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ABSTRACT

.Tire potassium (K) availability in some selected soils in Kwara State was studied by the use of paramefers
derived from the quantity/intensity relations and other K measurements. Exchangeable K in the soils ranged
Jrom 0.04 10 0.20 cmol/kg and difficultly exchangeable K Jrom 0.13 to 0.32 cmol/lkg. The O/ isotherns

determined in the soils before cropping were different from those obtained after cropping. Labile K (AK"),
Activity ratios (ARy) and potential buffering’ capacity (PBC*) all increased with the application of K, while
Gapon coefficient (Kg) decreased. Exchangeable K and difficultly exchangeable K also increased in the soils
after cropping.  Potassium uptake by sorghum (Sorghum bicolor) was significantly correlated  with
exchangeable K, difficultly exchangeable K, labile K and Gapon coefficient as determined in the original soils
before cropping. These parameters  showed no relationship when they were caleulated for the cropped soils.
Conversely, activity ratio determined in the cropped soils was related to the total K uptake. Although both
quantity and intensity factors were correlated with K uptake, the intensity factor was a better indicator of K
availability than the quantity factors in these soils. The concentration of K in the plant tissues was d better K
response parameter than the total uptake of K by the plant.

Key words: Potassium quantity/intensity relations; soil activity ratio of K; potential buffering capacity of K;
Gapon cocfficient: K uptake by sorghum in Kwara State soils,

INTRODUCTION

It is considered important to study potassium (K) to calcium plus magnesium (Cat+ Mg) equilibrium
relationship for better understanding of the fertility status of agricultural soils.  Although, several indices of K
availability in soils have been proposed, the quantity znd intensity factors have been widely studied and
assessed. The activity ratio: "%/"Tm or AR, in a solution in equilibrium with a soil, provides 2

satisfactory measure of the availability, or the potential of potassium. AR is a measure of the intensity of
labile K in the soil (Beckett, 1964b). The labile K is that fraction of the total soil K which takes part in
exchange reaction over a short period of time. Different soils exhibiting the same value of AR may not
possess the same capacity for maintaining AR.* while K is removed by plant roots. Therefore, to describe the K
status of a soil, we must specify not only the current potential of K in the labile pool but also the form of the
quantity — intensity relations (Q /I relations) or the way in which the potential depends upon the quantity of
labile K present (Bansal et al, 2002).

A technique for studying the Q/I relations of K in the soil involves plotting AR for several K solution
concentrations against change in exchangeable K (AK) with the resultant curve describing the K relations of the
given soil (Barbayiannis et.al, 1996). Udo and Olajide (1980) gave information on potassium quantity-intensity
relations and uptake by sorghum plant in some ferruginous tropical soils. The soils studied were limited to the
south west of Nigeria. Ekpete (1972b) predicted the uptake of potassium by millet and sorghum plants grown on
selected soils of eastern Nigeria. Information on potassium in selected Kwara State soils is limited to their forms
and release patterns (Odiase, 1988). It has been confirmed (Beckett, 1964b; Acquaye,
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o ; ately determined b
1974, Bansal ct al, 2002) that the availability of potassium n soll solution is morc ndcq;ﬂ‘tc :fm ations 0’;
their quantity/mtensity relations There is no available data, of any form, on the quantity/ntensity
agricultural soils of Kwara State, Nigeria
. e y : vara State
The aims of this investigation were: to explore the forms of immediate Q/1 relations for sclected Kwara

soils, Nigeria; and to relate the uptake of K by sorghum plant to various K parameters including those
determined from Q/1 isotherms.

MATERIALS AND METHOD
Soils

The soils used were taken from four locations in Kwara State. The locations are Tsaragi i Edu Local
Government arca (LGA), Malete in Mooro LGA, Otich in Asa LGA and Omu-Aran in Irepodun LGA (Fig 1).
The soils from Malete in Mooro LGA, Ottch in Asa LGA and Omu-Aran in Irepodun LGA arc derived from
basement complex rocks which cover fourteen out of the sixteen local government areas of Kwara State. The
soil from Tsaragi in Edu LGA represents the soils formed on Nupe sandstones found in two LGAs of the statc.

)// 71 9°00°
Otteh
20 0 20 - 8°30
245’ 200’ 5500 6500

Figure 1: A map of Kwara State showing the sample locations

Omu-Aran and Ottch soils classify, each, as plinthic rhodustalf, Malete soil classifies as typic paleustalf while
Ts;ragi soil (Danggappe series) classifics as rhodic paleustult of the Soil Survey Staff (1994). The Danggappe
soil series covers about 70 percent of the land arcas of both Edu and Pategi LGAs (Ogunwale et al, 2002b).

The surface soils (0-15cm) were collected from twenty spots in each location and then bulked. The bulk
samples werc air-dricd, ground and sieved to pass through 2mm sieve. Subsamples of the soils were analyzed
for particle sizes by the hydrometer method (Buoyoucous, 1962); gravel content by wet sicving method; pH;
organic carbon by wet oxidation method; total acidity and exchangeable cations (Udo and Ogunwale, 1986).

Greenhouse study

Soil samples weighing 0.75kg cach were placed in 1000ml - capacity plastic bowls. Nutrient solutions
containing 0.177g (NH,); HPO, were applicd to the soil in cach bowl at the rate of 100 and 110.7kg /ha of
nitrogen (N) and phosphorus (P) respectively. The levels of K applied were 0, 15, 30, 45 and 60 kg/ha. These
were applicd a week after germination. Three replications were used for cach soil. The contents of cach bowl
were watered to approximately field capacity daily. Five Sorghum bicolor sceds were sown in each bowl, but
after germination thinned to two plants per bowl. The thinned plants were left inside cach bowl. Harvesting of
the sorghum tops werc carried out after four weeks.

Analytical procedure

Two forms of K were determined in the soils. Exchangeable K was extracted with IN NH,OAc and
difficultly exchangeable K with boiling HNO; (Udo and Ogunwale, 1978)
both before and after the crop. The K potential was determined by equilibrating five gram samples, of the soil
from each of the four locations studied, with 50ml aliquots of solutions of KCI (10" 10 10™) in CaCly (210 T x
10"M) in 100ml shaking bottles. This gives the activity ratios: "ym of these initial solutions

(Beckett, 1964b). In addition, 5g samples of soil were added to 50ml aliquots of solutions containing only
CaCl, (2107 x 107°M). The bottles were allowed to stand overnight after shaking for onc hour. The clear
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RESULTS AND DISCUSSION

Some propertics of the soils used for the potted experiment mre ammarized in table I The aoila are
generally loamy sand 1o sandy loam i texture with Kaolinite being the dominant minerl (Opmwale et ol,
2002). Their organie matter is low and this is partly attiibuted to antwsal burning, o phenomenon whi I reduces
build up of organic matier. v

Table 1: Some propertics of the soils studied

Soil Variables Otteh Omm = Aran Taarapl Malete
pH (1:1,11,0) 60 40 M )
Organic carbon (p/ky) 13.6 1.8 203 16
Gravel content (/kg) 110.6 144.5 191 (AR
Clay (@/kg) 63.2 144.8 012 612
Silt (k) 152.8 200.0 152.8 1528
Sand (/kg) 784.0 655.2 74,0 THA0
Total Acidity(emol/Kg) 0.28 0.60 (.24 (.20
Exchangeable bases (cmol/Kg)

Ca 4,00 2.00 2.40 400
Mg 200 2.40 5.20 §.20
K 047 0.14 0.04 0.04
Na 0.13 013 0.10 007
*ECEC 6.88 5.21 501 147

*Effective CEC =TEB + Total Acidity

The various forms of K content in the soils are shown in Table 2. Exchangeable K in the uncropped soils
was high in two of the soils, and low in Tsaragi and Malcte which had 0.04 cmolfky cach. The level of
exchangeable K in Otich and Omu-Aran soils would be regarded as being adequate for the immediate needs of
plants (values being greater than 0.10 emol/kg). The amount of K removed by boiling 1IN, in the uncropped
soils was also high, indicating the ability to extract an appreciable fraction of I in the difficultly exchangeable
form. From this relatively high values of K obtained in this form, the soils will be regarded as having, sufficient
mobile K reserve for the needs of plants (Ekpete, 1972b). Both the exchangeable K levels and the K remaved by
hot HNO, were increased after cropping due to the addition of K fertilizer,

The divergent trend in respeet of the non-cxchangeable K distribution in different soils may be annbuted to
the variation in the fixation and release of K in soils as influenced by the cropping systems and fertilizer wse
pattern (Bansal et al,2002).Although the nen-exchangeable K content variation i different soil groups and
within a soil group maybe due to differences in clay content and amount of - potassium hearing mmerals like
degraded-mica and vermiculites, soils dominated by kaolinitic clay mineral and iron oxides, like the red soil of
Ottch are most likely to have less non-exchangeable K(Sckhon ef f,1992).The fertilizer being used in Otteh soil
has failed to build-up or maintain the reserve K status in it.

The activity ratios, AR.", determined after cropping was appreciably greater than before cropping Beckernt
(1964b) and Le Roux and Summer (1968) observed the same in their study of K quantity- intensity relationship
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Figure 2: Potassium Q/lisotherms of the soils

K. Exchangeable K was found to be strongly 1e
potential of a soil to recharge available K from currently unavailable source,

The potential bufler capacity (PBCY) which is a measure of the amount ol Tabile K o soil can
given energy level increased drastically afier cropping while

e i

L0

lated to labile K (1 0.98) whiclh is enough measute ol the

supply at o
Gapon coellicient (Kq). and index of how tightly K

is bound. decreased This can be explained from the practical idea that K becomes smaller s K loading

inereases and then levels oft: The high value of PRCY is indicative of constant availability

of K i the soil over o

long period, probably as a result of continuous use of K supplymg fertilizers (Dansal e af, 2002). 1t also
indicates the ability of the soils to maintain the intensity of Kin the soil golution, and is proportional to the CEC
(Lee, 1973) Omu- Aran soil with a higher clay content of 144.8g/kg has the highest AR alter cropping, This 1%
because finer textured soil may release a greater portion of their total non-exchangenble K during the carly

period of K removal than coarse textured soils (Dhillon and Dhillon, 1990).
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Helation of K messurements to plunt uptale

Table & shows the mean of Ko plant tssue (U40) and total K uptake (g (pot) These values ange from 0 1610
028% pnd 2 5210 6 42y pot respeetinedy

Table 5 shows the correlanion costhicents efating K response parameters of Sorphum tops i table 4 1o the
vutious sl K omeasurements taben before and after croppie Out of the two parametens, 1he privent K pave
hetter relationshaps than total uptabe with the avalable ¥ indices The ¥ uptabe (" K oan fissues) was strongly
corelated with the quantity factors of exchangeable K, difhiculily exclungcable 1 and labile Koo well as with
mtens ity factory of AR and Ko before cropping the soils

Tabled: Potarsmm uptake by Sorghum tops

Location Mean Mean
K an Plant tissue (%) Tetal K upl,.la (y/pot)
ey 024 614
Omuy - Arun 014 252
p— 020 642
Malete 016 3Ry

The soil K measurements pave no spmificant correlation except with difficultly exchangeable K (r- 0 90)
The PBCY, whether computed before or after the crop, did not show any relationship with K uptake

Table § Correlation Cocflicients relatmp K uptabe by Sorphum tops 1o vanous soils K measurements

Before crop Alter crop

B Meusuremen %K Total uptake %K Towal uptake
Exchangesble K 072 0003 -0 38 075
D'fﬁ:uli)‘ ex ¥ 080 090 -023 ) 82
Lable K (AK®) 084 019 096 0 KR

AR 09 032 054 097

yec® 020 026 -0 36 020

¥, 064 - 0 4n .

Mozt of the factors gave sensitive mdicztions of K availability only in the onginal uncropped  soil, but after
the crop, only AR indicated some relationship with K uptake (Table 5) The farlure of these parameters after
c1op 10 relate 10 K uptake 15 1n accordance with the conclusion of Beckett (1964b) that the immediate /1
relztion will regulate the uptake of K only over a short period. Beckett (1964b) observed that the immediate Q]
will not indicete zny simple relation when plants make use of the imtially non-labile K released during the
cropping peniod. The significant correlation with AR, values obtained after cropping may therefore imply that
the exchangeable K or mobile K reserve became a major source of K for the plants This was affirmed from the
correletion co-efficient between hot N HNO,yand N NHOAc (pH 7 0) extractable K This correlation coefficient
vzlue geve the K buffer power which 15 2n index of the contnbution of non-exchangeable K to plant avarlabiliny
(Nair, 1994) For the four soils, the correlauion between hot N HNO, and N NH,OAc (pH 7 0) gave a value with
7= 0 86 with the regression equation

Y =00198+09256x

The relative importence of the vanous fectors can also be inferred from the correlation coclficients
Although the quanity factor, lebile K and the K intensity represented by the activity ratio could both be used as
en index of K gvailability, the latter showed 2 stronger relationship. The stronger indication of K availability of
ectivity rutio 1o lebile K cen be explained by the findings of Beckett (1964b) In this finding, the ability of a soil
1o maintain the AR' ageinst depletion by plant roots 1s governed partly by the character of the pool of labile K
znd 2150 by the rete of relezse of fixed K, and by the diffusion and transport of K 1ons in the soil solution Thus,
1n these soils where i".?'(tj 15 2 setisfzctory measure of the intensity factor of soil K, the immediate Q/1 relation
adequately describes how the intensity of K in the soil depends upon the quantity of labile K present

For dugnostic purposes, exchangezble K and AR are quick useful measurements for studying K
evailebility 1n these soils and they seem 10 be supenior 10 the corresponding factors derived from the O/
measurements.  For ferulizer recommendztions, however, graded additions of K fertilizers are necessary to
determine the zppropnate levels of these factors for maximum yields
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