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ABSTRACT

Maize (Zea mays L.) production contributes to food security and income
generation for many farmers, but productivity is constrained by soil infertility,
with potassium (K) deficiency partly accounting for the huge gap between
potential and actual yields. This is resolved with K fertilizer input that require
appropriate K rates. This study was aimed at determining the optimum K
fertilizer rate for maize production on the volcanic soils of Buea in Cameroon.
The experiment was setup as randomized complete block design with five
K fertilizer rates (0, 30, 60, 90, and 120 kg K ha−1) and four replications.
Results reveal increased earthworm abundance at higher K rates (P<0.05).
The weight of 1000 maize grains ranged between 320–682 g across K rates,
with the lowest in control and highest at 120 kg K ha−1 rate (P<0.05). Maize
grain yield ranged between 7.5–11.8 tons ha−1, with the lowest in control and
highest in 120 kg K ha−1 rate (P<0.05). Maize yield increased significantly
by 17% from control to 30 kg K ha−1, 16% from 30 to 60 kg K ha−1 rates,
and only 4% and 6%, respectively, from 60 to 90 and 90 to 120 kg K ha−1

rates (P<0.05). The K use efficiency expressed by the agronomic efficiency
decreased significantly by 26% from 30 to 60 kg K ha−1, 24% from 60 to 90
kg K ha−1, and 11% from 90 to 120 kg K ha−1 rates (P<0.05). Similarly, the
partial factor productivity decreased significantly by 41% from 30 to 60 kg
K ha−1, 31% from 60 to 90 kg K ha−1, and 20% from 90 to 120 kg K ha−1

rates (P<0.05). This decreasing K use efficiency at higher K fertilizer rates
is reflected in the decreasing amount of additional maize yield per unit of
K fertilizer applied. The income and profitability of K fertilizer input for
maize production increased significantly up to 90 kg K ha−1 rate that did not
differ from the 120 kg K ha−1 rate (P<0.05). Overall, K fertilization generated
additional income that ranged from US$ 3143–4367 ha−1, with the 90 kg K
ha−1 rate being the most cost-effective for maize production in the study
area.
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1 Introduction

Maize (Zea mays L.) production contributes to food
security and income generation for many farmers
in sub-Saharan Africa (SSA), but soil nutrient defi-
ciency causes huge gaps between the potential and

actual crop yields (Neumann et al., 2010; Abu et al.,
2011; Achiri et al., 2018). Maize production is con-
strained by poor soil fertility that requires fertilizer
inputs to supplement crop needs (Ngosong et al.,
2019; Tening and Foba-Tendo, 2013). Nanganoa et al.
(2020) recently reported significant soil potassium
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(K) deficiency across different agro-ecological zones
of Cameroon that can have significant effects on
maize production. Hence, fertilizers are highly rec-
ommended to increase food production per unit area
of cultivable land. Despite the need to increase crop
production through fertilizer inputs, SSA accounts
for only 0.1% of global mineral fertilizer production
and less than 10 kg ha−1 combine fertilizer use, as
compared to about 87 kg ha−1 for developed nations
(Sanchez, 2002; Bekunda et al., 2010). This partly ac-
counts for the low crop productivity in SSA with over
30% yield gap between the actual crop production
and the attainable potential (Sanchez, 2002; Bekunda
et al., 2010).

Current farming practices in SSA are not targeted
towards effective nutrient management strategies
such as precision fertilization. Generally, farmers
in SSA lack appropriate information on specific lim-
iting nutrients and often apply composite NPK fer-
tilizers, but site-specific doses of appropriate nutri-
ents are necessary to enhance soil fertility and plant
nutrition within the nexus of integrated soil fertility
management (Vanlauwe et al., 2010; Gezahegn, 2021).
Soil macronutrient deficiency is a major constraint for
maize production in Cameroon (Achiri et al., 2018;
Nanganoa et al., 2020). Accordingly, optimal nitro-
gen (Ngosong et al., 2019) and phosphorus (Tening
and Foba-Tendo, 2013) fertilizer recommendations
have been proposed for the volcanic soils of Buea in
Cameroon, but information on optimal K fertilizer
rate is limited, and soil potassium deficiency still per-
sists (Nanganoa et al., 2020). This deficiency is partly
because K fertilizer lacks proper attention from re-
searchers who have not evaluated K rates, and from
farmers who are unaware of the role of K for crop
growth and yield.

Despite the importance of K as a primary nutrient
for maize production (Pettigrew, 2008; Wang et al.,
2007; Mastoi et al., 2013; Ullah, 2017), no study has
investigated the appropriate K fertilizer rate for the
volcanic soils of Buea in Cameroon. Current K fer-
tilizer rates in this study area are based on recom-
mendations from commercial agents and traditional
practices that are unsustainable and not cost-effective.
This study was conceived in relation to the need to
satisfy the global demand for maize by increasing
productivity per unit area of cultivable land using
inorganic fertilizer inputs, without jeopardising sus-
tainability. Hence, the study aimed at determining
the optimum K fertilizer rate to enhance the yield
and income for maize production systems. Thereby
achieving macronutrient (NPK) balance by compli-
menting previous studies and recommendations on
the appropriate rate of nitrogen (Ngosong et al., 2019)
and phosphorus (Tening and Foba-Tendo, 2013) fer-
tilizers on the volcanic soils of Buea in Cameroon. It
was hypothesized that the K use efficiency of maize
will increase at higher K fertilizer rates, leading to

higher maize yield, income and profitability resulting
from the sale of extra crop produce.

2 Materials and Methods

2.1 Experimental site

This experiment was conducted between March and
August 2020 at the Teaching and Research farm of the
Faculty of Agriculture and Veterinary Medicine, Uni-
versity of Buea, Cameroon. The site is located at the
foot of Mount Cameroon in the South West Region of
Cameroon, and situated at about 4100 m above sea
level, on latitude 04° 8′ 55.1′ ′ N and longitude 09° 16′

53.3′ ′ E. Buea has a mono-modal rainfall with less pro-
nounced dry season from October to May, and rainy
season from March to November with heavy rainfall
between June and October. The mean annual rainfall
ranges from 2085–9086 mm (Fraser et al., 1998). The
mean monthly temperature is between 19 and 30 °C
and mean annual temperature of 28 °C, and relative
humidity between 85–90% with annual sunshine of
900–1200 hours (Fraser et al., 1998).

2.2 Experimental design

The experiment was setup in a Randomized Com-
plete Block Design (RCBD) with five potassium rates
(Control – 0, 30, 60, 90, and 120 kg K ha−1 rates).
The experimental site of 20.5×23 m (471.5 m2) was
cleared using a cutlass and demarcated into four repli-
cate blocks. Each block was partitioned into five plots
measuring 3×3 m each. The blocks were separated
from each other by 1.5 m buffer while plots within
blocks were separated by 1 m, and 2 m buffer zone
surrounded the entire experimental site. The plots
were tilled manually to produce raised beds of about
30 cm high.

2.3 Crop cultivation

The Cameroon maize selection (CMS 8704) purchased
from an agro-shop in Buea was sown manually at
5–10 cm soil depth and 75×50 cm spacing, with three
seeds per stand that was thinned after germination to
two vigorous plants per stand, giving a total density
of 53,333 plants per hectare. K fertilizer was applied
as muriate of potash at planting, at the rate of 0, 60,
120, 180 and 240 kg ha−1, which corresponds to 0, 30,
60, 90 and 120 kg K ha−1, respectively. In order to
achieve macro-nutrient balance in all plots, phospho-
rus was added at planting as single superphosphate
at the rate of 60 kg ha−1 (Ngosong et al., 2019), while
90 kg ha−1 of nitrogen (Tening and Foba-Tendo, 2013)
was applied as two split doses of urea with the first
dose of 45 kg ha−1 applied during planting and the
second dose of 45 kg ha−1 applied at six weeks af-
ter germination according to recommendations from
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previous studies (Ngosong et al., 2019; Tening and
Foba-Tendo, 2013). All fertilizers were applied by
ringing at about 5 cm from the plants. A pyrethroid
insecticide (Cigogne 360 EC; SCPA SIVEX Interna-
tional® France; comprising Cypermetrine 360 g/L
as active ingredient) was applied using a knapsack
sprayer at the rate of 40 mL 30 L−1 water to control
maize pests on all plots at four, six, and eight weeks
after planting. The experimental site was regularly
monitored for the emergence of weeds and manual
weeding was done when necessary. Soil moisture
during the experiment period depended on the local
rainfall regime.

2.4 Data collection

2.4.1 Soil chemical properties

An auger was used to randomly collect soil samples
at 0–15 cm depth. Pre-planting soil was sampled us-
ing the Z–form for the entire experimental site after
clearing and laying out but before tillage, while post-
planting soil was sampled for each plot at harvest. All
soil samples were air-dried at room temperature and
stored in polybags prior to analysis. The soil samples
were crushed and sieved through a 2-mm sieve for
the determination of soil physical and chemical prop-
erties. The soil particle size was determined using the
pipette method with sodium hexametaphosphate as
a dispersing agent (Kalra and Maynard, 1991). The
soil pH was determined potentiometrically in water
(H2O) and 1N potassium chloride (KCl) solutions af-
ter 24 hours in soil suspension (soil/liquid 1:2.5 w/v)
using glass electrode pH meter. The exchangeable
bases (Ca +

2 , Mg +
2 , K+, and Na+) were extracted using

1 N ammonium acetate (NH4OAc) solution at pH 7.
Calcium (Ca) and magnesium (Mg) were determined
by the titration method using Eriochrome Black T
(EBT or Erio T) as indicator while potassium (K) and
sodium (Na) were determined using the flame pho-
tometer (Benton and Jones, 2001). Exchange acidity
was extracted with 1 N KCl and determined by titrat-
ing the extract with 0.01 N NaOH, using phenolph-
thalein indicator (Benton and Jones, 2001). Effective
cation exchange capacity (ECEC) was determined by
the summation of exchangeable bases and exchange
acidity. The total soil nitrogen (N) was determined
by macro Kjeldahl digestion method (Bremner, 2016).
The soil available phosphorus (P) was determined
by the Bray II method (Benton and Jones, 2001), and
organic carbon was determined by the wet oxidation
method (Walkley and Black, 1934).

2.4.2 Maize growth and yield parameters

Data on plant height, number of leaves and leave
area index (LAI) were collected from five randomly
selected plants at the middle rows of each plot at 8

weeks after planting. Plant height was measured us-
ing a graduated tape from the ground level to the
upper leaf collar with the developed leaf sheath. The
LAI was measured using a meter rule to record the
length and width of the 2nd leaf below that of the
main ear (e.g., leaf on 2nd node below that of the
main ear) and calculated as follows (Amanullah et al.,
2016):

LAI = L×W× k (1)

where L = length of leaf, W = width of leaf, and k =
constant (0.75).

After harvesting (11th August 2020), data (num-
ber of cobs, length of cob, number of lines per cob,
number of grains per line, number of grains per cob,
1000-grain weight, and dry grain yield) on maize
yield components were collected. The number of
cobs per plant were visually observed and counted.
Cobs were dehusked before measuring their length
and circumference, grains per line, and the number
of lines per cob. Maize grains were oven-dried at
60oC for three days before weighing on a balance
and reported in tons ha−1. Ten grains were randomly
selected and their sizes measured for each cob per
sampled plant using a vernier caliper. The dry weight
(g) of one thousand randomly selected maize grains
was recorded using a balance.

2.4.3 Potassium use efficiency

The potassium use efficiency of maize plants was as-
sessed through the partial factor productivity (PFP)
that infers on the level productivity of the crop¬ping
system in comparison to its nutrient input, and agro-
nomic efficiency (AE) that infers on the level of pro-
ductivity improvement gained by using different K
fertilizer rates (Niaz et al., 2016; Dobermann, 2007):

AE =
Y− Y0

F
(2)

PFP =
Y
F

(3)

where Y = grain yield of fertilized plots, Y0 = grain of
unfertilized plots, and F = amount of fertilize applied.

2.4.4 Profitability of potassium fertilization

A cost-benefit analysis was calculated to determine
the profitability of K fertilization for maize produc-
tion. Gross income from the sale of maize was de-
termined in relation to local market prices recorded
from twenty maize retailers at three markets in the
study area, which revealed an average cost of US$
0.62 per kg (310 FCFA local currency). All farm ex-
penditures (e.g., clearing, weeding, tillage, planting,
thinning, fertilization, pest control, harvesting, dry-
ing, and shelling) were calculated for each treatment
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to determine the total production cost. Net income
(NI) and profitability index (benefit/cost ratio – BCR,
where values greater than one [>1] indicate profitabil-
ity) were calculated as follows (Ngosong et al., 2018;
Pal et al., 2020):

NI = GI− PC (4)

BCR =
GI
PC

(5)

where GI = income from total sales, and PC = total
production cost.

2.5 Data analysis

Statistical analyses were done for all data sets using
SPSS (Ver. 23). Data were analyzed for normality
and homogeneity of variance using the Kolmogorov-
Smirnov and Levene’s tests, respectively. Data for
earthworms, soil chemical properties, plant growth
(e.g., plant height, number of leaves, leaf area index)
and yield (e.g., number of cobs per plant, length of
cob, circumference of cob, number of grains per cob,
grain yield, and the weight of 1000 grains), potassium
use efficiency (e.g., agronomic efficiency and partial
factor productivity), income and profitability were
subjected to one-way analysis of variance (ANOVA).
Significant means were separated using the Turkey’s
HSD test (P<0.05).

3 Results

3.1 Soil properties and earthworms

The soil analysis of the experimental site revealed a
pre-planting soil composition of 23.64% silt, 38.03%
clay and 38.33% sand for this experimental site. The
post-planting soil exchangeable K ranged between
1.56–2.35 cmol kg−1 with the highest at 90 and 120
kg K ha−1 rates that differed significantly from the
lowest in the control (P<0.05; Table 1). Soil available
phosphorus ranged between 13.84–23.11 mg kg−1 soil
and increased at higher K fertilizer rates with the high-
est at 120 kg K ha−1 rate that differed significantly
from the control (P<0.05; Table 1). Total soil nitrogen
ranged between 0.26–0.27% and differed significantly
across K fertilizer rates with the highest at 90 and 120
kg K ha−1 rates, as compared to the other treatments
(P<0.05; Table 1). The soil C/N ratio ranged between
8.09–8.38 and differed significantly across K fertilizer
rates with the highest in the control that decreased
with increasing K rates (P<0.05; Table 1). The soil pH
(KCl) ranged between 4.43–4.63 and varied across K
fertilizer rates with the highest at 120 kg K ha−1 rate
that differed significantly from the control (P<0.05;
Table 1). The abundance of earthworms ranged be-
tween 19–41 individuals m2, with the lowest in the

control and 30 kg K ha−1, which differed significantly
from 60, 90 and 120 kg K ha−1 rates (P<0.05; Fig. 1).

3.2 Maize yield and K use efficiency

The height of maize plants ranged between 172–234
cm and differed significantly across K fertilizer rates
with the lowest in the control and the highest at 120
kg K ha−1 that did not differ from 90 and 60 kg K
ha−1 rates (P<0.05; Table 2). Maize cob length ranged
from 14.9–22.6 cm per cob across the different K rates,
with the highest at 90 and 120 kg K ha−1, followed by
60 and 30 kg K ha−1 rates as compared to the lowest
in the control (P<0.05; Table 2). The circumference
of maize cobs ranged between 15.5–17.4 cm with the
lowest in the control and the highest at 120 kg K ha−1

that did not differ significantly from 90 and 60 kg
K ha−1 rates (P<0.05; Table 2). The number of cobs
ranged from 1–2 per maize plant, with the lowest in
the control and 30 kg K ha−1 rate, as compared to
the highest in 60, 90 and 120 kg K ha−1 rates (P<0.05;
Table 2). The number of maize grains ranged between
381.2–1288 per cob, with the lowest in the control and
the highest at 120 kg K ha−1 that did not differ from
90 and 60 kg K ha−1 rates (P<0.05; Table 2). Maize
grain size ranged from 0.8–1.0 cm with the lowest
in control and the highest at 120 kg K ha−1 that did
not differ from 90 and 60 kg K ha−1 rates (P<0.05;
Table 2).

The 1000-maize grain weight ranged between
320–682 g across K fertilizer rates, with the lowest
in control and the highest at 120 kg K ha−1 rate
(P<0.05; Table 2). The maize grain yield ranged be-
tween 7.5–11.8 tons ha−1, with the lowest in control
and the highest at 120 kg K ha−1 that did not differ
from 90 and 60 kg K ha−1 rates (P<0.05; Fig. 2). Over-
all, maize yield increased by 17% (1.5 tons) from the
control to 30 kg K ha−1, and 16% (1.7 tons) from 30
to 60 kg K ha−1 rates, but only increased by 4% (0.4
tons) and 6% (0.7 tons), respectively, from 60 to 90
and 90 to 120 kg K ha−1 rates (P<0.05; Fig. 2).

The K use efficiency of maize was expressed by
the agronomic efficiency that decreased significantly
by 26% from 30 to 60 kg K ha−1, 24% from 60 to 90
kg K ha−1, and 11% from 90 to 120 kg K ha−1 rates
(P<0.05; Fig. 3). In addition, the partial factor produc-
tivity decreased by 41% from 30 to 60 kg K ha−1, 31%
from 60 to 90 kg K ha−1, and 20% from 90 to 120 kg
K ha−1 rates (P<0.05; Fig. 4). This decreasing K use
efficiency at higher K fertilizer rates is reflected in the
decreasing amount of additional maize yield per unit
of K fertilizer applied.

3.3 Profitability of K fertilization

The total production cost of maize increased with K
fertilizer application but this was compensated by the
additional crop yield, which significantly increased
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Table 1. Effect of potassium fertilizer rates on post-planting soil chemical properties

Parameter Potassium fertilizer rates (kg ha−1)

0 30 60 90 120

pH (water) 5.36 ± 0.05a 5.32 ± 0.07ab 5.22 ± 0.03b 5.22 ± 0.04b 5.19 ± 0.05c
pH (KCl) 4.46 ± 0.05b 4.53 ± 0.03ab 4.50 ± 0.08b 4.43 ± 0.03b 4.63 ± 0.03a
Total N (%) 0.26 ± 0.004b 0.26 ± 0.002ab 0.27 ± 0.002a 0.26 ± 0.002ab 0.27 ± 0.001a
Organic C (%) 2.14 ± 0.01a 2.16 ± 0.01a 2.16 ± 0.01a 2.16 ± 0.06a 2.19 ± 0.05a
C/N ratio 8.38 ± 0.02a 8.25 ± 0.01b 8.26 ± 0.01b 8.09 ± 0.04c 8.09 ± 0.04c
Bray P (mg kg−1) 14.12 ± 0.10d 20.51 ± 0.24b 13.84 ± 0.07e 16.52 ± 0.02c 23.11 ± 0.09a
Ca (cmol kg−1) 6.78 ± 0.07c 8.26 ± 0.03a 7.52 ± 0.09b 6.41 ± 0.16d 8.41 ± 0.16a
Mg (cmol kg−1) 1.89 ± 0.07bc 2.01 ± 0.25ac 2.13 ± 0.12a 1.76 ± 0.21bc 2.11 ± 0.09a
K (cmol kg−1) 1.99 ± 0.09ab 1.56 ± 0.21c 1.76 ± 0.17bc 2.35 ± 0.27a 2.12 ± 0.36ab
Na (cmol kg−1) 0.07 ± 0.01a 0.06 ± 0.01a 0.09 ± 0.02a 0.07 ± 0.01a 0.07 ± 0.01a
Ex. acidity (cmol kg−1) 0.30 ± 0.02b 0.35 ± 0.01a 0.29 ± 0.02bc 0.26 ± 0.01c 0.15 ± 0.01d
ECEC (cmol kg−1) 11.03 ± 0.02c 12.78 ± 0.02a 11.79 ± 0.03b 10.85 ± 0.03d 12.79 ± 0.01a
Base saturation (%) 97.28 ± 0.02d 97.26 ± 0.02d 97.58 ± 0.02c 97.60 ± 0.01c 98.83 ± 0.01a

Values are Mean ± SD; Values within columns with different letters are significantly different (P<0.05).

Figure 1. Effect of potassium fertilizer rates on abundance of earthworm (Individuals m−2). Values with
different letters are significantly different (P<0.05).

Table 2. Impact of potassium fertilizer rates on maize performance

Parameter Potassium fertilizer rates (kg ha−1)

0 30 60 90 120

Plant height (cm) 172 ± 24c 182 ± 26bc 206 ± 9abc 222 ± 18ab 234 ± 25a
Number of leaves 15 ± 1a 15 ± 2a 16 ± 1a 16 ± 1a 16 ± 1a
Leaf area index 1013 ± 61a 1026 ± 76a 1057 ± 59a 1063 ± 54a 1066 ± 52a
Length of cobs (cm) 14.9 ± 0.4d 19.3 ± 0.3c 20.9 ± 0.9bc 22.0 ± 1.1ab 22.6 ± 0.9a
Cob circumference (cm) 15.5 ± 0.2b 15.8 ± 0.3b 17.5 ± 0.7a 17.5 ± 0.3a 17.4 ± 0.2a
Cobs per plant 1 ± 0.0c 1 ± 1.0bc 2 ± 1.2ab 2 ± 1.0ab 2 ± 1.0a
Lines per cob 12 ± 1b 13 ± 1b 16 ± 1a 17 ± 1a 16 ± 1a
Grains per line 33 ± 1b 36 ± 1b 40 ± 1a 41 ± 2a 42 ± 1a
Grains per plant 381 ± 43b 594 ± 296b 1158 ± 92a 1261 ± 179a 1288 ± 140a
1000-grain weight (g) 320.8 ± 37.0c 420.9 ± 8.7b 651.4 ± 40.0a 671.8 ± 27.7a 682.0 ± 46.6a
Grain size (cm) 0.80 ± 0.1c 0.83 ± 0.1bc 0.95 ± 0.1ab 0.98 ± 0.1a 1.03 ± 0.1a

Values are Mean ± SD; Values within columns with different letters are significantly different (P<0.05).
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the net income and profitability of maize production
as compared to the control without addition of K fer-
tilizer (Table 3; P<0.05). Moreover, the net income
increased at higher K fertilizer rates, with the high-
est income of $4,700 obtained at the 120 kg K ha−1

that did not differ significantly from 90 and 60 kg K
ha−1 rates, with $4,360 and $4,180, respectiviely, but
differed from the 30 kg K ha−1 rate and the control
(Table 3; P<0.05). Correspondingly, the profitability
index for K fertilization increased at higher K fertil-
izer rates, with the highest at 120 kg K ha−1 that did
not differ significantly from the 90 and 60 kg K ha−1

rates, but differed from the 30 kg K ha−1 rate and the
control (Table 3; P<0.05).

4 Discussion

4.1 Soil fertility and maize performance

The observed influence of K fertilizer on the soil fer-
tility dynamics is consistent with the guidelines for
tropical soils by Landon (Landon, 1991), which is
in line with other studies (Kemal and Abera, 2015;
Tening and Foba-Tendo, 2013). The decrease in soil
pH into the acidic range at higher K fertilizer rates
demonstrates the potential for soil acidification that
may jeopardize soil health and productivity. This
decrease in soil pH may not affect crop yield in the
short-term, but could have long-term effects on soil
properties that may eventually affect productivity.
Hence, it is important to consider the potential long-
term effects of higher K fertilizer rates on soil proper-
ties that may eventually affect crop performance and
jeopardise agricultural sustainability. The increase
in earthworms as soil engineers engaged in nutrient
mineralization that enhance soil fertility and plant
nutrition (Postma-Blaauw et al., 2006; Sheehan et al.,
2006) is reflected in the yield of maize. In sum, the
increase in soil fertility and maize yield following K
fertilizer application corroborates the recent report by
Ngosong et al. (2019) who highlighted nutrient defi-
ciency, including soil K as a major constraint for crop
production across different agro-ecological zones of
Cameroon. The decreased agronomic efficiency at 90
and 120 kg K ha−1 rates supports the fact that plants
can only absorb soil nutrients up to a maximum level
based on its physiological needs, after which any
additional nutrient input does not cause significant
growth and productivity (Tena and Beyene, 2010; Ale-
mayehu and Shewarega, 2015). Overall, the results
support the hypothesis that maize yield will increase
with K fertilization at the study site.

The increase in soil exchangeable K content for the
respective treatments is commensurate with the addi-
tional K fertilizer input and consistent with other re-
ports (Gezahegn, 2021). This can influence the natural
abundance of earthworms through litter availability
and fertilizer dynamics (Smith et al., 2008; Ngosong

et al., 2020). Additionally, environmental factors (e.g.,
temperature and moisture) and food (e.g., quality and
quantity) can influence cocoon production, hatching
and growth of earthworms (Kanianska et al., 2016; S,
2018; Spiegel et al., 2018). The increase in earthworm
abundance at higher K fertilizer rates could be due
to variations in soil parameters with increased root
exudates and plant biomass that served as food for
earthworms (Subin et al., 2015; Singh et al., 2020). The
increase in maize growth and yield parameters is in
line with the role of potassium in the nutrient uptake
ability of plants and cell enlargement for better crop
growth (Aslam et al., 2013; Waqas et al., 2018). The
increase in maize yield components with potassium
fertilizer application is consistent with other studies
that reported similar findings at higher potassium fer-
tilizer application rates (Wakeel et al., 2002; Maqsood
et al., 2013; Amanullah et al., 2016; Ullah, 2017). This
increase in maize grain weight and yield at higher
K fertilizer rates could be due to a combination of
increased metabolism, carbon dioxide assimilation,
photosynthetic and enzyme activities responsible for
accumulation and translocation of photosynthates
from the leaves to final productive units, resulting
in best seed filling and heavier grains (Ullah, 2017;
Waqas et al., 2018; Bojtor et al., 2021). The low K use
efficiency of maize at higher K fertilizer rates could
be due to the effect of increasing soil acidification or
attainment of soil K saturation for optimal uptake by
the maize plants, and the additional K fertilizer did
not cause significant increase on maize yield. Thereby,
highlighting the need for optimal K fertilizer rate
based on soil K status and the agronomic efficiency of
maize as previously reported for N and P (Ngosong
et al., 2019; Tening and Foba-Tendo, 2013). This result
does not support the hypothesis that K use efficiency
will increase at higher K fertilizer application rates,
and highlights the importance of understanding the
critical nutrient uptake threshold of plants.

4.2 Profitability of K fertilizer

The Economist (2011) advocate precision farming as
a sustainable strategy to increase crop yield and in-
come, which is a major aim of the present study to
achieve appropriate site-specific K fertilization rate
to boost maize productivity without jeopardising sus-
tainability. This is consistent with the higher maize
yield and profitability up to a maximum K fertilizer
rate (Gezahegn, 2021; Waqas et al., 2018), and in line
with reports on the importance of fertilizer inputs for
better crop yields in Cameroon (Nanganoa et al., 2020;
Yengoh, 2012). The increased maize yield is reflected
in the income and profitability (Achiri et al., 2018;
Jjagwe et al., 2020), which would encourage resource-
poor farmers in SSA to invest in K fertilizer inputs,
especially given that their opportunity cost with little
access to financial capital is often 100% (Tiffen, 2003).
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Figure 2. Impact of potassium fertilizer rates on maize grain yield. Values with different letters are significantly
different (P<0.05).

Figure 3. Agronomic efficiency of maize across different potassium fertilizer rates. Values with different letters
are significantly different (P<0.05).

Figure 4. Partial factor productivity of maize across different potassium fertilizer rates. Values with different
letters are significantly different (P<0.05).
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Table 3. Impact of potassium fertilizer rates on income and profitability of maize production

K fertilizer rates (kg ha-1) Gross income (USD ha-1) Net income (USD ha-1) Profitability index

0 4,700d 2,300d 2.0c
30 5,580c 3,140c 2.0b
60 6,640b 4,180b 2.6a
90 6,940b 4,360b 2.7a
120 7,300a 4,700a 2.8a

Values within columns with different letters are significantly different (P<0.05).

Similarly, Ngosong et al. (2018) reported increased
crop yields and profitability following the application
of inorganic fertilizer on the volcanic soils of Buea in
Cameroon. In sum, these results support the hypothe-
sis that high K fertilizer application rate will increase
the income and profitability of maize production sys-
tems on the volcanic soils of this study site up to a
maximum amount where additional K fertilizer in-
put did not have any significant effect. Therefore,
resource-poor small-scale subsistence maize farmers
could consider K fertilization as a means of improv-
ing their maize productivity and income.

5 Conclusion

The increased maize yield and income for the dif-
ferent K fertilizer rates highlights the importance of
K fertilization rate for better performance. The best
yield and profitability of maize production was ob-
tained at K fertilizer rates up to 90 kg ha−1, which is
recommended as the most cost-effective K fertilizer
rate for maize production in the study area. The de-
crease in K use efficiency expressed by the agronomic
efficiency and partial factor productivity of maize
at higher K fertilizer rates is consistent with the at-
tainment of critical nutrient uptake and productivity
levels by the maize plants, for which any additional
K fertilizer input did not cause significant increase in
maize yield.
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