214
Voluntary Intake and Digestibility of Saltbush by Sheep
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ABSTRACT : The study was conducted to compare the dry matter intake and digestibility of Atriplex halimus (AH) and Atriplex
nummularia (AN) and determine the proper proportion of saltbushes for partial replacement of alfalfa hay in the diets of Awassi sheep.
The foliage of AH and AN were hand-plucked, air-dried in shade and then chopped mechanically similar to alfalfa hay. Two trials were
conducted separately to determine voluntary feed intake and digestibility of saltbush browse. In thefirst trial, fifteen 8 month old Awassi
lambs were distributed into 3 equal groups, and each anima was housed in individual pen. Each group received one of three dietary
treatments: chopped alfalfa hay (H), dried foliage of Atriplex nummularia or foliage of Atriplex halimus. In the second trial, twenty-
seven 12 months old Awassi male lambs were randomly selected, distributed into nine equal groups, and housed into metabolic crates.
Each group of animals received one of nine dietary treatments: afalfahay, AN, AH and different proportions (25, 50 and 75%) of AN or
AH mixed with alfalfa hay. Forage type had a significant (p<0.001) effect on dry matter intake (DMI) and growth rate of lambs of the
voluntary feed intake trial. Lambs receiving the afafa hay diet showed high DMI and high growth rate compared to those fed the diets
containing saltbush. In the digestibility trial, dietary treatments had significant (p<0.05) effect on DMI, dry matter digestibility (DMD)
(p<0.01) and organic matter digestibility (OMD) (p<0.01). The inclusion of AN in the diet up to 50% had no significant effect on DMI
and DMD, whereas the inclusion of AH above 25% reduced DMI, DMD and OMD. The treatments had significant (p<0.05) effect on
water intake and on live weight changes of lambs. Except for the diet containing 25% of AN browse, all lambs fed diets containing the
saltbushes exhibited loss in body weight. The nutritive value of Atriplex nummularia foliage is better than that of A. halimus and it is
possible to replace up to 50% of alfalfa hay by A. nummularia without negative effects on intake and digestibility of dry matter. (Asian-
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INTRODUCTION

Extensive areas of rangelands in West Asia and North
Africa (WANA) region are degraded through activities
associated with dryland farming, uncontrolled grazing and
mining (Le Houerou, 1990). Serious declines in
productivity have occurred over extensive areas of lands
where less productive, less palatable and less nutritious
plants replaced key forage species. Rehabilitation of
degraded rangelands is generally limited by low rainfall and
unfavorable soil physical conditions. Because of drought
and scarcity of precipitation, fodder shrubs are preferred to
herbaceous species for rangeland revegetation. Atriplex
species commonly known as saltbush are strong candidates
for plant establishment in desert rangelands because of their
salt tolerance and high productivity (Squires and Ayoub,
1992; Le Houerou, 2000).

In Jordan, the common fodder shrubs that are used for
revegetation of rangelands are Atriplex halimus L. and A.
nummularia L. Atriplex halimus is native to Jordan and
represents 65% of saltbush plantations in Middle East
region whereas;, Atriplex nummularia is an introduced
species from Australia (Le Houerou, 1994). The nutritional
properties of these two fodder shrubs, acceptance by
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animals and adoption by pastoral communities are critical
before launching large-scale plantations in the desert and
steppe rangelands of Jordan.

In arid areas where the lack of water resources limits the
production of alfalfa and other irrigated forage crops, the
drought tolerant fodder shrubs may be used to partially
substitute the afalfa hay in the diets of small ruminants.
Proper integration of fodder shrubs in the feeding calendar
of grazing animals requires understanding of animal
responses when fed these types of fodder plants. Several
studies were conducted to assess the validity of these two
shrub species as promising feeds for small ruminants in the
low rainfall zone of Jordan. These studies included oxaate
and tannins assessment as anti-nutritional compounds (Abu-
Zanat et a., 2003a), mineral composition of Atriplex foliage
(Abu-Zanat et a., 2003b), concentration of minerals in
blood serum of ewes feeding on saltbushes (Alazzeh and
Abu-Zanat, 2003), dry matter accumulation and chemical
composition (El-Shatnawi and Mohawesh, 2000; El-
Shatnawi and Turk, 2002), and effect of feeding foliage of
these two shrub species on milk yield of Awassi ewes and
growth of lambs.

The objectives of this study were to compare the dry
matter intake and digestibility of Atriplex halimus and
Atriplex nummularia and determine the proper proportion
of saltbushes for partial replacement of alfalfa hay in the
diets of Awassi sheep.
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MATERIALS AND METHODS

The study was conducted at the Agricultural Research
Station of Jordan University for Science and Technology
(JUST) located in Irbid, Jordan. The foliage of Atriplex
halimus (AH) and A. nummularia (AN) were hand-plucked
from range reserves belonging to the Ministry of
Agriculture. The collected browse of each species was air-
dried in shade after discarding the twigs having diameters
>5 mm, and then chopped mechanically similar to alfalfa
hay (H) that purchased from loca market. The chopped
browse contained 65% leaf material.

Voluntary intaketrial

Fifteen Awassi lambs of nine months old and weighing
between 30 to 35 kg were divided into 3 equal groups of
five animals each. The animals were housed in individual
pens (1.0 mx1.25 m) and left to accommodate for 3 weeks
before starting the experiment. During this period the usual
station’s feed (concentrate ration and alfalfa hay) was
gradually replaced by the experimental diets. The 3 dietary
treatments were chopped alfafa hay (H), foliage of Atriplex
nummularia (AN) and foliage of Atriplex halimus (AH).
The diets were provided to each animal separately; five
replicates for each dietary treatment. The amounts of
offered diets were 15 to 20% higher than the estimates of
feed intake during adaptation period. Diets were provided at
9:00 am and refusals were collected 24 h later. Fresh water
was available to animals at all times. Daily feed intake of
diets (difference between the offered feeds and refusals) for
each animal was recorded for 17 days and representative
samples of diets were taken daily and the composite
samples were analyzed for chemical composition.

Digestibility trial

Twenty-seven Awassi male lambs of twelve-months old
and weighing between 49 to 53 kg were selected and
housed in individual shaded pens (1.0 mx1.25 m) for 14
days before moving animals into metabolic crates to
conduct the digestibility trial. During the 14-days
adaptation period, feeding of penned animals was gradually
shifted from the station’s ration to the experimental diets.
The animals were left for 14 days to adapt to metabolic
crates and experimental diets before starting the fecal
collection period. The nine dietary treatments were
allocated randomly and each treatment was allocated to one
group of three animals. The dietary treatments were T1
(100% H), T2 (75% H, 25% AN), T3 (50% H, 50% AN), T4
(25% H, 75% AN), T5 (100% AN), T6 (75% H, 25% AH),
T7 (50% H, 50% AH), T8 (25% H, 75% AH) and T9 (100%
AH). Daily feed intake of diets (difference between the
offered feeds and refusals) and daily fecal output for each
animal were recorded throughout the experiment. The
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excreta were sampled for dry matter determination. The
fecal collection period lasted for 7 days. Digestibility of dry
matter (DMD) was calculated using the equation:

{(DMI)-(FDM)}

x100%
DMI

where DMI is dry matter intake and FDM is fecal dry
matter. Body weights of animals were recorded before and
after the experiment. The same feedstuffs were used in the
voluntary intake and digestibility trials.

Chemical analysis

The collected feed and refusals samples were placed in
an oven at 100+5°C for 48 h for dry matter determination
(AOAC, 1990). The dried samples were ground to pass a 2
mm screen. Representative samples of oven-dried and
ground foliage weighing 0.5 g were placed in a muffle
furnace at 500°C for six hours for total ash determination.
The ash was wet with sulfuric and perchloric acids and
diluted with distilled water (AOAC, 1990). Sodium
concentration was determined by flame photometry
(Corning 410), phosphorus by absorption spectro-
photometry (KONTRON UVIKON 810, Tegimenta
industries, Switzerland), and Calcium was determined by
atomic absorption spectroscopy (Perkin-Elmer 7000, USA).
Crude protein (N%x6.25) was determined by Kjeltec Auto
1030 Analyzer, Tecator Company, Sweden. Neutra
detergent fiber (NDF) and acid detergent fiber (ADF) of the
composite samples were performed as described by Georing
and Van Soest (1970). Organic matter was calculated as the
difference between dry matter and ash contents.

Satistical analysis

The analysis of variance was performed on voluntary
feed intake data using SAS General Linear Model (GLM)
procedure for a complete randomized design (SAS, 1994).
The feed intake model included trestment, replicate within
treatment, day, treatment day interaction and residua error.
Factors considered in statistical analysis were feed intake
and body weight changes. For the digestibility trial, analysis
of variance was performed on data using the SAS General
Linear Model (GLM) procedure for a complete randomized
design. The digestibility model included treatment, replicate
within treatment, day, treatment day interaction and residual
error day. Factors considered in statistical analysis were dry
matter intake, dry matter digestibility, organic matter
digestibility, water consumption and live weight changes.
Treatment means were separated by least significant
difference at p<0.05. The weight change model included
forage type, proportion of saltbush in the diet, the
interaction of forage type and proportion of saltbush in the
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Table 1. Chemica composition of afafa hay, Atriplex
nummularia and A. halimus fed to Awassi lambs at Agricultural
Research Station

M. M. W. ABU-ZANAT

Table 2. Daily feed intake and growth rate of Awassi lambs fed
dfafa hay, Atriplex nummularia and A. halimus at Agricultura
Research Station

A

A

Alfafahay . A halimus Alfdfahay © . A halimus
nummularia nummularia

Dry matter (%) 96.7 92.62 9251 Feed intake
Ash (%) 11.0 23.80 25.16 g per day 1,345*%4278  830°+133  699°+164
Ca (%) 1.20 1.21 1.19 g DM per day 1,301° 769° 647"
P (%) 0.20 0.11 0.18 g kg W™ per day 97? 57° 48°
Na (%) 0.15 5.94 6.31 Growthrate (g per day)  121+100°  -86+110°  -89+100°
Organic matter (%) 89.0 76.20 74.84 * Meanststandard deviation.
Crude protein (%) 16.1 13.75 12.84 Meansin the same line with different letters are different (p<0.05).
Ether extract (%) 16 18 14
Nitrogen free extract (%) 411 38.45 35.3 in Table 2. Forage type had a significant (p<0.001) effect on
Crude fiber (%) 30.2 222 253 voluntary feed intake and growth rate of lambs (p<0.001).
Neutral detergent fiber (%)  46.0 34.70 40.72 The lambs receiving afalfa hay consumed higher amounts
Acid detergent fiber (%) 353 22.31 2745  of feed compared with those fed the saltbushes. There were

diet, and residual error. Factors considered in statistical
analysis were weight changes, initial body weight and final
body weight.

RESULTS

Chemical composition

Chemical composition of afalfa hay, browse of Atriplex
halimus and A. nummularia are presented in Table 1. The
values of dry matter contents of the three forage types were
relatively close, but the two Atriplex species contained
lower levels of organic matter compared to afalfa hay. The
foliage of A. halimus contained a higher level of ash
(25.16%) than that of A. nummularia (23.80%). Crude
protein contents of the two shrub species were lower than
that of AH. In general, the proximate composition of AH
and AN was similar with a tendency for higher NDF and
ADF in the browse of AH than that of AN. Plants of AH
and AN contained higher concentrations of Na compared to
afalfahay.

Voluntary feed intaketrial
Means of daily feed intake, dry matter intake per kg
metabolic weight and growth rate of Awassi lambs are given

no significant differences in feed intake between lambs fed
the two types of saltbushes. Relative intakes of saltbushes
to alfafa hay averaged 62% and 52% for A. nummularia
and A. halimus, respectively. Lambs receiving the afalfa
hay gained weight whereas those fed saltbushes lost weight
that ranged from 0.33 to 1.08 kg per animal at the end of
experiment.

Digestibility trial

The results of dry matter intake (DMI), dry matter
digestibility (DMD) and organic matter digestibility (OMD),
water intake and live weight changes of animals are
presented in Table 3. The dietary treatments had a
significant (p<0.01) effect on DMI, DMD and OMD. The
DMI of dfafahay, AN at proportions of 25%, 50% and AH
at 25% were not significantly different. The lowest DMI
was obtained when AN and AH were fed solely to lambs,
and when AH was fed at 75% in the diet. There were no
significant differencesin DMD between afalfa hay and the
two species of Atriplex when the browse was included at
25% in diet, and when AN browse was included at 50%.
The inclusion of AN browse at 50% and 75% in the diet
resulted in higher DMD as compared with AH at similar
proportions. The DMD of AN was significantly higher than

Table 3. Means of dry matter intake (DMI), dry matter digestibility (DMD), organic matter digestibility (OMD), water intake and live
weight of lambs fed different proportions of alfalfa hay and saltbush browse at Agricultural Research Station

Ratio of afalfahay to saltbush browse

Atriplex nummularia Atriplex halimus LSD
100:0 75:25 50:50 25.75 0:100 75:25 50:50 25.75 0:100

DMI (g DM/kg LW*™)  68° 66% 70° 50% 48° 67 58% 47° 40° 10.5
DMD (%) 555° 528  514* 507  364% 539 454%¢ 3817  304° 13.3
OMD (%) 66.0*° 553 538% 543 4019 5607 49.7° 473" 355 135
Water intake (L per day)  7.4° 87% 106*  10.9° 9.9% 8.2 8.7%  100® 10.6° 2.3
Lamb live weight (kg)
Initial 53.1 52.3 51.8 52.4 52.4 495 50.8 50.8 50.8 8.5
Final 53.3 52.3 515 51.6 51.5 49.2 50.3 50.0 49.7 85
Weight change 025*  008® -033%* 083 -.092° -033%° -050™ .083° -1.08° 1.0

Meansin the same line with different letters are different (p<0.05).
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that of AH when fed solely to animals. Dry matter
digedtibility of dfafa hay and AN mixed diets was
maintained dlightly above 50% before it dropped to 48%
when the AN was fed exclusively to lambs.

The diets containing saltbushes showed lower
digestibility of organic matter compared to afafa hay.
There were no significant differences in OMD between AN
at 25, 50 and 75% and AH at a proportion of 25% in diet.
The OMD of AH declined steadily as the proportion of
browse in diet increased from 25 to 100%. Overall
percentages of DMD and OMD averaged 50.9 and 46.1,
respectively.

The treatment diets had a significant (p<0.05) effect on
water intake. Lambs receiving diets containing saltbush
drank more water than those that received afalfa hay diet.
Water consumption averaged 10.0 and 9.4 liters per animal
for diets containing AN and AH browse, respectively.
Animals feeding solely on AN or AH diets exhibited the
maximum water intake.

The dietary treatments had a significant effect on live
weight changes of lambs. Lamb receiving afalfa hay diet
maintained a body gain of 0.25 kg, whereas lambs fed diets
containing saltbushes exhibited losses in body weight,
except for lambs on AN 25% diet, which ranged from 0.33
t0 1.08 kg per animal.

DISCUSSION

Chemical analysis

The chemica analysis of the Atriplex browses used in
this study is in close agreement with the study of
Sotomayor and Correal (2000) and Bensalem et al. (2004).
The crude protein values of the two shrub species are within
the range of values (13-17%) reported by Chriyaa and
Boulanouar (2000) and Munoz et a. (2000). The saltbushes
are rich in nitrogen and should be used as aternative
supplements to improve low quality feeds such as straws
(Rubanza et al., 2003). The browse of AH and AN
contained lower values of NDF compared to those reported
by Munoz et a. (2000). The slight variation in the chemical
composition of saltbushes among the different studies could
be attributed to differences in soil characteristics and
growth stages of plants at sampling (Karimi and Ungar,
1986).

Intake of saltbushes

The lower dry matter intakes of saltbushes as compared
with those of alfalfa hay could be associated with high salt
content and low organic matter digestibility of the
consumed saltbushes. Dry matter intakes of saltbushes in
the present study (48 to 57 g DM/kg W®"™) were lower than
those reported by other researchers (Le Houerou, 1991;
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Correal and Sotomayor, 2000; Sotomayor and Correal,
2000). The daily intake of Barbarine ewes were 117 and 90
g DM/kg W for fresh shrubs of Atriplex nummularia and
A. halimus, respectively (Le Houerou, 1991). In Spain,
daily intake of Atriplex nummularia and A. halimus by
Segurena ewes under pen feeding conditions averaged 1.5
kg or 88 g DM/kg W°™ for A. nummularia (Correal and
Sotomayor, 2000) and 1.4 kg or 73 g DM/ kg W™ for A.
halimus (Sotomayor and Correal, 2000). In both studies, the
saltbush browse (leaves and twigs <10 mm) was harvested
twice weekly and chopped before group feeding of dry
ewes. However, Wilson (1977) reported that daily dry
matter intake of Atriplex nummularia by sheep averaged
550 g, which is lower than the values obtained in our study.

The variations in dry matter intake of saltbushes could
be attributed to many factors including ratio of leaves to
twigs, twig size, digestibility, sat content, previous
exposure of animals to saltbush, and animal condition
(Allison, 1985). The browse consists of leaves and twigs
and substantial number of studies suggested that the
diameters of twigs should be less than 5 mm to be grazable
by animals (Roundy et al., 1989). Twigs having diameters
more than 10 mm are largely indigestible. A large
proportion of this indigestible material in the diet could be
accumulated in the animals’ gut and consequently limited
their feed intake (Rehman, 1994).

Previous experience and adaptation of animals to
saltbushes considerably affect the intake of browse (Correal
and Sotomayor, 1997). Le Houerou (1992) reported that
sheep become adapted to saltbush and increased their intake
of forage over a 3-5 month period. During the first two
weeks of the experiment that was conducted by Correal and
Sotomayor (2000), Segurena dry ewes lost weight on
saltbush diet (Atriplex nummularia) and then live weight
improved in the third week; this suggests that during the
first two weeks of the experiment, ewes went through an
adaptation process. In our study, the animals were adapted
to the experimental diets for 14 days before the start of
measurements.

Animal condition is an important factor that determines
the nutrient requirements and hence the dry matter intake of
the animal. In our study, growing Awassi lambs were used
compared to unmated and pregnant Barbarine ewes in Le
Houerou (1991) study, whereas Segurena dry ewes were
used in the two studies that were conducted in Spain
(Corread and Sotomayor, 2000; Sotomayor and Correal,
2000). The large variations in the chemical composition and
intake among the different Atriplex species in addition to
differences in breeds, body weights and body condition of
animals are major factors contributing to variability in dry
matter intakes of saltbushesin the different studies.
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I ntake of saltbush and salt content

The reported intakes of saltbushes in this study
suggested that the daily salt consumption was around 43 g
per sheep, which could have limited feed intake. Leaves of
saltbushes, particularly Atriplex species, contain high
amounts of salts and suggested that the feed intake of sheep
feeding solely on sdtbush was limited by high sdlt
concentrations (148 g NaCl/kg DM) (Malcolm et al., 1988).
Mixing the browse of saltbushes with other conventiona
feeds such as straws increased feed intake of diet mainly
due to dilution of salt content (Warren et al., 1990). It seems
that the dry matter intake was limited by the animals’ ability
to ingest and excrete salt rather than the palatability of diets.
The high salt content of saltbushes necessitates continuous
accessibility to drinking water in areas where they are
planted.

Live weight changes

Saltbushes are well known for their low energy value,
particularly Atriplex species, which ranges between 3.0 and
50 MJkg DM (Kearl et al., 1977; Le Houerou, 1991).
Animals feeding solely on saltbushes cannot maintain their
body weight. In our experiment, the lambs receiving the
browse of Atriplex nummularia and A. halimus exhibited
some losses in body weight during the 17-day experiment.
It seems that the lambs did not consume enough dry matter
and most likely because of high ash content, which is
mainly common salt (sodium chloride). A sheep weighing
45 kg should consume 1.4 to 1.6 kg DM of Atriplex per day
in order to maintain its weight, and daily intakes of
saltbushes below 90 g/kg W™ are not expected to maintain
body weight (Le Houerou, 1991). However, Correal and
Sotomayor (2000) fed the browse of Atriplex nummularia
with or without barley straw to dry Seurena ewes. Ewes on
the saltbush diet consumed a mean of 1.5 compared to 1.8
kg DM per head per day on saltbush and straw diet. All the
ewes ended up with higher live weights and better body
condition during a six-week experiment under pen feeding
conditions and indicated that the browse of Atriplex
nummularia meets the maintenance requirements of ewes
when fed either alone or with barley straw.

Sheep could maintain live weight for quite long periods
feeding saltbush and these gains in body weight could be
illusory because of increased water intake by the animals.
The deuterium labeling technique showed that live weight
comparisons for animals feeding on saltbushes were a
misleading indicator of sheep condition (Warren and
Casson, 1994). In order to maintain body weight or allow
some gain, the foliage of Atriplex browse should be used as
alternative supplements to low quality feeds such as straws
(Ben Salem et al., 2004).
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Intake and digestibility

The feed quality determines the relationship between
digestibility and intake. The digestibility and intake are
inversely related in high quality feeds (Hicks, 1990) and
directly related in low and medium quality roughage
(Weston, 1984). In high quality feeds, it was proposed that
with an increase in intake, digestibility would decrease due
to accelerated rate of passage. The intake of low and
medium quality roughage such as the browse of saltbushes
ismainly limited by itslow digestibility.

The values of DMD and OMD in our study are well
below those reported in literature. Wilson (1977) reported
that the OMD of A. nummularia browse averaged 72% and
Nefzaoui (2000) indicated that the OMD averaged 68% for
A. nummularia and cactus mixed diet (3:1). However, other
studies showed that the digestibility of satbush diets
(leaves and twigs <2 mm diameter) is below 55% indicating
that saltbush is only maintenance feed (Rehman, 1994).

The inclusion of Atriplex nummularia browse up to
75% in diets maintained DMD and OMD dlightly above
50% whereas increasing the proportion of A. halimus above
25% reduced the digestibility substantially. The high DMD
and OMD of A. nummularia as compared with those of A.
halimus could be associated with high levels of secondary
chemical compounds and ash in the browse of A. halimus. A
study found that Atriplex halimus contained more total
phenols (1.88% vs. 1.36%), tannic phenols (1.72% vs.
1.19%), condensed tannins (1.0% vs. 0.80%), hydrolysable
tannins (0.6% vs. 0.3%) and oxalate (7.01% vs. 6.20%) than
A. nummularia (Abu-Zanat et a., 2003a). Feeding diets rich
in tannins to ruminant animals produced negative effects on
the animal, inducing low feed paatability and inhibited
digestion (Singleton, 1981; Kumar and Singh, 1984). The
tannins bind proteins to form insoluble complexes and
inhibit cellulolytic and protolytic enzymes and decrease the
production of volatile fatty acids, microbial DNA and RNA
in the rumen (Singleton, 1981). The foliage of A. halimus
contained higher levels of ash (28.03%) than that of A.
nummularia (23.11%) (Abu-Zanat et a., 2003b). In this
study, the nutritive value of A. nummularia is better than
that of A. halimus.

The low DMD and OMD observed in our study limited
intake of saltbushes and resulted in body weight losses in
all animals receiving alfalfa hay and saltbush mixed diets
except for the diet containing 25% of A. nummularia
browse. In general, ruminants require forage of greater than
55% dry matter digestibility to maintain body weight. To
increase body weight they need a diet with DMD of more
than 60-65% (Warren and Casson, 1992; Anigbogu, 2003).

Water intake
Water consumption was significantly increased as the
proportion of saltbushes in the diets increased and reached
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the maximum level when the lambs fed exclusively on
saltbushes. Means of dally water consumption ranged
between 7.4 and 10.9 liters per lamb and were in agreement
with those of Wilson (1966) and Le Houerou (1991), but
higher (6.3 liters per animal) than those reported by Correal
and Sotomayor (2000). The high salt content of saltbushes
necessitates continuous accessibility to drinking water for
animals feeding on or grazing such type of forage.

CONCLUSION

In experiments dealing with feeding or direct grazing of
saltbushes, it is important to report the percentage of leaves
in the browse, the diameter of twigs in the offered feed and
refusals, and salt content in leaves and the whole browse.
This information is helpful in making proper comparisons
among the results of different experiments. Animals feeding
exclusively on the foliage of Atriplex species cannot
maintain their body weights because of low energy density.
The saltbushes are rich in nitrogen and should be used as
alternative supplements to improve low quality feeds such
as straws. The nutritive value of Atriplex nummularia
foliage is better than that of A. halimus and it is possible to
replace up to 50% of alfalfa hay by A. nummularia without
negative effects on intake and digestibility of dry matter.

Fodder shrubs, particularly Atriplex species, are well
known for their tolerant to drought and salinity. In arid
areas where the lack of water resources limits the
production of alfalfa hay, these fodder shrubs may be used
to partidly substitute the afalfa hay in the diets of small
ruminants. Atriplex nummularia is an exotic species
whereas A. halimus is a native species to the Mediterranean
Basin; the decision to choose between the two species for
revegetation of degraded rangelands depends on the
economic feasibility of fodder plantations and the strategy
of biodiversity conservation in the country.
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