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Abstract:Twelve species of halophyte plants were collected from Al-Jubail, Eastern Saudi Arabia to determine their

mineral composition and relationship with soil chemical composition. The soil salinity ranged between 6.80 dS m~

" and

43.60 d5 m~' in the surface (0-15 cm depth) soil and between 8.25 d5 m~' and 37.65 dS m™'in the whole profile
{0-60 cm depth) of soil. The CaCO:3 contents varied between 9.12 to 84.03% in the surface soil. The dominant cations
and anions in soils were Na* and CI~. The available P, Fe, Cu and Mn were low in soil. The amount of Cu was in excess
of toxic limits with respect to animal feed in all the plant species. Chenopods showed moderate level of crude protein
{(CP) than grass, sedge and rush halophytes with low CP level. Ash contents were high in all the halophyte plants with

the exception of Taverniera spartea,

Sporobolus ioclados,

Juncus rigidus and Cyperus conglomeratus. A poor

correlation was observed between mineral composition of soils and plants which could be attributed mainly to high soil

salinity.

In conclusion, the halophyte plants showed an excellent
rangelands in an arid environment but also highlighted a promising source of livestock food.

potential not only for the development of sustainable
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Introduction

Saudi Arabia is an arid country which is located at 16° N and
32° E. Its climate is characterized by long, hot, dry summer
and mild, cool and short winter. The agricultural lands of Saudi
Arabia, which are coarse textured containing salts to wvarying
degrees and mostly irrigated with saline groundwater, are not
considered suitable for some of the commonly grown crops.
This situation is further aggravated due to the shortage of
irrigation supplies. Many researchers advocated the cultivation
of some halophytes for forage production under saline soil and

saline irrigation in different regions of the world (Malcolm
1869, OLeary 1984; Modie, 1974). Besides this,
encroachment by wind blown sand over agricultural lands,

roads and other important infrastructure is a serious problem
in desert environment (Abdulwahid, 1979; Abolkhair, 1981).
Many halophyte plants of animal forage importance are found
growing along seashore and inland marshes in Saudi Arabia.
Information on halophyte plant communities, their composition
and relationship with socil physical and chemical properties are
inadequate. The main objective of this study was to gather
some of this information in order to establish viable plant
communities for an arid environment.

Materials and Methods

Plant samples of different halophyte plants growing in Al-
Jubail, Eastern Saudi Arabia were collected from seven
different locations. The plant samples consisted of new

vegetative growth of plants. A total of 12 plant species were
collected from seashore or at the boundaries of inland salt
marshes as determined by visual observation on the basis of
their The nomenclature, of plant species was
according to Mandaville (19920). The description of plant
species is presented in Table 1.

Soil samples from 0-5, 5-15, 15-30 and 30-60 cm depth of
soil were collected in the vicinity of plant root zone. The soil
samples were air-dried, passed through 2 mm sieve and stored
for analyses. Soil texture was determined by hydrometeric

abundance.
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method (Chapman and Pratt, 1961) EC, and pH in the soil
saturation paste extract, available phosphorus by modified
NaHCO3 method (Watanabe and Olson, 1965) Micro elements
(Fe, Cu, Mn, Zn} by DTPA method (Lindsay and Norvell,
1978), potassium and sodium by flame photometer, and
calcium and magnesium by AA Spectrophotometer (Perkin-
Elmer, 603).

The plant samples were prepared by rinsing through tap water
followed by cleaning with dilute HCI (0.1 N} and finally
washing with deionized water. Then plant samples were dried
at 65 °C for 48 hours to a constant weight, ground to pass
through 20 mm sieve and stored for analyses. One gram of
sample was digested by following the method of Issac and
Kerber {1971). Phosphorus (P) was determined by wvanadate-
molybdate-yelloww method (Chapman and Pratt, 1961), Sodium
(Na) and potassium (K) were determined by flame photometer
and all the other elements like Ca, Mg, Fe, Cu, Mn and Zn
were determined by AA-Spectrometer,
603. Plant samples were also analyzed for crude protein
(Kjeldahl method) ash and ether extract (A. O. A. C., 1984)
and neutral detergent fiber (NDF} and acid detergent fiber
(ADF) according to the method described by Van Soest et al.
(1991).

model Perkin-Elmer

Results and Discussion

Soil Analysis: Description of the collected plant species are
given in Table 1. These include six shrubs, twe annual herbs,
two perennial grasses, one perennial rush and one perennial
sedge. Seidliitzia Salicornia europaea,
cycloptera, Anabasis setifera and Aeluropus lagopoides wwere
found on coastal and inland marshes, Suaeda fruiticosa Forssk,
ex J.F. Gmel. and Swuaeda vermiculata Forssk were found on
disturbed saline sites, Tavemiera spartea DC., Zygophyflum

rosmarinus, Bienertia

gatarense Hadidi, Sporobolus joclados (Nees ex trin) Nees and
Juncus rigidus Desf. were found on grazed/hon-grazed coastal
marshes, flat depressions poorly drained
saline ground near the coast or inland marshes. Cyperus

inland and
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Table 1: Some botanical and eccological information on the halophyte species under stud

Species Farmil Life from Su\ta_bilit for gﬁzing and habi_tat

Seidlitzia rosmarinus Bunge ex Boiss Chenopodiaceas Shrub Grazed, usually forms hummocks, bordering coastal and inland salt
Marshes Farms extensive cormmunity in Eastern Empty Quarter

Suaeda fruiticosa Forssk. Ex J.F. Gamel do Shrub Grazed, common on distributed saline sites

Suaeda vermiculata Forssk do Shrub Grazed, common on distributed saline sites

Anabasis setifera Moq. do Shrub Grazed, coastal or inland saling scils

Salicornia suropaea L do Annual herb Grazed, coastal salt marshes in protected bays

Gienertia cveloptera Bunge. ex Bioss do Annual herb Grazed, coastal and inland salt marshes

Taverniera spartea DC Fabaceae Shrub Grazed, flat depressions near the coast in saline soil

Zyogphyllum gaterense Hadidi 2ygophyllaceas Shrublet Grazed, shalloww sand overlying saline soil

Aglurcpus lagopoides (L.} Trin. ex Poaceze Perennial grass Grazed, edges of coastal and inland =salt marshes.

Thywvaites Also ocours in salt sails.

(& arabicus Bioss) ioclados do do Grazed, mostly found on poorly drained saline ground near the coast

(Mees es trin’s ) Nees or around inland salt marshes edges

Juncus rigidus Desf Juncaceae Perennial rush Mot grazed, found in poorly drained soils near irrigation run-offs.

Cyperus conglomertus Rotth Cyperaceas FPerennial sedge Grazed, found on coastal sands, but also known to occur in sand

dunes far from the sea or salt marshes

Table 2: Texture and chemical analysis of soil profiles associated with collested plnat samples
—

Plant samples Soil Depth Texture  pH  Ese dSm=!  CaCO% p Ca g E K ppm Cl 2 Zn Cul in
Siedlreia rosmarmus 0-1% s 8.9 31.286 59.17 8.00 250 36235 7404 379 7822 23t 050 018 056
Sugaoa fruticosa 0-60 s 890 24086 50.26 6.1 195 31590 5966 219 5886 193 048 02t 0568
Suaeda vermiculata 0-18 SL 7.85 1328 16.10 222 114 346 2827 76 2998 2.48 080 045 1.76
Anabsis serifera 0-60 sL 7.93 14.08 14.38 2.43 983 307 3116 75 2995 4.48 051 0.38 1.41
Salicornia suropasa 0-1% sL 876 4380 290.68 3.69 701 9288 9269 321 14345 563 073 030 030
060 SL 7.93 3788 30.85 318 8391 30376 BOY3 277 12137 868 076 035 0.30
Binenertia cycloprera 0-1% s 8.9 2378 33.86 2.95 240 51030 BE18 207 7729 244 053 020 056
0-60 s 913 16.68 31.81 2.21 170 331.09 4115 144 5168 270 045 019 058
Zygophyllum gatemse 0-18 LS .1 18.45 21.73 1.80 &1 249 4298 118 13296 2.28 0.30 015 060
060 LS 885 13898 2418 1.80 328 181 3298 117 12064 2.66 0.30 018 050
Sporoboius jodados 0-1% LS 986 32186 84.03 3.05 511 589 7495 962 8881 1.50 0.20 020 050
060 3 980 1728 84.70 2.88 313 337 3978 507 4813 1.78  0.21 024 0.45
Tavertniera spartes 0-18 LS 8.26 5.80 11.485 232 721 103 993 49 1418 2.66 048 028 096
Cyperus congiomeratus  0-60 LS 8.20 8.26 11.08 2.1 691 140 1487 51 7490 2,19 038 0268 02394
Aleuropus lagopoides 0-1% LS 836 3886 9.12 6.00 1482 571 8168 157 13738 3.68 088 025 208
060 LS 8.33 26538 8.44 7.21 1078 374 5070 103 7941 3.74 088 024 1.70
Juncus rgidus 0-1% sL 796 24086 12.03 1.32 7 801 4877 164 5531 1.76 038 073 1.58
0-60 SL 7.88 15.36 12.890 1.63 7368 383 2693 102 33068 476 0.368 0.99 1.18

*Symbols: S =5andy, 5L = Sandy Loam, LS =Loamy Sand

Table 3 Mineral Composition of halophyte plants

Species p K Ma Ca Ivlg Fe Cu in Zn

% ppm
Siedlitizia romarinus Q.06 Q.03 9.29 0.62 1.08 334.02 250.02 - 108.55
Suaeda rosmarinus Q.03 1.55 6.99 0.4 .41 621.24 200.40 20.04 86.17
Suaeda vermiculata .08 016 4.43 0.38 0.34 738.52 159 .68 29.84 858
Anabasis setifera Q.08 Q.08 9.20 0.77 .93 167.28 13011 20.44 11.15
Salicornia europaea 012 115 11.08 017 072 2683 63 244 82 3578 24 .48
Bienertia cycloptera o111 0.25 10.08 01z 0.46 346,02 224.91 - 69.20
Taverniera spartea 0.08 064 0.04 019 014 638239 25531 - -
Zygophyllumgatarense 010 077 1.64 0.07 164 108216 220.44 30.08 12.02
Aegluropus lagopoides 007 0.38 1.14 019 018 1053 67 21868 - 13.91
Sporobolus joclados Q.05 Q.47 .31 013 Q27 729.61 278.97 17186 -
Juncus rigidus Q.08 Q.50 .18 0.09 010 278.33 178.92 23.85 87.47
Cyperus conglomeratus 0.06 1.00 0.22 0.12 0.12 1006 56 021.88 15.31 5.56
Table 4: Mutrient compostion of some halophyte plants from Al-Jubail area _
Species Dry matter Crude protein Meutral detergent fiber  Acid detergent fiber Ether extract Ash  Nitrgoen free extract

v

Seidilitizia rosmarinus 32.8 9.8 321 17.8 0.62 35.77 39.7
Suaeda fruiticosa 34.9 1086 37.6 22.6 1.74 33.02 39.2
Suaeda vermiculata 33.2 9.8 35.6 101 2.36 34.97 33.2
Anabasis setifera 33.7 7.8 258 15.3 1.03 36.69 42.2
Salicornia europaea 18.8 6.9 26.2 13.4 1.02 44 68 36.8
Gienertia cycloptera 14.3 8.9 18.7 12.8 308 45 .91 325
Taverniera spartea 510 7.8 481 433 1 38 8086 45 8
Zygophyllum gatarense 31.2 7.4 301 24.8 3.12 26.75 44 .5
Aleuropus lagopoides 68.8 4.7 635 41.3 2 65 34 .87 363
Sporobolus joclados 62.7 3.0 57.8 45 .4 2.60 9.36 46.5
Juncus rigidus 43.4 5.2 79.2 47.0 1.65 5.14 44 .5
Cuperus conglomeratus 539 .9 3.3 65 .9 44 .9 1.35 5. 49 54 2
Scil Tab/DAJ
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conglomeratus Totth. was found on coastal sand and also
known to exist in sand dunes, far from the sea or salt marsh.

Composition of Halophyte Plants:

Macro-elements: Phosphorus concentration ranged
between 0.05% (Sporobolus foclados) and 0.12% (Salicornia
europaea). The poor P contents of plants could be due to
highly saline soils surrounding the plants.
highly saline scils, P solubility is greatly restricted resulting in
poor plant uptake.
Potassium is an essential

Because under

plant growth element and its
availability in coastal or inland marshy lands may hinder plant
growth. Potassium concentration varies between 0.08% being
the lowest in Sefdfitzia rosmarinus and a maximum of 1.55%

in Suaeda fruticosa. The high K requirements of some of the

halophyte plants may restrict their growth on coastal and
inland marsh seils.
Sodium contents ranged between 0.04% (T. sparteal and

11.5% (5. europaea). It was highest than all other elements
in plant material. This high level of Na in plant tissues could be
due to high soil salinity in the plant growth envirenment.

Calcium concentration of plants ranged between 0.07% (Z
gatarense) and 0.77% (A. setifera). The plant tissue Ca
contents did not correlate well with soil analyses. This might
be due to high soil salinity which predominantly contains more
Na followed by Ca and Mg in that order. On the other hand,
plant has its own mechanism for element selectivity based on
soil concentration.

Magnesium contents ranged between 0.10% (Juncus rigidus)
and 1.64 % (Z. gatarense). Similar to Ca, the Mg contents of
plant tissues did not relate very well with soil Mg contents.

A correlation analysis was run on data in Tables 2 and 3 to
determine the relationship between soil properties and plant
composition. There was no significant correlation between
soil composition and the plant mineral composition. There may
be several reasons for poor correlation between soil
composition and the mineral concentration in plants. Since it
preliminary study to gather plant
composition and soil properties regarding habitats of coastal
and inland salt marshes hence the results collected wvere
presented and interpreted.

was a information on

Micro-elements: Copper (Cu) concentration
167 mg kg~ ' (C. conglomeratus) and 279 mg kg™’
foclados).

Manganese (Mn) concentration ranged between 15 mg kg™’
(C. conglomeratus) and 36 mg kg™ (5. europaea).

Zinc (Zn) contents of plant tissue varied between 7 mg kg’1
(C. conglomeratus) and 109 mg kg~ (5. rosmarinus).

Iron {Fe) contents of halophytes ranged between 167 mg kg™
(A. setifera) and 1082 mg kg™' (Z gatarense).

Oweral, among the different micro-elements, concentration of
Fe was the highest followed by Cu, Zn and Mn in that order.
This suggests a good relationship between concentration of
these element in soils and plants.

ranged between
(5.

Nutritional Composition of Halophyte Plants: Crude protein
ranged betvween 3.3 and 10.6% especially in grasses, sedge
and rush plants. Crude protein was particularly higher in
shrubs and herbs than plants which
concentration. This could be related to fiber contents of the
halophyte plants where it showed an increase in direct
proportion with fiber contents of plants. Fats and fatty acids
were generally low in all the plants. This could be attributed
to abnormal plant growth conditions. The results were
comparable to those of Al-Noaim et af. (1991), Gihad and El-

other showed low
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Shaer (1924). The ash contents wvaried between 6.14 to
45.91% in various halophytes. The higher CI~ contents of soil
helps to build up high ash contents in plants which are being
grown on coastal and inland salt marshes.

All the halophyte plants contain an appreciable amount of
easily available carbohydrates as determined by nitrogen-free
extract. Dry matter contents of halophyte plants ranged
between 14.3% cycloptera and 68.8%
Aeluropus lagopoides. Data shows that halophytes plant
grown on highly saline media accumulated more dry matter
than those grown on less saline soils and water conditions
such as Saficornia europaea and B. cycloptera.

There exists a lot of potential for these halophyte plants as an
animal forage. Because these plants contain different nutrient
elements essential for animal feed. The only limitation could
be the high salt concentration of these halophytes, but this
could be minimized by mixing these plant materials with high
quality forage crops.

in Bienertia in

Soil
soil.

Properties: Soil texture varied between sandy to loamy
The soil was sandy where Siedfteia rosmarinus, Sueada
fruticosa and Bienertia cycloptera plant species found, sandy
loam under Swueada vermiculata, Anabasis selifera,
europaea and Juncus rigidus plant species and loamy sand
under Zygophyllum gatarense, Sporobolus ioclados, Taverniera
spartea aDC., Cyperus conglomeratus and  Aeluropus
fagopoides plant species.

The weighted mean wvalues for pH of soil saturation paste
extract ranged between 7.95 to 9.85 for 0-15 cm depth and
between 7.88 to 9.60 for O to 60 cm depth, The ranges for
weighted mean average EC, (dS m~") of soil ranged between
6.80 to 43.6 d5 m~' for the surface 0-15 cm depth and 8.25
to 37.65 dS m~' for O to B0 cm depth. The mean ranges for
different mineral elements (expressed as mg L=" in the
surface soil were from 240 to 1452 (Caj, 103 - 601 (Mg) 1
993- 9269 (Na), 1.50-6 6 (Fe), 0. 2-0. 88 (2n), 0.15-0. 73
(Cu) and 0. 3-2.08 (Mn).

The chloride (ClI7}) contents of surface 0-15 cm depth of soil
ranged between 1418 to 14345 mg L=". The CaCQ; contents
of soil varied between 9.12 to 84.03% for the surface 0 to 15
cm depth of secil indicating that the soils in this area are highly
calcareous. The dominant cation was and the
dominant anion was chloride. This typical
characteristics of marsh lands.

Regression analysis was relationship
between elemental composition of soil and plants. The values
of correlation coefficient {r) were low and negative for most
of plant nutrients except K, Na and Ca where it was positive
(Table 5).

Salicornia

sodium
indicates

run to determine the

Table 5: Yalues of correlation ) indicating magnitude of
relationship among different mineral contents in Soil and
Plants

Mineral Correlation Coefficient (1)

P -0.190

K 0.085

Ma 0.388

Ca 01864

g -0.198

Fa -0.165

Cu -0.398

Mn -0.114

Pig) -0.242

This indicates that there was a decrease in plant uptake of

nutrients with an increase in their concentration in socils. This
negative relationship could be attributed to high soil salinity.
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Because under high seil salinity conditions, the awvailability of
essential plant nutrients will be less on selective basis due to
the excess of other salts in the soil solution.
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