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Seasonal Chemical Composition of Leaves of Three Atriplex halimus
(Chenopodiaceae) Natural Populations Grown in a Common Garden
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Abstract: Compared analyses of the chemical composition of the ramets of three natural populations of Atriplex
halimus placed in a common garden were carried out. The study showed a significant variability of chemical
and nutritive value between the three Moroccan populations originating from three bio-climate contexts (semi
arid, arid and saharan). This varability appears within and between populations according to the sampling date.
Ramets from Safi (sem1 arid bio-climate) and Marrakech (arid bio-climate) showed high contents of crud proteins
(21.59 to 25.07% and 19.56 to 25.48% during the humid period and 19.12 to 20.64% and 17.42 to 19.94% during
the dry period, respectively). As for the total phosphorus contents, the two populations reached 0.12t0 0.17%
and 0.12 to 0.19% during the dry period and 0.25 to 0.31% and 0.21 to 0.32% during the humid period,
respectively. Lipid matter levels were high during the autumnal period and estimated respectively at 10.14 to
10.87% and 10.27 to 12.66% for the same populations. The highest contents of fiber (acid detergent fiber: ADF),
of crud ash, sodium and calcium were observed during the dry period (Tune, Tuly, August and October). A
highly sigmificant negative correlations (P<0.01) were found between crud protein, fibers (ADF), crud ash,
sodium, potassium, calcium and won. Whereas, a highly sigmificant positive correlation (P<0.01) was detected

between crud proteins, phosphorus and lipid fraction.
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INTRODUCTION

Soil salinisation is one of the major problem that limit
the agricultural productivity and intensify decertification
particularly in arid and semi-arid Mediterranean regions.
In this area, about 20 million ha of agricultural lands are
adversely affected by scil salinity!. The introduction of
species with a high socio-economic value and tolerance
to the salimty and aridity conditions constitutes one of
the rational solutions for the rehabilitation and the
restoration of these degraded lands. Among these
species, Atriplex halimus constitutes an excellent choice
as vegetable material for several reasons. The species 1s
a xerohalophyte, perennial, native of the arid and semi arid
Mediterranean areas. In addition, it presents a very
satisfactory appetability and palatability constituting an
appreciated fodder of camels, sheeps and caprines
particularly during the dry pericd”. Endowed with a
complex root system and a considerable air biomass,
A. halimus 13 an efficient and a relatively cheap means
against erosion and decertification™. Its ligneous wood
is an interesting source of energy™. Indeed, the species
was planted on several thousands of hectares in several

Mediterranean areas”. It represents for the livestock an
important source of minerals, vitamins and proteins™’.
However, 4. halimus is characterized by a high
polymorphism due to its large ecological amplitude™™™.
This situation leads to heterogeneous plantations and a
high difference in their productivity. Few studies were
carried out to determine the seasonal variation of the
chemical composition and the feed value of the species in
relation to its polymorphism. The aim of this study was to
analyse the seasonal variation of the chemical
composition and the feed value of leaves of three natural
ecotypes of 4. halimus, placed 1 a common garden. Only
leaves were taken into the account because they
constitute the richest part in nutritive substances and the

most digestive at the fodder plants™".
MATERIALS AND METHODS

Sampling and chemical analysis: For the sampling an
aridity gradient was followed from the south-eastern to
the north-western orientation through three stations: (1)
a coastal station with a semi-arid bioclimat (Sidi Bouzid,
region of Safi) ; (i) a semi continental station with an arid
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Table 1: Chemical and textural characteristics of soil of the experimental

parcel

Samples

1 2
pH 8.05 8.08
P,0; (ppm) 19.83 27.30
Ca2* (ppm) 15580.00 21080.00
Na* (ppm) 4761.00 5267.00
Cl (ppm) 21655.00 35500.00
Mg (ppm) 3119.04 4158.72
K* (ppm) 6906.90 14718.60
Soluble salts (meq/100g) 94,98 134.19
Organic matter (%) 1.20 0.62
Total nitrogen content (%) 0.09 0.12
Sand (%) 77.00 57.30
Silt (%) 19.46 14.20
Clay (%9) 5.10 6.17
CaC0; (%) 33.20 35.10

Data were recorded during the surnmer 1999, Samples were from the first 40
cm of soil

bioclimat (region of Marrakech) and (iii) a continental
station with a saharan bioclimat (Tdelssen, region of
Ouarzazate). In each station, a natural population of A.
halimus has been localised and semi ligneous cuttings
were sampled in March 1999. The cuttings were treated by
steeping in a indole-3-butyric acid solution (TAB, 0.4%)
for 5 second, then placed in the greenhouse of the
Institut National de Recherches Agronomiques (INRA,
Marrakech-Morocco) during the rhizogenesis phase.
After two months, the young seedlings were transplanted
mto polyethylene bags contamnmg sand and peat (2: 1,
v/v) and placed in the nursery for an acclimatization
phase. In September 1999, the yvoung individuals were
transplanted randomly in a common parcel arranged for
this purpose at the Faculté de Sciences Semlalia,
Marrakech-Morocco. The physicochemical characteristics
of the parcel ground are summarized n Table 1. The
common garden was chosen for the examination of
chemical composition of these 3 populations in order to
discard age and environmental differences. During years
2001/2002 and 2002/2003, 7 shrubs were randomly selected
for each population being composed of 30 individuals.
Two branches emerging of the base of each shrub were
cutted taking into the account the four cardinal
expositions. This operation was repeated in the end of
April, Tune, July, August, October, November, January
and February. For each sample, the leaves were separated
from the branches and were dried at 70°C during 72 h.
100 g of leaves pulverized and milled to pass a 0.4 mm
screen were used for the chemical analyses. Magnesium
and 1won were determined by atomic absorption
spectrophotometer. Calcium, sodium and potassium by
flame spectrophotometer.
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Statistical analysis: Data were analysed according to a
factorial randomised complete design with seven
replicates. Mains effects were populations (3), years (2)
and months (8). The interactions between effects were
sounded at the level of sigmficance of P<0.05 Means
were compared using the least significant difference (1.SD)
at P<0.05"" and their relationships were determined by the
Pearson’s correlation at variable levels of sigmficance.

The total wvariance analyses showed highly
significant differences (P<0.001) of the chemical
composition and the feed value of the species. This
variability is mainly related to the populations, the
sampling date (month) and their interaction effect
(populations x months), however, the year generates
significant variations only for the fiber contents, crud
proteins, sodium, magnesium calcium and iron. Tn fact, for
the compared analysis between individuals of the three
populations, values of chemical composition of leaves
were pooled over years.

RESULTS AND DISCUSSION

For the whole ramets of the three populations,
seasonal variations were raised concerning the leaves
chemical composition. The lghest values of crud ash,
fiber, calcium and sodium were recorded during June, Tuly,
August and October (Table 3, 4, 5 and 6), which
correspond to the dry period of the two years studied
(Fig. 1). Thus, the ramets of Idelssen population show the
maximum contents reaching 34.58% of crud ash, 19.03% of
fiber, 2.76% of calcium and 18.23% of sodium. These high
contents might affect the palatability of the three
populations and particularly that of Idelssen. Indeed, the
concentrations of these lignocellulosic component (fiber)
and minerals in leaves goes against the nutrition of the
livestock!"*'?. These values decrease significantly during
the end of the autumnal period (November) which
coincide with the beginning of rainfall period (Fig. 1) to
reach mimmal contents during the winter period (January
and February). The lowest values are recorded in the
ramets of Sidi Bouzid population (Safi) and Marrakech.
The total contents of phosphorus and crud proteins vary
also within and between the three populations studied
according to the sampling date. The three populations
present the lowest contents of crud proteins during the
dry period (Table 4 and 7), which remained relatively
important (19.12 to 20.64% for the ramets of the Sidi
Bouzid population, 17.42 to 1994% for those of
Marrakech population and 14.84 to 15.86% for those of
Tdelssen population). These values are higher compared
to those obtained for the same species in Jordan™"!
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Table 2: Global analyses of variance

F
Source of variance df ADF Lip C.P. C. A Na K Ca Mg P Fe
Population 2 04,062%*%% 155,19 262 20%%% 128 g7kk* 3] 20kkk 58 gSHEE 185 Q1FHF 26008+ O 4wk QR kA
Year 1 24,26 * 0.75 15.68*#*# 0.702 52.02%%% 1,037 16.69%#* 82.55%** 32 5.85%
Months 7 27.03#%% 270 IHRER  106,03%%% 95 1H** 66.0%*F 40 40%%x 10 SQHE* 17.18%#% 134, 0%%% 7] Sqkdek
Pop x Year 2 0.07 5,744 0.468 4.01* TATHEEE 12208 3.5% 21.93%%% 15 53%kE 3009
Pop x Months 14 5, Gt 6.21 % 4.62%%% 12 g3k 2.17%# 6.t 6.1 S.64%HE 3 Sk D Ok
Year x Months 7 0.24 0.17 0.15 1.7 0.36 0.187 0.54 0.42 0.119 0.06
Pop x Yearx Month 14 0.39 0.24 0.133 1.044 0.254 0.156 0.36 0.313 0.143 0.127

(F##) P<0.001 ; () P<0.01 ; (*) P<0.05. df: degree of freedom. ADF: Acid Detergent Fiber ; Lip: Lipid fraction ; C.P.: Crud protein ; C.A.: Crud Ash ;
Ca: Calcium ; Na: Sodium ; Mg: Magnesium ; P: Phosphorus ; K: Potassium ; Fe: Iron

Table 3: Seasonal fiber (ADF) and lipid fraction contents of leaves of three natural populations of Atriplex Aadimus during 2001/2002 and 2002/2003

ADF (%) lipid fraction (%o)
Months Sidi Bouzid (Saff) Marrakech Idelssen (Quarzazate) Sidi Bouzid (Safi) Marrakech Idelssen (Quarzazate)
April 11.25+1.45f 15.15+1.946¢cd 13.01+1.59de 5.63+0.52gh 5.56+0.7gh 4.5440.451
June 13.09+1.57de 13.88+1.317cde 14.2+1.21cde 5.94+0.36fch 6.29+0.78fg 5.11+0.74hi
July 13.1£1. 16de 15.45+1.39¢ 14.39+0.75cde 6.21+0.71fg 6.62+0.62f 5.13+0.5%hi
August 13.83+1.02cde 15.06+2.25¢cd 15.13+1.46cd T7.43+£0.64e 8.47+1.45d 5.56+0.69gh
October 13.5+2.22¢cde 17.28+2.23b 19.03+2.7a 10.14+0.96bc 10.27+0.6bc 8.927+0.73d
November 13.16+1.15de 14.4842.22cde 14.71£2.9¢de 10.87+0.85b 12.66+1.21a 9.7+0.66¢
January 10.14=+1.45fg 13.85+1.83cde 15.46+0.89¢ 10.126+0.43bc 9.63+1.08c T7.69+1.01e
February 9.71+1.01g 12.83+1.27¢ 13.78+0.94cde 9 .82+0. 66¢ 8.74+0.88d 7.26+1.08e

Means of each component with a common letter do not differ significantly (P>0.05). ADF: Acid detergent fiber

Table 4: Seasonal crud protein and crud ash contents of leaves of three natural populations of Atriplex halimus during 2001/2002 and 2002/2003

Crud protein (%6) Crud ash (%)
Months Sidi Bouzid (Safi) Marrakech Idelssen (Ouarzazate) Sidi Bouzid (Safi) Marrakech Idelssen (Quarzazate)
April 22.94+0.99¢ 20.71+0.66de 18.18+1.49fg 26.67+2.21ij 26.93+2.15ij 32.11+1.03cd
June 20.18£1.15de 18.02+1.1fg 15.86+1.25h 29.83+2.15efg 27.45+2.55hij 33.22+2.05abc
July 20.21+2.28de 18.27+1.39f¢ 15.37+1.0%h 29.87+1.00efg 30.54+1.73defg 34.58+2.14a
August 19.12+1.78ef 17.4240.99¢ 14.84+0.7h 31.61+1.48cde 30.46+1.68defg 34.05+1.61ab
October 20.64+1.9de 19.94+2.32de 15.12+0.71h 30.79+1.51def 32.43+2.32bcd 28.49+1.98ghi
November 21.59+£2.92d 19.56+1.19ef 18.28+1.18fg 24.71+£0.87kl 234342321 27.3+1.47hij
January 25.07+1.09ab 23.84+1.88bc 21.54+0.98d 26.2+1.73jk 24.28+2.791 28.96+1.78tch
February 24.56+1.23ab 25.48+1.41a 19.13+1.64ef 24.62+1.77kl 22.8941.011 29.2941.53fg

Means of each component with a common letter do not differ significantly (P=0.05)

Table 5: Seasonal Sodium and Potassium contents of leaves of three natural populations of A#iplex halimus during 2001/2002 and 2002/2003

Sodium (29) Potassium (20)
Months Sidi Bouzid (Safi) Marrakech Idelssen (Ouarzazate) Sidi Bouzid (Safi) Marrakech Idelssen (Quarzazate)
April 14.2+2 5cde 13.71+2.48def 14.72+1.78bcde 6.32+1.02ij 6.94+0.76bc 8.02+0.88a
June 16.96+2.49ab 14.2941.73cde 14.8+2.01bcde 7.16£1.03b 6.49+0.4%cd 6.54+1.41bcd
July 16.32+1.78abc 16.46+1.18abc 17.67+1.84a 4.71+0.35bedefg 5.81+1.46cdeteh 6.28+1.54bcde
August 18.41+£2.46a 15.98+1.035abecd 18.22+2.84a 4.63+0.56b 5.49+0.47defghi 5.21+1.13efghij
October 18.09+1.9a 17.15+2.65a 18.23+2.49a 3.86=0.4bcde 5.54+0.67defghi 5.46+0.82defghi
November 13.06+2.08efg 10.17+0.91h 11.71+1.25fch 3.88+0. 54efohi] 5.72+0.94defohi  5.06+0.57fghij
Tanuary 13.86+2.27def 11.01+1.85gh 13.75+2.57def 4.42+0.72hij 6.16+0.88bcdefy  4.96+0.69¢hij
February 13.0742.38efz 9.84+0.61h 12.813.26¢fz 3.8340.59] 6.2:0.81bcdefl 5.0440.890chij

Means of each component with a common letter do not difter significantly (P=0.05)

Table 6: Seasonal calcium and magnesium contents of leaves of three natural populations of Afriplex halimus during 2001/2002 and 2002/2003

Calcium (%) Magnesium (%)
Months Sidi Bouzid (8afi) Marrakech Idelssen (Ouarzazate) Sidi Bouzid (Safi) Marrakech Idelssen (Ouarzazate)
April 2.340.25¢d 1.82+0.23gh 2.11+0.49%defg 1.8+0.25abc 1.31+0.11ef 1.81+0.08abc
June 2.59+0.23ab 2.14+0.19def 2.25+0.35cde 1.98+0.36a 1.17+0.15¢ef 1.66+0.18bcd
July 2.7+0.15ab 1.98+0.29efgh 2.64+0.23ab 1.59+0.23cd 1.13+0.22ef 1.64+0.15bcd
August 2.85+0.14a 1.91+0.27fgh 2.76+0.28ab 1.440.23de 1.13+0.11ef 1.314£0.29f
October 2.7+0.21ab 1.9+0.2fgh 2.74+0.37ab 1.63+£0.31bed 1.13+0.18ef 1.62+£0.31bcd
November 2.31+0.23cd 2.0+0.23efgh 2.71+0.14ab 1.65+0.29bcd 1.07+0.23f 1.94+0.09ab
January 2.29+0.18cd 1.85+0.24fgh 2.47+0.28bc 1.78+0.35abe 1.27+0.12¢f 1.95+0.19a
February 2.06+0.1 7defg 1.71+0.17h 2.33+0.37cd 1.78+0.27abe 1.14+0.16ef 1.934+0.32a

Means of each component with a common letter do not difter significantly (P=0.035)
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Table 7: Seasonal phosphorus and iron contents of leaves of three natural Atriplex Aalimus populations during 2001/2002 and 2002/2003

Phosphorus (26)

Iron (ppm)

Months Ridi Bouzid (8afi) Marrakech Tdelssen (Quarzazate) Sidi Bouzid (Safi) Marrakech Tdelssen (Cuarzazate)
April 0.27+0.05abc 0.26=0.05bcd 0.16+0.028ghi 303.0+£77.51fg 325.9+142.51efg 313.21471.42fg
June 0.17+0.04fgh 0.19+0.03fg 0.15+0.06ghij 364.6+62.44def 454.71+55.61cd 427.64+169.37cde
July 0.16+0.029¢hi 0.17+0.05fgh 0.11£0.01jk 381.28+52 46def 524.71458.25¢ 448 85+99,98cd
August 0.12+0.0171jk 0.13+0.03ijk 0.09+0.009%k 474.35+49.91cd 472.21+£84.44cd 517.92+67.65¢
October 0.14=+0.014hij 0.12+0.04jk 0.09+0.01k 652.21+127.63ab 723.14+143.3a 635.92+182.76b
November 0.25£0.04cd 0.21£0.04ef 0.14+0.01ghij 334.42+53.18efg 374.57+46.4def 431.71£112.5¢cde
January 0.31+0.042a 0.3£0.045ab 0.23£0.047de 334.28+102.14efg 290.0+80.06fg 306.92+82 36fg
February 0.31+0.079% 0.3240.032a 0.25+0.041cd 222.5+46.75g 322.64+103.14efg  264.07+54.92fg
Means of each component with a common letter do not differ significantly (P>0.05)
Table 8: Correlation coefficients among some chemical components of A. halimus leaves

ADF LIP CP CA Na K Ca Mg P Fe
ADF 1 0.014 -0.47G%* 0.250%* 0.205%* 0.120% 0.079 -0.150%* -0.463 %+ 0.426%*
LIP 1 0.337%+% -0.473%% -0.274%% -0.423%% -0.117% -0.132% 0.206%* 0.106
PB 1 -0.609%* 04T -0.141 % -0.35] %% 0.028 0.732%% <0397
CB 1 0.716%* 0.096 0.372%* 0.070 -0.639# 0.376%*
Na 1 -0.105 0.471%* 0.098 -0.575%%* 0.409%*
K 1 -0.188** -0.008 -0.046 -0.063
Ca 1 0.426%* 0.4 0.162%*
Mg 1 0.109% -0.248%#
P 1 -0.54]
Fe 1

Significant correlations at P<(.05 (*) and P<0.01 (**) and ADF: Acid detergent fiber ; Lip: Lipid fraction; CP: Crud protein; CA: Crud
ash; Ca: Calcium; Mg: Magnesium; P: Phosphonis; Fe: Tron ; Na: Sodium ; K: Potassium
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Fig. 1: Monthly rainfall (mm) for 2001/2002 and 2002/2003 at the meteorological station of Marrakech

and in Island™. As the ewes require 7 to 9% of crud
proteins for their maintenance and 10 to 12% for their
lactation!'”, the three studied populations can ensure an
interesting source of nitrogen matter for the dry period
and the feed shortage with an advantage for the Sidi
Bouzid population. In fact, protein is one of the most
limiting nutrients for range livestock production and its
supplementation is cost effective, because it improves
forage intake and digestibility'”. For the dry period,
phosphorus  contents which constitute one of the
important minerals for the microbial synthesis in the
rumen of the animals™ vary also between the ramets of
the three populations (0.12 to 0.17% for the ramets of the
Sidi Bouzid population against 0.12 to 0.19% for those of
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Marrakech population and 0.09 to 0.15% for those of
Tdelssen population). Only the phosphorus contents
recorded in the ramets of the populations of Sidi Bouzid
and Marrakech were similar to those obtained by
El-Shatnawi and Mohawesh!? and El-Shatnawi and
Turuk"” and those advanced by Holechek et al!'? to
ensure the maintenance of the ewes (0.25 to 0.3% of total
Phosphorus). During the humid period (January and
February), these two populations present interesting
contents of crud proteins (23 to 25%) and of total
phosphorus (up to 0.3%). They also show in autumnal
period (October, November) a significant contents of lipid
matter (10.14 to 10.87% for the ramets of the Sidi Bouzid
population and 10.27 to 12.66% for those of the
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Marrakech population (Table 3). The high percentages of
won are raised during October with a non significant
variation between the three populations (Table 7) and
decrease gradually to reach mimmal values during April.
For magnesium, the maximum values were observed in the
ramets of the Idelssen population during November,
Jamuary and February, in those of the Sidi Bouzid
population during April and June and m those of
Marrakech during February and April. Potassium present
very high values during April and June with maximum
contents in the ramets of the Tdelssen population was 6.54
to 8.02% (Table 5). These values were much higher than
that required for the nutrition of sheep!**".

The correlation analysis showed a lighly significant
negative relationships (P<0.01) between crud protems,
fibers (ADF), crud ash, sodium, potassium, calcium and
iron, whereas crud protein exhibit a significant positive
correlation with phosphorus and lipid fraction (Table 8).

The A. halimus presents very interesting fodder and
environmental potentialities. Tt is a valuable source of
crud proteins, phosphorus and lipid during dry seasons
and feed shortage times. However, the polymorphism
which characterize the species imposes a pre-selection of
populations with an interesting fodder value. In our case,
the populations of Sidi Bouzid and Marrakech showed a
very interesting chemical composition and food wvalue.
The widenmg of the study on several natural populations
of 4. halimus in Morocco will make it possible to set up
populations adapted to a particular environment with a
high fodder value. This work pointed out that the Sidi
Bouzid population could be planted in the Marrakech
region and may be in the QOuarzazate region. Further
studies should be carried out to make a national program
of A. halimus plantation depending on the soil and
climates of several regions. Within such program, studies
will be carried out also to analyse the nutritive value of A.
halimus natural populations. The use of in vitre and in
sacco techniques will be helpful to predict the energy
value and the rumen degradable protemn content.

ACKNOWLEDGMENTS

This work was financially supported by the European
Union within the framework of INCO project (Program
ERB IC18 CT98, 0390).

REFERENCES

1. Le Houerou, HN., 1992. The role of saltbushes
(Atriplex spp.) n arid grazing land rehabilitation n
the Mediterranean Basinz a review. Agroforestry
Systems, 18: 107-148.

207

2.

10.

Kinet, IM., E. Benrebiha, S. Bouzid, S. Lathacar,
P. Dutuit, 1998. Biodiversity study on Atriplex
halimus for in vitro and in vivo detection of plants
resistant to harsh environmental conditions and for
potential micro-propagation. Caliers agricultures, 7:
505-509.

Wills, BT, I.5.C. Begg and M. Brosnan, 1990. Forage
shrubs for the south Island dry hill country: 1.
Atriplex halimus 1.. (Mediterranean Saltbush). Tn:
Proceedings of the New Zealand Grassland
Association Eds. New Zealand, 52: 161-165.

Chisci, G., L. Stringi, V. Martinez, G. Amato and T..
Gristina, 1991. Rueclo degh arbusti foraggen
nell’ambiente semi-arido Siciliano: 2. Funzione
protettiva contro ’erosione idrometeorica. Riv. D1
Agron., 25: 332-340.

Le Houerou, HN., 2000. Utilisation of fodder trees
and shrubs (trubs) in the arid and semi arid zones of
western Asia and northern Africa (WANA): History
and perspectives. a review. Arid Soil Research and
Rehabilitation, 14: 1-37.

Benjamin, R., Y. Orev and E. Eval, 195%. Grazing
saltbush (Atriplex halimus) with cows and sheep.
Report of Agricultural Research Station. Bet Dagan,
Israel, No: 266.

El-Shatnawi, M.J. and Y. Mohawesh, 2000. Seasonal
chemical compositon of saltbush n semiand
grassland of Jordan. J. Range Manage., 53: 211-214.
Ferchichi, O.H., H. Harzallah, 5. Bouzid and N. Rejeb,
1997. Contribution a 1”étude de la biologie florale chez
Atriplex des
environnementaux sur la phénologie de la floraison.
In: Etude de la diversité biologique de 1’Atriplex
halimus pour le repérage in vitro et in vivo
d’individus résistants & des conditions extrémes du
milieu et constitution de clones. Paris. Projet STD 3
N° TS 3 CT 940264, Rapport annuel, pp: 6.

Chalby, N, M.A. Bezzaouia and M. El Gazzah, 1997.
Résultats préliminaires sur le polymorphisme
morphogénétique et la répartition des populations
naturelles de 1’espéce Atriplex halimus en Tunisie.
In: Etude de la diversité biologique de 1'dtripex
halimus pour le repérage in vitro et in vivo
d'individus résistants & des conditions extrémes du
milieu et constitution de clones. Paris. Projet STD3
N® TS 3 CT 940264. Rapport annuel, pp: 12.
Lapeyrome, A., 1982. Les productions fourragéres
Techniques  agricoles et
productions méditerranéennes. Généralités caractéres
botaniques et biologiques. Maisonneuve and Larose,
Paris.

halimus: mfluence facteurs

méditerranéermes.



11.

12.

13.

14.

15.

16.

Pak. J. Biol. Sci., 7 (2): 203-208, 2004

Steel, R.G.D. and I.H. Torrie, 1980. Principles and
procedures of statistics: a biometrical approach, New
York. Me Graw-Hill Co. Eds (2nd Ed.), pp: 630.
Pond, W.G., D.C. Church and K.R. Pond, 1995. Basic
animal nutrition and feeding. New York, JTohn Wiley
and Sons Eds. (4th Ed.), pp: 615.

Chenost, M. and C. Kayouli, 1997. Utilisation des
fourrages grossiers en régions chaudes. Etude FAO-
Production et santé amimale-135, Rome.

Coughlan, M.P. and M.T. Amaral Collaco, 1997.
Advance 1n biological treatement of lignocellulosic
materiel. Elsevier, Paris.

El-Shatnawi, M.J. and M. Turuk, 2002, Dry matter
accumulation and chemical content of saltbush
(Atriplex halimus) grown in Mediterranean desert

Shrublands. New Zealand I. Agril. Res., 45: 139-144.

Holechek, 1.1.., R.D. Pieper, and C.H. Herbel, 1994.
Range management: principle and practices. Prentice
Hall. Englewood Cliffs Eds.

208

17.

18.

19.

20.

Holechet, J.I.. and C.H. Herbel, 1986. Supplementing
range livestock. Rangelands, 8: 29-33.

Durand, M., J. Stevani and 5. Komisarczuk, 1987.
Effect of some major minerals on rumen microbial
metabolism in a semi-continuous fermentor (Rusitec).
Med Fac Landbrouw Ryksuniv Gent., 52 1655-1663.
National Research Council, 1975, Nutrient
requirements of domestic ammals, N°5 Fifth revised
edition. Nutrient requirement for sheep. Washington
D.C. National Academy of Science and National
Research Council Eds., pp: 72.

National Research Council, 1976, Nutrient
requirements of domestic animals, N°4 Fifth revised
edition. Nutrient requirement of Beef cattle.
Washington D.C. National Academy of Science and
National Research Council Eds., pp: 56.



	PJBS.pdf
	Page 1


