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Post Harvest Processing Methods and Physiological Alterations
in the Coffee Fruit

P. MAZZAFERA, R. PADILHA PURCINO

Departamento Fisiologia Vegetal - IB, Unicamp, Campinas, SP, Brazil

METHODS OF COFFEE PROCESSING

It is well known that the way the coffee fruits are processed has pronounced effects on the
final quality of the beverage. Basically there are two methods to process coffee fruits, the dry
and the wet methods (Clarke, 1985; Vincent, 1985).

In the dry method the coffee fruits brought from the field are laid out in drying patios to be
exposed to the sun until they reach 10-12% humidity. Drying machines are also used to dry
the coffee fruits. In both cases some classification may be undertaken before drying. The
dried product, also know as Natural Coffee, may be dehusked or not before storage.

The wet processing method produces coffee of better quality than the dry method (Clarke,
1985; Vincent, 1985). This coffee is known as Washed Coffee. The fruits from the field are
pulped and allowed to ferment for the elimination of the mucilage. In the pulping stage the
exocarp is removed exposing the mesocarp (mucilage), which adheres to the endocarp. The
fermentation process may be carried out by keeping the pulped fruits in water or not.
Depending on the local climate (temperature) the fermentation period has to be controlled to
avoid over-fermentation, which may decrease the quality of the beans and consequently the
beverage quality. Fermentation for 16 h has been used for places where Robusta is cultivated
(warmer regions), increasing to 48h for higher altitude locations (Vincent, 1985) or even to
80 h (Clarke, 1985). After fermentation, the remaining mucilage adhering to the endocarp is
removed manually or mechanically, or also by leaving the coffee in running water for 6 to
16h. Then the beans are dried to 10-12% humidity, which occurs in a shorter time than for the
dry process, usually in a week under favorable climate conditions. Washed coffees have less
body, higher acidity and they are more aromatic than the Natural coffees.

There were indications that Natural and Washed coffees present differences in some typical
compounds, which are important for the development of the beverage quality (Menezes and
Clifford, 1987; Menezes, 1994; Balyaya and Clifford, 1995). Therefore, assuming that this is
a not a result of microbe action, one may argue that such alterations are the consequence of
seed metabolism.

THE EFFECT OF THE PROCESSING METHOD ON THE COFFEE QUALITY

Despite the important relationship between the processing method and coffee quality, so far
very little has been done to understand this fact under a physiological point view, apart from
analysing some of the constituents in the dry and wet processed coffees. In most of these
studies caffeine and chlorogenic acids were analysed. Some reports showed that coffee quality
was apparently related to the ratio between isomers of chlorogenic acid and that this ratio was
affected by the maturation stage of the beans (Ohiokpehai et al., 1982, Clifford and Kazi,
1987). Using this information, Menezes (1994) studied the ratio between caffeoylquinic acids
(CQA) and dicaffeoylquinic acids (DCQA) in Arabica coffee harvested at different

811



maturation stages and processed by the wet or the dry method. She observed that the ratio
CQA/DCQA was always higher in the wet processed coffee, except for the stages where the
fruit was still green (immature fruit), when the ratio was similar or slightly lower than for
other developmental stages. Menezes (1994) concluded that it is important to avoid green
fruits because they decrease the coffee quality. Balyaya and Clifford (1995) studied the
contents of chlorogenic acids and caffeine in wet and dry processed coffees and did not
observe any difference regarding the alkaloid but did find a lower phenolic value in the wet
processed coffee. In both reports no physiological explanation was offered for the observed
variations.

DOES A RELATIONSHIP BETWEEN GERMINATION AND QUALITY EXIST?

Endosperm represents more than 95% of the coffee seed weight with the embryo positioned
on the basal side, next to the peduncle in the fruit. Because germination of C. arabica ceases
below 6% of humidity, seeds were defined as intermediary between the recalcitrant and
orthodox classes (Ellis et al., 1990). In fact, the loss of the germination viability seemed to be
related to the interruption of the germination process, which was believed to be already
occurring in the mature fruit (Ellis et al., 1991). In other words, low water availability led to
the embryo death. This observation has support in the fact that several days before the
complete maturation of the fruit the embryo already has the ability to germinate (Estanislau,
2002).

However, what prevents the coffee seed from germinating inside the fruit? It has been
suggested that inhibitors in the pulp would be responsible (Bytof et al., 2000; Selmar et al.,
2001). It was also suggested that a relationship might exist between germination and coffee
quality of the wet processed coffees. By removing the pulp in the wet process the embryo is
released germination and despite the short period of time comprised between pulping and
mucilage washing it might be enough for important physiological changes to take place. Bytof
et al. (2000) and Selmar et al. (2001) showed that amino acids changed significantly in their
composition and content in coffee fruits processed by the wet method. This was not only
observed in coffee harvested and processed as in a coffee farm but also under laboratory
controlled conditions. For both coffee types an initial reduction in the amino acid content was
observed, followed by an increase, decrease and stabilization of the content. However, such
complex variation was observed in a shorter period of time in the wet processed coffee and
the amino acid level was higher at stabilization. Although the aim was not the same and the
way the coffee fruits were processed differed from the Bytof and Selmar reports, the data of a
previous report also showed large variations in amino acids (Arnold and Ludwig, 1996).
However, the processing methods did not significantly influence the amino acid composition.

Such variations might be important because of the role of amino acids (and also proteins and
peptides) in the formation of volatile compounds during coffee bean roasting. During
roasting, these nitrogen compounds react with carbohydrates (mainly sucrose and the product
of its breakdown) in the Maillard reaction - and compounds involved in the aroma, such as
pirazines are formed (Bytof et al., 2000). Alanine would be the main amino acid in such a
reaction. On the other hand methionine and cysteine are involved n the formation of sulfured
volatile compounds.

Selmar and his group (in this congress) also obtained evidence that germination is in progress
in wet processed seeds by following the expression of isocitrate lyase (ICL), an unique
enzyme of the glyoxylate cycle, where fatty acids are converted into carbohydrates during
respiration. Characteristically this enzyme is increased during germination of oil-rich seeds
such as castor bean and sunflower. The expression of ICL is described as one of the early
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events in germination. We have done a preliminary search in the Coffee EST database of the
Brazilian Coffee Genome Project and found 8 ICL ESTs but most (7) from a library made
from germinating seeds.

If the hypothesis that germination is already occurring in the seeds of mature fruits is correct,
are the alterations in the seeds processed by the wet method the same as dried seeds left to
germinate in water? The time seems to be crucial. Freshly harvested fruits have seeds with
approximately 50% of water content. In addition, the time between pulping and the beginning
of the drying may vary from 20 to 80h, according with the local temperature. When
fermentation is carried out in water and the fermented mucilage is removed with water, the
conditions for germination seem to be even more favourable.

BIOCHEMICAL ALTERATIONS DURING COFFEE SEED GERMINATION

Several studies have shown that coffee seeds with 10-12% humidity suffer profound
alterations in the early days of germination. Cytochemical studies revealed that after 4 days of
germination the cell wall of the endosperm of coffee seeds undergo marked alterations,
releasing sugars for the embryo growth (Dupriez, 1962).

Galactomannans are the main cell wall sugars of the coffee seed. Takaki and Dietrich (1980)
detected mannanase activity after 5 days of germination. Endo- -mananase activity was also
detected by other authors after 7 days of germination and transcripts of the enzyme were
detected only after 15 days (Marraccini et al., 2001). Such differences might be due to the
high amount of RNA extracted from the endosperm compared with the embryo, interfering in
the extraction of specific mRNA for the Northern experiments. It has been shown that
polyssomes are formed just after imbibition and that mRNA synthesis takes place (Bewley
and Black, 1994).

Giorgini and Comoli (1996) observed mannanase activity only after the radicle has protruded
from the seed and the activity increased with GA3 application. Marraccini et al. (2001) did
not observed the same results when GA3 was applied 24h after seed imbibition. This
difference might be explained by the time the hormone was offered to the seeds. Giorgini and
Comoli (1996) applied GA3 since the beginning of imbibition and Marraccini et al. (2001),
24h later.

Data from Takaki & Dietrich (1980) support results from both Giorgini and Comoli (1996)
and Marraccini et al. (2001) and in addition to the detection of mannanase activity 5 days after
imbibition (the seeds were imbibed for 48 h in water or in water + GA3) they also detected a
large amount of free mannose and less glucose. Mannose was detected after 15 days in the
control seeds. In the seeds treated with GA3 there was a reduction in the cell wall
polysacharides containing mannose. The mannanase activity was higher in these seeds too.
Since exogenous GA3 inhibits (0.5 — 1.0 mM - too high???) coffee seed germination (Takaki
and Dietrich, 1979), but it does not have an inhibitory effect on the embryo growth (Valio,
1976), Takaki & Dietrich (1980) discussed the possibility that mannose is a potent inhibitor of
coffee seed germination. Detached coffee embryos had their growth inhibited 50% by 0.1 mM
mannose, but not by the same concentration of glucose, fructose and galactose (Takaki and
Dietrich, 1979).

Mannose is known as a strong inhibitor of cellular processes and it is usually found in very
low amounts in coffee seeds. Redgwell et al. (2003) determined that free mannose varied
from 0.25 to 0.09 mg/g from the 11" to the 37" week after flowering in the coffee seed.
However, Takaki & Dietrich (1979) observed that 0.1 mM mannose would inhibit embryo
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germination. Using this value to calculate the concentration in the seed a corresponding
amount in the coffee seed would be 0.018 mg/g. Therefore, it would appear that the level
found by Redgwell et al. (2003) is enough to inhibit coffee embryo germination. However,
Silva (2002) could not confirm the results obtained by Takaki & Dietrich (1979) with
detached embryos. After 10 days the length of embryos incubated with mannose was similar
to the control with water.

The endocarp is a physical barrier for coffee seed germination (Valio, 1976) and apparently
the diffusion of water and oxygen does not have regulatory importance in the process.
However, Velazco & Gutierrez (1974) observed that fragments of the endocarp inhibited
germination. The presence of inhibitors in the coffee seed was also studied by other authors,
and there are indications that no only gibberellins but also ABA might be involved in the
process (Maestri and Vieira, 1961; Gopal and Ramaiah, 1971; Valio, 1976; Silva, 2002).

The information contained in the reports cited above fit well to the model proposed for lettuce
germination, a seed which has endosperm (Bewley and Black, 1994). In this model, the
radicle and hypocotyl have important role regarding the control of the hormone production as
well as being a sink for products generated by hydrolysis of the reserves during germination
(Figure 1, adapted from (Bewley and Black, 1994). Cytokinins and gibberellins produced in
the embryo antagonize the action and/or biosynthesis of ABA, as well as inducing enzymes
for the degradation of the seed reserves (endo-p-mannanases, -mannosidases and
galactosidases). Galactomannans located in the endosperm are then hydrolysed by endo- (-
mannanase activity, and oligomannans are originated, which in turn are converted to mannans
(by p-mannosidases) and galactose (by pP-galactosidases). In this model, mannosidases are
already present in the seed before germination but galactosidades and mannanase are induced
by a signal from the radicle over a very short period after imbibition (2-3h). Even though in
this model the role of hormones is still not well understood, the importance of their
participation is very strong since the effect of the axis on the activity of enzymes may be
replaced by the application of gibberelin and citokinins. Similarly, ABA application decreases
activity of endo-f-mannanases.
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Figure 1. Degradation of galactomannans during germination ofseeds containing
endosperm.

However, according to this model the products from the reserve degradation may retro-inhibit
the activity of the enzymes if they are not removed from the system (Bewley and Black,
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1994). Therefore, radicle and hypocotyl are important as sinks, incorporating mannose in their
metabolism (Figure 2).

A preliminary search in the Coffee EST database of the Brazilian Coffee Genome Project
using the key words endo-f-mannanase or $-mannosidase recovered 36 ESTs for the former
(2 from a library from germinating seeds) and 115 from the latter (66 from the same library).

Germination is considered complete when the radicle is protruded from the seed. In several
seeds protrusion is a consequence of embryo imbibition occurring through the expansion of
the cell volume (Bewley and Black, 1994). This seems to be the case for coffee. Studying the
autotoxicity of caffeine in the coffee seed Waller et al. (1986) showed that the first cell
divisions in the radicle started after protrusion as a mechanism to avoid the effects of the
alkaloid in the endosperm.

—— e
T .

o~ T
-~ Endo-B-mannanase —»Galactomannan™-.
T N

e " -
y
y B \\
// o N
Voo - N \

=" Inactivation ABA Oligomannans \‘\ \\

Radicle

A . Galactosidase mannosidase
‘/Glbberenn}/' ol ) ) ]

\\gytokinin Galactose Manose}

. o / /
o S

~ ~
= ENDOSPERM o
el i S

Figure 2. Mobilization control of reservesduring germination of seeds containing
endosperm.

Indeed, recent studies with flow cytometry showed that before protrusion only cell expansion
occurs in the embryo and that ABA inhibits the increase of pressure potential in the cells
(Silva, 2002). Cell divisions are rare and only observed in the apex of the radicle, which might
be related to the softening of the adjacent endosperm, due to an increase of cellulase and
endo-B-mannanase activities, allowing the radicle to protrude. Curiously, ABA inhibits the
expression of endo-B-mannanase, but not cellulase, suggesting that this hormone controls both
phases of germination, that is, the increase in volume of the embryo and the softening of the
endosperm near the radicle apex (Silva, 2002). Confirming the similarity with the lettuce
model, gibberellins are needed for the elongation of the cells during the increase in volume of
the embryo and also for the softening of the endosperm (Silva, 2002). The inhibition of the
germination observed by exogenous GA3 application (Valio, 1976; Takaki and Dietrich,
1980) might be due to the release of a factor present in the endosperm and that directly affects
embryo growth (Silva, 2002). This factor might well be mannose since gibberellins stimulate
endo-f-mannanase activity.

In the coffee seed the embryo is positioned on one side of the seed (next to the peduncle
insertion in the fruit) and it lies in the more external layers of the endosperm. In Robusta it is
even more superficially positioned. Therefore, it is possible that during the wet process not
only the embryo may acquire water and expand but also that free mannose is washed out from
these external layers allowing the embryo to start germination. Bytof et al. (2000) and Selmar
et al. (2001) suggested that inhibitors in the pulp would prevent germination however after
pulping a considerable amount of mucilage (which is in close contact with the endocarp in the
intact fruit) still remain adhered to the seed. In addition, Estanislau (2002) observed that the
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embryo was able to germinate after 120 days after flowering while the seeds only germinated
only after 225 days.

The germination of the coffee seed depends on the temperature and usually takes from 10 to
15 days (Rena and Maestri, 1984). However, activity of endo-f3-mannanase was observed by
Takaki & Dietrich (1980) and Marraccini et al. (2001) at 5 and 7 days after imbibition,
respectively. It is possible that part of this activity comes from the recovery of embryo cells
during water uptake, when organeles such as mitochondria may recover their functional
capacity (Bewley and Black, 1994). Takaki & Dietrich (1980) and Marraccini et al. (2001) did
not detect mannanase activity before imbibition. However, Silva (2002) observed activity of
this enzyme with 2 days of imbibition in extracts prepared from the endosperm near the site of
radicle protrusion. The activity doubled on the third day and tissue printing of the seeds
showed that by the fifth day the activity was still restricted to that site in the seed but by the
seventh day it was detected in other parts of the endosperm.

To our knowledge only one report contains data on the sugar profile during germination of
coffee seeds. Takaki & Dietrich (1980) detected glucose and mannose after 15 days of
germination. Therefore, because of the lack of data little can be inferred from what happens in
seeds processed by the wet and dry method regarding sugar composition. Available modern
techniques could be used to study the cell wall and soluble carbohydrates in the embryo side
during germination as well as in coffees obtained by the wet and dry methods. These data
might elucidate if germination takes place in wet processed seeds using germinating seeds for
comparison. Preliminary results obtained by Silva (E.A.A. Silva, personal communication)
showed that following the activity of endo-B-mannanase at the protrusion site of the radicle
there was release of mannose. Therefore, the detection of mannose only several days after
imbibition as observed by several authors might be due to the dilution of the mannose in the
whole seed endosperm taken for analysis.
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We have done preliminary experiments processing coffee fruits in three different ways (1-
drymethod with sun drying; 2- wet method with 36h fermentation and sun drying; 3- pulping,
elimination of mucilage by friction and freeze drying) and measured reducing sugars, amino
acids and protease activity in the whole fruit and in the half containing the embryo (proximal
side). We did not observe significant differences between the wet and dry processed coffees
but the freeze-dried seeds were higher for proteases and amino acids (Figure 3). This result is
an indication that the processing method itself already induces changes in the seeds. Contrary
to previous results (Ludwig et al., 2000) we observed that protease activity is very high in
coffee seeds (Mazzafera et al., 2004, http://www.iac.sp.gov.br, First International Symposium
on Coffee Quality of TAC). Therefore, since protease activity is present in dried seeds,
additionally to amino acids, it might be possible that oligopeptides are originated during the
very early imbibition stage and also participate in the aroma/quality formation. However, their
role in the quality of beverage is still unknown (Montavon et al., 2003).

IS THE QUALITY LOST DURING THE DRYING STEP?

Selmar and his group (this congress) have obtained evidence that a stress situation takes place
during the drying step since the water potential drops dramatically. They observed that
B-aminobutyric acid (GABA), a non-protein amino acid which is largely and rapidly produced
in response to biotic and abiotic stresses (Bouché and Fromm, 2004), is always higher in dry
processed than in wet processed coffees.

The amino acid extracts used to obtain the data in Figure 3 were used for qualitative analysis
in HPLC and confirmed the Selmar results (Figure 4). This preliminary analysis also showed
interesting variations regarding the freeze-dried treatment.

GABA is synthesized in plants by glutamate decarboxylase (GAD) and this enzyme acitivty is
rapidly increased by stressing situations that affect the level of the cytosolic calcium. So far 5
GAD genes were identified in Arabdopsis thaliana and at least for GAD 1 and GAD? it is
known that their expressions are tissue specific. The isoform GAD] is expressed in the roots
and GAD?2 in all plant tissues. A preliminary search in the Coffee EST database of the
Brazilian Coffee Genome Project showed 39 sequences recognized as GAD and the highest
frequency (10 ESTs) was from two fruit libraries (green immature and red mature fruits). The
fruits collected to make these libraries were in that stage where the endosperm was already
hardened (loss of water?).
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Therefore, parallel to the idea that the quality is improved by the wet processing method, one
may argue that the drying step, both in the wet and dry methods, might induce changes in the
coffee seed. The wet method being less drastic for the seed to reach 10-12% of humidity (one
week) than for the dry method (3 weeks) might provoke smaller changes in seed metabolism.
Our previous results cited above with freeze-dried seeds may be an indication of that.

To our knowledge this point of view has not as yet been explored. Experiments where fresh
collected fruits were rapidly pulped, the mucilage removed by friction and the resulting seeds
freeze-dried before roasting, might answer this question.

CONCLUDING REMARKS

After oil, coffee is the most important commodity in the world. Not so long ago several of the
producing countries began to place coffees of better quality in the market. In part this was
possible because of the adoption of techniques such as fruit classification (separation of the
cherries) and the wet processing method. Compared with the knowledge accumulated for
other physiological processes in the coffee plant we may conclude that almost nothing is
known of the physiology of the coffee fruit. We have paid too much attention determining the
contents of compounds that may be involved in the quality of the beverage (itself a very
difficult task) without concern of what is going on in the fruits. Perhaps by studying specific
situations, which have profound effects on the beverage, we may find clues to understand how
quality is formed still in the fruits or at least know how it may be attained. The wet method
seems to be a good example.
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SUMMARY

Participatory methods are introduced in order to facilitate the process of involving all the
stake holders in development process. These methods are introduced in coffee extension with
a pilot project called Farmers’ Participatory Methods (FPM). Main objective of the project
was to empower small coffee growers and re-orient the extension strategy for better
interaction between extension staff and growers through participatory way. It started with
providing training to the extensionists in participatory methods and organizing workshops for
the growers. The present study made an attempt to understand the impact of this programme
on growers and the extensionists. It also looked into the institutional arrangements for the
implementation of the programme. The results indicate that the programme could achieve the
objective of developing better interaction between extensionists and growers. However it
failed to achieve in developing a sense of participation in the growers. Lack of involvement of
all the stakeholders in project planning was identified as one of the important reasons for the
low levels of achievement of this programme.

INTRODUCTION

Growing awareness about the limitations of conventional development approaches in meeting
the needs of people led to the exploration of alternative methodologies to provide equal
opportunities to all the stakeholders in the process of development. This resulted in the
development of ‘Participatory Approaches’. The basic philosophy of these approaches is that
all the stakeholders should participate in all the processes like problem identification,
identification of strengths, alternative solutions, planning, monitoring and evaluation.

The concept first introduced by Robert Chambers was evolved mainly around appraisal of
local resources in the form of Participatory Rural Appraisal (PRA). But soon it found many
applications in the form of Participatory Learning and Action (PLA), Participatory Learning
Methods (PALM), and Participatory Plant Breeding (PPB) etc. The common ideology running
through all these approaches is participation.

Participatory methods are extended to extension services by several research institutions and
voluntary organizations. This changed the conventional one way approach of extension staff
going to the farmer and giving the advice. The changed approach is based on the ethos of
‘farmer first’ giving opportunity to the farmer to share his rich practical experience with the
extension staff and the researchers in order to develop location specific solutions. This led to
the development of ‘Participatory Technology Development’ appropriate to a given set of
conditions. Participatory methodologies are used extensively in Integrated Pest Management
(IPM) by agricultural institutions in many developing countries with different levels of
success. Through participatory IPM training, vegetable growers in Indonesia could follow
more sustainable practices (Norwell &Humming, 1999). Similarly another study in the case of
paddy has shown that through participation IPM farmers could discover solutions which did
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not depend on insecticides, but maximized the effectiveness of natural cycles and predators
(Ooi- Pac, 1998). Farmer Participatory Research was initiated in Colombia in order to develop
a low volume application system for field use in coffee and this resulted in the identification
of operational constraints and user perceptions. (Aston et al., 1998). Similarly farmer
participatory IPM research and extension in Kenya has empowered farmers to be able to make
informed decisions on crop management and generated considerable enthusiasm among the
participating farmers (Nyambo et al., 1997).

The farmer’s Research Project in South Western Ethiopia clearly showed how by merely
giving an opportunity to farmers from different regions to come together stimulates their skills
and leads to technology development (Mengesa et al., 1997). Several benefits of participatory
IPM for food security, farmer well being and rural development are reviewed by Wheel and
Wulp (1999). Challenges for farmer participation in coffee research and extension were
reviewed by Williamson (1999).

FARMERS’ PARTICIPATORY MANAGEMENT (FPM) IN INDIA

A pilot project of Farmers’ Participatory Management (FPM) was launched by coffee Board
in India from April 2000 for a period of one year. The objectives of this project were.

1. To provide small coffee growers an opportunity in decision making for sustainable
management of their holdings

2. To re-orient the extension strategy for better interaction between extension staff and
growers

3. To facilitate sustained coffee production, increase crop productivity and production of
quality coffee.

Two training programs /workshop were conducted to train the extension staff in participatory
methods. A total number of 130 extension personnel and the research specialists participated
in the workshop. These trainers in turn facilitated the bi-monthly participatory training
workshops conducted in each zone. Apart from this, zonal workshops of research-
extensionists prior to every bi-monthly workshop were conducted in order to provide
information to extensionists from subject matter specialists. A Senior Liaison officer/Junior
Liaison officer facilitied the workshop.

OBJECTIVES OF THE STUDY

The important objective of this study is to understand the impact of participatory methods in
coffee extension on coffee cultivation. The study uses pre and post scenario in understanding
the impact. The study made an attempt to address the following issues

1. What is the impact of FPM on knowledge levels of the participating growers in
a. Identification of pests and diseases
b. Nutrition Management
c. Bush Management
d. Adoption of recommended measures
2. What are the relative merits of conventional extension system and the participatory
system?
3. What are the perceptions of the growers regarding FPM?

The study is based on field survey. Primary data were collected from the growers with a pre-
tested questionnaire. In depth interviews with the sample growers were undertaken in order to
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collect qualitative data. The study was undertaken in two traditional coffee growing regions
of India namely Chikmaglur and Madikere districts of Karnataka. The sample consists of 36
growers from each region.

SOCIO ECONOMIC PROFILE OF THE FPM PARTICIPANTS

An analysis of age composition of the participants shows that majority of the participants are
in the age group of 26 to 40 years in the case of Chikmaglur. But in the case of Madikere
majority are in the age group of above forty years. There are participants of above sixty years
of age in Madikere (Table 1).

Table 1. Age Group.

Chikmaglur Madikeri
Below 25 1 (3.77) 1 (0.70)
26-40 19 (52.77) 11(30.98)
41-60 15 (41.66) 19 (54.22)
Above-60 1 (3.77) 5(14.08)
Total 36 36
Source: Sample survey.

Table 2. Education.

Education Chikmaglur Madikeri
Illiterate 1 (3.77) 1(3.77)
Primary 11 (30.55) 3 (8.45)
SSLC 9 (25.00) 8 (24.65)
PUC 6 (16.66) 5(15.49)
Degree/diploma 7 (19.44) 13 (38.03)
Professional 2 (5.55)
PG 2 (5.55) 2 (5.5%)
Total 36 36

Source: Sample survey

Similarly education background of the participants shows that all are literates except one from
each region. However the there are more degree holders in Madikere than in Chikmaglur.

Most of the participants in both regions are owner cultivators who are the decision makers
regarding production and marketing.

FPM IMPACT ON CROP MANAGEMENT

Coffee crop responds to better management. Management of proper bush, control of pest and
proper nutrition management are identified as important management aspects which influence
the quantity and quality of coffee crop. These aspects were given importance in the FPM of
extension. These methods started with the understanding of existing knowledge in these above
three aspects and share the experience among the growers with appropriate clarifications from
the coffee Board extension and research staff.
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SOURCES OF KNOWLEDGE ABOUT CROP MANAGEMENT

The survey indicated that most of the farmers (more than 98%) are aware of these practices
and many of them have been in coffee cultivation for many years. According to them they
have learnt the methods of bush management, identification of pests and disease and nutrition
methods through a combination of various sources like the knowledge gained by from
forefathers, observing what the friends and neighbors are doing and consulting the Coffee
Board extension staff. From the Table 3 it can be observed that Coffee Board extension staff
is an important source of information in the case of identification of pests and natural controls
both in Chikmagalur and Madikeri region. FPM has also been identified as an important
source along with other sources. Greater percent of respondents acknowledged FPM as a
source in Madikeri than in Chikmagalure region.

Table 3. Sources of Knowledge (Percentage of Growers to total sample growers).

Source Bush Nutrition Pest Natural Control
Management | Management | Identification | of Pests

Chikmagalur

Forefathers 27.78 38.89 41.67 47.22

Friends and Neighbours 11.11 44.44 69.44 13.89

Coffee Board Extension | 86.11 27.78 27.78 77.78

Staff

FPM 63.89 86.11 69.44 44.44

Only FPM 5.56

Madikere

Forefathers 50.00 61.27 69.44 43.66

Friends and Neighbours 16.67 26.06 27.78 7.04

Coffee Board Extension | 77.78 83.80 94.44 76.76

Staff

FPM 52.78 56.34 69.44 64.79

Only FPM 5.56 2.82 8.45

Source: Sample survey. Note: Percentages do not add up to hundred due to multiple answers.

Though many growers said they are aware of natural control of pests and acknowledged that
CB extension is the source of this knowledge, what they consider as natural control of pests is
only uprooting, burning of infected plants and timely spraying of chemicals (Table 4). Only
few growers are aware that optimum shade management is one of the controls.

Table 4. Methods of Natural Control of Pests
(Percentage of growers to total sample growers)

Chikmagalur Madikere
Uprooting and burning 70.00 80.00
Optimum shade management 24.00 35.00
Timely spraying and vigilance 65.00 70.00

Source: Sample survey. Note: Percentages do not add to hundred due to multiple answers.

DIFFERENTIAL IMPORTANCE OF VARIOUS COMPONENTS OF FPM

FPM has been introduced in order to empower grower for better understanding of crop
management. Among the different aspects that were introduced, quality management aspects
appear to have greater impact on the growers (Table 5). Greater percentage of growers
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acknowledged that quality aspects have been more useful. Though nutrition management was
also given importance by the growers in Madikeri region, it was not given importance in
Chikmagalur. Growers in both regions acknowledged that management of pests and diseases
as useful issue.

Table 5. Relative importance of various components of FPM
(Percentage of growers to total sample growers).

Component Chikmagalur Madikere
Bush Management 42.00 40.00
Pest and Disease Management 24.23 40.00
Quality Aspects 50.00 65.00
Nutrition Management 25.00 52.00
Scientific Methods 32.0

Source: Sample survey. Note: Percentages do not add up to hundred due to multiple answers.
PERCEPTIONS OF GROWERS ABOUT FPM

Farmers’ participatory Methods are considered as exchange of views and learning from others
by majority of the growers. Many farmers (42% of sample growers in Chikmagalur and 40%
in Madikere) viewed this as a process of learning technology and timely operations. For
another 38 percent of sample growers from chikmagalur it is leaning from other growers. It is
also considered as an interaction of growers with Coffee Board extension staff. Some growers
viewed it as group discussion. This clearly shows that though the programme could have
some positive impact, it could not achieve in developing the spirit of participation among the
growers (Table 6).

Table 6. What the growers understand by FPM
(Percentage of growers to total sample growers).

Opinion Chikmagalur Madikere
Interaction with Coffee Board officers and | 11.56 29.17
Extension staff

Learning from other growers 38.46 9.72
Group discussion 7.69 8.33
Leaning about technology and timely operations | 42.31 52.78

Source: Sample survey.
SUSTAINABILITY OF FPM

Sustainability of this programme and active participation of the growers depends on how
much do they consider this programme useful. Majority of the growers consider that it is
useful because it improved their technical knowledge. According to them this helped in
reducing the wastage and helped in better utilization of resources because through this, they
have learnt the scientific way of crop management. Through they were growing Coffee for
many years and were practicing all these management practice, they were doing it
unscientifically and were blindly following either their forefathers or friends and neighbors.
Some of the growers have expressed that they were blindly applying fertilizers without
knowing how much to apply. Majority of the growers are considering this as a means of
access to better knowledge (Table 7).
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Table 7. Opinions about usefulness of FPM.

Opinion Chikmagalur Madikere
Helped in improving scientific Knowledge 42.16 51.20
Helped in exchange of ideas 27.03 10.25
Helped in reducing waste 20.81 25.35
Helped in greater interaction 10.00 13.20

Source: Sample survey.

The growers want this programme to continue because it helped them in better understanding
and also it improved interaction between growers and extension staff (Table 8).

Table 8. Opinions about the need for continuation of FPM
(Percentage of growers to total sample growers).

Opinion Chikmagalur Madikere
For better three way interaction 11.90 20.32

To learn about new technology 19.05 31.30
Better way of transfer technology 16.67 20.53

To gain practical knowledge 23.81 27.83
No reply 28.57

Source: Sample survey.
FPM- INSTITUTIONAL ISSUES

Coffee Research and Extension are two important wings of Coffee Board. While research
wing works under the guidance and control of research director, extension wing in traditional
areas has two joint directors to cater to the extension needs of Karnataka, Kerala and Tamil
Nadu. These two are supported by five Deputy Directors, fourteen Senior Liaison Officer,
twenty eight Junior Liaison officers and a number of Assistant Extension Officers, Extension
Inspectors etc. The conventional system of extension services include field visits, follow up
visits, group gatherings, demonstrations, awareness campaigns, mass contact programme,
radio talk, distribution of literature and organizing field days. FPM has been introduced to
improve the interaction process between the researchers-extensionists and the growers.
Introductory workshops were organized for extensionists to sensitize them to the participatory
methods.

These methods are also aimed at improving the communicative abilities and understanding of
the role of ecological balance in controlling the pests and diseases. Unlike in the conventional
methods of extension where the extensionists are used to only giving inputs, they also receive
inputs from the experienced growers to pass on the information to the scientists for validation
and guide the research priorities.

The study made an attempt to understand the views of the extensionists involved in FPM in
Chikmaglur and Madikeri regions. (All together 45 extensionists are involved in the
implementation of this programme in all these traditional areas).

For Majority of the extensionists it is a new methodology. Though earlier extension also
involves interaction with the growers, this method gave the extensionists an opportunity to
address a group of farmers in one area. Taking a group of growers into the field, observation
of pests, collection of samples, bringing them back and translate them into a meaningful
sequence, observe the pattern, soliciting clarification and identifying regional/local difference
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etc. gave extensionist an opportunity to be more innovative in sending the message to the
growers.

The extensionists have acknowledged that while the objectives of extension remained same,
the approach has changed.

The relative merits and demerits of both approaches as explained by the extensionists are
summarized below.

Table 9.

Old approach New Approach

1. Individual approach 1. Group approach.

2. Methodology is estate visit, demonstration, | 2. Identification of the problems in a group.

literature supply Training in all aspects of coffee to selected
group

3. Difficult to Monitor 3. Easy to monitor

4. No individual leadership building 4. Develops confidence and leadership in
extensions staff

5. No possibility of learning from growers 5. Educative process to extensionists

6. More expensive and less efficient 6. Less expensive and more efficient

7. Sectoral approach 7. Holistic approach

FPM is cost effective. Initially, the costs are high because of investment in human capital.
From the tour programme of the extensionists it was observed that on an average each Junior
Liaison officer was taking up a minimum of five and a maximum of 15 days of tour to cover
25 to 50 estates which works out to be Rs. 24 to 36 per estate in conventional extension
methods. But it costed Rs. 62 under FPM (under the current FPM it coasted Rs. 10 Lakhs to
conduct 200 workshops for extensionists- farmers Group Workshop and another 0.50 Lakhs
for regional review workshops). Since major share of the expenditure was on capacity
building in FPM methods, the marginal cost of the programme is likely to be less in future.

SUMMARY, CONCLUSIONS AND SUGGESTIONS

FPM was introduced by Coffee Board Extension wing with twin objectives of empowering
small growers in better crop management and improving interaction between the extension
staff and growers. Present study made an attempt to understand the impact of this programme
on growers and extensionists. The study mainly brought out the following points.

1. This programme introduced for the first time revolutionized the approach of coffee
extension from teaching/prescribing to learning and interaction.

2. Tt helped in capacity building of extensionists and growers.

3. Though the growers are aware of the practices introduced, it helped them in sharpening
their skills and understand the science behind the crop management. This helped in
reducing the wastage of resources.

4. It gave an opportunity for growers to share their experiences/problems with fellow
growers and extensionists and seek solutions immediately.

However, there are problems in the implementation of this programme. It looks like it is a
well conceived but ill implemented idea. The problems are as follows.
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1. Though it is conceived as participatory method, there is no participation of all stake
holders in project planning. The project was prepared without the participation of growers,
extensionists and researchers. Due to this, this approach also became a top down approach
in which the implementation of the project took place with planning from top.

2. Due to lack of participation in the planning, the scheduling of the programme is not
commensurate with the expectations/convenience of growers and extensionists.

3. Some extensionists are of the opinion that the growers come to FPM meetings out of
compulsion.

4. The opinions of the growers indicate that they looked at the programme only as an
interaction with other growers and extensionists. The essence of participation in the true
sense is not understood by them.

5. Only a few growers are addressed in the pilot project. Only when this critical mass of
people take the philosophy to many growers it will be successful. Otherwise, it will be a
waste of resources.

6. There are no appropriate short term institutional changes in the extension set-up with the
introduction of FPM, though it is a pilot project. The extensionists are burdened with
additional duties of organizing workshops, preparing reports along with their usual
extension duties. This has an impact on the quality of work in original and extra duties.
Even growers consider the bi-monthly meetings a burden.

SUGGESTIONS

FPM is an excellent mechanism in reaching the growers. It made an impact on the entire
extension wing and on certain sections of growers who directly participated. The following
suggestions are made to make it effective and truly participatory.

1. The planning process should involve all the stake holders. Involvement of representatives
of growers, extensionists and researchers will be able to help in appropriate planning.

2. Appropriate institutional changes are needed in the extension wing. Identify those
extensionists who understood FPM in its true sense and are articulate, train them and
allocate their services to FPM. The non-FPM duties should be reduced to this group, so
that they can concentrate on FPM effectively.

3. Timing of meetings, modalities and formats for reporting etc. are to be prepared with the
participation of extensionists.

4. Regional extension offices should be given greater autonomy in planning and
implementation.

5. Participatory Extension Methods can be effective only under Participatory Research
domain. It is necessary to promote the concept of Participatory Research as a first step and
Participatory Extension complements Participatory Research.
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SUMMARY

A coffee breeding and selection program to develop unique coffee cultivars for Hawaii was
initiated in 1997. Crosses were initiated in 1999 and 2000 and resulted in 1500 progeny.
Sixty nine hybrid families were produced using Mokka and other varieties currently grown in
Hawaii. Twelve Hybrid families were selected by tree morphology and fruit/ bean
characteristics for advanced trials in commercial fields. Preliminary data showed that hybrids
with Mokka had good cupping quality compared to Catuai. The 1% field evaluation in a
commercial field was initiated this year. The first yield and bean quality data from these trials
will be available in fall 2005.

INTRODUCTION

A coffee breeding and selection program to develop unique coffee cultivars for Hawaii was
initiated in 1997. Hawaii is the only state in the US growing coffee. In Hawaii, 100% arabica
varieties are grown targeting the high value specialty coffee market. No major disease and
pest problems exist except for root knot nematodes (Meliodegyne konaensis) at Kona
(Esenback et al., 1994). A single variety Typica (introduced from Guatemala) has been grown
since the1800s at Kona, while Catuai has been the major variety for growers with mechanical
harvesting at the other regions of the state.

We are especially interested in the introduction of Mokka flavour into high yielding and larger
bean size cultivars. Mokka is an arabica coffee variety (C. arabica) originating in Ethiopia.
Historically, Mokka coffee was exported from Mokka port in Yemen. The original Mokka is
considered as a mutant of Typica (Calvaho et al., 1965). Mokka was introduced to the
University of Hawaii coffee germplasm collection in the mid 1950s from Brazil. It is currently
commercially cultivated on the island of Maui in Hawaii. The accession is now considered to
be Mokka hybrid. Cupping quality of Mokka hybrid was evaluated to be excellent by coffee
cuppers in US (personal communication, Kaanapali Coffee Company), but bean size is very
small, about 30-40% of Red Catuai. In 1999, we made crosses focused on increasing Mokka
seed size while maintaining its excellent cupping quality. AFLP analysis showed that Mokka
hybrids in Hawaii are closely clustered with Kona Typica (genetic similarity = 0.944) (Steiger
et al., 2002).

During the last 5 years, potentially elite individual trees were selected from 5 Hawaii coffee
growing regions in Hawaii. A common field was established at the Hawaii Agriculture
Research Center (HARC) Kunia Substation on the island of Oahu using seed and cuttings
(clones) from these selections. These trees were evaluated for tree and cherry morphologies
(Nagai et al., 2001). Over 200 crosses were made during the 1999 and 2000 flowering seasons
between the selected genotypes including Mokka hybrids. About 1500 progeny resulting from
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the crosses were planted in the summer of 2000. A population from a Mokka cross was also
used for construction of a genetic map for arabica coffee (Pearl et al., 2004).

We report evaluation of fruit and bean characteristics and selection of hybrid families for
advancing to field trials at commercial fields.

EVALUATION OF 1999 PROGENY

During 2001 and 2002, 1999 progeny (H99-series) was evaluated for tree morphology and
fruit/bean characteristics at HARC Kunia Experimental Station. Tree height was measured
and general tree shape and number of vertical branches and branching were evaluated.
Distribution of fruit and bean characteristics is shown in Figure 1. 100 cherry and green bean
weight data indicated that increased fruit and bean size hybrid families were obtained in the
progeny. Recovery of green bean from fruits showed the large variation, while no correlation
was observed with fruit and bean weight.
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Figure 1. Distribution of fruit and bean characteristics among H99- progeny. (a) 100
fruit weight (gram), (b) Green bean weight (gram) and (c) Recovery of green bean from
fruit (%).

SELECTION OF 12 HYBRID FAMILIES FOR FURTHER EVALUATION
Twelve hybrid families were selected based on tree morphology, yield and fruit and bean

characteristics evaluated in 2001 and 2002. Table 1 is the list of 12 hybrid families and their
parentages. The parents of 7 out of 12 selected hybrids are Mokka or Mokka hybrids. Table 2
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shows fruit and green bean characteristics of selected families. Both 100 fruits and green
beans weight of H99-54, H99-56, and H99-22 A, mokka hybrids, are higher than those of both
Typica and Catuai. H99-36, Mokka parent, MA1-12, x Margogipe, had the highest fruit and
bean size among 12 selected hybrids (44.1% increase compared to MA1-12 self progeny ).

Table 1. List of 12 selected hybrid families and their parentage.

Hybrid # Parentage Pedigree

H99-54 OA13-5 self Blue Mtn x Mokka Hyb self
H99-56 MAS8-3x MAI-12 Red catuai x Mokka Hyb
H99-60 MA10-5 self Mokka Hyb self

H99-74 #6661x Catuai Catuai

H99-131 BMTI1x 6661 Typica x 6661

H99-150 MAG6-2x SL28 Red Catuai SL28
H99-153 MA7-1 x SL28 Red Catuai SL.28
H99-160 MO24-8 x mocha2 Red Catual x mokka
H99-169 OA13-1 BMT-1 BMT Mokka x Typica
H99-22A MA1-12 self Mokka Hyb self

H99-36 MA1-12 x Margogipe Mokka Hyb x Margogipe
H99-43 MA10-5 x Y. Bourbon Red Catuai x Bourbon
KA17 Yellow Catuai

K034 Typica

Table 2. Fruits and bean characteristics of 12 selected hybrid families.

HybridNo N 100Fruit wt(g) | greenbean wt (g) | greenbean/fruits(%)
H99-54 11 187+ 5 33.5+£0.9 18.0+ 0.4
H99-56 5 178 +7 254+£0.8 143+0.3
H99-60 3 152+ 6 27.2+£0.9 17.9+0.3
H99-74 15 150 £2 26.7+ 0.4 17.8+0.2
H99-131 3 148+ 6 28.7+0.5 19.4+0.9
H99-150 3 162 + 18 253+ 1.7 15.7+0.6
H99-153 3 205 £33 31.6 £4.7 15.5+0.7
H99-160 15 140 £2 209+0.4 149+0.1
H99-169 3 143 + 8 29.4+4.4 20.6 £ 2.0
H99-22A 5 179+9 292+1.4 16.3+0.2
H99-36 5 258 +17 429+43 16.5+1.2
H99-43 3 148 £2 24.5+£0.7 16.5+0.3

CUPPING SCORES OF SELECTED HYBRID FAMILIES HARVESTED AT KUNIA

Cupping evaluation of 12 selected hybrid families was conducted by the Kauai Coffee
Company cupping team. Bulked fruits from the hybrid families were harvested from Kunia
field in fall 2003. Fruits were processed according to HARC protocol, and dried at 25°C for 2
weeks until moisture content reached to 12%. Samples were sent to Kauai Coffee Company as
green beans with parchment. Cupping was conducted by 4 trained cuppers using duplicates
for acid, body and aftertaste and was scored as 1-10. C. canephora and Yellow Catuai, grown
in the same field, were used as controls.
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Table 3. Cupping of 12 selected hybrids from Kunia field 2003.

Hybrid # Pedigree Cupping Score
H99-54 (Typica x Mokka Hyb) self 73+£0.2
H99-56 Red catuai x Mokka Hyb 7.5+0.2
H99-60 Mokka Hyb self 7.6 +0.3
H99-74 6661x Catuai 6.9+0.9
H99-131 Typica x 6661 6.4+0.6
H99-150 Red Catuai x SL.28 7.1£0.9
H99-153 Red Catuai x SL.28 7.4+0.5
H99-160 Red Catual x Mokka 7.5+0.2
H99-169 (Typicax Mokka) x Typica 7.5+0.1
H99-22A Mokka Hyb self 6.7+1.2
H99-36 Mokka Hyb x Margogipe 6.7+1.2
H99-43 Red Catuai x Bourbon 6.8+1.3

FIELD TRIAL OF SELECTED HYBRID FAMILIES AT A COMMERCIAL FIELD

A field trial of 12 selected hybrid families was initiated at the Kauai Coffee Company this
year. The objective of the trial is to field evaluate selected hybrid families at a commercial
field comparing with currently grown cultivars under the company’s standard cultivation
practices. The current operation is by mechanical harvesting with 90% Catuai variety. The
trial is with RCB experimental design. Two locations (4 replications) and 14 entries (12
hybrid families and 2 control varieties, Yellow Catuai (KA17) and Kona Typica (KO34) were
used for the trial. The seedlings were planted in April 2004. Tree morphological data will be
taken at 6, 12, and 18 months from planting. We expect the first fruit data in fall 2005. Both
superior hybrid families and individual trees will be selected. The selected hybrids are
planned to be cloned by vegetative cuttings and micropropagation via somatic embryos for
further large-scale evaluation or commercial planting.
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SUMMARY

In the mid nineties it has been decided to bring most of the cultivated varieties under
comparative growing and post harvest conditions in order to be able to evaluate these varieties
on fully comparable bean samples. Many cultivated varieties from different sources have been
transferred to the Nestlé Research Center Tours (NRC-T) where they have been DNA
fingerprinted before the selection of subsets well representative of the available genetic
diversity. A selection of 30 C. arabica and 55 C. canephora accessions were in vitro
propagated through micro-cuttings and then transplanted for multilocated and replicated field
trials. The agronomic criteria have been regularly recorded during the development of the
trees and the first significant crops have been comparatively processed and evaluated for
biochemical, processing and sensory characteristics. The diversity observed for these traits
were statistically analyzed with a special emphasis on the variety effect and its genetic origin.
A very large diversity has been observed for all C. canephora recorded characteristics and a
lower one, but still significant, for some of the Arabica characteristics. That leads to a variety
ranking and to a better use of the existing diversity through the recommendation of varieties
well adapted for both the growers and the processors according to the final consumer product.

RESUME

Dans le milieu des années 90, il a été entrepris de collecter les principales variétés de café
cultivées, et de les planter dans des sites ou elles pourraient étre évaluées et récoltées dans des
conditions totalement .comparables. Les variétés regues de differentes origines ont été
transférées au Centre de Recherche Nestlé Tours ou elles furent identifiées par marqueurs
moléculaires. 30 accessions de C. arabica et 55 de C. canephora représentant la diversité
génétique disponible ont été sélectionnées puis multipliées par micro-bouturage pour
plantation en essais comparatifs multilocaux et répétés.

Les données agronomiques ont été notées et les premicres récoltes significatives ont été
étudiées pour leurs caractéristiques biochimiques, d’aptitude a la transformation industrielle et
sensorielle. Les données obtenues ont ¢té analysées statistiquement avec un intérét tout
particulier pour I’effet variété et son origine génétique. Une trés grande diversité a été
observée pour toutes les caractéristiques étudiées sur C. canephora, elle est plus restreinte
bien que toujours significative pour C. arabica. Cette étude permet la classification des
variétés et donc une meilleure utilisation de la diversité existante par la recommandation de

834



variétés optimales pour 1’agriculteur et pour le transformateur en fonction du produit de
consommation finale.

INTRODUCTION

Most of the comparative evaluation of qualitative traits of coffee beans has been based on
samples defined according to their geographic origin. Usually these samples are constituted of
a mixture of beans produced from different varieties, cultivated and processed differently
(Guyot et al., 1996). These origin samples are therefore not fully characterized and
reproducible. Moreover the variety effect cannot be dissociated from environmental and post
harvest effects. In 1994, Nestlé took the decision to set up a Coffee Core Collection of most
of the Coffea arabica and Coffea canephora varieties currently grown in the world and few
ones of specific interest. Many cultivated varieties made available from different sources have
been transferred to the Nestlé Research Center Tours were they have been DNA fingerprinted.
The most relevant and diversified ones were selected to set up the field collections in order to
study agronomic and quality performances in fully comparable conditions and samples.

The main objectives of the project are:

* To set up a database recording agronomic performances, processing and sensory
characteristics of the beans. This database (Catalogue) could be used by agronomist,
purchasing and processing people for guidance towards certain sources,

* To recommend to coffee growers the best planting material for the benefit of both growers
and processors in areas where Nestlé uses direct procurement and/or support local supply,

* To establish correlation between biochemical and quality characteristics of the beans and
with genetic groups,

* To make constantly available comparative samples for any further analysis which might
be requested in the future.

MATERIALS AND METHODS

The collection of seeds and plant material (cuttings) started in 1995 led to the reception by
NRC-Tours of 338 Arabica accessions (including pure Arabicas and varieties derived from
Timor Hybrid) and 218 clones of Coffea canephora.

All these accessions were fingerprinted using 12 microsatellites markers for C. arabica and
24 RFLP probes for C. canephora (Crouzillat et al., 2004). A majority of duplicates could
therefore be eliminated. A first selection of 30 varieties of Arabica (including 15 dwarf types
and 15 tall types) and 55 clones for Coffea canephora was made. It quite well covers the
available genetic diversity.

Due to phytosanitary reasons and also to get a fully homogeneous and identical material
plantlets from each accession have been produced in vitro through micro cutting They were
transplanted in several locations for comparative trials. The sites and their main characteristics
are listed in Table 1. The experimental design is a Fisher blocks, all with 3 replications except
in China with only 2 and in Thailand with 4 replications. A local variety or clone is included
in each trial as a reference and experimental control. The dwarf and tall types of Arabica were
planted separately. Each single plot is equivalent to 15 trees of the same variety or clone.
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Table 1. Locations of the different collections.

Arabica Coffea canephora

Ecuador China Ecuador Philippines | Thailand Mexico
Planting 1999 2000 2000 & 1999 1999 & 2001 | 1998 &
year 2001 2001
First 2001 2003 2002 2002 2001 2001
production
Varieties 30 23 55 20 23 20
Situation Pichincha | Yunnan | Los Rios Davao Chumphon | Chiapas
(Province)

The agricultural data were regularly recorded during the development of the trees. The vigour
is estimated by the plant height, the trunk diameter and the canopy size (Leroy, 1993). The
green coffee samples were dry processed for Coffea canephora and wet processed for
Arabica. Physical parameters were recorded during the green coffee processing. Green coffee
samples from the collections were extensively characterised for chemical composition
including the detailed characterisation of carbohydrates, proteins, chlorogenic acids, organic
acids and minerals. These samples were blindly characterised for their sensory profile by
well-trained panels. The main attributes were rated from 0 to 5 according to their intensity and
compared to a reference sample (rate 3 for the main attributes).

RESULTS AND DISCUSSION
The genetic diversity of the collections
Using the 12 microsatellites a total of 72 alleles were detected on the 338 fingerprinted

accessions of C. arabica. Only 44 of them showed polymorphism and were used to map these
accessions with Principal Component Analyses (PCA) (Figure 1).

Axes 1 &2 :48.8 %

Wild accessions

Cultivated varieties

e} Varieties of the collection

Figure 1. PCA showing the genetic diversity among C. arabica accessions.
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Based on these DNA markers the study of the genetic diversity of the Arabicas leads to the
following conclusions:

The majority of the commercial varieties have a very narrow genetic base. Two clusters of
these Arabicas are made of seven varieties. As already mentioned in literature (Anthony et
al., 2002) a small part of the C. arabica natural diversity is “used” in the commercial
varieties,

The collection planted in field (commercial varieties) is not covering the whole natural
diversity of the species,

The usage of some microsatellites allows to differentiate the pure Arabica varieties from
the varieties obtained through hybridisation with Timor hybrid (i.e. Catimor, Sarchimor).

Using 24 RFLP probes a total of 90 alleles were detected on the 218 analysed accessions of C.
canephora. Those alleles showing polymorphism (90) were used to map the accessions with
PCA (Figure 2).

Axes 1 & 2:26.5%

I~ ® Congolese

. Clones of the collection

Figure 2. PCA showing the genetic diversity among C. canephora accessions.

The genetic diversity study with RFLP markers of the C. canephora accessions leads to the
following conclusions:

The genetic diversity in Coffea canephora is very large including three main groups in the
cultivated varieties (Congolese, hybrids with Guinean type, Conilon) (Montagnon et al.,
1998).

Most of the cultivated varieties belong to Congolese group.

The selected collection is well covering the natural diversity of the species.

The phenotypic diversity

The chemical characteristics of the samples produced in the collections were compared to the
variability observed in a wide range of commercial samples analysed by Nestlé.
For Arabica, different situations were observed:

A similar distribution between the collections and the commercial Arabica for protein,
chlorogenic acid and caffeine. The caffeine distribution in China is nevertheless narrower
compared to the commercial Arabica,

A narrower distribution for lipid, total carbohydrates, ash and organic acid.
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Figure 3. Chemical diversity evaluated by NIR spectroscopy for the Arabica collections
compared to commercial samples.

The same comparison was done for C. canephora and led to the following situations:

* A similar distribution for lipids, proteins, caffeine, and organic acids
* A different distribution for total carbohydrates, chlorogenic acids and trigonelline.

The observed phenotypic diversity is also well illustrated with the range of bean yield from
the collections of C. canephora planted in Ecuador (Figure 4).

45

40

35 Geyield Kg/ha Gceyield Kg/ha
X 4 Ecuador 2002 2003
§ 25 Min 85 47
S 2 Max 5274 5993
8 15 Average 29706 29598
o
fr StDv 11250 11861

10 Max-min 5189 5946

5

b 5 mEm W ]

1000< 1000-2000 2000-3000 3000-4000 4000-5000 5000>
m2002 02003

Figure 4. Distribution of yield of C. canephora collection (kg of green coffee/ha).

The C. arabica have a similar distribution, ranging from 500 kg to more than 5 tonnes of
green coffee/ha. The range of values observed for agricultural parameters is large for both
species. It confirms that the collections planted in field are well diversified as it was already
shown by DNA fingerprinting.

The part of diversity due to varieties and their genetic background can be estimated by the
correlations obtained from year to year on some parameters:

Table 2. Correlation coefficients between 2 consecutive years (2002 & 2003)
(agricultural parameters).

Parameters Coffea canephora Arabica

Tall types Dwarf types
Number of varieties 37 15 15
Field yield 0.58%** 0.54* 0.62*
Output 0.55%** 0.56* 0.49*
Peaberries % 0.94*** (0.84%** 0.61**
Weight of 100 beans 0.97%** (0.84%#* 0.75%**

* significant to; *** highly significant.
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The correlations are strong for some characteristics like the peaberries % and the weight of
100 beans indicating that these two parameters are stable and probably strongly genetically
determined. The weight of 100 beans is known to be heritable on Robusta (Charrier &
Berthaud, 1988). The field yield and the output have lower correlations indicating that even if
the genetic background is significant the impact of the environment and the year is also quite
strong.

The statistical effects (variety, replication, sites, year)

Table 3. Statistical effects identified in the collections.

Coffea canephora Arabica
Genetic & phenotypic Large Narrow
diversity in the collections
Statistical variety effect Strong Strong
Site effect Strong Strong
Year effect Low Low
Replications effect Low to no effect Low to no effect

The major statistically significant effects were the variety and the site effects. The replication
effect was very low and even sometimes not significant. For example, there was no statistical
difference between replications for the biochemical composition of C. arabica green coffee.
The diversity of values observed for the biochemical composition in one site is mainly due to
the varieties. Some more investigations with next crops are still necessary to identify the
variety characteristics that are more influenced by the environmental conditions (site and
year) or by the genetic background.

High performing varieties

The contrasted conditions prevailing in the different sites of the experimental design have a
strong influence on the variety performances. Nevertheless, it is possible to select some
varieties performing well in every site. This is illustrated in Table 4 for C. canephora. The
same observation can be done for dwarf C. arabica for the selection of three high yielding
varieties in Ecuador and China. The C. arabica tall types are not adapted to the Chinese
conditions where they are strongly affected by rust (Hemileia vastatrix) and coffee stem
borers. These high performing varieties are good candidates for projects of assistance to
farmers.

Table 4. Top yielding Coffea canephora clones in different locations
(kg of green coffee/ha, average of 2 significant harvests).

Clones Ecuador Mexico Philippines Thailand
(38)* (1) (20) (13)
Average in the site 2991 1803 1448 583
Clone 1 4142 2450 807
Clone 2 4093 2522 3095 815
Clone 3 3273 1962 1950 516
Clone 4 3916 1630 1021
Clone 5 2920 2039 1820 618

* Number of clones compared in each site.
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Genetic background and phenotypic traits of Coffea canephora clones

The biochemical composition and sensory value were characterised for the Congolese and
Guinean groups of C. canephora identified by DNA fingerprinting (Table 5).

Table 5. Biochemical and sensory characterization of the main groups in C. canephora.

Congolese group Guinean group
Sucrose * High (5.0 -7.0) Medium (4.9 — 6.3)
Proteins™® Low (9.3 — 14.0) High (12.2 -16.3)
Chlorogenic acids* Low (9.6 — 11.0) High (11.6 —12.9)
Caffeine* Low (1.7 -2.3) High (2.7 — 3.6)
Trigonelline* High (0.5-0.8) Low (0.4 —0.6)
Quinic acid* Low (0.27 — 0.44) High (0.32 — 0.63)
Sensory evaluation Strong aroma Bitterness , fermented taste

* % DM of green coffee.

A contrasted biochemical composition was observed between the two groups. As already
reported by Montagnon et al. (1998) for caffeine and cup quality. An illustration of the
genetic influence on the cup quality can be obtained through the comparison of the genetic
distance with the sensory value estimated by the balance between the positive and the
negative attributes (Figure 5). The highest values are observed in the branch of the Congolese
group, whereas they are low in the Guinean group. This relation is an additional indication
that the genetic background has a strong influence on the sensory value of green coffee.
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Figure 5. Relation of genetic distance with cup quality of C. canephora.
CONCLUSIONS

The coffee varieties collected worldwide and planted in different field conditions are well
diversified. The collections are covering a large part of the diversity encountered in
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commercial coffees. The DNA analyses allowed to classify the coffee varieties in different
genetic groups: cultivated varieties versus wild accessions for Coffea arabica; and Congolese,
Guinean and Conillon groups for Coffea canephora.

The varieties are statistically different for many characteristics and stable from year to year
for some of them. For Coffea canephora a strong relation was observed between the genetic
group and the sensory value. For Coffea arabica and Coffea canephora, it was possible to
identify varieties with good agricultural performances in contrasted environmental conditions.

The genetic and phenotypic diversity of these collections is being used to investigate on the
understanding of the quality of coffee beans. Coffee samples of well-identified varieties
produced in comparable and reproducible conditions will greatly facilitate this investigation.
The field collections will be regularly updated with newly collected interesting genotypes.

The collection of Coffea canephora is used as a source of genetic material for large-scale
propagation project. The best clonal varieties are propagated through somatic embryogenesis
and delivered to farmers collaborating with Nestlé markets in direct procurement of green
coffee such as Thailand and Mexico.
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SUMMARY

Over the production cycles of 2001 and 2002, surveys of around 1000 farms were undertaken
in the main coffee producing regions of Nicaragua to relate coffee biochemical composition
and beverage characteristics to geographical origin, ecological conditions and farm
management practices. At the peak of harvest, a sample of mature coffee berries was collected
from each coffee farm and samples were wet-processed uniformly. Bean size and the
percentage of defects were assessed. For the 2001 production cycle, coffee tasting was
performed at the laboratories of UNICAFE in Nicaragua and CIRAD in France to compare
evaluation results. Green bean samples were also analyzed for their biochemical composition
by Near Infra-Red Spectroscopy (NIRS).

This study highlights differences between coffee regions for bean biochemical composition
evaluated by NIRS. This technique allows for the discrimination of coffees according to their
regional provenance and could be used to certify the geographical origin of coffee in
Nicaragua. These results also show that caffeine content is not affected by altitude. On the
other hand, bean size increases while the percentage of defects decreases with increasing
altitude. Trigonelline and chlorogenic acids content increase with decreasing altitude. Bean
sucrose concentration and beverage acidity increase with increasing altitude. Coffee beverage
from the lowland Pacific regions was bitter than that originating from higher altitudes.
Consequently, coffee of the high altitude zones of Northern Nicaragua is characterized by
higher acidity, low bitterness and is preferred by the tasting panels. Although less acid, some
coffees originating from low areas of the Pacific regions present good cup quality.

Effects of plantation productivity and shade could be not detected in this study, mostly due to
the fact that productivity was low and shade was very uniform in all regions. Organically
grown coffee results in higher quality than intensively and low-inputs managements.

Due to the particular flavor and quality of the coffee beverage, some distinct areas in the
Northern regions of higher altitude as well as a few areas in the Pacific regions appear to be
promising to initiate work on agricultural norms and geographical delimitation to develop
labels of appellation of certified origin.

Finally, some recommendations were provided to the Nicaraguan coffee sector in order to
improve its coffee marketing strategies such as maintaining coffee separate according to
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production origin, better documenting the distinct beverage attributes of each production zone
and channeling coffees to the most appropriate markets.

INTRODUCTION

Arabica coffee (Coffea arabica L.) is a cash crop of major economic importance in Central
American countries that have a long-lasting reputation of producing coffee of high quality. In
this region and particularly in Nicaragua (Kiihl Arauz, 2004), coffee systems are very diverse,
ranging from coffee grown traditionally under shade in complex agroforestry systems to
intensive coffee cultivation in full sun. In Nicaragua, ecological conditions also differ greatly.
Sub-optimal conditions for coffee cultivation, characterized by low-altitudes and high
temperatures, predominate in the Pacific regions while optimal conditions with higher
altitudes and annual rainfall are predominant in the Northern part of the country.

Due to the persistent low market prices caused by world overproduction, there is a strong
interest from the coffee sector of Nicaragua to produce, promote and market coffee of high
quality in order to alleviate financial difficulties encountered by producers. Numerous factors
affect coffee quality (Clifford and Wilson, 1985) ranging from ecological conditions (Cannell,
1985) to maturity of coffee berry at harvest and processing, agricultural management (Beer et
al., 1998) and genetic properties of cultivars (Bertrand et al., 1999, 2003).

The present study was aimed at relating coffee biochemical composition and beverage
characteristics to geographical origin, local ecological conditions and farm management
practices. Therefore, surveys of around 1000 farms were undertaken in the main coffee
regions of Nicaragua during two consecutives production cycles (2001 and 2002) with coffee
samples collected at the peak of harvest, bean biochemical composition analyzed by near
infrared spectroscopy and cup quality assessed by panels of coffee experts.

MATERIAL AND METHODS
Farm surveys

In 196 coffee farms in 2001 and 727 in 2002, agricultural practices such as the presence and
intensity of shade, fertilization regimes and coffee plantation productivity were recorded.
Ecological conditions such as altitude, slope steepness, soil depth and color, mean
temperature, annual rainfall and length of the dry season were also documented by the
extension agents of UNICAFE with the help of a network of non-governmental organizations
and coffee cooperatives in the different regions of Nicaragua.

Bean characteristics and biochemical composition

In each farm, around 5 kg of ripe berries were taken during the peak of harvest. Coffee
samples were processed by the wet method (wet de-pulping, anaerobic fermentation for 24
hours, sun-drying and de-husking) to obtain ready to be roasted coffee beans. Processing was
undertaken by UNICAFE in its regional centers following strictly the same procedures to
avoid any negative effect of processing management on coffee quality. For the two production
cycles of 2001 and 2002, coffee bean size was assessed with a series of sieves after sun drying
beans to a water content of 12%. Percentage of green beans with small sizes (< 15/64) was
calculated. For the production cycle of 2001, a 50 g sample of green beans was analyzed for
caffeine, trigonelline, chlorogenic acids, fat and sucrose content by near infrared reflectance
spectroscopy (NIRS) based on calibration curves established for each compound (Guyot et al.,
1993). These analyses were performed on a NIRS model 6500 (NIRS System Inc., Silver
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spring, Md) based on reflectance of ground green coffee (grinding < 0.5 mm). The NIRS
system was driven by NIRS2 (4.0) software (Intrasoft Intl., Port Matilda, PA) (Davrieux et al.,
2003).

Beverage quality

For the 2001 production cycle, coffee tasting was performed at the laboratory of UNICAFE in
Nicaragua and the one of CIRAD in France to compare evaluation results. For the 2002
production cycle, coffee tasting was solely performed in Nicaragua. Cup quality tests were
assessed on an infusion prepared with 12 g of roasted and ground coffee. A panel of 2 persons
in Nicaragua and 7 persons at CIRAD tasted three cups of 120 ml of infusion for each sample.
The main beverage attributes (acidity, bitterness, astringency and body) were estimated using
scales ranging from 0 to 5, where 0 = nil, 1 = very light, 2 = light, 3 = regular, 4 = s trong and
5 = very strong. An additional preference score was used ranging from 0 = not good for
drinking, 1 = bad, 2 = regular, 3 = good, and 4 = very good. The tests were repeated three
times and values are means of three sessions.
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Figure 1. Graphic presentation of coffee samples on two discriminant axes (axes 1 and 2)
allowing a good differentiation of the Boaco region (Central part of country) and the
Jinotega region (Northern highland part of country) from the Pacific lowland regions
(Granada, Managua and Carazo).

RESULTS AND DISCUSSION
NIRS analyses and discrimination of geographical origin

For the production cycle of 2001-02, 196 samples were analyzed by NIRS from 7 regions.
With spectral data, a Principal Component Analysis (PCA) was undertaken to define twelve
principal components best representing the variability of the set of samples. With these
principal components, a Discriminante Factorial Analysis (DFA) was performed on five
groups corresponding to the five regions with a minimum of 7 samples. This DFA technique
allows to differentiate statistically and graphically groups according to their regional origin
(Figure 1). The first discrimant axis permits to differentiate coffee samples from the region of
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Jinotega situated in the Northern highlands of Nicaragua (Figure 2) and the second axis the
ones from the region of Boaco situated in the center of the country with lower altitudes (Table
1). The three remaining groups (Carazo, Granada and Managua) originating from the Pacific
lowlands of Nicaragua and geographically (Figure 2) as well as graphically close together
(Figure 1) could also be differentiated by a second set of discrimant axes (figure not shown).
Interestingly, for Madriz, Matagalpa and Nueva Segovia, high-altitude regions of Northern
Nicaragua, where there were not enough samples to include in the DFA, all the samples were
classified with the region of Jinotega, closed geographically (Figure 2) and ecologically
(Table 1). The same could be observed for the four samples of the Pacific region of Masaya as
these samples were classified with the Carazo, Granada and Managua regions. Therefore, the
present results show that this technique could be used to certify the geographical origin of
coffee in Nicaragua if the current database is dully completed with coffees originating from
all regions.
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Figure 2. Map of Nicaragua with Pacific coffee producing regions (Carazo, Managua,
Masaya and Grenada), Central region (Boaca) and Northern regions (Matagalpa,
Jinotega, Esteli, Madriz and Nueva Segovia).

Biochemical composition and beverage quality

Comparison of the tasting results indicates that the Nicaraguan and French laboratories were
in agreement when assessing coffee quality, although some differences appeared when
characterizing beverage body (data not shown).

This study demonstrates that they are some distinct differences between coffee regions in
terms of bean biochemical composition evaluated by NIRS and that these differences are
strongly related to ecological conditions, particularly altitude (Table 1). These results show
that contents of trigonelline and chlorogenic acids increase with decreasing altitude (Table 2).
Caffeine content is not affected by altitude (Table 3). On the other hand, bean sucrose
concentration and beverage acidity increase with increasing altitude. Coffee beverage from
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the lowland Pacific regions was bitter than that originating from higher altitudes (Table 3).
Consequently, coffee of the high altitude zones of Northern Nicaragua is characterized by
higher acidity, low bitterness and is preferred by the tasting panels (Table 3). Such beneficial
effects of high altitude have been documented in other coffee producing countries of Central
America (Guyot et al., 1996; Decazy et al., 2003). Although less acid, some coffees
originating from low areas of the Southern Pacific region present good cup quality (Table 3).
Bean size increases with increasing altitude while the percentage of defects decreases
(Table 1). Lower rainfall regimes and longer dry periods have certainly contribute to the
lower bean size and higher percentage of defects in the Pacific regions as soil water
availability and plant water status have a strong influence on berry development (Carr, 2001;
Vaast et al., 2002). This is an important aspect to consider as bean physical aspects are often
the only criteria on which bean quality is assessed at the farm gate. Differences in rainfall
pattern could also be the reason for the higher quality of coffee originating from the region of
Boaco compared to the region of Managua that have the equivalent mean altitude (Table 1).

Table 1. Mean altitude (meters above sea level), annual rainfall, length of the dry season
(months with less than 100 mm), yield (kg of green coffee per ha), percentage of defects
and percentage of beans of small sizes (< 15/64) in the 7 coffee regions surveyed during

the production cycle of 2001-02.

Production

2001/2002

Region Mean Annual Dry Shade Mean Defects | Small
(number of Altitude | Rainfall | period | Level yield (%) | bean size
samples) (m) (mm) | (Month) (%) (kgha™) (%)
Jinotega (64) 1140 1787 ab 4 35424 1680 a 1.75 ab | 5.84a
Matagalpa (3) 1017 1947 a 4 11£15% 980 bc |0.24 a 8.30 ab
Boaco (13) 756 1520 b 5 41+14 1185 b [3.60 b 6.0l a
Managua (15) 767 1242 ¢ 5.5 |41«£13 965 bc |5.89.¢ 10.61 ab
Granada (14) 649 1417 b 6 4249 1020 bc |7.65 d | 18.82bc
Carazo (7) 536 1550 b 6 46+17 900 bc |2.25 ab | 15.29 bc
Masaya (4) 401 1179 ¢ 6 41£19 800 bc [3.12.b | 24.59¢

* Mean values within a column with the same letter(s) do not differ significantly according to
the Student-Newman-Keuls test (P < 0.05). * Shade level not properly characterized.

Table 2. Biochemical composition of coffee originating from the 7 coffee regions
surveyed during the production cycle of 2001-02.

Production

2001-02

Region Mean Trigonelline | Chlorogenic | Saccharose Fat Caffeine
(number of Altitude (%) acids (%) (%) (%)
samples) (m) (%)

Jinotega (64) 1140 0.85 a#t 8.74 a 6.74 a 11.77a | 135a
Matagalpa (3) 1017 0.90 ab 8.90 ab 6.73 a 11.27a | 132a
Boaco (13) 756 0.87 a 8.78 a 6.48 ab 1141 a 1.33 a
Managua (15) 767 0.95 be 9.03 b 6.21 abc | 12.00a | 1.37a
Granada (14) 649 0.94 be 9.00 b 5.96 be 1229a | 132a
Carazo (7) 536 0.98 ¢ 9.05 b 6.00 bc 1245a | 1.29a
Masaya (4) 401 0.98 ¢ 9.08 b 5.80 ¢ 12.17 a 1.22 a

* Mean values within a column with the same letter(s) do not differ significantly according to
the Student-Newman-Keuls test (P < 0.05).
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Table 3. Beverage characteristics of coffee originating from the 7 coffee regions surveyed
during the production cycle of 2001-02.

Production

2001-02

Region Body* |Acidity |Bitterness |Astringency |Aroma Preference**
(number of

samples)

Jinotega (64) [2.39 a” [2.84 a 230 a 2.14 b 2.78 ab |3.10 a
Matagalpa (3) |2.40 a |2.60 ab [2.20 a 193 a 2.87 a 333 a
Boaco (13) |2.40 a |2.78 a 2.26 a 1.92 a 2.83 a 325 a
Managua (15) [2.61 a |2.21 ab |243 b 212 b 211 b 2.60 ab
Granada (14) [2.59 a |2.16 b 231 a 221 b 251 ab (222 b
Carazo (7) (254 a |254 ab (249 b 1.97 a 2.77 ab |2.45 ab
Masaya (4) [2.20 a |2.60 ab |2.55 b 1.80 a 2.55 ab |2.50 ab

* Mean values within a column with the same letter(s) do not differ significantly according
to the Student-Newman-Keuls test (P < 0.05). * The scores for body, acidity, bitterness,
astringency and aroma are based on a scale of 0-5. ** Overall preference is based on a
scale of 0-4.

Coffee tasting, performed solely by the laboratory of UNICAFE for the second production
cycle of 2002-03, confirms the results on cup quality obtained during the previous production
cycle of 2001-02. Ranking of regions according to overall cup preference are very similar
from one year to the next (Table 4).

Table 4. Comparison of overall cup quality of coffee according to regional origin during
two consecutive production cycles.

Production 2001-02 Production 2002-03

Region Preference* Region Preference
(number of samples) (number of samples)

N. Segovia (181) 342 a
Matagalpa (3) 333 a" Matagalpa (36) 339 a

Esteli 31 3.29 ab
Jinotega (64) 3.10 a Jinotega (159) 3.26 ab

Madriz ~ (77) 3.21 ab
Boaco (13) 325 a Boaco (14) 3.14 ab
Managua (15) 2.60 ab Managua (76) 2.99 ab
Masaya (4) 2.50 ab Carazo (42) 2.98 ab
Carazo  (7) 2.45 ab Masaya  (42) 285 b
Granada (14) 222 b Granada (32) 222 ¢

* Mean values within a column with the same letter(s) do not differ significantly according to
the Student-Newman-Keuls test (P < 0.05). * Overall preference is based on a scale of 0-4.

No statistical analysis could be undertaken on the influence of coffee cultivar on cup quality
in the present study due to the fact that the dwarf cultivar “Caturra” is predominant (more
than 75%) in all the regions. The other cultivars (red and yellow Catuai, 3 Catimores and 2
traditionals: bourbon and Tipica) are under-represented and furthermore not homogeneously
distributed in the regions.
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Table 5. Beverage characteristics of coffee according to agricultural management
during the production cycle of 2002-03.

Management Aroma* | Acidity Body Preference** | Yield Shade
(number of samples) (kg ha_l) (%)
Organic (99) | 4.17 a" | 3.28 a 34l a | 341 a 773 b 44 a
Conventional (84) | 3.85 a 3.04 b 312 b | 3.12 b 1160 a 32a
Low inputs (589)| 3.65 b | 292 b 314 b| 314 b 746 b 38a

* Mean values within a column with the same letter(s) do not differ significantly according to
the Student-Newman-Keuls test (P < 0.05). * The scores for aroma, acidity and body are
based on a scale of 0-5. ** Overall preference is based on a scale of 0-4.

Table 6. Comparison of coffee beverage characteristics of some outstanding districts
with respect to mean attributes of their region during the production cycle of 2002-03.

Production 2002/2003
Region Acidity* Aroma Body Preference™*
District

Nueva Segovia 3.27 3.97 3.43 3.42

Macuelizo 3.67 4.37 3.63 3.67

Matagalpa 3.14 4.33 342 3.39

San Ramon 3.33 4.67 3.78 3.67

Esteli 3.29 3.84 3.29 3.29

Condega 3.47 4.20 3.40 3.60

Jinotega 3.28 4.03 3.33 3.26

Jinotega 3.83 4.35 3.78 3.55

Granada 2.28 2.59 2.34 222

Dioromo 2.83 3.67 2.83 3.16

* The scores for aroma, acidity and body are based on a scale of 0-5. ** Overall preference
is based on a scale of 0-4.

It has been documented that high coffee fruit load has a strong effect on coffee bean size and
cup quality due to competition for carbohydrates and nutrients among developing berries >'°.
In the present study, effects of plantation productivity could not be detected mostly due to the
fact that overall productivity is low (less than 1000 kg of green beans per hectare) and quite
comparable within and between regions (Table 1). Although shade has been shown to
improve coffee quality (Guyot et al., 1996; Decazy et al., 2003; Vaast et al., 2004; Muschler,
2001), the predominance of a rather uniform shade in all the farms and regions did not permit
to evidence its positive effects in this study (Table 1). Certified organically grown coffee
results in higher quality than conventionally and low-inputs managed plantations (Table 5).
This is certainly the result of a better overall agricultural management, particularly soil
fertility, by organic farmers that regularly incorporate compost and organic amendments and
hence maintain adequate soil organic matter content in their plantation and a more balanced
nutrient availability for coffee plants. Due to the persistent coffee crisis, many coffee farmers
are becoming organic producers “by default” as they can no longer afford to invest in
agrochemical inputs. This will not necessarily translate into higher coffee quality as many
farmers are not compensating this lack of inputs by more careful agricultural monitoring of
their plantation.

Due to the particular flavor and quality of the coffee beverage (Table 6), some distinct areas
in the Northern regions of higher altitudes as well as a few areas in the Pacific regions appear
to be promising candidates to initiate work on agricultural norms and geographical
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delimitation of coffee zones to develop labels of appellation of certified origin. For example,
coffee originating from the district of Dioromo is a mild coffee with medium acidity and
higher aroma than the other parts of the Pacific lowland region of Granada. Likewise, coffee
originating from district of San Ramon is a highly acid coffee with higher aroma and body
than the other parts of the Northern highland region of Matagalpa.

CONCLUSION

NIRS allows for the discrimination of coffees according to their regional provenance and
could become a very valuable tool to certify the geographical origin of coffee in Nicaragua if
the reference data base is duly completed for all coffee producing regions of the country.
Distinct differences between coffee regions in terms of bean size, bean biochemical
composition and cup quality, are strongly related to ecological conditions, particularly
altitude. In order to improve its coffee marketing strategies and hence revenues to producers,
it is recommended that the Nicaraguan coffee sector separates coffees according to their
origin of production, documents better the distinct beverage attributes of each production zone
and channels these coffees to the most appropriate markets in accordance to the taste of
consuming countries. Furthermore, it appears worth initiating work on labels of appellation of
certified origin to add a premium to coffee from areas where particular flavors and high cup
quality were highly noticeable. Finally, further investigations are underway in contrasting
regions to investigate in details the role of shade level and plantation productivity on coffee
biochemical composition and cup quality.
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THE SETTING

As the most valuable agricultural commodity, coffee is significant in the livelihoods of a large
part of the tropical world in developing countries. An estimated 25 million families in 52
exporting countries depend on coffee. It is the second largest traded commodity in the world
market after petroleum. Sustainable coffee production calls for:

* reduction in production costs,

* increase in productivity per unit area,
* improved quality, and

* enhanced farmer’s income.

Baker (2001) explored some of the critical issues facing the international coffee industry at
the start of the 21* century. He analyzed the latest thinking on a range of topics such as the
coffee smallholder; mechanization of the harvesting of coffee; sustainable coffee; the
specialty coffee market; organic coffee; coffee pests and diseases; coffee and biodiversity;
genetically modified coffee: health effects from coffee consumption; and Ochratoxin A in
coffee.

The Indian coffee industry has a heritage that dates back to the 19" century providing direct
employment to about half a million unskilled rural workers and indirectly to an equal number.
Apart from being cultivated in the ecologically sensitive zones of the western and Eastern
ghats, coffee contributes significantly to sustain the unique bio-diversity of the region and is
also responsible for the socio-economic development in some of the most remote and
underdeveloped areas.

DEFINITION OF SUSTAINABILITY

From an agro-ecological perspective, the sustainability may be defined as a measure of
productivity:

* Per unit-time.

* Per unit amount of soil erosion.

* Per unit decline in soil organic matter or pH.

* Per unit efflux of carbon di-oxide from soil.

* Per unit increase in nitrate nitrogen concentration in ground water.
* Per unit of economic costs & value added, etc.,

Sustainability is not synonymous with stability. Sustainability remained conceptual for a large
part until Singh et al. (1990) developed two indices to identify the practices, which give
maximum sustainable yield or maximum sustainable income. The sustainability should be an
evolution criterion on the process of identifying, screening and adopting techno-biological
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solutions to the farmers’ problems. Greater attention must be paid to learn from their
indigenous knowledge.

According to FAO, sustainable farming should involve the successful management of natural
resources to satisfy changing human needs while maintaining or enhancing the quality of
environment and conserving natural resources (FAO Report, 1989). However, the concept of
sustainability in any production system is “a synthesis of ideas originating from various
sources, spontaneously modified or redefined, in order to reflect the current agriculture-
related environmental problems and economic pressures on farming community”.

Sustainable coffee production system (SCPS) is a broad concept based on the totality of the
coffee life cycle. Sustainable farming practices include maintenance of shade systems, low
energy input agriculture, near organic culture practices and conservation of biological
diversity represented by keystone fauna and flora. It should promote sustainable livelihoods of
the peasantry (Damodaran, 2002).

COFFEE ECOSYSTEM

When grown in traditional systems, coffee is part of integrated agro-forestry system. A typical
coffee plantation ecosystem in India comprises of a three tier system, with the coffee plant
occupying the lowest tier, and two tiers of 'temporary and permanent shade trees' crowning
above them. Shade trees in coffee ecosystems of India have the additional advantage of
forming 'standards' for entraining pepper vines. The inter-crops of spices and fruits confer
India's coffee ecosystems with a poly-culture status. These ecosystems in their traditional
mode harbour rare avian fauna, besides providing corridors for movement of large mammals.
A typical coffee plantation ecosystem in the Western Ghats has natural areas comprising of
cultivated wetlands growing paddy, swamps and marshes, streams and ponds (Damodaran,
2001a, b). This agro-forestry system supports the long-term sustainability of coffee yields and
conserves water, soil, and biodiversity.

In the last few decades, intensification of traditional shade coffee systems into ‘sun coffee’
plantations had significant environmental implications. While sun coffee yielded high in the
short-term, given the use of external inputs and a higher plant density, there are concerns
about the long-term sustainability of the production gains. Conversion from ‘shade coffee’ to
‘sun coffee’ led to clear felling of tropical forest trees, higher soil erosion, and higher run-off
of applied inputs (Damodaran, 2001a, b).

NATURAL RESOURCES MANAGEMENT
Soil

Coffee production varies mainly with differences in soil properties such as physical, chemical
and biological attributes (structure, clay content, compaction, biological activity, drainage
conditions and available soil water). Irrigation and nutrient requirements are also in relation to
soil properties. Proper soil management without impairing soil health is the prerequisite for
achieving higher coffee productivity and sustainability.

According to Raghuramulu et al. (1996) the coffee soils in India belong to red and lateritic
groups generally with texture ranging from sandy loam to clay loam and are deep and well
drained. These precious soils are subject to severe erosion when the forest canopy is
selectively cleared for establishing new plantations, and also in exposed patches of
established plantations. Measures like terracing, contour planting, planting of shade trees etc.,
were suggested to prevent the loss of topsoil. The soil moisture was also found to be limiting
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during the period November-May in south-west monsoon regions. Cultural operations such as
cover digging, scuffling, mulching, staggered trenches/pits were found to be useful in
conservation of soil moisture in coffee estates.

Soil physical properties

In the Farmer-Participatory Research Programme (FPR) on Sustainable Coffee Production
Systems of the Coffee Board in S. India, baseline data were collected on the soil physical
properties of the selected plantations (First Ann. Rept., 2003, FPR on SCPS, Coffee Board).
Sand fraction was found to be high in all the samples analyzed, which ranged from 58 to 78
per cent in Chikmagalur district, Karnataka. The soils are classified under the textural class
sandy clay loams (SCL) and sandy loams (SL). High percentage of sand would lead to
leaching losses of nutrients particularly nitrogen and sulphur. Soil water holding capacity,
nutrient holding capacity and soil aggregation are very poor in these types of sandy soils.
Therefore there is a need to improve these characteristics of the soils by enhancing the
organic matter status of the soils through cover crops, by addition of organic
manures/composts/green manures and by microbial inoculants, besides enhancing soil
aggregation. Earlier, in a long-term field experiment at three sites in Parana, Brazil,
aggregation of coffee soils was found to increase by mulching, application of compost and
cutting weeds above the ground level (Pavan et al., 1995a).

Soil chemical properties

In most of the estates the available nitrogen status was found to be low and the available
phosphorus and potassium status was found to be medium. Among the secondary nutrients,
the available magnesium status was found to be very poor in all estates. It ranged from 130 to
300 ppm with a mean of 218 and 248 ppm in surface soils of robusta and arabica estates,
respectively. Imbalance of calcium, magnesium and potassium ratios in soils would cause
yield reductions. Calcium and sulphur levels of the soils are optimum for coffee cultivation.
Among the micronutrients studied only the soil zinc status was found to be low in most of the
estates. The copper, iron and manganese status was found to be optimum.

The soil available copper status was found to be substantially higher in arabica estates.
Application of copper fungicides routinely for arabica estates to control leaf rust could be the
possible reason for the accumulation of copper in the soils. Though there is no copper toxicity
in the plant, soil beneficial microorganisms might be affected. Similarly, the soil calcium,
phosphorus, potassium and magnesium status was slightly better in arabica estates when
compared with robusta estates.

Soil biological properties

The soils have sufficient population of bacteria (48 to 120 X 10° cfu) and low fungi and
actinomycetes population (2 to 9 X10* and 8 to 16 X 10* cfu) respectively. Apart from the
coffee rhizosphere, microbial analysis were also made on coffee phyllosphere (leaf),
caulosphere (trunk), coffee berries, pepper rhizosphere and shade tree rhizosphere in all
estates surveyed to understand better the microbial distribution in coffee ecosystem and study
the effects of INM and IPM treatments on the whole system.
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Water
Rainfall pattern

Coffee areas with their dense evergreen forests and misty mountains are the heartland of
coffee in India. Kodagu records the highest rainfall in the state of Karnataka among the coffee
growing areas. The normal annual rainfall is 2717 mm. It was gradually reduced in the last
few years; 2000-2655.5 mm; 2001-2279.2 mm; 2002-2078.4 mm and 2003-1810.9 mm. In the
other coffee growing belts too there has been a drastic reduction in rainfall.

Coffee is predominantly cultivated as an un-irrigated crop worldwide. Under Indian
conditions, summer showers during February-March are essential for normal flowering and
fruit set. Insufficient and/or delayed blossom showers coupled with lack of backing showers
would result in partial to complete failure of crop. Apart from this, adequate soil moisture is
also required during dry winter months to support the development, maturity and ripening of
current season crop and the vegetative growth required for next crop. Any serious water stress
when the trees are carrying a heavy crop would affect the vegetative growth, which would
form the next year’s bearing wood. Between the two major species of coffee, arabica is more
drought-tolerant and hence does not require irrigation under normal conditions. On the other
hand, robusta coffee is more sensitive to moisture stress and responds well to timely
irrigation.

Rainwater harvesting

Of late, drought in coffee areas has become more common affecting the production. It is quite
essential, therefore, to harness the rainwater at the estate level, and store in ponds so that
water can be used for supplemental irrigation in the case of robusta, nursery, spraying, post
harvest processing, livestock, irrigation of valuable commercial crops like vanilla and other
domestic purposes.

Irrigation water management

In India, initial experiments were concentrated mostly on arabica coffee, which did not yield
any positive response. Later, the experiments on robusta coffee have yielded most significant
results, which formed the basis for present day recommendations on robusta irrigation. The
most decisive results obtained were by irrigating only for blossom alone which improved
yields by 35-51%; irrigation for blossom & backing by 48-57% and winter irrigation
combined with blossom and backing by 85-95% over un-irrigated plots (Awatramani and
Satyanarayana, 1973). Sprinkler irrigation has been in vogue in India in order to give fillip to
the blossom rains as well as backing showers and thus has resulted in 50-90% increase in
yields of robusta coffee (Rao, 1983).

Drought tolerance in coffee

Some of the Ethiopian arabicas like Tafarikela and African diploid species such as C.
liberica, C. excelsa, C eugenioides were found to be drought tolerant because of the deep root
system as compared to robusta. Indian selections such as S.288, S.333, S.795 are better
adapted to the drought conditions. S.9 and S.11 are also reported to be drought tolerant
(Sreenivasan, 1985). The differential responses of coffee cultivars to osmo-regulation were
shown by the accumulation of free proline, nitrogen, potassium, calcium, phosphorus and
carbohydrates under water deficit (Venkataramanan et al., 1986).
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Two commercially important Arabica scions Cauvery and S.795 were grafted onto six
different rootstocks. The grafts with Abeokutae and Excelsa rootstocks were found to be more
efficient in osmo-regulation when compared to those on other rootstocks.

Atmosphere

Increasing concentrations of greenhouse gases such as CO,, CHa, N,O, etc. and their role in
photochemical interactions and the consequential climate change have been recognized as
serious threats in the last three decades. In view of the intensification of agriculture and
industry to meet the demands of the growing population, the contribution of greenhouse gases
to global changes is expected to increase. There is, therefore, an urgent need to develop
possible mitigation options, which are feasible, economically viable and environmentally
friendly. It was projected in the UN Earth Summit 1997 that about 15-20% reduction from
1990°s level in the total greenhouse gas emission by 2000 A.D. would be required to
minimize the impact of these gases on climate and agriculture.

Coffee environment

The production of coffee is highly correlated to weather conditions, since the coffee tree is
sensitive to low temperature and moisture. Therefore, annual production of coffee is
unpredictable until the end of the harvest season.

Climate change

The past decade has witnessed phenomenal changes in global climate: drought in the southern
hemisphere and floods in the northern hemisphere. A record rise in temperature or a sudden
cold wave, heavy cloud bursts, bushfires, earthquakes, or severe drought; have resulted in
significant changes both at the micro- and macro-habitat. Coffee farmers in India were in for
a rude and unexpected shock when they felt the impact of El Nino and La Nina. All coffee
farmers took it for granted that any change in the global environment will be slow and will
take ages to happen. They were so casual and confident that nature would never let them
down. The inevitable man-made changes are affecting the entire planet. One may call climate
change by different names, but today no matter what we call it, global warming has emerged
as a clear and potential danger threatening mother earth and all its inhabitants (Titus and
Pereira, 2003).

Worldwide the forest cover is dwindling at an alarming rate. Reports from the World
Resources Institute indicate that more than 80% of the planet’s natural forests have already
been affected or destroyed. The developing economies are catching up with the west in terms
of carbon dioxide emissions into the atmosphere. Research pouring in from different parts of
the globe states that carbon dioxide is responsible for about 60% of net radioactive increase
between 1950 and 2000 A.D. (Titus and Pereira, 2003).

Biodiversity

Biodiversity encompasses ecosystems, species, and landscapes as well as intra-specific
(genetic) levels of diversity. This would suggest that species diversity would enhance
ecosystem stability. Such stability would enhance the sustainability of any crop production

system.

Coffee plantations world-wide, especially, shade-grown Indian coffee plantations were the
first to be affected by the change in ecosystem. Looking back, coffee plantations in India are
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basically rich biodiversity parks located in the ecologically sensitive western ghat reserve
forests. One can find an incredible array of rare herbs and shrubs in the most remote places.
Coffee has mutually coexisted with the native flora and fauna and in fact satellite images have
thrown light that wherever coffee plantations exist, the biodiversity of the region has also
been enriched. This peaceful coexistence has continued for centuries in a complimentary set
up, wherein the energy levels of the biotic community are proportionately balanced. Loss of
one species will have a tremendous bearing on the other. This heritage site is a lodge for the
survival of thousands of species of trees, shrubs, herbs, wildlife and so on. Most species of
plant and insect life have disappeared before they were discovered. Even though the Western
ghat reserve forests were shrinking at an alarming rate, institutions worldwide realized the
importance of this vital link for the future existence of man and nature, and hence protected it
as one among the 18 hotspots of the world (Titus and Pereira, 2003).

Biodiversity and IPM

The possible complex system of biodiversity of coffee plants, their pests, pathogens and
natural enemies, and their interactions is illustrated in Figure 1.

Bird diversity

Mr. K. R. Sethna, Planter & Bird Watcher, Yellikodige Estate, Aldur, Chikmagalur dist.,
Karnataka, India (personal communication) reported the species of birds found in organic
coffee ecosystems in Aldur block, Chickmagalur district, Karnataka, India. The list included
81 species, of which 21 were insectivorous predators keeping pests under check.

Crop diversity in coffee ecosystems

Intercropping with ginger and elephant yam in young Robusta is not only a source of higher
return from unit area per unit time, but also provides food and employment opportunity for
plantation workers and small growers (Nair, 1976). During the pre-bearing period of coffee,
the interspace could be profitably utilized for cultivation of ginger (2nd year of planting
coffee) and turmeric (3rd year), besides raising of banana (Ist year) as initial shade which
also provides an early income. Establishment of permanent shade tree species like; silver oak
and balanji in the first year of planting coffee itself could be used as live standards for
training pepper when they attain sizeable growth during fifth year (Korikanthimath et al.,
1995).

As coffee is a labour-intensive crop, especially in the initial pre-bearing years, and as the cost
of cultivation is escalating, raising a cover crop with a leguminous plant like Mimosa invisa
may work out advantageous. It has been estimated that the mulch available may come up to
about 3-5 m.t./acre on dry basis. It offers a greater scope to a wide range of estates at least for
a few initial years to save expenditure on weeding (Balasubramanian, 1970). M. invisa also
prevents soil erosion by binding the soil and checking run off water to considerable extent.
Coffee plants grown in experimental plot indicated more number of green flush and branches
than control due to the higher N status (Mohankumar, 1996). Cowpea and horsegram are also
good in smothering weeds in young coffee plantations. They add biomass to soil (cowpea 4.1
MT/ha and horsegram 3.4 MT/ha). Weed smothering efficiency of horsegram (82% and 52%)
and cowpea (68%) was higher than other cover crops. Blackgram, horsegram and cowpea also
improved soil fertility (Keshavaiah et al., 1998).

Muralidhara and Raghuramulu (1997) discussed the types of mulches, advantages and
disadvantages of mulching, methods of application, nutrient composition of different
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mulches, and effects of mulching on growth and yield of coffee and on soil conditions in
plantations. It is concluded that plant-based mulches generally increase the growth and yield
of coffee plants, conserve soil moisture, improve soil nutrient status, reduce runoff and soil
losses, and control weeds.

BIODIVERSITY Polyphagy / Primary producers

Oligophagy / Herbivores
Monophagy Carnivores, Tritrophic

| Hedge Plants

Natural Enemies

Weed species B Entomophages —

Coffee = est / Disease | Weed Entomopathogens
Plants Antagonists
A e Weed killers

Interspécific /
Intraspecific I

Forest sp. competition Hyperparasitoids

Border / ‘Microorganisms/ Biotype /
“Intercrops / Other Fauna Pathotype /
trapcrops & Flora Race

Polycrop
Ecosystem

Figure 1. Biodiversity of the host plants, pests/Pathogens/weeds, their natural enemies
and their interaction.

Diversity of microorganisms in the soil

The soil acts as a reservoir for millions of microorganisms, of which more than 85% are
beneficial for plant life. Thus, the soil is a resilient ecosystem. Good soil consists of 93%
mineral and 7% bio-organic substances. The bio-organic parts are 85% humus, 10% roots,
and 5% edaphon. Humus is a product of the synthetic and decomposing activities of the
microflora; it exists in the dynamic state. It is under continual attack, yet it is constantly
reformed by the subterranean inhabitants. Similarly, edaphon is a world of life and consists of
microbes, fungi, bacteria, earthworms, micro-fauna, and macro-fauna as follows:

*  40% fungi/algae

* 40% bacteria / actinomycetes
* 12% earthworms

* 5% macro-fauna

* 3% micro / meso-fauna

Thus, soil microorganisms provide precious life to soil systems catering to plant growth.
These microorganisms work incognito to maintain the ecological balance by active
participation in carbon, nitrogen, sulphur and phosphorous cycles in nature. Soil
microorganisms play a pivotal role both in the evolution of agriculturally useful soil
conditions and in stimulating plant growth (Titus and Pereira, 2003).

Chemicalization of Agriculture

In the process of increasing the productivity, more and more of synthetic chemicals like
fertilizers, pesticides, herbicides, soil amendments, etc. were used, which began to affect not
only the soil health and agricultural production but the whole environment. The consumption
of chemical fertilizers has been increased four-fold in the last quarter century. The use of
nitrogenous fertilizers has shown very significant increase (Figure 2, 3), which has led to
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many pest and disease problems besides pollution of ground water. Fertilizer nitrogen is
highly mobile and is lost considerably due to evaporation, seepage and run off. Nitrogenous
fertilizers are used excessively in hill crops in the country. Hence, production and use of
various organic manures should be improved not only for enhancing the crop productivity and
reducing cultivation costs but also to protect environment and avoid pest and disease
outbreaks.

Indiscriminate use of chemical pesticides has particularly affected man and his environment
and contributed significantly to reduced productivity of crops.
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Figure 2. Consumption of fertilizers (nutrients) in lakh tonnes (agricultural statistics at
a Glance, govt. of India, 1999).

Chemical fertilizers, pesticides, seeds and irrigation water are the four major inputs needed in
agriculture. Over use of the former two will be polluting the environment. During the last two
decades fertilizer consumption showed 195% compounding growth rate during the decennium
1980-1990 and another 99% during 1990-2000. Similarly, pesticide consumption increased
by 71% and 58% respectively during the corresponding period (Table 1).
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Figure 3. Consumption of plant nutrients (kg:ha) (Fertilizer statistics, 1997-98, Govt. of
India, New delhi).

Table 1. Cost estimates for agricultural input requirements in India (US $ billion).

Input 1980 1990 2000
Fertilizers 4.9 13.0 (195) 25.9 (99)
Seeds 5.0 6.2 (24) 7.2 (16)
Pesticides 0.7 1.2 (71) 1.9 (58)
Irrigation 4.9 6.2 (27) 7.3 (18)

Figures in parentheses are decennial per cent change.
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Among the traditional coffee growing states in India, Tamil Nadu state consumed maximum
quantity of chemical pesticides during 1994-95 for all crops (Table 2). Karnataka state had
consumed less than half the quantity. However, in the last few years the consumption in all
the states has come down drastically.

Table 2. Major consumers of pesticides in India.

States Quantity (MT of States Quantity (MT of
Tech. Grade) Tech. Grade)
Andhra Pradesh 13,000 West Bengal 5,800
Uttar Pradesh 11,000 Haryana 5,200
Tamil Nadu 9,500 Gujarat 5,100
Mabharashtra 6,900 Karnataka 4,400
Punjab 6,400 Rajasthan 2,900

Source: G Singh (1996). Country Report, Pesticide Application Technique, FAO.

INTEGRATED NUTRIENT MANAGEMENT
Nutrient status of coffee soils in South India

The level of soil nutrients varied from zone to zone and from location to location within each
zone. The highest level of available nutrients and lowest acidity were seen in Kodagu zone in
Karnataka while poorest soils and the maximum acidity were met with in Kalpetta zone in
Kerala.

Heavy use of nitrogen started up showing in increased nitrate concentration in underground
waters. Due to these alarming signals, Integrated Nutrient Management (INM) has become a
sustainability concept. It involves meeting a part of the nutrient need of crops by organic
manures, crop residue, green manures, dual purpose legumes and bio-fertilizers. The
importance of INM was recognized following the long-term fertilizer experiments in many
crops throughout India. Application of N alone reduced the crop yield after a decade or so.
Application of P along with N extended it to some more years but in NPK plot some yield
was obtained even after two decades. However, plots receiving a part or all nutrients through
FYM not only maintained but also recorded a gradual increase in crop yield over years.
Combined application of FYM and inorganic fertilizer was the best.

The deficiency of different micro and secondary nutrients, especially of Zn and S, became
yield-limiting factors within a few years, depending upon soil nutrient status. Addition of
deficient nutrient or high dose of FYM (10-15 MT/ha) corrects this situation. Secondly, where
N alone is used, its adverse effect on yield and soil quality became disastrous in acid soils.
Thirdly, it is the deficiencies of Zn and S and other micro or secondary nutrients (Fe, Mn, B,
Cu and Ca), which are emerging as yield-limiting and sustainability-disturbing factors and
necessitate correction of their deficiency through appropriate nutrient input and management.
Continuous monitoring of changes in the nutrient status of soils is, therefore, quite essential as
it is observed that 49% soils in the country are deficient in Zn, 25% in Fe, 55% in Mn and 3%
in Cu. The situation is changing under intensive cropping and unbalanced and improper use of
fertilizers.

Biofertilizers

In recent years, use of bio-fertilizers holds much promise to improve the yield of crops.
Biofertilizers sustain soil fertility resulting in increased crop yield without causing any
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environmental, water, or soil hazards. Of the many micro-organisms which are identified as
bio-fertilizers, Azotobacter, Azospirillum, Phosphorus Solubilizing Bacteria (PSB) and
Vesicular Arbuscular Mycorrhizae (VAM) have a significant role in crop nutrition.
Azospirillum stimulates plant growth. Inoculation with Azospirillum increases the number,
length and weight of roots besides bud development, number of leaves and leaf weight in
many crops.

Organic manures

Farm yard manure, composts and various kinds of other organic manures are becoming
increasingly in short supply and costly leading to their less application thereby affecting the
soil health and crop productivity and quality adversely. The situation has created a renewed
interest in the biological transformation of farm wastes including all organic wastes into
valuable manures. The compost manure prepared out of farm wastes can be profitably used in
the fields for the cost-effective production of crops. This nutrient-rich compost (Choudhury et
al., 1993) is a better supplement for farm yard manure, the cost of which is escalating day by
day due to shortage of cattle dung. Besides, it is poor in nutrient quality. Much information is
available on the use of various organic manures and their positive effect on various crops
(Palaniappan and Natarajan, 1993).

With a view to minimise the use of chemical fertilizers, farmers should be able to produce
different kinds of organic manures and apply as part of INM system. As our cattle wealth is
fast declining, adequate quantity of farmyard manure could not be produced in recent years in
the country. Hence, a new thrust is necessary to the production and use of other kinds of
organic manures as well.

Recycling farm wastes as compost

Most coffee farms are known for the availability of tonnes of organic raw material needed for
preparation of compost. Poultry litter, sheep droppings, piggery waste, cattle dung, any of the
above mentioned products (singly or in combination) are added to fresh leaf litter, weeds,
succulent stems, coir pith, press mud, or coffee husk in layers. At times, an inoculum of
beneficial free-living nitrogen-fixing and phosphorus solubilizing bacteria along with strains
of Trichoderma and Mycorrhizae are inoculated to the mixture of organic residues so as to
hasten the process of decomposition. The entire process of composting is either done by the
pit or the heap method (Titus and Pereira, 2003).

Soil amended with organic materials (neem cake, coir compost, farmyard manure, and
Gliricidia leaves) showed better antagonist growth and survival than soil alone. The carrier
materials (neem cake, coir pith, farmyard manure, and decomposed coffee pulp), which
served as nutrient additives to the crop, enhanced inoculum production (Saju et al., 2002).

The ability of the earthworm Eisenia fetida to transform coffee pulp into a valuable compost
was evaluated by Orozco et al. (1996) in Columbia. The C and N contents were not affected
by the depth of the bed, whereas time affected both. An increase in the fractionation ratio,
determined by calculating the C in the fraction smaller than 100 pum as a percentage of C in
the samples as a whole, and low values of humic-like substances were recorded during
vermin-composting. After ingestion of the pulp by the earthworms, an increase in available P,
Ca, and Mg but a decrease in K was detected.
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Green manure crops

With a view to minimize the use of chemical fertilizers farmers should be able to produce
different organic manures and apply. Green manures are the bulky organic manures that can
be produced under any situation. A large number of leguminous crops are used for green
manuring in South India. Daincha (Sesbania aculeata), sunnhemp (Crotalaria juncea), wild
indigo (Tephrosia purpurea), indigo (Indigofera tinctoria) and Pillipesara (Phaseolus
trilobus) are the most popular crops with farmers. Sesbania speciosa is an introduction from
South Africa and is slowly getting popular. A number of other crops like cowpea, lablab,
redgram, Crotalaria striata, etc. are also grown as green manure crops in some places
(Sankaran and Mudaliar, 1997). Leguminous green manure species are able to fix
atmospheric nitrogen and do not necessarily depend on the nitrogen in the soil. The
phosphorus present in green manure is in the organic combination and becomes available for
use by the succeeding crop.

INTEGRATED PEST MANAGEMENT (IPM)
Causes for Pest Depredations
The following are the important causes for severe pest damages:

*  Monocultures and rapid increase in the area under coffee crop,
* Lack of natural enemy load of the pests on the tree,

* Changing climatic conditions, and

* Excessive application of chemical fertilizers

The white stem borer has been stated to be still a threat if uncontrolled. Monocropping results
in persistence of this insect, which in turn is aggravated by negligent control measures,
destruction of the environment, introduction of susceptible host material and unproductive
cultural practices. Further, cultivation of coffee under greatly reduced shade has been
disastrous as it resulted in outbreak of the pest in 1960s and 1970s. Better performance of
coffee in moderate to good land and under forest cover is reported in the same periods
(Balasubramanian, 1987).

Biological control

The value of biological control is now well recognized particularly in the context of
environmental protection as well as stable pest management strategy (Table 3).

The need for biological control of major pests of coffee in India has been highlighted by
Prakasan (1987) and Venkatesha et al. (1995). Veeresh et al. (1992) observed field
parasitization of white stem borer by Allorhogas pallidiceps up to 19.81% during
September—December flight period in Kodagu district. Cerambycid grubs proved better hosts
compared to other species of larvae used for culturing the parasitoid. An egg parasitoid, some
effective predators and a bacterium, Serratia sp. were observed (Shylesh et al., 1992).
Iphiaulax sp., a new braconid parasitoid, and Apenesia sp. were recorded from coffee white
stem borer by Venkatesha et al. (1997). Seetharama et al. (2002) reported that Apenesia sp. is
a potential natural enemy for the biological control of coffee WSB in India.
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Table 3. Advantages and disadvantages of biological control
and chemical control methods.

Category Biological Control Chemical Control
Environmental pollution, None Considerable
danger to man, wildlife, etc.
Upsets in natural balance, None Common
ecological disruption
Permanency of control and Permanent and therefore Temporary. Repeated
economics economical. Initial cost is the | applications required and so
least. not economical
Development of resistance Extremely rare, if ever. Common
Impact on pests become Takes time to but may Speedy result
effective, but continues to be | rebound
effective
Range of action Specific or narrow Broad

Host Plant Resistance

Most adults of the stem borer emerged from the stems of Coffea arabica (72%), followed by
C. canephora (52%), C. liberica (28%) and C. excelsa (20%) (Venkatesha et al., 1995).
Srinivasan and Ramachandran (1997) reported that S.2931 showed higher yield, quality and
resistance to leaf rust (Hemileia vastatrix) and white stem borer (Xylotrechus quadripes).
About 85-90% of plants were completely resistant to rust. Schoeman (1995) showed the
possibility of grafting scions of arabica coffee onto borer-resistant robusta coffee rootstocks.

Pesticides of Plant Origin

One of the viable alternatives to chemical pesticides is the development and use of better
botanical pesticides, which are environmentally safe, effective against pests, easy and
economic. As plants and insects have co-evolved over millions of years, they have
accumulated specific secondary plant chemicals to counteract the insect damage. These
bioactive chemicals include insecticides, antifeedants, insect growth regulators, juvenile
hormones, ecdysones, repellents, attractants, arrestants, etc. Hence, plants are thought to be an
important alternative source for chemical pesticides. Over the years more than 6000 species
of plants have been screened and nearly 2400 plants belonging to 235 families (Grainge and
Ahmed, 1988) were found to possess significant biological activity against pests and diseases
(Table 4).

Over centuries, the natives of Far Eastern tropics had used derivatives of plants like Derris
elliptica (Wall.) Benth., Lonchocarpus utilis A. C. Smith and Tephrosia spp. for the insect
control and later during 1929 the structure of active of ingredient of ‘rotenone’ was
discovered. Subsequently, ryanodine from powdered root, stem and leaves of Ryania speciosa
Vahl., quassin from the bark of Quassia amara, jerveratrum from dried seeds of sabadilla,
Schoenocanlon officinale A. Graz (Crosby, 1971) were also used as pest control agents. There
are several discoveries, which are considered to be the landmarks in the development of plant
origin pesticides. These discoveries enabled the scientists to progress and develop
ecologically safer pesticides.
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Table 4. Types of pest control action reported in plant species.

S. No. Pest Control Action No. of Species of Plants
1. Insecticidal 1053
2. Antifeedant 230
3. Repellent 225
4. Growth inhibitor 32
5. Attractant 27
6. Rodenticidal 29
7. Acaricidal 2
8. Nematicidal 58
9. Fungicidal 100
10. Bactericidal 4

Experiments were conducted in Kerala, India by Chandrika et al. (2001) to determine the
insecticidal potential of the local weed plant, Clerodendron infortunatum, against the
rhinoceros beetle. At high concentrations (10% w/w), the plant caused mortality of the full-
grown beetles within 10 days. There are many other species of plants with botanical pesticidal
value such as species of Azadirachta, Pongamia, Melia, Madhuca, Vitex, Ipomea, Jatropha,
etc., which should also be exploited against coffee pests. The biopesticide feed-stock tree
species found on the hills and foothills are listed in Table 5.

Table 5. Trees with insecticidal activity.

Tree species Plant part/ Active principle Activity
product
Albizia lebbeck Seed, leaf, pod, bark | Caffeic acid, alkaloids Insecticidal
and root and quercetin
Anacardium Shell oil Phenolic compounds Insecticidal
occidantale
Annona squamosa Stem leaf and semi — | Annonine Insecticidal
ripe fruit
Azadirachta indica | Seed and seed oil Azadirachtin, nimbidin, Antifeedant,
salanin, meliantrol and oviposition

other bitter principles
(tetra nor terpenoids)

deterrent, IGRs
and insecticidal

Butea monosperma | Flower extract Chalcones and aurones Termiticidal
Hardwickia binata Heartwood Mopanol and epicatechin | Antifeedant
Madhuca latifolia Seed and seed oil Saponins Repellents and

insecticidal
Melia azedarach Fruit and seed Meliacin Antifeedent and

insecticidal
Pongamia pinnata Seed and seed oil Karanjin Repellent and

insecticidal
IPM

White stem bore

The factors responsible for the increased incidence of white stem borer in India were
highlighted by Sreedharan and Kumar (2001). They include changes in cultivation practices,
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rainfall distribution during the winter flight period of the beetle, discrepancies in the adoption
of control measures by the growers and cultivation of Cauvery coffee (a good stem borer
host). The importance of various control options, such as shade maintenance, tracing and
destruction of infested plants, bark scrubbing and pesticide application (particularly lindane)
was stated in the effective management of the borer.

Berry borer

An integrated approach with the judicious combination of cultural/phytosanitary measures,
biocontrol and need based application of pesticides was found to be the best strategy to
combat berry borer effectively. Adoption of phytosanitary measures scrupulously played the
key role in suppressing the pest build up. Though biological control measures are promising
there is a need to standardize the production and application technology of biocontrol agents.
The need-based use of selective pesticides will continue to be a part of berry borer
management strategy until such a time when an universally adoptable, cost effective and
sustainable biocontrol programme is evolved (Sreedharan and Balakrishnan, 1999).

Mass trapping of CBB adults was done by Dufour et al. (1999) in El Salvador with host plant
allelochemicals. Residual CBB population present in the dry coffee berries on the ground was
the major source of the first migrations. The old dry fruits still present on the branches
seemed to act as a temporal refuge. Reduction in damage was 34.8% using the basic trap
mixture of 1:1 ethanol: methanol, and it reached 50.7% using the alcoholic mixture in
association with two terpenes.

In a 3-year study in Wynad, Kerala, India, Vijayan et al. (1999) found that shade favoured the
incidence of CBB. Cultural operations (shade regulation, correct pruning, thorough and
timely harvesting, and removal of left over and off-season fruits) resulted in significantly
lower infestation of coffee by CBB than was observed at a site where such measures were not
adopted (Vijayalakshmi et al. 1997).

According to Cure et al. (1998) control measures should be taken between the end of one
growing season, after harvesting, and beginning of fruit maturation in the next growing
season, targeting adults before oviposition begins. Reddy and Rao (1999) reported that severe
infestations of CBB were observed in 1998 for the first time on Arabica and Robusta coffee
cultivated under coconuts in Mandya District, Karnataka, India (200 km from traditional
coffee-growing areas). To prevent the spread into new areas, they suggested the following:

i.  Dry coffee to correct standard weights,
ii.  Complete harvesting as soon as possible,
iii.  Ensure collection of left-over crop to complete harvesting,
iv.  Use picking mats to reduce gleanings and collect the maximum amount of gleanings,
v.  Use boiling water treatment on infested fruits before processing,
vi.  Continuously monitor pest occurrence,
vii.  Spot spray affected plants with endosulfan once during April-May and repeat during
July and August,
viii.  Spray with Beauveria bassiana during May when 90% humidity prevails,
ix.  Destroy infested coffee if observed as a stray case,
x.  Use new gunny bags, and
xi.  Avoid irrigating coconuts during December and January.

An integrated CBB management programme was outlined by Sreedharan et al. (1994)
incorporating cultural, phytosanitary, mechanical, chemical and biological methods.
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Coffee rust disease management

Rainfall during March/April, number of rainy days, minimum temperature and rust inoculum
present during the same period showed positive correlations with rust build up during the
subsequent months. Drought period preceding blossom showers and maximum temperature
during March-April showed negative correlation with rust build up. Multiple regression
analysis indicated the function with three variables namely drought period preceding blossom
showers, rainfall or maximum temperature during March-April and variation in level of rust
from April to may was highly efficient (1> 99%) (Nataraj et al., 1993).

Biological control of leaf rust

An efficient and practical method for the massive production of strains of Verticillium sp.
with high potential as hyperparasites of Hemileia vastatrix was developed by Canjura et al.
(2002) in El Salvador. The media for the production contained molasses, yeast, and distilled
water, with different quantities of molasses (120, 80, 40, and 8 g/litre), with or without the
addition of rust urediospores into the media. For three Verticillium strains, final spore
concentrations of 2.3 x 106 and 5.5 x 109 conidia/ml were obtained. The best combination of
ingredients was 8 g of molasses/litre in the absence of rust urediospores; higher
concentrations did not improve production. Three applications of five mixtures of strains in
coffee plants affected by rust were administered.

Verticilium hemileae, the hyperparasite of coffee leaf rust pathogen, Hemilea vastatrix was
commonly observed on the uredospores of rust affected coffee leaves especially during the
humid weather conditions. To utilize this parasite for rust disease control suitable media were
identified for large scale multiplication. After 12 days, the colony forming units (cfu/g of the
substrate) were highest in maize substrate, followed by rice bran (Bhat, Personal
Communication; First Ann. Rept., 2003, FPR on SCPS, Coffee Board).

Coffee root exudates and root diseases

The fast growing coffee roots are known to produce the following substances in the root
exudates, some of which are antagonistic to root pathogens such as Aspergillus spp.,
Fusarium spp. and Rhizoctonia solani: alkaloids, auxins, phosphorus, vitamins, amino acids,
potassium, nucleotides, enzymes, calcium, flavanoids, flavins, sodium, sugars, nitrates, iron,
bromide / chloride ions. It is now generally accepted that the main factors for the stimulation
of microorganisms in the rhizosphere are the excretion of organic substances by roots. This
means that the release of metabolites by roots is an important factor determining the
quantitative and qualitative composition of rhizosphere microflora. The root exudates can
selectively inhibit or stimulate the growth of soil borne fungal pathogens. A particular type of
root exudate can influence a certain group of microflora and also might influence the
pathogen (Gopal, 1972).

Coffee nematodes

A total of 108 soil samples were collected from the root-zone of different crops including
banana, arecanut, coconut, coffee, cardamom and shade trees to determine the biodiversity of
Glomus fasciculatum in different districts of southern Karnataka, India (Babu et al., 2003).
Among 108 soil samples, 5 isolates were selected based on spore morphology and spore load
and were evaluated against Radopholus similis infecting banana under greenhouse conditions.
Among the isolates tested, Udupi Areca isolate was effective in improving plant growth and
reducing nematode population both in the soil and roots. The root colonization and number of
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chlamydospores formed by this isolate were maximum followed by Davanagere Banana
isolate.

Farmer participatory research in S. India

A project titled ”Farmer Participatory Research for Sustainable Coffee Production through
Integrated Crop and Farming Systems Management” has been implemented by the Coffee
Board of India in five districts in four states in South India from July 2003. Malady-remedy
analysis has been carried out as one of the components, especially the soil physical, chemical
and biological properties, and biodiversity, with a view to develop suitable approaches to
maximize coffee productivity, optimize cultivation costs, reduce environmental pollution, and
ensure sustainability in the production systems. The upgraded INM and IPM modules being
tested in the FPR are given in Figure 4 and 5.

Integrated Nutrient Management (INM)
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Since the first successful report of plant regeneration through somatic embryogenesis from
orthotropic shoots in coffee by Staritsky in 1970 there has been a steady flow of information
on coffee biotechnology. There are a number of reports on successful plant regeneration from
leaf, stem, embryo and integument tissues in different species. Successful micro-propagation
through shoot tip and node cultures is achieved. In some countries thousands of micro-
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propagated plants are successfully established in the field (Sreenath and Naidu, 1997).
Recently, the DNA fingerprinting techniques like RFLPs, RAPDs, PCR and sequence
analysis have been applied for coffee genome analysis. Among them, AFLP technique has
several advantages and becoming more powerful tool for genetic analysis. These DNA
marker techniques having great potential in the marker assisted genetic improvement and bio-
diversity evaluation of coffee plant. Engineering disease and pest resistance is considered
more important in the Indian context (Sreenath, 1998). Promotion of accumulation of
dehydrins confers drought tolerance. It is possible to produce drought tolerant coffee plants
by introducing known dehydrin genes from wheat (Em gene), cotton (LEA gene), and the
resurrection plant (Ctarostigma plantagineum) (Santa Ram, 1998).

To make coffee plant resistant to the CBB via genetic engineering, the prospect of using the
genes through genetic engineering that inhibit alpha-amylase activity by low levels of the
amylase inhibitor from common bean, Phaseolus vulgaris and much less so by the amylase
inhibitor from Amaranthus has been shown (Valencia et al., 2000). The cryl Ac gene of
Bacillus thuringiensis has been successfully used for transformation of Coffea canephora and
C. arabica to confer resistance to the coffee leaf miner (Perileucoptera coffeella and other
Leucoptera spp.) (Leroy et al., 1999). More than 100 transformed plants from independent
transformation events have been obtained for each coffee genotype. The insecticide protein
was detected in most of transgenic trees. Some plants have demonstrated substantial
resistance to leaf miner in bioassays with the insects. Induction of resistance by Pseudomonas
spp. in coffee plantlets against the coffee rust was shown by Porras et al. (1999) in Columbia.
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SUMMARY

The coffee-banana based cropping system is the most widespread farming practice
characteristic in the Kilimanjaro region Mbeya, Kagera and Arusha areas of Tanzania. The
benefits to adopting this system versus a pure coffee system, is that it offers higher returns to
the smallholder. On average, farm sizes featuring coffee-banana interplanting are about 3
acres, with banana being the main subsistence crop and coffee a subsidiary cash crop. In the
past few years, lower coffee prices have caused many farmers to neglect their coffee in favor
of banana, significantly reducing the revenue potential of their farms. High production costs,
especially in controlling coffee berry disease and coffee leaf rust have further eroded coffee’s
profitability to farmers.

The first step that Tanzania Coffee Research Institute (TaCRI) at Lyamungu has taken to
address these specific issues is to develop improved coffee hybrids that are resistant to coffee
berry disease and coffee leaf rust.

TaCRI carried out field trials and surveys in intercropping of coffee with banana to find out
the best configuration of coffee-banana interplanting that would provide the greatest
economic return to smallholders. The studies revealed that the crop arrangement of one
banana stool to six coffee trees was optimal and a dramatic improvement on the traditional
system where farmers tend to plant very close, at a ratio of one banana stool to one coffee
tree. In economic terms, the results were very clear indeed. Total revenues generated by
adopting the optimal coffee-banana cropping system were 50% higher than a pure coffee
system, and 42% higher than the traditional system of 1 banana to 1 coffee.

The study clearly concludes that by adopting this optimal system, both productivity and
profitability improves. The paper discusses the yield and economic returns of different coffee
+ banana intercropping systems.

INTRODUCTION

Coffee contributes to around 20% of the total export earnings with over 400,000 smallholders
depend on this crop for income in Tanzania (TCB, 2001). The area under coffee has increased
from 195,000 to 261,000 hectares over the past 15 years (SAP 2002; TCB, 2001). The
average coffee production in Tanzania is between 40,000-50,000 metric tones per year (SAP,
2002). Smallholders produce 95% of the total production while the remaining comes from
estates.

The coffee-banana based cropping system is the most widespread farming practice
characteristic in the Kilimanjaro region Mbeya, Kagera and Arusha areas of Tanzania. The
benefits to adopting this system versus a pure coffee system, is that it offers higher returns to
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the smallholder. Most of farm sizes of the coffee-banana interplanting are about three acres,
with banana being the main subsistence crop and coffee as a subsidiary cash crop.
Nevertheless, banana is the predominant food crop in Arusha, Kilimanjaro and Kagera
regions contributing to 50%, 80% and 100% of the basic food needs respectively
(Anonymous, 2000).

In the past few years, low coffee prices in world market have caused many farmers to neglect
their coffee in favor of banana, significantly reducing the revenue potential of their farms.
High production costs, especially in controlling coffee berry disease and coffee leaf rust have
further eroded coffee’s profitability to farmers.

Heavy shading particularly from banana and permanent in coffee based cropping system
reduce flowering potential of coffee trees. This encourages fungal diseases particularly leaf
rust and coffee berry diseases, thus in turn decrease in total productivity from component
crops. The different patterns/arrangements of intercropping systems of coffee+ banana were
evaluated from 1995-2003 with the aim of identifying the economic pattern of planting coffee
and banana for smallholders. The paper discusses the yield and economic returns of different
coffee + banana intercropping systems.
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Figure 1. A) Average Rainfall, Relative Humidity at Lyamungu Coffee Research
Institute (TaCRI ). B) Average temperatures at Lyamungu Coffee Research Institute
(TaCRI Source: Met Station Lyamungu 1948-2003).

MATERIALS AND METHODS

The studies were conducted from 1993 to 2003 at the Lyamungu Coffee Research Institute
(TaCRI) (3° 14’ S, 37° 15° E, 1268 m.asl), on the slopes of Mt Kilimanjaro. The climate is
humid with a long-term mean annual rainfall of 1575.7 mm, about half of which falls in
April- May and is bimodal in distribution with April and November as the wettest months
(Figure 1A). The mean long-term daily maximum and minimum temperatures of the area are
24.9 and 14.1°C respectively (Figure 1B). The soil at the experimental site was classified as a
Mollic Andosol (FAO, 1994), originating from the volcanic activity of Mt. Kilimanjaro. The
study included coffee varieties KP 423, and improved coffee hybrids (SC 6, SC3, and F1/L4),
which were intercropped with banana (local varieties). The data collection included yield of
parchment coffee, green banana, number of pseudo stems, production costs (labour and
material inputs) and total revenue/income from the cropping systems. The average prices of
parchment coffee and banana used in the study were estimated from the market that prevailed.
The cost: benefit ratio (CBR) was determined by dividing the net income or benefit by
production costs. The abbreviations for cropping systems as presented in Table 1 are as
follows: CS; stands for pure coffee stand, CS, for pure banana, CS; for a row of coffee
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alternated by a row of banana, CS, for two rows of coffee alternated by two rows of banana,
CSs for three rows of coffee alternated by three rows of banana The conventional/traditional
(CS¢) without a pattern of banana but coffee planted in rows, and for improved cropping
system (CS7) three alternated by a row of banana. Table 1 shows various row arrangements
(planting ratios) and the planting time used in the study. Appendices 1 & 2 show the variables
and value of Tanzanian Shilling and U$D) used during the study.

Table 1. Cropping systems of coffee + banana intercropping and plant density and
planting time

Cropping Type of Spacing (m) No. of Row planting | Planting
system | crop (Coffee trees ha' | arrangement time
(CS) or Banana) of crops (C:B)
CS, C= coffee 3x1 C=3333 Pure coffee 1993
CS, B = banana 3x3 B=1111 Pure banana 1993
CSs C+B Asin CS;and CS, | C=3333 1:1 1993
B=1111
CS4 C+B Asin CS;and CS, | C=1667 2:2 1993
B =556
CSs C+B Asin CS;and CS, | C=1667 3:3 1993
B =556
CSe C+B C=1330 B =over | Banana without 1980
1330 pattern
CS, C+B C=25x1.25 C=2400 3:1 1999
B=10x25 B =400
RESULTS AND DISCUSSION

Yields and planting arrangements

The total and mean yields of parchment coffee, banana, and banana stems during the 6 years
(1995-2000) of various cropping systems are presented in Table 2. The yield obtained from
the pure coffee stand (CS;) was 3 to 4 times of the intercropped coffee in (CSs, CS4 and CSs)
as in Table 2. This yield reduction is influenced when coffee is being intercropped with other
crops the yield due to high moisture, nutrients and light competition caused by component
crops than in pure stand. However, the yield in CSs was slightly higher than CS4 and CS;
(Table2). This is attributed to the crop arrangements (of three coffee rows alternated by three
rows of banana (CSs) had less plant competition to coffee trees in CSs than the coffee trees in
CS; and CS4. Reports by (Kimemia, 2002; Njoroge, 2002; Liyanage et at., 1984); Trenbath,
1974) have shown that the crop arrangements in intercropping have a major effect on growing
environment both above and below ground levels for the maximization of productivity of the
component crops. It was observed that the mean yield of green banana was highest in CS;
followed by pure banana stand (CS;) and lowest in CSs. The planting arrangement of one row
of coffee alternated by a row of banana (CS3) seemed to favor banana than coffee in terms of
yield. This could be due to the modification of microclimate, the high shade and moisture a
regime in this system (CS3) both from high plant density of coffee and banana.
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Figure 2. Improved cropping system in at the Research Station.

Figure 3. Traditional cropping system in farmer’s field.

The results in Table 3 present the two cropping systems of coffee + banana intercropping of
conventional/ traditional (CS¢) and improved (CS7) from surveys and experiments carried out
by TaCRI. The mean yield improved banana + coffee of parchment coffee is 4800 kg ha™
from CS; and that of conventional systems is 166 kg ha'. This huge difference in yield is due
to the plant arrangements of coffee and banana in the systems. By planting three rows of
coffee between a row of banana where coffee and banana are spaced at 2.5 x 1.25 m and 10 x
2.5 m respectively. In this row arrangement, coffee yield increased particularly due to the
increase in number of coffee trees (2400 ha') in improved cropping system (CS7) compared to
the traditional/ conventional system (CSe) with the density of coffee trees (1330 ha'). The low
density planting density of banana of 400 stools ha' in improved cropping system (CS-)
enhanced larger bunches from the widely spaced plants (Mitchell, 1963). Figure 2 is the
improved cropping system with systematic row arrangements of banana and coffee Figure 3 is
the farmer’s practice as in described above in material and methods section.
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Table 2. Total and mean yields of Coffee parchment, Green banana Pseudo stems of
banana (1995-2000).

Cropping | Row arrangement | Coffee (kg ha') | Banana (kg ha' No. Stems ha')
system of crops
Coffee - C and| Total | Mean | Totalyield) | Mean | Total | Mean
Banana - B)
CS, Pure =C 6197 1033
CS, Pure =B 68,528 11421 | 4,324 | 721
CSs C+B=1:1 1480 247 108,843 18144 | 5,757 | 960
CS4 C+B=2:2 1581 263 62,719 10453 | 3,686 | 614
CSs C+B =33 2046 341 61,363 10227 | 3,761 | 626

Source: Agronomy Annual report 2000

Table 3. Comparison of yields in improved and conventional /traditional cropping
systems of banana + coffee intercropping in 2003.

Cropping Row arrangement of | Plant Mean yield
system crops C:B density ha™'

Coffee | Banana | No. Stems ha')
(kg ha') | (kgha')

CSs 1:1 1330 166 60000 3000

CS, 3:1 2400 4300’ 48000 1200

Source: Agronomy Survey 2000 and 2003.

Table 4. Cost variables of various cropping systems of coffee and banana
(1995-2000 and 2003).

Type of cropping Row Total Variable costs Net benefit )
system arrangement income/revenue (Tsh. Ha') (Tsh. Ha')
of crops (Tsh. Ha')
CS, Coffee 6414930 4416583 1998347
CS; Banana 5342058 1529585 3812473
CS; C+B=1:1 9930996 4683748 5247248
CSy C+B=2:2 6500460 2794522 3705938
CSs C+B=3:3 6892236 2846285 4045957
CSe C+B=1:1 5033125 549400 4483725
CS; C+B=3:1 8580000 801700 7778300

Source: Agronomy Annual Report 2000
Total revenues and Cost benefit ratio CBR of different cropping systems

Total incomes, variable costs and net benefit of various cropping systems has shown highest
returns in terms of net benefit and (CBR) in improved cropping system (CS7) which was 1:10
and most of it came from parchment coffee contributing to approximately 55 percent and 40
percent from green banana as shown Figure 4. The banana proved to play a big role in the
traditional/ convectional cropping system where it contributed to about 80 percent of total
income while coffee contribution was only one percent of total revenue Figure 4. The
contribution coffee to the revenue in CSs, CS4, CS; decreased and were 30, 25 and 15 percent
respectively. This was also reflected in CBR of 1:8 in system of CS¢ (Figure 5). This is in
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accordance with Njoroge (2002) who reported also. Intercropping in coffee is likely to
depress coffee yields. However, this is compensated by the total net income, which is
generally higher than for sole coffee. The intercrop system also may ensure food and income
security especially during the years when coffee prices are low.
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Figure 4. Percent total incomes/ revenue in different cropping system.
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Figure 5. Cost Benefit ratios in the different cropping systems.
CONCLUSIONS AND RECOMMENDATIONS

In this study, the intercropping of banana with coffee was more profitable than growing pure
stand coffee. The high monetary value realized in improved cropping system (CS;) was
mainly due to the high produce of the coffee. Banana was more profitable for the farmer in
traditional / conventional cropping system (CS¢) but was the most detrimental system to the
coffee yields probably due to high shade and nutrient competition. With current low coffee

prices, the farmer may consider it unprofitable to grow coffee alone and hence the nation
loose foreign exchange.
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Therefore, a better option would be that of CS; To maximize scarce land resource, it is
recommended that smallholder farmers in suitable areas to adopt this intercropping system
using the following plant configuration:- to planting one row of bananas after every three
rows of coffee with the following spacing rules: allow 2.5 m between each row of coffee and
allow 1.25m between each plant within the row. Each row of bananas will be 10m apart, and
2.5m and allow between each banana plant within the row.

The spacing above would give plant population hectare of 2400 coffee trees and 400 banana
stools. The increase in the total revenue in the improved coffee + banana cropping system is
improve by more than 50% compared to the pure stand of coffee trees. The economic returns
of the improved coffee + banana system are 42% over the traditional cropping systems.
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Appendix 1. Costs and variables used in Traditional system (CSg)
and improved system (CS7).

Coffee + banana traditional system (CS¢) Value (T Sh.)
Planting 32400
Weeding 27000
Fertilizer application 54000
Application of pesticide

Inputs (fertilizer) -manure 220000
Post harvest 13500
Harvesting 67500
Others 135000
Subtotal 549400
Yield coffee 83125
Intercrop (banana) 4500000
Pseudo stems 450000
Total revenue 5033125

Coffee + banana Improved system (CS-)

Value (T Sh.)

Planting 32400
Weeding 40500
Fertilizer application 13500
Pesticide application 37800
Inputs (fertilizer) 360000
Post harvest 140,000
Harvest 110000
Others 67500
Subtotal 801700
Banana Value (T Sh.)
Coffee 4800000
Intercrop (banana) 3600000
Pseudo stem 180000
Total revenue 8580000

Appendix 2. Mean value of USD in Tanzania Shillings 1995-2004.

Year
1995 1996 1997 1998 1999 2000 2004
558 596 653 653 799 700 1030

Source: Bank of Tanzania Quarterly Economic Bulletin (own calculations)
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Year of Production and Canopy Region Influence Bean
Characteristics and Beverage Quality of Arabica Coffee

B. BERTRAND', H. ETIENNE, B. GUYOT, P. VAAST

ICIRAD, Avenue Agropolis, TA80/IRD, 39398, Montpellier, Cedex 5, France

SUMMARY

Berry characteristics at harvest and organoleptic properties of the coffee beverage were
evaluated in 1997 and 1998 on 18-year old coffee arabica trees. The trees were at two
different production years in a 5-year rotational coppicing cycle; one group of trees in its third
year (Y3) of production and a second group in its fifth year (Y5) of production, the last year
before rejuvenating by coppicing. Light availability, dry matter partitioning and biochemical
content were measured in three distinct canopy regions on Y3 and Y5 trees in 1998. In the
two years, the bean dry weight was higher on Y3 trees than on Y5 trees but was not affected
by the canopy region. Significant differences between trees in their third or fifth production
were observed in 1997 for beverage quality. Trees in Y3 had a more balanced fruit to leaf
ratio than that of trees in Y5. In 1998, significant differences for beverage quality were
observed between canopy regions of the Y5 trees. Coffee beans from branches in the upper
canopy region had higher fat content than those harvested in the middle and lower regions.
Coffee beverage quality prepared with beans collected in the upper region was better than that
originating from the middle and lower regions. The upper region was characterized by a more
acid beverage and was preferred by the judging panel. The upper canopy region had a better-
balanced dry matter distribution between leaves, berries and twig (25-31% of berries, 20-28%
of leaves and 36-40% of wood, respectively). On branches in the middle canopy region, bean
dry weight was significantly greater than that of the other two organs combined (leaves and
twig). In the lower canopy, twig dry matter was much greater than that of berries and leaves
combined. Low bean weight of Y5 trees can be attributed to low carbohydrate reserves of
these trees. We make the hypothesis that depletion of reserves in Y5 trees, more accentuated
in middle and lower canopy regions, exacerbated competition for carbon allocation within
tree with detrimental effects on bean filling and coffee beverage quality. On top of harvesting
only ripe berries, agricultural practices such as pruning that provides a balanced fruit to leaf
ratio could help produce coffee of higher quality.

INTRODUCTION

The best quality Arabica coffees can be sold with a premium of 50% more than the basic
market price. Consequently, there is an increasing interest by coffee growers to produce
higher quality coffee and improve economical viability of their farms. Coffee quality is
evaluated through size of beans, their lack of physical defects and the quality of the beverage.
Factors affecting quality are edapho-climatic conditions (Clifford and Wilson, 1985), coffee
berry harvest and bean processing (fermentation, washing, drying, storage, roasting and
beverage preparation) as well as genetic properties (Montagnon et al., 1988) and agricultural
practices (Cannell, 1974; Guyot et al., 1988; Guyot et al., 1996). However, the effects of tree
physiological conditions on coffee quality are thought to be important, but have been rarely
investigated.
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Variability within coffee tree for bean production and quality is also worth investigating due
to coffee architecture, alternate bearing pattern, contrasting fruiting zones and pruning regime.
Coffee tree architecture has been described as pertaining to the Roux's model (Hallé et al.,
1978). On the tree trunk, two primary plagiotropic branches are formed at each orthotropic
node. Each node on these plagiotropic branches has two leaves and is capable of flowering
and fruiting. The fruiting period of a plagiotropic branch can spread over thirty months. Such
primary branches may then die in the event of a heavy crop or give rise to secondary
branches, which can also bear fruit (Snoeck and Reffye, 1980). Due to the dynamic nature of
the developing canopy as well as pruning regime, a coffee tree may have young primary
plagiotropic branches in their first year of production in its upper canopy, primary branches in
their second to fourth year of production in its middle canopy and older branches bearing few
berries but many young secondary fruiting branches in its lower canopy. These three
populations of branches have contrasting production patterns and experience highly different
light conditions. Moreover, coffee experiences a strong alternating production pattern. After a
series of high productions, the tree is exhausted. In intensive coffee cultivation, the coppicing
practice takes place every five years. In numerous fruit tree species, it has been demonstrated
that fruit quality is affected by numerous factors such as tree carbohydrate reserves and, light
variability within the canopy (Souty et al., 1999; Warrington et al., 1996; Barritt et al., 1991).
The purpose of this study was to examine the relationships between year of production within
a coppicing cycle and the berry position within the coffee tree canopy and bean size and
coffee beverage quality.

MATERIALS AND METHODS
Plant material

The study was carried out in 1997 and 1998 on Arabica (Coffea arabica L.) trees of the
‘Catuai’ cultivar planted at the Coffee Research Centre (CICAFE), Heredia, Costa Rica, at
1180 m elevation, with an annual average temperature of 21°C, on an Andosol soil and with
2200 mm of annual rainfall. The plot of 3500 trees was planted in 1980 without shade. Plant
spacing was 2 m between rows and 1 m within rows. Plants were intensively managed
receiving 1000 kg.ha™' of 18N-3P-10K-8Mg-0.5B fertilizer annually split equally into two
applications in May and August, 250 kg.ha ' of N (as urea) in November and two foliar
applications per year of copper hydroxide (1.5 kg.ha™") to prevent leaf and fruit diseases such
as coffee leaf rust (Hemileia vastatrix) and leaf and fruit brown eye spot (Cercospora
coffeicola). ‘Catuai’ is a dwarf cultivar with a maximum height of 2.5 meters after 4 to 5
yields. The 18-year-old trees were managed on a five-year rotational coppicing cycle, where
one every five rows was stumped at about 40-50 cm above ground level.

In 1997, twenty-four trees, oriented North-South, were randomly selected within the plot to
study the effects of production year on bean characteristics and coffee beverage quality.
Twelve trees were in their fifth year after coppicing (Y5) and the other twelve in their third
year after coppicing (Y3).

In 1998, the study was repeated and complemented by measuring light availability and carbon
allocation within producing branches in different tree canopy regions. A new group of
twenty-four trees were randomly selected within the same plot at the same stages in their
coppicing cycle; again, twelve trees in their fifth year of production after coppicing (Y5) and
twelve ones in their third year of production after coppicing (Y3). To study the different
regions of the canopy, each tree was divided into three tiers (upper, middle and lower
regions). The first canopy region extended from orthotropic node 6 from the top to node 9 and
comprised leafy primary plagiotropic branches with few nodes bearing fruit. The second
region went from node 12 to node 15 and comprised primary plagiotropic branches with a
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large majority of heavy fruiting nodes but with few leaves. The lower canopy region extended
from node 20 to node 38 and comprised plagiotropic branches that had already produced the
previous years and bore secondary and tertiary branches that had few fruiting nodes.

Light measurements

In order to estimate the % light transmission within the canopy, prevailing during the 1998-
1999 production cycle, instantaneous measurements of photosynthetic photon flux density
were taken in February 1999 at the end of the harvest, under clear sky conditions (1800 to
1900 wumol m 2 s"), at 1 m above the canopy using a Li-Cor line quantum sensor (Lincoln,
NE) placed horizontally. For each tree canopy region, duplicate spot measurements were
recorded at three distances on the plagiotropic branches; 2 at the base of the branch inside the
canopy close to the tree trunk, 2 in the middle of the branch and 2 at its periphery. Values
presented are means of 72 spot readings. All readings were taken between 10:00 a.m. and
02:00 p.m. (i.e. solar noon + 2 h). Light availability was expressed as a percentage of full
sunlight values.

Dry matter partitioning

In November 1998, one branch was cut from each canopy region of each tree. Specific
leaf weight (dry matter/leaf area) was determined for all the existing leaves. Leaf area
was measured with a LI-COR area meter. Dry matter was recorded for leaves, berries and
twigs. Concentration of N, P, K, Ca, Mg and C was analysed on leaves, berries and twigs.
Total nitrogen was determined by the Kjeldahl method (Jones and Case, 1990) and other
elements, Ca, Mg and K, by atomic absorption spectrophotometry (AAnalysis 100,
Perkin Elmer) after wet digestion with a mixture (5:1) of nitric and perchloric acids.
Phosphorus was determined by spectrophotometry at 660 n.m (LAMBDAI, Perkin
Elmer), following a colorimetric method with molybdene blue. Carbon content was
determined after mineralization. Data are expressed as percentage of dry matter.

In 1997 and 1998, ripe berries were collected during the harvest peak, which extended
over a period of four weeks. Yields (kilograms of fresh berries per tree) and dry weight
of 200 beans were recorded. In 1998, a 50 g sample of dry coffee beans taken from each
experimental unit was analyzed for caffeine, trigonelline, fat and sucrose content
following methods already published by Guyot et al. (1988). The analyses were
performed by near infrared spectrometry by reflectance of green coffee after grinding to
<0.5 mm. A NIR spectrometer system (model 6500, NIRSystem, Inc. 1201 Tech Road
Silver spring, Md 20904, USA) driven by NIRS2 (4.0) software (Intrasoft Intl., LLC,
RD109, Sellers Lane, Port Matilda) was used for biochemical determination.

Beverage quality assessment

Samples were prepared from fully ripe berries. Two-kg coffee samples were prepared by the
wet processing method (depulping, fermentation and drying). Samples of 1000 g of coffee
beans were collected after screening through a size 17/36 of a inch sieve and eliminating most
defective beans. After 6-7 minutes of roasting, cup quality tests were carried out on an
infusion prepared with 12 g of ground coffee. A panel of eight professional judges tasted
three cups of 120 ml of infusion for each sample. The main beverage attributes (aroma, body,
acidity) were estimated using a scale ranging from 0 to 5 where 0 = nil, 1 = very light, 2 =
light, 3 = regular, 4 = strong and 5 = very strong. A preference score was used ranging from
0-5 where, 0 = not good for drinking, 1 = very bad, 2 = bad, 3 = regular, 4 = good and 5=very
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good. The tests were repeated three times. Values presented are means of the three tasting
sessions.

Data analysis

Statistica© software (Statsoft, Inc. 1993) was used to perform all statistical analyses. The
mean values of relevant factors were compared by the Duncan test at P < 0.05). The
correlation coefficients among variables were computed and only the significant
interrelationships (P < 0.05) with their implications for coffee bean characteristics and
beverage quality are presented and discussed.

RESULTS

Effect of production year on production, dry weight of 200 beans and beverage
quality

The Y3 tress produced more than the Y5 trees. This effect was greater in 1997 than 1998,
respectively 19% and 11%. During the 1997 harvest, the dry weight of 200 beans was
significantly affected by the production year (Table 1). Y5 trees had lighter beans than Y3
trees. This trend was also observed in 1998. For the 1997 harvest, the acidity of the beverage
and the overall preference score differed significantly with production year (Table 1). In
1998, no significant difference was observed between production years Y3 and Y5 for
organoleptic properties and cup quality.

Table 1. Effects of production year on dry weight of 200 beans
and beverage characteristics, during the 1997 and 1998 harvests.

Year of Yield number | Yield in fresh | Dry Wt of 200 | Acidity | Overall score
observation comparison | berry (kg/tree) beans(g)

1997 Y3 trees 3.1a 33.4a 3.0" a 3.26" a
1997 Y5 trees 26b 275b 26 b 230D

F probability 0.03 0.002 0.04 0.02
1998 Y3 trees 3.0a 29.6a 3.02a 3.18a
1998 Y5 trees 2.7b 27.8b 2.84a 2.95a

F probability 0.06 0.008 ns” ns

* The scores for acidity and overall quality were based on a scale of 0-5, where 0=nill and
5=very strong. Each value is based on 3 scorings by 8 judges. ” Means within a column
separated for Duncan test, P=0.05.°ns = no significant.

Dry matter partitioning and light availability as affected by year of production

Large differences were observed in 1998 between Y3 and Y5 trees for yield and biomass
distribution (Table 2). The trees in Y3 had branches with a total dry matter that was 50%
greater than that of branches of trees in Y5. The leaf dry matter of trees in Y3 was much
greater than that of trees in Y5 whereas berry and twig dry matter were not significantly
different between years of production. The light transmission varied markedly depending on
production year. There was a highly significant difference (P < 0.001) between trees in Y3 or
Y5 (36.6% and 26.3% for Y3 and Y35, respectively). The most important difference was for
the total leaf area which was far larger for trees in Y3 than in Y5 (Table 2). The fruit to leaf
ratio (calculated as ‘fruit dry matter/leaf dry matter’) was 1.51 for trees in Y3 versus 2.57 for
Y5. Coffee berries produced by trees in Y3 had significantly higher carbon content than those
of trees in Y5.
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Table 2. Effects of production year on dry matter partitioning, total leaf area
and berry carbon content of coffee producing branches.

Year of Yield Total Leaf Berry Twig Total Fruit
observation number dry dry dry dry leaf area | carbon
comparison | matter | matter | matter | matter (cm?) | content
(2) (2) (2) (2) (%)
1998 Y3trees |215.18a" | 58.05a | 87.7a 69.4 a 6526 a 472 a
1998 Y5trees | 143.43b | 27.17b | 619a 543 a 3375b | 46.8b
F probability 0.03 0.04 ns” ns 0.015 0.029

” Means within a column separated for Duncan test, P=0.05.°ns = no significant.
Effect of canopy region on dry Weight of 200 beans and beverage quality

The acidity and the overall cup quality scores (Table 3) differed significantly depending on
the canopy region for trees in Y5. The beverage prepared with beans from the upper region
received a significantly better score than that of the middle or lower region. On the other
hand, no significant different for beverage quality was observed between regions of trees in
Y3. No significant different for bean dry weight was observed between canopy regions for
trees in Y3 or Y5 (data not shown).

Table 3. Effects of canopy region on beverage quality on Y5 trees in 1998.

Acidity Overall standard
Age of the plant Y3 YS Y3 YS
Upper region 29%a 3.3a 2.8a 33a
Middle region 29 a 2.7b 30a 28b
Lower region 26 a 24b 30a 2.7b
Probabilidad ns 0.008 ns” 0.003

*The scores for acidity and overall quality were based on a scale of 0-5, where 0=nill and
5=very strong. Each value is based on 3 scorings by 8 judges. ” Means within a column
separated for Duncan test, P=0.05.°ns = no significant.

Dry matter partitioning and light availability as affected by canopy region

The differences in branch biomass between canopy regions were contrasted (Table 4). The
upper region of the canopy was characterized by branches with low biomass (2 to 3 times
lower than the biomass in the two other regions), but with balanced distribution between
leaves, berries and twig (25-31% for berries, 20-28% for leaves and 36-40% for twig,
respectively for Y3 and Y5). The fruit to leaf ratio for the upper region was lower than 1. No
significant difference between Y3 and Y5 was observed for dry matter partitioning in the
upper region.

The total dry matter of branches in the middle region of the canopy differed little from that of
the lower canopy, although dry matter partitioning between the three organs types (berries,
leaves and twig) was quite different. For the middle region, leaf dry matter was very low (26-
36% of total weight for Y3 and Y5, respectively), whilst that of the berries was very high
(67%). The fruit to leaf ratio was therefore highly unbalanced in favor of berries (4.4 and 5.7
for Y3 and Y35, respectively). In the lower region, the twig and leaf dry weights were high.
Twig dry matter predominated in that region (39-47% of total dry weight for Y3 and Y5,
respectively). The fruit to leaf ratio in this lower region was similar to that of the upper region
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(< 1). Leaf area of the branches in the upper and middle regions of the canopy were not
significantly different and were much lower than that of the branches in the lower region.

Table 4. Effects of canopy region on dry matter partitioning and leaf area
of coffee producing branches on trees in Y3 and YS.

Total dry matter Leaf Fruit Twig Leaf area
(g) dry matter (g) dry matter ( g) dry matter (g) (cm?)

Age Y3 Y5 Y3 Y5 Y3 Y5 Y3 Y5 Y3 Y5
of the plant
Upperregion | 99 b | 72b | 27.6 b | 15.0a | 252b | 239b | 362b | 29.4a | 3725b | 1985b
Middle 250ab | 162ab | 37.7 b | 189a | 168.8a | 109.4a | 54.0b | 38.0a | 2896b | 1485b
region
Lowerregion | 296a | 20la | 1089a | 533a | 69.1b 524a | 118.1a | 95.7a | 12958a | 7175a
Probabilidad 0.04 0.05 0.03 ns” 0.01 0.03 0.02 0.00 0.02 0.04

” Means within a column separated for Duncan test, P=0.05.°ns = no significant.

Light availability decreased substantially with depth within the canopy of trees in Y5 (Table
5). This pattern was less pronounced for trees inY3. Significant differences were detected
among canopy regions for the specific leaf weight for trees in Y5. This parameter was the
lowest in the lower canopy region whereas no significant difference was found between the
upper and middle regions. The relationship between light transmitted and specific leaf weight,
was significant (r = 0.78), which means that higher exposure to sunlight increased specific
leaf weight. For the upper region, light availability was not significantly different between
trees in Y3 and Y5.

Effect of canopy region on coffee bean chemical composition

The production year did not affect coffee bean mineral concentrations (Table 5). However,
the mineral concentration of Ca and Mg varied substantially with respect to position of the
beans within the canopy. Beans harvested in the middle region had lower calcium and
magnesium concentrations than beans from the other two regions for trees in Y3 and Y5
(Table 5).

Table 5. Effects of canopy region on light availability and specific leaf weight
of coffee producing branches.

Light Specific leaf Ca (%) Mg (%) Fat content (%)
availability weight (mg.cm )
(% of full sun)
Age of the Y3 Y5 Y3 Y5 Y3 Y5 Y3 Y5 Y3 Y5

plant

Upper region 46 a” 78 a 9.51 a 9.57a | 027a| 023a | 0.17a | 0.16a | 1492a | 15.02a

Middle region | 21b 51b 10.06a | 10.14a | 0.21a | 0.18b | 0.13b | 0.12b | 1447a | 1420b

Lower region I1c 4¢ 832a 732b | 025a| 023a | 0.17a | 0.16a | 1423a | 14.10Db

Probabilidad 0.000 | 0.000 ns” 0.02 ns 0.01 0.01 0.02 ns 0.03

” Means within a column separated for Duncan test, P=0.05.°ns = no significant.

Bean chlorogenic acid, caffeine and trigonelline concentrations were not affected by either
production year or canopy region (data not shown). On the other hand, the bean fat content of
trees in Y5 were significantly affected by canopy region (Table 5). Beans from the upper
region had a higher fat concentration (+1%) than those from the middle or lower region.
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DISCUSSION

According to the literature, the incidence of production year, dry matter partitioning and light
distribution within the tree on quality has never been studied in coffee trees. In many fruit tree
species, the influence of the fruit position in the canopy and light availability on fruit size and
quality is well documented (Robinson et al., 1983; De Silva and Ball, 1997; Smith et al.,
1992). The results of this study show the importance of the physiological status of coffee trees
on bean attributes and sensorial perception of the coffee beverage.

During their productive cycle, coffee trees experience important variations in fruit bearing
and die-back due to overbearing is very commonly observed on the most productive
plagiotropic branches. Nutman (1933) and Cannell (1974) associated these phenomena with
the depletion of carbohydrate reserves, notably of starch, in coffee storage organs (twigs,
main stems and thick roots). The difference observed between trees in Y3 and Y5 in terms of
dry weight of 200 beans can be likely attributed to low reserves in Y5 trees due to heavy
crops the years before.

Due to its architecture and cyclic production, the coffee tree has contrasting fruiting zones
according to the position and age of branches in the canopy. They can be reduced to three
canopy regions under the present growing conditions for trees in their third and fifth years of
production within a 5-year coppicing cycle. Hence, three distinct populations of branches
were studied: a population of branches in full vegetative growth with a low fruit load (upper
region), a population of highly productive branches with few leaves (middle region) and
finally a population of old branches with a very low fruit load but in a vegetative regeneration
phase (lower region). In the upper region, it appears that dry matter partitioning was similar
for trees in Y3 and Y5. Furthermore, bean biochemical characteristics and coffee quality were
also similar for this upper region of trees in Y3 and Y5. These similarities tend to show that
the upper canopy region, the fast developing part of the tree, seemed to be favored in terms of
carbon allocation.

The intermediate fruiting zone (the most productive one with more than 60% of the harvest)
was well exposed to sunlight. Nevertheless, it was also characterized by a very unbalanced
fruit to leaf ratio due to a very low leaf area, which should be result in a low light
interception. Due to their small number, it is unlikely that surrounding leaves were capable of
providing a sufficient amount of assimilates to sustain optimum bean filling and cup quality.
According to Kumar and Tieszen (1975) green coffee berries (before ripening) can provide up
to 30% of their growth requirements via their own photosynthetic activity. On a heavily fruit
bearing tree, coffee berries can represent up to 20-30% of the total photosynthetic surface
(Cannell, 1974). In the present study, it was estimated that coffee berries represented up to
60-70% of the total photosynthetic area of branches in this middle region. Therefore, it is
highly likely that berries in the middle region, fully exposed to sunlight and forced to grow
with a limited carbon supply due to the small number of leaves in their immediate vicinity,
developed a greater photosynthetic activity than berries in the other two regions. Furthermore,
it has been shown that heavy fruit load enhances coffee leaf photosynthesis (unpublished
data). Additional carbon supply may also have been provided through long distance phloem
transport from upper canopy region as documented in temperate fruit trees (Génard and
Bruchou, 1992). Still, it appears that these additional C supplies were not sufficient in the
case of trees in Y5 as differences in terms of coffee quality were observed between this
middle canopy region and the upper one with a far lower fruit to leaf ratio.

The lower canopy region of Y5 was characterized by a low fruit to leaf ratio due to a very low
fruit load. However, light penetrated poorly in that region, leading to a lower specific leaf
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weight than in the two other regions and probably a low photosynthetic activity. Cup quality
was lower than that of the upper canopy region. It is likely that this lower canopy region, with
secondary developing branches and poorly functioning leaves, was a net importer of
assimilates and in competition with heavily fruiting branches of the middle canopy and roots
as suggested by Cannell (1974). This highlights the needs for further investigation on carbon
production and allocation between vegetative and reproductive parts in coffee.

For trees in Y3, such differences between canopy regions were not observed. These trees had
a more balanced fruit to leaf ratio than that of trees in Y5. Furthermore, trees in Y3 were less
exhausted by previous crops and were likely to have higher carbohydrate reserves.
Consequently, the higher leaf area and reserves of these trees did compensate for
carbohydrate demand of branches with limited photosynthetic capacity.

The differences due to production year (and hence tree physiological and vegetative status)
and canopy region were large and hence should be taken into account when sampling for
coffee quality. Although these results need to be confirmed by more detailed observations,
they could lead to agricultural recommendations in terms of coffee tree pruning and
harvesting. Indeed, agricultural practices limiting annual variations in fruit bearing, lowering
nutritional stress and better balancing fruit to leaf ratios could help produced coffee of highest
quality.
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SUMMARY

For the last 5 years, research has been undertaken on associations of coffee and shade trees in
Central America to promote coffee agroforestry systems in the region and to improve coffee
farmers’ incomes through diversification (timber production), production of high quality
coffee and payment of incentives for environmental services in order to compensate for the
low coffee prices of recent years. Field measurements have been undertaken to study and
model partitioning of light, nutrients and water between coffee and trees, and impacts of
shade trees on microclimate, coffee physiology and quality. Farm surveys have also been
done to study farmer coffee agroforestry practices and changes in agricultural management in
face of the persistent coffee crisis.

These results show that shade creates more favorable microclimatic conditions for coffee
cultivation by decreasing leaf temperature of up to 4°C under sub-optimal conditions of low
altitude (< 700 m) and by up to 2°C under optimal conditions (> 1100 m). Under sub-optimal
conditions, the presence of shade trees reduces coffee heat stress, enhances coffee growth and
productivity with an adequate shade level in the range of 20-40%. These results also show
that coffee transpiration is lower under shade trees (Eucalyptus deglupta or Terminalia
ivorensis) or artificial shade than in full sun.

These results demonstrate that beneficial effects of shade are not limited to sub-optimal
conditions as the presence of shade improves coffee quality, irrespective of the ecological
conditions, via a lengthening of the maturation period of coffee berries (up to 6 weeks under
shade trees in sub-optimal conditions, and up to 3-4 weeks under artificial shade in optimal
conditions). This translates into better bean filling, larger bean size, improved biochemical
composition and higher cup quality. Coffee beverage from sun-grown coffee is bitter and
more astringent than that from shade-grown ones. Furthermore, beverage acidity and
preference are higher for coffee produced under artificial shade or timber trees compared to
full sun conditions. Consequently, shade trees improve both the productivity and quality
under sub-optimal conditions. Under optimal conditions, the reduction of coffee productivity
(~20%) observed with shade can be economically compensated by a decrease in alternate
production pattern and a premium paid for higher coffee quality.

The farm survey indicates that shade level and tree density are generally too high in coffee
farms for a good compromise between an acceptable reduction in coffee productivity and a
diversification of revenues from sales of timber products. Changes in farmers’ practices vary
according to ecological conditions and coffee prices at farm gate. In optimal conditions where
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high prices are rewarding coffee quality, the farmers remain strongly focalized on producing
coffee, although cutting costs without compromising too much plantation productivity. On the
other hand, the role of trees is been reinforced in sub-optimal lowlands as sales of timber are
representing up to 80% of coffee incomes.

These results highlight the fact that beneficial effects of shade are not limited to sub-optimal
conditions and that payments for environmental services provided by coffee agroforestry
systems are starting to take place in the Central America. Still, additional research is needed to
model the effects of agroforestry practices on microclimate, resource partitioning, coffee
physiology, productivity and quality in order to provide adequate recommendations for
extension services and farmers on the selection and management of associated shade trees
according to ecological conditions.

INTRODUCTION

In suboptimal coffee producing areas of Central America, characterized by low altitude and
high air temperature, the management of shade trees has long been advocated as the main
factor for enhancing coffee plantation sustainability (Beer et al., 1998). Shade trees, especially
leguminous species, improve soil fertility (organic matter content and nutrient cycling),
decrease soil erosion and nutrient leaching in mountainous areas, greatly reduce excessive
solar irradiance and buffer large diurnal variations in air temperature and humidity that are
detrimental to coffee physiology (Gutiérrez et al., 1994; Siles and Vaast, 2002).

The role of shade is more controversial in optimal conditions. Until recently, associated trees
were generally eliminated in coffee systems upon replanting with highly productive dwarf
cultivars at very high densities to maximize productivity in full sun. Due to the world
overproduction, current low market prices have led the coffee sector of Central America to
realize that intensive coffee monoculture was not economically viable, even in the most
favorable ecological conditions, and this has stimulated the search for alternatives to alleviate
financial difficulties of coffee farmers. Furthermore, an increased awareness of the negative
impacts of agriculture on the environment has also greatly contribute to shift coffee research
emphasis from intensive agricultural management to more environmentally friendly practices
resulting in the production and marketing of high quality coffee.

For both suboptimal and optimal conditions, it is now recognized by a large majority of the
coffee actors in Central America that coffee sustainability and farm economic viability cannot
be achieved without inclusion and adequate management of shade trees. Indeed, it has been
demonstrated that shade could contribute to the production of high quality coffee in diverse
ecological conditions of Guatemala (Guyot et al., 1996), Costa Rica (Muschler, 2001; Vaast
et al., 2004) and Honduras (Decazy et al., 2003). The important role of shade trees is likely to
be more and more recognized in Central America due to the beneficial impact of coffee
agroforestry (AF) systems on the environment and natural resources (preservation of
biodiversity, soil conservation, water quality and carbon sequestration) (Somarriba et al.,
2004). Consequently, coffee AF systems should help farmers to improve their income via
diversification (timber production), production of high quality coffee, and payment of
governmental incentives and premium by the coffee industry for environmental services
provided by these ecologically-sound coffee systems.

This report presents some results from farm surveys and experiments undertaken during the
last five years in optimal and sub-optimal conditions of Costa Rica on the beneficial effects of
shade on microclimate, coffee (Coffea arabica L.) physiology, production pattern, beverage
quality and diversification of farmers’ revenues.
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MATERIALS AND METHODS
Farm survey

In 2003, a survey was undertaken of around 100 coffee farms in three contrasting coffee
regions of Costa Rica where three timber trees species were predominant. The two sub-
optimal regions (altitude < 700 m and mean air temperature > 24°C) are La Suiza (Turrialba)
and San Isidro (Pérez Zeledoén) where Cordia alliodora and Terminalia amazonia are the
predominant timber species associated with coffee, respectively. The optimal region (altitude
> 1100 m and mean air temperature < 22°C) was Grecia (Alajuela) where Eucalyptus
deglupta is the most common timber tree species associated with coffee.

Farm management practices such as shade level, tree density, labor, chemical inputs, and
coffee plantation productivity before and after the beginning of the current coffee crisis were
collected. Based on coffee and timber prices at farm gate, a rapid assessment of the economic
contribution of timber sales to farmers’ revenues was done and changes in farmers’
agricultural practices in face of the persistent coffee crisis were recorded.

Experimental trials

Over a four year period (2000-2004), two experimental trials were undertaken to document
the effects of shade on coffee in optimal and sub-optimal conditions. The trial under optimal
conditions (altitude > 1100 m and mean air temperature < 22°C) was conducted on the
experimental station of ICAFE (Coffee Institute of Costa Rica) in Barva de Heredia to
compare coffee production pattern and beverage quality in full sun versus artificial shade
(45%). The second trial under sub-optimal conditions (altitude < 700 m and mean air
temperature above 24°C) was conducted on a farm (Verde Vigor SA) in the Southern lowland
of Costa Rica to document the effects of associated timber shade trees (Terminalia ivorensis
and Eucalyptus deglupta) on coffee physiology, production pattern and beverage quality in
comparison to coffee in full sun. Coffee characteristics (bean physical properties, bean
biochemical composition and cup quality) were evaluated according to methodologies
developed by CIRAD (Davrieux et al., 2003; Guyot et al., 1993).

RESULTS AND DISCUSSION
Farm survey

Due to the persistently low coffee prices of the last years, coffee productivity has decreased
considerably in the two sub-optimal regions (La Suiza and San Isidro) with decreases of 48
and 43%, respectively (Table 1). Comparatively, the decrease in productivity was lower in the
optimal region of Grecia with 23%.

According to interviews of producers, these low coffee prices have induced changes in coffee
management with a strong diminution in chemical inputs (fertilizers, pesticides and
herbicides) and an increase in shade level to minimize the economic risks while taking
advantages of timber products. These changes are more noticeable in the sub-optimal regions
of La Suiza and San Isidro. In the optimal region of Grecia, coffee remains the main
agricultural speculation on the farm and the average tree density is much lower with 78 trees
ha™' compared to 184 trees ha ' for la Suiza and 373 trees ha ' in San Isidro (Table 2).

Within the framework of the Clean Development Mechanisms also known as the Kyoto
accords, carbon sequestration is one of the environmental services that could be rewarded

889



financially when farmers shift from intensive management in full sun to coffee under shade.
The aerial biomass, volume of commercial wood and amount of carbon sequestered in the 3
timber species were quite variable. This is due to the large differences in terms of tree
densities observed in this survey (Table 2). Mean aerial carbon sequestration for C. alliodora
was 39 + 27 t C ha ' at a mean density of 184 trees ha ' and an average age of 13 years; for T.
amazonia, this mean value was estimated 32 + 16 t C ha ! at a mean density of 373 trees ha'!
and an average age of 8 years; for E. deglupta, this mean value was 14 + 10 t C ha ™' at a mean
density of 78 trees ha ' and average age of 8 years. Clearly, carbon sequestration in the aerial
part of associated trees is not the only compartment to consider in coffee AF systems as an
increase of 2% in organic matter content of the top soil layer could amount to an additional
40-50 t C ha'. Furthermore, other important environmental services provided by coffee AF
systems also have to be considered such as preservation of biodiversity, soil conservation,
water quality and landscape scenic beauty (Somarriba et al., 2004).

Table 1. Effects of decreasing coffee prices on plantation productivity
in three contrasting regions of Costa Rica.

Region Production Production Decrease in
Anterior Actual productivity
(kg ha™) (kg ha™) (%)
La Suiza (<700 m) 1860 960 48
San Isidro (<700 m) 2220 1260 43
Grecia (> 1100 m) 3120 2400 23

Table 2. Density, age, aerial biomass and light interception of associated shade trees in
coffee farms of three contrasting regions of Costa Rica.

Tree species / Region Density Age Aerial Biomass | Light Interception
(tree. ha™) (years) (tha™) (%)

C. alliodora | 184 + 66* 13+2 77 £ 54 45+ 14

La Suiza (<700 m)

T. amazonia / San Isidro | 373 + 191 8+2 66 £33 73 +£15

(<700 m)

E. Deglupta | Grecia 78 £ 44 8+3 28 +£20 52+16

(> 1100 m)

* mean =+ standard deviation

Sales of timber contributed greatly to farmers’ revenues, especially in the sub-optimal regions
(Table 3). Timber revenues from C. alliodora represented 83% of the cumulated revenues of
coffee over the 13 years necessary for timber harvesting. In the case of E. deglupta and T.
amazonia, timber sales after 8 years of tree establishment represented 6% and 54% of the
cumulated coffee revenues, respectively. These large differences in the timber contribution to
revenues are due to large regional variations in tree density, timber production and price, as
well as coffee production and price (Dzib, 2003). Due to a higher wood quality, average
timber price was 50% higher for C. alliodora and T. amazonia than for E. deglupta. On the
contrary, coffee prices were much lower in the sub-optimal regions (34.6 dollars per bag in
San Isidro and 36.9 dollars per bag in la Suiza) than in the optimal high-altitude region of
Grecia (51.3 dollars per bag). This higher coffee price in the region of Grecia is due to the
reputation of high quality of coffee originating from the Central Valley of Costa Rica and
helps explain why coffee remains the main agricultural activity of farmers in this region.
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Table 3. Revenues from sales of timber and coffee in three contrasting coffee regions

of Costa Rica.
Tree species / Timber Timber Coffee Coffee %
Region volume Revenues Production Revenues Timber
(m® ha™) (US$) (kg. ha™) (US$) revenues
C. alliodora | 123 6 400 960 7700 83
La Suiza
T. amazonia / 69 3200 1260 6 000 54
San Isidro
E. Deglupta / 43 1000 2400 16 500 6
Grecia

Effects of shade on coffee growth and production pattern

Under the sup-optimal conditions of the lowland site (< 700 m and mean air temperature
> 25°C) of Verde Vigor in Southern Costa Rica, coffee growth and production was increased
by shade compared to full sun conditions (Table 4). The lighter and more uniform shade
provided by E. deglupta along the year (35% in the dry season and 45% in the wet season)
resulted in the highest production (Table 4). On the other end, the denser shade provided by 7.
ivorensis (60% in the wet season) resulted in the highest coffee vegetative growth but
decreased productivity as compared to that of coffee under E. deglupta. Cumulative coffee
production over the three cycles in full sun was 16% and 49% lower than that of coffee under
T. ivorensis and E. deglupta, respectively. The presence of shade trees resulted in higher
individual leaf area and coffee leaf area index and lower leaf fall, especially during the dry
period. Although shade decreased flowering intensity, final berry load of shade-grown coffee
was than higher than in full sun due to the lower berry drop registered during the production
cycle under the shade of timber trees as berries were benefiting from higher leaf to berry
ratios in their vicinity (Table 4).

Table 4. Effects of management systems (coffee under Eucalyptus or Terminalia
or in full sun) on coffee production (kg of green bean per ha) and vegetative growth
(coffee leaf area index: LAI; flowering, leaf to fruit ratio: LA/F; and fruit load)
in sub-optimal conditions.

Production % beans Growth
(kg ha™) with large 2002
sizes
Coffee 2000 | 2001 | 2002 | 2001|2002 LAI flowers LA/F Berries
Under (m*m™?)| node™’ | (cm/fruit) | node™
Eucalyptus | 620a| 1013b| 1890a| 72a | 67a | 2.23Db 95b 11b 7.6b
Terminalia | 510a| 449b|1160b| 72a | 67a | 2.78a 9.7b 16 a 80D
Full sun 740a| 350b| 700c| 67b | 56b | 1.04c 10.9 a 6¢ 6.2 a

@ values within a line with the same letter(s) do not differ significantly according to the test
of Newman-Keuls (P = 0.05).

Under optimal conditions of the experimental station (altitude > 1100 m and mean air
temperature < 22°C) of ICAFE in the Central Valley of Costa Rica, artificial shade (45%)
increased vegetative growth of coffee plants, individual leaf area and decreased leaf
senescence, especially during the dry season (Table 5). Leaf life span was on average of 12
months in shade while that of leaf in full sun was only of 8-9 months. Coffee production was
14% lower under artificial shade than in full sun for the 1999 production, 6% for the second
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production and 29% for the third production, resulting in a reduction of 18% for the
cumulative production over the three years (Table 5). Shade also reduced alternate bearing
pattern. In shade conditions, the 2000 production was equivalent to 75% of the previous
production (1999) and 80% of the following one (2001). On the other hand, variation in
productivity from one year to the next was much higher in full sun conditions as the 2000
production was equivalent to 69% of the previous production (1999) and only 60% of the
2001 production.

Table 5. Effects of light regimes (45% of shade or Full sun) on coffee production
(kg of green bean per ha) and vegetative growth (coffee leaf area index: LAI;
Average leaf area; and leaf to fruit ratio: LA/F) and percentage of bean with larger bean
sizes in optimal conditions.

Coffee Production LAI Average leaf | Leaf to fruit % beans
Under (kg ha™) (m*m™) area (cm?) ratio with large
(cm’/fruit) sizes

1999 | 2000 | 2001* | 1999 | 2000 | 1999 | 2000 | 1999 | 2000 | 1999 | 2000

Shade | 2250 | 1700 | 2130 | 4.9 4.0 36 42 18 18 | 63.5 | 72.1

Sun 2590 | 1805 | 3005 | 4.5 2.6 30 28 14 12 | 62.5 | 65.6

P 0.03 | ns** | 0.001 [0.001 ] 0.001 {0.001| 0.001 | 0.05 |0.001| ns | 0.001

** non-significant (P>0.05).
Effects of shade on microclimate and coffee physiology

Due to its broad leaves and large crown, T. ivorensis provided a denser shade than E. deglupta
during the rainy season, especially in 2000 and 2001. During the rainy season, the canopy of
T. ivorensis intercepted up to 60% of photosynthetic photon flux density (PPFD) while E.
deglupta only intercepted around 30-40%. Furthermore, E. deglupta shed less heavily its
leaves than 7. ivorensis during the dry season which resulted in a lower but more constant
shade level during the whole year for coffee under E. deglupta. Air temperature around coffee
leaves was 2-4°C lower under shade of timber trees than in full sun. Still, leaf temperatures
remained very high with values of 30-31°C under tree shade and 34°C in full sun around
midday’. Therefore, the buffering effect of shade trees was not sufficient to alleviate the sub-
optimal conditions of this experimental site with temperatures above the optimal range (20-
22°C) for Arabica coffee photosynthesis as net photosynthesis (Pn) rates were low with
values ranging from 0.5 to 2.5 pmol CO> m” s compared to values of 5-10 umol CO; m* s~
commonly reported in the literature '>. Transpiration rates, monitored via sap flow,
demonstrated that on a leaf area basis coffee transpired more in sun full than under shade of
trees, especially during the dry season (0.87 1 m > day ' and 0.39-0.45 | m* day ',
respectively) due to exposition of the sun-grown coffee plants to higher solar radiation and air
temperature. This indicates that sun-grown plants were under heat stress, especially during the
sunny days of the dry season when higher leaf senescence and leaf drop were observed.

Under optimal conditions, artificial shade (45%) decreased leaf temperature by 2°C around
midday and vapor pressure deficit by up to 50% for leaves of branches in the upper part of the
coffee canopy. Shade-adapted leaves were more efficient than sun leaves at low solar
radiation levels as their Pn rates were higher in the low PPFD range (50-250 umol quanta m’
s"). On the other hand, sun leaves had a higher maximum Pn rates than shade leaves with
values of 10 and 15 pmol CO, m” s, respectively. These maximum Pn rates were attained at
level of solar radiation much lower (600 pmol quanta m* s~ for shade leaves and 900 pmol
quanta m” s™' for sun leaves) than the ones registered during midday in full sun conditions in
the field with PPFD values ranging from 1200-1800 pmol quantam” s~ during the wet season
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and 1400-2000 umol quanta m” s 'during the dry season. This indicates that coffee leaves,
especially in full sun, did not take full advantage on high solar radiation. On the contrary,
coffee photosynthesis efficiency was certainly reduced at higher solar radiation due to a
decrease in stomatal conductance (Gutiérrez et al., 1994) and photo-inhibition (Mosquera et
al., 1999). Coffee transpiration per unit of leaf area was lower under shade than in full sun due
to the buffering effects of artificial shade on solar radiation and coffee leaf temperature.

Effects of shade on coffee quality

Under sub-optimal and optimal conditions, shade significantly affected coffee berry ripening
process. Coffee berries ripened faster in full sun than in shade due to exposition to higher
temperatures. Under sub-optimal conditions, the harvest peak was delayed by about six weeks
under the shade of timber trees. During the 2001 production cycle and by mid-November,
more than 95% of the coffee berries were already harvested in sun full compared to less than
55% under the shade of timber trees. During the 2002 production cycle, the observations
confirmed this delaying effect of shade on coffee berry ripening as 75% of berries were
already harvested by late October in full sun while less than 45% were harvested under the
shade of timber trees.

Under optimal conditions, the harvest peak was delayed by about a month due to artificial
shade. During the first production cycle (1999) and by the forth harvest, more than 85% of the
coffee berries were already harvested in full sun compared to 65% under artificial shade.
During the second production cycle (2000), the observations confirmed this delaying effect of
artificial shade on coffee berry ripening as 82% of berries were already harvested at the third
harvest in full sun compared to only 60% in the shade.

This longer period of maturation under shade resulted in a longer and hence better bean
filling. This translated into significantly higher percentages of coffee beans with larger sizes
(bean diameter > 15/64, i.e. > 6.75 mm) under shade in sub-optimal and optimal conditions
during the all the production cycles (Table 4 & 5). Bean size is particularly important as it is
often the main criterion with bean color and percentage of physical defects on which is based
the quality assessment in producing countries and the price to be paid to coffee producers at
farm gate.

Shade also had a significant effect on the biochemical composition of coffee beans in sub-
optimal as well as sub-optimal conditions. Under sub-optimal conditions, caffeine and fat
content were higher in beans of shade-grown plants whereas chlorogenic acids and
trigonelline contents were higher in beans of sun-grown plants. Under optimal conditions, the
same observations could be observed; higher caffeine and fat content in shade-grown beans
and higher chlorogenic acid and trigonelline contents in sun-grown beans.

Under sub-optimal conditions as well as optimal conditions, shade significantly affected
beverage quality (Table 6). Negative attributes, such as bitterness and astringency, were
higher for coffee beverage prepared from sun-grown beans that from shade-grown ones
during all production cycles. Furthermore, positive attributes such as beverage acidity and
preference were significantly higher for coffee produced under the artificial shade or shade of
timber trees compared to full sun conditions (Table 6).
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Table 6. Effects of PPFD regimes (45% of artificial shade and full sun), shade
management (coffee under Eucalyptus deglupta or Terminalia ivorensis or in full sun)
and year of production on beverage characteristics.

Acidity* Bitterness Astringency Preference**

1999 | 2000 | 1999 | 2000 | 1999 | 2000 1999 | 2000

Art. shade 2.27 245 2.65 2.65 1.68 0.35 2.57 2.80
Sun 1.67 2.21 2.95 2.88 1.86 0.41 2.29 2.58
P 0.001 | 0.04 | 0.002 | 0.01 0.02 | ns*** | 0.01 0.02

2001 | 2002 | 2001 | 2002 | 2001 | 2002 2001 2002

Eucalyptus 227 245 1.65 1.65 0.68 0.35 2.70 2.80
Terminalia 2.13 241 1.75 1.73 0.70 0.36 2.90 2.78
Sun 1.67 221 1.95 1.88 0.86 0.51 2.19 2.28
P 0.001 0.05 0.01 0.01 0.05 0.05 0.01 0.01

Each value is the average of scoring by 10 judges during 3 tasting sessions. * The scores for
acidity, bitterness, astringency and body were based on a scale of 0-5. ** Overall preference
were based on a scale of 0-4. *** non-significant (P>0.05).

CONCLUSIONS

The present results demonstrate that beneficial effects of shade are not limited to sub-optimal
conditions as the presence of shade improves coffee quality, irrespective of the ecological
conditions, via a lengthening of the maturation period of coffee berries and hence a better
bean filling. Still, it must be acknowledged that the improvements in terms of microclimate
for coffee growing underneath shade trees are not unlimited. Associated trees generally
reduce air temperature by a maximum of 3-4°C. Therefore, shade can compensate an altitude
deficit of 200-300 meters in Central America but does not fully alleviate adverse conditions in
all coffee producing lowlands of this region.

Under optimal conditions, shade decreases coffee productivity (~20%) but reduces alternate
production pattern and improves coffee quality. This translates into more uniform revenues
for farmers over the years. Furthermore, the decrease in coffee productivity can be
economically compensated by a premium paid for higher coffee quality.

Under sub-optimal conditions, shade reduces coffee heat stress, enhances coffee vegetative
growth and productivity with an adequate shade level in the range of 20-40%. The present
survey indicates that shade level and tree density are generally too high in coffee farms for a
good compromise between an acceptable reduction in coffee productivity and a diversification
of revenues from sales of timber products.

Changes in farmers’ practices vary according to ecological conditions and coffee prices at
farm gate. In optimal conditions where high prices are rewarding coffee quality, the farmers
remain strongly focalized on producing coffee, although cutting costs (lowering external
inputs) without compromising too much plantation productivity. In these conditions,
managing shade of associated leguminous trees (Erythrina and Inga) to limit chemical
weeding and improve coffee soil fertility is an appealing option to coffee farmers as their
interest in timber production is very limited due to the apparent low contribution of timber
sales to their revenues. On the other hand, sales of timber are contributing greatly to farmers’
incomes in sub-optimal lowlands as their efforts to produce coffee quality under shade are
rarely and poorly rewarded.
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In Central America, there are more and more examples of valuation of environmental services
provided by coffee AF systems through local and international initiatives that should help
farmers maintain their ways of life. At local level, pilot projects are being implemented to
financially encourage farmers to plant trees in coffee plantations and adopt environmentally
friendly practices; for example, the national electrical company of Costa Rica is now
rewarding farmers for good soil conservation practices in watersheds to avoid siltation of
hydro-electrical dams. At the international level, non-governmental organizations (NGO)
such as Rain Forest Alliance and Conservation International are launching collaborative
programs with local NGOs and cooperatives in many coffee producing countries that promote
and reward coffee AF management around protected areas and as an efficient way to limit
fragmentation of landscapes for the preservation of biodiversity. On the private sector side,
companies such as Starbucks have initiated during the last years programs to reward coffee
producers implementing social and environmental practices in their farms. This concept is not
new and has been promoted by the “organic movement” for more than a decade in the coffee
sector, unfortunately with limited success due to slow expansion of the organic coffee market.
Thanks to its less severe environmental requirements and simpler certification scheme,
Starbucks is becoming very “popular” in Central America and is currently buying up to 5-10
% of the coffee production of Costa Rica at a premium more than 50% than the New York
exchange prices. In the coming years, this company is planning on increasing its purchases in
Costa Rica up to 20-30% of the national production and substantially in other Central and
Latin American countries.
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SUMMARY

In order to validate a mass propagation process of Coffea arabica based on the use of liquid
nutrient media, the agronomic performance and trueness-to-type of regenerated trees (selected
F1 hybrids) was assessed at a large scale. In a first trial representing 3,000 trees, we
determined that the frequency of variants increased exponentially with age of the
embryogenic suspension. For the five genotypes, somaclonal variation was low (1.3%) in
trees produced from embryogenic callus or 3-month-old cell suspensions and increased in
frequency with increasing suspension age (6, 10 and 25% in trees produced from cell
suspensions aged 6, 9 and 12 months, respectively). Seven types of phenotypic variants were
characterized. Based on vigour and productivity of the regenerated plants, it was possible to
class the variants in order of severity of physiological disorders: "Colour of juvenile leaves",
"Giant", "Dwarf", "Thick leaf (“Bullata™)", "Variegata", "Angustifolia", "Multi-stem". The
"Dwarf", "Angustifolia" and "Multi-stem" types were the most frequent among produced
plants (1.4, 4.8 and 2.9%, respectively). In a second trial, the agronomic performances of 644
trees derived from somatic embryogenesis were compared with those of normal trees
produced from microcuttings for the same four clones. Somaclonal variation has never been
observed with microcutting-derived trees. The variant aside (2%), for all clones, the trees had
vegetative characteristics, productivity, fertility, and biochemical, mineral and beverage
characteristics that were identical to those of the controls. We conclude that propagation of
coffee by embryogenic callus or young cell suspensions generated few variants. Moreover,
detection of 70% of variants is possible at the nursery stage. Somatic embryogenesis can
therefore be considered as a possible mass-propagation technique for coffee, for rapid
multiplication of heterozygous structures that should lead to substantial genetic gains
compared to traditional pedigree selection schemes.

INTRODUCTION

Coffea arabica L. varieties are traditionally propagated by seed. Given the strong hybrid
vigour found when complementary genetic pools (Ethiopian x Catimors) are crossed
(Bertrand et al., 1999), substantial agronomic progress is expected from F1 hybrids. Efficient
somatic embryogenesis micropropagation procedure would provide a means for the large-
scale dissemination of hybrid varieties in clonal form. For instance, 19 clones of C. arabica
F1 hybrids were multiplied to set up assessment networks in Central America (Etienne et al.,
2002). However, the processes need to be optimized before the technique can be applied on an
industrial scale. The targets to be reached are (i) a reduction in production costs, (ii) a
guarantee that the propagated trees are true-to-type.

The existence of somaclonal variations in trees propagated by somatic embryogenesis has
been demonstrated in Coffea arabica. Sondahl and Lauritis (1992) estimated that around 10%
of trees regenerated from embryogenic callus were variants based on phenotypic
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characteristics. Little information is available to date for coffee trees and woody species in
general about the impact of culture conditions on the occurrence of somaclonal variations
during somatic embryogenesis processes. Various reviews concluded that somaclonal
variations are preferentially induced by certain parameters, such as: (1) explant source, its
level of ploidy and its number of chromosomes, (2) hormonal factors, i.e. the concentration
and type of growth regulators, (3) genotype factors and (4) the age of the culture.

It is well-known that the critical factor is the involvement of a disorganized growth phase,
such as the proliferation of an embryogenic cell suspension (Karp, 1991). The aim of our
work, using Coffea arabica embryogenic suspensions, was to determine how the age of the
suspension and the genotype affect somaclonal variation. This article also examines growth
and yield performance, bean chemical and biochemical characteristics, and cup quality for
four Coffea arabica clones produced by this procedure.

MATERIALS AND METHODS
Plant material

Trial 1. Effect of suspension age. The 5 studied clones were derived from five F1 hybrids of
C. arabica obtained from crosses between the Caturra, Catimor (T8667) and Sarchimor
(T5296) cultivated varieties with wild accessions from Ethiopia and Sudan. Clones from the
following five crosses: Caturra x Ethiopian N°531, T8667 x Rume Sudan (tree 1), T8667 x
Rume Sudan (tree 2), T5296 x Rume Sudan (tree 1), T5296 x Rume Sudan (tree 2) are
referred to as clones H1, H2, H3, H4 and HS. Each clone was propagated by embryogenic cell
suspension and the plants were regenerated every 3 months, i.e. after 0 (directly from
embryogenic callus), 3, 6, 9 and 12 months of proliferation. For field assessments, five blocks
were planted, each corresponding to different embryogenic suspension proliferation times. All
the informations about this field trial were given previously (Etienne and Bertrand, 2003).

Trial 2. Agronomic performances. The comparative study used clones derived from four F1
hybrid of Coffea arabica and referred as clone 1, clone 2, clone 3 and clone 4. Each clone was
propagated by both embryogenic cell suspensions and in vitro microcuttings. For each of the
eight treatments (two micropropagation techniques x four clones), 100 trees were used for
agronomic comparisons as previously described (Etienne and Bertrand, 2001).

In vitro multiplication techniques

The embryogenic cell suspension method involved four stages (Etienne and Bertrand, 2003).
In Stage 1, immature leaf explants were cultured for 1 month on medium containing 2.26 uM
2,4-D (2,4-dichlorophenoxyacetic acid), 4.92 uM IBA (indole-3-butyric acid) and 9.84 uM iP
(iso-pentenyladenine), then transferred for 6 months to a medium containing 4.52 uM 2,4-D
and 17.76 uM BAP. An embryogenic callus developped on the explants. In Stage 2, this
embryogenic tissue was placed in liquid medium with 4.52 uM 2,4-D and 4.65 uM kinetin.
Subsequently, a cell suspension of embryogenic aggregates was produced. Long-term
maintenance of the embryogenic suspension culture was achieved by 1-month proliferation
cycles, i.e. twelve cycles were completed for the 1-year-old suspensions. In Stage 3, the
embryogenic aggregates were transferred for two months to a temporary immersion bioreactor
(RITA®, CIRAD, France), containing a regeneration medium supplemented with 17.76 uM
BAP. In Stage 4, the regenerated embryos were cultured with a germination medium
containing 1.33 uM BAP. Acclimatizable plantlets were obtained after two consecutive 2-
month subcultures in the bioreactor with germination medium.
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Trueness-to-type of micropropagated trees in the field (Trial 1)

The identification of variants was based on morphological observations after 8 months in the
nursery and two years after planting in the field. The plants regenerated in vitro that revealed
morphological traits that differed from those of the initial clone when acclimatized in the
nursery or planted in the field were referred to as ‘somaclonal variants’. These somaclonal
variants were identified based on height, morphology, leaf shape, productivity, fruit shape,
leaf density, stomatal density and guard cell chloroplast number (Krug et al., 1939; Etienne
and Bertrand, 2003).

Growth observations, yield and coffee bean characteristics (Trial 2)
The following measurements were taken:

* Stem diameter (5 cm from the ground) after 36 months in the field,

* Increase in stem height between the ninth and thirtieth month in the field,

* Existence of pollen on the stamens of open flowers,

* Number of chloroplastids in the guard cells (determined on 10 leaves per tree for 12 trees
taken at random from each treatment (96 trees in total)),

* Production was measured in terms of grams of fresh berries per tree. The data presented
were yields for the second year.

The number of fruits per node was estimated from the eight most heavily bearing nodes.

Frequency of peaberries in a sub-sample of 100 green fruits collected 6 months after
flowering from the eight most heavily bearing nodes.

Frequency of floating mature berries in a sub-sample of 200 ripe fruits after immersion in
water.

Bean weight of the coffee produced by each tree was estimated by measuring the dry weight
of 200 beans from mature berries.

Bean chemical analyses

For 12 trees from each treatment (96 trees in total), 250 g samples of green coffee were
collected after screening through a size 17 sieve and eliminating most defective beans. The
following traits were measured for each tree separately: Sucrose, chlorogenic acids, caffeine,
trigonelline, and fat contents of beans were obtained through chemical analysis after grinding
the beans following the method of Guyot et al. (1988). Each chemical analysis was achieved
by near infrared spectrometry reflectance on green coffee after grinding (NIR spectrometer
system (model 6500, NIRSystem, Inc. 1201 Tech Road Silver Spring, MD 20904) driven by
NIRS2 (4.0) software (Intrasoft International LLC, RD 109, Sellers Lane, Port Matilda, PA
16870).

Bean mineral contents

Chemical analysis of potassium, magnesium, calcium, zinc and copper were carried out by
atomic absorption spectrophotometry (AAnalysis 100, Perkin Elmer) after wet digestion with
a mixture of nitric and perchloric acid (5:1). The aluminium content was measured by the
same method after dry digestion. The phosphorus content was determined by a colorimetric
method developing molibdene blue by UV/V spectrophotometry at 660 nm (LAMBDAI,
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Perkin Elmer). Total nitrogen was determined by the Kjeldahl method (Jones and Case,
1990).

Organoleptic analysis

Samples were prepared from very ripe, healthy berries harvested from the upper branches of
12 trees during the harvesting peak. The 2 kg coffee samples were prepared by the wet
method (pulping, fermentation and drying). One-kilogram samples of green coffee were
collected after screening through a size 17 sieve and eliminating most defective beans. After
roasting for 6-7 mn, cup quality tests were carried out on an infusion prepared using 12 g of
roasted coffee (Van der vossen, 1985). A panel of eight persons tasted 120ml of infusion. The
main taste and flavour attributes (aroma, body, acidity) were estimated using scales ranging
from 0 to 5 where O=nill, 1 = very light, 2 = light, 3= frank, 4= strong and 5 = very strong.
There was also an overall standard for cup quality ranging from 0 to 5 where 0= not good for
drinking, 1 = bad, 2 = regular, 3 = good, 4 = very good, 5 = excellent.

RESULTS
Types of variants found (Trial 1)

Seven types of variants were found and described (Table 1, Figure 1). Apart from the "Multi-
stem" variant (Figure 1H), all the other types of variants corresponded to the descriptions of
mutations seen in seed progenies (Cramer, 1913; Krug et al., 1939). Histological markers of
the "Dwarf" and "Thick leaf" variants like stomatal density or chloroplast number per guard
cell were found. We showed that these two phenotypes and the “Angustifolia” phenotype
(Figure 1E) can also be easily characterized by the leaf shape (Table 1). Most variations
caused a substantial drop in tree vigour and productivity. However, two phenotypes, one
involving a change in juvenile leaf colour (Figure 1B), the other producing a "Giant"
phenotype (Figure 1D) had normal vigour as well as productivity.

The “Variegata”, “Dwarf”, “Angustifolia” and “Multi-stem” variants were generally less
vigorous than normal plants. On the contrary, the “Giant” and “Thick leaf” variants were
remarkable by a taller height. Apical dominance was weak in the "Multi-stem" variant, which
was characterized by abnormally high branching as a result of the production of 2 to 4 stems
from cauline buds (Figure 1H). This phenotype was expressed from juvenile stages, making it
easy to detect in the nursery. The plants died in the field in strong sunlight.

For "Variegata", "Giant", "Bullata" and "Colour of juvenile leaves", the frequency did not
exceed 0.3%. The "Dwarf" variant, which is a variant affecting the size and productivity of
the tree, exceeded 1%. The "Multi-stem" and "Angustifolia" variants amounted to 2 and 4%,
respectively.

Frequency of variants depending on suspension age (Trial 1)

There was no difference between 0 and 3 months of suspension culture in the proportion of
regenerated variants produced (Figure 2). However, from 6 months of suspension onward, the
average proportion of variants calculated for all clones significantly increased exponentially
with suspension age (Figure 2), and can be modelled as: Frequency = 0.99 ¢**%", »* = 0.99
(where t = suspension age). Nevertheless, the use of this model masks the considerable
disparities existing between genotypes.
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Figure 1. Aspect of the seven phenotypic variations observed in Coffea arabica among
plants derived from embryogenic cell suspension. The arrows indicate the variant plant
material. A) ‘Variegata’ variant. B) Somaclonal variation for the colour of juvenile
leaves (bronze normal leaves on the right and green variant leaves on the left). C)
‘Dwarf’ variant characterized by a compact phenotype and small leaves. D) ‘Giant’
variant in the field. E) ‘Angustifolia’ variant (on the right) with elongated leaves. F) The
arrow indicates a branch of the ‘Thick-leaf’ (‘Bullata’) variant bearing few fruits of
large size. In the background, aspect of a branch from a normal plant. G) On the right,
the arrow shows the rounded, lustreless and thick leaves of the ‘Thick leaf’ variant. On
the left, aspect of normal leaves of the same hybrid. H) ‘Multi-stem’ variant in nursery
in which can be observed the emergence of four stems from the cauline bud.
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Table 1. Description of seven Coffea arabica variant phenotypes based on
morphological criteria and productivity. Means followed by the same suffix are not
significantly different at P < 0.05.

Variant Phenotype Measurement Value for | Value for
variants | controls
Variegata Variegated leaves, decreased | Productivity (g plant') [484.5b [1298 a
tree vigor
Colour of Developing leaves changed Productivity (g plant™') [1054 a 1098 a
juvenile from green to bronze in color,
leaves tree vigor unaffected
Dwarf Small leaves, small trees Leaf length (cm) 1040b |[13.57 a
Leaf width (cm) 445b 5.89a
Productivity (g plant ') |825 b 1179 a
Giant Normal leaves, taller trees Tree height (cm) 260 a 195b
Productivity (g plant') |1268a |1324a
Angustifolia | Elongated leaves, fewer or no | Leaf width (cm) 6.50 b 723 a
domatia, longer internodes, Domatias (nb/leaf) 1.72 b 10.4 a
taller trees, decrease of tree Tree height (cm) 253 a 190 b
vigor Productivity (g plant") [323 b 1245 a
Thick leaf Rounded, lustreless and thick | Leaf length (cm) 13.21b [14.37 a
(Bullata) leaves, starry flowers, large- | Leaf width (cm) 7.85a 6.70 b
sized fruits Leaf width/ leaf length |1.69 b 2.15a
Productivity (g plant ') |678 b 1198 a
Multi-stems | Highly branched, died in the | Nb of stems emerging |2 to 4 1
field from the cauline bud
Productivity (g plant™) | 0 b 1590 a

Number of variants observed depending on the genotypes (Trial 1)

The genotypes H4 and H5, which had over 18% of variants (evaluation including plants from
all cell suspension ages), were statistically different from genotypes H1 and H3, which had
around 5% of variants. Genotype H2, with about 9% of variants, fell between these two
groups. However, the differences between genotypes only appeared from 6 months of
suspension onward (Figure 2). From 6 months onward, somaclonal variations were then 10%
for genotypes H2 and H3, whereas the proportion of variants for genotypes H1, H4 and H5
was similar to that seen at 0 and 3 months. For the 9-month suspension, the proportions of
variants ranged from 6.25% for H5 to 14.63% for H2, but the differences between genotypes,
were not significant (x s = 5.42 and x’p.0s = 9.49); for the 12-month suspension, the
differences between genotypes were significant. For genotypes H4 and HS5, the proportions of
variants were 95 and 83% respectively. These two hybrids formed a group significantly
different (P < 0.0001) from the group of genotypes H1, H2 and H3 (proportions of variants
of 8.53, 18 and 5.91%, respectively).

Agronomic characteristics (Trial 2)

For the eight studied variables, representing vegetative, production and fertility
characteristics, the analysis of variance indicated that there was no significant differences
between trees produced from microcuttings and those produced by somatic embryogenesis
(Etienne and Bertrand, 2001) (Figures 3A, B). No clone x micropropagation technique
interaction was found for 7 of the variables. There was a significant interaction for the
percentage of peaberries but it seems to have little meaning since the percentage of peaberries
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was higher in the microcuttings than in the somatic embryos for clone 3. Flowering was
uniform irrespective of clone and micropropation technique. The observation of pollen on the
stamens did not reveal any sterile males. The data also indicated the existence of a strong
"clone effect" for all the variables considered.
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Figure 2. A, B, C, D, E) Evolution of somaclonal variant frequencies depending on
suspension age for five genotypes (clones H1 to HS); F) evolution of the average variant
frequency obtained with all clones.

Seed biochemical and mineral characteristics, and cup quality (Trial 2)

For the 17 variables studied, representing the biochemical and mineral characteristics of the
seeds, along with the organoleptic characteristics of the infusion (Etienne and Bertrand, 2001)
(Figures 3C,D), no significant difference was found between plants obtained from
microcuttings or from embryogenic cell suspensions. There was therefore no "technique"
effect. Differences were observed in a few cases, for biochemical characteristics only, for the
same clone and for both techniques. The differences involved caffeine content for clone 1,
chlorogenic acid content for clone 2 and sucrose content for clone 2. These slight differences
seemed to be down to chance and did not always go in the same direction. They could not be
explained by the propagation technique used. Moreover, no interaction was found between the
micropropagation technique and the clone used. The analysis of variance for these results also
revealed a strong clone effect.

DISCUSSION

This work confirms the existence of somaclonal variations in trees of Coffea arabica
propagated by somatic embryogenesis, as already reported (Sondahl and Lauritis, 1992).
However, the frequency of "off-types" (2.1%) was below the 10% reported by those authors.
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Figure 3. Comparison of some agronomic characteristics (production, percentage of
peaberries, bean fat content and beverage quality) for four Coffea arabica clones
micropropagated by in vitro microcuttings and embryogenic cell suspensions. Complete
data were given previously (Etienne and Bertrand, 2001).

Factors affecting the variant rate

It has frequently been shown that the proportion of somaclonal variants increases with the
number of multiplication cycles, or with the length of culture time. This has also been shown
for some somatic embryogenesis procedures (Morrish et al., 1983; Symillides et al., 1995;
Henry et al., 1996). The existence of somaclonal variants in the progeny of coffee plants
propagated by somatic embryogenesis has been documented (Sondahl and Lauritis, 1992;
Etienne and Bertrand, 2001; Etienne and Bertrand, 2003). The role of genotype was
demonstrated in coffee, but the roles of other culture parameters such as growth regulators
and in particular, culture age, were not established. We have shown that the age of Coffea
arabica embryogenic suspensions affects variant rate. For all genotypes studied, the
frequency of variants increased exponentialy. For true-to-type multiplication, it will be
essential to restrict embryogenic material multiplication times to less than 6 months.
However, the initial stages of cell dedifferentiation and embryogenic callus induction (stage
1) also proved to be mutagenic, as some variants were regenerated from callus of most of the
genotypes. Similar findings have been reported for coffee (Sondahl and Bragin, 1991), tomato
(Ramulu, 1991) and banana, where it was found to be associated with excessive use of auxin
analogs (Shchukin et al., 1997). As was demonstrated in barley cultures (Ziauddin and Kasha,
1990), it is possible that culture age is associated with prolonged exposure to 2,4-D (1 mg/l).

All genotypes in the study exhibited somaclonal variation, however, there were differences
between genotypes, primarily in the intensity of the phenomenon. The existence of a genotype
effect on somaclonal variation in C. arabica has already been shown in F1 hybrids (Etienne
and Bertrand, 2001) and in nine widely cultivated varieties (Sondahl and Bragin, 1991).
Sondahl and Bragin (1991) showed that plants propagated by somatic embryogenesis, without
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an embryogenic suspension proliferation stage, all had variants but with high and variable
frequencies ranging from 3 to 39%. Hybrids belonging to the same family, such as H2 and H3
(cross T8667 x Rume Sudan), as well as H4 and HS (cross T5296 x Rume Sudan) performed
in a similar way with respect to frequency of variants, the timing of their appearance, and the
type of variants observed (Etienne and Bertrand, 2003). These observations support the
hypothesis of a marked influence of genotype.

Agronomic characteristics

Apart from examining the trueness-to-type of plants, it is important to test plants obtained by
somatic embryogenesis in conventional agronomic trials. Indeed, somaclonal variants
sometimes also reveal themselves through more or less intense flowering, or lower yields. For
instance, in wheat, lines obtained from somatic embryos produced 11% less on average than
the breeder lines, and had 3.8% fewer spikelets per spike, 6.5% fewer kernels per spike
(Hanson et al., 1994). Likewise, in tall fescue (Festuca arundinacea Schreb.), there are no
easily detectable differences for identifying somaclonal variation, but total biomass and seed
yields differ between seedling plants and those obtained by somatic embryogenesis (Roylance
et al., 1994). Our work on Coffea arabica hybrids shows that, if the 2.1% of variants that were
easily detectable in the field through their morphology, which differed considerably from
normal, were not taken into account, no difference was found in the main agronomic
characteristics between trees produced from embryogenic suspensions and trees obtained
from microcuttings with the criterions studied. The trees revealed vegetative characteristics,
productivity, fertility, bean biochemical, mineral and organoleptic characteristics that were
identical to those of the controls. Similar results were obtained with banana (Cote et al., 2000)
and barley (Baillie et al., 1992).

All the results obtained show that propagation of coffee trees from young embryogenic cell
suspensions generates few variants and that, apart from those variants, the agronomic
performance of trees propagated by that technique is identical to that of trees obtained from
microcuttings. Somatic embryogenesis can therefore be envisaged as a new propagation
technique for coffee, for rapid and mass dissemination of heterozygous structures that should
lead to substantial genetic gains compared to traditional pedigree selection schemes.
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SUMMARY

General developments in the Vietnamese coffee sector are described, and elaborated for Khe
Sanh an area that produces Arabica coffee. Major changes that the Vietnamese coffee sector
has to undergo relate to the improvement of quality of both the product and the production
and milling processes. This is especially needed to keep Vietnam competitive in the coffee
market when requirements of buyers of coffee become broader than only the intrinsic quality
of the coffee. To facilitate adaptation of the Vietnamese coffee industry, agricultural
extension to farmers is of utmost importance, but will only be efficient when the current top
down approach is changed into more participatory forms of extension. An example of such an
approach as implemented in Khe Sanh is discussed with indications how this approach could
be made sustainable by actively involve all stakeholders, i.e. farmers, coffee processors, local
authorities and local extension services in the process and in the financing of the activities.

DEVELOPMENT OF THE VIETNAMESE COFFEE SECTOR

Until the mid-90s, Vietnam coffee was unknown in the international market. In 1985 Vietnam
exported approximately 25,000 tons of coffee. In the following years exported amounts
increased slightly, but a real boom came in the late-90s when Vietnam ranked second after
Brasil in exported volume.

The reasons for this strong increase are twofold. Firstly, Vietnam is largely an agricultural
nation where 70% of the population of 80 million is active in agriculture. The majority of this
70% is cultivating paddy rice in the lowlands. Secondly, Vietnam is divided into three parts,
only one part is plain, the two others are midland and mountainous areas. After the end of the
war in 1975, the policy of the Vietnamese Government was to relocate people from the over-
populated plains to midland and mountainous areas. The mid- and highlands turned out to be
not very suitable for Vietnam’s traditional crop of rice. Farmers, State-Owned Enterprises
(SOE) and officials had to find alternative crops to safeguard economic development in these
areas. Coffee was one among many of the alternatives and taken up eagerly by SOEs and
farmers because the time from planting to the first harvest is relatively short for a perennial
crop and at the time market prices for coffee were very high.

In the late 90s, Vietnam had over 500,000ha of coffee, whereas immediately after the war the
coffee area was around 20,000ha (Table 1). The largest part of the rapid expansion took place
in the years 1996-1998, reaching up to 100,000ha/year. Quality related problems formed a
major drawback of the expansion, with farmers being unaware of e.g. proper practices for
drying Robusta cherries, while the processing industry could not keep up with the production
increase. When world market prices went down, numerous farmers, especially in the Central
Highlands shifted from coffee to other crops and presently the total area is around 450,000 ha.
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This is mainly for Robusta coffee, and Arabica is grown on 20,000 ha only.

Table 1. Vietnam; production and export 1982 to 2003.

Year Area under Productive Productivity Total Export (Mt)
cultivation (ha) area (ha) (Mt green production
bean/ha) (Mt)
1982 19,800 9,100 0.51 4,600 4,600
1987 92,300 29,400 1.15 33,820 30,000
1992 135,000 123,000 1.11 136,000 87,500
1997 385,000 155,500 2.57 400,000 375,600
2002 500,000 450,000 1.67 750,000 702,017
2003 450,000 420,000 1.71 720,000 693,863

Source: VICOFA
GOVERNMENT POLICY

Expansion of coffee in Vietnam went so rapidly that also the government was taken by
surprise. Although the government initially stimulated coffee production with subsidized
credits, things went out of control when the high prices of the mid-90s stimulated a large
number of people to go to the mid- and highlands to cultivate coffee. Processing infrastructure
and extension facilities could not keep up, resulting in mediocre crop management practices
and product qualities at best.

The mid-term development strategy of the government for the coffee sector till 2010 has one
overriding principle: quality improvement in both Robusta and Arabica production and
processing. Furthermore, Arabica production will be stimulated and expected to reach relative
share of 30% of total production, whereas the total area under Robusta is expected to
decrease. The mid-term strategy has a strong focus on improved sustainability in terms of
environment, economy and societal issues. Practically this means that coffee fields need to
have enough windbreaks as well as shade trees system, soil-fertility needs to be enhanced,
chemical fertilizer should be used in relation to nutrient removal, pesticide use should follow
IPM guidelines. Processing facilities will be required to use techniques to save energy and
minimize and recycle wastes. Living conditions of workers and farmers have to be improved,
producers should have access to up-to-date training relating, not only to technical issues but
also to market information and global developments in coffee.

COFFEE PRODUCTION IN KHE SANH, QUANG TRI PROVINCE

Khe Sanh is a small town in Quang Tri province, situated in Central-Vietnam, around 650 km
south of Hanoi. The altitude ranges from 500 to 800m a.s.l. Soil and climatic conditions are
suitable, but certainly not optimal, for Arabica cultivation. However, processing and storage
faces disadvantages. Annual rainfall is about 2000mm, with a bi-modal rainfall pattern: a
small rainy season from the end of April till beginning of June, and the main rainy season
from the end of September until the end of December, the latter coinciding with the
harvesting season. The annual average temperature is 24-25°C, with a maximum of around
30°C. Early mornings often are foggy, and in combination with the rains, the coffee crop
survives easily the dry, hot season from June till September without irrigation, even though
productivity might be affected.

The total potentia coffee area in Huong Hoa district is around 5,000 to 6,000 hectares. Present
acreage is 3,000ha planted by Arabica coffee, and expansion is currently rather slow, due to
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low coffee prices. Maximum observed fresh cherry yields are in the order of 25 to 30 Mt per
ha per year, with the average varying per year from below 10 to around 20 depending on
rainfall and productivity of the year before. As the green beans: fresh cherries ratio is about
1:7, this translates to a maximum of 3.5-4.5 and an average of 1.4-2.8 Mt green bean per ha.
Processing is wet and semi-wet, resulting in reasonable export prices.

About 70% of the farmers are Kinh, the main ethnic group in Vietnam, while the remaining
30% is of the Van Kieu ethnic minority. About 40% of the Kinh are people that worked in
coffee already before the major expansion in the area, and as such have 10 to 20 years
experience with coffee. The other 60% of the Kinh farmers are recent migrants from the
lowlands where they cultivated rice, or had jobs outside agriculture. They have at maximum
only 8 years experience as independent coffee farmers. Both groups of Kinh are clearly
accumulating practical experience in management of their coffee crop, but their farming
approaches are still seldom fully in line with current sustainability concepts. Their limited
experience limits the efficiency of their cultivation as well as the returns on investments made
in coffee. The agricultural activities by the Van Kieu ethnic minority are in a process of
transformation from shifting cultivation into settled agriculture. This is the result of
landownership issues and population pressure, which are limiting the area available to the
Van Kieu. Their unfamiliarity with crops like coffee requires intensive (practical) training to
improve quality, yields and household resource allocation.

Additionally, international developments necessitate the development of a far-reaching
extension program. Coffee consumers do not only require a good quality product, but are also
aware of the difficult situation of many coffee farming families as a result of low coffee prices
through media campaigns by NGOs like Oxfam. This awareness on the part of consumers
resulted in increasing pressure on roasting companies to act and make efforts to improve the
burden of the so-called coffee crisis. Coffee roasters, NGOs and producer associations came
together to formulate sustainability initiatives such as the “Common Code for the Coffee
Community” (4C) and Sustainable Agriculture Initiative (SAI). Although compliance with
such codes is expected to result in better coffee prices, Khe Sanh farmers still need better
access to information to streamline their production systems with these codes. To solve this
problem, agricultural extension is one of the essential tools.

AGRICULTURAL EXTENSION ACTIVITIES IN HUONG HOA DISTRICT

Extension to coffee farmers is the responsibility of the district agricultural extension
organisation, which is part of the provincial Department of Agricultural Research and
Development (DARD). However, also the local coffee processing companies have a role,
because of contracts made with farmers and because of a recent national law that stipulates
that companies processing agricultural products have a responsibility in improving working
and living conditions of the farmers from whom they acquire these products.

In Huong Hoa area, the district extension service used to follow a strong top-down method
regarding agricultural extension, where extension workers were seen as experts and farmers as
rather ignorant. The extension workers gave advice to farmers based on information they
obtained from often unclear sources, and which was often not relevant for the specific
conditions in the district. As a result, very little effect of this extension was observed and
farmers were not positive about the extension.

Of the three main coffee processors in Huong Hoa district, one company, called Tan Lam

Agricultural Product Joint Stock Company, or in sort TALACO, is partner in a Public-Private
Partnership (PPP) project, called ‘Improvement of coffee quality and sustainable coffee

910



production in Vietnam’. The year 2000 to 2002, following the extension program of GTZ.
The German Development Service project ( DED) started coffee extension in TALACO with
2 FFS in coffee area, responsible of this project is Mr. Herbert Lempke Germany expert and
Mr Thiet Vietnamese coffee expert. The result of extension very good. When PPP project
start (2002), Extension activity we continues on base result from DED. This project is
sponsored by Saral.ee-Douwe Egberts and Kraft Foods and involves experts on processing
from Germany (from GTZ, the German development aid organisation and EDE, the
consulting firm connected to Neumann coffee group) and on agronomy from the Netherlands
(from the agricultural research institute Plant Research International, or PRI, part of the
WUR, the Wageningen University and Research Center). In the agronomical part of the
project, the main focus is on development and introduction of a participatory agricultural
extension, in the form of Farmer Field Schools (FFS). Here FFS is used in a broader sense
than in the original FAO setup (Gallagher, 1999), which focus ‘only’ on integrated pest
management (IPM), while in Huong Hoa there is more attention to other topics, and in fact
focus on integrated crop management (ICM). Those topics were identified by comparing
general knowledge about good agricultural practices in coffee with actual occurring farmers’
practices. This FFS approach was first introduced to farmers connected to Talaco through
land-lease contracts. In 2003, Talaco became the first Utz Kapeh certified processing
company in Vietnam, to a large extend because of the efforts of the PPP project, regarding
improvements in the processing as well in the extension to the farmers.

As a result of the enthusiasm of participating farmers, the district extension organisation got
interested in the approach, and the PPP project positively responded to the request of the
district to assist the district extension service in the expansion of the FFS approach to other
farmers in the district.

To achieve the expansion, more trainers of FFS were needed than the 2 working for Talaco.
Therefore, a total of 17 persons were selected to receive a Training of Trainers (ToT) course
to familiarize them with participatory training methods. Participants were required to have a
coffee farm, while they should have some educational background in agronomical techniques.
Furthermore, the group of trainers should have members from all the local mass organisations
with linkages to agriculture or farmers, and represent the various villages in the coffee
growing areas. In this way, involvement of the mass organisations was stimulated and a close,
personal link of trainers with the local farmers was achieved.

In various combinations of two persons, these trainers started in 2003 to guide 15 Farmer’s
Field Schools (FFS) in 6 coffee growing communes in the area, with each FFS consisting of
20 to 25 farmers with a total of 328 participants. The FFS are meeting once a month except
during the harvesting time from October to December. At the meetings, at least one specific
crop management aspect is treated, which is typical for the time of the year of the meeting.
Normally, a FFS session consists of a morning session with theoretical background and
discussion, whereas practical field exercises take place in the afternoon.

To allow starting up of new FFS with the limited number of trainers, 2 years after being
established, FFS will be turned into a study club, where farmers meet and discuss without the
guidance of a trainer. In cases where the group can not find the answers they need, a trainer
may be hired by the group to work with them.

The site specific agro-ecological and socio-economic conditions make it difficult to directly
apply results from research in other areas. To support the FFS program, therefore, several
trials are taking place to look into possible solutions to constraints that are closely linked with
situation specific farming conditions. These trials have the purpose of influencing farmer’s
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management practices. Therefore the farmers are closely involved in the design,
implementation and to a lesser extend in the analysis of trial results, and the trials are taking
place on-farm of and generally by farmers participating in FFS. Present trials focus on:

Fertilisation prototyping

Measurements of leaf chlorophyll content as possible indicator of the need for fertilisation
Composting coffee pulp and use of this compost as fertilizer/soil quality enhancer
Registration of cropping activities

Cherry quality analysis

Coffee varieties

Influence of shadow trees on coffee quality

Nk WL —

SUSTAINABILITY OF AGRICULTURAL EXTENSION

Presently, the PPP project contributes substantially, both financially and technically, to the
new extension system. Other major contributors are the mass organisations that pay the salary
of the trainers of the FFS. A recurring issue of projects is that the implemented activities fade
out after ending of the project, which for the PPP project is foreseen in June 2006. The FFS
program has been well received by the farmers, local organisations and coffee processing
companies, resulting in a plan being developed by the district extension service to expand the
approach even further. In this plan, there will be specific attention to ensure that the financing
of the extension activities will at least be partially paid for by the direct stakeholders, which
are the local processing companies and the farmers. Also, organizing the extension will
become a combined responsibility of the district organizations and the local coffee processors.

Figure 1 compares the old set-up of extension with Talaco as sole processor and the PPP
project strongly involved to the proposed new set-up where all processors are involved (at
least financially), farmers pay a part of the costs and the PPP project has ended.
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Figure 1. Comparison of old versus new extension set-up in Huong Hoa district (see
text): continuous lines indicate linkage through assignment of labour; broken lines:
financial linkage; dotted line: linkage through information and decision making.

DISCUSSION AND CONCLUSIONS

Through the activities of the PPP project and collaboration with foreign experts, Talaco has
built up a considerable pool of expertise in FFS as a means to agricultural extension to coffee
farmers. On a national level, Talaco is considered as a showcase example for other coffee
processing companies in the country. This has allowed Talaco to successfully offer cosultancy
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services on agricultural extension, wastewater treatment, processing practices, recycling, etc
to other organisations in Vietnam, with a first venture with farmer cooperatives in Laos as
well. This has resulted in income for Talaco, additional to that resulting from selling
processed coffee. When this additional income remains at current levels, or even improves,
the extension group of Talaco is a net contributor to the profit of the company, and as such
will not be seen as a cost, but as an asset to Talaco.

Vietnam, currently among the top 3 largest coffee exporters in the world, is trying to focus on
the quality of its coffee and of the production and milling processes. So far, results in general
are not significant, which can partially be explained to the lack of knowledge among
processors and farmers about how to achieve the desired improvements. In view of the results
obtained, the approaches followed in PPP project with Talaco, could serve as an effective
model for other coffee producing areas in Vietnam, to provide extension to both farmers and
coffee processors. This extension should be considered the first priority to make Vietnam
coffee production more sustainable and to allow it to remain competitive in the world market.
This is especially needed if Vietnam is to tackle efficiently the challenges posed by new
developments, such as formulated in the Common Code for the Coffee Community, and
which require the coffee producers and mills to become more sustainable in terms of social,
environmental and economic terms.

REFERENCE
Gallagher, K.D., 1999. Farmers Field Schools (FFS): a group extension process based on
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SUMMARY

The project “Improvement of coffee quality and sustainable coffee production in Vietnam’,
sponsored by Saral.ee-Douwe Egberts and Kraft Foods, is introducing crop registration to
farmers of Arabica coffee in Huong Hoa district, Quang Tri Province, Vietnam. This crop
registration, or Fieldbook, is an addition to the activities of the Farmer Field Schools, a
participatory form of extension that recently was introduced in the area. To get a better and
quantitative view on input-output relations, farmers have been registering daily cropping
activities in at least one of their plots with Arabica coffee. Analysis of this registration gives
insight in differences between different forms of crop management and results are used in the
discussion among farmers about possible improvements in coffee cultivation practices. Set up
of the Fieldbook approach and examples of results of the analysis are discussed.

INTRODUCTION

Currently, agricultural extension to coffee farmers often follows a top down approach, where
extension workers bring messages, ideally based upon scientific research, to farmers about
how they should improve their crop management. In the last decades, this top down approach
has received strong criticism, especially on the failure to address the needs and concerns of
smallholder producers, even though in many cases it provided crucial support to (other)
farmers on agricultural input supply, planting material, agronomic advice and quality control
of harvested produce (Williamson, 1999). However, in the 1990’s, the extension to coffee
farmers in many coffee producing countries has been ‘liberalised’ (e.g. Tanzania) and/or the
purchasing of coffee was deregulated (e.g. in India), with adverse effects on the efficiency and
quality of coffee production (Williamson, 1999). At the same time, coffee farmers are
confronted with many challenges regarding demands of buyers, such as compliance with
certification requirements (Common Code for the Coffee Community, Utz Kapeh, Rain Forest
Alliance, etcetera), continuous low prices for their products, and changes in purchasing
systems. To successfully participate in the world market, coffee farmers, especially the
smallholders, need extension to continuously improve their crop and farm management and to
learn to better adapt to the demands of the end-users of their products.

Especially in annual crops, new methods of extension with a more active participation of
farmers have been introduced, such as Farmer Field Schools (FFS), often with remarkable
success (van den Berg, 2004). In FFS, farmers are involved in problem diagnosis, planning,
testing and evaluation of farming practice options and, ideally, collaboration with research
and extension agencies (Williamson, 2002). In these participatory approaches, farmers are
stimulated to become more aware of the interaction between their management, the crop and
the environment, and to learn from practical testing of different options for crop management
practices in which they themselves have actively participated. In most cases, this is achieved
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through practices and observations in the field combined with discussions among farmers
about the effects that farmers observed (Gallagher, 1999).

Optimizing the performance of their crops is a major option farmers have to improve their
income and reduce unwanted effects on the environment. A farm may consist of one or
several fields that may differ in characteristics, such as age of plants, soil type, possibility to
irrigate, distance to the house, etcetera. For different fields different forms of management
may be optimal, considering the characteristics of the field and the availability of resources at
the farm household, such as labour, finances and access to markets for inputs and outputs. As
such, comparison of different forms of crop management, on different fields of one farmer or
fields from different farmers, could be seen as an expansion of the FFS approach of
comparing practices. However, so far there has been little attention in the FFS community to
stimulate farmers to analyze their cropping systems in a quantitative way, in order to make
their feelings about the performance of their management more objective and comparable
with that of other farmers. Such a quantitative approach however, could be very useful when
farmers need to optimise the use of inputs in their cropping systems, since it provides insights
in the efficiency of the use of these inputs.

In this paper, an approach to enable such quantitative analysis is discussed. It is developed in
a collaborative effort of Plant Research International (PRI), Wageningen, the Netherlands and
the Extension Group of Tan Lam Agricultural Product Joint Stock Company (Talaco), a
coffee mill in Quang Tri Province, Vietnam. The effort is part of the PPP project
“Improvement of coffee quality and sustainable coffee production in Vietnam’, sponsored by
Saral.ee-Douwe Egberts and Kraft Foods It is expected that the described approach can also
be applied in other coffee growing areas, since it is generic and not confined to the
Vietnamese situation.

APPROACH

To allow a quantitative analysis of a specific crop management and comparison between
fields, the following steps were taken as elaborated in the next sections:

development of a robust yet versatile form of describing daily field activities
selection and instruction of participants, and general description of the fields
data retrieval and digitizing

analysis of Fieldbooks

communication of results of the analysis

NhAEWDD =

Form for describing field activities

To enable a quantitative analysis, a chronological and quantitative description of all cropping
activities (also called operations) in a certain field has to be available. Each activity is
characterised by a name or code, a date of execution and the quantity of biophysical input(s)
and/or output(s), split into three groups: labour, equipment and materials (following setup by
Jansen & Schipper, 1995). Animal traction is left out as a specific characteristic, since it is of
very limited importance in the coffee area in Quang Tri and can be included under equipment.
When materials are used, the commercial name of the specific material has to be provided
(e.g. “Vicarben 50 hp’), as well as the unit of measurement (e.g. kg) of the amount that was
applied or produced, e.g. to calculate nutrient balances (from nutrient content of fertilisers and
crop products). To allow a more specific analysis of labour use, labour input is divided in 4
groups: household adults, household children, hired adults and hired children. To allow
economic analysis, the prices paid for the inputs (equipment, materials and hired labour) or
obtained for the products have to be provided as well.
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The form given to farmers has specific blocks to fill in the required characteristics for each
operation group by major type of activity (such as fertilizing, harvesting, biocide spraying) In
addition, the name of the farmer and the name of the field have to be noted on the form. The
form is designed such that per week only one form is needed by farmers for each field. This
works very well, with one exception: for weeks that farmers do not work on the field, they
prefer to fill in only a small form stating that they did not execute any activity in the field.
They find it a waste of paper to use the full form.

Selection and instruction of participants

Farmers from FFS connected to the project were selected to participate in the Fieldbook
activity, divided over the two major production areas (Huong Phung and Khe Sanh),
representing current gender distribution among farmers in these areas and current levels of
production, which was known by the trainers of the FFS. At the start 21 farmers participated,
with 3 farmers registering activities in two fields each, a number that grew to 43 when new
FFS started and two farmers from each new FFS were selected to join the Fieldbook (Table
1). The reason for incorporating farmers from each FFS is to make it possible for FFS farmers
that do not participate in the Fieldbook activity, to ask their FFS colleagues that do participate
about the reliability of the results of the Fieldbook analysis.

Table 1. Number of participants per location, gender and start of participation.

Start of participation Huong Phun Khe Sanh Total
312 |3 [Q [ & [9Q Ja
2002 11 0 4 6 15 6 21
2004 7 1 6 8 13 9 22
Total 18 1 10 14 28 15 43

All participating farmers are literate, so reading of the form and writing on it is not a problem.
In the instruction it was made clear that farmers had to fill in the actual inputs used and
outputs produced for their specific fields, and that they did not need to provide data on a per
ha basis. Apart from the technical instruction, farmers were informed about why the project
wanted farmers to keep a Fieldbook (in short: to enable a comparison between farmers and
provide input for discussion in the FFS) and that the results would be made public without the
names of the participating farmers. Because of the appreciation among farmers of the
project’s efforts regarding the establishment of the FFS, the respect they have for the head of
the Talaco Extension Group and their general interest in improving their cropping systems, it
was not difficult to find enough farmers willing to participate. In fact, it was more difficult to
tell farmers that they would not participate, due to lack of capacity for processing the data in
the project team.

The instruction was done in groups and additionally to individual farmers if they asked for it
or when errors in the filled in forms warranted the need for more instruction. In general,
farmers had no major problems filling in the form. Some concepts, however, were ambiguous
to them. In the beginning many attached a price per hour household labour, equivalent to that
of hired labour, while the project wanted to calculate the rewards of household labour without
a prior price for that labour. The need for indicating a clear and well defined unit of
measurement for used material was at the start not clear to all farmers, and several farmers
mentioned ‘cans’ or similar expressions. Also, several farmers did not correctly fill in the
commercial names of materials they used. These problems were solved through discussions in
groups and with individual farmers.
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Data retrieval and digitizing system

Before a farmer started filling in the Fieldbook, the specific field where cropping activities
would be registered was characterised in terms of slope, number of coffee trees, size (ha), and
age of trees. The latter are known exactly by the farmers since they lease the fields officially
from Talaco, which stipulates these data. Of these data, only the size of the field and the
number of trees is currently used in the analysis (see below).

Filling in of the forms is done by farmers themselves or by members of their household on a
daily basis. To allow fast detection of errors or dubious or unclear entries, each week a
member of the project team collects the form of the last week from each participating farmer
and checks the form for possible errors. In general this works very well, although on some
occasions farmers still had to fill in the complete week on the form when the project staff
came to collect the form. Questions about information on the form collected the week before
that arose while typing in the data, are discussed and where possible answered. After
receiving a form, a code is written on it that reflects the location, the name of the farmer/field
and the year and week that the activities described on it took place. Data on the form, included
the code on the form, are typed in on the computer and the coded form is subsequently
archived with the other forms of the same field. The code makes it possible to find back the
original data in the archive. To allow analysis, data is digitised by project staff into Microsoft
Excel® files, one per field. The choice for Excel above database software was guided by the
fact that project staff had extensive experience in Excel and hardly any in database software.
Initially, the data was typed in without the help of an input-software, which was developed
only later and improved the speed and especially the accuracy of the data-entry. The entered
data has a row-column structure, where each row describes one activity executed on a specific
date, and each column relates to a specific characteristic of that activity. The order of the
columns is fixed and similar for all Fieldbook data files. The general data of a field is stored
in a specific sheet in its specific Excel Fieldbook file.

Analysis

In the first year, all files were analyzed ‘by hand’ and in the second year a dedicated Excel
Macro for the analysis was used. In the analysis, first a chronological, cumulative list of all
different inputs are made; which thereafter are used to calculate per type of activity (weeding,
pruning etc.) the amounts and costs of inputs and (for harvesting) amounts of cherries and
received price for either the calendar year or from the start are calculated. On basis of these
data, total use and costs of inputs are calculated, as well as gross income, revenue, operational
balance of N, P and K (difference between input through fertilisers and output through
harvested cherries). Results of different farmers are combined, in tabular and graphical form
after recalculation onto a per ha basis, using the size indication of each specific field.
Examples of results are given below.

Communication of results

In a session of the FFS, each field-book farmer received the results of the analysis, where in
each graph and table his/her own data was indicated. Anonymous graphs and tables were
shown and explained to all FFS farmers, while important differences between groups (mainly
based on location) and individual farmers were highlighted. In general, within a short time
after presentation all farmers were discussing among each others what caused these
differences, and Fieldbook farmers were asked to indicate to others which their results were.
Initially, there was quite some distrust among non-field-book farmers about the validity of the
data: many thought that the books were ‘cooked’. However, interaction with Fieldbook
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farmers seems to have convinced them that the results are indeed trustworthy. Farmers are
very interested in the results of the analysis: last year they complained that it took us too long
to analyze the results.

EXAMPLES OF RESULTS OF THE ANALYSIS

The approach allows for a large number of results to be prepared. Here only a few will be
shown, to indicate the types of analysis that are possible.

Biophysical analysis: comparison between forms of management and years

On the fields of three farmers in Quang Tri, comparative experiments take place, where each
of these fields is split in two parts. Both are managed by the farmer, according to his own
decisions, with one exception: on one part, an ‘alternative’ fertilization is tested, following
suggestions by the project team. In the field of one farmer in Khe Sanh, the alternative
management in 2002 gave different results compared to the farmer’s management: cherry
production was 10 tons per ha higher and more synchronised in time (compare open circles
and closed circles for ‘alternative’ and ‘farmer’ management, respectively, in Figure 1).

30000 ~
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20000 1 |—Z Alternative 2003
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Cumulative amount harvested cherries
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Figure 1. Cumulative amount of harvested fresh cherries according to year(2002, circles;
2003, triangles) and management (farmer’s fertilization, closed symbols; alternative
fertilization, open symbols) in a particular field in Khe Sanh.

Table 2. Time and amount of Nitrogen fertilization in 2002 and 2003 in the plots with
full farmer management (‘Farmer’) and with an alternative fertilization (‘Alternative’),
for one specific farmer in Khe Sanh.

Management 2002 2003
Day N (kg/ha) Day N (kg/ha)
Farmer =150 366 142 110
350 77 272 77
Alternative =150 366 225 81
194 57 321 96
266 142

Although the farmer enjoyed the higher yield, he disliked the synchronization, as this made it
more difficult for him to do the harvesting in his other fields with the limited labour force
available. In 2003 no big differences were observed in performance of the two forms of
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management (open and closed triangles, Figure 1). This is mainly related to the smaller
differences in amounts and timing of N application between the ‘farmer’ and ‘alternative’
management in 2003 (Table 2). Due to drought, the suggested alternative fertilization
schedule could not fully be executed as planned in 2003.

Economic analysis: comparison between farmers

Coffee farmers in Quang Tri are generally profit maximisers: yield is less important than
income. Therefore, they are extremely interested in the economic performance of their fields.
To express this performance, the revenue achieved at each field is calculated according
to:R=G-C=Y -P-C, where R= revenue, G = gross income, C = total costs of inputs
used, Y= yield of cherries, P = price of cherries. In 2002 and less so in 2003, a strong and
positive relation existed between yield and revenue (Figure 2).
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Figure 2. Revenue of individual fields in relation to cherry yield, for two years (2002,
left, and 2003, right) and two locations (Khe Sanh, open dots and Huong Phung, closed
dots). Data are shown on a per ha basis to allow comparison.
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Figure 3. As Figure 2 for relation between total costs of materials used and cherry yield.

There is a difference between the two locations: farmers in Huong Phung, with less fertile
soils, younger crops and poorer infrastructure have in general lower yields and lower revenues
at similar yields than their colleagues in Khe Sanh. Also, considerable variation exists in the
yield-revenue ratio between farmers within each location: especially in 2003, some fields with
lower yields had higher revenues and different fields with similar yields showed different
revenues. This results mainly from the lack of relation between total costs for material used
and yield (Figure 3).
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The reasons for this lack of relation are probably twofold:

1. Nutrient management is not always adequate: nutrients are often not applied in a proper
mix nor in a proper timing and frequency
2. Other management activities, especially pruning and weeding, are often not conducted

properly
Sensitivity analysis

To analyze the sensitivity of the revenue of each field to changes in prices of hired labour and
material input, first changes in revenue were calculated according to
Rap=G-(+a)-L-(1+f)-M , where L= labour cost, M = Material cost, a = relative
change in cost of labour, p = relative change in cost of material. The slope of the linear
regression of R, versus o and P indicates the sensitivity of the revenue to the relative
changes in costs. Negative sensitivity indicates that the revenue becomes less when prices
become higher. A sensitivity of zero means that the revenue is not sensitive at all to changes
in price, while at a sensitivity smaller than —1 (e.g. —2) relative changes in the revenue are
larger than the relative changes in the price.

Especially at low production levels, the sensitivity for changes in prices for both labour and
material can be very high (Figure 1), while at relative high productivity levels there seems to
be a tendency that the sensitivity for changes in price of material input increases. This is
especially the case in situations where the material is not used efficiently, e.g. due to over-
fertilization. The variation in sensitivity for prices of hired labour is related to the efficiency
of use of this labour, but also to the fraction that hired labour takes in of the total labour use:
the higher this fraction, the more sensitive the revenue for price changes.
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Figure 4. Sensitivity of revenue of observed crop management to changes in prices of
hired labour (left) and material input (right) for two locations (HP=Huong Phung,
circles; KS=Khe Sanh, triangles) and two years (2002, closed symbols; 2003, open
symbols).

DISCUSSION AND CONCLUSIONS

The described relative simple way of collecting data from farmer’s management facilitates the
analysis of a great number of topics that are of direct interest to farmers. Even though results
of the analysis mainly signal possible problems and not always give clear-cut solutions to
these problems, it clearly stimulates farmers to discuss about these problems and their
possible solutions. In our experience this is shown by the enthusiasm that farmers show when
discussing the results. It is difficult to monitor the effects that these discussions have on the
behaviour of the farmers, which is due to the yearly variability of the weather as well as to the
fact that changing farmers’ behaviour takes time. Since the livelihood of the Quang Tri coffee
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farmers often depends to a large extend on the income generated from the coffee crop, they
naturally are hesitant to drastically change their practices on basis of the limited information
gathered in the two years as presented in this paper. This is also recognised by farmers filling
in Fieldbooks, which have stated that according to them at least 3 to 4 years of data-gathering
is required to get reliable results. Therefore, all of them have expressed their willingness to
continue with the Fieldbook at least for another few years.

In the approach followed in the PPP project in Quang Tri, trained staff is required to digitise
and analyse the Fieldbooks. Training is required in basic Excel procedures, in accuracy and
carefulness when typing in the data, and in recognizing unexpected and possibly wrong data.
Currently, each week about 1.5 labour days are needed to collect the forms from the farmers,
to a large extend because of travel time, and typing in another 0.5 day. In the near future,
farmers in Quang Tri will be able to do the digitizing themselves. Currently, the first farmers
are buying a computer, most likely not for the specific purpose of filling in Fieldbooks, but
the project is already looking for ways to involve them in the Fieldbook work.

In the absence of a full-fledged analysis software, analysis takes about 1 week of labour per
year. It is expected that in the beginning of 2005 the analysis software which is under
development by the project will be ready to do this job in much less time.
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SUMMARY

Coffee is in the throes of a crisis caused by surplus production, which has led prices to drop to
an all time low. Specialty coffees are weathering the crisis better, among them, the specified-
origin coffees. Indeed, their flavour characteristics make them original products that fetch a
higher price, as they are much sought-after by roasters and consumers. However, despite of
the emergence of these new markets for the specified-origin coffees, there is no real guarantee
on the origin at any level of the coffee sector.

The Geographical Indication (GI) is a sign that guarantees the origin of the product, the way it
has been produced, and consequently its quality characteristics. We think that GI could be
applied to coffee. The development of a GI is mainly based on the identification of the terroir.
Terroir is a French word, which is difficult to translate to English. A terroir is a system of
complex interactions between a set of operations and techniques practised by man, a
cultivated plant and a physical environment to be exploited by a product on which it confers
specific original features (Salette et al., 1998). That means that the physical environment is
not the only element to be taken into account in defining a terroir. Man is another key-word:
terroir is the expression of a culture and a social organisation.

Kintamani arabica coffee, from Bali, has a great potential for a GI. (1) All the activities of the
Balinese from the Kintamani Arabica producing area derived from Hindu philosophy of 7ri
Hita Karana. This philosophy led to a farming system in which chemical fertilisers and
pesticides are not used. Kintamani Arabica coffee is produced by generalised organic
practices. (2) People is organised according to a specific structure: the “Subak Abian”. The
“Subak Abian” is in charge of social and religious life. It is also an economic entity which
regroups the growers. The “Subak Abian” has the potential to be the basis of the organisation
which will support the GI. (3) The Arabica coffee is situated in a well defined environment,
the recent areas are 3637 ha located between 8, 17° and 8, 30° South latitude and between
115, 23° and 115, 34° East longitude. The Arabica coffee cultivation becomes very difficult
outside that area because of the low altitude or because of the drought which is very long in
the eastern side of the Kintamani region. The altitude ranges from 1000 m to 1500 m above
sea level. The relief is generally flat, except in the North-West where a typical landscape of
terraces can be seen. (4) The Balinese coffee had a very good reputation before the 1950’s.
Our cup tasting reveals that the Kintamani Arabica coffee has a distinctive characteristic of
lemon taste which can explain, in part, this past reputation. We think the reputation of this
quality coffee could be recovered through a GI. (5) A quality strategy is being developed in
Kintamani region. The picking of only red cherries is strongly recommended and the
governmental authorities encourage the wet process. (6) Finally, the Kintamani coffee
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growers drink their own coffee. These growers will probably continue to be receptive to the
recommendations for the improvement of the quality of a product they appreciate.

INTRODUCTION

Coffee is one of an important estate crops in Indonesia. Recently, in the country is cultivated
some 1,1 million ha of coffee husbandry with annual production ranges from 450,000 ton to
550,000 ton of green bean, among them some 120,000 ton for domestic consumption. Coffee
is not only to be the main source of income for one million farmers but also an important
source of foreign exchange for the country.

The country produces robusta (90%) and arabica (9%) coffees in addition to small quantity of
liberica (1%) one. Production area is mainly in Sumatra (almost 60%) followed by Java and
Sulawesi islands.

Arabica coffee growing areas consist of Aceh, North Sumatra, East Java, Bali, South
Sulawesi, East Nusa Tenggara, and Papua provinces. The coffee is mostly exported to
specialty market segment such as Toraja Coffee from Tana Toraja highland (South Sulawesi),
Java Coffee from Ijen highland (East Java), Mandheling Coffee from Bukit Barisan highland
(North Sumatra), Gayo Mountain Coffee from Gayo highland (Aceh), etc.

During the last five years coffee is in the throes of a crisis caused by world surplus
production, which has led prices to drop to an all time low. Specialty coffees are weathering
the crisis better, among them, the specified-origin coffees. Indeed, their flavour characteristics
make them original products that fetch a higher price, as they are much sought-after by
roasters and consumers. However, despite of the emergence of these new markets for the
specified-origin coffees, there is no real guarantee on the origin at any level of the coffee
sector.

The Geographical Indication (GI) is a sign that guarantees the origin of the product, the way it
has been produced, and consequently its quality characteristics. We think that GI could be
applied to coffee.

Like trademarks or commercial names, geographical indications (GIs) are distinctive signs,
which permit the identification of products on the market. If they are used in the proper way
and are well protected, they can become an effective marketing tool of great economic value.
GIs indeed convey the cultural identity of a nation, region or specific area. They make it
possible to add value to the natural riches of a country and to the skills of its population, and
they give local products distinguishable identity. The issue of “extension” of GIs other then
wines and spirits, after Doha Round, is of particular interest not only to develop but also
developing countries because of the importance of the remunerative marketing of their
agriculture, handicraft, and artisan production. In addition GIs have features that respond to
the needs indigenous and local communities and farmers. Gls:

* are based on collective traditions and a collective decision-making process;

* rewards traditions while allowing for continued evolution;

* emphasize the relationship between human effort, culture, land resources and
environment; and

e are not freely transferable from one owner to another (Addor & Graziolli, 2002)

In Indonesia protection of GI is provided under Trademark Law No. 15 of 2001. Article 56
(1) of the Law mentions that GI shall be protected as a sign which indicates the place of origin
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of goods, which due to its geographical environment factors, including the factor of the
nature, the people or the combination of the two factors, gives a specific characteristics and
quality on the goods produced there in. Protection system for GI has not materialized yet in
the country.

ICCRI in collaboration with CIRAD has taken initiative to establish Franco-Indonesian
cooperation on the identification and implementation of GI protection in Indonesia, with
special case on arabica coffee. Arabica coffee was nominated to be an example commodity
for the GI project due to its similarity to wine. As a stimulant beverage the taste of arabica
coffee determined by a complex of chemical substances involving on the aroma and flavour
formation, it is significantly influenced by a “terroir”, as for wine. The coffee crisis in the
beginning of 2000’s due to very low price was also similar to the case of wine in the
beginning of 1900’s.

This paper was aimed to inform the preliminary result of the description of terroir arabica
coffee in Kintamani (Bali).

ARABICA COFFEE IN BALI

Bali is a province of Indonesia. Arabica coffee in the province is mostly grown at the altitude
above 1000 m, in the highland areas located on the slopes of the volcano Mount Batur.
Arabica coffee farms are mainly found in Bangli District mostly at Sub-district of Kintamani
and, to smaller extents, in Badung and Buleleng Districts.

According to data from Dinas Perkebunan (Provincial Authority for Estate Crops
Development) data, area of arabica coffee in Kintamani is 3637 ha currently involving almost
2000 farmers. In 2000 the areas was recorded up to 8230 ha. The significant decrease of the
area was mainly caused by very low coffee price as an effect of world coffee crises, as well as
the opportunity to obtain better income by converting coffee to citrus and tangerine farms, in
addition to a chronic problem of parasitic nematode attack.

The main coffee harvest period is in June, July and August, while tangerine is mostly picked
in July and August. Average productivity is 600 kg green coffee per hectare.

Bali is one of a famous tourist destination in the world. Bali coffee along with Java coffee has
also been well known in the world market before 1960’s. David (1996) in his book mentioned
Bali coffee as one of “coffee geography” from Indonesia similar to Mandheling, Toraja,
Lintong, Gayo, Java, etc.

However, the reputation of Bali arabica coffee was declining then, mainly after the coffee
planting in Kintamani was destructed by the eruption of Gunung Agung (volcano of Agung)
in 1963. This eruption caused the production and quality of arabica coffee from Kintamini
drop significantly for almost 15 years. The government started to redevelop the coffee in the
late 1970’s and early 1980’s, mainly by granting coffee seedlings and extension services as
well to the farmers.

Reputation of the Bali coffee will be promoted again by applying fully wash process and

introducing good manufacturing practices during the coffee processing. Recently, several
buyers interested again to the coffee due to its quality.
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TERROIR OF KINTAMANI

Terroir is a French word, which is difficult to translate to English. A terroir is a system of
complex interactions between a set of operations and techniques practised by man, a
cultivated plant and a physical environment to be exploited by a product on which it confers
specific original features (Salette et al., 1998). That means that the physical environment is
not the only element to be taken into account in defining a ferroir. Man is another keyword:
terroir is the expression of a culture and a social organisation.

Referring to the definition, terroir of arabica in Kintamani was described by making surveys
on physical environment, traditional knowledge on farming system and social aspects during
the year of 2003 and 2004. The result of the description is mentioned below.

Physical Environment

Falcetti (Falcetti, 1994) mentioned that corresponding physical environment elements
between the main criteria for composing of terroir are climate, relief, soil and inside the soil.
Climate consists of rainfall (mm/period) and temperature. Relief consists of altitude (m),
slope (% or °) and exposition (°/Nord). Soil and inside the soil consists of texture (name),
granulometrie (name), induration (name or index), solum (m), mineral type (name) and
chemical properties (% or p.p.m) and water retention capacity (mm).

Several elements of physical environment of terroir in Kintamani highland as mentioned in
Table 1.

Table 1. Physical environment elements of zerroir in Kintamani highland.

Climate Rainfall 1250-3500 mm/y, 4-5 dry
month/y, dry period June-
September, rainfall type C-D

(dry).
Temperature 15-25°C
Relative humidity 80-99%
Relief Altitude 1000-1500 m
Slope 0-60%
Latitude 8,17°-8,30° S
Longitude 115,23°-115,34° S
Soil Geology formation Qbb (material of tuff with

sediment of Mount Buyan
Bratan and Batur volcano,

quarter age)

Type of soil Entisol and Inceptisol, good
physical and chemical
fertility

Texture Sandy-loam

Solum 50-120 cm

C-organic Low

Capacity exchange of cation Low

Period of soil water deficit July-November

By physical environment as mentioned in Table 1, Kintamani highland is suitable for arabica
coffee cultivation.
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Traditional Knowledge on Farming System
Terracing

In Bali farmers has traditionally applied terracing on paddy field as well as upland cultivation.
Arabica coffee farmers also makes terrace on slope or mainly steep slope. The farmers
normally grow elephant grass in order to prevent the terrace from erosion and to supply feeds
for their cattle.

Shade trees

On an average farm, a farmer holds area ranges between 0.5 and 1.0 ha. Traditionally,
Balinese farmers grow arabica coffee under Erythrina, Leucaena, Melia sp. and Albizia as
shade trees. Erythrina is widely grown by the farmers due to its function to supply feeds for
their cattle during the dry season. Albizia wood can be sold easily as it is a raw material for
handicraft carving.

Intercropping

Before 1995, arabica coffee production provided farmers with their main income.
Traditionally, most of them grew arabica to be intercropped with other crops such as citrus,
pomelo, etc. and the others grew it monoculture under heavy shade.

However, due to the fall in world coffee prices, farmers diversified their production and
developed tangerine, which currently provides them a better profit than that of arabica coffee.
Tangerine is intercropped with coffee in most of the plots, in which case it imperfectly
replaces the traditional shade trees, given that it is smaller in size. Nevertheless, some farmers
also grow pure tangerine plots. Tangerine trees are very productive but rapidly exhausted after
4 or 5 years harvesting have to be replaced.

Within the farming systems, tangerine is actually considered a high-yielding but a “risk-
taking” crop mainly due to price instability and disease vulnerability. In spite of its current
low price, coffee cultivation is maintained as it is considered a “safer” cash crop. This status
must be kept in mind as farmers may not willing to take risk at the same time on tangerine and
on new coffee marketing schemes.

Integrating coffee with animal husbandry

The farmers usually breed livestock such as two or three bulls graze only grass on the farm, a
couple of pigs and some poultries inside the farm. Farmers grow elephant grass on the edge of
the plots or on the terrace. Bulls are kept in a mobile wooden stable, which can easily moved
to different places inside the farm which usually done by the farmers every six months to one
year. This system not only provides enough organic manure but also the dung can be
distributed equally in the farm. Pigs need extra food, which the farmer has to purchase.

Animal breeding is a compulsory component of the farming system, as organic manure is an

indispensable input on this small, very intensive farm. Manure from farm animals provides
organic fertilisation and is reputed to have a preventive effect on citrus disease.
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Organic farming

Arabica coffee in Bali has traditionally applied intensive organic farming, even they do
intercropping with other crops such as tangerine or citrus. They used to buy organic manure
from other region if their own production insufficient to be applied. Most of coffee farmers
never applied pesticides to control pest and diseases.

Social

In the Balinese arabica producing area, farmer groups range from 40 to 80 families and area
mainly organized according to the traditional “Subak Abian” structure.

A Subak Abian is established in a clearly defined geographical area. Every person, either
landowner or tenant, who develops an agricultural activity, may be a member. The Subak
Abian is not only an economic entity, since it is also in charge of social and religious life. In
the Balinese arabica producing area, the population is mostly Hindu.

Consequently, the Subak Abian’s objectives derive from Hindu philosophy, which teaches
that human beings have to secure and respect three kinds of relationship: with God, other men
and the environment. This philosophy is called “Tri Hita Karana” means three happiness
causes.

The Subak Abian builds and takes care of temple maintenance as well as organizes religious
ceremonies; moreover, it is in charge of some social and economic activities such as:

* Organizing collective work (agricultural activities, maintenance of roads and temples),
* Managing the facilities provided to the groups,
* Coordinating meetings with coffee buyers.

The expenditure arising from Subak Abian activities is shared between the different families,
which are members of the group. Subak Abian activities in the specific field of coffee
marketing are currently limited by the lack of working capital.

Training by Dinas Perkebunan is mainly concentrated on four farmer groups, which has been
facilitated with coffee processing facilities. The four Subak Abians are directly involved:

* inred cherry collection and marketing,
* in post-harvest wet processing and green coffee marketing.

In Bali province, arabica producers area also coffee drinkers so that is it easier to make them
aware of quality requirements. They could easily be involved in cup tasting activities for
instance.

Falcetti (1994) distinguished terroir to be homogenous and composite one. Homogeneous
terroir, when in the same certain terroir can be identified homogeneously to produce a type of
characterized product. Composite ferroir, when in the same terroir produces different
products, or necessity togetherness of different row materials to produce a complex final
product. In case of arabica coffee producing area in Kintamani (Bali) the terroir seem to be
homogenous one.
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POTENTIAL TO DEVELOP GI ARABICA COFFEE FROM KINTAMANI
Reputation

Bali coffee along with Java coffee has been well-known in the world market before the
independence of Indonesia. David (1996) mentioned Bali coffee as one of “coffee
geography” from Indonesia similar to Mandheling, Toraja, Lintong, Gayo, etc.

Quality planting material

Most of Balinese arabica coffee farmers grow S 795 and USDA 762 varieties as
recommended by the Government, which are also widely grown by the planters to produce
Toraja coffee in South Sulawesi and Java coffees in East Java. The two varieties are expected
to perform unique distinctive characteristics under “terroir” of Kintamani as a special quality
sign of the poduct.

Farmer organization

Arabica coffee farmers in Kintamani are organized strongly by Subak Abian, namely a
traditional structure on upland areas. Subak Abian plays it role not only on agriculture activity
but also on religion and philosophy as well. In Kintamani there are 58 Subak Abian at the
moment.

Altitude

Arabica coffee in Kintamani Highland is mostly grown at the altitude 1,200-1,500 m which is
expected to perform excellent cup quality.

Farming technique application relatively homogene

Traditionally the farmers grow coffee by using shade trees and holding cattle to obtain
organic manure for their coffee.

Efforts on quality improvement

The farmers are willing to improve and to maintain the coffee quality as recommended by
government.
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SUMMARY

The study was conducted in the natural forest ecology of Ethiopia with the objectives to
characterize and compare the variability in morphological and physiological characters of
Arabica coffee populations. A randomised complete plot design with three replicates was used
at each site and the data were analysed using the SAS statistical software. The results depict
site variations in plant composition and density, among others. Forest coffee trees were
irregularly and closely spaced under dense shadings. Coffees of different sites had distinct
vegetative, leaf and seed growth characteristics. Accordingly, compact coffees with short
plant height, narrow canopy spread, erect branching, short internode, small leaves and small
bean sizes dominated in Yayu and Bonga forests. Conversely, open and intermediate coffee
types with wide canopy, large leaves, long internode and spreading branch orientation were
more frequent at Sheko and Bale-DoloMena forests. Plant density and shadings remarkably
influenced these traits. In other words, low light condition could be the most environmental
factor, which influenced the architecture and reproductive growth response of forest coffee
trees. Further research on the interaction of diverse coffees and environmental factors should,
however, deserve close attentions with the views to target research and development options
on the use and conservation of Arabica gene pools in the country.

INTRODUCTION

Ethiopia is the centre of origin and diversity for Arabica coffee. In its birthplace, coffee grows
under natural forest story and exhibits features typical shade-adapted C; plants, occupying
lower to middle strata of the forest canopy layers. It is well known that the suitability of a
given location for coffee production is determined by four basic environmental variables:
temperature, rainfall, light intensity and soil conditions (Coste, 1992). The rain forests where
wild Arabica coffee populations exist with more or less evenly distributed precipitation and a
dry season lasting for four to six months but not completely without rain (Wrigley, 1988).

In Ethiopia, coffee grows under diverse climatic and soil conditions. Accordingly, the country
is endowed with wide genetic variability of coffee populations, which are locally identified by
their vernacular names and preferred for their inherently unique agronomic characters. In this
line, Yacob et al. (1996) reported that Arabica coffee materials can be grouped into three
macro canopy classes of open, intermediate and compact types with varying shoot and root
growth characteristics.

In Ethiopia, coffee is produced in four main production systems: forest, semi-forest, cottage
and modern plantations (Workafes and Kassu, 2000). Forest coffee is a wild coffee type
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grown spontaneously in the humid hot forests where the natural forest cover is more or less
intact. However, the original ecology of coffee is disturbed largely due to the escalating
deforestation rates. Irregularly spaced dense populations with several a biotic and biotic
stresses characterize the forest coffee trees. As a result, growth and development of coffee
plants are poor and there is no or little management practices applied to boost productivity
(Workafes and Kassu, 2000). But, there are still diverse coffee types in different natural
forests, which have adapted the prevailing stresses, though information is scanty mainly on
the growth response of coffee plants in relation to the changing environmental variables. This
work is expected to shade a light on the spatial and temporal growth responses of coffee plant
under specific microclimatic considerations. It would also provide baseline information for
future detailed research works on the identification of drought tolerant Arabica coffee
populations. Therefore, the primary objective of this study was to characterize and compare
the variability in morphological and physiological growth characters of forest Arabica coffee
populations under minimally disturbed natural forest ecosystems in south-western and-eastern
parts of the country.

MATERIALS AND METHODS
Description of the study area

The study was conducted in four natural forest coffee populations (FCPs), which included
Bale-DoloMena (PI), Bonga (PII), Sheko (PIII) and Yayu (PIV). Except PI of south-eastern,
the others are found in the more humid south-western part of Ethiopia. Within each FCP,
three sites (S1, S2 and S3) were selected and described (Table 1). For this, GPS was used to
measure the geocordinates of each site. Moreover, altimeter and clinometer were employed to
record altitude and slopes, respectively.

Table 1. Description of the study area.

Forest unit Site Abbr. | Latitude | Longitude Altitude Slope (%)
(N) (E) (m) Range | Mean
Bale (PI) | Majete (S1) PIS1 6°23° 39°45° 1420 2-3 2
Majete (S2) PIS2 6°29° 39°45° 1420 3 3
Majete (S3) PIS3 6°29’ 39°44° 1490 3 3
Bonga Yabito (S1) PIIS1 7°18’ 36°03° 1780 4-6 5
(PII) Arabcasha (S2) | PIIS2 7°17 36°12° 1520 3-6 4
Alemgono (S3) | PIIS3 7°19° 36°13° 1660 4-5 5
Sheko Beko 1 (S1) PIIIS1 7°07 35°26° 1040 4-18 10
(PIII) Beko 2 (S2) PIIIS2 7°07 35°26° 1080 5-10 8
Shime (S3) PIIIS3 7°04° 35°25° 1180 9-17 13
Yayu Yayu (S1) PIVS1 823" 35°47° 1400 1-8 4
(PIV) Yayu (S2) PIVS2 823" 35°47° 1400 2-3 3
Yayu (S3) PIVS3 823" 35°47° 1400 5-7 6

Data collection and statistical analysis

Coffee spacing was measured and plant density was determined by counting the number of
big trees, coffee plants and shrubs within a quadrant of 20*20 m for big trees and 4*4 m for
coffee and shrubs. From each site, nine to twelve uniform and young (5-7 years) coffee trees
were selected and grouped in to three relatively homogenous blocks by taking into account
the existing field variations, mainly land gradients and shade levels. Again, two young
primary branches/tree were selected and tagged for measurements on vegetative and
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reproductive growth responses. The ratio of main stem height to mean length of lateral
branches (apical dominance ratio) was determined according to the procedures described by
Parent and Messier (1995) as cited by Robakowski et al. (2003).

In addition, healthy and mature leaf samples were collected from the 3™ to 4™ nodes on
primary branches of the selected coffee trees. Leaf dimensions were immediately measured to
calculate the estimate leaf area (length*width*0.66) as described by Yacob et al. (1993). The
same leaves were oven dried at 70°C for 24 hrs and dry weight was measured using a
sensitive balance. Then, estimated leaf area to leaf dry matter ratio, specific leaf area (SLA)
and its inverse, specific leaf mass (SLM) were computed for each site. Moreover, thirty coffee
beans from the selected trees were also used to measure seed dimensions (length, width and
depth) and determine seed sizes. Finally, the data were statically analysed using the SAS
systems for windows v8 and mean comparison was carried out according to Turkey’s
Studentized Range at 5% probability level.

RESULTS AND DISCUSSION
Plant density

The study sites varied in land nature and plant compositions, among others. Consequently, the
slopes ranged from almost flat at Bale to undulating/rolling at Sheko sites, respectively (Table
1). At all sites, big trees, coffee and shrubs occupied such order of canopy strata in the natural
forest ecology. Quadrant count and spacing results (Table 2) show that plant density and
coffee spacing varied among forest coffee units and within sites. The number of trees was
high in Sheko (sites 1 and 2), followed by Bonga (site 1) and Yayu (site 1) forests. It was least
at site 2 of Bonga and site 3 of Sheko. But, coffee trees were highest at Yayu (sites 2 and 3)
and least at Sheko (sites 1 and 3), respectively. From each forest unit, the widest coffee
spacing was measured at site 3 (Sheko), site 2 (Bale-DoloMena), site 2 (Bonga),) and site 1
(Yayu). In contrast, the highest quadrant count on big trees and coffee was observed at site 1
(Bale-DoloMena), site 1 (Bonga), site 2 (Sheko) and site 3 (Yayu), indicating the dense
shadings of the sites. The density of shrubs increased from Bale-DoloMena to Yayu forest,
probably indicating the levels of human interventions. The vegetative and reproductive
growth responses of Arabica coffee trees under such stand structures were different as
elucidated below.

Table 2. Mean number of big trees, coffee and shrubs within a quadrant and coffee spacing.

Plant density/quadrant Coffee spacing (cm)
Site Tree Coffee Shrub Total Min Max | Mode
PIS1 10 19 2 31 21 243 83
PIS2 8 7 2 17 27 318 140
PIS3 7 15 4 26 23 390 106
PIIS1 17 18 61 96 18 143 43
PIIS2 5 15 62 82 28 315 87
PIIS3 8 12 36 56 39 266 77
PIIIS1 23 5 7 35 37 214 113
PIIIS2 23 15 0 38 19 247 152
PIIIS3 6 5 0 11 65 272 197
PIVSI 14 13 31 58 27 202 77
PIVS2 11 26 38 75 26 150 74
PIVS3 13 39 27 79 22 170 54
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Vegetative growth

The forest sites had coffee types with distinct crown architectures (Table 3). Consequently,
open coffees dominated in Bale and Sheko forests, while the compact types colonized the
Yayu forest. Whereas, mixed heterogeneous populations of open, intermediate and compact
coffee stands characterized Bonga forest. As the trees were self-sown and freely grown, tall
and unmanageable coffee trees were found at all sites, particularly with increasing shade
intensity. Accordingly, the tallest (333.5 cm) and the shortest (247.6 cm) coffee trees were
noticed in Bale-DoloMena (site 2) and Bonga (site 2), respectively. On the other hand,
relatively short and vigour coffee plants were found with reduced plant density and shade
conditions.

In general, very tall, thin and flexible stemmed coffees with few primary branches were
noticed with increased plant populations and shadings. Accordingly, the highest and the
lowest main trunk girth at 5 cm above the ground were recorded at Sheko (site 3, 4.65 cm)
and Yayu (site 3, 2.85cm), respectively. These sites were characterized with the respective
wide and close spaced coffee trees. In contrast, short, thick and stiff stemmed coffees were
observed with reduced shades. This may indicate tree vigour and its resistance from the high
risks of damage, mainly due to wildlife and big tree fall. The height of coffee plant was
positively correlated with stem diameter, particularly for open coffee types grown under
reduced shade conditions. There was a significant variation in the mean canopy diameters of
forest coffee trees. As a result, coffee trees with wide canopy spreads were obtained in Bale-
DoloMena (site 2) and Sheko (site 3). In contrast, the narrow canopy arrangement was
recorded at Yayu forests (Table 3).

The longest primary branches with more number of nodes were recorded at the three sites of
Sheko as opposed to the least values recorded at Yayu sites. But, mean internode length was
highest at the three sites of Bale- Dolomena and least for Yayu forests. The values increased
with increasing shade levels at all forests, except at Yayu sites. At all sites, however, the
growth of primary branches was decreased due to aging and cropping. The mean number of
nodes of primary branches was high for Sheko, Bonga, Bale-DoloMena and Yayu forest
coffee units in that order (Table 3). In other words, coffee trees at sites 2 and 3 of Yayu forest
showed the least increments in node number; perhaps due to increased shade conditions to
influence yield of coffee cultivars (Taye et al., 2001).

Coffee trees with maximum number of plagiotropic branches were obtained with decreasing
plant density cover at all sites. Consequently, high number of lateral branches of varying ages
(old, crop bearing and young) was recorded at sites 2 and 3 of Bale-DoloMena, site 2 of
Bonga and Sheko forests. The highest proportions of crop bearing branches were determined
under moderate shading and reduced spacing. In contrast, the closely spaced coffee trees at
site 3 of Bonga and at sites 2 and 3 of Yayu had the least lateral branches. The results largely
show the effects of dense shading in enhancing single stemmed, tall to very tall and non-
productive coffee trees, particularly in the lower positioned horizontal branches. Hence, the
apical dominance ratio (Figure 2) show high values at closely spaced and densely shaded
coffee trees at Bale-DoloMena (sites 1 and 2) and Yayu (sites 2 and 3). Here the shoot part of
coffee and shade trees was covered with lichen, most probably indicating the high air
humidity of the sites. This could reflect the influence of leaf area index and thus productivity
of forest coffee stands under specific climatic variables. Hopkins (1995) has reported reduced
long-term carbon gain under low light irradiance. Though Arabica coffee is a shade tolerant
plant, its growth nature and appearance could not be explained under more heterogeneous
forest conditions. Coffee trees also had distinct qualitative growth characteristics (Table 4),
suggesting the existence of immense potentials for desirable traits.
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Table 4. Some qualitative characteristics of forest Arabica coffee trees.

Site Canopy nature Branching Leaf tip color
PIS1 1-O SE-H Bronze

PIS2 1-O H-SH Bronze

PIS3 O-1 H-SH Bronze

PIISI O-1 HE-SH Green

PIIS2 I-C SH-SE Green

PIIS3 1-O SE-H Green

PIIIS1 1-O SE-SH Bronze/green
PIIIS2 I-O SE-SH Green/bronze
PIIIS3 O-1 H-SE Green/bronze
PIV1 0-C SE-E Light green
PIV2 C SE-E Light green
PIV3 C SE-E Light green

O = open, I = Intermediate, C = compact;, H= Horizontal, E = erect, SH = semi-horizontal,

SE= semi-erect.
Leaf growth

Maximum mean leaf number was recorded under relatively moderate shading and coffee
density at all sites. The highest leaf number was obtained at site 2 of Bonga forest (Table 3).
In contrary, leaf drop was high in Yayu (sites 2 and 3) and Sheko (site 2). Heavy crop loads
on the widely spaced coffee trees at site 3 of Sheko could also enhanced leaf senescence and
subsequent branch die-back. The intact estimated leaf area was high for Bale-DoloMena
(45.16-55.37 cm®), followed by Sheko (37.21-40.43 cm?) and Bonga (28.62-36.47 cm?) sites
with a leaf shape ranging from ovate to lanceolate. In contrast, leaf area was smallest (21.65-
30.09 cm?) for the lanceolate shaped coffee leaves at Yayu forest sites (Table 3). Leaf shape
and size could be associated with the canopy spatial arrangements of coffee trees and may
detect water-use efficiency.

Leaf number was significantly reduced in winter season and the reduction was highest at sites
3 and 1 of Bale-DoloMena and site 3 of Bonga, where high incidences of coffee leaf rust and

coffee leaf skeletonizer were also observed. Similarly, leaf area was highest in Bale sites as
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Figure 2. Presence of Coffee Wilt Disease in Kagera region of Tanzania.
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Evaluation of Three Fungicides for Performance Enhancement
and the Control of Half-node Cutting Rot of Coffee
(Coffea canephora Pierre ex Froehner) in Nigeria

A.R. ADEDEJI, A. A.OLOYEDE.

Cocoa Research Institute of Nigeria, P.M.B. 5244, Ibadan, Oyo State, Nigeria

SUMMARY

An experiment was initiated at the Headquarters of the Cocoa Research Institute of Nigeria
(CRIN) Ibadan, Nigeria to evaluate the effect of fungicide treatments on the performance of
half node stem cutting of robusta coffee and the extent of decay likely to result from the
exposure of the internal tissues of the stem. Four fungi were frequently isolated from the
samples of rotten cuttings viz: Botryodiplodia theobromae, Fusarium sp, Aspergillus
fumigatus and Aspergillus flavus. Pathogenicity test implicated Botryodiplodia theobromae as
the casual organism of the cutting rot. However the treatments with fungicides showed just
slight improvement in cutting performance in terms of callus formation, percentage sprouted,
rooted and length of root (primary and secondary roots). Funguran OH performed better than
all other fungicidal treatments.

INTRODUCTION

Coffee is an important export crop traded globally. However to obtain good yield, improved
quality, pest and disease resistance as well as any other desirable traits, coffee is best
propagated through cuttings. The use of cuttings as propagation material is not new in
Nigeria. One and multiple-node cuttings have been perfected by the Cocoa Research Institute
of Nigeria, however the use of half node propagule which provide more planting materials as
against multiple nodes cutting of 15-20 cm length (Oyebade, 1981) is at its infancy.
Production of half node cutting by CRIN commenced in 2002. The opening of the vascular
tissues of the plant, which pre-supposes that the materials would be predisposed to pathogenic
attack especially going by the results of previous works that coffee is being affected by some
root and seedling diseases such as root rot disease caused by Armilleria mellea (Vall.) Quelet;
pre-emergence seed decay caused by complexes of Fusarium, Rhizoctonia and
Botryodiplodia spp. (Filani, 1972) and post-emergence seedling damping off caused by R.
Solani and Fusarium sp, necessitate the use of fungicide to treat the propagules. This study
therefore was planned to evaluate the effectiveness of three fungicides on the performance of
half node cuttings of coffee and their ability to control cutting rot.

MATERIALS AND METHODS

Two different replicated trials were laid out under Cocoa shade in year 2002 and 2003
respectively. In the first experiment, a systemic fungicide, hormone and leaf were made
treatments while the control was free of all the three factors. Second experiment, however had
three fungicides (Fungran O.H, Champ D-P and CuS04) as treatments and water was used as
the control. The fungicides were tested at the rate of 4.0 g/litre of water. The half nodes were
prepared with sharp sterile scalpels and were later dipped into the fungicide solutions for 3
minutes before inserting into about 3 kg of naturally infested soil weighed into 15cm diameter
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and 30cm deep black polythene bags. The cuttings so set were covered with transparent
polythene sheet for 9 weeks.

Isolation of the cutting rot fungi

Infected coffee cutting with distinctly recognizable symptoms of the rot disease were
collected from plants grown in naturally infected soil contained in polythene bags arranged on
the nursery beds. The infected pieces were thoroughly washed with fine jets of tap water and
blot dried on filter paper. The samples were cut into 2-3 mm portions and then surface-
disinfected in one percent sodium hypochlorite solution for 30 seconds, washed thrice with
sterile distilled water then blot dried, plated out on potato dextrose agar and incubated for 5
days. The pure cultures of the isolated fungi were kept for the Pathogenicity test.

Pathogenicity Test

Cuttings were inoculated at three different stages viz.: before inserting the cutting into the
soil, two week and four weeks after. Steam sterilized garden soil in 20 cm polythene bags
were used in all the treatments. The isolated fungi were tested by growing the fungi on potato
dextrose agar contained in 9 cm diameter petri-dishes for seven days at 25°C. Two Petri-
dishes of the fungus were mixed with the soil in the polythene bags at about 3cm away from
the cuttings. In the control, similar procedures were followed using sterile agar. The cuttings
were later assessed for rot symptoms. Re-isolations were done to confirm whether the
inoculated fungus was the one producing the observed symptoms in the infected plants.

Table 1. Effect of treatments on the rate of infection on coffee cuttings.

Treatment Infection rate

A** 56.25 ab*

43.75b

37.5bc

68.75a

12.25d

18.75 cd

50.0 ab

T|Qmmgn|®

6.5d

* Means not followed by the same letter are not significantly different (P=0.05)
** A - No fungicide, no hormone, no leaft (control)

B - No fungicide, hormone present no leaf

C- Fungicide present, no hormone, no leaf

D - Fungicide present, hormone present, no leaf

E - No fungicide, no hormone, leaf present

F - Fungicide present, hormone present, leaf present

G - Fungicide present, hormone present, leaf present.

H -Fungicide present, hormone present, leaf present

RESULTS

Table 2 shows that Botryodiplodia theopomae and Fusarium sp. were frqeuntly isolated from
both soil and piece of cuttings, however Aspergillus fumigtus and Aspergillus flavus could not
be isolated with any appreciable frequency from the nursery soil used. Table 1 shows the
effect of treatment on the rate of infection in C36 coffee variety. The combination of leaf,
fungicide and growth hormone produced the best result. Results of the pathogenicity tests

1268




(Table 3) indicated that Botryodiplodia theobromae was the primary organism associated with
the rot of half node cuttings of coffee, however the degree of its infection reduced as the age
of cutting developments progresses. In the second experiment, Funguran O.H (Fungicide) as a
factor had overall best performance above all other treatments (Champ DP, CuS04 and
control) (Table 4). This performance is however not different significantly (P = 0.05) from the
control.

Table 2. Fungi isolated from the infected cutting tissues of coffee and nursery soil.

Fungus Isolation from a _n*
Cutting Soil
1. Aspergillus flavus 19 0
2. Aspergillus fumigatus 16 0
3. Fusarium sp. 41 40
4.Botryodiplodia theobromae 60 62

*1/2 n: Figure represent number of times fungus was isolated from pieces of infected half
node cuttings plated on potato dextrose agar (PDA).

Table 3. Pathogenicity of Botryodiplodia theobromae, Fusarium sp., Aspergillus fumigatus
and Aspergillus flavus on half node cuttings of coffee.

Fungi
State of cutting at Botryodiplodia | Fasarium sp Aspergillus Aspergillis
inoculation theobromae fumigatus flavus
At the beginning of 45% 0 0 0
preparation
Two weeks after 21 0 0 0
cutting preparation
Four weeks after 09 0 0 0
cutting preparation

*Figure represents percent of cutting rot.

Table 4. Effect of three fungicides on the performance of 1/2 node cuttings of Coffee.

Means of the Parameters measured.

Fungicide | %Callusedcuttings | %sprouted | %rooted | No of | Length of %
cuttings cuttings | roots | roots(cm) | Infected
cuttings
Fungran 80.0 80.0 36,7 2.3 29 6.67
O.H
Champ 63.3 63.3 40.0 6.1 4.53 36.67
D-P
CuS04 6.7 6.7 6.7 1.6 0.83 20.0
Control 76.7 86.7 53.3 4.50 5.27 50.0
(H20)
LSD 26,68 28,3 24.95 NS 2.75 NS
(0.05)
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DISCUSSION

The four isolated organisms have been in one time or the other implicated in root or nursery
diseases of tree crops (Filani, 1972; Olunloyo and Esuruoso, 1975). Botryodiplodia
theobromae, though a weak pathogen that infects through wounds (Njoroge and Kimemia,
1995) has been reported to cause different plant diseases such as kolanut rot, rot of kola
cuttings and brown blight of kola (Adebayo, 1966). Pre and post-emergence decay and
damping off of coffee seedlings have also been attributed to B. theobromae (Olunloyo, 1974).
It is also responsible for the floral shoot die-back disease of cashew (Olunloyo, 1975). Its
therefore not surprising that the pathogenicity tests in this study confirm that B. theobromae
initiated the cutting rot of the half node cuttings. This could be due the presence of wounds
and exposure of vascular tissue that serve as entrance for the pathogen. The ability of B.
theobromae to infect the cuttings reduces as the number of weeks increase (Table 3), this
could be due to the fact that the wounds of the cutting have started to heal up, hence leaving
little opening for the pathogen to infect. Fusarium sp., Aspergillus fumigatus were mainly
secondary parasites which did not produce any symptoms. Funguran-OH a copper hydroxide
based fungicide (equivalent to 50% copper) performed best in virtually all the parameter
evaluated, especially in prevention of cutting rot. This performance in particular above
Champ D.P recorded corroborate the findings of (Agbeniyi and Adedeji, 2000) in the control
of black pod disease of cacao. Final recommendation of this fungicide for half node
production would however, be better done after evaluation of field establishment performance
of these cuttings. The first trial of this study established the importance of leaf on the
performance of coffee half node cuttings, hence suggesting continuous photosynthesis by
developing cuttings. It is worthy of mentioning that CuS04 should be avoided in the treatment
of half node production going by the results obtained from this study, which confirmed the
assertion of (Castilo and Jaime parra, 1959): that Bordeaux mixture (CuSO4 + Lime) hindred
normal root development in the germinating seedlings of coffee.
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SUMMARY

Coffee is the largest traded commodity in the world market after oil and the earnings from
coffee trade sustain the economics of many developing countries producing this crop. A
major disease causing economical significant crop losses in coffee is leaf rust caused by
Hemileia vastatrix. Coffee-leaf rust relationship is one of the well studied host pathogen
systems to understand the resistance- virulence interactions. The gene-for gene model was
utilized to explain the manifested interactions of coffee and leaf rust. Our recent research
revealed interesting deviations from this mechanism. Hibrido de Timor (Spontaneous hybrid
of Arabica and Robusta) and other hybrids derived from interspecific crosses were exploited
commercially in many coffee-producing countries. New races of rust fungus were reported
from these hybrids that express vertical resistance. Present paper describes the incidence and
infectivity of a new race on two differential hosts C. congensis and Kawisari and the
operation of systemic acquired resistance (SAR) defense mechanism in Coffea was also
proposed in the light of these studies. Coffea canephora, C. congensis and C. liberica were
believed to have contributed genes to some breeding stocks of C. arabica. In our studies,
spores collected from the hostdifferentials, C. congensis (B-type) and Kawisari (Natural
hybrid of C. arabica and C. liberica, M-type) failed to re-infect the respective hosts as well as
the other differentials carrying the genes from the above mentioned species of Coffea. This is
a pointer in the direction of SAR playing an important role in the resistance of coffee to leaf
rust. From our various observations in inoculation experiments, it is evident that systemic
acquired resistance against leaf rust is operating in the diploid species of Coffea and
interspecific hybrids at a higher level than in tetraploid C. arabica. This is the first record of
occurrence of SAR in coffee.

INTRODUCTION

In nature, plants co-exist with microbes and other organisms. Many microbes are potentially
capable of parasitizing plants and are perceived as pathogens, i.e. they are capable of causing
disease. The most important pathogens of economically important crop plants are biotrophic
and necrotrophic fungi. There are three possible relationships of plants with the co-existing
microbes viz. (1) neutral or non-interaction, (2) symbiotic or beneficial interaction and (3)
parasitic or harmful interaction. Out of the three, the third relationship causes disease and
damage to the plants. This is conditioned by the ability of the pathogen to recognize and
colonize the host plant and the ability of the plant to counteract or otherwise of the pathogen’s
activities. Final outcome of these interactions is controlled by the genetic constitution of the
host and the pathogen as well as the environment to some extent (Ram, 2000). A plant is said
to be resistant if the pathogen is unable to colonize and spread within the host plant tissues,
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whereas in a susceptible plant the pathogen can spread systemically in the host plant tissues
causing widespread damage. Analysis of these interactions revealed the genetic aspects such
as gene-for-gene host-pathogen association, biochemical basis of disease resistance and
molecular mechanisms related to disease resistance (Flor, 1956; Keen, 1990; Kombrink et al.,
1988; Kerr, 1987; Leong and Holden, 1989). The most recent approach to manage plant
diseases in the field is, induction of resistance by chemicals or pathogenesis derived natural
compounds including volatiles such as methyl jasmonates and salicylates (Kessmann et al.,
1994; Farmer and Ryan, 1990; Hammerschmidt and Kuc, 1995; Ryals et al., 1996; Shulaev et
al., 1997). This approach was termed the induction of systemic acquired resistance (SAR).
Many natural compounds derived from pathogenesis and plant groth promoting bacteria and
synthetic chemicals were found to induce SAR in a wide range of plants (Mauch-Mani and
Slusarenko, 1994; Cohen and Kuc, 1981; Alstrom, 1991; Cloud and Deverall, 1987; Gessler
and Kuc, 1982; Greenberg et al., 1994; Mahuku et al., 1996; Penninckx et al., 1997). Genetic
basis of the induction was also proposed in many studies (Xu et al., 1994; Hammond-Kossack
and Jones, 1996; Century et al., 1995; Bowling et al., 1994).

In Arabica coffee, vertical, horizontal and incomplete resistance to the leaf rust disease was
reported (Rodrigues, 1985; Eskes, 1989; Varzea et al., 1985). In the course of coffee-leaf rust
studies it was noticed that a situation similar to SAR prevails in the relationship of some
genotypes of coffee and leaf rust. These observations are reported in the present paper.

MATERIALS AND METHODS

Coffea congensis (B-type) and Kawisari (M-type) are important differentials used in race
differentiation of coffee leaf rust. These differentials are maintained in the glass house at the
Regional Coffee Research Station at Thandigudi for studies on leaf rust. The susceptibility
spectra of these differentials are considerably different. However, the incidence of leaf rust
disease was noticed in the field on very few leaves of these plants since 1977. The original
clones were grafted on to stumped plants in the field. In each case one or two pustules
producing uredospores were found and the spore bulk from these sori was utilized to multiply
the race culture on a susceptible host. Details of infection on the original host plants and spore
collection are given in Table 1. The multiplied spores were used for inoculation on a wide
range of differentials that were considered potential hosts (Table 2). Spores collected from
susceptible hosts like Matari (B-type), Bourbon (E-type), Kents (D-type) and C. racemosa (F-
type) were used to re-infect the original host in a repeat test. The inoculation test was
conducted twice on the leaves attached to the host plant and once on leaf disks. Observations
are recorded periodically and the results are presented in Table 2.

Table 1. Details of spore collection from C. congensis and kawisari.

Details Congensis Kawisari
Description 263/1, C. congensis Uganda 644/18, H. Kawisari
Date of collection 03.09.2002 18.09.2002

Type of sporulation Medium Medium

Spots/leaf One to 2 2

Leaves infected/plant 8 leaves One leaf only
RESULTS AND DISCUSSION

Only four differentials, Matari, Bourbon, Kents and C. racemosa took infection to the level of
sporulation while all other differentials remained free of infection. The infected types were
generally known to be highly susceptible to many races of the rust fungus. Among them,
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Kents was a relatively more resistant host carrying two resistance genes Sy2 and Sy5 while
Bourbon carries only one gene Sy5. Matari was reported not to be carrying any resistance
genes. The F-type, C. racemosa was also known to be a universal suspect (Rodrigues et al.,
1975). The disease manifestation patterns in the inoculation tests are commensurate with
these genotypic constitutions with the exception of C. racemosa. The genotype of C.
racemosa is not yet known. However, this differential manifested resistance similar to Kents.
In India, C. racemosa was never observed to be severely infected by rust in the field and its
resistance appears to be horizontal.

Table 2. Results of inoculation experiments.

Differentials Congensis Kawisari

Inoculation I II Leaf I II Leaf
discs discs

Date of 03.09.2002 | 12.02.2003 | 28.12.2002| 18.09.2002 | 12.02.2003 | 28.12.2002

inoculation

Date of 13.11.2002 | 31.03.2003 | 10.02.2003| 13.11.2002 | 31.03.2003 | 10.02.2003

observation

Differentials

Matari - 4 4 4 4 4 3

Dilla & Alghe 0 0 0 0 0 NI

-a

HDT - R 0 0 0 0 0 0

Group - 5 0 0 0 0 0 NI

Group - 8 0 0 NI 0 0 NI

Si» Kaffa - 1 0 0 0 0 0 NI

C. canephora 0 0 0 0 0 NI

P

C. congensis 0 0 0 0 0 NI

Q

Kents - D 1 2 2 1 0 0

Group - 1 0 0 0 0 0 0

Bourbon - E 2 3 3 3 4 3

C. racemosa 2 2 2 2 2 2

F

C. congensis 0 0 0 0 0 0

B

C. canephora 0 0 0 0 0 0

K

C. canephora 0 0 0 0 0 NI

v

S.353-H 0 0 NI 0 0 NI

Agaro - J 0 0 NI 0 0 0

HDT - A 0 0 NI 0 0 NI

832/1

Geisha - C 0 0 NI 0 0 0

Group -2 0 0 0 0 0 0

Group - 3 0 0 NI 0 0 NI

Kawisari - M 0 0 0 0 0 0

Note: 0 — Resistant, 1-Necrotic spot, 2-Mild sporulation, 3-Medium sporulation, 4- Severe
sporulation, NI — not inoculated.
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A conspicuous result of interest is that in all the tests, the original hosts failed to take
infection up on inoculation of multiplied spores. This behaviour is similar to SAR in that the
stimulation of resistance response appears to have been is provided by the pathogen itself as
observed in Arabidopsis (Mauch-Mani and Slusarenko, 1994), Tobacco (Cohen and Kuc,
1981), Bean (Alstrom, 1991), Cucumber (Gessler and Kuc, 1982) and Oil seed rape (Mahuku
et al., 1996)

Another interesting observation is the failure of multiplied spores to infect a majority of the
differentials considered to be potential hosts (Table 2). Many of these differentials such as
HDT-R, HDT-A, Groups -1, -2, -3, -5, -8 are derived from the all-resistant HDT (carrying the
resistance genes Sp6,7,8,9 of C. canephora) directly or indirectly. A few of the inoculated
differentials are derived from other spontaneous tetraploid interspecific hybrids such as H-
type and V-type carrying the Sy3 gene of C. liberica. The differential types P and K are C.
canephora types and type-Q is C. congensis. The resistance manifested by these hosts cannot
be SAR as they were freshly infected with the multiplied spores. Similar resistance was
manifested by pure Arabica types I, J, C and a. This manifestation must be on account of the
residual horizontal resistance or incomplete resistance present in these types that also appears
to be needed for the expression of SAR.
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SUMMARY

Artificial diet has been prepared for rearing Coffee White Stem Borer Xylotrechus quadripes
(Chevrolet), major coffee pest in India, the chemical composition of the diet and methodology
for culturing the beetle in the laboratory are described. The beetle could successfully
complete the life cycle from egg to adult in artificial diet with a shortest span of 72 days and
longest span of 171 days. By this method adults and larvae in large numbers could be made
available for parasite rearing and other laboratory studies.

INTRODUCTION

Coffee White Stem Borer Xylotrechus quadripes, (Coleoptera: Cerambycidae) a major pest
on coffee has been existence in coffee estates in south India for more than a century. Stokes
(1838) made the first reference about the borer attack on arabica coffee from the erstwhile
Mysore state (Karnataka). The pest was reported in Robusta coffee also. Apart from India,
this pest also occurs in Vietnam, Sri Lanka, Thailand and China.

There are two flight periods for this insect, one in April to May and the other in October to
December. The adult borer is a slender beetle 1-2 cm long. The forewings are black with
white bands and they are diurnal in habit. Female beetle deposits eggs in the cracks and
crevices and under the loose scaly bark of the main stem and thick primaries, preferring plants
exposed to the sunlight. The young grubs feed on the corky portion just underneath the bark
for few months. Later, the larva enters the hard wood and tunnel in all direction. And grub
stage lasts for about 9-10 months. The larva pupates in the chamber close to the periphery of
the stem. The pupal stage lasts for about one month, after which it transforms into an adult.
Kurian and Surekha (2000) reported that in robusta coffee the flight season is throughout the
year and the peak emergence is during November, December and May. During the month of
March, July and September the emergence is relatively low.

As there are two flight periods in a year it is difficult to get adults and various stages of grubs
in all the months for various studies. To tackle this non-availability of the beetles except in
the flight season, studies were initiated to rear in artificial diet. The development of plant
biotechnology during the last decade has brought means of controlling strict endocarpic insect
through the development of transgenic plants producing Bacillus thuringiensis, insecticidal
proteins. For screening Bacillus thuringiensis activity on neonate larvae regular supply of
beetles at the laboratory are required. Hence, for culturing the white stem borer beetle in
laboratory, apart from coffee stems as natural way, artificial diet also standardized.
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Insect reared on artificial diet has several advantages over those reared on natural foods. For
example, by using the artificial diet rearing of insects can be possible and stages will be
available throughout the year for various experiments; insects of known and reproducible
nutrition are available for tests; studies on nutrition and metabolism can be undertaken by
varying the chemical and physical characteristics of diets and environment conditions; and
finally the quality of the test insect is controlled. Artificial diets have been used for many
purposes, viz., toxicological studies by incorporating Bt toxins, studies on nutritional
requirements and physiological pathways, production of insect pathogen, production of
attractants and hormones, in mass rearing for bio control programmes and application of
sterile male techniques.

MATERIALS AND METHODS

Following are the combinations of diet for the quantity of 1000ml weight in grams. Agar- 40,
Sucrose- 20, Fructose- 10, Glucose- 10 *Wesson’s salt mixture — 25, Soybean protein — 20,
Yeast extract-50, P- hydroxy benzoic acid (methyl paraben) — 1, Cholesterol-1, Fresh arabica
stem powder — 42, **Vanderzants fortification mixture- 15, Antibiotic tablet preferably tetra
cyclin compound- 1 mg, Sorbic acid- 2.4.

*  *Wesson’s salt mixture (%): Calcium carbonate — 21, Copper sulphate (5 H,O) — 0.039,
Ferric phosphate — 1.470, Manganous sulphate (anhydropus) -0.020,Magnesium sulphate
(anhydrous) - 9.00, Potassium aluminium sulphate - 0.009, Potassium chloride — 12,
Potassium dihydrogen phosphate- 31, Potassium iodide- 0.005, Sodium chloride — 10.500,
Sodium fluoride- 0.057, Tri calcium phosphate — 14.900.

e **Vanderzant’s fortification mixture (for 1000g ,wt. in gms), Tocopherol- 8, Ascorbic
acid- 270, Biotin 20 mg, Calcium panthothenate — 1, Choline chloride- 50, Folic acid,
crystalline — 250 mg, Inositol- 20, Niacinamide- 1, Pyridoxine hydrochloride — 250 mg,
Riboflavin — 500 mg, Thiamine hydrochloride — 250 mg, Vitamin B 12 trituration in
Mannitol Smg.

The composition of the diet based on the formula of Galford (1969 b) in Pritam Singh (1974)
with little modification as above. The chemicals except the Vanderzant’s fortification mixture
and the antibiotic are dissolved in required volume by using distilled water. Mouth of the
container was closed with aluminum foil and sterilized in an autoclave for 20 minutes.
Allowed to cool the medium in the water bath set 45°C and Vanderzant’s fortification mixture
and antibiotic were added and mixed by using vortex till it gets mixed. Before solidification
the mixture was poured in sterilized cell well plates of 4x3 wells or sterilized petriplates,
under the laminar air flow hood and switched on the UV light for 30 minutes. Allowed to cool
the medium and made a small incision on the surface of the diet and neonate grubs were
released 2 to 4 numbers in a single well. Placed the lid of the cell plates and covered with
aluminium foil in order to prevent the entry of the light and placed in BOD growth chamber
of temperature set 24°C and RH 80%.

RESULT AND DISCUSSION

Observation was made on the next day of release to make sure that grubs are able to feed on
the diet. Neonate grubs were found started feeding with in 1 or 2 hours of release. The size of
the grubs was found increasing and the production of excretory material was also recorded.
During one life cycle period, weekly observations were made to check whether any fungal
infection of the diet. If any fungal pathogen noticed the entire culture will be discarded.
Whenever the diet found exhausted the grubs were transferred on to the refrigerated diet.
After pupation the specimens were kept in laboratory temperature of 26-30° C.
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Table 1. Developmental period of larval stages of Xylotrechus quadripes (arabica coffee)
in artificial diet.

Stages of grubs Days taken for moulting Mean Mortality (in %)
I instar 6—-24 15 0.5
II instar 13-24 18.5 3

III instar 13-30 21.5 5
IV instar 14 -29 21.5 5
V instar 14 — 28 21 2
Pupation 12 -28 20 1
30+
28
26
24
224
2 T
2 16-
2 14
12
é 10
84
64
2 0.5
o T T T T T
1st Instar 2nd Instar 3rd Instar 4th Instar  5th Instar Pupa
@ Moulting days (Minimum) @ Moulting days (Maximum) 0O Mortality %

Figure 1. Development period of larval stages of WSB (Arabica) in artificial diet.

The beetles emerged from the diet resembled in all characters of naturally occurred ones with
out any apparent decline in the vigor of the beetle. The emerged adults were allowed to breed
and found to be successful in laying eggs and the eggs hatched and were used for further
rearing in the artificial diet. Diet was also prepared for robusta grubs by using the robusta
stem powder and it was found that robusta grubs could also successfully completed life cycle
in artificial diet (shortest life span of 85 days and longest life span of 184 days)

Sreedharan et al. (1989) made an attempt on laboratory rearing of Coffee White Stem borer
on artificial diet and recorded that when freshly hatched grubs were released on the diet failed
to feed and all of them died. In the same paper they mentioned that De Viedma et al. (1985)
also reported newly hatched larvae died, when they were transferred into the diet. For the
present studies, successful rate of moulting were recorded the first instar grubs onwards and
has proved that white stem borer can be reared in the laboratory using the prescribed artificial
diet formula.

Galford (1969b) recorded Xylotrechus colonus (Fabricius) reared from the artificial diet
media along with other ten species. Since the lifecycle of the beetle is very long, utmost care
has been taken for the prevention of fungal infection and drying of the diet. There is no
difficulty for culturing the neonate grubs till first moulting. As the purpose of the study is to
undertake the bioassay of the white stem borer, Bacillus thuriengiensis toxins always act on
neonate grubs, and grubs grow bigger in size, the intestinal structure will be more
complicated and the toxins will act very slowly or doesn’t act. Hence, emphases were given
for the successful feeding and rearing of the neonate. Successful rate of emergence was also
recorded for testing the F2 generation. In natural condition, the life cycle of the beetle is 10-
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12 months depending on the climatic factors. The early emergence in artificial diet is
achieved due to favourable condition such as ideal temperature, humidity, and nutrients for
normal development of the grub.

I instar II and IIII instar

IV Instar V instar

Pupae

Figure 2. Larvae feeding in diet.

The present studies revealed that the beetle (arabica) could successfully complete the life
cycle from neonate to adult in artificial diet with a shortest span of 72 days and longest span
of 167 days. However, the grubs kept in diet under laboratory temperature (26-30°C) took a
maximum of 257 days to complete its life cycle (neonate-adult emergence). During the years
2003 and 2004 a total of 177 adults (98 males and 83 females) were emerged from the
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artificial diet prepared in the laboratory. By application of this method various stages of white
stem borer could be made available for different studies throughout the year.
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SUMMARY

Large scale release of the berry borer, parasitoid, Cephalonomia stephanoderis in estates
heavily infested with Coffee Berry Borer resulted in good reduction of the pest. Comparative
studies were made to assess the pest level in parasite released and non-released sites. Follow
up observations showed good establishment of the parasitoid in all the released estates and
migration of the parasitoid into non-released estates also. The paper discusses the suitability
of Cephalonomia stephanoderis as an effective parasitoid in the integrated management of the
Coffee berry borer.

INTRODUCTION

Cephalonomia stephanoderis (Hymenoptera: Bethylidae) was introduced into India from
Mexico during the year 1995. This wasp, once inside the berry, feeds on eggs, larvae,
prepupae and adults of the Coffee berry borer. Eggs are laid singly on the ventral side of the
late larvae or prepupae and the dorsal side of the abdomen. Rearing of this parasitoid was
initiated at RCRS, Chundale during 1996. Since then, the parasitoids were multiplied and
released enmass by using naturally infested coffee fruits collected from the field. The study
evaluates the performance of Cephalonomia stephanoderis against Coffee Berry Borer,
Hypothenemus hampii (Ferrai) in the field.

MATERIALS AND METHODS

The study was conducted at Wayanad, Kerala State, India. Cephalonomia stephanoderis was
mass produced in the laboratory and released in to 10 estates infested with coffee berry borer,
after harvest. Evaluation of the establishment of the parasitoid was made by collecting 100
fruits at random from each released estate, observing them for the presence of various stages
of the parasitoid. Similarly neighbuoring non-released estates also were examined for the
presence of parasitoids. Follow up observations were made on the Coffee berry borer level in
the next year crop to study the impact of parasites. Data are presented in Table 1 and 2.

RESULTS AND DISCUSSION

Coffee berry borer infestation was found to be low in the estates where parasitism was high.
Maximum parasitism was recorded at Warriyat estate followed by Asoka estate where large
number of parasitoids were released. In the parasite-released estates, Coffee berry borer
infestation level ranged between 0.68 and 2.65. In the non-released estates, Coffee berry borer
infestation level ranged between 3.8 and 12.2. From the results it could be deduced that large
scale release of the parasitoids at the post harvest period resulted in good reduction of the

1282



pest. As found from the results migration of the parasite could be recorded form neighbuoring
plantations where no release was made.

Table 1. Percentage parasitism and level of infestation in parasite released estates.

Name of the | No. of parasite released Percentage Berry borer infestation in the
estate after harvest parasitism next year crop

Warriat Estate 55,000 60 0.68
Ashoka Estate 16,850 34 1.9
Rock side 10,250 10 0.88
Estate

KPK Plantation 10,000 0 2.65
Kulathanal 5,000 24 0.66
Estate

Snehadeepam 2,500 0 1.63
Ramdham 2,500 1.5 0.98
Estate

Crother Estate 10,000 5.8 1.48
Krishna Estate 5,000 6 1.03
Manjima Estate 5,000 16 1.05

Table 2. Percentage parasitism and level of infestation in non-released estates.

Name of the estate Percentage of parasitism Berry borer infestation
Pambra Estate 0 6.03
Lovely Hills 0 9.11
Pookunnu estate 0 9.38
Karimbil Estate * 4.78
Ratnagiri Estate 0 12.2
Padma Estate * 7.09
Sathya Estate 0 4.35
Peace Cottage 0 5.09
Karimk ulam Estate 0 4.70

* Parasite found
CONCLUSION

The observational study indicates that Cephalonomia stephanoderis released during the post
harvest period can effectively check the spreading of Coffee berry borer. The migrating
behaviour of the parasitoid opens up its possibility to be a highly useful and effective
parasitoid in the integrated management of Coffee berry borer. Considering the feeding habit
of the parasitoid, Cephalonomia stephanoderis will be a suitable alternative when insecticides
fail to reach the brood inside the berry in the ripening stages.
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Production of Compost using Thermophilic Fungi Mycotypha sps
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on Plant and Soil
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SUMMARY

Coffee cherry husk is one of the major by product of coffee industry. Due to the presence of
polyphenolic material and highly acidic pH, its management has been a tough task.
Mycotypha sps. Strain No.AKM -1801, a thermophilic fungi isolated from coffee husk heap
helps in converting coffee husk into Compost. Studies indicated that the pH of the husk
changed from 3.6 to 8.4 in 20 days. Investigation revealed that the compost increased the
germination percentage and Vigour index on various plants like. Pisum sativum, Arachis
hypogea, Brassica nigrum, Dolichos lablab, Dolichos biflorus, Phaseous aureus, Vigna
sinensis and Vigna catjang. The Compost showed accelerated growth of the plant in pot and
field experiment due to the production of phytoharmones. These Phytoharmones are yet to be
identified. The plantation soil being highly acidic, addition of lime to stabilize the pH is a
common practice. Our effort to amend the pH of the soil using this Compost showed
promising results. Incorporation of this compost even at 2.5% level neutralized the pH of the
soil for one cropping season. A detail investigation on long-term effects of soil amendment is
under progress.

INTRODUCTION

Coffee husk is one of the most abundantly available agro- industrial wastes produced after
processing of coffee by dry method (Zuluaga, 1981). For every ton of Coffee cherry, nearly
0.18 ton of coffee husk is generated (Adams and Dougan, 1981). About 1,300,000 tons of
coffee husk is produced annually around the globe (Orne & Bahar, 1985). Coffee husk is rich
in nutrients and contains 1,026 g of nitrogen, 60 g of phosphorous, 918 g of potassium, 162 g
of calcium, 90 g of magnesium, 72 g of sulfur, 0.96 g of boron, 0.80 g of copper, 3.6 g of
iron, 1.2 g of manganese, 0.002 g of molybdenum, and 0.72 g of zinc / 60 kg of the husk.
Along with this it also contains carbohydrates especially high amounts of pectin. Due to the
presence of polyphenols which are considered as anti-nutritional / phytotoxic factors such as
caffeine, tannin, etc., its use in agriculture has been restricted to larger extent. (Bressani,
1979a). Even though there has been many reports describing the composition, upgrading and
utilization of coffee husk, there are few reports on its natural microflora and it’s utility for
agricultural purpose due to above reasons (Calle, 1951,1954; Ledger & Tilman, 1972;
Bressani, 1979b; Christensen, 1981; Orne & Bahar, 1985; Martinez-Carrera, 1987).

With the realization of the deleterious effect of chemical fertilizers and pesticides, the
emphasis on organic cultivation has become the norm of the day. Conversion of agro waste to
Compost is one of the traditional practices in agriculture. To meet this ever-increasing
demand of compost, a number of slowly degrading and phytotoxic agro waste is being
exploited as organic fertilizer, using microorganisms (Murthy et al.,1996).
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The present investigation works emphasizes on effects of coffee husk waste in agricultural
fields as Compost using Mycotypha sps to enrich the soil nutrients and their impact on plant
growth.

MATERIALS AND METHODS
Microorganism

Mycotypha sps strain No.AKM-1801, isolated from coffee husk heap by Venugopal, (2001)
and identified as described by Barnett and Hunter (1972); Alexopoulous et al. (1996) was
used for the present study. It was maintained on the coffee husk media (Brand et al., 2000) at
+ 45°C for 4 days. Inoculum was prepared by suspending the spores in Tween 80 solution and
counted in Neubauer chamber as explained by Aneja (1996).

Production of Compost

Preliminary investigation showed that 60%WHC is suitable for the growth of Mycotypha sps..
Thus Coffee husk was moistened to 60% WHC. The Mycotypha spores were inoculated into
the coffee husk at the rate of 10* spore /ml. The initial pH of the coffee husk was found to be
4.3. The heap was covered with polythene and allowed to degrade for 20 days The core
temperature of the coffee husk heap was recorded to be at 40-50° C, during composting.

Standardization of application of Compost

The coffee husk compost, which was produced from Mycoytypha sps. was applied at the rate
of 2.5%, 5%, 10%, 30% and 50% to the total volume of the soil. The test crops, Pisum
sativum, Arachis hypogea, Brassica nigrum, Dolichos lablab, Dolichos biflorus, Phaseous
aureus, Vigna sinensis, Vigna catjang was taken for the present experiments.

RESULTS AND DISCUSSION
Effect of water and pH on Compost

The water content of the substrate strongly affects the growth & activity of the organism
intern water activity depends on the type of supporting material (Turner et al., 2001). In this
study the alkalization of coffee husk occurred in 20 days, at 60% WHC. The drastic increase
in pH to 7 and above may be due to production of alkalinizing compounds produced during
fermentation. After 20 days, the compost sample did not show any significant changes in pH.
The production of such alkalinizing compounds was observed by Penaloza et al. (1985)
during the growth of Aspergillus on Coffee pulp. Bressani et al. (1979b) has reported that dry
coffee husk contain 6.5% of pectinaceous material, they require higher amount of water for
hydration. Thus, regulation of available water is one of the major constraints in production of
good Compost. The preliminary investigation indicates the WHC of 60% is required to
support the growth of Mycotypha. At higher percentage of moisture there was not much
change and showed accumulation of free water in the substrate (Venugopal, 2001), so it
should be between 30% -75% (Lonsane et al., 1985). As the change in moisture percentage
varies it affects the physical — chemical factors during the growth of microbes. (Penaloza
1985). In the present experiment, the pH changed from 4.3 to 9.0 within the short span of 20
days at 60%WHC as in Figure 1. These results correlates with the work of Fang, and Zhong,
(2002) who reported that the pH increased towards the end of the fermentation, coinciding
with the exhausting of sugar. Only when the sugars are exhausted or present in very low
concentration are the respiratory enzyme derepressed leading to sporulation (Polakis, et al.,
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1965), which is considered as end of the farm yard manure production along with other
parameters.

10 -

0123 456 78 9101112131415161718 1920
No.of days

Figure 1. Change in pH during production of compost by Mycotypha sps.
Effect of pH on soil

The pH of the soil before the amendment was found to be 5.3, but after application of
compost at 10%, pH of the soil showed the drastic change and by the end of the experiment
remained almost constant i.e. near to neutral as in table.2. The application of compost even at
the rate of 2.5% shows its influences on soil pH with Raphanus sativus (Table 1). This would
be a promising factor for the usage of compost to alkalinize the soil without usage of
chemicals and one the main factor to consider as good compost. The ideal soil pH for the
production of common crops should be between 6.0 to 6.8. Soils with a pH below that level
usually cannot provide plant nutrients in sufficient quantity for maximum yield even though
the soil might be high in those nutrients. Many beneficial soil microorganisms do not thrive in
strongly acid soils. Soil pH in the range of 6.0 to 7.0 increases microbial activity and helps
reduce thrash. Both plant and microbial enzymes are greatly influenced by pH. Soil drainage,
texture, porosity, adsorption, absorption are all affected by pH of the soil.

Standardization of Compost application rate and their effect on Plant growth and
Nodulation

Coffee husk manure was applied at different percentage (2.5%, 5%, 10%, 30%, 50% to the
total volume of the soil). At higher percentage (above 10%) the irrigated water and nutrients
leached to near by plots rapidly due to the loose texture of the coffee husk which increased
the soil porosity (Subba Rao, 1998). This also induced lodging of plants. Compost at 10%
was suitable for leguminous plants compared with control and untreated husk. In case of stem
and leafy vegetables incorporation of compost at 10% induce the germination but the
beneficial effect was not pronounced during growth, but such effects will no longer remains,
but the effect of compost at 2.5% found to be better and consistent as in Figure 2 and Table 1.
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Figure 2. Effect of coffee husk compost on growth of Raphanus sativus at different
percentage.

Table 1. Effect of Coffee husk compost at different percentage using Mycotypha sps.
on Raphanus sativus

% of Type of treatment | Length of Shoot | Leaf size Length of leaf | Shoot Stability of Shoot| pH
L) 0,

Compost (em) (%) (cm) (%) (cm) (%)
10% Treated coffee husk | 8 84 3 120 |4 267 Normal 13/20 6.72
Untreated coffee husk | 9 98 25 100 |1 67 Thin 12/20 4.67
*Control 9.5 100 2.5 100 |15 100 Normal 15/20 6.12
5% | Treated coffee husk | 13.5 142 3.5 140 |5 333 Thick 14/20 6.53
Untreated coffee husk | 8 84 28 |112 |5 333 Thin 12/20 5.13
*Control 9.5 100 2.5 100 | 1.5 100 Normal 1520 6.12
2.5% Treated coffee husk | 14 147 4.5 180 (8 533 Thick 18/20 6.37
Untreated coffee husk | 8 84 3.5 140 |5 333 Thin 12/20 5.27
*Control 9.5 100 2.5 100 | L5 100 Normal 15/20 6.12

*Control: — 50ml of water was added/ kg of soil once in 3 days
**Mean of 30 plants

Figure 3. Effect of coffee husk compost on the growth of Arachis hypogea, Dolichos
lablab (A —Treated, B —Untreated).

All the tested plants show the positive effects towards coffee husk compost produced by
Mycotypha sps. on leaf ( number and size), Biomass, Shoot (length) as in the Figure 3 and
Table 4. Positive results were observed in all the cases among leguminous plants. Of all
Groundnut shows a noticeable improvement in inducing nodulation of about 73% increased
compare to control as in the Figura 4 and Table 3. Nodule forming organism in legumes are
adversely affected as the pH of the soil decreases. (ICAR, 1997). This in turn favored fruit for
maturing which showed a 71% increase. pH is also one of the main factor where the pH
should be between 5.3-6.6 for Arachis hypogea,, 5.5-7.0 for Dolichos lablab, 6.0-7.5 for
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Raphanus sativus etc. which aids in availability of the nutrients in plant growth. (ICAR,
1997).

Table 2. Effect of coffee husk compost produced by Mycotypha sps. on soil pH.

Crop pH of the soil
0 day 45 days 90 days

Treated coffee husk 5.43 7.37 6.94

Pisum sativum Untreated coffee husk 5.43 4.34 6.12
*Control 5.43 6.12 6.53

Treated coffee husk 5.43 8.13 6.98

Arachis hypogea Untreated coffee husk 5.43 4.17 5.92
*Control 5.43 5.80 6.34

Treated coffee husk 5.43 7.87 6.47

Brassica nigrum Untreated coffee husk 5.43 4.63 5.9
*Control 5.43 6.12 6.13

Treated coffee husk 5.43 7.97 6.57

Dolichos lablab Untreated coffee husk 5.43 4.87 6.06
*Control 5.43 6.12 6.0

Treated coffee husk 5.43 7.13 6.57

Dolichos biflorus Untreated coffee husk 5.43 491 5.93
*Control 5.43 6.12 6.34

Treated coffee husk 5.43 7.61 6.73

Phaseous aureus Untreated coffee husk 5.43 4.29 5.91
*Control 5.43 6.12 6.03

Treated coffee husk 5.43 7.52 7.05

Vigna sinensis Untreated coffee husk 543 4.09 543
*Control 5.43 6.12 6.03

Treated coffee husk 5.43 7.87 6.63

Vigna catjang Untreated coffee husk 5.43 4.63 5.57
*Control 5.43 6.12 6.27

*Control: — 50ml of water was added/ kg of soil once in 3 days
**Mean of 30 plants

***Treated & untreated coffee husk was added at 10% level

Figure 4. Effect of coffee husk compost on the nodulation in Arachis hypogea (A —
Treated, B — Untreated)
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Table 3. Effect of coffee husk compost by Mycotypha sps. on nodulation

in Arachis hypogea.
Ground nut Nodules ( %) Fruits ( %)
Treated coffee husk 123 173 12 171
Untreated coffee husk 49 69 3 43
Control 71 100 7 100

*Control: — 50 ml of water was added/ kg of soil once in 3 days

**Mean of 30 plants

***Treated & untreated coffee husk was added at 10% level

Table 4. Effect of coffee husk compost produced by Mycotypha sps. on different crops.

Crop Type of Treatment Length of shoot Leaf size Biomass No. of leaves
o, o,
(cm) (%) [(em) (%) @&m) (%) (%)
Treated coffee husk 21 105 37 109 | 148 117 26 130
Pisum sativum Untreated coffee husk 8 40 34 100 87 69 8 40
*Control 20 100 34 100 | 127 100 20 100
Treated coffee husk 6 200 4.8 107 | 290 135 15 167
Arachis hypogea Untreated coffee husk 2 67 4.8 107 | 230 107 7 78
*Control 3 100 45 | 100 | 215 100 9 100
Brassica nigrum Treated coffee husk 11.15 110 25 167 18 120 2 100
Untreated coffee husk 9.5 90 2.0 133 15 100 2 100
*Control 10.5 100 1.5 100 15 100 2 100
Treated coffee husk 21 110 145 | 132 | 350 245 3 150
Dolichos lablab Untreated coffee husk 14 78 12 109 | 195 137 2 100
: *Control 18 100 11 100 | 143 100 2 100
" Treated coffee husk 7.5 115 5 152 55 183 6 150
Dolichos biflorus Untreated coffee husk 6.8 104 2.6 79 33 110 4 100
*Control 6.5 100 33 100 30 100 4 100
Treated coffee husk 23 209 5.3 123 | 130 145 2 100
Phaseous aureus Untreated coffee husk 18 164 33 77 70 78 2 100
*Control 21 100 43 100 90 100 2 100
Treated coffee husk 16 133 135 | 150 | 165 114 10 100
Vigna sinensis Untreated coffee husk 9 75 087 | 97 137 95 10 100
*Control 12 100 09 | 100 | 145 100 10 100
Treated coffee husk 18 129 135 | 123 61 100 8 100
Vigna catjang Untreated coffee husk 13 93 10 91 59 143 8 100
*Control 14 100 11 100 43 138 8 100
Control — 50 ml / kg of soil / 3 days
**Mean of 30 plants
CONCLUSION

As there are hardly any reports on utilization of Mycotypha sps for the production of compost
and there are no reports of it s application in agriculture. The present results indicate that
Mycotypha is an ideal candidate for compost production. Thus it will reduce the cost of
chemical fertilizers and opens up wide applications of such strains in the utilization of similar
type agro — selvicultural wastes to a larger extent. This also improves seed germination,
nodulation, alkalinize the soil and also to pretreated coffee husk for vermicomposting.
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SUMMARY

Coffee Wilt Disease (CWD) or Tracheomycosis was first seen in 1927 in Central Africa
Republic. From 1938 to the early 50's it spread on Coffea excelsa and attacked C. neo-
Arnoldiana, to a lesser extend C. canephora var. robusta. At the same time a general decline
of coffee trees in Ivory Cost was attributed to the same disease. It attacked two local varieties
of C. canephora and C. abeokutae or Indénié as well. In Ethiopia, CWD infects Arabica
coffee. From 1935 to 1960, coffee wilt became the most serious disease of Coffea sp
throughout West and Central Africa. The damages were very severe and lead to the death of
millions of trees. As a consequence, Coffea excelsa and related species as C. abeokutae
disappeared from these regions.

During the 50’s the systematic elimination of affected plants over vast areas was required.
Additionally, the collect of sources of resistance in both wild populations and in the cultivated
varieties for use in breeding programmes should be undertaken so that resistant varieties
could be developed and replanting could begin.

These two strategies proved to be highly successful.

The Coffee wilt disease "disappeared" towards the end of the 1960s, “reappeared” at the
beginning of 1980’s in DRC and 1993 in Uganda.

Given the inefficacy of phytosanitary control methods, the impossibility of replanting on
infected soil and the absence of commercial resistant cultivars, a genetic control strategy was
initiated. Two lines of research were developed: a study of pathogen diversity and an analysis
of the biodiversity of wild Coffea canephora trees in Uganda, which would be resistant to
vascular wilt.

GENETIC DIVERSITY OF FUSARIUM XYLARIOIDES

The genetic diversity of Fusarium xylarioides was studied using microsatellite markers.
Eleven primer sequences defined from a reference strain were used to study a collection of
150 isolates collected from Uganda, the Democratic Republic of Congo, Tanzania and
Ethiopia, which are representative of the geographical diversity of the infected zones, isolated
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on a set of Coffea canephora clones with known field resistance or in plantations and 2 other
Coffea species: C. arabica and C. liberica.

The results revealed that

1- Fusarium xylarioides is categorized into two groups, directly correlated to the host species
from which the pathogen was collected, i.e. the species C. canephora/C. liberica and the
species C. arabica.

2- No population structure is in relation with any geographical distribution.

3- There is a low genetic diversity within the species, suggesting the predominance of
vegetative propagation despite the presence of the sexual form Gibberella xylarioides. A
comparison of contemporary and "historical" strains collected in the 1950s and 1960s
suggested limited genetic evolution of the species Fusarium xylarioides over that period.

GENETIC DIVERSITY OF COFFEA CANEPHORA IN UGANDA

The study on genetic diversity of C canephora in Uganda is in progress. Although C.
canephora trees in Uganda display quite a wide phenotypic diversity, no systematic studies
have been undertaken to understand underlying genetic variability for systematic exploitation.
In this study wild canephora individuals were collected from several locations in Kibale
forest/National Park in western Uganda. In addition, 12 individuals from the botanical garden
at Entebbe, 16 hybrids and their 7 progenitors, 20 ‘erecta’ type and 20 ‘Uganda’ type
individuals from collections and experimental plots at the Coffee Research Institute are
currently being analysed for genetic diversity using 20 microsatellite markers. These Ugandan
canephora trees will be inoculated for resistance against the coffee wilt disease. Where
appropriate, the resistant individuals will be used in the genetic improvement scheme for
incorporation of their resistance into elite/commercial clones or lines.

CONCLUSION

Low genetic diversity of Fusarium xylarioides will allow to propose a breeding strategy in
order to select coffee plants resistants to coffee wilt disease. Once their genetic diversity
highlighted, Ugandian coffee trees could constitute a source of resistance to Coffee Wilt
Disease

This study is funded by E.C. INCO DEV Project COWIDI.
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SUMMARY

Coffee white stem borer, Xylotrechus quadripes is the most destructive pest of arabica coffee
in India, causing severe economic losses. In this context, a socioeconomic survey of 340
growers, randomly selected over three principal arabica coffee growing districts in Karnataka
was carried out during 2003-04 cropping season. The study investigated farmers’ perceptions
of the importance of stem-borer and farm practices influencing the pest. All the growers rated
white stem borer as the major constraint in arabica cultivation by all growers. Unable to bear
the economic burden, several small plantations have been left neglected, without use of any
inputs like fertilizers and plant protection measures. Lack of proper shade because of the
extraction of timber to sustain themselves, prolonged drought since three years and poor
management have increased the borer problem in the holdings. Many farmers expressed that
BHC was more effective than other plant protection chemicals against borer. The major
constraints faced by the growers in arabica coffee cultivation are severe incidence of WSB
causing reduced yields (93.57%), low prices (90.71%), higher labour wages & lower level of
work efficiency (45.71%), lack of skilled labours (12.14%), high cost of fertilizers and plant
protection chemicals (74.29%), failure of rainfall (87.14%) and high rate of interest on
borrowings (42.86%). Growers adopt mainly mechanical control measures like tracing and
uprooting, swabbing lindane during April-May and September-December. The growers want
newer technologies like acoustic detectors/sensors for the exact identification of borer-
infested plants and also for better management of the pest.

INTRODUCTION

White stem borer, Xylotrechus quadripes is the most serious pest of arabica coffee in India
(Anonymous, 2000). It is prevalent in all the arabica areas in the country. The stem borer
larvae feed inside the stem, thus weaken the plant and cause death. The borer incidence is
reported to be on higher side during the past few years and a critical study on the
socioeconomic aspects of stem borer management is found to be useful in getting a feedback
from the coffee growers based on which better strategies could be developed. Similar studies
were reported in the case of many important pests in several crops world over (Norton, 1995;
Yong Gong and Guo Jun, 2001; Tafera, 2004; Nyankanga et al., 2004). However, such studies
were not carried out in the case of white stem borer management and hence a study on the
socioeconomic aspects of this important pest of coffee was planned as a part of the ongoing
Multicountry Project on the IPM of coffee stem borers in India, Malawi and Zimbabwe.

The major objectives of the present study were:

a) To document the socio-economic status of smallholders of arabica coffee
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b) The level of uptake of technologies by farmers and analyze their problems and perceptions
METHODOLOGY
Study area and Sampling design

The study was conducted in the three traditional arabica coffee growing districts of
Karnataka, India viz., Chikmagalur, Kodagu and Hassan. A multistage stratified purposive
sampling procedure was used to select the growers at different levels to get a representative
sample for this study. Primary data were collected by personal interviews using a well-
structured and pre-tested questionnaire from a sample of 340 small growers who own less
than 25 acres, distributed across the three districts, during the 2003-2004 cropping season.

Analytical techniques

The data collected were analyzed using the technique of tabular analysis to denote the basic
characteristics of the sample with respect to grower socio-economic profiles and opinion
survey outcomes etc.

RESULTS

Most of the growers were literate and education level was also high (graduation level) in
many of the cases. Coffee is a vital source of income for majority of the smallholder farms.
Crops like pepper, orange, cardamom; areca nut and vanilla are grown as subsidiary crops,
which become the good source of income at present condition.

The growers opine that the incidence of stem borer is on increase for the past three to four
years mainly due to eth prevalence of continuous drought situation in coffee areas. Other

reasons attributed were financial crisis and extraction of timber from the plantations.

Table 1. Reasons for WSB flare up- growers’ views.

Reasons %
Prevalence of drought conditions consecutively for the last three years 97.86
Financial crisis and hence poor crop management 61.43
Extraction of timber from estates to meet farm expenditure 54.29

Cauvery and SIn-795 are the varieties severely affected by WSB Infestation. Sln-6 and 9 are
less prone to WSB attacks. Majority of the growers are in severely bad debt condition and
unable to clear the loans and hence got declared as Non Performing Assets (NPAs) by the
banks. Many ventured into coffee planting after higher coffee prices realized during the
1990s. During that period many new plantations got established on barren and agricultural
land under mono-shade (silver oak as the major shade tree) and hence more than 340% of eth
estates surveyed had only silver oak as mono shade (Table 2).

Table 2. Shade pattern on the estates.

Shade type % Shade level %
Mono shade 40.71 Thin 6.43
Mixed Shade 59.29 Medium 89.28

Thick 4.29
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White stem borer and leaf rust have been prioritized as the most important pest and disease.
Berry borer is the next major pest in Coorg region. Many expressed that BHC (banned since
10 years) more effective than other plant protection chemicals (lindane or chlorpyrifos)
against WSB. The growers wanted the pilot scheme on Catch & Kill (mechanical method)
programme implemented by the Coffee Board providing incentive based on the pest stages
collected and destroyed to be continued at least for two years. The programme made the
growers better aware about the pest. Growers also wanted the enforcement of the Pest Control
Act, so as to make borer management programme a community activity.

Identification of borer infested plants and control measures adopted
The growers use different methods to identify the borer-infested plants (Table 3).

Table 3. How do growers identify the infested plants for uprooting?

Symptoms %
Drooping nature of the plant 88.07
Rings/ridges on the stems 72.80
Slow drying/wilting of the plant 82.91
Yellowing of the plant 54.55
By making small cuts on the stem 30.00
Breaking of the plant with a slight pull 25.00
Exit holes 60.80

With regards to management practices, majority of the small growers does only one round of
tracing during the period of May-September. About 50% of the growers adopted bark
scrubbing and majority does this operation with sharp tools in the months of August and
September due to labour availability at that time. Though most of the growers resorted to the
on the spot burning of the uprooted infested stems, there are also cases of selling the uprooted
stems to local buyers and also storing them for using as firewood (Table 4). Very few practice
spraying lime on the main stem, as it is labour intensive activity. Majority follows chemical
control measure and mostly swabbing is done to the main stem as it gives scrubbing effect.
Lindane is the common pesticide used for swabbing and very few use chlorpyrifos. Some
growers add neem oil (200-300 ml per barrel). Only very few growers were aware of the
biological control measures and use of /pheromone traps (2-3%). The growers want the
evolvement of better control measures and developing devises like acoustic detectors/sensors
for the exact identification of borer infested plants.

Table 4. Mode of disposal of uprooted infested stems.

Method %
Burn them immediately 82.86
Sell them to local buyers 44.29
Store for fuel after immersing in water 31.43
Store as fuel wood 8.43

General problems /constraints in arabica coffee cultivation

Severe incidence of white stem borer and low coffee prices are considered to be the most
serious problems in arabica cultivation as opined by majority of the growers. The other
constraints reported are drought condition, high cost of inputs, financial problem etc (Table
5).
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Table 5. Problems/Constraints faced by the growers in the cultivation of arabica coffee.

SL.No. Problems/Constraints %

I. Production Problems
l. Severe incidence of WSB causing reduced yields 93.57
2. Failure of rainfall 87.14
3. High cost of fertilizers and PPC 74.29
4. Higher labour wages & lower level of work efficiency 45.71
5. Problem of neglected estates 28.57
6. Prevalence of spurious plant protection chemicals 13.57
7. Non availability of laborers 12.14
8. Lack of skilled labour 12.14
I1. Financial Problems
1. Financial crisis/ no money 55.00
2. High rate of interest on borrowings 42.86
3. Non-availability of institutional finance 30.71
4. Lack of credit facilities 3.57

I11. Marketing Problems
1. Low price 90.71
2. Price volatility 12.86
3. Lack of Minimum Support Price (M.S.P.) 15.57

Transfer of technology

The local Coffee Board Extension Units were the preferred sources of information on coffee
cultivation, especially pest management information for majority of the respondents. Growers
also relied on local dealers agrochemicals for details on the use of pesticides.

CONCLUSION

The present study clearly brought out the significant importance of white stem borer
management in the cultivation of arabica coffee. Though the growers generally follow the
recommended packages of practices, there are some shortcomings in the adoption level of
certain components. This warrants adoption of more effective transfer technology methods
and also improvement in the current package of practices.

The watchword of the coffee growers at present is “how to survive?” as they are getting very
low income, which is not covering the production costs. Still growers are in a hope for a
recovery of prices in near future and want to continue coffee cultivation mainly because of
lack of viable alternatives. Growers are slowly diversifying to other cash crops such as
pepper, vanilla, banana etc., to manage the present situation. Coffee being a perennial crop,
once planted coffee trees become fixed assets with huge investment. Switching over to food
crops is very difficult and not an alternative as coffee is grown in eco-sensitive zones of the
Western Ghats where such a conversion could lead to ecological imbalance. This study, thus,
brings out the need for development of an improved IPM strategy for the management of this
serious pest of arabica coffee in the context of present environmental and economical
situation.
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Effect of Growth Temperature on Aggressiveness
of Colletotrichum Kahawae Isolates Towards Coffee

P. EICHLER, C.J. RODRIGUES JR.

Instituto de Investigacdo Cientifica Tropical, Quinta do Marqués, 2784-505 Oeiras, Portugal

INTRODUCTION

The fungus Colletotrichum kahawae Waller & Bridge is responsible for the coffee berry
disease (CBD) in Africa, infecting leaves and coffee berries at any stage of their development
and inducing losses that reach 70-80% (Griffiths et al., 1971). The study of this disease is
very important not only for African coffee growing countries, which depend on this crop for
export revenues, but also for those where the disease, although still absent, is a constant
threat. In the present study we intended to ascertain whether growth of the fungus at different
temperatures in agar media had any influence on its aggressiveness.

MATERIALS AND METHODS
Fungi and plant materials

Four single spore isolates of C. kahawae [Cam1 (Cameroon), Mal2 (Malawi), Que2 (Kenya)
and Ziml (Zimbabwe)] from Coffee Rust Research Centre (CIFC-IICT) collection were
maintained on malt extract agar (MEA) in the dark at 22°C. Detached young leaves and green
fruits as well as 6-7 week-old hypocotyls from Coffea arabica var. Caturra were used for
inoculation tests.

Daily growth rate, sporulation capacity, conidia germination and pathogenicity tests

The effect of growth temperature (GT) on mycelium daily growth rate (DGR), sporulation
capacity (SC), percentage of germinated conidia (GC), appressoria (Ap) formation and isolate
aggressiveness was determined by growing the isolates at constant temperatures of 17, 22, 25
and 28°C. The parameters DGR, SC, GC, and Ap were evaluated according to the usual
methodology (Santos Eichler, 1998). For the pathogenicity tests, detached young leaves,
green berries and hypocotyls were inoculated with droplets of conidia suspensions prepared
from cultures grown at the above mentioned temperatures. Hypocotyls trials had a mean
duration of 30 days and the results were expressed by a disease severity index using van der
Graff’s scale (Santos Eichler, 1998; van der Graaff, 1981).

Data were subjected to an analysis of variance or co-variance. For multiple regression

analysis Turkey’s test was used. Data in percentage were previously arc sen V% transformed
(Sokal & Rohlfs, 1981).

RESULTS AND CONCLUSIONS
The cultural characteristics on MEA of the four C. kahawae isolates studied showed the
existence of interaction between the GT and the isolates with higher and lower DGR at 25°C

and 17°C, respectively (Table 1). It was also observed an interaction GT-SC, with higher
values of sporulation on the isolates grown at 28°C (Table 2).
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Table 1. Daily growth rate (cm) of isolates Cam1, Mal2, Que2 and Zim1 on MEA, at the
temperatures of 17, 22, 25 and 28°C, in the dark.

Isolates
T (°C) Caml Mal2 Que2 Ziml
17 0,31 a 0,37 a 0,33 a 0,39 a
22 0,76 ¢ 0,57 b 0,58 b 0,67 ¢
25 0,89d 0,66 ¢ 0,79 ¢ 0,84 d
28 0,40 b 0,55b 0,64 b 0,58 b

In the same column, values with the same letter are not significantly different according to
Tuckey’s multiple range test (P = 0,001).

Table 2. Number of spores (x10% per cm’ of 14 day-old colonies from isolates Caml1,
Mal2, Que2 and Zim1 grown at 17, 22, 25 and 28°C, in the dark.

Isolates
T (°C) Caml Mal2 Que2 Ziml
17 49b 6,7b 14,9 a 122 ¢
22 34a 22,6 ¢ 259b 9.8b
25 240 ¢ 6,4 a 325¢ 5,6 a
28 257,5d 26,0d 62,5d 48,6 d

In the same column, values with the same letter are not significantly different according to
Tuckey’s multiple range test (P = 0,001).

Isolate Mal2

mGC

| GC with Ap
m GC with MAp 28°C

Figure 1. Effect of GT (17, 22, 25 and 28°C) on the production of GC and Ap (total and
melanized) during 8 hours of germination in water at 22°C for isolates Mal2 and Zim1.
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Figure 2. Accumulated percentage of fruits with lesions (A) and Disease Severity Index
(DSI) of hypocotyls (B) inoculated with isolates Mal2 and Zim1 previously grown at
temperatures of 17, 22, 25 and 28°C.

The number of GC and of total Ap formed on the Mal 2 and Zim1 isolates showed that GT of
17°C led to the highest values in experiments made during 8 hours and after 20 hours of
incubation. At this GT of 17°C it was also observed a quicker conidia germination and
melanized Ap formation (Figure 1). At this same GT it was observed, in the pathogenicity
tests, a quicker symptoms appearance and death of the inoculated organs (Figure 2). Since
with the other studied temperatures no pattern of aggressiveness was observed, it is suggested
that GT of 17°C might, to a certain measure, justify the higher aggressiveness of the four
isolates. Further studies with other isolates and temperatures need to be investigated. Also,
studies of biochemical nature should be advisable for a better knowledge of this phenomenon.
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