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C. Execuuw Summary 

The Aral Sea Basin. shared by several Central Asian RepubCcs, has been 

affected strongly by severe salinity problems. a consequence d a bng perkid 
(1920's - 1970's) of soil and water abuse. As a result. most amble lands were 

subjected to soil salinization and consequently abandoned. In a mbmalkm 

processofthese lands, largequantitiesofwaterarerequiredtoleachthesalt 

from plant roots. The high expenses involved in such a process can be pertially 

compensated if ampanied by proRtaMe salt ~ c r o p S . p r e f e r a M y  

f o d d 8 r f o r t h e i m p o r t a n t l i p r o d u c t i o n ~ t o t h i s r e g i o n . ~ ,  

mostcropsm~lldnotmeettheserequirementsduetotheharshdinrrBe 

cond i i s  d the Aral Sea basin. In the present project, we proposed to 

emine thepoten t ia lo fsa )$ rass~sp ice te ,~ ) , anAmer ic ln  

salt marsh plant species, as a forage aop for saline environments, to decl  

promising accessions, and to test their performance in Israel and in 

Turloneni. We have established a large cdlecaion of sallgrass accessions. 

some of which were identified as of amsW&b potential for h i  qualily 
fodderproduction.FurtherexembratiansWudedtheetledsdsalinityonthe 

yields and the qualii of the seleded eccessions. In Turkneni ,  although 

saltgrass accessions were brwgM there at a very early stage of the projed the 

plants tiid not produce sufficient biomass for furlher. lage-scale field 

experiments and animal feed tests. This resulted from several 

r e e s o n s w h i i c h i n d u d e d b w ~ r a t e s , s e v e r e d i m a t e ~ a n d  

IackofinfrasbuchrresuchasavailaMewaterandelecbicitysystemsforfield 

experimentsandvehiitoreachtrialsatfrequenth8ervals. Haweuer, in 
worldwide agricultural aspects, we have shed l i i  on a plant species with a 
considerable potential to become a successful forage aop for saline 

environments. 

0. Researdl 

Almost 1 billion hedares of land. which accounts for 10% of the earth's surface. 

areaffected bysalimityandaver50%afall inigated landshaveasahi 

proMem(Flowers&Yeo1995;Flowers&Flowers2005).Mostaopplants~ 

glyoophytes or nomhabphytes that do not express their fun genetic patential for 

growth, development, and producbjvity under salt stress, (Lguchli & Epstein 



1990; Munns 1993). Saltdected soils are most aften the result d h u m  

activity, mainly through misrnanegement of irdgath systems (Wloedes 1990). 

In irr$ated lands, salinization of the soil occurs where evepobansp*atlon 
. . aes 

exceed im+gatbn rates or where drainage capacity of the soil is law. In most arid 

andsemiaridlands,delicitirrigation ispradicedduetowatersmdy.The 

diminishing supply of goodquality water for inigation dten results h the use d 

low quality water, high in salinity (Pestemak 1987). In add i i .  law awammsi 

of these pmblems l6ads to poor drainage inhastrudure, whi i  h ium 

accelerates soil SaliniEation processes (Rhoades 1990). 

Theenvironmsntal-oftheAralSeabasinhasbecomeadassic 

example of anthropogenic abuse of lands and waters. In this huge regkn. 

sharedbytheRepuM'iofCenbrelAsia,lerge~,sametinegmorethanhaw 

of the farmlands, have been taken out of production due to severe s e l i n i  

ofsoilsandwaterswrces,thusentailing~foodsecurityproblems 

( M i i n  1992). The redamation of those saline lands must invohre sahesM& 

plantsofeconomicalvalue.~ockproduction,mainly~lsheep,goaEs, 

andAsiancamels,isofmajoreconomical~intheAralSeaba8h. 

Based solely on grazing, animal perfonnance can be kw due to low aude 

protein and low m e t a b d i  energy intake from the kcel hefbage and shhs 

(Degen eta/. 2002). Salt- forage aops can be Mmdumd to sa l in i i  

hnds to senre as a primary stage of the reclardm of former agriwllural lends 

and also provide alternative feeding sources for l i i .  

Saltgrass ( ~ I r S  @cat8 L, Poaceae) has been shcrwn to have the 

potenWofbeingsuchaaop(Giietal. 1986;&helaet&?/. 11990; 

Pastemak et al. 1993). Saltgrass is a plant species nathre to coasEal and bland 

highly saline in America. Unlike ather halophytes, 

a~idssaltacarmu~mabovegroundtisares,andithasthepatentialto 

obtain considerable, good quality yields d fodder, even at h i  mi levels 

(EWlO dS-m-'). Yet, sattgrass is a wild ptant species, which requires auehrl 

selecbion and domesticrdion processes before it becomes a useful aop. 

The objectives ofthii project were: 1) to evaluate a wide specbun d 0. 

spica~~emtypesforfora£J~qualitypotentlal;2)toshrdygrowlh~of 

selectedgenotypestosaliityasan indi iofprodudiv i tyhsel i  

environments; 3) to examine the adaptability of saltgrass acceshs to the 



c l i  and edaphic conditions in Turlanenisten; 4) to cany out W evalualion 

of forage productivity, qualii, and feed value of the sdecled accessions under 

saline conditions in Turkmenistan. 

The salinity problem in agriculhrre may be sdved using huge amounts d 

f r e s h w a t e r i n c o m b i n a m j o n w i t h ~ l y e x p e n s b ~ i n e f f i d e n t  

drainage systems in order to leach the salt from the upper soil profile. Because 

ofthe largeeqmseofsuchaproject, thesoMion must eMhrefromlhe 

domesbcabon 
. . of salt-resistant plant species or thrwgh the impmvement d selt 

resistance among impoftant crops (utilizing halophytes as the sole genetic 

source aMilable for this trait) ( S e m  1996). The present projed addresses 

this possibilii dire* and fulthermore, it has been atned at providing a 

practical answer to the crucial problem of the Aral Sea Basin. 

E. Methods and R e s u b  
E.1. Phases of Moied im~lementatkm 

The project was d i i  into several ph8ses. The first one, v v h i i  took place 

in 1998 before the embarking of the USAlDlCDWCAR support, hduded 

saltgrass collection missions in the USA and South America fdkwed by 

genetic-- 
. . 

ofthe collected accessions (Ram &el. 2004). 

In the second phase, we evaluated a broad cdlection d sal$ress 

accessions as fodder crops in order to select candidates to be used for fuIue 

breeding programs. Fodder quality of a crop is complex to debermine, as it 
imrdves psuameters such as yield and chemical composition, as wel as 
aspects such as d i i b i l i i  and paktability. Desirable trails, namely high aude 

protein (CP) content, m t a b o l i i  energy (ME), organic matter d i i  

(OMD), and dry matter (DM), low ash content and -fiber 

(NDF), and a high rate of leafiness (LFS) were used to define a quality hdex 

(01) in order to assess the pomnlkl d a saltgrass accessh to become a 
forage crop. We also sought possiMe relationships behwen geographical origin 

and qualii baits thal might indicate to us specific cdeclkn missions aimed at 

expartding the available saltgrass germplesm. 

In the third, phase, before l a p  scale W eqmhmts are cafried out. the 

growth response at a wide range of salinity levels was used as an i n d i i  for 

thepotentialpetformanceofselededsaltgrassaccesslonsinWne 



environments. Outstanding accessions were propagated and further examined 

for their pelforrnance under various fertilization and salimily combnatwww . . ata 
small scale field experiment. 

For the fofth phase of the project, promising accessions were sent to 

Turlrmenistantwice:atanearlystageofsal$rassaxaminetbns(2002)aswel 

as at a later stage (2004). This phase of research was aimed at tesIhg the 

adaptability of the chosen accessions to the climatic and edaphi oonditions in 

TutianeniiandconseqUentty,atcanyingoutfieldeveluadiondforage 

produetidy and quality, including animal feed iMs with local Karalarl sheep. 

E.2. Phase . . 1 - s a l t a r a s s c d l e c l i o n a n d c t m a i c ~  

Plants were collected from several locations in the USA and Sarth America 

(Table 1). Most plants were collected from the wild on May and June 1998. In 

theurn ~werecolleaedfromafew~atd$tance9ranghgfran id 
tol~~lon.~nCalifomia,several~wereobteinedfranacdleclion~ 

saltgrass frcnn Murous known sites in the Central Valley (Dr. Dyer, USDA, Soil 

Consenration Senrice, Meford, CA). Several ecotypes that originated h ahw 
parts of the USA were obtained from a colkrhn in Delaware (FM. Galagher, 

College of Marine Studies, UniveFsity of Dehvare, Lewes. DE). For Sarth 
American eootypes, each plant was the only representathre d a region. 

At each site, several (2-5) vital r h i i  were dug out, washed from sail 

and organic matter, wrapped with wet paper and kepI in plastic bags in a cool- 
box(515%)for25weeksbeforebehg~inpotscontaining~cnd 

~(l:l).Plantswerekeptinquarentinetot5months~beingiransrcnecl 

to a greenhouse at Ben-Gurion Unhrersity of the Negev (Beer Sheva. Israel). 

When plants were esiabl i i ,  one r h i i  from each bucket representing a 

d i  location was art and replanted indhridualty in a pot and was 
considered as an accession, as confinned by RAPD analysis (Ram et al. 2004). 



TI#.l:SenpCrgsaaPdsa@yassecolypa9. I-1lnlMdecoypar;S-amahan,ecaypea-TLLS 

- l i d e l m a r s h m ~ ; O U - u m w t a h ~ ; 7 E - l i d e l a p l u a r y ; l S l l l - i r l m d ~  

mtvdrorleke, -imm&t&; REriverard&hbank, s e a s o n d y ~  

EcoZypa CountrylStete Counlyllocetion I l S  Ecosystem 

CT1 ,CT3 New London I Barn Island S TMS 
CT2 . New London I near Mystic S TMS 
M1.2.4.5 Delaware SusstaInetuLavves S TMS 
DE3 . Lewes. UDE coleclbn S UO 
GAI -8 @W#a MclntDshlSapeblsland S TMS 
A l l  Alabama Mobile I Deer R i  S TE 
AL2 . Mobile I Deuphim Island S TMS 
AL36 . Mobile I Heron Bay S TMS 
UT1 Uteh Goshen I ISM 
UT2 . Big Salt Lake I ISM 
UT3 . Vemon I RB 
UT4 . J~~dan Rhrer I RE 
CAI Cal i i ia Mendm I UO 
CA2 W i i a  RiversidelSetonSee I ISM 
CA3.13.16 . KingsITulareLekrcbed I RB 
W . 1 4  . s.LuiOMBpo/Sodaw I ISM 
CAS.17 . FresnoITranqUaity I RE 
CA6 . s. Luis ObispdMom, Bey S TE 
CA7 . 

-1HargeySkugh I ISM 
CAB.15 SanJoaquin I RE 
CA9 . SanDiego IMibenk  S RE 

CAlO . TularelAlpaueh I RE 
CAI I . M-tElkhom SkuOh S TE 
CAl2.18 . Kings I Kettleman city I RE 
CHI Chile Tamsngal I ISM 
CH2 Chile Juta Vaky I ISM 
Arsl Tmkw Chubut I RB. TE 

Chlnchi La ftioia I ISM 

E.3. Phase 2 - Evakrarmon of Patenbsi Foraae 
AccessionswererepliiandgrarminpotsamminhgpeAteandpeat 

(l:~), drip-inigated with fresh water (I .5 ds-m-') and orrline r i a  fertllirer 

(Sheffer 5:3:8 (N:P:K, respecthrely), Fer t i l i i  8 Chemicals Ud.. Israel) Suppty 

at 50 pprn N. The aboveground portion of the plants was hafvesW on July 

201)2.beforetheocarnenceafanysignsofbloom. 

Seeking took to d i i i  behrmen sattgmss eccessions and to mmluate 
their potential appeal for herbivores, we broadened 'ledhss' to define a new 
term - 'LFS', which included a d d i i  desaiptive pammbm. Shortly before 

hatvest, leafhvholecanopy ratio of eed, accesskn was determined and s h d  

sofmss, vltali, and lushness were ranked from 1 to 10 (high). These 

evaluationsweremadeamonglhesaltgrassaccesskns,andnotagahstdher 

g- species. 

Harvested plant material was dried in an oven at 50°C unlil amstant mass 



to determine dry matter content (%DM). Dry matter was ground to f&m powder, 

which was used for further adyses. Samples were analyzed for nitrogen N 
contentbytheKj8ldahlmethod (Bradstreet1965)andforashbykrmiat 

550°C (AOAC. 1990). Crude protein was calculated as 6.25-N. Neutral 

detergent fiber (NDF) content was determined as described by Van Soest et el. 
(1991). apptying a Fertec System M6 (tecator, Haganas, Sweden). M 

measurements were done in t r i p l i i .  

Organic matter diiliity and metabolizable energy yWd of the sallgsss 

samples were estimated in vitro using the Hohenheimef Gas method (Menke el 

a/. 1979; Menke and Steingass 1988). In this method. the gas produced in 

femmwonofsu~isusedtopredidthenubitivevalue. 
Rumen liquor and particulate matter were cdleded bekm morning feeding via 
a rumen fistula from two sheep and hnro goats fed on a roughage diet d mainly 

poor quality wheat straw and some lucerne hay; the l i i  was hamogeni. 

strained and filtered through glass wod. lncubmbn media was prepared as 
described by Menke eta/. (1979). Samples. each of 200 mg DM. were 
incubated in t r i p l i i  in 100 ml c a l i i  glass syringes in which 30 ml d the 

lnarbationmediiawasadded.Theglasswarewaskeptat3Q"CandfiushedwrWI 

C02 before use and the mixlure was kept stirred under mat 39°C. Gas 

produdion, as determined by piston movement, was measured over 24 h eller 

comdng for gas production due to rumen fluid alone. Gas pmducth (GP. 

mV200 mg DM) and aude protein (CP, glkg DM) were used to estinate arganic 

matter (OMD) and in vitro mWoBabb energy (NME) yield as 
follows: 

OMD (96) = 24.91 + 0.722 GP + 0.0815 CP 

and, 
IVME (kJlg DM) = 2.20 + 0.136 GP + 0.0057 CP 

To rank the saltgrass accessions, a modified verskn of the method 

described by Conklin el a/. (1991) was adopted. The mean d each quality 

parameter (DM, ash. CP, NDF, ME. and LFS) was subtraded from the value 
obtained by each accession and lhe result was divided by the SD d the mmn 

to produce a specific parameter index. For example, the q m i o n  af the NME 
index took the form: 



IVMElx = (accession IVME - meen NME)ISD 
In this case, calculations were made for sheep and goels seperately, but the 

a m g e  of IVMElx for sheep and goats was calculated (MElx) and used for 

further d e t e r m i i  of the quality index (QI). QI was calculated for each 

saltgrass accession as follows: 

QI = DMlx - Ashlx + CPlx - NDFlx + MElx + LFSk + 10 

Statisaicel d i  between groups of saltgrass accessions (cornby of 

origin) or between ecasystems of origin (inland vs. seashore) wem determined 

using a one-fadorial Analysis of Variance (NOVA) fdbwed by a F m  

PLSD test. PCA was exercised on the covariance mabbt of all queYy 

pamwters or on the most important two of them (CP and ME) with the MVSP 
package (Kovach, 1999) in order to obtain a t w o - d i i  c u d i i  pattm 

of saltgrass accessions using verious geographical or ecogeogrephii 

~ r s o f s o r t i n g .  

Mean DM, ash, and NDF contents for all saltgrass accessions examined in 
the present study were 43.1.6.83, and 72%, respectively (Table 2). Cnrde 

protein content averaged 11 6% and ranged from a kw of 6.9% m a high of 
18.9%. In vibo meCabdizable energy yields and organic malter digeslibility wem 
higher in sheep rumen fluid than in goat rumen fluid for ad sakgmss 
accessions. Mean metaboliibk energy yield for sheep was 6.m.66, rang4 

between 4.71 and 8.63 kJ/g DM, whereas in goats, the mean was 5.61f0.75, 

ranging from 3.21 to 6.79 kJlg DM. Mean organic matter d i i  (OMD) 

was 50.W.64 % for sheep and 47.M.55 % for goats. LFS averaged 6.96 wiIh 

large d i  between accessions within and, espedally, among goups 

from distinct origins. 



Origin n DM Ash CP NDF ME- ME- ME CMD LFS Ql 
- - a v e r e O e  

&I C% DM) (kJIQ OM) 06) 
GA 8 43.9 6.10 9.56 73.6 6.65 6.44 6.55 50.5 8.36 11.6 
S. h e r  4 40.5 8.06 14.39 72.8 7.03 6.52 6.64 53.8 725 10.4 
DE 5 432 7.15 13.03 712 6.44 5.45 5.95 49.3 5.60 9.4 
AL 6 45.4 6.73 9.84 77.7 622 5.90 5.88 46.6 8.33 9.8 
CT 3 43.7 724 1427 76.0 5.98 5.38 5.67 44.5 7.67 9.1 
CA 18 42.8 6.78 11.96 69.3 622 5.37 5.79 48.0 6.33 9.9 
UT 4 41.1 6.73 12.70 70.0 5.47 5.20 5.34 482 5.75 8.6 

NS NS - NS . m " * m . 
Seashore 27 43.7 6.56 10.96 72.8 6.35 5.82 6.00 49.0 7.32 102 
Inland 21 42.4 7.10 12.70 70.5 6.23 5.52 5.88 48.8 6.40 9.8 

NS NS * NS NS NS NS N S W  
T W  mean 43.1 6.63 11.57 72.0 6.30 5.63 5.S 48.5 6.96 10.0 

SD 3.47 1.06 222 529 0.66 0.75 0.71 3.81 1.30 204 

NS, not signiRcant 

*. 5 and * M i  for signnicant differences at PQ.05.0.01. and 0.001. mpedwly. 

PCA amlyses (that induded all quality perameters) of all sal$rss8 
accessionswt3r8caniedoutto~possiMeckstering~accordhgto 

countries or ecaystm (seeshore or inland) of origin. GA eccessiars clustered 

separately whereas all other accessions were scattered randomly (Fi. 1A). No 

separate dustering d inland or seashore accessions could be obsecved, in 

spiteofthe~t ionofthe~GAgroupfnwnthegeneralymbGed 

scatterins 0%. 18). 
In a simpler analysk, where only- qualily pammbm (CP and ME) were 

used (Fg. 24, most GA eccessions grouped togelher at the upper left quarter 

of the anay (negative CPlx and positive MElx). In the same enalysis, 3 of 4 

SouthAmericanaccessknswerebcatedattheupperrigMquarter,indii 

positive CPlx and MElx. All AL accessions were at the left half of the CP axh 
(negativeCPIx).TheCAeccessionsthatcomprisedthelargestgroupscatbered 

randomly among all quarters of the array, as well as the accessions (Fii. 

24. When analyzed according to inlend or seashore origii. about 7096 d 



seashore accessions were left of the CP axis (negathre CPW, while 70% d the 

inland wem at the opposite side (Fg. 28). Hawever, the ME axis did not have 

any discriminating effect on either of the two groups. 

Admi -1 

Flg. 1. PCA analyses of fodder quality results (all quality param@m induded) d 

48 saltgrass eccessions. A. Accessions are sorted according to country of origin. 
8. accessions are labeled according to their emsysbm of origin. 

Dissectionofallqualiaiteriaaccordiitotheawnbyoforigin~no 

sign- d i  for DM, ash, and NDF mntents (Table 2). bwmm, 
s i g n i i  d i  were found for CP. ME. OMD, and LFS. When ranked by 

quali~index(QI),theGAgroupwessignificantiybetterthanalgolpsepccept 

fortheS.Amertcangrwp(TeMe2).TheGAgrwpobEehedthehighestLFS. 

had reasonably high ME and OMD but the kwest CP mean, wMe the S. 

American group had the highest CP, ME, and OM0 but a mlatkdy low LFS. AH 

other grwps had QI values lower than 10, indicating refetively poorer quality 

(Table 2), althwgh some obtained quite good vakres for one pemmtw or 
arother. Dhedhm for inland vs. seashore accessions showed a s@Wam 

admaage in LFS far seashore ecotypes, higher CP content far inlend 

accessions,andnosignificantdiirencefor9otherqualitypammemm(TaMe 
2). The top six ranked saltgrass accessions, according to QI, are pmsmled in 

Table 3. 



Flg. 2. Cluster analyses of 48 saltgrass accesskns according to crude pmtein vs. 
metaboliile energy contents. Accessions are labeled d n g  to country of origin 

(A) or ecosystem (8). 

Acc. Origin DM &h CP NDF ME OMD LFS 01 

E.4. Phase 3 - Growth and Wi Res~onses to 

Rarnetsofeachaccessionwerecutand~inwaterculhrre.Accegskns 

that d i i y e d  high rides of rooting and of vegetative gmlh resumpion mwe 

further examined for their growth response to salinity. Uniform plants (n = 36) of 

each selected accession were transferred to a glasshouse under ful sunligrt to 



grow in water culture in 1 -L containers. Salinity level was gradualy inwased to 

produce six salinity (1.5,10,20,30,40, 50 ds-m-I) obteined by 

NaCI:CaCI2 solution at 3:l ratio, respectivety. The growing sdution contained 

fertilizers (N:P:K, 5:3:8, respectively, at50 ppm N). was meinteined at a 

constantvohrmebyaddingfreshwaterwhennecessary,andwssreplaced 

weekly. Aeration with a bubbling system did rot have any considereble 

influenceongrowthand,therefore,wasdii.Ptant~(whdeplant 

fresh weight) was recorded weekly during 10 weeks in summer. The d a I h  
growth rate (RGR) became stable towards the 6" week and WmmafW, and the 

average RGR of weeks 6-8 was chosen as an i n d i i  for growlh response to 

salinity. 

Most saltgrass eccesskns that were emmined under six dirrerent bats  of 

wter salinity displayed a similar pattern of RGR response to salinity. The 
highest RGR was o b t a i i  when gnmm with fresh water (1.5 dS-m") but it 

declined sharply at 10 d~.m-', and decreased moderately or became steble as 

salinity was increased up to 50 dS-m-I. In a few exmplhml eccessions fmn 

DE and CA, RGR pattern was d i i  beginning its decline only at 30 dS-m-I. 

yet their initial RGR at fresh water were usually very low. 

GA and AL accessions had the highest RGR Ihmqhoui all selini lev& 
(including fresh water), with a relatively stable perfonnence (>0.008 dayday1) 

between 20 and 50 ds-m". The S. American eccesskns displayed the kwest 

RGR values (~0.004 day"), indicating low vigor under highly saline 

environments (>20 d ~ d )  (Fig. 3). From the six accessions &edd (Table 3). 



five were examined for RGR mponse to salinity (FQ. 4). GA6 shawed obvkus 

superior performance at both fresh and saline c o n d i i ,  even at wiy high 

salinity levels. GA2 dispfapd a similar pattern but at much bwr RGR levels. 

DE3 had subSmWly low RGR when grown with fresh water, howww, it 

remained stable as salinity was increased to 20 dS-m-' and declired sherply at 

30 dS-m-' and above. CAI 7 and CHI dbplayed the poomt p&nmame even 
at 10 dS-m". 

AglCanpcvisondROR 

respagem-saHly 
levelmmmtiue 

acwssbm(md!jbc)m 

-thehighsaqusry 

(QI) cunong 
saRgmss cdeclion (see 
Table6 2 and 3). Vabes 

fwn-nt-(fSE)d6 

-per- 
persalinitylenrl. 

Accessions GA6 and CHI were tested in lwo a d d i i  q m h a n b  ahmd 

at evaluating their response to f e r t i l i  levels on a bedcgrwnd of salhly. In the 

first eqmhent plents were grown under full sunl i i  in polystyrene boxes 

(1OOx40x18 an each) containing a welldrained pertite-2 medim. Plants mre 
dripinigated with fresh (1.5 dS-m-') or saline (7 dS.m-') water and with w om 

line liquid fertilizer (6:6:6 (% N:P:K, respedively), Fertilizers 8 Chemicals Ud.. 
ISmeI) supply at 15.30.60. or 120 ppm N. Each combbraaion of selhity and 

f e r t i l i i  level had four repetitbns. lnigation took place 3 timeg a day at 

150% of daily evaporation (as recorded by a nearby mammkgw stabion). 
Drainage water was autamalically cdleded and measured daily. ~lecbicel 
conductivity, pH and N concentration in drainage water were recorded ance a 

week. The growing season began on March and four successive hatwas were 

obtaineduntilNovember.Yieldandqualityperameterssuchasdfyrnat$r 

(DM), ash, a n d a u d e ~ ~ C ? ) ~ b u 9 t e r e c o r d e d ~ .  The 

eWNifnent was conducted twice, in years 2003 and 2004 and the results are 
summarized in Table 4. 



~ a k 4 : ~ i a n d f o r a g e W i p a m m t m o f ~ ~ ~ ( ~ l  

g r a r m w i m f r e s h o r s a l i n e i n i g a t i o n w a t e r a t f a r ~ d ~ i n a s o l e r n , ~ ( ~  

also text). Fmres are means d 4 replicstions and 8 dwing 2W3 and 2004. 

between March and November. 

10.3~ 13- 18.b 19.10 
6-66 8.8~ 10- lb la  
C ... - ... .- .- 

m, not sign- *, *, end - indicsts tor signiRcent d i i  at P4.0&0.01. cnd 0.001. 
mpadfdy, within coLrmm in ench aecbbn. Different IeWs indicate tor significant dWemm8 

BothsaltgrassaccessknswerestronglyaffededbysaltstresSwh#l 

caused a s i g n i i  reduction (14 and 21% in CHI and GA6, mpedMy) in 

yield. On the ather hand, the responsetoincreasedMIherlevelwasfarmore 

dramatic; yields were 2.6 to 4 times higher at the highest fertilizalkn level (120 

ppm N)thanatthebw&one (15ppm N). FurthemKne,atthehii 

f e c t i l i i  level, the d i i  in yield between fresh and saline weter pltnts 

deditol1%inbothaccessbns~able4). 

The dry matter content was higher at the saline tmalnmt but tended to 
d e a e g s e w i t h t h e ~ f e r t i l i l e v e i s . A s m a y b e ~ , t h e a s h  

content was significantly higher at the saline tmabmm homm, the absolute 
levels of ash content at the salinity levels practiced in mi eqmhmt were stil 
low enough to be at the acceptable range for fodder. Also in this case, the ash 

contents tended to decline as the f e r t i l i i  level knxegsed (T'abk 4). 

NeYertheless, the most profound impact of f e r t i l i  was on the content af 



crude protein, which was doubled from the lowest to the h i i  level d 

Wlizer.Saltstress,ontheotherhand,consideraMyreducedtheCP~ 

particuladyinaccessionCH1 (TaMe4).ThedHferencesb&weenthetwo 

accessionsweremostobviousintheperemetersofashcontentandCP,and 

wereespeciallypronwncedintheresponsetofertiliurderfreshwefer 

irrigation. 

The second experiment was conducted on a small plat (about 200 fi of 

sandy soil, in order to test in a small scale an qmimwW system designed to 

determine the threshdd of salinity level and the d furlher 

imeased salinity on plant performance under a high and ccmsht ferM&b 

level ((6:6:6 (% N:P:K, respectively), Ferti l i i  8 C h e m i i  Ud.. Israel, at a 
umtant level of 120ppm N). The same two accessions. CHI and GAG. were 

planted infourseparatestrips,two per accession, aaosstheirrigation lines 

Four irrigation lines, with sprinklers hanging 85 an above soil sutfaw ZII 2 m 

d i  on-line, were placed to produce an etm cowage d in$atkn water 

on soil surface. A gradient of salinity across the plot (FI. 5) was obtained by 

the injection of brine to each line at a d i i  rate of pulse. 

TheplotwasplentedonAugust20(13andmgatedwithfreshweferunilthe 

first dfectim rains in Narember. The expwhmt began in May of the 
s u b s e q u e n t y ? 3 a r t ~ t h e p l e n t s ~ f u l ~ . T h e W ~ d  

irrigation water during the growing season was 1832 mm. Three hruvests were 

done until November 2004. Four strips of 1 m width were mowed for each 



accession along the salinity gradient and the cumulative yields are in 

Fgure 6 on a fresh weight basis. 

Rg&Nfeddsehly 
-onme 
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d two selOrsgl 
-uder 
~ ~ d n r a t r r  

mu! at high 

w. 

At relatively low levels of salinity (up to 6 ds-m"), bath accessions obtained 

hiih forage yields, ranging behneen 7 and 10 k g ~ h ? .  S $ n i i  dlflerences 

in yields occurred when salinity levels increased; whii the yield d UX~&III 

GA6 remained hiih and stable even at 13 d~0m-l. thai d CHI dedined 

to about 5 k g ~ ~ h ?  at 1 1 dSm" and then sharply dropped with any further 

kwxease in salinity (Fg. 6). 

E.5. Phase 4 - pmmmebons and . . I m d e m m W h h T m  

Promising saltgrass accedons were brougM to T u r k n e n i  atthe 

beginning of the projed, soon after a preliminary evakratkn d our cdledkn 

had beencompieted. H a l f d l h e p l a n t s w e r e ~ i n a f i e k l ~ ~  

on June 2001 in order to gain biomass during the summer and prov#e plent 

material for field expehaB of larger scale. The other half was gmwn in 

budrets end was planted in a field of the Karakul ExpehmW sEation much 

later, towards the autumn. Although the plants grew to some exlent, there was 
insufficient biomass to condud the planned field apmhmt3. 
Seleded accessions were also taken to Turlrmenislan in the spring of 2004, 

however, no inbrmaWn was provided regarding those plants. 



F. Mtcwskn, Impact, Rdevanco, and Technology TmWu 

Mmy trials have been carried out for the purpose of dewbphg habphym 

into economically viable aops (Shay 1990). Satt acaanulelion in the 

aboveground parts of the plant appeared to be a audal parameter, which 

limited further development of apparently promising salt-tolerant fodder p h t  

spedes.Forinstance,~specieswerefoundtobehiilyproduclivewith 

seawater inigation (Pastemak eta/. 1993), mwlhebs in wiw feeding biuls 

showed that- was a poor fodder source due to high ash contenZ bw 

intakeandkwnitrogmdility(Arieliefa/. 1989).Wtgmssontheaher 

hand, was not as tolerant as the Am;plex spedes or as other chenopods but it 

d i d n o t ~ ~ m W ( P a s t e m e k & N e r d 1 9 9 5 ) . T h l s w s s c l l s o  
reported by Marcum (1999). who examined salt-resistant members of the 

Chloridoideae sub-family of grass and found saltgrass to acamulete the least 

salt under high salinity levels. In the present sludy, ash amtemt of ssl$nrss 
averaged 6.8% (Table 2) and when g r m  under h i  salinity levels, it nerrer 

exceeded 1 1 % of W (data not shown), w h i i  was consideraMy less then h 

A&#Wfspecies (whichare usuallyabove20% ash). Therefwe, andat leest 

fnwntheviewpointofsaltcontentinedibleplent~s~seems 

potentially suitable as a forage species. 

In a d d i i  to the desirable bw salt acarmum, proteh amtent and 

m e t a b d i  energy yield are of primary when the feed-value of 
potential fodder is determined (Minson 1981). In wild saline envirwnwwrls. 
s e l t g r a s s i s g r a z e d ~ i l y b y l i ( G i i e P a / .  1966;Brinrelaetal.IgsO) 

and wildlife species (Powell 1993; Weller 1994). From the H m i  data 
avaitable,thecontributiDnofsaltgrasstol~dietiskw(8rhoelaet&. 

1990). The mean values of CP. OMD. and NME (Table 2) put saltgmss at an 
intermediate range of fodder quality - above straw but bekw a*rtomery forage 
~suchasatfaHa.Nevertheless,thevafiabimyamongaocessionswas 

consideraMy high, and diilaywl many posithre trair, that could bring them to a 
h i h  quality range. Fot instance, 14 a a a s h s  (out of 48) exhbited CP values 

higher than 13%, 17 had NME yield (for sheep) above 6.5 U g  DM, and 20 

accessians had an OMD a h  52%. 

The high variability fwnd here is not surprising, since saltgrass is a wild 

plantspeciesstillmtheearlieststeps-cdlecbjonandevakfation-oftheseuen- 



phasepathof- 
. . determined by Vogel eta/. (1989). lnbaspecific 

variationamongsaltgrassecatypeshasbeenrepcmdintheecobgical 

fof a number of parameters that .hchId gmwih rate, f h i i  

morphology, and response to dishrrbance (Brewer 8 Beftnes 1996) as wel as 
in response to chloride and sulfate saliniity and to selenii soil conWnihafion 

(Enberg 8 Wu 1995; Wu eta/. 1997). Analyses of genetic and morphokgic 

d i i  in our bmad collection of saltgrass ~ C C W S ~ ~ ~ I S  revealed Umt m spite of 

the d o m i  of clonal reproduction, genetic variability within a papuletion was 
larger than among populations (Ram eta/. 2004). We used sinilar sEBtisOical 

techniques m the present study to relate between fodder quelily traits and 

country orecosystemof origin (Figs.2and3)anddemonsbatedagainUmtthe 

variability within a group ol origin is high gh to W find wed 

poor genotypes side by side. These results sbmgltm a former conclusion Umt 

the inilial selection of saltgass should rely mostly on the performance of 

i rdiual accessions (Ram eta/. 2004). 

Still, some level of diirninetion accotdii to the origin of eccessions could 

be made; the GA accessions had a significantly higher quality index (01) than 

that of tha other groups Vable 2). mainly due to high LFS and ME (in spite d 
relatively low CP content). In a d d i i ,  CP and LFS were the pammbm m 
which inland and seashore accessions d i  s i g n i i  (Table 2 and FQ. 

38). The emergence of LFS as a valuable d&mhmt in sakgms selectkn 

may be associeted with a prerious mggaskn to use 'leafiness' (in b 

consenrative meaning - kmskhob campy ratio) as an indicetor d fiber 

content and, amsqmUy, as an instant tool b cnrakrete fodder qmlky placket 

& Minson 1981 ; Christiensen et al. 1984). Indeed. a high Rber cmtent was the 
major drawback of a single saltgrass accession (Smbnmk, DE) m i n e d  by 

Pastemak et a/. (1993). H i  fiber amtents (NDF ranging behneen 60 and 

83%) were faund for saltgress m the present shrdy (TaMe 2). hawever, in 

contrast to eqmcmkm it did not correlate with 'leafhe&@ = 0.13) nor with 

l ~ ~ s ( R ' ~ ~ ) . ~ ~ y b e ~ b y t h e f a d ~ ~ a ~ c e s s i o n s w  

~ ly la rgebuts l i f f andsp iky~whi leo thers ,w im~leaves ,v rhere  

much softer. Therefore in saltgrass (at leest), fiber content should be directly 

determined. LFS, although somewhat subjecbive, pmides a useful 

discrimination tool. 



When g r m  with fresh water, vigor may provide a good i n d i i  for the 

productive potential of saltgrass as a crop. The relathre grawth rate (RGR) is a 

sensitive physiological parameter for vigor, as it ignores i n i i  d i i  in 
plant size on one hand, while a smaU d i i  in RGR builds a large 
diierence in bbmass over a relatively short period, on the other hand. 

Difficulties to obtain sufWent amounts of plants restrkted those expahem to 

fewer aaesims.  Even though, the RGR measurements pmvidd sig~ilicmt 

differences between accessions on the basis of country d origin (Fig. 3); 

accessions originating from the south-Atlantic coast of USA exhibited h i  

RGR values than other accessions under fresh water, w h i i  is h agreement 

~ilhtheLFSparameter.Nevertheless,iF~tosalineenvmrwnents. 

seleded accessions SWUM also exhibit high and stable pehmmme at various 

salinity levels Wtw than just sunrive. In spite of a general sharp decli.le in 

RGR levels with the inaease in salinity levels (Fg. 3), the AL end GA (to a 
lesser extent) accessions, again, demonslramd superior RGR mbes under 

highly saline conditions, compared with the other groups. R is that 

the perfomrance of the DE accessions tended to inmove under mild sathity 

levels but decreased shafply when salimily was hi. Thii is in apement with 

previous findings of Gallagher (1985), though it appea~~ to be an exce@on to 

the general pattern of saltgrass growth-response to salinii. 

Using a ranking according to QI, we chose six saltgms acce&om (Table 

3) that seemed promising for further exarninabjons. Yet, several nates must be 

made. The quality index used in thii report does nd employ any scale 
between the parameters examined. One may legitimadely suggest dim 

weighing of the parameters mrding to specific seledim goals, w h i i  may 
change the ranking results considerably. Three out of me six accessions 
originated from Georgia, USA, in accordance with the general pattern otffeined 

bythatgroup.Hamtver,theproteincontentsthat~demethatgrwpmust 

be improved. perhaps thtwgh enhanced f e t t i l i i ,  as sham h w r  Iatler 

experhem (Table 4). On the other hand, the relatively poor performance d 

the Swth American accession under saNne c o n d i  ( F i i .  4 and 6) does nd 

disqualify the whole group; on the contrary, much effort should be made to 

increase the collection of South-American saltgrass. 

We have shown that the selected saltgrass accessions are positively and 



L i l y  responsive to considerable levels offertikakn, vvtrich can also 
compensate for reduclh in productivity due to adwme effads of salhity 

(Table 4). Atthough not examined diredly, productive seltgnrss fodder can be 

obtained using Large amounts of water. In nature, saltgrass can sunrive very 

long periods of drought displaying an underground phase of dormancy. 

Nevertheless, in all Mi, the growing season of saltgrass in sbwgiy related 

to unlimited supply of water (e.g., inundaSion). Thii may be in accorclanw wilh 

therequirementtoapplyaLergequantityof~wtoleechthesalt inthesd 

-process- 
Being a pioneer plant. saltgrass can be useful in the hitial sleps of the 

reclamation process of salinized former farmland (Gallagher 1985; Pastemek & 

Nerd 1995). Duetoitsweakabiliitocompedewithotherptantspedeswhen 

salinity declines (Wanen & Niering 1993; Shumway 1995), sal$ress can be 

easily replaced with more valuable crops. These features strongly support 

earlier opinions (Yensen & Bedell 1993) thai saltgrass is suSUbble for 
. . as a forage crop for saline envimnmenls. Howw, the elfam to 

identifyand~etizenewsaltgrassemtypesshouldbe~,asthe 

results of the present study indicate that the likelihood to succeed is 

consideraMy high. 

The introduction of W i n  plant spedes to a region may hold a qeai 

agriculhrral potential, as have been proven many tknes in the hisDoly. 

Altemativety, it migM fail or even worse - to endanger the local plant 

community. Unfoftunately, we were not able to evahte lhii problem in the 

present project This may be due to the fol- reasons: 

1. ~.Saltgrassreproductimismainlydonelandseed 

prcducbknisusuellypoorandsporadi.Hevingsome~ 

experience with a single accsssion (Pas&emak and Nerd 1995). we 

t h o u g M t h a t i h e c l o n a l ~ ~ ~ ~ l d b e r e p i d a n d e e s y .  

However, most accessions were not as fast in roolhg, a fact that 

delayed (I same cases, even prevented) the h p k m a m h  d large 

scalefieldtrials in Isreelandhad negetive influenwontheprectical 

work in Turkmenii. 

2. p .We~krorm#atsal$nrss 

water consumption is high and this i n f w  was translened to the 



Turkmen team. Howlever, the water availability did nat meet the walw 

needs of saltgrass during the lung, extremely warm and dry sununer in 

Turkmenistan. Transportation to the e w  sites was also 
problematic. In addition, the extmmdy cdd winter was nat h fam d 

several accessions that did not rearver in the following seawn. 

3. Technical caoacity. In TurkmmkUm, there was an &emw d 

infras$ucturesuchasvehii,modemwaterandeledricitysupplyin 

thew. 
4. thehnoteams.TheRowofirformation~ 

theteamsviaemailwascuttrequentlyduetokcalproblemsh 

Turknen-&tan, resulting in long of noncommunicabjon. V i  in 

Turkmeniiwerenoteasybanange;beyandthewarin 

Afghanistan and afterwerds in Iraq and the consequent seanily 

problems. there were many bureaucratic obsEBdes (Turknen irstihde 

adminisbation, visa, etc.) to arrange visits at the rim and nelevant 

time. These problems made our (Israeli) abili very paor b kKm, 

control, and furlhemme, to repair scienWic and practical issues h the 

project hpletnenWm in Turkmenb. 

It is d i i l t  to assess now whether the M i  of the study wil be use414 to 

the Turkmen agriculhtm immediily. although it is hoped that the it wil be so in 

the Mum. MainLnpadontheTurlaensldethusfarwaslhe~ 

acquired by the Turkmen trainee in hbomhy and field wrk h Israel. which wil 

hopefully be transfefred to her country. 

G . ~ ~ ~  
I. Meetinas. PI visit to Turkinenii, May 2001. 

Co-PI visit to Israel, April 2004. 

Co-Cl @r M e n d l i i  visil to Turloneni. SepZember 2004. 

Our requests to anange a visit of the Israeli team to T u r k n e n i  durirg 

the2005spring hMdertocondudetheprojectwascencelleddueto 

bureauaaticproblems. 

2. m. Ms lrina P i  was sent by the Turlanen team already in 

2001 for laboratory and w work training. She spent 4 yeers in Israel, 



actively invoked in all aspects of the scienbific work h the projed and 

acquired various useful skills. 
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Salt-resistant forage cmps can be innoduced to 
salinized lands to serve as a primary stage of the 
reclamation of former agricultural lands and also 
provide alternative forage for Livestock. 

Saltgrass (Dirdch6i spacum L, Poaceae) has potential 
for being a salinity-tolerant forage crop?-" However, 
domestifation of saltgrass requires a long procedure 
of selection and breeding, as it is still a wild 
plant species. In this study, we evaluated a broad 
collection of saltgrass accessions as fodder ciups 
to select candidate accessions for future breeding 
programs. Fodder quality of a crop is complex to 
determine because it involves panunetem such as yield, 
chemical composition, digestibility and palatability. 
Desirable Paits, namely high contents of crude protein 
(CP), metabolizable energy (ME), organic matter 
digesniity (OMD) and dry matter (DM), low 
contents of ash and neunal-detergent fiber OF), 
and a high level of leahess U S )  were used to define 
a quality index (QI) in order to assess the potential of 
a saltgrass accession to become a forage crop. We also 
sought possible relationships between geographical 
origin and quality Wits that might guide collection 
missions aimed at expanding the available saltgrass 
germplasm. In additional, growth response under a ~ range of salinity levels was used as an indication for the 
potential performance of selected saltgrass accessions 

1 in saline environments. 

MATERIALS AND METHOOS 
Plant material 
Plants were collected fromseveralldcations in the USA 
and South America (Table 1). Most of the plants were 
collected from the wild on May and June 1998. In 
the USA, plants were collected from a few widely 
dispersed sites (distances between sites ranged £mm 
lo2 to iO4km). In California, several ecotypes were 
contributed *om a collection of saltgrass from various 
known sites in the Cenual Valley @r Dyer, USDA, 
Soil Conservation Service, Lockefod, CA). Several 
ecotypes that originated in other pans of the USA 
were obtained fmm a collection in Delaware (Professor 
Gallagher, College of Marine Studies, University of 
Delaware, Lewes, DE). For South American ecotypes, 
each plant was the only repmsentative of a region. 

At each site, several (2-5) live rhizomes were 
dug out, washed from soil and organic marter, 
wrapped with wet paper and kept in plastic bags 
in a cool-box (5-15 'C) for 2-5 weeks before being 
planted in pots containing periite and peat (1:l). 
Plants were kept in quarantine for 5months before 
being transferred to a greenhouse at Ben-Gurion 
University of the Negev (Beer Shew, Israel). When 
plants were established, one rhizome from each 
bucket representing a different locadon was cut 
and replanted individually in a l-liter pot and 
was considered as an accession, as confirmed by 
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MVSP pa~kage'~ in order to obtain a two-dimensional 
ordination pattern of saltgrass accessions using 
various geographical or eco-geographical parameters 
for sordng. 

RESULTS 
Forage quality of salgrasa accessions 
Mean DM, ash, and NDF contents for all saltgrass 
accessions aamined in the present study were 431, 
68.3 and 720 gkg-', respectively (Table 2). Crude 
protein content averaged ll6gkg-' and ranged 
h m  a low of 69gkg-' to a high of 189 gkg-'. 
I n  Yitmmetabolizable energy yields and organic maner 
digestiity were higher in sheep m e n  fluid than 
in goat m e n  fluid for all saltgrass accessions. 
Mean metabolizable en- yield for sheep was 
6.30~k0.66kJg'DM, r8nging between 4.71 and 
8.63 kJg-' DM, whereas in goats, the mean was 5.63 f 
0.75kJg-' DM, rangingfmm 3.21 to 6.79 kJg-' DM. 
Mean organic matter digestibility (OMD) was 506 f 
215.4~kg-I for sheep and 478 f 25.5gkg-' for goats. 
LFS avmged 6.96 with large differences between 
accessions within and, especially, among groups from 
distinct origins. 

PCA analyses (that included all quality parameters) 
of all saltpass accessions were carried out to reveal 
possible clustering patterns according to countties 
or ecosystem (seashore or inland) of origin. GA 
accessions ch~stcred separately whereas all other 
accessions were scatteeed randomly (Fig lA). No 
dustaing of inland or seashore accession was 
observed, despite the segmgation of the seashore GA 
group from the genaaUy mixed scattering (Fig 1 B) . 

In a simpler adpis ,  whae only two quality 
parameters (CP and ME) were used (Fig 2A), most 
GA accessions puped together at the upper left 
quarter of the array (negative CPI, and positive MEI.). 

In the same analysis, three of four South American 
accessions were located at the upper right quarter, 
indicating positive CPI, and MEI.. All AL accessions 
were at the left half of the CP axis (negative CPI,). 
The CA accessions, which were the largest group, 
were scattered throughout all quarrers similar to the 
other accessions (Fig 2A). When analyzed according 
to inland or seashore origin, about 70% of seashore 
accessions were left of the CP axis (negative CPI,), 
while 70% of the inland accessions were on the right 
side of the CP axis (Fig 2B). However, the ME axis 
did not have any discriminating effect on eithcs of the 
two groups. 

Dissection of all quality criteria according to the 
c o u n ~ y  of origin revealed no significant antes 
for DM, ash and NDF contents (Table 2). However, 
significant differences were found for CP, ME, OMD 
and U S .  When ranked by quality index (QI), the 
GA group was significantly better than all groups 
except for the South American group ('I'able 2). The 
GA group obtained the highest LFS, had reasonably 
high ME and OMD but the lowest CP mean, 
while the South American group had the highest 
CP, ME and OMD but a relatively low LFS. All 
other groups had QI values lower than 10, indicating 
relatively poorer quality (Table 2); however, individual 
accessions exhibited relatively high values for one 
or more parameters. Comparison of inland versus 
seashore accessions showed a signiiicant advantage 
in LFS for seashore ecorypes, higher CP content for 
inland accessions, and no significant difference for all 
other quality parameters (Table 2). The top six ranked 
saltgrass accessions, according to QI, are presented in 
Table 3. 

Growth respmse to sallniiy 
Most saltgrass accessions that were examined under 
six different levels of water salinity displayed a 

1- 2 W traiter MM), ph, uud~ Pmtsh (CP) and neubal dataeaRb9r 0 contents, leafmms (LFS), and h vftm m&kdkable- (ME) 
and aOsnic malte~ M W  P O  Wda (using w a n d  goat wrsn M) of 48 Panmca accesah of!ginating (mn various regions 
~ d f = 6 J a ~ m ( a r n h a r , r * p r s i n ~ ; d f =  1 ) o t h e A m s r i c a n ~  

OM Ash CP NDF MEsheep MEgoah OMD - 
W n (g@-') (W S-' DM) MEawf%?e @kg-') LFS 

GA 8 439 61.0 95.6 736 6.65 6.44 6.55 505 8.38 
S h = s % x  4 405 80.6 143.9 728 7.03 6.52 6.64 538 7.25 
M 5 432 71.5 130.3 712 6.44 5.45 5.95 493 5.60 
AL 6 454 67.3 98.4 777 6.22 5.90 5.88 466 8.33 
CT 3 437 72.4 142.7 760 5.98 5.36 5.67 445 7.67 
CA 16 428 67.8 119.6 693 6.22 5.37 5.79 480 6.33 
LIT 4 411 67.3 127.0 700 5.47 5.20 5.34 462 5.75 

NS NS ... NS . ... .. I. *- 

SedDia 27 437 65.6 109.6 728 6.35 5.82 8.09 490 7.32 
Inland 21 424 71.0 127.0 705 5.23 5.52 5.88 488 6.40 

NS NS ** NS NS NS NS NS 

T d  mezm 431 68.3 115.7 720 6.30 5.63 5.92 465 6.96 
SO 34.7 10.6 22.2 529 0.66 0.75 0.71 38.1 1.30 

NS,notsigniRcam . " . Md -indicate for slgniticani differences at P < 0.05.0.01, and 0.M1, mpsdivehl. 
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response to salinity (Fig4). GA6 showed obvious 
superior perfomwm at both fresh and saline condi- 
tions, even at vuy high salinity levels. GA2 displayed 
a similar pattern but at much lower RGR levels. 
DE3 had substantially low RGR when grown with 
fresh water, however, it remnined smble as salinity 
was increased to 20 dSm-' and declined sharply at 
30dSm-' and above. CA17 and CHI displayed the 
poorest performance even at 10 dSm-'. 

DISCUSSION 
Many mals have been carried out for the purpose 
of developing halophytes into economically viable 

(see also www.biosalinity.org). Salt accumu- 
lation in the aboveground pans of the plant appears 
to be a auaa l  parameter, for it limits further devel- 
opment of apparently promising salt-tolerant fodder 
plant species. For instance, AmpIex species were found 

Table 4. A& content (g kg-' DM) of sshtsd s4tguss aaespions 
gmwn during 10weeks in water culture at four salinity levels' 

Aasssii 1.5 

ALI 65 f 2.2 
AL3 63 f 2.8 
& J l  84 f 3.1 
k 3 2  86 f 3.6 
CAI 72 f 2.4 
CA4 66 f 2.5 
CA13 7 0 f  1.9 
CA17 MI f 2.6 
CHI 79 f 3.4 
CH2 7 5 f  3.1 
CT2 71 f 2.9 
DEl 7 5 f 1 . 8  
DE3 74 & 2.5 
GA2 5 6 f  1.4 
GA3 62f 1.6 
GA6 66f1 .9  

'Values are mesn, * SE of slx refdicat~~. 

to be highly productive with seawater irrigation,'' nev- 
enheless in erivo feeding mals showed that Am* was 
a poor fodder source due to high ash content, low 
intake by livestock and low nitrogen dige~tibility.~' 
Saltgrass was not as tolerant as the An'pkc species 
or as other chenopods but it did not concentrate 
salts in leaves.22 This was confirmed by Marcum,23 
who examined salt-resistant members of the Chlo- 
ridoideae sub-family of grass and found saltgrass as 
the lowest salt-accumulator under high salinity levels. 
In the present study, ash content of saltgrass aver- 
aged 68 kg-' (Table 2) and, when grown under high 
salinity levels, it never exceeded 1 l gkg-' (Table 4), 
which was considerably less than in Amj~ler species 
(which are usually above 200gkg-' ash). Therefore, 
and at least based on the criterion of s d t  content in 
edible plant pam, saltgrass seems potentially suitable 
as a forage species. 

Besides low salt accumulation, protein content 
and metabolizable energy yield are of primary 
importance when the feed-value of potential fodder is 
deter~nined.~' In wild saline environments, saltgrass is 
w e d  readily by l i v e s t o ~ k ~ ~ ' ~  and wildlife 
However, apparently, the contribution of saltgrass to 
livestock diet is low.l0 In the present study, the mean 
values of CP, OMD, and NME (Table 2) put saltgrass 
at an intermediate range of fodder quality: above straw 
but below customary forage crops such as alfalfa. 
Nevextheless, the variability among accessions was 
considerable, and many accessions displayed traits in 
the high quality range. For example, 14 accessions (out 
of 48) exhibited CP values higher than 13gkg-I, 17 
had n7ME yield (for sheep) above 6.5 ~ J B '  DM, and 
20 accessions contained more than 5 2 0 g k g - ' 0 ~ ~ .  

This high variability is not surprising because 
saltgrass is a wild species at the beginning phase 
of domestication, which typically involves seven 
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