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INTRODUCTION 

Coffee is the back bone of Ethiopia’s economy 

and contributes largely to the national foreign 

currency income and accounts for more than 

35% of the total major export commodities 

earnings (FAO/WFP, 2008). Furthermore, 

coffee plays a vital role both in the cultural and 

socio-economic life of people of the country 

(Workafes and Kassu, 2000).In Ethiopia, coffee 

grows under different environmental conditions 

with an altitude ranging from 550 to 2600 m 

above sea level and with annual rainfall of 

1000-2000 mm which makes fineable existence 

of different agro-types of coffee and wide 

ecology in the country (Paulos and Teketay, 

2000; Bayetta, 1991). However, the bulk of 

coffee is produced in the eastern, Southern and 

western parts of the country which have 

altitudes ranging from 1,300 to 1800 m above 

sea level. 

There are two sources of nutrients (inorganic 
and organic) that can be applied in coffee field. 

Both organic and inorganic fertilizers provide 

plants with the nutrients needed to grow healthy 
and strong. However, each contains different 

ingredients and supplies these nutrients in 

different ways. Fertilizers supplement the soil 

with macronutrients needed in large amounts: 
nitrogen, phosphorus and potassium. However, 

organic and inorganic fertilizers do so via 

different materials. The use of inorganic 
fertilizers has been a significant contributor to 

increased crop productivity (Satyanarayana et 

al., 2002). However, coffee in many parts of 
Africa is said to be “organic by default” not only 

due to the high cost and uncertain accessibility 

of inorganic fertilizers, but also due to a 

common assumption that coffee, as originally a 
forest crop (Wrigley, 1988), can survive 

“naturally through organic nutrients from litter 

fall (Maro et al., 2006).Organic inputs contain 
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nutrients that are released at a rate determined in 

part by their biochemical characteristics or 
organic resource quality. However, organic 

inputs applied at realistic levels seldom release 

sufficient nutrients for optimum crop yield. 
Combining organic and mineral inputs has been 

advocated as a sound management principle for 

smallholder farming in the tropics because 

neither of the two inputs is usually available in 
sufficient quantities, because positive 

interactions between both inputs have often 

been observed (Vanlauwe et al, 2001) and 
because both inputs are needed in the long term 

to sustain soil fertility and crop production. 

One of the major reasons behind the suboptimal 
use of inorganic fertilizers for grain crops is the 

costly price. Continuous production of crops 

against a backdrop of little fertilizer use over 

decades has aggravated the decline in soil 
fertility and crop yield (Gete et al., 2010; 

Sanchez et al., 1997; Getachewet al., 2014). The 

integration of organic fertilizers like 
vermicompost and conventional compost with 

inorganic sources may improve and sustain crop 

yields without degrading soil fertility status. 

Integration of organic and inorganic fertilizers 
improved the crop yield compared to fertilizers 

applied separately (Getachew et al., 2014). 

Integrated soil fertility management based crop 
production systems plays important roles in 

restoring soil fertility and availability of plant 

nutrients, enhancing crop growth and 
productivity (Gete et al., 2010; Vanlauwe et al., 

2010). Therefore, the objective of this study was 

to determine the combined economically 

optimum rates of organic and inorganic 
fertilizers for Limmu coffee under nitisols of 

Jimma, southwestern Ethiopia. 

MATERIALS AND METHODS 

Description of the Study Area 

The experiment was conducted at Jimma 

Agricultural Research Center at Agaro 
Agricultural Research Sub Center, Ethiopia for 

five consecutive cropping seasons from 2015/16 

to 2019/20. The site is located at 45 km in the 
south west of the Jimma town at an altitude of 

1630 m.a.s.l. It is situated at 7
0
 50’35” -7

0
 

51’00”N latitude and 36
0
35’30”E longitude. The 

mean annual rainfall of the area is 1616 

millimeters with average maximum and 

minimum temperatures of 28.4 and 12.4°C, 

respectively. The major soil type is Mollic 
Nitisols with soil pH 6.20, organic mater 7.07%, 

nitrogen 0.42%, phosphorus 11.9 ppm and CEC 

39.40 mol (+) kg
-1

 (Elias, 2005). Compost was 

prepared from locally available organic 

materials (coffee husk) according to the 
available procedure of compost preparation in 

the area. Selected Limmu-1 coffee variety was 

used for this trail.  

Procedure of Piling (Preparation of 

Conventional Compost) 

Maize straw at the bottom of the heap in about 5 
cm thicknesses. This is important for keeping 

good ventilation; immediately on the maize 

straws, spread un-decomposed coffee husk (left 

over of animal feed) to a thickness of about 
20cm. The next layer was  farm yard manure 

and/or chicken manure in 15cm thickness; then 

add thin layer (5 cm) of kitchen (wood) ash; on 
top of this add thin layer (5 cm) of garden/forest 

soil to introduce beneficial microorganisms for 

decomposition; remember to sprinkle water after 
each layer (even twice in a layer) as required to 

make the layers moist but not wet or soggy; 

repeat the step above until your pile reaches the 

height of 130cm; cover the pit with broad leaves 
(like banana, enset, … ) and grasses. Every 21 

days the materials was mixed and turned to next 

pit/bin. After two times turning, i.e after 63 days 
the compost was ready for field application after 

air drying. Good decomposition can be detected 

by a pleasant odor, heat produced (this is 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, 

reduction of volume and by the change in color 
of the materials to brown. Hence, immediate 

correction have to be made in order to have 

good quality compost (dark brown to almost 
black in color, soft as breaking up readily and 

have earthy smell like forest floor). 

 Both organic materials were hand applied 21-30 

days before sowing while compost was applied 
to plough depth. Compost rates were applied on 

the equivalency rates of inorganic fertilizers (To 

be adjusted in N content).  

The experiment wasconducted on station which 

was fixed plots until the termination of the trial. 

The residual effects of compost were evaluated 

on these fixed fields. RCB design with three 
replications and plants were planted by 2m*2m 

spacing. Integrated decomposed coffee husk 

(DCH) plus nitrogen and phosphorus fertilizer 
(NP).   

Experimental Design 

The experiment was established in December, 
2012, following a randomized complete block 

design with three replications. The following 
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nine integrated organic and inorganic fertilizer 

treatments were evaluated. Namely;100% 
recommended decomposed coffee husk (DCH) 

alone, 100% recommended NP rate alone, 100% 

of NP + 25% of compost (DCH), 75% of NP + 
50% of compost (DCH), 50% of NP + 50% of 

compost (DCH), 50% of NP + 75% of compost 

(DCH), 25% of NP + 75% of compost (DCH), 

25% of NP + 100% of compost (DCH) and 
Control (without input, farmers’ practice).   

The experiment was run for four years up to 

December, 2019. All the management practices 
such as shading, weeding and other agronomic 

practices were applied uniformly for all plots as 

recommendation. 

Data Collection 

Growth Indicating Parameters 

Growth characteristics were measured at the end 

of fourth and fifth year after planting. The plant 

height was measured from the base of the stem 
to the plant apex using graduated ruler. The 

diameter of the main stem was measured at full 

fruit bearing stage, 5 cm above the ground using 

Vernier Caliper (Assis et al., 2014; Tefera et al., 
2016). 

The length of bearing primary branches was 
measured from the point of attachment to the 

main stem to the apex using graduated ruler as 

an average value of four longest bearing 
primaries per plant.  

Total number of bearing primary branches was 
estimated by counting the total number of 

bearing primaries per plant at full fruit bearing 

stage (Esther and Adomako, 2010). 

Yield and Yield Components 

Number of berry clusters or fruiting nodes was 

determined as an average number of clusters per 
plant from four heavily bearing primaries at the 

middle of the canopy towards all four directions 

(Etienne and Betrand, 2001).  

Yield was obtained by harvesting mature red 

cherries to get fresh weight per plot using 
gravimetric scale. Transformation of cherry 

weight to clean coffee weight was done using 

the conversion factor of 0.16 for Arabica coffee 

as recommended by (ICO, 2011). 

Data Processing and Analysis 

Data were subjected to ANOVA using Statistics 
SAS software and means were separated using 

Fisher LSD method at 0.05 significance level. 

RESULTS AND DISCUSSION  

Effect of Integrated Organic and Inorganic 

Nutrient Source on Soil Chemical Properties 

Results of soil analysis after harvesting of coffee 

revealed that the application of different organic 

and inorganic fertilizer rates affected soil pH, 

organic carbon and total N. The results of soil 

analysis revealed that the soil pH value ranged 

4.87-5.54; organic carbon content of the soil is 

2.22-3.09% and total nitrogen content of the soil 

amounts to 0.21-0.31% (Table 1). Berhanu 

(1980) classified soils with organic matter 

>5.20, 2.6-5.2, 0.8-2.6 and <0.8% as high, 

medium, low and very low, respectively in their 

organic matter status.  

Therefore, the organic carbon content 2.22-

3.09% of the experimental soil is medium. 

According to Landon (1991) soils having total N 

of greater than 1.0% are classified as very high, 

0.5-1.0% high, 0.2-0.5% medium, 0.1- 0.2% 

low and less than 0.1% as very low in total 

nitrogen content.  

Therefore, the soil of the experimental site has 

medium total nitrogen content 0.21-0.31%. 

Bruce and Rayment (1982) classified soils 

having pH with <4.5, 4.5-5, 5.1-5.5, 5.6-6 and 

6.1-6.5 as extremely acid, very strongly acid, 

strongly acid, moderately acid and slightly acid, 

respectively in pH value content. The pH of the 

soil was analyzed to be 4.87-5.54 showing very 

strongly acid and strongly acid reach. Soil pH of 

coffee fields was affected by different soil 

fertility management treatments. 

Soil pH 

Soil pH was significantly (P < 0.05) affected by 

application of NP and coffee husk compost 

(Table 1). The highest soil pH (5.54) was 

recorded from application of 25%NP and 75% 

decomposed coffee husk followed by the control 

(5.53) while, the lowest soil pH (4.87) was 

obtained from application of NP fertilizer alone 

(Table 1). The result revealed improvement in 

soil pH was by 13.76% over the 100%NP (4.87 

to 5.54) (Table 1). The increment of soil pH 

might be ascribed to the alkalinity of applied 

compost as noted from its high pH value (Table 

1). Similarly, increase in soil pH due to the 

application of composts with high pH value was 

also reported by Kasongo et al. (2011). 

Soil Organic Carbon 

Soil organic carbon was highly significantly (P 

< 0.05) affected by application of inorganic 

(NP) fertilizer and coffee husk compost (Table 
1). The application of amendments with various 

levels increased soil organic carbon over the 
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control treatment (Table 1). The highest soil 

organic carbon (3.09%) was recorded from 
application of 75% NP and 50% decomposed 

coffee husk whereas; the lowest soil organic 

carbon (2.22%) was recorded from 50% NP and 
75% DCH plots. The increase in soil organic 

carbon following application of compost might 

be attributed to the high content of organic 

matter in the coffee husk compost (Table 1). In 
line with this finding Tesfaye et al. (2019) also 

reported that increase in soil organic matter 

following application of filter cake compost and 
vinasse to soils. 

Soil Total Nitrogen 

Total soil nitrogen was significantly (P < 0.05) 
affected by application of organic and inorganic 

fertilizers (Table 1). The highest soil total 

nitrogen (0.31%) was recorded from application 
of 100% NP followed by application of 50% NP 

+ 50% DCH and 100% DCH. The lowest soil 

total nitrogen (0.21%) was obtained from the 

control plot. The highest soil total nitrogen 
recorded from 100% coffee husk compost over 

the control might be due to releasing of 

Nitrogen from organic matter as a result of 
mineralization.  

Table1. Effect of organic and inorganic fertilizer application on soil nutrient status for coffee  

Treatments Parameters tested 

pH(H2O) TN (%) OC (%) 

100%DCH  5.18ab 0.27ab 2.32e 

100%NP 4.87b 0.31a 2.87b 

100%NP+25%DCH 5.49
a
 0.23

bc
 2.49

d
 

75%NP+50%DCH 5.07ab 0.26abc 3.09a 

50%NP+50%DCH 5.31ab 0.28ab 2.57d 

50%NP+75%DCH 5.27ab 0.21c 2.22e 

25%NP+75%DCH 5.54a 0.24bc 2.69c 

25%NP+100%DCH 5.42ab 0.24bc 2.52d 

Control  5.53a 0.21c 2.73c 

Mean  5.3 0.25 2.61 

LSD(0.05) 0.62 0.05* 0.11*** 

CV (%) 6.73 11.94 2.51 

    

Effect of Integrated Organic and Inorganic 

Fertilizer on Coffee Growth Parameters 

The analyses of variance for yield components 

of Limmu coffee are indicated in (Table 2 and 

3). Inorganic fertilizer produced the tallest 

coffee (p < 0.05) with a final height of 

348.23cm. Combining inorganic and organic 

fertilizers performed better than just organic 

fertilizers alone in both the mean height and the 

final height of the coffee.  

Application of organic and inorganic fertilizers 

significantly affected most of the Limmu coffee 

parameters measured except for plant height, 

number of primary branches at first year (Table 

2 and 3). Significant variations were observed 

on yield and yield components of Limmu coffee 

due year effect indicating temporal variations 

across cropping seasons. 

Plant Height  

The mean plant height of coffee was 

significantly (p <0.05) affected with application 

of organic and inorganic fertilizer rate. The 
maximum plant height (348.23 cm) of coffee 

was recorded from application of 100% NP 

while the lowest plant height (200.97cm) of 

coffee height was obtained from the control plot 

(Table 2). Coffee plant height recorded from 

combined fertilizer application was non-

significant to each other.  

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 (Muluneh, 2018). 

Similarly, Chemura (2014) 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. 

Number of Primary Branches  

The overall number of Primary branches/plant 

of coffee was non-significant. However, 
application of 100% NP and fertilizer produced 

the highest number of branches (59.23) followed 

by 58.18 from 100%NP + 25% decomposed 

coffee husk compost(Table 3). While the least 
number of branches plant

-1
 of coffee was 

recorded from 50%NP+75%DCH plots (49.89) 
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(Table 3). This might be due to positive effect of 

compost fertilizer on soil physical properties 
and on availability of major nutrients for coffee 

plant growth. Similarly, Chemura (2014) 

reported increase of number of branches per 
plant of coffee due to application of compost 

soils.  

Stem Girth of Coffee 

The stem girth of coffee was showed significant 
(p < 0.05) difference due to treatments (Table 

2). The maximum mean stem girth (5.24 cm) of 

coffee was recorded from application of 25% 

NP +100% decomposed coffee husk (DCH) 

while, the lowest mean stem girth (4.45cm) of 
coffee plant was recorded from control without 

application of any fertilizer.  

The maximum mean girth recorded from 25% 
NP +100% decomposed coffee husk (DCH)over 

the control might be due to more nutrients 

gained from both compost and NP integrated 

fertilizers. The result was in line with, Bikila 
(2018) who reported that there was positive 

effect of application of combined amendments 

on stem diameter of coffee seedlings. 

Table2. Effect of fertilizer choice on growth parameters (PHT=plant height, SG=stem girth) 

Treatments Year 

2015/16 2016/17 Over year 

PHT(cm) SG(cm) PHT(cm) SG(cm) PHT(cm) SG(cm) 

100%DCH  175 4.94a 234.67c 5.03b 204.83b 4.99ab 

100%NP 177.33 4.43ab 519.13a 5.31ab 348.23a 4.87ab 

100%NP+25%DCH 192.92 4.26ab 269b 5.14ab 230.96b 4.7ab 

75%NP+50%DCH 178.58 4.53ab 234.4c 5.21ab 206.49b 4.87ab 

50%NP+50%DCH 183.83 4.42ab 241.87c 5.28ab 212.85b 4.85ab 

50%NP+75%DCH 170 4.18ab 231.93c 4.73b 203.97b 4.54b 

25%NP+75%DCH 187.25 4.75ab 249.67bc 5.14ab 218.46b 4.95ab 

25%NP+100%DCH 177.42 4.72ab 244.73c 5.76a 211.08b 5.24a 

Control  161.92 3.98b 245.07c 5.09b 200.49b 4.45b 

Mean  178.25 4.47 274.50 5.19 226.37 4.83 

LSD(0.05) 43.82NS 0.88 23.83 0.66 87.39NS 0.69NS 

CV (%) 14.20 11.35 5.01 7.29 33.16 12.25 

Integrated application of organic and inorganic 

fertilizers showed highly significant (P<0.001) 

difference on plant height and number of 
primary branches of coffee at second year 

(Table 2 and 3). The highest number of primary 

branches (59.23), stemgirth (5.31) and plant 

height (348.23 cm) were obtained from the 
application of the recommended rate of N and P 

from inorganic fertilizer (Table 2 and 3). 

Application of full dose of N and P from 

conventional compost or in combination to each 
other resulted in inferior plant heights, stem 

girth and number of primary branches. The 

lowest number of primary branches, stem girth 

and plant height were obtained from the 
application of no nutrients applied at all. 

Table3. Effect of organic and inorganic fertilizer on number of primary branches 

Treatments 

 

2015/16 2016/17 Over year 

No of primary branch No of primary branch No of primary branch 

100%DCH  48.92 61.73bcd 55.33 

100%NP 44.58 73.87a 59.23 

100%NP+25%DCH 49.17 67.2ab 58.18 

75%NP+50%DCH 45.00 60.07bcd 52.53 

50%NP+50%DCH 49.75 62.2bcd 55.98 

50%NP+75%DCH 45.25 54.53d 49.89 

25%NP+75%DCH 48.5 59.53bcd 54.02 

25%NP+100%DCH 46.75 58.67cd 52.71 

Control  40.5 64.73bc 52.62 

Mean  46.49 62.50 54.50 

LSD(0.05) 12.15NS 8.39 12.83NS 

CV (%) 15.10 7.76 20.22 
 

Canopy Diameter 

There were no significant differences among 

application of integrated organic and inorganic 
fertilizers in the growth of canopy diameter of 

coffee plants. Accordingly the highest result 

obtained from the application of 100% NPS 

fertilizer with non-significant difference in 
treatment (Table 4). Even if the result were non-
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significance between the treatments it was 

highly significant over the control. The results 
were in agreement with Chemura (2014) which 

reported that there were no significant 

differences between the slopes of girth and 

number of primaries (p < 0.05) between organic, 
integrated and inorganic fertilizer options over 

time. 

Table4. Effect of organic and inorganic fertilizers on canopy diameter of coffee at Agaro 

Treatments Canopy diameter(cm) 

100%DCH 201.02 

100%NP 207.5 

100%NP+25%DCH 198.67 

75%NP+50%DCH 206.67 

50%NP+50%DCH 213.67 

50%NP+75%DCH 194.33 

25%NP+75%DCH 195.83 

25%NP+100%DCH 218.17 

Control 194.17 

Mean 203.34 

LSD(0.05) 25.31NS 

CV (%) 7.19 

The application of organic and inorganic 

fertilizers significantly (P<0.05) increased the 

mean clean coffee yield (Table 4). The highest 
clean coffee yield (2083.5 kg ha

-1
) was recorded 

from the application of half dose of the 

recommended rate of nitrogen and phosphorous 
from conventional compost and the remaining 

half dose from inorganic fertilizer (DAP and 

urea) (Table 4). This treatment gave grain yield 

advantage of 221.1 kg ha
-1
 compared to 

application of the whole dose of recommended 

rate of N and P from inorganic fertilizer and 

221.98 kg ha
-1

 from conventional compost 
(DCH) alone. Application of the recommended 

dose of N and P from inorganic fertilizers 

produced 1862.4 kg ha
-1

 of clean coffee yield 

(Table 4). Application of half dose of the 

recommended rate of N and P from 

conventional compost and the remaining half 
dose from inorganic fertilizer gave the highest 

clean coffee yield all years except at first and 

second year (Table 4). Application of half of the 
recommended rate of N and P from 

conventional compost and inorganic fertilizers 

gave clean coffee yield advantage as compared 

to application of N and P from either 
recommended inorganic or compost alone 

(Table 4). Therefore, application of N and P 

from conventional compost alone did not bring 
significant increase of mean clean coffee yield 

(Table 4) indicating the slow release of nutrients 

from organic fertilizer sources. 

Table4. Effect of integrated organic and inorganic fertilizers application on clean coffee yield 

Treatments Clean Coffee yield kg/ha 

2015/16 2016/17 2017/18 2018/19 2019/20 Over year  

100%DCH  1008.7b 1663.5cd 1665.4e 2433.3ab 2536.7ab 1861.52b 

100%NP 1143.2ab 1725.7bcd 2049.7abcd 2176.7bc 2216.7b 1862.4b 

100%NP+25%DCH 1228.1a 2104.5a 1788de 2293.3bc 2303.3b 1943.5b 

75%NP+50%DCH 1118.4ab 1861abc 1911.1bcde 2376.7b 2380b 1929.4b 

50%NP+50%DCH 1021.1b 1563.3d 2299.8a 2733.3a 2800a 2083.5a 

50%NP+75%DCH 800.7c 1232.1e 1872.5cde 2066.7cd 2150bc 1624.4cd 

25%NP+75%DCH 1235.7a 1956.4ab 1935.4bcde 2233.3bc 2133.3bc 1898.8b 

25%NP+100%DCH 1125.6ab 1774.4bcd 2136.9abc 1766.7de 1753.3cd 1711.4c 

Control  757.4c 1693.5bcd 2161.8ab 1583.3e 1656.7d 1570.5d 

Mean  1048.8 1730.5 1980.1 2184.8 2214.4 1831.7 

LSD(0.05) 199.9** 266.7** 275.1 307.4** 410.1** 126.9** 

CV (%) 11.01 8.91 8.03 8.13 10.70 9.55 

In order to maintain soil fertility, reduce cost of 

inorganic fertilizers and sustain clean coffee 

yield production, farmers of the study area and 

similar agro ecologies are advised to make 

integrated use of organic conventional compost 

and inorganic fertilizers. Application of half 

dose of the recommended rate of N and P from 

conventional compost and the remaining half 

from inorganic fertilizers has been advised as 

the top priority management option even though 

other alternatives are still available. 

SUMMARY AND CONCLUSION  

The results indicated that organic and inorganic 
nutrient sources are able to provide sufficient 
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nutrients for healthy coffee growth. The use of 

integrated organic and inorganic fertilizers could 
be the most attractive option given that it 

reduces on both costs of inorganic fertilizers and 

also on quantities of composts required for 
efficient coffee growth. Integrated application of 

organic and inorganic fertilizers significantly 

increased the yield and yield components of 

Limmu specialty coffee. The highest yield 
components of Limmu specialty coffee was 

recorded from the application of full dose of N 

and P from inorganic fertilizers alone (100% 
NP). Application of the whole dose of N and P 

from conventional compost alone or inorganic 

fertilizers did not bring significant yield increase 
of Limmu specialty coffee. The use of 

integrated soil fertility management is the most 

appropriate option in the study area given that it 

reduces costs of inorganic fertilizers to about 
50% without compromising efficient coffee 

growth and yield. 
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