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ABSTRACT

Rice (Oryza sativa L.) is an important cash crop
in Honduras. The availability of inexpensive ir-
rigation in the study area (Flores, La Villa de San
Antonio, Comayagua) encourages rice farmers
to neglect prescribed methods of soil and water
conservation, such as land leveling, puddling,
and soil bunds. This study looked at the effect of
failure to mitigate water loss on sloping fields.
Soil moisture (Volumetric Water Content) was
measured using a soil moisture probe after the
termination of the first irrigation within the til-
lering/vegetative, panicle emergence/flowering,
post-flowering/pre-maturation and maturation
stages. Yield data were obtained by harvesting
on 1 m? plots in each soil moisture testing site.
Data analyses looked at the relationship between
yield and slope, soil moisture, farmers, and to-
posequential position along transects. Topose-
guential position influenced yields more than
slope and soil moisture was not a significant
predictor of yields. Irrigation politics, high water
inputs, and land tenure were proposed as the
major reasons for this result.

Keywords: Land Tenure; Prices; Comayagua; Soil
Bunds; Precipitation

1. INTRODUCTION

For optimal rice production, rice farmers must balance
agronomic requirements of rice varieties with site con-
ditions, finances, infrastructure (i.e. tractor and irrigation
availability) and politics (i.e. national price agreements
and local labor availability). Nevertheless, the most im-
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portant resource input for rice production is water [1]. In
order to limit water stress in rice, farmers throughout the
world commonly grow rice under flooded conditions.
Seventy-five percent of world production of rice, as of
2001, came from irrigated systems [2]. However, in areas
where water is scarce, unpredictable, or expensive, far-
mers employ a variety of strategies for maximizing water
use efficiency or water productivity, calculated as grain
weight produced per water used or grain weight per
water provided through irrigation and precipitation [3,4].
Growing rice under aerobic conditions or using alternate
wetting and drying and saturated soil culture technolo-
gies has been increasingly used and implemented with
variable success, but studies have shown that they offer
opportunities for producing rice with small decreases in
production but large savings in water [5-8]. Aerobic rice
refers to rice grown in non-flooded and non-saturated
conditions [4]. Alternate wetting and drying systems
allow fields to drain midway through the rice growing
season and allow for periodic drying of the soil after
panicle initiation [9]. Saturated soil culture refers to non-
flooded systems in which the soil is maintained at con-
stant saturated levels [5,10]. Land leveling and water
conservation structures, regardless of the cultural prac-
tice utilized, improve water use efficiency by providing
the entire field with similar conditions and limiting water
loss through percolation, runoff, and seepage [1], which
are estimated to account for 50% - 80% of total water use
in rice fields [11]. In sloping fields, the losses are ex-
pected to be higher and yields should vary more through-
out the field.

Rice farmers in the semi-arid Irrigation District of
Flores, Comayagua, Honduras rarely prepare their fields
and manage water on-field using recommended methods.
They rely on negotiated prices, cheap irrigation water,
and precipitation to generate a profit. Rice is grown
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during the rainy season with water inputs coming from
precipitation and irrigation, usually applied every 8 - 10
days. Planting, fertilization, weeding, and irrigation are
done by hand and land preparation and harvesting are
done mechanically with disk plows and combines, res-
pectively. The farmers do not level their fields or install
soil bunds along the contour to maintain equal soil
moisture throughout the field. Because the farmers rarely
install soil bunds at the downslope end of the fields,
much of the irrigation water, moreover, runs off the field
without providing any productive benefit to the field. On
flat fields, these practices should have little or no impact
on yields, but on sloping fields, given rice’s sensitivity to
water stress, they should cause wider disparities between
soil moisture levels at the high and low ends of fields,
consequently causing correlative yield disparities. On
sloping fields, the high sides of the fields dry out more
quickly, encouraging weed growth because a sparse rice
canopy and herbicide runoff, experience more frequent
water stress, and have lower yields relative to the lower
end of the field where water and fertilizers would be
higher [12].

This study was designed to determine 1) if fields with
higher slopes had lower yields than fields with lower
slopes, 2) if yields were higher downslope relative to
upslope, and 3) if yield disparities on and between fields
were correlated with soil moisture differences throughout
the growing season and soil moisture differences during
five rice growth stages.

2. METHODS
2.1. Site and Field Description

The study took place in 2010 in Flores, municipality
of La Villa de San Antonio, Department of Comayagua,
Honduras (14°17'38.81"N, 87°34'17.82"W, 680 m.a.s.l.).
The fields used in this study were within the Irrigation
District of Flores, which contains about 69 km of
primary and secondary canals providing water from the
El Coyolar dam (14°19'12.17"N, 87°30'42.02"W, 823
m.a.s.l.) to an area of about 2,300 hectares. The Irrigation
District is managed by the Association of Irrigation
Farmers of Flores and the Honduran Department of
Agriculture and Livestock. The Department of Natural
Resources manages the El Coyolar dam in conjunction
with the participating parties of the Irrigation District of
Flores.

The study used five rice fields, farmed by two farmers.
The farmers were chosen because they were respected in
the District and rented large areas, allowing for fields
with a variety of slopes to be chosen, most of which
would be planted, irrigated, and harvested concurrently.
From the fields rented by Farmer 1 and Farmer 2, in-
dividual fields were chosen, ranging in slope from 0.5° -
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6°. Where possible, the study used adjoining fields to
limit soil and management differences. The three fields
of Farmer 1 were adjoining. The two fields of Farmer 2
were about five kilometers away from Farmer 1’s fields
and 0.5 kilometers apart from each other because we
wanted to include a field with a slope between 4° - 6°.

Farmer 1 planted his rice on 9 June, 2010 and har-
vested on 20 October, 2010, 134 days after planting.
Farmer 2 planted his rice on 5 July, 2010 and harvested
on 20 November, 2010, 139 days after planting.

The average precipitation from 1972 t01986 in Flores
was 876 mm-year ' [13]. During the year of the study,
data given to the lead author by an agronomist from a
nearby farm owned by Ingeneria Agricola y Ganadera
S.4. showed that Flores received 1479 mm of pre-
cipitation. During the five months that Farmer 1 had his
rice planted, from June to October, precipitation aver-
aged 207 mm-month . From July to November, the five
months of cultivation for Farmer 2, precipitation aver-
aged 198 mm-month™'. During the three key months for
rice development in this study, from July through Sep-
tember, precipitation averaged 300 mm-month .

2.2. Field Characterization

Size, slope, and general soil characteristics were
determined for each field. The size was measured in
ArcGIS using GPS points taken on a Garmin 72 h hand-
held device (Garmin International, Inc., Olathe, Kansas).
The slope was measured using a Suunto clinometer
(Suunto Oy, Valimotie, Finland). Slope measurements
were taken and averaged for each field; two or more
slopes for the same field were only used on the same
field if a part of the field had a noteworthy change in
slope in comparison with the rest of the field.

Soil characteristics for each field were measured by
taking composite samples of fifteen individual soil cores
to 15.24 cm depth and sending them to Zamorano Agri-
cultural University in southern Honduras for analysis.
The analyses included organic matter (Walkley and
Black method [14]), Ntotal as 5% of organic matter, P, K,
Ca, and Mg (Mehlich 3 extractant [15]), texture (Bou-
youcos method [16]), and pH (1:1 ratio of soil to water
[17]). Fields 1, 2 and 3 of Farmer 1 each had one com-
posite sample. Field 4 of Farmer 2 had three samples
because of texture differences in the upper, middle and
lower portions of the field. Field 5 of Farmer 2 had two
samples because the two halves of the field were on
different sides of a small hill with different slopes.

Field 1’s slopes were not uniform and included slopes
of 5° and 3° degrees. Field 2’s slope was 2.5° and in-
cluded 9 points under management by another farmer;
the different ownership and management was not dis-
covered until the study was underway. Field 3 was the
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most uniform of the fields with a slope of 0.5°. Field 4
had a slope of 3°. Field 5’s first three points of two
transects on this field had slopes of 6°, but the remainder
of the points on those transects and the other three
transects had slopes of 4°.

Soil moisture transects and measurement: Five per-
manent, random transects oriented perpendicular to the
contour were established on each field. Within each
transect, seven points were evenly spaced with a 2.5 m
buffer from each stake. Transect Point 1 refers to the first
and highest point on a transect. Transect Point 7, there-
fore, refers to the lowest point in a field for a given
transect. For the purposes of this study, toposequence
refers to position on the gradient from Transect Point 1 to
Transect Point 7 for a given transect.

Volumetric water content measurements were taken
using a Field Scout TDR 300 soil moisture meter probe
(Spectrum Technologies, Inc., Plainfield, IL) at each
transect point. The three fields of Farmer 1 were meas-
ured for VWC under the setting “High Clay”. The two
fields of Farmer 2 were measured for VWC under the
standard setting. The soil moisture meter was calibrated
by comparing the measured VWC and weight of soil in
soil cores over the course of a month of drying [18].

Volumetric water content measurements were taken
during the tillering/vegetative, panicle emergence/flower-

ing, post-flowering/pre-maturation and maturation stages.

Once the rice entered each stage, measurements were
taken one day, three days and six days after the succes-
sive irrigation. This schedule was not possible for all of
the fields because of irrigation scheduling conflicts.

Yield data: In the week before each farmer harvested
each field, when the rice had a moisture content of
approximately 10% - 20%, one square meter was har-
vested at each transect point (35 samples per field). All
panicles were harvested, bagged, and dried for two days

in the sun before being manually threshed and winnowed.

Each sample was then weighed using a 2500 gram Pesola
Medio-Line Spring Scale with 20 gram increments (Pe-
sola, Inc., Kapuskasing, Ontario).

Interviews: Each farmer was interviewed using a
survey approved by the Michigan Technological Univer-
sity Institutional Review Board. The questions addressed
the challenges facing rice farmers in Honduras, methods
and costs of production, land tenure, and crop prefer-
ences [18].

Statistical analyses: When appropriate, soil moisture
data was analyzed for the fields of each farmer separately
because different soil moisture settings on the soil moi-
sture meter were used for the fields of Farmer 1 and
Farmer 2. Otherwise, statistical analyses were performed
on the entire data set. Analysis of variance (ANOVA)
was used to test significance in soil moisture, slope, tran-
sect points and farmers on yield [19]. Tukey’s Stu-
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dentized Range (HSD) was used to test the significance
of differences in yields across fields, slopes and transect
points. Correlations looked at slope, transect points and
soil moisture at transect points for the different growth
stages against yields. Results were declared significant at
p < 0.10. p values are given throughout the results and
discussion sections.

3. RESULTS

Because rice production is sensitive to soil moisture
our primary hypothesis was that rice yield should be
positively correlated with soil moisture. Soil moisture
content did not have a significant effect on yields in
Farmer 1’s fields (Table 1). Only the first measurement,
when the fields were flooded, yielded significant results
of soil moisture by growth stage, but the trend was nega-
tive. On Farmer 2’s fields, soil moisture content was

Table 1. Correlation between soil moisture and yield and
transect variables by growth stage on Farmer 1’s fields. The
tested growth stage and number of days following irrigation
are listed. The top value for each stage is the R-value. The
value in parentheses is the p-value.

Growth Stage Yield Transect Point

Vegetative 1 —0.0321 0.2992
—0.7449 (0.0019%)

Vegetative 3 —0.1231 0.3597
-0.2108 (0.0002")

Panicle Initiation 1 -0.0314 0.3295
—0.7504 (0.0006")

Panicle Initiation 3 —0.0393 0.3449
-0.6907 (0.0003")

Panicle Initiation 6 —0.0957 0.2788

-0.3315 (0.004")

Reproductive 1 —0.1839 0.3199
(0.0604") (0.0009")

Reproductive 3 —0.0812 0.4006
-0.41 (<0.00017)

Mature 1 -0.0804 0.3399
—-0.4152 (0.0004")

Mature 3 —0.08 0.2695
—-0.4175 (0.0054")

Mature 6 —0.069 0.3608
-0.4837 (0.0001%)

"= significant value at & = 0.1.
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statistically significant during the second measurement
of the vegetative stage and the last two measurements
during the mature stage, but these were the most unlikely
stages to show an effect (Table 2). Soil moisture content
by growth stage was not an important factor in explain-
ing yield differences.

When a Tukey’s Studentized Range (HSD) test was
run for the transect point data for yields (Table 3), field
position, as represented by transect points, significantly
affected yields (p < 0.0040, a = 0.1). Yields generally
increased from one point to the next downslope along the
transects. The lowest points in the field, points 4-7, along
each transect have higher yields than the points higher up
in each field (points 1-3). The data also suggest a yield
gradient because point 7 is significantly different from
points 1-3.

Soil moisture content changed positively and sig-
nificantly on Farmer 1°s (p < 0.0001) and Farmer 2’s (p
= 0.0868) fields based by transect point (Tables 1 and
2). As transect point increased (lower toposequential
position in the field), soil moisture also increased; the
lower portions of the fields were more saturated than
the upper portions. For Farmer 1’s fields, statistical sig-

Table 2. Correlation between soil moisture and yield and
transect variables by growth stage on Farmer 2’s fields. The
tested growth stage and number of days following irrigation
are listed. The top value for each stage is the R-value. The
value in parentheses is the p-value.

Growth Stage Yield Transect Point

Vegetative 1 0.1567 0.1508
—0.1952 -0.2127

Vegetative 3 0.2183 0.2389
(0.06947) (0.04647)

Vegetative 6 0.1904 0.198
—0.1144 -0.1002

Reproductive 1 —0.1121 —0.4221
-0.5216 (0.0115%)
Reproductive 3 -0.079 —0.2242
—0.6521 -0.1954

Mature 1 0.0906 0.0774
—0.456 —0.5242

Mature 3 0.2076 0.1246
(0.0848") —-0.3042

Mature 6 0.2056 0.2062
(0.0879%) (0.0868")

"= significant value at & = 0.1.
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Table 3. Mean values of yield in tons per hectare for transect
points for all five fields. The same letter indicates no sig-
nificant difference between transect yields using Tukey’s test
for significant difference. Transect point 7 is significantly dif-
ferent than points 1 - 3 (p = 0.0040, o = 0.1). A general
gradient of yields is also noted down the slope. N = 174.

Transect Point Mean Yield (t-ha™")

2 3.44°
1 3.65°
3 3.81°
6 3.96*°
5 3.96"
4 4,01
7 4.59°

nificance changed only slightly when analyzed by growth
stage and number of days after an irrigation. For Farmer
2’s fields, however, the growth stage and number of days
following irrigation affected the significance of soil moi-
sture at each transect point.

In combination, these three results imply that yield
increased as one proceeded downslope, soil moisture
increased as one proceeded downslope, but yield was not
significantly related to soil moisture. There were several
factors that did influence yields in addition to position
along the slope. Slope had a weak but significant nega-
tive correlation with yields (Table 4) (R = 048, p <
0.0001). The results are consistent with previous studies
done on maize, where fields with higher slopes experi-
enced more variation and maximum terrain slope was
found to be important, but where another factor, such as
nutrient availability, was found to be more important
[20,21]. The 5° and 6° slopes were not included in the
analysis because they had sample sizes of 3 and 6,
respectively. Slopes of 2.5 and 3° were statistically simi-
lar, but yields on slopes of 0.5° and 4° were each statis-
tically different from yields on other slopes.

The different fields also significantly affected yields (p
< 0.0001) (Table 5). Field was an important explanatory
variable for yield for both farmer data sets. Fields 1 and
2 of Farmer 1 were statistically similar in yield. Fields 1
and 3 were also similar, but fields 2 and 3 were not. Field
2 had the lowest yields regardless of whether or not the 9
points under management by another farmer were in-
cluded. Field 4 and field 5 each had yields statistically
different from every other field. They were also statis-
tically lower in yield than the three fields of Farmer 1.

This study showed no correlation between slope and
soil moisture on Farmer 2’s fields. The study also
showed significant correlations between all but one soil
moisture testing date and slope on Farmer 1’s fields, but
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Table 4. Mean yields generally decreased as slopes increased.
The same letter indicates no significant difference between
field yields using Tukey’s test for significant difference. Slope
has a significant (p < 0.0001; a = 0.1) impact on yields.
Degrees of freedom = 165. N = 168.

Slope (°) Mean Yield (t-ha™")
0.5 487
2.5 4.07°
3 3.93°
4 2.84°

Table5. Mean values of yield in tons per hectare for each field.
The same letter indicates no significant difference between
field yields using Tukey’s test for significant difference. Field
has a significant (o = 0.1.) impact on yields as Field 3 is
different from Fields 2, 4 and 5. Field 1 is different from Fields
4 and 5. Field 2 is different from Fields 3, 4 and 5. Fields 4 and
5 are each unique. Degrees of freedom = 140. N = 35.

Field Mean Yield (t-ha™")
3 487
1 44420
2 4.06°
4 3.46°
5 2.75¢

the trend was negative and unexpected [18,22]. This
could have been because the individual topography of
Farmer 1°s three fields, the difficulty of differentiating
between slopes of 2.5° and 3° with a clinometer, and the
potential for other factors to override the importance of
small differences in slope.

For Farmer 1’s fields, transect point was highly
correlated with soil moisture content, but yields were not
(Table 1), regardless of the inclusion or exclusion of the
nine points in Field 2 cultivated by another farmer. The
data from Farmer 2’s fields showed low correlations be-
tween soil moisture content with yields or transect points
(Table 2). On both fields of Farmer 2, soil moisture con-
tent increased as transect points increased, but it did not
have a large effect on the yields in either field.

4. DISCUSSION

4.1. Transect Point, Soil Moisture, Slope and
Erosion

We expected soil moisture would be positively cor-
related with transect point; as one proceeds down the
slope (with the higher numbered transect points at the
bottom of the slope), one expects that soil moisture
should also rise. In rain-fed systems in Laos, Vietnam
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and the Philippines, series of fields increased in standing
water in the lower portions of mildly to medium sloped
toposequences [23,24]. Multiple fields along a topo-
sequence can be seen as points along a transect in the
same field, but soil moisture in fields in Flores did not
follow this pattern completely. Soil moisture was highly
correlated with transect point across testing dates for
Farmer 1’s fields, but was not for Farmer 2’s fields
although Farmer 2’s field had higher slopes than those of
Farmer 1. As expected, soil moisture increased down-
slope on Farmer 1’s fields with slopes of 0.5°, 2.5° and 3°,
but on the fields with higher slopes, those of Farmer 2,
we found little or no correlation between soil moisture
and transect point. This suggests that other factors on
Farmer 2’s fields affected drying.

Large quantities of water, supplied cheaply by the
Irrigation District of Flores, and the consequent incentive
to over-water may explain why we found this discrep-
ancy. In theory, each irrigation costs 200 lempiras (ap-
proximately US $10.58) and provides 1200 m’-mz "' (one
manzana equals 6999 m?), equal to 171 mm-ha™', at a
cost of $0.009 per-m”. This price has been found in other
parts of the world to cover the operation and main-
tenance costs of well-functioning irrigation districts, but
it falls at the extreme low end of average values of water
around the world, which range from $0.05 to $0.90
per-m’ but are more often recorded as between $0.10 and
$0.20 per'm’ [25]. In rice production, water is perceived
by farmers as more important than in other crops such as
soybeans and maize because it thrives in flooded con-
ditions, experiences water stress more easily, and trans-
pires at a greater rate than other grains [26]. Many far-
mers in Flores are probably receiving over 1200 m*-mz "'
of water because the District lacks on-field water volume
meters and farmers can sometimes bribe canaleros, the
workers employed to open gates between the canals and
the fields, to provide extra water during irrigation. Even
though farmers comment that they want more water for
their fields, they are already getting irrigation water at
low cost.

This dynamic may explain why transect points did not
correlate with soil moisture on Farmer 2’s fields. We
could not collect data during the panicle initiation and
flowering growth stages because he was irrigating
throughout these stages. During times that he was not
irrigating a field used in the study, water was still per-
colating from the field canals into the upper portions of
the fields where the first transect points were located.
Near constant irrigation by Farmer 2 probably kept the
soil saturated on the upper portions of the field when,
using prescribed irrigation plans, it should have been
drying; this eliminated the soil moisture gradient one
would have expected on highly sloping fields.

For both farmers, the slope-induced differences in soil
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moisture along transect points were likely reduced by an
abnormally rainy year. For upland, rainfed systems in
Asia, 200 mm-month™' of precipitation is adequate for
acceptable rice yields [1]. Adding precipitation during
the study (300 mm-month™") and two irrigations per
month (at least 342 mm-month™"), rice fields in Flores
were receiving close to 650 mm-month™' in 2010. This
suggests that water was not the primary constraint to
optimal yields in Flores, Comayagua. Other factors, such
as soil nutrient availability, soil texture, and weeds were
probably contributing to yield losses upslope. These data
also suggest that the Irrigation District could allocate
water more efficiently; if farmers could control for slope
and apply water equally to the whole field, the Irrigation
District could extend its coverage.

In rice, the absence of standing water itself can
significantly decrease yields even if water stress is not
noted [27]. Losses of up to 120 g-kg ' are possible in
fields kept at saturation levels without flooding and
losses up to 400 g-kg ' are possible when the soil water
is allowed to drop to 10 to 30 kPa depending on fre-
quency and severity of the drying [5]. Despite abnor-
mally high precipitation and inexpensive irrigation water,
therefore, we expected more of an effect on yields from
soil moisture in the absence of flooded conditions. Tran-
sect point positively affected soil moisture on Farmer 1°s
fields and affected yields generally across fields but soil
moisture itself did not affect yields. We expected soil
moisture to predict rice yields significantly, but the data
from Flores in 2010 show that this may not always be the
case.

Transect point and slope were better predictors of
yield than soil moisture. Other consequences of failing to
mitigate the effects of slope may explain why soil moi-
sture was not correlated with slope and transect points on
Farmer 2’s fields but slope and transect point were
correlated with yield. Yearly runoff on sloped fields,
where no soil conservation structures exist, can transport
large quantities of soil nutrients, organic matter and fine
particles downslope [28,29]. With every increase in slope,
even on gently sloping fields, fields experience large
increases in soil loss from water runoff. In India, for
example, marginal slopes of 0.29° can experience soil
losses of 3.0 t-ha™' while slopes of 1.72° can lose 13.6
t-ha”' in a given year [28]. This can increase soil fertility
downslope in a given field at the expense of soil fertility
upslope. Fertilizer and herbicides, moreover, are not
contained upslope in this situation [30]. These factors, in
the absence of soil conservation structures, increase
productivity downslope at the expense of upslope prod-
uctivity. If a farmer attempts to maintain high soil moi-
sture upslope by providing increased quantities of ir-
rigation, he can compound the problem and increase
yield disparities despite successfully overcoming soil
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moisture limitations in upslope areas.

4.2. Rationality and Land Tenure

Despite disparities between yields upslope and down-
slope, farmers may be acting rationally. Interviews with
the farmers indicated that contract issues and land tenure
were important reasons why they were not using soil
conservation and slope-mitigation techniques. It has been
well-established that land insecurity has negative impacts
on the use of soil conservation structures [31-33]. Rent-
ing land has sometimes been considered differently than
insecure land ownership rights, and hypothesized to be
an incentive for early adoption of soil conservation
technologies [34]. However, in Honduras, hillside far-
mers have been reluctant to invest in organic matter
technologies when they do not have guaranteed con-
tinued access to the fields [35]. In the Irrigation District
of Flores, it was not in the best interest of the farmers to
improve rented land. The owner of the land might want
the land back if improvements increased the profitability
of rice farming. At the time of the study, most contracts
in the District were from six months to a year in duration.
If farmers improved the land by construction of soil
bunds or other soil conservation features, the owner
sometimes demanded the land back or chose not to rent
the land the following year; the farmers would lose their
investment and access to the fields in this situation.

It was in the best interest of the farmers, therefore, to
forgo using large investments in land preparation to
optimize production and instead to concentrate on water
and fertilizer inputs for raising yields. Water was easy to
control because of its low cost. When discussing farm
management, farmers stated that they were investing in
fertilizers and other chemical inputs.

Scale, especially for the two farmers in this study, was
also an important factor. Instead of farming intensively,
they chose to farm extensively; mechanization made this
possible and preferable. Other farmers paid Farmer 1 to
use his five tractors and two combines to prepare and
harvest their fields. Both farmers in this study were
wealthier than the average farmer in the District. At 55
ha for Farmer 1 and 75 ha for Farmer 2, both farmers
farmed areas much larger than the average (5 ha) in the
Irrigation District. Rather than focus on making the most
money out of five hectares, they both focused on farming
relatively well on large areas. This decision was influ-
enced by irrigation availability, land tenure, and the
availability of machinery for land preparation and har-
vesting. These factors likely outweighed the importance
of soil moisture and slope on the rice fields of Farmers 1
and 2 in Flores during 2010. We nevertheless observed
similar management on the fields of farmers cultivating
on smaller parcels, likely strengthening the argument that
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insecure land access probably played a vital role in in-
fluencing in their water management.

5. CONCLUSIONS

This study confirmed that slope was affecting yields in
the Irrigation District of Flores in Comayagua, Honduras.
The value of field studies rather than research station
trials was also confirmed [36]. The results indicate that
farmer concerns about tenancy may generate poor on-
field water and fertilizer management that logically fol-
lowed from the farming system. A research station trial
would not have included tenure as a social dimension of
the farm system. The field study also usefully suggested
that the farmers were, contrary to the original hypothe-
ses, over-watering the fields because of the inexpensive
cost of water and the presumed value they placed on
using large quantities of water when irrigating the fields.
The apparent yield gradient suggested that this strategy
had other consequences such as erosion and nutrient
leaching. This study could not identify the factors in-
fluencing yield losses up-versus downslope.

It would be beneficial for future studies to look at
larger groups of fields with disparate slopes in the Irriga-
tion District of Flores to determine whether slope, soil
moisture, erosion, fertilizer regimes or other factors are
causing the yield losses upslope. Given the unstable
economic climate of Honduras and the year-to-year
changes in the negotiated price of rice, it would be bene-
ficial to develop a model for determining the appropriate
goals for farmers in a given year. It would be enlight-
ening to see what it would take for the region to become
more intensive in production rather than extensive, as is
now the case. Furthermore, it would be useful to deter-
mine the optimal pricing of irrigation water in order to
maximize regional yields and minimize soil loss through
erosion.
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