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Abstract: Coffee is an important export commaodity for théniBpian economy and
also used for honey production. This study was dirtee identify the effect of
temperature and humidity on nectar volume, theamesécretion dynamics, honey
production potentiality, and the number of bee o@s required to be placed in a
hectare of coffee plantation for optimum honey pictn.

The study was conducted in Gera District westetmogta. One day before nectar
measuring, 5 inflorescences were covered with firesh bags on a different part of
the tree. From covered inflorescences, twenty ftavper tree were randomly selected
and nectar volume was measured using micropipéttesardingly, nectar volume and
concentration, temperature, and air humidity weeasared with an interval of one
hour. The average nectar volume (ul) per floweR4nhours, sugar amount per tree
(9), expected honey yield per tree (kg) and hokgy jproduction potential per hectare
for C. arabicawere 3.3_+ 0.2, 0.040 + 3, 0.050 + 4 and 125 Kgr2?5 kg),
respectively. The actual harvestable amount of yasehalf of the potential (62.5
kg/ha). If a kilogram ofC. arabicahoney would be valued at 6.25 USD, the total
financial to be expected is $ 390.63 per hectatge mean nectar volume and
concentration have significant differences (p<0.@5)different hours of the day.
Nectar volume was positively correlated with hurtyidishile concentration positively
correlated with temperature. One hectare of pradeittees ofC. arabicaholds 4 or 3
or 2 honeybee colonies for traditional or transi¢ibor frame hives respectively. From
this study, it is concluded that Coffee is not earoically valuable only for its seeds,
but also for honey production. Therefore, the irdaéign of coffee plantations with
beekeeping is recommended.
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Introduction

Bee plants are those plant species that provideamead/or pollen for honeybees
(Addi and Bareke, 2019; Admasst al, 2014). Among thesé& offea arabical. is one
of the important plants widely grown in the tropitisis self-fertile cash crop in many
tropical countries (Klieret al, 2003). Studies conducted by many authors haveated
that honeybee pollination improved the yi@fiC. arabicaby 12-50% as compared to
self-pollination (Roubik, 2002; Kliert al, 2003; Ngoet al, 2011). After pollinatiorC.
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arabica flowers wither in 1 or 2 days. If not pollinatedrémain open for up to 5 days
(Free, 1993). Honeybees are the major visitolS.&rabicawhile Stingless be€Fkrigona
spinipes and Partamona testaceaCarpenter beesXylocopa species) are the minor
visitors (Veddeleret al, 2006; Vergaraet al, 2008). Honeybees provide pollination
service for coffee flowers while coffee flowers plypnectar for honeybees (Naga al,
2011). Coffee is a perennial crop that belongsh®family Rubiaceae originated from
Ethiopia (DaMatta, 2004; Belitet al, 2009). It is the most important cash crop for
trading and exports since the 18th century, progdjobs for millions of families
worldwide.

In Ethiopia, Coffee grows in a wide range of agcolegical conditions mainly from
the range of altitudes 1200 to 3000 m (Muletal, 2011; Moatet al, 2017). Formerly,
it was assumed to be endemic in the south-westeasts of Ethiopia and it has now
spread through trade first into southern Arabia faoch there to the East Indies by Dutch
traders late in the 17th century. Coffee is plantedughout the tropics, but particularly
in the east and West Africa and central and laie8duth America and the West Indies
(Admasstet al, 2014). It can be propagated from seeds. The fiogeeriod (anthesis)
of C. arabicais varied from region to region and generallyflotvers from January to
April (Ngo et al, 2011) based on the rainfall of the ar€aarabicahas a short flowering
length with the range of 5-7 days. It gives flowprefusely after rains but some coffee
trees are found with flowers at any time of thery&pffee is a major honey source in the
southern, western, and southwestern parts of Hthi(areke and Addi, 2019a, b;
Bareke and Addi, 2018). Honeybees play an importal& in increasing seed yields
through pollination and honey production by collegtnectar. Floral nectar is a reward
offered by flowering plants to visiting pollinatereeflecting co-evolution between the
plants and their pollinators (Galetto, 1997, Ning-® al., 2015; Poweeet al., 2018). It
plays a central role in plant reproduction by madgplant-pollinator interactions due to
its inherent features such as sugar concentratiolyme, viscosity, and chemical
composition (McDade and Weeks, 2004). Thus, irdpih, it is suggested that coffee
growers should keep honeybee colonies in theieegflantations (Admasst al, 2014).
However, to integrate coffee plantations with begkeg, there is a lack of information
about the potential of coffee plants for honey picithn for recommending the optimum
number of honeybee colonies required to put inciane of the coffee plantation. In this
regard, knowledge of nectar production dynamicsthog plant is fundamental to
understand the nectar secretion potential and digsasuch as the amount of nectar it
offers, the time patterns, frequency of visit te filant by bees, that are among others
important factors to be understood for planninglé@a and Bernardello, 2004).

Many authors have determined the honey productmential of bee plant species,
based on their nectar secretion potential (itral.,2011; Adgabat al, 2012;Abdulaziz
et al, 2015; Adgabeet al, 2016 and Bareket al, 2020). However, this important
information is still lacking and its significancerfhoney production has not yet been
documented for this the most economically importagh crops of Ethiopia. Therefore,
this study was aimed to determine the nectar denretynamics, honey production
potential, number of honeybee colonies requirete@laced in a hectare of the coffee
plantation as well as to identify the effect of pmarature and humidity on the nectar
secretion ofC. arabica.

Materials and Methods

The study was conducted in Jimma Zone, Gera DistEthiopia. Gera District
comprises substantial coverage of natural foredtkamown as a key biodiversity hotspot
area forC. arabicaconservation and potential area for beekeeping#<d, 2007; Bareke
and Addi, 2019). Integration of coffee plantatiorthwbeekeeping is used to boost the
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seed yield of coffee and simultaneously coffee gowkich can be sold at premium
prices. The climate of study area is cool and huwiith 1906.3 mm average annual
rainfall which is unevenly distributed throughobetyear. The texture of the soil of the
study area is classified as sandy clay soil (Tiekti al, 2021). Fertilizer and other
pesticide chemicals are not used.

Phenology

Observations were made on three coffee plants ¢atifg the timing of anther
dehiscence and nectar secretion. From each plaatflower buds (a total of 15) were
labeled and observed (Baretteal, 2020).

Determining the number of flower heads per tree

Eighteen productive plants with massive flowersevselected randomly to get the
average number of flower heads per plant (Bastka, 2020). Each plant had a similar
age. Coffee flowers are white in color (Figure 1)

. i

Figure 1 - Cofe flowers N

Determination of nectar volume and concentration

Five (5) inflorescences were covered with fine meabs (40 x 40 cm) on different
parts of the plant, one day before nectar collacf®arekeet al, 2020). From different
inflorescence whorls, flowers were collected ranyofWyatt et al, 1992). Fifteen plants
were used for nectar measurement. Twenty (20) fldveads per tree were randomly
selected. The volume of nectar produced in 24 hewas determined directly upon
sampling from 100 flowers with micropipettes (10pl)

Determination of nectar secretion dynamics

The nectar volume, nectar concentration as wetkeagperature, and humidity were
measured using a hygrometer at one-hour intervatsm f 7:00-18:00 hours,
simultaneously. Nectar was collected from threevéis at each time measurement for 5
consecutive days (3 Flowers*12 times*5 days=18@dis). Additionally, 5 flowers were
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isolated and measured daily from the beginningnith & nectar secretion to determine
the amount of nectar (mg) secreted throughoutifittinhe of the flower.

Determination of sugar amount in nectar per flower

The amount of sugar found in nectar was calculdteth the nectar volume,
concentration, and sucrose density. The readingadst refractometers are in sucrose
equivalents expressed as milligrams of sugar pér &@ of solution. They were
converted to milligrams of sugar per flower by ceriing the measured sucrose
equivalent to g/liter and multiplying this value the nectar volume (Boltest al, 1979).
The conversion of sucrose concentration to densig using Pry-jones and Corbet
(1987) equation and the amount of sugar was caétuilasing Dafni (1992) equation.

Estimation of honey production potential

The honey production potential (HPP) of the plardgswestimated by using the
following formula: HPP= the average number of floweads per plant * the average
amount of sugar per flower head* nectar secretmyth(days). This gives the average
amount of sugar per trélowering season (Barekat al, 2020). The average amount of
sugar per tree converted to honey was calculated.

At the international market the average acceptlbleey moisture content is 18%
from 1 kg of honey whereas 82% is a total dissolsegdar. This is used to convert the
mean mass of sugar produced by a single plant lpeefing season to honey. The
estimation of the number of plants per hectare b&sed on the recommended space
required per this species.

Estimating optimum honeybee colony carrying capacit

The optimum number of traditional (TH), intermedigtH), and modern hives (MH)
for the given area was estimated as follows:

TH = [Expected potential honey yield per area/ éhoyield of well managed
traditional hive) *2]

The optimum number of intermediate hives

IH == [Expected potential honey yield per area@yyield of well managed
intermediate hive) *2]

The optimum number of modern hives

MH= [Expected potential honey yield per area/ (hoyield of well managed modern
hive) *2] (Al-Ghamdiet al, 2016; Bareket al, 2020).

Dividing the honey productivity potential by twots consider the assumption that for
every 1 kg of harvestable honey, bee colonies nmmsume 1 kg of honey to fulfill
nutrient requirements of maintenance and reprodog¢tChaudhary, 2009).

Data analysis

Data was analyzed using One-way ANOVA and prioanialysis, homogeneity of the
variances of the data was checked using Leveng. fEgkey used for mean separation
among the treatments. In addition to this, a limegression model was computed using
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R-software to see the effect of temperature andiditynon nectar volume and
concentration

Results

Nectar secretion length

Nectar volume ofCoffee arabicavas significantly different between the start and
of the secretion date (Figure 2). As the age offltheer increased, the amount of nectar
secreted was decreased. Accordingly, the peak msetaetion was recorded on day 2
while the lowest was recorded at the end of secrgtlay 5). On the '®day, it was
difficult to measure nectar volume and this wassadered as the plant almost stopped
secretion. This suggests th@t arabicacan be considered as a species with a short
flowering length.

Nectar volume (pl) per flower
Pd (%)
.|

Dayl Day2 Day3 Dayd Days
Days of data collection

Figure 2 -Nectar secretion length and volume off€ofirabica flower from start of
secretion to end (repeated collection daily) (NHflavers daily from the start to end)

Nectar secretion dynamics

The mean nectar concentration and volume werefgignily different across times of
the days (p<0.05). The lowest mean nectar cond@nrtiraas recorded at 7:00 pm and the
highest nectar concentration recorded at 16:00@mthe other hand, the highest mean
of nectar volume was recorded at 7:00 am whilddtest was at 17:00 pm. This is due
to high humidity and low temperature in the morn{@g0) and vice versa in the study
area. The mean amount of sugar present in necsnatasignificantly different (p<0.05)
across times of the day (Table 1).
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Table 1 - Mean nectar secretion dynamics: Mean areconcentration (%), nectar
volume (ul) and amount sugar (mg) in nectar pewdéoin 1hour intervals per flower
with + standard error (SE) of C. arabica in 7:00 18:00 hours of the day

AVERAGE SUGAR

TIME (HOUR) AVERAGE NECTAR AVERAGE NECTAR AMOUNT PER
CONCENTRATION (%) + SE VOLUME (uL) + SE FLOWER/1HR
INTERVALS
7:00 11.1 +2.58d 6.6 +1.1a 3.3+0.7a
8:00 14.1 + 2.01cd 4.0+ 0.74bc 2.8 +0.68a
9:00 18.6 + 2.17abcd 4.7 + 0.71abc 4.3 + 0.66a
10:00 17.2 + 2.85bcd 5.3+ 0.41ab 4.6 + 0.88a
11:00 19.9 + 1.82abc 3.7+ 0.7bc 3.8+ 0.91a
12:00 18.8 + 1.84abcd 3+ 0.7bc 2.8 + 0.69a
13:00 20.7 + 3.33abc 3.0+ 0.33bc 3.0+ 0.54a
14:00 21.7 + 3.75abc 3.1+ 0.85bc 3.6 +1.23a
15:00 24.3+1.71ab 2.5+ 0.88c 3.1+1.16a
16:00 25.9 + 1.64a 3.2 +0.7bc 4.1 +0.89a
17:00 23.4+2.14ab 2.7+ 0.54c 3.3+ 0.89%9a
18:00 25.4 + 2.69a 3.2+ 0.96bc 4.6 +1.69a

Note Different letters show significant differences

The effect of temperature and humidity on necteretmn

During the study period, air humidity was foundtire range of 21-84% whereas
temperature of the day was in the range of 14-33.9The highest nectar volume was
recorded at the lowest temperature. On the othed,hthe highest nectar volume was
recorded at the highest values of humidity. Thisvahthe indirect relationships of nectar
volume with temperature as well as the direct i@ahip of nectar volume with humidity
(Figure 3).

The highest value of nectar concentration was dembabove 28C while the lowest
was at less than 26C. Thus, nectar concentration has direct relatigsstwith
temperature of the study area (Figure 3).

On the other hand, the highest nectar concentratibre was recorded at less than 50
% humidity whereas the lowest recorded above 55Bts Thdicates that as humidity
increased the values of nectar concentration deedealhe lowest concentration was
recorded at the lowest humidity (figure 4).
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Since sugar amount is calculated from nectar volant concentration, temperature
and humidity have no significant effect on the amtoof sugar (Figure 5). Because the
effect of temperature and humidity on nectar voluand concentration opposite of each
other (figure 6). This means as temperature inedbafiumidity decreased and as
temperature decreased humidity increased. Howéwverhighest amount of sugar value
was estimated from 20-38C temperature, and 45-55% humidity (Figure 5). Be,
appropriate temperature and humidity for coffeedyoproduction are ranges (20-30)

and 45-55% respectively.
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Figure 5 - Effect of temperature (a) and humidiiy ¢n sugar amount of C. arabica
On the 2° day, the highest air humidity was recorded dugabofall while on the %
day; both temperature and humidity were reducedpemed to other days due to the
prevailing wind during the study (Figure 6). Thiglicates that the value of temperature
and humidity can also be affected by the windy @dof an area.
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Figure 6 - Distribution of air humidity and tempéuee during nectar data collection

Honey production potential

The average number &f. arabicaflowers per plant was 1044 (Table 2). Each flower
was observed to provide nectar for at least 5 delys.mean amount of sugar per flower
was 3.6 + 0.3 mg (ranges from 0.8 to 8.72 mgq), thedefore, the average mass of sugar
produced per plant is estimated to be 0.04 kg &dram 0.008-0.09 kg).
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Table 2: Mean number flower heads/plant (N=18 plamtean Nectar volume in 24 hours
(ul) (N=100 flowers) and mean sugar amount per #olife cycle (mg) (N=100 flowers)
of Coffea arabica in Gera District

TREATMENTS MEAN + SE MINIMUM MAXIMUM
Mean number flower heads/plant 1044 + 135 485 2330
Mean Nectar volume in 24 hours (ul) 3.3+0.20 0.70 7.30
Mean sugar amount per flower life cycle (mg) 3.8.30 0.80 8.72
Mean sugar amount per plant (kg) 0.04 + 0.003 0.008 0.09

Given that 1 kg of honey with 18% moisture contemi'wt) contains 820 g of total
dissolved sugar, the mean mass of sugar producadcingle tree of. arabica(0.04 kg)
per season is estimated to produce 0.05 kg of hdramge 0.01 — 0.11 kg). Space
between coffee plants was 2 meters and therefoeetotal number of Coffeplants per
hectare of land is about 2500. Therefore, undealidenditions, the average honey
production potential per hectare of coffee plantatarea per flowering season would be
about 125 kg, which ranges from 25 to 275 kg. T¢ttea amount of honey that can be
harvested from the hive is half of the estimategpital which is 62.5 kg per hectare.

Financial implication from a hectare of C. arabitaough honey production potential

The expected harvestable honey yield from a hecfapeoductive trees . arabica
with the massive flowers was 62.5. kiba kilogram ofC. arabicahoney would be valued
at USD 6.25, the total financial gain from one heetof coffee plantation would be 62.5
kg * 6.25 = 390.625 USD. This indicates how muuis plant is economically valuable,
in addition to seed sales.

Determining optimum number of honeybee colonietsddia be place in a hectare of C.
arabica for honey production

The honey yield of well managed honey bee coloim@s different types of bee hives
are 16 kg (Shenkutet al., 2012); 25 kg and 45 kg (Tullu, 2014) per tradiibn
transitional and frame hive in Ethiopia, respedyiveEven though the bee forage
resources are similar for all bee hive types beatwhlume of the hive, population size of
honey bee colony and the way of management bettireehive types are varied (Bareke
et al., 2020). For instance, the size and number of hdrezy population of traditional
hives are small as compared to transitional angdraives which result in variation in
honey yield. In addition to this, the traditionavd is not suitable for internal honey bee
colony inspection. Based on honey production g@k(l25 kg) of coffeeper hectare
the optimum number of managed honey bee colonies tatroduced per hectare during
its flowering period can be 4 traditional, 3 triéiomal or 2 modern frame hives. So, the
number of honey bee colonies to be placed in eahedfC. arabicaare differs between
the hive types.

Discussion
Nectar secretion of Coffea arabica

Coffee flowers provide nectar from 7:00 to 18:0@mitarly, a study conducted by
Adgabaet al. (2012) on Ziziphusspina-christialso indicates that it provides nectar the
whole day. In addition to this.avenderspecies also secrete nectar the whole day
(Adgabaet al, 2015). On the other han@roton macrostachyusecrets nectar from 8:00
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to 15:00 hours (Bareket al, 2020). The significant variations in the amoumd patterns
of nectar secreted by the different honey souraatplcould be due to the variations in
biotic and abiotic factors associated with the atiéht plant species in their respective
environments (Al-Ghamdit al.,2016). This indicates that nectar secretion tisnearied
from plant species to species. The causes of nsetaetion variability between flowers
on the same plant are due to position on the flmgestem to the microclimate of the
area (Macukanoviet al, 2004; Jakobsen and Kristjansson, 1994; Petaratlaly 1996).

In addition to this, day to day variation in weatlmeay cause shifts in the pattern of
nectar characteristics, morphological and phenolgiharacteristics have an effect on
nectar secretion.

Effect of temperature and humidity on nectar sécnedf C. arabica

As the temperature increased the nectar volunte afabicadecreased. On the other
hand, nectar volume was increased as the humitlitiyeoarea increased. This indicates
how much nectar volume is affected by the humiditgl temperature of the particular
area. Similarly, a study conducted by Baredteal. (2020) onC. macrostachyuslso
indicates that nectar volume increased at the lowemperature. However, study
conducted by Kinet al. (2017) onCrataegus pinnatifidan Korea and Chinese indicates
that nectar volume was positively correlated wibhhbtemperature and relative humidity.
This shows the effect of environmental factorslm amount of nectar secreted is varied
from plant species to species.

Nectar concentration has direct relationships wé@mperature of the study area.
Similarly, the study conducted drhymus capitatugPetanidou and Smets, 1996) and C
macrostachyugBareke et al., 2020) indicate that their nectar concentrationlugo
amount) have positively correlated with temperature addition to this, a study
conducted by Adgabeaet al. (2015) on Lavandula dentataand L. pubescensin
southwestern Saudi Arabia indicates that for bgicees the nectar concentration was
significantly increased with an increase in temper On the other hand, the amount of
nectar inL. dentatatended to increase with an increase in relativmitiity. But, for L.
pubescenghe nectar volume tended to decrease with anaserén relative humidity.
Therefore, the effect of temperature and humidityttte nectar secretion is varied based
on the plant species. For some plants, temperatddumidity highly affected the nectar
secretion potential while no effect on some otlpecges

As the humidity of the area increased the valuaseotar concentration &. arabica
decreased. Study conductedAumtigonon leptopuandTheretia peruviandy Adjalooet
al. (2015) also indicated that the nectar concentratras negatively correlated with the
humidity. The peak of temperature coincided with liwest relative humidity, indicating
an inverse relationship between the two environaigrarameters (Adjaloet al.,2015).

Honey production potential

The average mass of sugar per coffee plant (0.04Kkgjver than the average amount
of sugar ofCroton macrostachyuper plant (Bareket al., 2020). The common nectar
variables relevant to pollination are its concetitrg volume and sugar. Nectar collection
method is primarily dictated by the flower sizecta® volume and solute concentration
(Dafni, 1992). The common method is to extract tleetar with micropipettes for
volumes above 0.5 pl and concentration below 70éet&d collection from small flowers
needs special techniques (Dafni, 1992).

The actual amount of honey that can be harvestaah fihe hive is half of the
estimated potential of the plant. When bees cobect transport the nectar to the hives
they definitely consume a certain amount of sugarttieir flight energy. In addition to
this, due to rapid crystallization, all the nectacreted may not be available to honeybees
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(Adgabaet al.,2012; Barekest al.,2020). The estimated honey production potential th
can be obtained fror@. arabicaplantation per hectare was 125 kg. These reaodts
comparable to the reports made for different anmlahts and trees such &
macrostachyus imange of 234 kg - 1770kg /hectdi@arekeet al.,2020) Lime species
(Tilia spp.) (90 to 1200 kg honey/ha) (Crasteal., 1984), andZiziphus spina-christi
(550-1300 kg of honey/ha) (Adgakaal, 2012),Brassica junceandSinapis albacrops
65.5 kg and 71.2 kg/hectare, respectively (Masiskayw2003). Monofloral honey @.
arabicais produced in some parts of Ethiopia. For examjpten western Ethiopia it is
produced in Gera District (Bareke and Addi, 201Since the flowering period of.
arabica is short, the beekeepers should apply seasonahyohanagement following
flowering calendar to harvest the monofloral hoogthis plant.

In general, trees were more productive in nectaresien due to their larger biomass,
dense flowers, deep roots and resistance to meisitress (Adgab&t al., 2017).
Furthermore, in most trees, the flowers are nabrfal and are expected to secrete more
nectar to strongly attract sufficient pollinatorSchemske and Bradshaw, 1999).
However, C. arabica has white color which can attract honeybees at@roinsect
pollinators.

Optimum honeybee colony carrying capacity of Chara for honey production

Knowledge of bee colony carrying capacity is vemyportant to utilize the floral
resource of a given area. Some beekeepers citeththapiary site is nearby the forest
area where the diversity of bee forage speciegisdnd the strength of honeybee colony
is good throughout the year. However, honey obthifrom such area is very low
(Bareke and Addi, 2018). This is due to less abnhtae forage plants flowered at the
same time and many of them flowered in differentetiof the year. In such areas,
estimation of honeybee colony carrying capacityasy important to use the resource
effectively. Harmonizing a number of honeybee cmerwith the available resource is
used to increase the productivities of honeybeeme$ by overcoming the problem of
colony overstocking ( Al- Ghamdit al.,2016; Adgabaet al.,2017). Study conducted by
Esteveset al. (2010) also indicated that the optimum distribatf honey bee colonies
minimizes overpopulation with the consideratiortted available honey bee plants within
the maximum flight distance of the honey bees.

Conclusion and recommendation

C. arabicais a good producer of nectar and significantly obotes to honey
production in Ethiopia. Both temperature and hutyitiave significant effects on nectar
volume and concentration of the flowers. Amountnettar volume and concentration
varied in different times of the da@ne hectare o€. arabicaplants has a potential to
produce 125 kg of honey of which 62.5 kg is expaddie be harvestabld he honey
production potential ofC. arabica holds a maximum colony carrying capacity for 4
traditional, 3 transitional or 2 modern frame hilemeybeeMonofloral honey can be
produced from this species at areas where it is\@mtly found. The current study
clearly indicates that coffee is not only econoihycaaluable for its seeds, but also used
for honey production. Therefore, integration of feef orchard with beekeeping is
recommended to produce honey, as well as to boestged yield of coffee.
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