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I ntroduction

Halophytes have been used as forage in arid ansédrareas for millennia. The value of certairtsal
tolerant shrub and grass species has been recddyzéeir incorporation in pasture improvement
programs in many salt-affected regions throughlo@ttorld. There have been recent advances in seject
species with high biomass and protein levels intmoation with their ability to survive a wide rangé
environmental conditions, including salinity.

Trees and shrubs can be valuable components ahgriands and can also serve as shelter and
complementary nutrient sources to grasses in addsamiarid areas. Their deep roots serve as soil
stabilizers and nutrient pumps and can lower saliaier tables.

Trees can provide shade for livestock and shrub$eaused as living fences. Leguminous speciesovepr
soil quality by fixing nitrogen.

In arid and semiarid zones, trees and shrubs rewera advantages over grasses as fodder. They are
generally less susceptible to seasonal variationarsture availability and temperature, and to. fwsually
less palatable than grasses, they can provideveesesupplementary feed sources.

In Africa, about 60 percent of the meat producaon about 70 percent of the milk production is framol
and semiarid environments. It is here that pastaresnost severely degraded and where the plaoting
trees and shrubs may be most helpful. The usdtetfodarant species in pasture improvement mayatiee
use of brackish water for irrigation.



In this section, salt-tolerant grasses, shrubst@es with potential for fodder use are described.

Grasses
Kallar Grass

Kallar grass (Leptochloa fusca) is a highly saléftant perennial forage that grows well even ineslagged
conditions. Its deep roots help open hardened andsharbor nitrogen-fixing bacteria. It recoverdivirom
grazing and can also be cut for hay. Pastures e@stablished from seed, but the use of rooted slijgtem
cuttings yields better results.

Kallar grass is widespread in tropical and soutl#drita, the Middle East, and Southeast Asia. Alitlo
largely indifferent to rainfall levels, it does rgte almost constant moisture for its roots. ltvgsdest in
waterlogged soils, lake or river margins, and caseeally flooded flats.

In Pakistan, March is the favored time for plantiAgeasonable stand of grass develops in a muuitth,
maximum yields during July and August, the monsseaison. Five cuttings can be obtained during the ye
with a total yield of about 40 tons of green fodderen during the winter months (November through
February) when the growth of grass is retardeihglescutting can yield 3 tons per hectare. Evés lthw
yield is valuable in salt-affected areas where &ifbdder is scarce. The grass appears palatableetp,
goats, buffalo, and cattle.

The qualities that allow kallar grass to grow weiber adverse conditions also contribute to itBtplho
compete well in rice fields and in irrigation camak a weed.

Silt Grass

Silt grass (Paspalum vaginatum) occurs naturallgnaddy seacoasts, in tidal marshes, and brackistysa
areas of tropical and subtropical regions. Eitlmecteor prostrate, it has tough, creeping rootsfands
dense mats. Once well established, it serves asfalypasture grass, especially in bog and seegrags
that stay wet with salty water. Although quite abie for grazing, it dries slowly and turns bladkem cut
for hay. It has been grown with water containingj dercent salts where ample water was applied for
leaching to avoid salt accumulation.

This grass has been found in coastal areas of st Wdies, Belize, Costa Rica, Panama, Venezuela,
Guyana, Brazil, Ecuador, Chile, and Argentina i Yiestern Hemisphere as well as in tidal swamps in
Senegal, Sierra Leone, and Gabon. It is widely fserevegetation in saline seepage areas in Aistra

The best means of propagation is through roots)exs) or sod; seeding is not effective.

The grass is sensitive to herbicides. Since shegpthe grass closely and prevent runners fromnizilag,
grazing protection must be provided until bare sus& covered.

Russian-Thistle

Russian-thistle (Salsola iberica) is a salt-toleeamual common in the western United States.viteils
adapted to survive under drought conditions, réaglionly about half as much water per unit of drgtter
produced as alfalfa. The crude protein contentuggian-thistle is in the 15-20 percent range aadthino
acid composition of this protein is quite similarthat of alfalfa. In a study in New Mexico (USAjpmass
yields of 10 tons per hectare were demonstrated.

Although salinity tolerance at germination is Isgedlings tolerate brackish water well, and thfgosure
seems to improve salinity tolerance in the lateyetative and reproductive stages. Moderate salievtgis
resulted in improved yields. Table 11 shows somiede data.



Salsola may also find use as an energy crop. Tagrrontent of field-dried Salsola is comparable t
lignite. It has been successfully compressed irtlets for use as boiler fuel.

Saltgrasses

Distichlis spicata is used as forage for cattler ddaxico City. Grown on 20,000 hectares of saltsfldhis
may represent the world's largest area devoted ioteoduced halophyte.

There are distinct seashore and inland ecotypesdashore ecotype has been grown with water agice
salty as seawater.

TABLE 11 Yield and Moisture Content of Salsola icarat Five Salinity Levels. (Saline irogation was
initiated six days after planting; harvest was @ggdafter planting.)

Irrigation @ Fresh Dry Moisture
Salinity Weight(g) | Weight(g) | Content(%)
(dS/m)

1.3 921.4 179.6 80.7

10.5 1,217.0 279.8 77.1

18.2 972.8 222.4 77.2

26.7 625.6 131.4 79.0
33.2 386.6 75.0 80.7

SOURCE: Fowler et al., 1985.

Another variety of Distichlis developed by NyPag.lhas growth rates and nutrient characteristrodai to
those of alfalfa. Yields of 20 tons per hectarg (uatter) have been reported using irrigation water
containing 1-2 percent salts. A perennial thattcéerate both waterlogging and long periods of diauit
appears suitable for use in many hot arid areasendadine water is available for irrigation.

Channel Millet

Channel millet (Echinochloa turnerana) is an uneated, wild Australian plant. Its most significaetature
is that in its native habitat it requires only agie watering to develop from germination to hatviss
always found in silty clay that cracks deeply wigdey and is subjected to sporadic flooding. Sitey ma
remain dry for years, but when flooding occurs gtois abundant. The seed will not germinate aftgnt|
rains; deep flooding is required.

Channel millet grows almost exclusively in the sdled "Channel country” of Queensland in inland
Australia, where it is recognized as a productpadatable, and nutritious fodder grass. The gmsin i
consumed by cattle, horses, and sheep. In additierieaves, calms, and seedheads are eaten biplike
and the whole plant makes excellent hay.

Little is known about the agronomy of channel nyjlfew attempts have been made to domesticatalit an
there is little documented information on its bgtagermination, growth, environmental requiremeatx]
yield. Laboratory salinity testing indicated tha@percent reduction in grain yield occurs at 24nal
Some species of Echinochloa are ruinous weedserfiglds. The weediness of channel millet is unkmo
but quarantine measures should be used in itegestiprevent inadvertent release.



E. crus-galli is reported to be a good fodder futtle, with its grain fed in time of scarcity. Eumentacea is
grown as a quickmaturing (six weeks) food cropnidia. Both are grown in Egypt on lands too salore f
other crops.

Cordgasses

Members of the Spartina genus are tough, long-tbgvasses found in tidal marshes in North America,
Europe, and Africa. These grasses have hollow sfeah®is) and rhizomes.

The hollow stems allow air transport from the leat@the roots during tidal inundation to mainta@robic
conditions in the root zone. Most Spartina speprepagate vegetatively by means of spreading
underground rhizomes, which grow new roots and b8deds are a less important means of propagation f
most species. These grasses survive salt watesading soils by excreting salt through special déaim

their leaves.

Spartina alterniflora (smooth cordgrass) is a(af8 m), robust species that grows closest to thiemline.
It transplants well and can be seeded under sonditams. S. folioso (California cordgrass) is gko(1
m) and produces less seed. It grows along the mestast of North America from California to Mexic®.
patens (salt meadow cordgrass) grows densely isheaiin the area of mean high water. S. patens has
historically been used for grazing or cut for hay.

S. alterniflora tidal salt marshes are importansaty grounds and sources of nutrients for aquatic
organisms. These marshes also provide food antah&ii wildlife, reduce shoreline erosion, and
assimilate excess nutrients from pollutants suckeasmge and agricultural drainage. Because ofghidjes
have been made of establishment methods and langstability of man-made marshes. In North Carolina
(USA), it was shown that, after four growing seasdhere was no difference in growth between a
transplanted S. alterniflora marsh and an adjacatural marsh. Biomass production of the two marshe
was similar during the remainder of the ten-yeadgt

Rhodes Grass

Rhodes grass (Chloris gayana) has been grown idriited Arab Emirates to supply fodder for a rapidl
growing livestock population. When irrigation wateith a salinity level of 6,000 ppm of dissolvedtsa
was used, the survival of seedlings dropped to. 2éoavever, when the grass was started in a nuesety
tufts transplanted to the field, normal growth was$ained with water containing a salt load of ud$000
ppm. Success was attributed to good soil draindgelifficulties were encountered in areas with deep
sandy soils.

In laboratory work with C. gayana, five succesgje@erations were grown on sand irrigated with NaCl
solutions up to 0.7 M (about 4.2 percent). The nsastessful survivors were found to have not onbater
salt tolerance but an improved ability to withstandltiple harvests even at salt levels of abou¢Zent.

Tall Wheat Grass

Tall wheat grass (Elytrigia [Agropyron] elongata)native to southern Russia and Asia Minor where it
grows in seashore marshes. It was introduced itralissmore than 50 years ago, where it has siee@ b
used for revegetating salted areas. A perenniialwell adapted to poorly drained saline soilghaugh it
grows moderately well on saline areas that are peemtly wet, best growth occurs where the soilstoiat
in the summer. Tall wheat grass can be establisbadseed. It germinates well but is slow to essdbl
Once a crown of stems develops near ground lavedni withstand moderate grazing.



Other Species

Sporobolus airoides, S. helvolus, and S. maderaspsitare all grown on sandy and saline soils iralad
fodder for horses and cattle. In Pakistan, irrmyatf S. arabicus with 17 dS/m water gave yield3.8fkg
per m2 per year. In recent tests, S. stapfianuodstrated salt tolerance comparable to kallar grass

Puccinellia dietans (North Africa) and P. ciliatsuétralia) are fodder grasses highly tolerant togg.
Puccinellia has been widely used on saline areAsigtralia. The plant is an outstanding pioneecsseon
bare salted land. Seedlings grow slowly and estiaivlent is most successful on bare areas whereisheoe
competition from other plants and where there aggmtion from grazing. Crude protein contents of 4
percent and digestibilities of about 50 percentcarmmon.

Hedysarum carnosum is a biennial fodder legumedbairs in eastern Algeria and Tunisia on saliag cl
soils. Native stands in southern Tunisia may y&{@D0-3,000 kg dry matter per hectare per yeara Dat
H. carnosum and other salt-tolerant Mediterranesinforage grasses are shown in Table 12.

Shrubs

Although shrubs such as the saltbush (Atriplex) laindbush (Maireana) occur widely on saline sdlisir
salt tolerance at germination is poor. Atriplex@ps have relatively narrow temperature rangesmunde
which germination will occur. As the external sadhcentration increases, the temperature range for
germination narrows. When saltbush and bluebustiepare sown on saline soils under natural rdinfal
conditions, there is a delicate balance betweepéeeature and salinity levels and the germinatich an
establishment of the seedlings. Such salt-tolestantbs may be started in nurseries before beinggaan
potential grazing areas, but this increases theafastablishment significantly since it is usyadéss
expensive to plant seed than seedlings.

The use of the Mallen Niche Seeder overcomes sdithese problems. In one pass, the seeder perfibiens
following functions:

- Creates two furrows to collect water next todbed planting site;

- Forms a central ridge to raise the seed abovieweeof the surrounding area to reduce waterloggind
aid salt leaching;

. Molds a niche on the top of the ridge to givdeltered depression for the seed and mulch andliect
rain; and

- Deposits seed and mulch in the niche at apprdgignd m intervals and sprays the mulch and seéd avi
black coating to raise the soil temperature.

TABLE 12 Fodder Grasses Growing on Salt-Affectedd.an the Mediterranean Basin.

Frost Salt
Species Rainfalll | Tolerance2 | Tolerance3
EC dS/m

Non-Legumes
(Perennial)

Festuca elatior 400 G 20



(subspecies
arundinacea)

Elylrigia elongatum | 300 G 20
Agropyropsis lolium | 300 G 20
Pucciniella distans 200 G 20
Sporobol_L_Js 50 F 20
tourneuxii

S. helvolus 50 F 20
Legumes

(Annual &

Biannual)

Medicago ciliaris 400 F 10
M. intertexta 400 F 10
M. hispada 200 F 10
Hedysarum 150 F 30
carnosum

Melilotus indica 300 F 10
M. alba 300 G 10
(Perennial)

Trifolium fragiferum | 400 G 15
Lotus creticus 150 P 10
L. corniculatus 400 G 10
Teragonolobus 400 G 15
siliquosus

1. Minimum rainfall requirement in rnm/yr.

2. Frost tolerance G = good, F = fair, P = poor.

3. Maximum salt tolerance = electrical conductivfysoil saturation extract at 25°C,

SOURCE: Adapted from Le Houerou, 1986.

The seedbed shape, ridge height, and plant speaimbfe adjusted for different soil and climatic ditions.

In arid areas, the niche is made lower and wideafiure more water; in high rainfall areas, im&de
narrower and higher to reduce the danger of wajgnhg.



Although newly planted fields can usually be prtgeddrom stock animals, the seedlings are attracov
insects, rodents, and other small animals thatname difficult to exclude.

Atriplex

Saltbushes grow throughout the world. They tolesataity in soil and water, and many are perennial
shrubs that remain green all year. They are edpeugeful as forage in arid zones. Atriplex numarid,
for example, grows well with only 150-200 mm anniaahfall.

Native stands of Atriplex produce about 0.5-4 tohdry matter per hectare per year. Under rain-fed
cultivation, about twice that amount may be obtdin&hen grown with irrigation, yields equivalent to
those of conventional irrigated forage crops caolitained. And the

Atriplex can be irrigated with saline water.

Nutritive values for A. nummularia and A. halimug &igh. Both have digestible protein contents agiegy
near 12 percent of dry matter, about the samefaaalin a year with only 200 mm of rainfall, tkeevo
species supported 1,000-1,500 feed units per lee@hout eight times better than a good nativeupast
under the same conditions. They also survived aw#h only 50 mm of rainfall. Although A. nummular
has poor palatability, a palatable type has bekstteel in South Africa. It has been successfultsoruced
in North and South Africa and several South Americauntries.

A. canescens (four wing saltbush) is native to aehiareas of North America where spring and ttfall
patterns are typical.

Its nutritive value is as high as A. nummularia #&chn be seeded in saline soil. Pasture withxadi
population of A. canescens and native vegetatistagied three sheep per hectare with 250 mm annual
rainfall. A. canescens is also palatable to cattle.

In Israel and North Africa, a Mediterranean specdiedhalimus, has proven hardier than A. nummularia
A. canescens. Although less palatable, it will giovghallow soil and on slopes where other plaatsot
survive. It does well with a winter rainfall of 200m but should be interplanted with more palatable
species.

A. patula grows on higher ground and does notabéegprolonged flooding or immersion in salt watehas
grown well when irrigated with 2.5-3.2 percent salivater, yielding 1.2 tons per hectare of seell ©6t
percent crude protein.

A. polycarpa reportedly produces vegetative yieldgivalent to alfalfa even when irrigated with wate
containing 3-4 percent salt. The protein contera.gbolycarpa is about the same as alfalfa.

A. amnicola (formerly A. rhagodioides) is a spregpbush that can reach 4 m in diameter and 1 m in
height. Prostrate branches take root to expandrageeMulch-covered seeds can be used for intramhsct
in new areas. Once established, it tolerates gyaz@ll. It is particularly suited for waterloggedrditions.

A. amnicola grazed in autumn provided 1,588 sheaphgg days per hectare (average over 6 years) in a
350-mm rainfall zone of Australia. Heavy grazingdd to damage the stand and many new plants were
established. Establishment of A. amnicola in sabioiés is improved by using genotypes selectedHeir
tendency to produce volunteer plants.

A. undulate, from Argentina, is in widespread usesalt-affected land in Western Australia.

Seeds are harvested mechanically and the bushestatdished by commercial contractors using direct
seeding. A. undulata is palatable to sheep, anchwhked as an autumn reserve feed, provided ab6ut 90



sheep-grazing days per hectare in a 300 mm rairdak. A. lentiformis, from the southwest Unitedt8s,
is included with A. undulata sowings on salt-aféettoil in southwest Australia.

A. halimus has been grown irrigated with a nutrigwitition containing 3.0 percent sodium chloride.
Propagation of A. halimus is straightforward. SeegHl or cuttings are grown in a nursery for 3-6 then
and then planted in the field in early spring, prably after rain. In Israel, washed seed planiesttly into
moist soil established well. Grazing should be detefor two or three years until the plants arewli.5 m
high.

The importance of long-term adaptation studieshiees demonstrated in Iran, where extensive plantig
A. halimus and A. lentiformis suffer from a diseas¢ found in their native habitats. In northeastean,

A. lentiformis is unable to regenerate from seggaaently because of the high temperatures reqtored
germination.

As part of an extensive evaluation of halophytelsiael, seven Atriplex species were grown using 10
percent seawater irrigation. Results of these éxygerts are shown in Table 13.

Of these seven species, A. barclayana is outstgrudith in terms of salt tolerance and biomass priaio
This species has been multiplied from vegetatitéras to develop plantings for animal feedingl#ia.
lentiformis also produces large quantities of biembut has a tendency to become woody. It therétase
the potential for both fodder and fuelwood. A. learimis and A. canescens (subsp. linearis) hawe gilgen
high yields (1.7+ kg per m2 per year) when growthviiypersaline (about 4 percent total salts) seaviat
Mexico's Sonora Desert.

Mairiena

In Australia, there are many Mairiena species déinatuseful for grazing. Mairiena are small to madiu
woody shrubs with succulent leaves and winged, wiisdeminated fruits. In general, they occur irs les
waterlogged areas than Atriplex. M. brevifolia iglaly grown in Western Australia. It is palatabiecovers
well from grazing, and colonizes readily. It hagds protein levels ranging from 15 to 26 perceny (d
basis), and serves as a nutritious forage for sheep

TABLE 13 Annual Yield and Feed Value of Atriplex &pes Grown With 100 Percent

Seawater Irrigation.

Fresh Dry Crude

Atriplex Weight Weight Ash Fiber Protein

Species kg/m2 kg/m2 (%) (%) (%)

A. 3.75 1.61 23-25 23.2- 1 9.9-16.5

atacamensis 30.8

A. barclayana| 8.70 2.09 23- 15.5- 11.9-17.9
28.5 22.4

A. 4.39 1.51 29.4- | 19.7- 13.8-19.5

"camarones"* 37 29.6

A. cinerea 3.90 1.46 28.4- 24.1- 12.6-17.7
33.5 30.6

A. 3.0 2.01 24.0 22.7- 17.6



lentiformis 27.3

A. linearis 2.44 1.26 10.5- | 24.6- 10.2-14.6
18.1 395

A. undulata 450 1.75 24.5- | 24.3- 12.6-17.1
34.2 30.9

*Unidentified Atriplex species collected in the reg of Camarones, Argentina.
SOURCE: Aronson et al., 1985.

Differences in salt resistance, salt content, dnbugsistance, leafiness, and palatability have lodserved
within populations of many of these shrub spectedection and breeding could greatly improve these
characteristics as well as growth habit (to all@sier grazing) and recovery after grazing.

Kochia

Prostrate kochia (Kochia prostrata) is a perershialb used for browse in Asiatic Russia, whersg it i
consumed by domestic livestock and wildlife. Inigll adapted to arid areas and does well on salie
even alkaline soils. Where it has been introducetie western

United States, biomass yields have been good aaldtexdevels, a concern with some members of this
family, have been low (<2 percent). In a recent, imse accession of K. prostrata showed no reduatio
dry matter yields at soil salinity levels of 17 a5/

Kochia indica and K scoparia have been field testethudi Arabia to determine germination and
vegetative yields on saltaffected land using salager (0.53 percent total dissolved solids) fagation.
Both K indica and K. scoparia germinated well wiserds were planted at <1 cm deep. Irrigated growth
from March through August gave mean fresh weigh&® kg per bush for K. indica and 5.6 kg per bush
for K. scoparia.

Samphire

Samphires are succulent, highly salt-tolerant pgedishrubs that occur naturally on waterloggetiasad
throughout agricultural areas in Western AustrdlizZe most common species are blackseeded samphire
(Halosarcia pergranulata), pale-seeded samphirkepitiosperma), and woody-seeded samphire (H.andic
Ssp. bidens).

Samphire plants do not have true leaves. The €ehickened into a succulent cylinder with jointshee
points where leaves or shoots would normally be Black-seeded samphire contains about 14 percent
crude protein on a dry basis. Pale-seeded samiphgenerally lower in protein and higher in salbcg all
samphires contain high levels of salt, excessiltargake by grazing animals is possible. Watehvetlow
salt content and alternative feeds should be peakid



Trees

Trees can be used as forage in several ways. Wigew branches can be grazed directly. Managemgn
these stands can involve seasonal control of sigakites to avoid periods when the plants are ptibte

to grazing damage. Trees with branches out ofahelr of livestock can provide fallen leaves andsfod
fodder. Such taller trees can also be lopped fdtddéo. Trees of any size can be protected in thends and
fodder cut and carried to the livestock.

Acacia

Acacia species are widely used in arid and salmv&@ ments as supplementary sources of fodder.
Although dry matter digestibility of Acacia leavieas not been determined for a large number of epgeci
available data indicate it is relatively low. Tlgsprobably associated with the high lignin conteinthe cell
wall and the presence of tannins, both of whichiihligestibility.

Acacia pods provide food for livestock in largeas®f the semiarid zone of Africa. Since most ef th
Acacia branches are above the reach of the liviestvergrazing is not a problem.

A. cyclops and A. bivenosa tolerate salt spraysaiohity. They grow on coastal dunes as small toges
bushy shrubs. Pods and leaves of both are conshyngaolats. Although salt tolerance is likely in many
Acacia species found in coastal areas, it is unaredr unconfirmed for most.

A. ampliceps grows in saline soils in northwestustralia and appears to be a useful fodder speOiber
Australian Acacias with potential for use as fodiefude A. holosericea, A. saligna, A. salicinagda.
victoriae.

L eucaena

Leucaena leucocephala is a tree legume widelywetttd in tropical and subtropical countries. Ibagh salt
and drought resistant. Leaves, pods, and seeds@msed by cattle, sheep, and goats. In Pakidtaasi
been grown on coastal sandy soil through irrigatiith saline (14 dS/m) water. When seawater coragdris
20 percent of the irrigation water, yields wereusedl by 50 percent.

In the Ryukyu Islands, where monsoon winds caragsger into windward pastures, salt- tolerant fodde
sources are needed. Among nine tropical legumésdités a forage- production project, Leucaena shilowe
the highest salt tolerance.

Prosopis

The leaves and pods of mesquite (Prosopis sppe) been used as forage for cattle, goats, sheep, and
camels in countries throughout the world - P. joid and P. cineraria in India, P. chilensis intBou
America, P. glandulosa in the United States, arjgafida in Australia.

In the Pampa del Tamarugal of northern Chile, tireual rainfall is less than 50 mm, the water tablegges
from 2 to 20 m, and a crust of salt about 0.5 roktleovers much of the ground. About 20 years ago th
Chilean government began to improve this area bwigig tamarugo (P. tamarugo). In some cases, these
trees were planted in pits dug through the satttiné soil. Although watering was required for finst year,
after that the plants survived by capturing moistitom the ground and air.

About 23,000 hectares are now covered with tamafoigst. The trees are 8-15 m in height with trungs
to 35 cm in diameter. After the trees reach abOunlfurther growth is very slow and the tree disenore
and more energy from photosynthesis to the prodnaf leaves and fruits. The leaves are rich in
carbohydrates and protein and have a feeding \&toiéar to that of hay. The fruits have 37-61 petce
digestibility and are an excellent feed for sheeg goats.



About 1.5 sheep per hectare can subsist on thetigmé#&orest range and produce about 3-5 kg of \peol
fleece. Supplemental feeding with alfalfa raisesinyeelds.

In addition, dense and durable tamarugo wood findsy uses. The heartwood is extremely resistant to
weathering and has desirable timber qualities. ltsed for heavy construction, railway ties, pdiesiture,

tool handles, and, because of its hardness, foupéafloors. It also makes superior firewood anal loa
used to produce a high quality charcoal as well.
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