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The purpose of WRRI technical reports is to provide a timely
outlet for research results obtained on projects supported in whole
or in part by the Imstitute. Through these reports we are promoting
the free exchange of information and ideas and hope to stimulate
thoughtful discussion and action which may lead to resolution of
water problems. The WRRI, through peer review of draft reports,
attempts to substantiate the accuracy of information contained in
its reports but the views expressed are those of the author(s) and

do not necessarily reflect those of the WRRI or its reviewers.
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ABSTRACT

The general objective of this project was to demonstrate the
feasibility of alternative water management practices on the quality
of drainage return flow and soil salinity in the Mesilla Valley, New
Mexico. The project comsisted of a 450-acre demonstration farm
having a combination of present day irrigation technology used to
show how, through modern water management, the return flow quality
and quantity can be improved.

The results of this study indicated that by using irrigation
scheduling, farm irrigation efficiency can be increased 13 to 23
percent. However, field irrigation efficiency was found to vary
from 80 percent down to 35 percent regardless of type of crop or
field size. Trickle irrigation on a 1.3 hectare pecan orchard re-
sulted in irrigation efficiencies near 100 percent with apparent
above average yields.
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DEMONSTRATION OF IRRIGATION RETURN FLOW SALINITY CONTROL
IN THE UPPER RIO GRANDE
SECTION 1

INTRODUCTION

The quality of irrigation return flow represents a major problem
in the western United States. The water of the Upper Rio Grande has
been reported as a classic example of water quality degradation.
Mineral pollution is the most serious problem in the Upper Rio Grande
Basin. The problem is serious because the basin is approaching or
has approached conditions of full development and utilization of the
available water resources. There is a progressive increase in the
concentration of total dissolved solids and percent sodium from the
upper to the lower sampling stations in the Upper Rio Grande Basin.
The relatively large increase in dissolved solids in the river along
the irrigated areas is, to a large extent, due to the concentrating
effect of irrigation.

Nearly all of the valley land in the Upper Rio Grande Basin has
a high water table. Where irrigation exists, drainage canals divert
water from the "near-surface aquifers" into the Rio Grande. In the
Mesilla Valley, as in many other areas, high equilibrium salinity
concentrations are known to exist in the near surface aquifer. The
key to achieving a reduction in salt loading is to lower the ground-
water levels. The most effective means for lowering groundwater
levels is to reduce the source of groundwater flows, which can be
accomplished by reducing seepage losses through lining canals and
laterals, or by reducing deep percolation losses resulting from ex-

cessive irrigation by improved on-farm water management practices.



A U.S. Senate Select Committee (1961) and a U.S. Water Resources
Council Study (1968) report estimated that the Upper Rio Grande and
Pecos basins were the shortest of water in relation to projected
future demands of any basin in the continental United States. The
Water Resources Council study identified the major problems as water
deficiencies, groundwater storage depletion, and poor water quality
because of mineral pollution. The past 15-year average inflow to
Elephant Butte Reservoir is only about 65 to 70 percent of the long-
term average inflow. Thus, a program for reduction of mineral pollu-
tion loading is urgently needed in order to protect existing water
uses from mineral quality degradation during low-flow periods, and
to prevent the serious restriction of future basin-wide economic
development.

The general purpose of this portion of the study was to demon-
strate the effect of alternate water management practices on the
quantity and quality of irrigation drainage return flow and to deter-
mine any determinable effects these management practices would have
on the soil salinity of the irrigated land. To accomplish this
broad objective a 182-hectare farm, located in central Mesilla Valley,
was selected for the demonstration site (Figure 1). The specific
objectives were:

1. To demonstrate the effects of salinity-control technologies,
including canal lining, irrigation scheduling, and trickle
irrigation, on the quantity and quality of return flow.

2. To measure the water flow and quality in the drain passing
through the Demonstration Farm to determine the effect of

water-management practice on irrigation return flow.
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SECTION 2

PHYSICAL DESCRIPTION OF THE MESILLA VALLEY

The Mesilla Valley is located in Doma Ana County in southern New
Mexico. It extends from Selden Canyon north of Radium Springs, New
Mexico, southeasterly to the New Mexico-Texas border. The Rio Grande
enters the Mesilla Valley at the junction of Selden Canyon and flows
southeast past Las Cruces and Anthony to ELl Paso Canyon. The Valley
is approximately 96 kilometers long and about 10 kilometers wide at
the widest point just south of Las Cruces (Figure 1).

The irrigated cropland is located predominantly in the valley
floor along the Rio Grande. A small amount of the cropland is lo-
cated on the ﬁesa on either side of the valley. The major flood
plains of the valley converge in the vicinity of Las Cruces and drain
into the Rio Grande.

Topography

The Mesilla Valley is bounded from north to south on the east
side by the San Andres, Organ, and Franklin Mountain ranges and on
the west side by mesa highlands. The valley has a relatively smooth
alluvial floor and is bordered by steep bluffs of about 15 to 30
meters high, composed of loosely cemented sand, silt, clay, and
gravel. From the bluffs, sloping plains extend away from the river
to the mountains.

The drainage into the valley is primarily from arroyos in the
mesa highlands toward the river. Drainage is from northweét to
southeast. The valley floor varies in altitude from about 1,250
meters at Selden Canyon to 1,130 meters in El Paso Canyon. This
elevation change represents a gradient of approximately .13 percent.

4



The Mesilla Valley has a recent valley f£fill less than 45 meters
thick, underlain by the Santa Fe Formation, a mixture of sand and
gravel interspersed by numerous clay layers. The valley fill is a
relatively fast backiill of an earlier river cut. The backfill and
valley floor were completed about 10,000 years ago. The upper fill
is fine ground sands and silts while the lower part of the £ill is
mainly gravel. All groundwater developed within the Mesilla Valley
is within the valley fill.

Climate

The Mesilla Valley climate is semi-arid. It is characterized
by low annual precipitation, low humidity, high temperatures, and
persistent wind movements, particularly in the spring. The summer
months are, in general, the wettest ones when tropical air masses
from the Gulf of Mexico predominate over the area and cause thunder-
showers. These thundershowers are occasionally accompanied by hail
which may cause severe crop damage. The high temperatures and low
relative humidity result in rainfall being evaporated or transpired
rapidly.

The mean annual temperature in the valley is about 15 degrees
Centigrade. The winters are usually mild and dry, and temperatures
above 38 Centigrade are not uncommon In the summer months. The
frost—free season in the valley usually begins in mid-April and
lasts about 200 days until late October.

The soils of the Mesilla Valley fall into two distinct divi-
sions~-the alluvial section, or the Rio Grande Valley fill, and
the narrow margin of upland area of the piedmont slopes. Most of

the soil material in the valley floor is alluvial deposit laid



down by the Rio Grande. A large portion of this fill has been trans—
ported great distances. With no perennial streams and numerous
drainage ways, little material from the valley slopes is transported
to the valley floor in any one year.

The soils of the Rio Grande flood plain in the Mesilla Valley
are of the Glendale-Harkey-Brazito associations (USDA, SCS, 1977).
These soils are brownish—gray to pale brown and are underlain by
alluvial sediments ranging in texture from coarse sandy to strati-
fied loams. The principal soil classes are Glendale clay loam,
Harkey loam, and the Anthony-~Vinton loam (Table 1). Harkey brown
loam and Anthony-Vinton loam are characterized as slight to moder-
ately stratified, with thin layers of heavy-textured materials in
the subsoil. These soils have very slow to rapid moisture penetra-
tion rates and some accumulations of alkali. They occupy the nearly
level to gently sloping areas throughout the Mesilla Valley. The
Glendale clay loam soils are the most extensive of this association
in the valley, occurring in large areas along the river channel in
the northern part of the valley and in narrow belts in the southern
portion of the valley.

The soils of the highland areas above the valley floor are of
the Bluepoint~Calizo~Yturb;de associations. The surface layer is
generally sandy loam to gravelly loam underlain by sand and gravelly
sand loam. The principal soil type occurring in these areas is the
Bluepoint loamy sand (Maker et al. 1971). This soil forms a belt
along the slopes adjacent to the valley floor. It is characterized
by very rapid permeability, low fertility, and low water-holding
capacity.

Water Conveyance System

The irrigation water conveyance system of the Mesilla Valley

6



TABLE 1. SOILS OF THE MESILLA VALLEY, NEW MEXICO

Estimated Acresl Estimated Percent

Soil Class in Soil Survey in Mesilla Vallevy
(hectares) (percent)

Agua loam 3,367 6.87
Agua clay loam 264 0.54
Agua variant soils, moderately

wet 251 0,51
Agua variant and Belen variant

soils 754 1.54
Anapra silt loam 243 0.51
Anapra clay loam 2,886 5,89
Anthony-Vinton fine sandy loam 2,342 4.78
Anthony-Vinton loam 2,717 5.55
Anthony-Vinton clay loam 833 1,70
Armijo loam 81 0.16
Armijo clay loam 1,443 2.94
Armijo clay 1,371 2.80
Belen loam 86 0.18
Belen clay loam 963 1.96
Belen clay 3,379 6.90
Belen variant soils 150 0.30
Brazito loamy fine sand 2,720 5.55
Brazito very fine sandy loam,

thick surface 2,702 5.52
Glendale loam 3,165 6,46
Glendale clay loam 8,092 16.52
Glendale clay loam, alkali 241 0.49
Harkey fine sandy loam 237 0.48
Harkey loam 7,564 15.44
Harkey loam, saline and alkali 120 0.24
Harkey clay loam 3,020 6.16

1Acreages include Rincon Valley (1,738 hectares) portion of
Elephant Butte Irrigation District.

Source: U.S5.D.A., Soil Conservation Service, "Soil Survey of Donz Ana
County, New Mexico", Advance copy, April 1977.



consists of an intricate network of primary canals branching into
numerous primary and secondary laterals (Figures 2a and 2b). The
primary canals are the Leasburg canal which originates at the
Leasburg dam and the East Side and West Side canals which originate
at the Mesilla dam. The Leésburg canal branches into three primary
laterals——the Picacho which crosses the river to serve the west
side between Leasburg and Mesilla dams before emptying in the river
channel, and the Las Cruces and Mesilla laterals that branch into
numerous secondary laterals to serve the east side before either
emptying into the river channel or the East Side canal.

The East Side canal branches into two primary laterals which
empty in the river channel below Anthony, New Mexico-Texas. The
primary laterals of the East Side canal are the Anthony and the
Three Saints laterals which branch into numerous secondary laterals
to serve the lands on the east side of the river channel between the
Mesilla dam and LaTuna Detention Farm. The West Side canal branches
into two primary laterals, the La Union East and the La Union West.
These three, the main canal and two primary laterals, break into
pumerous secondary canals supplying the area on the west side of the
river between Mesilla dam and El Paso dam with surface irrigation
water. A portion of the La Union East lateral crosses the river
channel at Borderland to serve lands on the east side of the river.

A portion of the water released is diverted to the Rincon
division at Percha dam with the remainder flowing down the river
channel through the Rincon Valley to be diverted later in the
Mesilla and El Paso divisions. A portion of the water diverted for
the Rincon and Mesilla divisions is returned by drains and waste-
ways to continue its flow into the El Paso division of the Rio Grande

project.
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Surface water for the Mesilla Division is diverted by the
Leasburg dam into the Leasburg canal, and by the Mesilla dam into
the East and West Side canals. The Leasburg dam is located at the
head of the Mesilla Valley, and the Mesilla dam (Figure 2a) is
located southwest of Las Cruces. Portioms of the surface waters
diverted for the Rincon division, that are returned to the river
channel by drains and wasteways, are diverted again at the Leasburg
dam. Also, portions of surface waters diverted at the Leasburg dam,
that are returned to the river, are diverted again at the Mesilla dam.
In addition, water diverted at the Leasburg dam may be added to the
East Side canal diversions from the Mesilla dam (Figures 2a and 2b).

Drainage System

The drains of the Mesilla Valley are a maze of intricately woven
open ditches designed to carry excess groundwater away from the crop-
land into the river channel. The drains are also presented in
Figures 2a and 2b. These drains are the primary subjects of studies
to reduce irrigation return flow.

Surface Water Sources

Irrigation water in the Mesilla Valley comes from surface and
ground sources. The surface water is supplied by the Elephant Butte
Irrigation District (EBID) through the facilities of Elephant Butte
and Caballo Reservoirs with supplementary supplies being provided
by district-owned wells. Groundwater is supplied by individual
wells and is used as a supplemental source in most cases, except
for lands located outside of the district boundaries where it is
the only source of irrigation water. Pumpage is the primary source

of irrigation water for approximately 1,940 hectares.
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Surface Water Quantity

The quantity of surface water has not been a major limitation
to irrigated agriculture in the Mesilla Valley since the drought in
1954-1956. There have been three other years of shortages, 1964,
1972 and 1978,

The quantity of surface water released to project lands varies
widely from year to year, depending upon the amount of storage in
Elephant Butte and Caballo Reservoirs. Beginning in 1938, water
released for irrigation of Rio Grande Project lands originated from
Caballo Reservoir. Prior to 1938, surface waters for irrigation
were released from Elephant Butte Reservoir.

The annual diversions and average diversions at the two dams in
the Mesilla Valley are reported in Table 2 for the period 1938-1976
as well as the average total diversions for this period. The aver-
age total diversions from both dams for the 38-year period were
46,022 hectare-meters. The minimum diversion was 17,247 hectare-
meters in the middle of the drought of 1954-1956. The maximum
diversion was in 1945 with 67,586 hectare-meters.

The diversions were the gross annual diversions in the Mesilla
Unit of the Rio Grande Project, a portion of which was returned to
the river by way of drains and wasteways to be diverted again.
Therefore, a portion of the diversion at the Mesilla dam includes
a portion of the diversion from Leasburg dam. Approximately 45
percent of the gross annual diversions of water by the three di-~
version dams in the Mesilla Valley were delivered to farms in the
valley. The balance was El Paso Valley carriage, canal wastage,
seepage, and other unaccounted for losses.

Monthly surface water deliveries to lands in the Mesilla

12



TABLE 2. GROSS ANNUAL DIVERSIONS OF IRRIGATION WATER FROM THE RIO
GRANDE IN THE MESILLA VALLEY, ¥OR THE PERIOD 1938 THROUGH

1976
Mesilla Dam
Leasburg East Side West Side
Year Canal#® Canal**® Canalt Total
————————— (hectare-meters) — — -~ = - - - ~ - -
1938 18,621 9,730 24,994 53,345
1939 20,329 11,180 27,437 58,946
1940 19,093 10,039 24,630 53,762
1941 17,161 9,016 22,506 48,683
1942 23,738 11,725 29,314 64,777
1943 27,129 11,201 27,920 66,250
1844 25,205 10,903 26,526 62,634
1945 26,907 12,075 28,604 67,586
1946 25,373 10,700 26,039 62,112
1947 23,767 9,711 24,683 58,161
1948 22,671 10,284 24,902 57,857
1949 23,278 10,909 25,311 59,498
1950 23,931 10,239 24,209 58,379
1951 12,378 6,273 15,600 34,251
1952 12,451 6,938 16,367 35,756
1953 12,417 6,858 17,218 36,493
1954 6,230 4,612 11,103 21,945
1955 4,378 2,905 9,964 17,247
1956 4,359 3,454 10,395 18,208
1957 15,030 4,374 15,300 34,704
1958 20,100 8,608 22,148 50,856
1959 20,038 9,403 20,418 49,859
1960 19,214 9,577 21,400 50,191
1961 15,415 8,217 19,869 43,501
1962 18,251 9,550 21,154 48,955
1963 16,845 8,358 19,789 44,992
1964 9,645 2,373 10,010 22,028
1965 9,854 5,268 13,479 28,601
1966 15,313 7,002 17,386 39,701
1967 15,160 7,288 16,363 38,811
1968 18,467 8,439 20,497 47,403
1969 20,871 8,838 24,936 54,645
1970 20,309 8,888 23,450 52,647
1971 16,258 7,225 19,071 42,554
1972 10,690 4,359 11,516 26,565
1973 15,004 8,223 21,755 44,982
1974 17,603 8,841 23,365 49,809
1975 11,172 8,600 22,733 42,505
1976 18,033 10,219 25,640 53,892
Average 17,248 8,267 20,718 46,233

% Diversion at Leasburg dam to the east side of Rio Grande.
*% Diversion at Mesilla dam to the east side of Rio Grande.
+ Diversion at Mesilla dam to the west side of Rio Grande.

Source: United States Department of the Interior, Bureau of
Reclamation, El Paso Office, unpublished data sheets,
1938-1977.
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Division of the Elephant Butte Irrigation District are presented
in Table 3. These deliveries were calculated from information from
the Bureau of Reclamation (1960-1975) and were the net deliveries
to the farm (El Paso carriage, canal wastage, seepage, and other
unaccounted for losses have been deducted). The average annual
delivery to farms was 19,169 hectare-meters. Based on the 1976
acreage, the Mesilla Division of the Elephant Butte Irrigation Dis-
trict averaged about .59 hectare-meters per cropped hectare.
Surface water, however, does not represent the full supply of
water necessary for the irrigation requirements of the crops pro-
duced in the Mesilla Division. Although the surface water is
generally of better quality, it is necessary to pump some ground-
water to meet the irrigation requirements. The groundwater pumpage
will be discussed later in the section dealing with groundwater
quantity and quality.

Surface Water Quality

Records of chemical analyses of the river at El Paso in 1966
and 1967 (USGS, 1974) indicated that the quality of the surface
water varied generally with the quantity of water flowing in the
river, becoming of poorer quality with small flows and better with
larger flows. During the February to October period 1974, the
quality of the river averaged about 920 micromhos of specific con-
ductance and the river flow averaged 570 m3/sec. During the April
to September period 1975, the quality of the river flow averaged
875 micromhos of specific conductance and the river averaged 670
m3/sec.

In 1974, the U.S. Geological Survey reported in Water Resources

Data for New Mexico that chemical quality of water in the Rio Grande

14
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increased in dissolved solids content by nearly 41 percent between
Leasburg, New Mexico and El Paso, Texas. The surface water of the
Rio Grande increased in coﬁéentration of dissolved solids down-
stream from Caballo dam to El Paso, with the major increases being

in silica, calcium, sodium, sulfate, chloride, and boron. Records

of the chemical quality of the surface water diverted at the Mesilla
dam were not available, but the surface water is assumed to be lower
in quality than when it passed the Leasburg dam and higher in quality
than at El Paso.

The quality of surface water in the Mesilla Valley is not con-
sidered a limitation for crop production except in the southern
portion below Anthony, New Mexico. In this area, the problem of
lower quality surface water is compounded by the existence of poor
quality groundwater.

Groundwater

Groundwater in the Mesilla Valley is used 1) to supplement sur-
face water for agricultural use, 2) for municipal use in Las Cruces,
Anthony, and numerous small villages, 3) for industry, and 4) for
rural domestic use.

There are about 1,940 cultivated hectares in the Mesilla Valley
dependent entirely on groundwater for irrigation, and about 87
percent of the approximately 32,382 cultivated hectares within the
Elephant Butte Irrigation District in 1976 used groundwater as
a supplemental source. The irrigation wells in the valley vary in
depth, but most are from 12 to 22 meters in depth and in which the
water quality is poor in comparison to the surface water. Recently
some large wells have been completed down to 100 meters or more.

The depth of irrigation wells is greatly affected by the depth of
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the water table in the valley. The amount of water in storage in
the valley fill and the amount of pumpage is not well known. The
pumpage varies from year to year inversely with usable precipitation
and the supply of surface water.

Groundwater Quantity

The primary groundwater sources are water seepage from the river,
canals, laterals, and irrigation water applied to the lands, preci-

pitation, runoff from arroyos from t esas to the valley, and

groundwater flow from the mesa lands bordering the valley.

Groundwater Quality

The groundwater quality in the Mesilla Valley varies with both
depth and location (Figures 3a and 3b). The quality generally de-
creases with distance down the valley (Figures 3a and 3b). The
greatest concentrations in TDS are in the southern portion of the
valley. The quality of water is usually better with increased
depth. Fresh water exists within the Santa Fe group sub-stratum
below ground level to a depth of about 365 meters extending from
near the northern end of the Mesilla Valley generally south to Canu-
tillo (King, 1971). The Santa Fe group generally has water quality
with electrical conductivity of about .57 x lO3mmhos/cm. South of
Canutillo, the water from the Santa Fe group increases in mineral
content until it becomes unfit for most uses. This increase in
mineral content of the water in the Santa Fe group from north to
south in the valley is thought to be due to incomplete flushing of
ancient playa lake sediments and to the increased mineral concen-
trations of the groundwater in the upper horizons by evapotranspira-
tion (Leggat et al., 1972).

Most of the groundwater used for irrigation in the Mesilla

17



-

AR T e,

o~

O TDS DATA 4TES

BOUNDARY OF SURFACE
SR F  RRGATED AREA

RAIGATION CANALS AND
QTCHES

o et o e —m OGRARNS
Lo I hat
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salts for the May-June 1967 period, northern portion
of the Mesilla Valley

18



z

O TDS DATA SITES
OF SURFACE

T S SRCRTED ARER

RAGATION CANALS AMD
OTCHES

§

e S L0000
) ki\a ,

%)

Figure 3b. Total dissolved solids in ppm of soluble salts for the
May-June period, southern portion of the Mesilla Valley
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Valley is shallow groundwater; This water is relatively good quality
(less than 3000 ppm TDS) throughout most of the valley but contains
more dissolved solids than the water in the underlying Santa Fe
group. South of Canutillo, the shallow wells, while having a high
concentration of dissolved solids, are of better quality than the
water of the Santa Fe Group. Leggat et al. (1972) reported that
increases in groundwater withdrawals in the Mesilla Valley were
likely to result in increases in the dissolved solids content of the
groundwater. Thus, if the shallow aquifer is to remain a source of-
supplemental supply for irrigation, withdrawals of water must not be
so great that an unfavorable salt balance results. Groundwater
quality is considered a moderate limitation to about one-third of
the irrigated cropland in the valley, and a severe'limitation to
about one-sixth, primarily in the southern portion of the valley.
The deterioration in the quality of shallow groundwater and ground-
water in the Santa Fe group is regarded as a major limitation to

the further development of shallow groundwater sources for irrigated

cropland in the lower portion of the Mesilla Valley.
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SECTION 3

MATERIALS AND METHODS

The research on the Demonstration Farm consisted of three main
areas:

1. Monitoring of applied water on the fields, and irrigation
scheduling to determine irrigation efficiencies for these
fields.

2. Installation and demonstration of a trickle-irrigation
system, and monitoring of applied water on the trickle-
irrigated land to show the increased irrigation efficiency
and decreased return flow.

3. Monitoring of the drain water flowing through the farm to
determine if changes in irrigation practices could be de~
tected by decreased flow rates and salinity levels in the
drain.

The physical layout of the Demonstration Farm is presented in
Figure 4. The farm contains an elaborate surface distribution
system consisting of lined and unlined ditches and five wells to
supplement surface irrigation water. The drain runs through the
center of the farm. The crops grown on the farm were wheat, to-
matoes, cotton, lettuce, peppers, chile, grain sorghum, and alfalfa.
There was also a producing pecan orchard. The cropping pattern,
which changed from year to year, is presented in Table 4 for the
three years of the demonstration project.

Water-Measuring Equipment

To measure pumped water, 0.3 meter diameter McCrometer
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impeller—~type flow meters were installed on all of the wells.
Parshall flumes (throat width 4.3 cm and 22 cm) with Belfort and
Stevens water-~stage recorders were installed in all of the surface
distribution canals so that a complete record of the applied water
by field could be kept. Along with measuring the discharge from

the wells, the natural gas consumption for each well on the Demon-
stration Farm was monitored. The irrigation pumps were tested for
pump efficiency and overall efficiency. Two non-recording Taylor

28 cm rain gages were installed at the Demonstration Farm to measure
precipitation in the area.

Trickle Irrigation Well

An irrigation well was developed to a depth of 75 m to provide
water for the trickle irrigation system. An analysis of a water
sample taken from the well is presented in Table 5, and a descrip-
tion of the material encountered from the well drilling is presented

in Table 6.

Groundwater Monitoring

Nineteen piezometers were installed on a transect perpendicular
to the drain as shown in Figure 4. They consisted of 1.2 cm diameter
pipes driven into the ground below the water table. The pipes were
slotted at the base to allow water entry. The depth to the water
table was measured using a depth gage and the depth corrected back
to a datum elevation to account for the irregularities in the land
surface.

Three wells, with 5 cm casings, were installed at 6, 10, and
15 meters to monitor the salinity of the groundwater at those depths

(Figure 4). The wells were installed with a rotary drill rig and the
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TABLE 6. SOIL COMPOSITION WITH DEPTH OF THE TRICKLE IRRIGATION WELL
AT THE DEMONSTRATION FARM

Depth (meters) Soil Type
0. - 1.52 Soil
1.52-12.20 Sand
12.20-19.82 Sand and gravel
19.82-20.74 Clay and some sand
20.74-22.88 Sand and gravel
22.88-31.42 Sand
31.42-35.38 Some sand and light brown .clay
35.38~46.06 Sand and gravel
46.06-48.19 Clay (light brown)
48.19-55.82 Sand and gravel
55.82-58.56 Sand and large gravel
58.56-61.92 Grey to light brown clay and gravel
61.92-62.52 Sand
62.52-64.05 Clay and gravel
64.05-64.66 Sand and gravel
64.66-67.40 Sand and clay
67.40-75.64 Sand and gravel
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information obtained from them at the beginning of the measurements
should be carefully interpreted due to the contamination process
of the drilling operation.

Drain Flow Monitoring

Bridges were built across to allow easy and frequent measure-
ments of the flow rate. Velocity measurements were made at 20 loca=-
tions across the canal along with water-depth measurements. The
area and subsequent flow rates for Sites B and D (Figure 4) were
determined by the trapezoidal method.

Stilling wells were also installed in the La Mesa drain. Mea-
surements, using Stevens water stage recorders, were determined at
Sites B and D (Figure 4). Water samples were collected at Sites A
through D and analyzed in the laboratory for salinity.

Irrigation Scheduling

Irrigation scheduling was furnished to the Demonstration Farm
through a contract with Agricultural Technology Incorporated, a
commercial company providing irrigation scheduling for local farmers.
The irrigation scheduling service was based on a climatological
computer model to determine projected transpiration rates. Knowledge
about the water-holding capacity and rooting depths of the crops,
along with transpiration rates (Jensen, 1975) was used to determine
the next irrigation date. The climate information used in the model
came from a climatological station maintained at the New Mexico State
University's Plant Science Farm. The climate model was based on
Jensen-Haise's potential evapotranspiration and crop production co-
efficients (Jensen, 1973). The information supplied to Agricultural

Technology Incorporated for the operation of the model included:
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solar radiation, temperature, humidity, and wind speed. A field
man checked each field once a week to determine the available
moisture within the root zone and compared the estimate of moisture
depletion to the computer model's recommendation for the next irri-
gation. Information was supplied to the farmer on the water status

at each of his fields and a recommended irrigation date.

Trickle Irrigation System

Figure 5 shows the orchard and row crop demonstration area with
respect to the well and main line.

Field 1, which consisted of 1.32 hectares of pecans, was con-
verted from flood to trickle irrigation at the beginning of the
demonstration project. A gravel-packed well was drilled in order
to supply good quality water for the irrigation system. A 3.7 kw
Rusberry submergible turbine pump was installed. The trickle system
was used also to irrigate four rows each of tomatoes and peppers.

The system initially had a 200~mesh screen filter which was
later supplemented by a sand filter automated to permit backwashing
The sand filter was manufactured by Agricultural Products, Burbank,
California.

Soil samples were taken and saturation extracts were prepared
in the field. The saturation extracts, and all other water quality
samples, were analyzed for salt content at the University's water
laboratory using the procedures listed in Table 7.

Infiltration Measurements

Two approaches were investigated to estimate the seepage rate
of water from the Demonstration Farm and main supply ditch. The

first approach was to measure the infiltration rate in a section of
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A schematic of the trickle irrigation system to irrigate
pecans, tomatoes, and peppers at the Demonstration Farm

Figure 5
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TABLE 7. TABLE OF METHODS USED TO ANALYZE WATER SAMPLES

Ions Tested Method Reference
Calcium Atomic Absorption Spect. EPA Report (1971)
Magnesium Atomic Absorption Spect. "

Sodium Fiame emission "
Potassium Flame emission "
Carbonate Titration with H2804 "
Bicarbonate Titration with H2804 "

Nitrate Cd reduction v
Phosphorus Molybdo-blue "

Electrical conductivity "

Sulfate Nitrochrome—-Azo Titration Rasnich and
Nakayama (1973)
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the Upper Chamberino irrigation lateral and several sections of the
farm supply ditches by ponding the water.

Bulkheads were fabricated and installed in the irrigation
ditches. Test sites, as shown in Figure 4, are locations &4, 6, 7,
and 8. Water stage recorders were installed to measure the rate of
lowering of the water surface. Testing was conducted until a steady- -
state condition had occurred. During the infiltration tests the
turnouts were gsealed by lining with plastic.

The second approach used to determine the infiltration rate for
a section of canal was to measure the change in the temperature pro-
file beneath the canal over a 24-hour period. If the infiltration
rate normal to the surface reached a steady-state condition and a
sinusoidal temperature fluctuation of constant amplitude was assumed

at the land surface, the flow of heat and water can be described by:

e S« S
7 V%% 3z P 3t
3z
where k = Heat conductivity of the fluid and medium in combina-
tion

T = temperature

z = distance of flow

v = gross velocity of fluid movement

<, and o, = specific heat and density of fluid

¢ and p = specific heat and demnsity of fluid and

soil in combination

t = time
Using the above equation, Stallman (1965) describes the downward flow
of water determined from temperature measurements. The boundary

conditions are not met exclusively in an unlined canal. However,
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the temperature measurement technique has its advantages over ponding
or inflow-outflow techniques in that a pipe can be installed to measure
the change in temperature in and beneath a canal without disturbance
to the canal or interruption of the irrigation process. The only
requirements of this techmique are that the water has travelled a
sufficient distance so that a steady-state equilibrium has been
reached between the water and air temperature and that 'a radiation
load has impinged upon it so that there is a sinusoidal input curve
from the irrigation water to the soil beneath. To use this technique,
a 1.27 cm diameter pipe was installed to a depth of 2 meters beneath
the canal and filled with water. Temperature measurements to a
hundredth degree Centigrade were taken at selected depths from the
water surface to 1.2 meters beneath the soil surface. The readings

were taken at 2-hour intervals for 24 hours.
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SECTION 4

RESULTS AND DISCUSSION

Trrigation Scheduling

Jensen (1975) published a review of irrigation water management
principles and the probable effects of scientific scheduling on
salinity of return flow. Jensen attributes the lack of any signifi-~
cant changes in irrigation efficiencies during the past decade to
the problems associated with the water management of a complex soil-
crop environment system, the lack of economic incentive to make im—
provements, and ineffective traditional approaches to improve irri-
gation-water management.

Recommendations by Jensen were incorporated into the demonstra—
tion project. The irrigation-scheduling method made available to
the farmer was based upon a climatological program backed up by
trained field personnel who readily supplied up-to-date information
to the farmer for irrigation scheduling. The climatological data

used in the program are presented in Appendix A.

An example of information received by the farmer is presented
in Table 8. This information includes the last date of irrigation,
the rooting depth of the crop, the water-holding capacity of the
particular soil, the optimum depletion level in the soil, present
depletion level, and a recommended irrigation date. The farmer
also received a recommendation of the amount of water to apply, but
this was determined by the irrigation scheme such as the length of
surface run and the time duration water was turned into each furrow
or border currently being used by the farmer. On the Demonstfation
Farm, the water application amounts were not varied from traditional
practices.
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Table 8. Example of the Irrigation Schedule Information Receilved by
the Farmer. ~

Date: May 5, 1977
Location - Demonstration Farm Farm No: 8526

Weather: Partly Cloudy

Air Temp: 80° - 1:00

Field Last Root Hold Depletions Irrig Amt to
No. Crop Irrig Depth Cap Acres Bpt  Pres Date Apply
HZN Peppers 4-28 2m 2.0 1.0" .05 2 weeks'

HZS Tomatoes 4-21 47 2.0 1.0" .20 2 weeks'

H3 Tomatoes 4~07 12" 2.0 1.6" .80 5-12

H4 Cotton 5-05 6" 2.0 .00 Watering now

H5 Cotton 6" 2.0 2.4 .30 3 weeks™

H6 Tomatoes 4—21+ 4" 2.0 1.0 .10 2 weeks+

H7 Alfalfa  5-04 18" 2.0 1.6 .00 Just watered

H8 Cotton 6" 2.0 2.4 .20 3 weeks+

H9  Cotton 6" 1.8 2.4 .25 3 weeks'

H10 Alfalfa 5-02° 48" 1.6 2.0 .00  Just watered

H11 Tomatoes 4-28" 2" 2.0

% % FIELD NOTATIONS * #*

Hl2n Peppers 5-05 - 2.0 1.0 .00 Watering now
H12s Cotton 1.8 2.4 .20 3 weeks'

The only thing close to needing an irrigation is Field H3. The
lighter spots will be ready for an irrigation by next Thursday.

The cotton needs only warm weather and sunshine for the next several weeks.
Irrigation is the worst thing you can do to a good stand of cotton at this time.
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The field man also made notes about the conditions within the
field, as shown at the bottom of Table 8. This information led to
good communication between the field man and farmer. Agricultural
Technology also offers other services to the farmer besides irri-
gation scheduling such as tissue analysis, salinity analysis, and
agronomic information. The program offers a complete package
which integrates water management into the overall farm—management
scheme.

Irrigation scheduling, based upon climatological information
coupled with observations by field men, allows scheduling to be
done on a scientific basis as much as possible.

An example of the information used in the computer program is
repfesented in Figures 6 and 7. Figure 6 is the plot of the poten-
tial evapotranspiration for 1976 and 1977 using the Jensen-Haise
method. The potential evapotranspiration is adjusted by using a
crop coefficient (kc) which is presented for wheat, alfalfa, cotton,
and barley in Figure 7. The equation to compute actual evapotrans-
piration is

ET = k x PET.
c

Along with the calculated daily ET, it is necessary to kmow the
water-holding capacity of the soil between field capacity and per-
manent wilting point and the effective rooting depth of the crop
(see Figure 7). This information is used to determine how many
days' water supply is left in the root zone before moisture deple-
tion occurs. Irrigation should begin ét approximately the 50 per-
cent depletion level., The computer program automatically calculated
and printed out the number of days before the next irrigation. The
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resultant data were then checked and updated by field personnel.

Farm Irrigation Efficiency

Because the mean annual precipitation averages less than 25 cm
in the Mesilla Valley, the consumptive-use requirements of the crops
were satisfied mainly by irrigatiomn. Irrigation efficiency is the
ratio of consumptive use to irrigation applied plus rainfall. Con-
sumptive use is dependent upon the yield of the crop. It is normally
measured under non-limiting moisture conditions that maximize yield.
Tables 9 through 14 present computed consumptive-use data used and com-
puted field irrigation efficiencies. The consumptive-use data se-
lected was based upon the best available data. Different irrigation
efficiencies would be determined if other methods were used to com=
pute the consumptive use of the crop.

Irrigation scheduling on the Demonstration Farm resulted in an
overall computed farm irrigation efficiency of 65 percent for 1976,
and 63 percent for 1977. Farm irrigation efficiencies measured in
other states by several investigators ranged from 35 to 65 percent
with an average of between 40 and 50 percent (Willardson, 1972;

Tyler et al., .1964; U. S. Dept. of Interior, Bureau of Reclamation,
1971 and 1973; Advisory Committee, 1974).

It was observed that although the overall farm irrigation effi-
ciency was above average, the field-by-field irrigation efficiencies
varied considerably, ranging from 35 to 100 percent. The efficiencies
also varied considerably for each particular crop, preventing any
correlation between field irrigation efficiencies and particular
crops. The efficiency of alfalfa varied from 93 percent in 1976

for Field No. 10 to 76 percent in 1977 for Fields 7 and 10.
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TRRIGATION WATER APPLICATION, IRRIGATION EFFICIENCY, AND COMPUTED EVAPOTRANSPIRATION FOR
ALFALFA ON THE DEMONSTRATION FARM.

Recommended Total Evapotranspiration
Irrigation Irrigation Water Application  Source of (ET)
Date bate Applied per hectare Water Rainfall for time period
(k) (ha-cm/ha) (ha-cn/ha} (ha~cm/ha)

Alfalfa-Fd. 10 (28.1 hectares)

1-01-76 - - - - - -—
3~1.5-76 3-17-76 46.34 16.4 S * - 10.4
5-18-76 5-13-76 25,02 8.8 G ** 1.7 19.9
6-03-76 6-08~76 72.34 25.6 G 0.3 9.8
6-22-76 6-24-76 65.86 23.3 - 2.0 12.6
7-12-76 7-10-76 57.31 20.2 S 1.0 14.2
8-07~76 8-05-76 32.50 11.6 S 4.5 22.5
8-20-76 8-21-76 37.63 13.4 S 0.3 22.8
9-19-76 9-18-76 37.63 13.4 ] 6.7 33.9
10-08-76 10-07-76 41,91 14.9 ] 1.4 7.8
Season Total 416.54 147.8 18.0 154.) +
Percentage Surface Water 60.7%

Seasonal Field Irrigation Efficiency 92.9%

Alfalfa-Fe. 7 (16.48 hectares) Planted 3-26-77 - Harvested 4 times during season

3-26-77 - - - - - -
3-27-77 pre-~irrigate 13.19 8.0 G 1.2 -
4-05-77 - 16.35 10.0 G - 0.7
5-03-77 - 13.17 8.0 G - 6.9
5-22-77 5-23-77 25.15 15.3 G 0.2 4.5
6-06-77 6-06~77 24.59 14.9 G 0.1 12.5
6-27-77 6-24-77 22.34 13.6 G - 18.6
7-13-77 7-15-77 19.56 11.9 G &S 4.8 17.4
8-14-77 8-12-77 31.31 19.0 G 2.2 27.2
9-02-77 - 32.20 19.5 G 3.3 12.6
9-30-77 ~— 22.08 13.4 G 0.7 5.2
10-28-77 - - - - niod 5.9
Season Total 219.94 133.6 12.5 111.5
Percentage Surface Water 8%
Seasonal Field Irrigation Efficiency  76%
Alfalfa~Fd. 10 (28.11 hectares) Planted 1974 - Harvested 4 times during season
1-01-77 - - - - - -
3-11-77 - 63.84 22,7 G 1.8 8.8
4-11-77 4-13-77 40.29 14.3 G 1.2 12.9
5~02-77 4-28~77 39.54 14.1 G -— 21,7
5-23-77 5~23-77 65.72 23.4 G 0.2 10.2
6-07-77 6~08-77 65.98 23.5 G 0.1 20.0
6-30-77 6-29-77 66.77 23.8 G 1.0 18.6
7-14~77 7-14-77 56.79 20.2 S 3.8 20.7
8-09-77 8-04~77 64,45 22.9 G 1.5 17.3
8-23-77 - 56.53 20.1 G 1.0 18.7
9-15-77 - 54.51 19.4 G 3.7 8.7
10~28-77 - o -= - 2.1 10.9
Season Total 574.42 204.4 16.4 168.5
Percentage Surface Water 10%

Seasonal Field Irrigation Efficiency 76%

* S - Surface Water
*% G - Groundwater from well

4 Based on measurement by the Agricultural Engineering Department at the Plant Science Farm
New Mexico State University
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IRRIGATION WATER APPLICATION, IRRIGATION EFFICIENCY, AND COMPUTED EVAPOTRANSPIRATION
FOR COTTON ON THE DEMONSTRATION FARM

Recommended Total Evapotranspiration
Irrigation Trrigation Water Application  Source of (ET)
Date Date Applied per hectare Water Rainfall for time period
(ha~cm/ha) (ha~cm/ha)  (ha~cm/ha)

Cotton-Fd 4 West (16.2 hectares)

3-27-76 pre-irvigate 39.93 24,5 S * - 1.5
5-12-76 NI+t 15.40 9.4 G ** 1.7 7.6
6-28-76 6-30-76 17.99 11.1 S 2.3 20.5
8-05-76 7-31~76 16.27 10.1 S 5.5 6.6
8-17-76 8-22-76 13.1% 8.1 S 0.1 6.1
8-28-76 9-02-76 12.94 7.8 S 0.2 17.7
10-27-76 - —= -— - 8.1 -
Season Total 115.73 71.1 18.0 60.0%
Percentage Surface Water 87.0%
Seasonal Field Irrigation Efficiency 67.3%
Cotton~Fd. 9 (10.7 hectares)
3-29-76 pre-irrigate 24.65 23.0 S - -
5-18-76 NI 9.86 9.1 s 1.7 1.8
6-22~76 7-01~76 15.61 14.7 s 2.3 5.3
8-07-76 8-05-76 12.36 11.4 s 5.5 23.0
8-27-76 finished 21.07 19.7 G 0.4 11.4
10-05-76 - - - - 8.1 13.9
10-27-76 - - - - - 4.3
Season Total 83.57 77.9 18.0 59.7
Percentage Surface Water 75,0%
Seasonal Field Irrigation Efficiency 62,2%
Cotton-Fd. 12 (6.8 hectares)
3-19-76 pre-irrigate 5.02 7.3 S - -—
5~13-76 NI 5.18 7.6 S 1.8 1.8
6-29-76 7-01~76 6.83 10.1 G 5.3 7.6
7=25-76 7-22-76 6.83 16.1 S 2.7 13.4
8-21-76 8-~26~76 6.20 9.1 S 3.2 15.4
8-26-76 - 6.42 9.4 G 7.6 3.0
9-26~76 - - —— — 8.5 12.9
10~27-76 e — - - - 5.8
Season Total 36.48 53.6 18.0 60.0
Percentage Surface Water 63.07%
Seasonal Field Irrigation Efficiency 83,8%
Cotton-Fd. 4 (27.94 hectares) Planted 4-19-77 - Harvested 11-3~77
3-19-77 pre-irrigate 51.35 18.4 S - —-—
5-03-77 5~05~77 15.08 5.4 Y - 0.9
6-27-77 6-27-77 26.84 9.6 G 0.3 12.1
6-29-77 62777 28.38 10,2 S 0.2 0.6
8-~02-77 7-30-77 27.73 9.9 S 6.3 21.8
8-19-77 8-22-77 48.03 17.2 G 0.8 10.6
10-28-77 First freeze - - 6.0 21.4
Season Total 197.41 70.7 13.6 67.4
Percentage Surface Water 54%
Seasonal Field Irrigation Efficiency 807%
(continued)
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Table 10 {(Continued)

Recommended Total Evapotranspiration
Irrigation Irrigation Water Application  Source of (ET)
Date Date Applied per hectare Water Rainfali for time period
(k™) (ha-cm/ha) (ha-cm/ha)  (ha-cm/ha)

Cotton-Fd. 5 (5.55 hectares) Planted 4-18-77 -~ Harvested 10-23-77

3-27-77 pre~irrigate 5.14 9.3 G - -
5-25~77 5~30-77 7.18 12.9 S 0.2 3.1
6-15~77 6-25-77 4.05 7.3 G .1 4,7
7-21-77 7-18-77 8.38 15.1 G 4.8 19,2
8-22-77 8-14-77 8.59 15.5 G 2.5 20.8
10-28-77 - - - - 5.8 19.3
Seagon Total 33.34 60.1 13.4 67.1
Percentage Surface Water 14%
Seasonal Field Irrigation Efficiency 91%
Cotton~Fd. 8 (13.52 hectares) - Planted 4-16-77 - Harvested 10-15-77
3-28~77 pre-irrigate 15.81 11.7 - = e
5-25-77 5-26-77 20.12 14,9 S 0.2 3.1
7=04~77 62477 16.34 12,1 G 1.3 13.2
7-31-77 7-30-77 13.20 9.8 G 5.3 18.0
8-19-77 8-17-77 21.81 16.1 G 0.8 11.2
9-05-77 - 15.81 11.7 S 3.2 8.8
9-23-77 - 22,19 16.4 G 0.7 6.3
10-05-77 - 19.58 14,5 G 1.0 2.8
10-28-77 - - - - 1.0 2.7
Season Total 144.86 107.2 13.5 66.1
Percentage Surface Water 28%
Seasonal Field Irrigation Efficiency 55%
Cotton-Fd. 9 (10.69 hectares) — Planted 4-17-77 - Harvested 10-29-77
3-28-77 pre-irrigate 15.77 14,8 G - -
5-25-77 5-26-77 17.25 16.1 S 0.2 3.2
6-12-77 6-17-77 18.95 17.7 G 0.1 3.6
7-20-77 7-19-77 15.96 14,9 G 4.8 19.8
8-~08-77 8-12-77 16.33 15.3 G 1.5 12.9
8-17-77 8-26-77 15.81 14.8 S 0.7 5.2
8~29~77 - 16.54 15.5 G 0.3 6.9
9-15-77 -— 16.34 15.3 G 3.7 7.0
10-28-77 - e -— - 2,1 8.1
Season Total 132.95 124.4 13.4 66.7
Percentage Surface Water 25%
Seasonal Field Irrigation Efficiency 487

Cotton-Fd. 12 South (3.24 hectares) - Planted 4-22-77 - Harvested 10-28-77

3-28-77 pre-irrigate 2.97 9.2 - - -—
5~11~77 - 3.76 11.6 G 0.2 1.4
6~30-77 - 3.54 10.9 G 1.1 12.4
8-09-77 e 4,65 14.4 [ 5.3 26.3
9~23~77 - 5.17 16.0 G 4.7 20.9
10-03-77 - 5,21 15.7 G 0.3 2.6
10-28-77 - —— s - 2.0 3.0
Season Total 25.30 77.8 13.6 66.6
Percentage Surface Water oz !
Seasonal Field Irrrigation Efficiency 72%

* § -~ Surface Water

%% G - Groundwater from well

+ Based on climatic program used by agricultural technology
4+ No irrigation recommended
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IRRIGATION WATER APPLICATION, IRRIGATICON EFFICIENCY, AND COMPUTED EVAPOTRANSPIRATION FOR
LETTUCE ON THE DEMONSTRATION FARM.

Recommended Total Evapotranspiration
Irrigation Irrigation Hater Application Source of (ET)
Date Date Applied per Hectare Water Rainfall for time period
(km3) (ha-cm/ha) (ha~cm/ha) (ha-cm/ha)
Lettuce-Fd. 3 (20.2 hectares)
7-23-76 None 16.64 8.2 S* - -
8-04-76 " 12.22 6.0 S 2.8 -
8-08-76 " 41.04 20.3 5(52%) -— -
8-18-76 ' 11.50 5.7 S 0.3 -
8-21-76 " 32.66 16.2 S(37%) - -
8-29-76 " 16.93 8.4 S - -
9~16~76 " 12.31 6.1 S 6.7 -
9-27-76 " 31.80 15.7 8168%) 0.6 -=
10-13-76 " 14.66- 7.3 Gh* 0.8 -
11-04~76 " 14.04 7.0 G 0.7 -
Season Total 203.81 100.9 12.0 45.0%
Paercentage Surface Water 41.07%
Seasonal Field Irrigation Efficiency 39.8%
Lettuce-Fd. 2 North {2.43 hectares) Planted 8-1-77 -~ Plowed under 9-1-77
8-02-77 — 3.06 12,6 G - —
8-04-77 - 3.68 15.1 G - -
80777 — 2.12 8.7 G —- -
Season Total 8.86 36.4 0.0 22.3
Percentage of Surface Water 0 %
Lettuce-Fd. 11 (8.10 hectares) Planted 8-1-77 -~ Plowed under 9-1~77
8-02-77 — 12.79 15.8 G - -—
8-12-77 - 11.52 14.2 ¢ 0.6 -
Season Total 24,31 30.0 0.6 22.3
Percentage of Surface Water 0 Z
Lettuce-Fd. 12 North (3.24 hectares) Planted 7-31-77 -~ Plowed under 9-1-77
7-31-77 - -~ - G - —
8-02-77 8-01-77 2.75 8.5 G —— —
8-11-77 8~11-77 2.22 6.8 G 0.2 ——
8~19-77 - 1.91 5.9 ¢ 0.6 —
Season Total 6.88 21.2 0.8 22.3
Percentage of Surface Water 0 Z

% § - Surface Water

** G - Ground Water

+ Gregory, E, J. and Eldon G. Hanson, Predicting Consumptive Use with Climatological Data, New Mexico
Water Resource Research Institute, Report No. 066, April 1976
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IRRIGATION WATER APPLICATION, IRRIGATION EFFICIENCY, AND COMPUTED EVAPOTRANSPIRATION
FOR PEPPERS ON THE DEMONSTRATION FARM.

Recommended Total Evapotranspiration
Irrigation Irrigation Water Application Source of (ET)
Date Date Applied per Hectare Water Rainfall for time period
(kn®) (ha~cm/ha) (ha~cm/ha} (ha-cm/ha)
Peppers-Fd. 2 (5.5 hectares)
4-12~76 pre-irrigate 6.16 11.1 S* —— -
4-22-76 - 3.20 5.8 S 1.2 -
5-12-76 - 3.82 6.8 G 0.5 -
5~15~76 5-15-76 4.81 8.6 S 0.3 -
6-02-76 6-02-76 8.24 14.9 G 2.0 -
6~20-76 6-30-76 8.26 14.0 G 1.0 -
7-08-76 7-16-76 5.54 10.1 G - -—
8~08-76 8-05-76 5.61 10.1 G 3.7 -
8-18-76 8-17-76 8.21 14.9 S 0.3 _
9-02-76 9-01-76 7.15 12.9 S - -
9-27-76 9-21-76 7.21 13.2 S(55%) 7.3 —
10~05~76 - -- - - 0.8 -
Season Total 68.21 123.4 17.2 77.9%
Percentage Surface Water 54.0%

Seascnal Field Irrigation Efficiency 55.4%

Peppers-Fd, 7 (10.3 hectares) Plus - Grain Sorghum (5.7 hectares)

5-14-76 5-14-76 9.21 5.6 5 - -
5-18-76 - 11.21 6.8 S - -
5-20-~76 6-03-76 11,03 6.6 G .3 —
6-12-76 6-20~76 16.54 10.1 S 2.0 -
6-26-76 7-02-76 18.98 11.4 G - -—
7-15~76 7-13-76 19.72 11.9 S 1.8 -
8-02-76 8-03-76 12.54 7.6 S 3.7 -
8-20-76 8-18-76 35.37 21.5 G 0.4 -
9-03-76 9-02-76 18.49 11.1 S — -
9-21-76 9~21-76 6.14 3.8 S 6.7 —
10-01-76 - 13.19 8.1 S 0.8 -
Season Total 172,42 104.5 15.7 71.2%
Percentage Surface Water 62.0%
Seasonal Field Irrigation Efficiency 64.8%
Peppers-Fd, & East (l1.7 hectares)
3-13~76 pre-irrigate 27.85 23.8 ] - -
6-04-76 6-13-76 10.60 9.1 S 2.1 -
6-22-76 6-31-76 17.25 14.7 5 2,0 -
7-12~76 7~10~76 14,29 12.1 S 1.0 -—
8-05-76 7-31-76 14.87 9.9 b3 4.5 -
8-18-76 8-17-76 13.06 1l.1 S 0.3 -
8-28-76 8-27-76 20.33 17.2 G - —
10~05~76 9-20-76 11,71 9.9 G 8.1 -—
Season Total 126.89 107.8 18.1 77.9
Percentage Surface Water 75.0%
Seasonal Field Irrigation Efficiency 61.9%
Peppers-Fd. 12 North (3.24 hectares) Planted 4-22-77 ~ Plowed under 7~7~77
3-28-77 pre-irrigate 2,97 9.2 G - e
5-05~77 — 4.39 13.5 G 0.2 -
5-11~77 -— 3.25 10.0 G - -
6-30-77 7-04-77 3.60 11.1 G 1.1 -
Season Total 14,21 43.8 1.3 24,2
Percentage of Surface Water [ 4
{continued)
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IRRIGATION WATER APPLICATION, IRRIGAYION EFFICIENCY, AND COMPUTED EVAPOTRANSPIRATION
FOR TOMATOES ON THE DEMONSTRATION FARM

Recommended Total Evapotranspiration
Irrigation Irrigation Water Application Source of (ET)
Date Date Applied per Hectare Water Rainfall for time period
(k) (ha-cn/ha) (ha-cm/ha) (ha-cn/ha)
Yomatoes-Fd. 8 (13.5 hectares)
3-20-76 - 23.42 17.3 S* - —
3-23-76 - 27.73 20.5 ] - -
5-01-76 5-01-76 19.72 14.6 S 1.3 -
5-07-76 5~07-76 6.53 4.8 S 0.5 -
6-17-76 6-13-76 10,23 7.6 S 2.3 -
7~13-76 7-10-76 11.95 8.8 S 1.0 -
8-04~76 8-02-76 14.82 11.0 GRk 4.5 -
8-20-76 finished 1.64 1.2 G 0.3 -=
Season Total 116.04 85.8 10.0 57.7%
Percentage Surface Water 85.8%
Seasonal Field Irrigation Efficiency 60,2%
Tomatoes-Fd. 11 (25.1 hectares)
5-18-76 5-18-76 42,00 16.7 s - -
6-22-76 6~20~76 83.19 33.1 S &G 2.0 -
7-22-76 7-15-76 32.04 12.6 G 1.8 —-—
8~03-76 NI 6.16 2.5 G 3.7 -
8-07-76 8-05-76 28,96 11.4 S - -
8~27-76 8-22-76 22.08 8.9 G 0.3 -
8-~31-76 NI 15.30 6.1 G -— —
9-29-76 finished - — - 7.4 —
Season Total 229.74 91.3 15.3 57.7
Percentage Surface Water 35.9%
Seasonal Field Irrigation Efficiency 54.1%
Tomatoes-Fd. 2 South (2.84 hectares) Planted 4~8-77 - HKarvested 8~29~77
4-12-77 - 2.23 7.8 s - -
4-20-77 - 2.50 8.8 G -~ -
5-16-77 - 3.92 13.8 G 0.2 -
5~25~77 5~26~77 4.56 16.0 G - -
6-14-77 6-17-77 2.60 9.2 G 0.1 -
7-01-77 7-02~77 3.15 1.1 G 1.0 -
7-12-77 7-12-77 3.57 12,6 G 3.8 -
7-20-77 7-21-77 2.59 9.1 G - ——
8-02-77 8-01-77 3.35 11.8 G 1.5 -
8-04-77 8-11-77 2.70 9.5 G - -
8~07-77 ——- 2.33 8.2 G - ~
Season Total 33.50 117.9 6.6 57.7
Percentage Surface Water 8 7
Seasonal Field Irrigation Efficiency 46.0%
Tomatoes—-Fd. 3 (29.97 hectares) Planted 3-21-77 - Harvested §-18-77
3-21-77 - - - - — -
3-26-77 - 19,94 6.6 G 1.2 -
3-30-77 - 36.15 12.1 S -— -
4-07-77 e 9.86 3.3 S —= -—
4-12-77 4-21-77 13.15 4.4 S _ —
4-19-77 - 3.70 1.2 S —_ —
5-16-77 5-12-77 38,350 12.8 G 0.2 -
6-06-77 6~-06-77 32.53 10.8 G 0.1 -
6~22~77 6-22-77 18.89 6.3 S - -
7-01~77 7-04-77 38.72 12.9 S 1.0 —
7-14-77 7-13~77 17.14 5.7 G &S 3.8 —
7-21-77 7-23-77 31.68 10.6 G &S - -
8-07-77 8-04-77 14.79 4.9 s 1.5 -
Season Total 275.05 91.6 7.8 57.7
Percentage Surface Water 58.0%

Seasonal Field Irrigation Efficiency 58.0%

{continued)
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Table 13 (Continued)

Recommended Total Evapotranspiration
Irrigation Irrigation Water Application Source of (ET)
Date Date Applied per Hectare Water Rainfall for time period
(kma) (ha-cm/ha) (ha~cm/ha) (ha-cm/ha)
Tomatoes-Fd, 6 {7.70 hectares) Planted 4~12~77 - Harvested 8-29-77
3-26-77 pre~irrigate 7.85 10.2 G e -
4-15~77 4-21-77 13.45 17.5 S - -
5-29-717 6-02-77 5.67 7.4 G 0.2 -
6-15~77 6-25-77 5,50 7.1 G 0.1 -
6-29-77 7-09-77 7.22 9.4 G 0.2 ==
7-13-77 7-13-77 7.59 9.8 G &S 4.6 -
7-21-77 7-22~77 11.58 15.0 G - -
8-02-77 8-04-77 9.29 12.1 d 1.5 -
Season Total 68.15 88.5 6.6 57.7
Percentage Surface Water 29.0%

Seasonal Field Irrigation Efficiency 61.0%

Tomatoes-Fd. 11 (25.11 hectares) Planted 4-17-77 - Harvested 9-2-77
426-77 4-28-77 53.73 21.4 G - -
5~02-77 - 42,79 17.0 S -— -—
5-11-77 - 51.33 20.4 G 0.2 ~—
5-25-77 6-02-77 46,49 18.5 G &S - -
5-30-77 - 17.75 7.1 G -— -
6-13-77 6-09-77 30.53 12.2 G Q.1 ——
6-18-77 - 34,27 13.6 G - -
6-28-77 6~27-77 25.61 10.2 G - -—
7-01-77 6-30-77 26.88 10.7 G 1.0 ——
7-14-77 7~15-77 14.90 5.9 G 3.8 -
7-20~77 7-19-77 17.05 6.8 G - -
7~30-77 7-27-77 14,43 5.7 G 1.5 —
8-05-77 8~05~77 26,02 10.4 G = -—
Season Total 401.78 159.9 6.6 57.7

Percentage of Surface Water 19.0%

Seasonal Field Irrigation Efficiency 35.0%

* 8 - Surface Water

*% G - Groundwater from well

+ Seasonal estimate based on minimum value measured in San Joaquin Valley, California, Vegetative
Water Use, Bulletin 113-3, Department of Water Resources, California, MacGilvray, N. A. 1975.
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IRRIGATION WATER APPLICATION, IRRIGATION EFFICIENCY, AND COMPUTED EVAPOTRANSPIRATION
FOR WHEAT ON THRE DEMONSTRATION FARM

Recommended Total Evapotranspiration
Irrigation Irrigation Water Application Source of (ET)
Date Date Applied per Hectare Water Rainfall for time period
(k™) (ha-cm/ha) (ha-cm/ha) (ha-cm/ha)
Wheat-Fd., 3 (30.0 hectares)
1~13~76 —— 40.87 13.7 G** - ol
3-14-76 3-17-76 41.90 13.9 8% 1.0 4.8
40776 4~08-76 42,52 14.2 S 0.1 8.6
4-~29-76 4-27-76 42.89 14.2 S 1.2 7.6
5-13-76 5-12-76 26.25 8.9 S 6.5 5.8
7-~12+~76 harvested - - - 3.0 11.6
Season Total 194,43 64.8 6.0 38.5%
Percentage Surface Water 79.0%
Seasonal Fleld Irrigation Efficiency 54.57%
Wheat-Fd. 5 & 6 (13.2 hectares)
1-28-76 NI 19.22 14.6 s - -
3-26-76 3-26-76 15.40 11.7 s 1.0 8.6
4-22-76 4-23-76 35.00 26.5 S 1.3 9.4
5-18-76 5-16~76 22,17 16.8 S 0.5 11.4
6-16-76 harvested - -- - 2.3 8.1
Season Total 91.80 69.6 5.1 37.41
Percentage Surface Water 160.0%

Seasonal Field Irrigation Efficiency 50.0%

* 8 - Surface Water

*% G - Groundwater from well

+ Based on climatic program used by agricultural technology

Table 14
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In 1976, the cotton efficiencies ranged from 63 to 84 percent.
In 1977, the cotton efficiencies varied from 48 percent for Field
No. 9 to 91 percent for Field No. 5.

The farm irrigation efficiency did not increase when the more
expensive well water was used predominantly in 1977, as compared to
river water in 1976.

Gas Consumption and Pump Efficiencies

The five wells used on the Demonstration Farm had turbine pumps
with power supplied by Waukesha and Minneapolis-Moline engines
operating on natural gas.

Figure 8 presents the gas consumption per unit of water‘pumped
for the different wells. Pump efficiency is also presented in
Figure 8. 1In general, the overall pumping-plant efficiencies were
around 10 percent, pump efficiencies ranged from 44 to 60 percent,
and engine efficiencies ranged from 16 to 20 percent. Pumping-
plant efficiencies could be improved by increased maintenance and
replacement and by proper selection of engine and pump sizes for
the specified lifts and flow encountered in the Mesilla Valley. A
new pumping plant operated on natural gas should have an overall
efficiency of 15 percent (Buckingham, 1978).

Trickle-Irrigation System Used to Irrigate a Pecan Orchard

The pecan orchard at the Demonstration Farm was under trickle
irrigation for two years. Applied water data are presented in
Tables 15 and 16.

Using a water-balance technique, measurements were made on the
consumptive use of pecan orchards at New Mexico State University's

Plant Science Farm. The trees were 2-3 years younger than those

48



wieg uorlerlsuowaq ‘¢ dung 1o0j padund 191em -sa uofidunsuod sef feaniey
000°1 X Id3em jo gw
1Ay 44 (138 114 081 091 091 021 0°01 0's

9'g AJuU’IDY 33 uelq Buidung
6°81 £ouarar332 aursug
[ 17 AduatdTy3y dwng

X91S" = A 1
¢ "oN dung

wieg volledisuowaq ‘n dund 103 padwnd 1a3em -SA uojidwnsuon se$ peanaey

200'T % 133ea jo P
961 9L 9° €1 96 96 9°1

56 £3ua151343 Juerq Suidung
1707 &duaY27333 auydug
675y AJUATITIIa dung

X68C° = A
¥ ‘o dung

9'¢
FAR S
8791
kA AA
[138:74
9°et
276t
87 vy
7708
0°9¢
9°19
tT L9
8 2L
7°8L

ARA

FL°ST

891

P67 LT

FOT6T

~Z°02

000°1 % ;w 5enH reanzey

000°T % g% Se9 Teaniey

wiej uorieansucmag ‘¢ dung yoj padund 1aies *sa voridwnsuod sel jeanjey

000°1 X I23em JO cu
02 L1 w1 1T 8

Z°11 4AoueyaT3jg ueld Suydung
267 £ouatsyy3a ouilduy

v’ 9¢ £>us1o733d dung

X697 = A
¢ ‘oN dung

wieg uoTICIISUOWIE ‘Z B T sdwng aoj padwnd 193es *sa voridunsucd sed peanivl
0001 X 3934 JO LU
k14 x4 0z 81 9T 1 (43

5

0t

0°0T AouaT21333 Jueld Buydung
991 Aduato1333 ourdug

909 Aduatoyy3yn dwng

gLt = A
¢ 8 1 "soy dung

8L°9

€L

2076

856

71707

0401

¥
<
«

T
o
—

O RT

O LT

fc.ow

000“T X (u sBY yRINIEN

DT ¥ cu sBY TEINIEN

00i

Figure 8

49



L°69 1°81 TN 8€6° %5/1°8 Te30L vose3§
- 970 - - - 9.-82-0T
6°0 89°¢ 0T €L0°T 9.-T0-0T ©3 9/-2C-6
z°¢ €770 620° GLT” 9/.-%T-6 ©03 9/[-80-6
S°g L7°1 §90° Gen” 9/.-L0-6 ©3 9/~-8C-8
¥°0 1Z°S 760" 810°C 9/-£7-8 ©31 9/-90-8
1 0°¢ 811" 678"’ 9.-60-8 031 9/[-0¢-L
9°¢ 19°0 1€0° A 9/-67-L ©31 9/-8T-L
8°0 90°1T 190° A 9/-LT-L ©03 9[-TT-L
0°1 90°1 190’ ZAa 9(~0T-L ©3 9/-20~L
- 1270 9¢0° $8¢” 9/-T0-L ©3 9/-61-9
0°¢ L9°¢ ¥8T" 89%7°1 9/-8T-9 03 9/[-60-9
- 88°0 650" 76g” 9{-%0-9 o031 9/-8C~S
€0 12°1 190° £8h” 9/-{7-S ©°1 S/[-0C~S
L1 61°T 090" Liy: 9/~6T-§ 03 G[-TTI-§
(seae309Yy Zg°1) Suedag
2y /wo-BYy 'Y /UD-BY 'Y /0O-BY mE mE
(I:) TIe3uTey par1ddy 9911 194 @91y, 13d poraeg uoriedrial
uorzeardsueajodeay I970eM pat1ddy patTddy
1e103 197ey ATTRQ I121BM
98e184ay 1e10]

"9L6T UNV 6/6T NI VA NOILVILSNOWACQ IHL ¥OJ WULVM QdITddV

‘¢l HI9VL

50



LS9 G 6T 96°9Y% 16291 Te10], Uosess
87-0T
92991 31SITd
61 6%°¢ 791" T LL-€0-6 031 [[-%C-8
o't VAR TST" B01°¢C LL-%T-8 01 [L-01-8
- 68°S Go% " AN AN LL-60-8 03 /[[-E€0-8
9°0 8¢°C 091" 666" mm]m@%m o3 mhlmwln
(A 8y°C LyT” [AXI AT LL-9T-L 01 [LL-61-L
- iy A4 LOL°T LL-8T-L el [L-90~L
0°s 61°1 080° €8y’ LL-G0~L 03 [1-0€-9
rA] €L°0 8%0 " 06¢” LL~6T-9 03 [L-tT-9
- 61°1 0L0° g6y LL-TC-9 03 //[-ST-9
- 60°1 790" iy LL~9T-9 03  L[~%0-9
°0 6e°¢ 991" L66° LL-€0-9 01 [[-8C-G
- £€L°0 8%0"° 06¢° LL-LT-§ 01 [L~TT~S
%0 T0°1 020° Tey: LL-0T-G 03 [L-6T-Y
- 8L'C 860" €CT°1 LL-BT~Y 031 [/[-80-%
- L ANAL LL-10—% o1 L/[-TO-T
(seae309y Zg'T) Suedag
ey fud-ey ey /mwo~ey ey J/ud-eY mE mE
(1%) ITe3IUTEY paT1ddy 9811 19(g 2911 194 pPoTaeg UOTIBITIA]
uotleardsueajodeay 193EeM patTddy patrTddy
1301 aaieM A1Te( aa3eM
a3eaany 1e30]

LL6T NI WYVA NOIIVIISNOWICQ JHLI NO0J YALVM dIdITddV

Q1 TV

51



at the Demonstration Farm and were flood irrigated. They would have
had larger evaporation losses than the trees irrigated by the trickle-
irrigation system. Preliminary 1976 data for the Plant Science Farm
orchards indicated a higher consumptive-use than originally expected.
Consumptive use measured for 1977 was 65.7 ha-cm/ha. It was felt
that the difference between the applied water plus rainfall at the
Demonstration Farm in 1976 (40.3 ha—-cm/ha) and the measured con-
sumptive-use at the Plant Science Farm in 1977 (65.7 ha-cm/ha) was
not due entirely to additional evaporation losses caused by surface
irrigation, but that the Demonstration Farm trees were stressed for
moisture in 1976, depleting the soil moisture reservoir and probably
consumptively using less water than measured at the Plant Science
Farm in 1977. Based upon preliminary 1976 Plant Science Farm consump-
tive use data, additional water was applied to the Demonstration Farm
in 1977 with a flood irrigation at the start of the growing season.
This resulted in an irrigation efficiency computed to be 105 percent.
The extra 5 percent was probably due to experimental error.
Yield from the trickle-irrigated pecan orchard in 1977 was 1214 kg/ha.
The average yield in the Mesilla Valley for a pecan orchard of this
age is approximately 784-1009 kg/ha. The trickle yields were comparable
to those obtained under flood irrigation but represented a great
savings in water. Under a typical flood irrigation, 73-97 ha-cm/ha
of water would be applied, compared to 47 ha-cm/ha under trickle
irrigation near a 100 percent irrigation efficiency, assuming a

normal rainfall year.
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Trickle Irrigation and the Plant Water Potential of Pecan Trees

During the summer months of 1977, the trickle-irrigated pecan
orchard received water at a rate of approximately .15 m3 per day per
tree. Plant water potential measurements (Slatyer, 1967) were made
to determine if the trees were responding as they would under con-
ventional irrigation techniques. Figure 9 is a plot of the daily
plant water potential cycle comparing the drip-irrigated with flood-
irrigated trees. The plant water potential at night approached the
soil water potential where the minimum value observed was approxi-
mately -1.6 bars. Measurements were made on August 10, after the
drip system had been shut off for four days to allow the foreman to
cultivate the field. The results showed a higher peak for the drip-
irrigated trees than the flood-irrigated trees indicating that the
drip-irrigated plants were undergoing a slight stress. The avail-
able soil water reservoir, irrigated by the drip system, Qas small
and the four days appeared to be sufficient to deplete the reservoir.
Comparing the two systems, the mid-day reading indicated that the
drip- and flood-irrigated pecan trees were very close in plant water
potential when the drip system is operated according to schedule.

Drip Irrigation of Row Crops

Applied water information for the drip-irrigated row crop demon-
stration of tomatoes and peppers is presented in Table 17. The
seasonal irrigation efficiency was 48.5 percent for the tomatoes and
65.6 percent for the peppers. The same amount of water was applied
to both crops because of the design of the irrigation system. The
low irrigation efficiency was due to the three flood irrigations

of 10 ha-cm/ha each that had to be applied at the beginning of the
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growing season since the drip-irrigation system was inoperable due
to technical problems.

A yield of 36,602 kg/ha for the drip~-irrigated tomatoes compared
favorably with Demonstration Farm average yields of 17,900 kg/ha
and 29,800 kg/ha for flood-irrigated tomatoes in 1977 and 1976,
respectively.

Salt Movement Below a Drip-Irrigation System

The irrigation efficiency, as shown in the drip irrigation of
the pecan orchard, can be close to 100 percent. Salts will preci-
pitate and be stored beneath the root zone over a long time period.
In order to investigate this problem, soil samples were taken during
the second and third years of the demomstration project.

Table 18 presents the salt content of soil samples taken from
flood-irrigated alfalfa and lettuce and the drip-irrigated pecan
orchard in 1977, Salinity of the soil samples on pecans varied
between January and November. This was attributed to variability
within the field and/or to actual changes in the salt content within
the soil profile. It appeared that near the pecan trees there was
a salt buildup to a depth of 1.2 meters. Farther away from the
tree trunks the salt buildup was closer to the surface. This was
expected due to the shape of the water front around the emitter;
the greatest leaching occurred directly beneath the emitter, and
less leaching occurred away from the emitter. The location of the
emitters around the trees was at the same location as the sample
taken at the one meter distance from the tree trunk. The salt
content of the pecan orchard appeared to be higher than that en-

countered under the alfalfa and lettuce fields. The higher salt
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concentrations in the area of the drip-irrigated pecan orchard could
be due to the irrigation method or soil types present. The high
level of gypsum in the low layers has been encoﬁntered in other
areas of the valley that were flood irrigated.

Infiltration Measurements in Canals

Deep seepage from the main and distribution camnals in an irri-
gation system has been measured to be as much as 30-50 percent of
the total flow Rohwer (1946). It is difficult to estimate trans-—
mission losses because of the large variability associated with
seepage measurements from site to site.

In studying the influence of concrete lining on seepage losses
from farm ditches Hanson (1966) reported a large variability in
the transmission losses from unlined farm ditches. Losses varied
from less than one percent of the flow to as much as sixteen per-
cent with an average loss of about seven percent when the turnouts
were sealed. Seepage loss depends upon the type of soil and the
sediment load in the water as it affects surface sealing. Other
factors that affect seepage loss percentage are the velocity and
flow depth at which the water moves through the canal. For a given
discharge, higher velocities require less cross—sectional area and
wetted perimeter through which seepage may flood, a shorter time
for water to be lost by seepage, and consequently, less seepage
percentage. If weeds are allowed to grow in a ditch the velocity
is lower, thus increasing the flow depth, the time opportunity for
seepage, and the seepage loss percentage.

Using the ponding technique, measurements of the steady-state

infiltration rate ranged from 51 cm/day for a section of Walter
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lateral to 11.6 ;m/day for a farm field ditch, and 6 cm/day for the
Upper Chamberino and main distribution canal (see Table 19). Water
temperature data were analyzed using the technique described by
Stallman (1965). With this technique, the lower detectable limit
of percolation loss is about 2 cm/day. All the measurements indi-
cated losses greater than this amount. The temperature determina-~
tions of infiltration rate in the farm supply ditches and Upper
Chamberino lateral are presented in Table 19.

Infiltration rates determined for the Upper Chamberino lateral
from temperature profile measurements were greater than those deter-
mined by using the ponding technique. The increased infiltration
rate could be accounted for the by fact that there was a greater
head or height of water in the canal when the temperature measure-
ments were made than during the ponding test. 1In the farm ditches,
the ponding measurements of infiltration were greater than those
determined using the temperature technique.

Using the average infiltration rate in the Upper Chamberino
lateral of 12 cm/day, the present loss per 1000 meters of canal
was calculated for different flow levels and presented in Figure
10. The loss represents a small percent unless the flow becomes
very low or the length of canal excessively long.

Based on an infiltration rate of 10 cm/day (the average of the
two lower infiltration rates in the farm ditches), the seepage
loss from the entire farm distribution system represents l.l1 per-
cent of the applied water over the growing season. Based on the
average of the two largest infiltration measurements, 47.2 cm/day,

the seepage loss represents 5.6 percent of the applied water.
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TABLE 19, INFILTRATION RATE IN THE UPPER CHAMBERINO AND FARM SUPPLY DITCH

Final
Testl/ 2/ Infiltration

Date No. = Location— Method Rate

(cm/day)
8-09-77 1 Upper Chamberino Temperature 12.9
8-09-77 2 Upper Chamberino Temperature 16.8
7=-12-77 3 Upper Chamberino Drain Temperature 13.0
10-22-76 4 Upper Chamberino Ponding 6.0
8-26~77 5 Farm Ditch Field % Temperature 8.0

Location 1

8~26-77 6 Farm Ditch Field 4 Ponding 11.6
10-06~76 7 Field Ditch Field 3 Ponding 43.2
11-17-77 8 Walter's Lateral Ponding 51.2

1/ Locations of test sites are shown on Figure 2.

2/ Clay soil
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Drain Flow Measurements

Weekly measurements of the drain flow were made using current
meters. Water samfles were taken at the time that the flow measure-
ments were made at Sites B and D (Figure 4).

As flow rate from B to D in the drains inéreases, electrical
conductivity or salt content of the drain water decreases (Figure 11),
The measured data for flow are presented in Appendix B and the water
quality data in Appendix C. The salt content of the drain water did
not change significantly from Sites B to D. At the 5 percent level of
probability, there was no difference in the mean flow during the growing
season (April through September) between Sites B and D for 1975 and 1976.
This was due to the nonsteady-state condition of the drains. Excess
irrigation water was constantly being dumped into the drains causing
marked increases or decreases in flow between measurement Sites B
and D. During the 1977 growing season, most of the water in the
valley near the measurement drain sites was pumped water and the
drain was closer to a steady-state condition during the measurement
periods. The differences in flow between Sites B and D for 1977 are
presented in Figure 12. During most of the growing season, the flow
rate increased significantly at the 5 percent level of probability
from Site B to Site D, indicating that the farm was contributing
return flow to the drain system.

Along with measurements in flow obtained with a current meter,
water depths were measured at La Mesa Drain Sites B and D with water
stage recorders. A rating curve was determined for the sites using
the flow data. Analysis of the data indicated that the canal bottom
shifted by scouring and deposits and was insufficiently stable for
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a rating curve of flow depth vs. flow rate to be determined for Site
B. However, the rating curve for Site D was estimated to fit a
straight line with a correlation coefficient of .9. The rating
curve equation 1is:
depth = .0017 flow + .14
where depth = meters
flow = cubic meters per second.

Using this equation and the water stage levels determined with
the water stage recorder, the daily flows for 1976 and 1977 were
calculated for Site D (Figure 13). The daily flows for each month
are presented in Appendix A. The daily flows fluctuated considerably
during the 1976 irrigation season due to the dumping of excess irri-
gation water from the irrigation canals into the drainage canals.
There appeared to be as much variation in the daily flows as there
was in the weekly flows measured with a current meter. It has not
been possible to determine the amount of fluctuation due to return
groundwater flow, and how much was due to surface waste water.

Groundwater Level Fluctuations

Weekly piezometer measurements were made on a transect perpendi-
cular to the La Mesa Drain. The data are presented in Appendix D.
Several of the piezometers became plugged with soil toward the end of
the study and had to be abandoned. A statistical analysis was done
using a steady-state drain-flow model to try to correlate piezometer
height and increase in drain flow between Sites B and D in 1977. An
increased gradient, due to the rise in the watér table from excess irri-
gation water, should have caused an increase in flow between Sites B and D.

An analysis was conducted only on 1977 data when the increased flow
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Daily Flows m”/sec.
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(July 1977)
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Figure 13, Daily drain flows at Site D
in the La Mesa Drain.
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was statistically significant. ﬁowever, the results indicated that
the system could not be statistically described at the 5 percent level
of probability by a steady-state model applied to each measurement
point. As can be observed from a plot of the water table level, the
groundwater system (Figures 14 and 15) was not homogenous but-con-
tained lenses of high and low permeability. This resulted in an
uneven gradient of the groundwater away from the drains. The plot

of the groundwater level represents a response to both excess irri-
gation water and pumping from the wells in the area. During 1976,

the groundwater table was low in January, February, and March and
started to rise by May after water had been released into the irriga-
tion system. This rise continued through September due to excess
irrigation water. After September, the groundwater table again
dropped as excess irrigation water decreased and the drains lowered.
In 1977, when most of the irrigation water was supplied by ground-
water, the groundwater table continued to decline throughout the vyear,
from January through December. Due to the cropping pattern, there
was less return flow although the overall farm-irrigation efficiency
did not change.

Groundwater Salinity

There was a significant increase in salinity in groundwater
monitoring Wells 1 and 3 between 1976 and 1977 (Table 20). The
salinity in Well 2 increased in value but was not statistically sig-
nificant at the 95 percent confidence level. The level of salinity
in the 15-meter well was significantly different from the level of
salinity in the lO0-meter well which, in turn, was significantly

different from the salinity level in the 6-meter well for both years.

67



*9/6T 103 UTRIQ BSOW © 9yl UT ourtaquey) zoddn oyl woxg
joesueil ® 3uole S©318p POIOS[3S I0J UOTIBNIONTI 2YSTLY I9IBMpPUNOIH °HT 92In3Tg

o
9
2 :
3 2
@ o
[ B
o @
o H
© fde
ol =)
=] sJojauw )
m.mmoH m.m@oH H°pT6 0°€Z8 G IEL 0°0%¥9 9°8%S T LSG% [°S9E ¢'w/lTz 8°T8T %°16 0°0
6"
YA

peoy wied 4o31a
uoTIedTAAY

VA4

s1540W

99041ns punosb 2yl moRq sJeRW ¢
oupid 20URJBJ0 D JA0QD SO} ST JO yBoH

68



o UTvig BSOW B

S0

*LL6T 03
uTRI(g BSOW BT 9yl ur outiequey) sadd) oYyl woij 303suBI]
e 3UOTB SOIBP POIVSTSS I0F UOTIBNIONTI IYSTOY I93BMpPUNOI) *CT 2an3Tg

s400u

gt v¥'%i6 0°tZ8 G'TI€L 0°0%9 9°8%S T LS% [°S9€ C %lT 8°781 %°'16

ourxaqueyn iaaddp

o

6/¢

peOY Wiey

qoatd
uoT1edT31]

siasaw

20044ns punosb Yy moppq SsBW ¢
2UD|d 20UdIRBL D BACQD 8iQD} R§0M 30 WDOH

69



*20UBDTITUSTS OU SeM 219Y] 2IBOTPUT SHUBTH xx

*SI930W g — ¢ TTOM ${sa938uW QT = 7 TIOM $sIodauw GT = T TTOM :STToM Jo uyadeq x

0'z 1'1- 81T T'- 6%y [° gy~ 9° - G~ LL6T ‘€ TI®M
SNUTK £/6T ‘7 TTIoM

L°9¢ €°¢- 1°C L1~ 0'¢ 9°¢g— 6 €~ € - LL6T ‘T TTI°M
SNUTK //6T ‘T TI®M

09— 2°1 8T QT "~ 9/6T ‘€ TioM
SnNuT 9/6T1 ‘T TI®M

[*l€ 0°'8- 9°¢ £€'9- ¢ 0°'C v/ 8L 89"~ 9/6T ‘€ TT2M
SNUT 9/6T ‘T TTI°M

%°9¢- T ¢- AR €¢— L= T°¢+ 19°6- %°9- G+ 9/6T ‘T 1T°M
snutl 9/6T1 ‘7 TI9M

L1 61— g - LL6T ‘¢ TTI®M
SNUTW 9/6T ‘€ TTI°M

96°T AN Gy 772 LL6T ‘T TT°M
SNUTR 9/6T ‘T TT®HM

AR 19 A Y 8T+ 9/6T ‘T TI°M
SNUTK £/6T ‘T TI®M

moz ¢ow mOUm mOU D 3 =By 8§ ®BD suotuy SUoTie] ud 0TXDd sonyep uedy ATIABdE I0J

dﬁwma yuostTiedwo) TToM
S3USNITISUC) Teodtway)n

SHIJAA YALTW 9 ANV ‘0T ‘ST IV STTIM NOIIVAYASEO YATVMANAOYD HAYHLI WOI
TEAET FONAATANOD INIO¥Ad S6 HHI LV INVOIJINOIS VIVA ALITIVAD WHIVM 40 F14VI V * oz FTdVL

70



The water quality continually degraded from the deeper to the shal-
lower wells.

The changes of individual constituents do not present a clear
picture. The nitrate content did not change statistically from year
1976 to 1977, but there was a degradation of the nitrate concentra-—
tion from the shallower to the deeper wells increasing to an average
of 38.7 ppm. There was no significant difference between Well 2 and
Well 3 at the top two depths (6 and 10 meters)f Both of the top two

depths were significantly different from the bottom depth.
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SECTION 5

CONCLUSION

Using irrigation scheduling on the 450-acre demonstration, the
yearly farm irrigation efficiency was 63 percent, a 13 to 23 percent
increase over the 40 to 50 percent irrigation efficiency considered
normal for the Mesilla Valley.

The results of this study show that although the overall irri-
gation efficiency of the Demonstration Farm (63 percent) was good
with irrigation scheduling, with large variations from field to
field ranging from 80 percent to 35 to 40 percent. Fieid irrigation
efficiencies did not correlate with the type of crop being grown
or field size.

The canals at the measurement sites had very low seepage losses.
In the main canal, the maximum loss per 1000 meters of canal ranged
from 3 percent down to .2 percent, depending upon the flow in the
canal. Seepage losses from the farm ditches measured were 5.6 to
1.1 percent of the total applied water over the growing season.

Trickle irrigation of the pecan orchard resulted in irrigation
efficiencies of nearly 100 percent. Measurements are necessary to
determine if any detrimental effects would occur from salt accumula-
tion due to the continued use of trickle irrigation with irrigation
efficiencies approaching 100 percent.

There was a negative correlation between groundwater height
on the Demonstration Farm and increase in drain flow through the
farm during 1977. During 1975 and 1976, drain-flow measurements

at two locations did not show a statistical increase or decrease in
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the flow through the Demonstration Farm. Counsequently, change in
drain flow did not correlate to changes in groundwater height.
Short-term changes in flow rates during the growing season may be
influenced by the amount of excess surface water being returned into
the drains rather than by the height of the groundwater table.

The effect of irrigation scheduling on drain flow quantity was
not detectable. However, irrigation scheduling at the Demonstration
Farm was estimated to increase the irrigation efficiency by approxi-
mately 13 percent.

Salinity of the drain water showed a negative correlation with
flow, decreasing as drain flow increased in all years. Groundwater
quality at the sampling points on the Demonstration Farm indicated
an increase in nitrate content and a decrease in total salinity with

depth below the water table.
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SECTION 6

RECOMMENDATIONS

For maximum benefit of water supplies in the Mesilla Yalley,
farm irrigation systems should be designed for minimum leaching.
Increased efforts are needed to better define the actual water
use of crops in the Mesiila Valley, in particular the water
requirements of pecan orchards.

Increased efforts are needed to further encourage the utiliza-
tion of irrigation management scheduling and sprinkler irriga-
tion of vegetable crops for seed germination in the Mesilla
Valley.

Use of combination of irrigation systems should be investigated
for seed germinmation, i.e., trickle or sprinkler and flood.
Equipment to measure applied water to each field should be
incorporated in farm irrigation systems to improve field irri-
gation efficiencies.

Continued monitoring of the salinity in the soil beneath the
field sites where irrigation sheduling is practiced would help
to determine the long-range effect of increased efficiency on

salinity buildup.
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Appendix A

CLIMATIC DATA



Legend for Climatological Data

T (Max) = Maximum Air Temperature °c

T (Min) = Minimum Air Temperature _C

H (Max) = Maximum Humidity in percent

H (Min) = Minimum Humidity in percent

DBT = Dry Bulb Temperature °C measured on specified day at recorded time
WBT = Wet Bulb Temperature measured on specified day at recorded time
S(Ly) = Solar Radiation in L angles for 24 hours

Wind (24 hr.) = Accumulated wind run in km/day

Pan (E) = Class A Evaporation Pan (cm)
PRE = Precipitation (cm)
Total E = Accumulated Pan Evaporation
—0.00 = No data collected
0.0 = No data collected for solar radiation
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Climatological data for Las Cruces, New Mexico 1975.

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico 1975 (continued).

Table A-1.
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Climatological data for Las Cruces, New Mexico, 1976.

Table A-2.
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or Las Cruces, New Mexico, 1976 (continued).

£

Climatological data

Table A-2.
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Climatological data for Las Cruces, New Mexico, 1976 (continued).

Table A-2.

Agt

X
)

SETE T1rE

DATE

VTP
PO
L L
D O
NN

ReNel o RV
T P
(IO

QO=CQ

ML
Lelealpdiel.o]
P (D
NTNC e

T DD -
LN I I )
NANNDD
NINEA g

O DN -ty
vt e CICD o>
" e oo
g
NN N

N INOG b
D ITNG
*wtyoo

S00OQo

LI
Pt IO
NINO NG
YN

Ny o
o s 4 ey

NN

RaPP R TNTN]
(IR
Y —ay O

TN
T
D=
vt NI A,

QWO
Dabalnlaln
DTADC

WAL
D202 0
CLE
(ST
NI
L LT
b it b

OOV
P P o o
S~ o
QOO —~
Raliaiaalasiasl

T N QO
N DN
4 0 0 4 2
Y 3OO
NN

—~OWN
.

e s s
— P N

T/
o0 2 s
QCAO
Yo

D=NOOT
et o0
Dt N DO

b

g Eee R ]

LI )

DU~
[

NI
* st e a
=T -
N

Soaco
balaalabalsl
Q[TJEWD

AN
=220
T XX
PN
NI
LIS
e o and

L OTNQ
1= e Poe e o
i Eaa st o
2 e o ek
nmMam

Wt 0N
QO
4 0 & 4 9
DS - N
(bt il

e foload ol¥e]
A D
LR A
QO

LI I B
NN OGO
O T2 0N
et ol )

QOO
v e e g
DOV
T

AN D e
“ * e g o

DEOGU -
—_NSN N

VUBUO
mmrmm
TODDD

I
>

e ) ad i e

L£A998
P s P P P
oD
o vt ot 2k O\
BakaLialaaloa!

93

R lnan Taa oo
Qe
LR I I )
Raa U dFa IT Y.
MiMeam

[tk lelen]
TRIOD
LA I Y}

OAVOQ
t

* 2 ¢ o
P OIARN
OGP

N &y

DVCQOD
t v v .0
fen e San dom [on
[ 2 |

- D
[ Y
DI~
NMmMienm

N ON et
D=2 09
LRI

OCCSO

0% s s
OO by
MOVGCO
OO~ st

IS
LR TR

FOwn Ny
|

=it to T
s e ae
VOECOD
N

Tl 2
a0
TSI O
o\ g el ot

QOWOC
Db alialal
froloe Lo e e ]

NI
D=22D

LA UL DL

NNNIVIAN
LTI
b e ek

R
~t—tp——
D5 aade e Lo Yo
NN
Amamm

39.45

0.56 0.0

97.

S5

-0.0

-3.3

0

LASCRU( ¥3¢C 2.l

33176

e
M~
Eadaal
O\t

.
~
>N
~NN

DO

STANDARD Bkv

MEAN



Climatological data for Las Cruces, New Mexico, 1976 (continued).

Table A-2.
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Climatological data for Las Cruces, New Mexico, 1976 (continued).

Table A-2.
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