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Precision Farming and Precision Pest Management: 
The Power of New Crop Production Technologies 1 
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Abstract: The use of  new technologies including Geographic Information Systems (GIS), the Global 
Positioning System (GPS), Variable Rate Technology (VRT), and Remote Sensing (RS) is gaining 
acceptance in the present  high-technology, precision agricultural industry. GIS provides the ability tO 
link multiple data values for the same geo-referenced location, and provides the user with a graphical 
visualization of  such data. When GIS is coupled with GPS and RS, management  decisions can be applied 
in a more  precise "micro-managed"  manne r  by using VRT techniques. Such technology holds the 
potential  to reduce agricultural crop product ion costs as well as crop and environmental  damage. 
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Persons involved with product ion agricul- 
ture today encounte r  myriad new technolo- 
gies which generate information that may 
enhance  management  decisions. Such tech- 
nology generates large amounts  of  data. The 
ability to manage  and correctly in terpre t  
these data are critical to their use and adop- 
tion. In this paper  we provide a basic de- 
scription of  the technologies available for 
product ion  agriculture in the categories of  
the Global Positioning System (GPS), Geo- 
graphic Information Systems (GIS), Remote 
Sensing (RS), Variable Rate Techno logy  
(VRT), and Precision Farming (PF). 

GLOBAL POSITIONING SYSTEM 

The Global Positioning System (GPS) is a 
network of  satellites, control led by the U.S. 
Depar tment  of  Defense, designed to help 
ground-based units de t e rmine  their  real- 
time location using latitude and longitude 
coordinates.  For  agricultural applications, 
GPS is being used for machine  guidance 
and  con t ro l  (variable-rate- input  applica- 
tions, described later) and data collection 
during harvesting operations, soil sampling, 
and field scouting (Morgan and Ess, 1997). 

The GPS consists of  three segments. The  
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first is composed of  24 satellites (21 opera- 
tional, 3 spares) orbiting 20,200 km above 
the Earth and providing line-of-sight signals 
and 24-hour coverage. The  satellites travel 
in one  of  six orbital planes and make com- 
plete orbits in slightly less than 12 hours. 
Each satellite transmits a Pseudo Random 
Noise (PRN) code that tells precisely where 
it was when it sent the signal and the precise 
time the signal was sent. The  second seg- 
ment  of  the system consists of  ground-based 
control  centers that calculate the orbit  of  
each satellite a week or  so into the future,  
p red ic t  ionospher ic  condi t ions  over  that  
time, and upload the data to each satellite's 
computer .  By consulting its clock and the 
ephemer i s ,  the satellite de t e rmines  and  
transmits its loca t ion  cont inuously .  T h e  
third segment of  the GPS is a signal receiver 
that typically sees three to eight satellites at 
any instant, determines their positions, then 
calculates distances to the receiver based on 
the time difference between signal transmis- 
sion and reception.  The  receiver requires a 
min imum of  3 satellites for  two-dimensional 
(latitude and longitude) positioning and 4 
for three-dimensional (latitude, longitude, 
and altitude) positioning. The  an tenna  for a 
GPS receiver needs a clear line of sight. Any 
field obstruct ion that  can block sunlight  
(trees, buildings, steep slopes, etc.) can also 
block a GPS signal (Lange, 1996). Equipped 
with a GPS receiver, an observer can navi- 
gate or  collect positional information while 
stationary or moving. 

Sources of  er ror  in a GPS position esti- 
mate may include one  or  more  of  the fop 

431 



432 Journal of Nanatology, Volume 30, No. 4, December 1998 

lowing factors: (i) atmospheric-ionospheric 
effects that may delay radio transmissions; 
(ii) multi-path er ror  due to signal reflec- 
tions f rom nearby objects; (iii) ephemeris,  
def ined as orbital position in relat ion to 
time; and (iv) Selective Availability (S /A) - - a  
Depar tment  of  Defense-induced clock shift. 
For most applications in agriculture it is nec- 
essary to correct  for  S/A and o ther  er ror  
factors to reduce the position er ror  f rom 
100 m or  more  to somewhere in the 1-to-5-m 
range.  Differential  GPS (DGPS) accom- 
plishes this task by using two or more  GPS 
receivers working together  simultaneously. 
One  reference  receiver is located at a pre- 
cisely known locat ion (base station) and 
computes  a continuous stream of  position 
data. Differences between the actual and 
computed  position can be de te rmined  to 
p roduce  a corrected data set (the differen- 
tial correction).  The second receiver (mo- 
bile unit) is used to compute  position data 
in the field. Most of  the er ror  in the position 
estimation of  the mobile uni t  can be re- 
moved by applying the differential correc- 
tion transmitted to it f rom the base station 
because the two receivers will exper ience es- 
sentially identical errors for any given mo- 
men t  in time. A mobile  DGPS unit  must 
have two rece ivers - -one  for  GPS signals, 
one  for differential correct ion data. 

I t  is possible for  end users to set up, op- 
erate, and maintain their own differential 
correct ion base station. However, because of  
the high initial cost, most choose to use one 
of  three services currently available. Systems 
that utilize U.S. Coast Guard (USCG) Bea- 
con correct ion signals cost $1,500 to $5,000, 
with no annual fee. Characteristics of  this 
system include: free correct ion signal, lower- 
f r equency  signals that  travel outward  as 
ground waves to a 320-kin (200-mile) radius, 
the digital f requency-modulated (FM) signal 
that is less sensitive to noise than AM radio, 
service areas near  coastal and inland water- 
ways, and  signal outages  c o n t r o l l e d  by 
USCG. A second service option is subscrip- 
tion to an FM sub-carrier. Such systems cost 
$1,500 to $3,500, with a $75 to $900 annual 
fee. Characteristics of  FM sub-carrier systems 
include: a correct ion signal that must  be 

purchased ,  h igher - f requency  signals tha t  
travel as space waves to an 80-km (50-mile) 
radius, the FM-band signals that are less sus- 
ceptible to atmospheric interference,  and 
signal outages control led by the local FM 
station. The  third option is a satellite-based 
system, with a cost of  $3,000 to $7,000 and 
an annual  fee of  $600 to $1,500. Satellite- 
based system characteristics include: a cor- 
rect ion signal that must be purchased; wide- 
area coverage, including the cont inenta l  
United States, Mexico, and much  of  Canada, 
that is not  affected by obstructions as are 
radio links; and signal outages control led by 
the satellite operator.  

GEOGRAPHIC INFORMATION SYSTEM 

A Geographic Information System (GIS) 
is a collection of  computer  hardware, soft- 
ware, and procedures  designed to support  
the compilation, storage, retrieval, analysis, 
and display of  spatially referenced data that 
can assist planning and management  deci- 
sions (Aronoff, 1989). A GIS for crop pro- 
duct ion  might  include informat ion  f rom 
various sources pertaining to field history, 
input  operations, GPS-based yield maps and 
soil surveys, aerial  pho tography ,  satellite 
imagery, and  pest  or pa thogen  scout ing 
data. The data are shown spatially (geo-ref- 
erenced)  on top of a base map of the field, 
allowing layers to be combined to provide 
accurate analysis of  crop health and matu- 
rity. Once the base map is in place, the farm 
manager  can collect and input  data (e.g., 
weather, insect and weed problems, nema- 
tode densities, seed varieties, and planting 
populations) to provide information about  
the current  crop, assess treatments, and po- 
tentially generate projected harvest maps. 

All GIS packages have a user interface, da- 
tabase management-creation-data entry ca- 
pabilities, spatial data manipulation,  analysis 
tools, and display-product generat ion func- 
tions. A GIS can integrate geo-referenced 
data and per form complex spatial queries 
and analyses of  spatial features with attribute 
data (seed cultivar, populat ion rate, etc.). A 
system has topological capabilities and can 
define the locations of  data e lements  in 
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space with respect to one another  but  with- 
out  reference to actual distances. A GIS also 
can be used to relate new geographical  in- 
formation by integrating data layers to show 
the original data in different ways and f rom 
different perspectives. A GIS can combine 
both vector and raster data and related at- 
tributes, which greatly expands its power 
and utility. 

It is impor tant  that end  users unders tand 
any limitations associated with GIS data be- 
fore incorporat ion into a management  plan. 
Some factors to consider are: (i) me thod  of  
data collection, (ii) accuracy of  the data, 
(iii) i n t e n d e d  purpose  of  the data, (iv) 
meaning of  the attributes, and (v) the per- 
son who collected or compi led  the data. 
With the imp lemen ta t ion  of  GIS-related 
technologies, it is anticipated that end  users 
should be able to improve yields, lower pro- 
duct ion costs, improve the quality of  the 
crop, and more  accurately forecast yields. 

REMOTE SENSING 

Remote Sensing (RS) is the act of  detec- 
tion and(or)  identification of  an object, se- 
ries of objects, or landscape without having 
the sensor in direct contact  with the object 
(Frazier et al., 1997). Agricultural applica- 
tions of  remote  sensing generally involve de- 
tection of  electromagnetic energy phenom-  
ena, such as light and heat. Sensors can mea- 
sure energy at wavelengths that are beyond 
the range of  human  vision (ultra-violet, near  
infrared, or  thermal infrared) and thus can 
provide information about  subtle changes 
within a field or crop that could not  other- 
wise be detected or  quantified. 

Digital imagery for RS may be obtained 
from ei ther  an orbiting satellite or f rom an 
airplane fly-over, depend ing  on  the loca- 
tion, type of  crops being grown, and desired 
use of the information. Currently, satellites 
have the potential  to obtain images o f  a 
given area of  interest (field) approximately 
five to seven times in a 3-week period,  with a 
resolution of  10 m or  less at a cost of  $1.25/  
ha per  time period. There  can be wide varia- 
tion in results and per formance  among  sat- 
ellites, and usefulness may be l imited by 

cloud cover. Airplanes can provide images 
based on the specific needs of  the producer ,  
typically at a cost of  $15 to $ 3 7 /h a  for 16 to 
36 images. Airplane imaging can be t imed to 
coincide with critical periods of  crop devel- 
o p m en t  and can be scheduled a round bad 
weather. Imagery from airplane fly-overs is 
limited to areas where such technology is 
available. 

Three  types of  resolution (spatial, spec- 
tral, and temporal)  need  to be considered 
when discussing digital imaging. Spatial 
r eso lu t ion  is the dis tance be tween  data  
points (e,g., a resolution of  10 m would give 
100 data po in ts /ha) .  Improvements  in spa- 
tial r eso lu t ion  have para l le led  improve-  
ments in satellite technology. Spectral reso- 
lution is the variation of  light energy and the 
measurement  of  the portions of  such energy 
reflected, absorbed, and transmitted f rom 
an object or location. These differences per- 
mit the user to distinguish between different 
features on an image. Unders tanding what 
those differences depict  is the critical part. 
Tempora l  resolution refers to repeated im- 
aging of  the same field or crop on successive 
dates, thereby providing a record of  changes 
over time. How often remotely sensed im- 
ages are needed  varies greatly with the type 
of  crop grown and how often the grower 
plans on  performing a field operat ion based 
on the data received. Therefore ,  ano ther  im- 
por tant  factor to consider when deciding on 
an imagery service provider is the time re- 
quired before the images are available for  
use (e.g., a 1-week delay may be acceptable 
for  some crops, but  not  for  others).  

Remote Sensing has a wide range of  po- 
tential applications including detection of  
crop stress; moni tor ing variability in crops, 
soils, weeds, insects, and plant disease; de- 
tection of  unusual conditions, such as bro- 
ken drainage tiles or  crop injury dur ing cul- 
tivation; yield estimation, which is highly de- 
p en d en t  on the type and variety of  crop; and 
GIS applications. Digital imagery provides 
access to repeated  observations of  a field 
dur ing the growing season to help explain 
changes  as they  h a p p e n  an d  while the 
grower has time to respond. 
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VARIABLE RATE TECHNOLOGY 

Variable Rate Technology (VRT) refers to 
the instrumentat ion used for regulating ap- 
plication rates of  fertilizer, lime, pesticides, 
and seed as an applicator travels across a 
field, based on a decision support  system 
and(or)  management  plan. VRT resembles 
a back-to-basics approach to farming, with 
varying inputs across a field depending on a 
numbe r  of  field and product ion  variables. 
The  informat ion needed  to support  VRT 
may come from several sources such as GPS- 
r e f e r e n c e d  data ,  RS images ,  and  GIS- 
generated maps. All of  the data are used to 
p r o d u c e  a site-specific appl ica t ion  plan  
based on sound agronomic principles. 

Current  VRT equipment  allows the user 
to moni tor  machine functions as mechani- 
cal applicators quickly react to changes in 
field conditions and make adjustments to 
field operat ion (seeding rates, fertilizer and 
chemica l  appl ica t ion  rates, etc.) .  When  
coupled with a GPS receiver, VRT provides 
the controll ing mechanism to make adjust- 
ments  based on  the location o f  invisible 
lines p rede te rmined  by the farm manager  or 
equ ipment  operator.  VRT provides the op- 
portuni ty to manage product ion  based on 
soil type, soil texture, organic matter,  nutri- 
ent  levels, soil pH, weed and insect popula- 
tions, disease, spatial pattern of  nematode  
populations,  desired yield, and o ther  fac- 
tors. 

PRECISION FARMING 

Precision Farming (PF) combines the best 
available technologies to provide the infor- 
mation needed  to make soil and crop man- 
agement  decisions that fit the specific con- 
ditions found  within each field. Precision 
Farming, also called Site-Specific Farming, 
uses GPS, GIS, and RS to revolutionize the 
way data are collected (at resolutions of  1 to 
5 m) and analyzed to enable more  informed 
management  decisions. Today, the potential  
exists to have detailed records covering ev- 
el I phase of  the crop product ion  process, 
thus enhancing  sound business decisions. 
The  cost of  adopt ing the new technologies, 
and the time required for their implemen- 
tation and use, are two factors that need  to 

be considered when judging the added ben- 
e fits for  decision making. 

The use of PF can provide numerous  ben- 
efits: (i) greatly improved ability to identify, 
diagnose, and communicate  crop and field 
problems;  (ii) improved  e q u i p m e n t  effi- 
ciency through bet ter  scheduling, sequenc- 
ing of  equipment ,  planning of  field opera- 
tions, equ ipment  movement ,  etc.; (iii) risk 
reduc t ion  th rough  reduced  variability in 
g rowing  c o n d i t i o n s ,  i m p r o v e d  var ie ta l  
choices, crop rotation, etc.; (iv) improved 
moni tor ing and supervision, including bet- 
ter records of  field operations, location of  
equ ipment ,  p ro d u c t i o n  output ,  and em- 
ployee performance;  (v) improved records 
per ta in ing to p roduc t ion  processes, crop 
condit ions,  and requi red  inputs; (vi) in- 
creased documenta t ion  of  food safety; and 
(vii) enhanced  environmental  stewardship 
through more  accurate and precise applica- 
tion of  chemicals and fertilizer to reduce the 
potential  for  leaching and runoff. This last 
benefit, environmental  stewardship, is per- 
haps the mos t  i m p o r t a n t  f ac to r  of  the 
group. Such stewardship does not  happen 
automat ical ly  bu t  must  be i n c o r p o r a t e d  
th roughout  the PF decision support  system. 

CONCLUSIONS 

GIS, GPS, and RS can provide producers  
with the management  tools to reduce risk. 
Producers now have simultaneous access to 
the numerous  types of  data needed  to make 
more  informed management  decisions. To 
bet ter  utilize the precision graphical maps 
that can be genera ted  today, producers  must 
unders tand  the informat ion conta ined in 
the images and be able to use that informa- 
tion to change the way fields are managed. 
The ability to use such information is more  
a function of  agronomic skills than of limi- 
tations imposed by technology. There  may 
be practical limits regarding location size 
that influence whether  changes in manage- 
ment  are justified in terms of  economic or 
environmental  returns. 

Some Internet  sites with relevance to top- 
ics discussed in this article include: 
G I S : ( h t t p : / / w w w s c a s . c i t . c o r n e l l . e d u /  

l andeva l /g i s .h tm)  and  (h t t p : / /www.  
usgs .gov/research/gis /workl .h tml)  
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G P S : ( h t t p : / / w w w . u n a v c o . u c a r . e d u / )  a n d  
( h t t p : / / w w w . u t e x a s .  e d u / d e p t s / g r g /  
g c r a f t / n o t e s / g p s / g p s . h t m l )  

RS :{h t tp : / /www.geo .mtu . edu / r s )  
V R T : ( h t t p : / / n e s p a l . c p e s . p e a c h n e t . e d u / p f /  

v r t . s tm/ )  
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