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ABSTRACT: Saline waters containing dissolved salts up to 6000 ppm
have been used for irrigation in far west Texas. This paper outlines
successful examples and several on-farm management Problems
encountered. A salt tolerant crop, cotten, has been grown Successfully
with gypseous saline waters having 8 mmho/cm (dsm1) with modified
cultural practices €.9., alternate furrow irrigation, double row
plantings or decapping of salt crusts. Sprinkler irrigation of cotton
using water of about 5 mmho/cm has also been successful when used in
night or dawn hours, Alfalfa and several forage crops have been grown
with water of 3 to 5 mmho/em with moderate yield reductions in the
areas of abundant saline water supplies. Pecans which are grown
primarily in the middle Rio Grande Basin using water of 1.1 mmho/cm
began to show salt damage due to gradual accumulation of salts in
spatially variable fields irrigated by boré:: or basin methods.
Tomateoes and various melons have been grown with gypseous saline

problem because of hypocotyl and seedling mortality caused by surface

These examples point out the importance of crop
selecticon in successful uses of saline waters. Once crop selections

Introduction

Department of the Interior estimates that two-thirds of the
nation's groundwater supnly contains dissolved salts of 1000 to 3000
ppm (Unpublished report, USDI, 1983) - With dwindling reserves of
fresh water, it seems imperative that future irrigated crop production
needs to rely more on saline waters, In far west Texas, highly saline
waters containing 6000 Pom of dissolved salts have already been used
for irrigation. The salinity of these irrigation waters is among the
highest in the western USA. This paper presents successful examples
as well as several on-farm management preblems encountered in
utilizing saline waters for irrigation in this region.
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pescription of the Area

Far west Texas encompasses the middle Rio Grar}tieesri;rglrsgaﬁz ﬁ
Pecos Basin covering approximately 3150 sg. mi Al
t}']e 1. The elevation ranges from 2640 ff_.-. {B_OD m) a:‘: Pecos Pl
?1?.40 -m} i 1 'It_:'e acl_im::]e is‘ésm:;icgf Pasotatlo“;-ﬂ inches
i i from 7.8 inches
:g;gf%}]} ;:nl?;c%gs. The summer daily maximum :anpe;it;l;;iglflzi yexé:resﬁ
i ini temperature :
100 F (38 C) and the winter minimum b shageg o i
= C). The average frost free days
bdfrlc?;hloctobec . (r,liut late spring freezes (about April 15) and early
fall freezes (about Oct. 5) are common.

NEW MEXICO

REPUBLIC
OF MEXICO

Irrigated areas (shaded area), annual rainfall in

Hpcts inches and the major aquifers in far west Texas.

The region contains four major irrigated areas along the narrow

' strip of the Rio Grande (30,000 ha), at Dell City (20,250 ha), near

Van Horn and Valentine (8,900 ha), ami at Emtwo Ki‘l:r’:?ggtlii]n. df‘gl'n:ﬂf;:
i ; %

along the middle Rio Grande consis s B T e Aar witen
4 ¢ and Hudspeth. The El Paso portion rece C '
ﬁﬂf'nasthe Rio Grap:de project. Quaht¥ varies w1t1:| locamrgmitsaas{g}
but averages about 1.1 mmho/cm (dSm™i) in electrical Cobl : gu b ed
a.n:.i- 3.6 in sodium adsorption ratio (SAR) at El Paso, L‘I‘a e e.useﬁ s
the years of short water supplies, saline well waters arid e
supplysrent The Hudspeth portion of the Rio Grande‘ is outs ef fcw e
Rio Grandé project and receives a smalloquan_ tity of_retuar?ine ol
drainage waters. The major source for irrigation is tsiz B wes
wat;rs having an EC of 5 to 9 mmho/cm (Table 1). Btol s o
irrigated by surface methods, and most fa._elds have recently i anses
leveled. Soils are extremely variable with textures ranging

to clay.

The Trans-Pecos region is irrigated with well mt;ri k;j!r sx;a:ffg
and in some areas using sprinkler or drip ?ﬁlﬂofféiga t-.Zd Ewigh ey
ies: n and Valentine areas have t
I:il;sﬁ g:fts, but relatively high in Na (Table 1). Most soils
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are sandy loam. Dell Cit pump— gypsecus
; o Y areas have been irri

5 - :

a?lelgeenf::ﬁyﬁs?; dt;:e 3?01?0 1Peak Limestone foﬁlff:f !

oS il . ' places gravelly containing

e gt zéfi.:m carbonates, _Pecos areas l'lxrave been ir?iat t i
Setaod relets_\fat:v:.-:s. Salinity ranges from 2 to 8 mmgz owth

Thsoda.e e (t?: ively la_.e, because of the gypseous nature (T.fcm. i

e e Cenozoic Alluwvium deposit) has a known -

Wi t;e !évte gségoo,nua ™), but two-thirds of threes;ar:: i

b et - greater than 4.0 mwho/cm. FPt. St ol
; gated with waters of 1 ] e

Pumping from the Edwards-Trinity ia.::11.ui.f1~:fli.2 PRI, I aC 2.5 2

ive gypsim

Table 1. Qualities of irri i
rrigation waters used i j irri
areas of far west Texas. {Data from ﬁxat.z;ml ngéoro%rsfégfd

Resources) 1/
EC
BT SR N @ W e O,
'Ige Middle Rio Gr. R i =
roject water 1,12
Froject. va +1 800 3.6 6.0 4.3 1.3 3.8 3.0 5.
(EL Pasg) 3.8=1 2800 -
: ; 8.2 21.0
(5 Paso) 3.8} .0 9.8 3.2 4.4 10,
e dspeth 0%2 5140 12.0 43.0 16.0 9.5 3.7 4g0 igg
Van Horn- 3 .
Valenti
neuaéﬁéﬁe gg;{ln 380 4.7 4.3 1.2 0.5 2.4 1.0
17l 20 3.0 13.0 20,0 1400 207 17.0 258
%Eesnstm a2 J_18.0 23.0 11,0 1.8 15.0 340

the avera sampl.
Hicd . ge of 100 wate
mzewused?ﬁ bf};:rg tt}::;g ggria and Valegtine a:ea mizf:';xcsanpeptles
735 ppm of dissolved salts in mu}.omfmm ilﬁv;}i:sto i

Crop Selection and Performance

) Secause of a short growin
?:iﬁ?ef; E&gg{gim -naterg, typeg :fe2§§P:15, giﬁr?r; II"1tlh}1tse£»z_-al'ld e
pndn! ey C;:t t‘gt':e principal crop has been cotton (Up]fa:i’f oa]:-.d?’re
Hhe Tommers g mel:_is are considerably lower than those #
et i e inegt;on,_prmanl}_r because of a short growing s .
e il e H:zdspeth_ district and the Dell Citﬁrﬁaason-
e s M ti:ose cé:c:::tf:t:un ¥Yields in these areas show no maa_.re
e (b the El1 Paso Valley irrigated with low sggi

Successful growin "
i g of cotton with .
in cultural i with saline water :
row plantingga%?ce?i such as alternate furrow ir;iga:jﬁxlgez c&harg;es
lzter in more det;iqlﬂe—beds or decapping of salt S asnd=s ouble
W : « These measures ray be needed when sali; ictu;sgg

upon soil
; Successful
ecessitates the use of greater
as a greater quantitcy of
b 5 L sufficiegf :::o compensate for leaching lgsses & ;.
mmo £ leaching, soil permeability needs 1-:0 b:

but= ; 0
intained, thus requiring increased use of deep plowing, chiseli
’ ing,
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and other measures. These practices add to production costs while
potential yields are low due to the short growing season. Research
toward reducing production costs as well as developing cultivars that
yield fibers with a higher market value is becoming increasingly
important to sustain saline water irrigation of cotton.

Table 2. Average cotton yields in El Pasc and Hudspeth portions of
the middle Rio Grande Basin. (Data from the Bur. of

Reclaration) 1/
1975 16 T 18 19 80 g1 82 avg
------- bales/acre (540 kg/ha) = - = - - - -
Upland
Fl Paso ©0.93 1.26 1.28 1.54 0.70 1.05 1.22 1.18 1.14
Hudspeth 0.73 1.18 1.46 1.16 0.8 1.07 l.42 1.14 1.00
Pima
El Paso 0.44 0.99 - 1.16 0.89 1,13 0.83 1.31 0.9
th 0,47 0,94 1,11 0.60 0.69 0,72 1,090 1.33 0.87

Acreages involved in El Paso and Hudspeth districts are cn the
average 3000 and 1500 ha for upland, and 6500 and 1500 ha for

pima, respectively.

Alfalfa and other forage crops have been important in supporting
large livestock industries in far west Texas. Alfalfa yields in
saline areas of Dell City hawve been 5.5 to 6 tons/acre (12.3 to 13.4
Mg/ha) , using about 5 ft (150 cm) of water, whereas yields of 8 to 9
ton/acre are common in Van Horn areas. Alfalfa yields in this region
increase linearly with increasing irrigation up to about 75 inches
(190 cm) (5). Since pumping is generally the single largest cost item
in alfalfa and forage productions, a yield reduction of this magnitude
is often offset by reduced pumping costs when abundant saline waters

are available at shallow depths.

Because of a relatively poor return from cotton, area agriculture
has been shifting toward production of high value horticultural crops.
Pecans are already the single most important crop in the middle Rio
Grande with its total cash value exceeding that of cotton since 198l.
At the onset of pecan plantings in the middle Rio Grande, salinity
problems appeared to be ruled out, because water from the Ric Grande
is of relatively good quality (Table 1). Within 7 to 15 years after
planting, salt problems began to appear mostly in silt clay and clay
loam soils due to gradual salt accumulation (11). Salt damage ranges
from marginal leaf-tip burn to complete die-back of trees. Tree
growth appears to be reduced when salinity of the saturation extract
exceeds about 3.5 mmhofcm in the surface 60 cm rootzone (11). Young
orchards irrigated by drip methods with saline waters of 2 to 3
mrho/cm are common in the Trans-Pecos, but it is premature to make
definitive assessments on its potential for success. Ground surface
manipulation to concentrate rain water (18) around tree trunks may
help reduce salt accumulation as well as water reguirements.

Chile peppers are another important cash crop grown in the middle
Rio Grande basin. Extensive breeding programs have developed high
yielding and high color chile peppers, many of which can potentially
yield 7000 1b dry chile per acre (7.8 Mg/ha). The actual yields,
however, vary from 2500 to 6000 lb/acre (2.8 to 6.7 Mg/ha) depending
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rimaril ¢
% s };tgg::, Tftagemxce:; "_C;l'_t:els ‘::?Egeg:;sr :rgea:ciptimall}- sensitive

4) . i et vastati 33 wil
ata Eii‘;bﬁﬁﬁeir& -aa.}sécf:-esenszt:.ve to salt stress.ngalcthough igh '&;f_.ﬁ
irri Sy rences in tolerance "
i::;;:ti%dwciggdltmns. fruit yields may be reé:led E;dﬁﬁlﬁufm“
laboratory) water of 2.2 mmho/cm (ongoing field test o
B P ¥l . af;%r this reason, chile peppers are g mls.h::his
crop failurzys as Van Horn areas. Even with the Rio Granﬂeyw tthe
Chile peppers usuasﬁcmtmmj:;th high seedling mortality are by
to foliar salt damg ge te, but emerged seedlings are sensitive
Barrad b st ge (10) especially when seedlings are ph ?t‘;ive
irrigations ar[:a»g ﬁgrm i fongalng teat; this 1ab°rat°1'1-’3ysl D i
o e e bl eally suited for irrigation of chile peppe'r {Ep
irrigation ven used in the E1 Paso Valley, mainly b ple

water from the project is not Cmtinually'pmvj_deg ecause

Melons

i ug}and ;}::matoes are more tolerant to salinity than chil
o area. withesmgijfr:e grown successfully in gypsecus soils of th:
e e et ications of cultural practices. Tomatoes ar
e e i t_g alternate furrow irrigation and cantalo ith
s tomatozsand;ngs. Dbtaiz}ing a goed stand has been dﬁ::ﬁg
e i ne to seedling mortality by excess salts. Th
ke ;w crops such as jojoba and guayule (a r'ubb g
s as also been attempted. Jojoba can nzt to‘erfc[
secton vstac tepuesion, e oo o vl aeice o T
- ; r althou it i i

lerant to salts after establishment. The introdﬁgt;:nlgfr;igtgzﬁlig

and asparagus is bei i
salinity (16). ng considered because of known tolerance to high

Soil Permeability and Salt Leaching

L : Faia :
draina;}:, ig‘::sl 11.::?&&11“?*15 one of the many factors that limit
iy e o ing to soil salinization. This problem appea
 etabllstod onpcelcan and to a lesser extent in alfalfa Eleés
b S8 a{ and clay loam soils of the middle Ric Grands
kS lbi_na ly, Fer;rteablllty of these clay textured soils hase
the conversion to thesf oo e Boll Gy, Pedlowing
oot sot oorﬁitions‘imﬁ'z {SLaiilg measures were not utilized due to
the field, leading to gradual sai‘t;: aégnwmla“aF:il;nthen e

In iy 2

. :dod?:é;;c;g st~:>_li;he lack of physical manipulation of slowl
exmisting w:.thir. - g;rgé'sgiti;lo:a_riability in soil permeabi.lit§

A0 : rder Casin appea m i
?ictgnnhlia::onuzin clay E‘x_}rtmns (11). Si;ce so:i:pll;e i;sfigogcgﬁgﬁ: o
il types?g P:I:defda‘;:‘:ffl:“ e:‘.ach border strip often contains mult‘;;iz
io:tions of the str‘ill;;:ktj‘*-?s J‘.:::;fne& the :{':tes Eéiimarily mtleaa:o v
3 e Y y portions 1

c1cm1say ;:tmion.m Ad:sé;;gi;itélmof Llljgei‘i{ge accumulation ofpoggl{s inht:.eg;
border irrigated orchard in the El Pas'::) ffaﬁie;uiﬁlhmatlmﬁcbgﬁeg e
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meble 3. Salinity of the saturation extract of three soil types
appearedinaSﬁhapecanorchard in the El1 Paso Valley
irrigated for 11 years with water of BC = 1.1 dasm1
and SAR = 3.5 (Mivamoto and Gobran, 1983).

Harkey Harkey silt Glendale Glendale silt clay
pepth loam clay loam silt clay native

o] ---—'-ECofsaturatj.onextzacttdSm'li-—-—v----
0-30 1.2 3.3 6.0 2.2 5.6
30-60 1.5 5.5 5.5 3.2 5.5
£0-90 3.2 4.5 6.9 3.1 5.8
-100 5.0 4,5 6,5 5.6 6.0
This area was disturbedwithabackhoetoadepth of 160 cm £ive

years prier to the soil sampling.

Numercus laboratory data and limited lysimeter data {e.g., 15)
suggest that the quality of the Rio Grande water should not adversely
affect permeability of well-leached soils. However, when soils are
salinized, the sodicity of soils increases 15 to 25% in ESP due to
precipitation of Ca and an increase in the total salt concentration.
Then, the leaching of salts and exchangeable Na from clay textured
coils with the Rio Grande water becomes difficult because of extremely
slow movement of leaching water. One way to aid salt and sodium
leaching is to use chemical amendments. Field experience shows that
the traditicnal gypsum amendment is of limited value in enhancing the
speed of reclamation when soils are initially loaded with sulfate
calts. Chemicals of higher solubility such as CaClp and HpSO4 provide
faster leaching and greater removal of exchangeable Na per unit amount
of Ca (or HY) applied (17, 20).

Another chemical factor that may reduce soil permeability is pore
plugging by precipitated salts. Frenkel et al., (3) estimated that
108 of the effective pore space present at a rootzone depth of 60 to
90 cm may be occupied by precipitated gypsum and calcium carbcnate
after about 14 years when alfalfa was grown with water containing
20 meg/liter of Ca and 504, and 9.2 meg/liter of HOO3. If the water
is saturated with gypsum (solubility of 32 meg/liter in distilled
water) , the time duration would be shortened considerably. At
present, it is difficult to estimate the effect of 10% pore plugging
on soil permeability, since tne mode of precipitation is not well
understood. If the precipitation occurs in large pore Spaces; the
effect would be significant. KXeren and Shainberg (7) reported 50%
reduction in hydraulic conductivity when analytical grade gypsum
powder was mixed into sandy loam and loam soils at 3% by weight. The
Dell City area has been jrrigated with gypseous water for about 30
years, yet no major drainage problem has been reported. Coarse
textured soils and a relatively low rate of water percolation required
to maintain the salt balance are probably moderating this problem.

Irrigation Management

Traditionally, most field crops in far West Texas have been
irrigated by furrow methods. When saline water is applied to every
furrow, the highest salt concentration is known to occur in the ridge
of the bed and the lowest concentration in the water furrow. This
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surface accumulated salt oft
et ) en becomes the source ci hypoc
showelfsg m;ﬁallty or of reduced germination, especialLly afteortyjll'at::d
o us.e ° e method of u':_:.n:.mizing salt accumulation in the cr I%e;
Shned 1 : ternate fu_rrow irrigation. Under this system saltop
i Transr-lPo nonwatering furrows. This method has been adcrspted wsid‘:_-;e
e :Eos_ areas. In the Hudspeth irrigation district '».711.0::-'}r
et s ¥ 2 ;.r:;gat_:.on waters is extremely high, this method 12
e irr.i.usedgated rs first one or two irrigations, then every furrow
S saltocas to leach salts accumulated in dry furrows
et e a:;.mt developed on the top of the single bed wittla
s i inmtt;ye h;og:s shortly before crop emergence is another
soil crust that dewvelops ;vgll.al;y éexg;:dmmfg r:aaflts - eliminat:lsnsthe
-rust that « : sol er sprin i
excessive irrigation. This method appears to work weff wi%hr ccttglzm

and chile : 2
e i letl;igg—:‘rs, but not with fast-emerging shallow seeded crops

D z

letmogilgjﬁgonrsoggliintmgs on fllat: beds have been practiced with
Ebe Sliood ihtaise 1 some cases with cotton. Seeds are planted on
bt s s ; portion of the bed where salt accumulation is
i e Of.gc ;Ec er et al (8) reported an excellent stand and
i car? ni;_;t):n ;:smg this system with water of 5.4 mmho/cm.
et gt 'ntp event seedling damage caused by saline splash
el g showers,‘because of the presence of high surfac
N somzz:ﬁ;st nde:afr seedlings. It also makes mechanical weeg
i g e th.l f‘lcult. Planting seed in water furrow is
serious nt:lis:s.{i'iranta.:;e‘wsllew ggiﬁa‘:ﬁn%b:hfaatowegt i B

’ X s H er ru

seedling diseases and weed infections are worse, an;r:cili:isrzscﬁgg:

This method is used only i i
o1 oy ¥y in extremely saline areas for establishment

Border and basin irrigatio i i
o : -ions with saline waters require good
i ;15 E;;!;_Oﬂ_.l)" for improving water distribution eﬁieien 1;23
B e ;;al:imze uneven salt leaching. Most of the orchardscyi;m the
et Whe:yahzgidziegtﬁ;e;;levgleq in recent years for this
: : r a basin consists of multiple soil
types, uneven salt leaching, as discussed earlier, becomes a plioblem.

Modification of border settings use of
e or th i : R iy
helps minimizing this problem (11, lz}e. bigh:Jesclsing. Jrrigakicn

alfal?grai;kt%jr irrigation has been used mostly for irrigation of
tirigation i_af: Gkopa’ 2 the Trans-Pecos region. When salinity of
redet e sa‘?" Jfﬂas high as those found in this region,
s 1t G.wage becomes a problem or at least a concern
oIS lfts grown in the Dell City area sometimes show margi;!
conversio:; > no major yield reductions are reported after the
R Ofon/z.mborgir to a_centgr pivot sprinkler using water of
Spriklin Mh{za . falfa is fairly tolerant to saline water
e ag it ae:insthough some leaves may show leaf margin necrosis
s il o mrho/cm (id). Sprinkler irrigation of cotton
et s 1% rel;jaj.;cte}rea-_s of the Trans-Pecos. Busch and Turner (1)
Fie day tike with ion in lint yield when sprinkler irrigated during
ool e 1 w‘zter of 4 mmho/cm, while Moore and Murphy (13)

eafburn and extremely poor yields by da‘ytime
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gprinkling of saline water having 5.0 mrho/Cm. In both cases. no
gignificant yield reducticn was choerved when irrigated curing night
hours. Sprinkler irrigaticn of pecans reculted in severe salt carage
including complete defoliation when irrigated during daytime with
water having 0.8 mmho/cm in E1 Paso (Personal Cbeservation) . Many tree
crops are sensitive to foliar salt absorption of Ha and C1 (2).

and Bordovsky (9} developed an jrrigation system
that utilizes low energy precision application (LEPA) technigues.
Thie is a linear mobile system that delivers water into the furrows at
low pressure of 5 to 8 psi (34-55 kPa) through drop tubes rather than
spraying it through the air with conve_ntional _spnnkleg.
Consequently: the contact of foliage with highly saline water 1S
avoided. Yields of cotton under this system have been to or
greater than furrow irrigated cotton, using water having B_rm'nho.fcm
{ongoing field tests at pecos) . Long-term salt accumulatlon under

this system is UNKNOWTL.

Recently Lyle

Irrigation scheduling is known to affect the extent of salt
hazard. Scheduling for cotton and alfalfa have been fairly wgll
pctablished. A computer model for scheduling pecan irrigation
considering salinity and spatial variability, was also developed and
used in a large orchard (12}. Irrigation scheduling of and
chile reguires special care because of their low tolerance to both

galt and water stress.

In summary, the experience in far West Texas points out excellent
potentials for crop producticn with highly saline waters. Proper Crop

and variety selections are the first step j;oward successful use of

saline waters. Once a Crop is selected within a limit of salt
tolerance, soil types, irrigation and their ma:}agarent begin
to dictate the success oOrC failure of saline water irrigation.
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New Strategy For Using Saline Waters For Irrigation

*
James D. Rhoades

ABSTRACT

to use brackish waters for irrigation Offsuitiﬁl);stiﬁiagg
. wthazt should result in 1ittle, if any, loss of yie i
?rﬂps the opportunity to use the same land to grow sa cei-v B i
Pl t special equipment or technigues has been con o atany
Sl wlth?:ust Fi,n two field projects. The proposed m:}age?e. b SkE
i mdert esur::h requirements is to substitute the sal}ne : suU e
ﬁﬁna;? :ater for the “good" (river) watatrtavgw]irn tiorﬁalgaf‘tmggmwth i
i i n they are in a sul : q (
the = mdt'{%w;:g::tilgn usvgg at tge gther times. The maximum sutllr s“azilflmty
in e tz0ne Tesulting from continuous use of brackish :a ?:ime e
ot ge rw‘;gn such water is used for only a fracticn of Ete S t;1e s
rt‘g;iﬁ;m;d amgunt of substitution wilji-lna{:rya:;ththgeir?ii;étizn iy
i c 3 1 .-. .
:uaters, melgraﬂﬂggﬁ 22252; ?l:ethe soil from irrigatm? mthr"g.t;g e
sk Sater can be alleviated in the subsequent c:1:c1;:€fa“-.g_;tmiI ;a iy
sl ﬁ'ti\re crop is grown using the normal (low-sa ini % e
F rrm"e ienﬁon The yield of the sensitive crop should muuszd it
f?_r I‘Er Eapre-E&lant’. jrrigations and careful manageﬁntoﬁf:EGP o
f;ér?ninggian o seedilgg ﬁtablg.lsgzgteﬁg ‘k?lids-;ass?m'ﬁ irrig:—itions leach
il depths.
frea a?isﬂg}:ﬁ:r%ﬁuwn ig the profile ahead of the aﬁvancingi n.r‘é:_u;;:h J—
;':it:; and "reclaim” the soil in prepara:'.:.aonsuf;ut; JF; E:fe Sl
rgddahl?ati:e":l:}’lwgiegiegfaailo:’Fﬂar?go"high" salinity prevep;ds the
il ?C 1§ecom1ng saline while permitting, over the 10:1% pe%“ ‘=. o
gt f a brackish water for a better quality wa erd SEIE.LE! :
suhst!_.tut]['fs‘moe) of the irrigation water needs. Tne propose St ?13 e
Eafm%g:; evaluation in two experiments and general findings

been positive) are reviewed.

INTRODUCTION i
i
The projected increase in cropland for the fir;al iua;teii :xp.ected
ntu‘r is only 10 percent; yet the world demand for ToO I,
‘c‘e El i‘oxima*ely double between 1975 and 2000, accotd;rjgns e it
;'?»rlgpand Conference Report (1974). If these ?rclngec }:Gmit s aréa
t;en world agriculture must produce a greater y;e“ Eerrust il
than ever before and limited land and water resuu%ce;ear A0
efficiently. Furthermore the unevenness in year-to-year pr

U. S. Salinity LaboratoIy,

i Research bLeader, Scil and water Chemistry,
Riverside, California, 92501




. 32 WATER: TODAY AND TOMORROW

related to variations in weather patterns must be attenuated.
Irrigated agriculture takes on special importance in this regard
because it yields more per unit area and is less dependent on the
vagaries of weather, Expansion of irrigated agriculture would contri-
bute significantly towards achieving and stabilizing world food and
fiber needs. Expanding irrigation, however, runs headlong into com-
petition for ever more limited water supplies. In my opinion, by
reassessing the standards for suitability of water (and land) for irri-
gation, the available supplies can indeed be expanded significantly.

In the past, Very conservative standards have been used. Waters gen-
erally classified as too saline for irrigation are used successfully tg
grow crops without hazardous long-tern consequences to Crops or soiis,
even with the use gf "conventional® farming practices (van Schilfgaarde
and Rhoades, 1983). The adoption of new crop/water management strate-
gies will further facilitate the use of saline waters for irrigation
and crop production. Irrigated agriculture could be expanded con-
siderably through the adoption of such strategies. Considerable saline
waler is available, including drainage waters from irrigation projects

Many brackish waters not now used for irrigation because they are
geemed too salty can, in fact, be used effectively for irrigation,
especially if properly adapted management practices are applied
(Rhoades, 1577, 1584). with the future in mind, it behooves us tg
learn to find ways of learning to live with these higher salinity
waters. The ultimate goal should be to maximize the use of an irrigs-
tion water supply in a single application with minimum drainage
(Rhoades, 1983). of course, there are practical constraints which now
prevent this, as well as economic disincentives. Tg the extent that
the drainage water still has value faor Crop use, it could be used again
for irrigation. 1In fact, whether inadvertent or planmed, such reuse is
common in many places; however, it could be carried much further by
successively irrigating a sequence of crops of increasing salt
tolerance. This has little appeal to most farmers because they do not
want to be restricted to growing only salt-tolerant Crops nor do they
want to have to deal with the Special management practices or invest in
the special equipment involved in obtaining good “stand” as is required
to grow crops on saline land. The receptivity and practicality of
using saline waters (such as drainage waters) for irrigation will be
appreciably enhanced if these limitations can be circumvented.

A new crop/water management strategy to enhance the usability and
practicality of irrigating with relatively high salinity water is
iscussed in this paper. The goal of the strategy is to use brackish
waters for irrigation of suitably tolerant crops with little, if any,
loss of yield while preventing the soil from becoming excessively
saline and permitting the same land to be used to grow salt sensitive
¢rops, in both cases, without special eguipment or techniques.

STRATEGY CONCEPT

Implementation of this strategy would not only increase water con-
servation and resource base for crop production, it also could minimize
the drainage disposal (and associated) problems where drainage waters
are the saline waters recycled for use for irrigation within gr
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contiguous to the project area, as well as the salt loading of our
water supplies (Rhoades, 1984).

1 (low
is to substitute the saline water .f;nr the norma )
Tﬁ ?tﬁﬁg:tion water when irrigating certain salt-;:ﬂlrer:g;t s
salin; Ly the rotation when they are in a suitably taln_zran gro R 3
cﬁgps i‘?ral water is used at the other times. The timmgl@;d zrir'méhe t:vc
s ?tutinn possible will, of course, vary with the quality o e
e Jé the cropping pattern, the climate, certain sm}_. p;?lpesoil B e
:ﬁ:eir;igatian system. Whatever salt mbilglﬁvggggasi;ntheesubsequent
irrigati i ish water can .
1rr4§;6;ng :ﬁzsthvd:egr?lr:nre sensitive crop is grown using tlﬁ r?;gﬁ-}-e
e N e ]
i a sa :
u?ﬁu“ sii;ngngrgrgt:iengt for several seasons. The rrax:.r;nm soiiJSh
2:;;1?%: in the rootzone resulting from congn;unu:n ;;anfrgzzgon -
i cur when such water is used for
E::r "r%'ii‘tlr:gimgcre, the yield of the sensitive crop mouldmrﬁg ﬁe e
d éed if proper pre-plant irrigations and careful rnanage‘i.t % que g
& k; rmination and seedling establishment t?. leach salts o Sl
G.erng Ee and shallow soil depths. Subsequent". inseason lrn%a s
Wil 1o ah the salts farther down in the profile ahead of the ta :_a.
jll*l- éegiem and “reclaim” the soil in preparation for t:i'ie brlex tuljénrea i,
;hng:t H{e brackish water will be usedﬂaga::ln to TowW a"su;ﬁni{ ReTe
oy This cyclic use of waters of " low and “high ?j—a guer are
;iggénts the soil from beoogingbtogk ?:%l:gtglé‘grp:rglett;;gauality
i stitution of a bra wate :
i:r‘:grp?’;;cg'siggtantial fraction of the irrigation water needs.

EVIDENCE OF THE CREDIBILITY OF PROPOSED STRATEGY

The suggested strategy for using brackish waters iurtir;ig:tigglés
nder evaluation in two field experin'ents., One is a for :.If- -y
:x ;-iment which was begun on a cooperator s farm in tt;e Est B .
vaﬁey in January, 1982. Two crappiggt?::tggnih ::i msuzgr ialoly

i -year successive-crop-ro " ar )
Ei"i}'oéz,a %:Ot;is rotation Colorado River Water {E'DE_ T l;t anTgSJsu;zr
Szin used in the preplant and early irrigations of whe N e e
éetg and for all irrigations of melons. The reﬂnhammgL_l Tgs}' =2
made using the Alamo River (drainage water of 35 zgrnm sy
Iather is a block ratatic? of mtt?n_(? i:égggie;\:zt Ealgranee} ol

d by wheat (a crop of inte .

zﬁzisb?ﬂ?ﬁfa :i%a more sensi;cbive ci‘up} fg:r? E%‘oiheati’ri?;gg?énzez?s

T ter is being used for a large el
Eéitgz?ebggiming with the wheat crop only Culorada_iziv?n;azﬁe is
being :}SEU. It was hypothesized that wheat h_l‘ﬂu]_.d wi nstg . -
salinity build up in the soil achieved I_.“mr_n J.rngap:ng 1e“cad0 i
the brackish water and yield ueJ_.l vhen J.ir;%ztigﬁll;gu?g g;zur i
water and that sufficient desal:'Lnatlcn of t g 'ue'mtly s
its i ions with Colorado River water to subsequent
;ﬁaiglggtégngrnm (also with Colorado River water) without loss of

yield.

To date, one wheat crop, one sugar beet crop anc_j one melon crEJp
have been grown, i.e. one cycle has been completed in the successive.
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crop rotation, and two cotton crops have been harvested, in the first
two years of the block-rotation, using the proposed “cyclic™ CTOp/wates
management strategy. No losses in yields occurred in any of these
crops where the Alamo River water was substituted for the Colorado
River water following seedling establishment. The percentagss of
substitution of Alamo River for Colorado River used in the test were 7g
for wheat, 82 for sugar beets and 54 for cotton. Melons (a salt-
sensitive crop) were subsequently grown on the same land farmed to
wheat and sugar beets with substitution of Alamo River water without
vield loss (compared to the contrel, i.e. use of Colorads River water

only for all crops and irrigations) using Colorado River water for
irrigation.

A second field experiment has been underway near Lost Hills in the
San Joaquin Valley of California for five years. In this case a very
saline water (6000 mg L~1 TDS) has been successfully used ts irrigate
cotton following seedling establishment with California :.- zduct water
(300 mg L-1 T0S) for four consecutive years. Wheat was then grown with
aqueduct water for desalinmation purposes. Sugar beets are now being
grown with the “cyclic" strategy, to be followed by cotton. This ic s
demanding test since a very saline ground water has existed beneath the
test area at a depth varying between 1.5 and &4 feet for the last three
years, eliminating the opportunity for leaching and causing the soil
salinity to increase to abnormally high levels. In spite of these
problems, 1982 cotton lint yields were good: 2.8 bales per acre
(agueduct water only) and 2.3 bales per acre (drainage water after
seedling establishment). This experiment, upon completion, should pro-
vide appropriate data to evaluate the long-term effects of the stra-
tegy.

These results support the credibility of the proposed strategy, but
it can not be claimed that its validity has bezn established because
the long-term consequences have not yet been fully ewvaluated.

BLENDING

Blending of saline and non-saline waters is frequently recommendsc
as a procedure to use saline waters productively. Frequently, drainage
water is inadvertently recovered and used for irrigation elsewhere
because drainage often returns by diffuse flow to a water supply
system. Both the intentional and unintentional blending processes may
have deleterious effects on water guality without adding to the water
supply that contributes to crop production. This may be seen in the
following explanation. A plant must expend bio-energy (that would
otherwise be used in biomass production) to extract water from a salire
(low osmotic potential) soil solution. When a water of excessive
salinity for crop production is mixed with a low-salinity water and
used for irrigation, the plant can only remove the *good water™ frac-
tion (actually less than this amount) from the mix before the salinity
again becomes excessive, i.e. until the fraction of the mix made up of
the excessively saline portion is ieft, This fraction is Just as un-
usable at this point as it was before mixing because it requires more
energy to separate the pure water from such a low osmotic potential
solution than the plsnt can muster. Thus, diluting excessively sslire
water with less saline water does not stretch the water supply for
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rior to dilution. This "saline

zrops ailch oould fot use e PSR B0 it are suftictently slt-

tor” nent is only usable on crops | ; ;
-(::z:anfu E;)o u:e the water undiluted.t F%xmgl?ni;esﬁﬁiig:ﬁngn a
esceivi r can increase the latter's sali .
:;':‘?“i?ﬂ u“as:lgility for sensitive crops :ind fg;daﬁzrugzgiea:n;etﬁ-
b ss of mixing, simply mi :
o ?as. izrghifmtﬂrﬁncz blend which must be separaged again ds._Jrlng P'heod
R Ea lant. Blending a non-excessively saline water w:.thlat gn
:;?jr' willIJ stretch the water supply if é:he cr[uf :iug:df:rsirtg; ;ra 0ﬁem:“
Tt i ility and opportu
iefore dilution. Greater flexibil N e
tion ¢ er, if the two water types are used _
'.:?i;:iiﬁti;l rt‘]JlEt;:E ;ro;;;"water management stiatggy gesﬁtbigeheaﬁ;:; grr::e
b d i tive is lost. Cyc :
e waters are mixed, this al'gema i iie oF oeralnation
=1l ity to be lower during the critical perioc e
;f;lszgéﬁ;?es‘gahlishment and provides ";l;e plzrir;t; w;;::h H::l;g:i E::;saie
tioe it is most able to use it. course, m va
:»E;;il:gf ;lniaétical to prevent natural Tinlngygfb:a]ﬁlgit?ggl?g;ouever,
easll I : . = .
1a%ine waters and the cylic system may no lg e
imtentional mixing should be :agefully evaluated T O el
‘rdartaking it and the opportunity to prevent mixing o
fffi'éaﬁzgftater rranag?&ent strategy should be pursued wherever prac

tical,

SORCLUSION

irri i i the resource base
J ine water for irrigation can increase I
far ?iiiEZt:glagriculture and help meet tlgii;gir:rasizgpg;:igmanzsmn:ﬁdisgg
tr¢ world. Such use can be made more pra - ing o
i ini wWhen the saline water is a i
~rclically with low-salinity waters.:' ) e
use could convert a "waste _prcduc i i ’
::‘.‘J:?Ertﬁ:d‘?ﬂluﬂ'ﬁ of drainage water Teedlgg‘expo:‘;in;egﬁglggﬂ S:is -
leterious impact of drainage disposal, and incre : S
33.::1- ;tzglabﬁafur irrigation and crop prqductmn. lis w;té‘r:tig;.mggé
tre advocated strategy will not be aﬂ-gmpnate for all co s
1t should be given careful consideratiom.
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Roadway Salting Effects on Snowmelt Water Quality
L 3
Neil H. Berg and James A. Bergman

AESTRACT: The effects of roadway saltirg on snowmelt water quality
were studied up and down strear from a major high-elevation interstate
bighway in the Sierra Nevada of northern California. Water samples
were znalyzed for alkalinity, pH, sulfate, sodium, and chloride.
chioride and sodium concentrations were more than one order of
sagnitude higher below the roadway and reached levels of 104 mg/1 and
1 mgfl. Fracticnation during anowmelt was not well sustantiated, but
a4lution was clearly effective. Chloride and sodium concentrations

vere inversely related to stream discharge.

During hesvy srnowfall, high-elevation roadways are often salted to
contrel ice formation and increase traffic traction. During and after
4 snow storm, rotary snow blowers throw the piled snow away from
highways. If the highway lies next to streams, the contzminated snow
flows into the stream channels and pixes with the surface water flow.

Studies have shown that scdium ard chloride concentrations are
slovated by roadway salting. After the onset of midwinter thaws at
urban water courses in Toronto, Cntario, sedium concentrations reached
over 2000 mg/l--50 times greater than baseline values (7).
roncentrations decreased rapidly as snowmelt runoff augmented
base-level flows. In rural Verport, maxirum chloride concentrations on
road-szlted sites were more than one order of magnitude greater than on
ror-salted sites (3). Chloride concentration varied inversely with
streanflow. Although scdivm chleride delivery rates, measured in
kg/day, peaked during the main spring thaw period, chloride
corcentrations were highest during the low-flow summer months. In
tyrzcuse, ¥ew York, road-salted water drainirg suburban lands with low
ropulation density contained chloride at the 1000- to 5000- mg/l level,
with spot samples exceeding 11,000 mg/l (2).

This paper reports a study of strezn chemistry up and down strezm
fror a salted sectionm of a high-elevation interstate highway in
falifornia, and relates the results to current safety standards for
huran health. The data were also exzmined in connection with refining
typotheses about fractionation and changes in sedium and chloride
levels over time. Forzal statistical methods were not used because
tyrotheses were not yet specifically enough defined to allow choices of
sarticular statistical techniques.
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