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ABSTRACT

Characterization of soils in selected potato growing
farms of Molo, Nakuru County in Kenya was
compelled by the decline in potatoes acreage yields
observed in the study area over the years. In the
pursuit of reasons behind the decline, this study
determined levels of some key soil fertility indices in
soil samples obtained from selected farms. Four
farms that have been in intensive potatoes farming
were used. The soil was randomly collected from a
depth of 0-10 cm separately for all the investigated
sites. Collected site-wise samples were air-dried,
ground, and passed through a 2 mm sieve and stored
in plastic containers ready for analysis. Analytical
techniques employed were Walkley black for carbon,
Kjeldahl for nitrogen, standard wet chem soil
analysis, saturation method for water porosity, glass
electrode determined soil pH, bulk density, particle
density, water holding capacity were determined by
methods of Keen box. The mean levels of essential
soil fertility indices obtained were; soils pH (5.46 +
0.43), soil bulk density (g/cm3) (1.03 £ 0.01), particle
density (2.51 + 0.08), water holding capacity (%)
(36.07 = 2.57), porosity (0.59 £ 0.01), exchangeable
cations (uS/cm) (83.63 * 14.22), cation exchange
capacity (meq/100g) (18.48 + 0.89), organic carbon
(%) (3.50 £ 0.24), total nitrogen (%) (0.17 + 0.03).
Mean micro and macronutrients available (mg/Kg)
were; phosphorous (7.11 £ 2.77), potassium (100.27
+ 8.32), calcium (198.2 £ 35.1), magnesium (20.97 +
4.28), manganese (15.26 + 1.12), sulphur (2.31 +
1.88), copper (0.59 + 0.12), boron (0.38 + 0.07), zinc
(12.96 * 2.04), sodium (8.61 + 0.51), iron (147.92 +
4.10). These findings reveal the extent of some
fertility indices depletion in the soils and will form a
base for decreased acreage yield of potatoes in this
region. The results further form the baseline for
future research on the working acreage of key soil

fertility indices required for remediation.

Keywords: Baseline, Characterization, Depletion,
Fertility indices, Potatoes acreage yields.

I. INTRODUCTION

Molo is located on Mau Escarpment and its
geographical coordinates are 0° 15' 0" South, 35° 44'
0" East. It is categorized as the second-largest
producer of potatoes in Kenya according to the
Kenyan National Potato Policy. Potato is a short
season crop matures within three to four months, and
can be grown twice and sometimes even thrice in one
year depending on the variety and weather conditions
among other factors[1]. Soil acidity causes a
deficiency in Ca, Mg, and K. When soils are strongly
acidic, there is increased solubility and subsequent
excessive bioavailability of Al, Fe, and Mn
micronutrients in toxic amounts. This also reduces
bioavailable phosphates due to these minerals
reacting with it to form insoluble phosphates. Soil
acidity is corrected by liming it with Ca(OH),,
however, care should be taken not to over-lime and
make the soil alkaline. Soil alkalinity makes Fe, Mn,
Zn, and Cu micronutrients bio-unavailable to
plants[2]. Potatoes require an adequate supply of
macro and micronutrients for them to grow well and
make tubers. In Molo, potato growing is done mainly
using Di-ammonium phosphate (DAP) fertilizer.
Therefore, there is a need to establish the fertility
status of the soil to determine its deficiencies and
ultimately the corrective measures necessary for
optimum potato production. In the present study
physical-chemical characterization of soils sampled
from potato growing areas has been undertaken in an
attempt to address the dramatic decline in potato
acreage Yield in those areas over the years.

Il. MATERIALS AND METHODS

A. Soil Sampling

Samples were obtained using a stainless metallic tube
soil auger. They were collected in triplicates at depths
of 0-10 cm from five points per site and soils mixed
to form representative samples. The samples were
placed in plastic bags and transported to Kibabii
University laboratory where they were air-dried,
ground, sieved through a 2 mm sieve size, and stored
in stoppered plastic containers ready for analysis
according to Scrimgeour[3].
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B. Determination of Soil pH

Soil pH was determined by the use of a glass
electrode with calomel as standard[4]. About 5 g of
soil was placed in 50 mL beakers and about 20 mL of
deionized distilled water were then added. The
contents were stirred for 30 minutes and then left
standing for an hour. A combined electrode was
carefully immersed into the clear supernatant
solution, the meter allowed to stabilize, and the pH
reading was taken.

C. Porosity Determination

The determination of porosity was done using the
saturation method[5]. 50 mL beakers were first filled
to the mark with soil samples. Distilled water was
slowly added into each of the beakers until it reached
the top of each soil sample and the volume of water
used to reach the top was determined. Soil porosity
was determined by dividing the volume of water used
to reach the top by the total volume of the soil using
equation 1.

[ ATt G Y 1

Vtotal

Where, V,gg—pore space volume and Vyg—total
volume.

D. Soil Bulk Density

Bulk density was determined using the weighing
bottle method adopted from the laboratory manual[6].
An empty 50 mL beaker was weighed using an
electronic balance with precision. The beaker was
filled with soil ground and oven-dried at 105°C for 48
hours up to the brim by tapping and then weighed.
The exact volume of the beaker was determined by
adding water to it using a burette. Bulk density was
calculated by using equation 2.

My— My

Bulk density (g/cm?) = e 2

Where; M; = weight of the empty beaker (g)
M, = Weight of Beaker filled with oven-dried soil

(9).

V = Exact volume of the empty beaker (cm?).

E. Particle Density
Particle density was determined from the results
obtained on soil porosity and soil bulk density using

the formula adopted from DIRD[ laboratory soil

testing manual. Equation 3 was used in the
determination of soil particle density.
Particle density = BURAERSIY, e 3

1-Porosity

F. Water Holding Capacity (WHC)

The water holding capacity of soil samples was
determined using the Keen's box method[7] with
slight modification. Perforated metallic cylinders of

diameter 5 cm and a height of 8 cm were used instead
of the kens box. The weight of the empty cylinders
fitted with filter papers was taken using an electronic
balance with accurate precision. The cylinders were
filled tightly with the 2 mm sieved soil dried at 105"
C for 12 hours and their weights recorded. The
metallic cylinders were then kept over water up to a
mark of its soil level for 5 hours. The cylinders and
wet soil were then kept on dry filter papers for 30
minutes to remove loosely bound water. The water
holding capacity of the soil was then determined by
using equation 4.

(C-a)- (b-a)
b-a :

WHC(%) = e 4
Where; ‘a’= Weight of empty cylinder + Filter paper
‘D> = Weight of empty cylinder + Filter paper + dry
soil.

‘c’ = Weight of empty cylinder + Filter paper + wet
soil.

G. Potassium, Nitrogen, Organic

Calcium, Magnesium and Sodium
The micro-Kjeldahl method was used to determine
the total nitrogen according to International[8]. The
organic carbon content was estimated using the
procedure of Walkey and Black rapid titration
adopted from Jackson[9]. The bio-available nutrients
of magnesium, sodium, potassium, phosphorus, and
calcium were determined as outlined in Walingo et
al. [10].

Carbon,

H. Boron, Iron, Copper, Manganese, and Zinc

The extraction procedure was adopted from De
Campos Bernardi et al. [11] where 5 cm® of air-dried
soil was added to 25 mL of extracting solution and
then shaken for 5 min. Extractant containing (1:5 soil
/extractant ratio) was obtained with Mehlich double
acid method [0.05M HCI + 0.0125M H,SO,
solution]. Boron was determined using the
spectrophotometric method. The presence of iron,
copper, manganese, and Zinc was determined using

atomic absorption spectrophotometer([,|.

. Available Phosphorus and Sulphur

The levels of available P were determined using
Olsen’s method[12] for neutral and alkali soils[13].
The levels of available sulfur which mainly occurs as
adsorbed SO,%ions were determined using procedure

adopted from Motsara and Roy].

I11. RESULTS AND DISCUSSIONS
A. Physical Characteristics of Soil Samples
The mean values of key physical-chemical properties
obtained for the soil samples are summarized in
Table 1. These properties are very important for
sustainable agricultural production as they determine
soil fertility. Plant growth depends on the amount and
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rate of water, oxygen, and nutrients that the roots can
absorb from the soil solution. The absorption of these
ingredients by plants relies on the ability of soil to
supply them to the roots. The physical-chemical
parameters measured in this study greatly influence
the availability of required ingredients to the roots for
uptake by plants and have been discussed
independently below.

Table I: Summary of Selected Physical Properties of

Soil Samples
Parameter Units Mean + SD
pH - 5.46 +0.43
EC uS/cm 83.63+14.22
Cation Exchange meq/100g 18.48 +0.89
Capacity (CEC)
Porosity % 59.0 £ 0.01
Particle density glem® 2.51+0.08
Bulk density glem?® 1.03+0.01
Water holding % 36.07 £ 2.57
capacity (WHC)
Organic carbon % 3.50+0.24
1) Soil pH: The soil pH ranged from 5.07 to

6.02 with a mean of 5.46 + 0.43 as shown in Table I.
This indicates that all the soil samples were acidic.
The recommended pH levels for normal plant growth
lie within 5.0-5.5 according to Kadaja and
Tooming[14]. This implies that the soil's pH of the
studied area was within the recommended levels for
the growth of potatoes.

2) Soil Porosity: Porosity is the main indicator
of soil structural quality and therefore, its
characterization is essential for assessing the impact
of adding organic matter to a soil system. Reduced
porosity results from the loss of larger pores and the
increase of finer pores[15]. It dictates how much
water a saturated soil sample can contain and has an
important influence on the bulk properties of soil[16].
The soil porosity which describes the amount of
negative space between soil particles ranged from
56.9 to 61.2 with a mean of 59 + 0.01%. The porosity
indices obtained was within the range of finer
textured soils as per Hao et al.[17]. It also shows that
the soils in studied areas are not densely compacted
hence will allow for enough oxygen to reach the root
systems of cultivated plants. The soils are also
capable of allowing leaching of minerals and
therefore reducing their availability for plants.

3) Soil EC: The electrical conductivity which
is an indirect measure of total amounts of soluble
salts in soil was found to range from 65.3-103.6
us/cm or 0.65-1.036 ds/m with a mean of 83.63 +
14.22us/lcm or 0.084ds/m. this is below the
recommended threshold of 1.7ds/m[18] indicating
that the soils are deficient in some important plants
nutrients.

4) Cation Exchange Capacity: The soil
samples were found to have a CEC mean of 18.48 +
0.89 meq/100g as shown in Table I. The cation
exchange capacity (CEC) is a very important soil
fertility indicator because it measures the soil's ability
to retain nutrients from fertilizers and avail them to
plant roots[19]. The value when compared to those
obtained by Hodges [20], indicates the soils
contained illite type of clay and texture of clay loam.
These soils can hold exchangeable cations for plants
use if well supplied by proper fertilizer application.

5) Soil Water Holding Capacity: The mean
water holding capacity obtained from this study was
36.07 £ 2.57%. The water holding capacity (WHC) is
a measure of soil’s ability to store water and hence its
availability to plants. Soil porosity, which depends on
soil texture and organic matter, is a key parameter
that influences the soil water holding capacity. Silt
and clay which have small particle sizes and large
surface areas can hold more water compared to the
large particle sizes and small surface areas sandy
soils. This parameter determines soil’s ability to
supply water to crops during the dry period, and

hence influences crop growth and rooting
patterns[21].
6) Bulk Density and Particle Density: Bulk

density and particle density are quantifying indicators
of soil compaction. The mean bulk density and
particle density obtained in this study are 1.03 £ 0.01
and 2.51 + 0.08 g/em’® respectively. The mean bulk
density obtained is within the recommended value for
plant growth of below 1.10[22]. A high soil bulk
density can adversely influence soil physical
properties, and along these lines constrain microbial
activity and biochemical processes, which are of
significance in nutrient availability. High bulk density
soils will favor shallow plant roots and poor plant
growth and reduce vegetative cover available to
protect soil from erosion. Potato crop being a tuber
will have its yield reduced in highly compacted soils.

7) Organic Carbon: A mean of 3.50 = 0.24%
was obtained for the soil samples tested. The value is
above the critical value of 3.0[23]. According to
Bronick and Lal[24], soil organic carbon has a
greater effect on assemblage, especially in coarse-
textured soils. Organic carbon is one of the key
components of soil structural stability, however, in
agricultural soils; it is progressively being depleted
by intensive cultivation, without adequate yield of
plant biomass.

B. Macronutrients in the Soil Samples
The mean levels of macronutrients obtained for soil
samples in this study are summarized in Table II.
Macronutrients are required by plants in large
quantities because they perform key roles in various
metabolic processes. They also help in protecting
plants from various abiotic and biotic stresses such as
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stresses of heavy metals, drought, heat, UV
radiations, and from diseases and insect pest
attacks[25]. The supply of adequate amounts of
macronutrients helps to increase crop yield, growth,
and quality[26].

Table Il: Summary of Macronutrients in the Soil

Samples
Nutrient Unit Mean + SD
Total nitrogen % 0.17+0.03
Potassium mg/Kg 100.27 £8.32
Phosphorous mg/Kg 7.11+2.77
Calcium mg/Kg 198.2+35.1
Magnesium mg/Kg 2.1+£0.43
Sulphur mg/Kg 2.31+1.88

1) Phosphorous: The mean concentration

levels of available phosphorus were found to be 7.11
+ 2.77 mg/Kg. These levels were below the critical
level of 10 mg/kg[. Phosphorus is a critical
macronutrient whose deficiency affects plant growth,
crop yield, and quality of the tuber[27]. Its deficiency
can also delay the ripening of crops[28]. This can be
corrected by proper quantitative application of
phosphorous-based fertilizers by the farmers.

2) Nitrogen: The concentration levels of total
nitrogen content obtained in this study were 0.17 +
0.03%. The mean was below the critical levels of
0.25[. Nitrogen is required for plants in the greatest
amount, which comprises about 1.5-2.0 % of plant
dry matter, besides approximately 16 % of total plant
protein[29]. Therefore, a sufficient amount of N
availability in plants is required, as it is one of the
major key factors of crop production[30]. An
insufficient amount of nitrogen will affect the yield
of potatoes. This deficiency of N can be addressed by
the proper application of nitrogen-based fertilizers by
the farmers.

3) Potassium: The concentration levels of
potassium obtained from ammonium acetate extracts
ranged from 89.6 to 110.3 mg/Kg and had a mean of
100.27 = 8.32 mg/Kg. Potassium levels obtained
from ammonium acetate extracts are considered as
estimates of the amounts in the soil that are available
for plant uptake. The values obtained were below the
critical value of 160 mg/Kg[31]. This indicates that
the available potassium in these soils is insufficient
as far as the growth of potatoes is concerned. This is
a key finding in this study because most farmers in
Kenya assume farm soils contain adequate amounts
of potassium and hardly replenish it. Indeed this the
key reason for the continued decline in acreage yields
of the produce. This effect is attributed to long-term
continuous cropping without replenishing with
potassium fertilizers. K plays a key role as a cationic
inorganic element and plants cannot survive in its
absence[32]. Farmers can address this soil nutrient
deficiency by incorporating the use of potassium-

based fertilizers such as MOP among others during
the planting of the crop.

4) Calcium: The mean level of calcium
obtained in this study was 198 + 35.1 mg/Kg
equivalent to 0.99 £ 0.18 Cmol/Kg. Low levels of
calcium ions in the soil could be attributed to the low
soil pH. Calcium macronutrient that boosts nutrient
uptake improves the plant tissue’s resistance, makes
cell wall stronger, and contributes to normal root
system development[33] it is also an essential
regulator of plant growth and development and its
deficiency causes yellow coloration and black spots
on leaves. The farmer in this region should often lime
their soils to increase levels of calcium.

5) Magnesium: The mean level of Mg in
sample soils was 2.1+0.43 mg/Kg. Magnesium, a
central atom of chlorophyll plays a major role in
plant photosynthesis. Its deficiency degrades the
chlorophyll content and causes chlorosis whereby
leaves become yellow. An adequate supply of Mg is
essential to plants as it enables sufficient production
of food by photosynthesis hence making them
healthy[34].

6) Sulphur:  The sample soils contained
sulphur mean level of 2.31 £ 1.88 mg/Kg. Sulphur is
beneficial to all living organisms as it performs
various dynamic roles for growth, development, and
survival of plant life. Therefore, it is regarded as an
essential plant nutrient necessary for maximum
production. Further, S-rich protein is said to improve
plant defense mechanisms against pathogens as it is
related compounds that are closely connected to
biotic stress resistance[35].

C. Selected Micronutrients Studied in the Soil
Samples

The mean levels of selected micronutrients in the
studied soil samples are summarized in Table III.
Although micronutrients are required by plants in
small amounts in comparison to macronutrients, they
play many complex roles in plant nutrition and the
functioning of several enzyme systems. However, the
specific functions that the various micronutrients play
in plants and microbial growth processes vary
considerably.

Table I11: Summary of Selected Micronutrients in
the Soil Samples

Nutrient (Mean = SD)

(mg/Kg)

Manganese 1526 £1.12

Copper 0.59+0.12

Boron 0.38 £ 0.07

Zinc 12.96 £ 2.04

Sodium 8.61+0.51

Iron 147.92 +4.10
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1) Zinc: The mean concentration values of zinc
obtained from soil samples was 12.96 + 2.04mg/Kg.
This value is above the upper critical limit of 5.0 as
per Siva Prasad et al. [36]. Low levels of nitrogen in
the soils hinder the plants from absorbing zinc
increasing its bio-availability. The high levels can be
regulated by increasing the concentration of available
nitrogen in the soils. Excess organic matter may also
increase the levels of zinc. Though needed by plants
in small amounts, it is a crucial micronutrient to plant
development. It is a key constituent of many enzymes
and proteins that play important roles in a wide range
of processes, such as growth hormone production and
internode elongation. Its deficiency leads to reduced
growth, tolerance to stress, and chlorophyll
synthesis[37],[38].

2) Iron: This study obtained a mean
concentration of 147.92+ 4.10 mg/Kg. The iron (Fe)
micronutrient is not only required for the formation
of chlorophyll in plant cells but also serves as an
activator for biochemical processes such as
respiration, photosynthesis, and symbiotic nitrogen
fixation. Iron deficiency can be induced by high
levels of manganese or high lime content in soils[39].
Iron deficiency has been reported to adversely affect
certain crops like corn, sorghum, certain soybean

varieties, turf, and certain tree crops and
ornamentals].
3) Manganese: The mean concentration value

of Mn obtained was 15.26 + 1.12 mg/Kg. This is
above the critical level of 8.0[. Manganese nutrient
helps to activate enzymes in growth processes as well
as assist iron during the formation of chlorophyll[.
Symptoms of its deficiency include interveinal
chlorosis of young leaves, gradation of pale green
coloration with darker color next to veins among
others.

4) Boron: The sample soils contain boron at a
mean concentration of 0.38 + 0.07 mg/Kg. The mean
levels are slightly below the lower critical level of 0.5
as per Siva Prasad et al. [. Boron functions in plants
in the differentiation of meristem cells. Usually, low
levels of B are attributed to the high rainfall. Under
high rainfall conditions, boron is readily leached
from soils as B(OH); according to Lohry[. Some of
the symptoms of boron deficiency include the
discoloring or drying of terminal buds or youngest
leaves, and dropping of buds, flowers, and
developing fruits leading to reduced crop yields.

5) Copper: The sample soils contain copper at
a mean concentration of 0.59 + 0.12 mg/Kg. This was
within the acceptable levels of between 0.1-10[. The
copper nutrients in plants are found in complex forms
and act as activators of several enzyme systems in
plants. They also function in electron transport and

energy capture by oxidative proteins and enzymes
and may play a role in vitamin A production. The
copper deficiency interferes with protein synthesis.

6) Sodium: The sample soils contain copper at
a mean concentration of 8.61 = 0.51 mg/Kg. Sodium
is not an essential element for plants but can be used
in small quantities, similar to micronutrients, to aid in
the metabolism and synthesis of chlorophyll.

IV. CONCLUSION

The physical-chemical characterization of soils in
potato growing areas of Molo was undertaken in the
present study. The results revealed that the soils were
deficient on the three macronutrients N, P, and K.
Deficiency of potassium is a key finding of this work
because Kenyan farmers, in general, assume that the
soils have sufficient amount and therefore hardly
replenish it. This may be the main reason for the
decline in acreage yield of potatoes over the years.
This calls for appropriate information to be passed on
to farmers on how to correct these deficiencies. The
findings are consistent with the FAO[40] report.
Therefore, farmers need to be educated on better
methods of soil fertilization to raise the levels of the
deficient macro and micronutrients to boost their crop
production. The results obtained will further form the
baseline for future research on the working acreage
of key soil fertility indices required for remediation.
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