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Abstract: Application of inorganic and organic fertilizers is the cheapest sources for replenishing plant nutrients in
agricultural soils. However, selecting the optimum combination of these resources based on soil type and crop species were
necessary. In this view, a field experiment was conducted at Haru research sub-center to assess the effect of coffee husk
Compost and NPS Fertilizer rates on soil growth and yield and yield components of coffee in 2018/2019 cropping season. The
treatments used were the combination of different rates coffee husk compost and NPS fertilizers rate, and laid out in
randomized complete block design with three replications. The combined application of coffee husk compost and NPS
fertilizers rate were significantly increased plant height of coffee. Coffee husk compost at (7.5 t ha™) and NPS fertilizer at (50
kg NPS ha™') has improved yield of coffee crop. Integrated NPS fertilizer and coffee husk compost with different rates
improved coffee yield and yield components. Therefore, the use of 7.5t ha™' coffee husk compost and 50 kg ha™ of NPS
fertilizer can be the best alternative integrated soil fertility management option in place of the sole application of inorganic
fertilizers at study area tentatively. Nevertheless, in order to give conclusive recommendation further research studies are
needed for more soil types and coffee crop varieties.
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National State is the home land of Coffee arabica evidenced
by the existence of wild coffee trees in the region with
464,426 ha of total area coverage and 317,316 ton of
production per annum [11].

Poor soil fertility is considered to be the major constraint
to increased food production in most acid soils of Ethiopian
high lands [36]. The use of inorganic fertilizers believed to
alleviate the problem of decline in soil fertility; though it can
increase crop productions for time being only. But coffee
farm state plantation and local farmers have used mainly
chemical fertilizers for long time which can cause degrading
of soil [26]. On the other hand, high cost of inorganic
fertilizers and other agrochemicals along with cost of

1. Introduction

Coffee sector is one of the backbones of the economic and
social development in Ethiopia [8]. More than 15 million
people directly or indirectly depend on coffee value chain for
their income and employment, over 50% of the coffee
produced is consumed within Ethiopia [5]. Coffee market is
dominated by the three top producing countries Brazil,
Vietnam and Colombia [30]. Major coffee production mainly
Southern, South Western and Eastern parts of the country
(Kaffa, Illubabor, Jimma, Wollega, Sidamo, Gedeo,
Yirgachefe and Hararghe) are the chief major coffee
producing areas in the country [6, 8]. The Oromia Regional



American Journal of Bioscience and Bioengineering 2021; 9(3): 81-87 82

transportation make their use uneconomical for most
smallholder farmers [17]. To alleviate this problem of
smallholder farmers with growing demands for sustainable
agriculture the use of composting technology to excessively
available coffee wastes (coffee husks) becoming inevitable
for coffee producing areas [10].

Coffee waste product is one of the wastes, producing
during coffee crop production, that have been studied by
recycling through conventional and vermicomposting
methods [1]. Coffee crop production at Haru district produce
a large number of coffee-products (coffee husk), amounting
to about 500,000 tons per year are depositing without
efficient use. Some farmers mix up coffee husk with manure,
but this way showed less efficiency. Beside this, untreated
coffee husk will spread diseases and pests to next crop.
Currently there is a huge interest from regional and federal
government to convert by products of coffee crop (for
example coffee husk) into usable end products such as
compost [15]. It also serves as a guide to adjust or redirect
the fertilization program to correct nutritional imbalances to
achieve higher crop yield [32].

Adding inorganic fertilizer alone is not sufficient to retain
a sufficient soil fertility status level. Moreover, in degraded
soil where there is little organic matter, yield response is
limited, even if artificial fertilizers are being used [18].
Beside this, coffee husk compost release nutrients very
slowly to the plants. On other hand, nutrient content of
compost is low as compared to inorganic fertilizers, so
compost is usually applied at large rates. Nevertheless,
applying large quantity of such material is difficult in
smallholder farmers. Hence, an integrated approach,
combining coffee husk compost and mineral fertilizer is
better strategy for coffee crop production. Integrated soil
nutrient management is eco-friendly and cost-effective soil
fertility management techniques enable smallholder farmers
to overcome many limitations of the soil fertility
management techniques [31].The Significantly enhanced
yield of crop, water use efficiency and soil chemical
properties as compared to the use of only inorganic fertilizers
[34].Chemical fertilizer with the compost that produced from
coffee husk increased up to 14% the yield compared with the
control in unchanged production input [21]. The combined
use of inorganic and organic fertilizers performed better than
just organic fertilizers alone in both the mean height and the
final height of the coffee seedlings. Moreover, organic and
inorganic nutrient sources are able to provide sufficient
nutrients for healthy coffee growth [10].

Despite the significant area of coffee production and its
contribution in Ethiopian economy with the mean national
coffee yield 0.62tha” was low [11]. Even though different
factors are responsible for low productivity, low soil fertility
status is a major concern in the production of coffee crops in
the country [28]. Also reported that, most of the nutrients
necessary for coffee growth are deficient at Haru [35]
Nevertheless, the sources of plant nutrient for Ethiopian
agriculture have been limited to Urea and DAP fertilizers which
contain only Nitrogen and Phosphorus that may not satisfy the

nutrient requirement of crops, respectively [27]. Ethiopian soils
lack most of the macro and micro nutrients that are required for
sustaining optimal growth and development of crops were
reported [23]. These make Ethiopian fertilizer test worse that are
below international and regional standards of Agriculture
Growth Program [2]. To overcome this situation the Ministry of
Agriculture, Ethiopia has been recently introduced a new
compound fertilizer (NPS) containing Nitrogen, Phosphorus and
Sulfur with the ratio of 19:38:7% of N:P,0s:S. The compound
NPS fertilizer has been currently substituted DAP in
Ethiopian crop production system as main source of
phosphorous Ministry of Agriculture and Natural Resource
[19].Therefore, the objective was to determine the effects of
coffee husk compost and NPS fertilizer rates on growth and
yield of coffee (Coffea arabica L.) at Haru research sub-
center, western Ethiopia.

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

The study was conducted at Haru Agricultural Research
Sub- Center which is located at a distance of 466 km from
Addis Ababa within the Oromia National Regional State.
Haru Agricultural Research Sub-Center is found in Wara
Baro Kebele Haru district in West Wollega Zone under
Jimma Agricultural Research Center at latitude of 8°54'30"-
9°5'30" North and longitude of 35°52'0"- 36°8'0" East. Haru
district has 46,451.91 ha total cultivable land and the total
area of land under cultivation at Haru Agricultural Research
Sub-Center is about 79 hectares [16].

2.2. Compost Materials and Preparation Procedures

Coffee by products (coffee husk), farm yard manure
(FYM), top soil, leguminous plant materials, fruit or
vegetable wastes, stalk straw, leaves are materials that were
used for compost preparation [15]. High quality compost was
prepared from a mixture of 70% coffee pulp, 10% FYM,
10% leguminous plant materials and 10% top soil [24]. Pit
site that drain easily so the pile never site in a pool of water
was selected. Pit of the size 2 m length x 2 m width x 1.2 m
height was prepared. Often, several pits were dig next to each
other, to allow turning from one pit into the next [14].

During compost processing at 21 days the materials were
mixed and turned to next pit [24]. The compost was ready for
use after three times turning (after 63 days) and after air dried
[29]. Good decomposition can be detected by a pleasant odor,
heat produced (this was even visible in the form of water
vapor given off during the turning of the pile), growth of
white fungi on the decomposing organic material, earthy
smell, reduction of volume and by the change in color of the
materials to brown. Finally, the composts prepared were air
dried and incorporate compost to soil in the early spring at a
depth of 1-2cm of compost into the top 2-4cm of soil.

2.3. Experimental Treatments and Design

The experiment was laid out in randomized complete
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block design with three replications. The treatment consists
of combination of recommended coffee husk compost and
NPS blended fertilizers recommended by [12] and [4],
respectively. The experiment consists of nine treatments
combinations with three replications. The following nine
treatment combinations were evaluated.

Table 1. Treatment combinations and their rates.

Treatment combinations (coffee husk compost in t ha™

Treatment + NPS in kg ha', respectively)
Tl 10+ 0

T2 0+ 100

T3 2.5+ 100

T4 5+75

T5 5+50

T6 7.5+ 50

T7 7.5+ 25

T8 10 +25

T9 0+0

2.4. Data Collection

At Haru agricultural research sub-center usually yield and
growth parameters are collected when coffee cherry is fully
ripening or when it is ready for picking. Coffee yields and
other agronomic parameters (Coffee yield, plant height, stem
diameter, number of branches, number of bearing branches,
canopy diameter) were taken from the two central rows per
each plot from 12 coffee trees. For coffee yields
determination each cherry was picked at a time, collected in
baskets, and transferred to bags, after which it was weighed
and transported to wet processing. Plant height was measured
in meter from the ground level to the top of the plant at
physiological maturity from central row of five randomly
selected plants per each plot. Further, stem diameter (girth)
was measured from middle of the base of plant from central
row of five randomly selected plants per each plot by caliper,

plant hieght(cm)

180
10+0 0+
100 100

number of branches was counted and recorded from the
whole plant of five selected coffee tree, and numbers of
bearing branch from each plot sample were recorded by
counting the bearing branches from the coffee tree.

2.5. Statical Analysis

Agronomic data was subjected to analysis of variance using
GLM procedures of the Statistical Analysis System Software
(version 9.3) [22]. Whenever the ANOVA detects significant
differences (P < 0.05) between treatments, mean separation
was conducted using Least Significant Difference [25].

3. Results and Discussions
3.1. Effect of Treatments on Growth Parameters of Coffee

3.1.1. Plant Height

The mean plant height of coffee was significantly (p <
0.05) affected with integrated application of NPS fertilizer
rate and decomposed coffee husk (Figure 1). The maximum
plant height (225cm) of coffee was recorded from application
of 50 kg NPS ha™ + 7.5t coffee husk compost ha™.While the
lowest plant height (196cm) of coffee height was obtained
from the control. Coffee height recorded for combined
fertilizer applications was higher than for that of lonely
applied organic or inorganic fertilizers. The increased plant
height of coffee over the control in response to the mixed
application of the fertilizers might be attributed to the
released major nutrients and improved soil physical property
in enhancing plant growth owing to their contribution to
enhanced cell division, stem elongation, promotes leaf
expansion and vegetative growth of plants [20]. Similarly,
reported that combining inorganic and organic fertilizers
performed better than just organic fertilizers alone in both the
mean height and the final height of the coffee seedlings [10].

=—Plant height
(cim)

195.7

2.5+ 5+75 5450 7.5+507.5+2510+25 0+0

Rate of compost and NPS (t/kg/ha)

Figure 1. Effects of compost and NPS fertilizer on plant height.

3.1.2. Number of Branches per Plant of Coffee
The number of branches plant’ of coffee was non-
significantly (p < 0.05) affected by application of integrated

NPS fertilizer and coffee husk compost (Figure 2). Whenever
results between treatments are non significant application of
10 t coffee husk compost ha™ produced the highest number of
branches 49.While the least number of branches plant” of
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coffee was recorded from control [34]. This might be due to
positive effect of compost fertilizer on soil physical
properties and on availability of major nutrients for coffee

84

plant growth. Similarly, reported increase of number of
branches per plant of coffee due to application of compost
soils [10].

Number of branch /plant

60
50 | P59 = = =
|| (. |55 e
40 | = .
ry
30 | =
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| == Number of branch
10 | ‘
plant
0 —e—eo—9 ———9
10+0 0+ 2.5+ 5475 5+50 7.5+ 7.5+ 10+ 0+0
100 100 50 25 25

Rate of compost and NPS (t/Kg/ha)

Figure 2. Effects of compost and NPS fertilizer on number of branch/plant.

3.1.3. Girth of Coffee

The girth diameter of coffee was showed non-significantly
(p < 0.05) difference due to treatments (Figure 3). Even
though value were non-significantly the maximum mean
girth (61mm) of coffee was recorded from application of 50
kg NPS ha' + 7.5t coffee husk compost ha™. While, the
lowest mean girth (49mm) of coffee plant was recorded from

control without application of any fertilizer. The maximum
mean girth recorded for 50 kg NPS ha™ + 7.5t coffee husk
compost ha” might be due to more nutrients gained from
both compost and NPS integrated fertilizers. Also reported,
there was positive effect of application of combined
amendments on stem diameter of coffee seedlings [7].

sirth of coffee (mm)

70
60 g 5877
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40
30
20
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10+0 0+

100

254+ 54+75 5+50
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48.9
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7.5+ 10+ 25
25

0+0

Rate of compost and NPS (t/kg/ha)

Figure 3. Effects of compost and NPS fertilizer on Girth.

3.1.4. Number of Bearing Branches of Coffee

The mean number of bearing branch of coffee was
significantly (p < 0.05) affected by different rates of
application of NPS fertilizer and coffee husk compost (Figure
4). The highest number of bearing branch 51 of coffee was
obtained from application of 100 kg NPS ha' + 2.5 t
decomposed coffee husk ha™ followed by 10 t coffee husk
compost ha” 48 and from treatment of 75 kg NPS ha™ + 5 t
coffee husk compost ha”'.While, the lowest number of
bearing branch 32 of coffee was recorded from control

(Figure 4). The number of bearing branches of coffee was
increased by 35.18% over the control. This might be due to
nutrients applied to soils from integrated organic and
inorganic fertilizers. Also, reported that bearing fruit load by
thinning on selected branches assuming that the conclusions
are valid for a whole tree [13]. However, lack of branch
autonomy and movement assimilates from branches with
lower fruit load to those with higher fruit load has been
reported by [9].
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Figure 4. Effects of compost and NPS fertilizer on number of bearing branch.

3.2. Effect of Coffee Husk Compost and NPS Fertilizer
Rates on Yield of Coffee

The effect of NPS fertilizer and decomposed coffee husk
rates showed significant (p < 0.05) difference on yields of
coffee (Figure 5). The highest 3.98 t ha' mean yield was
obtained with the combined application of 50 kg NPS ha'! +
7.5 t decomposed coffee husk compost ha™ followed by mean
3.50 t ha' clean coffee yield recorded from application of 75
kg NPS ha™! + 5 t decomposed coffee husk compost ha. The
lowest 1.10 t ha! yield was obtained from the control without
any fertilizer amendment (Figure 5). The combination of
coffee husk compost at 7.5 t ha” and NPS fertilizer at 50 kg
ha™' application were the highest promise for coffee yields
and about 64.70% coffee yield increase over the control. The
highest yield from compost integrated with NPS fertilizer
over the control might be attributed to extraction of large
quantity of mineral nutrients of coffee crop from sufficient
available nutrients supplied to soil by compost and blended

4.5
4

Yield t/ha
— [ w
h B h W n

=]
h e

10+ 0

fertilizers. Similarly, stated that incorporation of organic and
inorganic fertilizers improved soil physical property and
nutrient availability that may have a direct effect on coffee
crop growth and yield attributes [3]. Combined applications
of coffee husk compost and NPS chemical fertilizers are
more effective than sole application of coffee husk compost
or NPS blended fertilizers for sustainable coffee productivity
enhancement. The incorporating combination of coffee husk
compost and blended NPS fertilizers in the soil not only
improved the nutrient status, but also resulted in good
physical conditions of the topsoil and thus, significantly
favored optimum shoot and root growth parameters and thus,
enhanced nutrient use efficiency by the coffee crop with
ultimate increased coffee yield and coffee crop productions.
Similarly, also reported that coffee yields can only be
enhanced and sustained by the addition of integrated form of
compost and mineral fertilizers [33].

2.5
- I I I I I Ll
0

0+ 100 2.5+ 100 5+ 75

5+50 7.5+ 5+25 10+ 2% 0+ 0

Rate of compost and NPS ( t/kg/ha)

Figure 5. Effects of compost and NPS fertilizer on coffee yields.
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4. Conclusions

Integrated application of NPS fertilizer and decomposed
coffee husk compost with different rates improved yield and
yield components coffee. Whereas, the combination of
decomposed coffee husk compost at 7.5 t ha' and NPS
fertilizer at 50 kg ha' leads in better yield and yield
component of coffee crop. In the area of study Application of
local available coffee husk compost and blended NPS fertilizer
could be one option to reduce the yield gap. The use of 7.5t ha’
! decomposed coffee husk compost and 50 kg ha” of NPS
fertilizer can be the best alternative integrated soil fertility
management option in place of the sole application of
inorganic fertilizers at study area tentatively. Nevertheless, in
order to give conclusive recommendation further research

studies are needed for more soil types and coffee crop varieties.
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