]w;angnonm Commission
it Ht_GATrCIN AND DRanAGE

0
28

“ThoHague 1998

IRRIGATION METHODS FOR DRAINAGE REDUCTION
SUBSURFACE DRIP.VS. FURROW IRRIGATION

METHODES D'1RRIGATION POUR REDUCTION DU
DRAINAGE : IRRIGATION GOUTTE A GOUTTE
SOUTERRAINE OU PAR RIGOLE

J.D Oster' R.B.Smith® C. Phene’
A.Fulton*  S.W, Styles® T.Fernandes’

ABSTRACT

San Joaquin Valley farmers apply axcess Iirigation water to alleviate soll
salinity and to compensate for nonuniform infiltration. This practice contributes
to the eéxpansion of irrigated areas.affected by shallow water tables and to the
need for artificial dralnage. Disposal options for subsurface drainage water are
elther expensive or controversial because of adverse environmental impacts.
Whatever combination of disposal options are used, 1rnganonwater cortsenrallon
is the Iogica] ﬂtst stap to minimize dralnaga volumas,

Improved furrow and subsurface drip lrr_agatlon has besn used to Irigate

‘Extenslon Sl and Water Specialist, University of Calitornia Riverside

- Fomatly Senlor Agronomist, Boyls Engineering Corporaltion, Fresno
Ressarch Leader, USDAJARS, Fresno ;
University of California Cooparative Exterlon, Kings County, Hanford - d $ont

. Assoclate Agricuttural Englnecr, Boyle Englneering Corporation, Fresno E
Asslgtant Agricultural Engineor, Boyle Engineering Corporation, Frasno

= s e e oW =



1084 ) Ca4-Ras

conon. on & fleld scale, al two sités in Western San Joaquin Valley. Annualized
costs for the Improved furow lirigation system ranged from $74/ha to $149/ha
as compared to about $438/ha for subsurface drip. Where water uptake from
a shallow water table was significant, a well designed and managed furrow
system achieved water conservation benefits greater than those with subsurface
drip. Higher cottonylelds obtained with subsurface drip gavae some compensation,
for the greater system costs..In one year at one site, subsuriace drip resulted
in the greatest profits, $663/ha.

Long-term environmental impacts and hazards of drainage-water disposal
in the San Joaquin Valley provide strong [ncentives for investigating irrigation
strategles that could minimize drainage volumes overthe longlerm. Pressurized
irtigation systems like subsurface drip offer the grealest flexibility and control of
Irrigation applications and drainage water accessions. Reduced costs for
drainage-water collection and dmposa couldincrease the economnc benefits to
farmers with shailow water 1abl&s ]

RESUME ET CONCLUSIONS

Les agriculteurs de la Vallée de San Joaquin appliquent Y'excés de 'eau
d'irrigation pour alléger la salinité du sol, et pour compenser linfiltration
iréguliére. Cette pratique contribue 3 l'élargissement des superticies iriiguées
qui sont touchées par une nappe phréatique peu profonde et au besoin du -
. drainage artificiel. Les procédés d'élimination pour 'eau de drainage soutertaine
sont chers ou enclins & la polémique a cause de limpact défavorable &
environnement. Quslle que soit la combinaison de procédés d'élimination
utilisée, Ja conservation de f'eau dirrigation est la premiére étape logique pour
minimiser le volume d'eau de drainage.

On a utilisé un systéme amélioré de 'isrigation par dérayures et par goutie-
a-goutte pour Irriguer le coton, & 'échelle de champ, & deux sites dans I'Ouest
de la Vallée de San Joaquin. Les frais-par an pour 1o systéme amélioré
d'Irrigation de dérayures étalent de l'ordre de $74/ha 4 $148/ha, en comparaison
de $4368/ha pour l'lrigation par goutte-a-goutte. Quand ('absorption de i'eay
dirigée en haut d'une nappe phréatique était, importante, un systéme. de
défavures aréallsé des avantages de conserwanon d'eau plus grandes que les
avant: réalisés par e goutte-a-goutta souterrain. La rendemert plus

idérable de coton réalisé par goutte-a-goutte -souterrain a donné de la
compensation pour les frals plus hauts du systéme. Dans une année-a un site,
le goutte-a-goutte souterrain a reslisé les plus. grands bénélices, $663/ha.
L'tmpact défavorable & l'environnement (alongterme) etles dangers ¢'élimination
de V'eay de dralnage dans la Vallée de San Joaquin offrent de fortes mcataﬂons
pour une enquéte sur les stratégies d'irrgation qui pourraient minimiser le
volume de drainagde, a long terme. Les systdmes dirrigation-sous’ pressions
comme le goutte-&-goutte souterrain suggdrent la plus grande-flexibifité et le
contrdle des applicafions d'lrrigation et Iaugmentauon de f'eau de drainage.
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{:'adoption él grande échelle de tes procédés pourrait réduire comldérablement
pétendue des nappes phréatiques peu profondes dans la vallée et fa
contamination de la nappe d'sau: souterraine par les sels, les nitrales et les
pesticides. Les Incitations monétaires pour les cultivateurs particullers sont
gpéclalement Importaites sl elles retardent ou méme éliminent le besoin
d'installer un systéme de bassins pour I'évaporation / les tulles de ‘dralnage.
Suivant que les frals par an comprennent l'enldvement du sel du bassin
d’évaporation et la décharge dans FOcéan Pecifique, |8 prix d'un systéme de
bassins pour P'évaporation / les tulles de drainage est de Pordra de $70'& $150/
ML aux prix de 1983. Le colt par an correspondant, étant donnée une
pfofondeu de 150mm, est & I'ordre de $105 & $225/ha,

I faut étudjer les alternatives de dessin des systémes de gouﬂa—ﬁ-goute
souterrain pour les assolements diversifiés. Laprofondeur etl'espacement das
tisyaux som des paramétres agronomiques et critiques pour la croissance des
cultures, la préirfigation, ef e contrble de la salinlté. L'espacement des cultures
déterminera I'espacement des tuyaux de goutte, ou vice-versa. Le placement
peu profond 'sous le centra du [it facilite la préirrigation du systéme goutte-&:
goutte, L& oU la salinité est un probléme, un placement peu profond, mis au
centre, pourrait simplifier I'aménagement de salinité pour la germination des
graines et |'établissement des plantes. La préirrgalion serait susceptible de
déplacer les sels & la surface du lit ou il serait possible de la mettre 4 coté
pendant le plantage et de placer la graine & une profondeur ou le sol est moins
sale.

INTRODUCTION

San Joaquin Valley growers apply excess water 1o alleviate soil salinity or ~

compensate for nonuriform infiltration. This practice Increases [and ereas with
shallow water tables and to the need for tile drainage and drainage-water
disposal sites. Valley soils. also contain selenium, arsenic, molybdenum,
uranium, vanadium, and boron (Deverel, et al,, 1984, Bradford, el al., 1990) that
Increase the environmental hazards of drainage disposal. Disposal options -
such as reuse of saline drainwaler (Rhoades, et al., 1989) to irrigate salt tolerant

crops, discharge into underlying QeOIoglcéJ strata (Letey, 1990) or into
evaporation ponds (Tanji, et al. 1985), ot discharge into the ocean - ate elther

expensive or controversial due to possibla adverse &ffects on crop productlon
and the environment (Natlonal Research Councll, 1983). Whataver
combinations ‘of disposal options are' ullimately: selacied judiclous use of
irrigation water is a Ioglcal first step to minimize drainage volumes. -

Dralnage-dlsposﬂ-oosls reduoefarm proﬁis T‘he reductlon depends onthe
infiltration uniformity achlevable for different irigation systems (Letey, et al.,
1990.) Where disposal costs exceed about $60.00/ML, two pfessurlzed
Irrigation systems - -subsurface drip,. .and-low-energy precision ‘application
(LEPA) were prqected to be-more proﬁlﬂbiethan fureow. systerns
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Phene and coworkers (Phene et al., 1988 a & b; Phene et al., 1991) have
developed water/fertility management guidelines for subsurface drip irrigation
of tomatoes, sweet corn, and cotton, In thair smali plot (91 x 18 m) studies, the
drip lubing was located at a depth of 46 cm and spaced at 164 cm. Because
of encouraging resuits obtained In yields and irrigation control, subsurface drip
was Includedintwo field scale studies to evaluate irfigation methods to minimize
drainage volumes.

The University of California Salinity and Drainage Task Force andthe U. S.
Depariment of Agriculture’s Agriculture Ressarch -Service funded the project
conducted 16 km southwest of Stratford, California, which will be referred toas
the UC-ARS project (Fulton et al., 1991). Boyle Englneering Corporation, under
contract to the California Department of Water Resources, is conducting a
project located 10 km southwest of Five Points, California (Smith et al., 1991,
Smith and Oster, 1991). It will be referred to as the DWR project. As both
projects are within the Westlands Water District, the source of irrigation water
was the same, namely the California Aqueduct (EC= 0.4 dS/m). Although
LEPA is one irrlgation method being used In the DWR project, the data have
been confounded by mismanagement and are not reported here,
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Figure 1. UC-ARS project site (Site travaux UC-ARS)
METHODS AND RESULTS
UC-ARS project

. Irigation and crop management. Continuous- and surge-flow, andsubsurface
drip irrigation systems were used to irrigate SJ:2 cotton on side-by-side 4-ha -
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rplas (Fulton, et al., 1891) in 1987 and 1988. The soil, a Westhaven clay loam,
thad a salinity (ECe) of 1.5 dS/m near the surface increasing to about 11 dS/m
“at a depth of 1.8 m. The water table depth, 1.50 to 2.70 m, was nearer the
~gurface on the east half of the fleld.
8. -

£ Furrow irrigation methods in 1988 were based on infiltration rates measured

iR 1987 (Hanson, personal communication) during the preirrigation (3.8 mm/h),
first (1.8 mm/h) and last crop (0.5 mm/h) irrigations. For preirrigation with both
furrow treatments in 1988, furrow lengths were reduced from 760 to 380 m by
taying a second fine of gated pipe 380 m from the head ditch. For continuous-

“flow, irrlgation settimes were reduced from 24 hto about 11 h andthe infiow rate
was 2.3 [U/s. These changes reduced the Infiltrated water during preirigation
from 198 mm in 1987 to 137 mm in 1988 (Table 1). Furrow lengths were

_convened back to 760 m for the crop irrigations, inflow rate was Increased to
2.7 LJs, but set time remained at 12 hours.

Table 1. UC-ARS project. Depth of infiltrated water', for the upgraded
continuous-flow furrow, surge-flow furrow, and subsurface drip
systems in 1988 (Travaux UC-ARS, Profondeur de 1'eau infiltirée,
pour la dérayure améliorée d'écoulement continu, la dérayure
d'écoulement houleux, etles systémes de goutte-a-gouttesouterrain

en 1988)
Infiltrated waler
Furcow © Subsurface drip

Upgraded Surge East West
H 1111 1 T T T T S PP S ST SR
Preplant 437 142 56 58
' First crop _ 130 - 124 NA NA

Cumulative subsequent” .
crop 345 356 478 * 821

@ )l

Rainfall - 86 88 -
Total 699 S 708 &20 865

' hﬂhhdwauflsd\eammotappibdwabrooﬂmadiorrumﬂ orthe amouniofwateravnilable
for evapotranspiration and drainage water assesslon.

*  Water was appfied dally.
** 'Number in parentheses gives the number of crop Irrigations,
NA denotes non-applicable.

Preirrigation with surga—ﬂaw required four surge cycles (2.5 /sy and 6 hio
pulse the water to the furrow ends (380 m); the cutback phase (1.3 L/s) lasted
about 10 h. For crop irrigations, six surge cycles were used to advance water
(760 m) in 11 h; the cutback phase lasted about 9 b, For both fusrow treatments,
the first crop irigation and subsequent lrigations were schedulest at - 1600 kPa
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and -1B00 kPa leaf water potential, respectively, as determined by pressure
chamber. The Infiitraled water for preplant and crop irrigations were similar for
both furrow irrigation treatments (Table 2).

Table 2. UGC-ARS project. Profitabllity of the grower furrow, upgraded
continuous-fiow/surge-flow furrow, and subsurface drip in 1983
(Travaux UC-ARS. Rentabilit¢ du sillon de cullure, la déraywe
améliorée d'écoulement continu/d'écoulemant houleux, et g
goutie-a-goutte souterrain en 1988)

Furrow Subsuriece drip
Growear Conbnucus/ 1-m 2-m
Sunge
SR SR 3 1 Y
Line value [$1.65/«g) 2388 2388 2640 2540
Production cosls 1558 1586 3840 25378
Seed credlt ($187/Mp) 180 120 240 240
Profit loss)* 1018 o2 (280] 504

*  Costs of land ownership or land leasing were not deducied (rom return.

in 1988, the subsurface drip treatment was split into two equal areas,
permifting less waler application during the crop season (Table 2) 10 the east
half. This faciliteted greater water uptake from the shallower water table. The
subsuriace drip tubes were spaced at 1 m at about 0.46 mbeneaththebed. The
198-m long drip lubes were connecled to a supply submain at one end and a
flushing submain at the other. The pressure compensaled emitters in the drip
tube were spaced 1.0-m apart and discharged water at 3.8 L/hr. Preirrigalion
(56-58mm, Table 1) was applied in Marchwith the drip system. Cropitrigations,
between May and mid- August, were applied daily et rales calculated from
.climatic data obtained al a CIMIS wealher station approximately 16 km
northaast of the project site and crop coefficients reported by Phene, et al.,
1985. During the fast two weoks of August, irrigation was progressively
decreased until it was stopped on August 30,

Preirrigation with the drip system and rainfall provided adequate water for
cofton germination and seedling establishment in 1988. The preirrigation
depths of 56 - 58 mm for subsurface drip as compared to 137 - 142 mm.
(Table 1) for the furiow treatments indicates the polential for drainage raduction
with an irrigation system thal provides sufficient control so thal the applied water
approximately equals the soll water depletion. The cumulativa crop irrigations -
for the subsuriace drip treatment exceeded that for furrow treatments by about
150 mm. In part, this is due o Infiltration rate and aeration constrainls limiting
the number of turrow irrigations during the crop.season. The average total,
infiltrated water (Table 1) for the furrow lreatments (704 mm) is somewhat
greater than thet for the subsurface drip treatments (642 mm).
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Land preparation, pest control, defoliation, and harvest were managed by
the cooperator in all treatments. Nitrogen, phosphorus and zinc fertilizers were
applied in the furrow-irrigated treatments at rates of 144, 45, and 6 kg/ha,
respectively, in 1988. in the subsurface drip treatment nitrogen, phesphorus,
and potassium rates were 197, 284, and 197 kg/ha, respectively. Zinc fertilizer
was not_applied in the subsurface. drip plot in either year. Sodium N-
Methyldithiocarbonate (Metham sodium or vapam) soil fumigant was applied
during prairrigation 'at ‘a rate of 280 L/ha to-prevent root intrusipn and control

. verticillum wilt and In September at 47 L/ha to assist defoliation.

Profitability, Table 2 . The cotton lint yi€lds were 1448 kg/ha for the
grower-, continuous-flow and surge-flow treatments and 1614 kg/ha for the
subsurface drip freatment. The lint and seadvalues totaled $2578 forthe furrow
and $2880/ha for. the subsurface drip treatments. The profits for the grower-
furrowtreatmentwete$1018/ha as compared o the $992/hafer the cortinuous-
and surge-flow treatments reflecting the increased productlon costs of the latter.
For the subsurface drip treatment, costs exceeded income by $960/ha.

Table 2 includes an alternative subsurface drip system based on a 2-m
spacing between drip tubes and revisedfertilizer and fumigant costs. Use ofthe
wider spacing and less expensive In-line emitters [as inthe DWR project (Smith
et al. 1991)] would reduce annual system costs by $579/hs. Reduction or
elimination of fumigation and reduction In fertilizer would lower the total annual
production costs by about $978Ma. To assure drainage water control and
adequate seed bed water content, preirrigation with hand move sprinklers
costing about $33/hawould berequired. Intotal, the estimated annual production
costs could be reduced from $3840t0 $2376/ha. This results ina projected profit
of $504/ha (Table 2) which is about $490/hg less returnthan oblained with the
furrow systems. Elther adirect and sizable cost for disposal of added drainwater
generaied from furrow systems, substantially higher yields, or higher-value .
crops would be required to increasa the economic wabmly of subsurface drip at

" this site.

DWR PHOJECT

irrigation and crop managemenr The site consists of sbout 65 ha equally
dividedintofour Irrigationtreatments, low-energy-precision-application (LEPA);
subsurface drip, improved furrow and growsr managed furrow (Boyle Eng.
Corp., 1920; Smith, et al., 1991). The soil, a Cieros clay, has an average soil
profile safinity (0 to 0.6 m) generally less than about 4 dS/m. The project site
Is underlain by a shallow saline (4 to 11.dS/m).water table at depths from 0:4
t00.75m In spring and early summer, and from 1.80t02.15 m Infail and earty
winter. g '

Gated pipe was used to lirigate both the improved- ang grower-furrow
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irrigation treatments, Water was supplied by a buried PVC pipeline, with a flow
meter, connected to Westiands Water District facilities. In 1989, both furrow
treatments were preirrigated using all furrows; alternative furrows were used for
the four crop irrigations. The ends of the furrows were blocked since tail-water
collection facifities were not availabla. Thus, all the applied water either
infiltrated or evaporated.

Irrigation facllities were changed for the improved-furrow treatment in 1990,
A tali-water collection systern, with a weir and water stage recorder, was
installed to collect and measure runoff; run length was reduced to 180 m, and
alternate furrows were used for crop irrigations. Also, hand-move sprinkiers
were used to preirrigate resulting in 97 mm of infiltrated water in 1990 as
compared 1o 224 mm in 1989 (Table 3). The corresponding values for furrow
preirrigation of the grower-furrow treatment were 239 mm in 1989 and 224 mm
in 1990.

Table 3. DWR project. Infiltrated water' for subsurlace drip, improved
. furrow, and grower-furow (Travaux DWR. L'eau infiltrée pour le
goutte-a-goutte souterrain, la dérayure améliorée et le slllon de

culture)
. Infiltraled Water
Imigation system Yaar Pralrrigation Crop Irrigation
Total )
[ 1111 [T AR Y
Subsurlace drip 198s 147% 438 588
1990 1222 - 488 830
Improved furrow 1888 24 Sz8 752
1820 a7 40 458
Grower furmow 1989 239 538 775
1990 24 S08 732

* infiltraled water is the amount of applied waler comecled for runoff, or the amount of water
avallable for evapotranspiration and drainage water assession.

*  Preimigation by hand-move sprinklers. -

*  Prelrrigaton by furrow. .

Irrigation schaduling !c-r the four crop urngauons of the improved-furrow
treatment were basaed on measured soil water content, leaf water potential and
estimates of crop ET. Deficit irrigation was purposefully begun in late July to
Increase crop water use from the shallow groundwater. Soil water content was
monttored weekly with a neutron probe at three locations in each treatment.
Climatic data were obtained CIMIS weather station located at the University of
California's Westside Flgtd Station, approximately 10km east of the project site.
Daily evapotranspiration was estimated using crop coefiicients reported by



Q44-R.85 1091

Phene et el.,, 1985, infilrated water for crop.irrigations was reduced from
528 mm in 1989 to 401 mm In 1930 (Table 3). The corresponding numbers for
the grower-furrow treatment were 536 mm in 1898 and 508 mm in 1990.

The subsurface drip system used In-hne-emhiers spaced at 1.0 m along
1.32 cm ID x 1.57 cm OD potysthylens tubing; lateral spacing between drip
tubes was 2.0 m. Drip tubes were buried 0.45 m deep in nonwheel rows 1o
minimize compaction prebfems. The 137-m long Orip tubes were connected to
a supply submain at one end, and to a flushing submain at the other. Pressure
regulating valves at the submain inlets were set at 170 kPag, ‘corresponding to
an average discharge rate of 2.11 L/hr per emitter, and an average application
rate of 1.0 mm/hr. Nitrogen and phosphorus fertilizers, and sulfuric acid to
prevent rool Intrusion, are’ injected with a venturi connected across the
discharge and inlet of the supply pump. Preitrigation was applied using hang-
move spnnklars

Fc'rr the subsurface drip treatment, the number of operating hours per day
needed to satisfy evapotranspiration was predicted for a week based on
average climatic conditions. A water balance for the previous week, based on
crop ET-and total applied waler, was used to make minor adjusiments so the
applied water matched calculated evapotranspiration over thelongrun. Infiltrated
water for crop irrigations totaled 439 mm in 1989 and 488 mm in 1990
(Table 3). These numbers closely matched evepotranspiration from mid-May to
early August, when deficit irrigation was begun. For both years, irrlgation was
stopped during the'last week of August,

Drainage reduction . We estimated drainage by sublracting catculated
evapotranspiration from total infiltrated water (Table 3). Evapotranspirationwas
assumed to be only a function of climate, unaffected by spatial variability of any
soll property. Asthis is unlikely {Letey, 1985), the reader must understand that
the dralnage depths reported here are estimates.

Evapotranspiration was calculated for the period between March 18 and
October 15, or from preirrigation of the subsurface drip treatment through
harvest. Between March 18 and Aprll 9, the approximate planting date,
evapolransplrallon was assumed 10 equal 0.25 times the reference
evapotranspiration plus rainfall measured at the Westside Experiment Station.
Thereafter, evapotransplration was calculated using ¢rop coefficients as
described previously, The resulting ET’s for 1989 and 1990 were 732 and 704'
mm.

Grower-furrow had the highest drainage estimates, 43 mm in 1989 and .28
mmin 1990. The corresponding numbers for improved-furrow were 20 dnd -206
mm. Negative values indicetethe estimated amaunt of groundwater used by the
crop. For subsurface.drip, negative drainage values were obtained bath years,
<146 mm In 1989 &nd -7.4 mm in 1990.
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Soil based measurements were conslistent with treatment effects ondrainage
(Boyle Eng. Corp., 1990). The soif water content, malric potential, and hydraulic
gradient data obtained in the subsurface drip treatment indicate that little
drainage occurred. In the furrow-irrigated plots, each irrigation increased soil
water content to 137 cm. However, in the improved furrow treatment during
1990, soil water content decreased and depth to groundwater lncreased
dramatically late in the season, respondng to deficit |mgahon

Profitability . Subsurface drip irfigation had the highest net income in 1989
($683/ha) and the lowest ($114/ha) In 1990 (Table 5). This retlects differences
In crop yields and costs among treatments. Whereas crop yield for subsurface
drip was higher than for furrow irrigation treatments in 1989, yields were about
the same in 1990 (Table 4). Consequently in 1990, grower-furrow with the
lowest production ¢ost, had the highest netincome ($583/ha) amongtreatments,

. (Table5). For the improved-furrow freatment in 1990, the production costs were
$70/ha greater than for grower-furrow and the crop income was $104/ha less.
Consequently, the profits for improved-furrow in 1920 were $174/haless than
for grower-furrow.

. Table4. DWR project. Crop yields for grower-furrow, improved-fusrow and
' subsurface drip treatments in 1989 and 1890 (Travaux DWR.
Rendernents des cultures pour les traitements du sillon de culture,
de la dérayure améliorée, et de goutte-a-goutte souterrain en 1989

ot 1990)
tmigation syslem Yield
Year Crop lerigation
Mgha ..o
Subsurtace drip 1589 321 N £.71
1880 .12 / 1.45
Impraved furrow 1989 2.42 1.19
1980 279 1.7
Grower furrow 19089 22 1.21
1930 284 1.43

' - Cotton geed and fint yleld from grow;ir records for each irrigation treatment.
DISCUSSION

The Improved furrow treatment in 1989 in the DWR project demonstrates
that It is possible to achleve comparabls drainage water reductions with well
designed and managed furrow systems and with subsurface drip. This is
particularly trus where the shallow water table is not o saline as to limit Its use
by the crop (Ayars end Schonerman, 1986; Wallender, ef al., 1979), The long
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DWR project. Profitability of the grower-furrow, improved-furrow
and subsurface drig treatments in 1989 and 1990 (Travaux DWR,
Rentabllité des traitements du sillon de cuiture, de la dérayure
améliorée, el du goutte-F-goutte souterrain en 1989 en 1990)

Grower furrow Improved furrow Subsuriace drip
1889 1990 1989 1980 1989 1890

. : $/a
of Lint value 2008 2362 1971 2267 2829 2392

|/ 61.65K) -
FProduction costs 20068 212 2108 2382 - 2787 2862
Seed credit 415 533 43 524 601 584

| (6187/g)

{rom 322 583 315 409 663 114

term sustainability of deficlt irrigation will eventually be limited by increased
groundwater salinity unless some net lateral or downward movement . of
groundwater occurs.

At the DWR site, subsurface drip irrigation was the most profitable of the
three treatments in 1988. More responsive water management probably
reduced root zone salinities and consequently increased crop yields. However,
the shallow, saline water table (0,40 {0 2.2 m) could make it difficult to sustain
these yleld increases; this is a possible reason why increased ylelds were not
obtained in 1990.

Evenwith better fertilizer, fJumigant, and water management atthe UC-ARS
site, we believe that higher profita from subsurface drip irrigation will be more
difficult to achleve because this site is more productive which likely reflects tha
'greater depth aof the saline, shallow groundwater table (1.6 10 2.7 m). For
example, cotton lint yields in 1990 at the UC-ARS site for the grower-furrow .
(1513 kg/ha), andthe east and west halves of the subsurface jrrigation (1904
and 1777 kg/ha) were all greater than for the DWR site inthe same year, "Even
Wwith thé highest yield obtained from the east half of the subsurtace drip.in 1880,
the profits are about $50/ha lower than for the grower ~furrow,

The ﬂnanc:al benefil to be derived I‘rom water conservation and reduced
deep percolation losses provides an Incentive for a grower to improve his
Irigation practices. Thisis particularly trueit it will delay or possibly eliminate the
needto install atile drainage/evaporation pond system. Dépending on whether
the apnualized costs included salt removal and disposal In the Pacific Ocean,
the cost ranged from $70 to $159}ML {8710 $15/ha-tm) In-1983 prices (Knapp
etal, 1986)
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Long-term environmental impacts and hazards of drainage water disposaj,
becauseof its salinity, nitrate, and possible pesticide content, inthe San Joaquin
Valley is another incentive for evaluating strategies to reduce the irrigation ang
drainage volurmnes needed for sustained crop preduction, Pressurized irrigation
or improved furrow systems may offer the flexibility and conlrol needed g
significantly limit water additions to the shallow groundwater table. Large-scalg
use of these types of irrigation systems could substantially reduce the areal
extent of shallow water 1ables in the valley and contamination of underlying
groundwater basins, P

Design alternatives for divorsified cropping rotations mustbe studied. Depth
and spacing of tubing placement are critical agronomic parameters for crop
growth, preirrigation, and salinity control. Crop spacings will dictate drip tuba
spacing or vice versa. Shallow placemenl beneath the center of the bed
facllitates preirrigation with the drip system. Where salinity may be a problem,
a centered, shallow placement could simplify saiinity managemeni for seed
germination and plant establishment, Preirrigation would tend 1o move the salts
to the bed surface where it subsequently could be moved-aside during planting
and the seed placed al a depth where the soii is less saline.

CONCLUSIONS

Good irrigation design end water management are needed o conserve
water and reduce drainage. With them, both furrow and subsurface drip
irrigation can give comparable resulls.

. Pressurizedirrigation and improved futrow systems are more expensive
to install, operate, and maintain than furrow systems commonly used in
the San Joaquin Valley of California.

. Greater yislds, and consequently income, can compensate for the
. Increased costs. ~

Costs reductions for subsurface drainage-water disposal and increases
in the ability to sustain irrigated agriculture in the Western San Joaquin
Valley would be additional economic benefits,

Subsurface drip systems need further evaluation.under San Joaquin
Valley crop and soll condltions to develop a better understanding of the
long-term management requirements and costs/benefits.
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