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Abstract: Information on soil test and plant analysis is essential for sustainable soil fertility management and crop
production. Conversely, this is lacking for smallholder coffee farms in Gomma district, Southwestern Ethiopia. Thus, the
objectives of this study were to assess and determine the nutritional status of the soil-plant relation from coffee growing farms
in Gomma district. Accordingly, soil samples, coffee leaves and field history were collected from 10 coffee farms during
pinhead phase. Soil samples collected from 0-30 cm depth were prepared and analyzed in the laboratory following standard
procedures. For data analysis, descriptive statistics was used. Results showed that the soil pH ranged from strongly to
moderately acidic (pH 4.72-5.75) and low to medium in their organic matter (2.68—4.72%) content. Total N content was low in
20% of the samples, while 100% of the soil samples found to be deficient in P content. Exchangeable Ca ranged from low to
high, exchangeable Mg in all soil samples was medium, while exchangeable K ranged medium to very high. Nevertheless, K to
Mg ratio varied from 0.64:1 to 2.62:1, indicating Mg induced K deficiency in 10%. The plant tissue analysis depicted that 50,
60 and 50% low in N, P and K, respectively, while high in Ca and Mg concentrations. Significant and positive correlations of
soil phosphorus, potassium, calcium and magnesium with tissue concentration were existed. For sound conclusion, soil test and
crop response calibration, appropriate soil, N, P, K, organic fertilizers and lime are recommended for future work.
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crop production [4]. Accordingly, the depletion rate of
macronutrients N, P and K were 122, 13 and 82 kg ha™ year™
in Ethiopia, respectively [5]. This might be associated to the
loss of organic matter, biomass and animal manure removal
from farm plots and limited application of mineral and
organic fertilizers, macro and micronutrient depletion, soil
acidity and topsoil erosion [27, 29]. Therefore, decline in soil
fertility resulted in low yield [18] which is a serious threat to
Ethiopian country.

Site specific and balanced fertilizer recommendations are
used for not only sustainable soil fertility management and
crop production, but used also as reduced environmental
impacts and minimized farmers from unnecessary costs. For
instance, from 30 to 55% of an application of 250 kg.haﬁ1 of
urea-N was leached as NO ™ [9]. Such significant net loss of
N causes important environmental concerns such as water
contamination, soil acidification, greenhouse gas emissions
or N volatilization, as well as economic impacts that threaten

1. Introduction

Coffee is most important and backbone of Ethiopian
economy, which accounts for an average 5% of GDP, 10% of
the total agriculture production and 60% of export earnings
[23]. Despite its importance, the national average yield of
coffee is about 0.67 t ha™ [11]. This is by far below the
Brazil’s average yield, which is about 1.5 t ha™ [3]. This
yield gap of coffee is attributed to a number of factors like,
declining of soil fertility, poor agronomic practice, limited
use of input, insufficient technology generation, lack of credit
facilities, poor seed quality, which in turn critically hinders
the productivity of the smallholder coffee farmer in the
country [41].

Land degradation and soil nutrient depletion have become
serious threats to agricultural productivity in Sub-Saharan
Africa. Ethiopia is one of countries Sub-Saharan Africa that,
a declining in soil fertility is the major challenge to increase
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sustainability and the coffee farmer’s livelihood. Therefore,
irrespective of knowing status of soil nutrients, applications
of fertilizers to crops are not significant changes.

Currently, various researches conducted on soil fertility
status in different agro-ecologies of Ethiopia. For instance, as
reported by [2, 47, 42], the deficiency of K in some Ethiopian
soils. Many soils in Ethiopia are poor in available plant
nutrients and organic matter content [1, 4]. Recently, the
results of national soil fertility mapping initiative has also
indicated that other nutrients including K, S, Fe, Zn and B are
also found to be deficient in Ethiopian soils [17]. The soil
nutrient status of cassava farms was conducted by Fanuel et al.
[19] in Southern part of Ethiopia, who found that S,
exchangeable Ca and Mg induced K deficiency were observed
to be deficient on cassava farms. However, still data on soil
nutrient status under coffee soils is limited to Gomma district.
Similarly, fertilizer application is depended on blanket
recommendation because there is no fertilizer recommendation
guideline based on soil test and plant tissue analysis of soils
the study area. Hence, to tackle these serious issues, call for
site specific and balanced for sustainable soil nutrient

management, coffee production and food security in study area.

In the same way, soil tests commonly used to assess the
sufficiency or deficiency of essential plant nutrients.
Nevertheless, soil tests provide information about a soil
capacity to supply plant available nutrients it is an indirect
measurement. In addition, the findings of the soil diagnosis
and leaf diagnosis were not entirely consistent [25, 18, 38].
Following this, Sousa et al. [40] reported that analysis of
plant-soil nutrient relationship could use as a guideline to
determine the fertilizer recommendation. As a result, it is
advantageous to combine these two methods accurately
identify the status and presence of nutrients. Therefore, the
objectives of this study were to assess and determine the
nutritional status of the soil-plant relation from coffee
growing farms in Gomma district.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted in Gomma district, Jimma zone
of the Oromia national state, located in mid altitude sub-
humid zone of the Southwestern Ethiopia. Gomma district is
located 397 km to southwest of capital Addis Ababa and 50
km away from Jimma town. The topography of the study
area ranges from gently sloping to hilly lands with ridges and
valleys in between. Altitudinal range of the district is
between 1387 to 2870 m.a.s.1 [28].

The Gomma district is characterized by bi-modal rainfall
distribution with an average annual rainfall of 1534 mm. The
mean maximum and minimum air temperature is 28.7 °C and
11.9 °C, respectively. The small rains are from March to
April and the main rainy season extends from June to
October. There are about seven rainfall months. Agro-
ecologically, the district is divided into 8% high land (Dega),
88%, intermediate high land (Weyina Dega) and 4% low land

(Kolla) [28].

Soils: The Eutric Vertisols, Humic Alfisols and Humic
Nitisols are the three dominant soil types in Gomma district
with Nitisols being the most abundant soil type (about 90%)
of the district. These soils are generally acidic soils with pH
values ranging between 4.5 and 5.5 [28].

Coffee/livestock farming system: Thirty-two kebeles with
more than 92% of the people in Gomma are categorized under
this smallholder coffee farming system. The major cash crop
commodities in this farming system include; coffee, khat
(Catha edulis), tropical and sub-tropical fruits (mango,
avocado, papaya, banana, orange, pineapple) and spices
(mainly ginger and Ethiopian cardamom). Among cereals,
maize, teff, barely are grown in the area; amongst of which,
maize is the dominant cereal crop in the farming system.
Livestock commodities include; cattle, small ruminants (sheep
and goat) apiculture, poultry and equines. Sheep are larger in
number than goats in this farming systems [28].

2.2. Field Survey, Site Selection, Soil Sampling and
Sampling Techniques

Soil Sampling

Soil samples were taken from locations having similar,
topography and similar land use history. Accordingly, a total
ten (10) composited soil samples were collected randomly
from coffee growing farms of selected coffee farms. The soil
samples were collected 0-30 cm depth by using auger.
Twelve (12) sub-samples were collected in a zigzag method
and finally composited. For each main sampling point, after
removing unnecessary material such as roots, clods and
stones and thoroughly mixed together in the clean bucket,
about 1 kg of representative composite soil sample collected
and logged into properly labeled sample bag.

Soil samples were not taken from unusual areas like
animal dung accumulation places, poorly drained and any
other places that cannot give representative soil samples.
During soil sampling, the following variables were collected:
latitude, longitude and altitude were measured by using GPS,
slope was measured by using clinometers, topography, types
and rates of fertilizer applied, lime applied were recorded,
and finally were brought to Soil Laboratory of Jimma
Agricultural Research Center.

2.3. Soil Sample Preparation and Soil Laboratory Analysis

The soil samples were collected from the study area air
dried, crushed and passed through a 2 mm diameter sieve for
all parameters except total N and OC that passed through a
0.5 mm diameter selected soil physical and chemical
properties were analyzed at soil laboratory of Jimma
agricultural research center. Soil pH was determined in a
1:2.5 soil to water ratio using a digital pH-meter [44].
Organic carbon was determined following the wet digestion
method as described by [46] while percentage organic
matters of the soils were determined by multiplying the
percent organic carbon value by 1.724. Total N of the soil
was determined by the Micro-Kjeldahl digestion, distillation
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and titration method [8]. Available P was determined using
the Bray II method by shaking the soil samples with an
extracting solution of 0.03 M ammonium fluoride in 0.01 M
hydrochloric acid as described by [7].

Exchangeable bases were extracted with 1IN ammonium
acetate at pH 7. Exchangeable Ca and Mg were measured by
atomic  absorption  spectrophotometer (AAS), while
exchangeable Na and K were measured by flame photometer
[37]. For the determination of CEC, the soil samples leached
with 1N ammonium acetate solution and washed with ethanol
(97%) to remove excess salt followed by leaching with sodium
chloride to displace the adsorbed (NH'4). The quantity of
ammonia then was measured by distillation and taken as CEC
of the soil [10]. The percent base saturation of the soils was
calculated as the percentage of the sum of the basic
exchangeable cations (Ca, Mg, K and Na) to the CEC [6].

2.4. Plant Tissue Sampling

Coffee leaf samples were collected with clean hands
before taking soil samples in order to avoid contamination.
Following guideline of [13], leaf samples were collected
when the fruit was in the pinhead stage, between the
flowering phase and the first phase of rapid fruit expansion,
by removing newly mature leaves with petioles from the 3rd
or 4th pairs of leaves from the apex of the branch, in the
middle part of the plants, from all cardinal directions. In each
farm, 20 plants were chosen at random, and two pairs of
leaves were removed from each plant, for a total of 80 leaves
per uniform plot. Accordingly, soil and coffee leaf samplings
were carried out on the same day, and from the same farms.

Care was taken to take plant samples that are free of
disease and was collected using clean scissors. The samples
were washed with distilled water to avoid any contamination
by dust from the soil or other sources. The collected plant
samples were put in paper bags, air-dried in a dust free room,
transferred into plastic bags, and tagged.

Plant Leaf Preparation and Laboratory Analysis

Coffee leaf samples were firstly washed with distilled
water, oven dried at 60-70 °C to a constant weight, ground,

passed through 2-mm sieve and placed in paper bags. Total
nitrogen in plants was determined using Kjeldahl digestion
procedure as described by [8]. Plant digests (using
concentrated HNO; and 30% H,0,) was prepared and
analyzed for Ca and Mg using Atomic Absorption
Spectrophotometer while P concentration of the digests were
measured with a spectrophotometer and the K concentration
with a flame photometer.

2.5. Statistical Data Analysis

Descriptive statistics such as mean, minimum and
maximum were employed for the study. Correlation analysis
was employed to assess the association between soil
variables and coffee leaves. For data analysis, Statistical
Package for Social Science version 16 (SPSS) was used.

3. Results and Discussion
3.1. Soil Chemical Properties

3.1.1. Soil pH

The soil pH of coffee farms varied from 4.72 to 5.75 with
a mean value of 5.33 (Table 1). Based on rating of [16],
about 70 and 30% of the samples in the study area were
found to be strongly acidic (pH< 5.5) and moderately acidic
(5.6-6.5), respectively. The result was in agreement with [1]
found that soils were acidic in the southwestern Ethiopia.
Higher soil acidity in coffee farms could be attributed to the
loss of basic cations through runoff and erosion, warm
temperature, high rainfall and intensive cultivation in the
study area. This in turn increases the activity of H' ion in the
soil solution and reduces soil pH. This is agreement with the
findings of [1] who reported that loss of base forming cations
through leaching and runoff generated from accelerated
erosion reduces soil pH and thereby increases soil acidity.
Thus, about 70% of the sampled fields found to be not
favorable in terms of pH for sustainable coffee production,
which requires liming and/or organic material application.

Table 1. Soil fertility parameters of coffee growing farms.

Soil Fertility Parameters

Descriptive Statistics

pH 0C (%) OM (%) CIN TN (%) AvP (ppm)
Mean 533 2.11 3.64 10.89 0207 2.05
Minimum 472 1.55 2.68 6.55 0.10 0.64
Maximum 5.75 274 472 16.25 0276 4.13

AvP= available phosphorus

3.1.2. Organic Matter and Carbon to Nitrogen Ratio
Organic matter amounts of soil samples ranged from 2.68
to 4.72% with a mean value of 3.64% (Table 1). Accordingly,
the soil OM is categorized under low (2-3%) to optimum (3-
7%) range based on the critical level suggested by [16].
However, the majority (90%) of coffee growing fields were
found to be optimum in soil organic matter. The high level of
soil organic matter in the study area could be attributed to the
addition of coffee leaves, shade tree leaves and weed residues

into the soils. This current study agreed with that of [35] who
reported that the high soil organic matter could be because of
ample litter cover, organic inputs, root growth and decay, and
abundant burrowing fauna. On the other hand, it is not
expected for the organic matter to supply sufficient nutrients
(especially N) to sustain high yields, due to the lack of
synchronization in N mineralization and plant uptake, and the
large amounts of N that are needed by coffee to sustain high
yields [33]. Deficient in organic matter could be
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characterized by the complete removal of biomass from the
field, lower application rate of fertilizers and continuous
cultivation that exacerbates rapid rate of mineralization [25].

The Carbon to nitrogen ratio of soil-sampled soils ranged
from 6.55 to 16.25% with a mean of 10.89% (Table 1). The
carbon to nitrogen ratio; however, about 60% of sampled
soils were below the critical level (< 10) and the remained
soil samples were within critical level set by (Sanchez et al.,
1982). The C/N ratio also states the rate of OM
decomposition. As the C/N ratios in the examined coffee
farms were much lower than this level, the immobilization of
inorganic N may not be of a major concern in study sites. In
this study, C/N ratios are close to levels considered ideal for
optimum N mineralization from OM.

3.1.3. Total Nitrogen

Data on total nitrogen of the soil samples are presented in
Table 1. Total nitrogen content also varied between 0.1 to
0.276%; in which about 20% of sampled soils were rated as
low (< 0.15%) and 80% optimum (0.15-0.3%) [16] for coffee
production. In terms of TN, coffee farms of study area were
adequate for coffee in TN (80%). A possible reason for the
high TN is that leguminous shade trees, residues of weed
remained in farms; litter of coffee leaves could be
decomposed and transformed into soils. Total nitrogen
content also followed the distribution patterns of soil organic
matter. As a result, significant and positive correlation (r=
0.69) was observed between TN and soil OM. This present
study is agreement with findings of [4] who revealed that TN
was determined by soil organic matter.

Conversely, total N is not a reliable indicator of N
availability but it includes all forms of inorganic and organic
soil N. Thus, N management practices should be dependable
on expected yields and site-specific empirical assessments
between fertilizer N application and economic crop response.

Lower content of TN could be due to leaching of N because
of high rainfall, soil erosion due to steep slopes, no external
input (N containing fertilizer and organic fertilizers) and nutrient
removed by harvested products without nutrient replenishment
in the study area. This finding is supported by the results of
those [1, 18, 4] showed the loss in nitrogen was due to complete
removal of biomass from the field, lower application rate of
fertilizers and continuous cultivation that aggravates rapid rate
of mineralization. Thus, absence in nitrogen content can be
characterized by reduction in macronutrients content in the aerial
part, roots and nutrients absorption [22].

3.1.4. Available Phosphorus

The descriptive statistics of available phosphorus is shown
in Table 1. The available phosphorus content varied from 0.64
to 4.13 ppm with a mean value of 2.05 ppm. According to

EthioSIS [16], all of the soil samples (100%) were very low (<
15 ppm) category in available phosphorus status in the study
sites. The low content of available phosphorus is because of
low pH, nutrient mining, continuous crop uptake, losses due to
erosion and fixation by acidic soils and no external input like P
fertilizer and organic fertilizer in coffee growing fields of
study area. This study is in line with the findings of [4, 18 29]
who reported that most of Ethiopian soils are deficient in
available phosphorus concentration due to low pH (acidic), the
intensive cropping system, imbalanced use of fertilizer and
nutrient mining. Similarly, numerous studies also have proved
that low available P content in cultivated fields as compared to
other land use types [45, 34].

The second reason is that, absence of lime application is a
major influence on available P contents. Similarly, 35.63
ppm available P was recorded under treatment received lime,
whereas 2.1 ppm available P was observed under control
treatment [12] which is very far variation. Research clearly
indicated that lime was not the only available P constraining
factor but also treatment-applied lime increased coffee cherry
yield by 60.5% than control treatment [12]. Thus, to increase
soil pH and decrease aluminum saturation, and by enhancing
nutrient availability lime is required to the study area.

3.1.5. Exchangeable Bases, Cation Exchange Capacity and
Percentage of Base Saturation

(i). Exchangeable Calcium

Data on exchangeable calcium of the soil samples are
presented in Table 2. Exchangeable Ca ranged from 1.8 to
6.03 meq/100g which is rated as low (< 3 meq/100g),
optimum (3-5 meq/100g) and high (> 5 meq/100g)
categories as critical level suggested by [39]. The
exchangeable calcium content also followed the trend of
organic matter which was 90% of soil samples were found to
be sufficient for coffee production. This result agreed with
findings of [4] who reported that the majority of sampled
soils tended to be above critical values that could be
attributed to the nature of the parent material.

Nevertheless, about 10% of soil samples were observed
low in exchangeable calcium in the coffee growing farms.
Low in Ca content may be as a result of low soil pH, leaching
due to high rainfall and impact of landscape positions in
study sites. In southern Ethiopia, soils of maize and cassava
growing farms were low in Ca content [18, 19]. In this study,
factor causes exchangeable calcium below accepted level
might be attributed to un-limed coffee farms in the study
sites. This is in line with Cyamweshi et al. [12] depicted that
exchangeable calcium affected by lime application it
increased from 3.12 (meq/100g) control treatment to 4.45
(meq/100g) lime received treatment.

Table 2. Descriptive statistics of basic cations and CEC (meq/100g).

Exchangeable cations (meq/100g)

Descriptive Statistics

Ca Mg K Na K:Mg CEC PBS (%)
Mean 4.07 1.39 2.35 0.19 1.68 19.85 40.74
Minimum 1.80 1.10 0.98 0.07 0.64 14.88 24.92
Maximum 6.03 1.52 3.85 0.38 2.62 25.08 51.12
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(ii). Exchangeable Magnesium

The descriptive statistics of exchangeable magnesium is
shown in Table 2. The exchangeable magnesium content
varied from 1.1 to 1.52 meq/100g with a mean value of 1.39
meq/100g. The exchangeable magnesium of all soil sites
falling within the medium (0.5 to 2.5 meq/100g) category as
per the rating suggested by [26] which is optimum for coffee
production. A possible reason for optimum Mg”" is that,
impact shade trees and high organic matter in coffee farms.
However, magnesium content below critical range was
observed in south part of Ethiopia [18]. Similarly, Alemu et
al. [4] reported not only calcium induced Mg deficiency but
also K induced Mg deficiency was recorded in Ethiopian
soils. Therefore, it should be worked on balanced nutrient by
avoiding nutrient imbalance, which does not tend farmers to
additional expense and negative impacts on environments.

(iii). Exchangeable Potassium and Potassium-to Mg Ratios

The results of exchangeable potassium, as presented in
Table 2, revealed that the exchangeable potassium ranged
from 0.98 to 3.85 meq/100g with a mean value of 2.35
meq/100g. Accordingly, as per the rating suggested by [16],
about 20, 40 and 40% of sampled soils in Gomma district
across coffee growing farms under optimum (0.51-1.5
meq/100g), high (1.51-2.3 meq/100g) and very high (> 2.31
meq/100g) categories, respectively, in exchangeable K. This
reason for high amount of potassium could be due to the
presence of high organic matter and clay content in soils of
the study area. Nath [32] also observed similar result. As
findings indicated by [25, 4, 29], high-level potassium in
soils of southwestern, central highland, southern and
northeastern of Ethiopia, respectively.

However, Mg induced K deficiency was recorded by [18]
Thus, it should pay attention to apply K fertilizer without
consideration of optimum K level in soil because there is a
competition with nutrient, which does not make K
availability to plants.

The descriptive statistics of the Potassium-to-Mg ratio of
the different coffee growing farms showed that the
Potassium-to-Mg ratio ranged from 0.64 to 2.62 (Table 2).
This result implies that Potassium-to-Mg ratio, about 90% of
sampled soils were greater than 0.7 as critical level suggested
by [31] which was sufficient for crop production. Alemu et
al. [4] also reported similar result. On the other hand, among
soil samples, around 10% were low in Potassium-to-Mg ratio
content, which was below the recommended range (< 0.7)
[31]. This is in agreement with the findings of [25, 18] who
reported that Mg induced K deficiency were observed in
wheat farms in Vertisols of central highland, maize and
cassava farms in Nitisols of southern of Ethiopia,
respectively.

The Lower values of Potassium-to-Mg ratio may be linked
to K adsorption to cation exchange sites, K fixation capacity of
clay mineral and continuous K removal without application of
K containing fertilizers [25, 18]. Similarly, According to
Fanuel et al. (2018) who concluded that soil exchangeable K

values alone may not adequately indicate K availability.
Therefore, soils of the study area could do with soil fertility
improvement with addition of K fertilizer and organic fertilizer
to soil in order to make better and sustain crop coffee
production for study area.

(iv). Exchangeable Sodium

Sodium (Na), though is not an essential element for plant
growth, but is important for diagnosing problem soils that may
contain high amounts of sodium. High levels of exchangeable
sodium affect soil structure, soil permeability and may be toxic
to sensitive plants [26]. Data on exchangeable sodium of the soil
samples are presented in Table 2. Exchangeable sodium (Na")
varied from 0.07 to 0.38 meq/100g in Gomma district,
indicating wide variability among sampled soils across coffee
growing farms. Accordingly, sampled soils in Gomma district
through coffee growing farms fall in under optimum (< 1.0
meq/100 g category, based on the critical level suggested by [39].

(v). Cation Exchangeable Capacity

The CEC ranged from 14.88 to 25.08 meq/100g with a
mean value of 19.85 meq/100g in the coffee growing farms.
Following this, according to [30], all of sampled soils were
fallen in high (> 12 meq/100g) category in CEC. High in
CEC contents might be explained the presence of high clay
content, the predominance of 2:1 clay minerals, high organic
matter and parent material from which soil was formed.
Hillette et al. [25] observed similar findings. Despite of high
CEC, soil and water conservation efforts are necessitated to
improve soil fertility by reducing nutrients loss due to the soil
runoff in coffee farms of study area.

(vi). Percentage of Base Saturation

The result revealed percentage of base saturation (PBS)
content of the soils of the study area as shown in Table 2. The
percentage of base saturation (PBS) varied from 24.92 to
51.12% in the coffee growing farms. Based on above-
mentioned, about 40 and 60% of the soil samples were found
to be low (20-40%) and medium (40-60%) critical level
suggested by [48], respectively in PBS. The factors that
cause low in PBS could probably be because of low pH,
removal of basic cation from top soil, landscape positions
and accumulation of sand particles in the sites.

3.2. Coffee Leaf Nutrient Status

3.2.1. Leaf Nitrogen Content

The tissue N content varied from 1.64 to 4.07% with a mean
of 2.66% (Table 3). Correspondingly, about 50, 20 and 30% of
the study sites were found to be low (< 2.5%), medium (2.5-
3%) and (> 3%) high category as critical level suggested by
[36], respectively in leaf N concentration. The current study
suggests that there was insufficient N content in the coffee
leaves in 50%. On comparative basis, the deficient in leaf N
concentration was reflected more than the total nitrogen status
in the soil test. There was in-significantly and weakly
correlated N tissue with total N (Table 4). This current result
implies total nitrogen values were inconsistent with plant
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tissue analysis thus without consideration of plant tissue
analysis it is not applicable for fertilizer recommendation.

Table 3. Descriptive statistics of coffee leaf concentrations.

Descriptive Nutrient

Statistics N (%) P (%) K (%) Ca (%) Mg (%)
Mean 2.66 0.14 1.85 1.02 0.31
Minimum 1.64 0.11 1.31 0.75 0.25
Maximum 4.07 0.17 2.59 1.50 0.39

The deficiency of coffee leaf N content might be
associated with coffee age, no application of mineral and
organic fertilization in the study area. Similarly, treatment
with the full nutrient solution reflected 3.73% of N content,
whereas absence of N reduced aerial part content to 1.84%
[22] which was below the critical value. Moreover, low in
leaf N concentration reflected harvest of coffee berries
without soil nutrient replenishment resulted in nutrient
extraction, continued coffee production without application
of fertilizers, which resulted in depletion of nutrients and loss
of N due to leaching. Apart from those, Coffee leaf N
contents are not only affected by fertilization but also
significantly influenced by the sampling time of plant tissue
[15].

3.2.2. Leaf Phosphorus Content

Phosphorus concentration in coffee leaves ranged from
0.11 to 0.17% with a mean of 0.14% in Table 3. According to
Reuter and Robinson [36] ratings showed that about 60% of
the sampled coffee leaves were found to be deficient (<
0.15%) in available P concentration. Available P was
deficient in samples from all sites, whereas about 40% of
tissue P contents were recorded within sufficient range,
which was not reflected in the soil test.

Deficiency in tissue P content could be attributed to low
available P in soils, no application of chemical fertilizer and
organic fertilizer, and low soil pH. P tissue concentration was
significant and positive association (r= 0.87) with soil P content
(Table 4). Flores et al. [22] who observed that the treatment with P
absence reduced tissue P contents in the aerial part by 25%
comparable with fully received phosphorus fertilization supported
this result. Similarly, plant tissue deficiency was recorded on
wheat and maize leaves in Ethiopia were reported by [25, 18]. The
second reason for inadequate leaf P content could be due to coffee
age. This result was corroborated with [24] who reported that the
older coffee age was lower than younger coffee in leaf P
concentration. Therefore, phosphorus deficiency led to the
reduction in the number of leaves, relative chlorophyll index, in
CO, concentration and a lower dry matter production in the roots,
compared to treatments with the full nutrient solution [22].

3.2.3. Leaf Potassium Content

Potassium contents ranged from 1.31 to 2.59% with a
mean of 1.85% (Table 3). This result showed that, about 50%
of the coffee leaves were found to be low (< 2.1%) category
as critical level suggested by [36] in leaf K concentration.
The deficient in leaf K concentration was inconsistent with
the soil exchangeable K test. The first reason low in leaf

potassium contents could be due to the potassium is
demanded and exported in large quantities by coffee,
especially in years of high yield, since it has a direct relation
with production or with fruit load [43]. This present study
also similar to the findings of [25, 18, 38] who reported the K
concentration in plant leaves was inversed to exchangeable K
in the soil test. In relation to this, Fanuel et al. [21] who
concluded that K availability was not only considered from
soil exchangeable K content. The reasons for the lack of leaf
K is that, may be many control points and processes that
allow plants to accumulate in their leaves from soil to leaf.
Thus, the insufficient tissue K content may be related to
nutritional imbalance resulting from cation competition,
which may interfere with K availability. This result is also in
agreement with [14], who reported the reduction in leaf K
contents due to the increase in Mg quantity; hence result in
decreased K uptake. Time of coffee leaf sampling also affects
leaf K concentration. In research conducted by Dubberstein
et al. [15] found that a reduction in leaf potassium
concentration was to be observed from December to May and
significantly affected by time. Apart from this, potassium
concentration of Arabica coffee was relatively higher in fruits
compared to leaves [15] thus this could be the reason for
deficiency of tissue K content.

3.2.4. Leaf Calcium Content

Calcium contents in coffee leaves ranged from 0.75 to
1.50% with a mean of 1.02% in Table 3. According to Reuter
and Robinson [36], all of coffee leaves were categorized
under optimum range. This result implies that calcium tissue
analysis was consistent with exchangeable Ca®’ in soil test,
which was contrary to TN and K. Besides this, calcium tissue
was significant and positive interrelationship with its
respective soil nutrient. In this study, it was found that the
contents of calcium in coffee leaves were sufficient. This
result is supported by [25, 18] who revealed that calcium
contents in plant leaves found to be sufficient. In Arabica
coffee, high contents of leaf calcium can be explained
because of sufficient amount of exchangeable calcium in
soils [40].

3.2.5. Leaf Magnesium Content

Magnesium contents ranged from 0.25 to 0.39% with a
mean value of 0.31% in Table 3. Magnesium content was
found to be within the sufficiency range suggested by [36].
This result indicates leaf magnesium content followed the
trend of tissue calcium concentrations. A possible reason for
high contents of leaf magnesium of Arabica coffee could be
due to the contributions of soil organic matter and content of
exchangeable magnesium in soils. This study was supported
by Sousa et al. [40] who reported that content of leaf Mg of
coffee was significantly affected by soil exchangeable
magnesium.

3.3. Correlation Between Soil Macronutrients and Coffee
Leaf Tissue

Evaluation of soil test and tissue analysis results is decisive



Agriculture, Forestry and Fisheries 2021; 10(3): 93-101 99

for sustainable soil fertility management. Thus, simple
correlation analysis was conducted to determine the
relationship between soil and coffee leaf in Table 4. The result
revealed that a positive correlation with their respective
nutrients. However, TN did not show significant correlation
with its respective soil nutrient concentration. Leaf N contents
showed no direct relationship with SOM, because the
mineralization and release rates of these nutrients to the soil
solution can explained by the chemical composition of the
residues and on the biotic and abiotic factors related with soils.

Table 4. Correlation between soil and plant tissue variables.

Soil Coffee leaf

parameters N P K Ca Mg
TN 0.47™ 0.44™ 0.27"™ 0.38™ 0.23™
Av P 0.41™ 0.87** 0.63* 0.71* 0.52™
K 0.67* 0.34™ 0.9%* 0.24™ -0.19™
Ca 0.19™ 0.39™ 0.41™ 0.77** 0.05™
Mg 0.39™ 0.7* 0.35" 0.06"™ 0.66*

** =P <0.01; * =P <0.05; ns= non-significant

Pearson correlation coefficient showed coffee leaf P
content significantly positive correlated with soil P (r= 0.87),
Mg (r= 0.7). This implies K plant tissue was significant and
positive correlation with soil P (r= 63), K (r= 0.9). This
present result is agreement with results of [25, 18, 40].
Significant and positive correlation was found to be Ca leaf
concentration with soil P (r= 0.71), Ca (r= 0.77). Mg leaf
content was significant and positive correlation with soil Mg
(r= 0.66). Similar result was observed by Sousa et al. [40]
found that Calcium and Mg increased significantly in the
diagnostic leaf along with increases in their exchangeable
contents in the soil.

4. Summary and Conclusion

Result revealed soil pH ranged from strongly to
moderately acidic. In soil test, result also revealed generally
organic matter, CEC, TN, Ca, Mg are within the accepted
limits, whereas K is high category. However, available P was
very low in all sampled soils. In plant tissue, result showed
N, P and K in deficient levels. However, Ca and Mg
sufficient in plant tissue. The problems in the study sites
might be related to low pH, impact of continues cultivation
without soil fertility intervention, nutrient mined due to
harvested products, no application of mineral and organic
fertilizer, coffee age, coffee cultivation practices and soil
conservation measures.

This result concluded that soil test and tissue analysis were
not completely dependable. Thus, two methods should be
done at same period is required.

5. Recommendations

i. For sound conclusion, the following recommendations
are suggested;

ii. soil survey should be taken from a number of coffee
growing farms

iii. Further studies based on soil test and crop response
calibration should be conducted for fertilizer
recommendation in the study area.

iv. Continuous monitoring of fertility status of the soil for
quality evaluation should be carried out regularly

v. N, P, K and organic fertilizers should be added to
coffee farms as well as lime should be applied in order
to raise soil pH to a desired level.
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