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ABSTRACT

The study aimed at evaluating the influence of the physicochemical properties of soil and water on
the growth rate of olive trees (Olea europaea L.) at twelve locations at Albaha region, south-
western Saudi Arabia. The studied locations demonstrated clear variation in soil contents. They
showed deficiency in organic matter contents while they were significantly different in their soil
salinity. Soil samples had no significant variations in their nitrogen contents and had moderate
amount of phosphorous. Soil from Farm No.2a contained significantly high amount of calcium (2470
mg/kg) while Farm No.1b had high iron (690 mg/kg) content. Soil pH values of all the areas were in
the neutral range. Water samples were not chemically contaminated and showed negative test for
total coliform except water sample from farm No. 1 which had a positive test. The variations in
growth rate and health among the studied trees could be attributed to the variations in
physicochemical properties of soil and water at the studied locations.
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1. INTRODUCTION

Olea europaea L. (Oleaceae), belonging to the
olive complex, both wild and cultivated olive are
largely distributed in this area. Farmers in this
region rely on private ground water wells and
water reservoir dams as main resources for
irrigation of their crops. According to our
knowledge, there are no studies on soil
properties and quality of water and background
levels of contaminants that may be presented in
water used for irrigation of olive trees at Albaha
region. In addition, at this time, there are no
regulations governing individual water wells at
Albaha region. Macronutrients and micronutrients
in the soil are important factors controlling growth
rate and yields of the crops [1]. Many studies
have reported the importance of the soil
elements on growth, development, yield and
plant metabolism [2,3]. One of their main roles is
to activate some of the enzymes in the cell [4].
Many investigations were carried out in the world
for evaluating the vegetation and production of
olive oil under full irrigation conditions [5,6].
Some researchers have reported diverse results
on the impact of the irrigation practice on olive oil
quality [7,8,5]. In semiarid and arid regions,
irrigation of olive trees improves crop yield. This
agricultural practice may increase problems such
as salinization of agricultural soil [6]. It is the
quality of water used for irrigation, which affects
the quality and health of the olive trees and
consequently the fruits and oil yield [9].

The aims of this study were to evaluate the
impacts of the macronutrient and micronutrient
contents of the soil samples from different
locations on the growth rate (vigour's shoot
growth) of the olive trees (O. europaea L.). In
addition, to check if the level of chemical
contaminants in the water used for olive crops
irrigation might exceed the standard values that
may pose any negative effect on the olive trees.

1.1 Study Areas

The study was carried out at twelve location sites
(Farm No.1a, Farm No.1b, Amdaan forest,
Barhrah forest, Albudani area, Al Khulb Park,
Mishari Prince Park, Farm No. 2a, Farm No. 2b,
Almrasa area) in Albaha province. The studied
locations were randomly chosen representing
different geographic areas.

2. MATERIALS AND METHODS
2.1 Soil Analysis

Three soil samples from different depths were
randomly taken from each location and then
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mixed well to form a composite soil sample. They
were air-dried to constant weight, ground and
sieved to 2 mm prior to chemical analysis. Soil
water extracts (1:5) were prepared for the
determination of electrical conductivity (EC) and
pH wusing a digital pH-meter (pH/ORP/lon/
Conductivity meter SG78). Walkley—Black
method further modified by Yeomans & Bremner
[10] was used for determining the organic carbon
content, and the total nitrogen was analyzed by
Kjeldahl method [11]. For metal analysis, 0.25 g
of a sample was digested by a microwave oven
(Anton-Paar PE Multiwave 3000) with 4 mL
HNO; (65%), 1 mL HCI (36%), 2 mL H,O, (30%
w/v) and 1 mL deionized H,O (Milli-Q quality).
The digested samples were analysed with the
inductively coupled plasma-optical emission
spectrometry (ICP-OES, 7000 DV, Perkin Elmer,
USA).

2.2 Water Analysis
2.2.1 Sample collection and analysis

Five water samples were collected from different
private water wells used for irrigation of olive oil
trees during the month of June — 2018. The sites
from where water samples were collected are
Almrasa, Barhrah, Algema, Farm No. 1 and Farm
No. 2 at Albaha region. The water samples were
collected in clean polyethylene bottles (150 ml
capacity). Bottles were cleaned first with distilled
water and were rinsed two times with the water
intended for sampling.

Each bottle was filled completely and placed in
cartoon box and taken back to the laboratory.
The water samples were submitted to Allehyan
water station laboratories and were analyzed for
levels of normal chemicals and the physical
characteristics of the water.

2.2.2 Chemical analysis

pH was measured using a pH meter (HANNA, HI
9125). Conductivity and total dissolved salts
were measured using a calibrated Conductivity
Meter (HANNA, Conductivity meter). Turbidity
measurements were conducted using a portable
turbidity meter (LaMotte 2020E). Chloride,
nitrate-N, sulfate and major cations were
determined according to standard methods for
the examination of water and wastewater [12].

2.2.3 Total coliform bacteria test

USEPA method 1604 the Membrane-Filter
technique was used to test the total coliform



bacteria. In this technique a fine porosity filter (47
mm pore sized cellulose ester membrane) that
retain bacteria was utilized, which was placed in
a petri dish (15 mm size) on a pad with growth
enrichment media (Ml Agar) and was incubated
for 48 hours at 35°C. The bacteria grown were
inspected for the presence of dome-shaped
colonies with a gold-green sheen.

2.3 Statistical Analysis

The experiments were performed in triplicates,
and the average values and standard deviations
were calculated using SPSS 21.0 for Windows
(SPSS Inc, Chicago, IL, USA). Statistical
comparisons were estimated by one-way
ANOVA and Duncan's multiple-range tests at p <
0.05.

3. RESULTS AND DISCUSSION
3.1 Soil Analysis

3.1.1 pH, electrical conductivity, organic
matter and calcium carbonate contents

Table 1 displays the pH, electrical conductivity,
organic matter and calcium carbonate contents
of the tested soil samples from the studied
locations. The recorded pH values were in the
range of 6.6-7.7. It was clear that the tested soil
pH values of all the areas were in the neutral
range. Soti et al. [13] have reported that the
mineral nutrients are readily available to plants
when soil pH is near neutral (pH = 6.5 —7.5) and
soil pH is an important factor for plant growth, as
it affects nutrient availability, nutrient toxicity and
has a direct effect on the protoplasm of plant root
cells.

Statistical analysis revealed significant variations
among the locations in their soil salinity. The
obtained results of electrical conductivity (EC)
were ranging from 0.3 to 4.6 dS/m. Most of the
studied locations were free from salinity hazards.
The soil samples from Farm No. 2a showed
significantly high level of salinity as compared
with the other collected samples. This could be
due to irrigation water and dissolving soll
minerals and kinds of the used fertilizers. If more
salt is applied in the irrigation water than is
leached or taken off in harvested plants the soil
becomes more saline, and eventually will cease
to support agricultural production. Poor water
management on irrigated crop land has resulted
in 10 —15% of all irrigated land suffering some
degree of water logging and salinization. In fact,
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water logging and salinization alone represent a
significant threat to the world’s productivity
capacity [14]. However, some plants can only be
grown without yield damage in soils with EC
below 2 dS/m while others can be grown without
much yield reduction in any soil up to EC of 16
dS/m.

The amounts of organic matter (0.5 - 0.9%) in the
collected soil samples from the studied locations
were not significantly different (p < 0.05). There
was deficiency of organic matter contents in the
studied locations. It was observed that the olive
trees of Algema forest and Almarasa area were
not healthy, vigorous trees. This could be
attributed to the extremely deficient of organic
matter (0.6%) in these areas. However, the
organic matter concentration within a soil is the
resulting balance between formation and
decomposition and depends largely on
interactions between inherent soil properties (e.g.
texture and mineralogy), climate, management,
and the nature of the inputs [15].

Soil samples from Farm No.1a and Mishari
Prince Park showed significantly (p < 0.05) high
amount of calcium carbonate when compared
with the samples from the other locations. High
level of calcium carbonate content was expected
since the arid regions had high concentrations of
free calcium carbonate [16].

3.1.2 Micro nutrients

Table 2 shows the Fe, Mn, Zn and Cu contents
of the collected soil samples in the studied
locations. All the locations had high contents
(above 150 mg/kg) of Fe except Farm No.2b (85
mg/kg). The soil from Farm No.1b had
significantly high amount (690 mg/kg) of Fe; it
was eightfold that of Farm No.2b. The recorded
results were expected since the iron is the fourth
most abundant element on earth, and soil
typically contains 1% — 5% total iron [17]. Iron is
an essential micronutrient for plants because of it
plays critical role in metabolic processes such as
DNA synthesis, respiration, and photosynthesis.
Further, many metabolic pathways are activated
by iron, and it is a prosthetic group constituent of
many enzymes [18]. Significantly high amount of
manganese (63.6 mg/kg) was detected in the soil
sample from Al Khulb Park. The soil samples
from Farm No.1a, Amdaan forest, and Barhrah
forest were not significantly different in their
manganese contents. Manganese plays an
important role in oxidation and reduction
processes in plants, such as the electron
transport in photosynthesis. It also has played a



role in chlorophyll production, and acts as an
activating factor which causes the activation
more than 35 different enzymes [19]. The soil
from Al Khulb Park contained significantly high
level of zinc (418 mg/kg) when compared with
other locations which showed no significant
variation in their zinc contents. Zinc is involved in
many physiological functions and its inadequate
supply will reduce crop yields. Its deficiencies
can affect plant by stunting its growth,
decreasing number of tillers, chlorosis and
smaller leaves, increasing crop maturity period,
spikelet sterility and inferior quality of harvested
products [20]. Copper content was in the range
of 64 - 242 mg/kg. Soil samples from Farm No.1b
had significantly high Cu content as compared
with the other studied locations. Soil samples
from Almrasa area and Amdaan forest had
nearly equal amount of copper content. The
variability of copper concentration among the
studied locations may be due to soil type and
other characteristics such texture, acidity and

organic matter content [21]. Copper is an
essential element for various metabolic
processes in plants. It is required only in trace
amounts and becomes toxic at high
concentrations [22].

3.1.3 Macro nutrients

The concentrations of nitrogen, phosphorus,

potassium and calcium in the soil samples from
different locations are shown in Table 3. No
significant variations were observed among the
collected soil samples in their nitrogen content. It
was clear that the soil from all locations were
relatively poor in nitrogen content (0.03 -0.04%).
Most of the examined olive trees (O. europaea
L.) from different locations were not healthy and
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less vigorous. This could be attributed to the
deficiency of nitrogen in the soil. However,
Boussadia et al. [23] have reported that nitrogen-
deficient plants had significant lower leaf nitrogen
and chlorophyll a contents in two olive (O.
europaea L.) cultivars (‘Meski’ and ‘Koroneiki’).
They also showed a significant reduction in their
photosynthetic capacity. This indicates that the
low nitrogen content inhibit photosynthesis in
nitrogen-deprived olive plants.

Nitrogen is primarily required for increasing plant
growth and crop yield more than any other
nutrients. The absence of N in the plants is often
associated with slow growth, reduced leaf size,
yellowing; short branches, premature fall colour
and leaf drop, and increase the likelihood of
some diseases. Much of the N in soils is stored
within the soil humus in forms that plants cannot
be easily accessed (Galloway et al., 2004).

The soil samples from the studied locations had
moderate amount of phosphorous (29 -277
mg/kg). The amount of phosphorous in the soil
samples from Al Khulb Park was nearly tenfold
that of Mishari Prince Park. The highest level of
phosphorus was detected in the soil samples
from four locations, Al Khulb park (277 mg/kg),
Algema forest (251 mg/kg), Farm No.1b
(231 mg/kg) and Alchukran forest park
(204 mg/kg).

Phosphorous (P) is highly needed to establish
and maintain crops especially in calcareous soils,
where its natural availability is very low. It is
considered an essential nutrient for plant
growth and development and its deficiency is
representing a major constraint to crop
production worldwide [24].

Table 1. pH electrical conductivity, organic matter and calcium carbonate contents in the
collected soil samples from the studied locations

Location pH ECe (dS/m) O.M (%) CaCO; (%)
Farm No.1a 7.4+0.0° 2.1+0.2% 0.8+0.2° 56+3.7°
Amdaan forest 7.4 +0.0° 0.4 +0.0° 0.7 +0.1° 14+1.1°
Barhrah forest 6.7 +0.4° 0.4 +0.0° 0.8+0.1% 0.8+0.5°
Albudani area 6.6+0.3° 0.3+0.1¢ 09+0.2° 1.2+0.8°
Al Khulb park 7.2+0.1° 0.6+0.1 0.8+0.1% 0.4+0.1°
Mishari Prince Park 76+0.1° 0.6 +0.2° 0.7 +0.3° 54+43°
Farm No. 2a 7.4+02° 46+1.6° 0.5+0.1° 2.3+24%®
Farm No. 2b 7.5+0.4° 1.4 +0.6° 0.8+0.3° 1.7+1.3°
Almrasa area 75+0.1° 0.9 + 0.3 0.6 +0.2° 2.8+0.7%
Algema forest 7.6+0.2° 0.4+0.1° 0.6+0.2° 1.1+05°
Alchukran forest park 7.4+0.1° 0.4+0.1° 0.8+0.1° 1.3+1°
Farm No.1b 7.7+0.1° 32+0.3° 0.7+0.2° 1.3+0.0°

Values are mean + SD, n = 3. Values in columns with different letters are significantly different (p < 0.05)
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Table 2. Micro nutrients (mg/kg) of the collected soil samples from the studied locations

Location Fe Mn Zn Cu

Farm No.1a 197 + 24% 19.5 + 7.4 203 + 23° 139 £ 25°
Amdaan forest 296 + 108" 17.1 £ 2.2% 181 + 14° 135 + 59°
Barhrah forest 162 + 28° 19.1 + 8.5 196 + 17° 75+ 5°°
Albudani area 324 + 70°° 31 +13.3% 180 + 13° 64 + 5°
Al Khulb park 228 + 39°* 63.6 + 17.6° 418 + 325° 119 + 12°°
Mishari Prince Park 206 + 80% 26.1 + 9.9° 157 + 4° 91 + 57
Farm No. 2a 148 + 87°' 51.2 + 46.5® 232+ 75° 83 + 8"
Farm No. 2b 85+ 5 10.2 + 0.8° 169 + 2° 66 + 3°
Almrasa area 200 + 10% 38.7 £ 3.3%° 176 + 9° 136 + 7°
Algema forest 200 + 41% 0.0 £0.0° 162 + 6° 79 + 68"°
Alchukran forest park 388 + 26° 8.8 +2.2% 179+ 7° 99 + 37°°
Farm No.1b 690 + 67° 25.5 + 1.3 229 + 9° 242 + 5°

Values are mean + SD, n = 3. Values in columns with different letters are significantly different (p < 0.05)

Table 3. Macro nutrient contents of the collected soil samples from the studied locations

Location N (%) P (mg/kg) K (mg/kg) Ca (mg/kg)
Farm No.1a 0.04 + 0.01° 151 + 39°C 464 +2.2° 650 + 50°°
Amdaan forest 0.04 + 0.01° 47 +18% 27.9 + 3.2°¢ 400 + 100°
Barhrah forest 0.04 + 0.01° 102 + 25%° 25.7 + 14.7° 317 + 29°
Albudani area 0.04 + 0.01° 63 + 20% 15.5 + 2.8 267 + 29°

Al Khulb park 0.04 + 0.00° 277 + 31° 68.1 + 28.6° 600 + 100°
Mishari prince park 0.03 £ 0.01° 29 + 12° 21.4 +2.8% 517 + 144°
Farm No. 2a 0.03 + 0.01° 93 + 85°¢ 18.4 + 6.8 2470 + 1998°
Farm No. 2b 0.04 + 0.02° 46 + 25% 11+1.8° 867 + 404
Almrasa area 0.03+0.01° 110 £ 51°° 32+ 4.8 550 + 87°
Algema forest 0.03 +0.01° 251 + 114® 26.3+10.2°° 400+ 50°
Alchukran forest park 0.04 +0.01° 204 + 103*° 35 + 15.2b° 300 £ 100°
Farm No.1b 0.03 + 0.01° 231 + 96™ 825+ 2.7° 1700 + 265%°

Values are mean + SD, n = 3. Values in columns with different letters are significantly different (p < 0.05)

Table 4. Physicochemical characteristics of water samples

Analysis Almrasa Barhrah Algema Farm No.1 Farm No.2 Standard
type(Unit) values
pH(S.U) 6.89 7.08 7.39 712 6.75 6.5-8.5
T.D.S(mg/L) 334 94 455 155 342 1000
Cly(mg/L) 0 0 0 0 0 1.0-0.5
Turbidity(N.T.U) 0.45 0.83 0.27 0.6 0.25 5
Al(mg/L) 0.016 0.026 0.04 0.061 0.012 0.2
Fe(mg/L) 0.03 0.01 0.02 0.23 0.1 0.3
SO4(mg/L) 47 26 82 37 31 250
NH3(mg/L) 0.03 0.04 0 0.01 0.01 1.5
NO3(mg/L) 19.47 2.21 11.51 2.21 1.77 45
NO,(mg/L) 0.103 0.005 0.014 0.008 0.002 3
SiO,(mg/L) 29.2 2.8 21.6 7.2 0.001 100

The potassium content

in the studied soil

crops may differ in their ability to grow under

samples was very low (11-82.5 mg/kg). However,
the earth crust on average and similar soils
contain large amounts of K bearing minerals that
often satisfy the plant demand but in some cases
the K in those minerals is of low availability to
plants leading then to K deficiency in crops. But

conditions of low K availability [25].

As shown from Table 4, the soil from Farm No.
2a contained extremely high amount (2470 %
1998 mg/kg) of calcium as compared with the
calcium content in the soil samples from



Albudani area (267 mg/kg). The other studied
locations had moderate amount (317 -867
mg/kg) of calcium content. Calcium is used in
large amounts by plants second only to N and K.
It is involved in cell elongation and division,
membrane permeability, and activation of several
critical enzymes [26].

3.2 Water Analysis

3.2.1 Physicochemical characteristics

The results of the physicochemical analysis for
the selected water samples are presented in
Table 4. The physico-chemical analysis of the
collected water samples showed values in the
standard range and indicates no chemical
contamination in all the samples. So, the water
used for irrigation of olive trees crops in the
selected farms and other areas is suitable for
irrigation and may not have any negative effect
on the growth or the production of these trees.

The measured values for the physical and
chemical characteristics of the selected samples
showed values in the range of the standard
values.

3.2.2 Total coliform bacteria test

The total coliform bacteria test is a primary
indicator of "potability" and suitability for
consumption.  This test measures the
concentration of total coliform bacteria
associated with the possible presence of disease
causing organisms. The total coliform test for
most samples showed negative observation after
48 hours incubation, except only one sample
taken from the research farm No. 1 site showed
positive test for total coliform test.

4. CONCLUSION

The studied twelve locations in Albaha region,
south-western Saudi Arabia showed clear
variations in organic matter, pH, electrical
conductivity and micro and macro nutrient
contents of the soil. These variations had
remarkable effects on the growth rate and health
of the olive trees. The collected water samples
from the locations had no chemical or biological
contaminants, except samples from Farm No. 1.
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