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ABSTRACT. Site-Specific Irrigation Management (SSIM) can be defined as irrigation management (depth, timing) based on
crop need to defined sub-areas of a field referred to as management zones. Implementation of SSIM will require additional
irrigation system hardware, labor, and information on soil and/or plant water status in each management zone. Costs
associated with these additional requirements will need to be offset by increased receipts from improved crop yield and quality
in order for the technology to be adopted by producers. The potential for SSIM to increase crop yield, quality, and economic
return has not been evaluated in field studies. Crops such as potatoes, for which yield and quality are highly sensitive to soil
water availability, are most likely to show an economic benefit from site-specific irrigation management. A two-year field
study was conducted to evaluate the potential for SSIM to increase yield and quality of potatoes relative to Conventional
Uniform Irrigation Management (CUIM). Near real-time soil water content was used to schedule irrigations under both
irrigation management treatments. Field average water application was nearly the same for the irrigation management
treatments, 503 mm (19.8 in.) in 2001 and 445 mm (17.5 in.) in 2002. In both study years, tuber yield distributions trended
4% greater under site-specific irrigation management but were not significantly different (p < 0.05). Total tuber yield per
unit of water applied from irrigation and precipitation was 4% greater in 2001 and 6% greater in 2002 under SSIM. Based
on a local tuber quality adjusted potato processing contract price structure, the trend in gross income averaged across the
field site was 3159/ha (365/acre) greater with SSIM. This increase in gross income is likely about half the actual cost of
commercial site-specific irrigation technology. The required 3- to 5-year crop rotation for potato disease management means
that the site-specific irrigation system needs to be mobile or an economic benefit must also be realized from other crops in
the rotation. The economic benefit of SSIM needs to be increased or realized for other crops in the rotation for it to be an

economically viable technology in potato production systems in Idaho.
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xcessive and deficit soil water availability during
the growing season normally has a substantial ad-
verse affect on crop yield and quality. In irrigated
agriculture, proper water application depth and
timing relative to crop growth and development is paramount
for optimum economic return and maximum water use effi-
ciency. Traditional studies of crop response to water typically
have reported values of means across replications in space
and employed statistical designs to block spatial influences
that are inherently present. Conventional Uniform Irrigation
Management (CUIM) which treats the field uniformly in
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terms of water application depth and timing based on mean
values of crop response to water and evapotranspiration, ig-
nores spatial variability in crop response to water and may re-
sult in both excess and deficit water availability and
sub-optimal economic return at some field locations. This re-
alization along with successful commercialization of other
site-specific application technologies in irrigated agriculture
has increased interest in the concept of Site-Specific Irriga-
tion Management (SSIM) where irrigation management
(depth, timing) is independently applied to sub-areas of the
field called management zones.

Implementation of SSIM will require additional irrigation
system hardware, labor, and information on soil and/or crop
water status in each management zone. Costs associated with
these additional requirements will need to be covered by
increased receipts from improved crop yield and quality in
order for the technology to be adopted by producers.
Site-specific irrigation management will not likely be an
economically viable practice for all crops and all growing
conditions. However, it may be universally beneficial in
regards to reducing the impact of irrigated agriculture on
regional water resources through improved field-scale water
use efficiency and reduced localized leaching of nitrogen
from the crop root zone.

The economic requirement of increased receipts to offset
increased irrigation costs limits site-specific management to
commodities such as potatoes where yield and quality are
highly sensitive to root zone water availability (Wright and
Stark, 1990) and the commodity price structure is heavily
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dependent upon crop quality. In Idaho, which provides more
than 25% of total U.S. fall potato production, sales contracts
for processing potatoes normally include a base price plus
tuber quality incentives and disincentives, thus total crop
receipts are strongly influenced by soil water availability
throughout the growing season.

Center pivot irrigation is predominately used for irrigated
potato production in the Pacific Northwest of the U.S. Center
pivot irrigation systems provide a natural platform upon
which to develop site-specific irrigation technologies due to
their current and increasing usage and high degree of
automation. Experimental center pivot and lateral-move
irrigation systems equipped to implement SSIM have been
reported in the literature (e.g. Fraisse et al., 1995; Evans et al.,
1996; King et al., 1996; Sadler et al., 1996; Harting, 1999;
Perry et al., 2003). The emphasis of these previous studies has
been on control systems and hardware for achieving spatially
variable water application along the irrigation system length.
In each case, spatially variable water application was
successfully achieved. However, many issues such as system
reliability, management, profitability, and environmental
benefits need to be addressed before commercialization and
producer adoption can be expected.

Very few studies have been conducted to evaluate the
profitability of SSIM thus far. Ritchie and Amato (1990) used
a simulation approach and 30 years of weather data to
compare SSIM and CUIM in a 4.6-ha (11.4-acre) field with
pre-defined management zones based on lowest, highest, and
intermediate levels of available water holding capacity
(AWHC). SSIM resulted in the best management option in
terms of yield but not water use. Watkins et al. (2002) used
a simulation approach to evaluate the economic and environ-
mental benefits of SSIM for seed potatoes in Idaho. They
concluded that SSIM was more likely to be both economical-
ly and environmentally beneficial than variable rate nitrogen
application for the study conditions. Watkins et al. (2002)
acknowledged that the model was not calibrated to simulate
nitrogen losses and neither yield nor nitrogen loss predictions
were validated. Sensitivity analysis of the results showed that
a small increase in estimated costs for SSIM over CUIM
would result in the latter being more economical. Nijbroek et
al. (2003) used a process-oriented crop model for soybeans
to compare the gross margin of SSIM versus CUIM for a
9.94-ha (24.5-acre) field delineated into five irrigation
management zones based on AWHC. The simulation proce-
dure was applied using 25 years of climatic data and 10-year
low market price for soybeans. Yield, water use, and leaching
were not significantly different (p < 0.05) between SSIM
and CUIM. Over the 25-year simulation period, SSIM tended
to provide a $16/ha ($6/acre) greater gross margin. However,
the increased cost of equipment, maintenance, and manage-
ment associated with implementation of SSIM was not
considered in computing gross margin. These costs would
likely be greater than $16/ha, thus CUIM would result in
greater net return. Oliveira et al. (2005) also used a
simulation approach to evaluate the economic return of
site-specific drip irrigation management for tomatoes in
Tennessee. Based on 30 years of historical climate data they
found that CUIM using an area weighted AWHC to schedule
irrigations versus SSIM arrangements with as many as five
management zones did not require significantly different (p
=< 0.05) amounts of water. The CUIM strategy based on the
soil with the lowest AWHC resulted in the highest net return.
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Sadler et al. (2002) conducted a three-year field study to
measure the mean response of corn to irrigation and compare
variation in crop response within and among soil map units.
Variation in crop response to irrigation was significant both
between and among soil map units. Over the three-year study,
the optimum irrigation amount varied from 61% to 120% of
the irrigation base rate calculated as 100% of evapotranspira-
tion minus precipitation. One conclusion of the study was
that achieving optimum SSIM based on a priori information
will be a significant challenge. Spatial variation in crop
response to irrigation by year, soil map unit, and within soil
map unit highlighted the need to use empirically derived
site-specific crop response data to adequately simulate crop
growth to SSIM in any economic analysis. The study of
Sadler et al. (2002) represents the only known data set of
empirical site-specific crop response to water. It is not
feasible to develop empirical crop response relationships for
all crops, conditions, and locations in order to assess the
economic return from site-specific irrigation management.
Thus, field experimentation of site-specific irrigation man-
agement based on real-time measurements of soil and/or crop
water status will play a substantial role in evaluating the
economic and environmental benefits of site-specific irriga-
tion management.

In each study comparing SSIM and CUIM, spatial
variability in AWHC was considered as the only factor
influencing crop yield and the basis for needing SSIM. All
other sources of yield variability such as genetic factors,
biotic factors including pests, diseases, and weeds, and
nutrient availability was held constant at optimum levels. In
reality, many factors influence crop yield and quality besides
soil water availability, although it generally has a predomi-
nant adverse affect when well outside the optimum range.

Redulla et al. (2002) investigated the causes of within-
field spatial variability of potato yield in a 3-year field study.
Four commercial uniformly managed potato fields ranging in
size from 30 to 40 ha (74 to 99 acre) were soil sampled on a
0.4-ha (1-acre) grid interval prior to planting. The soil
samples were analyzed for nitrate-N, ammonium-N, P, K,
organic matter, pH, and texture. Four or five days before
commercial harvest, potato yield components were mea-
sured at each soil sampling location. Correlation and
step-wise regression analysis were conducted to test relation-
ships between soil-based and yield variables. Only 31% to
41% of the variability in potato yield was accounted for by
measured soil variables. Negative relationships with sand
fraction and positive relationships with clay fraction were
found in three of the four fields. Yield was negatively
correlated with pH in three of the four fields. This negative
correlation was believed to be an indicator of the variability
in P availability, which is highly pH dependent. In summary,
Redulla et al (2002) found that soil texture had the most
significant impact on yield. They concluded that this was
most likely an indirect relationship as soil texture is related
to AWHC, and hence, soil water availability. The low
correlation between yield and measured factors was attrib-
uted to unmeasured variables such as irrigation uniformity,
soil depth, and pest pressure from weeds, insects, and
diseases. They suggested that further studies should include
in-situ monitoring of soil water availability as many factors
associated with potato yield and quality are implicitly related
with soil water availability.
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Table 1. Soil physical properties in each experimental unit of each pair-wise treatment comparison (block) of site-specific irrigation
management (SSIM) and conventional uniform irrigation management (CUIM) in the two-year field study.

SSIM CUIM

Block Sand Clay PWP FC AWHC Sand Clay PWP FC AWHC

(%) (%)% (%) (%) (cm/m) (%) (%) (%) (%) (cm/m)

2001 Study
1 50.7 17.0 13.5 332 19.7 53.6 15.5 127 31.0 18.3
2 58.0 15.3 12,6 306 18.0 62.3 147 12.3 29.8 174
3 63.5 15.8 12,9 31.8 18.9 61.7 14,0 12,0 28.3 16.3
4 68.4 142 12.1 29.6 17.5 67.7 14,5 12.2 30.1 17.8
5 68.1 13.1 115 26.9 17.2 67.7 15.3 12,6 31.6 18.9
6 55.4 15.3 12.6 30.6 18.0 57.3 15.7 12.8 31.3 184
7 42.4 21.6 15.8 349 19.1 40.8 19.8 149 36.1 21.3
8 573 15.7 13.3 32.9 19.6 63.6 16.6 12.8 317 18.9
9 60.6 147 12.3 29.6 17.3 52.9 20.0 15.0 343 19.3
2002 Study

1 63.5 15.5 127 31.3 18.6 62.3 15.1 12,5 305 18.0
2 53.9 17.9 13.9 337 19.8 46.4 17.7 13.8 343 20.5
3 42.5 20.6 15.3 35.5 20.2 20.2 243 17.1 39.8 22.7
4 19.2 223 16.1 434 27.3 371 21.0 15.5 36.7 21.2
5 59.5 15.0 14.0 33.8 19.9 53.0 18.0 12,5 30.1 17.7
6 19.2 24.0 17.0 409 23.9 32.6 20.9 15.4 383 22.8
7 419 20.7 15.3 35.6 20.3 412 22.6 16.3 34.1 17.9
8 50.8 18.6 14.3 343 20.3 477 20.0 15.0 34.8 19.8
9 436 184 142 353 21.1 452 16.7 133 336 20.3

irrigation amount applied to the CUIM treatment was
computed as the average irrigation requirement from the
irrigation decision model for the nine experimental units
assigned to this irrigation treatment. The travel speed of the
center pivot was set as that needed to apply the required
irrigation depth to the CUIM treatment using the 2X
application rate. This approach allowed less or more water to
be applied to the SSIM treatments using 0X, 1X, or 3X
application rates as well as the same amount using the 2X
application rate. For example, if the CUIM treatment
required a 15.2-mm (0.6-in.) irrigation application, then the
available application depths for the SSIM treatments were 0,
7.6, 15.2, and 22.6 mm (0, 0.3, 0.6, and 0.9 in.). The actual
depth applied to the SSIM treatment was rounded to the
nearest available application depth determined from the
irrigation decision model.

For this field study, the irrigation requirement in each
experimental unit was needed prior to irrigation to calculate
the average irrigation depth for the CUIM treatment. To
accomplish this, the center pivot system was run dry over the
field site to upload data from the soil moisture sensors using
the RF communication link with the pivot DCADAS
network. The time required to pass over the field and upload
the data was 3 to 4 h. The soil moisture data was stored at
DCADAS network node located at the pivot point. This data
was downloaded to a personal computer and used with the
irrigation decision support model to compute the irrigation
requirement for each experimental unit. The mean irrigation
requirement for the CUIM treatment was then calculated.
The computed irrigation requirements were then used to
develop a water control map for irrigation to each treatment
of each experimental unit. The resulting map was down-
loaded to the center pivot control computer and irrigation
completed.
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Russet Burbank potato was planted on 9 May 2001, and 1
May 2002, with a seed piece spacing of 30 cm (12 in.) and row
spacing of 91 cm (36 in.). Basin tillage prior to irrigation was
used to create small water storage basins in the furrow
between crop rows to eliminate water movement down slope.
Fertilizer, herbicide, and fungicide applications were applied
following University of Idaho potato production guidelines
(Stark and Love, 2003). All chemical applications through
the irrigation system were done uniformly using the 3X
application rate with the minimum required water applica-
tion according to label guidelines. The crop was harvested on
5 October 2001, and 10 October 2002. Tuber samples from
each experimental plot consisted of 9.1-m (30-ft) sections of
three crop rows. Tuber samples were weighed, sized, and
graded within 30 days of harvest. Specific gravity was
determined with the standard weight-in-air/weight-in-water
method using a sub sample of U.S. No. 1 grade tubers
weighing 170 to 283 g (6 to 10 oz).

The GLM and MIXED procedures of SAS (SAS Institute
Inc., 2003) were used for analysis of measured yield
parameters. The MIXED procedure was used to accommo-
date the potential presence of a random effects parameter and
residual errors that are not independent with zero mean.
When the random effects parameter and residual errors are
normally distributed with zero mean, the MIXED statistical
model reduces to the traditional linear model with fixed
effects (i.e. GLM). The numerical results of the GLM and
MIXED procedures were identical indicating that the effects
parameter and residual error were normally distributed with
ZeTo mean.
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Thus, the more water ponded in the furrow, the more water
that moves downward by gravity passing the potato root
system. Thus, irrigation efficiency likely varied across the
field site. The presence of free lime also influences the color
of the soil with areas high in free lime appearing white in
color. Thus, the reflectance of solar radiation from the soil
surface varies across the field site, leading to spatial
variability in soil temperature, especially early in the season.
This is likely one reason for the spatial variability in plant
emergence across the field site with the darker soil areas
having earliest plant emergence. While irrigation and AWHC
were controlled in the experimental design, there were other
sources of spatial variability present that could affect potato
yield.

Gross income under both irrigation management treat-
ments was calculated using the tuber yield distributions
shown in tables 2 and 3 and a local tuber quality incentive-
based potato processing contract price structure. In 2001,
gross income averaged across the field site was $3690/ha
($1494/acre) for the CUIM treatment and $3856/ha
($1561/acre) for the SSIM treatment, resulting in a trend
difference of $165/ha ($67/acre) greater under SSIM. In
2002, gross income averaged across the field site was
$3283/ha ($1329/acre) for the CUIM treatment and $3435/ha
($1391/acre) for the SSIM treatment, a trend difference of
$152/ha ($62/acre) greater under SSIM. Given the high
degree of short range spatial variability in yield response to
water demonstrated by Sadler et al. (2002) and apparent in
figures 10 and 11 from this study highlights the difficulty that
can be expected in measuring a significant response in crop
yield due to water management alone. The high degree of
short range spatial variability in yield response to water
highlights the need for a greater understanding of the factors
responsible. This understanding will play a significant role
identifying water management zones needed to achieve
economically viable SSIM.

The $159/ha ($65/acre) average increase in gross receipts
alone is not sufficient to warrant commercialization of
site-specific irrigation technology. The $159/ha ($65/acre) is
likely about half the retail cost of a commercial system. The
required 3- to 5-year crop rotation for potato disease
management means that either the site-specific irrigation
system needs to be mobile or that an economic benefit must
also be realized from other crops in the rotation. In eastern
Idaho, possible rotation crops are small grains, sugar beets,
and alfalfa, all of which are relatively insensitive to soil water
availability compared to potatoes and have deeper root zones
allowing greater spatial differences in soil water availability
without adverse effects. Site-specific irrigation also in-
creases management costs due to increased data require-
ments and maintenance of added components to the irrigation
system. The results of this study suggest that water savings
will be minimal as nearly the same field average amount of
water was applied under site-specific irrigation management,
only the timing and location was modified.

The results of this field study are consistent with results of
other studies of SSIM. Simulation studies of SSIM (Ritchie
and Amato, 1990; Nijbroek et al., 2003; Oliveira et al., 2005)
found that SSIM tended to increase yield and decrease water
use but yield and water use were not significantly different (p
< 0.05) from CUIM. In this study yield differences under
CUIM ranged from 88% to 108% of average and from 73%
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to 120% of average under SSIM. The field study of Redulla
et al. (2002) found only 30% to 41% of the variability in yield
of potatoes in center pivot irrigated fields was explained by
measured soil chemical and physical parameters. Sadler et al.
(2003) found a 61% to 120% variation in the optimal
irrigation amount for corn in southeastern United States.
Collectively, these studies suggest that factors other than
AWHC can have a substantial effect on yield.

SUMMARY AND CONCLUSIONS

SSIM was compared with CUIM based on near-real time
soil moisture monitoring of both management treatments.
Field average seasonal water application was nearly equal
under both irrigation management treatments. Site-specific
seasonal water application varied from 82% to 119% of field
average site-specific seasonal water application. In both
study years, six of the nine pair-wise treatment comparisons
between SSIM and CUIM had higher total yield with SSIM.
In both study years, tuber yield distributions trended greater
under SSIM but were not significantly different (p < 0.05).
Based on a local tuber quality adjusted potato processing
contract price structure, the trend in gross income averaged
across the field site was $159/ha ($65/acre) greater under
site-specific irrigation management.

Results from this study and others collectively suggest
that AWHC may not be the best or only parameter to consider
in delineating irrigation management zones. A systems
approach to SSIM will likely be required that takes into
account all known factors affecting yield and include them in
delineating irrigation management zones and making SSIM
decisions.
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