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Abstract:
Background:

The optimum rate of nutrient must be defined with reference to soil properties for individual crops and soil.

Objective:

Field experiments were carried out in 2015 and 2016 cropping seasons to determine the various levels (0, 40, 80, 120 and 160 kg ha™) of potassium
fertilizer (muriate of potash , KCI), on soil chemical properties, leaf nutrient contents, performance and proximate quality of sweet potatoes
(Ipomoea batatas L.).

Method:

The five treatments were arranged in a randomized complete block design with three replicates.

Results:

Studies showed that K fertilizer in both the years significantly influenced N, P and K concentrations compared with the control and also increased
the soil concentrations of these nutrients from 0 - 160 kg ha™ K fertilizer. However, soil K only increased up to 80 kg ha™ fertilizer after which
there was a decrease. There was a reduction in the values of Ca and Mg in the soil as the levels of K increased. Leaf nutrient concentration of the
sweet potato was consistent with the values of soil chemical properties recorded. 80 kg ha™ K fertilizer was observed to be the highest value of
sweet potato growth and tuber yield after which there was a reduction. The yield decrease was adduced to excessive K application leading to
imbalanced sweet potato plant nutrition compared with N, P, Ca and Mg. K fertilizer significantly influenced moisture, vitamin C and carbohydrate
compared with the control. The highest values of fibre and protein were obtained at 80 and 40 kg ha™ K fertilizer, respectively. Dry matter and fat
contents of the sweet potato reduced by K application from 0 - 160 kg ha' application rate.

Conclusion:

For best tuber yield, quality and economic response of K fertilizer to the sweet potato in the agro-ecological zone or in other similar soil conditions
elsewhere in the tropics could be achieved by applying 80 kg ha' K fertilizer.
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1. INTRODUCTION

Soils are integral components of agriculture and serve as a
medium for numerous ecological, chemical and physical pro-
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cesses [1]. However, most soils of Africa are poor compared to
most other parts of the world due to lack of volcanic rejuve-
nation which has resulted in various cycles of weathering,
erosion and leaching, leaving soils poor in nutrients [2]. Soil
fertility depletion is a fundamental root cause of the declining
per capita food production; it has largely contributed to poverty
and food insecurity [3]. In 30 years, as much as 37 African
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countries have lost over 132 million tons of nitrogen (N), 15
million tons of phosphorous (P) and 90 million tons of
potassium (K) from cultivated lands [4]. Despite the cost of
inorganic fertilizer, there is ample evidence that the use of
fertilizers can be highly profitable. In addition to increased
productivity, increased inorganic fertilizer use benefits the
environment by reducing the pressure to convert forests and
other fragile lands to agricultural uses and by increasing
biomass production that helps in soil organic carbon content

[3].

The sweet potato (I[pomoea batatas L.) is a member of the
Convolvulaceae family. It is a perennial crop that is usually
grown as an annual crop. Its short growing cycle of about 4 — 5
months has given it an advantage over other tuber crops like
yam, cassava, and cocoyam. The sweet potato is important for
its tubers which can be boiled, baked, roasted or fried for
human consumption. The tubers can also be processed into
flour for bread making, starch for noodles as well as used as
raw material for industrial starch and alcohol [5]. Also, sweet
potato roots are an excellent source of vitamin A (in form of
beta carotene), vitamin C, manganese, copper, dietary fiber,
vitamin B6, potassium and iron [6, 7].

The sweet potato requires a large quantity of nutrients,
especially K for sustainability and improved cultivation.
However, in Nigeria, farmers usually ignored K fertilizer
application. This action has resulted in low tuber yield of sweet
potato. K is absorbed by sweet potato in large quantities than
any other nutrients. According to a study [8], the nutrients
removed by the sweet potato crop producing 14 tonnes of
biomass per hectare has been estimated to be 51.6 kg N ha,
17.2 kg P,O, ha", 71.0 kg K,O ha™. 6.1 kg MgO ha", 6.3 kg
CaO ha" and 0.8 kg Fe ha''.

K is essential in processes like photosynthesis,
translocation of photosynthates, protein synthesis, control of
ionic balance, regulation of plant stomata, turgor maintenance,
stress tolerance, water use efficiency and activation of plant
enzymes [9 - 11]. However, for better response to the applied
nutrients, their optimum limits must be defined with reference
to the soil characteristics for individual crops as soils and crops
vary widely in their nutrient supply and utilization efficiency
[12]. In China [13], K rate varied from 150 - 300 kg K,O ha™.
In India, the mean optimum rate was observed to be 120 kg
K,O ha™ [14]. In Calabar, (Ultisol) southeast Nigeria, the value
ranged between 120 - 160 kg K,O ha™ [15]. Rhue ef al. [16]
reported that the maintenance of optimum K level in the soil is
important for the production of the potato plant.

Potassium fertilization may also influence the tuber
qualities (fibre, carbohydrate, protein, moisture, fat dry matter
and vitamin C) of sweet potatoes. This hypothesis has not been
tested for Alfisol of Nigeria derived savannah. Chapman et al.
[17] found increases in specific gravity and chip colour up to
the optimum K fertilization (KCl) rate. However, K
fertilization generally reduces specific gravity [18]. Studies on
the effect of K fertilizer on soil chemical properties, sweet
potato yield and quality are very scarce in Nigeria. It was
hypothesized that soil chemical properties, sweet potato yield
and qualities react differently to different rates of muriate of
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potash (KCIl) fertilizer. Therefore, the objectives of this study
were to evaluate the effect of K fertilizer on soil chemical
properties, growth, yield, leaf nutrient concentration, and
qualities of sweet potato tuber grown in a derived savannah
ecology.

2. MATERIALS AND METHODS

2.1. Site Description and Treatments

Field experiments were carried out at the Teaching and
Research Farm, Landmark University, Omu-Aran, Kwara state,
Nigeria in 2015 and 2016 cropping seasons. The soil at
Landmark University is an Alfisol classified as Oxic Haplustalf
or Luvisol [19]. The Landmark University lies between Lat 8°
9°N and Long 5° 61’E and is located in the derived savanna
ecological zone of Nigeria. There are two rainy seasons, one
from March to July and the other from mid-August to
November. The mean annual rainfall in the area is about 1300
mm and the mean annual temperature is 32°C. The
experimental site in 2015 was under maize cultivation for two
years and left to fallow for one year and in 2016, the site was
left to fallow for two years before cultivation to the sweet
potato. The site for 2015 experiment was just adjacent to that
of 2016.

Each year, the experiment consisted of 5 levels (0, 40, 80,
120 and 160 kg ha) of potassium fertilizer applied as muriate
of potash (KCl). The five treatments were arranged in a
randomized complete block design with three replicates. The
size of the experimental field each year was 187 m’. Each
block comprised of 5 plots, each of which measured 3 x 3 m’.
The blocks were 1 m apart and the plots were 0.5 m apart.
Different sites within the same locality were used for the two
years’ experiment.

2.2. Planting of Sweet Potato and Application of Potassium
Fertilizer

Each year, conventional tillage that involved ploughing,
harrowing and ridging was performed before planting. Three
ridges were maintained per plot. The planting of sweet potato
vine of about 25-30 cm long was carried out in April at each
year on ridges at a distance of 1 m x 1 m to give a plant
population of 10,000 plants per ha. Potassium fertilizer was
applied at the rates 0, 40, 80, 120 and 160 kg ha™ during plan-
ting at 10 cm away from the planted cuttings by banding. Also,
at this stage, nitrogen (urea) and phosphorus (single super
phosphate) at the rates of 60 kg N ha" and 50 kg P,O, ha"
respectively, were applied as basal applications to boost the
growth of the potato as the site was deficient in these nutrients.

2.3. Determination of Soil Properties

In both the years (2015 and 2016) prior to the start of the
experiments, soil samples (0 - 15 cm) were randomly collected
from 10 different points from the experimental site (to serve as
composite soil sample). The soil samples were bulked together,
air-dried and sieved with a 2-mm sieve for chemical analysis,
as described in a study [20]. The hydrometer method [21] was
used to carry out the particle-size analysis. The pH of the soil
sample was determined in a soil/water (1: 2) suspension using a
digital electronic pH meter. The Walkley and Black procedure
by wet oxidation using chromic acid digestion [22] was used
for the determination of Organic Carbon (OC). Organic Matter
(OM) was calculated by multiplying OC by 1.724. Micro-
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Kjeldahl digestion and distillation techniques [23] were used
for the determination of total N. Bray-1 extraction followed by
molybdenum blue colorimetry [24] was used for the
determination of soil available P. Exchangeable K, Ca and Mg
were extracted using 1 M NH,OAc, pH 7 solution. Exchange-
able K was thereafter analysed with a flame photometer and Ca
and Mg with an atomic absorption spectrophotometer [25]. At
the end of each year’s experiment (at harvest of sweet potato),
soil samples were also collected on plot basis (with three
samples from each plot and latter bulk together) and similarly
analysed for soil chemical properties as explained above.

2.4. Growth, Yield and Tuber Quality of Sweet Potato
Measurements

Vine length, number of leaves, vine weight and tuber
weight were determined at harvest (150 days after planting).
The vine length was measured by a meter rule, the number of
leaves per plant was determined by counting while the vine
weight and tuber weight were determined by weighing on a top
loading balance after washing and cleaning to remove any
traces of sand from the sweet potato tubers. Samples of sweet
potato tuber from each plot were taken for proximate analysis.
The moisture, dry matter, crude fibre, crude protein, crude fat
and carbohydrate contents of the sweet potato were determined
using standard chemical methods described by the Association
of Analytical Chemists [26]. The moisture content was
determined by drying 2 g of each sample at 105°C till constant
weight was achieved. Total dry matter was determined by oven
drying at 70°C to constant weight. Soxhlet extraction technique
using petroleum ether (40 - 50°C) was used to evaluate the fat
content of the samples. The crude protein content of the sample
was determined by micro-Kjeldahl digestion and distillation
method [27]. The carbohydrate content of the sample was
estimated by using the method described in a study [28].
Vitamin C content of the sample was determined by dichloro-
phenolindophenol titration [29].

2.5. Sweet Potato Leaf Analysis

Leaf samples were collected from sweet potato crops each
year on a plot basis, oven dried for 24 h at 80°C and ground in
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a Willey mill. These samples were analyzed for N, P, K, Ca
and Mg content [30]. Leaf N was determined by the micro-
Kjeldahl digestion method. Ground samples were digested with
nitric-perchloric- sulphuric acid mixture for the determination
of P, K, Ca and Mg. Phosphorus was determined colorimet-
rically using the vanadomolybdate method, K was determined
using a flame photometer and Ca and Mg were determined by
the EDTA titration method [31].

2.6. Statistical Analysis

Data collected were subjected to statistical Analysis of
variance (ANOVA) using IBM SPSS Statistics 21 and the
Microsoft Excel 2013. The treatment means were compared
using Duncan’s Multiple Range Test (DMRT) at p = 0.05
probability level.

3. RESULTS

3.1. Initial Physical and Chemical Properties of Soil at the
Experimental Sites

The physical and chemical properties of the two sites are
presented in Table 1. The soils were sandy loam in texture, low
in Organic Matter (OM), N, P, K, Ca and Mg. However, Mg
for 2015 was adequate according to the critical values of
nutrient in agro-ecological zones of Nigeria [32]. Hence it is
expected that the application of K fertilizer would enhance soil
fertility and sweet potato performance.

3.2. Effect of K Fertilizer on Soil Chemical Properties

Table 2 shows the results of the effects of K fertilizer on
the soil’s chemical properties. Application of K fertilizer
significantly increased the concentrations of N, P and K in the
soil compared with the control. K fertilizer increased the N and
P from 0 - 160 kg ha' while K increased up to 80 kg ha
fertilizer after which there was a decrease. Application of K
fertilizer reduced the concentrations of Ca and Mg in the soil
compared with the control. The reduction was from 0 - 160 kg
ha'' fertilizer.

Table 1. Initial soil physical and chemical properties of the site before experimentation.

Soil Property 2015 2016 *Critical Values

Sand (%) 69.0 69.0 -

Silt (%) 13.1 13.6 -

Clay (%) 17.9 17.4 -

Textural class Sandy loam Sandy loam -

pH (water) 5.62 5.68 -
Organic matter (%) 1.24 1.48 3.0
Total N (%) 0.16 0.15 0.20
Available P (mg kg™) 9.8 8.9 10.0

Exchangeable K (cmol kg™) 0.15 0.14 0.16 -0.20

Exchangeable Ca (cmol kg™) 1.72 1.80 2.0
Exchangeable Mg (cmol kg 0.40 0.39 0.40

*critical values of soil nutrients according to Akinrinde and Obigbesan (2000).
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Table 2. Effect of K fertilizer on soil chemical properties.
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K Fertilizer N P K Ca Mg
(kg ha™) (%) (mg kg™) (cmol kg') (cmol kg™) (cmol kg')
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
0.0 0.17d 0.15¢ 9.4d 8.5d 0.13d 0.13d 1.70a 1.74a 0.40a 0.38a
40.0 0.18¢c 0.16d 10.5¢ 9.5¢ 0.22¢ 0.20c 1.68a 1.70a 0.38b 0.36b
80.0 0.19b 0.17¢c 10.9b 10.3b 0.27a 0.26a 1.60a 1.63a 0.35¢ 0.33¢c
120.0 0.22a 0.20b 11.9a 10.9a 0.26a 0.25a 1.56bc 1.57bc 0.33d 0.32d
160.0 0.22a 0.21a 11.9a 10.9a 0.27a 0.25a 1.50c 1.53¢ 0.31e 0.30d
Values followed by similar letters under the same column are not significantly different at p=0.05 according to Duncan’s multiple range test
Table 3. Effect of K fertilizer on leaf nutrient concentration of sweet potato.
K Fertilizer N P K Ca Mg
(kg ha') (g100g") (g 100g") (g 100g") (g100g") (g 100g")
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
0.0 2.24d 2.20e 0.16e 0.14e 1.26¢ 1.20c 1.23a 1.20a 0.72a 0.68a
40.0 231c 2.28d 0.17d 0.15d 1.38b 1.31b 1.20b 1.18b 0.69b 0.67b
80.0 2.36b 2.35¢ 0.18c 0.16¢ 2.50a 2.46a 1.18¢c 1.14c 0.60c 0.63¢c
120.0 241a 2.40b 0.19b 0.17b 2.49a 2.45a 1.16d 1.10d 0.58d 0.54¢
160.0 2.42a 2.48a 0.20a 0.18a 2.49a 2.44a 1.14e 1.04e 0.56e 0.50e

Values followed by similar letters under the same column are not significantly different at p=0.05 according to Duncan’s multiple range test

Table 4. Effect of K fertilizer on growth and tuber yield of sweet potato.

K (]:‘::gr;i:‘ilz)er Tuber Yield (t ha™) Vine Length (m) Vine Weight (t ha™) Number of Leaves/Plant
2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean
0.0 10.1d 10.8¢ 10.5¢ 1.30c 1.60c 1.45¢ 1.18¢ 1.24¢ 1.21¢c 166¢ 178¢ 172¢
40.0 17.6¢ 17.2b 17.4b | 2.60b | 2.07ab [ 2.34b 1.50b 2.07b 1.79b 250b 252b 251b
80.0 23.5a 25.7a 24.6a 2.80a 2.11a 2.46a 2.22a 2.46a 2.34a 311a 325a 318a
120.0 23.4ab | 25.5a 24.5a | 2.61b 2.01b 2.31b 221a 2.45a 2.33a 310a 322a 316a
160.0 22.9a 24.8a 239a | 2.60b 2.07b 2.34b 2.20a 2.45a 2.33a 308a 320a 314a

Values followed by similar letters under the same column are not significantly different at p=0.05 according to Duncan’s multiple range test

3.3. Effect of K Fertilizer on Nutrient Concentration of the
Sweet Potato Leaf

Table 3 shows the result of the effect of K fertilizer on the
nutrient concentration of the sweet potato leaf. Application of
K fertilizer increased N, P and K concentrations in sweet
potato leaves significantly compared with the control. The
values of N and P increased from 0 - 160 kg ha" K fertilizer. K
in the sweet potato leaves was at its peak at 80 kg ha' K
fertilizer after which there was a decrease. Application of K
fertilizer reduced the values of Ca and Mg in the sweet potato
leaves with 160 kg ha" having the least value while the control
(no fertilizer application) had the highest value.

3.4. Effect of K Fertilizer on the Growth and Yield of Sweet
Potato

The effects of K fertilizer on the growth and yield of sweet
potatoes are as shown in Table 4. In both the years, the
application of K fertilizer increased the growth - vine length,
vine weight, number of leaves per plant and tuber yield of
sweet potatoes significantly compared with the control. The
growth and yield increased from 0 - 80 kg ha K fertilizer after

which, there was a slight decrease observed. There were no
significant differences between 80, 120 and 160 kg ha' K
fertilizer. Using the mean of the two years, compared with the
control, the application of 40, 80, 120 and 160 kg ha™ fertilizer
increased the sweet potato tuber yield by 65.7, 134.3, 133.3
and 127.6%, respectively.

3.5. Effect of K Fertilizer on Proximate and Vitamin C
Contents of Sweet Potato Tuber

The effect of K fertilizer on proximate and vitamin C
contents of sweet potato is presented in Figs. (1a-c, 2a-d). K
fertilizer influenced moisture content, vitamin C and
carbohydrate significantly compared with the control.
Application of K fertilizer increased the protein content of
sweet potato tuber up to 40 kg ha™ level, after which, there was
a reduction in the content. There was a reduction in the dry
matter contents of sweet potato tuber as the levels of K
fertilizer increased from 0 - 160 kg ha' (Fig. 1b). The
carbohydrate content increased significantly at all levels of K
fertilizer application compared with the control. The highest
value of carbohydrate was obtained at 80 kg ha™ fertilizer after
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Fig. (1). Effect of K fertilizer on protein, carbohydrate and dry matter contents of sweet potato (mean from 2015 and 2016); K = Potassium.
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Fig. (2). Effect of K fertilizer on moisture, fat, fibre and vitamin C contents of sweet potato (mean from 2015 and 2016); K = Potassium.
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Fig. (3). Tuber yield of sweet potato response to potassium fertilizer rates.

which, there was a reduction. The moisture content of the
sweet potato tuber increased significantly with the application
of K fertilizer at all levels compared with the control. The
moisture content increased from 0 - 160 kg ha™ fertilizer (Fig.
2a). The fat contents (Fig. 2b) decreased progressively with the
levels of K fertilizer from 0 - 160 kg ha, whereas, fibre and
Vitamin C (Figs. 2¢ & Fig. 2d respectively) were influenced
with the application of K fertilizer with both having their
highest values at 80 kg ha' K fertilizer.

Fig. (3) describes the relationship between tuber yields of
the sweet potato in response to K fertilizer application.
Increasing K fertilizer rate from 0 to 80 kg ha (A) increased
the tuber yield of sweet potato to 25 t ha™. Further increase in
the rate of K fertilizer to 120 kg ha" (B) did not result in a
significant increase in sweet potato tuber yield.

4. DISCUSSION

The response of the soil to K fertilizer showed that the soil
was deficient in K. Table 1 shows that the soil of the site was
deficient in K according to the critical value of nutrients (0.16 -
0.20 cmol kg") [32] for crops in the agro-ecological zones of
Nigeria. There was an increase in N, P and K but Ca and Mg
decreased. The increases in N, P and K in the soil were because
of fertilization. However, Ca and Mg decreased in the soil and
also in the plants, this means the amounts of both Ca and Mg
were not sufficient in the soil so the concentrations in the
plants decreased related with the plant growth (a dilution effect
occurred). When plants grew bigger, the concentrations were
diluted when compared to the small ones. Above 80 kg ha” K
fertilizer, the K soil concentration started to reduce. This
suggests that this rate of K fertilizer is sufficient for the sweet
potato.

The response of leaf nutrient concentration of sweet potato
was consistent with the values of soil chemical properties
recorded for this experiment. For both the years pooled, the

correlations between soil N and leaf N, soil P and leaf P, soil K
and leaf K, soil Ca and leaf Ca, soil Mg and leaf Mg were all
significant having r values of 0.960, 0.956, 0.914, 0.979 and
0.931, respectively. There was increased nutrient availability in
the soil, hence increased uptake by sweet potato plants.

Application of K fertilizer increased the growth and tuber
yield of sweet potato in this study. The function of K in
increasing growth and yield of crops might be attributed to its
role in cell division, formation and translocation of
carbohydrates (sugar and starch), the activator of several
enzymatic systems, in the regulation of osmosis or control of
water in plants, cell permeability, in the conversion of sugar
into organic acids in roots, and in the regulation of N uptake by
roots [33]. Potassium is known to increase tuber development
in roots and tuber crops which respond highly to the generous
application of K fertilizer. Hence, the positive response of the
tuber yield of sweet potato can be adduced to the high starch
synthesis and translocation activity brought about by K
fertilizer application. Moreover, K application enhanced the
stomata resistance coupled with the reduced transpiration rate
and increased relative water content thus, it may improve the
water storage capacity of the cell and provide conditions for
better yield [34].

In this study, K application increased vine length, vine
weight and numbers of sweet potato leaves compared with the
control. This can be related to the fact that K enhances N
uptake. The result that K fertilizer at 80 kg ha" increased
growth and yield implies that this amount corresponds to other
factors and sweet potato requirement.

The decrease in yield might also be the result of excessive
K application leading to imbalanced sweet potato plant
nutrition compared with N, P, Ca and Mg. The decrease in
yield occurs because uptakes of other nutrients are usually
affected.
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From this study, the uptake of Ca and Mg greatly affected
at 80 kg ha" K level (Table 4). However, nutritional balances
between soil K, Ca and Mg are important in plant nutrition
[35]. Shukla and Mukhi [36] observed the antagonistic
relationship between K, Ca and Mg during absorption by the
roots and translocation from the roots to the shoot. Excess of K
fertilization restricts Mg and Ca absorption in the tissue which
may cause Mg and Ca deficiencies. It was reported [37] that
the high rate of K fertilization increased K/Mg ratio and
decreased Mg concentration in potato petioles. The K fertilizer
applied above this (80 kg ha™) rate will lead to yield reduction.
This study revealed that the optimum K fertilizer in the form of
KCI for sweet potato cultivation is 80 kg ha" on a tropical
Alfisol. However, in another location Calabar, southeast
Nigeria, Uwah et al., [15] recommended 120 - 160 kg ha" KCl
(muriate of potash) fertilizer for the sweet potato. The optimum
yield of sweet potato has also been obtained by applying 150 -
300 kg K,O [13]. Trehan [38] and Sharma and Trehan [39]
reported that the response of potato to K is considerably
influenced by the soil type and agro-climatic zones.

Estimation of nutrients within the leaves or fruit is very
important and complex because it is associated with many
physiological processes that occur within the plants and fruits.
Potassium fertilizer plays a major role in plant physiological
process. It was reported [40] that fruit weight and fruits size
increase with an increase in potassium fertilizer. Potassium has
been noted to improve fruits quality by increasing the total
sugar and total soluble solids in fruits [41]. The increase in the
moisture content of the fruit due to an increase in potassium
fertilizer observed in this experiment can be attributed to the
major role played by potassium in the swelling and expansion
of cells and has a close relationship with water [42].

Vitamin C content in tuber was positively affected by the
application of K as compared with the control, this is in support
of the findings of another study [43] that found the use of
potassium as a fertilizer leads to increase juice and vitamin C
content in banana and grapes as a result of maintaining the pH
and total acidity in fruits. It has also been reported [44] that
potassium improves the transfer of radiation energy into
primary chemical energy in the form of ATP (Photophos-
phorylation) and NADPH. This energy is required for all
synthetic processes in plant metabolism, which express the
quality of the crops. The high energy status in crops well
supplied with potassium also promotes the synthesis of
secondary metabolites, like vitamin C [45].

The 40 kg ha K fertilizer increased the protein content of
sweet potato tuber compared with the control because
potassium facilitates the uptake and assimilation of nitrogen
into simple amino acids and amide which favors peptide
synthesis leading to protein synthesis. The observed
improvement in the carbohydrate of the sweet potato upon the
application of K fertilizer can be explained on the basis of the
positive effect of K on the translocation of the assimilates [45].
Application of K fertilizer at optimum level increases starch
concentration in plants and K deficiency changes carbohydrate
metabolism such as the accumulation of soluble carbohydrate
and the decrease in starch content [46]. However, heavy
application rate of potassium may decrease starch content [47].
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For this study, K fertilizer did not increase the dry matter yield
of the sweet potato, this could be due to KCl used as the source
of K fertilizer. Bansal and Trehan [48] also reported a
reduction in dry mater content in tubers when fertilized with
KCI. This can be adduced to the chloride ion rather than the
potassium itself. However, K,SO, increases dry matter content
of tubers [49, 50]

Using the means of the two years (Fig. 3), yields of the
sweet potato increased by adding K fertilizer up to 120 kg™
There was no significant difference between 80 and 120 kg ha™
K as they produced the same yield value (25 t ha™) of the sweet
potato. The increase in the application of K fertilizer from 80 to
120 kg ha" K could highlight an economic loss to the farmers,
considering the cost and scarcity of K fertilizer in Nigeria and
other tropical countries. Either applying 80 or 120 kg fertilizer,
the farmers will still have the same yield of the sweet potato.
Therefore, the best economic response of K fertilizer to the
sweet potato in the agro ecological zone or other similar soil
conditions elsewhere in the tropics could be achieved by
applying 80 kg ha' K fertilizer.

CONCLUSION

Application of K fertilizer in both the years increased soil
N, P and K concentrations significantly compared with the
control and also increased the soil concentrations of these
nutrients from 0 - 160 kg ha™ K fertilizer. Soil K was only
increased up to 80 kg ha" fertilizer after which there was a
decrease. There was a reduction in the values of Ca and Mg in
the soil as the levels of K increased. The response of the
nutrient concentration of sweet potato leaf was consistent with
the values of soil chemical properties recorded for this
experiment. Application of 80 kg ha" K fertilizer resulted in
the highest value of sweet potato growth and tuber yield after
which there was a reduction. Using the mean of the two years,
compared with the control, application of 40, 80, 120 and 160
kg ha™ fertilizer increased the sweet potato tuber yield by 65.7,
134.3, 133.3 and 127.6%, respectively. K fertilizer influenced
moisture, vitamin C and carbohydrate significantly compared
with the control. Dry matter contents of the sweet potato
reduced by K application from 0 - 160 kg ha™ application rate.
Therefore, the best yield, quality and economic response of the
sweet potato to K fertilizer in the agro ecological zone or other
similar soil conditions elsewhere in the tropics could be
achieved by applying 80 kg ha' K fertilizer.

ETHICS APPROVAL AND CONSENT TO PARTI-
CIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No animals/humans were used for studies that are the basis
of this research.

CONSENT FOR PUBLICATION
Not applicable.



Response of Soil Chemical Properties, Performance and Quality of Sweet Potato

AVAILABILITY OF DATA AND MATERIALS

Data collected were subjected to statistical Analysis of
variance (ANOVA) using IBM SPSS Statistics 21 and the
Microsoft Excel 2013.

FUNDING

None.

CONFLICT OF INTEREST

The authors declares no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

The management of Landmark University is appreciated
for willing to support the publication charges of this article.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[91

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Omotayo OE, Chukwuka KS. Soil fertility restoration techniques in
sub-Saharan Africa using organic resources. Afr J Agric Res 2009;
4(3): 144-50.

Smaling EMA. The balance may look fine when there is nothing you
can mine: Nutrient stocks and flow in West African soils In: Gerner H,
Mokwunye AU, Eds. Proceedings of a seminar on the use of local
mineral resources for sustainable agriculture in WestAfrica. November
21-23,1994; 1995.

Bationo A, Hartemink A, Lungu O, et al. African Soils: Their
productivity and profitability and fertilizer use. Background Paper
prepared for the African fertilizer Summit. Abuja, Nigeria. 2006; pp.
9-13.

Smaling EMA. An Agro-ecological framework of integrated nutrient
management with special reference to Kenya. Wageningen:
Wageningen University 1993.

Ukom AN, Ojimelukwe PC, Okpara DA. Nutrient composition of
selected sweet potato (I[pomoea batatas (L.) Lam) varieties as
influenced by different levels of nitrogen fertilizer application. Pak J
Nutr 2009; 8(11): 1791-5.
[http://dx.doi.org/10.3923/pjn.2009.1791.1795]

Baybutt RC, Hu L, Molteni A. Vitamin A deficiency injures lung and
liver parenchyma and impairs function of rat type I pneumocytes. J
Nutr 2000; 130(5): 1159-65.

[http://dx.doi.org/10.1093/jn/130.5.1159] [PMID: 10801913]
Wallerstein C. New sweet potato could help combat blindness in
Africa. BMJ 2000; 321(7264): 786.
[http://dx.doi.org/10.1136/bmj.321.7264.786] [PMID: 11009509]
Wichmann W. World fertilizer use manual. International Fertilizer
Industry Association (IFA). Paris. 1992.

Doman DC, Geiger DR. Effect of Exogenously Supplied Foliar
Potassium on Phloem Loading in Beta vulgaris L. Plant Physiol 1979;
64(4): 528-33.

[http://dx.doi.org/10.1104/pp.64.4.528] [PMID: 16661003]

Pettigrew WT. Potassium influences on yield and quality production
for maize, wheat, soybean and cotton. Physiol Plant 2008; 133(4):
670-81.

[http://dx.doi.org/10.1111/.1399-3054.2008.01073.x] [PMID: 1833
1406]

Usherwood NR. The role of potassium in crop quality.Potassium in
Agriculture. Madison, WI: ASA, CSSA and SSSA 1995; pp. 489-509.
Srinivasan V, Hamza S, Krishnamurthy KS, Thankamani CK.
Threshold level of soil zine for optimum production of ginger
(Zingiber officinale Rose.). J Spices Aromat Crops 2004; 13(1): 55-7.
Jian-wei L, Fang C, You-sheng X, Yun-fan W, Dong-bi L. Sweet
potato response to potassium. Better Crops International 2001; 15(1):
10-2.

Trehan SP, Pandey SK, Bansal SK. Potassium nutrition of potato crops
— The Indian Scenario (pp.2-9). e-ife No. 19, 2009

Uwah DF, Undie UL, John NM, Ukoha GO. Growth and yield
response of improved sweet potato (/pomoea batatas (L) Lam)
varieties to different rates of potassium fertilizer in Calabar, Nigeria. J
Agric Sci 2013; 5(7): 61-9.

Rhue RD, Hensel DR, Kidder G. Effect of K fertilization on yield and

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]
(28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[39]

[40]

The Open Agriculture Journal, 2019, Volume 13 65

leaf nutrient concentrations of potato grown on a sandy soil. Am J
Potato Res 1986; 63(12): 665-81.
[http://dx.doi.org/10.1007/BF02852981]

Chapmann KSR, Sparrow LA, Hardman PR, Wright DN, Thorp JRA.
Potassium nutrition of Kennebec and Russet Burbark potatoes in
Tasmania: Effect of soil fertilizer potassium on yield, petiole and tuber
potassium concentrations and quality. Aust J Exp Agric 1992; 32:
521-7.

[http://dx.doi.org/10.1071/EA9920521]

Locascio SJ, Bartz JA, Weingartner DP. Calcium and potassium
fertilization of potatoes grown in North Florida: I. effects on potato
yield and tissue Ca and K concentrations. Am Potato J 1992; 69:
95-104.

[http://dx.doi.org/10.1007/BF02855338]

Adekiya AO, Aboyeji CM, Dunsin O, Adebiyi OV, Oyinlola OT.
Effect of urea fertilizer and maize cob ash on soil chemical properties,
growth, yield, and mineral composition of okra, Abelmoschus
esculentus (L). Moench ] Hortic Res 2018; 26(1): 67-76.
[http://dx.doi.org/10.2478/johr-2018-0008]

Carter MR. Soil sampling and methods of analysis Canadian Society
of Soil Science. Boca Raton, FL: Lewis 1993.

Sheldrick B, Hand Wang C. Particle-size distribution.Soil sampling
and methods of analysis. Ann Arbor (MI): Canadian Society of Soil
Science 1993; pp. 499-511.

Nelson DW, Sommers LE. Total carbon, organic carbon and organic
matter.Methods of soil analysis Part 3. 2nd. Madison (WI): ASA and
SSSA.: SSSA Book Series No. 5. 1996; pp. 961-1010.

Bremner JM. Methods of soil analysis Part 3 Chemical methods. 2nd.
Madison (WI): ASA and SSSA: SSSA Book Series No. 5. 1996; pp.
1085-121.

Frank K, Beegle D, Denning J. Phosphorus.Recommended chemical
soil test procedures for the North Central Region North Central
Regional Research Publication No 221 (revised). Columbia, MO:
Missouri Agric. Exp. Stn 1998; pp. 21-6.

Okalebo JR, Gathua KW, Woomer PL. Laboratory methods of soil and
plant analysis. A working manual. 2nd ed Nairobi (Kenya): TSBF-
CIAT, SACRED Africa, KARI, SSEA 2002; 128.

AOAC Official Methods of Analysis of the Association of Official
Analytical Chemist. Arlington, Virginia 2003.

Tomov T, Rachovski G, Kostadinova S, Manolov I. Handbook of
Agrochemistry. Columbia, MO 2009; 109.

Muller HG, Tobin G. Nutrition and Food Processing. London: Croom
Helm 1980.

Ivanov K, Popov N. Handbook of biochemistry of plants. Sofia:
Publisher Zemizdat 1994.88

Tel DA, Hagarty M. Soil and plant analysis Study guide for
agricultural laboratory directors and technologists working in tropical
regions. Guelph, Canada: Printed by International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria in conjunction with the University
of Guelph 1984; p. 277.

Horwitz W, Latimer GW, Eds. Official Methods of Analysis of the
Association of Official Analytical Chemists International. 18" ed.
Gaithersburg, MD, USA: AOAC International 2005.

Akinrinde EA, Obigbesan GO. Evaluation of the fertility status of
selected soils for crop production in five ecological zones of Nigeria.
Proceedings of the 26th Annual Conference of Soil Science Society of
Nigeria. Ibadan, Nigeria. 2000; pp. 2000; 279-88.

Agbede OO. Understanding Soil and Plant Nutrition. Abuja, Nigeria:
Petra Digital Press 2009; p. 49.

Umar S, Bansal SK. Potassium requirement of mustard (Brassica
Jjuncea L.) under moisture stress conditions. Plant Physiol Biochem
1995; 22(2): 130-5.

Mengel K, Kirkby EA. Principles of Plant Nutrition. 4" ed. Bern,
Switzerland: International Potash Institute 1987; p. 687.

Shukla UC, Mukhi AK. Sodium, potassium and zinc relationship in
corn. Agron J 1979; 71: 235-7.
[http://dx.doi.org/10.2134/agronj1979.00021962007100020005x]
Maier NA. Potassium nutrition of irrigated potatoes in South Australia
2. Effect on chemical composition and prediction of tuber yield
response by plant analysis. Aust J Exp Agric 1986; 26: 727-37.
[http://dx.doi.org/10.1071/EA9860727]

Trehan SP. Efficiency of potassium utilization from soil as influenced
by different potato cultivars in the absence and presence of green
manure (Sesbania aculeate). Adv Hortic Sci 2007; 21(3): 156-64.
Sharam RC, Trehan SP. Differences in phosphorus use efficiency in
potato genotypes. Adv Hortic Sci 2005; 19(1): 13-20.

Woldemariam SH, Lal S, Zeru D, Solomon MT. Effect of potassium


http://dx.doi.org/10.3923/pjn.2009.1791.1795
http://dx.doi.org/10.1093/jn/130.5.1159
http://www.ncbi.nlm.nih.gov/pubmed/10801913
http://dx.doi.org/10.1136/bmj.321.7264.786
http://www.ncbi.nlm.nih.gov/pubmed/11009509
http://dx.doi.org/10.1104/pp.64.4.528
http://www.ncbi.nlm.nih.gov/pubmed/16661003
http://dx.doi.org/10.1111/j.1399-3054.2008.01073.x
http://www.ncbi.nlm.nih.gov/pubmed/1833%201406
http://www.ncbi.nlm.nih.gov/pubmed/1833%201406
http://dx.doi.org/10.1007/BF02852981
http://dx.doi.org/10.1071/EA9920521
http://dx.doi.org/10.1007/BF02855338
http://dx.doi.org/10.2478/johr-2018-0008
http://dx.doi.org/10.2134/agronj1979.00021962007100020005x
http://dx.doi.org/10.1071/EA9860727

66 The Open Agriculture Journal, 2019, Volume 13

[41]

[42]

(43]

(44]

(45]

levels on productivity and fruit quality of tomato (Lycopersicon
esculentum L.). J Agric Stud 2018; 6(1): 104-17.
[http://dx.doi.org/10.5296/jas.v6il.12262]

Ahlawat VP, Yamdagni R. Effect of potassium spray on quality of
guava (Psidium guajaval..) cv. SARDAR (L-49). Agric Sci Dig 1981;
1:213-4.

Mattos DJ, Quaggio JA, Cantarella H. Nitrogen and potassium
fertilization impacts fruit yield and quality of citrus. Better Crops Plant
Food 2005; 89(2): 17-9.

Ganeshamurthy AN, Satisha GC, Prakash P. Potassium nutrition on
yield and quality of fruit crops with special emphasis on banana and
grape. Karnataka J Agric Sci 2011; 24(1): 29-38.

Arafa AA, Hussien SFM, Mohamed HSG. Response of tuber yield
quantity and quality of potato to plants and its economic consideration
to certain bioregulators or effective microorganisms under potassium
fertilization. J. Plant Production. Mansoura Univ 2012; 3(1): 131-50.
Mengel K. Impact of potassium on crop yield and quality with regard
to economic and ecological aspects. Proceeding of IPI Regional
Workshop on: Food Security in the WANA Region, The Essential

[46]

[47]

[48]

[49]

[50]

Aboyeji et al.

Need for Balanced Fertilization, held at Bornova, Lamir Turkey, and
International Potash institute Bern, Switzerland 157-74.

Wang Z-H, Li S-X, Malhi SS. Effects of fertilization and other
agronomic measures on nutritional quality of crops. J Sci Food Agric
2008; 88: 7-23. [Review].

[http://dx.doi.org/10.1002/jsfa.3084]

Martin—Prevel PJ. Physiological processes related to handling and
storage quality of crops. roceedings of the 21st IPI colloquium on:
methods of k Research in plants, held at lou vain — la — nerve,
Belgium, 19 — 21 June 1989. International potash — Institute, Bern,
Switzerland. 219-48.

Bansal SK, Trehan SP. Effect of potassium on yield and processing
quality attributes of potato. Karnataka J Agric Sci 2011; 24(1): 48-54.
Khan M, Akhtar ME, Safdar MN, Mahmood MM, Ahmad S, Ahmed
N. Effect of source and level of potash on yield and quality of potato
tubers. Pak J Bot 2010; 42: 3137-45.

Westermann DT, James DW, Tindal TA, Hurst RL. Nitrogen and
potassium fertilization of potatoes: sugars and starch. Am Potato J
1994; 71: 433-53.

[http://dx.doi.org/10.1007/BF02849098]

© 2019 Aboyeji et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.


http://dx.doi.org/10.5296/jas.v6i1.12262
http://dx.doi.org/10.1002/jsfa.3084
http://dx.doi.org/10.1007/BF02849098
https://creativecommons.org/licenses/by/4.0/legalcode

	Response of Soil Chemical Properties, Performance and Quality of Sweet Potato (Ipomoea Batatas L.) to Different Levels of K Fertilizer on a Tropical Alfisol 
	[Background:]
	Background:
	Objective:
	Method:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Site Description and Treatments
	2.2. Planting of Sweet Potato and Application of Potassium Fertilizer
	2.3. Determination of Soil Properties
	2.4. Growth, Yield and Tuber Quality of Sweet Potato Measurements
	2.5. Sweet Potato Leaf Analysis
	2.6. Statistical Analysis

	3. RESULTS
	3.1. Initial Physical and Chemical Properties of Soil at the Experimental Sites
	3.2. Effect of K Fertilizer on Soil Chemical Properties
	3.3. Effect of K Fertilizer on Nutrient Concentration of the Sweet Potato Leaf
	3.4. Effect of K Fertilizer on the Growth and Yield of Sweet Potato
	3.5. Effect of K Fertilizer on Proximate and Vitamin C Contents of Sweet Potato Tuber

	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTI-CIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




