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Soil chemical forms of Phosphorus and P sorption capacities of Fincha Sugar Estate soils were studied
using samples collected from luvisols, vertisols and fluvisols of the farm. P forms were sequentially
extracted following standard P fractionation procedure. In sorption study, 3 g of soil sample was
equilibrated with 30 ml of 0.01 M CacCl, containing various amounts of KH,PO ,. Data were fitted into
Langmuir and Freundlich equations. Results revealed that organic P (Po) accounted for the larger
proportion of total P than total active inorganic P fraction in 66.7% of soils. The ratio of organic carbon
to Po was < 200 in all soils indicating net mineralization of Po. Ca-P was dominant in luvisols and
vertisols whereas Fe-P was dominant in fluvisols. P sorption data of all soils fitted well with Langmuir
equation but the P sorption data of these soils were found not to fit with Freundlich equation. Langmuir
adsorptlon maxima and external P requirement (EPR) of soils ranged from 227.3-344.8 and 63-153.8
mgkg respect|vely Luvisols and vertisols which account for more than 95% of the farm had EPR
values < 150 mgkg and hence they were classified as low P sorbing soils. This implies that high P
sorption is not P limiting factor in the estate. The result further indicates that current P fertilizer
application rate of 30 kg P ha™ being practlced across all soil types of the farm needs to be revised after
validating the EPR values estimated in this study for each soil both in greenhouse and in the field at
Fincha Sugar Estate.
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INTRODUCTION

Phosphorus (P) is the second most important limiting
nutrients for crop production in Ethiopia next to nitrogen.
Nutrient mining including P due to continuous cropping,
soil erosion, inadequate use of organic and inorganic
nutrients are some of the cause of declining soil P
content (Wakene and Heluf, 2003).

Deficiency of P in soils may also occur due to
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conversion of added soluble P fertilizer into unavailable
form for plant uptake and this phenomenon is called P
sorption/fixation  (Ravikovitch, 1986). According to
Gichangi (2007) P sorption is defined as a loss of
orthophosphate from soils solution due to either
adsorption or precipitation reaction. Soil P limitation due
to sorption/fixation is a major problem in highly weathered
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tropical acid soils dominated by aluminum and iron oxides
(Sanchez et al., 1997). The same authors compared the
P requirements of 200 soil samples collected from West,
east and Southern Africa based on their P sorption
isotherm and they found thatto be in order of Anidsol
>Oxisol >Ultisols >Alfisols >Entisols. High P-sorbing soils
are characterized by clayey topsoil having red color as
indicative of Fe and Al oxides and such soils make the
bulk of soils in smallholder farms of Africa. This implies
that P sorption is the major factor that limits P
bioavailability in most African soils most of which are
acidic.

The extent of P sorption greatly varies from soil to soll
owing to their differences in physicochemical properties
(Brady and Weil, 2002) and management (Moazed et al.,
2010). Thus, understanding the P-sorption characteristics
of soils are important for designing appropriate
management strategies and predicting fertilizer
requirements that are need to be applied (Zhang et al.,
2005).

However, little or no information is available on sorption
capacities of Ethiopian with the notable exception of the
work of Sahlemedhin and Ahmed (1983), Duffera and
Robarage (1999) and Birru et al. (2003). Thus, it is
important to determine the P sorption capacities of as
many arable soils of Ethiopia as possible and identify
properties affecting the sorption characteristics of soilsas
such information serve as a basis for improving the P
nutrition of crops. Moreover, the P sorption capacities of
soils are mostly determined by fitting sorption data of
different soils into commonly known Langmuir and
Freundlich equations (Sparks, 2003). However, the
degree to which the P sorption data of soil fit to these
equations vary from soil to soil. Thus, it is necessary to
test and identify best fitting equation that describes a
sorption characteristic of for a particular soil.

The chemical forms of P in which it exists in soils is
another factor that greatly influence bioavailability of P
and have environmental consequences (Rubio et al.,
1998).The forms of soil P are broadly categorized into
organic (Po) and inorganic (Pi) P forms. Organic P can
account for 5-95% of total P (TP) content of soils. Soil Po
is derived mainly from manures, plant material, and
products of microbial decomposition. On the other hand,
the Pi originates from the addition of inorganic fertilizers
and weathering of primary minerals such as apatite and
secondary minerals such as Ca and/or Mg phosphates
and Fe and Al phosphates (Hedley et al., 1982). The Po
and Pi forms are further categorized into several different
forms. However, the types and quantities of different
forms of P that occur in a particular soil is the function of
parent material, management and climate conditions. For
instance, in acidic soils Fe and Al bound P is the
predominant forms of soil P whereas Ca bound P is the
major forms of Pi in calcareous soil. Knowledge on the
different forms of soils is important to know the P supply
potential of the soils, the degree of weathering of a

particular soil, mineralization rate of Po and the extent of
P sorption/fixation capacities of soils (Samadi, 2006).

In this regard, there is limited information on the
chemical forms of P in the soils of Fincha Sugar Estate
soils, Western Ethiopia. Thus, experiments were
conducted to quantify the different P fractions of Fincha
Sugar Estate soils, to determine their P sorption
capacities and external P requirements; and to evaluate
the ability of Langmuir and Freundlich equations in
describing the P sorption data of the Fincha Sugar Estate
soils.

MATERIALS AND METHODS
Site descriptions

The experimental soils were collected from Finch sugar estates
which are under Ethiopian Sugar Corporation. Geographically
Fincha Sugar Estate is located in Nile basin of western Ethiopia
lying between of 9°30’ to 10°00’ of North of latitudes, and 37° 15’ to
37°30° of East of longitude. It was established in 1995 and situated
at a distance of 340 km west-east of Addis Ababa, the capital of
Ethiopia. It has an altitude in the range of 1350-1600 masl and
average annual precipitation of 1300 mm. The sugar cane farm of
Fincha has total area of 8004 ha as of 2007 (Getahun et al., 2013).
Based on FAO-UNESCO classification system, the soils of FINCHA
are belong to luvisols, vertisols and fluvisol (Getahun et al., 2013)
and the former two soils accountfor more than 95 % of the total
area of land planted with sugarcane.

Soil sampling and preparation

Random soil samples from each soil type of Fincha Sugar Estate
farm were collected following standard procedure described in
Brook (1983) in which surface soil (0-20 cm) were taken using
augur from thirty replicated pointsby waking in a zigzag
manners.Then all the thirty samples collected from each soil type
were transferred in to clean plastic bucket and mixed thoroughly to
make a composite sample. From the composite sample 1 kg of
subsample from each soil were taken and brought to Fincha Sugar
Estate soil laboratory. In the laboratory the samples were air dried,
grounded to pass 2 mm sized sieve and preserved for analysisof
physicochemical properties, P fractionation and P sorption isotherm
experiments.

Analytical procedures

The processed soil samples were analysed for selected
physicochemical properties following procedures described in
Jones (2001) in which texture determined by Bouyoucous
hydrometer method, pH was measured in 1:2.5 soil water solution
by pH meter, organic carbon (OC) by wet digestion method
(Anderson and Ingram, 1996). Soil available P was determined by
Olsen method (Olsen et al.,, 1954). Exchangeable cations were
extracted by 1IN NH4OAC and in the extract; Na and K were
determined by flame emission spectrophotometer whereas Ca and
Mg were determined by atomic absorption spectrophotometer.

Phosphorus fractionation experiment

The total P was extracted with HCIOa4 digestion technique (Jackson,



1964) whereas the inorganic P fractions were sequentially
extracted, soluble P with 1 M NH4Cl, aluminum bound P (Al-P) with
0.5 M NHa4F, iron bound P (Fe-P) with 0.1 M NaOH and calcium
bound P (Ca-P) with 0.25 M H2S0a4. The organic p was estimated
by the difference between P extracted with 1N H2SOa4 for calcinated
and non-calcinated soil. Phosphorus in all extracts was determined
spectrophotometrically by ascorbic acid-molybdate method (Olsen
et al., 1954).

Phosphorus sorption experiment

Three grams of soil (Duffera and Robarge, 1999) from each sample
was transferred in to 50 ml capacity plastic bottles and equilibrated
with 30 ml of 0.01 M CaClz solution containing 0, 1, 5, 10, 15 and
20mg P L™ in the form of KH2PO4. The bottles were shaken at
25°C on reciprocal shaker for 24 h (Graetz and Nair, 2000). Then,
the suspensions were filtered through Whatman filter paper No. 42
and the concentration of P in the clear extract was determined by
ascorbic acid-molybdate method (Olsen and Sommers, 1982). The
amount of adsorbed P by each soil was calculated using Equation
1.

Co—Cf v
Weight of soil (kg)x @)

Where: Co = initial concentration of P (mg L'l), Cf = final
concentration of P (mg L'l) and V = volume of solution (L).

The P sorption data of the soils were fitted in to linearized forms
of Langmuir and Freundlich Equations (Equations 2 and 3).

Langmuir Equations

c 1 c

— e (2)

X  bXm  XEm

Wherei§= equilibrium concentration P (mg L'l), X = the amount

of P adsorbed (mg kg'l), b = constant related to bonding energy of
sorption (L kg™), and Xm=Langmuir's adsorption maxima (mg kg™).
Linear regressions for each soils were obtained by plotting C/X vs

C . From the regression equation, the reciprocal of the slope was

taken as adsorption maxima and the value of the b was obtained by
dividing the slope by intercept.

Freundlich Equation
logX = Logkf+ 1/nLogC ®3)

Where: X (mg kg'l) = Amount of P adsorbed per unit mass of soll,
and C (mgL'l) is the equilibrium concentration, Kf (mg kg'l) =
Capacity factor (Shayan and Davey, 1978) and 1/n = a constant
related to bonding energy (Siradz, 2008). The linear graph and
regression equation for each soil was obtained by plotting LogC
against LogX. The slope and intercept were taken as 1/n and Kf
respectively.

The external P requirements (EPR) of the soils were_determined
by substituting the desired P concentration (0.2 mg P L") in the soil
solution into the fitted Langmuir and Freundlich equations (Dodor
and Oya, 2000). The soil solution concentration of P at 0.2 mg L’

(SPC) provides P adequately to for many crops if it is maintained
throughout the growing period and medium. This concentration P is
known as standard soil solution congcentration of P (Chaudhary et al.,
2003). A soil with EPR < 150 mgkg ™~ of soil at SPC are

classified as low P and those soil with EPR values >150 mgkg'l of
soils are classified as high P sorbing soils (Fox, 1981).

Statistical analysis
Data on soil properties, soil P fractions and sorption indices were
subjected to Pearson correlation analysis using SAS software

(SAS, 2000) to determine the relationship between soil properties,
P fractions and P sorption indices.

RESULTS AND DISCUSSION

Some of the physicochemical
experimental soils

properties of

Some of the physicochemical properties of soil samples
of Fincha sugar states are summarized in Table 1. The
soil pH was in the range of 6.6 to 7.3 with mean value of
6.9. Thus, the soils of Fincha Sugar Estate are classified
as neutral in its reaction. OC content varied between 1.3-
1.6% with mean value of 1.5%. According to Jones
(2001) soil with OC contents between 1-2% are in low
category and hence all soils of Fincha Sugar Estate are
classified as low in their OC contents. Available P (Olsen)
contents of all samples were in the high range (Tekalign
and Haque, 1991).

The exchangeable Ca and Mg contents of all samples
were in high ranges (Brook, 1983). But the exchangeable
K level of the soils was in medium range for sugar cane
production.

Chemical forms of phosphorus in Fincha Sugar
Estate soils

The total and different chemical forms of phosphorus in

surface soils of Fincha Sugar Estate farms are
summarized in Table 2. The total P (TP) contents of

these soils were in the ranges of 310.2- 544 mg kg -1 soils
with mean value of 415.3 mg kg-l and the amounts are in
low range as per the rating of Murphy (1968). However,
TP contents of the present soils were similar to the TP
contents of soils of Bako and Jimma, western Ethiopia
(Piccolo and  Hulluka, 1986). The test soils have
significantly (P<0.001) varied among each other in their
TP contents. It was highest in luvisols followed by
fluvisols and the least in vertisols.This shows that the
amount of non-active mineral forms of phosphorus is
higher in the luvisols than in the remaining two other
soils.

Considering, the various P fractions studied, organic P
(Po) fraction was significantly higher in fluvisols, followed
by luvisols and lowest in vertisols. The variation among
Po values of these soils is related to soil organic matter
content and this can be evidenced by the fact that there
was a significant and positive correlation (r = 0.99, P <
0.05) between Po and OC content of the soils (Table 4).



Table 1. Selected physicochemical properties of Fincha Sugar Estate soils.

Sand Clay Silt .1 _Ca Mg K Na
Soil type g kg'l Textural class pH OC (%) avP (mgkg") cmol kg-l CEC
Luvisol 340 528 132 Clay 68 15 24.2 158 5.8 05 0.38 50.4
Vertisol 220 610 170 Clay 66 1.3 21.9 175 7.4 0.35 0.39 54.0
Fluvisol 260 560 180 Clay 73 1.6 31.2 12.7 3.4 0.36 0.33 40.6
Table 2. Total P, organic P and inorganic P fractions (mg kg'l) in the surface soils of Fincha Sugar Estate.

. Inorganic P fractions . .

Soil Type TP Po Total Active P c:p ratio
Al-P Fe-P Ca-P

Luvisol 544.0 136.3 34 27.9 43.0 74.2 110.3
Vertisol 310.2 106.1 11.2 26.0 71.0 108.1 1225
Fluvisol 391.7 162.1 1.6 69.9 34.1 105.6 98.7

Similar results have been reported by Tekalign et al.
(1988) for vertisols of Ethiopia. Among inorganic P
fraction, AI-P and Ca-P were significantly highest in
vertisols followed by luvisols and they were least in
fluvisols. This is in line with Fisseha et al. (2014) who
have found higher amount of Ca-P in vertislos and in
fluvisol in Tigray, North Western Ethiopia. However, Fe-P
fraction was significantly higher in fluvisols than in
vertisols and luvisols (Table 2). Ca-P was dominant P
fraction in all soils and this could be related to high
temperature of Fincha farm where the incidence of
leaching loss of Ca is low (Fisseha et al., 2014). On the
other hand, total active inorganic P (Pi) fraction
(phosphates associated with Ca, Al and Fe) was highest
in vertisols followed by fuvisols and lowest in luvisols.
However, Po fraction was higher than mean Pi across all
the three soils. This is in line with Tekalign et al. (1987)
that in most case the organic P fraction accounts for the
largest fraction of soil P pool.

The carbon and Po (C: P) ratio which is an index of
mineralization capacity of organic P of soils was in the
range of 98.7-110.3 with mean value of 110.5 (Table 2).
Accordingly, C: P values of all soils < 200 mg kg'1
indicating rapid turnover and net mineralization of organic
P (Tekalign et al., 1987). This may be one of the reasons
for high amount of available P (Olsen) in all the soils of
Fincha (Table 1). This reasoning can further be
substantiated by the fact that there was a significant
positive correlation (r = 0.99, P < 0.05) between Po and
available P (Table 3).

The proportions (%) of the different P-fractions of the
three Fincha Sugar Estate soils relative to the respective
total P content of each soil are presented in Figure 1.
Even if luvisol had the highest TP, the relative proportions
of the different P-fractions were generally lower than
those in vertisols and fluvisol. This suggests that the
degree of weathering is lower in luvisol than that in

the latter two soils. Generally, the proportion of Po
fraction of the soils was in the range of 25 -41% of total P
(TP) andaccounted for the higher proportion of TP than
the proportion of total active inorganic P fraction (Pi)
which was in the range of 14— 35% indicating that Po
isthe major pool of phosphorus in Fincha Sugar Estate
soils. However, the proportion of Po of these soils was
relatively lower than the percentage of Po reported for
some vertisols of Ethiopia which was in the range of 40 -
50% of TP (Ahmed and Islam, 1986). This difference
could probably be due to rapid turnover rate of soil
organic matter which in turn is caused by high humidity
and high temperature of Fincha area.

The proportion of inorganic P fractions, in luvisols and
vertisols were in the order of Ca-P> Fe-P>Al-P. This is in
agreement with the report of Desta (1982). But the trend
for fluvisol was in order of Fe-P>Ca-P>Al-P. The present
finding for fluvisol is in line with Piccolo and Huluka
(1986) who found that the inorganic P fractions of seven
different soils types of Ethiopia including calcic fluvisol to
be in the order of Fe-P >Ca-P > AI-P. In all the three
soils, Al-P accounted for the lowest proportions of TP
compared to the other inorganic P forms and this is in
agreement with Piccolo and Huluka (1986). There is a
high degree of weathering in soils where Fe and Al bound
P is dominant (Wakene and Heluf, 2003). This implies
that Ca-P is dominant in the luvisol and vertisolof Fincha
sugar cane farm indicating low degree of weathering in
these soils whereas Fe-P makes dominant fraction of
inorganic P in fluvisol suggesting that it is advanced stage
of weathering (Tekalign et al., 1988).

Phosphorus sorption isotherms

The P sorption isotherms of the three Fincha Sugar
Estate soils are represented in the graphs of Figure 2.



Table 3. P sorption indices of Fincha Sugar Estate soils derived from Langmuir and Freundlich equations.

P sorption Indices of Langmuir Equation

P sorption Indices of Freundlich Equation

Soil type 1 1 1 2 1 1 2
Xm(mgkg™) b(lmg”) EPR (mg kg ) R 1/n Kf (mg kg ) EPR (mgkg ™) R
Luvisols 227.3 1.9 63.0 0.98 0.97 256.0 53.2 0.80
Vertisols 344.8 3.6 145.0 0.96 1.2 1172.0 160.8 0.70
Fluvisols 333.7 4.3 153.8 0.97 1.4 1153.0 134.0 0.80
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Figure 1. Soil phosphorus fractions expressed as percentage of total P content of the corresponding
soil of Fincha Sugar Estate.
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Figure 2. Phosphorus sorption isotherms of three soils of Fincha Sugar Estate, Western Ethiopia.



Table 4. P sorption indices of Fincha Sugar Estate soils derived from Langmuir and Freundlich equations.

P sorption Indices of Langmuir Equation

P sorption Indices of Freundlich Equation

Soil type

Xm(mgkg™) b(Lmg) EPR(mgkg) R° 1n  Ki(mgkg) EPR(mgkg™) R’
Luvisols 227.3 1.9 63.0 0.98 0.97 256.0 53.2 0.80
Vertisols 344.8 36 145.0 0.96 1.2 1172.0 160.8 0.70
Fluvisols 333.7 43 153.8 0.97 1.4 1153.0 134.0 0.80

The isotherms of these soils are similar and took more or
less L-shaped curve. This indicates that the affinity of P
was higher to the soil than to the soil solution at lower
equilibrium concentration of P. However, as the soil
solution concentration increased, the situation is reversed
and the affinity of P towards the soil solution became
higher than to the soils (Sparks, 2003). But, the soils
greatly varied in the steepness of the curve where by the
isotherm of fluvisol was stepper than those of vertisols
and fluvisol. This is evidenced by the fact that amount of
adsorbed P by fluvisolat standard soil solution

concentration of P (0.2 mg L'l) was > 150 mgkg'l
(vertical arrow in Figure 2) of soil whereas the amount

adsorbed by luvisol and vertisol was <150 mg kg'l.

Phosphorus sorption indices of Fincha Sugar Estate
soils

The P sorption data of all the three soils of Fincha Sugar
Estate were fitted well with Langmuir equation with mean

2 value of 0.97. However, the sorption data of these soils
failed to obey well with Freundlich equation (Table 4). It is
natural that the P sorption data of different soils fit with
different equations to different degrees and there are
occasions where the P-sorption data of particular soils
may not obey with one, two or none of such sorption
equations (Chaudhary et al., 2003; Hussain et al., 2003).
For instance, Moazed et al. (2010) studied the P sorption
characteristics of five soils in Iran and they found that
Langmuir equation was best fit than Freundlich equation.
But, contrary to these, Khan et al. (2010) reported that
Freundlich equation was best in describing the P sorption
data of three Pakistan soils. Such variations are related to
P sorption mechanisms on the surfaces of different soils.
For example, Langmuir equation fits best with soil having
homogenous sorption sites throughout their surfaces but
for soils with heterogeneous sorption sites, Freundlich
equation suits better in describing the P sorption data of
such soils (Sparks, 2003). Thus, it seems that the present
soils had homogenous P sorption site on their surfaces.

The Langmuir adsorption maxima (Xpy) values ?f the
study soils ranged between 227.3-344.8 mg kg = with

mean value of 302 mg kg'l. It was highest for vertisol and
lowest for luvisols. However, these values are quit lower
than that we have reported for seven highland acidic soils

of southern Ethiopia (Sahlemedhin and Ahmed, 1983)
and also very much lower than that reported for tropical

soils (Hartono et al., 2005). The relatively smaller X
values of the present soils could be due to better
management of these soils including yearly application P
fertilizer as Fincha sugar cane farm is state owned sugar
producing enterprise, better management is practiced
relative to that done in subsistent farmers’ field. The other
probable reason could be related to soil type where the
present soils are belongs to luvisol and vertislols which
are relatively low P fixing soils than other soil types
(Sanchez et al., 1997). This is also in agreement with
Birru et al. (2003) who studied the P sorption isotherms of
representative soils of north western Ethiopia and
reported that vertisols were in low P fixing categories
against nitisols and cambisols which were high P fixing
soils due to the fact that they were at their advanced
stages of weathering.

The Langmuir boding energy (b) values which show the
tenacity with which P isadsorbed by soils was in the ranges
of 1.9-43 L mg'1 with mean value of 3.3 L mg“l. The value
of b was highest in fluvisol followed by vertisol and list in
luvisol (Table 4). However, the values of b for all the three
soils were > 0.07 Lmg ~ suggesting that there is no risk of
loss of P in to water (Mcdowell et al., 2002).

The external P requirements (EPR) derived from
Langmuir equation of experimental soils varied from
63.0-153.8 mg kg'1 with mean value of 120.6 mg kg'l. It
has significantly and positively correlated with Xy, and b

indices of the soils (Table 5). This means that as X, and
b values of the soils increase, the corresponding values
of EPR incrleases. In luvisol and vertisol the EPR was <
150 mg kg ~ of soil and consequently classified as low P-

fixing soils whereas fluvisol had EPR > 150 mg kg-l and
hence classified as high P sorbing soil (Fox, 1981). As
luvisols and vertisols are low P sorbing soil and at the
same time these soils account for more than 95% of the
farm, limitation of P due to high P sorption is not a major
problem in Fincha Sugar Estate soils.

At present, Fincha Sugar Estate is practicing
application of P fertilizer at 30 kg P ha_1 across all soil

types which is equivalent to 15 mg P kg'1 of soil (Damte
et al.,, 2012) and this rate was developed based on the
result of crop response study. However, compared to the
EPR estimated from the Langmuir equation for each soil
in this study, this rate of P being applied currently on the
farm is very low.



Table 5. Pearson correlation coefficients between soil properties, P fractions and P sorption indices of Fincha Sugar Estate soils.

Properties Sand Clay Silt pH OoC avP Ca Mg K Na TP PO Al-P  Fe-P Ca-P Pi Xm b EPR
Sand -

Clay -0.95 -

Silt -0.85 0.7 -

Ph -0.09 -0 -0.4 -

ocC 0.5 -0.99 -0.01 0.9 -

avP 0.05 -0 -0.5  0.99* 0.9 -

Ca -0.2 0.5 -0.4 -0.95 -0.93 -0.99* -

Mg -0.2 0.5 -0.3 -0.94 -095 -0.98 0.99* -

K 096 -0.99* -096 -0.2 0.2 -0.2 0.1 0.5 -

Na 0.03 0.3 -0.5 -091 -0.85 -0.99* 0.98 0.97 0.3 -

TP 0.99* -0.99* -0.85 0.1 0.5 0.06 -0.2 -0.23  0.95 0.02 -

Po 0.4 -0.95 0.2 0.95 0.99* 0.99* -0.99* -0.99* 0.1 -0.9 0.4 -

Al-P -0.6 0.8 0.14 -0.83 -0.96 -0.8 0.9 0.9 -0.4 0.7 -0.6  -0.95 -

Fe-P -0.2 -0 0.6 0.97 0.8 0.97 -0.95 -0.93 -04 -099* 0.1 0.9 -0.7 -

Ca-P -0.6 0.8 0.09 -0.8  -0.99* 0384 0.9 0.9 -0.3 0.8 -0.6 -0.97 094 -0.99* -

Pi -0.96 0.8 0.96 0.2 -0.2 0.2 -0.1 0.05 0.99* -0.3 -0.96 -0.1 0.4 0.4 0.3 -

Xm -0.98* 0.98* 0.96 0.2 -0.3 0.2 -0.08 -0.03 -0.99* -03 -099* -01 0.4 0.4 04 094 -

b -0.8 0.6 0.99* 0.5 0.1 0.5 -0.4 -0.94 -0.9 -0.6 -0.8 0.3 -0.06 0.7 0.02 094 093 -
EPR -0.91 0.7 0.99* 0.3 -0.1 0.4 -0.3 -0.2  -0.99 -0.4 -0.91 0.04 0.3 0.5 0.2 0.9 0.99* 0.99* -

* = Significant at 0.05 probability level. All figures in Table 4 without star (*) symbol are statistically non-significant.

Relation between soil properties, P fractions
andsorption indices

The Pearson correlation coefficients between
some soil properties, P fractions and P sorption
indices of Fincha Sugar Estate soils are presented
in Table 4. Organic P (Po) fraction has
significantly (P< 0.05) and positively correlated
with OC (r = 0.99) but negatively correlated with
exchangeable Ca and Mg contents. On the
contrary, the Pi fractions of Al-P and Ca-P were
found to significantly and negatively correlate with
OC content of the soils. Positive and significant
correlation between Po and OC is expected

because the source of organic P is soil organic
matter and thus as the OC content of soil increase
there will be an increase in Po content of soils and
vice versa. Ca-P and Fe-P have significantly and
negatively correlated with each other indicating
that in soils where Ca-P is dominant Fe-P is low
and vice versa.

The P sorption index of Xy, was found to
significantly and negatively correlate with sand, K
and TP but positively correlated with clay, silt
content and Pi. The apparent negative correlation
observed between Xy and TP is in agreement
with the finding of Bastounopoulou et al. (2011)
who found negative correlationsbetween P

sorption parameters and soil TP and Pi in Greek
inceptisols. On the other hand, the bonding
energy (b) has significantly and negatively
correlated with sand and K but positively
correlated with silt content. Similarly, EPR
correlated negatively with sand and K content but

positively correlated with silt, Pi, Xy, and b (Table
4).
Conclusions

The results of P fractionation study of Fincha
Sugar Estate soils showed that the organic P



accounted for the largest proportion of total P (TP) in
luvisol and fluvisoil. But in vertisols,Po and Pi accounted
for 50:50 proportions of TP. The C:P ratio was <200 in all
three soil types suggesting that there is net minerlization
of soil Po. Among inorganic P fractions, Ca-P accounted
for the highest proportion in luvisols and vertisols
whereas Fe-P accounted for highest proportion in
fluvisols. This implies that the incidence of weathering is
relatively high in fluvisol than in the former two soils.

On the other hand, the results of sorption experiment
revealed that the P-sorption data of all the three sail fitted
best with Langmuir equation but failed to fit with
Freundlich equation. The study soils varied in their

adsorption maxima (Xm), bonding energy (b) and EPR.
Based on these indices the P-sorption capacities of
experimental soils were in increasing order of luvisols <
vertisols < fluvisols. Sand, clay, TP and Pi were found to
be major soil properties responsible for variations in P
sorption capacities of Fincha Sugar Estate soils. Luvisols
and verisols which account for more than 95 % of the
ESTATE had EPR < 150 mg kg'l suggesting that P
limitation due to high P sorption is not a problem in the
farm. This could be due to low P sorbing nature of luvisol
and vertisol; and the prevailing good management
practices in the farm are the two most likely reasons for
this to happen. However, the current P fertilizer rate of 30

kg ha 1whlch is roughly equivalent to 15 mg kg being
practiced across all soil types in the farm is far less than
that estimated for the three soils using Langmuir equation
in this study. Thus, it is recommended that this dose of P
fertilizer should be revised after validation of the EPR
values estimated for each soil through real time field or
greenhouse experiment.
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