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ABSTRACT. Zinc sorption was characterized for samples of twenty-two agriculturally 
important soils in Saudi Arabia . The soil samples had CaCO) contents ranging from 
0.6·35.4%, and DTA-extractable Zn contents ranging from 0.19·2.42 uglg. The 
latter correlated significantly (r=0.469) with the organic matter content of the 
samples. 

Zinc sorption data, obtained by a batch equilibration technique , conformed to 
both Freundlich and Langmuir equations. The adsorption maxima were very high 
and ranged from 1260 - 22390 with a mean of 9910 uglg. Apart from four samples 
lowest in CaCO, percentage the adsorption maxima were in excess of the cation 
exchange capacities (CEC) of the samples. Zinc potentials indicated that, in most 
cases , Zn did not precipitate as hydroxide or carbonate . 

Calcium carbonate percentage and DTPA-extractable Zn originally present in 
the soil samples accounted for 75% ('0.001 = 0.652) and 26% ('0.05 = 0.423) of the 
variability of the adsorption maxima (Sm). respectively . Furthermore, the accounta· 
bility of CaCO, % was improved to 87% if it and Sm were divided by CEC (i .e., 
SmlCEC verSUS percentage CaCO,lCEC) . 

Zinc deficiency is of common occurrence in calcareous soils and has been 
attributed partly to zinc adsorption by carbonates and to its precipitation as zinc 
hydroxide or carbonate (Thorne et al. 1942, Leeper 1952, and Jurinak and Bauer 
1956). Layer silicate clays can also adsorb zinc reversibly by cation exchange and 
irreversibly by lattice penetration (Tiller and Hodgson 1962 and Bingham et al. 
1964). 

Most of the agriculturally important soils of Saudi Arabia are calcareous, 
sandy and deficient in zinc among other nutrients (Bashour et al. 1983). Thus, 
intensive cropping of these soils will necessitate Zn fertilization for maximizing 
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their productivity. There is need, therefore, to study zinc sorption by these soils for 
efficient fertilization because such information is lacking in Saudi Arabia. 
Furthermore, there is no agreement on the role of CaC03 in zinc sorption as 
indicated by previous studies on calcareous and alkaline soil samples of other 
countries (Udo et al. 1970, Singh and Sekhon 1977, Trehan and Sekhon 1977 and 
Dixit and Dogar 1980). Thus, the main objectives of this study were: 

1) 	 to obtain Zn sorption data for important calcareous agricultural soils 
(Aridisols and Entisols) of Saudi Arabia; 

2) 	 to correlate zinc sorption parameters with soil properties , particularly 
percentage CaC03 , in order to determine whether Zn sorption may be 
predicted from basic soil properties. 

Experimental 

Twenty-two surface (0-20 cm) and subsurface (20-40 cm) soil samples were 
collected by auger, mostly from the same important agricultural areas studied 
previously by Bashour et al. (1983) but not from the exact locations of their studied 
profiles . In general, the soils belong to the Aridisol and Entisol orders. The 
samples included in the present study were selected to give a wide range of CaC03 

percentage, from 0.6 to 35.4%. They had no previous history of Zn application. 
Some of the physicochemical characteristics of these samples are presented in 
Table 1. Particle-size analysis was carried out by the international pipette method. 
Soil organic matter was determined by the Walkley and Black method and calcium 
carbonate equivalent by acid neutralization (Chapman and Pratt 1961). Cation 
exchange capacity (CEC) was determined by the procedure proposed by Polemio 
and Rhoades (1977) for calcareous soils . Soil pH was measured electrometrically in 
a saturated soil paste, and the conductivity of the saturation extract (ECe) was 
measured by a conductivity bridge (Richards 1954) . Zinc was extracted by DTPA 
(diethylenetriaminepentaacetic acid) and determined by atomic absorption (Lind­
say and Norvell 1978). 

Zinc sorption data were obtained by a batch equilibration technique . 
Preliminary studies indicated that a contact time of 24 hr between 1 g soil material 
and 25 ml of ZnS04 solution while the suspension was shaken end-over-end by a 
mechanical shaker at room temperature (20± 1°C) was enough for equilibration. 
Hence, duplicate 1 g < 2-mm subsamples of each sample were equilibrated with 25 
ml of ZnS04 solutions containing: 5, 20,50 , 100 , 250 or 500 ug Znlml. The 
suspensions were then centrifuged and the supernatant used for Zn determination 
by atomic absorption . The determinations were repeated whenever differences 
between duplications were greater than 5%. The amount of Zn retained was 
calculated as the difference between initial and final Zn concentrations in solution. 



Zinc Sorption by Some Saudi Calcareous Soils II 

Table I. Some physico-chemical properties of the soil samples used 

Soil 
sample 

Tex­
ture 

Clay OM 

% 

CaCO j 

CEC 
(meq/ 
100g) 

SAR 
ECe 

(mSrm") 
pH 

(Paste) 

DTPA­
extactable 

Zn 
(Jlg/g) 

S, cI 34.0 0.62 34.5 13.2 4.7 4.9 7.5 0.72 

S2 Is 12.0 1.24 17.9 7.1 2.8 2.7 7.5 0.50 

S3 scI 24.1 0.76 27.5 7.2 3.1 2.0 7.5 0.22 

S. sl 12.0 0.33 22.7 8.2 7.1 3.3 7.6 0.22 
Sy Is 9.1 0.55 20.4 4.4 7.2 4.3 7.7 0.19 

S6 Is 6.0 0.94 4.3 8.8 6.6 8.1 7.5 0.40 

S7 s 1 4.0 2.40 28.2 16.7 5.5 6.8 7.2 0.42 

S8 Is 10.1 0.5 1 6.3 11.1 58.6 70.0 7.0 0.25 

S9 cl 30.1 1.14 1.7 18.2 0.7 0.4 7.1 0.33 

SIO sci 20.1 4.69 1.4 23.3 0.3 0.7 6.9 0.70 

SI' s1 14.1 1.92 1.1 22.1 0.3 0.3 7.3 0.64 

S'2 s 6.1 2.63 0.6 6.1 1.2 0.8 7.7 2.42 

Su sci 21.0 0.80 15.0 11.1 6.7 6.6 7.4 0.67 

S14 scI 23.0 0.88 9.6 10.1 6.3 8.8 7.7 0.47 

S'5 Is 10.0 0.47 7.4 4.7 2.2 0.7 8.1 0.56 

S'6 sl 14.1 0.76 88 13 .3 5.1 7.5 7.5 0.56 

S'7 sci 15.1 2.26 16.8 23.1 7.6 2.3 7.7 0.82 

S'8 Is 12.1 2.25 7.0 12.7 4.6 2.5 7.5 0.94 

S' 9 sci 22.1 1.15 8.4 13 .3 5.1 4.2 7.4 0.82 

S20 sl 18.1 164 11.1 12.8 12.6 16.5 7.4 0.67 

S21 sl 16.1 0.87 11.9 17.4 1.1 3.0 7.7 0.34 

S22 s 8.1 0.62 7.3 5.6 3.4 4.6 7.7 0.48 

The following equations were used for evaluating the sorption data: 

Freundlich: log (x/m) = b log C + log a 

1 1
Langmuir: C/ (x/m) = KSm + Sm 

Where: x/m = the amount of Zn sorbed (ug/g) , C = the equilibrium Zn 
concentration (uglml), a, band K are empirical constants and Sm is the adsorption 
maximum . Correlation and regression analyses were made using standard 
procedures (Little and Hills 1978). 
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Results and Discussion 

Originally , the soil samples had DTPA-extractable Zn contents ranging from 
0.19-2.42 uglg (Table 1). Most samples had Zn contents below the minimum level 
(0.8 uglg) established for similar soils in other countries (Lindsay and Norvell 
1978) . Extractable Zn correlated significantly at the 5% level (r = 0.469) with 
organic matter, but not with clay or CaC03 contents . It seems, therefore, that 
despite its low level, organic matter plays an important role in Zn reactions in these 
soils. 

Zinc sorption isotherms for loamy sand , sandy loam and sandy clay loam soil 
samples are presented in Figs. 1, 2 and 3, respectively, for 12 samples containing 
different CaC03 levels . The isotherms were nearly linear for samples with a very 
high percentage of CaC03 (~ 17.9%), curvilinear with characteristic plateaus for 
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Fig. I. 	Zinc sorption isotherms for loamy sand soil samples: Ss, S2' SI S and S6 containing different 
CaC03 levels: 20.4, 17 .9, 7.4 and 4.3% , respectively . 
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Fig. 2. 	Zinc sorption isotherms for sandy .Ioam soil samples: ~, S20, SI6 and SII containing different 
CaC03 levels: 28.2, 11.1, 8.8 and 1.1 %, respectively 
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Fig. 3. 	Zinc sorption isotherms for sandy clay loam soil samples: S3, S17, SI9 and SlOcontaining different 
CaC03 levels: 27.5, 16.8, 8.4 and 1.4%, respectively. 
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samples of low CaC03 levels « 7% ) and assumed in between shapes for the other 
samples. The effect of CaC03 percentage on the shape of the isotherms of the 
remaining ten soil samples was qualitatively similar. The isotherms indicate that at 
any given equilibrium concentration, Zn sorption increased with increase of 
CaC03 percentage . The soil samples completely sorbed the Zn contained in the 
solutions having the lowest initial concentrations (Ci = 5 uglml). At Ci = 20 uglml 
(500 uglg) - the first experimental points on the sorption isotherms - almost aU the 
Zn was also sorbed by the 22 samples . The amounts sorbed ranged from 480 - 497 
uglg (c. V. = 2% ) and constituted about 97 and 99 % of the Zn added , respectively . 
However, at the highest initial Zn concentration (Ci = 500 uglml), there were 
marked variations in the amounts of Zn sorbed by the soil samples . These 
amounts, for the 22 samples, varied from 1250 - 12212 uglg (c.V. = 36% ) and 
constituted between 10 and 97% of the Zn added, respectively. These results 
indicate that the samples have high Zn sorption capacities and that the effect of the 
soil properties on Zn sorption was most evident at the highest initial concentration . 
However , at low Zn additions the samples sorbed almost all the Zn and hence the 
effect of the soil properties was not evident. 

The conformity of the sorption isotherm data to linear forms of the Langmuir 
and Freundlich equations was evaluated by regression analyses. The highly 
significant correlation coefficients (0.1 % level) presented in Table 2 show that, 
despite the wide range of the initial Zn concentrations , all the sorption data 
conformed quite well to both equations. Contrary to previous findings, there was 
practically no need to resolve the sorption isotherms into two or three portions to 
improve the fit of data , in most cases, to the Langmuir model (Shuman 1975 and 
Shulka and Mittal 1979) . Thus, it seems that on these calcareous soil samples the 
nature of the Zn-soil interaction was similar over the whole range of the isotherm. 
For about 8 samples the Freundlich equation yielded higher correlation coefficients 
(> 1 % ) than the Langmuir, indicating unlimited sorption for these samples. The 
sorption data , however, yielded a highly significant (1 % level) linear correlation 
between Freundlich nonexponent constants 'a' and the adsorption maxima, Sm (r 
= 0.592). Hence, the Langmuir equation was preferred for the forthcoming 
presentation because it exhibits an adsorption maximum that can be related to soil 
properties. Though the application of this equation to the data of some of the 
samples could be an oversimplification, it adequately served the stated objectives 
of the study . 

The adsorption maxima (Sm) obtained were very high ranging from 22390 ­
1260 with a mean of 9910 uglg . This mean value is about 22 times the mean of Sm 
values reported for eight gleysolic C horizons from Quebec (Karam et a1. 1983), 22 
times the Sm value of B21 horizon of a Rhodic Paleudult from Georgia, USA 
(Shuman 1975),6.6 times the mean Sm values of seven Punjab alkaline soils (Singh 
and Sekhon 1977), and 1.6 times the mean Sm value of 10 Algerian soils (Dixit and 
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Table 2. 	 Langmuir and Freundlich linear isotherms' constants and coefficients for zinc sorption ('0.001 
= 0.654) 

Soil 
Langmuir constants Freundlich constants l 

sample Sm SmlCEC K r a b r 

(~glg)X 103 (ml/g) x 103 (lAg/g) X103 (ml/g) 

SI 16.28 3.8 115.6 0656 1.95 0.61 0.938 

S2 14.15 6.1 562 0.900 1.06 0.57 0.995 

S3 22.39 9.5 80.9 0.648 1.89 0.66 0.938 

S4 17.18 6.4 98 .8 0.849 1.17 0.56 0.686 

S5 16.54 11.5 106.4 0.762 1.89 0.58 0.938 

S6 5.50 1.9 37.1 0.831 1.15 0.25 0.938 

S7 15.30 2.8 260.1 0.894 2.67 0.59 0.980 

S8 10.60 2.9 35.2 0.949 0.85 0.46 0.985 

S9 4.35 0.7 68. 7 0.995 0.85 0.28 1.000 

SIO 5.34 0.7 68.6 0.990 0.82 0.34 0.970 

SII 4.57 0.6 97.1 0.995 0.85 0.31 0.970 

SI 2 1.26 0.6 474.3 1.000 0.52 0.17 0.906 

SI3 832 2.3 437.0 0.949 2.12 0.58 1.000 

SI4 7.09 2.1 99 .2 0.854 1.23 0.36 0.970 

SI5 8.91 5.8 174.6 0.995 1.63 0.36 0.975 

SI 6 7.85 1.8 84.7 0.964 1.51 0.30 0.970 

SI7 10.32 1.4 227.1 0.995 1.84 0.40 0.843 

SI8 5.31 1.3 304.1 1.000 1.35 0.27 0.812 

SI9 10.17 2.3 190.9 0.990 2.00 035 0970 

S20 10.11 2.4 161 .2 0.990 1.77 0.38 0.995 

S21 6.11 1.1 48.7 0.980 0.71 0.39 0.980 

S22 10.58 5.8 223.6 1.000 1.81 0.42 0.970 

Dogar 1980) . The mean bonding energy-related K value of the studied samples was 
about 0.14 that of the gleysolic C horizons and about 1.5 to 3 times those of the 
other above-mentioned soils. Thus, it is evident that the studied calcareous samples 
have very high Zn sorption capacities and moderate bonding energies. 

With the exception of the samples with the lowest CaC03 percentage (S9, SIO, 
S11 and Sn), all others had adsorption maxima higher than their CEC'S (Table 2). 
For one sample (S5)' the adsorption maximum was 11.5 times its CEC. An 
adsorption maximum in excess of CEC mayor may not indicate Zn precipitation 
depending on the resultant pH and Zn concentration of the equilibrium solutions. 
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Published research has shown that precipitation may predominate at alkaline pH 
and high equilibrium zinc concentration (Chester 1965 and Brummer et al. 1983). 
Because ZnS04 solutions were used, the equilibrium pH values (pHe) of the 
suspensions for a given soil are expected to decrease with increasing initial Zn 
concentration. At a given initial Zn concentration, the differences of pHe among 
the different soil samples were found to be, relatively, small (Table 3) . This may 
simply be due to their nearly similar initial pH values. 

Table 3. 	Range, mean and coefficient of variation (c.V.) of the equilibrium soil suspensions (pHe) as 
affected by the initial ZnS04 concentration used . 

pHe 
Initial zinc concentration 

Range Mean C.V. 

(ug I ml) % 

20 6.9 - 8.4 80 6 
7.450 6.1 - 8 .1 8 

7100 5.9 - 7.5 6.9 
250 5.7 - 7 .0 66.6 

6.3 500 5.4 - 6 .7 6 

The pHe decreased as the initial Zn concentrations increased, so that in this 
experiment low equilibrium Zn concentrations resulted in alkaline media contrary 
to the high equilibrium concentrations which produced acidic media (Table 3) . 
Because both pHe and the equilibrium Zn concentrations must be taken into 
consideration when predicting the possibility of precipitation, the solubility 
product principle was employed for this purpose. Hence, zinc potentials (pZn + 2 
pOH) were calculated from equilibrium Zn concentrations (mole/l) and pHe 
values. At a given initial Zn concentration , zinc potentials exhibited small 
variations among the different soil samples (Table 4). The data for the individual 
soil samples (not reported) show that with the exception of S2, S 17, S 18, and S19 at 
Ci = 20 uglml, all the zinc potential values were higher than those of zinc hydroxide 
and carbonate (16 - 17), which indicates that most soil samples were undersatu ­
rated with respect to these compounds (Jurinak and Bauer 1956). Therefore, in as 
much as Zn precipitation as hydroxide or carbonate was seemingly not possible for 
most of the samples , the adsorption maxima in excess of CEC may be due partly to 
adsorption of Zn as monovalent cations such as Zn(OH) + along with Zn + + 

(Shulka and Mitta11979) and partly due to the significant contribution of CaC03 in 
Zn sorption_ 
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Table 4. 	 Range, mean and coefficient of variation (C.V.) of the zinc potentials (pZn + 2pOH) in 
equilibrium solutions corresponding to the initial Zn concentrations 

pZn + 2pOH 
Initial zinc concentration 

Range Mean C.V. 

(J-lg / ml) (%) 

20 16.3 - 20.0 17.6 5.1 
50 17.1 - 20.4 IS.2 5.9 

100 17.0 - 20.0 IS.4 4.5 
250 17.3 - 19.4 IS.3 3.3 
500 17.4 - 19.6 IS.2 3.6 

The results show that the samples that yielded Sm values lower than their CEC 
values, contained the lowest CaC03 percentages, whereas the sample that had an 
Sm value 11.5 times its CEC had the lowest CEC value. Thus, it seems that CaC03 

contributed significantly to Zn sorption in a manner affected by Soil CEC. This 
inference was suggested statistically, firstly, by the existance of a highly significant 
(0.1 % level) linear correlation between Sm and CaC03 percentage (r = 0.866) in 
agreement with previous findings (Udo et al. 1970 and Singh and Sekhon 1977) , 
and secondly by the improvement of this correlation when considering SmlCEC as 
the dependent and CaC03 percentage/CEC as the independent variable (r = 

0.934). This finding indicates that CaC03 percentage/CEC ratio was a better 
predictor of Zn sorption than CaC03 percentage (SmlCEC = 0.46 + 2.21 CaC03 

percentage/CEC). It further shows that for soils of similar CaC03 contents, 
SmlCEC increased, and Zn precipitation became increasingly important as CEC 
decreased. Furthermore, zinc precipitation in the samples containing high CaC03 

may be another possibility implying that Zn solubility was governed by factors 
other than (pZn + 2pOH). 

The adsorption maxima did not correlate significantly with organic matter (r = 

0.400), CEC (r = 0.332) or clay content (r = 0.100), but correlated significantly 
(5% level) with DTPA-extractable Zn (r = 0.510) . It is evident that , contrary to 
the finding of Trehan and Sekhon (1977), there was a trend for Zn sorption to 
increase with increase in organic matter (OM). However, the lack of significance 
may be due to the narrow variation of organic matter in these arid-zone soils. 
When both CaC03 , and OM percentages were used to predict Zn sorption, a 
multiple correlation coefficient R = 0.876 was obtained. Both CaC03 and OM 
percentages accounted for about 77% of the variability of zinc adsorption maxima, 
whereas percentage CaC03 alone accounted for about 75% of Zn sorption 
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variability. Hence, no additional advantage was gained using OM as a second 
independent variable. 

The role of CEC on Zn sorption was overshadowed by the pronounced 
contribution of CaC03 percentage. The lack of correlation between Sm and CEC 
also indicated that Zn sorption in these calcareous soils is not a simple reversible 
exchange reaction . The adsorption maxima did not relate to ECe or SAR of the 
soils. It seems that their effects were masked by the dissolution of CaC03 in the 
equilibrium solutions. 

References 

Bashour, I., Mashhady, A.S., Prasad, D.J., Miller, T. and Mazroa, M. (1983) Morphology and 
composition of some soils under cultivation in Saudi Arabia , 29: 327-340. 

Bingham, F.T., Page, A.L. and Sims, J.R. (1964) Retention of copper and zinc by H-montmorillonite , 
Soil Sci. Soc. Am. Proc. 28: 351-354. 

Brummer, G., Tiller, K.G., Herms, U. and Clayton, P.M. (1983) Adsorption - desorption and/or 
precipitation - dissolution processes of zinc in soils, Geoderma 31: 337-354. 

Chapman, H.D. and Pratt, P.F. (1961) Methods of analysis for soils, plants and waters, University of 
California , Division of Agriculture Sciences, 309 p. 

Chester, R. (1965) Adsorption of zinc and cobalt on illite in sea water, Nature 206: 884-886. 
Dixit, S.P. and Dogar, M.A. (1980) Adsorption , desorption and extractability of Zn in some Algerian 

soils under orange cultivation, Z. Pflanzenernaehr. Bodenkd. 143: 684-691. 
Jurinak, J.J. and Bauer, N. (1956) Thermodynamics of zinc adsorption on calcite, dolomite and 

magnesite-type clay minerals, Soil Sci. Soc. Am. Proc . 20: 466-471. 
Karam, A., Cescas, M.P. and Ledoux, R. (1983) Specific zinc sorption by some gleysolic C horizons in 

Quebec soils , Canada , Commun. Soil Sci. Plant Anal. 14: 785-801. 
Leeper, G. W. (1952) Factors affecting availability of inorga nic nutrients in soils with special reference to 

micronutrient metals, Ann. Rev. Plant Physiol. 3: 1-6. 
Lindsay, W.L. and Norvell, W.A. (1978) Development of DTPA soil test for zinc iron maganese and 

copper , Soil Sci. Soc. Am. 1. 42: 421-428 . 
Little, T.M. and Hills, T.M. (1978) Agricultural Experimentation . Design and Analysis, John Wiley and 

Sons, New York , 350 p. 
Polemio, M. and Rhoades, J.D. (1977) Determining cation exchange capacity. A new procedure for 

calcareous and gypsiferous soils, Soil Sci. Soc. Am. 1. 41: 524-528. 
Richards, L.A. (ed.) (1954) Diagnosis and Improvement of Saline and Alkali Soils . Agric. Handbook 

60, USDA, U.S. Government Printing Office , Washington D.C. 
Shukla, U.c. and Mittal, S.B. (1979) Characterization of zinc adsorption in some soils of India, Soil Sci. 

Soc. Am. 1. 43: 905-908. 
Shuman , L.M. (1975) The effect of soil properties on zinc adsorption by soils , Soil Sci. Soc. Am. 1. 39: 

454-458. 
Singh, B. and Sekhon, G.S. (1977) The effect of soil properties on adsorption and desorption of Zn by 

alkaline soils , Soil Sci. 124: 366-369. 
Thorne, D. W., Laws, W.D. and Wallace, A. (1942) Zinc relationships of some Utah soils , Soil Sci. 54: 

463-468 . 
Tiller, K.G. and Hodgson, J.F. (1962) The specific sorption of cobalt and zinc by layer silicates, Clays 

and Minerals 9: 393-402. 



Zinc Sorption by Some Saudi Calcareous Soils 19 

Trehan, S.P. and Sekhon, G.S. (1977) E ffect of clay, o rganic malle r and CaC03 content on zinc 
adsorption by soi ls , Plant and Soil 46: 329·336. 

Udo, E.J., Bohn, H.L. and Tucker, T.C. (1970) Zinc adsorptio n by calcareous soils , Soil Sci. Soc. Am. 
Proc. 34: 405-407. 

(R eceived 2911211986; 
In revised form 1310511987) 



20 M.A. Mustafa el al. 

~~I t.SJ.J.4 ~*I ~;JI ~ J&- ~)I V"'L.a.o~1 
~~~I 

~~yo-J\ ~..,J\ &..l\ - uP'u.)\ - ~Y"-"" ~\ ........~ - o.s.\))\ ~ - .....j0\ ~y.s. ~ 


. U::WI ~ ~I)j ~ J1~ :.r ~} 4 :..r..?J ~I ~ 4.-. I)..uI ~?i 
U l} ~ ,Iro ,tJ ,"\ ~ )~~I ..:,;~ ~ ir.-ll5JI ..:,;L;y.? ~ "':"">-JI} 

~)I 0i ~J..tiJ . il? / il?J~ ~ , t ~ J • , ,~ ~ ~ ~I>- \I ~)I 
= .1~))'1 ~Lv.) ~ ~~I o~ll.l lS#- c: L~ ~f- ..:,;~I ~ ~>- II 

.C, t"\~ 
)~~J tl...w.J} :.r J5' ~bLv. ",:-,PI ~ ~)I ~l..a.d ..:,;L;~ ~l1 

I~ IdJ il? / il.r.--:L ~~ ,r~ J , , ~"\ ~ lSy.a.4l1 ~L..a.o~~1 ~ "':"">-JI}J 

~I lSy.a.4l1 ~~~~I ~ ":';jJ~ AI :.r 4 ;,,;~ ~ ..:,;I~..:,;~~) 

4 ~~} i~~)1 ~ ..:,;~L>- ~~...lilJ ,..:,;~ ~~l5JI ~~~I 

. ..:,;L;y.? Ji ~J)-41 

~;JIJ ..:,;~I ~ i~LSJI ..:,;L..;~..,..s ~ d ~I..G)~I J:lU: ~ 
~ ~ ..:,;1~1:.r I~"\J lyO u-s- -JI.r-:l1J-.s- 01~~~I 
..:,;L..;y..,..s ~J lS~ I ~L..a.o~~ I ~ ~ 4j'.>\.J I 0 iJ 'lSy.a.4l I ~la.o~~ I 

. y j5J ~~l5J1 ~~~\ ~I ~~ J5' ~ • I~~ ir.-ll5JI 


