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ABSTRACT

Soil phosphorus (P) toxicity in tuber production is a significant issue and to solve this problem
and have optimum tuber yield at a lesser cost of P-fertilization, knowledge in depth on the
dynamics of phosphorus release in sandy loamy soil is necessary. Therefore, the present work
was carried out to assess the trend of P-release from the application time to the period of its
optimum release along with its effects on sweet potato growth and tuber production.  For
obtaining so, a 5-week incubation study under laboratory conditions was performed to study P-
release dynamics using different P sources. Another similar field experiment was concurrently
conducted using the same P sources and application rates to monitor the influence of P-release
rate on sweet potato production. Various parameters, namely leaves, vine length, tuber yield, soil
extractable phosphorus and leaf phosphorus uptake were taken into consideration. Relationships
were also established between P-uptake and tuber yield, number of leaves and vine length. The
curve of the trend of the phosphorus release was S-shaped. Also, P-application improved the
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plants.

production of leaf and vine length while tuber yield was suppressed. The study recommended
that P-fertilizer should not be applied at close intervals even if its effects are yet to be felt on

Keywords: Incubation; phosphorus sources; phosphorus uptake; P-release dynamics and tuber

yield.
1. INTRODUCTION

Phosphorus (P) as a non-renewable resource is
now being focused by researchers as they are
expecting peak in agricultural production in the
nearest future [1,2]. It is one of the essential
plant macronutrients and it is added to the sail
using phosphorus fertilizers. The importance of P
hinges on the pivotal role it plays in energy
transfer in both plants and animals [3]. Despite
the importance of P in agricultural production, its
availability in the soil is checked by slow diffusion
as well as high level of fixation which now make
it a limiting factor in crop production [4].
Furthermore, phosphorus limits both growth and
yield in unfertilized soil especially when the soil is
laden with calcium carbonate which makes P
accessibility a difficulty by reducing its availability
[6]. Uptake of P and its utilization are very
important in the determination of crops’ final
yield. P adsorbs on different clay minerals as well
oxides of aluminum and iron. Such adsorbed P
can only be freed through desorption processes
[6]. Furthermore, the use efficiency of applied P
is generally very low ranging from 10 to 30% in
the year of application. In spite of the
considerable addition of P-fertilizers in most
soils, the amount available for plant use is
usually low as a result of its reaction with the soil
constituents [7]. In the same vein, Grotz and
Guerinot [8] explained that when P-fertilizer is
applied, 80% of the total available P is made
inaccessible through fixation while only 20% is
left for plant use. In addition to fixation, mobility
of phosphorus is not like those of nitrogen and
potassium. Moreover, increase in ionic strength
can aid P adsorption in the soil while further
reactions in the soil may lead to occlusion of P in
nanopores of aluminum and iron oxides to
prevent P availability to plants [9].

The dynamics of P in the soil-plant system is a
function of joint effect of P transformation, its
availability as well as its utilization [6]. Dynamics
of soil P has to be understood because soil
phosphorus exists in organic and inorganic forms
and as a result of that, their behavior and fate in
the soil differ [10]. The stable forms of organic P
include phosphanates and inositol phosphates
while its active forms include organic poly-

phosphates, labile orthophosphate mono-esters
and orthophosphate diesters [11].

The release of organic P could be achieved via
mineralization processes with mediation of
phosphatase secretion, soil organisms and plant
roots. The process of mineralization is greatly
affected by surface physical and chemical
properties, temperature, soil moisture and pH [6].

Sweet potato is a food crop which responds
favourably to P fertilizers and is majorly produced
by subsistence farmers to achieve food security
when there is prevalence of food scarcity
especially in the tropics [12].Sweet potato is
considered a food item that can be used to
conquer hunger and achieve reduction in food
shortage [13]. Its high biomass production has
earned it superiority as an industrial material for
medicinal purposes [14], starch and alcohol
production [15]. At present there is dearth of
information on dynamics of phosphorus in sandy
loamy soil although such information is found on
other soil types. This knowledge is needed for
better crop production and soil nutrient
management. Therefore, this research was
conducted to investigate the trend of P-release
from time of application to its optimum release in
sandy loamy soil and determine its effect on
sweet potato growth and tuber production. To
understand the trend of P release in the soil
and use the knowledge for better crop
production.

2. MATERIALS AND METHODS
2.1 Experimental Site

The research was carried out at the Teaching
and Research Farm of Agronomy Department,
Parry Road, University of Ibadan, Ibadan, Oyo
State (7.27°N 3.54°E). The temperature range
was between 22°C and 28°C with the annual
rainfall between1000 mm and 1600 mm.

soil

2.2 Field Preparation and

Characteristics

The field was manually cleared and stumped
using cutlass and hoe to ease the workability of
the soil. The field was then manually ridged for



enhancement of tuber development. The whole
area was then divided into twelve plots. The soll
type for both field and laboratory experiments
was sandy loam with 8.8% clay, 20% silt and
71.20% sand. The soil pH (water) was 4.90 and
its phosphorus content was 6.80 mg/kg.

2.3 Experimental Treatments and Design

The four treatments used in this study were
pacesetter organic fertilizer (POF) at the rate of
5t/ha, single super phosphate (SSP) at the rate
of 500 kg/ha, crystallizer at the rate of 500kg/ha
and the control (zero fertilizer).The field
experiment was laid out in randomized complete
block design (RCBD) while the laboratory study
was laid out in completely randomized design
(CRD).

2.4 Crop Husbandry

On the field, 25 cm long sweet potato vines of
Shaba variety were planted at an angle of 45°
with two thirds of the vine under the soil for
proper establishment. The plant spacing was 30
cm by 100 cm with a total of 18 plants per plot to
give plant density of 33,333 plants per hectare.
At four weeks after planting, fertilizer treatments
were applied. Weed control was through hoeing
at the initial stage. After the spread of the vines,
hand weeding was resorted to for safeguarding
the vines from mechanical damage.

2.5 Soil Incubation Study

Systemic soil sampling method was used to
collect plot representative samples for incubation
study. The samples were then air dried on sheets
of paper and passed through 2 mm sieve. The
prepared soil samples were used to fill twelve
new bower vessels. Each bower vessel
represented a plot on the field. The moisture
level of the soil samples was maintained at 60%
field capacity. The fertilizer treatments were
applied the same way as it was done on the field
and the experiment was left in the laboratory for
phosphorus release to occur. At the end of the
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fifth week, a sample each was taken from each
bower vessel, air-dried on sheets of paper and
then analysed for phosphorus content. The
extraction method used was Bray-1 method and
the determination was through molybdenum blue
procedure [16].

2.6 Data Collection

Three representative plants from each plot were
randomly selected and tagged with exclusion of
the border rows. Data on number of leaves and
vine length per plant were taken on weekly basis
from the first week to the fifth week after fertilizer
application. At final harvest (three months after
planting), leaves of the sampled plants were
collected and prepared for P extraction and
determination using Bray-1 method [16].
Phosphorus uptake was then calculated as
follows:

Phosphorus uptake= Plant P concentration x dry
matter used [17].

2.7 Statistical Analysis

The collected data were analysed using analysis
of variance (ANOVA) with GENSTAT statistical
package while significant means were separated
using least significant difference (LSD) at 5%
probability level.

3. RESULTS

3.1Effect of Time Passage on
Phosphorus Release Kinetics in the
Soil

It was found that passage of time influenced the
level of phosphorus found in the soil at any
instance after application of phosphorus
fertilizers. The trend of P-release in all the P-
fertilizers used was that after the P-release at the
first week after fertilizer application, all the
treatments had lower P in the second week than
that of the first week. The third week witnessed a
rise again from all the treatments except

Table 1. Kinetics of P release in the soil used

Weeks after fertilization

Treatments 1 2 3 4 5
Control 8.07 7.42 8.1 6.38 6.6
POF 8.65 7.89 9.63 8.73 712
SSP 17.92 10.92 15.59 13.48 9.85
Crystallizer 6.58 71 71 6.5 6.08
LSD 0.05 ns ns ns ns ns
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Fig. 1. Kinetics of phosphorus release in the soil used. The bars are standard error bars

crystallizer that maintained what it had in the
second week. After this, the fourth and fifth
weeks had a progressive decrease in P release.
The highest P-release was from SSP while the
lowest P-release was from crystallizer in all the
treatments (Fig.1, Table 1). The soil P release
positively influenced leaf P uptake (Fig. 8).

3.2 Effect of P-release Kinetics on Sweet
Potato Vine

It was obvious in this experiment that the rate of
P release had impact on vine production. All the
fertilizer treatments were better than the control
except during the first two weeks of data
collection where only crystallizer performed
better than the control. The order of vine
increase among the treatments at the first week
after fertilization (WAF) was crystallizer >control
> POF >SSP. For the second week after
fertilization, the order was crystallizer> control>

SSP> POF. For the third, fourth and fifth weeks
after fertilization, the trend was crystallizer > SSP
>POF> control (Fig. 2, Table 2).

3.3 Effect of P-release Kinetics on Sweet
Potato Leaves

The progressive release dynamics of P positively
influenced leaf production in sweet potato as it
did for vine growth. For the first and the second
weeks after fertilization, only POF could not
produce higher number of leaves than the
control. But for rest periods of observation and
data collection, all the P fertilizer treatments
produced higher number of leaves than the
control. Crystallizer was the overall best followed
by SSP. POF was next to SSP in performance
except for the first week after fertilization when
both POF and the control were the same and the
second week when POF was less than the
control (Fig. 3, Table 3)

Table 2. Effect of P release kinetics on vine growth (cm)

Weeks after fertilization

Treatments 1 2 3 4 5
Control 46.7 54.1 77.6 94.3 112
POF 39.7 442 92.8 104.8 117.9
SSP 37.2 49.6 111.7 126.8 133.1
Crystallizer 64.6 72.3 111.9 129.1 144.6
LSD 0.05 ns ns ns ns ns
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Table 3. Effect of P release kinetics on leaf production

Weeks after Fertilization

Treatments 1 2 3 4 5
Control 44 28 55 77 83
POF 44 23 66 84 106
SSP 50 26 69 87 109
Crystallizer 52 31 88 91 115
LSD 0.05 ns ns ns ns ns
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Fig. 2. Effect of phosphorus releasekinetics on vine growth (cm). The bars are standard error
bars

3.4 Effect of P-releasekinetics on P

Uptake of Sweet Potato Leaves

All the P fertilizers except POF enhanced leaf P
uptake above the control. The highest P uptake
per plant was observed in crystallizer treated
plants while the least was from POF treatment
(Fig. 4). The P uptake highly correlated with vine
length and number of leaves produced per plant
(Fig. 9, and10).

3.5 Effect of P-releasekinetics on Tuber
Yield

Tuber yield was generally supressed by all the P
fertilizers applied. POF was next to the control in
tuber production while crystallizer treatment had
the lowest yield (Fig. 5). Tuber yield indirectly
related to both soil P and leaf P uptake (Figs. 6
and 7). However, leaf and vine productions had
direct relationships with both soil P and P uptake
(Fig. 11 and 12; Table 4).

4. DISCUSSION

The passage of time influenced the level of
phosphorus found in the soil at any instance after
application of phosphorus fertilizers. The release
of P is based on desorption capacity of the soil.
Soil nutrients like P adhere to the clay mineral
and gets detached with availability of moisture
[6]. This implies that desiccation could cause
fixation of the nutrient that should have been
desorbed or released. The observed low P in soil
treated with crystallizer could be the result of
strong adherence of nutrients to the clay
minerals [18]. It could also be that crystallizer
had suppressive power which prevented the
release of innate P and that made the result from
crystallizer to be lower than the control. This
performance of crystallizer could be advanta-
geous in successful treatment of soil that
isextremely high in phosphorus level if our target
crop requires low P as against the high innate P
detected through soil testing.
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Fig. 4. Effect of soil phosphorus on P uptake of sweet potato leaves (mg/kg). The bars are
standard error bars

The amount of P released by each of the P
fertilizers did not commensurate with the applied
P in the soil except for the control in which the
natve P was 6.80 mgkg as at the
commencement of the experiment. In the control,
it was realized that when water was available for
P desorption, the P availability increased and
followed the trend found in the other P treated
soils. All the P—fertilizers used (POF, SSP and
crystallizer) did not release P to measure up with

the concentration of the applied P sources. This
is because the soil P might have been converted
to unavailable form by its reaction with the soil
constituents [7]. Furthermore, 80% of the total P
available is made inaccessible through fixation
whenever P-fertilizer is applied. So, only 20% is
left for plant use [8]. In addition to fixation,
phosphorus is not as mobile as nitrogen and
potassium and this immobility could prevent
unused P from being leached.
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Fig. 6. Relationship between phosphorus uptake and tuber yield

The vines and leaves which represent the
vegetative life of sweet potato responded
positively to phosphorus application right from
the third to the fifth week of observation. The
increase in vine length as well as the number of
leaves followed the trend of phosphorus uptake.
In the light of this, it is evident that the role
played by P in vegetative life of sweet potato
corresponds with the established role of nitrogen.
This is because adequacy of P in the soil
stimulates growth and hastens maturity [19]. So,
it could be said that P fertilization can be used to

enhance vegetative life of sweet potato. This is
because when P is applied at the optimum level,
the energy required for plant metabolism is
released and chemically stored as adenosine
triphosphate (ATP).It is then released as required
so that important growth chemical processes will
be steadily driven [3]. Furthermore, it has also
been established that Papplication positively
increases sweet potato productivity [7] and these
increments are attributed to beneficial effect of P
on the activation of photosynthesis and metabolic
processes of organic compounds in plants. The



changes are also attributed to the important role
of phosphorus as an essential component of
many plant organic compounds like phos-
pholipids, nucleic acids and nucleotides which
might have positive indirect influence on the plant
[20].

The phosphorus uptake followed the trend of
vegetative growth of sweet potato. Since P has
been discovered to aid vegetative yield of sweet
potato, the P uptake was, therefore, higher
whenever vegetative growth was equally higher.
The available soil P can explain more than 90%
of the uptake (Fig. 8). Crystallizer treated plants
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produced the highest vegetative yield which
resulted in highest P uptake per plant. The least
P uptake was from the control because of low
leaf production since the amount of leaf
produced is a determinant of nutrient uptake
according to the formula used [17]. Despite high
fixation experienced by crystallizer, luxuriant
growth of the crop was not disturbed and such
resulted in higher P uptake. This P recovery or
uptake is between 15% and 30% while about
60% of the P-fertilizer is adsorbed or fixed by the
soil [21]. So, a certain amount of P is added
every year to top the amount already present in
the soil.
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Fig. 9. Relationship between phosphorus uptake and leaf production
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Fig. 10. Relationship between phosphorus uptake and vine length

Table 4. Effect of P release on P uptake and tuber yield of sweet potato

Treatments Puptake (mg/kg) Yield (Kg/ha)
Control 0.01181 519

POF 0.007853 370

SSP 0.024212 259
Crystallizer 0.028291 185

LSD 0.05 ns ns

POF=Pacesetter organic fertilizer and SSP= Single super phosphate
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Tuber production had inverse relationship with
leaf P uptake and soil P (Figs. 6 and 7). This
indicates that phosphorus uptake from the soil
must be low for achievement of higher tuber
yield. It also depicts that phosphorus has
suppressive power on tuber production of sweet
potato. Therefore, phosphorus has to be kept to
the bare minimum for successful sweet potato
production. As revealed by this work, the innate
phosphorus content of the soil was enough to
produce substantial tuber yield without ado.
Therefore, introduction of more phosphorus into

10

the soil may be detrimental to the life of the plant
as it might result in nutrient imbalance and
toxicity. The effect of high P-releasing fertilizers
on sweet potato tuber production in this
experiment was completely different from our
expected result (i.e. the more the phosphorus in
the soil; the more the tuberous yield). This could
be linked to nutrient imbalance that might have
resulted from additional phosphorus fertilization.
The outcome of this research further establishes
that bulking of the tuberous roots does not
require phosphorus, but rather it needs a lot of



potassium nutrition. As found in this work, high
phosphorus level in the soil suppressed sweet
potato tuber development. So, elimination of
phosphorus from the nutrition of sweet potato
would not affect its yield in the least [22].

5. CONCLUSION

From this work, it was found that the trend of
phosphorus release was S shape (Sigmoid
shape). Furthermore, leaf production and vine
growth were improved by P application while
tuber vyield was suppressed. Finally, it is
advisable that P-fertilizer should not be applied at
close intervals even if its effects are yet to be felt
on plants because of the trend of its release over
a period of time.
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