hydraulic 
control valves, positioned by a 12-V signal, to regulate 
chain speed for left and right side discharge. A Dickey-John 
Land Manager® II control system, which consists of a con-
trol valve on each side of the spreader has been tested by 
Citrus Research and Education Center, University of Flo-
rida, Lake Alfred, Florida; to replace the MidTech Legacy 
6000 controller as the latter has poor response time for ap-
plication rate change. Initial tests showed encouraging re-
sults as Dickey-John Land Manager® II control system has 
better response time for rate change (Schumann et al. 2005). 
 
Variable rate N application 
 
Variable rate fertilizer applications can be based on either 
the previous years yield (yield map) or height and/or ca-
nopy volume of an individual tree. Zaman et al. (2005) 
have done an experiment on variable rate fertilization and 
they found substantial variation in tree canopy volume (0 to 
240 m3) and the excess levels of N in the medium to small 
trees within the grove. They emphasized the need for varia-
ble rate application of N on a single tree basis and reported 
that VRT fertilization saved 38 to 40% that corresponds to 
savings of US$138/ha (considering 40% urea savings) as 
compared to the grower’s uniform rate of 270 kg N/ha/y. 
This has enhanced the performance of the Ridge Citrus N-
BMPs in Florida, both economically and environmentally 
by avoiding over-fertilization on each tree rather than on an 
entire averaged grove (Schumann 2003). An experiment 
was conducted in a 17-ha citrus grove of ‘Valencia’ variety 
in Florida. Half of the grove was treated with VRT ac-
cording to canopy volume of individual trees and the other 
half were treated with uniform rate technology (URT). The 
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results are shown in Table 1. The amount of fertilizer ap-
plied to 8.4 ha of citrus grove was 1416.4, where as 2287.6 
kg of fertilizers were applied to the other 8.4 ha of grove 
treated with URT. This variable rate application resulted 
savings of more than 104 kg/ha. 
 
Economic benefits 
 
The savings in fertilizer can be converted into economic 
benefit as it reduces the production cost resulting in higher 
profit from the grove. The area under citrus grove in Florida 
has decreased from 2.53 × 105 ha in 1996-1997 to 1.93 × 
105 ha in 2006-2007. It may be due to real estate boom in 
the state in that period, infestation of trees by citrus canker 
or hurricanes. The citrus fruits production has increased 
gradually and declined substantially in last couple of years 
as can be seen from Fig. 2. To increase the yield substan-
tially requires better management practices and optimum 
use of inputs like water, fertilizer and chemicals. This will 
also have environmental benefits, including decreases in 
non-point pollution through N leaching. 

Hodges et al. (2001) explained that the environment of 
Florida provides a comparative advantage for citrus produc-
tion due to the subtropical climate and abundant water re-
sources and illustrated the economic structure of the Citrus 
industry. Fig. 3 shows how inputs like agrochemicals and 
fertilizers can impact the economy as well as the environ-
ment of an area. Koch et al. (2004) studied variable rate N 
applications utilizing site specific management (SSM) 
zones based on a variable yield goal and found to be more 
profitable than uniform application. This resulted in a re-
duction in N fertilizer application and an increase in N use 
efficiency due to identification of management zones. They 

also found that site specific management zones along with 
variable yield goal strategy produced additional net returns. 

Yields likely will increase on some field sites and de-
crease on others, relative to a uniform input application 
strategy. Likewise, the level of usage of fertilizers, pesti-
cides and other inputs will vary unpredictably relative to 
URT. Farm total fixed costs are predicted to rise with SSM 
due to durable investments in machinery, mapping and re-
source inventories, and human capital. Profits associated 
with the SSM investment will be determined by the relative 
changes in revenues and costs (Batte 2000). The costs and 
profits of SSM will also be impacted by the size of the 
adopting farm. Economies of scale will be important for 
this technology, as it would be with any capital-embodied 
technology. Larger farmers will have a greater profit poten-
tial, and thus will predominate the early adopters of this 
technology. This may also mean that SSM, ultimately, will 
accelerate the trend toward larger, but fewer farms. 

Though the initial investment is higher for adapting to 
VRT fertilizer spreader, the savings in fertilizer would pay-
back the initial cost. A VRT spreader costs approximately 
$29,000 (Sevier and Lee 2005). An experiment by Zaman et 
al. (2005) showed savings of 40% savings in fertilizer 
amounting US$ 138/ha. Even considering a moderate re-
duction of 15% in urea, it would save $52/ha and 558 ha of 
use would pay for the spreader. 

Florida accounted for 1.93x105 ha of land under citrus 
production in 2006-2007. If a portion of the area adapts 
VRT application of N fertilizer, the savings in terms of ferti-
lizer and corresponding economic benefits would be enor-
mous. Table 2 shows the matrix of a different percentage of 
savings at a different percentage of area under VRT adop-
tion. There is a potential of savings of up to 10.7 million US 

Table 1 Amount of urea used in variable rate application, uniform rate application and savings of urea due to VRT 
Variable rate application Uniform rate application Area 

(ha) 
Classes, tree vol. 
(m3) N rate 

(kg/ha/y) 
Total N required 
(kg) 

N rate 
(kg/ha/y) 

Total N required 
(kg) 

Total difference 
N (kg) 

0.83 0-4 (by hand) 25.6 21.2 269.5 223.6 202.4 
1.74 4.1-47 134.7 234.4 269.5 468.8 234.4 
3.02 47.1-90 168.4 508.6 269.5 813.7 305.1 
1.22 90.1-132 202.1 246.7 269.5 328.7 82.2 
1.40 132.1-175 235.8 330.2 269.5 377.2 47.1 
0.28 >175 269.5 75.5 269.5 75.5 0.00 
Total   1416.4  2287.6 871.2 

Source: Zaman QU, Schumann AW, Miller WM (2005) Variable rate nitrogen application in Florida citrus based on ultrasonically-sensed tree size. Applied Engineering in 
Agriculture 21, 331-335, with kind permission from the American Society of Agricultural and Biological Engineers, ©2005. 
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dollars, considering 40% savings of fertilizer and 40% of 
the citrus groves utilizing VRT fertilization. Even a mode-
rate savings of 15% of urea and 15% of the groves in the 
state adapts VRT; the amount will be to the tune of 1.5 mil-
lion US dollars. 
 
Environmental benefits 
 
Environmental impacts would follow the economic benefits 
as the amount of fertilizer applied would decrease. It would 
be difficult to quantify the reduction in environmental dam-
ages due to VRT, but the reduction in fertilizer and agroche-
micals can be estimated. Environmental costs and benefits 
are external to the farm. Farmers, when making the preci-
sion farming decision, will not consider these values some-
times. If it is determined that VRT has significant environ-
mental value to society, adoption could be speeded by either 
transferring external costs back to non-adopter farmers 
through a tax mechanism, or rewarding adopters with a sub-
sidy (Batte 2000). 

The experiment conducted by Zaman et al. (2005) used 
a uniform rate of 270 kg/ha/year, which is common in Flo-
rida. Citrus groves in Florida would need 5.2 × 107 kg/year 
of N fertilizer for 1.93 × 105 ha under fruit production. Any 
reduction in the amount of fertilizer application would re-
sult in decreasing N leaching and also a decrease in ground 
water contamination. Table 3 shows the matrix of amount 

reduced if certain percentage of groves adapts to VRT ferti-
lization. There is a potential of 8.34 million kg/year reduc-
tion of urea, considering 40% savings in fertilizer applica-
tion and 40% of the area under VRT. With a moderate 
savings of 15% when 15% of groves adapts VRT; 1.17 mil-
lion kg of urea can be reduced without having affecting the 
citrus yield. 
 
CONCLUSIONS 
 
The savings from reduced fertilizer expenditure would not 
only result in economic benefit to the citrus grove, but also 
have environmental benefits by adding less chemicals to the 
soil. This would also help in bridging the gap between ferti-
lizer production and consumption in recent years and result 
in less nitrate leaching, as the amount of N fertilizer would 
be less through VRT. Variable rate fertilizer application 
would also improve the fruit quality and fertilizer uptake ef-
ficiency. VRT has the potential of 40% reduction in nitro-
gen fertilizer use, such as urea. This would account for 
savings of 8.3 million kg of urea amounting to US$ 10.7 
million, considering 40% of the groves in Florida adapts to 
VRT. Even at a moderate assumption of 15% of the citrus 
groves adopting VRT, this translates to a minimum savings 
of 15% and a reduction in the use of 1.2 million kg of urea, 
which corresponds to $1.5 million. More and more growers 
are realizing this benefit. 
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