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C. Executive Summary

The Aral Sea Basin, shared by severai Central Asian Republics, has been
affected strongly by severe salinity problems, a consequence of a long period
(1920's — 1970's) of soil and water abuse. As a result, most arable lands were
subjected to soil salinization and consequently abandoned. in a reciamation
process of these lands, large quantities of water are required to leach the sait
from plant roots. The high expenses involved in such a process can be partially
compensated if accompanied by profitable salt-resistant crops, preferably
fodder for the important livestock production typical to this region. However,
most crops would not meet these requirements due to the harsh climate
conditions of the Aral Sea basin. In the present project, we proposed to
examine the potential of saltgrass {Distichlis spicata, Poaceae), an American
salt marsh plant species, as a forage crop for saline environments, to select
promising accessions, and to test their performance in Israel and in
Turkmenistan. We have established a large collection of saligrass accessions,
some of which were identified as of considerable potential for high quality
fodder production. Further examinations included the effects of salinity on the
yields and the quality of the selected accessions. In Turkmenisian, although
saltgrass accessions were brought there at a very early stage of the project, the
plants did not produce sufficient biomass for further, large-scale field
experiments and animal feed tests. This resutted from severai unexpected
reasons which included low propagation rates, severe climate conditions, and
lack of infrastructure such as available water and electricity systems for field
experiments and vehicles to reach trials at frequent intervals. However, in
worldwide agricultural aspects, we have shed light on a plant species with a
considerable potential to become a successful forage crop for saline
environments.

D. Research Objectives
Almost 1 billion hectares of land, which accounts for 10% of the earth's surface,

are affected by salinity and over 50% of all irrigated lands have a salinity
problem (Flowers & Yeo 1995; Flowers & Flowers 2005). Most crop plants are
glycophytes or non-halophytes that do not express their full genetic potential for
growth, development, and productivity under salt stress, (Lauchli & Epstein



1990; Munns 1993). Salt-affected soils are most often the resuit of human
activity, mainly through mismanagement of irmigation systems (Rhoades 1990).
In imigated lands, salinization of the soil occurs where evapo-iranspiration rates
exceed irrigation rates or where drainage capacity of the soil is low. In most arid
and semiarid lands, deficit imigation is practiced due to water scarcity. The
diminishing supply of good-quality water for irrigation often results in the use of
low quality water, high in salinity (Pastemak 1987). in addition, low awareness
of these problems leads to poor drainage infrastructure, which in tum
accelerates soil salinization processes (Rhoades 1990).

The environmental catastrophe of the Aral Sea basin has become a classic
example of anthropogenic abuse of lands and waters. In this huge region,
shared by the Republics of Central Asia, large areas, sometimes more than half
of the farmlands, have been taken out of production due to severe salinization
of soils and water sources, thus entailing serious food security problems
(Micklin 1992). The reclamation of those saline lands must involve salt-resistant
plants of economical value. Livestock production, mainly Karakul sheep, goats,
and Asian camels, is of major economical importance in the Aral Sea basin.
Based solely on grazing, animal performance can be low due to low crude
protein and low metabolizable energy intake from the local herbage and shrubs
{Degen et al. 2002). Salt-resistant forage crops can be introduced to salinized
lands to serve as a primary stage of the reclamation of former agricultural lands
and also provide altemative feeding sources for livestock.

Saltgrass (Distichlis spicata L., Poaceae) has been shown to have the
potential of being such a crop (Ginzo et al. 1986; Brinzela et al. 1990;
Pasternak et al. 1993). Saligrass is a plant species native to coastal and inland
highly saline environments in America. Unlike other halophytes, saltgrass
avoids salt accumulation in aboveground tissues, and it has the potential to
obtain considerable, good quality yields of fodder, even at high salinity levels
(EC>10 dS'm™). Yet, saligrass is a wild plant species, which requires careful
selection and domestication processes before it becomes a useful crop.

The objectives of this project were: 1) to evaluate a wide spectrum of D.
spicata ecotypes for forage quality potential; 2) to study growth response of
selected genotypes to salinity as an indicator of productivity in saline
environments; 3) to examine the adaptability of saltgrass accessions to the



climatic and edaphic conditions in Turkmenistan; 4) to carry out field evaluation
of forage productivity, quality, and feed value of the selected accessions under
saline conditions in Turkmenistan.

The salinity problem in agriculture may be solved using huge amounts of
fresh water in combination with extremely expensive investments in efficient
drainage systems in order to leach the salt from the upper soil profile. Because
of the large expense of such a project, the solution must evolve from the
domestication of salt-resistant plant species or through the improvement of salt
resistance among important crops (utilizing halophytes as the sole genetic
source available for this trait) (Serrano 1996). The present project addresses
this possibility directly and furthermore, it has been aimed at providing a
practical answer to the crucial problem of the Aral Sea Basin.

E. Methods and Results

E.1. Phases of project implementation

The project was divided into several phases. The first one, which took piace
in 1998 before the embarking of the US-AID/CDR/CAR support, included
saltgrass collection missions in the USA and South America, followed by
genetic characterization of the collected accessions (Ram ef al. 2004).

In the second phase, we evaluated a broad collection of saltigrass
accessions as fodder crops in order to select candidates to be used for future
breeding programs. Fodder quality of a crop is complex 1o determine, as it
involves parameters such as yield and chemical composition, as well as
aspects such as digestibility and palatability. Desirable traits, namely high crude
protein (CP) content, metabolizable energy (ME), organic matter digestibility
(OMD), and dry matter (DM), low ash content and neutral-detergent fiber
(NDF), and a high rate of leafiness (LFS) were used to define a quality index
(Ql) in order to assess the potential of a saltgrass accession to become a
forage crop. We aiso sought possible relationships between geographical origin
and quality traits that might indicate to us specific collection missions aimed at
expanding the available saltgrass germplasm.

In the third, phase, before large scale field experiments are carmied out, the
growth response at a wide range of salinity levels was used as an indication for
the potential performance of selected saligrass accessions in saline



environments. Outstanding accessions were propagated and further examined
for their performance under various fertilization and salinity combinations at a
small scale field experiment.

For the forth phase of the project, promising accessions were sent to
Turkmenistan twice: at an early stage of saltgrass examinations (2002) as well
as at a later stage (2004). This phase of research was aimed at testing the
adaptability of the chosen accessions to the climatic and edaphic conditions in
Turkmenistan and consequently, at carrying out field evaluation of forage
productivity and quality, including animal feed trials with local Karakul sheep.

PlantswereoollectedﬁomseverallocaﬂonshmeUSAandSOUMAmerm
(Table 1). Most plants were collected from the wild on May and June 1998. In
the USA, plants were collected from a few sites at distances ranging from 10°
10 10* k. In Califomia, several ecotypes were obtained from a collection of
saltgrass from various known sites in the Central Valley (Dr. Dyer, USDA, Soil
Conservation Service, Lockeford, CA). Several ecotypes that originated in other
parts of the USA were obtained from a collection in Delaware (Prof. Galiagher,
College of Marine Studies, University of Delaware, Lewes, DE). For South
American ecotypes, each plant was the only representative of a region.

At each site, several (2-5) vital rhizomes were dug out, washed from soil
and organic matter, wrapped with wet paper and kept in plastic bags in a cool-
box (5-15°C) for 2-5 weeks before being pianted in pots containing perfite and
peat (1:1). Plants were kept in quarantine for 5 months before being transferred
to a greenhouse at Ben-Gurion University of the Negev (Beer Sheva, Israel).
When plants were established, one rhizome from each bucket representing a
different location was cut and replanted individually in a pot and was
considered as an accession, as confimed by RAPD analysis (Ram et al. 2004).



Table 1: Sampling sites of saltgrass ecolypes. | — Inland ecolypes; S - seashore ecotypes; TMS
- tidal marsh on seashore; OU- uncertain origin; TE - tidal estuary; ISM ~ inland saline
marsh or lake, seasonally inundated,; RB- river or ditch bank, seasonally inundated

Ecotype Country / State  County / Location I/S  Ecosystem
CT1,CT3 Cmnamun New London / Bam istand S ™S
CT2 New London / near Mystic S TMS
DEt1,24,5 Delawam Sussex / near Lewes S ™S
DE3 Lewes, UDE collection S uo
GA1-8 Georgia Mcintosh / Sapeio Island s T™S
AL1 Alabama Mobile / Deer River S TE
AL2 . Mobile / Dauphin Island s ™S
AL3-6 . Mobile / Heron Bay S ™S
uTt Utah Goshen | ISM
uT2 " Big Salt Lake | ISM
uT3 " Vernon | RB
uT4 . Jordan River 1 RB
CA1 California Mendota I uo
CA2 California Riverside / Salton Sea | ISM
CA3,13,16 . Kings / Tulare Lake-bed | RB
CA4,14 - S. Luis Obispo/Soda Lake { ISM
CAS5,17 - Fresno / Tranquiflity 1 RB
CAB * S. Luis Obispo/Morro Bay S TE
CA7 - Merced / Hartiey Slough [ ISM
CAB,15 San Joaquin l RB
CA9 " San Diego / Mission bank S RB
CA1D * Tulare / Alpaugh l RB
CAN . Monterey/Elkhorn Siough S TE
CA12,18 * Kings / Kettleman city | RB
CH1 Chile Tam 1 ISM
CH2 Chile Juta V, ! ISM
Argi Argentina Trelew Chubut 1 RB, TE
_Ayg2 Argentina Chinchina La Rioja l ISM

Acoe&sionswemrepllcatedandgrownmpolsoomahhgpedlnandpea!
(1:1), drip-imigated with fresh water (1.5 dS-m )andon—lnel‘mndfaﬂize:
(Sheffer 5:3:8 (N:P:K, respectively), Fertilizers & Chemicals Ltd., Israel) supply
at 50 ppm N. The above-ground portion of the plants was harvested on July
2002, before the occurrence of any signs of bloom.

Seeking tools to discriminate between sallgrass accessions and to evaluate
their potential appeal for herbivores, we broadened ‘leafiness’ to define a new
term - 'LFS’, which included additional descriptive parameters. Shortly before
harvest, ieaf/whole-canopy ratio of each accession was determined and shoot
sofiness, vitality, and lushness were ranked from 1 (low) to 10 (high). These
evaluations were made among the saltgrass accessions, and not against other
grass species.

Harvested plant material was dried in an oven at 50°C until constant mass



to determine dry matter content (9%DM). Dry matter was ground to fine powder,
which was used for further analyses. Samples were analyzed for nitrogen (N)
content by the Kjeldahl method (Bradstreet 1965) and for ash by buming at
550°C (ACAC, 1990). Crude protein was calculated as 6.25-N. Neutral
detergent fiber (NDF) content was determined as described by Van Soest et al.
(1991), applying a Fiertec System M6 (tecator, Haganas, Sweden). All
measurements were done in triplicate.

Organic matter digestibility and metabolizable energy yield of the saltgrass
samples were estimated in vitro using the Hohenheimer Gas method (Menke et
al. 1979; Menke and Steingass 1988). in this method, the gas produced in
anaerobic fermentation of substrate is used to predict the nutritive value.
Rumen liquor and particulate matter were collected before moming feeding via
a rumen fistula from two sheep and two goats fed on a roughage diet of mainly
poor quality wheat straw and some luceme hay; the liquor was homogenized,
strained and filtered through glass wool. Incubation media was prepared as
described by Menke et al. (1979). Samples, each of 200 mg DM, were
incubated in triplicate in 100 ml calibrated glass syringes in which 30 ml of the
incubation media was added. The glassware was kept at 39°C and flushed with
CO: hefore use and the mdure was kept stirred under CO, at 39°C. Gas
production, as determined by piston movement, was measured over 24 h after
correcting for gas production due to rumen fluid alone. Gas production (GP,
mi/200 mg DM) and crude protein (CP, g/kg DM) were used to estimate organic
matter digestibility (OMD) and in vitro metabolizable energy (IVME) yield as
follows:

OMD (%) = 24.91 + 0.722 GP + 0.0815 CP
and,
IVME (kJ/g DM) = 2.20 + 0.136 GP + 0.0057 CP

To rank the saltgrass accessions, a modified version of the method
described by Conklin ef al. (1991) was adopted. The mean of each quality
parameter (DM, ash, CP, NDF, ME, and LFS) was subiracted from the value
obtained by each accession and the resuit was divided by the SD of the mean
to produce a specific parameter index. For example, the equation of the VME
index took the form:



IVMEIx = (accession IVME — mean IVME)/SD

In this case, calculations were made for sheep and goats separately, but the
average of IVMEIx for sheep and goats was calculated (MEIx} and used for
further determination of the quality index (Ql). Q! was calculated for each
saltgrass accession as follows:

Ql = DMIx - Ashlix + CPIx — NDFIx + MEIx + LFSix + 10

Statistical differences between groups of saltgrass accessions (country of
origin) or between ecosystems of origin (inland vs. seashore) were detemined
using a one-factorial Analysis of Variance (ANOVA) followed by a Fischer's
PLSD test. PCA was exercised on the covariance matrix of all quality
parameters or on the most important two of them (CP and ME) with the MVSP
package (Kovach, 1999) in order 1o obtain a two-dimensional ordination pattem
of saltgrass accessions using various geographical or eco-geographical
parameters of sorting.

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). Crude
protein content averaged 11.6% and ranged from a low of 6.9% to a high of
18.9%. /In vitro metabolizable energy yieids and organic matter digestibility were
higher in sheep rumen fluid than in goat rumen fluid for all saltgrass
accessions. Mean metabolizable energy yield for sheep was 6.30+0.66, ranging
between 4.71 and 8.63 kJ/g DM, whereas in goats, the mean was 5.6110.75,
ranging from 3.21 to 6.79 kJ/g DM. Mean organic matter digestibility (OMD)
was 50.612 64 % for sheep and 47.812.55 % for goats. LFS averaged 6.96 with
large differences between accessions within and, especially, among groups
from distinct origins.



Table 2: Dry matier (DM), ash, crude protein (CF) and neutral detergent fiber (NDF) contants,

leafiness (LFS), and in vitro metabolizable energy (ME) and organic matter digestibiity (OMD)
yields {using sheep and goat rumen fluids) of 48 saltgrass accessions originated from various
regions (states; df=6) or ecosystems (seashore vs. infand; df=1) of the American continent.

Origin n DM Ash CP NDF ME- ME- ME OMD LFS O
sheep Qoals average
(%) (% DM) {kJ/ig OM) (%)
GA 8 439 610 956 736 6.65 644 6.55 505 838 116
S. Amer 4 405 B06 1439 728 7.03 6.52 6.64 538 725 104
DE 5 432 715 1303 N2 6.44 545 5.95 493 560 94
AL 6 454 673 984 777 6.22 5.90 5.88 466 833 98
CcT 3 437 724 1427 760 5.98 5.36 567 445 767 91
CA 18 428 678 1196 693 6.22 537 5.79 480 633 99
urt 4 411 673 1270 700 547 5.20 534 462 575 86

NS NS ™= NS * s m = o

Seashore 27 437 656 1096 728 6.35 5.82 609 490 732 102

Inland 21 424 710 1270 705 6.23 5.52 586 408 640 98
NS NS b NS NS NS NS NS * NS
Total mean 43.1 683 1157 720 6.30 563 592 485 696 100

SD 347 106 222 529 0.66 0.75 0.71 381 130 204

NS, not significant.
* = and *** indicate for significant differences at P<0.05, 0.01, and 0.001, respectively.

PCA analyses (that included all quality parameters) of all saltgrass
accessions were carried out to reveal possibie clustering pattems according to
countries or ecosystem (seashore or iniand) of origin. GA accessions clustered
separately whereas all other accessions were scattered randomly (Fig. 1A). No
separate clustering of inland or seashore accessions could be observed, in
spite of the segregation of the seashore GA group from the generally mixed
scattering (Fig. 1B).

In a simpler analysis, where only two quality parameters (CP and ME) were
used (Fig. 2A), most GA accessions grouped together at the upper left quarter
of the array (negative CPix and positive MEIx). In the same analysis, 3 of 4
South American accessions were located at the upper right quarter, indicating
positive CPix and MEIx. All AL accessions were at the left half of the CP axis
{negative CPlx). The CA accessions that comprised the largest group scattered
randomly among all quarters of the array, as well as the other accessions (Fig.
2A). When analyzed according to inland or seashore origin, about 70% of
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seashore accessions were left of the CP axis (negative CPlx), while 70% of the
inland were at the opposite side (Fig. 2B). However, the ME axis did not have
any discriminating effect on either of the two groups.

-~
ic
02
0A
06 04 02 0 02 04 06 08 1 98 04 02 0 02 04 08 OB 1
Axde 1

Axde 1
Fig. 1. PCA analyses of fodder quality results (all quality parameters included) of
48 saltgrass accessions. A. Accessions are sorted according to country of origin.
B. accessions are labeled according to their ecosystem of origin.

Dissection of all quality criteria according to the country of origin revealed no
significant differences for DM, ash, and NDF contents (Table 2). However,
significant differences were found for CP, ME, OMD, and LFS. When ranked by
quality index (QI), the GA group was significantly better than all groups except
for the S. American group (Table 2). The GA group obtained the highest LFS,
had reasonably high ME and OMD but the lowest CP mean, while the S.
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), although some obtained quite good values for one parameter or
anather. Dissection for inland vs. seashore accessions showed a significant
advantage in LFS for seashore ecotypes, 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 Ql, are presented in
Table 3.
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Fig. 2. Cluster analyses of 48 saltgrass accessions according to crude protein vs.

metabolizable energy contents. Accessions are labeled according to country of origin

(A) or ecosystem (B).

Table 3: Forage qualily properties of the best six saligrass accessions, ranked according o the

quality index (Qi} described in the text.
Acc. Origin DM Ash CP NDF ME OMD LFS a
(%) (% from DM) (igDM) (%)
CH1 Tamarugal, Chile 419 7.7 189 706 7.53 584 7 1465
GA2 Sapelo island, GA 43.6 6.0 113 679 6.99 53.6 9 14.59
GAB Sapelo Island, GA 449 7.0 10.7 68.7 6.88 528 9 1385
GA7 Sapelo Island, GA 43.6 8.1 82 701 8.57 50.4 9 1253
DE3 Lewes, DE 50.1 7.2 146 672 6.02 50.5 5 12.50
CA17  Tranquility, CA 437 7.0 136 648 579 48.8 7 12.09
E.4. Phase 3 - Growth and Quality Rgsponses to Salinity

Ramets of each accession were cut and rooted in water culture. Accessions
that displayed high rates of rooting and of vegetative growth resumption were
further examined for their growth response to salinity. Uniform plants (n = 36) of
each selected accession were transferred to a glasshouse under full sunlight to
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grow in water culture in 1-L containers. Salinity level was gradually increased to
produce six salinity treatments (1.5, 10, 20, 30, 40, 50 dS-m™") obtained by
NaCl:CaCl, solution at 3:1 ratio, respectively. The growing solution contained
fertilizers (N:P:K, 5:3:8, respectively, at 50 ppm N), was maintained at a
constant volume by adding fresh water when necessary, and was replaced
weekly. Aeration with a bubbling system did not have any considerable
influence on growth and, therefore, was discarded. Plant growth (whole plant
fresh weight) was recorded weekly during 10 weeks in summer. The relative
growth rate (RGR) became stable towards the 6™ week and thereafter, and the
average RGR of weeks 6-8 was chosen as an indicator for growth response to
salinity.

Most saltgrass accessions that were examined under six different levels of
water salinity displayed a similar pattem of RGR response to salinity. The
highest RGR was obtained when grown with fresh water (1.5 dS-m™) but it
declined sharply at 10 dS'm™, and decreased moderately or became stable as
salinity was increased up to 50 dS:m™. In a few exceptional accessions from
DE and CA, RGR pattern was different, beginning its decline only at 30 dS-m™,
yet their initial RGR at fresh water were usually very low.

Fig. 3. RGR (relative growth
falo) response 10 water
salinity level of saligrass
plants grown hydroponically.
Compered are five groups of
saligrass accessions sortad
according to country of origin
(mean 1 SE).

o 1 2 3 4 5 e
ECw (dS m™)

GA and AL accessions had the highest RGR throughout all salinity levels
(including fresh water), with a relatively stable performance (>0.008 day™)
between 20 and 50 dS-m™. The S. Ametican accessions displayed the lowest
RGR values (<0.004 day™), indicating low vigor under highly saline
environments (>20 dS'-m™") (Fig. 3). From the six accessions selected (Table 3),
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five were examined for RGR response to salinity (Fig. 4). GA6 showed ohvious
superior performance at both fresh and saline conditions, even at very high
salinity ievels. GA2 displayed a similar pattem but at much lower RGR levels.
DE3 had substantially liow RGR when grown with fresh water, however, it
remained stable as salinity was increased to 20 dS-m™ and declined sharply at
30 dS'm™ and above. CA17 and CH1 displayed the poorest performance even
at10dSm™.

0.02
__ o018 Fig. 4. Comparison of RGR
2 oo1s response 1o water salinity
S ona level between five
s 0.012 accessions (out of six) that
g 001 displayed the highest qualty
S 0.008 1 index (QI) among our
£ % sakprass collection (see also
z :: Tables 2 and 3). Vaiues
0 ‘ i . ‘ ' represent means (+SE) of 6
0 10 20 30 4 0 & replications per accession
ECw (¢S m™) per salinkty level.

Accessions GAS and CH1 were tested in two additional experiments aimed
at evaluating their response to fertilizer levels on a background of salinity. In the
first experiment, plants were grown under full sunlight in polystyrene boxes
(100x40x18 cm each) containing a well-drained pertite-2 medium. Plants were
drip-irigated with fresh (1.5 dS-m™) or saline (7 dS'm™") water and with an on-
line liquid fertilizer (6:6:6 (% N:P:K, respectively), Fertilizers & Chemicals Lid.,
Israel) supply at 15, 30, 60, or 120 ppm N. Each combination of salinity and
fertilization tevel had four repetitions. irrigation took place 3 times a day at
150% of daily evaporation {as recorded by a nearby meteorological station).
Drainage water was automatically collected and measured daily. Electrical
conductivity, pH and N concentration in drainage water were recorded once a
week. The growing season began on March and four successive harvests were
obtained until November. Yield and quality parameters such as dry matier
(DM), ash, and crude protein {CP) contents were recorded yearly. The
experiment was conducted twice, in years 2003 and 2004 and the results are
summarized in Table 4.
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Table 4: Yield and forage quality parameters of two saltgrass accessions (CH1 and GAB)
grown with fresh or saline irrigation water at four levels of fertilization in a soilless culture (see
also text). Figures are means of 4 replications and 8 harvests during years 2003 and 2004,
between March and November.

Saline {1.1-1.5dSm™) Fresh (6.8-7.2dS-m™")
N{ppm} 15 30 60 120 15 30 60 120
Yield (kgFW/m’}
CH1 12d 18 24c 33b 14d 21c 29 37a
GAB 09d t7c 26¢c 38b i5¢ 22c 34b 43a
ns ns ns * ns ns . .
DM content (%)
CH1 483a 479ab 452b 446b 450b 442b 421c 415¢
GAS 50.1a 487a 4530 430bc 44.1b 437b 433bc 42.1c
* ns ns ns ns ns - ns
Ash content (% of DM)
CH1 105a 104a 102a 96a 83b 78bc 7.7bc 7.5¢c
GAB 92a 90a 88a 84ab 770 74b 7.4bc 68c
. . . N . ns . -
CP. content (% of DM)
CH1 62 75d 112c 128bc  10.3c 13.2bc 188a 19.1a
GAS 61d 82c 95bc 10.6b 66d 88c 109b 13.1a
ns ns L] - Tl e e L

ns, not significant; *, **, and *** indicate for significant difterences at P<0.05, 0.01, and 0.001,
respectively, within columns in each section. Different letters indicate for significant differences
within a row.

Both saltgrass accessions were strongly affected by salt stress, which
caused a significant reduction (14 and 21% in CH1 and GAB, respectively) in
yield. On the ather hand, the response to increased fertilizer level was far more
dramatic; yields were 2.6 to 4 times higher at the highest fertilization level (120
ppm N) than at the lowest one (15 ppm N). Furthermore, at the highest
fertilization level, the differences in yield between fresh and saline water plants
declined to 11% in both accessions (Table 4).

The dry maiter content was higher at the saline treatment but tended to
decrease with the increasing fertilization levels. As may be expected, the ash
content was significantly higher at the saline treatment, however, the absolute
levels of ash content at the salinity levels practiced in this experiment were still
low enough to be at the acceptable range for fodder. Also in this case, the ash
contents tended to decline as the fertilization level increased (Table 4).

Nevertheless, the most profound impact of fertilization was on the content of
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crude protein, which was doubled from the lowest to the highest level of
fertilizer. Salt stress, on the other hand, considerably reduced the CP content,
particularly in accession CH1 (Table 4). The differences between the two
accessions were most obvious in the parameters of ash content and CP, and
were especially pronounced in the response to fertilization under fresh water
irrigation.

The second experiment was conducted on a small plot (about 200 m?) of
sandy soil, in order to test in a small scale an experimental system designed to
determine the threshold of salinity level and the consequences of further
increased salinity on plant performance under a high and constant fertilization
level ((6:6:6 (% N:P:K, respectively), Fertilizers & Chemicais Ltd., Israel, at a
constant level of 120ppm N). The same two accessions, CH1 and GAS, were
planted in four separate strips, two per accession, across the irigation lines.
Four imigation lines, with sprinklers hanging 85 cm above soil surface at 2 m
distances onine, were placed to produce an even coverage of irrigation water
on soil surface. A gradient of salinity across the piot (Fig. 5) was obtained by
the injection of brine to each line at a different rate of pulse.

50 18

45 L 14 Fig. 5. Average
£ 4
E 40 L 12 amounts of weser per
g'E"' 35 1 ~ imigation event and the
o 30 - - 107
g- 1 5 salinity gradient
3§ 2 1 T8 8  obtained at the smal-
g l¢ B )
EE w scale fiek! experiment
& 87 la in yoar 2004.
o 10 -

s "2

0 0

The plot was planted on August 2003 and irrigated with fresh water until the
first effective rains in November. The experiment began in May of the
subsequent year, when the plants obtained full coverage. The total amount of
imigation water during the growing season was 1832 mm. Three harvests were
done until November 2004. Four strips of 1 m width were mowed for each
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accession along the salinity gradient and the cumulative yields are presented in
Figure 6 on a fresh weight basis.
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At relatively low levels of salinity (up to 6 dS-m™), both accessions obtained
high forage yields, ranging between 7 and 10 kgFW/m?. Significant differences
in yields occurred when salinity levels increased; while the yield of accession
GAS remained high and stable even at 13 dS-m™, that of CHt declined steadily
to about 5 kgFW/m? at 11 dS'm™' and then sharply dropped with any further
increase in salinity (Fig. 6).

E.5. Phase 4 — Examinations and Implementation in Turkmenistan

Promising saltgrass accessions were brought to Turkmenistan at the
beginning of the project, soon after a preliminary evaluation of our collection
had been completed. Half of the plants were planted in a field nearby Ashgabat
on June 2001 in order to gain biomass during the summer and provide plant
material for field experiments of larger scale. The other half was grown in
buckets and was planted in a fieid of the Karakul Experimental station much
later, towards the autumn. Although the plants grew to some extent, there was
insufficient biomass to conduct the planned large-scale field experiments.
Selected accessions were also taken to Turkmenistan in the spring of 2004,
however, no information was provided regarding those plants.
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F. Discussion, Impact, Relevance, and Technology Transfer

Many trials have been carried out for the purpose of developing halophytes
into economically viable crops (Shay 1990). Salt accumulation in the
aboveground parts of the plant appeared to be a crucial parameter, which
limited further development of apparently promising salt-tolerant fodder plant
species. For instance, Atriplex species were found to be highly productive with
seawater irrigation (Pastermak et al. 1983), nevertheless in vivo feeding trials
showed that Atriplex was a poor fodder source due to high ash content, low
intake and low nitrogen digestibility (Arieli et al. 1989). Saltgrass, on the other
hand, was not as tolerant as the Atriplex species or as other chenopods but &t
did not concentrate salts in leaves (Pasternak & Nerd 1995). This was also
reported by Marcum (1999), who examined salt-resistant members of the
Chiloridoideae sub-family of grass and found saltgrass to accumulate the least
salt under high salinity levels. In the present study, ash content of saltgrass
averaged 6.8% (Table 2) and when grown under high salinity levels, it never
exceeded 11% of DW (data not shown), which was considerably less than in
Atriplex species (which are usually above 20% ash). Therefore, and at least
from the viewpoint of salt content in edible plant parts, saligrass seems
potentially suitable as a forage species.

In addition to the desirable low salt accumulation, protein content and
metabolizable energy yield are of primary importance when the feed-value of
potential fodder is determined (Minson 1981). in wild saline environments,
saltgrass is grazed readily by livestock {Ginzo et al. 1986; Brinzela et al. 1990)
and wildlife species (Powell 1993; Weller 1994). From the limited data
available, the contribution of saltgrass to livestock diet is low (Brinzela et al.
1990). The mean vailues of CP, OMD, and IVME (Table 2) put saltgrass at an
intermediate range of fodder quality - above straw but below customary forage
crops such as alfalfa. Nevertheless, the variabiiity among accessions was
considerably high, and dispiayed many positive traits that could bring them to a
high quality range. For instance, 14 accessions (out of 48) exhibited CP values
higher than 13%, 17 had IVME yield (for sheep) above 6.5 kJ/g DM, and 20
accessions had an OMD above 52%.

The high variability found here is not surprising, since saltgrass is a wild
plant species still in the earliest steps — collection and evaluation - of the seven-
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phase-path of domestication determined by Vogel et al. (1989). Intra-specific
variation among saltgrass ecotypes has been reported in the ecological
literature for a number of parameters that included growth rate, rhizome
morphology, and response to disturbance (Brewer & Bertness 1996) as well as
in response to chioride and sulfate salinity and to selenium soil contamination
(Enberg & Wu 1995; Wu et al. 1997). Analyses of genetic and morphologic
diversity in our broad collection of saltgrass accessions revealed that in spite of
the dominance of cional reproduction, genetic variability within a population was
larger than among populations (Ram et al. 2004). We used similar siatistical
techniques in the present study to relate between fodder quality traits and
country or ecosystem of origin (Figs. 2 and 3) and demonstrated again that the
variability within a group of origin is high enough to find exceflent as weil as
poor genotypes side by side. These results strengthen a former conclusion that
the initial selection of saltgrass should rely mostly on the performance of
individual accessions (Ram ef al. 2004).

Still, some level of discrimination according to the origin of accessions could
be made; the GA accessions had a significantly higher quality index (Qi) than
that of the other groups (Table 2), mainly due to high LFS and ME (in spite of
relatively low CP content). In addition, CP and LFS were the parameters in
which inland and seashore accessions differed significantly (Table 2 and Fig.
3B). The emergence of LFS as a valuable determinant in saltgrass selection
may be associated with a previous suggestion to use ‘leafiness’ (in its
conservative meaning - leaves/whole canopy ratio} as an indicator of fiber
content and, consequently, as an instant tool to evaluate fodder quality (Hacker
& Minson 1981, Christiensen et al. 1984). indeed, a high fiber content was the
major drawback of a single saltgrass accession (Seabrook, DE) examined by
Pasternak ef /. (1993). High fiber contents (NDF ranging between 60 and
83%) were found for saitgrass in the present study (Tabie 2), however, in
contrast to expeciations it did not correlate with ‘leafiness’(R? = 0.13) nor with
'LFS' (R2=0.25). This may be explained by the fact that some accessions had
relatively large but stiff and spiky leaves while others, with small leaves, where
much softer. Therefore in saltgrass (at least), fiber content should be directly
determined. LFS, although somewhat subjective, provides a useful
discrimination tool.
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When grown with fresh water, vigor may provide a good indication for the
productive potential of sailtgrass as a crop. The relative growth rate (RGR) is a
sensitive physiological parameter for vigor, as it ignores initial differences in
plant size on one hand, while a small difference in RGR builds a large
difference in biomass over a relatively short period, on the other hand.
Difficulties to obtain sufficient amounts of plants restricted those experiments to
fewer accessions. Even though, the RGR measurements provided significant
differences between accessions on the basis of country of origin (Fig. 3);
accessions originating from the south-Atiantic coast of USA exhibited higher
RGR values than other accessions under fresh water, which is in agreement
with the LFS parameter. Nevertheless, if designated to saline environments,
selected accessions should also exhibit high and stable parformance at various
salinity levels rather than just survive. In spite of a general sharp decfine in
RGR levels with the increase in salinity levels (Fig. 3), the ALand GA (lo a
lesser extent) accessions, again, demonstrated superior RGR values under
highly saline conditions, compared with the other groups. It is noteworthy, that
the performance of the DE accessions tended to improve under mild salinity
levels but decreased sharply when salinity was high. This is in agreement with
previous findings of Gallagher (1985}, though it appears to be an exception to
the general pattem of saltgrass growth-response to salinity.

Using a ranking according to Q!, we chose six saltgrass accessions (Table
3) that seemed promising for further examinations. Yet, several notes must be
made. The quality index used in this report does not employ any priority scale
between the parameters examined. One may legitimately suggest different
weighing of the parameters according to specific selection goals, which may
change the ranking results considerably. Three out of the six accessions
originated from Georgia, USA, in accordance with the general pattem obtained
by that group. However, the protein contents that characterize that group must
be improved, perhaps through enhanced fertilization, as shown in our latter
experiments (Table 4). On the other hand, the relatively poor performance of
the South American accession under saline conditions (Figs. 4 and 6) does not
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

20




highly responsive to considerable lavels of fertilization, which can also
compensate for reduction in productivity due to adverse effects of salinity
(Table 4). Although not examined directly, productive saltgrass fodder can be
obtained using large amounts of water. In nature, saltgrass can survive very
long periods of drought, displaying an underground phase of dormancy.
Nevertheless, in all habitats, the growing season of saligrass in strongly reiated
to unlimited supply of water (e.g., inundation). This may be in accordance with
the requirement to apply a large quantity of wator to leach the salt in the soil
reclamation process.

Being a pioneer plant, saltgrass can be useful in the initial steps of the
reclamation process of salinized former farmland (Gallagher 1985; Pastemnak &
Nerd 1995). Due to its weak ability to compete with other plant species when
salinity declines (Warren & Niering 1993; Shumway 1995), saltgrass can be
easily replaced with more valuable crops. These features strongly support
earlier opinions (Yensen & Bedell 1993) that saltigrass is suitable for
domestication as a forage crop for saline environments. However, the efforts to
identify and characterize new saligrass ecotypes should be continued, as the
results of the present study indicate that the likelihood to succeed is
considerably high.

The introduction of foreign plant species to a region may hold a great
agriculiural potential, as have been proven many times in the history.
Altematively, it might fail or even worse — to endanger the local plant
communily. Unfortunately, we were not able to evaluate this problem in the
present project. This may be due 1o the following reasons:

1.  Plant propagation. Saltgrass reproduction is mainly clonal and seed
production is usually poor and sporadic. Having some previous
experience with a single accession (Pastemak and Nerd 1995), we
thought that the clonal propagation would be rapid and easy.
However, most accessions were not as fast in rooting, a fact that
delayed (in some cases, even prevented) the implementation of large-
scale field trials in israel and had negative influence on the practical
work in Turkmenistan.

2.  Harsh climate and water requirements. We have known that saltgrass
water consumption is high and this information was transferred to the

21



Turkmen team. However, the water availability did not meet the water
needs of saltgrass during the long, extremely wam and dry summer in
Turkmenistan. Transportation to the experimental sites was also
problematic. In addition, the extremely cold winter was not in favor of
several accessions that did not recover in the following season.

3. Technical capacity. In Turkmenistan, there was an absence of
infrastructure such as vehicles, modem water and electricity supply in

the teams via e-mail was cut frequently due to local problems in
Turkmenistan, resulting in long of non-communication. Visits in
Turkmenistan were not easy to arrange; beyond the war in
Afghanistan and afterwards in lraq and the consequent security
probiems, there were many bureaucratic obstacies (Turkmen institute
administration, visa, etc.) to amrange visits at the right and relevant
time. These problems made our (Israeli) ability very poor to know,
control, and furthermore, to repair scientific and practical issues in the
project implementation in Turkmenistan.

it is difficult to assess now whether the findings of the study will be useful to
the Turkmen agriculture immediately, although it is hoped that the it will be so in
the future. Main impact on the Turkmen side thus far was the expertise
acquired by the Turkmen trainee in laboratory and field work in Israel, which will
hopefully be transferred to her country.

G. Project Activities/outputs
1. Mestings. P! visit to Turkmenistan, May 2001.

Co-Pi visit to Israel, April 2004.

Co-C! (Dr Mendlinger) visit to Turkmenistan, September 2004.

Our requests 10 arange & visit of the Israeli team to Turkmenistan during
the 2005 spring in order to conclude the project was cancelied due to
bureaucratic problems.

2. Training. Ms Irina Pirogova was sent by the Turkmen team already in
2001 for laboratory and field work training. She spent 4 years in Israel,
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actively involved in all aspects of the scientific work in the project and
acquired various useful skills.

3. Publication
Bustan A, D. Pasitemak, I. Pirogova, M. Durikov, T. T. deVries, S.
Meccawi, and A. A. Degen. 2005. Evaluation of saltgrass as a fodder
crop for saline environments. J. Science Food & Agriculture 85: 2077-
2084.

H. Project Productivity
The project accomplished most of its objectives in israel but less so in
Turkmenistan. The reasons were detailed in pages 21 and 22 of this report.

1. Future Work

It has been shown that saltgrass hass the potential to be used as a fodder
crop for raising tivestock in high salinity areas. Large feeding trials, both in the
laboratory and field are needed to further assess the nutritive value of this
grass.
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Evaluation of saltgrass as a fodder crop
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Abstract: Farmiand salinixation dae t0 uvnsustainable agricultoral practices has bocomme 8 weridwide
problem. Salt-resistant forage crops, introduced at the primary stages of land reclamation, cam previde
fodder for Hvestock, thus adding economic benefit to the process. Seligrase (Distichlis apiceds), a wild
halophytic grass species distributed in salt marshes in Americs, is occasionally graved by Bvestock and
wild animals. In attempis to domesticate this species, we evglusted sad rasked the fodder potencial
of gronps of accessions from several sites in North and South America. Ash contest mever excosded
110g kg™!, even when plamts were growa with salty water. Crude protrim comtent was varisbic and
averaged 116gkg"! of DM. Mean yield of metabolizable energy was .30 and 5.61 3] g~' DM far sheep and
gomts, respectively. Organic matter digestibility (im oitro) was higher in shoep than in goats (506 gkg™'
and 478gky~!, respectively) for all saligraes accessions. Differences in guality parasasters were vmally
Inrger within than among groups of sccession when sorted according to coustry of erigin or scesystem.
Accesslons from the Sosth Atiaatic const of North America snid from South America were superior
ia seversl parameters. South Atiantic cosst sccesions were reintively vigorows sad were productive
under saline conditions, as indicated by thelr relstive growth rate (RGR) in small-ecale experiments. Six
outstanding saitgrass accessions were chosen for farther examination. The resulin of the prosent stdy
indicate that ssitgrass holds conslderable promise for seloction and saggest that efforts should continne to

identify and characterizse additiopal sultgrass ecotypes.
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INTRODUCTION

Almost I billion hecwares of land, which accounts for
10% of the earth’s surface, are affected by salinity and
over 50% of all irrigated lands have 2 salinity problem.!
Most crop plants are giycophytes or non-halophytes
that do not express their full genetic potential for
growth, development snd productivity under salt
stress.2? Primary salinization, that is salinization
resulting from natural causes, contributes significantly
to the global process. However, salt-affected soils are
most often the result of human activity, mainly through
mismansgement of irrigation systems.* In irrigated
lands, salinization of the soil occurs where evapo-
transpirstion rates cxceed irrigstion rates or where
drainage capacity of the 3ol is low. In most arid sand

semiarid lands, immigation that is less in volume than
evapo-transpiration is often practiced becanse of water
scarcity. The dimninishing supply of good-quality water
for irrigation often results in the me of low quakty
water, high in salinity.>* In additon, low swarcoess of
these problems leads o poor deainage infrastrocture,
which in tum sccelerstes soil salinization processes.*
The environmental problems of the Aral Sea basin
has demonstrated how salinity can be the cause of &
food security problem.” Livestock production, mainly
Karakul sheep, goats and Asisn camels, is of major
cconomical importance in the Arsl Ses basin. Based
solely on grazing, animal performance can be low
due o Jow caude protein and low metabolizable
energy intake from the local herbage and shrube.®
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Salt-resistant forage crops can be introduced to
salinized lands 1o serve as a primary stage of the
reclamation of former agricultural Jands and also
provide alternative forage for livestock.

Saltgrass {Distichhs spicata 1., Poaceae) has potential
for being a salinity-tolerant forage crop.’~!! However,
domestication of saltgrass requires a long procedure
of selecton and breeding, as it is still a wild
piant species. In this study, we evaluated a broad
collection of saltgrass accessions as fodder crops
to select candidate accessions for future breeding
programs. Fodder quality of a crop is complex to
determine because it involves parameters such as vield,
chemical composition, digestibility and palatability.
Desirable traits, namely high contents of crude protein
(CP), metabolizable energy (ME), organic matter
digestibility (OMD) and dry matter (DM}, low
contents of ash and neurral-detergent fiber (NDF),
and 2 kigh level of leafiness (ILFS) were used to define
z quality index (QI) in order to assess the potential of
a saltprass accession to become a forage crop. We also
sought possible relationships between geographical
origin and quality traits that might guide collection
missions aimed at expanding the available saligrass
germplasm. In additional, growth response under a
range of salinity levels was used as an indication for the
potential performance of selected saltgrass accessions
in saline environments.

Tahle 1, Sampiing sitee of saligrass ecotypes®

MATERIALS AND METHODS

Plant material

Plants were collected from several locations 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 from
10? to 10*km). In California, several ecotypes were
contributed from a collection of saltgrass from various
known sites in the Central Valley (Dr Dyer, USDA,
Soil Conservation Service, Lockeford, CA). Several
ecotypes that originated in other parts of the USA
were obtained from a collection in Delaware (Professor
Gallagher, College of Marine Studies, University of
Delaware, Lewes, DE). For South American ecotypes,
each plant was the only representative of a region.

At each site, several (2-5) live rhizomes were
dug out, washed from soil and organic martter,
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 perlite and peat (1:1).
Plants were kept in quarantine for 5months before
being transferred to a greenhouse at Ben-Gurion
Unijversity of the Negev (Beer Sheva, Israel). When
plants were established, one rhizome from each
bucket representing a different location was cut
and replanted individually in a l-liter pot and
was considered as an accession, as confirmed by

Ecotype Country/state County/location IS Ecosystern
CT1,CT3 Connecticut New London/Barn Island S ™S
CcT2 Connecticut New London/near Mystic S ™S
DE1,2,4,5 Delawara Sussex/near Lawes . S ™S
DE3 Delaware Lewes, UDE collection s uo
GA1-8 Georgia Mcintosh/Sapelo Island s ™S
ALA Alabama Mobile/Deer River S TE
AL2 Alabama Mabile/Dauphin Isiand S ™S
AL3-6 Alabama Mobile/Heron Bay S ™S
uT1 Utah Goshen } ISM
ur2 Utah Big Salt Lake | ISM
uT3 Utah Vemon | RB
ur4 Utah Jordan River | RAB
CA1 Caltformia Mendota | UG
CA2 Califomia Riverside/Salton Sea | ISM
CA3,13,18 California Kings/Tulare Lake-bed I RB
Cad,14 California 8. Luis Obispo/Soda Laks i ISM
CA5,17 California Fresno/Tranquility | AB
CAS California S. Luis Obispo/MoiTo Bay S TE
CA7 Calfomnia Merced/Hartiey Slough I ISM
CA8,15 Califomia San Joaqguin | RB
CAg Califomia San DiegoMission bank s RB
CAt0 Califormia Tutare/Alpaugh | RB
CA11 Califormnia Monterey/lichom Slough 8 TE
Ca1218 California Kings/Kettleman city t R8
CH1 Chile Tamarugal I ISM
CH2 Chile Juta Valley | ISM
Arght Argentina Trelew Chubut ! RB, TE
Arg2 Argentina Chinchina La Rioja [ ISM

* | — Intand ecotypes; S~ seashora ecotypes; TMS — tidal marsh on seashore; UO — uncertain origin; TE — tidal estuary; ISM — intand saline marsh
or lake, seascnally inundated; RB -river or ditch bank, seasonally inundateq.
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Accessions of three replicates were randomly placed
and grown outdoors in potw cootmining perlite and
peat (1:1), drip-irrigated with fresh water (1.5dSm™!)
and oo-line liquid fertilizer (Sheffer 5:3:8 (N:PK,
respectively), Pertilizers & Chemicals Lid, Haifa,
Israel) supplied st 50ppm N. The sboveground
porticn of the plants was harvested omn July 2002,
before the occurrence of any signs of bloom, ie of head
emergenoe. Growth was for three months starting

April 2002.

Measuroments

Secking tools to discriminate between saltgrass acces-
sions and cvaluate their porentisl for herbivore use,
we defined leafiness as LFS", which inchaded addi-
tional descriptive parameters. Shortly before harvest,
leaffwhole-canopy ratio of each accession, shoot soft-
ness, vitality and lushness were determined by visual
estimation snd each paramcter was ranked from 1
(low) to 10 (high). The mean of these estimates for
each succession was used as a measure of LFS. These
evaluations were made among the saligrass accessions,
and not against other grass species.

Harvested plant material was dried in an oven a1
50°C o constant mass 1o determine dry maner con-
tent. Dry matter was ground to fine powder, which was
used for further analyses. Samples were analyzed for
nitrogen (N) content by the Kjeldahl method!? and for
ash by buming at 550°C.!* Crude protein was calcu-
lated as 6.25 x N, Neuatral derergent fiber (NDF) con-
tent was determined as described by Van Soest e al,'>
applying a Fiertec Sysiern M6 (Tecator, Haganas,
Sweden). All megsurements were made in triplicate.

Orgmic matter digestibility and metabolizable
energy vield of the saltprass samples were estimated
in oitro using the Hohenheimer Gas Method.!6:17
In this method, the gas produced in anserobic
fermentation of substrate is uwsed to predict the
nutritive value. Rimen ligoor and particulate matrer
were collected before moming feeding via & rumen
fistula from two sheep and two goats fed on & roughage
dict of mainly poor quality wheat straw and some
and fikered through glass wool. Incubstion media
was prepared as described by Mepke & al.'® Samples,
each of 200 mg DM, were incubated in triplicate in
100-m calibruted glass syringes in which 30 ml of the
incubation media was added. The giassware was kept
at 39°C and fluahed with CO;z before use and the
mixture was kept stitred under COy at 39°C. Gas
production, as derermined by piston movement, was
measured over 24 h after correcting for gas production
due to rumen fluid alone. Gas production (GP, ml per
200 mg DM) and crude protein (CP, gkg~! DM) were
used to estimate organic matrer digestibility (OMD))
and 1 vipv metabolizable energy (IVME) vield 23
follows: 6.7

OMD (%) = 24.91 + 0.722GP + 0.0815CP
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and,

IVME (Kg™!) = 2.20 + 0.136 GP 4 0.0057CP

Calculations

T'o rank the saltgrass accessions, a modified version of
the method described by Conkiin e of'® was adopted.
The mean of each quality perameter (DM, ash, CP,
NDFE, ME and LFS) was subtracted from the valoe
obtained by each scoession and the result was divided
by the SD of the mean w produce a spedific parameter
index. For example, the equstion of the IVME index
took the form:

IVMEIL, = (accession [VMEB — mesn IVME)/SD

In this case, calcnlations were made for sheep
and goars separarely, but the aversge of IVMEL, for
sheep and goats was calculared (MEL) and osed for
further determinstion of the quality index (QD). QI
was calculated for each saltgrass scceysion as follows:

QI = DML, — Ashl, + CPI, — NDFI,
+ MEL + LFSL + 10

QGrowth response to salinity
Rmeuofud:mmutndromdn

further examined for their growth response 1o salinicy.
Uniform plants (x = 36) of each selected accession
were mansferred to0 a glssshouse wnder full sunligiht
to grow in water culture in 1-liver contxiners. Salimity
level was gradually incressed o produce six salinity
trestments (1.5, 10, 20, 30, 40, 50dSm™") obtaimed
by NaCl:CaCl; solution ar 3:1 rato, respectively.
fertilizers (N:P:K, 5:3:8, respectively, at 50ppm N)
was maintzsined st a constamt volume by adding
fresh water when necessary, and was replsced weekly.
Aeration with a bubbling system did not have a
noticesble influence on growth snd, thercfore, was
discontinued. Plant growth (whole plant fresh weighs)
was recorded weekly during 10weeks in summer.
Relstive growth rate (RGR) became stable at week 6
and thereafter. Therefore, the average RGR of weeks
6-8 was chosen a2 an indicaror of growth response to
salinity. Ash content was determined st the end of the
experiment (10 weeks), as described above.

of origin (inland vs. seashore) were determined using a
one-factorial Analysis of Variance (ANOVA) followed
by a Fischer’s PLSD test. PCA was exercised on the
covariance matrix of all quality parameters or an the
most important two of them (CP and ME) with the
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MVSP package!? in order to obtain a two-dimensional
ordination pattern of saligrass accessions using
various geographical or eco-geographical parameters
for sorting.

RESULTS

Forage quality of saltgrass accessions

Mean DM, ash, and NDF contents for all saltgrass
accessions examiped in the present study were 431,
68.3 and 720gkg ', respectively (Table 2). Crude
protein content averaged 116gkg™' and ranged
from a low of 69gkg™! to a high of 189gkg™!.
In vitro metabolizable energy yvields and organic matter
digestibility were higher in sheep rumen fiuid than
in goat rumen fluid for all saltgrass accessions.
Mean metabolizable energy yield for sheep was
6.30 £ 0.66%Jg"'DM, ranging between 4.71 and
8.63 kjg~! DM, whereas in goats, the mean was 5.63 +
0.75KI g DM, ranging from 3.21 10 6.79 kig~! DM.
Mean organic matter digestibility (OMD) was 506 +
26.4gkg " for sheep and 478 + 25.5gkg™" for goats.
LFS averaged 6.96 with large differences between
accessions within and, especially, among groups from
distinct origips.

PCA analyses (that included all quality pararneters)
of all saltgrass accessions were carried our to reveal
possible clustering patterns according to countries
or ecosystem {seathore or inland) of origin, GA
accessions clustered separately whereas all other
accessions were scattered randomly (Fig1A). No
clustering of inland or seashore accession was
observed, despite the segregation of the seashore GA
group from the generally mixed scattering {Fig 1B),

In a simpler analysis, where only wo quality
parameters (CP and ME) were used (Fig 2A), most
GA accessions grouped together at the upper left
quarter of the array (negative CPI; and positive MEL,),

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 CPl,).
The CA accessions, which were the largest group,
were scattered throughout all quarters similar 1o the
other accessions (Fig 2A). When analyzed according
to inland or seashore origin, about 70% of seashore
accessions were left of the CP axis (negadive CPL,),
while 70% of the inland accessions were on the right
gide of the CP axis (Fig 2B). However, the ME axis
did not have any discriminating effect on either of the
tWo groups.

Dissection of all quality criteria according to the
country of origin revealed no significant differences
for DM, ash and NDF contents (Table 2). However,
significant differences were found for CP, ME, OMD
and LFS. When ranked by quality index (QI), the
GA group was significantly better than all groups
except for the South American group (Table 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 paramecters. Comparison of inland versus
seashore accessions showed a significant advantage
in LFS for seashore ecotypes, higher CP content for
inland accessions, and no significant difference for all
other quality parameters (Tabie 2). The rop six ranked
saltgrass accessions, according to QI, are presented in
Table 3,

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

Table 2. Dry matter (DM), ash, crude protein (CP) and neutral detergent fiber (NDF) contents, leafiness (LFS), and i vitro metabolizable energy (ME}
and onganic matter digestibility {(OMMD) yields {using sheep and goat rumen fluids) of 48 saltgrass accessions originating from various regions
{states; of = 6) or scosystems (seashore versus inland; ¢f = 1) of the American continent :

oM Ash cP NDF  ME sheep ME goats oMD
Origin n (gkg™" Jg~' DM) MEawrage (gkg~'} LFS ol
GA 8 439 61.0 85.6 736 6.85 6.44 6.55 506 8.38 11.6
S America 4 405 80.6 1439 728 7.03 6.52 6.64 538 7.25 10.4
DE 5 432 71.6 130.3 712 B.44 5.45 5.95 493 5.60 9.4
AL 6 454 67.3 95.4 777 8.22 5.90 5.68 466 8.33 9.8
CT 3 437 72.4 142.7 760 5.98 536 5.67 445 7.67 8.1
CA 18 428 67.8 1196 893 B.22 5.37 5.79 4B0O 6.33 39
uT 4 411 67.3 127.0 700 5.47 5.20 5.34 462 575 8.6

NS NS £ 11 ] NS L 3 ey -y L2 ] (-] ¥
Seashore 27 437 65.6 100.6 728 6.35 5.82 8.09 430 7.32 10.2
Indand 21 424 71.0 127.0 705 623 582 5.88 488 6.40 9.8

NS NS hid NS NS NS NS NS * NS
Total mean 431 68.3 115.7 720 6.30 583 5.92 485 6.96 10.0
SD 34.7 10.6 22.2 529 0.66 0.75 0.71 38.1 1.30 2.04
NS, not significant.

*, =, and **indicate for significant differences at p < 0.05, 0.01, and 0.001, respactively.
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Figure 1. PCA sralyses of fodder gusiity results {all quality
paramelers inclucied) of 48 seligrass accessions. A: Accsssions are
soried according o country of arigin. B: Accessions wre labsled

acconding to their ecosystam of origin,

similar pattern of RGR response to salinity (Fig 3).
The highest RGR was obtsined when grown with
fresh water (1.5dSm™") but it declined sharply at
10dS m™', and decreased moderately or became stable
as salinity was increased up o 50dSm™". In a few
exceptional accessions from DE and CA, the RGR
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Figare 2. Chusier snalyess of 48 salignss accessions scconding o
cnuie prolein versus metabolivahie enevgy conlenis. Accessions se
lsbsied according 40 couniry of origin (A) or ecomyslem &)

pattern was different, beginning is decline only st
30dSm™!, yet their initial RGR at fresh water were
usually very low.

GA and AL accessions had the highest RGR
throughout all salinity levels (mcluding fresh water),
with a relatively stable pe:ﬁrmm (>0.008day™ ")
between 20 and 50dSm~!. The South Ameri-
can accessions displayed the lowest RGR valucs
(<0.004dsy "), indicating low vigor under highly
saline environments (>20 dS m™*). From the six acces-
sions selected (Table 3), five were examined for RGR

Table & Forage quality properiies of the best six seligrans acosssions {Acc), anked sccording 1o the gualily index (O

DM Ash cP NDF ME OMD

Acc Oxigin @™ (gkg~' DM) kJg'OM) @) LFS a

CHY Tamarugal, Chils, S America 419 77 189 T06 753 584 7 1465
GA2 Sapsio Isiand, Geaorgia 438 60 113 679 699 536 9 14.58
GAB Sapelo Iskevd, Georgia 449 70 107 867 6.88 528 9 1386
GA7 Sapelo sland, Georgia 436 81 a2 701 857 504 9 1258
DE3 Lewos, Delaware 501 72 148 612 6.02 505 5 12.50
CA17 Tranquilty, California 437 70 136 648 5.78 488 7 1203
¥ Sei Food Agric 85:2077-2084 (2005) 2081
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Relative Growith Rate (day™)

ECw (dS m™")

Figure 3. RGR (relative growth rate) responsae to water salinity level
of saltgrass plants with five different origina. Bars above and below
the symbols indicate +1 SE.
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Fgure 4. Comparison of RGR response to water saiinity level
between five accessions (out of six) that displayed the highest quality
index (I} among our saltgrass collaction (see also Tables 2 and 3).
Values represent means (+SE) of six replications per accession per
salinity lavel.

response to salinity (Fig4). GA6 showed obvious
superior performance 2t both fresh and saline condi-
tions, cven at very 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 remained srable as salinity
was increased to 20dSm™! and declined sharply at
30dSm™" and above. CA17 and CHI displayed the
poorest performance even at 10dSm™!,

DISCUSSION

Many trials have been carried out for the purpose
of developing halophytes into economically viable
crops®® (see aiso www.biosalinity.org). Salt accumu-
lation in the aboveground parts of the plant appears
to be a crucial parameter, for it limits further devel-
opment of apparently promising sali-tolerant fodder
plant species. For instance, Ariplex species were found

2082

Tabile 4. Ash content (gkg~' DM) of selectad saltgrass accessions
grown during 10 weeks in water cufture at four salinity levels®

Salinity lovel (@S m™")

Agccession 15 10 30 50

AL1 65+2.2 78+4.1 290+29 98+ 3.1
Al3 63428 79450 92443 94+49
Argi B44+31 99+44 102437 107+34
Arg2 86+36 94%35 96+32 102+38
CAl 72424 83429 103+35 105+ 3.7
CA4 66125 84142 8341 89+47
CA13 70+1.9 90 +33 97 +3.6 a6+4.0
CA17 B8+26 85£44 M40 94+ 38
CH1 79+£34 94+386 103+£44 106x586
CH2 75+31 95148 100+59 90+ 4.1
CT2 71+£29 8441341 80+37 92+ 4.2
DE1 7518 B8+29 096+£3.5 99+3.3
DE3 74425 82426 90 +3.0 91+34
GA2 56+14 77+19 868+2.2 Ba+29
GA3 62+16 79+24 891+28 a0 +3.2
GAS B6+19 78+1.B 81+27 82435

2Values are means + SE of six replicates,

to be highly productive with seawater irrigation,!* nev-
ertheless in vivo feeding trials showed that Awriplex was
a poor fodder source due to high ash content, low
intake by livestock and low nitrogen digestibility.?!
Saltgrass was not as tolerant as the Amiplex species
or as other chenopods but it did not concentrate
salts in leaves.?? This was confirrned by Marcum,?
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 gkg~! (Table 2) and, when grown under high
salinity levels, it never exceeded 11 gkg™' (Table 4),
which was considerably less than in Awmipiex species
(which are usually above 200 gkg™! ash). Therefore,
and at least based on the criterion of salt content in
edible plant parts, 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
determined.?* In wild saline environments, saltgrass is
grazed readily by livestock™'° and wildlife species.?*+26
However, apparently, the contribution of saitgrass to
livestock diet is low.!° In the present study, the mean
values of CP, OMD, and IVME (T'abie 2) put saltgrass
at an intermediate range of fodder quality: above straw
but below customary forage crops such as alfalfa.
Nevertheless, 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™!, 17
had IVME vield (for sheep) above 6.5 k] g~! DM, and
20 accessions contained more than 520 gkg ' OMD.

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

¥ Sei Food Agric 85:2077-2084 (2005)




phases.” Intra-specific variation among saltgrass
ccotypes has been reported in the ecological Literature
for a number of parameters that included growth rate,
thizome morphology and response to disturbance?® a3
well as in response to chloride and sulfste salinity
and 1o selenium soil contamination.®3 Apalyses
of genetic and morphologic diversity in our broad
collection of saltgrass accessions revealed that in spite
of the dominance of clonsl reproduction, genetic
vmabihtywrd:mapopnhnonwuhmuﬂunmong
populations.'? We used similar statistical techniques
in the present study to evaluate associations between
fodder quality waitt and counuy or ecosystem of
origin (Figs2 and 3). Our results demonstrated
that variability within a group of origin was high,
which supports the conclusions of Ram e af'? that
initial selection of saltgrass should rely mostly on
performance of individual accessions.

Origin of accessions was able to discriminste among
groups of accessions with GA accessions having a
significantly higher quality index (QI) than the other
groups (Table 2). This discrimination was mainly due
o high LFS and ME despite low CP content. In
addition, CP and LFS were the parumeters in which
(Table 2 snd Fig 2B). Using LFS as an important
characteristic in saltgrass supports previous work
that ‘leafiness’ (mesning the ratio of leaves v the
entire canopy ratio) can be used as an mdicator of
fiber content and, consequently, a5 an instant tool
to evaluate fodder quality.3-* Indeed, a high fiber
content was the major drawback of a single saltgrass
accession (Seabrook, DE) examined by Pastermak

etal.!’ High fiber contents (NDF ranging between
WmdBS%)mﬁrmdfwnlwmmem
study (Table 2); however, in contrast to expectations,
it neither correlated with ‘leafiness’ (R2 = 0.13) nor
with LFS’ (R? = 0.25). This may be duc to some
leaves while others, with small leaves, were much
softer. Therefore, in saligrass at least, fiber content
should be determined direcily. Although LFS is
subjective, it provides a useful discrimination wol.
However, the exact relationship of LFS to herbivore
preference needs to be investigated further.

Vigormxybenmodmdnmohhepmdum
potential of saligrass as & crop in fresh warer.
Relative growth rate (RGR) is a sensitive physiological
in plant size, on one hand, while a smsll difference
in RGR builds a large difference in bjomass over a
relatively short period, on the other hand. Difficulties
in obtaining sufficient numbers of plants restricted
experiments to fewer accessions. However, differences
in RGR were observed between accessions on the
basis of country of origin (Fig 3). With fresh water,
accessions originating from the South Atlantic coast
of USA exhibited higher RGR waluey than other
Nevertheless, if grown in saline environments, selected

J Sc Food Agric 85:2077-2084 (2005)
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accessions should exhibit high, stable performance st
a general sharp decline in RGR with increased salinity
(Fig 3), the AL snd, to a lesser extent, GA accessions
again demonstrated superior RGR values under highly
saline conditions compared with other groups. It is
noteworthy that the performance of the DE accessions
tended 0 improve under mild salinity levels but
decreased sharply when salinity was high. This is
in agreement with previous findings of Gallagher,”
though it sppears to be an exception to the general
pattern of saltgrass growth-response to salinity.

Six saltgrass accessions with the highest QI values
were selected for further studies (Table 3). The QI
as calculsted in our smdy does not use a weighted
scale for paramevers. With different sclection goahs,
parameters could be weighted differemly, which may
change the manking results. Three out of the six
mqummdﬁunGmUSA.Hm,
the protein contents in the GA group must be
improved, perhaps through enhanced fertilization,
which is under current investigation. Furthermore, the
relatively poor parformance of the coe acoession from
South America under saline conditions (Fig4) does
oot mean that sll accessions fram South America sre
poor performers. Additional collections of saligrass
from South America sre needed to more accurately
evaluate their potential as a forage crop.

Being a pioneer plant, sahigrass can be ueeful
in the initial steps of reclaiming salinized former
farmland. 2% Because of its poor ability t compete
with other plant species when salinity declines, 3>
saltgrass can be emily replaced with other more
valuable crops. These festures strongly support eardicr
opinions™ that saligras is suisble for domestication
a3 a forage crop for saline environments. Our selected
in small field trials in Turkmenistxn and in Isreel.
Additional efforts to identify and chamcierize new
saltgrass ecotypes should be continmed.
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