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able for this survey, as well as the Arneri- 
can and California Farm Bureau Federa- 
fions for funding. 

References 
Cafferata PH, Poole C. 1993. Watershed 

assessment for the east branch of Soquel 
Creek. Sacramento, CA: Department of For- 
estry and Fire Protection. 54 p. 

Critchley WRS, Reji C, Willcocks TJ. 
1994. Indigenous soils and water conserva- 
tion: A review of the state of knowledge and 
prospects for building on traditions. Land 
Degradation and Rehabilitation 5293-31 4. 

[EPA] US. Environmental Protection 
Agency. 1998. California's 1998 Section 
303(d) List. US EPA Region 9, San Fran- 
cisco, CA. www.epa.gov/region09lwater/tmdI/ 
calist/list.html 

Furman B, Schott T, Keiffer B, Cummins 
R. 1983. North Coast Erosion and Sediment 
Control Pilot Project: Tomki Creek Water- 
shed. Ukiah, CA: Mendocino County Re- 
source Conservation District. 167 p. 

Lewis DJ, Tate KW, Harper JM. 2000. 
Sediment delivery inventory and monitoring. 
Davis, CA: UC Division of Agriculture and 
Natural Resources Pub 8014. 14 p. http:// 
danrcs.ucdavis.edu/pdf/8014.pdf 

lated to erosion on private timberlands in 
Northern California: Final report. In: Critical 
Sites Erosion Study. Sacramento, CA: Cali- 
fornia Department of Forestry and USDA For- 
est Service. http://danrcs.ucdavis.edu/pdf/ 
801 4.pdf 

MacDonald LH. 1992. Sediment monitor- 
ing: Reality and hope. In: US EPA and USFS 
technical workshop on sediments. Washing- 
ton, DC: Terrene Institute. p 81-7. 

Meadowbrook Conservation Associates. 
1996. Survey of road-related sediment 
sources in the Deer and Mill Creek water- 
sheds, Tehama County, CA. For National 
Fish and Wildlife Foundation. 48 p. 

[NCRWQCB] North Coast Regional Water 
Quality Control Board. 1998a. Water-quality 
attainment strategy (total maximum daily 
load) for sediment for the Garcia River water- 
shed. Santa Rosa, CA. 

NCRWQCB. 1998b. Proposed Redwood 
Creek water-quality attainment strategy for 
sediment (total maximum daily loads and 
implementation plan). Santa Rosa, CA. 

Pacific Watershed Associates. 1990. Pine 
Creek Watershed Assessment Report: A Plan 
of Action for Erosion Prevention and Erosion 
Control in the Pine Creek Watershed, Hoopa, 
CA. Arcata, CA. 132 p. 

Pretty JN, Shah P. 1997. Making soil and 
water conservation sustainable from coercion 
and control to partnership and participation. 
Land Degradation and Rehabilitation 

Rice R. 1999. Erosion on logging roads in 
Redwood Creek, northwestern California. J 
Am Water Resources Assoc 35(5):1171-82. 

[SWRCB] State Water Resources Control 
Board. 2001. Impaired Water Bodies 303(d) 
List and TMDLs. www.swrcb.ca.gov/tmdI/ 
303d-lists. htrnl 

Lewis J, Rice R. 1989. Site conditions re- 

8: 39-58. 

Alfalfa water use pinpointed 
in saline, shallow water 
tables of Imperial Valley 
Khaled M. Bali Q Mark E. Grismer o Richard L. Snyder 

Although alfalfa is the dominant 
water user in the Imperial Valley 
and is planted on 40% of its irri- 
gated acreage, data is incomplete 
regarding its water use under the 
most common growing condi- 
tions: moderately saline, clay 
soils with a relatively shallow, 
moderately saline water table. In a 
study from 1996 through 1998, we 
determined the seasonal variation 
in the alfalfa crop coefficient (KJ, 
based on measurements of ap- 
plied water and soil-moisture 
depletion, and the contribution 
from the water table aquifer. Us- 
ing chloride mass-balance meth- 
ods, we estimated that the shal- 
low water table contributed 
approximately 12% of the total ap- 
plied water during the study, of 
which just over 8% occurred dur- 
ing the first year. Correcting the 
values for water table contribu- 
tions (WTC) to crop water use re- 
moved the increasing trend in val- 
ues during the study and resulted 
in an overall study crop coeffi- 
cient of 0.84. The decrease in 
WTC was the result of a doubling 
in soil salinity to 12 decisiemens 
per meter at the 3- to 4-feet-depth 
interval by the second year. For 
moderately saline growing condi- 
tions in the Imperial Valley, the al- 
falfa crop coefficient is smaller 
than elsewhere in the southwest- 
wn states, where values closer to 
one are common. 

orage crop production accounts F for the majority of water use in 
several western states. In California, 
alfalfa production alone uses the 
greatest amount of water, followed 
by pasture, rice, cotton and metro- 
politan Los Angeles. A perennial 
crop, alfalfa also dominates water 
use in the Imperial Valley, where it 
is regularly planted on nearly 40% 
of the irrigated acreage. Despite 
several alfalfa water-use studies 
conducted across the southwestern 
states, little information has been 
developed regarding its water use 
throughout the production cycle 
when grown on moderately saline 
clay soils with a relatively shallow, 
moderately saline water table. As 
competition for water resources in- 
tensifies, it is important to have a 
better understanding of the water 
use associated with forage crop pro- 
duction under the growing condi- 
tions most common in the valley. 

In the Imperial Valley, October 
and November are the optimal plant- 
ing months for establishing an alfalfa 
stand. Alfalfa is then reseeded, as 
necessary, to maintain the stand 
through a 3- to 4-year production 
cycle. Alfalfa is harvested as hay via 
seven to nine cuttings per year. Hay 
yield per acre tends to decrease dur- 
ing the late summer (July to Septem- 
ber), when evapotranspiration is 
greatest. 

According to UC Cooperative Ex- 
tension (UCCE) county guidelines, 
two irrigations should be used to es- 
tablish the stand, followed by two 
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Alfalfa is the dominant water use in Imperial County, planted on 40% of the region’s irrigated acreage. For a 
study of water use by alfalfa, research assistant Mark Stutes of UC Cooperative Extension in Imperial County 
takes soil moisture readings at the UC Desert Research and Extension Center (UCDREC) near Holtville. 

irrigations per cutting (Mayberry et 
al. 1996). As such, it is usually as- 
sumed that alfalfa applied water use 
in the lower desert regions of Cali- 
fornia matches that of annual refer- 
ence evapotranspiration (ET,,) ad- 
justed for irrigation efficiency, or 
approximately 78 inches per year in 
the 1990s. 

Actual water use by the stand de- 
pends on when cuttings occur, that is, 
immediately following each harvest. 
Relative crop water use reaches a 
minimum and then slowly increases 
again as the leaf area expands. This 
variation in actual water consumptive 
use by the crop during the year is re- 
flected in a changing crop coefficient 
(Kc), defined as the ratio of stand 
evapotranspiration to a grass reference 
evapotranspiration (ET,,). 

Effective irrigation scheduling, 
which uses the most recent evapo- 

transpiration data from the past 
decade, requires knowledge of the 
seasonal variation of the crop co- 
efficient under prevailing growing 
conditions. These growing conditions 
may also include the presence of a 
shallow water table. Therefore, some 
assessment of its possible contri- 
butions to crop evapotranspiration 
must be considered. 

Generally, the magnitude of 
seasonal water table contributions 
(WTC) to crop water use depends on 
the water table depth and salinity, as 
well as the plant-rooting depth and 
prevailing evapotranspiration 
(Grismer and Gates 1988). Results of 
field or lysimeter studies comparing 
alfalfa use of shallow groundwater to 
hay yield have resulted in conflicting 
suggestions for irrigation management 
(Guitjens 1990). Increasing soil salinity 
often reduces crop water use, as alfalfa 

tolerates salinity up to 2 decisiemens 
per meter (dS/m) before hay yield 
begins decreasing at approximately 
7% per unit dS/m increase of salinity 
(dS/m is a standard measurement of 
salinity equivalent to the old unit of 
mmhos/cm). 

The objectives of this study were to 
determine the field water use (applied 
water and WTCs) and crop coefficients 
throughout an alfalfa production cycle 
under the moderately saline growing 
conditions of the Imperial Valley. 

Study on alluvial clay soil 
The study was conducted at the 

UC Desert Research and Extension 
Center (UCDREC) near Holtville, Calif. 
Seven and one-half acres of alluvial 
clay soil at the center of Area 80 were 
cultivated and planted with alfalfa 
(CUF 101 cultivar) in early Novem- 
ber 1995 and reseeded in October 
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salinity of the profile as 
well as to sample shallow 
groundwater. Soil samples 
were collected at the sur- 
face and at 6-inch intervals 
down to a depth of 108 
inches. Moisture contents at 
all sampling locations and 
depths were determined us- 
ing neutron scattering 
methods (Grismer et al. 

Fig. 1. Variation in alfalfa crop coeffi- 
cient (K,) in Imperial Valley study. 

1997. Soil preparation, planting rates, 
varieties, fertilization and pest con- 
trol were performed according to 
UCCE Guidelines to Production and 
Practices for Imperial County field 
crops (UCCE circular 104-F) and Al- 
falfa Production in the Low-Desert 
Valley Areas of California (UC 
DANR leaflet 21097). 

Alfalfa hay was cut at approxi- 
mately 10% bloom and baled at 
moisture contents of approximately 
10% to 15%. With the exception of re- 
ducing irrigation frequency per cut- 
ting (from two to one) during the 
first year so as to encourage the 
stand to utilize shallow groundwa- 
ter, the alfalfa cultural practices used 
for this study followed normal agri- 
cultural practices at UCDREC and 
were typical of those in the valley. 

Soil samples. The study field was 
divided into four border checks, each 
65 feet wide and approximately 1,250 
feet long. Area 80 is comprised of 
Glenbar clay loam, Holtville silty 
clay and Glenbar silty clay loam, all 
with "very high" water-holding ca- 
pacities. These soils occur on 0.4%, 
7% and 21% of Imperial Valley lands, 
respectively. Based on analyses of 48 
soil samples taken from eight loca- 
tions in the alfalfa field, we found 
relatively uniform clay to clay-loam 
soils to a depth of approximately 6 
feet with montmorillonitic clay con- 
tents ranging from 40% to 60%. 

Sampling locations. Thirty-two 
sampling locations were established 
(eight per border check) to determine 
the soil-moisture depletion and soil 

were made prior to, and 2 
or 3 days following each irrigation. 
Evapotranspiration losses during the 
short period following irrigation 
were obtained from a CIMIS (Califor- 
nia Irrigation Management Informa- 
tion System) micrometeorological 
station (No. 87, located at the center 
of an adjacent field) and added to the 
difference in total soil moisture mea- 
sured prior to and following the irri- 
gation. 

Soil salinity. The CIMIS station 
was also used to obtain daily refer- 
ence evapotranspiration (ETo) for the 
determination of crop coefficients. 
Soil salinity was measured roughly 
every 6 months by direct soil sam- 
pling and subsequent soil-water ex- 
traction and analysis in the labora- 
tory. In addition, 32 10-feet-deep 
observation wells were installed 
(eight per border check) in each field. 
The observation wells were used to 
assess the water table elevation and 
shallow groundwater salinity and 
chloride concentrations. 

Colorado River water (1.05 to 1.10 
dS/m), supplied by the Imperial Irri- 
gation District, was measured as it 
was applied to all fields. Average 
chloride concentrations in irrigation 
and groundwater during the study 
were 2.8 and 33.6 milliequivalents 
per liter (meq/L), respectively, and 
remained relatively constant 
throughout the study. 

Flow rates. The irrigation turn- 
outs (concrete pipes connecting the 
irrigation supply canal to field bor- 
ders) at UCDREC were calibrated to 
establish a pressure-head discharge 
relationship and then measured us- 
ing the method described by Tod et 

al. (1991). Pressure-head losses 
across the irrigation turnouts were 
measured approximately every 30 
minutes during irrigation events and 
converted to flow rates using gauges 
located on the downstream side of 
the turnouts. 

Accounting for chloride 
In addition to measurements of 

applied water (irrigation and rain- 
fall) and soil-moisture depletion, we 
estimated the seasonal contribution 
of the shallow water table to alfalfa 
water use. We employed the chloride 
mass-balance method described by 
Wallender et al. (1979), with the ex- 
ception that we accounted for the 
chloride concentration in the irriga- 
tion water. We determined the chlo- 
ride concentration for each 12-inch- 
depth increment of the soil profile in 
the root zone (48 inches) at each of 
the 32 soil measurement locations. 

and irrigation water were deter- 
mined prior to alfalfa planting, five 
times during the growing season, 
and after leaching. Water table con- 
tributions were estimated from the 
mass transport of chloride from the 
water table to the depth increment of 
interest. The crop coefficient for the 
period between irrigations and each 
summer/winter season was deter- 
mined by taking the ratio of the sum 
of applied water, rain and WTC to 
the accumulated evapotranspiration 
during the period. We also measured 
hay yields and quality along each 
border check, and for the field as a 
whole, to estimate the water-use effi- 
ciency of the alfalfa, but we retain 
our focus here on determination of 
the alfalfa water-use characteristics. 

During the nearly 3-year period, 
we obtained hay yields that were 
slightly greater than the county aver- 
age using approximately 146 inches 
of applied water. Though hay yield 
was not a primary concern in this 
study (as compared to actual water 
use and salinity accumulation), 
achieving satisfactory hay yields and 
quality is an indication that the stand 
was not overly stressed, which is an 
important factor in developing ac- 
ceptable crop coefficients. 

Chloride levels in soil, water table 
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In Imperial Valley, alfalfa is grown on moderately saline, clay soils 
with a moderately saline water table. Alfalfa yield samples are 
taken at UCDREC. 

Variation in the crop coefficient is 
adjusted for estimated water table 
contributions to evapotranspiration 
during the study (fig. 1). The range 
of crop coefficient values (from ap- 
proximately 0.5 to 1.3) was typical of 
those obtained in several southwest- 
ern states. The pattern of the varia- 
tion was also similar to that esti- 
mated by Guitjens et al. (1984) for 
Fallon, Nev. Minimum crop coeffi- 
cient values (such as, about 0.5) were 
obtained at the time of hay cutting 
and the largest values (greater than 
1.0) were obtained when the stand 
was at its maximum leaf density. 

Neglecting the water table contri- 
bution to stand water use did result 
in an average crop coefficient of 0.75 
for the entire study period, a seem- 
ingly low value. However, we esti- 
mated a maximum WTC of 12.3 
inches between November 1995 and 
November 1996, during which we 
applied 56.4 inches of irrigation wa- 
ter and the accumulated evapotrans- 
piration was 79.9 inches. 

Adjusting values 
for leaching 

Similarly, the 
estimated WTCs 
between March 
and October 1997, 
was 5.3 inches 
when we applied 
6.2 inches of irri- 
gation water, and 
the accumulated 
evapotranspiration 
was 53.6 inches. 
Winter WTCs, be- 
tween November 
1996 and March 
1997, and after Oc- 
tober 1997, were 
slightly negative 
in that there was 
net soil leaching. 
We estimated WTCs incrementally at 
each soil depth (table 1). 

It appears that the total WTC to 
alfalfa water use was less than 12% 
of the total applied water and most 
of this contribution occurred during 

Alfalfa stands are maintained for a 3- to 
4-Year Production cycle, and harvested 
as hay in seven to nine cuttings per year. 
Two irrigations are generally recom- 
mended to establish the stand, followed 
by two irrigations per cutting. 
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In a 3-year study, satisfactory hay yields were achieved despite salinity accumulations 
at 3- to 4-fOOt soil depth after 1 year of production. 

the first year of the study. There- 
fore, estimates of the crop coeffi- 
cient based on measurements of ap- 
plied water and soil-moisture 
depletion during this period are ar- 
tificially small and should be 0.86 
rather than 0.68. Similarly, the aver- 
age crop coefficient value during 
mid-year 1997 should be increased 
from 0.73 to 0.82. 

Adjusting these seasonal crop- 
coefficient values makes them 

more comparable to 
those obtained from 
the final year of the 
study when WTC de- 
clined to zero. Correct- 
ing the crop coefficient 
values for the WTCs to 
crop water use removed 
the increasing trend in 
values and resulted in an 
overall study crop coeffi- 
cient of 0.84, a value 
closer, though slightly 
less than 0.90 suggested 
by Allen et al. (1998). 

Fluctuating water 
table depth 

Declining WTCs to 
crop water-use stem from 
increasing soil salinity. 
Though water table 
depth fluctuated several 
inches between irriga- 

tions during the study (Grismer and 
Bali 1998), it remained at an average 
depth of approximately 6 feet below 
ground surface from year to year. 

showed smaller variations. It appears 
that the decrease in WTC during the 
study was related to the increasing sa- 
linity of the lower soil profile (36 to 48 
inches) to levels that were not accept- 
able to the alfalfa. Most of the upward 
water movement from the water table 
was limited to this lower portion of the 
root zone (table 1). 

Water-table chloride concentrations 

Fig. 2. Average soil profile salinity. 
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Fig. 3. Average and maximum alfalfa root depths along borders. 



Average soil salinity changed 
across the profile during the study 
period (fig. 2). It is evident that salin- 
ity levels near the base of the profile 
doubled from the beginning to the 
end of the study because of some 
water table contributions. Undoubt- 
edly, this increase in salinity to nearly 
12 dS/m at depths of 3 to 4 feet 
exceeded the ability of the alfalfa to 
extract water from the deeper water 
table. In fact, an analysis of the alfalfa 
root pattern and density at the end of 
the study indicated that most roots 
were in the upper 36 inches of profile 
(fig. 3). 

Water conservation vigilance 
Competition for increasingly 

scarce water resources in the south- 
western states requires vigilant 
assessment of possible water- 
conservation strategies and water-use 
practices. With alfalfa consuming 
more than 40% of water allocation to 
the Imperial Valley, more detailed 
information under the saline field 
conditions common in the valley is 
needed to determine its water-use 
characteristics and improve irrigation 
scheduling. 

In this 3-year study, we evaluated 
crop coefficient variation and WTCs 
for alfalfa-hay grown on moderately 
saline clay soils subject to a shallow, 
saline water table. We achieved satis- 
factory hay yields despite a salinity 
accumulation at the 3- to 4-foot soil 
depth interval after 1 year of produc- 
tion. The overall crop coefficient, de- 
termined without consideration of 
the water table contribution to crop 
water use, needed to be adjusted 
from 0.75 to 0.84 for the study period. 
While it is important to evaluate the 
shallow water-table contribution to 
crop water use in aggregate, we also 
found that it decreased to zero fol- 
lowing salinity accumulation at 
depth in the root zone. 

As such, alfalfa hay grown in 
Imperial Valley on heavy clay soils 
with shallow water tables may be 
able to decrease applied water by 5% 
to 10% as compared to that estimated 
from the product of crop coefficient 
(0.90) and CIMIS evapotranspiration. 

The authors found that under common growing conditions in Imperial Valley, 
applied water may be decreased 5% to lo%, as compared to estimates based 
on crop coefficients and measured evapotranspiration. Irrigated alfalfa 
provides good habitat for birds. 
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