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ABSTRACT

A subsurface drip irrigation (SDI) and furrow irrigation study was inddled in a glty clay loam
il a the USDA-ARS Irrigated Desart Research Station near Brawley, CA in early 1991 to
evduae the potentid for water savings and yidd improvements with subsurface drip irrigation
of forage dfdfa as compared to furrow irrigation. In bed-planted afdfa, subsurface drip laterd
gpacings of 1.02 m (40 inch) and 2.04 m (80 inch) indalled at an average depth of 40 cm below
bed centers were investigated beginning in 1991. During the fird one and one-hdf year
operation, gpproximately 20 percent higher yields were achieved in the drip plots with 94 percent
of the water application amounts used in the furrow irrigated plots. Problems with surface soil
wetting were noted in dl drip treatments during the 1991-1992 phase (Phase I) of the
experiment. These problems resulted in the decision to reduce water applications during a "dry-
down" period during each harvest cycle to dlow for harvest equipment traffic while limiting
potentid for soil compaction and plant damage from equipment. To provide an dternative
method to ded with the surface soil wetting, the dfdfa crop was terminated in late 1992, the drip
system replaced at 63 to 70 cm (25 to 28 nch) depth, dfdfa replanted in 1993, and the system
operated in subsequent years.  During this second phase (Phase Il), applied water and
evapotranspiration were amilar (within 5 percent) in drip and furrow irrigated plots, while yields
averaged between 19 and 35 percent higher in subsurface drip irrigated plots during the 1993
through 1996 period. Problems with surface soil wet areas were nearly diminaed with the
deeper drip laterd placement during the 1993 through 1996 period. Additiona work was
conducted to determine long-term impacts of long-term drip system operation on patterns of sat
accumulation usng Colorado River water.
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INTRODUCTION

In the arid and semi-arid western U.S,, irrigation is required to achieve economic dfafayidds,
and as aperennid crop with a potentidly long growing season, dfdfacan use alarge quantity of
irrigation water. Alfadfaproduction in Imperial County, CA done was vaued at in excess of
$170 million in the early 1990's, with over 100,000 hain production at that time. Incressing
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competition for limited water supplies during droughtsin CA have focused concern on crops that
are commonly perceived to be "high water users'. Alfafa certainly has attributes that can put it
into this water use category, with numerous reports available which have estimated annua
evapotranspiration in desert regions at or in excess of 6.5 feet (1900 mm) (Donovan and Meek,
1983; LeMert, 1972; Joy and Dobrenz, 1971; Erie et d., 1969; Lehman et a, 1968).

Studies of the early 1990's at a number of location have indicated the potentid for drip irrigation
to conserve water while maintaining or enhancing yields (Phene et a, 1991; 19925, 1992b).
Surface ingdlation of drip laterds are impractica in a crop such asforage dfalfa due to dense
plantings and repeated harvesting operations. For these reasons, interest devel oped for
evauation of permanently-ingaled subsurface drip irrigation sysemsfor usein dfdfa Asof

the initiation of the experiment in 1990, the authors were only aware of one previous research
effort to evauate subsurface drip irrigation in dfafa, and that wasin Isragl (Gideon Oron,
persond communication). Since that time, severd field demongtrations and grower ingtdlations
have been put in place and operated in severa western U.S. states. The project reported on here
coversthefield data collection from the 1991 through 1996 period in a project conducted in the
Imperid Vdley of Cdifornia This experiment focused on the comparison of crop responses,
irrigation water requirements and salt accumulation as affected by subsurface drip versus furrow
irrigation. In addition, the influence of two drip tubing types and two laterd spacings (40 inch
versus 80 inch) were eval uated.

PROCEDURES

Descriptions of the experiment will be divided into two phases, with both phases conducted at
the same experimental Ste near Brawley, CA: (1) Phase | — planting in April, 1991 through
termination of the first planting in December, 1992; and (2) Phase Il — replacement of drip tubing
at adeeper ingdlation depth in spring of 1993, followed by Sudangrass as an intermediate crop,
replanting of dfalfain November, 1993 and production seasons in 1994 through 1996.

Phasel: A 7 acrefidd in aHaltville sty day loam was the experiment Site at the USDA-
ARS Irrigated Desart Research Station. There were two drip laterdl spacing treatments, with
1.02 m (40 inch) and 2.04 m (80 inch) bed widths, with subsurface drip laterals placed 40 cm
below each bed center. Two different types of drip tubing were used within eech laterd spacing
treatment: () pressure-compensating in-line emitters on 20 mm tubing (*RAM” in Table 1); and
(b) turbulent-flow in-line emitters made out of herbicide-impregnated plastic (* Rootguard” in
Table 1). Both emitter types had anomina flow of 2 L/hr a 18 to 20 Ib/in®, with emitters spaced
1.02 m gpat on the laterals. Initia phosphorus and potassum fertilizer applications were made
(450 kg K20/ha and 90 kg P205/ha) prior to planting to assure these nutrients as non-limiting.
Similar applications were also made prior to the second phase (Phase 1) of the experiment.

Treatments were desgnated as shown in Table 1. Plot Szein the 1.02 m bed width treatments
was 8 bedsin width by 160 m (525 feet), while 2.04 m bed width treatments were 4 bedsin
width by 160 m length. Scading problems are a common concern associated with high summer
temperatures and aeration problems during flood irrigation in dfadfain some soilsin desert
regions such asthe Imperid Valey. To reduce potentia for scalding problems and stand losses,



dfdfawas planted on bedsin the furrow irrigeted treetments. To maintain uniform evauation
conditions for comparison purposes, subsurface drip plots were also planted on beds.

Table1. Subsurface drip and furrow irrigetion trestments — phase | of dfafa experiment.

Treatment Subsurface Drip Latera Spacing Type of Drip Emitters used
Number And/ or furrow spacing (inches/ meters)

T1 40inch/1.02m Ram

T2 40inch/1.02m Rootguard

T3 80inch/2.04m Ram

T4 80inch/2.04 m Rootguard

T5 Furrow irrigated — 40 inch N/A

Drip system ingtallation was completed in March, 1991 and the crop planted April 2. About 230
mm of pogt-plant irrigation was gpplied to dl treatments using sprinklersin order to achieve
acceptable germination and establish the crop. Drip irrigation was initiated and the first furrow
irrigation gpplied in late-May of that year. The water supply was Colorado River water,
collected in an on-Ste reservoir. Theirrigation water used in the study had an average eectrica
conductivity of 1.15 dSm*, boron = 0.13 t0 0.31 mg/L; pH of 7.4 to 7.7, bicarbonate
concentration of 2.2 t0 2.7 mmol L™, Ca=80to 125 mg/L; Mg = 30 to 37 mg/L ; and chloride
concentrations of 2.5 to 3.6 meq L. For usein the drip system, water was filtered through an
intake screen, dua sand mediafilter with automatic backflush and a 200-mesh screen filter.
Media filters were flushed daily, and main lines and laterals were flushed weekly. Phosphoric
acid was injected continuoudly to achieve afind concentration of 15 mg Plliter in gpplied water.
Chlorine treatments were administered on approximeately aweekly bass by applying chlorine
during injection of N-phuric acid during the injection period. Treatment gpplications were
designed to lower water pH below 5.5 during the chlorine injection period of about 1 hour per
week, resulting in free chlorine concentrations ranging from 14 to 18 mg /L during injections.

Analog water meters and pressure gauges were reed periodically on al treatments, and drip
treatments were operated at pressures of 16-21 Ib/in®. All furrow and drip water gpplications are
measured using calibrated water meters, and sprinkler water application estimates are based on
operating pressure, sorinkler output and operating time. A 3 m by 3 m by 1.5 m deep weighing
lysmeter irrigated via subsurface drip irrigation was located in the center of thefiedd. The
lysmeter was planted with afafa, and served as both an evapotranspiration (ET) measuring
device and as an irrigation controller, with a1 mm irrigation initiated in the lysmeter and in
treatments T1 through T4 following each 1 mm of measured lysmeter crop evapotranspiration.
This high-frequency, low-volume gpplication was used in al SDI plots, with multiple water
gpplications per day on typica warm or hot irrigation days.

The origind intent with SDI systlem management was to supply water to the main field to fully
meatch evapotrangpiration as measured using the lysimeter, and this approach was followed
through 1991. Surface wet areas were noticed in limited parts of the plots (estimated at 2 to 3
percent of total bed area). For this reason, irrigation water applicationsin SDI plots were scaed
back to 25 to 50 percent of crop Etc during the period 4 to 6 days prior to each harvest through
bae remova period to facilitate surface soil drying and limit problems with harvest operations
and soil compeaction.




Furrow irrigation was through a gated pipe system, with water applications measured using a
water meter on each field replicate. Irrigation water was applied without tailwater, and flow
rates were adjusted during irrigation as necessary to keep gpplied water within the harvest area
for each plot. Typica water applications during each individud irrigation in the furrow-irrigated
plots ranged from 2.5 to 4.2 inches (37 to 55 mm), with the amount varying due to prevailing soil
water gatus and infiltration during different parts of each season. Mr. Dean Currie of Stephen
Elmore Farms cooperated by asssting with recommendations for furrow irrigated plots (ol
water balance calculations and hand soil sampling) to better match furrow plot irrigation
scheduling with typica Imperid Vdley dfdfawater management practices on smilar soils.
Following each harvest, a shank was pulled through each irrigation furrow a a shdlow depth (2
to 3inches/ 5to 8 cm) to break up surface soil and improve water infiltration.

Alfdfa harvests were done using commercia-type swather, rake and baler. Harvest results are
based on the totd plot area, with dl baes counted, individualy weighed in the fidd and
corrected to equivaent water content. The timing of afafa harvests was determined based upon
observation of crown regrowth and flowering. Percent flowering was found to be difficult to use
for determining harvest schedules during some parts of the season due to variability in the degree
of flowering which corresponded with initiation of regrowth. Therefore, a combination of
morphologica observations was used to determine harvest timing.

Access tubes were ingalled in two locations per plot, three to six replications per treatment with
soil water content measured by neutron attenuation. Soil samples were collected to a depth of
25 min al plots once per year (in October / November) to assess the long-term impacts of
irrigation practices on accumulation of sdts and other chemicd condtituents.  Additiond soil
samples were collected multiple times per year to adepth of 0.75 m to assess st accumulation
in the upper parts of the plant root zone.

Phasell: The basic reasons for the system modifications in 1993 were problems with
development of "wet' and "dry" soil surface areasin beds within the field (about 2 to 3 percent of
the total bed area affected. The laterd ingtdlation depth in Phase [l was 63 to 70 cm (25 to 28
inches) below the average soil surface. Laterals were placed below the center of each bed, on
beds 1.02 or 2.04 m width, asin Phase . The same two types of drip tubing were used as
described for treatments in Table 1, and the same treatment numbering was used as described for
Phasel. The second afdfa crop was aso established using sprinkler irrigation of about 135 mm.
The lysmeter was modified, with the subsurface drip sysem re-ingtalled at the deeper depth.
Unlike Phase |, during Phase |l dl drip irrigation treatments received water a the sametime as
the lysmeter throughout each harvest cycle. Unlike Phase |, there was no reduction in applied
water during the period prior to harvest through baleremova.  Thisresulted in trestment water
gpplications which were much closer to lysmeter gpplications.

RESULTS AND DISCUSSION

Phasel:
System Operation.  The most persastent problems with the subsurface drip trestments were the
development of “wet” and “dry” areas within the field, with the total area affected between 2 and




3 percent of the bed areaduring this phase. 1t was determined that the "wet" areas resulted from
the high capillary movement of water within this clay soil in combination with too shadlow (40
cm/ 16 inch) drip laterd placement. After theinitia soil wetting in these areas, any heavy
equipment traffic resuited in compaction and damage to plant crowns and water movement in
these areas tended to be arecurrent problem. To limit compaction, irrigation in the drip plots
was scaed down to 25 to 50 percent of lysimeter gpplication amounts during the last 4 to 6 days
prior to harvest, and kept at reduced levels through bale removal. Thisirrigation at reduced
quantities resulted in localized drying of the wet surface areas and reduced further problems.
However, plant water stress associated with this “drying” period was routindly measured during
this dry-down phase (using infrared thermometer and the Crop Water Stress Index (CWS)
approach) as exceeding 0.16 to 0.25 compared with 0 to 0.05 in the lysimeter (data not shown),
indicating mild but sgnificant weter stress with this approach.

In addition, some mafunctioning emitters (20 to 35 in the fidd) with excessve flow rates
contributed to the problem. The excessive flow rate problems were quite limited but were all
found in the "Ram" drip tubing. The"dry" aress were extremely limited in the amount of area
affected (Iessthan 0.5 percent of the bed areg). Eva uations indicated the causes of "dry" areas
were missng emitters (in about 20 percent of the "dry" problem areasin the "Ram” drip line) and
fine St depogition caused by filtration problemsin the remaining aress. Root intrusion was not
aggnificant cause of emitter plugging in either type of tubing.

Water Applicationsduring Phase|l. Applied water in 1991, including sprinkler
irrigation for crop establishment, was Smilar across drip treatments (average of 1404 mm)
compared with 1540 mm in the furrow irrigation trestment. Tota applied water for 1992
(through the eighth harvest cycle ending in September, after which the crop was terminated) was
amilar across drip trestments (average 1389 mm) versus 1462 with the furrow treatment.
Rdatively low water gpplications in the furrow trestment in 1992 resulted from inadequate
irrigations during winter and early soring which would otherwise have stored more soil water for
later use. Estimates of stored soil water use from the 0.9 to 2.4 m zone in the soil profile during
the period from planting (April) through December of 1991 range from 110 to 140 mm (4.5to
5.6 inches) across treatments. Estimates show an additiona 38 to 53 mm (1.5 to 2.1 inches) of
soil water depletion in the same part of the soil profile during the January through September
period of 1992. Effective rainfal measured on-site were less than 110 mm (4.5 inches) both
years.

Rain and gpplied irrigation water were inadequate to replenish stored soil water at depths greater
than 3 feet in any irrigation treetments, resulting in agradud depletion of stored soil weter in the
upper 1.2 to 2 m of the soil profile during the first two years of the sudy. Observation wells and
monitoring of two drain lines under the plots indicated no shalow groundwater to a depth of 3.5
m and no deep percolation resulting in drainage during the experiment.

Long-term (1964 to 1873) yearly class A pan evaporation a the Brawley USDA-ARS weather
dation averaged 2933 mm. The four-year average dfdfa ET measured in aprior dfdfastudy a
Brawley totaed 1924 mm (76 inches) (LeMert, 1971). Nether year of Phase | in this experiment
coversafull 12-month period, SO one way to put water use in perspective isto compare field
trestment ET with lysmeter ET. Lysmeter ET for January through September, 1992 totaled



1605 mm, while drip and furrow plots averaged estimated ET ranging from 1432 to 1510 nm
(including estimated soil water use and gpplied water) while the four-year average lyameter ET
for the January to September period in the study of LeMert (1971) was 1711 mm. Sincethe
lysmeter ET represents a non-stressed afafa crop and it wasirrigated and harvested at the same
time asthefidd plots, the lower ET infidd plotsindicates the leve of water stress imposed.

Alfalfa Yields— Phase | Although the possibility of differentid harvest dates was
considered across treatments, harvests across dl irrigation treatments have not varied by more
than 5 days and the number of hay harvests have been identical across treatments. Silverlesf
whitefly infestations were a problem particularly in the late summer/early fal months each year,
with forage qudity reductions and some funga growth occurring particularly in August or
September harvests. No differentia whitefly infestations were noted in association with
irrigation tregtments.

Forage yidds in June through December in the crop establishment year (1991) in the 2.04 m (80
inch) drip lateral spacings (trestments T3, T4) averaged 17% lower than in the 1.02 m (40 inch)
treatments (T1, T2), while the furrow irrigation treatment (T5) averaged 32% lower than T1 and
T2. In 1991, T1 and T2 treatments averaged 6.3 T/acre at 6% moisture content versus 4.3 T/acre
in the furrow irrigated plots. In 1991 and 1992, no sgnificant yield differences existed between
treatments where the only difference was in types of drip tubing (T1 versus T2, or T3 versus T4).
Yiddsinthe2.04 m (80 inch) drip laterd treatments (T3, T4) in January through September,

1992 averaged 102% of yieldsin the 1.02 m (40 inch) drip laterd trestments (T1, T2) with an
average of 11.7 T / acre at 6% moisture. The furrow trestment (T5) during the same period
averaged yields 14% lower (10.0 T/acre) than T1 and T2.

Phase |l (Deeper Drip L ateral Placement):

Thefirg crop grown following the drip laterd inddlation was sudangrassin the summer and fall
of 1993. The sudan crop was used to firm up the beds and reestablish the plots following
placement of the new drip laterdls. Alfafawas replanted during November of 1993 and
edtablished using 135 mm (5.4 inches) of sprinkler irrigation for germination and crop
establishment.

Irrigation Scheduling, Plant Water Status and Evapotrangpiration.  During Phase |1 with
the deeper drip tubing installation depth, it was not necessary to scae back irrigationsin the drip
plots during the harvest cycle to avoid surface soil wet areas. The deeper lateral depth largely
eliminated surface "wet soil" areas and harvest equipment trafficability problems. Even during
high water gpplication periods in the summer in which as much as 14 mm (0.6 inches) of water
per day was applied per day, surface wet areas did not develop. Water applications for al drip
treatments and furrow plots were nearly identica during 1994 and 1995 (averaging about 1886
mm for SDI in 1994 versus 1910 mm for furrow; and 1843 mm for SDI in 1995 versus 1881 for
furrow), and 1970 mm (SDI) versus 1928 mm (furrow) in 1996. These amounts were actudly
about 100 mm (1994), 75 mm (1995) and 61 mm (1996) more than in the lysmeter-grown
dfdfa(which wasirrigated to replace 100 percent of ET). The extrawater was applied in excess
of estimated lysmeter ET in the late winter and spring of each year to build up stored soil water.

The applied water was not much different between drip and furrow irrigated treatments in Phase
Il for two basic reasons: (1) the lack of a cut-back period in drip irrigation around harvest time



resulted in higher yields, faster regrowth and therefore higher plant transpiration; and (2) the
upper limit on irrigation amounts in furrow irrigated plotsis restricted by low soil infiltration

rates (see discussion below). Under conditions of minimal crop water stressin the crop
lysmeter, the monthly crop ET compares closdy with the monthly ET vaues determined in

prior furrow-irrigated afdfalysmeter sudies by Donovan and Meek (1983) and LeMert (1972)
at the Brawley ste. Lower soil evaporation under subsurface drip irrigation explains lower
monthly ET vaues during severd summer and fal months. Despite shdlow (<10 cm) shanking
of each furrow following each harvest, water infiltration and furrow gpplicationstypicaly
declined Sgnificantly with each subsequent irrigation following each shanking. Low infiltration
rates, which prevailed in the second and third irrigations following harvest in furrow irrigated
plots, continued to set the upper limit on furrow plot water applications. While nearly 3.510 4.2
inches of water could be gpplied in the firgt irrigation after harvest, the second and third post-
harvest irrigations routinely would only dlow 2.4 to 3.1 inches application. It is difficult to
apply water in amounts greeter than about 95 percent of the lysimeter-measured ETc without
risking scalding injury due to the prolonged presence of surface water. Efforts were made to
counter this deficit irrigation by gpplying more water during the winter months, and storing it for
root water uptake in high evaporative demand periods.

Limited infrared thermometer data was collected to evauate plant water satus during severd
periods each year. Thisdata, collected to determine "Crop Water Stress Index val ues, indicated
that after drip system replacment in 1993, plant water stress was significantly lessin subsurface
drip irrigated plants than in furrow irrigated plants during the 5 to 7 days prior to harvest and
early re-growth period (data not shown). In addition, water stress levels were aso significantly
less than during comparable pre- and post-harvest periods during the 1992 dfafa season (when
irrigation had to be cut back during the harvest period to avoid surface soil wet areas). Plant
regrowth (measured as canopy width and height) following cutting was 34 to 60 percent faster
during thefirgt 10 days following cutting in the subsurface drip irrigated plants than in furrow-
irrigated plants (data not shown).
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Figure 1. Regrowth of dfdfaat 11 and 18 days after cutting for harvest in May of 1995.
Regrowth was measured as dry weights of samples collected at the center row(s) of the beds or
in outer rows (edge) of the bed in 40 inch drip (40-D), 80 inch drip (80-D) and furrow (F) plots.



During Phase | of this experiment, downward water movement with furrow and drip irrigetion
was largely confined to the upper 75 to 90 cm (2.5 to 3 feet) of the soil, and root densities
reflected this, with most of the root system confined to the upper 90 cm (data not shown).
During Phase 11, the same pattern of water use was evident in furrow irrigated plots. With the
deeper drip ingtdlation depth in Phase |1, however, soil water use and root activity was shifted
somewhat deeper in the drip plots, with more water use in the 0.9 to 1.2 m depth and a much
drier upper soil zone (0.15 to 0.25 m depth) (data not shown).

Soil Salinity Profiles Developing under Drip versus Furrow Irrigation. Accumulations of
st within the root zone of dfdfa can be asgnificant problem, snce dfadfa has a threshold
sdinity level of 2.0 dSmi* (rootzone soil saturation extract sdlinity level associated with the
beginning of yidd reductions). In thefirgt phase of the study, concentrations of sdinity in the 15
cm to 90 cm (2 to 3 feet) of the soil profile largely remained in the range of 1.7 to 2.6 dSmi*
even after thefirst 18 months of irrigation. However, in some parts of the beds, sdinity levels
exceeded 4 to 4.5 dSm?, largely in areas of thefield or parts of the profile where soil water
movement was dways in one direction and leaching was limited. Larger areas of the beds and
outer root zone were found to be exceeding 4 dS m* EC within the upper 2.5 feet (75 cm) of
the profile according to hand soil samples collected in July, 1995.

In some areas of the surface 15 cm (6 inches) of soil in the drip plots had dinity levelsin excess
of 3t03.5dSm*, presumably due to movement of water and salts up to the soil surface layers.
Even these high concentrations of sats did not result in stunted plants, perhaps due to limited
root activity in the upper parts of the soil profile. However, these surface concentrations of salt
do represent a potentia threet if flushed down into the active root zone by rain or too smdl an
amount of water gpplied for leaching. In generd, locations and amounts of sat accumulation
across the beds in phase | and phase 11 of this study depended on laterd spacing and whether or
not the wetted patterns of lateral water movement from adjacent beds met.
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Figure 2. For 40-inch beds SDI plots. (Ieft) Soil sainity (EC, eectrical conductivity) asa
function of location within planted bed (10, 30 or 50 cm from laterd) and depth in the soil

profile (0-15, 15-30, 30-45, 45-60, 60-75 cm); and (right) change in soil EC between Sept., 1994

and July, 1995 (positive numbers indicate net increase in sdinity during the period).



In the 1.02 m (40 inch) drip latera spacing treatments, the highest salt accumulations were under
the furrows, with lateral water movement from drip laterals on adjacent beds meeting at the
furrows and depositing the most sdlt in that location. In the 1.02 m furrow plot beds, the highest
sdt accumulations were found in the center of the beds due to lateral movement of water and
sdts from furrows on both sides of the beds. In the 2.04 m (80 inch) drip laterd spacing
treatments, the highest salt accumulations were about 15 to 45 cm deep and under the outer plant
rows at the edge of the beds. At the wide drip laterd spacing, the lateral movement of water and
sdts out from the emitter did not consistently extend beyond the edge of the bed, resulting in the
a higher accumulation of salts near the outer edge of the wide bed. The patterns can be seeniin
Figures 2 through 4.
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Figure 3. For 80-inch beds SDI plots. (Ieft) Soil sdinity (EC, ectrical conductivity) asa
function of location within planted bed (10, 30 or 50 cm from laterdl) and depth in the soil
profile (0-15, 15-30, 30-45, 45-60, 60-75 cm); and (right) change in soil EC between Sept., 1994
and July, 1995 (pogitive numbers indicate net increase in sdinity during the period).
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Figure 4. For 40-inch Furrow-irrigated plots (left) Soil sdinity (EC, dectricd conductivity) asa
function of location within planted bed (10, 30 or 50 cm from laterd) and depth in the soil

profile (0-15, 15-30, 30-45, 45-60, 60-75 cm); and (right) change in soil EC between Sept., 1994
and July, 1995 (pogitive numbers indicate net increase in sdinity during the period).




Much of thiswithin-bed variation and Stratification in sdinity levels developed during Phase | of
the study was eiminated with the large pre-plant water application (8 to 10 inches of water)
madein late-gpring of 1993 (after ingtdlation of the new drip tubing and prior to sudangrass
planting), but the patterns soon re-emerged with irrigations during Phase 1.

Crop Egtablishment and Forage Yields. Excdlent plant stands achieved in dl plots. Although
water applications and crop water use were quite Smilar in the furrow and drip-irrigated plotsin
1994, 1995 and 1996, yidds were sgnificantly higher in the drip irrigated plots than in furrow-
irrigated plots. 1n 1994, forage yields averaged across all SDI treatments totaled 9.3 T/acre
versus 7.2 T/acre in furrow plots, or 23 percent higher with SDI. Harvests did not start until
March in 1994, since it was an establishment year for the new crop. 1n 1995, yields averaged
across SDI treatments totaled 9.9 T/acre versus 8.1 T/acrein furrow plots, or 18 percent higher
with SDI. In 1996, yields declined in dl treatments, with 8.8 T/acre average yiddsin SDI plots
versus 7.3 T/acre in furrow plots, or 17 percent higher with SDI. These valuesfor 1995 are
higher than in earlier reports on this project sSince one harvest was left out of earlier calculations.
All yidds were corrected to 6% moisture content. Forage yields were not sgnificantly affected
by type of drip tubing. There was atrend toward higher forage yiedsin the 2.04 m (80 inch)
laterd spacing trestments when compared with 1.02 m (40 inch) spacing, but the differences
were usudly less than 4% and not Sgnificant.

During both Phase | and Phase I1 of this experiment, the yield advantage under drip was grester
in thefird year than in subsequent years. Although the possibility of differentid harvest dates
across irrigation treatments would have been dlowed if necessary, in practice, harvest dates
across dl irrigation trestments did not vary by more than 3 to 4 days, and the total number of
harvests wasidenticd in al treatments.

Hay was sampled from representative balesin al treatments during selected harvests at different
times of the year, with samples sent to acommercid laboratory for analyss of components of
forage qudity. None of these results have been compiled and fully andyzed at the time of
preparation of this report.

| nsect Problems and Reationship to Irrigation Method. During the late-summer of 1994, a
sgnificant problem with cutworms devel oped which resulted in severe damage to regrowth
during the hot late-summer months.  Since the damage occurred over along time period and
affected the subsurface drip plots much more serioudy than the furrow irrigated plots, efforts
were made to determine an explanation for the difference as wdl as to control the problem.
Discussonswith University of CA and pesticide industry representatives suggested that use of
furrow irrigation resultsin a routine flooding of soil cracks which the cutworms retreat to during
the warmest parts of the day in dfafafieds. Thisflooding both drowns out some of the
cutworms and floats them up to the soil surface where afternoon conditions are not good for their
survival. Because this flooding does not occur in subsurface drip irrigated plots, it was thought
that worm populations could increase to the point where they were athreat to both regrowth and
gtand survivd. In order 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 and can be
reached using pesticide sprays directed onto the beds.




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

System Operation and Problems. No problems with excessve emitter flow rates have been
detected to date in this second phase of the experiment. No evidence of root intrusion into the
drip lines has been found during Phase |1 operation. Asin previous reports, we should note that
the lack of root intruson problemsin this study was achieved 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
510 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 aduration of about 1 to 2 hours per week. Thereis no firm evidence
that root intruson would occur if the chemical trestments were not used, but from the standpoint
of prevention of chemicd precipitate clogging, acid trestments of one type or ancther are most
likely anecessty.

CONCLUSIONS

Increases in water use efficiency (expressed as forage yield per mm of crop water use) with SDI
in this experiment were over 20 percent higher than with furrow irrigation averaged across dl
years. These higher water use efficiencies largely came from increases in yield, not from large
reductionsin applied water or ET. Particularly in the Phase |1 portion of the experiment, SDI
alowed continued water gpplications during the harvest period (cutting through baling), resulting
in faster regrowth and larger yidds than in furrow-irrigated plots. Short run lengths (600 feet)
aso resulted in reatively high water gpplication uniformity in the furrow plots compared with
what would typically be expected in agriculturd fidds with longer runs. In many soils and
cultura conditions less conducive to uniform weter applications, there may be greater
opportunities to aso save water with SDI systems through reductionsin deep percolation losses.
In forage market areas where land values and water costs are low, even 20 percent potentid yield
increases may not warrant conversion coststo SDI. However, where water costs are increasing
or total water or land availability are serious limitations, SDI has promise as avigble dternative
to other irrigation methods.
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