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MANAGEMENT OF SUBSURFACE DRIP AND FURROW IRRIGATION FOR FORAGE 

ALFALFA IN THE IMPERIAL VALLEY: 1. OPERATIONAL PROCEDURES, 


WATER APPLICATIONS, EVAPOTRANSPIRATION 


R.B. Hutmacher, R.'M. Mead, D.A. Clark, M.S. Peters, R. Swain, 
P. J. Shouse, M. van Genuchten, S.S. Vail, C.A. Hawk, T Donovan, 

J. Jobes, J. Fargerlund, R. Kershaw, D. Currie 

OBJECTIVES: The alfalfa subsurface 
drip/furrow irrigation experiment is a 
five-year long evaluation of alfalfa water 
requirements and the long-term influence 
of irrigation management on soil accumula
tions of salt and potentially yield -limiting 
specific ions. This project focuses on the 
comparison of crop responses, irrigation 
water requirements and salt accumulation 
as affected by subsurface drip (SDI) 
versus furrow irrigation. In addition, the 
influence of two drip tubing ty-pes and two 
lateral spacings (1.02 m and 2.04 m) are 
being evaluate. 

PROCEDURES: This project '\vas operated 
at the Irrigated Desert Research Station of 
the USDA-ARS in Brawlev, CA in a 
Holtville silty clay soil. - Alfalfa was 
planted on either 1.02 m (40 inch) wide 
beds or 2.04 m (80 inch) Y'.ride beds, 
depending on the irrigation treatments 
(described below) . Seeding was in 
November 1993 and the seed was germi
nated and the crop established using 
135 mm (5.4 inches) of sprinkler irriga
tion. The original subsurface drip system 
(operated from 1991 through early 1993) 
had a lateral installation depth of 40 to 45 
cm below the bed surface, while the newer 
system (lateral installation depth of 63 to 
70 cm) was installed in spring of 1993. 

The drip laterals were placed below the 
center of each bed (either 1.02 m or 2 .04 m 
in width). Two different types of drip 
tubing were used with each row-spacing 
treatment: (a) pressure-compensating 
in-line emitters on 20 mm tubing; and (b) 
turbulent-flow in-line emitters made with 
herbicide (trifluralin) -impregnated 
plastic. Both emitter ty-pes have a nominal 
flow of 2 L h- 1 at 124 to 138 kPa, with 1.02 
m emitter spacing. There were three field 
replications of each sub-treatment, with 
either eight 2.04 m beds or sixteen 1.02 m 
beds per plot. All furrow-irrigated plots 
were 32 beds in width, with three 
replications. Gated pipe was used for 
water delivery and typical water applica
tions were 65 to 90 men per irrigation, 
three irrigations per harves t cycle. All 
water applications were monitored with 
calibrated water meters in both furrow and 

drip irrigation plots. As during earlier 
years in this experiment, Mr. Dean Currie 
of Stephen Elmore Farms in Imperial, CA 
cooperated in helping monitor soil water 
and crop development to assist us in 
matching furrow plot irrigation scheduling 
Y'.ith ty-pical Imperial Valley practices on 
similar soils. The current lateral config
uration will be evaluated at least through 
the 1995 calendar year. 

In discussions, the original experiment will 
be referred to as Phase I (prior to 
modification of drip system) and the new 
s\.-stem will be referred to as Phase II 
(after the drip sy stem modifications - 1993 
to present). The basic reason for the 
modifications was due to development of a 
few "wet" and "dry" soil surface areas 
(about 3% of the total bed area). "Wet" 
areas resulted from high emitter flows 
during high ET periods and flow through 
channels in combination with too shallow 
(16 inch) drip lateral placement. In addi
tion, some malfunctioning emitters (20 to 
35 in the field) with excessive flow rates 
contributed to the problem. The excessive 
flow rate problems were quite limited but 
,';ere all found in the "RAM" drip tUbing. 
The "dry" areas were extremely limited in 
the amount of area affected (less than 0.5% 
of the bed area). Evaluations indicated 
the causes of "dry" areas were missing 
emitters (20% of the "dry" problem areas) 
and fine silt deposition caused by filtration 
problems in the remaining areas. Root 
intrusion was not a significant cause of 
emitter plugging in either type of tubing. 

RESULTS AND DISCUSSION: Irrigation 
Scheduling, Plant Water Status and 
Evapotranspiration. During Phase II, with the 
deeper drip tubing installation, it has not 
been necessary to reduce irrigations 
during the harvest cycle to avoid surface 
soil wet areas. To date (winter, 1994), 
the deeper lateral depth has eliminated 
surface "wet soil" areas and harvest 
equipment trafficability problems (even 
during high water application periods) . 

Water applications for all drip treatments 
and furrow plots were nearly identical 
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Figure 1. Full season water applicatim:; totals and soil water use in u~per 2j m of profile in Brawley subsurface drip 
and furrow irrigation experiment from all sources (drip. sprinklers. furrow) in 1994 as a function of day of year and 
inigation trealmen[ (LYS =lysimcJer. .!O-SDf = 1 m (40 inch) la[eral spacing subsurface drip: 8O-SDI =2 m (80 inch) 
lateral spacing subsurface drip: FVRR =furrow irrigatioo). 

during 1994 (totalling 1900 mm for- the 
year), and were 100 mm (4 inches) more 
than in the lysirneter-gro>vll alfalfa (which 
was irrigated to replace 100 per-cent of IT) 
(Fig. 1). The extra wa ter was appUed in 
the late winter-/spr-ing of 199-,1 to build up 
stored soil water in the profile. 

The water- applications in 1994 exceed 
amounts applied in 1992 by more than 
300 mm . The IT in 1994 exceeded that of 
1992 by approximately 150 to 200 mm, 
partly due to higher evaporative demand 
during the summer C".onths, vvith the 
difference made up by greater soil water 
extraction in 1992. The applied. water- was 
similar beru:een drip and furrow irrigated 
treatments in 1994 for two basic reasons: 
(1) the lack of a cutback period in drip 
irrigation around bar-vest time resulted in 
higher- yields, faster regroVv"th and there
fore higher plant transpiration; and t2) 
the upper limit on irrigation amounts in 
furrow irrigated plots is restricted by soil 
inf'lltration rates. 

Under- conditions of minimal croo water
s tress in the crop lysirneter, the mon thly 
1994 crop IT compares cLosely ",im the 
monthly IT values determined in prior 
furrow-irrigated. alfalfa lysimeter studies 
at the Brawley ARS site (Burl Meek, Bob 
LeMert, others) (Fig. 2). Lower soil 
evaporation under subsurface drip 
irrigation (SDT) e=--.-plains lower monthly ET 

-

values during several summer and fall 
months (Fig. 3) . . Crop coefficients are 
being developed as part of this project 
which 'Nill relate alfalfa water use under 
SDr to CIYTISweather station referenC€ IT. 

Despite shallow (10 cm) shanking of each 
furrow foUo>ving han-est, water inf'lltration 
and furrow applications t)'-pically decline 
significantly "'ith each subsequent irriga
tion foilo"'ing sbanking. Low inf'lltration 
rates, '''''''mch occur in the second and third 
irrigations foUowing harvest, continue to 
set the upper limit on furrow water appli
cations. wlli1e nearly 89 to 107 mID water 
could be applied. in the first irrigation 
after han"est, the second and third post
barves t irriga tions would routinely accept 
only 61 to 79 mm. It is difficult to apply 
water in amounts gr<"-.-ater than 95% of the 
lvsimete!'-measured ET vvithout risking 
s'caldin~ injury'. We hav~e tried. to counter 
this dericit irrigation by applying more 
water- duri.ng the winter- months, and 
storing it for root water uptake in high 
evaporative demand periods. 

FUTURE PLANS: The experiment will 
con tmt.: e through 1995, with some 
possibility of extension beyond that date, 
funds permitting. Water applications for 
leaching will be applied in Fall, 1995 due to 
salt accumulations in the surface 30 to 
60 cm of soil. Ar.nual reports vvill be 
prepared and n-,'o presentations are 
scheduled for ASA meetings in 1995. 

http:water-duri.ng
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Figure 2. Mcnrhly aop Iysirnetcr e\'3fXXT3IlSPiratioo fex loog-te:m furrow-irrigated alfalfa at the Brawley site (E. Meek. 
B. LeMert et aL) during 1968 10 197"; compared 1.0 1994 Iysimctcr valucs under subswface drip irrigarien in current 
experimenL 
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MANAGEMENT OF SUBSURFACE DRIP AND FURROW IRRIGATION FOR FORAGE 

ALFALFA IN THE IMPERIAL VALLEY: II. PLANT WATER STATUS AND 


SOIL SALINITY PROFILES, SYSTEM MAINTENANCE 


R.B. Hutmacher, R.M. Mead, D.A. Clark, M.S. Peters, R. Swain, 
P. J. Shouse, M. van Genuchten, S.S. Vail, C.A. Hawk, T Donovan, 

J. Jobes, J. Fargerlund, R. Kershaw, D. Currie 

OBJECTIVES: The alfalfa subsurface 
drip/furrow irrigation experiment is a 
five-year evaluation of alfalfa water 
requirements and the long-term influence 
of irrigation management on soil accumula
tions of salt and potentially yield-limiting 
specific ions. This project focuses on the 
comparison of crop responses, irrigation 
water requirements and salt accumulation 
as affected by subsurface drip (SDI) 
versus furrow irrigation. In addition 1 the 
influence of two drip tubing types and two 
lateral spacings (1. 02 m vs. 2.04 m) are 
being evaluated. 

PROCEDURES: Operational procedures 
were as detailed in a prior report in this 
volume entitled "Management of Subsurface 
Drip and Furrow Irrigation for Forage 
Alfalfa in the Imperial Valley: I. 
Operational Procedures, Water 
Applications, Evapotranspiration" . 

The irrigation water used in this study 
was from the Colorado River canal system, 
with an average electrical conductivity 
(EC) of 1.15 dS m-\ pH of 7.4 to 7.7, 
bicarbonate concentration of 2.2 to 2.7 
mmol L- i and chloride concentration of 2.5 
to 3.6 meq L- i

. Soil salinity was monitored 
on soil samples collected either with hand 
augers or ,,'lith a tractor-mounted 
hydraulic core sampler, with samples taken 
at 15 to 30 cm increments in a grid 
pattern. 

RESULTS AND DISCUSSION: Plant Water 
status, Rooting Depth. Infrared thermometer 
data (used to determine "Crop Water 
Stress Index" values) was collected to 
evaluate plant water status during several 
periods in 1994. This data indicated that 
plant water stress was Significantly less in 
SDI than in furrow irrigated plants during 
the 5 to 7 days prior to harvest and the 
early re-growth period (data not shown) . 
Water stress levels in the SDI plots were 
also significantly less than during 

comparable pre- and post-harvest periods 
during the 1992 alfalfa season (when SDI 
had to be cut back during the harvest 
period to avoid surface soil wet areas). 
Plant regrowth (measured as canopy days) 
following cutting in the SDr plants was 
faster than in furrow-irrigated plants 
(data not shown). Additional data will be 
collected in 1995 to further quantify 
differences in rate of regrowth and rela
tive levels of plant water stress occurring 
across irrigation treatments. 

During Phase I of this experiment, down
ward water movement with furrow and SDr 
was largely confined to the upper 75 to 90 
cm (2.5 to 3 feet) of the soil, with most of 
the root system confined to the upper 90 
cm (data not shown). During Phase II, 
the same pattern of water use is evident in 
furrow plots; however, with the deeper 
drip installation, soil water use (monitored 
with neutron attenuation techniques) and 
depth of root activity (evaluated as pres
ence of live roots in soil samples) has been 
shifted to the 45 cm to 120 cm (1.5 to 4 
foot) depth, with a much drier upper soil 
zone (15 to 22 cm or 6 to 9 inch depth) 
(data not shown). 

Soil Salinity Profile Development under Drip vs. 
Furrow Irrigation. Accumulations of salt within 
the root zone of alfalfa can be a significant 
problem, since alfalfa has a threshold 
salinity level of 2.0 dS m- i (root zone soil 
saturation extract salinity level associated 
with the beginning of yield reductions). 
In Phase I, concentrations of salinity in 
the 15 cm to 90 cm (0.5 to 3 feet) depths in 
the soil profile largely remained in the 
range of 1.7 to 2.6 dS m- i

• However, 
salinity levels exceeded 4 to 4.5 dS m- i in 
some portions of the beds and furrows 
where there was little soil water movement 
and leaching was limited (data not shown). 

In Phase I, some areas of the surface 15 cm 
(6 inches) of soil in the drip plots had 
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salinity levels in excess.of 3 to 4.5 dS m-1, 

presumably due to movement of water and 
salts up to the soil surface. Even these 
high concentrations of salts cpd not result 
in stunted plants, perhaps due to limited 
root activity in the upper parts of the soil 
profile. However, these surface concen
trations of salt do represent a potential 
threat if flushed down into the active root 
zone by rain or if too small an amount of 
water is applied for leaching salts below 
the root zone. 

In general, locations and amount of salt 
accumulation across the beds in Phase I 
depended on lateral spacing and whether 
or not the wetted patterns from adjacent 
beds met. In the 1.02 m (40 inch) drip 
lateral spacing treatments, the highest salt 
accumulations were between the hleds, with 
lateral water movement from adjacent beds 
meeting and depositing the most salt in the 
furrow. In the 1.02 m furrow plots, the 
highest salt accumulations were found in 
the center of the beds due to lateral 
movement from adjacent furrow. In the 
2.04 m (80 inch) drip lateral spacing 
treatments, the highest salt accumulations 
were 15 to 45 cm deep and under the outer 
plant rows at the edge of the beds. 

Much of this within-bed variation and 
stratification in salinity levels developed 
during Phase I was eliminated with the 
large pre-plant water application (200 to 
250 mm of water) in late-spring of 1993 
(after installation of the new drip tubing 
and prior to sudan grass planting). For 
Phase II, soil samples were taken in the 
fall of 1993, June of 1994 and January of 
1995 to evaluate salinity distribution as 

affected by location within the bed and 
irrigation method, bu t the results have not 
yet been compiled. 

System Operation and Maintenance Related to Water 
Quality. There have been no problems with 
excessive emitter flow rate or root intru
sion into the drip lines during Phase II. 
We should note that the lack of root 
intrusion problems in this study is under 
the following operating conditions: (1) 
use of "RAM" drip tubing or "Rootguard" 
drip tubing, both of which have 
turbulent-flow emitters and thick walls 
when compared with tapes; (2) continuous 
injection of a 5 to 7 percent phosphoric 
acid solution to maintain a concentration of 
10 to 20 mg/L; and (3) weekly injection of 
chlorine (free chlorine level of 5 to 10 
mg/L) and N-phuric acid (to bring the pH 
down to about 3.5) for a duration of about 
1 to 2 hours per week. There is no firm 
evidence that root intrusion would occur if 
the chemical treatments were not used, but 
to prevent chemical precipitate clogging, 
acid treatments are most likely a necessity. 

FUTURE PLANS: For a total profile 
salinity evaluation, soil samples will be 
collected again in fall of 1995. A t two 
month intervals during 1995, however, soil 
samples will be collected at 15 cm incre
ments to a depth of 60 cm at three bed 
positions (center of bed, under outer 
plant row, at outer edge of bed) to monitor 
changes in soil salinity during the current 
growing season. Goals of this data collec
tion will be to gather information to assess 
whether sprinkler water applications for 
salt leaching should be done on an annual 
or biannual basis. 

http:excess.of
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MANAGEMENT OF SUBSURFACE DRIP AND F1JRROW IRRIGATION FOR FORAGE 

ALFALFA IN THE IMPERIAL VALLEY: III. CROP GROWTH, 


YIELD, FORAGE QUALITY, INSECT PROBLEMS 


R.B. Hutmacher, R.M. l\1ead, D.A. Clark, M.S. Peters, R. Swain, 
P. J. Shouse, M. van Genuchten, S.S. Vail, C.A. Hawk, T Donovan, 

J. Jobes, J. Fargerlund, R. Kershaw, D. Currie 

OBJECTIVES: The alfalfa subsurface 
drip/furrow irrigation experiment is a 
five-year evaluation of alfalfa water 
requirements and the long-term influence 
of irrigation management on soil accumu
lations of salt and potentially yield-limiting 
specific ions. This project focuses on the 
comparison of crop responses, irrigation 
water requirements and salt accumulation 
as affected by subsurface drip (SDI) 
versus furrow irrigation. In addition, the 
influence of two drip tubing types and two 
lateral spacings (1.20 m vs. 2.04 m) are 
being evaluated . 

PROCEDURES: Operational procedures 
were as detailed in a prior report in 
this volume entitled "Management of 
Subsurface Drip and Furrow Irrigation for 
Forage Alfalfa in the Imperial Valley: 
II. Operational Procedures, Water 
Applications, Evapotranspiration". 

All alfalfa harvests were done using a 
commercial-type swather, rake and baler. 
Harvest results are based on the total plot 
area, with all bales counted, individually 
weighed in the field, and corrected to 
equivalent water content. Forage quality 
evaluations were conducted at several 
commercial laboratories using State of CA 
commercially-accepted procedures. 

RESULTS AND DISCUSSION: Crop 
Establishment and Forage Yields. Through the 
winter of 1994, the alfalfa crop 
establishment has been very successful, 
with excellent plant stands. Although 
water applications and crop water use were 
quite similar in the furrow and SDI plots 
through December of 1994, yields were 
significantly higher (average of 36 
percent) in the SDI plots (Fig. 1). Forage 
yields were not significantly affected by 
type of drip tubing. There was a trend 
toward higher forage yields in the 2 . 04 m 
(80 inch) lateral spacing treatments when 
compared with 1.02 m (40 inch) spacing, 

but the differences were not always 
significant (Fig. 1). Harvest dates 
across all irrigation treatments have not 
varied by more than 3 to 4 days. The total 
number of harvests have been identical in 
all treatments. 

Since 1994 was the crop establishment 
year, harvests did not start until March 
and there were fewer total harvests than 
will occur in subsequent years. It will be 
important to continue measurements in this 
field for at least one additional year to see 
if this yield advantage under drip 
continues. During Pha:se I of this 
experiment, the yield advantage under 
SDI was greater in the first year than in 
the second harvest year. Even though 
water use between SDI and furrow 
irrigated plots was similar in 1994, the 
substantially higher yields under SDI 
represent a 30 to 40 percent increase in 
water use efficiency (yield per unit water 
used) . 

Hay has been sampled from representative 
bales in all treatments during selected 
harvests at different times of the year, 
with samples sent to a commercial 
laboratory for analysis of components of 
forage quality. In terms of protein, crude 
fiber and TDN parameters, preliminary 
results indicate a significant improvement 
in quality of spring and fall crops by 
several quality parameters (in 1992 and 
1994) under SDI (data not shown). A 
more rigorous sampling will be done in 
1995, involving larger samples and several 
commercial laboratories in order to verify 
any significant differences in forage 
quality due to irrigation method . 

Insect Problems and Relationship to Irrigation 
Method. During the late summer of 1994, 
a significant problem with cutworms 
resulted in severe damage to regrowth. 
The damage· occurred over a long time 
period and affected the SDI plots more 
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seriously than the furrow irrigated plots. 
University of California and pesticide 
industry representatives suggested that 
use of furrow irrigation results in a 
routine flooding of soil cracks which the 
cutworms retreat to during the warmest 
parts of the day. This flooding both 
drowns some of the cutworms and floats 
others up to the surface where afternoon 
conditions are not good for their survival. 
Because this flooding does not occur in 
SDI plots, it was thought that worm 
populations could increase to the point 
where they were a threat to both regrO'\'v'th 
and stand survival. To limit cutworm 
damage, two spray pesticide applications 
were made about 7 days apart after 
sunset, when the worms come up above the 
soil surface to feed. 

There have been repeated problems with 
other insects such as flea beetles, aphids 
and some white fly damage during the fall 
months (mostly related to secondary 
fungus development on honeydew). Some 
of these infestations have required 
pesticide applications. In these other 
insect infestations, problems have not 
appeared to be significantly influenced by 
irrigation method. 

FUTURE PLANS: Plans for 1995 are 
described in previous parts of this report. 
In addition, more intensive measurements 
of the rate of plantregrowth (height, dry 
matter) will be made during 1995 to 
quantify treatment effects on the rate 
of growth during each harvest cycle. 
This information VYill be used to deter
mine factors most responsible for yield 
increases '!;vith subsurface drip irrigation. 
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Figure 1. Forage alfalfa yields (in \005 per acre) for indi"idual harvests in 1994 as a function of day of year and irrigation 
treatments (R40 = "RAM" drip tubing.. 40 ioch (1.02 m) taLCral spacing: RG40 ="RoolgUard" drip tubing, 40 ioch (1.02 
m) lateral spacing: R80 = "RAM" drip tubing. 80 inch (2,04 m) laLCraJ spacing: RG80 = "Rootguard" drip tubing. 80 inch 
(2.04 m) laLCral spacing; F = [)wow irrigalcd). 
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