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ABSTRACT

In Ethiopia coffee is produced in four production systems namely
forest, semi-forest, garden and plantation coffee production systems
which are assumed to vary in the intensity of management. But little is
known whether these production systems and the associated
management practices and soil chemical properties have effect on the
different quality parameters of coffee. The study was carried out on
four production systems which are located in three different sites and
considered independent after the test of spatial out correlation using
mental tests. The correlation between soil and cup quality was
assessed using Pearson correlation analysis and principal component
analysis (PCA) was done for those variables that showed greater than
0.5 coefficient of variation. Those component variables, together with,
the other variables with higher Eigenvectors were used for linear
regression analysis. Ca+Mg, K, Mg: K, Clay, Na, Av K, Sand are
found as the major principal components. The influence of soil
nutrients was observed mostly in the forest coffee production system.
The influence of some micronutrient was observed in the rest of
production system on the quality parameters such as flavor, color, and
shape and make.

INTRODUCTION

Within Ethiopia, four major coffee production systems can be found (Woldetsadik and Kebede, 2000).
These are forest coffee, which is sometimes referred to as "wild" coffee, semi-forest, garden coffee
sometime referred to as smallholder coffee, which is produced in plots of varying sizes around
dwellings and plantation coffee, which is established on previously cleared land (Labouisse et al., 2008).
Forest coffee systems may comprise both forest coffee without or with little human management while
in semi forest coffee the degrees of management are high.

The beverage quality of coffee is affected by many factors like the variety of the coffee, climate
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condition, processing type, soil quality (CRI, 2001; Pinkret, 2004; Bertrand et al., 2006). Soil consists
of mineral particles, organic matter, the nature and amount of these components in the soil influences its
characteristics. Soil nutrients may be inherited from the parent materials or added through the use of
extreme inputs (organic and inorganic fertilizers, rain, etc.) (Pastor and Post, 1986; Castrigano et al.,
2000).In the natural habitat of coffee, soils are acidic to slightly acidic with limited phosphorus
availability (Senbeta, 2006; Kufa, 2006). Ideal soils for coffee should be deep, permeable, slightly
acidic and porous (D’Souza and Jayarama, 2006).To achieve the optimum yield and quality of coffee,
the nature and properties of the soil are of paramount importance. Nutrients are required for both
vegetative growth of coffee trees and production of high-quality beans and hence nutrient imbalances
can affect quality (Njorge, 1998). Deficiency in nutrients leads to lower quality coffees (Feria-Morals,
1990 cited in Feria-morales, 2002).

Many studies have identified soil nutrient availability to be an important factor controlling net primary
product activity (Pastor & post, 1986) and biochemical contents of plants (Mazzafera,1999) and hence
the quality of the product. Some works on the influence of soil properties on coffee quality have been
reported, especially in coffee plantation (Njorge, 1998; Pinkert, 2004). Literature shows that volcanic
soils often produce a potent acidity and a good body and such soil can lead to a more balanced cup (CRI,
2001; Bertrand et al 2006). Abebe et al. (2008) demonstrated that soil properties considerably influence
the cup quality of wild Arabica coffee in its natural habitat. This finding adds evidence to the
importance of soil factors for the coffee quality and verified the hypothesis that the distinct coffee varies
depending on the soil characteristics of the farms where the coffee is grown. In Ethiopian conditions,
there are four coffee production systems unlike the rest of the world but little is known whether these
production systems and the associated management practices and soil chemical properties have effect
on the different quality parameters of coffee.

MATERIALS AND METHODS

Description of study sites

The study area consisted of four sites in jimma zone within the radious of 95km west-northwest of
Jimma town. Jimma town is situated in the Oromiya region in the highlands of Southwest Ethiopia. The
study area is situated between 1800 and 2100masl. There is a humid, sub-tropical climate, with a yearly
rainfall of about 1500mm or more, a short dry season and relatively high cloud cover. A peak in rainfall
occurs between July and September (long rainy season) and a smaller peak occurs between March and
April (short rainy season). Differences in temperature throughout the year are small with a mean
minimum and maximum annual temperature of 11.9 and 26.4°C (Schmitt, 2006). The study sites were
selected from the respective production systems.

Study sites

Garuke: Garuke is located 10km northwest of Jimma town, with the elevation of 1786 m.a.s.l. This
was selected for the collection of cherries of Garden and semi-forest production system.The landscape
is heavily fragmented and there is a high degree of human disturbance. In this area, forest fragments
of different size and management intensity lie within a matrix of grazing land.

Fetche: Fetche is located 15km from Jimma town with the elevation of 2030 m.a.s.l. The remnant
forest here is less fragmented resulting in one large cultivated “fragment” of approximately 100 ha
surrounded by agricultural landscape. Due to the proximity of Jimma city, this forest is of high interest
for the production of coffee beans. Since the forest fragment has many different owners, the
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management intensity varies from very intensive to intermediate. Besides disturbance due to coffee
productivity, the forest is also used for other functions such as firewood collection and charcoal
production. The Fetche forest is considered to be a semi-forest coffee production system (SFC). The
semi forest coffee sample was collected from this area.

Limmu: this site was selected for the collection of coffee bean representing plantation coffee
production system, from the variety 74165 which is one of the coffee varieties found in the Limmu
kosa coffee plantation and it is known in having combated growth habit, high yielding and CBD
resistant The area receives annual rainfall in the range of 1,200-2,800 mm with elevation 1795 m.a.s.l.
Gera: This site is situated 95km west of Jimma known as Belete-Gera National Forest Priority Area.
The area consists of continuous forest with less disturbance and management than the previous
sites .with elevation of 2224 m.a.s.l. This site is selected to collect the sample for the forest coffee
beans.

Experiment design

The experiment was laid out in 4x2 factorial in a randomized complete block design (RCBD) with
factorial combination of two factors, production system and bean type with a treatment combination of
eight.

Factor A-production system with four levels (forest, semi-forest, garden, and plantation)

Factor B-bean type with two levels (normal and peaberry +normal bean)

Soil sampling and laboratory analysis

Composite soil samples were randomly collected from all experimental areas from a depth of (0 —30cm)
using core sampler auger, since most of the root system of the coffee tree develops in the upper soil layer,
the properties of the topsoil are more crucial to the coffee plants than those of the deeper subsoil
(D’Souza and Jayarama, 2006; Kufa 2006). The analyses were accomplished by following the standard
procedures at the JIJE Analytical Testing Service Laboratory, Addis Ababa, Ethiopia. The distribution
of soil particles (sand, silt, clay) was determined to know the textural class of the soil. The chemical
properties analyzed include total N, available phosphorus, Ca, Mg, Mn, Fe, Zn, K, CEC, EC, OC, and
TN.

Statistical analysis

For statistical comparisons among production systems, in terms of physical and organoleptic quality of
coffee beans, we first checked for the absence of spatial autocorrelation among the selected plots in the
different systems using a Mantel test. We used a geographic distance matrix, calculated from the
coordinates of the center of each plot, and a Sorensen similarity matrix, calculated from
Physico-chemical data of the analyzed soils. None of the Mantel tests showed a significant isolation by
distance relation (P > 0.01), and all samples from the plots where therefore considered to be
independent observations. The variables defect, shape and make, color, odor, cup cleanness, acidity,
body, flavor, and overall quality fulfilled normality assumptions and we consequently used a 4x2
factorial design to compare production systems with respect to different measures of test quality,
followed by pairwise comparisons among production systems, treatments, and their interaction effect,
using an LSD test. These analyses were performed in SAS V.9.2

In addition, we also carried out a Pearson covariance analysis to see which variables co-vary. We then
conducted principal component analysis (PCA) using those variables that showed greater than 0.3
coefficient of variation. This was to group factors (variables) into components and to evaluate the
relative contribution of the role of variances in components. The different components were then treated
as additional variables. Those component variables, together with, the other variables with higher
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Eigenvectors were used for linear regression analysis. The PCA analysis was employed to the
site-specific factors (soil) and bean characteristics. Pearson covariance analysis, PCA, linear regression,
and ANOVA were carried out by SAS v.9.2 (SAS Inc, 2003).

RESULT AND DISCUSSION

Soil properties in different production system and their effect on the occurrence of coffee bean
abnormality and sensory quality of coffee

The soil analysis result showed that the highest soil pH (6) was found at the garden coffee production
system whereas the lowest pH (5.17) was recorded under semi- forest coffee production system.
Generally, under any of the production systems, the soil is acidic. Coffee can be cultivated on a wide
variety of soil types, provided these are at least 2 meters deep, free-draining loams with a good water
retention capacity and a pH of 5-6, fertile and contain no less than 2% organic matter (Raghunbanshi,
1992). The soil pH recorded is ideal for the production of a high-quality coffee which is between (5-6)
(Senbeta, 2006; Kufa, 2006). Soil samples collected from plantation coffee had almost two-fold
phosphorous (6.732) than the three production systems. This difference might have been observed due
to the fact that fertilizer (DAP) is applied to plantation coffee.

Table 1. Average soil Physico-chemical characteristics under the four coffee production systems of SW
Ethiopia.

Parameter Unit Forest Semi-forest Garden Plantation
Clay % DM 42 53 47.33 43.83
Silt % DM 38 29.2 355 32.83
Sand % DM 20.12 17.83 17.2 23.33
PH H201:25 5.58 5.23 6 5.27
EC us 0.19 0.292 0.268 0.153
AV.B ppm 0.57 0.668 0.62 0.522
AV.P ppm 2.77 3.58 5.648 6.732
CEC Meq/100g 29.92 35.1 29 27.82
Ca Meq/100g 10.03 7.12 3.3783 7.73
Mg Meq/100g 3.74 2.93 3.38 3.022
Na Meq/100g 0.112 0.105 0.14 0.103
K Meq/100g 1.11 0.64 2.73 0.935
ocC %DM 4.12 4.45 3.085 4.03
TN %DM 0.45 0.48 0.36 0.405
Mn ppm 100.13 84.31 132.97 93.0883
Fe ppm 82.1 66.132 454 69.48
Cu ppm 1.14 1.9 2.06 1.21

Zn ppm 4.73 3.658 7.46 5.83

EC = Electrical conductivity, Av.B=Available boron, Av.P = available phosphorous, CEC=Cation
exchange capacity, Ca = Calcium, Mg =Magnesium, Na = Sodium, K = Potassium, ~ OC = Organic
carbon, TN = Total nitrogen, Mn=Manganese, Fe=Iron, Cu=cupper, Zn= Zinc,

The concentrations of nutrients in the soil are associated with its biological and geochemical cycles
(slagle et al., 2004) and they are also influenced by anthropogenic factor such as deforestation .soil
consists of both mineral particles and organic matter, and the nature and amount of this component in
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the soil influences its characteristics. Soil nutrients may be inherited from the parent materials or added
through the use of external inputs (organic and inorganic fertilizers, rains, etc.. (Pastor and Post 1986;
Castrignano et al., 2000).

Table 2.Pearson correlation for soil variables and overall coffee quality in different production systems.

Over all cup quality
Soil parameters

Forest Semi-forest Garden Plantation
Sand 0.72 -0.04 0.07 -0.22
Silt 0.42 0.36 0.27 -0.39
Clay -0.79 -0.13 -0.21 0.41
PH 0.30 -0.71 0.18 -0.26
Av.B 0.61* -0.96** -0.03 0.67
Av.K 0.57 -0.19 -0.41 -0.04
EC 0.47 0.39 -0.03 -0.01
Av.P 0.50 0.31 0.51 0.39
CEC 0.28 0.02 0.30 0.23
Ca 0.24 0.49 0.20 -0.01
K 0.59 -0.26 0.01 -0.02
Mg -0.06 0.55 0.30 0.14
Na -0.54 0.23 0.22 0.34
OoC 0.85* 0.24 -0.02 0.02
TN 0.75 0.27 0.12 0.21
Mn -0.02 0.46 0.09 -0.28
Fe 0.90** 0.53 -0.09 -0.13
Cu 0.33 0.36 0.11 0.07
Zn 0.28 0.50 -0.02 -0.06

** *=correlation significant at 1% and 5% level of significance; n=number of observation

EC = Electrical conductivity, Av.B=Available boron, Av.P = available phosphorous, CEC=Cation
exchange capacity, Ca = Calcium, Mg =Magnesium, Na = Sodium, K = Potassium, OC = Organic
carbon, TN = Total nitrogen, Mn=Manganese, Fe=Iron, Cu=cupper, Zn= Zinc,

The correlation between soil parameters and overall coffee cup quality’s collected from different
production systems which are tested with the presence and absence of peaberry is indicated in table 4.
AV.B was positively and significantly correlated with forest coffee tested with and without peaberry at
the (p=0.022) but negatively correlated with semi-forest coffees both with and without peaberry at the
p-value of (p=0.021). B is an important nutrient in plants, particularly in sugar transformation in higher
plants and its deficiency can cause reductions in crop yields, impair crop quality, or have both effects
(Gupta, 2006). It is most associated with organic matter (OM) and clay content of soils. It is important
in plants for sugar formation. The absorption by plants mostly depends on the amount of B in soil
solutions. Therefore, higher amount in soil solution is the major contribution to B absorption by plants.
They may absorb higher level of B than required only because of the higher amount of B in soil solution
(Gupta, 2006).

Under semi-forest soils, the B content is the highest (Table 3), and it is more probable that the highest
amount is absorbed by coffee plants irrespective of the optimum need of the coffee plants. A high level
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of B in soils is more or less to mean high level of B in plants. Higher-level causes toxicity in plants. This
might have been reflected in overall cup quality of semi forest coffees.

OC and Fe were positively and significantly correlated with the overall quality of forest coffee
production system tested with the peaberry (p =0.0303; p=0.0121) respectively. The availability of Fe is
affected by the PH of the soil, as the PH gets lower the availability of Fe iron increases and it is also
affected the availability of some nutrients that can oxides it such as sulfur (Rémheld and Miroslav,
2007). Soil organic carbon influences a wide range of physical, chemical and biological properties and
is considered as the most important indicator of soil quality (Larson and Pierce 1994).

Table 3.Pearson correlation coefficients between ratios of different cations and cup quality of Arabica
coffee from different production systems assessed in southwest Ethiopia.

Cup quality
Production system  Traits CaK Mg:K Mg:Ca Ca+Mg:K
Cpc 0.27 0.62 0.63 0.50
Acidity 0.60 -0.61 -0.42 -0.40
Forest Flavor 0.66 -0.27* 0.09 0.54
Body -0.28 0.88** -0.86** -0.18
Overall -0.80* -0.76 -0.48 -0.89**
Cpc -0.16 -0.15 -0.19 -0.16
Acidity 0.55 0.56 0.72 0.56
Semi forest Flavor 0.58 0.58 0.67 0.57
Body 0.70 0.73 0.59 0.71
Overall 0.58 0.58 0.78 0.58
Cpc -0.44 -0.59 -0.21 -0.49
Acidity 0.50 0.50 -0.17 0.52
Garden Flavor 0.48 -0.10 0.01 0.49
Body -0.17 -0.01 -0.34 0.76
Overall 0.52 0.47 -0.23 0.56
Cpc 0.12 0.15 0.20 0.14
Acidity -0.19 -0.29 -0.29 -0.24
Plantation Flavor -0.05 0.16 0.58 0.04
Body 0.01 0.23 0.63 0.11
Overall -0.25 -0.17 0.10 0.22

*=significant at 1%, **=Significant at 5% Cpc= cup clean ness, Ca=calcium, K=Potassium,
Mg=magnesium

As clearly indicated in the table (5) not only the nutrients availability in the soil the balance between the
monovalent and bivalent also affect the cup quality of coffee. Flavor is negatively and significantly
correlated with all cation ratios of for Mg: K at the p-value of (p=0.0213). The body was positively and
significantly correlated with Mg:K ratio (p =0.0034), negatively correlated with Ca+Mg:k but
significantly with Mg:Ca ratio (p=0.0016). Over all cup quality is negatively correlated with all cation
ratios but it was significant for Ca: k and Ca+mg:K ratio under the forest coffee production system
which is in line with(Abebe et al.,2008).

The ratio of Mg: K is the most important variable for the coffee quality variables. Potassium augments
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the body of the coffee (CRI, 2001) and the present study also confirmed this fact, especially in the forest
coffee production system.

Generally, there was a difference in the coffees analyzed with and without peaberry, which indicates the
effect of the presence and absence of peaberry on their correlation with the ratio of different cations and
soil nutrients. In all production systems coffees analyzed with the presence of peaberry and without the
presence of peaberry had a significant difference in the level of significance and in the way of
correlation. For instance in the coffee bean analyzed with peaberry, cup cleanness is negatively
correlated with all cations ratios in the semi-forest and garden coffee production system even though it
was not significant whereas in the coffee without peaberry it was negatively correlated with Ca: k ratio
in all production system except in the semi-forest coffee in which it was negatively correlated with all
cation ratios.

Flavor in the coffee analyzed with peaberry from the forest coffee production system was negatively
and significantly correlated with Mg: K ratio but not significant in the coffee without peaberry. The
body in the forest coffee production system analyzed with the coffee peaberry was positively and
significantly correlated but negative and non-significant in the coffee bean analyzed without peaberry.
The body was also negatively and significantly correlated with Mg: Ca ratio which was positive but not
significantly with coffee bean analyzed without peaberry. Overall is also negatively and significantly
correlated with Ca:K and Ca+Mg:K in the coffee bean analyzed with the peaberry whereas it was not
significant in the coffee bean analyzed without peaberry.

In the semi-forest coffee production system, flavor was positively and significantly correlated with all
cation ratios but not significant in the coffee bean analyzed with the peaberry in the same production
system. Whereas overall in the plantation coffee production system which was analyzed without the
peaberry was correlated negatively and significantly but not significant in the coffee with peaberry in
the same production system. Since there are some nutrients which are affected by the amount of another
nutrient which is antagonistic or compatible for their presence, the ratio between the cations is very
important parameters for coffee because K is antagonistic to Mg and Ca (Snoeck and Lambot, 2004)
Table 4.The correlation between soil texture and TN, OC, pH with bean type (with and without peaberry)
in different production system

P.system Traits sand silt clay TN ocC pH
Forest Pea berry 0.16 0.05 0.16 -0.49 -0.39 -0.26
Normal bean -0.15 -0.05 -0.16 0.49 0.39 0.25
. Pea berry -0.71 0.08 -0.56 0.26 0.15 -0.06
Semi-forest
Normal bean 0.70 -0.09 0.57 -0.27 -0.17 0.04
Pea berry -0.46  0.81* 0.77 -0.62 0.25 -0.49
Garden
Normal bean 0.46 -0.82 -0.76 0.58 -0.28 0.49
. Pea berry 0.26 0.36 -0.41 0.05 -0.46 0.21
plantation

Normal bean -0.26  -0.36 041 -0.05 0.46 -0.21

TN=total nitrogen, OC=organic carbon, **=significant at 1%,*=significant at 5%
As indicated in (table 6) the correlation between the four production systems and the bean type was not
statistically significant in many of above mentioned soil parameters. In the garden coffee production
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system silt was positively and significantly correlated with coffee bean with pea berry (p=0.0464) but it
was negatively correlated with coffee bean without pea berry but not significant.

Sand, TN, and PH were negatively correlated with coffee bean with pea berry whereas silt, Clay and
organic Carbon were negatively correlated with coffee bean without pea berry. Under the semi-forest
and plantation coffee production system there was no statistically significant correlation.The
correlation of bean type rather significant with the factors like pollination time and genetics of the
coffee than that of the soil because some literature shows that way of pollination contributes to the
formation of peaberry (Ricketts et al .,2004).

In the forest coffee production system, cup cleanness was negatively and significantly correlated with
sand (p=0.006) which means coffee grown in the sandy soil is lower in the cup cleanness or cup
cleanness is negatively affected by the amount of sand in the soil. Acidity was positively and
significantly correlated with organic carbon (p=0.025). Under this production system flavor is also
positively and significantly correlated with TN, OC (p=0.002 and p=0.011) respectively similarly EC
is also correlated positively and significantly (p=0.004) ,Color is negatively correlated with sand at the
p-values of (p=0.0065) similarly odor is negatively and significantly correlated with TN, OC, Ca and K,
(P=0.0008; p= 0.0292; p=0.0292 and P= 0.0084) respectively . Similarly CEC, Fe, Cu and EC were
also correlated positively and significantly (p=0.0495, p=0.0410,p= 0.0084 and p=0.0046) respectively.
The overall cup quality was positively and significantly correlated with OC (p= 0.0131) and Fe
(p=0.0121) in the forest coffee production system respectively, this may be due to higher decomposition
in the forest coffee which can contribute for the availability of organic carbon.

In the garden coffee production system cup cleanness was positively and significantly correlated with
PH, Mg, and K (P=0.0505; p=0.0189 and p=0.0293), respectively it was also similar for Na and Mn (p=
0.0505 and p=0.0359). Color was negatively and significantly correlated with sand (p=0.0174) the
same is true Fe (p=0.0475) odor was negatively and significantly correlated with PH and Mg
(p=0.0373 and p=0.0212), respectively similar to Na and Mn (p=0.0004 and p= 0.0455) respectively.
The flavor was also positively and significantly correlated with Mn and Zn (p= 0.0050 and p=0.0037)
respectively whereas shape and make was negatively and significantly correlated with Mn (p=
0.0421).Color was positively and significantly correlated with Fe (p=0.0513) but overall was
negatively and significantly correlated Av.B (p=0.0209).

In the semi-forest production system, there was a positive and significant correlation between the
overall and OC (p=0.0319), it was also negatively and significantly correlated with Mg
(p=0.0091) .Flavor was also positively and significantly correlated with Mn and Zn at the p-values of
(p=0.0050) and (p=0.0037).whereas shape and make was negatively and significantly correlated with
Mn at the p-values of (p= 0.0421) and color was positively and significantly correlated with Fe at the
p-values of (p=0.0513) but overall was negatively and significantly correlated Av.B at the p-values of
(p=0.0209) .

In plantation coffee production system there was no strong correlation between most of cup quality
parameters and the soil nutrients except that silt was negatively and significantly correlated with cup
cleanness (p=0.0343) it was positively and significantly correlated with Av.B (p=0.0321). Color was
also negatively and significantly correlated with Mg (p=0.0509) .The defect was also positively and
significantly correlated with EC (p=0.0289). Whereas shape and make were negatively and
significantly correlated with CEC (p=0.0094).
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Principal Component Analysis
Table 5.principal component analysis

Variable PC1 PC2 PC3 PC4 PC5
Fe -0.119  0.519 -0.200 0.195 -0.266
Na 0.272  -0.101 0.035 0.652 0.135
CLAY 0.309 -0.335 0.406 0.047 -0.121
AV,P -0.229  -0.297 0.186 0.396 0.494
Ca+Mg:K 0.495 0.048 -0.212 -0.079 0.155
AV.B -0.095 0.136 0.609 -0.429 0.183
Mg:K 0.479 0.016 -0.230 -0.050 0.036
AV.K -0.384  -0.036 0.066 0.327 -0.415
oC 0.214 0.457 0.294 0.147 0.047
TN 0.125 0.479 0.348 0.237 0.067
SAND -0.267  0.244 -0.281 -0.033 0.644
Eigen value 3.420 2.620 1.360 1.067 0.998
Proportion of variance

explained 31.16 23.87 12.37 9.7 9.08
Cumulative percentage 31.16 55.03 67.4 77.1 86.18
of variance

The first and second dimensions together explain 55.03% of the total variation, respectively. The first
component is explained more by Ca+Mg: K, Mg: K, and Clay. The second component was explained
largely by OC, TN and Sand (Table 4). The main two new variables, PC1 and PC2, can linearly be
calculated as:

PC1 = 0.495Ca+Mg: K + 0.479 Mg: K+ 0.309 Clay+ 0.272Na - 0.384Av K — 0.267 SAND

PC2 = 0.519Fe-0.101Na-0.335Clay-0.297Av.P+0.048(Ca+Mg:K)+ 0.136Av.B+
0.016Mg:K-0.036Av.K+0.4560C+0.479TN+0.244SAND

| 1 1 1 1 |
T g g 13 B g 1 g B T g g B g g T

Dimepsion 1. . . . ..

Dimersicn 2

Figure 1.contribution of different soil nutrients and texture in different production system as principal
component.
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Forest and semi-forest coffee production systems contribute higher OC, TN, Fe and sand content in
component one (Fig.1). The litterfall contribution from the multistory forest and semi forest system
might have contributed to the more TN and OC. On the other hand, Available P vector is pointed to the
region of plantation and garden coffee (Fig.1). This may be due to the application of DAP fertilizer to
the system so as to improve the production since plantation coffee is more focused on increment profit.

3 -
=23 7 q" ¢ R?=0.1723
2 . S
E 2- N 4-’!' 'i_\-_\-“_"—h_.___
2 * . —
oy
g 1.5 -
£
1]
a
£ 1 -
L
0.5 4
D T T T T T T 1
0 2 4 b 8 10 12 14

Available P {ppm)

Figure 2.The regression graph between pea berry and available phosphorus in plantation coffee
production system.

Phosphorus plays a great role in plant fruit production and seed setting. In this finding, phosphorus
availability didn’t show any relevance in pea berry formation. Although the highest availability of
Phosphorus was found under plantation coffee system, maybe due to application of DAP, this finding
revealed that the highest pea berry recorded was not supported with the available P in soils (Sanchez,
2006).

Overall cup quality didn’t show a significance difference among the production systems. Neither of the
site factors affected the cup quality. The maximum care is taken during harvesting and postharvest
handling might have contributed to the existence of similar quality among the bean types.
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Figure 3. The regression graph between total cup quality with pea berry and mg:k.
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As indicated in the figl Mg:k ratio is mostly found in the forest coffee production system and
contributed more for the principal component one . Both magnesium and potassium are macronutrients
that are needed at high amounts by the plants. They play critical role in different parts of plant and their
deficiency can be observed easily. Because plant needs them at higher amount, starting from growth, the
ratio of both elements play significantly in total quality of coffee when optimally available, but
excessive uptake of this ratio may also lower the total quality which is in line with the work of Abebe et
al., (2008). In this study the highest amount of Mg was found in the forest coffee production system and
it was negatively correlated with all of coffee cup quality parameters except with body where the
correlation was positive. It was positively and significantly correlated in the semi-forest coffee
production where it was found with the minimum amount from the rest of production system .Increased
potassium fertilization or availability, relative to magnesium, will inhibit magnesium absorption and
accumulation and vice versa. The degree of this antagonistic effect varies with potassium and
magnesium fertilization rates, as well as the ratio of the two nutrients to one another (Merhaut, 2007).
The ratio of Ca+Mg:K was mostly found in the forest coffee production system and contributed mostly
in principal component one, but it doesn’t explain total cup quality more(figl).Ca+tMg: K was
correlated negatively with the overall coffee quality parameters where the highest amount of Ca and Mg
were found indicating that highest amount of this cation ratio leads to the toxicity or it affects the quality
of coffee. Calcium is a divalent cation that plays important roles in cell wall structure, cell membrane
relations, and signal transduction in the plant ( Merhaut, 2007). It is also available for the plants at the
lower PH. So acidic soils often contribute additional symptoms to the calcium deficiency. Ca+Mg:K
is all macronutrient hence it is needed by high amount and it was important at the relative proportion
for the total cup quality tested with pea berry. The concentration of calcium, relative to magnesium, is
inhibitory to the absorption of magnesium and vice versa, since the Ca, Mg and K are antagonistic for
each other the amount or the concentration of one affect the availability of the other, they are
important at relative amount for the plant uptake (Merhaut, 2007).
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Figure 4. The regression graph between the total cup quality and Ca+Mg:K.
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Figure 5. The regression graph between total cup quality and Fe content of the soil

As indicated in figl Fe is also indicated in the forest coffee production system and it contributed
much in the principal component two. According to fig (5) the highest total quality was found in
relatively higher amount of Fe, even though the amount of Fe found in all of the production systems is
in the range of deficiency the highest total quality is found in the higher Fe relatively, higher amount Fe
was found in the forest coffee production system where it was positively and significantly correlated
with overall. Fe is microelement which is a divalent or trivalent heavy metal, depending on the
reduction-oxidation conditions in the soil. Iron is found in the soil as various oxides and also in
association with various organic molecules. Iron can be limiting in the natural environment due to the
unavailability to the plant of the oxide forms of the element. Plants overcome the limitations of iron
absorption by either lowering the pH of the soil or thus increasing the iron solubility, or by the
production of specialized iron-scavenging compounds called siderophores. As indicated in fig 7 total
cup quality increases as the amount of Fe increases and it is positively related to the total cup quality
(Rémheld and  Nikolic, 2007).
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Figure 6. The regression graph between total cup quality and Total Nitrogen
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As indicated in (fig.1) total Nitrogen is found mostly in the semi-forest coffee and it contributes more in
principal component two. Nitrogen is the most frequently limiting nutrient. Within the plant, nitrogen
serves in the same ways it does in other organisms a component of amino acids and nucleic acids. A
shortage of nitrogen restricts the growth of all plant organs, roots, stems, leaves, flowers, and fruits
(including seeds). Sometimes under conditions of sufficiency of nitrogen, leaves, especially the lower
ones, will provide nitrogen to fruits and seeds, and symptoms of deficiency may develop on the leaves.
The concentrations of nitrogen in leaves, stem, and roots changes during the growing season. In the
early stages of growth, concentrations will be high throughout the plant. The amount of nitrogen in the
plant can also influence the fruit-bearing as well as the total quality of coffee tested with the presence
of pea berry (Barker and Bryson, 2007).

SUMMERY AND CONCLUSION

The present study demonstrates soil properties of different production systems and there influence on
different cup and raw coffee quality parameters. The influence of soil nutrients was observed mostly in
the forest coffee production system. The influence of some micronutrients was observed in the rest of
production system on the quality parameters such as flavor, color, and shape and make. The highest
quality coffee was obtained from all production systems this might be due to harvesting and postharvest
handling including the processing method employed similarly to all cherries collected from the four
production systems.

According to the principal component analysis Ca+Mg: K, Mg: K,Clay,Na ,Av K ,SAND are found as
the major principal components. Forest and semi-forest coffee production systems contribute higher OC,
TN, Fe and sand content in component one. On the other hand, Available P vector is pointed to the
region of plantation and garden coffee and the P in the plantation coffee was twofold of the P in the other
production system.
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