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A field experiment was conducted at Awada Agriculture Research Sub-center experimental site in two 
sets between 2005 and 2015 having two promising improved south Ethiopian coffee selections with 
distinct canopy class: open type (13/77) and compact type (85/238) to determine appropriate plant 
density and number of verticals for enhanced yield and yield component. Three levels of spacing (2.50 
m x 2.50 m, 2.00 m x 2.00 m and 1.50 m x 1.50 m) and three vertical or bearing head number (one, two 
and free growth as farmers practice) were used as treatments and laid out in a randomized complete 
block design (RCBD) with three replications.  Analysis of variance revealed that; clean coffee yield 
significantly influenced by different spacing level; highest and lowest clean coffee yield were obtained 
at 4444 trees/ha (Sp3) and 1600 coffee trees/ha (SP1) planting density, respectively. Regardless of 
number of vertical, except pooled mean analysis in most harvesting seasons clean coffee yield 
significantly influenced by different number of verticals. The combined analysis of variance also 
revealed highly significant yield variations among crop seasons and showed interactions effect with 
spacing and number of verticals.  Moreover, open type coffee variety was showed interaction effect 
among spacing by number of verticals but compact type coffee variety not yet influenced by interaction 
effect. Generally, these finding suggest that close spacing with their required number of verticals 
significantly promoted the yield responses of Arabica coffee cultivars under two contrasting coffee 
varieties. Therefore, 1.5m X 1.5m (SP3) spacing with single stem (V1), and 1.5m X 1.5m (SP3) spacing 
with multiple stems (V2) treatments combinations were recommended for open and compact type 
coffee varieties to enhance yield and yield components, respectively. 
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INTRODUCTION  
 
After petroleum, coffee is the most valuable traded 
commodity worldwide, with global retail sales estimated 
to be US$ 90 billion. Brazil is the largest world’s coffee 
producer, followed by Vietnam and Colombia. About 70% 
of the world crop is grown on smallholdings smaller than 
10 ha, and hence it is often a family business that 
provides maintenance for over 25 million people 
worldwide. Among some 100 species of the Coffea genus 
(Davies et al., 2006), only C. arabica L. (arabica coffee) 
and C. canephora Pierre ex A. Froehner (robusta coffee) 
are economically important worldwide, with these species 
being responsible for about 99% of world bean 
production. Presently, Arabica coffee accounts for about 
80 % of the world’s coffee production (Coffee Research 
Institute, 2006a).   

The primary center of origin and genetic diversity of 
Coffea arabica is Ethiopia, which is recognized as its 
oldest exporter in the world (Waller et al., 2007). It is 
cultivated within the elevation range of 1,000 to 2,100 
meters above sea level (m.a.s.l.) where the average 
yearly precipitation is 1,500 to 2,000 mm. These offer the 
characteristic features for its sustainable cultivation as 
semi-wild or spontaneous and naturalized coffee 
plantation (Workafes and Kassu, 2000).  

Coffee production is important to the Ethiopian 
economy with about 15 million people directly or indirectly 
deriving their livelihoods from coffee by generating about 
25% of total export earnings. Thus, the majority of coffee 
farmers in the country practice the old traditional cropping 
patterns, where the limited available farmlands remain 
less efficiently utilized. In addition to this, several 
production constraints were faced, among which the most 
important could be the heavy dependence on unimproved 
coffee cultivars produced under poor management 
practices, including the low-density coffee planting 
patterns and limited number of bearing heads.  

Earlier Arabica coffee plantations were established at 
fewer than 2000 trees ha-1 (Carr, 2001), or even below 
1000 trees ha-1 as for the multi-stemmed conilon coffee 
in Brazil. However, several reports have indicated that 
coffee may be more suited for high-density plantings; 
indeed the productivity of dense plantings is generally 
much greater than that of traditional plantings (DaMatta, 
2004a). The compact plant stature and disease 
resistance of some modern coffee cultivars have allowed 
closer spacing, resulting in almost complete ground 
coverage and better uptake of available soil nutrients by 
denser rooting (van der Vossen, 2005).  

Moreover, in dense plantings, coffee roots develop 
deeper so that they take up water and nutrients from 
lower soil horizons (Cassidy and Kumar, 1984). Although 
planting density systems may increase production per 
unit area increases along with population density up to a 
certain level. By contrast, the yield per tree usually 

decreases with closer planting, even though it may be 
quite variable among environmental sites (Kuguru et al., 
1978). The reduction in the fruit-bearing capacity of the 
trees with close spacing does not appear to be caused by 
a decrease in fruit setting (Kumar, 1979a), nor by a 
reduction in the number or length of plagiotropic 
branches (DaMatta, 2007). It may be attributed to the 
effect of shading on the number of fruits per node and 
possibly the number of fruit-bearing nodes, as already 
pointed out.  

Singh (2002) also explained that establishment of 
optimum population per unit area of the field is essential 
to get maximum yield. Under conditions of sufficient soil 
moisture and nutrients, higher population is necessary to 
utilize all the growth factors efficiently. The level of plant 
population should be such that maximum solar radiation 
is utilized. The full yield potential of an individual plant is 
fully exploited when sown at wider spacing. Yield per 
plant decreases gradually as plant population per unit 
area increases. However, the yield per unit area is 
increased due to efficient utilization of growth factors.  

The physiological aspects and yield benefits of high 
tree population have been documented in Ethiopia 
(Yilma, 1985) and elsewhere in the major coffee growing 
countries (Browning and Fisher, 1976; Kumar, 1978; 
Wringley, 1988). With this concern many research 
attempts have been made to generate technologies 
which help to attain high productivity per unit area by 
taking into account different crop intensification practices 
under distinct coffee growing environments (Yacob et al., 
1996). The results, revealed consistently increased yield 
level with increasing population densities from 4,000 to 
6,000 tree ha

-1
 and number of bearing heads (IAR, 1996; 

Yacob et al., 1996). Similar findings showed better 
vegetative growth performances of two distinct coffee 
cultivars planted using a high density planting system at 
Jima (Taye, 1996).  Maximum coffee yield due to 
increasing number of bearing heads has been 
documented by Yacob et al. (1993).Though there is 
enormous potential of genetic and environmental 
components in most coffee growing areas in Ethiopia, but 
the benefits of plant population density and bearing 
heads not fully exploited.  

However, optimal planting density for Arabica coffee 
through spacing and number of bearing heads depends 
on several factors including cultivars, availability of water 
and nutrients, pruning systems, cropping patterns and air 
evaporative demand and temperature. Having this 
justification the present study was initiated with following 
objective; to determine appropriate plant density and 
number of verticals for enhanced yield and yield 
component of south Ethiopia coffee selections. 
 
 



 

 

 
 
 
 
MATERIAL AND METHOD 
 
An experiment consisting of two promising improved 
south Ethiopian coffee selections with distinct canopy 
class: open type (13/77) and compact type (85/238) was 
conducted in two sets (Set I open type and Set II 
compact type) (between 2005 and 2015) at Awada 
Agriculture Research Sub-center experimental site, south 
Ethiopia. Awada Agricultural Research Sub-center is 
situated in the Tepid to cool semi arid mid highland agro-
ecology. It is located at about 315 km south of Addis 
Ababa at 6

0
3' N of latitude and 38

0
 E of longitude at an 

altitude of about 1740m a.s.l nearby Yirgalem town. The 
area has a semi-bimodal rainfall distribution 
characterized by double wet and dry seasons with an 
average precipitation of 1342 mm per annum. 

Factorial combinations of three levels of spacing (1.50 
m x 1.50 m, 2.00 m x 2.00 m and 2.50 m x 2.50 m) and 
three vertical or bearing head number (one, two and free 
growth as farmers practice) were laid out in a randomized 
complete block design (RCBD) with three replications. 
Seedlings of two coffee canopy classes were field 
transplanted in July 2005 GC at the respective spacing 
and, except those in free growth treatment; the plants 
were trained either as one head (single stem) or in a 
multiple stem system. All routine field management 
activities were uniformly and timely applied as per the 
recommendations.  

In both set I and Set II, sixteen representative trees 
from the central rows of each plot were identified by 
excluding the borders to collect yield and yield 
contributing characters such as plant height (cm), Height 
up to primary branch, number of primary branch, number 
of nodes, inter node length and clean coffee yield.  

The collected data were statistically analyzed using 
SAS computer soft ware version 9.0 English and the 
significance difference between any two treatments 
means were tested by least significant difference (LSD) 
at 5% probability level. It must be noted that data for yield 
measured for the seven years were pooled and analyzed 
to determine the year effect. 
 
RESULT AND DISCUSSION  
 
Growth indicating parameters  
 
In this particular study plant height, height up to first 
primary branch, number of primary branch per plans, 
number of nods per plant and inter node length were not 
significantly influenced by different level of spacing and 
their interaction. However, plant height, number of nods 
per plant and inter node length were significantly (p<0.05) 
influenced by number of vertical or bearing heads in open 
coffee variety, where as other parameters not 
significantly influenced by number of verticals and their 
interaction. Table 1 
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Yield and yield component 
 
SET I (Open type coffee variety) 
 
According to the analysis of variance, clean coffee yield 
significantly influenced by different spacing level (except 
2014/15 harvesting season). In most harvesting seasons 
the highest and lowest clean coffee yield were obtained 
at 4444 trees/ha (Sp3) followed by 2500 trees/ha (SP2) 
and 1600 coffee trees/ha (SP1) planting density (table 2), 
respectively. Similarly the pooled mean analysis result 
showed that, there was a significant variation among 
different type of spacing, highest (21.52 Q ha

-1
) and 

lowest (14.69 Q ha
-1

) clean coffee yield were recorded at 
SP3 and SP1, respectively. While population density 
increased from 1600 trees/ha in Sp1 to 4444 trees/ha in 
Sp3 mean clean coffee yield of individual trees 
consistently decreased, at the same time as yield ha–1 
increased with increasing population density that means 
yield was highly associated with plant population density 
up to certain level. This finding as par with Taye, K., et 
al., 2001 who reported that production per unit area 
increased along with plant population density increased.  

By contrast, the yield per tree usually decreases with 
closer planting, even though it may be quite variable 
among environmental sites (Kuguru et al., 1978). 
Increase in yield per trees at wider spacing is not 
surprising because lower plant density (in case of wider 
spacing's) exerts lesser interplant competition for space 
as well as growth factors. An increase in biological yield 
with increasing plant population density was also 
reported by Nekonam and Razmjoo, 2007 and Najafi and 
Moghadam, 2002 on Plantago ovata. According to the 
study made by Board et al., (1990), narrow-row spacing 
at normal and high densities had significantly higher yield 
than wide rows.  

In the same way, except pooled mean analysis in all 
harvesting seasons clean coffee yield significantly 
influenced by different bearing heads or number of 
verticals; highest and lowest clean coffee yield were 
recorded at single and multiple stem, respectively. In 
addition to that, clean coffee yield significantly (p<0.05) 
influenced by their interaction, highest clean coffee yield 
was obtained at 4444 trees per ha (SP3) interact with 
single stem (V1) 23.31 Q ha

-1
.
  
 

 
 
SET II (compact type coffee variety) 
 
Alike open type coffee variety, clean coffee yield 
significantly (P<0.05) influenced by different spacing 
level. In most harvesting seasons, highest and lowest 
clean coffee yield were recorded at  4444 trees/ha (Sp3) 
followed by 2500 trees/ha (SP2) and 1600 coffee 
trees/ha (SP1) planting density (table 3), respectively. 
Similarly, the pooled mean analysis result showed, clean  
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Table 1: Factor associated with growth and productivity of individual coffee trees as affected by spacing and number of 
verticals  

SP1 = 2.5m X 2.5m spacing (1600 coffee trees/ha), SP2 = 2m X 2m (2500 tree/ha), SP3 = 1.5m X 1.5m (4444 trees/ha), 
V1 = one vertical growth allowed (single stem), V2 = two vertical growth (two stem), V3 = free growth (several verticals) 
 
 
Table 2: Clean coffee yields (Q ha

-1
) as influenced by spacing and number of verticals at Awada in south Ethiopia SET I. 

SP1 = 2.5m X 2.5m spacing (1600 coffee trees/ha), SP2 = 2m X 2m (2500 tree/ha), SP3 = 1.5m X 1.5m (4444 trees/ha), 
V1 = one vertical growth allowed (single stem), V2 = two vertical growth (two stem), V3 = free growth (several verticals) 
 
 

Table 3: Clean coffee yield (Q ha
-1

) as influenced by the interaction effects of spacing and number of verticals.  

Treatments Number of vertical 

Spacing level V1 V2 VE 
Sp1 14.46

ab 
14.04

ab 
115.57

ab 

Sp2 17.37
ab 

18.72
ab

 22.99
a 

Sp3 23.31
a 

21.93
a 

19.31
ab 

LSD * 
CV% 33.3 

 
 
 
coffee yield significantly affected by population density. 
This research finding in line with other authors Browning 
and Fisher, 1976; Mitchell, 1976; Kumar, 1978 who 
indicated the improved efficient utilization of closely 
spaced coffee trees in relation to the use of the major 

external yield limiting variables such as light, water and 
plant nutrients.  

According to Taye K., et al., (2001), it is clear that too 
narrow and too wide spacing do affect yields through 
competition (for nutrients, moisture, air, radiation, etc)  

Treatments 
Plant height 

Height up to 1
st 

primary branch 
Number of 

primary branch 
Number of Nodes Inter node length 

Open Compact Open Compact Open Compact Open Compact Open 
Compac

t 
SP1 111.36 103.86 30.29

 
27.44 29.12 27.91 12.48 12.93 28.68 24.03 

SP2 109.74 102.74 29.45
 

27.20 27.71 30.71 12.49 12.81 29.27 22.82 
SP3 110.50 101.98 29.68

 
26.83 30.06 27.65 12.29 12.42 26.83 25.29 

LSD at 0.05 ns ns ns ns ns ns ns ns ns ns 
V1  116.59

a 
101.83 31.35 27.42 27.54 27.89 13.12

a 
12.81 25.75

b 
23.39 

V2  104.29
b 

104.02 28.94 27.46 31.12 28.43 11.45
b 

12.47 32.51
a 

23.62 
V3  110.73

ab 
102.74 29.13 26.59 28.23 29.94 12.88

a 
12.88 26.52

b 
25.13 

LSD at 0.05 7.93 ns ns ns ns ns 1.35 ns 2.81 ns 
Sp*ver ns ns ns ns ns ns ns ns ns ns 
CV 7.18 4.96 6.44 7.73 15.93 12.98 10.92 6.07 9.94 10.49 

Treatments 2010/11 2011/12 2012/13 2013/14 2014/15 Pooled mean 

SP1 2.18
b
 13.88c 

25.19
b

 12.04
b
 20.15 14.69

b 

SP2 2.97
b
 18.03

b

 34.83
a

 14.07
b
 28.59 19.69

a 

SP3 4.98
a 

27.89
a

 31.42
a

 22.42
a
 20.89 21.52

a 

LSD at 0.05 0.97 3.72 6.04 7.03 ns 2.60 

V1  4.04
 a
 23.49

a

 37.31
a

 22.82
a
 18.16

b 
19.29

 

V2  1.93
b 12.98

b
 

23.39
c

 11.16
b
 27.78

a 
18.23

 

V3  4.15
 a
 23.33

a

 30.74
b

 14.55
b
 23.69

ab 
18.38

 

LSD at 0.05 0.98 3.72 6.04 7.03 2.81 ns 
Sp*Ver ** * ns ns ns * 
CV 28.85 18.65 19.83 43.47 41.20 33.3 
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Table 4: Clean coffee yields (Q ha

-1
) as influenced by spacing and number of verticals at Awada in south Ethiopia SET II 

SP1 = 2.5m X 2.5m spacing (1600 coffee trees/ha), SP2 = 2m X 2m (2500 tree/ha), SP3 = 1.5m X 1.5m (4444 trees/ha), 
V1 = one vertical growth allowed (single stem), V2 = two vertical growth (two stem), V3 = free growth (several verticals). 
 
 
 

 
Figure 1. Clean Coffee yield (Q ha-1) as affected by Cropping  seasons 

 
 
and in efficient utilization of the growth factors, 
respectively. The low yield level obtained at the lowest 
populations could partly be attributable to the reduced 
efficiency of coffee trees in terms of exploiting natural 
resources under such micro-climates (Gathara and Kiara, 
1985; Terene et al., 1991). Population density is also 
dependant on the moisture availability and nutrient status 
of the soil.  

In spite of number of verticals or bearing heads, except 
2012/13 and 2014/15 harvesting seasons, other showed 
significance difference in clean coffee yield. The highest 
and lowest clean coffee yield were recorded at multiple 
and single stem, respectively. Besides spacing, canopy 

special arrangement of a crop or a variety also 
determines the optimum plant population per unit area of 
land (Yacob et al., 1996; Tesfaye et al., 1998). Unlike 
open type coffee variety, lowest clean coffee yield was 
obtained at single stem rather than multiple and free 
growth. This could be due to the compact branch nature 
of variety that requires closer spacing than open type.  

However, pooled mean analysis didn’t show significant 
difference among bearing heads. Moreover, interaction 
effect was not observed between spacing and number of 
verticals or bearing heads. Table 4 

The results of the combined analysis of variance also 
revealed highly significant yield variations among crop  

 

year 1
year 2

year 3
year 4

year 5

3.38
19.93 30.48

16.18 23.21

3.08

13.19

31.51

11.51

14.58

set I Set II

Treatments 2010/11 2011/12 2012/13 2013/14 2014/15 Pooled mean 

SP1 2.19
 b

 
8.53

b
 

25.52
 b

 8.15
b
 12.22

b 
11.32

c 

SP2 2.86
 b

 11.19
 b

 34.67
 a

 11.21
ab

 16.53
a
 15.23

b 

SP3 4.19
 a

 19.84
 a

 34.35
 a

 15.17
a
 14.68

ab
 17.71

a 

LSD at 0.05 0.73 3.6 6.12 4.59 3.29 1.83 

V1  3.13
ab 

13.44
 a

 32.00 8.04
b
 15.05 14.35

 

V2  2.57
 b

 12.54
 b

 32.02 13.44
a
 15.12 15.08

 

V3  3.53
 a

 13.57
 a

 30.52 13.05
a
 13.25 14.82

 

LSD at 0.05 0.73 3.6 ns 4.59 ns ns 
Sp*Ver * ns * ns * ns 
CV 23.75 27.34 19.43 39.85 22.74 29.60 
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seasons and showed interactions effect with spacing and 
number of verticals (Fig. 1). The yield performance of 
coffee trees due to spacing and number of verticals were 
exhibited biennial bearing nature in both canopy classes. 
The highest and lowest clean coffee yield were obtained 
in 2012/13 and 2010/11 cropping seasons, respectively. 
Accordingly, the overall mean yields ranged between 
3.38 Q ha

-1
 and 30.48 Q ha

-1
 in open type and between 

3.08 Q ha
-1

 and 31.51 Q ha
-1

 in compact type coffee 
verities.  
 
 
CONCLUSION AND RECOMMENDATION  
 
The impact of planting density and number vertical on 
yield and yield components of promising coffee varieties 
had been studied to determine appropriate plant density 
and number of verticals for south Ethiopia coffee 
selection. The above mentioned result concluded that, in 
both canopy classes clean coffee yield significantly 
influenced by different spacing level; highest and lowest 
clean coffee yield were obtained at 4444 trees/ha (Sp3) 
followed by 2500 trees/ha (SP2) and 1600 coffee 
trees/ha (SP1) planting density, respectively. Regardless 
of number of verticals or bearing heads, except pooled 
mean analysis in most harvesting seasons clean coffee 
yield significantly influenced by different number of 
verticals or bearing heads; highest clean coffee yield was 
recorded at single stem for open type and multiple stem 
for compact type coffee varieties. These indicated that, 
the two varieties required different bearing heads based 
on their canopy nature.  

The combined analysis of variance also revealed highly 
significant yield variations among crop seasons and 
showed interactions effect with spacing and number of 
verticals.  Moreover, open type coffee variety was 
showed interaction effect among spacing by number of 
verticals; highest clean coffee yield was obtained at 4444 
trees per ha (SP3) interact with single stem (V1) 23.31 
quintals ha

-1 
but compact type coffee variety not yet 

influenced by interaction effect. Generally, these finding 
suggest that close spacing with their required number of 
verticals significantly promoted the yield responses of 
Arabica coffee cultivars under two contrasting coffee 
varieties. Therefore, 1.5m X 1.5m (SP3) spacing with 
single stem (V1), and 1.5m X 1.5m (SP3) spacing with 
multiple stems (V2) treatments combinations were 
recommended for open and compact coffee varieties to 
enhance yield and yield components, respectively. 
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