
PRACTICAL PROSPECTS FOR HIGH SALINITY IRRIGATION 
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ABSTRACT: Research activities have "d 
be successfully irrigated with hi h ~ entified that selected crops may 
agriculture is a highly competifi vsalinity water. However, irrigated 
continually strive to maximize th e tenterprise, and irrigators must 
Where farmers have an existing ri:h~et P;of~t from their operations. 
high salinity water unless there ar o res. w_ater, they Will not use 
switch. Where there is high 11 .et econom~c ~ncentives to make that 
the economic reward for using ::atm. [ water available for irrigation, 
the added cost and lowered returns :a er _must b~ sufficient to Olr<;!'"'lOmP. 

water. The problems involved . ssoc~ated _w~t~ using poorer quality 
high salinity water in lieu of b~nt:etting ex~st~ng irrigators to use 
irrigated areas developed using e er qual~ty water, and to have newly 
this paper. poor quahty water, are discussed in 

INTRODUCTION 

~n irrigated agriculture, the econo . . 
land ~s based on all aspects of the t m~cs of utiliz~ng a piece of 
both its quantity and qualit dwa er supply for that land. Water, 
evaluting the irrigation pete~~ ~n /and are considered as a unit in 
lands can more readily grow cropa ~tha parcel of l~nd. Free-draining 
can lands with tight, poor-drain:nw _water of a h~gher salinity than 
water applied to free-drainin g so~ls. Thus, ~he salinity of the 
the salinity of applied water ~ lands can_ be cons~derably higher than 
equivalent effects on crops No poor dra~ning lands and still have 
economic detriments are expe;ien~:derthheless, for each ·parcel of land, 
rises above the threshhold level f ~hen th~ salinity of applied water 

or e opt~mum crops for those lands. 

Irrigated agriculture has alwa s b 
many producers vying for the sa y :en a competitive business, with 
their operations so that th me mar et place and striving to refine 
times. In the mid-1980s, t~isc~~ prod~c~ at. a minimum cost at all 
primarily due to a reduction in mpet~t~on ~s at an intense level, 
upon to utilize a large percenta;:e~s~~s sales, previously depended 
result, prices of most crop 0 e annual production and, as a 
several years, there will pr~b:~~ at de~ressed levels. For the next 
in marketing crops, as production ~ conitt~nue to be intense competition
demands. apac Y generally exceeds the market 

In this typ e of economic env'ronm 
strive to decrease their operati~g ent, farmers must continually 

costs and increase their yields. 
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HIGH SALINITY IRRIGATION 205 1_;1 They have little incentive to develop new lands for irrigation unless 

.f they would be able to grow crops on those lands at a lower cost than on 
existing producing lands. These economic conditions must be considered 
in evaluating the prospects for any expansion in irrigation with high 
salinity water. 

PRIOR STUDIES 

A survey and associated research by Maas and Hoffman (12) of the 
u.s. Salinity Laboratory on the current assessment of salt tolerances 
of 76 crops in 1977, identified, for the listed crops, soil solution 
salinity at the point where yields initially began to decline (thresh­
hold) and the yield decrease per unit of increase in salinity beyond 
the threshhold. The soil solution salinity is the concen~ ...~tion of 
soluble salts in the soil solution in the active root zone. It is a 
result of the salinity of the applied water, the leaching fractior. , and 
the soil characteristics, particularly the drainage characteristics of 
the soil. 

These data show that, in general, yields do not decrease with 
increasing salinity until the threshhold level of salinity for a parti­
cular crop is exceeded. As the salinity increases beyond the 
threshhold, yields decrease linearly. With all other factors being 
kept constant as the salinity of applied water increases, eventually 
the soil solution salinity will rise to the threshhold level, and 

I yields will begin to decline. 

I 
l 

Hoffman (9) relates the salinity of applied water to crop salt 
tolerance threshhold values for different leaching requirements. The 
research identifies that, as the salinity of the applied water in­
creased, there was a corresponding increase in the leaching 
requirement. His report does not identify the measures that must be 
undertaken to obtain the required leaching, but it is in implementing 
those meas.ures, which are a vital part of irrigation management, that 
causes farmers to incur heavy costs when the salinity of their applied 
water increases. 

Comprehensive guidelines for evaluating the water quality suitabi­
lity of an irrigation water were developed by Ayers (2), covering many 
aspects in addition to salinity. Table 1 is excerpted from his paper, 
with the conversion factor used being millimhos/cm x 640 = mg/1. This 
factor was used by Ayers and is also valid for water with a chemical 
composition similar to Colorado River water below Hoover Dam. The 
suitability ranges in the table assume that both the crop consumptive 
requirement and the leaching requirement will be applied and pass 
through the soil. 

TABLE 1 - Salinity Criterion of Irrigation Water 

Salinity Range(millimhos/cm) Suitability for Irrigation 

Low: <0.75 (489 mg/1) No special management problems 
Moderate: 0.75 to 3.0 (480 to Increasing management problems 

1920 mg/1) 
High: > 3.0 (t 920 mg/1) Severe management problems 
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Ayers states that cultural 
ment to prevent salinit Practices, crop selection 
a~ corrective actions ~::oble;s from developing are just' a:n~ man~g~ . 
d~rect costs increase en a ter problems develop. In . ~mpor ..ant 
operate with water of and:or crop revenues decrease when ;~ther case, 
in the low salinity ranmg~ erate to high salinity, as compar:~metrs mu3t 

• 0~~ 

The choices made b . 
salinity in th i . Y ~rrigators faced with the 
And e r ~rrigation water was disc Pdroblem of increased 

erson <j.nd Kleinman's re or ( usse in Appendix 3 of 
adopt some of the severat t 1). They pointed out that most 
dampen some of the major ef~an:gement options that may mi ti::;:e~~ 
than merely accepting the e;; c s of using high salinity water, rather 

:~;;hg~~~~~e:e:h:urr:~me:r~~ ~:z:::~e~f~::~;!~~~g c~~~1~~ i:~~;:::·tatt;~~ 
. The studies referred to abov 

~:~~~~~ r~s:s above the threshhold ele~~~wr:~at, as the soil solution 
high i. en the salinity of the wate a crop, those crop Yie lds 

' rrigators may still be able too~ av.ailable for irrigation is 
ta~n satisfactory Yields by 

f 
I 
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N rul management to keep the soil solution below the threshhold level 
r~ his crops. However, there will be increased costs, both in capital 
:~Testments and in operating costs, in these management efforts, which 
N 3 t 3 must be considered as being due to increases in the salinity of 
t~~ applied water. 

Any additional costs resulting from the use of more saline water 
1ust be counterbalanced by lower costs in some other parts of an irri­
tator's operations in order for the farmers using the poorer quality 
...,ter to be able to compete. With most other costs fixed, this means 
~r. a t if the water available for a parcel of land is salty, the land 
ru st be available to the farmer at less cost than if good quality water 
v•s available. Irrigators must be able to compete economically or they 
c.tnnot continue their operations. 

POTENTIAL FOR USE 
~~ ~ "!0" SALINITY WATER FOR IRRIGATION 

The beneficial use of high salinity water in areas where such 
vater is available has been suggested. The potential for the economic 
"' e of saline water in three of these areas is considered in the 
following paragraphs. The areas reviewed are the. Imperial Valley in 
California, the Grand Valley in Colorado, and the lower San Joaquin 
Vn lley in California. 

Imperial Valley, California 

Imperial Valley, located in the southeastern corner of California, 
reli es on Colorado River water conveyed to the Valley through the All­
American Canal, since the local ground water is saline and there are no 
surface water supplies. The imported water is distributed by the 
Imperial Irrigation District through a network of canals and laterals, 
as described by Valantine ( 17). The district delivers irrigation water 
to over 500,000 acres (202,000 ha), with approximately 50,000 acres 
idle in any one year. The total water charge is about $9.50 per acre­
rt. During 1975, a fairly t~pi~al year, the district received 
3,001,000 acre-feet (3,705 x 10 m ) from the Colorado River with a 
flow-weighted average annual salinity of 830 mg/1 (1.3 millimhos/cm). 
There are additional irrigable lands in the district's boundaries, but 
the u.s. government adopted a policy, about 20 years ago, to not 
i nc rease the lands in California that would be irrigated from the 
Colorado River. 

Because the soils in Imperial Valley are pre dominantly slow 
draini ng, irrigators have been forced to install underground drainage 
lines under their fields, discharging into a network of open drainage 
ways constructed and maintained by the district. Most of the open 
drai ns discharge into the New and Alamo Rivers, which convey surface 
runoff from irrigation and subsurface drainage flows to the Salton Sea. 
In ·1975, the salinity of the drainage flows averaged about 2,600 mg/1 • 
As the district conti nues its present efforts to increase the irriga­
tion efficiency of its farmers, and to reduce spills and seepage from 
its facilities, the salinity of the drainage water will increase. 

Several years ago, one farmer chose to irrigate an 80-acre (32 ha) 

t 
..~l,J»JI~· .,(-· 
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parcel using drainage wate season that produced a v r but discontinued his attem 
because his fresh ery poor crop. The farmer ch pts after cr.e 
it would be less ~:~~e[y ~el~v:ery structure collapsedos:nddr~inage water 
poor crop as a result of uo ~vert the drain water. The e felt that 
quate preparation of th l sing drain water appears to h cause of hh 
without having the soile and to receive the high sali :;e been inade. 

solution salinity rise too hig~. y drain water 

. That experience wast~on District would . an .unplanned event, but the 
reducing the volume of l~ke ~ts drainage water to be Imperial Irriga . 
conservation progr ~nflow to the Salton sea As used, there by 
from its draina e a;• the distriui:; allows any 'user part. of its wate~ 
pay for the div~rte~ys o: the New and Alamo Rivers ~~tdh~vert direct ly 
program' no farmer h:Sa ~r. However' in the nearly 10 out having t o 
water. The Univer . c osen to irrigate his c years of th 1~ 
the u.s. Salinity ~;y of California at Riverside r~ps using drainag~
draina~~:e water fo i oratory, has been conductin; n cooperation wit h 
Strategy for Usi~ rriQ:ation tn I"l!l<>"t~. l v,._ll.<>v, :o expe,riment using 
experiment and is :ch~~~~~~ :aters for Irrigation" "l~e~~f oaper, "tle ll o be presented at this ' f ers to t ha t I con erence 

mperial Valley's •available at experience has been th:;"~'.:'~,~~~~~::E~;;,~o:!,~~; ~;1d~~:~~;.~~Y;~~;:.~~:~h ,:~;:',~: 
management problems r ev~n ~f that water is free ~s no . ~ncenti v~ 
water, coupled with of usJ.ng high salinity water • The J.ncreas ed 
poor-draining land reduced yields from using high rat her than fre sh 
compete with others,f have led farmers to conclude e~hs~linity water on armers if they used th f . a they could note ree dra~n water 

Grand Valley Colorado . • 

Irrigati on in Grand Vdiscussed b J , alley, located in w t(28,900 ha) :re o.hn . w. Keyes, III ( 11 ). App;Zx~central Colorado, was 
diverted f ur~gated with about 630 000 mately 71,500 tcry 
ft/yr (160r~m 1tg~ C~~orado and Gunnison' Rivearc:e-~t.:yr (770 x 10 m ) 
remainder returnsmto :: tecr is consumptively 'usedo~~d130,000 acre­
through 1 6 e olorado a nd Gu . most of t he 

97(~.67 milli~h~:~c~v)~ragAebos:linity of the ir~~~=~~o:~:~:~·w/rom 197 4 ~~eld tailwaters and l t 40,000 acre-ft/yr (49 340 s -}983mg/l ~::;7,";' t i~~ :: lowoc ,.:::';.; ;;,~·~:,;~;"~,~'~r'o,lloofod ._:, 
1 

;'.,:.,) ,~; 
salinity o~ sur;cre-ft0 per year (123:350 x 103he j)tal tailwater of 
1,400 mg/1 ( 2 7 ac~ and subsurface return flow i G m • The co mbined 

1
• m~llimhos/cm) in 1976. n rand Valley averaged 

Under Colorado law a

;;~~"~[y ·.~~~:',;~:. ·~~~~::;:·nJ::::~·:.~n~';:~~;:,·~~;. ·~:::'~~;
A~y ::;s~~eatmen~ accorded the divert e~l.~~\:orhthat water, with no 

or ent~ty wh o wis h e :!.gh sal<nity t 
obtain. a permit f t e s to ma ke use of d . • water mus t er.or hat diversion h. raJ.nage wa 
pred1cated upon all th . • w J.Ch permit would h . .
though there may b do . e r perml. ts in that r i ver sy t ave a pr J.orJ.ty 
· f th e raJ.nage wa ter phy i s em. Thus even 
l. e existing water r i ghts permit t s cally ava ilable for div:rs ion . s otal more than the river's flow: 
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~e lowest prioritY permit, for drainage water, would be the first one 

10 ha'fe to cease diversions. 
In these circumstances, there is no incentive for a farmer with .. 

dghts to fresh water to choose to divert waste water, since, if there 
IS anY fresh water available for diversion, he can take the fresh 
vater. While the irrigated lands in the Grand ValleY have decreased 
over the years for a variety of reasons, the prime cause is poor 
n nancial returns from irrigating with low qualitY waters at the low 
end of the valleY rather than the lack of a water supplY· 

In the absence of anY changes in Colorado water law, irrigators 
wo uld probablY not choose to use saline waters; accordingly, Grand 
ValleY return flows, a major contributor of salt load to the Col<',..ado 
P.iv.er system, probablY will not be economicallY utilized for an irri­

ga tion water supply. 

~thern San Joaquin Valley, California 

There have been manY studies of the water supply problems of the 
southern San JoaQuin Vallev, California, comprising the counties of 
Y. ern, Kings, and Tulare. In 1977, there wer e about 2,243,000 acres 

' (907,700 ha) (5) irrigated by a combination of surface and ground water 
3upp lies , ~ith a groundwater overdraft of about 955,000 acre-ft/yr 

I 
(1 ,178 x 10 m3) (6). surface water is available to the area both as ~treamfloW from the southern Sierra Nevada mountains and as imported 
wa t er through the California State Water Project and the Bureau of 
Reclamation •s Friant-Kern Canal. The naturally-occurring streamflows 
have been fullY developed, and the imported supplies are fullY commit­
ted by contract. Thus, any future increases in irrigation will depend 

'\ 
upon future importation projects or on increasing ground water pumping.

I The present overdraft, however, is already too high to permit anY 
s ignificant increases in ground water pumping and has caused severe 

I 
l and subsidence at several locations throughout the area. 

t (,,, 
In addition to problems resulting from overdrafting of the 

l 
southern San Joaquin Valley groundwater basin, the area has been ex­
periencing an increase in lands with drainage problems (3) to the 
extent that there have been numerous studies made of the problems and 
alternative measures to alleviate the problem. A few of the more 
recent studies are cited herein (4, 5, 13, 14, 15, and 16). Because 
there is no natural outlet for the southern San Joaquin Valley, irriga­
tors have not been able to install the needed buried drainage lines,

l for t he :-e is no place that they can dispose of the drainage effluent. 
The San Joaquin Inter agency Drainage Program was organized in 1975 by l 
Cal ifornia and the u.s. Bureau of Reclamation to plan for agricultur al 
drainage and salt management covering the northern and southern San 
Joaquin Valleys. The final report on the program was issued in 1979 
and presented five basic alternatives and a recmmended plan that 
combines the maximum feasible reuse of drainage water with the export 
of the unusable water by canal to the San Francisco Bay. 

One possible means of maximizing the reuse of the saline drainage 
water would be the desalting of a portion of the water. Smith and 
Br ice ( 14) reported on studies of reverse osmosis desalting procedures 

http:prJ.orJ.ty


210 
WATER: TODAY AND TOMORROW I HIGH SALINITY IRRIGATION 211 

for the drainage water. Because of the need for water in the Southern 
San Joaquin Valley, the study concluded that desalting, with a cost or 
about $300/acre-feet, would provide a potentially cost-effective alter­
native water supply to the valley agricultural areas. 

The possible conveyance Of treated Urban waste Water from the San 
Francisco Bay area to the Southern San Joaquin Valley for reuse was 
reported on by Harnett and Hall (8), who concluded that with a depend­
able delivery of about 3~0,000 acre-ft/yr, the waste water could be 
delivered for about $275/acre-ft. They reported that market surveys 
indicate an interest in using the reclaimed water in the Southern SanJoaquin Valley, even at that cost. 

While these studies indicate that the southern San Joaquin Valley 
may be willing to pay very high prices for the desalted and treated 
water supplies, the unique conditions in this area should be recog. 
nized as creating a special marketplace for the water. First, the 
additional water would only be a supplement to other significantly 
lower-priced wa:ter supplies available to the area farmers and would 
thus only represent a portion of a farmer's total annual water costs. 
Second, the areas requiring supplemental wate~ have only recently hP.P.n 
developed, and are growing high-income crops close to major domestic 
markets and export centers, in a very favorable climatic regime, with 
highlY-efficient irrigation systems aand farm managements. Third, 
prior to being developed for irrigation, the land commanded very low 
values and, in many cases, was owned by large corporations primarily 
for the underlying mineral rights; thus, there was a very small 
component of the land-water valuation r epresented by the value of the 
land and there was a large increment in that valuation, after irriga­
tion commenced, to pay for supplemental water supplies. 

SUMMARY AND CONCLUSIONS 

Of the areas that have been considered as potential users of 
saline water, it appears tha t the southern San Joaquin Valley is the 
most likely candidate for such wa ter. Because of conditions peculiar 
to that area, the additional management costs of using drainage water , 
coupled with reduced market returns from growing lower valued but 
higher salt tolerant crops, apparently can be tolerated by the Valley 
growers. In most irrigated areas of the United States, though, the 
significant problems encountered in the use of saline water will tend 
to discourage its use in lieu of fresh water wherever there are suffi­
cient supplies of fresh water. However, where fresh water supplies are 
scarce and the cost of additional fresh water is high, as in the 
southern San Joaquin Valley, then there appears to be incentives to use 
saline water, provided that it can be made available at a price to 
enable farmers to economically compete in the market place. 
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HIGH PROOOCriVI'I'Y FRa1 Hl\LOPHYTIC rnDPS 
us:rn:; HIGm.Y SALINE IRRIGATIOO WATER 

James w. O'Leary* 

I 
;..as'ffiACl': Several halophytes (plants with toierance of extremely high 
salinity) have been screened for their potential use as crop plants. 
~any have been found to have high protein contents in both foliage and 
seeds, and some have high seed oil content as well. Sane of them have 
~ grown under field conditions and irrigated with water at several 
salinities, from mildly saline to hypersaline (greater than sea·,,ater 
salinity). Yields have been achieved at the highest salinities that 
exceed the average yield of crops such as alfalfa, irrigated with 
fresh water. Digestibility, nutritional value, and acceptance by

l animals is excellent. 

I For all of the obvious reasons enumerated so many times in the 
rast, it is inevitable that an increased percentage of our crops will 
have to be grown in the future with water considered too brackish or 

I saline by today's agricultural standards. Recognition of this fact is 
i 

I 

attested to by the high level of attention given to research designed 
to improve soil and water management-practices and to increasing crop 
tolerance to salinity. The soil and water management practices that 
will be required in the future scenario involving use of increasingly
brackish or saline water for irrigation are relatively independent of 
the types and sources of plants used as crops. HCMever, the 
development of crops with the required level of salinity tolerance can 
be accomplished in two rather diverse ways. One is to use selectionI and genetic improvement to increase the salinity tolerance of our f; present crops. This is an approach that has been, nCM is, and will 
continue to be an effective way of making incremental gains in 
increasing salinity tolerance. HCMever, an alternative approach with 
equal, or even greater, probability of success is to search among the 
wild plants that already possess extremely high salinity tolerance for 
those that have the appropriate characteristics that might make them 
desirable crop plants. 

A large percentage of the worid's plants grCM in environments 
with inhera~tly high salinities and have been naturally selected for 
their ability to grCM and thrive under those highly saline conditions. 
These plants are called halophytes (literally, salt plants). Even 
though most plants sel ected for domestication over the past 10,000 

*Associate Director (Sci ence), The University of Arizona, 
Environmental Research Laboratory, Tucson International Airport,
Tucson, AZ 85706. · 
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years or so have come from environments that are not especially 
saline, there is no good reason to believe, or even suspect, that 
there would not also be representatives among the halophytes of the 
world with foliage having forage values as good as alfalfa or seeds 
equally as nutritious as wheat or soybeans. Nor is there any good 
reason to believe that the saire selection and breeding successes that 
resulted in improving the desirable characteristics of the wild 
progenitors of our present-day crops would not also be successful when 
a~lied to those wild halophytes that have potentially useful crop 
characteristics. Taking advantage of the knowledge gained during the 
danestication of our present crops, coupled with the new genetic 
techniques that soon will be available for making specific 
improvanents, significant accomplishments should accrue within decades 
rather than taking thousands of years. We have been collecting 
halophytes fran around the world for the :tast five years and have 
assembled a germplasm collection of well over 1000 accessions so far 
and continue to add to it. Using plants fran this source, we have 
begun the accelerated danestication process, and the results so far 
are extremely encouraging. 

The plants fall into two categories. Sane of them can be found 
growing under saline conditions, but they actually grow much better on 
fresh water, and there is a steady decline in growth with increasing 
salinity. These are called miohalophytes. Very fEM of these will 
tolerate salinities a~roaching that of seawater. Q1 the other hand, 
there are those that actually require a reasonably high salinity for 
best growth, showing increased growth up to about 5 to 10 :tarts r:er 
thousand (ppt) total dissolved solids (TDS) and then a gradually 
declining growth with increasing salinity. These are called 
euhalophytes, and they tolerate salinities up to and even exceeding 
that of seawater. 

PBOOOCI'IVITY 

Several of these have been grown under cultivation and irrigated 
solely with seawater (2). The rrost productive halophytes yielded the 
equivalent of 8-17 tonnes of dry matter per hectare (Table l). This 
compares favorably with a conventional forage crop such as alfalfa 
grown on fresh water, which yields 5 to 20 tonnes of dry matter per 
hectare annually (8). 

Table 1. Annual productivity of selected halophytes irrigated with 
40 ppt seawater at Puerto Penasco, SOnora, Mexico. 

Species 

8triplex lentiformis 1794 
~ ooritirra 1738 
Atriplex caoescens 1723 

subsp. linearis 
Salicornia eurqpaea 1539 
8trirl0x barclayana 863 
8triplex nuumilaria 801 

HIGHLY SALINE IRRIGATION WATER 

such as alfalfa usually are 
since forage o~ fodder c:psit was of interest to investigate 

harvested several tl.IleS ~r ye ' cr to tolerate multiple 
the ability of these potentlal hal~~fec~this had on annual yield. 
cuttings per year and to see anted in October' 1980' irrigated 
rour species of [\triplex were ~ d to a height of 30 em three tires 
eolely with seawater, and cllppe antin (Table 2) • There was 
ruring the first 16 .rronth~ after fentifo~s. and A· ~nescens 
significan~ m<;>rtal1ty m A. annual productivity was reduced 
mJbsp. lmeans, and th~ the other hand there was little or no 
substantially as a resft• and A mmi!lll~ria, and the annual 
rortality in A. ~;c ~ nsi.derably by 170% and 160%' 
oroductivity w~ mcretha righ~ at the ~r level of the annual 
. =-<>ctively, which puts em 
r~~r- f alfalfa grown on fresh water •yleld range o 

I 
oductivity and IOOrtality of ,[l.!:.ri,plex spp. planted

Table 2 • l\nnual.pr d 1'~ to a height of 30 em the succeed-in Aprll 1980 an c 1~~-y 
ing october' January' and August • 

Percent 
Mortality 

Speciest 32,336t ]l. wrclayana 0i 2,080 
~ l\.. n!llli!Ullar ia 201,4561 Jl, lentiformis 401,104i l\.. ~esc~ . 

subsp. Jmeans 

. hi her ields when grown with water
There is potentlal for even g Y . ificant amount of 

of lower salinity• Plants.have ~~s~~~s~ia~~fwith tolerating the 
their available en7rgy :!:11 pr t (5) The higher the salinity, the 
high salinity in thelr en':'uonrnen . • ..._ . f halophytes that are1i xpenditure reqUlred. .u,us, · · t 
greater the energy e. sal' 'ty are grawn on water of lower salll'll y,r tolerant of very h~gh U:U to handle the salinity problem. 
much less energy l~ r~redtotal amount of energy available to the 
'lbeoretically' assunung (. e substrate) can be allocatedt plant remains the same, IOOre en~rfl' ~ •tolerate and grow well on

l to growth. Thus, if plan~s ~t is far less saline, such as 10 ppt, 
seawater are gr~ <;>n wa er .derable energy subsidy which could be 
they should be re:el':'~g a ~ns~ her dry matter production. We tested 

I 

translated into slgmflcan~ Y g al haloitlytes at salinity levels 
this hypothesis py growln~O se~e{well beyond seawater) (3). ~sing

\ ranging from fresh wat7r tof ~- t-ease" scenario for use of hiCJhl:.Y 
10 ppt as representative o ~ ors oblems associated with S0ll 
saline water in irrigated a~lcul~~~p~eal limitation to the maximUm 
and water rranagement assum to found that there is an 

.salinity that w~l ~ t=~~~~' inw~O widely differing halophytes
approximate ooublmg o gr sal. · t versus grcwth rate when 
when irrigated with water of 10 ppt lnll Y 1 salinity [\triplex 
. . .th t r of seawater- eve •
ungated Wl wa e . ter rowth rate at 10 ppt. In 
lentiformis, e.g., had 1.7 tl.Ile~g~~ex 6a,rcl~ had four times the 

I other work, we found that np )
dry matter yield at 10 ppt as it did at 30 ppt (6 • 

1 
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lVIRITIONAL VALUE 

Depending on the age of the plant tissue at harvest and - the 
salinity on which the plant has been. gr<Mn, we have found that the 
protein content of 110st halophytes examined so far ranges fran 10 to 
20% of the dry weight (6). AtripleK lentifornri§ and Atriplex 
barclayaoa, e.g., grown on seawater, had 16.7% and 11.6% protein 
content, respectively (2) • For can.I;arison, alfalfa ranges from 12% to 
22%, with an average of 16.9% (1). Fat and fiber contents compare 
favorably also (2). The negative aspect of using halophytes as forage 
or fOdder is the high ash or salt content of the foliage. This can be 
as high as 40% c.f the dry weight (6). AtripleK lentifornria and 
A. barcla:ama grown on seawater had ash content of 27% and 33%, 
respectively. 'Ibis reduces the yield values significantly if ash-free 
dry matter is the basis for COm.I;arison, but nevertheless, because of 
the high total yield and the relatively high percentage of protein, 
the 110st productive halophytes (Table l) yielded the equivalent of 0.6 
to 2.6 tonnes of protein per hectare when gr<Mn on seawater (2), 
comp:1red to typical alfalfa yields of 0,5 to 3 .o tonnes of protein per
hectare when gr<Mn on fresh water (8). 

The high salt content of the foliage also is a constraint to 
consumption by animals. Thus, use of such materials probably will be 
limited to use as a component in a feed mix rather than as a sole 
source. Salt content of the tissue is not a problem with seeds, 
however. Even though the vegetative tissues of a plant may contain 
extremely high Salt content, the seeds of those same plants normally 
have low salt levels, even when irrigated with highly saline water(Table 3). 

Table 3. Ash, protein, and oil content of some halophyte seeds, as 
percentage of dry weight. 

Species Protein Oil Ash 

Atriplex triaogularia 16.4 9.4~ edentula 3.528.6 51.2 5.2~maritima 21.5 47.1Crithmum maritimum 5.021.5 41.4Kosteletz~ yirginica 8.0 
18.1Salis::Q.t:Dia !i:U.t:QPa~a 

23.8 5.0
30.2 28.0 7.5 

Furthermore, the protein and oil contents of the seeds are high. The 
oil contents can.I;are favorably with conventional oilseed crops such as 
soybean and safflailer, which have 21% and 30% oil contents, 
respectively (7) • Investigation of halophytes as potential seed crops 
has not been pursued as vigorously as has been the case for use as 
forage and fodder crops, but it certainly seems that this would be
profitable (6). 

HIGHLY SALINE IRRIGATION WATER 

DIGESTmiLITY AND ACCEPI'ABILITY BY ANIMALS 

. ss'ble in the shortestIn order to survey as many spec1es ':ls po 1 animal feeding 
s.1ble time as a prelude to conduct1ng l':lrge-scale di' tibility 

r-es d ted 1· n vitro orgamc matter gestrials, we have con uc Folia e samples were 
studies of 45 dif~erentume~~run~uf~!~ ·inoculum lollowed by 48-~r
incuba~ed ~or 4~dhr lD. a r At the end of this time, the amount of ln 
cligest1on 1n ac1 peps1n.. (IVOMD) was measured. The IVOMD 
vitro organic matter diedsaFar~~1 to 87 .2%. Standard alfalfa 
for the 45 plants rang ~om ~ sample had IVOMD of 64 •3%. 
s<urq?les, included as a r e~~alues in , excess of the alfalfa 
'Ihlrty-fiv~~ the h~;''g:sp~:nts grown on fresh water were ccrn.I;ared 
value. samp 'th salt content up to 20 wt;, there was no
with those grown on water W1 . . t In fact in sane cases,
det · tal effect of the sal1mty apparen • ... ' ther~ was actually higher at the higher sal1n1t1es. 

. 'ted feeding trials have been conducted wi~ goats using 
LJJnJ. . . d A barcla~ana grown w1th seawater 

Atriplex lent1fm:!JUS an • s wereincluded as 25% of the total 
irrigation (9) • When the h~op~e h · h The A lentif2!mi.s 
diet acceptability and digest1on were ~g • . . • ptability
se~d to be definitely superior to A. barclayaoa 1n acce 
and digestibility• 

crncLUSICNS 

. ·~~, 1' 'tations to use of highly saline water for
The b1olcg~....:u. J.nU 'f th increnental increasesirri ation do not sean to be great. Even 1 e . h or 

in ~lt tolerance of pre~t ~ro~~~toot~~;r: r~~1~n=~Ional 
if there is ~ ~e~~ced o~e~e is great promise in finding suitable 
crops canno 'hy f the world This approach has not 
crop p~ants ~nlg the hal~p f~~s ~ery long yet, but the results so far 
been mtens1ve Y pursue f hi hly saline water for 
lead to the e<;>nclusion th~t .~ ~:! b~ the ~roblems associated with 
irrigation will be cons ra1thn by plant tolerance of the highsoil and water manag~•t an 
salinity. 
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Recommended Irrigation Schedule Terminology 

By the On-Farm Irrigation Committee of the 
Irrigation and Drainage Division 

It is axiomatic that to optimize crop production and irriga­
tion efficiency, that the water supply must be flexible in: 
(1) frequency to supply water to various crops on different 
soils when it is needed; (2) rate to match the field size, 
irrigation method, and soil intake rate, and should be modi­
fiable during a set as conditions change; and (3) duration 
so that flow can be cut off when an adequate depth has been 
applied, 

I 
To facilitate communications concerning the various combina­
tions of restraints on the three factors, a standardization 
of terminology is needed. The following Table 1 is proposed 
by this committee. It is based on a similar table presented
in an American Society of Agricultural Engineers Proceedings 
paper (3) the terminology of which was reviewed and infor­
mally discussed and accepted as modified in a committee, It 
has been thoroughly discussed in this committee and its use 
is recommended for basic terminology. Variations and elabo­
rations have been developed (4) and additional adjectives 
can be employed, but the basic terminology should be 
retained for simplicity. Predecessor descriptions were 
developed in references (1) and (2). 

The schedules are broken into three groups. The flexible 
DEMAND schedules are user controlled and require no communi­
cation between user and supplier. The ARRANGED schedule 
require communications to agree on the arranged conditions. 
The rigid ROTATION schedules are supplier determined. They 
require no communication system, and while they could be, 
they are infrequently modified dur i ng an irrigation season. 

Frequency restrictions affect on-farm cropping patterns, 
reduce crop production per unit of area and unit of water, 
many often cause over-irrigation and consequently drainage, 
fertility, and labor problems. They have indifferent 
affects on system capacity and cost. 

Rate restrictions affect the selection of the irrigation 
method and its effective use, have a major affect on labor 
requirements unless an on-farm reservoir is constructed, and 
inhibit obtaining satisfactory irrigation efficiency val ues 
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