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PRACTICAL PROSPECTS FOR HIGH SALINITY IRRIGATION
by Vernon E. Valantine, F., ASCE#*
ABSTRACT: '
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irrigated areas developed
this paper. Ped using poor quality water, are discussed in

INTRODUCTION
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Cothity ifpects of the water supply for that land, Water
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ki o eduction in overseas sales, Previously dependeé
N e arge percentage of the annual production and as a
severaf most erops are at depressed levels. For the’next

Years, there will probably continue to be intense competition

in marketing crops, as
demands. PS, as production capacity generally exceeds the market

In this type of economic environment,

strive to decrease their Operating costs afarmera must continually

nd increase their yields.
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They have little incentive to develop new lands for irrigation unless
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 erops 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 concentration 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 fraction. and
the soil characteristies, 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
yields will begin to decline.

Hoffman (9) relates the salinity of applied water to crop salt
telerance 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 measures, 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/l. This
factor was used by Ayers and is also valid for water with a chemiecal
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/l) : No special management problems
Moderate: 0.75 to 3.0 (480 to : Increasing management problems

1920 mg/l) :
High: > 3.0 (1320 mg/1) : Severe management problems

4.
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rareful management to keep the soil solution below the threshhold level
t=r his crops. However, there will be increased costs, both in capital
;=vestments and in operating costs, in these management efforts, which
sosts must be considered as being due to increases in the salinity of

1~e applied water.

Any additional costs resulting from the use of more saline water
zust be counterbalanced by lower costs in some other parts of an irri-
gator's operations in order for the farmers using the poorer quality
«ater to be able to compete. With most other costs fixed, this means
that if the water available for a parcel of land is salty, the land
tust be available to the farmer at less cost than if good quality water
vas available. Irrigators must be able to compete economically or they

sannot continue their operations.

POTENTIAL FOR USE
ae WIGY 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
use of saline water in three of these areas is considered in the
following paragraphs. The areas reviewed are the Imperial Valley in
rfalifornia, the Grand Valley in Colorado, and the lower San Joaquin

¥alley in California.

imperial Valley, California

Imperial Valley, located in the southeastern corner of California,
relies on Colorado River water conveyed to the Valley through the All-
imerican Canal, since the local ground water is saline and there are no
surface water supplies. The imported water is distributed by the
Imperial Irrigation Distriet through a network of canals and laterals,
as deseribed by Valantine (17). The district delivers irrigation water
to over 500,000 acres (202,000 ha), with approximately 50,000 acres
{dle in any one year. The total water charge is about $9.50 per acre-
ft. During 1975, a fairly t%pi al year, the distriet 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/l (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
increase the lands in California that would be irrigated from the

Colorado River.

Because the soils in Imperial Valley are predominantly slow
draining, 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
drains 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/l.
As the district continues 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)
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sne lowest priority permit, for drainage water, would be the first one
1o have to cease diversions.

there is no incentive for 2 farmer with

rights to fresh water to choose to divert waste water, since, if there
er available for diversion, he can take the fresh
ds in the Grand Valley nhave decreased
ars for @& variety of preasons, the prime cause is poor
rrigating with low quality waters at the low
than the lack of a water supply-

In these circumstances,

sver the Y€
rinancial returns from i

end of the valley rather

in the absence of any changes in Colorado water law, irrigators
would probably not choose to use saline waters; accordingly, Grand
yalley return flows, a major contributor of salt load to the Colorado
giver system, probably will not be economically utilized for an irri-

gation water supply.

ssuthern San Joaquin Valle california

There have been many studies of the water supply problems of the
southern San Joaquin Valley, california, comprising the counties of
vern, Kings, and Tulare. In 1977, there were aboub 2,243,000 acres
(07,700 ha) (5) irrigated by & combination of surface and ground water
i.tg a groundwater overdraft of about 955,000 acre-ft/yr

) surface water is available to the area both as
streamflow from the southern sierra Nevada mountains and as imported
water through the California state Water Project and the Bureau of
Reclamation's Friant-Kern Canal. The naturally-occurring streamflows
nave been fully developed, and the imported supplies are fully commit-
ted by contract. Thus, any future jnereases in irrigation will depend
upon future importation projects or on increasing ground water pumping.
The present overdraft, however, is already too high to permit any
significant increases in ground water pumping and has caused severe
jand subsidence at several locations throughout the area.

In addition to problems resulting from overdrafting of the
southern San Joaquin Valley groundwater pasin, the area has been eX-
periencing an inerease in 1ands 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 pburied drainage lines,
for there is no place that they can dispose of the drainage effluent.
Trhe San Joaguin Interagency Drainage FProgram was organized in 1975 by
California and the U.S. Bureau of Reclamation to plan for asr'icult.ural
drainage and salt management covering the northern and southern San
Joaguin 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.

mizing the reuse of the saline drainage
n of the water. smith and
alting procedures

One possible means of maxi
water would be the desalting of @ portio
Srice (14) reported on studies of reverse osmosis des
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for the drainage waten,
San Joaquin Valley, the study concluded that deaalting,
about $300/acre-f‘eet, would provide a Potentially cost-e
native watep Supply to the valley agricultural areas.

with a cost of
ffective alter.

The possible conveyance of treated urban waste water fronp the 3an
Franeisao Bay area to the Southern San Joaquin Valley fop reuse wag
reported on by Harnett and Hall (8), who conelude
able delivery of about 340,000 acre-ft/yr, the
delivered fop about $275/acre~rt,

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 smalj

land and there wWas a large increment in that Valuation,
tion commenced, to pay for Supplemental water supplies,

SUMMARY AND CONCLUSIONS

Of the areas that have beep tonsidered as

saline water, it appears that the Southern San Joaquin Valley is the
most likely candidate fop such water, B

ecause of conditions Peculiar
to that area, the additional management o Ty
coupled with reduced market returns fp
higher salt tolerant crops, apparently can be tolerate
growers. In most irrigated areas of the United Stat
significant Problems encountered in the use of saline watepr will tend
to discourage its use in lieu of fresh water wherever thepe are suffi-
clent supplies ol fresh watep, 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 farmeps to eéconomically compete in the Barket place.

Potential users of
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HIGH PRODUCTIVITY FROM HALOPHYTIC CROPS
USING HIGHLY SALINE IRRIGATION WATER

James W, O'Leary™

JESTRACT: Several halophytes (plants with tolerance of extremely high
salinity) have been screened for their potential use as crop plants.
vany have been found to have high protein contents in both foliage and
seeds, and some have high seed oil content as well. Some of them have
been grown under field conditions and irrigated with water at several
galinities, from mildly saline to hypersaline (greater than scawater
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 wvalue, and acceptance by
animals is excellent.

INTRODUCTION

For all of the obvious reasons enumerated so many times in the
past, it is inevitable that an increased percentage of our crops will
have to be grown in the future with water considered too brackish or
saline by today's agricultural standards. Recognition of this fact is
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. However, the
development of crops with the required level of salinity tolerance can
be accomplished in two rather diverse ways. One is to use selection
and genetic improvement to increase the salinity tolerance of our
present crops. This is an approach that has been, now is, and will
continue to be an effective way of making incremental gains in
increasing salinity tolerance. However, 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
these that have the appropriate characteristics that might make them
desirable crop plants.

A large percentage of the world's plants grow in envirorments
with inherently hich salinities and have been naturally selected for
their ability to grow and thrive under those highly saline conditions.
These plants are called halophytes (literally, salt plants). Even
though most plants selected for domestication over the past 10,000

University of Arizona,
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years or so have come from enviromnments that are not especially
saline, there is no good reason to believe, or even suspect, that
there would not also be representatives among the haloph 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 same 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
applied to those wild halophytes that have potentially useful crop
characteristics. Taking advantage of the knowledge gained during the
domestication of our present crops, coupled with the new genetic
techniques that soon will be available for making specific
improvements, significant accomplishments should accrue within decades
rather than taking thousands of years, We have been collecting
halophytes from around the world for the past five years and have
assembled a germplasm collection of well over 1000 accessions so far
and continue to add to it., Using plants from this source, we have

begun the accelerated domestication process, and the results so far
are extremely encouraging.

The plants fall into two categories. Some 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 michalophytes, Very few of these will
tolerate salinities approaching that of seawater. On 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 parts per
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.

PRODUCTIVITY

Several of these have been grown under cultivation and irrigated
solely with seawater (2). The most productive halophytes yielded the
equivalent of 8-17 tonnes of dry matter per hectare (Table 1). 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 Puertoc Pefiasco, Sonora, Mexico.

Productivit!

Species (gDW m™“ y™°)
Atriplex lentiformis 1794
Batis maritima 1738
Atriplex caneccens 1723

subsp. linearis

Salicornia europaea 1539
Atriplox barclavana ; 863
Atriplex nummilaria 801

S———
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& letifornis 1,456 40
;}; = 1,104

ge&?e;viaﬁglgyoenergy in processes associated with tolerating the

3 i i . The higher the salinity, the
high salinity in their enviromment (5) 'mus,gt:il.f nehophytes that are
Facane of very high saliity ace grom, o witer 28 (0L S
e misingreqttliieredtot:g arhu%nmitlzeof energy available to the

i - ‘
gﬁie?msa%ly'thzsm, more energy (i.e. ;:.o iﬁ:gateagldcagrgi alw:{e.giatig
owth if plants that can
tseawao grt T 'arzhu:;ozfn on water that is far less saline, iﬁ?chacs:oﬁdm;é
th s;ould be receiving a considerable energy mgéditim e
tr?yanslated into significantly higher dry matter pr ut sal;.nity ek
this_hypothesis by growing several WAOEWES S 375" “ysing
ing from fresh water to 40 ppt (well bfyon se e bea N HEgHLY
i(a}n%ptg as representative of a "worst-case" scenarlo :gied b aall
saline water in irrigated agriculture (problems E}SSOCti e e .
and water management assumed to be the real lm‘cathagn oo nmurfmis =
calinity that will be tolerable), we found 0 G o halophiybes
' lglxgnate Goubling of growth rate in 10 widely differing ha oFby o0
3% irrigated with water of 10 ppt salinity ege:sgil ?_rniwty .
irrigated with water of seawater-lev o T B
lentifornis, e.ge, had 1.7 times greater growth rate ot = Yol oo
other work, we found that _m;:mlex‘ Ky Gl times
dry matter yield at 10 ppt as it did at PRt o
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NUTRITIONAL VALUE

Depending on the age of the Plant tissue at harvest and - the
salinity on which the plant has been grown, we have found that the
protein content of most halophytes examined so far ranges from 10 +to
208 of the dry weight (6). i is and Atriplex

r €.9., grown on seawater, had 16.7% and 11.6% protein
content, respectively (2), For comparison, 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% cf the dry weight (6). Atriplex is and
A. grown on seawater had ash content of 27% and 333,
respectively. This reduces the yvield values significantly if ash-free
dry matter is the basis for comparison, but nevertheless, because of
the high total yield and the relatively high percentage of protein,

to 2.6 tonnes of protein per hectare when grown on seawater (2),
compared to typical alfalfa yields of 0.5 to 3.0 tonnes of protein per
hectare when grown 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 salf 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 triangqularis 16.4 9.4 3.5
Cakile edentula 28.6 51.2 5.2
Cakile maritima 21,5 47.1 5.0
Crithmm maritimm 21,5 41.4 8.0
Rosteletzkyva virginica 23.8 18.1 5.0
Salicornia europaea 30.2 28.0 7.5

Furthermore, the protein and 0il contents of the seeds are high., 'The
oil contents compare favorably with conventional oilseed crops such as
soybean and safflower, which have 218 ang 308 oil contents,
respectively (7). Investigation of halo fytes as potential seed crops
has not 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),
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DIGESTIBILITY AND ACCEPTABILITY BY ANIMALS

survey as many species as possible in the shortest
ssi}?lleor?i;etoas a prelude to conducting large-scale ani:nal ébeedliintg
gials we have conducted in wvitro organic matter diges i
i e e e S e
incubated for 48 hr in a r ui Ry ooy igetia e frnd
ion in acid pepsin. At the end of this time,
s s miths dispmmernes Trod) v feagnes, e ot
ran rom . 2%,
i ig: 5 lﬁilaﬁxd asg a reference sa:rpl_ e, had IVOMD of aﬁ éﬁ'a.l
'Ifﬁty—%ive of the halophytes had values in excess of the =
v.alue. When samples from plants grown on fresh water weﬂ:;e r;:t::mpa.r'm_}l"5 .
with those grown on water with salt content up to 20 pet, there s &
detrimental effect of the salinity apparent. In fact, in some '
the IVOMD was actually higher at the higher salinities.

i eedin i been conducted with goats using
Atriplex me ;rrxéalsa-havgamlﬁzam grown with seawater
irrigation (9). When the hzllophszl_:es wewzieinﬁ;ged a.gh ESE of the total

i ptabili and digestion . h 5 lgnj;q.fg.m_ s
dselgt;d ggcge definiiai-tely superior to A. barclavana in acceptability
and digestibility.

CONCLUSIONS

i imitati i saline water for
biological limitations to use of highly ;
irrigghtlgon (Ji-o ggt seem to be great. Even if the mcrerre.t}tal increases
in salt tolerance of present crop plants do not come rapidly enough ncaai
if there is a threshold beyond which saltt ;géiizxe':cem gfm m:ﬁltgb 2
crops cannot be advanced, there is grea | dmgCh e

the world. This approa
crop plants among the halophytes of s DOy Sicoue o W
been intensively pursued for very long yet, : il 5
nclusion that the use of highly saline wa E
i??fg;gxﬁe sc-:?.ll be constrained more by the problems assoc:_i;.ed \;llgtim]
soil and water management than by plant tolerance of e

salinity.



218 WATER: TODAY AND TOMORROW

REFERENCES
L Ensm@nger,_ M. E. and C, G. Olentine, Jr, 1978,

s « Ensminger Publ, Co., Clovis, California,
2. Glenn, E. P, and J W. o'

: . P. . . Leary, . i
irrigation requirements of halo ryg groigszith sﬁ::gggﬁiv;ty i
Sonoran Desert. J, Arid Envirorments (in press). ol

3. Glenn, E, P, and J. W, Of
? - - - . 1984.
accumulation and water mt of diRcotyEIaledoumnousp bgglweenaphmsalt
Plant, Cell, and Environment 7 {in press). E
4. Moore, J, A., R, § Swingl

: « Auy R, S. le, J, W. O'Leary, E. P. Gl
Sgi:;:ﬁt pliﬁgi' Prég v;:;: organic nattér digestiggg{tgngfLéafE
S or ern Sect., Amer., Soc, Animal Sci,

5. O'leary, J. W 1979 i
« W . Yield i
;ﬁrcghytgs, Py 57498 in eiy potential of halophytes :gd
s Re in and D, K, ington :
L 724ﬁ;§hn K. North + ICASALS, Texas Tech,
6. O'leary, J. W. 1984, The role ©f halophytes in irrigated

7e

3.

agriculture, pp. 397-414 in & Tolerance Plants,
ed. by G. A. Toennie: i P
5 Rl ssen and R, C, Staples. John Wiley & Sons,

Swern, D. (ed.) 1964, i Industrial
Products.” John Wiley & Sons,; N.Y., 795 pp. W B, B
USDA. 1980, Agricultural Statistics 1980, Washington, D.C

Government Printing Office, 603 pp,

Wiley, S. T., R, S Swin
- . o . . gle, W, H. Brown, E. P, Gl
gpgg?g, and L. G Colvin, 1982, Evaluation of m““g&?.;fé';
e ,qu gn theindi hypegsgllne water and the effect of water
Amech;goc Nelr digestibility by goats, Proc. Western Sect
r. Soc. Animal Sci, 33:12-1%, I

—

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 adeqguate depth has been

applied.

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 commicttee. 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 during 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 values
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