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ABSTRACT: A field cbservation trial was carmed out at Agricultural Research Center, Rumais, Sultanate of Oman to
evaluate the productivity and forage quality of two species of Saltbush viz. Quali saltbush (Airiplex lensiformis L) And
Fourwing saltbush (dtriplex canescens L.}, both are perennial and of North American origin,  Plants were irmigated with
brackish water (EC=10.00 d5/m) under drip irrigation and grown with menimun tillage and sub-optimum management
conditions. Biomass production was evaluated i terms of five characters i.c. plant height, plant width, plant volume,
green fodder yield/plant and green fodder vield/ha over the experimental period (747 d). Areiplex lenformis produced a
total green fodder yield of 53.29 kp/plant equivalent to 59.21 tvha as compared to that of 31.27 kg/plant (34.75 vha)
produced by Atriplex canescens. The cut yields and interaction effects (between the species and cuts) were also
significantly different with respect to all the characters. Chemical compaosition of the Areiplex species indicated that A
lentifermis had higher levels of Na, K, Cl and Ca as compared to 4. canescens. The studies of nutrient composition of
bulk samples of the dtriplex species revealed that the fresh material contained 34.30% dry marter. On dry matter basis,
the Atriplex material had 9.40% crude protein (CP), 24.00% crude fiber (CF), 1.5% extract (EE), 19.60% ash and 45.50%
nitrogen free extract (NFE). Despite its high ash content, Atriplex material appeared to be a nutritious and cheap source
of nitrogen complementation.

he Sultanate of Oman, being the second largest
chruntry in the Arabian Peninsula, has 2.3 million
hectares of land suitable for agriculture {Anonymous,
1990) while 101346 hectares have been considered as
agricultural land of which 61530 ha is currently under
cultivation with fodders, fruits, vegetables and field
crops (Anonymous, 1995). Of late, the farms near the
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coast of Batinah have developed both water and soil
salinity owing to prolonged drought over the years,
over pumping of ground water and sea water intrusion,
Where as in Interior areas/deserts like Nejd and Adam,
gypsiorthids, calciorthids, salorthids or saline basins in
common.  As soil and ground water resources are
becoming extremely saline, adequate resources of good
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quality irrigation water have become limited. Rainfall
is scanty to support crop production.  Natural
vegetation is very scarce while grazing is widespread in
the range lands. Increasing need for the production of
food, fodder and fuel from plants and decreasing
availability of fresh water for agriculture use would
render the use of low quality saline water and soil for
crop production. The Sultanate has now abundant
sources of such water that could be used for irrigating
crops. However, the salinity of such water and soil has
exceeded the limit tolerable by the economic field or
food crops. The normal approach to tackle this
problem is to breed genotypes tolerant to desired level
of salinity in important crop species of the country.
Another approach could be to make use of the
halophytic plant species growing under naturally saline
conditions as they are tolerant to high salinity (Flowers
et al., 1986). The Sultanate has fortunately few of
such halophytic species like Arriplex (A. farinosum and
A. coriacea) and Salsela (8. forskalli, 5. rubescens, S.
spinescens, S. barysoma and S. bortae) sporadically
distributed in different agro-ecological regions
(Sankari, 1983; Miller and Morris, 1987). While
halophytes can be used in grazing by camels, sheep,
goats, cattle etc. as supplementary feed during
unfavorable conditions (Koocheki, 1993), their
economic uses in reclamation and rehabilitation have
also been described (Le Houerou, 1993). Within this
decade, substantial progress has been made in
evaluating halophytes for their potential as crop plants
in many countries like USA, Australia, Pakistan, Israel,
Irag, Iran, Morocco, Libya, Egypt, Saudi Arabia,
Algeria, Syria, Jordan, Tunisia, Yemen, Spain, South
Africa, Chile, etc. through experimental demonstrations
and large scale development operations (Aronson,
1985; Malcolm, 1986; O'Leary, 1988; Choukr-Allah,
1993). Ibrahim (1998) reported that Quali saltbush
{Arriplex lentiformis L.) and Fourwing saltbush
(Atriplex canescens L.) could be succesfully grown
under high salt conditions, The present investigation
was carried out in the observation nursery of these two
Arriplex species established in Farm No. 3 of
Agriculture Research Center, Rumais, Sultanate of
Oman, to know the potential of biomass production of
these two species and their forage quality under drip
irrigation with minimum tillage and sub-optimum
management conditions.

Materials and Methods

The seedlings of two saltbush received from
ACSAD, Syria viz. Quali saltbush (Arriplex lentiformis
L.) and Fourwing saltbush (Arriplex canescens L.) were
transplanted on 15.05.94 in pits of 30 cm diameter and
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60 cm depth in an unreplicated Observation Nursery
that comprised three rows for each species with 3m
spacing between rows and plants. Each species had 24
plants with 8 plants in each row that received irrigation
through a drip system with water of EC ranging from
10.00 to 15.00 dS/m for a duration of two hours, twice
a week in the winter and thrice a week in the summer.
The crop was subjected to minimum tillage in the
beginning with just 4 kg organic manure per pit and
had sub-optimum management with no inorganic
fertilizer application. All the shrubs were pruned
uniformly to 60 cm height on 15.05.95 for recording
the observations on growth and yield attributes to
initiate studies. The values of some physical and
chemical characteristics of the experimental soil and
chemical characteristics of irrigation water are
respectively presented in Tables 1 and 2.

The first cut harvest was done during December
1995 after about seven months when the shrubs began
to bloom and fruit, by clip cutting the twigs of pencil
thickness along with the leaves; the fresh weight of the
green fodder was recorded in kg for each plant.
Subsequent cuts were taken at a time that indicated
fairly good regrowth of fresh twigs and leaves. At the
fourth cut, each plant was subjected to heavy pruning
retaining its height to about 60 to 70 cm which ensured
uniform canopy growth in all plants.

TABLE 1

Values of some physical and chemical characteristics of the
experimenial soil.

Physical Characteristics

Course sand (%) 20.80
Fine sand (%) 67.30
Silt (%) 2.40
Clay (%) %.70
Texwre Sand
Chemical Characteristic($)
EC, {dSm"} 11.54
pH .70
Soluble Cattons {meq/ 100g)
Ca .50
Mg (.30
Ma 1.37
K (104
SAR 1.70
Soluble Antons {meq/ 100g)
HCO, (.50
Cl L.00
80, 4.21
Av. P {ppm} races
N % .02
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TABLE 2

Values of some chemical characteristics of irrigaton water.

EC (dSm'} 14.63
pH T.00
Cations {meq/1)
Ca 17.80
Mg 52.10
Ma 42.00
K 2.50
SAR T.10
Amions (meg/1)
HCO, 1.70
oy 0.40
Cl 10050
50, 1180

The observations on plant height (cm) and
diameters (cm) (North-South and East-West) were
recorded at the time of harvest. Plant width (cm) was
estimated by taking an average of the two diameters
and plant volume (m’) was computed by multiplying
plant height (cm) with diameters (cm) (North-South and
East-West). Samples of the first and last harvest were
taken to the laboratory for proximate (nutritive value)
(AOAC, 1984) and chemical (minerals) (Chapman and
Pratt, 1961) analyses, respectively. The data on
agronomic attributes was subjected to statistical
analyses as two factor-CRD with two Atriplex species
as factor A, cuts (harvests) as factor B and plants as
repetitions, according to the methods of Gomez and
Gomez (1984) using MSTAT computer program.

Results and Discussion

The cut-wise mean data on five characters viz.
plant height (cm), plant width (cm), plant volume (m?),
green fodder yield/plant (kg) and per hectare yield
estimate (t'ha) of Atriplex lentiformis and Atriplex
canescens along with required statistical parameters are
given in Table 3.

The results revealed that Arriplex lentiformis was
significantly superior to Atriplex canescens in each of
five cuts till December, 1996 for each character
considered for evaluation (p<0.01), while in the sixth
cut Atriplex canescens was superior to Atriplex
lentiformis only with respect to forage yield (p<0.01).
Atriplex lentiformis produced a total green fodder yield
of 53.29 kg/plant equivalent to 59.21 t/ha as compared
to that of 31.27 kg/plant (34.75 t/ha) produced by
Atriplex canescens in about two years (747 d). The
cut yields and interaction effects (between the species
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and cuts) were also significantly different with respect
to all the characters (p<0.01). The total vield in both
species was contributed most by the first cut in 211 d,
fourth cut in 119 d and sixth cut in 172 d. In the case
of Atriplex lentiformis, the first two cut periods that
spanned from May 1995 to March 1996 (307 d) had a
lower contribution of green fodder (20.16 t/ha) as
compared to those of latter two cuts between April
1996 and September 1996 (23.11 t/ha in 176 d). This
was bhecause seasonal differences existed between the
two growth periods. The former two cut yields were
the outcome of crop performance mostly in the winter
season (low temperature) while the latter were obtained
during summer season (high temperature). In general,
Atriplex species are known to have higher rate of
growth and development in the summer than in the
winter (Choukr-Allah, 1991; Qureshi er al., 1993),
Similar trends were also evident for the green fodder
vields of 1 & 2 cuts (11.17 t/ha in 307 d) and 3 & 4
cuts (8.16 t'ha in 176 d) in the case of Arriplex
canescens. In Atriplex lentiformis, high green fodder
production in the summer season was attributed to
higher plant volume (10.14 to 16. 71 m’), plant height
(203.54 w 238.54 cm) and plant width (217.92 (o
257.42 cm) as compared to their values in the winter;
plant volume - 10.73 to 12.84 m’; plant height - 161.83
to 225. 83 cm and plant width 223,87 to -232.50 cm.
However, in the case of Atriplex canescens, these
characters had not been affected due to seasonal
differences but they had developed a greater number of
branches (secondary, tertiary, etc.) with narrow leaves
during the summer thereby resulting in comparatively
higher biomass as compared to that in winter. Atriplex
lentiformis was taller (161.83 to 238.54 cm) with
greater plant width (217.92 to 295.37 cm) and volume
(10.14 t 19.81 m’). This species was also found
superior with respect to plant volume and fresh weight
to other species under irrigated (Choukr-Allah, 1991)
and rainfed (Choukr-Allah 1991; Qureshi er al., 1993)
conditions. The fresh weight per plant and per hectare
dry matter yield estimates for the Atriplex species in the
study under both saline soil and water conditions were
comparable with dry matter yields reported by earlier
workers (Le Houreou, 1993; Qureshi er al., 1993). In
the native plant stands under good management,
Atriplex species are known to produce 3 to 5 t‘ha/year
while under less optimum conditions the yields would
be reduced by half (Franclet and Le Houerou, 1971,
and Le Houerou er af., 1982). However, under
irrigation, dry matter yields vary between 5 to 20
t'ha/year depending upon the species, soil and
management (Le Houreou, 1991).

The studies on chemical composition of the
Atriplex species indicated that A. lenriformis had
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TABLE 4

Chemical eomposition of A. lentiformis and A. canescens.

Species K% Na% Cl% Ca% KiNa
A lentiformis 2.01 277 11,60 1.5800 0.72
A. canescens 1.57 1.40 3,60 1.18 1.12

accumulated higher levels of Na, K, Cl and Ca as
compared to A. canescens (Table 4) which is contrary
to the findings of Ibrahim (1998) who studied salt
tolerance of Atriplex species during germination and
early growth. However, 4. canescens could be
considered to be comparatively more tolerant to salinity
based on the higher K/Na level (Feigin, 1985). The
studies on nutrient composition of bulk samples of the
Atriplex species revealed that the fresh material
contained 34.30% dry matter as compared to 19.80%
in case of Rhodes grass (Chloris gayana L.)
(Anonymous, 1993), which is a popular perennial
forage in the Sultanate (Table 5). On dry matter basis,
the Atriplex material had 9.40% crude protein (CP),
24 0% crude fiber (CF), 1.50% ether extract (EE),
19.60% ash and 45.50% nitrogen free extract (NFE).
Atriplex species could be considered similar in the
nutritive value to Rhode grass due to its low CF
content and could be a cheap source of nitrogen
complementation but plant material contained more ash.
Studies on feeding values of Atriplex fodder elsewhere
have redealed that it contained relatively low energy
and high ash content (Le Houreou, 1992).
Nevertheless, along with high ash and fiber contents,
relatively high CP has also been found (Warren and
Casson, 1993). Various studies on the feeding value
with Arriplex as forage or as feed for animals such as
sheep or goats, indicated that Arriplex species are
valuable forages that provide a cheap source of nitrogen
complementation and can be best udlized as a
supplement to those feeds high in energy such as cereal
grains or conventional green fodders (Choukr-Allah,
1993; Nawaz and Hanjra, 1993, Warren and Casson,
1993).

Thus, Atriplex species have been found to be
productive in providing forage yields comparable to

those in other countries like USA, Australia, Spain,
Pakistan, Iran, Morocco, Syria, Libya etc. that are well
engaged in the utilization of the halophytes and hence
these could be grown in environments which are
unsuitable for agriculture crops, particularly in the salt
affected lands or with saline irrigation water.

Acknowledgements

The authors wish to thank Director General of
Agriculure Research and Director of Plant Production
Research for their critical suggestions and
encouragement in conducting this research and also to
Director of soil and Water Research, and Mrs. Majda
S.S. Al-Zadjali and Mr. Muneer S.S. Al-Yahyai of
Department of Soil and Water Research for their
assistance in soil, water and plant analyses.

References

Anonymous, 1990, General Soil Map of the Sultanate of Oman,
Directorate of Agriculure, Ministry of Agriculiure and
Fisheries, Sultanate of Oman, 50 pp.

Ancnymous, 1993, Comparative evaluation for yield and nutritive
value of Rhodes grass versus some irmigated grasses. In
Annual Report, 1993 of Directorate of Agriculture Research,
Ministry of Agriculture and Fisheries, 286-292.

Anonymous. 1993, Progress in Agriculture and Fisheries (1970-
1995).  Published on the occasion of the Silver Jubilee
Celebrations.  Ministry  of Agriculture and  Fisheries.
Sultanate of Oman, 275 pp. (Arabic),

AOAC. 1984, Official methods of analysis. 14" Ed. Association
of Official Analytical Chemists, Washington [3.C.

Aronson, I, 1983, Economic Halophytes - A Global Review. In:
Planis for Arid Lands, G.E. Wickens, J.R. Goodin and DV,
Field (Editors). 177-188. Goerge Allen and Unwin, London.

Chapman, H.ID, and P.F. Pratt. 1961, Methods and analysis for
soils, plants and waters. University of California.

Choukr-Allah, B. 1991, The use of halophytes for the agricultural
development of the south of Morocco. In: Plant Salinity
Research - New Challenges. R, Choukr - Allah (Editor), 377-
386, Agadir, Morocco.

Choukr-Allah, R. 1993, The potential of halophyte in the
development and rehabilitation of arid and semi-arid zones.
In: Advanced Course on  Halophytes  Utilization  in
Agriculture.  Agadir, Morocco,  12-26 Sept, 1993, Institut
Agronomigue et Veterinaire, Hassan TI, Rabat (Morocco),
359-382,

TABLE 5

Nutrient composition of Atriplex species (bulk sample) in comparison with Rhodes grass.

Contents (% DM-basis)

Plant Species Dry Matter Crude Protein Crude Fiber Ether Extract Ash Nirogen Free Extract
(%) (%) (%) (%) (%) %)
Arriplex Species 34.30 .40 24,00 1.50 19,60 45.50
Rhode grass (Anonymous, 1993) 19,80 8.80 34,00 1 &0 12.60 42,80




NADAF, AL-KHAMISI, EL-HAG, AL-LAWATI AND IBRAHIM

Feigin, A. 1985, Fertilization management of crops irrigated with
saline water, Planr and Soil, 89:285-289.

Flowers, T.J., M.A. Hajibahgheri, and N.J.W. Clipson. 1986,
Halophytes., The Quarterly Review of Biology. 61: 313-317,

Franclet, A. and H.N. Le Houerou. 1971, Les Atriplex en tunisie
et en Afrique du Nortd, FAO, Rome, 249pp.

Gomez, KA. and A A, Gomez, 1984, Statistical Procedures for
Agricultural Research. 2™ Ed. The International Rice
Research Institute, Philippines.

Gorham, J. 1993, Mehcanisms of salt tolerance of halo-ohytes. In:
Advanced Course on Halophyies Utilization in Agriculture,
Agadir, Morocco. 12-26 Sept. 1993, Institut Agronomique
et Veterinaire, Hassan I1, Rabat (Moroceo), 3-34,

Ibrahim, Y.M. 1998  Salt Tolerance of Atriplex during
germination and early growth. Agricultural Sciences. 3:55-
58.

Koocheki, A. 1993, Utilization of halophytes in Iran with
particular reference of forage production and combating
decertification.  Im: Advanced Course on Halophytes
Utilization in Agricultre. Agadir, Morocco,  12-26 Sept.
1993, Institut Agronomique ef Veterinaire, Hassan 11, Rabat
(Morocco), 271-278.

Le Houerou, H N, 1991, The role of salt bushes (Atriplex spp.) In
arid glazing land rehabilitation in the Mediterranean Basin,
Plant Salinity Research - New Challenges. R. Choukr-Allah
(Editor). Agadir, Morocco, 397-434.

Le Houerou, H.N. 1992, The role of salt bushes (Atriplex spp.) in
arid land rehabilitation in the Mediterranean Basin: A review,
Agraforestry Svitems, 18:107-148,

Le Houerow, H.N. 1993, Forage halophyies in the Mediterranean
Basin. In: Advanced Course on Halophytes Utilization in
Agriculture. Agadir, Morocco. 12-26 Sept. 1993, Institut
Apronomique el Veterinaire, Hassan I, Rabat (Maorocco),
405-436.

46

Le Howerou, H M., Gsaline . Ginburger, and N, El-Khodza, 1982,
Chemical composition and nutritive value of some range
plants and fodder shrubs of Libva. 4 Lab. Technician Paper
MNo. 44, UNTF. Lib. 18, FAQ. Agr. Res, Center. Tripali,
Libya, 14pp.

Malcolm, C.%., 1986. Production from salt affected soils,
Reclamation and Revegetation Research, 5:343-361.

Miller, A.J. and M. Morris. 1987, Dhofar Plants - Southern
Region of Sultanate of Oman: Economic and Medicinal Uses,
Published by Environmental Affairs Office, Royal Diwan,
Sultanate of Oman, 366 pp. (Arahic).

Mawaz, . and 5.H. Hanjra. 1993, The productivity of goats using
different ratios of saltbush and Kallar grass. In: Productive
Use of Saline Land. N. Davidson and R. Galloway (Editors).
ACIAR proceedings, 42:85-87.

O'Leary, 1LW, 1988, Saline environments and halophytic crops.
In: Arid Lands, Today and Tomorrow. E.E, Whitehead, C.F,
Hutchinson, B.N. Timmerman and R.G., Varady (Editors).
Westview Press, Boulder, Colorado, 773-790.

Qureshi, R.H., 5. Nawaz, M. Aslam, [.A. Mahmood and A. Asa,
1993, Performance of Selected Atriplex and Maireana
Species in the Punjab, Pakistan. In: Advanced Course on
Halophytes Utilization in Agriculiure, Agadir, Moroceo, 12-
26 Sept. 1993, Institut Agronomique et Veterinaire, Hassan
II, Rabat (Morocco). 520-528.

Sankari, M.N. 1983, Preliminary Report of MNatwral Pasture
Resources in Gulf Countries and Arabian Peninsula 5:
Sultanate of Oman (Dhofar Region). ACSAD, Damascus,
Syria, 94 pp. (Arabic).

Warren, B.E. and T, Casson. 1993, Salt bush quality and sheep
performance. In: Productive Use of Saline Land. Davidson,
M. and Galloway, R. (Editors). ACIAR proceedings, 42:71-
74,



	img342
	img343
	img344
	img345
	img346
	img347

