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Abstract

Coffee and kola are cash crops of international market value with great contributions to Nigeria GDP. The need to increase their
production under a limited land resource and to maintain stable ecosystem necessitated the establishment of coffee/kola
plantations. However, intercropping increases the nutrient demand with consequent decline in overall crop production if not well
managed. This study was conducted to determine appropriate nutrient needs under coffee/kola intercrop at different ages for
appropriate soil fertility management, for sustainable coffee and kola production. An area of 1.0 ha at each location was marked
out for soil, coffee and kola leaf samples collection. Soil samples were collected at 0-30cm; air-dried, sieved using 2mm sieve
and mixed to form composite soil samples. Coffee and kola leaf samples were collected separately from 4 coffee and kola plants
that were close to each soil sampling point and the leaf samples were oven dried at 70 °C to constant weight and milled. The
soils samples were analysed for the soil particle size distribution and nutrient contents while the coffee and kola leaf samples
were analysed for their nutrient contents. Results showed that SOC (9.50g/kg) and available P (1.35mg/kg) were lower than their
corresponding critical values in Ibadan. Soil Ca (1.15cmol/kg) and Mg (7.48cmol/kg) in Kusuku and (2.74 and 0.85cmol/kg
respectively) for Ibadan were lower for coffee production. Leaf macronutrient content was higher in young coffee/kola plantation
at Ibadan while the old plot at Kusuku contains more micronutrient. The soils will therefore need the application of fertilizer
materials to improve the soil organic C contents, correct the K/Mg ratio and supply the deficient nutrients for the two location
soils. Application of 9.3 kg/ha P, 5.2 kg/ha K, 12.3 kg/ha Ca, 1.4 kg/ha Mg and 7.8 kg/ha Mn, 1.6 kg/ha Fe, 0.8 kg/ha Cu and
1.5 kg/ha Zn at Ibadan and 15.6 kg/ha Ca, 0.5 kg/ha Mg and 1.4 kg/ha Mn at Kusuku, would be needed to bring the location
soils to optimal and sustainable production of coffee and kola plants in plantations. Preferably, application of organic manure at
1.0 t/ha/year in Kusuku and 4.1 t/ha/year in Ibadan is advised.
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Introduction

Coffee and Kola are commodity crops of international
importance that have contributed to the growth of Nigeria
gross domestic product (GDP) (Mustopha, et al., 2022).
Coffee is an evergreen shrub that is cultivated both in the
temperate and tropic regions of the world. It belongs to family
Rubiaceae, genus Coffea and can grow to about 9 meters
height but by training can be kept to 4 meters height for ease
of harvest. Kola on the other hand, is a tropical tree crop of
the family Sterculiaceae, genus Cola which grows to about 20
meter height, and has been successively intercropped with
crops like cocoa, citrus and oil palm (Burdock, et al., 2009).

Coffee and Kola had witnessed increased international
demand in recent times; this necessitated the need to increase
their production by increasing yield per hectare or increasing
the farm size through opening up new plantations. However,

the problem of land availability and suitability for agricultural
purpose has kept increasing due to community expansions as
a result of ever increasing human population, land demand for
other competitive uses, land degradation through soil erosion
and decline in fertility amongst others (Ipinmoroti, et al.,
2005). Consequently, it is imperative to explore appropriate
cropping systems that will maximize the use of available farm
lands, reduce cost of production and bring about optimum
yield. A practice that accommodates two or more perennial
crops that are compatible in an intercropping system is
inevitable and one of such practices is the coffee/kola
intercrop.

Kola is planted at 9m x 9m resulting into much spacing
between stands while coffee is planted at 3m x 3m. The wide
open spaces between the kola stands are prone to erosion
problems (Famaye, et al., 2012). The marked differences both
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in height of coffee and kola plants and in their planting
distances couple with the fact that they have similar weather
requirements such as high humidity (Petek, et al., 2005) make
the planting together of the two crops a possibility. The
practice of intercropping tree crops with arable and or other
tree crops has been described as a veritable source of extra
income to the tree crop farmers (Santini, et al., 2019).
Intercropping is one of the possible ways to proffer solutions
to the problems of availability and costs of farm land and
labour that have constituted serious bane to agricultural
practices and productivity. With intercropping practices, the
limited available agricultural lands are better utilized
optimally. Tree/tree crop intercrop has been reported to
control the ambient temperature and improves the
establishment rate of the component crops (Omolaja, et al.,
2008; Araujo, et al., 2015).

However, multiple crops on a piece of land do results to
nutrient management issues amongst other problems that
need conscientious efforts to resolve, to achieve optimum
production of the component crops on a sustainable basis
(Aderolu, et al., 2014; Zhu, et al., 2015). Presently,
appropriate nutrient need on Coffee/kola intercropped
plantations at different ages for adequate soil fertility
management is lacking. Hence, the need for existing young
and old plantations of Coffee/Kola intercropped to be
assessed for their soils and leaf nutrient contents for
information on their nutrient status. This would serve as basis
for nutrient recommendations for enhanced production of
both perennial crops. The objective of the study therefore was
to evaluate the soils and leaf nutrients status of young and old
Coffee/kola intercropped plantations for appropriate soil
nutrient management practices that would promote fruits
yield on a sustainable basis.

Materials and Methods

The study was conducted in two agro-ecological locations
of Ibadan (7° 10N; 3° 52E) that lies within the forest savannah
zone of South Western Nigeria with average rainfall of
1,106.5 mm, relative humidity of 75.1%, temperature of 23.7-
34.2 °C and Kusuku (6° 53N; 11° 8E), which lies on the cool
mountainous highland area of Mambilla in North Eastern
Nigeria with rainfall of 1,750mm, relative humidity of 79%
and temperature 19.0-24.5 °C. At Ibadan location, a 5 year old
candidate plot with young coffee/kola intercrop was used
while at Kusuku, a 30 year old coffee/kola intercrop
plantation was selected.

An area of 1.0 ha was marked out for soils, coffee and kola
leaf samples collection at each location. Soil samples were
collected in a stratified sampling method at 10 sampling
points per location using soil auger from 0-30cm depth. Soil
samples per plot were air-dried, sieved with 2mm sieve and
mixed to form composite soil samples. Coffee and kola leaf
samples were collected from 4 coffee and kola plants that
were close to each soil sampling point. The leaf samples were
oven dried at 70 °C to constant weight and milled with
stainless hammer mill. The soil samples were analysed for the
soil particle size distribution, pH, OC, ECEC, BS, EA, N, P,
K, Ca, Na, Mg, Mn, Zn, Cu and Fe, while the coffee and kola
leaf samples were each analysed for N, P, K, Ca, Na, Mg, Mn,
Zn, Cu and Fe contents.

The soil particle size distribution was determined by the
hydrometer method (Gee and Bauder, 1986). The soil pH was
measured electronically with glass electrode pH meter in
soil/water ratio of 1:2.5 (Mclean, 1982). Soil organic carbon
content was determined by wet dichromate oxidation method
(Nelson and Sommers, 1982), while total N was determined
by the micro Kjeldahl digestion method (Bremmer, 1996).
The available P was determined by Bray | method (Bray and
Kurtz, 1945), while the exchangeable cations were
determined by leaching 5gm soil with 50ml of 1IN NH4OAC
at pH=7 and the K, Na, Ca and Mg were measured by atomic
spectrophotometer (AAS) according to AOAC, 1990. The
soil exchangeable acidity (Al*® and H*) was by leaching the
soils with 1.0NKCI and titrated with 0.05NNaOH and HCI
solutions (Mclean, 1982) while the effective cation
exchangeable capacity (ECEC) was by summation of the
exchangeable cations and acidity contents.

Coffee and leaf samples were digested using nitric-
perchloric-sulphuric acid mixture (AOAC, 1990). The N
content was determined by micro-Kjeldah method and P by
Vernadomolybdate colorimetric. The K was analysed by
flame photometer while the Ca, Mg and Zn were by AAS.
The analytical results were compared with each crop
corresponding soil and foliar nutrient critical needs (Egbe et
al., 1989; FAO, 2005).

Results and Discussions

Results on soils of both locations showed that the Ibadan
soil had higher sand content (734g/kg) compared to the
Kusuku soil (658g/kg). The silt and clay contents were 180
and 86 g/kg respectively for Ibadan, while it was 294 and 48
a/kg soil for the Kusuku soil. On the overall, both soils were
sandy loam in texture (Table 1) however, the silt + clay
content for the Ibadan soil (266 g/kg) was lower than 320g/kg
ideal for the tree crop cultivation while the Kusuku soil with
342 g/kg was higher than the critical (Egbe, et al., 1989). This
indicates that the Kusuku soil would be able to retain much
water and nutrients compared to the Ibadan soil for plant
needs. Hence, there will be need for improvement on the
Ibadan soils through organic matter build up by way of
organic manure application and other good agricultural
practices to make the soils have ability to retain much water
and nutrients for plant use. Good agricultural practices such
as intercropping with legumes (e.g. beans) and cover crops
(e.g. melons) where feasible to enhance the soil organic
matter content. Water holding capacity of a soil is primarily
controlled by the soil physical properties and the soil organic
matter content (De Jonge, et al., 2007; Kamur, et al., 2020;
Zhang, et al., 2021). Similar suggestions had been advanced
by Ipinmoroti and Ogeh (2014) for tree crop plantations in
Uhonmora area of Edo, Nigeria

Table 1: Soil separate composition and texture

Location Sand Silt Clay Texture

— gkg —
Kusuku 658 294 48 Sandy loam
Ibadan 734 180 86 Sandy loam

J. Tree Crops Res.



Ipinmoroti et al.; JTCR, 1: 1-6, 2024

Soil pH and Organic Carbon Contents

The soil chemical analytical results (Table 2) showed that
the Kusuku soil was more acidic compared to that of Ibadan.
However, the soil pH of 5.9 for Kusuku and 6.4 for Ibadan
were within range for coffee and kola production (Egbe, et
al., 1989). Soil organic carbon in Kusuku (32.1g/kg) was
higher than the critical value of 30.0g/kg ideal for cultivation
of tree crops while that for Ibadan (9.50g/kg) was lower than
the critical. Organic matter contents form important
properties of the soil as it affects the soil pH and influences
the soil nutrient dynamics, and their availability to plants
(Basharat, et al., 2020; Allam, et al., 2022). Therefore, there
is the need for suitable good agricultural practices on the use
of farm wastes to maintain and increase the soil organic
matter content to sustain soil nutrient availability and their
uptakes for profitable coffee and kola production on the soils
and more importantly, for the Ibadan location.

Soil Macronutrient Contents and Base Saturation
The soil N content for Kusuku (2.13g/kg) and Ibadan
1.00g/kg followed the same trend with the soil organic C

contents. However, the quantity of N in the soils was adequate
in comparison to the critical value of 0.90g/kg for coffee and
1.00g/kg for Kola cultivation. This ordinarily indicated that
the coffee and kola crops should not be faced with inadequate
supply of N from the soils.

The available P content for Kusuku soil (18.97mg/kg) was
above the critical level of 6.00mg/kg for coffee and
3.70mg/kg for kola cultivation (Tables 2 and 3), while the
Ibadan soil has available P value of 1.35mg/kg that was lower
than the critical values for both coffee and kola plants. The
Ibadan soil therefore need P fertilizer supply in order to meet
the soil requirements for sustainable coffee and Kkola
production. Phosphorus fertilizer amendment is much needed
for the Ibadan soils in that P plays important roles in plant
metabolism that affects plant growth, development, yield and
produce quality (Duan et al., 2022). The soil exchangeable K
values for both locations indicated that the Kusuku soil was
higher in K contents than the soil critical values for coffee and
kola cultivation while in Ibadan, the soil K level was only
sufficient for Kola but not for coffee (Tables 2 and 3). This
implies the need for K fertilizer application in Ibadan to meet
the coffee plants K requirement.

Table 2: Some soil chemical and nutritional composition for Ibadan and Kusuku study locations

Location pH N oC P K Ca Mg Na EA ECEC BS

a/kg mg/kg — cmol/kg — %
Kusuku 5.90 2.13 32.1 18.97 0.41 1.15 0.75 0.48 0.132 9.62 98.63
Ibadan 6.64 1.00 9.50 1.35 0.14 2.74 0.09 0.25 0.08 3.85 98.29

Table 3: Soil and leaf nutrients critical levels for coffee and Kola
Plant ocC N P K Ca Mg Mn Fe Cu Zn
— gkg — mg — cmol — — mg/kg —
Coffee 30.0 0.90 6.00 0.40 0.89 0.80 <50 2-20 0.3-10 2-10
Kola 30.0 1.00 3.70 0.12 0.80 0.08 45-80 10.50 5-20 10.40
Leaf critical levels
— % — — mg/kg —

Coffee - 1.10 0.07 1.40 0.37 0.13 50-100 70-200 16-20 15-20
Kola - 1.09 0.08 1.20 047 034 40-70 100-250 35-70 35-100

Source: Egbe et al., 1989; FAO, 2005

Soil Ca contents for Kusuku and Ibadan locations (1.15 and
2.74 cmol/kg respectively) were lower compared to the
critical value of 8.9cmol/kg for coffee cultivation while the
values were adequate for kola cultivation. It has been
demonstrated that calcium is very vital for plant growth and
diseases resistance while its deficiency results to
physiological disorder in plants (Hochmal, et al., 2015). This
suggests the need for Ca fertilizer application in both
locations to be able to meet the Ca needs for coffee. The soil
exchangeable Mg for Kusuku (7.48 cmol/kg) and Ibadan
(0.85 cmol/kg) were adequate for kola cultivation but not
adequate for coffee cultivation when compared to their
critical values (Table 3). Magnesium fertilizer application
becomes imperative in both locations for the soils to meet up
with the Mg requirements of the coffee plants. Mg deficiency
has been reported to affect the processes of plant

photosynthesis and resulting to, amongst others, shorten leaf
life (Wang et al., 2020).

On the overall, the Kusuku soils were inadequate in the
Ca and Mg contents for coffee production; it therefore means
that combined production of coffee and kola under
coffee/kola intercrop in the Kusuku soils would be
problematic without adequate supply of Ca and Mg fertilizers.
Whereas in Ibadan, only N was adequate in the soil, while P,
K, Ca and Mg were inadequate for coffee production. Hence,
for optimal performance of coffee and kola in the coffee/kola
intercrop production, the soils need the application of P, K,
Ca and Mg supplying fertilizers. Considering the K/Mg ratios
of the soils for coffee and kola production, the soil K/Mg ratio
should be 2.0. However, the K/Mg ratio for Ibadan was 1.56
while it was 0.55 for Kusuku. This indicates that there was
nutrient imbalance in the soils at both locations, and this is
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expected to negatively affect nutrient absorption and
utilization by the coffee and kola plants and need be
corrected.

Soil Micronutrient

The soil micronutrient contents for both locations (Table
4) showed that Mn levels were lower than the recommended
values for the cultivation of coffee and kola. The data further
indicated that the soil Fe, Cu and Zn contents were sufficient
for coffee and kola cultivation at the Kusuku, while they were
only sufficient for coffee plants at Ibadan and not for kola
cultivation. With this trend, it therefore indicated that Mn
fertilizer will be needed in both locations to achieve optimal
production of both coffee and kola in the coffee/kola
intercrop. However for Ibadan location, the Fe, Cu and Zn
supplying fertilizers must be applied along with Mn to meet
the complete requirements of the nutrients for coffee and kola
production. Adequate supply of the micronutrients is needed
because they are important for metabolism, without which,
plant growth and development would be retarded, leave
chlorosis and fruits production would be disrupted, with
resultant general low yield to be obtained (Basharat et al.,
2020).

Table 4: Soil micronutrient contents of the study locations in
Ibadan and Kusuku

Location Mn Fe Cu Zn
— mg/kg —

Kusuku 42.95 41.05 5.15 32.85

Ibadan 11.13 5.07 0.91 3.31

Coffee and kola Leaf Nutrient Contents

The plant leaf nutrient contents at Ibadan indicated that
the young coffee plants were adequate in supply for all the
nutrients except Mn, while the kola was deficient only in Zn
content. This trend suggests that the young coffee and kola
plants were able to get sufficient supply of the soil nutrients
to meet their requirements for growth. This may not be
sustainable in the long run with continuous aging of the crops
along with fruits bearing and produce harvest. This was
because the soil was insufficient in its levels of Ca, Mg and
Mn. In Kusuku, the old coffee plants were low in N, K, Ca
and Mg contents, while the kola plants were in short supply
of P in addition to those stated above for coffee. Only the
micronutrients were adequate in the coffee and kola leaves. It
was observed that despite the sufficiency of the
macronutrients in the soil, especially for kola, they did not
reflect in the plant leave contents. This trend might be due to
the competitions between the coffee and kola for the available
amounts of nutrients in the soil, that they became insufficient
to meet the joint needs of both crops.

Insufficient supplies of the nutrients were more
pronounced on the old coffee/kola plot compared to the young
coffee/kola plot. This was in trend with Gobi et al. (2019)
who reported that nutrient uptake was higher in younger
plants because of their well-developed healthy root system
compared to the older plants. The insufficient nutrient
contents in the crops, especially for the old coffee/kola

plantation, might have been made more pronounced due to
the imbalance K/Mg ratio in the soils that was less than 2.0.
The K/Mg ratio was 0.55 for the old coffee/kola intercropped
plantation in Kusuku, while it was 1.56 for Ibadan. Imbalance
K/Mg ratio in the soils always leads to poor nutrient
absorption in the soils by tree crops as corroborated by
Ipinmoroti and Ogeh (2014).

The Ibadan location therefore, needs adequate Mn and
Zn supplying fertilizers in order to meet the requirements for
optimum growth performance of the coffee and kola plants.
On the other hand, the Kusuku location needs the application
of fertilizers that will supply adequate amount of N, P, K and
Mg for the coffee and kola plants. The marked differences
between the locations and plantation age, suggests the need
for a soil testing programme to be put in place to ensure that
soils of coffee/kola plots are regularly tested as the plantations
advanced in age. This will provide information on the nutrient
dynamics in the coffee/kola intercropped plantations, for
possible fertilizer needs and their applications, to guide
against crops production failure.

Table 5: Coffee and Kola Leaf Nutrient Contents

Properties Coffee Kola

Ibadan  Kusuku Ibadan  Kusuku
OrganicC  13.95 20.41 16.75 20.14
N 1.53 1.07 1.12 0.94
C/N 10.91 19.07 14.96 21.33
P 0.07 0.11 0.09 0.06
K 1.83 0.52 1.26 0.31
Ca 0.50 0.61 0.48 0.46
Mg 0.31 0.10 0.41 0.27
Na 0.46 0.29 0.15 0.22
Mn 28.00 271 42.11 151.21
Fe 330.00 944 140.82 24451
Cu 21.32 40.40 50.62 70.11
Zn 41.38 248.10 31.45 301.42

Soil Nutrient Needs on Plot Basis

Based on the soil nutrient deficiency, the soils will need
application of fertilizer materials to improve the soil organic
C contents, correct the K/Mg ratio and supply the deficient
nutrients for the two locations. Application of 9.3 kg/ha P, 5.2
kg/ha K, 12.3 kg/ha Ca, 1.4 kg/ha Mg, 7.8 kg/ha Mn, 1.6
kg/ha Fe, 0.8 kg/ha Cu and 1.5 kg/ha Zn at Ibadan; 15.6 kg/ha
Ca, 0.5 kg/ha Mg and 1.4 kg/ha Mn at Kusuku, would be
needed to bring the location soils to optimal production.
However, due to scarcity of inorganic fertilizers (Ibrahim, et.
al., 2014), the prohibitive high costs (Omotesho, et al., 2012)
and their negative environmental effects (lbrahim, et. al.,
2014; Kamur, et al., 2020) as well as the inherent low SOC,
it was calculated that application of organic manure at 1.0
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t/halyear in Kusuku and 4.1t/ha/year in lbadan will be
sufficient to rectify the deficit nutrients, correct the soil K/Mg
ratio imbalance and build up the soil organic matter for
sustainable growth and production of coffee and kola plants
in the coffee/kola intercropped plantations. The practice of
good agricultural practices that incorporate the planting of
arable crops especially legumes such as cowpeas, soyabeans;
and cover crops such as egusi melon, water melon into
coffee/kola plantations at the juvenile stage will enhance the
build-up of soil organic matter and nutrient contents. In
addition leaf-fall of coffee and kola in the plantations would
also build up the SOM as well as protect the soil from soil
erosion and leaching of soil nutrients.

Conclusion

The study showed that the two locations differ greatly in
their soil nutrients and organic C contents. The Kusuku
location soil was however richer in nutrients compared to the
Ibadan location. The soil K/Mg ratio imbalance was however
more critical in Kusuku than in Ibadan. The marked
differences between the locations and plantation age, calls for
systematic soil testing programme to ensure that coffee/kola
plots are regularly tested as the plantation ages, to provide
information on nutrient dynamics in plantations for ease of
management. The soils therefore need application of fertilizer
materials for optimal production However, due to scarcity and
cost of inorganic fertilizers and their negative environmental
effects, coupled with the inherent low SOC in the soils, it was
calculated that application of organic manure at 1.0 t/ha/year
in Kusuku and 4.1 t/ha/year in Ibadan will be sufficient to
rectify the soil nutrient deficiencies for sustainable growth
and production of coffee and kola plants in the coffee/kola
intercropped plantations. Intercropping with appropriate
arable crops where feasible will enhance SOM and nutrient
contents.
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