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Availability of Micronutrients in Selected Saudi Soils
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ABSTRACT Micronutrients (Fe, Zn, Mn and Cu) contents in 102 soil samples selected
from major agricultural areas (Al-Kharj, Al-Hasa, Qasim, Taif and Wadi Dawasir)
representing a wide range of soils cultivated for crop production in Saudi Arabia, were
analyzed by the DTPA method. Values in parts per million in the surface soils of the
23 locations ranged from 1.10 to 11.70 for Fe, 0.12 to 3.20 for Zn, 0.40 to 26.0 for Mn
and 0.20 to 3.20 for Cu. None of the surface soils showed Cu deficiency, and only 2%
of the samples were deficient in Mn. Iron was deficient in 78% of the samples and Zn
in 70% of the samples. Distribution of Zn and Cu throughout the profile below the
surface layers was uniform with larger amounts in surface horizons. Contents of Fe
and Mn generally decreased with depth.

Deficiencies of micronutrients are a serious problem in crop production on light-
textured calcareous soils of arid regions (Lucas and Knezek 1972). In Saudi Arabia,
calcareous soils represent a very significant part of all the agricultural soils. These
soils are likely to be poor in one or more of the micronutrients owing to the ability
of free CaCO; to transform these nutrients to sparingly soluble compounds.
Analyses of several thousands of soil samples from Saudi Arabia at our laboratory
in the last three years revealed that they are generally coarse to medium in texture
with low organic matter and usually have a pH between 7.5-8.5. Jones and Kelso
(1977) studied the micronutrient status of Al-Hasa soils and reported iron and zinc
deficiencies. Apart from this, little information is available on the status of mi-
cronutrients in Saudi soils and of their distribution in soil profiles. In recent years,
many previously uncultivated areas are being intensively used for growing major
field crops, fruits and vegetables. It has, therefore, become essential to know the
status of micronutrients in the agricultural soils of the country. This study was
attempted to assess the availability of Fe, Zn, Mn and Cu in some important
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agricultural soils by extraction with Diethylenetriaminepentaacetic acid (DTPA)
solution and determine the distribution of these micronutrients in the soil profiles
under study.

Material and Methods

A total of 102 soil samples representing 23 profiles were collected from five
major agricultural areas in the Kingdom; 8 from Al-Hasa, 4 from Qasim, 7 from
Taif, 2 from Wadi Dawasir and 2 from Al-Kharj (Fig. 1). The soils represented
various types and cover important regions in the country. The total area of Saudi
Arabia is about 2.2 million km? and represents 5% of the arid zones of the world.
The environment of the present study areas (physiography, detailed morphological
and physico-chemical properties) was described by Bashour et al. (1983). Soil sam-
ples collected from different areas were air dried, ground to pass through a 2 mm
sieve and stored for subsequent analyses. Calcium carbonate percent, electrical
conductivity (EC mmhos/cm) and pH were determined as outlined in USDA Salin-
ity Laboratory Handbook 60 (Richards 1954). Texture was determined by the
hydrometer method (Foth et al. 1976). The micronutrients were extracted by the
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Fig. 1. Geographical map of Saudi Arabia showing study areas.
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DTPA (C,4H,;0,0N;) method which was advocated by Lindsay and Norwell (1978)
to be the most efficient for simultaneous assessment of Fe, Zn, Mn and Cu in
calcareous soils. The method consists of extracting 20 g soil with 40 ml of DTPA
solution which was prepared to contain 0.005 M DTPA, 0.01 M CaCl,, 0.1 M
triethanolamine (TEA) and an adjusted pH of 7.30. After shaking for two hours
the soil extracts were filtered through a Whatman No. 42 filter paper. Iron, zinc,
manganese and copper were then determined in the filtrates using a 603 Perkin-
Elmer atomic absorption spectrophotometer.

The DTPA-extractable critical levels of micronutrients as reported by Lindsay
and Norwell (1978) for calcareous soils in greenhouse experiment were adapted to
assess the status of micronutrients in the soils; 4.50 ppm for Fe, 0.80 ppm for Zn,
1.00 ppm for Mn and 0.20 ppm for Cu.

Results and Discussion

Table 1 summarizes some properties of all the studied soil samples and the
DTPA-extractable Fe, Zn, Mn and Cu contents in them with minimum, maximum
and mean values.

Table 2 records the DTPA-extractable Fe, Zn, Mn, and Cu contents and some
important properties of surface soils of the 23 profiles. The DTPA-extractable Fe
ranged from 1.10 to 11.70 ppm, Zn from 0.12 to 3.20 ppm, Mn from 0.40 to 26.00
ppm, and Cu from 0.20 to 3.20 ppm. Iron was deficient in 18 of the 23 samples
and Zn in 16 of them when related to the critical levels reported by Lindsay and
Norwell (1978). None of the surface soils were deficient in Cu, and only 2 samples
in Mn. Calcareous soils, soils low in organic matter, soils with a pH higher than
7.0, leached sandy soils and very frequently newly levelled soils for furrow or flood
irrigation have often been reported to be deficient in Zn (Viets 1966). These

Table 1. Ranges and means of some soil characteristics and DTPA-extractable micro-
nutrient contents of 102 soil samples representing 23 profiles.

Range
Characteristic Mean
Minimum Maximum

pH 6.20 8.90 7.77
CaCO3% 0.80 45.10 13.60
E.C. (mmhos/cm) 0.50 133.50 14.18
Fe —ppm 1.00 11.70 3.83
Zn -ppm 0.12 3.20 0.44
Mn - ppm 0.40 26.00 3.90
Cu-ppm 0.16 3.20 0.82
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Table 2. Important soil properties and DTPA-extractable Fe, Zn, Mn and Cu contents of
surface horizons in 23 locations sampled.

Sample E.C. Fe Zn Mn Cu
Number | Location pH | CaCO; |mmhos/cm
% ppm
Al-Hasa
1 HIDA* farm 8.0 | 16.8 16.3 0.50 | 0.30 | 3.00 | 0.50
2 Shuban 7.8 6.9 2.8 3.66 | 048 | 3.30| 0.24
3 Hofuf-1 8.0 | 17.1 53.4 4.10 | 0.30 | 3.50 | 0.70
4 Hofuf-11 7.4 | 18.4 8.5 6.70 | 1.42 | 6.00 | 0.70
S Hofuf-III 7.5 | 24.6 3.3 5.40 | 0.38 | 3.30 | 0.40
6 Hofuf-1V 7.0 2.5 32.0 220 0.32 | 3.40 ] 0.56
7 Hofuf-V 7.5 | 19.6 133.5 220 0.86 | 4.30 | 0.70
8 Taraf 79 1 17.8 4.4 1.101 0.32 | 2.50 | 0.34
Qasim
9 Al-Bassamiah 7.6 4.6 6.0 3.00| 0.24 | 4.20 | 0.38
10 Al-Badaeh 7.5 | 14.0 7.5 7.50 | 0.48 |20.00 | 1.10
11 Al-Qarzea 7.9 9.7 1.7 330 | 0.50 | 6.30 | 0.56
12 A.R.C.** farm 7.9 3.8 1.67 3301 084 | 1901 0.22
Taif
13 Al-Mathana 8.1 7.4 2.3 4.30 | 1.80 |20.00 | 1.90
14 Muzalala 7.7 | 11.5 33 3.50| 0.86 | 7.80 | 1.14
1S Al-Hada 7.8 33 3.7 11.70 | 2.00 | 16.00 | 2.80
16 Rawdah 6.3 4.5 1.0 330 | 022 | 4.70 | 0.64
17 Liyyah 7.7 | 12.5 1.2 3.66 | 0.44 | 7.60 | 1.48
18 Ashafa 75 3.8 1.5 9.10 | 3.20 |26.00 | 1.82
19 Sail Kabir 7.4 S.1 5.8 3801 196 | 4401 0.74
Wadi Dawagsir
20 Kashm Al-Ashqar | 7.3 8.2 115.7 1.10 ] 0.32 | 0.60 | 0.30
21 Sulayyal 7.8 1 13.8 37.4 3.001 032 | 0.501 1.44
Al-Kharj
22 Kharj-1 7.5 | 23.0 5.4 4.00 | 3.70 | 4.80 | 0.50
23 Kharj-11 7.7 21.2 2.7 2.80| 0.20 | 1.70 | 0.36

Hasa Irrigation and Drainage Authority.
** Agriculture Research Center.

conditions, at least partially, appear to exist in most of the soils of the present
study and could be responsible for the observed Zn deficiencies. About 78% of
the samples tested were deficient in DTPA-extractable Fe. Generally, degree of
calcareousness and/or pH may account for Fe deficiency in the soils. Preliminary
mineralogical analyses of the soils (unpublished data) have shown the dominant
component of the parent material to be quartz or calcite, and it is likely that the
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lack of minerals containing iron is one of the most significant reasons for the iron
deficiencies in those soils. Field observations by the authors have also suggested
iron and zinc deficiencies symptoms to be common in the soils under discussion.
This was further confirmed by the response to application of Fe and Zn by vege-
tables at Al-Kharj and Qasim areas (unpublished data). Severe Fe and Zn deficien-
cies in the soils of the present study are in agreement with the works of Jones and
Kelso (1977) and Loizides (1975). Data in Table 2 suggest that despite high pH
values and calcium carbonate content, none of the soils was deficient in Cu and
only 2 samples were deficient in DTPA-extractable Mn. Calcareous soils of Leba-
non are also adequate in DTPA-extractable Mn (Khan and Ryan 1978). Fuehring
(1973) similarly reported that Mn and Cu are much less apt to be deficient on
calcareous soils than Fe and Zn. Manganese content is generally high in the soils
and high concentration of Mn is reported to cause Fe deficiency in plants by
competing with the absorption of Fe (Lingle et al. 1963).

Distribution of Fe, Zn, Mn and Cu Throughout Soil Profiles

The distribution of Fe, Zn, Mn and Cu in some profiles is shown in Table 3.
A general conclusion emerging from the data is that the concentration of iron and
zinc are low and that those of iron and manganese decreased with depth. However,
there was no consistent trend in all the 23 profiles and this is probably due to the
transported alluvial nature of some of the soils under study. Randhawa et al. (1961)
and Kubota (1963) also reported similar trends in distribution of micronutrients in
soil profiles and attributed this to clay content. The textural classes of the studied
soils indicated the presence of high percentage of the sand fraction in them and
this appeared to be associated with low contents of Fe, Zn and Mn along the
profiles. Aubert and Pinta (1977) reported similar results in coarse textured soils.
Low organic matter, variation in calcium carbonate content along the profile and,
to some extent, texture may be the reasons for the observed distribution of iron
and manganese in this study. However, no attempts were made to correlate these
variables. Generally, Zn and Cu contents are higher in surface horizons (Table 3)
and are distributed more or less uniformly throughout the depth of the profiles
below. Many authors (e.g. Iyer and Satyanarayan 1963, Hodgson 1963) have re-
ported uniform distribution of Zn and Cu in arid soil profiles. These reports and
the results of the present study confirm the theory that a high degree of profile
development or advanced stage of weathering is necessary for variation in mic-
ronutrient patterns in soil profiles.

In conclusion, this study has shown that the available Fe and Zn contents are
low in most of the soils probably due to degree of calcareousness and/or pH,
texture and low levels of organic matter. It is apparent from the results that,
despite high pH and high CaCO; levels, many soils of Saudi Arabia contain
adequate levels of available Mn and Cu as measured by the DTPA extraction
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Table 3. Profile distribution of DTPA extractable Fe, Zn, Mn and Cu in some soils.

Fe Zn Mn Cu

Location Area Depth cm

ppm

1. Shuban Al-Hasa 0- 6 3.66 | 0.48 | 3.30 | 0.24
Shuban 6- 32 1.30 | 0.50 | 3.00 | 0.50
Shuban 32- 75 1.44 | 0.24 | 1.00 | 0.25
Shuban 75-100 1.44 | 0.24 | 0.90 | 0.34
Shuban 100-127 1.44 { 0.70 | 1.00 | 0.38
Shuban 127-150 1.10 | 0.22 | 1.00 | 0.24
2. Al-Qarzae Qasim 0- 20 3.30 | 0.50 | 6.30 | 0.56
Al-Qarzae 20- 40 2.70 | 0.44 | 490 | 0.60
Al-Qarzae 40- 62 300 | 032 | 1.80 | 0.28
Al-Qarzae 62- 95 3.80 | 0.30 | 1.40 | 0.28
Al-Qarzae 95-135 1.90 | 0.36 | 0.90 | 0.34
3. Rawdah Taif 0- 20 330 | 0.22 | 4.70 | 0.54
Rawdah 20- 45 2.00 | 0.14 | 3.00 | 0.64
Rawdah 45- 80 1.30 | 0.14 | 1.70 | 0.50
Rawdah 80-105 2.00 | 0.14 | 2.60 | 0.65
Rawdah 105-130 1.20 | 0.12 | 0.90 | 0.45
Rawdah 130-155 1.80 | 0.28 | 1.30 | 0.50
4. Sulayyal Wadi Dawasir 0- 23 3.00 | 0.32 | 0.50 | 1.44
Sulayyal 23- 59 3.00 | 0.16 | 0.40 | 0.30
Sulayyal 59- 90 3.00 | 0.14 | 0.40 | 0.20
Sulayyal 90-143 3.00 | 0.16 | 0.80 | 0.24
Sulayyal 143-173 1.60 | 0.14 | 0.70 | 0.26
5. Kharj-I Al-Kharj 0- 20 4.00 | 0.70 | 4.80 | 0.50
Kharj-1 20- 35 3.00 | 0.50 | 4.10 | 0.60
Kharj-I 35- 50 2.80 | 0.50 | 3.30 | 0.60
Kharj-I 50- 65 2.80 | 0.35 | 4.20 | 0.90
Kharj-1 65- 80 2.80 | 0.30 | 3.50 | 0.65
Kharj-1 80- 95 2.60 | 0.25 | 2.30 | 0.65

procedure. The absence of Mn and Cu deficiencies can be attributed to initially
high levels of soil Mn and Cu. Plans are underway for sampling a larger number
of soils to find the relationships between soil properties and availability of mic-
ronutrients, particularly iron and zinc.
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