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LYSIMETER experiment was conducted at the experimental

farm of the Soil and Water Research Department, Nuclear
Research Center, Atomic Energy Authority, Egypt, to evaluate the
impact of saline water irrigation at three levels namely, 0.3, 4 and §
dS/m on yield of some selected halophyte plants grown in different
textured soils as well as its nutritional values as fodder crops.

The tested plants were Kallar grass and Afriplex (Salt bush). The
tested soil were sandy, calcareous and clayey soils. Biomass yield and
nutrient elements namely N, P, K,Fe, Mn, Zn, and Cu were studied

Data shows a significant decrease in both N and protein content %
in plant shoots for both tested plants with increasing salinity. The
lowest value of N and protein % was noticed at 8 dS/m treatment in
case of Kallar grass grown on clayey soil. P-content in Kallar grass
was not significantly affected by salinity, but, it was significantly
decreased in shoots of Atriplex plants. In general, P-content was low
in both tested plants. In most cases Afriplex plants exhibited higher
amounts of N, P and crude protein content.

Kallar grass showed a negative response to increasing water
salinity, which resulted a decrease in K concentration in shoots at any
tested soils while, Atriplex showed a positive trend, which may
indicate variation in the mechanism of salinity tolerance in plants by
different elemental uptake and accumulation.

Results reveal that increasing salinity levels in imrigation water
usually led to a significant decrease in Fe, Mn, Zn and Cu uptake by
the tested plants at any tested soils. Atriplex shoots showed the highest
Fe, Zn and Cu concentration, if compared to Kallar grass at any tested
soils.

Interactions observed within plants between trace elements. The
greatest number of antagonistic reactions have been observed for Fe,
Mn, Zn and Cu which are obviously, the key elements in plant
physiology.
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Discrimination factors (DF) between there micronutrients were
calculated. DF-values varied between the tested nutrients due to soil
type, salinity and plant species. Results indicate that Fe was efficiently
absorbed than Mn, Zn or Cu. In general DF-values for Zn/Mn and
Cu/Mn showed a tendencity to increase with increasing salinity at any
tested plant or scil. However, the opposite was true for the rest of DF
values particularly the Mn/Fe, Zn/Fe and Cu/Fe.

Keywords: Halophyte plants, Saline water irrigation, Macro and
micronutrients

Interest in the introduction of halophytic fodder (grass or shrubs) to agriculture in
different countries appears to have risen in the last few years, particularly in
developing countries with arid and semi arid climates. Valuable production has
been obtained from salt-affected soil through establishment and use of salt
tolerant plants as forage for sheep and cattle, Ashour ez at. (1999) evaluated the
productivity of halophytic plants irrigated with diluted seawater (12.5, 23, 37.5
and 50.0% seawater). They indicated that halophytes were promising for feeding
goats and sheep in a desert area by saline irrigation water. Diplachne Fusca as a
forage crop was grown successfully in highly salt-affected soil (17 dS/m) at south
coast of Qaroun lack. Fayoum Governorate, Egypt. They concluded that some
halophytes might be used to combat desertification in arid and semiarid regions
through depleting soil salts and also as salt-tolerant forage crops. Villiers ef al,
(1995) established that there are feasible potential roles of halophytes in
economic agricultural use of salt-affected wasteland. Halophytes, particularly
Atriplex nummularia and Leptocola fusca (Kallar grass) have been introduced
into many Mediterranean areas specially for increasing forage productivity and
for many other uses.

The protein content in leaves of Atriplex species has been found as high as
17.3-18.3% which is comparable to 17.8% in some forage legume species,
Atriplex species can be considered therefore, a source for replacement of costly
protein concentrates in feed for livestock (Aslam, 1999),

Plant muneral contents resulting from salinity irrigation treatments showed
extremely variable responses (Lunin & Gallatin, 1965; Hassan e? al., 1970b and
Bernstein ¢t al.; 1974} depending on the crop or plant species, the particular
mineral and the portion of the plant tissue sampled. Bernstein et al. (1974) stated
that plant mineral contents are not reliable indicators of plant responses to the
interactive effects of nutrients and salinity. Therefore, only a general statement
can be made concerning mineral nutrition of plants under adverse soil salinity
conditions. Hassan et al. (1970 a}, found a negative correlation between soil
salinity and the uptake of Fe, Mn, Zn and Cu by corn plants, Micronutrients that
are essential for the nutrition of animals are usually required in amounts of 100
mg/kg in dietary dry matter. These elements include Fe, Mn, Cu, Se, I, Co, and Mo.

Egypt. J. Soil Sci. 45, No. 2 (2005)



SALINE WATER IRRIGATION IN DIFFERENT SOIL TEXTURED 165

The aim of this experiment was to investigate the effect of saline water
irrigation on the nutritional values of some selected salt tolerant plants grown in
different textured soils types as fodder crops.

Material and Methods

Soil samples

Three soil samples (0-30 cm) were collected from different areas sandy soil
from Inshas, calcareous soil from Ras Suder and clayey soils from Al-Husaniah.
The soil samples were air dried, crushed, finely ground, then sieved through
a 2 mm sieve and kept for analysis. Physical analysis, organic matter content
{O.M), calcium carbonate content (CaCO,), pH, EC, soluble cations and anions
(Na", K7, Ca*", Mg®, CT', CO,%, SO,* and HCO;") were determined according to
standard methods (Jackson, 1976). Selected soils physical and chemical
properties are shown in Table 1 aand b.

TABLE 1. Some physical and chemical properties of the experimental soils.

a.Physical properties
Particles size
ECe PH CEC Bulk
%
Soil type %) T:‘::‘“’ 1:2.5 | (1:2-5 soit- {meqy100g| Density { ", c“fj"j 0;}’"
Sand } Silt |Clay % | dS/m |suspension)| soil | (g/em™{ ° ¢
Sandy
{Inshas) 96 | 2| 2 [Sandy| 0.27 18 2.07 176 |934] 16 | 043
Calcareous Loam
(RasSudr)] 89 | 51| 6 sand 43 8.3 2.05 165 {17.3] 44 |0.66
Clay (Al s .
Husaynish)| 16 [ 12| 72 | Clay | 19.5 86 238 7| 1a8 |41 2 138
b. Chemical properties
Soil Soluble Cations (meq/l) Soluble Anions (meq/7)
Type SAR | ESP
Na* | K | €™ |Mg™ | CI |C03" | 50, { HCOy
Sandy 052 | 0.10 10 | 107 0.6 - 1.89 0.2 0.51 0.51
Calcareous | 252 | 1.25 | 758 | 790 | 108 - 25.5 56 9.06 10.8
Clay 122 159 | 242 | 1.3 52.5 - 124 2.6 2315 | 251

Soil and lysimeter preparation

In lysimeter outdoor trial, the effect of saline water urigation and soil types
on halophyte plant growth, biomass yield and nutrient elements namely: N, P, K,
Fe, Mn, Zn and Cu was studied for two seasons. The trial was conducted at the
experimental farm of the Soil and Water Research Department, Nuclear Research
Center, Atomic energy Authority, Inshas, and arranged in a complete randomized
block design. Two halophytic plant species were selected for this study, a
perennial grass plant namely Kallar grass (Leptachloa fusca) and perennial shrub
known as salt bush plant namely Atriplex (Atriplex nummularia). Each soil
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sample was packed in Lysimeters (100 cmin height and 54 cm in diameter).
A gravel bed layer (20-cm in height} was served in the bottom of each lysimeter
to improve the drainage efficiency. Each lysimeter was filled with soil to give
soil column £0 cm in height (about 201.44, 78.64 and 135.06 Kg for sandy,
calcareous and clayey soil, respectively). Access tubes (for neutron moisture
meter measurements), were installed in the center of each lysimeter.

Three levels of saline water were used. The represented regular water
(0.3 dS/m) as a control treatment, moderately saline (EC = 4 dS/m) and highly
saline {EC = § dS/m). Preparation of the artificial saline water used in this
experiment was prepared according to Haider & Ghafoor (1992), to simulate the
status of saline ground water.

Seedlings of the tested halophytic species were planted in each lysimeter
(three seedlings each) in three replicates. NPK fertilizers were applied to enhance
seedling growth. Nitrogen as urea, phosphorus as super phosphate and potassium
as potassium sulfate were added at the rate of 50 kg/fed. Soil moisture content
were maintained at each soil field capacity. The lysimeters were irrigated when
the soil moisture content becomes equal to 15 bar, as determined by the Neutron
Moisture Meter technique. :

After 6 months from cultivation, plant sample were harvested, separated to
shoots and roots, air-dried, ground, and kept for chemical analysis. Also, soil
samples were collected, dried, ground and extracted by DTPA according to
Lindsay & Norvell (1978).

Plan analysis

Plant samples were digested according to Chapman & Pratt (1961). Plant N
contents were determined using Kjeldahl method. Total P was calorimetrically
determined, using stanmous chloride ammonium molybdate. Na and K contents
were determined using Flame Photometer. Fe, Mn, Zn and Cu either in the
digest mixture or DTPA extract were estimated by Atomic Absorption (model
GBC 902).

Statistical analysis

Data were statistically analyzed, using statistical software program (PC-
Mstat) according to Power (1985). The values of Least significant difference
(L.S.D) were calculated according to Gomez & Gomez (1984).

Results and Discussion

Dry matter yield in tested plants

Table 2 shows the mean of saline water trrigation on dry matter yield of both
Kallar grass and Atriplex plants after 6 months growth period. The plant response
varied due to soil type and saline of irrigation water. In sandy soil, a
significant increase in shoot of dry matter yield in both tested plants was
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noticed with the increase of water salinity which agree with previous work
(El-Gala et al., 2004).

However, a significant decrease in shoot dry matter yield of both tested plant
grown in calcareous and clayey soils due to the increase of water salinity. The
highest biomass accumulation for Atriplex was observed in case of calcareous
soil (8.7 ton Fed.). However, the high=st values for Kallar grass were obtained in
sandy soil (8.1 ton Fed).

TABLE 2. Dry matter yield of Kallar grass and Arriplex (mean of twe seasons)
shoots as affected by salinity and soil types.

Irrigation Kallar grass Atriplex
Soil Water
texture | EC (dS/m) Shoots
Ton/Fed
03 "7.83 4.73
Sandy 2 7.80 6.60
g * 8.68 6.34
Mean 8.10 5.89
0.3 7.36 9.17
Calcare 4 6.07 9.43
ous g 5.04 7.62
Mean 6.16 8.74
0.3 2.84 4.58
Clayey 4 4.81 4.49
8 3.63 3.90
Mean 3.76 432
L.8.D {5%) Soil 0.47 0.47
EC . 0.32 0.39
Soil x EC 0.55 0.68

Nutritional values of the tested halophytic plants as fodder

Table 3 present N%, P content {ug/g), and K content (mg/g) in shoots of
Kallar grass and Atriplex grown on different textured soils as affected by salinity
of irrigation water. A significant decrease in both N and protein content % in
plant shoots was observed due to increasing water salinity for both tested plants
which confirm previous results in a solution culture experiment (Abou El-Naga,
2004). The lowest N and protein % value was noticed at 8 dS/m treatment in case
of Kallar grass grown in clayey soil. Similar results were reported by Harrouni
et al. (1999). They investigated seven halophytic plants, which were subjected to
25, 50, 75 and 100% seawater irrigation. Their results indicated that the nitrogen
concentration in shoots and roots decreased with the increase of salinity, except
for Atriplex marina, which N increased in shoots with the increase of seawater
percentage. The'obtained crude protein for Kallar grass ranged from 2.58 to
6.34 % while for Atriplex ranged from 3.39 to 7.25 %which seems to be lower
than the reported values in the literature. Crude protein content was reported to
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range from 10-20 % of the DM, (Yaron, 1985; Benjamin ¢t al., 1986; Benjamin
& Oren, 1986 and Teifert, 1989).

Concerning P-content as affected by salinity, result showed that there is no
significant effect in kallar grass P-coutent due to salinity. But was significantly
decreased in shoot of Atriplex plant. However, the phosphorus content was
relatively low in both tested plants. Data on mineral composition of Atriplex spp.
grown in Egypt showed that all plant species attained sufficient concentrations of
major elements which appeared to be more than enough to cover the mineral
requirements of grazing animals except for S and P elements (Gihad & El-Shaer,
1994).

It is worth to mention that in most cases Atriplex plants exhibited higher
amounts of N, P and crude protein content as shown in Table 3. El-Shaer &
Kandil (1999) concluded that Asriplex could greatly increase the productivity of
salt-affected soils in Egypt. They stated that Atriplex spp. can play a significant
role in providing available and valuable nuirients to ruminants, particularly
during seasonal feed shortage.

TABLE 3. Nitrogen, phosphorus, potassium and protein, content in Kallar grass
and Atriplex shoots as affected by salinity and seil texture.

Irrigation Kallar grass Atriplex
Seil Water N P I K Protein N P ] K Protein
texture EC(dS/m) % (ug/g) % A (g o
Q.3 077 | 887 148 4.93 096 | 1260 | 10.6 6.14
Sandy 4 0.93 | 887 12.0 6.02 089 | 1673 | 123 570
3 099 | 1163 | 8.00 6.34 0.53 | 1485 | 13.5 3.39
Mean 090 | 979 | 11.6 574 0.79 | 1473 | 121 5.08
0.3 1.04 | 1016 | 1.85 6.63 1.13 [ 1998 | 095 7.25
Calcareous 4 080 | 950 118 5.12 0.90 | 1525 ] 1.55 5.76
8 064 | 857 | 1.08 4.10 0.65 | 1285 | 1.45 4.18
Mean 083 | 914 | 1.37 5.29 090 | 1603 | 1.32 573
0.3 0.55 | 916 | 12.8 3.52 0.65 [ 1493 | 124 4.16
Clayey 4 0.56 | 858 10.3 3.58 070 | 1284 | 153 4.48
8 0.40 | 738 ] 9.25 2.58 0.59 | 1231 | 162 3.78
Mean 0.50 | 837 10.8 3.23 0.65 [ 1336 | 146 4.14
L.5.D (5%) soil 004 | NS | 2.62 (.28 0.04 162 | 0.02 0.25
EC 003 | N8 | 2.05 0.21 0.03 162 | 0.02 0.20
Soit x EC 006 [ 974 | NS 0.37 0.05 | 281 0.03 0.35

Concerning K content, Kallar grass showed a negative response to increasing
water salinity, which resulted in a decrease of K concentration in shoots at any
tested soil. While, Armriplex showed a positive trend, which may indicate
variation in the mechanism of salinity tolerance in plants by different elemental
uptake and accumulation. The lowest K content was obtained in the plants grown
in the calcareous soil, followed by the sandy then the clayey soil. It is well
known fact that the saline ions compete with chemically similar nutrient ion (for
e.g., Na with K and C] with nitrate) which may lead to nutrient deficiencies.
Harrouni er al. (1999) reported that the response of the species studied at high
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salinity was an accurnmlation of Na* accompanied by a decrease in K” absorption.
However, the reduction in K uptake occurred in the absence of a detrimental
injury in the tested plant species, which survived.

Micronutrients uptake

Results reveal that increasing salinity levels in irrigation water usually led to
a significant decrease in Fe, Mn, Zn and Cu content by the tested plants at any
used soil texture (Table 4). Asriplex shoots showed the highest Fe, Zn and Cu
concentration, compared to Kallar grass at any tested soils.

fron

Iron content in plant shoot sample samples varied with plant species, soil
texture and salinity treatments (Table 4). Averages of Fe concentration in Kallar
grass shoots were 515, 211 and 333 ug/g while, it was 586, 362 and 514 ug/gin
Atriplex shoots when, plant in the plants grown in sandy, calcareous, and clayey
soil, respectively. These level of Fe content is more than optimum. Average
concentration of Fe in plants was reported to be 100 mg/kg (Epstein, 1972).
Pasture Fe contents vary with plant species and generally are around 300 mg/kg
on dry matter basis (NRC, 1988). It is generally accepted that the Fe
requirements of young rurninant animals are higher than those of nature
ruminants and are thought to be about 100 mg/kg (NRC, 1988).

Manganese

Manganese concentration in Kallar grass shoots ranged between 33.7 to 119
ug/g with an average of 76.3 ug/g in Kallar grass shoots. However, in case of
Atriplex shoots Mn-concentration ranged between 22.8 to 63.9 ug/g with an
average of 43.4 ug/g. Manganese content was affected by soil texture, for
example Kallar grass shoots contained average values of 72.1, 40.5 and 88.7
ug Mn/g for the three tested soils, respectively. The relevant Mn-values for
Atriplex shoots were always lower (38.7, 29.9 and 46.5 ug/g above mentioned for
three tested soils). Animal requirement in the diet is generally > 40 mg Mn /kg
dry matter. It is worth mentioning that average Mn concentration in plant was
reported by Epstein (1972) to be around 20 mg/kg.

Zine

Zinc levels in plant shoots varied due to plant species, soil texture and salinity
treatment (Table 4). Averages of Zn concentrations in Kallar grass shoots were
60.0, 58.7 and 55.3 ug/g while, they were 84.1, 77.8 and 88.7 ug/g for Atriplex
plants when grown in sandy, calcareous and clayey soil, respectively. The Zn
requirement of cattle is less well studied than that of non-ruminants (NRC, 1988).
A Zn level of 40 mg/kg has been suggested for diets of calves, dairy cows, and
bulls (NRC, 1988). Zinc concentrations in pasture herbage ranged between 17
and 60 mg/kg on a dry basis, with most values falling between 20 and 30 mg/kg
(Underwood, 1981). Kabata-Pendias & Pendias (1992) indicated that the
approximate normal concentration of Zn in nature-leaf tissue is 27-150 mg/kg.
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Copper

Copper content in Kaliar grass and Atriplex shoots showed a slight variation
relatively, as compared with other micronutrient (Table 4). Averages of Cu
concentrations in Kallar grass shoots were 6.1, 6.5 and 5.2 ug/g while, they were
7.6, 11.9 and 11.6 ug/g for Arriplex plants when grown in sandy, calcareous and
clayey soil, respectively. The normal Cu conceatration in plant tissues ranged
from 5 to 20 mg/kg, (Melsted et al., 1969). As copper requirements of animals
are powerfully influenced by the interaction between this metal and other dietary
components, it is necessary to specify the conditions under which the
requirements are to be applied. Although 4 mg/kg of dietary Cu will meet the
requirement of cattle under certain conditions, 10 mg Cwkg is a more practical
minirmum requirement (Underwood, 1981). More than 10 mg/kg of Cu may be
required, however, for cattle grazing pastures or consuming feedstuffs that
contain high level of Mo or other interfering substances (NRC, 1988).

TABLE 4. Concentration of some nutrients in Kallar grass and Asriplex shoots as
affected by salinity and soil texture.

Irrigation Kallar grass Atriplex

Soil Water Fe | Mn | Zn | Cu Fe | Mn ]| Zn | Cu

texture EC(dS/m) (ug/g) {(ug/
0.3 586 96.3 63.9 8.4 617 419 | 948 | 9.0
Sandy 4 537 62.2 59.9 6.9 576 394 | 902 { 8.2
8 423 57.8 56.1 3.1 512 349 |1 673 | 5.7
Mean 515 72.1 60.0 6.1 568 387 1 841 7.6
0.3 337 48.0 67.3 7.4 608 474 [ 81.2 { 127
Calcareous 4 256 399 | 563 6.4 362 2571783 [ 118
8 211 33.7 52.6 5.8 276 16.7 | 740 { 11.1
Mean 211 40.5 58.7 6.5 362 209 [ 778 [ 119
0.3 420 119 61.5 6.4 560 639 | 115 | 123
Clayey 4 319 90.0 1 595 5.1 522 529 | 843 [ 11.8
8 260 57.0 ] 450 4.1 459 228 1 666 | 108
" Mean 333 88.7 55.3 5.2 514 465 | 88.7 1 116
L.S.D (5%) soil 19.6 11.07 099 | 0.30 79.2 820 { 527 | 1.18
EC 294 5.14 2.52 0.31 36.5 6.25 | 3.69 | 1.08
Soilx EC N.S 8.90 4.37 0.54 63.2 10.8 1 639 [ NS

As it might be expected increasing HCO’; level in the soil, due to irrigation
with high saline water, could depress plant micronutrient content. This finding is
thought due the effect of pH on micronutrients availability to plant (Romheld &
Marschner, 1986). Again the solution culture experiment data support this
finding (El-Gala et al, 2004).

Micronutrient interactions as affected by soil texture and salinity

Interactions observed within plants between trace elements have indicated
that these processes arc quite complex, being at times both antagonistic and
synergistic in nature, and cccasionally are involved in the metabolism of more
than two elements (Kabta-Pendias & pendias, 1992). The greatest number of
Egypt. J. Soil Sci. 45, No. 2 (2005)
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antagonistic reactions have been observed for Fe, Mn, Zn and Cu which are
obviously, the key elements in plant physiology. Several factors could effect the
mechanism of nutrient interactions one of them is soil solution chemistry (pH,
EC, soluble cations and anions, ... etc.).

Discrimination factor (DF) is a good parameter to illustrate the kinetics of
elements uptake and its possible interactions, defined as:

DF = (A plant/B plant)/(A soil/B soil)

Where A and B are the concentration of two nutrient analogue to each other,
{either in plant or available in soil).

For example values of DF below unity indicate that B is more efficiently
absorbed than A (Menzel & Heald, 1955 and Smolders ef al, 1996). Table 5
Shows DF values between different tested nutrients (such as Mn/Fe, Zn/Fe,
Cw/Fe, Zn/Mn, Cuw/Mn, Cuw/Zn, Mn/Zn and Mn/Cu) for both Kallar grass and
Atriplex shoots grown on different soils type. Results indicates that Fe was
efficiently absorbed than Mn, Zn or Cu. DF-values varied between the tested
nutrients due to soil texture, salinity and plant species. In general DF-values for
Zn/Mn and Cuw/Mn showed a tendencity to increase with increasing salinity at
any tested plant or soil. However, the opposite was true for the rest of DF-values
particularly the Mn/Fe, Zn/Fe and Cu/Fe. In most cases DF-values were higher in
case of Zn/Mn followed by CwMn particularly in the clayey soil. These variable
results could be attributed to the interactions between major elements in soil
solution (Ca, Mg,...etc.) and trace elements (Fe, Mn, Zn, Cu,... etc.). Several
reports have showed that clearly Ca, P and Mg are the main antagonistic
elements against the absorption and metabolism of several trace elements
((Kabta-Pendias & pendias, 1992; Olsen, 1972 and Wallace, 1971). Example of :

Antagonistic elements Synergistic elements
Ca X Fe, Cu, Mn and - Zn and Cu, Mn
Mg X Fe, Mn, Cu and Zn

FeX Mn, Zn, Cu

Some synergistic effects, have also been cobserved for antagonistic pairs of
elements, depending on the specific reaction of the plant genotype or species
(Wallace, 1971)

Conclusion

Data shows a significant decrease in both N and protein content % in plant
shoots for both tested plants with increasing salinity. P-content in Kallar grass
was not significantly affected by salinity, but, it was significantly decreased in
shoots of Atriplex plants. Kallar grass showed a negative response to increasing
water salinity, which resulted a decrease in K concentration in shoots at any
tested soils. Results reveal that increasing salinity levels in irrigation water
usually led to a significant decrease in Fe, Mn, Zn and Cu uptake by the tested
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plants at any tested soils. Results suggest that there is a possibility of filling a
significant proportion of the feed gap in Egypt by establishing salt bushes on
salt-affected lands. Benefits of halophyte spp., include high biomass yield,
evérgreen habits, drought and salinity tolerance .

TABLE 5. Discrimination factor (DF) of some micronutrients in Kallar grass and
Atriplex shoots s affected by salinity and soil types.

Kallar grass
Sofl Irrigation Discrimination factor (DF)

texture E(‘Z‘;:ltse."r‘n) Mun/Fe | Zn/Fe | Cu/Fe| Zn/Mn |Cu/Mn|Cu/Zn |Mn/ZniMn/Cu

0.3 0.15 0.19 { 0.17 0.53 062 | 091 | 1.88 § 2.05

Sandy 4 0.25 0.19 | 0.16 0.77 049 | 080 | 1.29 | 1.61

8 0.30 0231 } 008 0.78 030 | 038 | 1.28 | 334

0.3 0.02 0.10 | 0.04 4.53 175 | 0.39 | 0.22 | 0.57

Calcareous 4 0.02 0.11 | 0.04 4.56 1.82 | 040 [ 021 | 0.55

8 0.02 0.13 | 0.05 5.05 1.95 | 0.39 | 0.20 | 0.51

0.3 0.02 009 | 0.01 4.00 031 { 008 | 0.25 | 3.25

Clayey 4 0.02 0.11 | 0.01 5.11 032 | 006 | 0.20 | 3.08

8 0.02 0.10 { 0.01 6.10 041 | 0.07 | 0.16 | 243

Atriplex

0.3 0.15 027 | 0.18 1.82 1.20 | 0.66 | 0.55 | 0.83

Sandy 4 0.15 027 | 017 1.84 1.16 | 063 | 0.54 | 086

8 0.15 023 | 013 1.95 091 | 0.59 { 0.50 | 1.10

0.3 0.01 0.07 { 0.04 5.54 304 | 055 | 0.18 | 0.33

Calcareous 4 0.01 011 | 0.06 9.85 520 | 0.5 | 011 | 019

8 0.01 Q.14 | 0.07 14.33 7.53 { 0.53 | 007 | 0.13

0.3 0.01 012 | 0.01 13.91 1.10 | 0.08 | 0.07 | 091

Clayey 4 0.01 010 | 0.01 12.32 128 | 0.10 | 0.08 | 0.78

8 .01 0.09 | 0.01 22.58 2711 012 | 0.04 | 037
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