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Although the coffee industry in Hawaii is 
centered in Kona (elevation 213 to 610 m), 
coffee plantings are currently being estab- 
lished on abandoned sugar cane and pine- 
apple lands at lower elevations in other areas 
of the state. Large-scale plantings are antic- 
ipated with high beverage quality as an ob- 
jective. For optimum beverage quality, coffee 
fruits are harvested when fully ripe (Goto 
and Fukunaga, 1985). Harvesting in Hawaii 
is currently accomplished by hand; however, 
large-scale coffee production will require 
mechanical harvesting (Winston, 19873. 

To evaluate quality, production, and the 
suitability of coffee cultivars for mechanical 
harvesting, cultivar trials have been estab- 
lished at low-elevation sites used for sugar 
and pineapple production. Included in the 
trials are: ‘Guatemalan’, the principal culti- 
var in Kona, ‘Yellow Caturra’, a major cul- 
tivar in Colombia, and ‘Mundo Novo’ and 
‘Catuai’, major cultivars in Brazil. Initial yield 
data show that these cultivars, along with 
‘Progeny 502’, exhibit higher yields among 
the 18 cultivars being evaluated (Ingamells, 

Fruit removal force (FRF) is an important 
characteristic for evaluating the suitability of 
a cultivar for mechanical harvesting, since 
the efficiency of harvesting devices is di- 
rectly related to a lower detachment force of 
ripe fruits (Bukovac, 1979). There should 
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also be large differences in FRF between ripe 
and immature fruit to facilitate the selective 
removal of ripe fruit. The objectives of this 
study were to evaluate the FRF of ripe and 
immature fruit of several coffee cultivars and 
to determine diurnal fluctuations in FRF that 
could be exploited to facilitate mechanical 
harvesting. 

Fruit removal force measurements in new- 
tons (N) were obtained from two-year-old 
Coffea arabica L. ‘Yellow Caturra’, ‘Mundo 
NOVO’, ‘Catuai’, ‘Progeny 502’, and ‘Gua- 
temalan’ trees. Trees were located at Kunia, 
Hawaii (elevation 100 m), in a,Kunia silty 
clay soil (Ustoxic Humitropepts), and kept 
well-irrigated for the duration of the exper- 
iment. The trees were spaced 0.9 m between 
plants and 2.6 m between rows. Fruit re- 
moval force of 20 ripe (exocarp completely 
red or yellow, depending upon cultivar) and 
20 full-size green fruit was measured in the 
field at 0600, 0900, 1300, and 1600 HR in 
Nov. 1989, by securing fruits in a collar at- 
tached to a pull scale and pulling in a direc- 
tion parallel to the pedicel. At each time period 
during 4 sampling days, the FRF of five ripe 
and five green fruit on primary plagiotropic 
branches (Cannell, 1985) 1.2 to 1.5 m above 
ground level was measured on 10 trees of 
each cultivar arranged in a completely ran- 
domized design. To  obtain the mean FRF for 
each time period, FRF for the 4 days was 
pooled. 

Differences in FRF between ripe and green 
fruits between 0600 and 1600 HR ranged from 

6.8 to 8.5 N for ‘Yellow Caturra’, 3.5 to 5.9 
N for ‘Catuai’, 2.2 to 5.5 N for ‘Guatema- 
lan’, 1.4 to 3.8 N for ‘Mundo Novo’, and 
0.1 to 1.8 N for ‘Progeny 502’. Differences 
were larger between 0600 and 0900 HR than 
between 1300 and 1600 HR for ‘Guatema- 
lan’, and ‘Mundo Novo’. 

Daily mean FRF for ripe fruits was lowest 
for ‘Yellow Caturra’ and highest for ‘Prog- 
eny 502’. For green fruits, mean FRF was 
highest for ‘Yellow Caturra’ and lowest for 
‘Mundo Novo’ (Table 1). The largest dif- 
ferences between daily means of ripe and 
green fruit were found in ‘Yellow Caturra’; 
they were  intermediate for ‘Catuai’ and 
‘Guatemalan’ and smallest for ‘Mundo Novo’ 
and ‘Progeny 502’. 

These data show that the potential for in- 
creased selectivity during mechanical har- 
vesting appears better with ‘Yellow Caturra’, 
‘Catuai’, and ‘Guatemalan’, where larger 
differences in FRF between ripe and green 
fruits were observed than for ‘Mundo Novo’ 
and ‘Progeny 502’. More pronounced dif- 
ferences early in the day for ‘Guatemalan’ 
suggest that morning harvesting is recom- 
mended where feasible for this cultivar. The 
smaller differences between ripe and green 
fruit of ‘Progeny 502’ and ‘Mundo Novo’ 
may result in decreased selectivity during 
harvesting. 
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Table 1. Fruit removal force (FRF), in N, of ripe and full-size green coffee fruit of various cultivars.z 

Daily Difference in 
mean FRF ( N ) y  

Cultivar Ripe Green (green-ripe) 
Yellow Caturra 5.7 a 13.0 d 7.3 d 

daily mean FRF (N) 

Guatemalan 
Catuai 
Mundo Novo 
Progeny 502 

8.0 b 12.0 bc 
8.2 b 12.7 cd 
8.3 b 10.7 a 

10.3 c 11.4 ab 

4.0 c 
4.5 c 
2.4 b 
1.1 a 

‘Mean separation in columns by Duncan’s multiple range test, P = 0.05. 
Walues are the mean FRF from 0600 to 1600 HR. 
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