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ABSTRACT

Background: Phosphorus deficiency in tea grown soils is a major factor responsible for the low yield of tea in
Nigeria. Fertilizer application is always a remedy for nutrient deficiency in agricultural soils. High P-fixation in tea
soils is mainly due to inherent soil acidity, clay content, hydrated oxides of aluminum and iron. This research aims
to understand the fate of phosphorus, P-fractional recovery and P-fixation in tea grown soils is required.

Methods: Soil samples were obtained from selected tea farms in Nguroje and Kusuku communities on the Mambilla
plateau. The samples were incubated with known concentrations of phosphorus and P-fractional recovery was carried
out at 3, 15, 30, 45 and 60 days of incubation.

Results: Results showed that, phosphorus fixation was intense in both soils within the first 15 days of incubation. P
—fixation was higher in Kusuku soil than Nguroje soil in the first 15 days. Fixation was more progressive in Nguroje
soil while it reached a climax in Kusuku soil within the first 15 days of soil incubation before desorption of fixed
phosphorus began. Clay, Al, Fe, Ca and Mg contents were the soil properties that contributed to phosphorus fixation
in the investigated soils.

Conclusion: The fact that, fixed phosphorus was gradually recovered was an indication that, P-fixation in tea grown
soils on the Mambilla plateau was temporal and not permanent.

Keywords: Tea, Mambilla plateau, phosphorus fixation, fractional recovery.

1.0 INTRODUCTION

Tea (Camellia sinensis) is the most widely consumed beverage in the world and ranked second to water as the most
consumed drink worldwide [1]. Tea has a significant role as a health drink. It is cultivated in fifty countries with
major producers being India, China, Kenya, Sri Lankar, Vietnam, Turkey, Indonesia and Iran [2]. Nigeria is one of
the countries in Africa that produce tea. Tea cultivation in Nigeria is mainly done on the Mambilla Plateau in
Sardauna Local government area of Taraba State in the Northern part of the country. Report of Food and Agriculture
organization (FAO) showed that the world production of tea stands at 5.56 million tons with plantation hectarage of
3.80 million [2]. Production of tea is steadily on the increase globally. In spite of the fact that tea’s nativity is traceable
to the humid tropics and subtropics, it has been found to have a very wide adaptability and thus can be cultivated in
a wide range of climatic conditions and soils. It is also grown across a range of altitude from sea levels up to about
2,200 meters above sea level. Tea cultivation requires a minimum rainfall of 1,200mm per year but thrives optimally
with annual rainfall of 2,500 — 3,000Mm. Tea has a productive life span of over 100 years with peak production
periods between 30 and 50 years [3]. Being an evergreen bush, it has the capacity to attain a height of 15meters in
the wild if not maintained. For economic purposes, tea bush is maintained at a height of 0.6 — 1.0 meter to facilitate
harvesting of leaves for tea beverage production [4]. Tea is grown in soils that differ from one country to another
with the most important feature being soil pH [3]. The pH requirement for the growth of tea is in the range of 4.5 to
5.6. Optimum soil conditions recommended for tea cultivation include well drained, deep and well-aerated soil with
more than 2% organic carbon [4]. Soil depth of less than 50 cm, graveliness of more than 50% and rockiness of 20%
affect the growth of tea adversely [3] while tea plants grown on shallow and compacted soils are likely to suffer from
drought and water logging. Under favorable climatic condition with adequate management, harvested leaf yield of
tea can generally reach 4-5-ton hayear™. There have been instances when yields of 6.5-ton ha™year* were reported
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[3]. However, tea yield at lower elevations is higher than that obtained from tea stands at higher elevations in the

absence of soil constraints with proper management [5, 6]. Currently in Nigeria, tea cultivation for commercial
purpose is only on the Mambilla Plateau in Sardauna Local government area of Taraba State. This is due to the
favorable climatic and soil conditions for tea cultivation on the plateau. The climate of the plateau is semi temperate
in nature. Outdoor temperature taken by 7.00 am hardly exceeds 19°C. It can be as low as 13°C during winter. At
noon, temperature ranges between 14 and 30°C depending on the period of the year [7]. Mambilla Plateau has
elevation of 1500-2000m above sea level, covers an area of over 9,389 square kilometers and has an annual rainfall
of 2000-3000mm.The soil pH of the Plateau where commercial tea cultivation takes place ranges between 4.45 and
5.50. Tea plant was introduced on the Mambilla Plateau at the Nigerian Beverages Production Company in Kakara
Village in the year 1972 [8, 9]. At the time of introduction, four commercial clones (35, 68, 143 and 318) were
brought into the country. In 1982, the Mambilla Substation of Cocoa Research Institute of Nigeria, located at Kusuku
Village obtained the four clones from the Nigerian Beverages Production Company for research purpose [10]. In
recent time, the yield of tea crop on the Mambilla Plateau has been on a decline. This might in part be a consequence
of the extremely harsh weather occasioned by global climate change. In addition, the decline in tea production on the
Mambilla Plateau may be a consequence of the low level of some macro nutrients in the soil. A recent nutrient
auditing of various tea plantations on the Mambilla plateau revealed that, phosphorus was the most limiting
macronutrient needed for optimal production in all the investigated tea farms. Apart from the fact that, tea farmers
on the plateau don’t apply fertilizer to replenish the soil, the considerable level of Al, Fe and Mn in the acidic soils
could enhance intense fixation of phosphorus in the soil. Harvesting of tea leaves removes nutrients from the soil.
The rate of nutrients removal depends on the duration of plucking rounds and their intensity. Continuous plucking of
tea leaves leads to mining of macronutrients N, P and K thus, making it necessary to replenish the nutrients in soil
[11]. The influence of applied fertilizer on tea yield arises from its effects on the shoot extension rate and the rate of
regeneration [12]. Phosphorus is an essential macro-nutrient and it plays crucial role in the cellular structure and
energy metabolism in higher plants [13]. Phosphorus plays major role in the formation of new wood and roots in tea.
Its deficiency in tea manifests itself as absence of brightness in matures leaves and dieback of young and old woody
stems [6]. Under moderate soil pH of about 5.5 to 7.0, phosphorus availability to plants is high but decreases at pH
below 5.5 or above 7.0 [14]. In very acidic soils, phosphorus is adsorbed onto hydroxides of Al and Fe. Consequently,
it becomes unavailable for plant uptake. On the Mambilla plateau, most of the tea farms have pH below 5. Analysis
of tea grown soils on the Mambilla plateau showed that 97% of the tea farms investigated on the plateau had pH
ranging from 4.70 to 5.44 while 3% of the soils had pH ranging from 5.44 to 5.61. None of the tea farms however,
had pH above 5.61. A recent study carried out by the author also showed that 100% of sampled tea farms on the
Mambilla plateau had available P lower than 15mg/kg which is the critical level of P required for tea cultivation. The
low available P content of the soils is in part due to the inherent acidic nature of the soils which promotes P fixation
in soil and makes it unavailable for tea plant uptake. In order to overcome phosphorus deficiency in tea soils on the
plateau and enhance tea yield, application of phosphorus fertilizer becomes imminent. Information obtained from the
farmers indicates that, none of the small-scale tea farmers applies fertilizer in replenishing the soil. Rather, they solely
depend on the inherent nutrients in the soils for tea sustainability. On the other hand, the two companies that produce
tea on the plateau: Mambila Beverage Company, and Maisamari Integrated Farm apply N:P:K 15:15:15 fertilizer
occasionally on their tea plantations. The fertilizer application however, shows little or no difference on tea yield
probably as a result of nutrients fixation in soil. For adequate phosphorus fertilizer application to be obtained in acidic
soils with high potential for P fixation, it is necessary to understand the chemistry and fate of applied phosphorus in
such soils. In addition, recommendation and application of phosphorus fertilizer on acidic soils on the basis of soil
test without the consideration of P fixation capacity of the soils will be misleading and may not produce the desired
result with respect to tea yield. Owing to lack of adequate information on phosphorus fertilizer factor, phosphorus
recovery and P fixation in tea grown soils on the Mambilla plateau, the study was carried out to examine the fate of
applied P fertilizer with respect to its fixation and availability for tea uptake.

2.0 MATERIALS AND METHODS
2.1. Materials

2.1.1 Soil sample Collection
Soil samples for the experiments were collected from tea plantation (Lat. 6.876; Long. 11.1316) of the Cocoa
Research Institute of Nigeria (CRIN) Mambilla Substation in Kusuku, Sardauna Local Government Area, Taraba
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State, Nigeria and Zaboka Tea farm (Lat. 6.9734; Long. 11.0994) at Nguroje also in Sardauna LGA. Soil samples
were collected with hand trowel at the depth of 0-5cm.

2.2. Methods

2.2.1. Physicochemical properties

The incubation study was conducted in the Soil laboratory of the Mambilla Substation of CRIN located at Kusuku
in Sardauna local government area of Taraba State, Nigeria. Soil samples were collected from selected tea plantations
at Nguroje and Kusuku with soil auger at the depth of 0-15cm. The samples were air-dried in the laboratory and
thereafter sieved with 2mm sieve. The physicochemical properties of the soil samples were carried out with wet
chemistry. The samples were leached with 1IN ammonium acetate. Each leachate was analyzed for exchangeable
cations (Ca%*, Mg %*, K* and Na*) determination [15]. Soil particle size was measured by the Boyocous hydrometer
method. Soil pH was determined with glass electrodes in 1:2.5 soil-water suspensions. The organic carbon was
quantified according to [16] protocol. Total Nitrogen was determined by the Macro Kjedahl method [17]. Available
Phosphorus was determined using [18].

2.2.2 Fractional recovery

Liquid phosphorus fertilizer was prepared in the analytical laboratory of Mambilla Substation in accordance with a
modification of [19] method. To obtain 70 mg P L%, 1.54g of KH,PO, was prepared in 500ml of distilled water as
stock solution. Five (5) sorption treatment solutions (A-E) were prepared by diluting 10, 20, 40, 80 and 100ml of the
stock solution to 100ml as shown in Table 1. A 6.0g of each soil sample was weighed into 80ml plastic cups in tray
racks and 3ml of each of the five sorption solutions was added to the soil samples to arrive at 35, 70, 140, 280 and
560mg P kg*soil accordingly. Distilled water was thereafter added to the soil samples to keep the soil moisture at
field capacity. The experimental set up was made in triplicate. The treated soil and the control samples were incubated
for a period of 3, 15, 30, 45 and 60 days under moist condition by adding distilled water when necessary. At the end
of each incubation period, the treated samples and the counterpart control samples were air-dried and 3g of each
subsample extracted with 18 ml of Mehlich 3 solution for phosphorus determination. Colorimeter was thereafter used
to quantify the recovered phosphorus after soil incubation. Fractional recovery, fertilizer factor and P fixation were
calculated from the data obtained from P extraction.

The linear regression that expresses the relationship between fractional recovery and rates of P addition was
calculated for the soils at the different incubation periods as

Where: Y = P extracted in mgkg-1 after incubation; X = rate of P addition to soil; A = P extracted at zero addition
b = Fractional recovery

Phosphorus fixing capacity (PFC) was obtained from the relationship:

PFC = (1-FR)100

Where: FR = Fractional recovery

Table 1: Concentration of P in treatments’ solution

Vol of stock diluted Conc. of P in Weight of soil Vol. of sorption Rate of P

to 100ml sorption sample (g) solution added to  added to soil
solution soil (ml) (mg/kg)
A 10 70 6 3 35
B 20 140 6 3 70
C 40 280 6 3 140
D 80 560 6 3 280
E 100 1120 6 3 560
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2.2.3: Statistical Analysis
Statistical analysis of the obtained data was done using mean and standard deviation.

3.0 RESULTS

3.1 Soil physico-chemical properties

Data on the physic-chemical properties of the soils are presented in Table 2. Nguroje soil had total nitrogen of 0.42%
while Kusuku tea grown soil had 0.29% of total N. Exchangeable calcium was 0.69cmol/kg in Nguroje tea grown
soil while Kusuku soil had 2.07 cmol/kg calcium. Magnesium was 0.84 cmol.kg in Nguroje soil while it was
1.75cmol/kg in Kusuku soil. Exchangeable potassium was 0.28cmol/kg in Nguroje soil while Kusuku soil had
0.51cmol/kg. exchangeable sodium was 0.68 cmol/kg in Nguroje soil while Kusuku tea soil had 0.37cmol/kg sodium.
Exchangeable acidity was 0.15cmol/kg in Nguroje tea soil while Kusuku tea soil had exchangeable acidity of
0.10cmol/kg. The available phosphorus in Nguroje soil was 8.16 mg/kg while kusuku soil had available P of
8.18mg/kg. Organic carbon was 7.61% in Nguroje tea grown soil while the obtained tea grown soil from Kusuku
community had 5.05% organic carbon. Soil pH in Nguroje tea grown soil was 4.77 while soil obtained from Kusuku
tea grown soil had a pH of 5.01. Clay fraction of the soil particle analysis of Nguroje tea grown soil was 160g/kg soil
while Kusuku tea grown soil had 3409 of clay/kg soil. Silt in Nguroje soil was 72g/kg soil while Kusuku tea soil had
silt fraction of 132g/kg soil. Sand fraction of Nguroje tea grown soil was 768g/kg soil while Kusuku soil had 528¢g
sand /kg soil.

3.2 Fractional recovery

Fractional recovery of phosphorus in Nguroje soil treated with 35mg Pkg™ soil decreased from 0.038 at 3 days after
incubation to 0.0013 at 60 days after incubation (Table 3). Similarly, the fractional recovery of phosphorus in Kusuku
soil treated with 35mgPkg™ soil also decreased from 0.0191 at 3 days after incubation to 0.0006 after 30 days of
incubation. However, result showed an increase in phosphorus recovery in Kusuku soil at 45 days after incubation.
Result indicated a progressive decrease in phosphorus fractional recovery from 0.0286 to 0.0016 during 3 and 60
days after incubation respectively was also observed in Nguroje soil treated with 70 mg P kg™ soil (Table 3). In
Kusuku soil, the progressive decrease in P recovery was only sustained in the first 15 days after incubation.
Phosphorus fractional recovery declined from 0.014 at 3 days after incubation to 0.0030 at 15 days after incubation.

Table 2: Physicochemical properties of investigated soil samples

Parameters Nguroje soil Kusuku soil  Critical level
Total N (%) 0.42+0.12 0.29+0.21 0.34 %

Exc. Ca (cmolkg™) 0.69+0.10 2.07+0.14 2.3 cmolkg™
Exc. Mg (cmolkg?) 0.84+0.22 1.75+0.39

Exc. K (cmolkg?) 0.28+0.06 0.51+0.1 3.6 cmolkg™
Exc. Na (cmolkg™?) 0.68+0.12 0.37+0.10

Exc. acidity (cmolkg™?) 0.15+0.04 0.10+0.02

Available P (mg kg?) 8.16+1.31 8.18+2.1 15 mgkg*
Org C (%) 7.61+2.1 5.05+2.5 3.0%

Fe (mgkg™) 14.65+3.4 17.55+3.2

Mn (mgkg™) 6.45+1.7 13.05+1.1

pH 4.77£1.10 5.01+1.20 45-56
Org Matter 13.10+2.31 8.70+2.62

Cu (mgkg™) 0.15+0.08 1.35+0.12

Zn (mgkg™) 3.16+0.07 29.68+5.10

Clay (gkg?) 160+6.6 340+7.4

Silt (gkg™) 72+4.62 132+8.62

Sand (gkg™?) 768+5.83 528+6.12
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Table 3: Fractional recovery of P in investigated soil samples

Fractional recovery
Mg P/kg Nguroje Kusuku Nguroje Kusuku Nguroje Kusuku Nguroje Kusuku Nguroje Kusuku
soil

| 3 days | 15days | 30days | 45days | 60days
35 0.0380 0.0191 0.0014 0.0037 0.0251 0.0006 0.0017 0.0015 0.0013 0.0004
70 0.0286 0.0140 0.0014 0.0030 0.0063 0.0034 0.0019 0.0014 0.0016 0.0007
140 0.0238 0.0047 0.0026  0.0019 0.0035 0.0073 0.0034 0.0021 0.0024 0.0010
280 0.0202 0.0060 0.0052 0.0013 0.0046 0.0096 0.0040 0.0036 0.0038 0.0028
560 0.0048 0.0024 0.0026  0.0060 0.0032 0.0054 0.0023 0.0020 0.0031 0.0018

Table 4: Phosphorus fixation in investigated soil samples

Mg P/kg soil | Nguroje | Kusuku | Nguroje | Kusuku | Nguroje | Kusuku | Nguroje | Kusuku | Nguroje | Kusuku

3 days 15days 30days 45days 60days
% of P fixed in soil
35 96.20 98.09 99.86 99.63 97.45 99.94 99.83 99.85 99.87 99.96
70 97.14 98.60 99.86 99.70 99.37 99.66 99.81 99.86 99.84 99.93
140 97.62 99.52 99.74 99.81 99.65 99.27 99.66 99.79 99.76 99.90
280 97.98 99.40 99.48 99.87 99.54 99.04 99.93 99.64 99.59 99.72
560 99.53 99.76 99.74 99.94 99.68 99.46 99.88 99.80 99.62 99.82

4.0 DISCUSSION

The obtained data on the physical and chemical properties of Nguroje and kusuku soils is an indication that, both
Kusuku and Nguroje soils are acidic in nature. Total nitrogen in Kusuku soil was lower than the critical level of
nitrogen (0.34%) required for tea cultivation. On the other hand, Nguroje tea soil had adequate total nitrogen content.
The higher total N value in Nguroje soil compared with Kusuku soil may not be unconnected with the level of soil
organic matter in the former. Organic matter decomposition produces humus which is a valuable reservoir of
nitrogen. Aside the fact that humus contains 10% N, the higher organic matter in Nguroje soil could also contribute
to the adsorption of nitrogen in the soil. Though Kusuku tea soil was higher in clay, its contribution to the retention
of nitrogen in soil in an environment where annual rainfall is up to 3000 mm might be negligible considering the
solubility of nitrate in water. As nitrate is negatively charged, it is not attracted to clay particles (negatively charged
surfaces) and consequently prone to leaching during precipitation. Humus has an anion exchange capacity and
therefore can hold some nitrate which reduces leaching. The values obtained for calcium in Nguroje soil and Kusuku
were below the critical value (2.3 cmolkg™) required for adequate tea cultivation [20]. The grossly low calcium
content of Nguroje tea soil is expected due to its inherent low pH. The values obtained for K in Nguroje and Kusuku
soils were grossly lower than the critical level of K (3.6 cmolkg™) required for tea cultivation. The obtained values
for Magnesium in Nguroje and Kusuku soils respectively were below the critical level of Mg required for tea
cultivation according to [21, 20]. Deficiency of magnesium in tea grown soils on the Mambilla plateau is a long age
challenge as [22] had earlier reported a deficiency in magnesium content of tea cropped soils on the Mambilla plateau.

Phosphorus fractional recover and fixation: The available phosphorus in Nguroje and Kusuku soils were grossly
lower than the critical level of phosphorus (15 mgkg™) required for tea cultivation. The low available P content of
the studied soils is an indication that tea plantations on the Mambilla plateau are deficient of phosphorus. The
deficiency might be due to a number of factors which include but not limited to weathering, high phosphorus fixation,
non-application of fertilizer to replace nutrient mined by tea plant annually. The progressive reduction in phosphorus
recovery as incubation period increased suggests continuous fixation of phosphorus unto soil components as the
incubation period increases. The observed progressive reduction in P fractional recovery with incubation time is in
consonance with the report of [23] and [24]. The decline in phosphorus recovery was indicative of fixation of a
proportion of applied phosphorus in soil solution. Desorption of adsorbed P was observed at 30 days after incubation
which resulted in increase of P fractional recovery. The redistribution of P in terms of desorption that took place at
30 days of P treatment indicates that, a proportion of phosphorus that was adsorbed between 3 and 15 days of
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treatment was released back into soil solution for uptake by tea plant. This suggests that, the chemistry of phosphorus
in soil is dynamic and not static. As the concentration of P in solution increased beyond 70 mg kg™, a progressive
decline in P recovery with time reached a climax at 15 days after incubation in both Nguroje and Kusuku soils. The
decline in P adsorption in both soils at solution P concentration of 70 mgPkg™ soil suggests saturation of sorption
sites on the soil surfaces. Phosphorus fractional recovery was lower in Kusuku soil compared with Nguroje soil. This
implies higher phosphorus fixation in Kusuku soil.

Fixation of nutrients in soil is hardly ascribed to a single mechanism or a single soil constituent. This in itself is
largely due to the heterogeneous nature of soil matrix. However, the higher P fixation in Kusuku soil compared with
Nguroje soil may not be unconnected with the higher clay content of Kusuku soil compared with Nguroje soil. In
addition to higher clay content of Kusuku soil, it also had higher Fe than Nguroje soil. Phosphate ions are chemically
unstable in soil solution and readily react with oxides and hydroxides of Al and Fe found on clay surfaces for acidic
soils [23]. Correlation of soil physicochemical properties of the investigated soils with fractional recovery showed
that P fixation increased significantly with clay, Fe, Zn and Mn. In a similar study conducted by [23], it was reported
that P fixation increased with clay, organic carbon, Fe and Mn in selected cocoa soils in Nigeria. [26] reported that
Fe oxides and clay were the main factors contributing to P fixation in soils. [27] report showed that phosphate sorption
was highly correlated with clay and free Fe,Os. Hydrous oxides of Fe and Al have the ability to fix phosphate through
adsorption on their surfaces. They occur in soils as discrete particles or films on other soil particles. They occur in
the form of amorphous and crystalline hydroxyl compounds in soil. However, when aluminum and iron oxides in
soil are less crystalline, the phosphate fixing capacity of the soil increases due to greater surface area available for
adsorption. On the other hand, crystalline hydrous oxides fix more phosphate in soil than layer silicates. Clay fraction
of soil is the main site of phosphorus fixation. The nature of clay minerals is also a factor that determines the capacity
and intensity of phosphorus fixation in any soil. Phosphorus is retained in soil to a greater extent by clays of the 1:1
type (Kaolinite) than the 2:1 type clays (montmorillonite, illite, vermiculite) [28]. According to [29], Fe and Al appear
to be the most likely soil constituents that fix P by chemical precipitation in acid soils when Fe and Al combine in
equivalent. In most soils of the world where tea is cultivated, aluminum is a key soil constituent that contributes to
soil acidity. Tea is a good accumulator of aluminum as an essential micronutrient required for optimum vyield.
Aluminum promotes the growth of tea bushes [30, 31]. Aluminum is only available to plants under a low pH of 5.5
and below [3]. In acid soils, Al becomes increasingly available, leading to toxicity for most plants except tea and
other accumulator specie [3]. When Fe and Al are combined in equivalent quantities, fixation occurs between pH 2
and 3. In the presence of excess Fe, there is a tendency to extend the range of P fixation to pH 4. On the other hand,
phosphorus fixation increases when Al and P are combined in equivalent quantities at pH 4. But in the presence of
excess Al in soil solution, the range of P fixation extends from 4 to 7. The Fe and Al silicates and sesquioxides are
the primary sources of Fe?* and Al%* leading to the formation of chemically precipitated Fe and Al phosphate in acid
soils.

Clay factor: Phosphorus fixing capacity of the clay minerals is mainly due to the replacement of OH ions from the
clay minerals surface and reaction with soluble Al originating from the exchange sites and from the lattice
dissociation of clay minerals to form insoluble P compounds. The sesquioxides present in the free and hydrated state
are considered the main causes of P fixation in acid soils. Certain reports have validated the influence of sesquioxides
on P fixation. [32] reported an increase in P fixation with increase in HCI extracted sesquioxides in red soils. [33]
reported a considerable reduction in P fixing power of an acidic soil through de-activation of Fe and Al by means of
8-hydroxyquinoline. In addition, an account of [34] showed that 90% of fixed phosphate in soil was recovered as Fe
and Al phosphate. Other chemical constituents of the soil that might have enhanced higher P fixation in Kusuku soil
compared with Nguroje soil is the Ca and Mg contents of the soil. Result showed that calcium content of Kusuku
soil was thrice the value of Ca in Nguroje soil while the value of Mg in Kusuku soil was twice that of Nguroje soil.
The nature of the exchangeable Cations present on the colloidal complex of the soils plays an important role in P
fixation. [35] reported an increase in P fixation capacity with the increase in exchangeable Ca, exchangeable bases
and total cation exchange capacity. The exchangeable Ca ions act as bridge between phosphate ions and clay surfaces.
According to [36], about 30% of P fixation in acidic soils of Himachal Pradesh was due to exchangeable Ca and Mg.
The rate at which P fixation proceed in soils is an important factor to be considered when assessing P availability to
the growing plants. The observed increase in P fixation with reaction time is in agreement with the report of [34] in
which P fixation increased from 45% and 85% at 6 hours after incubation to 70 and 95% respectively 6 weeks after
incubation in soils of Dacca (pH 5.2) and Berhampur (pH 4.6). Evaluation of phosphorus fixation with reaction time
shows a rapid adsorption 96.20 and 98.09% in Nguroje and Kusuku soils respectively at three days after incubation.
According to the report of [37] most of the applied soluble P was fixed up in 24 hours but gradually increased up to
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30 to 45 days in soils depending upon the type of soil and thereafter remains constant. In acidic soils of Baruijpur in
West Bengal, [38] reported a gradual adsorption of phosphorus up to 5 days before reaching a steady state at 18 days
after incubation. In alluvial soils of Madhaya Pradesh, P fixation increased with time up to 60 days before reaching
a steady state [39]. The first stage where P fixation is rapid is attributed mainly to exchangeable Al and Ca ions
while the second stage of slow P fixation is attributed to the non-exchangeable Al presumably dissociated from the
non-exchangeable sites [36]

5.0 CONCLUSION

The study reveals that, phosphorus fixation in soil progresses from the point of application up till a plateau is reached
and the fixed P gets desorbed and made available for plant uptake slowly. Phosphorus fixation and desorption in
agricultural soil is dynamic and not static as fraction of fixed P ultimately returns back into soil solution where it is
being utilized by plant. This depicts that, P fixation in agricultural soil is not permanent but temporary. Soil physic-
chemical properties are major factors that determine the intensity and magnitude of phosphorus fixation in soil.
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