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ABSTRACT

This investigation has been conducted on the cultivated soil of Sirt area, Libya, that located 450 kilometers from East of
Libyan capital Tripoli and between the coordinates 16°35" E and 31°12" N to study the potassium status in some soils of
Libya. Forty-two soil samples were taken at the two different depth (0-20 and 20-40 cm) from 21sites to evaluate some physical
and chemical parameters for soils such as mechanical analysis , total carbonate, organic matter , EC , pH, soluble cations (Ca™,
Mg™, Na" and K"), anions (CO;", HCOj5, Cl "and SO,") , total K , available K , soluble water K, exchangeable K and non
exchangeable K. Coordinates of cultivated soil samples were recorded using the Global Positioning System (GPS). Studied
parameters were analyzed graphically by contour maps to show the spatial distribution of chemical constituents of the different
soil samples. The results indicate that the majority of soil textures in the investigated area were Sandy Loam. The all soil samples
at the studied area are poor in organic matter. The soil samples electric conductivity (EC) was suitable for agricultural purposes.
(The highest value of total K in both depths was found in 0-20 depth and the lowest value was found in 20-40 depth) .Positive
correlation was found between the total potassium and the clay content. (The highest values of available K in soil samples were
found in 20-40 cm depth. In contrast the lowest values were found in 20-40 cm depth). The highest values of water soluble K
(mequOg’lsoil) in studied soil samples of both depths were found in 20-40 cm depth, also the lowest values were found in 0-20
and 20-40 cm depth, respectively. (The highest values of non exchangeable K (meq100g'soil) content in studied soil samples of
both depths were found in 0-20cm depth ,also the lowest values were found in 0-20 cm depth) . The soil samples at the studied

area are poor in total K, available K, soluble water K, exchangeable K and non exchangeable K.
Keywords: Potassium status, Sandy loam, Global Positioning System (GPS), Sirt area.

INTRODUCTION

The soils of Libya are very shallow, coarse and low
in organic matter content and water holding capacity
(Laytimi, 2005). Soil studies have been conducted by the
American and Russian governments over the last four
decades, using various classification systems and methods
of soil analysis (Newr, 2006). The (FAO) generated a
Libyan soils map using their own classification system
based on both previously mentioned surveys. Soil orders
include Yermosols, Fluvisols, Regosols, Lithosols,
Xerosols, and Solonchaks covering 62.745%, 1.38%,
0.63%, 6.78%, 5.02%, 0.52%, respectively of the country’s
area. The majority of these soils are silty loam in texture
(63.0 %), followed by loamy very fine sand (7.0 %), coarse
loamy (5.0 %), loamy (1.0 %), sand (0.6 %) and sandy clay
(0.5 %) (Abagandura et al, 2012). Potassium (K) is a
major element of soils (Hue and Silva, 2000) and
(Marschner, 1997), the normal content of total K in soils
ranges from 0.40 to 30.0 g K kg™ soil. About 98% of total
K is bound in mineral form, whereas 2% occurred in soil
solution and exchangeable fractions (Sparks, 2003and
Khan ef al., 2009). The importance of K in plant growth
and yield has been known since Von Liebig published his
results in 1840 (Sparks, 2000; Huang et al., 2005).
Potassium (K) in soil generally exists in one of four
equilibrated forms variable in their availability to plants: -
Unavailable-K«+> slowly available-K«> exchangeable —
K(readily available ) <> water soluble-K(readily available )
.Many scientists have studied the soil K from different
points of view, some of them studied the sources of K in
earth crust and its forms in the soil focused on secondary
clay minerals and investigated soil K status (Zhang et al.,
2009 and Abdlgader, 2012). The others studied the
chemical extractions for soil K and derived some values to
express the soil supplying power, which correlated with the
biological experiments (Pettigrew, 2008). Wetting and
drying can significantly affect K fixation (Xu ef al., 1995;
Sharma et al., 2010). The drying soil under certain
condition often cause a transformation of K from the
exchangeable to the fixed or non-exchangeable form.
Fixation of K (becomes non-exchangeable) can occur from

drying soils with high exchangeable K or recent K fertilizer
applications while, K release (becomes exchangeable) can
occur when soils low in exchangeable K are dried because
the clay sheets roll back and release K (Mc Lean and
Watson, 1985). No or little studies have been done on the
status of K in the main cultivated soil of Libya. Thus, the
aim of this investigation is to evaluate the potassium status
in different cultivated soils of Sirt area, Libya.

MATERIALS AND METHODS

Twenty one soil sites were selected to represent the
cultivated soils at different locations of Sirt city, Libya by
Global Positioning System (GPS) technique as shown in
Table land Fig 1. The studied soil samples were taken in
August, 2014. The experimental sites were represented by
42 soil samples .The first twenty one surface soil samples
were taken at the depth of (0-20 cm) and the other twenty
one soil samples were taken at the depth of (0-40cm). The
obtained soil, samples were air dried, crushed and passed
through a 2 mm sieve, thoroughly mixed then preserved in
plastic bags for determination some soil physical and
chemical properties according to the standard methods as
well as potassium status in that soils.

Mechanical analysis was determined following the
international pipette method without hydrochloric acid
using 20 g air-dry soil and using NaOH as a depressing
agent as described by Dewis and Fertais, (1970). Saturation
percentage (SP) of the studied soils were determined using
method described by Richards, (1954). Soil reaction (pH)
was measured using a pH meter as mentioned by Richards
(1954). The electrical conductivity of studied soils were
measured in the soil paste extract by an EC meter according
to the method of Jackson, (1967). Organic matter (OM) was
determined by Walkley and Black’s method as described by
Hesse (1971). The amounts of soluble cations and anions
meq L' in the studied soil samples were determined
according to Hesse (1971). Total carbonate was determined
using Collin's calcimeter according to (Jackson, 1967). .The
potassium forms (total K, available K, soluble water K,
exchangeable K and non exchangeable K) was determined
according to Hesse (1971).
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Table 1. The coordinates of soil locations in study area.
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Fig 1. The location of studied area and soil samples
chosen for study.

RESULTS AND DISCUSSION

Soil physical properties of studied soil samples

Data presented in Table (2) and Fig (2, 3, 4 and 5)
show some soil physical properties such as particle size
distribution (coarse sand, fine sand, silt and clay), organic
matter, calcium carbonate content and texture of the
investigated soil samples at two different depths (0-20 and

Site N E

No. DD MM SS DD MM SS
1 31 12 59.3 16 35 84.2
2 31 10 53.2 16 38 43.9
3 31 10 72.1 16 39 56.3
4 31 9 25.0 16 57 31.9
5 31 9 00.6 16 58 47.5
6 31 8 39.2 17 2 20.4
7 31 8 1.10 17 3 64.0
8 31 7 17.1 17 7 50.5
9 31 7 51.4 17 4 89.9
10 31 7 77.7 17 4 3.80
11 31 2 58.8 16 42 58.8
12 31 10 53.5 16 38 4.20
13 31 4 6.4 16 41 441
14 31 9 34.6 16 55 51.3
15 31 3 97.8 16 41 55.9
16 31 9 37.4 16 55 51.9
17 31 11 72.0 16 21 86.2
18 31 11 54.3 16 21 65.8
19 31 11 61.9 16 21 90.9
20 31 11 67.7 16 24 83.0
21 31 11 77.1 16 24 79.9
DD :degrees MM :minutes SS :seconds

20-40cm).

Table 2. Some soil physical properties of the study area.

Site Depth Sand (%) Silt Clay CaCO; OM SP
No. (cm) Coarse  Fine  1°@l (o) (0) (%) (%)  lexture (%)
I 020 4344 4239 8584 236 1181 35341 054 Sandyloam 3048
2040  67.87 27.03 9489 257 257 4239 047 Sand 31.05
2 0-20 4232 4027 8259 248 1492 5843 100 Sandyloam 3155
2040 4059 4924 8982 254 763 5398  0.64 Sand 33.76
3 0-20 6381 2732 9113 224 668 7185  0.63 Sand 35.56
2040 28.04 5775 8579 203 12.16 7493 059 Loamysand  37.88
4 0-20 3013 5491 8504 184 1305 8858 078 Loamysand 3827
2040  9.60 8397 9359 215 421 8742 080 Sand 39.19
5 0-20 933 7923 8856 191 954 8585 076 Loamysand  38.74
2040 4164 4562 8726 212 1056 81.63 063 Loamysand  39.62
6 0-20 4071 4794 8865 190 945 8423 056 Loamysand  38.4
2040 7434 505 8020 327 1641 8623 058 Sandyloam  39.12
7 0-20 2952 5888 8840 105 971 8250 071 Loamysand  38.4
2040 2337 5941 8278 382 1338 7436 066 Sandyloam  38.18
8 0-20 2825 5456 8281 189 1525 7515 061 Sandyloam  37.83
2040 3779 4558 8337 207 1459 7587  0.76 Sandyloam  39.5
9 0-20 2809 5527 8336 371 1297 8003 068 Sandyloam  40.54
2040 7120 1236 8355 412 1230 8058 070 Loamysand  37.16
10 0-20 5071 2839 7910 620 1462 7742 044  Sandyloam 3597
2040 3529 6040 9569 217 217 7926 047 Sand 40.98
1 0-20 6230 2029 8259 248 1493 7294 049 Sandyloam 4097
2040 4779 3718 8497 2.3 1288 7135 066 Loamysand 3.7
12 0-20 3202 5268 8470 219 1311 4660 071 Loamysand  32.01
2040 3024 5124 8148 230 1619 5615 027 Sandyloam 3823
13 0-20 4025 4645 8670 221 1108 7464 026 Loamysand  37.16
2040 6530 1578 8108 188 17.03 7504 027 Sandyloam  41.69
14 0-20 41.04 4545 8649 452 899 8231 083 Loamysand  40.63
2040 5756 2324 8080 242 1679 8016 049  Sandyloam  37.4
15 0-20 4548 4216 87.64 248 987 7293 032 Loamysand  37.55
2040 6136 2578 8713 643 643 7684 022 Loamysand  39.32
16 0-20 46.66 3508 8174 549 1281 7634 039 Sandyloam  38.63
2040 3924 4075 7999 366 1770 7949 020 Sandyloam  41.07
17 0-20 4523 3722 8245 780 974 7628 074 Loamysand 4031
2040  56.80 3271 8961 207 831 7820 037 Sand 34.09
18 0-20 53.03 3409 8712 213 1071 7460 019 Loamysand  32.73
2040 5187 2550 7736 753 1507 7478 027 Sandyloam  34.72
19 0-20 49.08 2852 7760 343 1894 7640 019 Sandyloam  36.49
2040 4443 4013 8456 191 1348 7700 0.9 Loamysand  33.5
20 0-20 5617 2556 81.73 609 1218 7011 024 Sandyloam 334
2040 2671 3558 8220 223 1550 6588 037 Sandyloam  33.08
21 0-20 46,53 3334 7987 1005 1005 6976 036 Sandyloam 3418
2040 5141 37.04 8845 230 922 7125 036 Loamysand 3418

422



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 8 (9), September, 2017

From data in Table (2), it was found at the two
different depths that the coarse sand content in the studied
soil samples vary widely from 9.33 (site No. 5) to 63.81%
(site No. 3) and from 9.62 (site No. 4) to 74.34% (site No.
6) in 0-20 and 20-40 cm depth, respectively.

The presented data indicate that the coarse sand
content of the studied soil samples was increased with
increasing soil depth where as in almost soil profiles, the
coarse sand content (%) was recorded in 20-40 cm depth.

Data of the same Table indicate that, in 20-40 cm
depth the highest fine sand content was found in site No. 4
(83.96%) while the lowest was recorded in site No. 6
(5.96%). In 0.0-40 cm depth, the highest fine sand content
was found in soil site No. 5 while the lowest was in soil
site No. 11, the recorded value for fine sand content were
79.23 and 20.24%, respectively. It was noticed that, the
fine sand content was decreased with increasing soil profile
depth where the highest value for fine sand content were
recorded in 0-20 cm depth.

The silt content of soil samples at present study
varies from 1.83 to 10.05 and from 1.88 to 7.53% for 0-20
and 20-40 cm depth respectively. The lowest silt content
was found in soil site No. 4 and 13 while the highest values
was found in soil site No. 21 and 18 for both depths (0-20
and 20-40 cm, respectively).
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Fig 2. Spatial distribution of calcium carbonate
percentage of taken soil samples at the
depth of (0-20 cm) in the studied area.

The same data indicate that the values of clay
fluctuated between 6.68 (site No. 3) to 18.94% (site No.
19) (0-20 cm depth) and 2.16 (site No. 10) to 17.7%
(site No. 16) (20-40 cm depth). The data reveal that the
clay content in almost soil samples was found to be
higher in 0-20 cm depth than 20-40 cm depth.

It was observed that, the textural classes of soil
samples under current study varied in both depth (0-20
and 20-40 cm). The data indicate that the texture of
14.29% (6 samples), 40.48% (19 samples) and 45.24%
(19 samples) was sand, loamy sand and sandy loam,
respectively.

Accordingly, the majority of soil textures in the
investigated area were sandy loam.

Saturation percentage (SP) ranged between 30.48
and 41.69% for two depths. These values were
increased with soil depth from 20 to 40 cm.

Also, data of the same Table and Fig (2and 4)
reveal that the calcium carbonate content (CaCOs) varies
from 46.60 to 88.58 and from 42.39 to 87.42% in the
depths 0-20 and 20-40 cm, respectively .The highest
CaCO; values in the two depths were in soil site No. 4
while the lowest values of CaCO; content in the above
mentioned depths were found in site No. 12 and 1,
respectively. The most of investigated samples percentage
at the two different depths (0-20 and 20-40) lie between
fairly vigorous degree and very vigorous degree according
to Dewis and Fertas (1970).

So all the area under study can be considered
calcareous soil having high calcium carbonate content
reached to 88.6% in some sites.
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Fig. 3. Spatial distribution of calcium carbonate
percentage of taken soil samples at the
depth of (20-40 cm) in the studied area.

The organic matter (OM) content as presented in
Table (3) and confirmed in Fig. (4 and 5) ranges from 0.19
to 1.00 and 0.20 to 0.80% in the depths of 0-20 and 20-40
cm, respectively. The highest OM content take place in the
depth 0-20 and 20-40 cm of soil site No. 2 and 4,
respectively, while the lowest values for OM content occur
in the soil site No. 19 and 16, respectively for the above
mentioned soil depths under current study. The present
results are in agreement with those obtained by (El-Agrodi
et al., 1998; Rahil and Qanadillo,2013;and AL-Jaboobi et
a.1,2014)
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Fig. 4. Spatial distribution of organic matter
percentage of taken soil samples at the
depth of (0-20 cm) in the studied area.
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Fig. 5. Spatial distribution of organic matter percentage
of taken soil samples at the depth of (20-40 cm)
in the studied area.

Soil chemical properties of studied soil samples
Data illustrated in Table (3) show some soil

chemical properties of the investigated soil samples which

taken from different depths (0-20 and 20-40cm) in

saturation soil extract. These properties include pH ,
electrical conductivity (EC), soluble cations(Na®, K', Ca*’,
Mg") and soluble anions (CO;>, HCO5, CI" and SO,).

Data show that calcium ( Cat+) content in the
studied soil samples varies widely from 0.04 of site 18
to 0.59 of site No14 in 0-20 cm depth and from 0.04 of
site No 21 to 0.62 of site No 14 in 20-40 cm depth , so
studies observed that in both depth , the highest values
of soluble Ca content was found in 20-40 cm depth i.e
0.62 meqg/100g-1s0il of site No 14 , while the lowest
values were found in 20-40 cm depth which was 0.04
meq/100g-1soil in site No 21.

From data in Table (3), it was found that the
highest values of the magnesium (Mg++) content was
found in 0-20 cm depth ,the recorded value is 0.22 of
site No 5 and the lowest value was found in 20-40 cm
which is 0.01 of site No 14, however the values of
(Mg++) content in soil samples range from 0.022 of
site No 2 to 0. 224 of site No 5 in 0-20cm depth and
range from 0.01 of site No 14 to 0.22 of site No 15 of
20-40 cm depth.

Table 3. Soluble cations, anions, pH and EC values in saturation soil extract of the investigated soil samples.

Site Depth Soluble cations (meq 100g™ soil ) Soluble anions (meq 100g soil ) H EC
No. (cm) Ca Mg Na K 0o, Ho, cr so,_ P dSm’
1 0-20 0.19 0.10 0.61 0.07 - 0.05 0.28 0.64 8.30 1.13
20-40 0.25 0.16 0.75 0.07 - 0.09 0.37 0.77 8.28 1.52
2 0-20 0.19 0.02 0.39 0.07 - 0.10 0.13 0.44 8.60 0.75
20-40 0.05 0.06 0.19  0.09 - 0.06 0.07 0.26 8.54 046
3 0-20 0.10 0.05 0.33  0.05 - 0.07 0.10 0.36 8.53 0.54
20-40 0.05 0.04 0.24  0.02 - 0.04 0.06 0.24 8.64 032
4 0-20 0.06 0.07 0.27  0.03 - 0.07 0.08 0.28 854 041
20-40 0.05 0.08 0.26  0.03 - 0.07 0.08 0.27 854 042
5 0-20 0.11 0.22 0.59 0.07 - 0.11 0.27 0.62 8.23 0.93
20-40 0.29 0.15 0.58 0.11 - 0.07 0.41 0.65 8.11 1.20
6 0-20 0.06 0.08 0.24 0.04 - 0.08 0.08 0.26 8.66 042
20-40 0.10 0.01 0.17  0.03 - 0.07 0.05 0.19 8.63 0.36
7 0-20 0.07 0.06 0.25 0.01 - 0.07 0.07 0.25 8.76  0.39
20-40 0.06 0.09 0.27  0.01 - 0.07 0.09 0.27 8.56 046
8 0-20 0.14 0.07 0.36  0.06 - 0.10 0.13 0.39 836  0.60
20-40 0.12 0.05 0.38 0.05 - 0.07 0.12 0.41 842  0.56
9 0-20 0.06 0.09 0.16 0.02 - 0.09 0.06 0.17 8.67 044
20-40 0.07 0.04 0.23  0.02 - 0.05 0.07 0.23 852 035
10 0-20 0.07 0.15 0.61 0.02 - 0.07 0.19 0.59 5.54  0.75
20-40 0.12 0.12 0.57 0.02 - 0.13 0.14  0.56 5.53 0.79
11 0-20 0.25 0.06 0.48 0.04 - 0.12 0.22 0.48 8.15 0.86
20-40 0.19 0.16 0.54 0.04 - 0.13 0.25 0.54 8.17 0.89
12 0-20 0.12 0.04 0.33  0.02 - 0.07 0.11 0.33 8.19  0.53
20-40 0.10 0.05 032  0.02 - 0.07 0.09 0.33 8.47  0.56
13 0-20 0.08 0.11 043  0.02 - 0.11 0.12 0.42 8.35 0.59
20-40 0.13 0.13 0.60 0.02 - 0.10 0.19 0.58 8.11 0.85
14 0-20 0.59 0.03 044 0.25 - 0.25 0.33 0.72 7.32 1.54
20-40 0.62 0.01 041 0.29 - 0.16 0.22 0.95 7.30 1.60
15 0-20 0.22 0.22 0.84 0.04 - 0.09 0.39 0.83 8.08 1.27
20-40 0.34 0.22 0.94 0.03 - 0.17 044 093 8.00 1.61
16 0-20 0.09 0.10 0.32  0.03 - 0.13 0.09 0.33 8.19  0.54
20-40 0.08 0.06 0.28  0.03 - 0.07 0.08 0.29 828 043
17 0-20 0.08 0.10 0.31  0.02 - 0.12 0.08 0.31 8.13 0.55
20-40 0.07 0.11 0.35 0.03 - 0.09 0.11 0.35 824  0.55
18 0-20 0.04 0.06 0.13  0.02 - 0.06 0.04 0.14 8.69 0.36
20-40 0.07 0.04 0.20 0.02 - 0.05 0.07 0.20 8.71 0.43
19 0-20 0.08 0.05 0.16 0.03 - 0.08 0.06 0.18 8.67 0.36
20-40 0.07 0.07 0.22  0.02 - 0.07 0.07 0.23 8.76  0.45
20 0-20 0.06 0.04 0.16 0.02 - 0.05 0.06 0.18 857 038
20-40 0.09 0.02 0.19 0.02 - 0.05 0.07 0.20 8.60 043
21 0-20 0.06 0.05 0.16 0.02 - 0.05 0.07 0.17 8.60 040
20-40 0.04 0.05 0.14 0.02 - 0.04 0.05 0.15 8.71 0.34

Also, data of the same Table reveal that sodium
(Na") ranges in soil sample of 0-20cm from 0.13 of site
No 18 to 0.84 of site No 15, while in 20-40 cm ranges from

0.140f site No 21 to 0.94 of site No 15. Data revealed that
the highest values of soluble Na' in soil sample were
found in 20-40 depth of site No 14 and the lowest value
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was found in 0-20 cm of site No 18 where was recorded
that 0.94 and 0.13 respectively .

Data given in Table (4) show that potassium (K")
ranged from 0.010f site No 7 to 0.25 of site No 14 of 0-20
cm depth, whereas 0.010of site No 7 to 0.29 of'site No 14 of
20-40 cm in soil samples under studied .So the pervious
observation confirms that the highest values of soluble K
content were found in 20-40 cm depth .in contrast, the
lowest values were found in 0-20 cm depth.

Data in Table 3 show also, the soluble anions
concentrations in the collected soil samples. The soluble
carbonates (CO™ ;) are undetected. The values of
bicarbonates (HCO?;) content vary from 0.04 in site No
21 to 0.25 meq100g'soil of site No 14 in the 0-20 cm
depth while vary from 0.04 in site No 3 to 0.17 of site No
15 in 20-40 cm depth . So the observed results indicated
that , the highest values of (HCO3) content in the studied
soil samples were found in 0-20cm depth where the value
is 0.25 ,also the lowest values were found in 0-20 cm
depth which recorded 0.04 meq 100g" soil .
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Fig. 6. Spatial distribution of electric conductivity
(dS/m) of taken soil samples at the depth of
(0-20 cm) in the studied area.

Data given in Table (3) show that chloride (CI)
content ranged from 0.04 in site No 18 to 0.39 in site No
15 of 0-20 cm depth ,whereas ranged from 0.05 in site No
6 t0 0.41 in site No 5 0f 20-40 cm in soil samples. So it can
be said that the highest value of soluble CI" in soil samples
was found in 20-40 cm depth where it was recorded
0.41.In contrast the lowest values were recorded
0.04meq100g 'soil in 0-20 cm depth.

Also, data of Table 3 reveal that, The Sulphate
(SO47) content ranges in soil samples of 0-20 cm depth
from 0.1 in site No 18 to 0.83 in site No 15, while in 20-40
cm ranges from 0.15 of site No 21 to 0.95 of site No 14. So
the highest values of (SO, ) content in soil sample were
found in 20-40 depth of site No 14 which recorded 0.95
meq100g™soil and the lowest value was found in 0-20 cm
of site No 18 where was recorded 0.14meq100g™soil.

As shown from the data in Table 3 and Figs 6 and 7
,all the soil samples have low values of the electrical
conductivity (EC) .Most of the EC values are less than 0.1
dSm™ ,only site No 1,14 and 15, the EC value increased to

reach 1.61dSm™ in site No15(20-40 cm depth).So all the
area under study is non saline soil .
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Fig. 7. Spatial distribution of electric conductivity
(dS/m) of taken soil samples at the depth of
(20-40 cm) in the studied area.

Data of the same table indicate that the pH of
soil surface (at the depth of 0-20 cm) and subsurface
samples (at the depth of 20-40 cm) ranged between
7.30and 8.76 in the alkaline side .

The present results agree with those obtained by
(El-Agrodi ef al., 1998; Rahil and Qanadillo,2013;and
AL-Jaboobi et al.,2014)

Forms of soil potassium:-

Data of Table (4) present the amounts of total,
available, water soluble, exchangeable and non
exchangeable potassium content in the investigated soil
samples.

Total potassium K: meq 100 g soil

The obtained data in Table (4) and Figs(8 & 9)
show that the total potassium content in soils of depth
0-20 cm varied from 9.62 of site No 12 to 18.82 of
site No 11 (meq 100 g soil ) ,while varied in 20-40 cm
depth from 9.62 of site No 1 to 18.80 meq 100 g™ soil
of site No 11 . The highest value of total k was found in
0-20 depth which recorded 18.82 in site No 11 and the
lowest value was found in 0-20 and 20-40 depth which
recorded 9.62 meq 100 g soil of site No 1 and 12
,Jrespectively .
Available K (meq 100 g soil)

Data given in Table (4) and Figs(10&11) reveal
that the available (K meq 100 g™'soil) ranged from 1.27
of site No 12 to 3.37 of site No 14 in 0-20 cm depth
,whereas it ranged between 1.1  of site No 7 to 3.36
meq 100 g'soil of site No 14 in 20-40 cm in soil
samples. So from pervious observed it can be said that,
the highest values in soil samples were found in 0-20
cm depth .In contrast the lowest values were found in
20-40 cm depth .The data of Table 4 indicate that, the
available K represents from 13.2 to 18.8% of the total K
in the surface soil samples, whereas it represents 6.5 to
20.3% of the total K in the subsurface soil samples.
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Table 4. Total, Available, water soluble, Exchangeable and Non exchangeable potassium content in the
investigated soil samples.

Site Depth Total K Available K water soluble K Exchangeable K Non exchangeable K
No (cm) meq 100g"'soil meq 100g”'soil meq 100g”'soil  meq 100g " soil meq 100g'soil
1 0-20 10.51 1.357 0.068 1.290 9.15
20-40 9.62 1.134 0.069 1.065 8.49
2 0-20 13.34 1.868 0.070 1.798 11.47
20-40 12.38 2.906 0.086 2.820 9.47
3 0-20 13.25 1.765 0.046 1.719 11.49
20-40 13.25 1.403 0.016 1.386 11.85
4 0-20 16.03 1.996 0.026 1.970 14.03
20-40 16.49 1.995 0.026 1.969 14.49
5 0-20 16.02 2.040 0.071 1.969 13.98
20-40 16.03 2.448 0.114 2.334 13.58
6 0-20 16.46 1.630 0.036 1.594 14.83
20-40 18.77 1.722 0.026 1.696 17.04
7 0-20 18.36 1.454 0.009 1.445 16.90
20-40 17.04 1.095 0.009 1.086 15.95
8 0-20 16.12 2.418 0.061 2.357 13.70
20-40 16.49 2.358 0.052 2.307 14.13
9 0-20 16.47 1.495 0.018 1.477 14.98
20-40 16.96 1.725 0.018 1.707 15.24
10 0-20 15.11 1.588 0.017 1.571 13.53
20-40 15.10 1.314 0.024 1.289 13.78
11 0-20 18.82 1.454 0.037 1.417 17.36
20-40 18.80 1.771 0.037 1.734 17.03
12 0-20 9.62 1.270 0.022 1.248 8.35
20-40 13.72 1.313 0.022 1.292 12.41
13 0-20 16.55 1.548 0.017 1.531 15.01
20-40 17.85 1.359 0.017 1.343 16.49
14 0-20 17.92 3.367 0.246 3.121 14.55
20-40 17.87 3.631 0.286 3.344 14.24
15 0-20 18.35 1.681 0.042 1.639 16.67
20-40 17.45 1.591 0.034 1.557 15.86
16 0-20 18.34 1.907 0.027 1.880 16.43
20-40 17.44 1.999 0.026 1.973 15.44
17 0-20 16.41 1.444 0.019 1.426 14.96
20-40 16.03 1.452 0.027 1.424 14.58
18 0-20 15.17 1.684 0.015 1.669 13.48
20-40 16.50 1.679 0.015 1.665 14.82
19 0-20 15.98 2.441 0.032 2.410 13.54
20-40 16.48 1.587 0.017 1.570 14.89
20 0-20 16.03 1.633 0.023 1.610 14.40
20-40 15.12 1.134 0.023 1.111 13.98
21 0-20 7.33 1.634 0.022 1.611 5.70
20-40 15.11 1.769 0.023 1.745 13.34
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Fig. 8. Spatial distribution of Total potassium K of taken  Fig, 9. Spatial distribution of Total potassium K of taken
soil samples at the depth of (0-20 cm) in the soil samples at the depth of (040 cm) in the
studied area. studied area.
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Fig. 10. Spatial distribution of available potassium K of
taken soil samples at the depth of (0-20 ¢cm) in
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Fig. 12. Spatial distribution of soluble potassium K
taken soil samples at the depth of (0-20 cm)
the studied area
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Fig. 11. Spatial distribution of available potassium K
of taken soil samples at the depth of (20-40
cm) in the studied area

Water soluble K (meq 100 g soil)

Data of Table (4) and Figs(12&13) show that the
values of water soluble K (meq 100 g™ soil) in the studied
soil samples vary from 0.009 of site No 7 to 0.24 of site
No 14in the 0-20 cm depth and from 0.009 of site No 7
to 0.28 of'site No 14 in 20-40 cm depth. The highest values
of water soluble K(meq 100 g™ soil) in soil sample of both
depth were found in 20-40 cm depth where was recorded
0.28 ,also the lowest values were found in 0-20 and 20-40
cm depth, respectively which recorded 0.009 of site No
7.The water soluble K represents only 0.62to 3.31%of the
available K in 0-20 cm depth and from 0.82 to 7.88% in
20-40 cm depth. So more than 90% of the available K is in
the form of exchangeable K.

Exchangeable K (meq 100 g™ soil)

As shown from the data of Table 4 and Fig
(14&15), the values of exchangeable K are higher than the
values of soluble K. It represents more than 90 % of
available K as said before.

The values of exchangeable K in 0.0-20 cm depth
ranged from 1.29 in site No 1 to 3.12 meq 100g™ soil in
site No 14 and ranged between 1.05 in site No 1 and 3.34
meq100g ' soil in site No 14 in 20-40 cm depth .
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Fig. 13. Spatial distribution of soluble potassium K of
taken soil samples at the depth of (20-40 cm) in
the studied area
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Fig. 14. Spatial distribution of exchangeable

potassium K of taken soil samples at the
depth of (0-20 cm) in the studied area
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Fig. 15. Spatial distribution of exchangeable potassium K
of taken soil samples at the depth of (2040 cm)
in the studied area

Non exchangeable K (meq 100 g soil)

Non exchangeable K is the difference between
the total K and the available K expressed in meq 100g™
soil, it consist of 1- the unavailable form which found in
primary minerals like micas and feldspars, 2- the slowly
available K which found between the layers of
montmorillonite clay or bound in the crystals of illite
and vermiculite clay minerals.

From data of Table (4) and Figs (16&17) ,it was
found that the values of non exchangeable K meq
100 g soil content vary from 5.70 site No 21 to 17.36
of site No 11, in the 0-20 cm depth, respectively and
8.49 of site No 1 to 17.03 of site No 11 in 20-40 cm
depth, respectively. The highest values of non
exchangeable K content in the studied soil samples of
both depth were found in 0-20cm depth which recorded
17.36 ,also the lowest values were found in 0-20 cm
depth which recorded 5.70 meq 100 g™ soil.
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Fig. 16. Spatial distribution of Non exchangeable
potassium K of taken soil samples at the depth
of (0-20 cm) in the studied area
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Fig. 17. Spatial distribution of Non exchangeable
potassium K of taken soil samples at the depth
of (2040 cm) in the studied area

The present results agree with those obtained by
(Mc Lean and Watson, 1985; El-Agrodi et al, 1998;
Raheb and Heidari, 2011; Huang et al., 2005; Kotb and El-
Hady, 2006; Rahil and Qanadillo, 2013; AL-Jaboobi et al,
2014; Adamo et al., 2016 and Rawat, et al., 2016).

CONCLUSION

It can be concluded that most of the studied soils are
considered poor in their potassium content , thus Attention
should be given to those crops which need high potassium
requirements and potassium fertilization in order to have
the optimum yield in Libya soils. Also, the irrigation
should be applied by modern irrigation methods
(fertigation and spraiy method) to the potassium become
available for plants. The soil in the studied area is non
saline with pH higher than 7 and reach to 8.5.Also the soil
is highly calcareous having high CaCO; content.
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