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ABSTRACT

Thirty surface and subsurface soil samples were collected from 15 sites of El- Dakhla soils, Egypt to study the status of soil
potassium forms and their relationship with the physical and chemical properties of these soils. The results indicated that the investigated
soil samples showed awide variationin soil potassium forms. This variation depended upon clay, silt and sand contents as well as soil
properties. The soluble K form values ranged from 4.7 to 1332 mg/kg and the exchangeable K form differed from 5.37 to 1368.80
mg/kg. However, the non-exchangeable K form varied from 0.3 to 4.2 g/kg and the total K varied from 2.3t0 19.89 g/kg. The residual K
extended from 0.9 to 17.4 g/lkg. Generally, about 16.66 % of studied samples were very low in the exchangeable K form. The samples
which had a moderate exchangeable K content represented 13.33% of the investigated samples. Also, about 20% of these samples were
high in their content of exchangeable K. The very high exchangeable K content represented 40% of the investigated samples. The ECe
value had no respectable effects on the soluble K form but, a slight effect was observed in the other K forms. T hiseffect increased in the
residual K form. The OM content more than 1% had no remarkable effects on the soluble or exchangeable K forms. However, a clear
effect was observed on the residual K form. Generally, all potassium forms had highly significant positive correlations with each other
and with organic matter and pH. Also, all forms except the soluble K form showed highly significant negative correlations with calcium

carbonates and sand content.

Keywords: soluble K, exchangeable K, non-exchangeable total K, El-Dakhla Oasis.

INTRODUCTION

Potassium (K) is one of the major elemental
constituents of the earth crust. It comprises an average of
2.3 % of the earth crust, making it the seventh most
abundant element and the fourth most abundant mineral
nutrient in the lithosphere (Jalali, 2006). Feldspars and
micas as primary minerals and illites and transitional clays
as secondary minerals are important K bearing minerals
that are presentin abundantamounts in some soils. In most
soils, the total K reserves are generally large, but only a
small portion of them is immediately or slowly available
for plant uptake (Fotyma, 2007).The speciation of the
nutrients in the soil is related to their chemistry inherited
from parent materials as well as the time of impaction.
Atomic properties also have asignificantrole in the cation
speciation. The binding mechanisms for nutrients in soils
vary with the composition of soils and their physical
properties. Thus, the nutrient may form different species
according to whether it is bound to various soil
compounds, reacting surfaces, and external or internal
binding sites with different bonding energy (Kabata-
Pendias and Pendias, 1992).

Soil potassiumis divided into five forms including
soluble, exchangeable, non-exchangeable and residual
forms. However, the equilibrium and dynamic between
these forms in a soil differ due to the properties of this soil
(Bhattacharyyaetal.,2007 ;Usman and Gameh, 2008; Jalali
and Rovell, 2003; Zhang et al., 2010).The soluble and
exchangeable forms of K are considered readily available
while the other forms are slowly or even unavailable for

plants. Water soluble K’ is taken up by plants and soil
microbes mostly from the soil solution. Its quantity in the
soil solution depends upon the buffering capacity of the
clay minerals (Kirkman et al., 1994; Clawson, 2011).

The exchangeable K exists as an outer-sphere
complex that is electrostatically bound to the negative
charge sites of clay minerals (Saini and Grewal, 2014). It is
affected by the soil mineral type, CEC, anion contents,
types and amounts of complementary cations (Sparks,
2000). In Egyptian soils, Abou EI-Roos (1972), Ali (1974),
Abd-El Hamid (1983) and Hassan (1985) found that the

exchangeable Kranged between 31.2 mg/kg in the coarse-
textured soils and 1411.8 mg /kg in the fine- textured ones.

The non-exchangeable potassiumis held between
the layers of clay minerals and its content depends upon
the fixing capacity of these minerals, which is controlled
by some external variables, such as temperature, moisture
status, concentrations of calciumand ammonium cations,
and manure utilization as well as some soil properties
(Sparks, 2000). This form of K is unavailable to immediate
plant uptake but it contributes to the maintenance of
exchangeable K levels and the labile K pool (Zhou and
Wang, 2008).The release ofthe non-exchangeable form of
K arises when the level of both exchangeable and soluble
K in the soilsolution decreases dueto crop deletion and/or
leaching (Sparks,1980).

The total K content of soils varies from <0.01 to
about 4% and is commonly about 1% (Wild, 1988). In
Aridisols, it ranges from 1.5 to 1.8% (Srinivasaraoet al.,
2007). Clay soils contain relatively high amounts of the
total K as a component of hardly soluble minerals;
however, only a small fraction is present in an available
form (Shaaban and Abou El-Nour, 2012).

This study aims to evaluate various potassium
forms of El-Dakhla oasis soils, New Valley, Egypt and
investigated the relations between these forms and the
soil properties.

MATERIALS AND METHODS

Location and Soil Sampling

Dakhla oasis is located between latitudes of 25°
04" to 26 ° 09'N and longitudes of 28° 03" to 29°39°E,
450 km far from Assiut city (El-Sayed and Abd Al-
Aziz, 2008) and between El Farafra and El Kharga
oases. Thirty soil samples were chosen from 15 sites on
their characteristics representing the surface (0-30 cm)
and subsurface (30-60 cm) layers of El-Dakhla soils
(Figure 1). These samples were collected to evaluate the
various potassium forms and examine the relations
between these forms and the properties of these soils.

The collected soil samples were air-dried,
crushed with a wooden roller, sieved to pass through a 2
mm sieve and kept for the physical and chemical
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analysis as well as the determination of potassium
forms. Some physical and chemical properties of these
soil samples are present in Tables 1 and 2 respectlvely

Fig 1 The location map of the sample sites in the
study area after DEM of the SRTM-03 (USGS,
2004; NASA, 2005)

Soil Analysis
The particles-size distribution of the soils was

performed using the pipette method (Piper, 1950). The

organic matter content of the soil samples was
determined using the dichromate oxidation method

(Jackson, 1973). Soil calcium carbonate was estimated

using the calcimeter method according to Nelson (1982).

Soil pH was determined in a 1:25 of soil to water

suspension using a glass electrode (McLean, 1982). The

electrical conductivity of the soil paste extract (EC) was

measured using a conductivity meter (Jackson, 1973).

Table 1. Some physical propertiesof the studied soil samples

si Depth d_Par_tti)cl(? siz(g/) Saturation
ite . Istribution (%0 percentage
no. (cm) Location Sand Silt Clay Texture (%)
030 — 64 13 23 SC Loan 54
1 3060 Te"d g8 13 19 SndyLoan 68
0-30 76 4 20 SC Loam 37
2 300 TeMd g1 3 16 Sndyloam 34
0-30 76 4 20 SC Loam 41
3 3060 S0ah 78 4 19 SC Loam 39
, 030 .. 68 13 19 Snd/Lloam 52
30-60 68 13 19 Sndy Loam 56
g 030 . 4 12 47  Cay 96
30-60 41 10 49  Cay 99
6 0-30 El- 45 18 37 Clay Loam 102
30-60 Qalamon 47 7 45 Sndy Cay 100
0-30 50 10 40 Sndy Cay 72
7 3ppoEFRashda g5 5 13 gndyloam 30
0-30 70 11 19 SndyLoam 50
8 gpppBudkholo g5 17 24 SC Loam 46
o 030 EzabEl- 90 2 8  snd 39
30-60 Kasr 84 3 13 LoamySnd 30
1o 030 EzbEl 89 2 9 LoamySnd 25
30-60 Kasr 91 1 8 Sind 24
0-30 84 4 12 Loamysnd 31
11 300 EFGIZa 74 g 18 sndyloan 38
5, 030 E- 79 8 13 SnyLloam 41
30-60 Mawhob 77 11 12 Sndy Loam 38
;3 030 E- 62 17 20 SClom 49
30-60 Mawhob 59 16 25 SC Loam 50
0-30 78 11 11 SndyLoam 36
14 3060 B8 72 12 15 sndyloam 31
;5 030 me 29 32 39 Chyloam 99
30-60 Monkaway 20 37 43 Cay 105

Soil Potassium Forms.

A potassium fractionation of the selected soil
samples was carried out as follows:

Water soluble K was extracted using a 1:10
extract of the soil to distilled water.

Soluble plus exchangeable K (soil available K)
was extracted using 1 N NH4OAc at pH 7 as described
by Carson (1980). The difference between K extracted
using IN NH4OAc and that extracted using distilled
water gave a measure of the exchangeable K.

Table 2. Some chemical properties of the studied soil

samples
Site Depth ECe OM CacoO CEC
no. (cm) Location (dS/m) pH (%) 3(% (cmolkg)SARe
L 030 .. 821 715 2.251061 2L74 609
30-60 1031 7.12 4.64 1038 28.69 417
, 030 .. 000 7.44 143 477 12.32 023
30-60 0.86 7.67 0.41 553 7.05 024
5 030 o . 121735124 652 40.32 028
30-60 217 754 0.83 561 5497 128
4 030 .. 1808 75 023 530 7.20 1607
30-60 3770 7.75 041 7.73 8.61 30.28
5 030 .. 1053757 255 129 29.45 3.46
30-60 0.79 757 1.58 3.56 14.98 12.38
s 030 El 1649 7.8 113 886 27.57 4501
30-60 Qalamon 20.70 7.86 0.86 8.33 36.16 54.05
0-30 353 7.61 1.69 6.06 20.63 2.29
T 3050 EFReshda 536 7'73 5'60 568 10.30 6.43
0-30 059 7.55 1.29 5.76 17.92 028
8 3050 Budkholo g'6e 762 1113 606 17.31 0.60
o 030 EzabEl 179 7.91 212 7.05 3307 0.8
30-60 Kasr 434 7.87 1.02 750 625 2.89
o 030 EzabEl- 088 7.47 113 492 601 051
30-60 Kasr 0.65 7.51 0.62 432 4.00 039
1 030 oo 0884 7.8 065 818 2164 351
30-60 0.654 7.68 1.06 4.70 11.76 653
l, 030 E- 292 7.39 069 500 10.33 0.72
30-60 Mawhob 2.61 7.32 0.59 14.24 16.94 038
;3 030 El 9960763 0.42 1894 27.54 15.82
30-60 Mawhob 100.60 7.5 0.72 18.56 24.19 39.34
080 oo 289 7.44 1191621 1851 061
30-60 361 753 1.09 21.06 1553 054
;5 0-30 Ao 531 752 0.72 667 6256 7.37
30-60 MonkeWay 751 7.6 1.09 6.82 49.90 15.10

Soluble, exchangeable and non-exchangeable K
was extracted by boiling 2 g of the soil sample with 20
ml of 1M HNO3 solution for 25 min (Pratt, 1965). The
difference between K extracted with 1M HNO; and that
extracted with 1N NH4OAc gives a measure of the non-
exchangeable K..
Total soil K: was obtained by digesting a half gram of
the soil sample using concentrated acids of HF, HNO;
and HCI (Krudsen et al., 1982).
Residual K form: was estimated from the
difference between the total soil potassiumand sum
of the other extracted forms.

RESULTS AND DISSECTION

1-Distribution of Soil Potassium Forms in the Study
Area

Table (3) indicated that the investigated soil
samples showed a wide variation in soil potassium
forms. This variation depends upon the soil texture and
the other soil properties.
a- Soluble potassium

The soluble potassium (K) is considered the most
available K pool in soils for plant uptake which is
affected by the soil properties and the direct application
of K fertilizers. The soluble K form in the investigated
soil samples ranged from 4.7 to 1332 mg/kg (Table 3).
The highest value was found in the surface layer of site
1 (Tenida), while the lowest one was recorded in the
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surface layer of site 11 (EI-Giza) with an average value
of 235.76 mg/kg. In most studied cases, it was noticed
that the soluble K increased with soil depth. Generally,
it was observed presence of some soil samples with a
very high soluble K concentration but most of these
samples suffered from low levels of soluble K.

- Exchangeable potassium

The exchangeable K level in the investigated soil
samples differed from a location to another and from
site to another (Table 3). The highest value of the
exchangeable K (1368.8 mg/kg) occurred in the
subsurface layer of site 1 (Tenida) while, the lowest one
(5.37 mg/kg) was found in the surface layer of site 11
(El-Giza) with an average value of 429.91 mg/kg.

In most cases, the exchangeable K values were
higher in the subsurface samples than those of the
surface samples. Also, the samples which have a high
exchangeable K content were located in the eastern
region of the study area. This result may be due to the
proximity to river sediments. Generally, about 16.66 %
of studied samples had a very low content  of the
exchangeable K content, 10 % were low in the
exchangeable K, 13.33 % had a moderate level of the
exchangeable K, 20 % contained a high content of the
exchangeable K and 40 % exhibited a very high K
content (Fig 2).

Table 3. Distribution of potassium (K) forms in the
investigated soil samples
Potassium forms

Sol. k +

Site pepth LocationSOI}gbleExch, K Beh ke Non- oo o Total.

no. (cm) (mg/ (mg/kg)(Avallable exch. K(g/kg)
ko) K)  (g/kg) (9/kg)

(mg/kg)

| 030 . 50l 58368 108468 22 153 186
30-60 1332 1368.8 27008 42 09 7.8
, 030 L .. 77 21956 29656 09 54 66
30-60 76 11838 19438 07 129 13.8
0-30 138 29278 43078 12 38 54
3 3060 hoash  jgg 307111 47541 11 27 42
4 080 o 401 80844120944 25 149 186
30-60 476 77406 1250.06 2.4 16.2 19.8
g 030 .. 483 1327.981810.98 37 95 150
30-60 483 1232.891715.89 35 116 16.8
s 030 El 78 1389521695 05 131 138
30-60Qalamon 149 12675 27575 07 9.2 102
;030 ElL 93 49377 58677 20 94 120
3060 Rashda 197 462.86 659.86 1.9 101 12.6
0-30 24 8323 10723 05 54 6.0
8 3pgoBudkholo 59 7607 13507 04 78 84
o 0-30EzabEl 155 52068 67568 22 140 168
3060 Kasr 203 61829 82129 21 157 1856
1o O-30EzabEl- 274 20317 567.17 10 32 48
3060 Kast 97.02 221 31802 07 55 66
0-30 _, ... 47 537 1007 03 135 138
1 3060 EFGZa 45 4547 0047 04 109 11.4
p 0-30 El 3465 42203 76853 10 17.4 19.2
30-60Mawhob 305.1 341.02 64612 10 104 12.0
13 030 El  117.3 50189 619.19 05 44 55
30-60Mawhob 108 624.09 73209 0.8 30 45
0-30 71.05 77.93 14898 05 29 36
14 3060 Beer® 707 1584 2284 06 14 23
15 0-30 Anovoner 269.2 248.38 517.58 12 12.9 14.6
3060 way 272 40417 67617 11 62 80

Sol. K=soluble K, Exch. K=exchangeable K, Non-exch. K=non-
exchangeable Kand Res. K=residual K

16.66%

Verylow 0-85mgkg

Low 86 - 150 mg/kg

Moderate 151 - 250 mg/kg
u High 251 - 450 mg/’kg
#Very high > 450 mg/kg

‘ 10%
—

13.33%

Fig 2. Distribution of the exchangeable potassium
form in the study area

C-Soluble + exchangeable potassium (Available K)

Potassium extracted with 1IN NH4O0Ac is
considered as the available K pool for plant uptake. This
extract contains the soluble and exchangeable forms of
soil K. The lowest value of the available potassium in
these soils (10.07 mg/kg) was found in the surface layer
of site 11 (El-Giza) while, the highest value (2700.8
mg/kg) was recorded in the subsurface layer of site 1
(Tenida) with an average value of 665.67 mg/kg, (Table
3). As it illustrated in Figure 3, about, 60 % of soil
samples had very high amounts of the available K
content, 13.33 % were high in the available K, 10 %
contained moderate levels of the available K, 13.33 %
had a low content of the available K and only 3.33%
were very low in the available K (Bashour, 2001).
Therefore, the majority of the soils in the study area
suffers from potassium deficiency. However, few soil
samples in the study area show low and very low
contents of the available K. These samples are located
in the surface and subsurface layers of sites 8
(Budkholo) and 11 (El-Giza) as well as the surface layer
of site 14 (Beer 8). In most cases, the sub surface layer
of these soils exhibited a higher level of the available K
compared to the surface one (Table 3, Fig. 4 a and Fig.
4 b). In the cultivated soils of this study area the
irrigation water could leach the soluble K downward to
the subsurface layers. Also, in most cases, the clay
fraction is higher in the subsurface layer.

333%

13.33%

Very low 0- 85 mglkg
uLow 86 - 150 mglkg

Moderate 151 - 250 mglkg
HHigh 251 - 450 mg/kg
®Very high > 450 mykg

Fig 3. Distribution of the available soil potassium in
the study area.
d- Non-exchangeable Potassium
The non-exchangeable K formis considered the K
that helds between layers of clay minerals such as micas
(Fanning et al., 1989 ; Raghad et al., 2016). In the
investigatedsoilsamples, the non-exchangeable K values
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ranged between 0.3 and 4.2 g/kg with an average value of
1.39 g/kg (Table 3). The highest value of the non-
exchangeable k was recorded in the subsurface layer of
site 1 (Tenida) while, the lowest one was found in the
surface layer of site 11 (EI-Giza). In most cases, the non-
exchangeable K values decreased with depth. It may be
attributed to the nature of the parent material that is rich in
potassium such as micas and orthoclase. Some locations
also contain a marine sediment, derived shale that has
some mica types such as glauconite (Said, 1962;
Geological survey of Egypt 1982; Rahim and Ageeb,
2003). The equilibrium reactions among K forms
markedly affect whether the applied potassium that
becomes availablein thesoil solution to plants leach to
lower soillayers or converts to unavailable forms (Sparks
and Huang, 1985; Usman and Gameh, 2008).

259|; m

[ km

284 285 286 287 288 289 29 291 292 293 294

Fig 4 a. A location map of available potassium values
in the soil surface layer of the study area

201 202 293 294
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mg/k
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2430
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1350
1170
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450
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Fig 4 b. A location map of available potassium values
in the subsurface layer of the study area

e- Residual Potassium

The results also indicated that the residual K was
the dominant form in these soil samples. The residual K
levels varied from 0.9 to 17.4 g/kg with an average
value 8.99 g/kg (Table 3). The highest value of the
residual K was observed in the surface layer of site 12
(EI-Mawhob) but the lowest one was found in the
subsurface layer of site 1 (Tenida). Also, the residual K
showed an irregular trend with soil depth. It was noticed
that most of the study area had a high content of the
residual K form. The residue K is located in the K
bearing primary minerals such as feldspars (Sparks and
Huang, 1985). These minerals are considered the K
reservoir since they are difficult to be weathered.
f- Total potassium

Table 3 showed that the level of the total potassium

258

257

256

255

"\

284 285 286 287 288 289 29
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in the investigated soil samples differed from site to
another and between both surface and subsurface layers
dueto its contents of clay, silt and sand. The highestvalue
of the total potassium (19.8 g/kg) was observed in the
subsurface layer of site 4 (Balat) while the lowest value
(2.3 g/kg) was recorded in the subsurface layer of site 14
(Beer 8) with an average value of 11.04 g/kg. Wahba and
Darwish (2010) reported that the sandy and calcareous
soils are very poorin plant nutrients, especially potassium.
1-Impact of Soil Properties on Potassium Forms

a- Soil texture

Figure 5 clearly showed that the soil texture had a
variable effect on the potassiumforms. The highest mean
level of soluble K form (412.7mg/kg) was observed with
clay texture followed by the sandy loam texture (304.0
mg.kg). However, the lowest mean K value of the soluble
K form was recorded forthe sand and sandy clay textures
(126.0 and 121.0 mg/kg, respectively). Also, the sandy
clay loam soils had a considerable mean amount (166.9
mg/kg) of soluble K. Clay soils have relatively high
exchangeable K levels on their sites which they are in an
equilibrium with the soluble K form. Generally, the
soluble K in these soils could be ranked in the descending
orderof clay >sandy loam > clay loam > sandy clay loam
> loamy sand >sand >sandy clay.

Also, Figure 5 illustrated that the clay and sandy
loam textures had a mean convergent quantity of 988.3
and 4235 mg/kg, respectively of the exchangeable K
form. The sandy clay texture had a less mean
exchangeable K level (310.5 mg/kg) than the sand texture
(371.0 mg/kg). The lowest mean value of the
exchangeable K form was observed for the clay loam
(139.5 mg/kg). Generally, the exchangeable K of the
different soil textures could be arranged in the descending
order of clay > sandy loam > sandy clay loam > sand >
sandy clay > loamy sand > clay loam.

In addition, the clay texture had the highest mean
value ofnon-exchangeable K form (2.78 g/kg) followed by
the sand and sandy loam textures (1.46 and 1.44 g/kg,
respectively). Considerable mean amounts of the non-
exchangeable K form were noticed in the sandy clay and
loamy sand textures (1.34 and 1.13 g/kg, respectively).
However, the mean lowest value of the non-exchangeable
K form was found for clay loam soils (0.87 g/kg).
Montmorillonite, vermiculite, and weathered micas are the
major clay minerals that tend to fix K (Sparks, 1987).
Moreover, the non-exchangeable K formin these soils may
be arranged in the descending order of clay > sand >sandy
loam > sandy clay > loamy sand > sandy clay > loam >
clay loam.

The residual Kwas the dominant K formin the clay
loam soils (12.97 g/kg) followed by the loamy sand (10.8
g/kg) and then sand (9.75 g/kg) textures (Fig. 5). On the other
hand, therewas a small differencein the residual K content
betweensandy loam(9.38 g/kg) and sandy clay (9.33 g/kg)
textures. However, thesandy clay loamhad the lowest mean
content (6.04 g/kg) of the residual K. Generally, the residual
K in thesesoiltextures could be ranked in the descending
orderof clay loam>loamy sand>sand > clay >sandy loam
>sandy clay > clay > sandy clay loam.

b- Organic matter content
The investigated soil samples had an organic matter
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(OM) content of less than 1 % showed lower mean levels
of all K forms exceptthe residual K than those of the OM
content of more than 1 % (Fig. 6). The mean levels of
soluble K, exchangeable K and non-exchangeable K
increased from 208.83, 381.64 mg/kg and 1.14 g/kg,
respectively, in the soil samples of the OM content of <1
% to 256.36, 466.81 mg/kg and 1.59 g/kg, respectively, in
those of the OM content > 1 %. However, the mean level
of the residual K decreased from 10.24 g/kg in the soil
samples that had the OM content <1 % to 8.03 g/kg in the
samples that contained > 1 % of the OM content.
Therefore, the organic matter causes the residual K to
transform to the soluble, exchangeable and non-
exchangeable K forms on the expense of the reduction of
the level of the residual K form. Organic acids that are
produced from the organic matter decomposition may
attackthe residual K that is present in K bearing minerals
and release some K levels to become soluble,
exchangeable and non-exchangeable K forms. These
findings are in a harmony with those obtained by Sainiand
Grewal (2014) and Machado et al (2016).

c-Electrical conductivity(ECeg)

A slight effect of the soil salinity (EC;) was
observedon the K forms of the studied soil samples (Fig.
6). The soil samples that had an EC, value of more than 4
dS/mshowed higher levels of K forms compared to those
of low ECe levels (< 4 dS/m). The mean values of soluble,
exchangeable, non-exchangeable and residual K increased
from 146.26, 288.76 mg/kg, 1.06, 8.13 g/kg, respectively,
in the low EC, (< 4 dS/m) soil samples to 352.81, 614.49
mg/kg, 1.83, 10.11 g/kg, respectively, in the high EC, (>4
dS/m) ones. It may be due to presence of potassiumsalts in
these soilsamples. In addition, the equilibrium that occurs
between potassiumforms results in increases in the other K
forms when adequate potassium levels are found in soil
solution.
d-Calcium carbonate content

Figure 6 also showed that presence of soil calcium
carbonate (CaCO3) affected the soil potassium forms of the
samples. Slight effects increases were observed in the
soluble, exchangeableand non-exchangeable K forms while,
aconsiderable effect(a decrease) in the residual K form of
the soil samples of the high CaCO; content (> 10 %)
compared to those of the low CaCOj; content (< 10 %).
The samples that had a CaCOs3 content of < 10 % showed
mean values of the soluble, exchangeable and non-

exchangeable and residual K forms of 198.63, 401.80
mg/kg, 1.39 and 10.06 g/kg, respectively. However, those of
the CaCQOj; contentof>10 % contained mean values of the
respective K forms of 357.78, 522.26 mg/kg, 1.40 and 5.47
g/kg, respectively.

e- Cation exchange capacity

The cation exchange capacity (CEC) of the
investigated soil samples showed no change effects on
both soluble and exchangeable K forms except those of the
high CEC soilsamples which exhibited slight increases in
both K forms (Fig 6). Also, the non-exchangeable K form
was slightly influenced by the CEC of the soil samples.
The value of the residual K form showed dissimilar
changes induced by various CEC levels ofthe soil samples.
These changes may be not depended upon the ion-
exchange characteristics but upon the internal composition
of the mineral that are present in these samples. The
weathering differences among minerals may result in
variations in residual K form levels.

3-Relations Between Potassium Forms and Soil
Properties

The correlations between the potassium forms
and soil properties are listed in Table 4. The soluble K
form showed highly significant positive correlations
with organic matter (r = 0.699**), and available K (r =
0.927**).However, it showed a non- significant
negative correlation with the sand content. Also, the
exchangeable K was significantly positive correlated to
organic matter (r = 0.561**) and available K (r =
0.965**) but it had a negative correlation with the sand
content (r = - 0.273).

Concerning the non-exchangeable K form, it was
significantly positively correlated to the soluble K (r =
0.808**), the exchangeable K (r = 0.938**), the available K
(r=0.932**) and organic matter (r =0.643**). On the other
hand, thenon- exchangeable K was significantly negatively
correlated to the CaCOs content (r = - 0.292).

Regarding both residual and total forms of the
investigated soil samples showed highly significant
positive correlations with the other potassium forms.
However, both of them were significantly negatively
correlated to the CaCO3 content. These results agree
with those obtained by Ajiboye and Ogunwale (2008),
Ngwe et al. (2012), Tsozué et al.(2016) and Uzoho et al.
(2016). They reported that the potassium forms were
affected with each other and with the soil properties.

Table 4. Correlation matrix of potassium forms and some soil properties

Properties Available K Soluble K Exchangeable K Non-exchangeable K Residual K Total K
Soluble K 0.927 - - - - -
Exchangeable K 0.965 0.796 -

Non- exchangeable k 0.932™ 0.808™ 0.938" .

Residual K 0.057 0.006 0.087 0.186 -

Total K 0.340 0.263 0.365" 0.464™ 0.956 -
ECe 0.114 -0.016 0.194 -0.085 -0.174 -0.165
pH -0.383 -0.518 -0.257 -0.217 0.366 0.250
oM 0.650 0.699 0.561 0.643 -0.243 -0.027
CaCO3 -0.116 -0.078 -0.133 -0.292 -0.379 -0.415
CEC 0.020 0.062 -0.011 -0.001 -0.213 -0.195
Sand -0.242 -0.169 -0.273 -0.205 -0.042 -0.105
Silt 0.151 0.179 0.118 0.022 -0.012 0.010
Clay 0.261 0.135 0.326 0.292 0.073 0.152

“=Significant "= High significan
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Fig 5. Effect of the soil texture on the mean values of soluble, exchangeable, non-exchangeable and residual K
of the studied soil samples.
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Fig 6. Effects of the organic matter (OM), calcium carbonates (CaCO3), electrical conductivity (ECe) and

cation exchange capacity (CEC) on soluble (S.K), exchangeable (EK), nom-exchangeable (N.EK) and
residual (R.K) K forms of the studied soil samples
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CONCLUSION

All K forms had highly significant positive
correlations with each other and with soil properties.
According to these findings, the soil content of rapidly
available K forms in studied area was adequate. Also, for
other slowly available K forms (hon- exchangeable and
residual K) of the most of the study area had very high
contents of K but needs to expand the use of organic
fertilizers to increase the bioactivity and then raise the
weathering rates of potassium-bearing minerals which
leads to more potassium availability at the long-term.
Generally, all potassium forms decrease towards western
direction of the study area
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