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ABSTRACT. The plant soil relationships of ten orchard species growing in Al-
Aqgieq valley (1900 m. a.s.l, lat. 20° 1”, longt. 41° 38’, in Al-Baha region, Sau-
di Arabia) were investigated. The studied plants were: Citrus aurantifolia, C.
reticulata, C. sinesis, Prunus americana, P. armeni, P. persica; Punica gra-
natum, Pyrus malus; Trifolium sp. and Vitis vinifera. The soil was collected
from three different depths (5, 15 and 30 cm). The soil is in general sandy silt,
alkaline, (pH 7.7 to 7.8), the organic matter (%) was ranging between 1 to 0.75
and the E.C. from 400 to 1300 mmhos/cm and with high chlorine content at
the 30 cm soil depth. The dry weight of the studied species was greatly af-
fected by the soil salinity and chlorine content. Nutrients uptake was not ef-
ficient except for potassium which accumulated in the plants greatly over its
content in the soil.
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Introduction

The content of nutrient elements and their allocation from different types of soils was
extensively studied. Deficiency of one or more elements in the soil is one of the major
reasons for poor cultivation of the soils. Attempting for reclamation of such type of nu-
trients deficient soils depends on addition of different elements by fertilization. But ex-
cessive use of fertilizers will affect the nutrients balance in the soils which is reflected
on their crops yield or even on the sustain ability of the cultivated species. However, it
is well known “as an example”, that increased amount of Na* ions in the soil an-
tagonizes with the absorption of many ions especially K ions (e.g. Wutcher et al. [y,

In recent years there has been increased interest in the investigation of the re-
lationships between the nutrient status in the soil and tree species in the orchard fields
(e.g. Smith et al.12], Feller®], Paulilo and Felippe!*).
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Tree species are characterized by the utilization of nutrient elements from different
soil horizons, but this is affected mainly by the soil types and edaphic factors.

All over Saudi Arabia different tree species including fruit trees are successfully
grown, however, the plant soil relationships of orchard area is the least investigated.
The cultivated trees suffered from low productivity in the investigated area of study. Se-
rious losses of fruit production and in some cases the decrease in storage quality of the
fruits were considered results of nutrient elements disorder in the soil (Asher et al.1%);
Smith et al. (] and Smith and Clark 1. Therefore the present work is a trial to study the
relauonshxps of dry weight, water content and some nutrient elements of ten orchard
plants (Citrus aurantifolia, C. reticulata, C. sinesis, Prunus americana, P. armeni, P.
persica; Punica granatum; Pyrus malus; Trifolium sp. and Vitis vinifera) with the soil
characters. The present study will concentrate on the relative concentration ratios (RCR)
between the contents of Ca, Mg, K, Na and Cl in leaves of these ten plants and the wa-
ter soluble content of these elements in the soil.

Materials and Methods

The present work was carried out on three species of each of Citrus (aurantifolia, re-
ticulata and sinesis) and Prunus (americana, armeni, and persica) in addition to punica
granatum, Pyrus malus and Vitis vinifera and the crop under orchard trees Trifolium sp.
which are cultivated extensively in the study area. Soil samples were collected at 5, 15
and 30cm depths approx1mately from points surrounding and close to the trunk of each
tree. The soil samp were air dried at the room temperature (20° + 2°C), seived from
2mm diameter and analyzed for some physical and chemical properties, according to
Piper'®). The determination of Ca, Mg, K and Na was carried out by using a flame pho-
tometer and an atomic absorption flame photometer (Shimadzu AA-670) as mentioned
in Allen et al.%). For the determination of Cl, the method of Jackson and Thomas!!?!
was used. Fully expanded leaf samples were collected from the different sides and dif-
ferent heights of the tree canopy. The leaves were weighed as fresh and dry in an aer-
ated oven at 75°C to constant weight, then from the two weights water contents were
calculated. The dry leaves were ground into a fine powder and samples (0.5g) were ex-
tracted by 100ml glacial acetic acid at 80°C for three hours in order to determine the
contents of Ca, Mg, K, Na and Cl according to Yeo and Flowers!!}). Another 0.5g dry
samples were used for organic matter and ash determinations using loss on ignition, the
dry samples were ignited in a mufful furnace at 550°C. The relative concentration ratios
(RCR) of the leaves nutrient elements to those of soil were calculated for the ten studied
orchard species.

Standard deviations of the recorded data and their correlation and regress1on equa-
tions were calculated according to Snedecor and Cochran!!2],

The Study Area

The present investigation was carried out in Al-Agieq valley, 1900 m.a.s.l., lat. 20°
18" long. 41° 38’, at Al-Baha region in the south west of the Kingdom of Saudi Aratbia.'
This area is characterized by 332mm annual rainfall and a mean annual temperature of
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17°C with a maximum temperature of 22.6°C in June and and a minimum of 11.5°C in
January (Hajar,m]). The average relative humidity is 35.1% and average wind velocity
is 7.4km/h. The humid season extends from December to May while the dry one ex-
tends from June to November.

Results

The mechanical analysis of the soil in the study area (Tablé 1) indicated that more
than 90% of the soil particles are between 2-0.02mm diameter. Low contents of sand
and fine clay particles were recorded especially at the top layer compared to the 30cm
depth layer. Organic matter was low and decreased by soil depth. The organic matter at
the 30cm depth was about 75% of that of the surface layer. The pH of soil water ex-
tracts was slightly alkaline and there were negligible differences between the soil
depths. The electrical conductivity (EC) of the soil extracts increased by more than dou-
ble from the surface layer to 30cm layer. EC records in the soil indicated that the soil is
slightly saline.

Taste 1. Soil particles (%), organic matter (%) and water content (g/g dry wt.) for the soil of the study area.

Soil particles
Soil depth Organic Water
cm >2 2-02 0.2-0.02 <0.02 matter % content
mm mm mm mm
1:5 34 15.1 73.6 79 1.0 +£0.03 | 0.058 + 0.01
5-10 3.1 15.1 73.6 8.2 0.99 £ 0.05 | 0.110 + 0.01
10- 30 4.5 24.1 66.0 54 0.75 £ 0.05 | 0.110 £ 0.01

The content of nutrient elements in soil (Table 2) shows high calcium and low so-
dium contents. The content in monovalent cations (K + Na) was only about half the con-
tent of the divalent ones (Mg + Ca). The surface layer contained less K, Na, Ca and Mg
in' comparison with 30cm depth. On the other hand, the content of chloride was higher
at the surface layer than at the 15cm layer but it increased greatly at the 30cm layer.

TasLe 2. Nutrient elements (K, Na, Ca, Mg and Cl) contents (mmoles/g d.wt), pH and electrical conductivity
(EC, mmhos/cm) in the soil of study area.

Soil depth ¢ )
. K Na Ca Mg Cl pH EC
1-5 2.64+0.03 2.16+0.04 55+00| 43+0.2 1.6 £0.2 778 | 600
5-10 2.12%0.10 331£0.13 | 150£19| 3.8+02 12 £0.1 7.74 400
10-30 397+£0.20 331+£0.10 | 202+1.3]| 43104 80 £23 7.81 1300

The results of Table (3) indicate different leaf water contents for the studied species.
Trifolium sp. leaves contained the greatest water content while those of Citrus sinesis
contained the lowest one compared to the other species. There were notable differences
in the water content of the species of the same genus especially Citrus species where C.
sinesis contain nearly four times leaf water content of C. aurantifolia. The leaf dry
weights varied also by species. The maximum dry weight was found in the leaves of C.
sinesis and the minimum was by Prunus americana. The organic matter content in



8 H.S. Al-Zahrani

leaves of the study orchard species correlated significantly (r = 0.402) with the leaf wa-
ter content. The best regression equation governing the relationship between leaf water
content and organic matter was linear and it was as:

Leaf organic matter = 43.09 + 3.75 water content.

TasLE 3. Dry weight (g), water content (g/g, d.wt) and organic matter (%) for the leaves of the study plants.

Plant species Dry weight Water content Organic matter
Citrus aurantifolia 0.80 1 0.06 1.5+0.02 57.6+4.2
C. reticulata 0.87 £0.02 1.3+£0.05 49.6+0.7
C. sinesis 2.11+£001 0.4+0.01 20.7+0.7
Prunus americana 0.45£0.03 1.3£0.10 394£53
P. armeni 0.84+0.05 2.0+£0.20 55.3+4.0
P. persica 0.79+0.02 - 1.5+£0.10 589+ 1.6
Punica granatum 0.99+£0.02" 1.0+ 0.05 46714
Pyrus malus 0.73+0.03 " 171001 649105
Vitis vinifera 0.80 £ 0.02 2.8+0.10 596+1.8
Trifolium sp. 0.97+0.19 44+1.1 48.8+8.4

The maximum content of organic matter was found in the leaves of Pyrus malus and the
minimum one was of Citrus sinesis.

The content of nutrient elements in the leaves of the studied species (Table 4) varied
with species. The content of the divalent cations (Ca and Mg) was greater than the con-
tent of monovalent ones (K and Na) in all species except in Trifolium sp., Prunus ar-
meni and Pyrus malus. The leaves of the three species contained great amounts of K. It
is also notable that the leaves of Citrus sp., Vitis sp. and Trifolium sp. leaves contained
the highest content of Ca while Prunus sp. contained the lowest content.

TasLe 4. Nutrient elements (K, Na, Ca, Mg and Cl) conterit (mmoles/g d.wt) in the leaves of study plants.

Plant species K Na Ca Mg ) Cl

Citrus aurantifolia 248+0.03.| 1.85+£002 | 2.85+0.09 | 2.46+0.20 | 0.54+0.09
C. reticulata 2.56+0.00 | 1.90%0.01 3.55+0.07 | 2.42+0.01 0.50+0.04
C. sinesis 2.531£0.01 1.74+£0.07 | 5.10£0.05 | 3.05£0.09 | 0.16+0.05
Prunus americana 3.14+0.11 1.32+0.01 0.02£0.00 | 3.71+£0.05 0.69+0.17
P. armeni 4.8810.09 1.74+0.03 | 0.04+0.00 | 3.20£0.06 | 0.48£0.16
P. persica 3.00£0.12 1.60£0.04 | 091+0.06 | 450+£0.14 | 0.42£0.10
Punica granatum 1.28+£0.00 | 0.46+0.01 0.72+£0.02 | 3.22+0.11 0.331+0.04
Pyrus malus 3.33+£0.02 191£0.00 | 2.00£0.02 | 2.15+0.05 | 0.56%0.18
Vitis vinifera ¢ 2.56+0.00 | 2.31£008 | 3.72£0.10 | 2.32+0.05 | 0.56£0.12
Trifolium sp. 46410.16 1.91£0.00 | 4.51%0.06 1.65+0.14 | 0.34+0.07

“Concerning the individual elements, it is found that the highest content of each K,
Na, Ca, Mg and Cl was in Prunus armeni, Vitis vinifera, Citrus sinesis, Prunus persica
and Prunus americana respectively. The lowest values of K and Na were in Punicq gra-
natum, of Ca in Prunus americana, of Mg in Trifolium sp. and of Cl in Citrus sinesis.

The statistical analysis of the contents of nutrient elements in the leaves of studied or-
chard species (Table 5) showed that there were negative correlations between leaf dry
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weight and each of water contents, organic matter, K, Mg, and Cl, but the coefficients
of correlation were significant only with organic matter and chlorine content. Leaf dry
weight and Ca content exhibited also a significantly positive correlation. It is also not-
able.that in the studied plants leaves Mg content correlated negatively with the water
content, organic matter, K, Na, Ca and Cl, but the coefficient of correlation was sig-
nificant only with a Ca content. The equations of significant correlation that governed
the variations of leaf dry weight with each of organic matter, Ca and Cl content are:

Dry weight = 69.9-21.20 O.M.
Dry weight =~ 0.10 + 2.61 Ca
Dry weight= 0.74 + 0.30 Cl

Table 5. Correlation matrix of the measurements for the orchard species leaves.

Measurements Dry weight | Water content | Organic matter K Na Ca Mg Cl

Dry weight 0.000

Water content - 0423 0.000

Organic matter - 0.728* 0.534 0.000

K -0.178 0.582 0.187 0.000

Na 0.012 0493 0.283 0.448 0.000

Ca 0.612* 0171 -0331 0.063 0.551 0.000 | .

Mg - 0.055 -0524 -0.172 - 0191 |-0479 | -0.641* | 0.000

Cl - 0.872%x 0.249 0.563 - 0477 0.213 0477 | 0.003 |0.000
n=6 . .

*Significant at P < 0.05
***Significant at P < 0.001

Also, the equation governing the relationship between the content of Ca and Mg in the
leaves of the studied orchard species is:

Ca=3.54-029Mg

The ratio of Ca, Mg, K, Na and Cl content in leaves to their content in the three soil
depths (Fig. 1) revealed greater contents of most of these nutrients in the soil than in the
studied plant leaves. There were accumulation of K in the leaves over that in the soil
for all studied species except Punica granatum. Magnesium accumulation was achieved
also in the leaves of Prunus persica over its content in the three soil depths. High ratio
of leaf/soil Ca and Na at the surface (5cm) layer and of K, Mg and Clat the 15cm depth
in comparison with the other soil depths. The lowest plant leaf/soil ratio was for chlo-
rine (Cl).

Discussion

The studied tree species exhibited unpredicted growth and yield at the study area.
This is observed in the abnormal decrease in tree height, leaf size and fruits quality and
quantity. The fow yield of the studied species could be a result of unfavourable climatic
and soil unfavourable conditions. The soil of studied area is slightly saline and alkaline
in mature conditions which was early know to inhibit piant growth (e.g. Flowers et al.l14);
Greenway and Munns{!?], and Elhaak and Wegmann[w]). Existing salinity level in the
soil of the study area indicated that the studied orchard trees are sensitive to salinity.
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The dry weight of leaves indicated that Citrus aurantifolia and Prunus americana were
the most salinity sensitive species compared to the other Citrus and Prunus species. The
soil organic matter was low which is reflected on the soil fertility and water holding ca-
pacity where the soil water content was near the soil hygroscopic moisture. The low
moisture content in the soil most of the year has affected the leaves water content of the
studied species. The latter correlated positively with the plant leaves organic matter con-
tent. On the other hand this low moisture content inhibited greatly the nutrient elements
uptake needed for plant growth on one side and for osmoregulation on the other. The
role played by accumulation of mineral elements in osmoregulation in response to salin-
ity was found by e.g. Hellebust!!”], Jefferies!!8] and Migahid and Elhaak{'). It is also
notable that the orchard species leaf dry weights correlated negatively with chlorine and
positively with Ca contents. Leaf Ca and Mg contents correlated negatively with a sig-
nificant linear relationship which indicated an antagonistic effect between both elements
in the study species. '

The ratio of leaf/root content of K, Na, Ca, Mg and Cl indicated low uptake and ac-
cumulation of these elements in the studied species leaves except for K which ac-
cumulated up to its content in the soil. The high content of K in the leaves of the studied
species is an adaptive response in order to decrease stomatal water loss in such dry area.
The role of K in stomatal control for water loss was reviewed by Greenway and Munns(13],
The ratio of Na and Cl indicated unequivalent uptake of the two elements by the study
orchard species, a result which was also found by Hellebust!!”). Na was found to be
more absorbed than chlorine which increased in the soil. However, the low yield of
studied orchard species could be a result of the slight soil salinity in addmon to the low
nutrients uptake and high chloride content of the soil (Rogers and West(20]),
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