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ABSTRACT
Irrigation management in heavy clay soils in arid or semi arid regions of California is directly
influenced by the cracking nature of clay soils. Seasonalvariability of infiltration in cracking clay soils
often leads to excessive runoff, poor irrigation efficiency, and excessive fertilizers in runoff water.
In this study, irrigation frequency and amount of water applied was based on soil moisture depletion
between irrigations. A computer program was developed to predict irrigation cutoff time to minimize
or eliminate surface runoff, and to predict application efficiency and distribution uniformity of
irrigated fields in the Imperial Valley. The model allows for changes in infiltration characteristics over
the season, advance and flow rates, and crop roughness. The model is primarily used as a tool for
irrigation scheduling to minimize runoff and fertilizer losses in border-irrigated alfalfa and sudangrass
fields in heavy clay soils. Alluvial clay soil at the University of California Desert Research and
Extension Center, Holtville, CA, was cultivated and alfalfa and sudangrass seeds were planted on
eight 20x360 m2 borders. Simulated and measured irrigation performance characteristics ofborder
irrigation were evaluated for all irrigations during the sudangrass season using temporally variable
and spatially averaged infiltration functions.
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INTRODUCTION
Over the past several years, California water users have exceeded their share of the Colorado River
water. As much as 3,450 million m3 (2.8 million acre-feet) of Colorado River water are used every
year to irrigate more than 200,000 ha (500,000 acres) oflands in the Imperial Valley. Approximately
15% of the delivered irrigation water in the Imperial Valley becomes tailwater runoff. Surface and
subsurface drajnage water enters the Salton Sea which serves as a drainage sink for the Imperial and
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Coachella Valleys since its formation in 1905. The Salton Sea continues to exist because of the
drainage water from agriculture in Imperial and Coachel1a Valleys as well as flow of agricultural
drainage and untreated and partially treated sewage from the Mexicali Valley .
The recently proposed water transfer draft between the Imperial Irrigation District and the San Diego
County Water Authority calls for transfi~r of up to 493 million m3 (400,000 acre-feet) annually of the
Imperial Valley-Colorado River water. Growers and the general public in the Valley oppose any
permanent land retirement and some evc~nhave strong objections to any land fallowing program. Most
of water available for transfer will have to come from on-farm water conservation programs.
Heavy clay soils represents more than 60% of the nearly 200,000 ha of irrigated land in the Imperial
Valley, CA. Management of surface irri:gation systems in heavy clay soils is often difficult due to the
large variability in infiltration characteristics during the growing season. Infiltration rates in finetextured soils are commonly low because of the tight physical structure of the soil. Water penetration
into heavy soils is usually limited to free water flow into soil cracks. Such heavy clay soils with limited
infiltration capacity are relatively common in the Imperial Valley , CA, and when irrigated may result
in excess runoff, inadequate soil wetting and leaching, and anaerobic soil conditions.
Temporal ( over the season) variability IDfinfiltration is often the cause of excessive runoff and poor
irrigation efficiency in heavy clay soils. The ability to predict changes in infiltration characteristics is
the key to improve application efficit~ncy (AB) (Jensen, 1980) and distribution uniformity (DU)
(Jensen, 1980) of surface irrigation systems (Fig. I ). The ability to predict surface irrigation system
performance is directly influenced by temporal and spatial soil variability. Several investigators have
considered different aspects of infiltration variability in irrigated fields. Izadi and Wallender (1985)
quantified the effect of soil variability on infiltration characteristics. Linderman and Stegman (1971)
showed that infiltration characteristics v:iried over the season. Vieira et al. ( 1981) studied the spatial
variability of field measured infiltration rates. Wallender (1986) developed a volume balance furrow
irrigation model with spatially varying il1filtration characteristics. Bali and Wallender ( 1987) studied
the combined effect of soil variability and intake opportunity time on furrow irrigation systems
performance. They also studied field-mc~asured and simulated furrow irrigation system performance
under spatially and temporally varied ilnfiltration function parameters. Bali and Wallender (1987)
showed that simulated advance using a volume balance model with spatially averaged and spatially
varying infiltration functions was in close agreement with the observed field advance during the first
irrigation in the season but not the second irrigation. Cracking of soils was the most likely source of
variability between simulated and observed field advance. Bali et al. (1994) sh~wed that spatial
variability of infiltration in heavy clay soils did not have significant impacts on surface irrigation
system performance as compared to te:mporal variability.
Two field experiments were conduct(:d to evaluate the effectiveness of a simple volume balance
method to determine irrigation cutoff time. The method is incorporated in a model developed to
predict irrigation cutoff time, application efficiency, and distribution uniformity. The model allows
for changes in infiltration characteristics over the season,advance and flow rates, and crop roughness.
The model is primarily used as a tool for irrigation scheduling to minimize runoff and nitrogen losses
in border-irrigated alfalfa and sudangrass fields in heavy clay soils.
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MATERIALS

AND METHODS

Alluvial clay soil at the University of California Desert Researchand Extension Center, Holtville,
CA, was cultivated and alfalfa (CUP 101) was planted in November 1995 at a rate of 30 pounds
of seedper acre. Sudangrass(cv. 'Piper') was planted in April 1995 at the rate of 120 pounds of
seedper acre. A total of 6 ha (15 ac:res)were usedin this study. The area is divided into 2 fields
each containing separate plantings of alfalfa and sudangrass.Each field contains four 20-m-wide
and 360-m-Iong border checks. ThiIty two sampling locations (8 locations in each border) were
establishedin the alfalfa field to eval\Jatesoil moisture and soil salinity at 14 depths (15 cm to 270
cm). Thirty eight sampling locations were established in the sudangrassfield to evaluate soil
moisture and soil salinity at 8 depths (15 cm to 120 cm). Moisture contents at all sampling
locations were detennined by the neutron probe. A neutron probe (CPN model 503) was calibrated
for each field as discussedby Grismer et al. (1995). Soil moisture measurementswere made prior
to each irrigation and 2 or 3 days after each irrigation. Gravimetric soil moisture sampleswere
taken between 0-15 cm depths. Evapotranspiration estimates during and two days following
irrigations were obtained from a nc~arbyCalifornia Irrigation Management Information System
(cnvnS) weather station and were addedto the differencein soil moisture prior to and following each
irrigation. Alralfa and sudangrassha.y samples were taken for yield determination.
All irrigations started from the south end of the field and advance time was recorded every 15 m
along each border. Irrigation cutoff times to prevent surface runoff were calculated from flow rate,
advance, field slope, and roughness data using the method of Grismer and Tod (1994). The method
is based on a relatively simple techIuque that predicts the cutoff time necessary to minimize or
eliminate runoff and to improve wat~~ruse efficiency. While the method is applicable for all soils it
works best in heavy clay soils. The method is a combination of a volume balance model and a twopoint measurement method (Elliott ,md Walker, 1982). The objective in heavy clay soil is to have
enough water to fill cracks with little or no runoff. The cutoff time, for a given border, can be
calculated using a volume balance model where the total volume of water applied equals the surface
storage and the subsurface storage. Thl~ commonly used Kostiakov and modified Kostiakov equations
z=kt

a

(I)

z=kt Q+ct

(2)

where z is the depth of water infiltrated, t is the intake opportunity time, k and a are empirical
constants, and c is the steady infiltration rate, were used to simulate border irrigation performance
in a volume-balance model (Elliott and Walker, 1982). A set of spatially averaged infiltration function
parameters k and a were obtained for each irrigation and each border from advance data using a
power advance function of the following form (Walker and Skogerboe, 1987)
(3)

X=ptr

where X is the advance distance (m), 't is the advance time (min), and p and r are fitted parameters.
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The above power advance function v{as used to predict the infiltration function parameters k and a
of the Kostiakov equation using the two-point method (Elliott and Walker, 1982) where a surface
shape factor of 0.77 was used and 1theaverage depth of water at the inlet was determined from
Manning's equation (Grismer and Tad, 1994). The subsurface shape factor was calculated from p and
r (Fig. 2). The steady infiltration r~lte was determined from a previous independent infiltration
experiment of the site (Bali et al., 1~)94). Analysis of the infiltration data yielded better fit for the
original Kostiakov equation rather tharl the modified one. Therefore, only analysis from the Kostiakov
function (Eq. 1) will be discussed here. Measured and simulated irrigation performance characteristics
of border irrigation (AB, DU, and avc~ragedepth infiltrated) were evaluated for all irrigations using
spatially averaged and temporally variable infiltration characteristics.

RESULTS
Results presented here are for the sudangrass field only. Infiltration rates for all irrigations were
evaluated from the advance and inflow data using the two-point method mentioned earlier. Simulated
and measured irrigation performanc,e characteristics of border irrigation were evaluated for all
irrigations using the advance and infilml.tion function parameters (p, r, k, a). All borders had the same
slope, width, length, and roughness. ][nflow rates were recorded on regular basis during irrigations
and maintained at a constant level and did not vary by more than 10% during all irrigations. Similar
results were obtained for all borders, therefore, only the results of Borders 1 and 4 will be discussed
here.
Simulated depth infiltrated along BI:>rder 1 based on intake opportunity time (JOT) during all
irrigations (one preirrigation and six irrigations during the growing season) were compared with
measured depths using the neutron probe. Simulated depths infiltrated were based on the infiltration
function parameters k and a and fieldl measured IOTs at each advance measurement location (Bali
and W allender , 1987). The simulate,d average depth infiltrated was in close agreement with the
measured field data (NP and flow rate data) for the preirrigation, 1st, and 2nd irrigations but not for
the last four irrigations. Comparison of the measured (based on flow rate measurements) and
simulated average depth infiltrated art~shown in Fig. 3. Simulated irrigation performance measures
(AB and DU) for all irrigations are shown in Fig. 4. The AE simulation is based on a required
beneficial depth of 127 mrn (the typical average depth of irrigation in the Imperial Valley is 130 mm).
The simulated AEs of the preirrigation, 1st, and 2nd irrigations were higher than tho-se of the last four
irrigations (Fig. 4). This is due to the small depth of infiltration during the first three irrigations (Fig.
3) as compared to the last four irrigatio]rl (i.e. the infiltrated water during the first tl¥ee irrigation was
stored in the root zone while the excess water in the last four irrigation was lost to Geep percolation).
The formation of large cracks after the :2ndirrigation resulted in a higher depth infiltrated where some
of the water were lost directly to deep percolation through the cracks. The formation of large cracks
after the 2nd irrigation significantly improved DU for the last four irrigations. The depth of water
infiltrated during the last four irrigations was less dependent on IOT as compared to the first three
irrigations.
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Irrigation

r

a

Subsurface

Preirrigation

0.7962

0.4572

0.7219

First

0.8283

0.3677

0.7564

Second

0.7466

0.3554

0.7758

Third

0.8061

0.2185

0.8400

Fourth

0.8780

0.2411

0.8184

Fifth

0.8443

0.2057

0.8438

Sixth

0.8308

0.1743

0.8653

shape factor

Differences between simulated and measured irrigation system performance measures were more
apparent during the last four irrigations as compared to the first three irrigations (Fig. 3). The
simulated irrigation system performance measures (AE, DU, average depth of infiltration) were
underestimated for the last four irrigations as compared to the measured performance measures.
Border irrigation system performance can be accurately predicted from simulation models during the
first few irrigations .However, simulated irrigation system performance measures discussed here (AE,
DU, average depth infiltrated) could not be accurately predicted for the last four irrigations. In
general, the formation of cracks after the 2nd irrigation improved DU and resulted in reduction in
infiltration rate. Almost all of the differences between measured and simulated irrigation system
performance measures are attributed to the presence of large cracks after the 2nd irrigation.
Soil salinity (salinity of saturated soil extracts) distribution at 30 cm depth along Border 4 are
presented in Fig. 5. Sudangrass was planted during the 1995 season and in January 1996, wheat was
planted in the same borders. Lower soil salinity values were observed for the upper part of the field
as compared to the lower half of each borders at the 30 cm depth. Soil salinity distribution at 120
cm depth was uniform along the border (Fig. 6). The average soil salinity at 120 cm depth is close
to the salinity of the drainage water (EC of drainage water: 12 dS/m). Reducing or eliminating runoff
water did not affect soil salinity at depths below 90 cm. Soil salinity at depths 15, 30, and 60 cm
increased at the lower end of all borders as compared to the upper half Sudangrass is tolerant to
salinity and yield at the lower end of the field was not affected by the high salinity. Alfalfa is relatively
sensitive to salt and a reduction in yield would be expected when soil salinity increases above 4 dS/m.

CONCLUSION
A significant decrease in infiltration rate and improvements in distribution unifo~ity
were observed
after the first and second irrigations. Simulated average depth infiltrated during the last four
irrigations were drastically higher than the measured ones. The simulation model was accurate in
predicting irrigation system perfonrlance during the first three irrigations. Infiltration problems in
heavy clay soils can result in poor irrigation efficiency in terms of uneven distribution and higher
runoff. The ability to predict the temporal variability in infiltration characteristics provides a better
control on the management aspects of surface irrigation systems. High levels of soil salinity at the
lower end of the field did not have a significant impact on sudangrass yield.
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