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Table 2. List of available and common coffee farmer capital assets.

Social Natural Financial Physical Human
Eﬁ.'C'enCy o_f Water Credit Farm roads and
national/regional coffee - . Green culture
- access availability vehicles
organization
Membership to Soil . Energy Knovyledge of
: - - Savings level 2T sustainable
cooperative/association fertility availability farmi
arming
Contacts with other Land Sales time (Erﬂg:;mi?::s and Ar\(/)?::alsglc:;lgll o
coffee growers adaptability - P
milling) labour
Direct contacts with Income Warehouse Availability of
exporters/roasters differentiation hand labour
Hedging tools | Communication

The transforming structures are all the possible existing coffee supply chain actors. The
transforming processes can exert negative or positive pressures on the coffee farmers. The
relevant processes influencing the sustainability performance of coffee farming are delineated
and described in the above Table 3. The interactions among the vulnerability context, the
capital assets and the transforming processes are very important and complex parts of the
framework. In order to comprehend the interactions, these are resumed and explained in
Tables 4-5.

The sustainability of the transforming processes can heavily influence the sustainability of
farming strategies. Strategies are oriented by the farmers mainly to satisfy the economic
viability and to attend the social standards required by the national labour law, whereas only
some of them tend to satisfy a virtuous environmental protection too. This can lead to more
marked differences among farms in the environmental system respect to the economic system.
This does not mean that there cannot be evident differences for the economic or social
outcomes among different-strategy farms. Nevertheless, this might be caused more by lacking
assets, negative processes, unintentional wrong strategies, side effects or by a combination of
these. There is an asymmetry between the environmental system and the economy (Malovics
et al.,, 2008). The suitability of the chosen farming strategy can be assessed with the
measurement of the coffee farming outcomes. As mentioned before, the sustainability level of
the outcomes can be measured through key sustainability performance indicators.

The results of the framework tests, obtained with the three cases during the year 2009, are
given in the paragraphs below.

High farming intensity: the Brazilian case

The pentagon in Figure 3 is the result of the analysis of the Brazilian farmer’s capital assets.
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Table 3. List of relevant and influencing transforming processes for coffee farming.

PROCESS

Literature references

DESCRIPTION

Cooperation

Beherens et al., 2006

Cooperation means direct involvement. The
dedication for sustainability and the monitoring
of the sustainable coffee supply chain are
fundamental for sustainable resources exchange

Material
and Cash
flows

Hinterberger et al., 1997

Hutchins and Sutherland,
2008

These are the main tangible flows along the
supply chain. Coffee is a renewable resource
that must be used according to its regeneration
rate. To generate a cash return, the farmer must
use not only renewable resources, but also the
non-renewable resources and the assimilative
capacity of the ecosphere. The resources are
called natural capital. The devaluation (or
depreciation) of natural capital is incompatible
with non-declining well-being.

Knowledge
and
Information
flows

Gereffi, 1999
Bitzer et al., 2008

Seuring and Muller, 2008

These are very important intangible flows.
Participation in global commodity chains is a
necessary step for industrial upgrading.
Knowledge can become a powerful competitive
weapon. Vertical partnerships present in the
coffee supply chain aim at promoting
sustainable production, building producer
capacity, stabilizing producer environment and
creating market access. Partnerships based on
knowledge and information flows can actually
empower other chain actors next to the lead
firms (or focal companies). Nevertheless, most
of the existing partnerships have used the word
“empower” in the meaning of “enable”. The
producer empowerment can be reached through
deep producer market standards knowledge and
the ability to meet them spontaneously.

Supply
chain
length

Vachon and Mao Z, 2008

It represents the distance between the customers
(markets) and the suppliers. The proximity
between these two actors is a characteristic of
supply chain strength. Sustainability improves as
supply chain strength increases and therefore as
supply chain becomes shorter.
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Table 4. Relationships between the transforming processes and the capital assets.

PROCESS Interaction with the capital assets

Cooperation Positive correlation with the human, social and financial assets. The
human assets are improved as a consequence of a better monitoring of
sustainable coffee farming. The social assets are stimulated by the
possible vertical and horizontal contacts resulting from the direct
involvement. The financial assets are improved as a consequence of a
better cost analysis.

Material and Positive correlation with the financial and natural assets. The natural
Cash flows assets are positively correlated with a cash flow rewarding the real value
of the materials used for production. The financial assets are improved as
a consequence of a long term sustainable financial balance.

Knowledge and

Information A clearly positive correlation with the human and social assets.

flows

Supply chain Positive correlation with the financial (less dispersed value) and social
length assets (stronger networking).

Table 5. Relationships between the transforming processes and the vulnerability context.

PROCESS Interaction with the vulnerability context

It reduces the risk and impact of financial crisis, market price volatility,
climate change and social growth. It facilitates the specialty sector
participation. It is positively correlated with biannual production and
plant rejuvenation.

Cooperation

Material and They reduce the impact and the risk of a financial crisis.

Cash flows

Knowledge and

Information They have a beneficial effect on all the trends and seasonality.

flows

supply chain It allows to catch the oppor_tunity of a growing specialty coffee market
length and to reduce the negative impact of the gaps between the annual

material and cash flows.

Fo ‘N

Figure 3. The Pentagon Capital Assets of the Brazilian Coffee Farmer.
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In Table 6 the results of the analysis are given.

Table 6. Analysis of the transforming processes: Brazilian case-study.

Supply chains 1 and 3 involve the farmer into training programmes and
stimulate him towards sustainability. Supply chain 2 is not working in
Cooperation cooperation with the farmer nor is it attempting to stimulate the
sustainability of coffee farming. 70% of the coffee is sold by the
farmer in structures promoting human, social and financial capitals.

Supply Chain 1 is directly stimulating the environmental management
improvement and the economic viability with a higher and stable price
for better natural resources exploitation. Supply Chain 3 is
compensating the natural resources use with a competitive and long
term price, stimulating the economic viability but not the
environmental management. Supply Chain 2 is not compensating the

Material and Cash resource exploitation and is not stimulating a better environmental

flows management nor the economic viability of coffee farming. Supply
Chain 3 is also improving the market volatility. 70% of the coffee is
sold by the farmer in structures promoting the financial asset. 40% of
the coffee is sold by the farmer in a structure stimulating a better
environmental management. 30% of the coffee is promoting the market
volatility tend.

Knowledge and Information is practiced by all the supply chains. Knowledge is spread

Information flows | only by Supply Chain 3.

Supply chain Supply chain 1 and 3 have 3 actors after the farmer and before the

length consumer. Supply chain 2 has got 4 actors before the consumer.

The centre of the framework is the analysis of the farmer’s assets and their interactions with
the other components of the framework (Figure 4): vulnerability context and transforming
processes. The financial asset is the weakest. The external environment is not stimulating the
substantial reduction of the financial asset in the long-term. Moreover, the farmer owns the
key financial assets (hedging tools and specialty sector participation) to contrast the negative
pressure of the external environment and to benefit from the positive pressure. Nevertheless,
the farmer is concentrated to continuously foster the financial asset mainly by altering two
other assets: the human (reducing labour) and the natural assets (exploring natural resources).
Some of the transforming structures are working to improve the knowledge and the
information along the supply chain (human capital). Only 40% of the product is sold directly
under the influence of an environmental code; therefore, protecting the natural asset from a
possible abuse. None of the supply chains is working towards the promotion of an
environmental culture change.

The Brazilian coffee farmer’s strategy is the consequences of the objective of improving and
preserving mainly the financial capital. The risk that arises from this analysis is a possible
natural and human resources decay due to their unsustainable management. This is a
consequence of the scarce importance given by the farmer to preserving the human and
natural assets.
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70%: cooperation
100%: information
30%: knowledge

generational change / social development

70%: cooperation
100%: supply chain length
technological

P

coffee futures market volatility, B
inereasing indebtedness N

specialty coffee growth 40%: price flow
70%: price flow \

70%: cooperation 30%: price
%: price flow

Figure 4. The Brazilian farmer’s assets and their interactions.
Medium farming intensity: the Guatemalan case
Figure 5 shows the pentagon of the Guatemalan farmer’s capital assets.

In Table 7 the results of the analysis of the transforming structures are given.

Figure 5. The Pentagon Capital Assets of the Guatemalan Coffee Farmer.
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Table 7. Analysis of the transforming processes: Guatemalan case study.

Cooperation

Supply chain 1 stimulates the farmer’s knowledge. Supply chain 3 is
cooperating with the farmer to stimulate the sustainability of coffee
farming. Supply chains 2 and 4 are not involved into improving the
sustainability of the coffee farming. 60% of the coffee is sold by the
farmer in structures promoting human and social capitals.

Material and
Cash flows

Supply Chain 3 compensates the natural resources use with a competitive
and long term stable price, stimulating the economic viability but not the
environmental management. Supply Chain 1, 2 and 4 are not
compensating with the price stability the right resource exploitation in
the long term and are not stimulating a better environmental management
or the economic viability of coffee farming. Supply Chain 2 is also
improving the market volatility (trend). 30% of the coffee is sold by the
farmer in structures promoting the financial asset. 30% of the coffee
sales promote the market volatility.

Knowledge and
Information
flows

Information is practiced by supply chains 1, 2 and 3. Knowledge is
spread only by the National Coffee Association, not by the supply
chains.

Supply chain
length

Supply chains 1 and 3 have 3 actors after the farmer and before the
consumer. Supply chains 2 and 4 have 4 actors after the farmer and
before the consumer.

climate
change

strong
market

Strong market and

90%: information

. 60%: cooperation
generational change

60%: cooperation
60%: supply chain length

F N

climate
specialty coffee gro“‘th/ change
Volatility of

coffee prices

30% price tlow /
30% price flow

Figure 6. The Guatemalan farmer’s assets and their interactions.
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Figure 6 illustrates the analysis of the farmer’s assets and their interactions with the other
components of the framework. The Guatemalan coffee farmer does not have markedly
stronger assets. The vulnerability context is not significantly influencing the financial asset.
Indeed, the volatility of coffee prices is well balanced by a growth in the specialty coffee
sector and by a temporary strong market. Nevertheless, the climate change could reduce the
natural and physical assets. The farmer does have a particular key asset to contrast the
negative pressure of climate change, the green culture asset. The farmer has chosen to shade
the coffee trees and this is a good climate change mitigation strategy. The difficult
generational change poses a threat on the human assets. The transforming processes are just
slightly enriching the human and social assets through cooperation and information sharing.
Nevertheless, none of the supply chain’s transforming structures is investing in knowledge.

The Guatemalan coffee farmer’s strategy is the consequences of a mix of green culture and
orientation to maximise the financial capital. The risk that arises from this analysis is that the
difficult generational change could reduce the key asset of green culture in the future,
therefore reducing the resilience to climate change effects.

Medium-low farming intensity: the Indian case
The Indian farmer’s capital assets are represented in Figure 7
Table 8 resumes the analysis of the transforming structures.

The negative pressure for the increasing hand labour scarcity is eroding the farmer’s human
assets. These assets are not resilient to this negative pressure. The pressed human assets are
not supported by strong social assets. The financial assets are under pressure for the
increasing commodity market volatility and for the noted trend of shifting from Arabica
coffee to Robusta coffee cultivation, posing the farmer even more exposed to the price
volatility. Represented in Figure 8 is the analysis of the farmer’s assets and their interactions
with the other components of the framework: wvulnerability context and transforming
processes.

Fo "N

Figure 7. The Pentagon Capital Assets of the Indian Coffee Farmer.
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Table 8. Analysis of the transforming processes: Indian case study.

Cooperation

Supply chains 1 and 3 involve the farmer into training programmes to
stimulate him towards sustainability. Supply chain 3 is also working
directly in cooperation with the farmer attempting to stimulate the
sustainability of coffee farming. Supply chain 2 does not stimulate the
sustainability of the coffee farming. 50% of the coffee is sold by the
farmer in structures promoting human and social capitals.

Material and
Cash flows

None of the supply chains is compensating the natural resources use with
a competitive and long term stable price. Supply Chain 3 is indeed
compensating with the price stability the economic viability of coffee
farming. Supply Chain 2 is also improving the market volatility. 30% of
the coffee is sold by the farmer in structures promoting the financial
asset. 50% of the coffee is promoting the market volatility tend

Knowledge and
Information
flows

Information is practiced by supply chains 1, 2 and 3. Knowledge is
spread only by Supply Chain 3.

Supply chain
length

Supply chains 1 and 3 have 3 actors after the farmer and before the
consumer. Supply chain 2 has 4 actors after the farmer and before the
consumer.

Limited Specialty coffee

growth

50%: cooperation
labour 100%: information

scarcity 30%: Knowledge

50%: cooperation
50%: supply chain length

// Market volatility and shift to

robusta coffee

30% price flow /
50% price flow

Figure 8. The Indian farmer’s assets and their interactions.
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The Indian coffee farming strategy is a direct consequence of the human assets of green
culture and product differentiation. This has positively contributed up to now to strengthening
the financial assets. Nevertheless, a marked and continuous negative pressure on the financial
assets could stimulate the reduction of the human and physical assets too. In the long term we
could also assist to an increasing risk of erosion of the natural assets, which are not positively
stimulated by the vulnerability context and the transforming processes.

CONCLUSION

In conclusion, the Sustainable Coffee Farming Framework has proven to be a useful
sustainable coffee supply chain management tool. The analysis of the three case studies has
helped to discover the most important risk areas for a sustainable development of the coffee
farming business. This is the starting point to select the high-priority areas of investment for
improving the sustainability performance of coffee farming. In Brazil, it has been found that
the risk of eroding the human and the natural assets poses a threat on the sustainability of the
coffee farming. It is therefore recommendable to invest in improving the human assets
directly or indirectly through the social assets. The focus should be the promotion of a more
advanced and progressive environmental and social culture among the younger generations
too. In Guatemala the phenomenon of the difficult generational change is not supported by
investments to stimulate the younger generations to take over the family coffee business and
adapt it to the changing context in a sustainable way. This is possible taking advantage of all
the opportunities given by the developed specialty coffee market. Younger generations and
businesses development are therefore the top priority targets of investment in Guatemala.

Finally, in India, it is recommendable to invest in helping the human and social capitals,
particularly directing the investments to improving the hand labour availability, attracting it to
the coffee estates. At the same time, it would be recommendable to invest into developing the
physical assets, particularly into finding solutions for possible temporary hand labour
shortages. It would also be positive to reduce the pressure over the financial assets by
improving the market for specialty coffees in India.
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SUMMARY

Arabica F1 hybrids deriving from crosses between wild Sudan-Ethiopian and American
varieties and propagated in somatic embryo form have been created in Central America.
These new hybrids considerably increased the genetic diversity of coffee in the region. Based
on 15 trials we assessed whether using hybrids constitutes substantial genetic progress in
productivity terms in agroforestry and full-sun systems. The new germplasm was grown in the
same conditions as the best American varieties (homozygous pure lines). Results showed the
yield of hybrids was superior to the yield of American varieties and displayed better earliness.
Also, the hybrids displayed better stability over environments than did the American varieties.
In the agroforestry system, a comparison of the mean yields revealed that hybrids yielded
58% more than American varieties. In the full-sun system, the yield increase was 34%.
Introducing hybrids in the coffee-based agroforestry systems would considerably increase
productivity. The conditions for a large-scale dissemination of those new hybrid varieties, that
represent a major innovation for the Arabica culture, was analysed.

INTRODUCTION

Arabica coffee is the main source of export earnings for numerous countries. Production is
dominated by Latin America, which accounts for 80% of the world volume of Arabica
exports. In Central America, coffee was traditionally grown in agroforestry system (AS)
under forest trees or planted trees. Through several concurrent technical advances in the
1950s and 1960s, a switch was made to an unshaded intensive system with abundant use of
fertilizers (notably 150 to 300 units of N/hectare) and pesticides. However, in many countries
(Andean America, Honduras, El Salvador, Nicaragua, Guatemala and the Chiapas region of
Mexico), the majority of the producers have not abandoned the agroforestry systems
(Figure 1).
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Figure 1. Illlustration of the C. arabica network trials. A/ full-sun system, B/
Agroforestry system.

The Coffea arabica is an autogamous species. Producers in Latin America currently have the
choice between two types of homozygous lines propagated by seed: American traditional
varieties (Bourbon, Typica, Caturra, Catuai) and varieties ‘Catimors’. These latter recently
distributed are varieties derived from the Hybrid of Timor, which comes from a natural cross
between C. arabica (4n=2X=44) and C. canephora (2n=2X=22) (Bettencourt, 1973; Moreno,
1989). In the text we’ll refer to this material propagated by seeds as American varieties or
lines.

Some F1 hybrids clones propagated in in vitro conditions through somatic embryogenesis
have been available to producers since 1997 throughout Central America (Etienne-Barry et
al., 1999; Etienne 2005). These new hybrids deriving from crosses between wild Sudan-
Ethiopian and American traditional varieties or ‘Catimors’, considerably increased the narrow
genetic base characterizing cultivated coffee trees in Latin America. We refer to this material
as ‘hybrids’, keeping in mind their inter-origin genetic background. In controlled trials
conducted in Costa Rica and Nicaragua in three environments, the heterosis found in hybrid
populations relative to parental performance was 20% to 50% (Bertrand et al., 2005). In
sensory evaluations comparing the hybrids with traditional lines under various edapho-
climatic conditions, the hybrids appeared equivalent to or better than traditional lines
(Bertrand et al., 2006).

The aim of the present work is to test if introducing new coffee hybrid varieties in the coffee-
based AS of Central America would increase cropping system productivity and therefore
contribute to the profitability of the Agroforestry systems. We analyzed the productivity
performance of these new hybrids in Agroforestry (shade) and unshaded (full-sun) cropping
systems in comparison with the best American pure line varieties distributed in Central
America.

MATERIALS AND METHODS
Plant material
Two types of varieties were tested in the network:
e Thirteen lines (i.e; American varieties), namely ‘Caturra’, ‘Pacas’, ‘Catuai’, and

‘Bourbon’ as traditional varieties and ‘CR95’ (also called ‘Lempira’), ‘Catisic’,
‘lapar59’, T5296, T17931, T17933, T18121, T18138, and T18141 as “‘Catimors’.
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e Twenty-one C. arabica F1 hybrids: crosses of American varieties with Ethiopian
origins (‘ET6’, ‘ET15’, ET25, ‘E41’, ‘E416’, ‘E531’, “‘Anfilo’, ‘Rume Sudan’,).

The hybrids were obtained through micropropagation using a somatic embryogenesis
procedure (see Figure 2) previously described (Etienne, 2005).

Figure 2. lllustration of the coffee micropropagation process trough somatic
embryogenesis in industrial conditions (Nicaragua, CIRAD-ECOM project). A and B/
Multiplication of embryogenic suspensions in Erlenmeyer flasks; C/ Mass regeneration
in temporary immersion bioreactors of directly acclimatizable pre-germinated somatic
embryos; D/ Plant hardening in nursery before field transfer.

Field trials

Observations were carried out from 2000 to 2006 in a network of 15 trials (i.e. locations)
established in 1999, 2000, and 2001 in three countries of Central America. A randomized
block designs was used in each trial. Inside each block, the varieties were set out in unit plots
of ten trees. The main characteristics of the trials and the replication of the genotypes in the
15 trials are summarized in Table 1 and Table 2, respectively.
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Table 1. Characteristics of the trials. Elevation (m.a.s.l), planting year; country; region; T = planting density (number of trees/ha);
number of varieties tested per type, with TC= traditional cultivars, LAHdT = lines derived from the Hybrid of Timor, F1 = clones of F1
hybrids; Cropping system and shading (%) with FS= full-sun, AS= Agroforestry system; Type of soils (FAO, classification 1979); Taver,

mean of average daily temperatures (°C); R, annual rainfall (mm.y™); Nprod =Number of production years observed.

. . T Number of Cropping .
Elevation | Planting . o Soils R Taver | Nprod
(Mm.as.) Year Country Region (trees/ha) | varieties tested system (FAO, 1979) | (mmy?) | (°C)
per type shading
750 2001 | Honduras LaFé a000 | TOTR LR A 40% | Luvisols | 3300 | 25 | 4
800 2000 Costa Rica Palmira 5850 Tcih d'fl_lzilo’ AS, 20% Inceptisol 4000 24 3
. TC=1, F1 =6, .
820 2000 El Salvador San Antonio 4000 LHdT=1 AS, 40% Luvisols 1800 24 7
880 2001 El Salvador San José 4000 TC=2,F1=8 AS, 30% Andisols 2300 24 6
1000 2000 Costa Rica Coto Brus 5000 TC=1, F1 =8 AS, 20% Andisols 3500 23 4
1060 2001 El Salvador San Jorge 4000 TC=1,F1 =8 AS, 40% Nitisols 1900 22 6
1100 1999 Honduras Linderos 4000 TC|_:|-1|d'I|:'i1: 7 AS, 50% Luvisols 2500 22 5
. . TC=2, F1 =5, .
1180 1999 Costa Rica Barva de Heredia 5000 LHdT=7 FS, 0% Andisol 2370 20.5
1185 2000 Costa Rica Barva de Heredia 5000 TC=2, F1 =13 FS, 0% Andisol 2370 20.5
1260 2000 El Salvador Usulutan, Los Pirineos 4000 TC|_:|-1|d'I|:'i1: 6, AS, 50% Nitisols 2100 20 )
1340 2000 | El Salvador Aé‘luf/‘l’ngﬁﬁ)”’ 4000 TC=2,F1=4 | AS,30% | Luvisols 1850 | 20 7
1400 2001 Costa Rica Tarrazu 5000 TC=2,F1=12 FS, 0% Ultisol 2200 21 5
1420 1999 | Honduras Marcala a000 | TCLELEN | As 300 | Luvisols | 1800 | 20 | 5
1425 1999 Costa Rica Sabanilla de Alajuela 5000 TCL:I—2|d'|;i7: 1, FS, 0% Andisols 2100 20 6
1580 1999 | CostaRica | SamaMariadeDota | 5000 | < =FL™® | Fsow | umsol | 2400 | 21 | 7
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Table 2. Repartition of the varieties (hybrids and lines) in the C. arabica multisite trial. Type of variety, Cultivars, Number of the trial
(1-15) and elevation (750- 1580) in m.a.s.l. X= presence in the trial.

Trial number and elevation in m.a.s.|

Type of | Cultivars 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
variety (750) | (800) | (820) | (880) (1000) (1060) (1100) (1180) (1185) (1260) (1340) (1400) (1420) (1425) (1580)
Hybrid Centroamérica X X X X X X X X X
Hybrid L02A11 X X X X X

Hybrid L02A30 X X X X X X X X

Hybrid LO3A07 X X X X X

Hybrid LO3A15 X X X X X

Hybrid LO3A17 X X X X X X X

Hybrid LO4A05 X

Hybrid LO4A05 X X X

Hybrid L04A20 X X X X X X

Hybrid L04A34 X X X X X

Hybrid L04A42 X X X X X

Hybrid LO5A26 X X X X X X X X X X

Hybrid LO5A27 X X

Hybrid L09A22 X X

Hybrid L10A25 X X

Hybrid L11A26 X X X X X X

Hybrid L12A05 X

Hybrid L13Al12 X X X X

Hybrid L13A22 X X X X X X

Hybrid L14A08 X X
Hybrid L22A08 X X X X X

Line Catisic X

Line Catuai X X X X X X X X
Line Caturra X X X X X X X X X X
Line CR95 X X X X X X X
Line IAPAR59 X X X
Line T17931 X X X
Line T17933 X X X
Line T18121 X X X
Line T18138 X X X
Line T18141 X X X
Line T5296 X

Line Tekisic X X X X X
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Table 3. Comparison of F1 hybrids with lines in the 15 trials over the first production cycle before coppicing. For each trial, are
indicated : the elevation (m.a.s.l), the mean annual production of green coffee (Y in g and expressed for one tree) for the mean of the F1

hybrids (Yhybrids) and for the mean of the lines (Ylines), D(%o) that represents (p

_ Yhybrids—Ylines
Ylines

x100)and PrY the associated

probability to this difference, Ehybrids and Elines the earliness of yields respectively for the mean of the F1 hybrids and for the mean of
the lines and PrE the associated probability to this difference, cvY%hybrids and cvY %lines the coefficients of variation for the harvests
respectively for the mean of the F1 hybrids and for the mean of the lines and PrcvY % the associated probability to this difference. NS =
not significant at P=0.05.

Elevation Yhybrids Ylines D (%) | PrY Ehybrids Elines PrE cvY% cvY% PrcvY%
(m.a.s.l) (9) (9) hybrids lines

750 631 450 40 0.04 33.4 22.6 NS 44.6 52.6 NS
800 613 530 16 0.0315 22.3 16.0 0.01 48.4 61.8 0.05
820 250 152 64 0.0001 0.6 0.0 0.02 70.0 94.0 0.001
880 409 180 127 0.0001 2.0 1.5 NS 32.7 59.8 0.000
1000 737 472 56 0.0001 21.8 7.6 0.001 62.4 89.3 0.005
1060 412 372 11 0.0004 1.7 0.3 0.04 50.2 56.3 NS
1100 357 300 19 NS 20.0 9 NS 39.6 54.5 NS
1180 890 718 24 0.0001 1.9 0.0 0.001 52.9 51.6 NS
1185 486 328 48 0.0001 16.8 12.1 0.01 38.4 46.1 NS
1260 243 140 73 0.037 55 0.0 0.00 29.7 57.5 0.006
1340 323 146 121 0.0003 5.0 2.5 NS 50.5 73.3 0.0003
1400 621 318 95 0.001 16.5 10.5 0.001 56.1 86.6 0.0001
1420 602 380 58 0024 15.85 11.50 NS 42.4 46.2 NS
1425 855 794 8 0.049 11.0 10.5 NS 49.5 55.7 NS
1580 729 672 8 0.022 1.8 0.7 0.01 68.2 80.3 0.02
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The trials were set up on farms of various sizes (5 to 150 ha). The elevation ranged from 750
to 1,580 m a.s.l. Unlike many multi-site trial networks, we considered that the comparison of
a new germplasm with traditional varieties should not be accompanied by a change in
producers' cultural practices. Consequently, we decided to leave plot managers "to their own
devices" according to their experience and resources. In Costa Rica, the trials were mostly
managed in an unshaded intensive system, apart from two low-altitude trials managed with
slight shade from Erythrina poeppigina at 150 to 200 trees/ha. In El Salvador and Honduras,
the trials were managed in AS with shade provided by Inga edulis (200 to 300 trees/ha),
sometimes with a few tall native trees such as Cordia alliodora, Juglans steyermarkii and
Quercus costaricensis. The shade levels varied between trials and within each plot depending
on the season. They were estimated visually at between 20% and 50%. The planting density
of coffee trees ranged between 4,000 and 5,800 trees ha™. In Costa Rica, the plants received
[250-350], [200-300], [20-50] kg ha™ year™ of N, K,0, P,0s, respectively, along with 2 to 4
applications of copper hydroxide or triazole per year against leaf diseases (coffee leaf rust and
brown eye spot). In Honduras and EI Salvador, the plants received [50-100], [50-100], [0-20]
kg ha™ year® of N, K,0, P,Os, respectively, along with zero or two applications of copper
hydroxide per year against leaf disease (coffee leaf rust).

Traits observed

The traits observed were average production over the first production cycle before pruning
coppicing. The number of harvests during the first production cycle varied depending on the
elevation above sea level, the degree of intensification, and the edapho-climatic conditions.
Table 1 shows the number of production years observed for each trial. These harvests were
evaluated in grams of fresh berries and then expressed in grams of green coffee per tree by
considering that the weight of green coffee amounted to 20% of the fresh berry weight. To
facilitate comparisons between trials, we calculated Y (yield), which was calculated as the
ratio of the sum of the harvests (CUM) to the number of harvests. Y is expressed in gram of
green coffee per tree and per year. Two other variables were calculated: the earliness variable
(E), which represented the % of the first harvest (Y1) over CUM, and the coefficient of
variation for the harvests (cvY%), calculated as the ratio between the standard deviation of
CUMand Y.

Data analysis

The SAS System for Windows V9.1 was used for all statistical analyses. Within-location and
multi-location analyses of variance were carried out over the 15 trials. For each trial we
compared the lines to the hybrids by an ANOVA followed by a Newman and Keul’s test at P<
0.05 for Y, E, and cvY%. A two-way ANOVA (referred as multi-location analysis) where
trials (locations) and types of varieties (i.e. hybrids vs lines) were considered as fixed effects
was performed to study the interactions between the type of variety and the locations. For this
two-way ANOVA, Yield (Y), earliness (E) and production stability (cvY%) were studied by
considering the. The hybrids’ stability was compared to the lines’ stability by a joint
regression analysis on locations (Eberhart and Russel, 1966).

In a second analysis, we estimated Y according to the cropping system. We used a nested
model as follows:

Yijk = p+ Vi + Sk + Bjk +ay + vi*a) + Ejj,
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where Y= yield, p was the overall mean, v; represented the fixed effect of the type of variety i
(i.e mean of hybrids vs means of lines), Sk represented the random effect of location Sy, Bk
was the random effect due to the jth block within location k, a, represented the fixed effect of
the cropping system (i.e. agroforestry system vs full-sunlight system), v*a; represented the
random interaction between the type of variety i and cropping system |, and Ejjq represented
the random error associated with a particular observation.

RESULTS
Hybrids compared to lines

For each trial, means of lines and hybrids were compared through an analysis of variance
focusing on yield, earliness, and production stability. Hybrids had a significantly greater yield
than lines at 14 of the 15 trial sites (Table 3). The differences in yield ranged from 8% to
127% (Table 3). At low elevations (750 to 880 m.a.s.l), the differences were not uniform, with
extremes ranging from 16% to 127% and a median of 52% for this group of 4 trials. At
moderate elevation (1,000 to 1,340 m.a.s.l), which was the case for most of the coffee areas in
Central America, the superiority of the mean of the hybrids was substantial: it ranged between
11% and 121%, with a median of 48%. Lastly, at high altitude (> 1,400 m.a.s.l), the
differences in yield went from 8% to 95% with a median of 33%. The two-way ANOVA
revealed a highly significant effect of location and of type of varieties, respectively (F= 69.7,
P<0.0001 and F=87.5 and P < 0.0001) and a low but significant interaction between the two
(F=2.65, P <0.01). There thus was an interaction between type of varieties and locations, even
though the mean square for the interaction (1.33) was smaller than that for the locations and
the type of varieties (respectively 34.7 and 44.1). This significant interaction is due to the
different rate of response of hybrids to lines at each site as showed in the Figure 3. The
analysis of interaction by regression slope showed that mean of the hybrids displayed a non
significant regression coefficient (regression coefficient R=-0.04 + 0.02) and that the mean of
the displayed a significant regression coefficient (R=-1.03 £ 0.09).
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Figure 3. Comparison of the yield mean of the lines and yield mean of the hybrids in the
15 trials; (X axis: elevations in m.a.s.l, Y axis= Yield in green coffee). Two different
letters indicated significant differences at P<0.05 between hybrids and lines at the same
trial (i.e. elevation).
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We measured earliness as an index representing the percentage of the first harvest (Y1) over
the cumulation of harvests for the production cycle. The percentages were highly variable
from one trial to the next, ranging from 0.6% to 33.4% for the mean of hybrids and from 0%
to 22.6% for the mean of lines (Table 3). These differences were statistically significant in
only 9 trials out of the 15 in the network. At first year production (data not shown), the mean
of hybrids yielded significantly more than the mean yield of the lines at all the locations.

As regards production stability over the production cycle, the coefficients of variation (cvY %)
for the mean of the hybrids ranged from 29% to 70% whereas those for the mean of the lines
ranged from 46% to 94% (Table 3). The coefficients of variation for the hybrids were always
lower than those for the lines. Nevertheless, the differences were significant at only 8
locations. Overall, it appeared that the mean of the hybrids were more stable than the mean of
the lines, i.e. the production differences between one year and the next were less marked for
the hybrids.

Comparison of hybrids and lines according to the cropping system

A mixed-effect analysis of variance was used to estimate the yield differences between types
of varieties according to the two farming systems. The interaction between farming systems
and type of variety was highly significant (F=77.4, P <0.0001). In the AS, the mean of
hybrids produced 460 g.y™* of green coffee per tree as opposed to 290 g.y™ per tree for the
mean of the lines (Figure 4). The difference in favor of the mean of the hybrids was highly
significant (P<0.0001) and the increase in yield amounted to 58%. In the full-sun system, the
mean of the hybrids gave yields estimated at 754 g.y™ as opposed to 562 g.y™ for the mean of
the lines (Figure 4). The difference in favor of the hybrids amounted 34% and was highly
significant.
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Figure 4. Comparison of the yield mean of the lines and yield mean of the hybrids
according to the cropping system. Two different letters indicated significant differences
at P<0.05 between the cropping systems.

DISCUSSION
The large-scale adoption of the Agroforestry systems depends on the economic benefits that
they provided to producers in various socio-economic and ecological contexts. The present

article shows that introducing new intraspecific hybrid varieties in the coffee-based AS of
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Central America would considerably increase cropping system productivity, while
considerably broadening the narrow genetic base of cultivated arabica by introducing genetic
diversity from wild Ethiopian progenitors.

This network of trials tried also to represent the diversity of the cropping systems in Central
America, since it consist of ten trials in agroforestry systems and five in full-sun systems. In
the latter case, agronomic practices were relatively uniform, particularly fertilizer applications
and pesticides treatments. On the other hand, the agroforestry systems ranged from very low-
input agriculture to intensive coffee growing. As emphasized previously, we left plot
managers "to their own devices" depending on their experience and their resources. The result
was a network of trials with contrasting cropping systems and yields. For example, in El
Salvador, the *San Antonio’ trial at 820 m a.s.l. represented a low-intensity coffee plantation
in an AS where there was no use of agrochemichals, which probably explains the low yields.
Conversely, at 1,420 m a.s.l., the Sabanilla de Alajuela trial was on a farm that practiced
intensive coffee growing, which explains the high yields. The network of trials had variable
production cycle lengths. That variability was linked to soil fertility, temperatures and farmer
choices. In the hot, wet, low elevation climate at Palmira, after three years of high yields, the
trees needed coppicing. In the temperate climate at Santa Maria de Dota (1,580 m a.s.l),
coffee was produced during 7 years before coppicing. In the very low-intensity, hence low-
yield AS at San Antonio or at Ahuachapan in El Salvador, it also took 7 years before the trees
needed coppicing according to the producer's criteria.

The network set up therefore made it possible to compare varieties in contrasting situations
representative of the edapho-climatic conditions and agricultural practices of Central
America. Under these conditions differences in yields between the hybrids and lines ranged
from 8% to 127%, with a median of 48 % in favor of hybrids. This first result tallies with
those obtained in small controlled trials in Latin America and Africa by Walyaro (1983), and
Cilas et al. (1998), where hybrids produced between 10% and 200% more than lines.

A few tendencies were also seen that confirmed previous observations. Firstly, hybrids start
producing earlier, and they appear to be more stable over the production cycle and more
stable across different environments. Part of the earliness can be explained by heterosis but
also it may have been due to the propagation method used for these hybrids. Indeed, somatic
embryogenesis causes some secondary effects yet to be elucidated and poorly measured but
which seem to play a role in tissue rejuvenation (Hackett et al., 1993; Perrin et al., 1997).
Working with the same genotype, we found that, for nursery coffee plants exhibiting the same
height, plants derived from somatic embryos were significantly more vigorous than plants
derived from seeds (Menéndez-Yuffa et al., 2010).

As regards stability, most authors agree that hybrids are more stable than lines (Lefort-Buson,
1986; Gallais 1990). In general, heterozygotes are more capable than homozygotes of
exploiting an environment that is variable over time and in space. We found this homeostasis
in the coffee hybrids, which led to lower yield variations over the cycle than did the lines.
That greater homeostasis in the hybrids probably played an important role in yield stability.
As we have already highlighted (Bertrand et al., 2006), hybrids with greater vegetative vigor
provide higher leaf to fruit ratios and a better carbohydrate supply to berries than traditional
varieties, which results in better quality beverage. We therefore conclude that heterosis
conferred to the hybrids a true advantage over the lines in terms of productivity, but also in
terms of yield stability. Moreover, this difference in productivity was not achieved by
increasing inputs. The comparison of the mean of the hybrids and the mean of the lines
according to cropping system showed that the yield increase in the agroforestry system
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amounted to 58%. That increase, which seems considerable, amounts to 170 g of green coffee
per tree. In the full-sun system, the relative increase was less (34%) but the difference in
green coffee was 190 g. Consequently, the returns on investment with both systems are highly
similar.

The success of large-scale dissemination of a hybrid variety depends on the control over the
reproductive system. Somatic embryogenesis has been perfectly mastered technically in
Nicaragua. The remaining question concerns economic risks associated with the adoption of
this innovation. Investing in hybrids vitroplants is expensive. The additional cost per tree is
currently 0.5 to 0.6 USD, i.e. an investment of 2500 to 3000 USD/ha. However, at this price,
we believe that hybrid varieties would be more cost effective. A recent study of ECOM-
INCAE (data not shown) showed that renovation with hybrid plants is better than renovation
with traditional varieties in Agroforestry systems. After 6 years, the difference in net present
value between hybrids and traditional varieties was found to be more than 5000 USD/ha.
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which biological cycles are long. In the 1980s, there was great enthusiasm for developing this
technology and expectations were running high, which explains why research was undertaken
on a very large number of species, without any immediate justification in some cases. There
are many complications in developing this technology. They usually involve a major
genotypic effect, particularly for obtaining embryogenic tissues, or they are related to the
mediocre quality of regenerated somatic embryos, the incidence of somaclonal variations, and
more generally a lack of reproducibility and efficiency at some stages, leading to production
costs that prove prohibitive.

Quickest possible dissemination of genetic progress in the Arabica species

Research on coffee somatic embryogenesis began in the early 1980s at various institutes,
including CIRAD, without any clear objective. At the beginning of the 1990s, CIRAD, in
partnership with the Central American research network, PROMECAFE, set out to create
Coffea arabica intraspecific F1 hybrids, by crossing the varieties traditionally grown in Latin
America with wild individuals originating from Ethiopia and Kenya. The resulting hybrids
proved to be extremely promising as they displayed a high level of heterosis, producing an
average 40% more than the best cultivated varieties, with some of them producing coffee
exhibiting better sensory qualities than those of the reference varieties (Bertrand et al., 2005).
The co-breeders of these new varieties soon found the need for a somatic embryogenesis
process capable of massively propagating Arabica F1 hybrid clones. However, moving from a
technique developed in a research laboratory to an industrial process enabling the annual
production of several million plants is a major leap forward. The co-breeders decided to go
ahead and fund this first change of scale, which took place under CIRAD management at
CATIE, a regional research centre in Costa Rica.

RESULTS

Situation prior to technological transfer (1995-1996): identification of points for
improvement

Several limitations were identified that were an obstacle to technological transfer of the
somatic embryogenesis process developed by CIRAD thus far, in its current state. First of all,
production costs. With the development of a software package capable of estimating a range
of production costs under different culturing conditions, the verdict was announced:
1.5-2 USD/plant, whereas a conventional seedling cost 0.25-0.35 USD! There was a further
handicap, because the planting densities practised with Arabica in Latin America were
between 6 and 8,000 trees/hectare given the dwarfism of the varieties used, making it possible
to intensify production. The additional cost of planting in vitro plantlets needed to be limited,
even though significant added value was expected with hybrid material. The software also
proved very useful for precisely identifying the stages in the process responsible for the high
cost of production; it involved some later stages, including germination and the development
of weanable plantlets, i.e. possessing at least two pairs of leaves to withstand the shock of
acclimatization to ex vitro conditions. This in vitro growth period was classically
labour-intensive for subculturing and manufacturing nutrient media, but it also took up a great
deal of space in the culture rooms. The second limitation was a risk that had so far been
overlooked, namely that the somatic embryogenesis process would lead to a high frequency of
somaclonal variations, “photocopy errors”, which are somewhat undesirable since “variant”
plants do not display all the agricultural qualities of the selected "mother-plant”. Somaclonal
variations were a recurring problem in in vitro cultures, particularly with somatic
embryogenesis systems, which used relatively high concentrations of auxins, such as 2,4-D
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and IAA to induce the formation and multiplication of embryogenic cells. These growth
regulators have often been shown to be implicated in the induction of somaclonal variations.

Technological innovations and reassuring information on genetic conformity
(1996-2001)

Over this period, two technical innovations made technological transfer economically
feasible: i) mass production of pregerminated somatic embryos in temporary immersion
bioreactors (Albarran et al., 2005) and ii) the possibility of sowing them directly on
horticultural substrate to achieve the regeneration of photoautotrophic plantlets in the nursery
(Barry-Etienne et al., 1999; 2002; 2002). These two technological leaps made it possible to
transfer most of the late stages (germination, embryo conversion into plants) from the
laboratory to the nursery and thereby considerably reduce production costs. The cost price per
plantlet was thus estimated at 0.5 USD. It was wagered that costs could be reduced further by
moving on to industrial production conditions.

cell by
multiplication differenciation

# 17 months laboratory
E - E # 8 months nursery

Embryogenic L (-)
callus

P T
f*-—-’ 5 months

Pre-germinationin
temporary immersion

Leaf explant % bioreactor

Direct sowing and

Mother tree plant conversion

] ISR hardeningin
nursery

Figure 1. Schematic representation of the coffee somatic embryogenesis process
transferred at the industrial scale.
Establishing the partnership (2003)

At the same time, some reassuring data were obtained on the genetic conformity of
regenerated plants. Firstly, the frequency of somaclonal variations in the field proved
relatively low, since it was less than 3%. Secondly, the only variations observed over five
years were qualitative, i.e. easily identifiable on a phenotypic level, and not quantitative. For
example, the quantity of coffee produced or the amount of a given biochemical contained in
the beans were not modified (Etienne and Bertrand, 2001). Seven types of phenotypic variants
were thus described: the Angustifolia (narrow leaves), Variegata (variegated leaf colouring)
and Dwarf variants were the most frequent (Etienne and Bertrand, 2003). In addition,
multiplication conditions were specified for embryogenic material in cell suspensions,
whereby the regeneration of somaclonal variants could be controlled. In 2001, the process
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(Figure 1) was therefore considered transferrable to the industrial level, particularly as it had
functioned on all nineteen of the F1 hybrids tested.

In 1999-2000, CIRAD decided to go all the way in commercially developing this somatic
embryogenesis process for large-scale multiplication of F1 hybrids, but also endeavoured to
acquire useful experience on the other tropical species for which application of this
technology was being considered. It sought a partner interested in technological transfer for
C. arabica. A contract was signed with the ECOM group in 2003. The Swiss group, which is
a trader of quality coffees and well established in Latin America, notably in Mexico and
Central America, proved to be greatly interested, as it was keen to secure its top-of-the-range
coffee supplies in that zone. At the time, agronomy trials involving F1 hybrid clones were
revealing their remarkable adaptation to agroforestry conditions and confirming the
excellence of certain clones in sensory terms (Bertrand et al., 2010). The ECOM group was
logically very interested, as the majority of coffee plantations in Latin America are managed
as agroforests. The adoption of F1 hybrids might make it possible to increase the quantity of
coffee produced and its quality. The partners chose Nicaragua as the technological transfer
site to disseminate Arabica hybrids throughout Central America.

However, both partners were aware of the difficulty of such a technological transfer, though
probably for different reasons. CIRAD focused on technical difficulties linked to the actual
technological transfer itself, and the major change of scale to be achieved (increasing from an
annual production of 50,000 plants to several million). For its part, ECOM'’s main concern
was to be able to sell in vitro plantlets, as it was justifiably worried about the dual
particularity of this new planting material: F1 hybrid and in vitro plantlet. Indeed, at that time,
there were no known examples in coffee tree of a breeding programme having led to the
commercial distribution of Flhybrids or in vitro plantlets. The market had to be created from
scratch and there was likely to be a lot of hesitation on the part of coffee growers.

Construction of infrastructures and first adjustments (2004-2006)

The choice was made to construct a small operational 300 m? laboratory (Figure 2), so as not
to increase production costs with unavoidable expenses (fluids, work surfaces, etc.). It was
also decided to locate it on the same site as a large coffee processing factory (‘beneficio’) at
Sebaco, a small town 100 km away from the capital Managua, so that the many producers
bringing their “despulpated coffee” to be processed could also discover the hybrid material
and familiarize themselves with this new invitro propagation method. A collection of
"mother-plants™ (horticultural cuttings or graftings of selected hybrids) was set up near the
laboratory. It was to provide the basic material required for in vitro propagation. Six to eight
copies of each selected tree were maintained there in the vegetative state and in excellent
phytosanitary condition to encourage plant reactivity once placed under in vitro conditions.
The acclimatization structures were also installed near the laboratory because acclimatization,
which is a very delicate stage of the process, calls for meticulous preparation and monitoring,
following on from the work carried out in vitro. The acclimatization, hardening and
development nurseries were installed in one farm of the ECOM group (‘La Cumplida’),
located near Matagalpa in the coffee growing zone at 30 km from the laboratory.

Many problems were encountered over this period, preventing routine production. Firstly, on
a technical level, the water used proved to be extremely hard and heavy limescale deposits
covered the heating elements of the autoclaves, the stills and the bioreactors, but also the
leaves of the mother-plants. There were numerous power-cuts which considerably hindered
laboratory operations. High contamination levels were recorded during the wet season. Access
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to locally unavailable manufactured products proved to be a complication. The impossibility
of finding staff trained in in vitro culture was a major difficulty and meant that the personnel
had to be fully trained in the different tasks involved in production operations.

TOYRETE AN ‘

Figure 2. Coffee in vitro propagation laboratories of Sebacco, Nicaragua (A, view; B,
culture room for cell suspension; C, sub-culturing room; D, culture room for
bioreactors) and Jalapa, Mexico (E, view; F, room for nutritive media preparation).

Industrial production and change of scale (2007-2010)
By 2007, most of the technical problems mentioned above had been ironed out and a team of
25 people, eleven of whom were working in the laboratory, had been trained and organized.

Several people were trained for each specialized job (medium preparation, autoclaving, cell
suspensions, reporting, acclimatization, etc.), to cover for anyone leaving their post.
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Production started at the beginning of 2007 and rose steadily over 3 years: 30,000 plants sold
in 2007, 280,000 in 2008, 650,000 in 2009, and 1,000,000 so far in 2010 with a forecast of
1,500,000 plants by the end of 2011. Eventually, the production target for this laboratory is
5 million plants, without any modifications or additional facilities. As we shall see later, it
will be possible to achieve this change of scale by technically optimizing the process. Over
this period, around ten F1 hybrids were cloned. This production has been used to establish a
network of several hundred thousand plants under agroforestry conditions in Meso-America
and Mexico. The first pre-industrial output provided an opportunity to test each stage of the
somatic embryogenesis process, identify trouble spots and implement major optimizations.
This experience is detailed below, stage by stage.

Industrial feasibility of the different stages of the process

The different stages of the somatic embryogenesis process are diagrammatically represented
in Figure 1. Cloning as a whole, from the culturing of leaf fragments to the production of
plants transferrable to the field, takes 2 years, with 8 months in the nursery. Commercial
production was launched once the genetic conformity of all the mother-plants had been
checked by microsatellite molecular markers (SSR). Three trees did not conform to the
expected genotype and were discarded.

e Embryogenic tissue production. This stage does not raise any problems in Arabica,
apart from the fact that it is relatively long (8-10 months). All the explants react by
producing a primary scar callus (Figure 3A) and between 10 and 40% of them,
depending on the genotype, produce a secondary embryogenic callus (Figure 3B).
These frequencies are enough for large-scale production, particularly as the
embryogenic tissues are subsequently multiplied in the form of suspended cell
aggregates. A genotype effect exists but it is easily taken into account by adapting the
quantities of leaf explants used.

e Multiplication of embryogenic tissues and embryo differentiation. These two stages
are carried out in a stirred liquid medium in Erlenmeyer flasks (Figure 2B), which
drastically reduces manpower and laboratory space requirements. For example, 4
million embryos are produced annually on 4 m? of stirring tables. This does not raise
any problems industrially, but it requires major technical know-how in relation to the
other stages, particularly for initially establishing the suspensions. These stages also
enable important synchronization of plant material development, which will
subsequently persist and help to reduce the work involved in sorting acclimatizable
embryos. Consequently, each of these stages corresponds to a single development
stage, i.e. embryogenic aggregates, then fully developed embryos at the torpedo stage
at the end of the differentiation stage (Figure 3C).

e Pre-germination of somatic embryos in bioreactors. The scaling-up at this stage has
been successfully achieved over the last 3 years; 4 million pre-germinated embryos
were produced in 2010 in one-litre RITA® temporary immersion bioreactors (Teisson
and Alvard 1995) (Figures 2C, D). These bioreactors had to be harvested 2 to 3 times
to collect all the pre-germinated embryos (Figure 3E) capable of continuing their
development into nursery plantlets. However, we found that the volume of this
bioreactor (Figure 3D) was too small for industrial production and prevented any
further change of scale by negatively affecting several production parameters. Tests
with larger bioreactors (3 litres) revealed several advantages. The reduction in the total
number of bioreactors led to greater efficiency, i.e. a larger number of acclimatizable
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embryos produced for the same amount of work involved. Fewer bioreactors also
mean less investment and less cleaning work for the different constituent parts. In
addition, the embryo stirring achieved in a larger volume is much more effective and
makes for better synchronization during the initial germination stages. Thanks to this
optimization all the embryos suitable for transfer to the nursery can be harvested in
one go.

B

Figure 3. Development stages of coffee tissues during the in vitro steps of the somatic
embryogenesis process. A, 1 month-leaf explants; B, embryogenic callus regenerated 8
months after in vitro introduction; C, somatic embryo differentiation in Erlenmeyer
flasks; D, embryo pre-germination in 1 L-RITA® temporary-immersion bioreactors; E,
pre-germinated embryos ready for nursery transfer.

Direct sowing of pre-germinated embryos on horticultural substrate and conversion
into plantlets. This is the trickiest stage of the process during which embryos have to
be left to adapt to non-sterile ex vitro conditions, which are more subject to variations
in temperature and relative humidity than under laboratory conditions. The transfer is
made under conditions of saturated relative humidity in plastic tunnels (Figure 4A).
Somatic embryos are grown in the tunnels at high density in an inert, peat-based
substrate (Figure 4B). At the moment, this stage is an industrial bottleneck, as only
60% of embryos regenerate plantlets (Figure 4C), on average, for all 11 genotypes
propagated. Quite a strong genotype effect is found between the propagated hybrid
clones. The average time taken for conversion into plants after sowing is relatively
long (22 to 24 weeks) compared to seedlings (14 to 15 weeks after seed sowing).
Conversion into plants is asynchronous and two to three successive harvests are
needed. These observations illustrate the possible major room for improvement at this
stage.
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Figure 4. Nurseries of somatic embryo-derived coffee plants in Nicaragua. A and B,
acclimatization tunnels; C, plantlets obtained by direct sowing of pre-germinated
embryos; D and F, transfer of plantlets in ‘tubetes’ and hardening (E); G and H, growth
nurseries (farm ‘La Cumplida’, Matagalpa, Nicaragua).

Growth in the nursery. Plantlets with two to three pairs of leaves are transferred to
more traditional nursery conditions where they are "hardened" to outside conditions by
gradually reducing relative humidity and increasing light intensity (Figures 4D, E, G,
H). This stage is well mastered and raises no problems. Although the initial growth of
plantlets derived from the somatic embryos of in vitro plantlets is slower and more
heterogeneous than that of their seedling counterparts, they catch up by the end of the
nursery phase (Figure 4H) and prove to be even more vigorous than seedlings
(Menéndez-Yuffa et al., 2010). Losses are minimal, amounting to around 9% of
plants, which are discarded in quality checks at the end of the nursery stage. The
rejects mostly consist of plants with horticultural defects (lack of vigour, curved stem,
etc.); a few plants displaying early symptoms of somaclonal variations (Angustifolia
(Figure 5A) and Variegata (Figure 5B) are also discarded, but they only amount to
0.3% of total production. The genotype effect is limited or nonexistent during the
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plant growth stage. The main difficulty for a change of scale at this stage was the
choice of containers, as if they were too big, very large volumes of horticultural
substrate were needed and they took up a great deal of room in the nursery. Moreover,
plant transportation to producers, then planting out, were subsequently complicated,
especially in the predominantly mountainous zones of Central America. A small 200
ml container, called a “tubete’, was chosen (Figure 4F), given the laboratory's remit to
disseminate in vitro plantlets in an inert substrate, free of nematodes and diseases,
throughout the Central American zone (Figure 5D).

Figure 5. A, ‘variegata’ somaclonal variant; B, ‘angustifolia’ somaclonal variant; C,
Arabica F1 hybrid clone in the field; D, transport of hybrid vitroplants to coffee
growers; E, Arabica F1 hybrid clones in agroforestry systems.

And what of the genetic conformity of plants derived from somatic embryogenesis?

One of the expectations from this technological transfer was to obtain information about
somaclonal variations. We have so far only identified morphological variations (qualitative)
in Coffea arabica and we have demonstrated that phenotypically normal plants grow and
produce normally (Etienne and Bertrand, 2001; 2003). Some variants can also be detected and
discarded early in the nursery; such is the case with Angustifolia and Variegata variants. As
we have seen, these variants only amount to 0.3% of total nursery production. The other
phenotypic variants can only be detected at the mature stage, one or two years after planting.
The first massive observations carried out on 100,000 plants established in 2008 in
commercial plots in Nicaragua revealed a frequency of around 1%, which is commercially
perfectly acceptable. The cases seen have mostly involved dwarf variants (84%) that were not
detected in nursery.
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Apart from sorting in the nursery, various strategies have been introduced upstream to limit
the occurrence of this problem. Firstly, the multiplication time for suspended embryogenic
tissues has been limited, as we previously showed the frequency of variations to be affected
by that parameter (Etienne and Bertrand, 2003). Likewise, multiplication is carried out in the
presence of a reduced levels of auxin (2,4-D). Another strategy has consisted in diluting the
risk of encountering a high frequency of somaclonal variations by grouping together plants
regenerated from different cell lines at the end of the nursery phase. Of course, in order to do
this, it was necessary to introduce a system of traceability beforehand for production batches
derived from independent cell lines.

CONCLUSIONS ON TECHNOLOGICAL TRANSFER

We acquired some important experience during this technological transfer and we found that
it was unavoidable to move forward by trial and error, as it was so impossible to foresee all
the possible problems, particularly in a developing country. We learned from this experience
that, in the event of problems, it is necessary to analyse and intervene rapidly, so as to avoid
production losses that can quickly become dramatic, and that in order to do that, it is
necessary to establish faultless cohesion and communication beforehand within the team
established with the partner. This technology transfer brought together partners from two
different worlds, industry/private and research/public. To achieve an efficient partnership
based on balanced complementarity, we had to train a joint, multidisciplinary team, which
took a while. Be that as it may, this action in partnership is exemplary as it demonstrates that
public/private synergy can effectively work for a sustainable agricultural policy under certain
conditions. Indeed, F1 hybrids are set to serve as a catalyst for the return of farmers to
agroforestry (Figure 5E), after they turned away from it in the 1980s for productivity reasons,
in favour of the not so ecological practices of the green revolution.

The technological transfer of somatic embryogenesis is now complete for the Arabica species
and demonstrates the feasibility of mass propagation by somatic embryogenesis. A substantial
change of scale has been possible for each stage of the process, enabling a continuous flow of
production from the laboratory to the nursery, and thereby a precise identification of the
strengths and weaknesses of the technical process adopted. The commercial operation was
launched in 2008 and the landmark million plants sold to Central American producers was
reached in 2010. In addition, F1 hybrids have confirmed their superiority over traditional lines
(Figure 5C) and are generating such enthusiasm that demand now outstrips production
capacity (2 million plants for Nicaragua alone). The aim of the partnership is therefore to
respond to demand as quickly as possible through a major change of scale at the production
unit in Nicaragua (5 to 6 million plants within 4 years), but also by setting up other units in
the region. Indeed, a model is now available for the laboratory aspects and for the nursery
aspects, which can be "photocopied" to other sites. Another production unit was established in
May 2010 in the state of Veracruz, Mexico (Figures 2E, F), to propagate other hybrids; in
addition, several industrial nurseries have been established in Mexico, Guatemala and El
Salvador.

Lastly, the demonstration that it is feasible to propagate C. arabica on a large scale by
somatic embryogenesis renews the range of possibilities for this species in the field of genetic
selection. Indeed, the success of this technological transfer now means we can consider
introducing new varieties from hybrid or mutant materials, but also the dissemination of GM
varieties by somatic embryogenesis, since efficient genetic modification methods are also
available for this species (Ribas et al., 2010).
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SUMMARY

Empowering farmers to become leaders (farmer to farmer extension) of their fellow farmers
was conducted through participatory village based training (PVBT) to create awareness and
diffusion of technologies to coffee growers. The major focus of PVBT was on sustainable
methods of improved seedlings multiplication of coffee varieties, coffee agronomy and
primary processing. Farmers have been empowered by conducting structured training courses
in their villages, during which, organized farmer groups were trained to become leaders in
technology promotion and dissemination. Additionally, farmers’ field days, execution or
exchange visits of selected farmers and farmer groups were conducted to farmers’ fields
where there have been outstanding impacts as a result of participatory village based training.
This has resulted into increased National coffee production to 68,000 tons from 47,000 tons,
improved coffee quality classes from 14-9 to 9-4 and livelihood of coffee growers in areas
where farmers have become leaders in technology promotion and dissemination.

This paper summarizes the impacts of participatory village based training focusing on
empowering farmers to become leaders in technology dissemination for sustainable coffee
production and increased livelihoods of coffee growers in Tanzania.

INTRODUCTION

Many developing countries see the agricultural extension system as an essential tool for
promoting agricultural production and rural development. The system was getting weak for
long time due to inadequate funds resulted in the lack of mobility leading to insufficient field
orientations (Wolf, 1995). However, continued support from governments and donor agencies
in the area of sustainable development, in particular, has allowed participatory extension
initiatives to grow in some parts of the world (Cassara, 1995; Rolling, 1995).

Participatory approaches put much emphasis on participation of local at the same time
encouraging farmers to share their skills and knowledge to promote innovation and creativity
(Esber and Sthapit, 2000). Increasing farmers’ participation in technology dissemination of
research outputs is important for sustainable technology dissemination (Wolf, 1995).
Participatory research leads to the empowerment of rural communities through knowledge
and creativity and hence contributing to their own development (Arthur et al., 2005). It
enhances the relevance and use of technologies by all the beneficiaries, and it increases the
likelihood that behavioral change interventions will be adopted in a community in cost —
efficient ways.

Recently, a number of participatory approaches have been developed and applied in different
developmental projects (Esber and Sthapit, 2000; Rolling, 1995), with some approaches
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suggesting the need to support farmer networking and empowering through participation to
reinforce individual learning, centered with a process that is facilitated by professionals.

Farmers’ participation in technology dissemination is becoming a facilitation structure rather
than a linear transfer of technology extension model and is gaining acceptance within
developmental and public sector institutions (Killough, 2010; Fara, 2006). Instead of trying
to “sell” predefined packages, participatory extension will increasingly focus on building
capacity among rural people to identify and take the advantage of technical and economic
skills.

(Killough, 2010; Van Veldhuizen et al., 2003) have outlined key characteristics of
participatory approach which promotes farmers’ capacity to adapt to change and equal
partnership between farmers and professionals who can all learn and contribute their
knowledge and skills. In this system, an approach of farmer to farmer extension “use of
farmer promoters” is used and it requires considering farmers first as the key leaders of the
technologies being disseminated (Killough, 2010; Van Veldhuizen, 2003). It involves the
empowering or capacity building of farmers to become leaders in technologies dissemination
as opposed to the purely mechanistic which puts much efforts of participation as a means
within the technology development flow.

Farmers’ empowerment plays a key role in improving agricultural productivity and efforts as
it aims at developing systems that foster greater farmer knowledge, control of resources, and
institutional participation; allowing producers to become active partners in agricultural
productivity initiatives which include but not limited to access to technologies, enabling them
to learn and turning the communities into knowledge centers for dissemination.

This paper summarizes the impacts of participatory village based training with main focus on
empowering farmers to become leaders in technology dissemination for sustainable coffee
productivity, production and quality improvement for increased income and livelihoods of
coffee growers in Tanzania.

THE MAIN COMPONENTS OF THE APPROACH
Participatory Methods

(White, 1996) has classified participation techniques that involve the use of farmers in
dissemination of research findings. The techniques contribute to empowerment of the
participants who could be farmers or professionals from research institutes or developmental
organizations. This paper will focus on participatory techniques that attempts to put
grassroots-level communities at the center of technology development and dissemination
through:

Village based training of farmers

It is now generally recognized that working with farmer groups rather than individual farmers
IS more conducive to effective dissemination and adoption of technologies extension (Esber
and Sthapit, 2000; Fara, 2006). Farmer groups are empowered through training (Figure 1a) on
coffee agronomy, primary processing and multiplication of improved seedlings of coffee
varieties through participatory approach (Figure 1a) with the end users becoming the leaders
in technology dissemination. Through field observation, different agronomic practices are
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selected as the main topic for discussions; ideas are collected, analyzed and come with simple
solutions for complex problems.

=12/06/2009

;
[

Figure 1. Village based training of farmers (a); Participatory approaches during of
farmers (b).

Training of extension officers

It has been reported that the task of encouraging farmers to participate in research and
development makes the extension officers feel appreciated by farmers and vise versa (Reij
and Water-Bayer, 2001). Intensive training courses have been offered to village and district
extension officers to become trainers of farmers in village while encouraging the use of
participatory approach. Discussions and exchange of ideas on good agricultural practices and
hybrid seedlings multiplication are conducted within and between group members to build
knowledge and confidence on participation and technology dissemination. Collection of ideas
on the same aspect is followed by decision making by all participants.

Exchange and study visits

These form part of training course whereby farmer groups or selected farmer promoters
conduct field visits to their fellow farmers within or outside their villages, districts, regions or
zones. They focus in areas with impacts such as successful groups on clonal seedlings
multiplication or rehabilitated coffee farms. Farmers and farmer promoters appreciate these
approaches as ways of gaining new experience, knowledge and techniques, which they
informally experiment at home with their fellow farmers.

Farmers’ field days

These are set as learning and promotional tools for other farmers who have not yet adopted
the new technologies. Such events which provide opportunities for training are conducted in
villages where various technologies on good agricultural practices and seedlings
multiplication of improved coffee varieties that are being promoted by means of
demonstration plots. The same methods have been practiced on maize seed production by
farmers (Coorter, 2000; Temu et al., 2006). The main leaders during the field days are farmers
themselves who take the responsibilities leadership by explaining the importance of the
technologies to their fellow farmers. Within a demonstration plots crop husbandry practices
can be used as observation units for discussion. After a field visit, a wrap up session is
conducted for feedback on the observed problems.
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Identifying farmer promoters

These are selected from a group of trainees (farmers) who show outstanding performance in
technology adoption after the training courses. Selection is participatory which is done by
farmers themselves from members of the groups. Farmer promoters can also be picked from a
group of retired extension officers with good knowledge in coffee production. Both of them
work closely observing and documenting new things that farmers are developing in the filed
and bring the feedback to the researchers for further action. The same classical method that
can be used to study the performance of the technology being disseminated through
participants’ observation and documentation has been reported (Esber and Sthapit, 2000).
Furthermore, new ideas can also be collected and disseminated through field visits, training
and other forms of farmer to farmer extension.

The following are the guidelines for a farmer to be called a farmer promoter

e He must first be trained by researchers or extension officers trained by TaCRI

e He/she must own a coffee fields that is maintained as a demonstration plots for other
farmers

e He must be able to adopt diversification options e.g coffee banana intercropping
pattern, bee and livestock keeping

e Be able to prepare monthly village training programme and report progress to
researchers

e He must be able to demonstrate good attributes of being an extension agent, be
accepted by the village leaders in his areas and adjacent areas
e He must be committed to members of the groups

Figure 2. Training of farmer promoters by extension officer (a), Farmer promoters
taking the lead in field layout (b).

Follow-up on technology dissemination

Technical follow up by extension officers is important for successful monitoring the
dissemination of technologies throughout the process. Regular backstopping trips of farmer
groups and village extension officers are being done by researchers in collaboration with
farmer promoters, village and district extension officers to monitor the adoption of the
technologies by coffee growers. Meetings with farmer groups and special seminars for farmer
promoters have been conducted to share lessons learnt and identify new training needs to
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specific farmer groups or individuals coffee growers. Each farmer promoter or member of the
group is given chance to explain and contributions are invited from his fellow farmers; and at
the end conclusion and way forward is reached.

Increased coffee production

Average annual production of coffee in Tanzania over the past 30 years has been 47,000 tons
per year (TCB, 2010). However, since the release of hybrid coffee varieties and subsequent
packaging appropriate technologies for dissemination to coffee growers by Tanzania Coffee
Research Institute (TaCRI), outstanding yield of up to 68,000 tons (Figure 3) has been
realized in the year 2008/09, which is National record in the country. This is the results of
adoption of the technologies (good agricultural practices including planting of high yielding
hybrid coffee varieties) by coffee growers.
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Figure 3. Coffee production trend in Tanzania from 1981-2008/09.
Capacity building to farmer groups

Through participatory approach, TaCRI has already empowered over 800 farmer groups and
212,213 farmers (80% males and 20% females) scattered in 33 coffee growing districts in the
country (Figure 4). Farmers are now conducting seedlings multiplication activities in
collaboration with TaCRI, farmer promoters, district and extension.

Through participatory approaches, farmer groups have been empowered with the technologies
of seedlings multiplication by clonal propagation and grafting methods. Seedlings
multiplication has been on exponential increase (Figure 5). Since 2003, a total of 32,268,991
seedlings have been distributed to various coffee growers where a large part is multiplied by
farmer groups. In realizing the contribution of small scale producers who contributes about
90% of the coffee that is produced in the country, TaCRI has been putting much emphasis on
empowering small scale coffee growers to take up the role of seedlings multiplication through
farmer groups; and it is possibly that Tanzania is the first country worldwide in empowering
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farmer groups to adopt the technologies of hybrid seedlings multiplication by clonal
propagation and grafting methods.
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Figure 4. Number of farmers trained across coffee growing districts in Tanzania.
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Figure 5. Progress on multiplication and distribution of seedlings of improved coffee
varieties, 2003-2009/10.

Change in livelihoods

There are changes in terms of farmers’ income as the result of increased adoption of the new
technologies through participatory village based training. Improvements in social services
have been noticed where by roads, houses, primary and secondary schools have been
constructed in some districts where there is high adoption of technologies. Also levies
collection in coffee growing district councils have gone up (Figure 6).
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Quality improvement

Quiality is among the aspects that farmers are being taught during participatory village based
training. Much stress has been on adopting quality improvement practices i.e the 10
commandments to improve quality. Furthermore, farmers have also been organized into
groups and processing their coffee is done through central pulpery units (CPUSs). This has
resulted into increased coffee grades (Table 1).
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Figure 6. Total revenue collection from coffee in Mbinga district, southern part of
Tanzania.

Table 1. Improvement in quality classes in some of the coffee growing districts

in Tanzania.
Year 2001/02 | 2002/03 | 2003/04 2004/05 2005/06 | 2006/07 | 2007/08
Classes 17-9 9-7 9-6 8-5 7-5 7-4 7-4
Groups 0 22 13 33 64 206 317
Price (TZS) 290/- 500/- 750/- 800-1300/- | 2,000/- | 2,300/- 2400/-

Key: 17 = Low Quality; 1= High Quality
CONCLUSION

From this paper has summarized the importance of participatory village based training
(PVBT) as a step forward in to rejuvenate the coffee industry in Tanzania. PVB have created
farmers’ leaderships and ownership of technologies that are being disseminated. Through
these approaches, a good number of technologies have been disseminated successful with
outstanding impacts on coffee productivity and livelihood of coffee growers. Therefore, an
investment in technology dissemination also involves investments in growth and livelihoods
of the community.
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SUMMARY

Coffee berry borer is one of the main pests which may reduce coffee production in Indonesia.
A trial of coffee berry borer (CBB) control was conducted in Arabica coffee plantation in
South Sulawesi from June, 2009. Five treatments were evaluated on coffee of over 10yrs
owned by farmers at four locations in Enrekang and Tana Toraja Districts. The treatments
were sanitation, application of Beauveria bassiana (Bb), integration of sanitation and Bb,
trapping and untreated control. Sanitation was done by removing all berries left on the coffee
trees after harvesting period and all berries falling on the ground. Bb was applied at the
dosage of 100 g pure spore per ha and sprayed every 2 months, and trapping was practiced
using Hypotan (CBB attractant produced by ICCRI) with a density of 10 traps per 0.25 ha
coffee plantation. Observation conducted at the initial infestation of the coffee berries on
February 2010 revealed that trapping using Hypotan was the best method in reducing CBB
infestations on Arabica coffee in Enrekang and Tana Toraja areas. It could reduce the CBB
infestation by 80.0% compared to untreated plot. Observation on the coffee berries on the
trees indicated that the average infestation of CBB on untreated plot reached of 21.77%,
whereas on the trapping plot was only 4.36%. On the plots treated with sanitation, Bb and
combination of both, the CBB infestation were 11.71%, 11.93% and 9.79%, respectively. In
general, the levels of CBB infestation on the treated plots were significantly lower than those
of untreated plot. Applications of Bb also significantly increased the level of Bb infection on
the damaged berries and reached around 12.0% on treated plot. Contamination of Bb
application also occurred on the plots without Bb spraying, especially on treatments of
sanitation and untreated control. This presumably, due to the distance among treatment plots
were not far enough, except for the trapping plot.

INTRODUCTION

South Sulawesi is well known for production of high quality arabica coffee called Toraja
coffee. Coffee produced from this area belongs to the special coffee which attracts a premium
price in the world coffee market. The main areas of Arabica coffee production is Enrekang
and Tana Toraja districts, where around 28,570 ton green coffee are produced per year by
48,496 smallholder households. Constraints to coffee production from this area include
infestation by pests and diseases, inferior of planting material, poor maintenance, and limited
technology transfer to the farmers. In the case of pest and diseases, coffee berry borer (CBB)
is the main pest causing the highest financial losses.
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Management of CBB in Indonesia has been practiced using several measures, especially
sanitation method and implementation of biocontrol agent using the entomopathogenic fungus
Beauveria bassiana. Recently, trapping was developed as a safe control method to manage
sustainable coffee production. However, sanitation method is difficult to practice in wet areas
like in Sumatra due to the fruiting season of coffee occurring continuously over the year.
Application of B. bassiana (Bb) also faces on several constraints, especially in mass
production of the fungus and virulence instability of the fungus under field conditions. Trial
conducted by Wiryadiputra (1996) revealed that B. bassiana fungus very effective in
controlling CBB in Enrekang and Tana Toraja district of South Sulawesi. Application of B.
bassiana at a dose of 2.5 kg of solid culture on maize medium per hectare could suppress
CBB infestation by 74.3% (in Enrekang) and 82.1% (in Tana Toraja), and effect that was not
significantly different from that of endosulfan application. B. bassiana has been used
extensively in controlling of CBB on the production of organic coffee in South America
(Furst and Bergleiter, 2008). Trapping of adult CBB has been tried on robusta coffee
smallholders in Lampung province (Indonesia). The result showed that use of Brocap traps
over a period of four months suppressed CBB infestation by between 22.10% and 72.62% and
increased production by 19.1% (Wiryadiputra et al., 2008).

Technology transfer to coffee farmers in South Sulawesi will enable farmers to practice
integrated pest management (IPM). This will increase production and productivity of their
coffee and in turn will enhance farmers' income and livelihoods. There is the need to identify
sustainable cost effective CBB management technologies which conserve the natural resource
base. The objective of the trial was to choose the efficient control method which will be
practiced by the farmers to solve the CBB problems on their coffee gardens.

MATERIALS AND METHODS

Trials were conducted on over ten-year old coffee at four sites in South Sulawesi; the two
sites in Enrekang district were located at the farms of Mr. Kasim, at Batukede village, Masale
subdistrict with elevation of 1327 m asl., and the other of Mr. Faisal at Pana village, Alla
subdistrict with elevation of 1098 m asl. In Tana Toraja district, trials were conducted at Mr.
Abba’s coffee garden, in Gandang Batu village, Gandang Batu Silanan subdistrict with
elevation of 1023 m asl. and at Mr. Johanes Tanga’s coffee garden, in Benteng Ambesso
village, Gandang Batu Silanan subdistrict with elevation of 1325 m asl. The trial consisted of
five treatments, i.e; Sanitation, application of B. bassiana , integration of sanitation and
application of B. bassiana , trapping and untreated (control). Each treatment was applied to a
plot consisting of 49 coffee trees separated by at least five rows of coffee trees (15 m) except
for trapping plot that was separated by minimal 200 m from the other treatment plots.

Sanitation was done by removing all coffee berries about 5.0 mm in diameter left on the tree
and on the ground after peak harvesting period, every two months until the next fruiting
season. . Application of B. bassiana was conducted by spraying using knapsack sprayer with
a dose of 100 g pure spore of the B. bassiana strain Bb-725 produced by ICCRI, and with
standard solution of 400 liters of water per ha. Viability of the B. bassiana spore was between
80% and 90%. Spraying of B. bassiana was conducted every two months. Trapping was done
by installation of mineral bottle (volume 1500 ml) trap with two holes (4 cm x 6 cm) on both
sides with attractant substance (contains10 ml of Hypotan, produced by ICCRI) inside. Ten
traps were installed evenly at an area of 0.25 ha of coffee garden. Coffee production was
observed until third harvest against fresh coffee berries and parchment coffee.
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Figure 1. Effect of several control methods on infestation of the coffee berries on the
tree.
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Figure 2. Effect of several control methods on CBB infestation of the coffee berries on
the ground.

B. bassiana infection on CBB adults on perforated berries was assessed by counting of
percentage of the berries with B. bassiana per sample branch to total perforated berries. On
observation in February 2010, the B. bassiana infection level on the berries in coffee tree and
on the ground as shown in Figure 3. B. bassiana infection was found not only on the plot
treated with Beauveria (plot Bb and Bb+Sn) but also on the other plots untreated with B.
bassiana , i.e; untreated (control), sanitation and trap. The highest infection of B. bassiana
occurred on the treatment of B. bassiana on the berries in coffee tree and then followed by
integration treatment between B. bassiana and sanitation. Although, no B. bassiana spraying
on treatment of sanitation, trap and untreated plots, there are apparently natural infection of
this fungus in the trial locations, in spite of in the low level of infection. On the assessment of
the berries on the ground, there were also found B. bassiana infection, but in lower level
compared with coffee berries on the tree. In this case, B. bassiana treatment plot also has the
highest level of infection and followed by integration treatment Bb + Sn and sanitation
treatment.

40.00

35.00

30.00 ]

25.00 1

20.00

15.00 |

CBB/Bb infestation

10.00 B .

5.00 ]

0'00 ,]z

Trap Sanitation B.bassiana Sn+Bb Untreated

Treatment



Figure 3. Effect of several control methods on infestation of CBB and infection of
Beauveria bassiana on coffee berries on the tree and on the ground.

Beauveria application has been implemented in production of organic coffee in Latin
America, and was the main biological control applied, where57% of the coffee growers
control the CBB by biological control (Flrst and Bergleiter, 2008) Beauveria trial against of
CBB has also been conducted by De La Rosa et al. (2000) in Mexico. On their trial,
maximum average percentage mycosis varied according to altitude and strain of Beauveria
bassiana. At 450 m asl mycosis was 14.3%, at 880 m asl mycosis was 40.6% and at 1,100 m
asl was 33.9%. At lower altitude the best strains was Bb25, and at middle and higher altitudes
was Bb26. Wiryadiputra (1996) made two trials on the effectiveness of B. bassiana in
Enrekang and Tana Toraja, and the results revealed that infection level of the B. bassiana
reached of 33.05% at Enrekang and 33.91% in Tana Toraja. The lower infection level of B.
bassiana in this trial is probably due to the strain of the fungus.

Trapping of CBB adult.

Results of trapping treatment on CBB infestation were very promising. Despite the high CBB
infestation at the beginning of the trial at 3 of the 4 sites, the population of the pest dropped
drastically on month 7 and remained so for the rest of the trial period (Figure 4). At the end of
the trial, traps suppressed the CBB infestation by 78.2% compared to the untreated plot. The
effectiveness of the trap in controlling of CBB has been reported by Dufour et al. (2004).
Brocap trap validation under field conditions in commercial coffee plantation in El Salvador
resulted in reductions in infestations levels by up to 80.0%. The same validation conducted in
Indonesia in small holder Robusta coffee resulted in reduction of CBB infestation levels by up
to 72.62% and increase of green coffee production by 19.1% (Wiryadiputra et al., 2008).
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Figure 4. CBB infestation on the tree (left) and CBB captured (right) on trapping plot
treatment in the trial of CBB control in South Sulawesi.
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Effect of the trials on coffee production

The term “production or yield increase” in this paper means compared with the untreated
control plot, i.e. production increase is a decrease in the yield losses. For these trials, the
highest of yield increase was observed on the treatment of trapping and reached up to 66.5 %
of parchment coffee compared with untreated plot (Figure 5).
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Figure 5. Effect of several control methods on coffee yield on the trials of CBB control in
South Sulawesi.

Figure 5 shows yield increase of the parchment coffee as percentage from untreated plot for
each treatment as 66.5, 9.4, 12.4 and 6.3% for trapping, was 66.5 B. Bassiana, was
9.4sanitationdand integration B. bassiana , respectively. sanitation was 6.3The average yield
of Arabica coffee in Enrekang and Tana Toraja in 2008 was 554.5 kg/ha/year green coffees
(Anonym, 2009). Combining this yield with the results from Figure 5, the yield increase for
each treatment would be 368.74 kg for trapping, 68.81 kg for sanitation, 34.77 kg for B.
bassiana , and 23.38 kg for integration of sanitation and B. bassiana . From these results and
based on a cost-benefit analysis, only trapping would be economically feasible and gives high
profit for control of CBB (Table 1).

Table 1. Benefit-cost analysis for several control methods tried for controlling of CBB
in Arabica coffee in South Sulawesi, Indonesia.

Treatment Yield increase Revenue Cost Profit

(kg green coffee/halyr) | (USD)*) (USD) (USD)
Trapping 368.74 1024.28 354.02 670.26
Sanitation (Sn) 68.81 191.15 280.00 -88.85
Beauveria bassiana(Bb) 34.77 96.59 276.61 -180.02
Sn + Bb 23.38 64.94 556.61 -491.67

Notes: *)Coffee price in the harvesting season of 2010 on the farmer’s level about
Rp.25.000,-/kg green coffee or 2.78 USD with rate of exchange of 1 USD = Rp.9000.
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CONCLUSION

Trapping was the most effective in controlling of CBB on Arabica coffee in Enrekang and
Tana Toraja areas of South Sulawesi. Observation at the mid and at the end of the trial
revealed that the treatment could suppress the CBB infestation on the berries in the tree of up
to 80.6% and 78.2% compared with untreated, respectively. On the berries on the ground,
however, could suppress the infestation of up to 71.0% and 91.9%, respectively. Trapping
also gives the highest profit to the farmer due to the highest increase of the coffee yield.

ACKNOWLEDGEMENTS

The authors are very grateful to Australian Centre for International Agricultural Research
(ACIAR) for funding this research through the ACIAR Project CP/2007/111. We also
appreciate for the technical assistance of Mr. Sutarjo, Mr. Damiyes and Mr. Padudung from
the Estate Service Office of Enrekang and Tana Toraja districts.

REFERENCES

Anonym (2009). Statistik Perkebunan (Tree Crop Estate Statistics) 2008-2010: Kopi (Coffee).
Direktorat Jenderal Perkebunan, Departemen Pertanian, Republik Indonesia
(Directorate General of Estate Crops, Department of Agriculture, Republic of
Indonesia) Jakarta. 79 pp.

Furst, M. and S. Bergleiter (2008). Biological control of coffee berry borer in organic coffee.
Naturland. 4 pp.

Delabarre, M. (2001). Efficacy of the BROCAP® trap under the agroclimatic conditions in El
Salvador (based on the original work by Bernard Dufour). National Workshop on
Hypothenemus hampei, Bangelore, India, 11-12 December 2001.12 pp.

De La Rosa, W., R. Alatorre, J.F. Barrera and C. Toriello (2000). Effect of Beauveria
bassiana and Metarhizium anisopliae (Deuteromycetes) upon the coffee berry borer
(Coleoptera: Scolytidae) Ander field conditions. J.Econ. Entomol 93(5):1409-1414.

Dufour, B.P., M.O. Gonzalez, J.J. Mauricio, B.A. Chavez and R. Ramirez (2004). Validation
of coffee berry borer trapping with Brocap® trap.pp.1243-1247 in Proceddings, 20-eme
Colloque Scientifique International sur le Café, Bangalore, 11-15 October 2004.
Bangalore, India.

Dufour, B.P. (2008). Coffee berry borer: Triple-action integrated pest management. 1ICA-
PROMECAFE, EI Salvador. 8 pp.

Wiryadiputra, S. (1996). Uji terap pengendalian hama bubuk buah kopi menggunakan jamur
Beauveria bassiana di Sulawesi Selatan. (Control trial of coffee berry borer
(Hypothenemus hampei) using Beauveria bassiana fungus in South Sulawesi). Warta
Puslit Kopi dan Kakao 12(2): 125-129.

Wiryadiputra, S., C. Cilas and J-P. Morin (2008). The effectiveness of Brocap trap to control
coffee berry borer (Hypothenemus hampei Ferr.) in Indonesia.p.1405-1408. Proceedings
of the 22" International Conference of Coffee Science. Campinas-SP, Brazil.
September, 14-19, 2008.

521



522



Index Table of contents

Nematodes: an Emerging Constraint to Coffee Production
in Kenya

E.K. GICHURUY, J.N. MAUNDU?, H.M. MUGO"?, J.N. MBURU!, K.T.K. GITONGA!,
J.W. KIMENJU?, G.K. MUTUA?

'Coffee Research Foundation, P. O. Box 4-00232, Ruiru, Kenya
2University of Nairobi, Department of Plant Sciences and Crop Protection,
P. O. Box 30197-00100, Nairobi, Kenya

SUMMARY

Coffee is the third most important agricultural commodity in Kenya but the production has
declined from a peak of 130,000 tonnes to the current 50-60,000 tonnes. Among the
constraints limiting coffee production are neglect, poor agronomic practices, pests and
diseases coupled with low prices. Frequent detection of galls on coffee roots has raised
concerns of nematodes in coffee production systems. This study aimed at determining the
occurrence of nematodes associated with coffee in Kenya and the role of field management
practices on the abundance of nematodes. Results showed that nematodes belonging to thirty
(30) genera were recovered from coffee agro-ecosystems. Plant parasitic nematodes were the
most prevalent with 64% frequency of occurrence followed by bacterial feeders at 24%.
Among the plant parasites, nematodes belonging to the genera Tylenchulus, Meloidogyne and
Pratylenchus were the most dominant across all the coffee growing areas. Amongst the
agroecological zones, coffee farms in the coffee-tea zones (UM1) harboured the highest
numbers of plant parasitic nematodes, followed by UM2 and least in the marginal coffee
growing zones (UM3). Similarly, farms that were relatively well managed harboured a lighter
load of plant parasitic nematodes compared to neglected farms. This study has demonstrated
the prevalence of plant parasitic nematodes and justifies further work towards their
management.

INTRODUCTION

Coffee (Coffea arabica L.) is among the leading commodity crops for many developing
countries, contributing over US$ 10-11 billion annually (Alpizar et al., 2007). Commercial
coffee production is mainly on large plantations as well as small-holder farms averaging less
than 0.5 ha. The crop is grown especially for berries containing several substances that are of
physiological importance such as caffeine, chlorogenic acid, carbohydrates and trigonellin
(Campos and Villain, 2005). The coffee beans are roasted, ground and usually diffused in hot
water to give a popular beverage.

In Kenya, coffee is the third most important agricultural commodity after horticulture and tea
earning the country about KES 10 billion in 2008/09 coffee year (MoA, 2009) . However, in
the last two decades, coffee production has declined from a peak of 130,000 tonnes of bean to
the current 50,000 tonnes. The principal factors limiting coffee production include unreliable
rainfall, poor agronomic practices, pests and diseases. In Kenya, the major diseases of
economic importance are coffee berry disease, coffee leaf rust and Fusarium bark and root
diseases. Although the occurrence of nematodes in coffee production systems in Kenya has
been observed in the past, they have often been ignored or misdiagnosed due to their
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microscopic size and symptoms confounded by either malnutrition and root infections by
other pests. However, recent observations in the field have increasingly reported specific
symptoms of nematode infestation based mainly on the easily observable galls induced by
root knot nematodes (Meloidogyne species). This has added impetus to the concerns that
nematodes are increasingly becoming more important especially due to the dynamics of
coffee production systems that favour their build-up over time.

Plant parasitic nematodes are considered to be major pathogens of coffee worldwide, causing
yield losses estimated at 15 percent. Other losses attributed to nematodes in coffee include;
destruction of seedlings in nurseries, yield loss, unemployment in traditional coffee-producing
areas, decreased profit margins due to increased costs of production. Root knot nematodes
(Meloidogyne spp.) are particularly damaging to coffee plantations, with at least 15 species
shown to be afflicting all major coffee producing countries. In Colombia, M. exigua and M.
Javanica have caused an estimated loss of US$800 million/year on coffee. In Costa Rica, the
attacks of M. exigua cause general weakening of the trees with an estimated drop in yields
ranging from 10 to 45% (Campos and Villain, 2005; Alpizar et al., 2007). Soil texture has
been shown to play a vital role in nematode activities with reports indicating that sandy soils
are most favourable for these pathogens (Bertrand et al., 2001). In addition, poor agronomic
practices have led to depletion of organic matter thus aggravating damage caused by M.
exigua on coffee (Etienne et al., 2000). This study was conducted with the aim of evaluating
the occurrence and distribution of nematodes in the main coffee growing areas of Kenya.

METHODOLOGY

To assess the distribution of plant parasitic nematodes, a survey was undertaken in the three
coffee agro-ecological zones, namely: coffee-tea zone (Upper Midlands 1; UM1); main coffee
zone (Upper Midlands 2; UM2) and the marginal coffee zone (Upper Midlands 3; UM3).
Anthropogenic factors were visually evaluated by ranking the management practices in coffee
farms into high, medium, low and neglected farms. A total of 200 samples were collected. At
each sampling point, soil was collected at depth of 5-15cm where the feeder roots of coffee
are predominant, with a minimum of six sampling points per farm laid out along a zigzag
pattern. The soil collected was composited, placed in a sampling bag, and kept in cool box
awaiting delivery to the laboratory. Observable symptoms of nematode infestation were
recorded during the sampling. In the laboratory, nematodes were extracted using a
combination of centrifugal floatation and the modified Baermann techniques as described by
Hooper et al. (2005). The nematodes were fixed, mounted on slides and identified to genus
level. All data collected was log transformed (Log(x+1)) and subjected to analysis of variance
(ANOVA) using Genstat computer software package (Lawes Agricultural Trust Rothamsted
Experimental Station 2006, version 9). Means, when significantly different, were separated
using the Fisher’ protected LSD test at 5% probability level.

RESULTS AND DISCUSSIONS

Nematodes belonging to thirty (30) genera were found to be associated with coffee (Table 1).
Among these, nineteen (19) genera are known to contain plant parasitic nematodes.
Nematodes classified as plant parasitic dominated the trophic guild accounting for 64%
followed by bacteria feeding nematodes (24%). Among the plant parasitic group, nematodes
belonging to the genera Tylenchulus, Meloidogyne spp., Pratylenchus spp. were the most
dominant across all the coffee growing areas investigated. Citrus nematodes (Tylenchulus
spp.) have been shown to be responsible for slow decline, loss of feeder roots, poor vigour
and yield reductions of up to 30% in citrus and grapevines (Rahman et al., 2008). In
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Colombia, Costa Rica and Brazil, root knot nematodes (Meloidogyne species) which show
manifestation of galls are the leading nematodes responsible for the slow decline disease of
coffee with an estimated drop in yields ranging from 10 to 45% (Campos and Villain, 2005;
Alpizar et al., 2007). Lesion nematodes (Pratylenchus spp.) are other important nematodes
that are associated with coffee all over the world. In this study, it was apparent that many
genera and species of nematodes occurred in association with coffee, including potentially
damaging nematodes of significance to crop production in Kenyan. Any claim of presence of
nematodes on coffee without nematode densities is inadmissible especially due to the non-
specific above ground symptoms caused by nematodes (Figure 2). The abundance of plant
parasitic nematodes associated with coffee was variable (P < 0.05) among the three coffee
growing zones (Figure 2). Amongst the regions, coffee farms in the coffee-tea zones (UM1)
harboured the highest numbers of plant parasitic nematodes, followed by main coffee zones
(UM2) and least in the marginal coffee growing zones (UM3). Moisture is one of the abiotic
factors known to have profound effects on the distribution of nematodes. Agro-ecological
zone UML1 has the highest soil moisture content favouring build up of nematode numbers
compared to moisture limited agro-ecozone UM3.

The level of crop husbandry was found to significantly impact on the abundance of nematodes
(Figure 3). Farms that were ranked to be highly managed recorded the least numbers of
nematodes while those ranked as neglected had the highest numbers of plant parasitic
nematodes. Farms that were ranked as highly managed were characterized by weeding and
frequent application of manure, which is known to have nematicidal properties. The absence
of weeding in the neglected farms could be responsible for the high numbers of nematodes
given that some of the weeds offer alternative food sources for the pests. Weeds have for long
been recognized for their ability to maintain nematode populations targeted for suppression by
various management strategies (Thomas et al., 2005). Besides serving as alternative hosts,
certain weeds can protect nematodes from pesticides and the environment, contribute to
changes in future nematode biotic potential, or exert indirect effects through competition with
crops or by the effects of weed control strategies on nematode populations.

Figure 1. A coffee bush uniquely showing symptoms of poor nutrition (yellowing) due to
infection by nematodes (left) and galled coffee feeder roots (right).
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Table 1. Mean population densities plant parasitic nematodes associated with coffee
in the main production zones in Kenya.

Genera Rank Abundance Trophic group
Abundance

Tylenchulus 1 166.6 Plant parasitic
Meloidogyne 2 161.4 Plant parasitic
Tylenchorhynchus 3 159.5 Plant parasitic
Pratylenchus 4 158.0 Plant parasitic
Tylenchus 5 156.4 Plant parasitic
Rotylenchus 6 147.7 Plant parasitic
Hemicyclophora 7 138.5 Plant parasitic
Ucephalobus 8 138.5 Bacterial feeder
Acrobeles 9 138.3 Bacterial feeder
Mononchus 10 136.7 Predator
Rhabditis 11 135.8 Bacterial feeder
Hoplolaimus 12 134.0 Plant parasitic
Aphelenchus 13 132.9 Fungal feeder
Chromadora 14 132.6 Bacterial feeder
Scutellonema 15 130.1 Plant parasitic
Prodorylaimus 16 127.8 Predator
Helicotylenchus 17 125.0 Plant parasitic
Hemicriconema 18 115.8 Plant parasitic
lotonchus 19 114.5 Predator
Xiphinema 20 113.9 Plant parasitic
Criconema 21 109.5 Plant parasitic
Cephalobus 22 105.7 Bacterial feeder
Aphelenchoides 23 103.5 Plant parasitic
Plectus 24 101.4 Bacterial feeder
Bunonema 25 93.0 Plant parasitic
Trichodorus 26 90.8 Plant parasitic
Paratrichodorus 27 90.4 Plant parasitic
Radopholus 28 89.8 Plant parasitic
Longidorus 29 87.3 Plant parasitic
Alaimus 30 61.1 Bacterial feeder
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Figure 3. Influence of levels of crop husbandry on the abundance of nematodes in coffee.
CONCLUSION AND RECOMMENDATIONS

The results of this study clearly demonstrated the existence of high populations of plant
parasitic nematodes associated with coffee in Kenya. In addition, sedentary stages of the
Meloidogyne species were isolated from the galled roots. It can be concluded that nematodes
do affect coffee in Kenya. This is an area that has not been widely studied and opens a new
frontier of studies and concern that with time, it could become a major constraint to coffee
production in addition to the other pests and diseases. It is also import to note that overtime,
coffee farming system has been changing from the predominant mono-cropping to
intercropping due to changes in socio-economic factors. This is expected to affect the below
ground ecosystems including nematode populations. It is recommended that detailed studies
are undertaken to study the plant parasitic nematode populations that are a threat to coffee in
the country, predisposing factors, possible disease complexes with other pathogens such as
Fusarium and management methods. Studies in this direction are underway in a
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multidisciplinary national partnership in Kenya that aims at understanding the effects of
cropping systems, soil fertility and nutrition on the populations of nematodes and crop
tolerance to the nematodes. In addition, locally available coffee varieties including Robusta
coffee are to be evaluated for genetic tolerance to the pathogen. Other possible interventions
such as biological, selected chemical and integrated pest management strategies need to be
evaluated.
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SUMMARY

The pathogenic fungus Colletotrichum kahawae is the causal agent of the economically
devastating Coffee Berry Disease, hitherto restricted to the African continent. The disease was
first reported in 1922, Kenya, where the causal fungus was thought to have emerged from
mild parasitic forms of the closely related group species C. gloeosporioides, and from there it
would have spread to most C. arabica plantations on the African continent. Understanding the
historical and ongoing patterns of population genetic structure as well as the evolutionary
history of plant pathogens is vital to answer important questions about their origin and
dispersal. Such knowledge can then be used to implement better plant breeding strategies.
Previous population genetic studies have shown C. kahawae as a nearly clonal population and
were unable to unravel any genetic structure of the pathogen's populations, which has
impaired possible evolutionary or demographic inferences. Therefore, most of our current
knowledge about its origin and dispersal is based on historical data which can be biased and
misleading. In order to provide a more accurate view of these events, we developed and tested
a new set of gene markers from g-tub2, ITS and MAT1-2-1 genes, to detect patterns of
population genetic structure and dispersal in a phylogeographical analysis using more than
fifty isolates of C. kahawae from nine geographical locations. To allow further inferences
about the evolutionary history and origin of C. kahawae, an additional sampling of C.
gloeosporioides and other closely related taxa from coffee hosts was assembled. The results
confirm the low genetic variability previously detected in C. kahawae, albeit revealing a slight
but consistent genetic structure of the sampled populations which seems to be correlated with
their geographical location. The combined information from the multi-locus analysis was able
to discriminate the isolates in three divergent but clonal geographical groups: Angola,
Cameroon and East Africa. Interestingly, when the obtained structure was framed in a larger
sample containing diverse isolates of C. gloeosporioides, the phylogenetic analysis revealed
that populations from Angola and Cameroon are ancestral and that East African populations,
such as Kenya's, are derived. Continuance of this work will ensure a more comprehensive
understanding of the population dynamics of C. kahawae and its relation with C.
gloeosporioides, which may hopefully contribute to the expansion of our knowledge on the
evolutionary history of these species.
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INTRODUCTION

The importance of coffee for man cannot be overstated for several economical and social
reasons (Vega et al., 2003). As a consequence, the production of this commodity can be quite
sensitive to disturbances from extrinsic factors on the crops, such as fungal diseases.
Moreover, most of the current cultivated coffee varieties worldwide result from a recent
domestication period which, despite allowing the creation of highly productive and profitable
varieties, has greatly narrowed their genetic variability (Anthony et al., 2002). In practical
terms, this homogenizing event is known to foment the emergence and spread of plant
pathogens, as it facilitates their adaptation and transmission between infected and uninfected
plants (Stukenbrock and McDonald, 2008). Therefore, successful disease control strategies
should integrate as much information as possible regarding these evolutionary and
demographic aspects of pathogens, addressing the signatures left on their population structure,
since this will be critical in assessing their present and future harmful potential.

Coffee Berry Disease (CBD), caused by the hemibiotrophic fungus Colletotrichum kahawae
Waller & Bridge, is an emergent disease on coffee crops, specifically on the most relevant
commercial species, Coffea arabica L. (Arabica coffee). It severely affects crops and, when
no control measures are applied, it may cause up to 70-80% yield losses (Silva et al., 2006).
This disease is relatively recent, as it was first reported in 1922 in western Kenya, where it led
to the abandonment of coffee plantations in some regions (McDonald, 1926). Despite the little
attention received during its early stages of emergence, African coffee growers soon
witnessed a swift spread of CBD throughout most of the African continent (Gordon, 1988).
Within a period of roughly 50 years, the presence of the disease had been documented in
nearly every region where Arabica coffee is grown, from Ethiopia to Zimbabwe (Firman and
Waller, 1977). Nonetheless, the causal agent of CBD is currently restricted to the African
continent, more frequently at high altitudes and cool and humid climates, which are also the
most suitable habitats for C. arabica (Hindorf et al., 1997). Still, an eventual dispersal from
Africa to the coffee plantations of Latin America and Asia is cause for great concern and has
motivated a growing interest on the evolutionary potential of C. kahawae (Sreenivasaprasad
etal., 1993).

Several studies have attempted to unveil the genetic diversity and population structure of C.
kahawae, mostly driven by the information that these factors may provide on the pathogenic
potential of the fungus and to take a glimpse on how its populations have evolved and
dispersed through temporal and geographical scales. However, these aims have been
challenged by the astonishing lack of genetic variability of the pathogen. Molecular
techniques such as Restriction Fragment Length Polymorphism (RFLP) of mitochondrial
(mtDNA) and ribossomal DNA (rDNA) (Sreenivasaprasad et al., 1993; Bridge et al., 2008),
Random Amplification of Polymorphic DNA (RAPD) (Derso and Waller, 2003), Variable
Number of Tandem Repeats (VNTR) (Sreenivasaprasad et al., 1993; Bridge et al., 2008), and
sequencing of the ITS locus (Sreenivasaprasad et al., 1993; Manuel et al., 2009) have revealed
the entire species as a single clonal unit, i.e. in these studies almost no genetic variability was
found. Only with the Amplified Fragment Length Polymorphism (AFLP) technique, some
variation could be unraveled, though with a very limited sampling (Bridge et al., 2008). In
contrast, vegetative compatibility techniques have detected small differences with some
indication of geographical specialization (Varzea et al., 2002; Bella Manga et al., 1997) and
small but significant differences in pathogenicity, mainly due to aggressiveness, were found
(Omondi et al., 1997; Varzea et al., 1993). Nonetheless, no global and consistent structuring
has been clearly revealed yet.
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The overall genetic uniformity of C. kahawae has been attributed to its putative asexual nature
and presumably recent evolution from the closely related group-species, C. gloeosporioides
Penz & Sacc. (Sreenivasaprasad et al., 1993). Although this species complex is a common
saprophyte on many hosts, the populations from coffee hosts have been regarded as the most
likely candidates behind the emergence of C. kahawae (Bridge et al., 2008).

In this work, we made use of a multi-locus sequencing approach with the main objective of
reassessing the genetic variability and structure of C. kahawae populations at CIFC/IICT
collection from across most of its area of occurrence. Secondarily, an opportunity was taken
to evaluate the phylogenetic relationships of these populations with C. gloeosporioides
populations from coffee hosts worldwide.

MATERIALS AND METHODS
Isolates and DNA extraction

A sample of 52 C. kahawae and 15 C. gloeosporioides sensu lato isolates from the collection
maintained at CIFC/IICT were analyzed. Isolates of C. kahawae were collected from Coffea
arabica and spanned 9 distinct countries: Angola (14), Cameroon (7), Burundi (1), Ethiopia
(4), Malawi (3), Kenya (9), Rwanda (1), Tanzania (11) and Zimbabwe (2). C. gloeosporioides
sensu lato isolates were also gathered from Coffea spp. hosts from South America, Africa and
Asia, except for 3 isolates, which were phylogenetically equivalent to the recently typified C.
gloeosporioides sensu stricto (Cannon et al., 2008) and were included for purposes of
phylogenetic reference. Three samples of C. fragariae were included as outgroup taxa to root
phylogenetic trees, as recent studies show this species as the most basal lineage of the C.
gloeosporioides complex (Cai et al., 2009). The isolates were cultured by the procedure
described by Loureiro (2008). DNA was extracted using the DNeasy Plant Mini Kit following
the manufacturer's instructions.

Molecular data

For this study, three nuclear regions were amplified and sequenced to generate a total of
1910bp of sequence data: the internal transcribed spacer (ITS) region of the ribossomal DNA,
pS-tubulin 2 and MAT1-2-1 from the mating-type (MAT) locus. Although the MAT locus is
usually an inappropriate phylogenetic marker for many fungi, due to the presence of highly
dissimilar idiomorphs (MAT1-1 and MAT1-2) at the same locus, all Colletotrichum species
sampled to date present only a single MAT1-2 copy, making it a suitable marker for this
group. PCR amplification generated amplicons of ~500bp for ITS, ~580 for g-tubulin 2, and
~843bp for MAT1-2-1, which were purified and used as templates for sequencing reactions
performed with the BigDye version 3.1 chemistry (Applied Biosystems) on an ABI prism 310
automated sequencer. Amplicons were sequenced in both directions. Multiple sequence
alignments were performed in MAFFT v6.717b (Katoh et al., 2009) using the L-INS-i
method, followed by manual refinement in BioEdit v7.0.5.1. The Concatenator program Pina-
Martins and Paulo, 2008) was used to create a concatenated matrix from the three individual
datasets.

Phylogenetic analysis
Phylogenetic trees were constructed from the separate and combined datasets of the three

nuclear regions, using the Maximum Likelihood (ML) method. ModelTest (Posada and
Crandall, 1998) was used to select the best fit model of nucleotide evolution, under the
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Akaike Information Criterion (AIC), for each gene dataset. The ML analysis was run in
PAUP* v4.0d99 (Swofford) with heuristic searches of 100 replicates with random sequence
addition and Tree-Bisection-Reconection (TBR) branch swapping. Nonparametric
bootstraping was also conducted using 100 pseudoreplicates with 10 random additions and
TBR branch swapping. For the concatenated dataset, a Bayesian analysis was performed
using MrBayes v3.1.2 (Ronquist et al., 2003), which allowed for the different data partitions
to be modeled separately using the evolutionary models and informative priors that best
described the data. The optimal model selected under the AIC, as implemented in ModelTest,
was specified as prior for each gene. Bayesian posterior probabilities were generated with
1x10" generations sampled every 1000 generations. The analysis was run three times, with
one cold and three incrementally heated Metropolis-coupled Monte Carlo Markov chains,
starting from random trees. 1x10° generations were discarded as a burn-in. Trees were
combined and summarized on a 50% majority-rule consensus tree.

RESULTS

The results obtained confirmed the extremely low genetic variability of C. kahawae
populations throughout most of its range (Nucleotide diversity, Pi: 0.00097; Segregating sites:
3). However, the multi-locus dataset employed in this study was able to reveal three divergent
but clonal haplotype groups: Angola, Cameroon and East African groups, with the later
including isolates from the remaining seven east African countries (Figure 1a; 1b).

Table 1. Summary statistics for the individual and combined datasets used in this study.

Sequenced region
Parameter ITS p-tubulin 2 MAT1-2-1 Combined
Nucleotide characters (bd) 489 578 843 1910
Indels 2 30 0 32
Total characters 487 548 843 1878
Parsimony informative 11 70 138 219
% Parsimony informative 2.25% 12.11% 16.37% 11.47%
Variable, uninformative 0 4 5 9
Variable in C. kahawae 0 2 1 3
Model* TrNef+l TIM+G TrN+G

* Best fit evolutionary model under the AIC using the program ModeTest.

This structuring was provided by intronic (neutral) polymorphisms on g-tubulin 2 and a non-
synonymous mutation on MAT1-2-1, that resulted in the replacement of a serine residue, on
the Angola's population, for a proline residue on the derived populations of Cameroon and
East Africa (Table 1). Despite small, these differences were consistent across the individual
datasets (data not shown) and when combined, revealed a clear population structure that
seems correlated with geographical location (Figure 1b). Moreover, migrants could not be
detected within the sampling studied, i.e. there was no mixing of different haplotypes in the
same geographic location.
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The phylogenetic reconstruction using the combined 1910bp dataset provided a good
resolution for the relationships between C. kahawae and C. gloeosporioides and within C.
gloeosporioides sensu lato (Figure 1a). Regarding the C. kahawae — C. gloeosporioides
relationship, this phylogenetic framing revealed an ancestral position for Angola's population
of C. kahawae, with Cameroon and East African as derived populations, supported by both
bootstrap and posterior probabilities values. For the segregating sites within C. kahawae, the
Angola's population shares the same nucleotide sequence at all sites with the ancestral state
inferred from the C. gloeosporioides sample, thus representing the most ancestral haplotype
(Table 2). The Cameroon haplotype has only one derived mutation, while the East African
haplotype has derived mutations in all the segregating sites. Furthermore, C. kahawae seems
to be a very well diverged lineage from the C. gloeosporioides isolates from coffee hosts, as
revealed by the basal split of these two groups (Figure 1a). In fact, C. gloeosporioides isolates
from coffee appear to be more closely related to C. gloeosporioides sensu stricto
representative isolates, found on hosts like Citrus sp. and Olea sp., than to C. kahawae.
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Figure 1. a) 50% majority rule Bayesian ML tree with the concatenated three-gene
(1910bp) dataset. Numbers above branches represent ML bootstrap and posterior
probability values, respectively. The tree was rooted using C. fragariae as outgroup taxa.
Symbols next to taxa represent geographic location. The key of the sampling locations is
presented on top. In the C. kahawae clade, due to clonality within the same geographic
origin, only one representative is shown with the total sampled isolates in brackets; b)
Geographic representation of the three divergent populations of C. kahawae, with
respective location key.
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Table 2. Sites segregating in the C. kahawae sample, shown for MAT1-2-1
and g-tubulin 2 genes.

MAT1-2-1 p-tubulin 2
Site position 934 1774 1776
Coding Status™ R I I
Inferred Ancestral state** T T T
Angola Population - - -
Cameroon Population C - -
East Africa Population C A C

*Coding status: R, aminoacid replacement, I, Intronic; **Ancestral state inferred from the
total C. gloeosporiodies sample; - Identity to the inferred ancestral state.

DISCUSSION

To our knowledge, this is the first report of a consistent and unambiguous population
structure of C. kahawae, revealed by polymorphisms in nuclear gene markers. These have
shown the existence of three divergent populations within the species, very well correlated
with their geographical distribution: Angola, Cameroon and East Africa. Our results
confirmed previous indications of some geographic structuring, particularly between east and
west African populations (Bridge et al., 2008; Bella Manga et al., 1997), and were able to
resolve the western populations even further. Despite the usefulness of this information for
breeders and plant pathologists interested resistance to CBD, who should integrated these
populations whenever possible for more comprehensive tests, this division does not
necessarily correlate with pathogenicity. Of the three segregating sites, only one resulted in an
aminoacid replacement on the MAT1-2-1 gene, which may directly influence the fitness of the
individuals, but only indirectly their pathogenic potential. This mating-type gene is a known
transcription factor involved in sexual development and has been reported in association with
virulence in some fungi, such as Cryptococcus neoformans (Kwon-Chung et al., 1992).

Furthermore, this unexpectedly organized population structure reveals no evidence of present
migration between the geographical locations of each haplotype, or the migration rate is too
low to be detected. This might be explained by seldom sequential colonization events with
subsequent geographic isolation. Arabica coffee growing areas in Angola, Cameroon and East
African are separated by extensive lowland areas, which are not suitable for the pathogen nor
the host, thus representing a potential effective barrier to migrants flow (Hindorf et al., 1997).
In contrast, the geographic trench of the Great Rift Valley that spans most of the eastern
African locations sampled and the higher concentration of Arabica coffee plantations in this
region (ICO), provides effective pathways for the pathogen's dispersal. Overall, the amount
and distribution of the genetic variation in C. kahawae is consistent with a recent emergence
and clonal reproduction, which may lower its evolutionary potential (McDonald and Linde,
2002).

In this phylogenetic analysis, some unexpected results were obtained. Based on our dataset
and as shown in Table 2, the C. kahawae population from Angola seems to represent the
ancestral population of the species in our sampling. Assuming this inference, the most likely
pathway of dissemination would have been a subsequent colonization of the Cameroon region
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and from there, of the east African area. On the other hand, both C. gloeosporioides sampled
from coffee hosts and the representatives of the type strain from other hosts, formed a
monophyletic group and were more closely related to each other than to C. kahawae, which
would not be expected if it had emerged from them in the near past. The lineage that
originated C. kahawae seems to have diverged sometime before. Perhaps this finding is only
evident here due to the use of much more informative markers than the ITS alone as previous
studies have applied (Sreenivasaprasad et al., 1993), which in this study was also
insufficiently variable to reconstruct the main groups and topology of the concatenated tree
(data not shown).

These results represent an improvement on our ability to discriminate populations within C.
kahawae and led to a different hypothesis about its origin and dispersal. However, this subject
certainly requires a more comprehensive analysis with a broader sampling of both C. kahawae
and C. gloeosporioides isolates from coffee and other hosts as well as more informative
markers, before solid conclusion can be taken.
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SUMMARY

Coffee Wilt Disease (CWD, Gibberella xylarioides) is a serious fungal disease that has
caused losses of about $1billion in the Democratic Republic of the Congo, Ethiopia, Tanzania
and Uganda since it re-emerged in the 1980s and 1990s. From 2000 to 2007, a regional
programme, funded by the Common Fund for Commodities (CFC), European Union (EU),
Department for International Development (DFID), and national contributions from affected
countries, with scientific collaboration by CIRAD, UCL and CABI, studied many aspects of
the disease including its distribution, spread, severity, taxonomy and control. Principal
findings of the Regional Programme include: i) CWD is widespread in Uganda and Ethiopia,
restricted in Tanzania, and spreading in DRC. It is found too in wild forest coffee, giving rise
to concern that it may weaken the genetic base of both Robusta and Arabica genomes.
Measures are needed to collect and conserve this material; ii) Two fungal strains exist, one
infecting Robusta and the other Arabica. The strain of the current Robusta disease outbreak is
very similar to a strain isolated from DRC in 1960. The Arabica strain does not infect Robusta
coffee and vice versa. The Arabica and Robusta strains are likely to be co-evolved pathogens,
evolving with their respective hosts, close to their respective centres of origin. iii) CWD
transmission from infected wood to adjacent uninfected seedlings was confirmed; hence
leaving infected wood near uninfected trees in the field is an infection pathway. Healthy
seedlings become infected by CWD when potted in soil from around infected trees. Soil can
be highly infective for at least three months; at least one year without coffee is advisable to
avoid re-infection; iv) Many farmers weed by machete and hoe, which may spread CWD
through frequent wounds to the base of the stem. Farmers can remove diseased coffee wood
from plots and may sell them as fuel — a major route of transmission that must be stopped by
increased training and quarantine inspections. The programme therefore intensified training
and created awareness to help in stopping this other modes of transmission for CWD; v) No
Arabica tested cultivars displayed mortality less than 20%, suggesting that Ethiopian Arabica
CWD could present a serious threat to production in other countries if it spread, as has
happened with Robusta CWD. On the other hand, a breeding programme in Uganda has
screened thousands of Robusta plants for resistance to CWD. The initial screening produced
over 1,500 lines potentially resistant to the disease. Further screening and agronomic trials
have reduced this to seven final candidates for release to farmers, hopefully in 2010.
Screening studies in Tanzania have resulted in identification of six Robusta clones with
resistance to CWD. If CWD is to be effectively controlled, a distinct, long term and proactive
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strategy is needed to suppress it in the future. The paper will cover a number of suggestions as
to what needs to happen next.

INTRODUCTION

During the last decade of the 20™ century, an almost forgotten African fungal pathogen called
coffee wilt disease (CWD) or tracheomycosis, resurged to become the principal production
constraint for Robusta coffee in Uganda and the DRC. Over the same period, a similar disease
of Arabica coffee, present since the 1950s in Ethiopia, became a growing problem.

Why this happened is by turns both a mystery and a tragedy — a mystery because we
understand so little about the origins of the disease; a tragedy because such a major outbreak,
which has cost hundreds of millions of dollars in lost earnings, could have been avoided.

CWD is of special significance because, unlike other major diseases such as Coffee Leaf Rust
(CLR) and Coffee Berry Disease (CBD), it will kill the tree. The first signs of it are a
yellowing of the leaves, which then wilt and develop brown necrotic lesions. The leaves then
curl, dry up and fall off. This process may start on one part of the tree but eventually it
spreads to the rest of the plant. The period between infection by CWD and death of the coffee
tree varies from weeks in young plants to eight months in trees more than ten years old,
although most affected trees die two to three months after initial symptoms are observed.

In most cases the symptoms start on one side of the coffee stem where the vascular bundles
become blocked by a combination of fungal colonization and host responses. These
symptoms are confirmed by scraping the diseased stem with a knife. A blue black stain is
characteristic of an infected coffee stem.

Once a tree is infected there is no remedy other than to uproot the tree and burn it in situ to
reduce the chances of spreading the infection. No new tree should be planted in the same
place for at least six months because the soil retains viable spores of the disease.

Thus the arrival of the disease suddenly changes the Robusta species from being, as the name
suggests, a strong tree capable of withstanding attack from several diseases — a good bet for
smallholder farmers with few inputs — into one that easily succumbs. It can turn coffee from
being a source of ready seasonal cash for poor farming families into a liability that represents
wasted time and effort.

Many smallholder farmers, if they control coffee diseases at all, are used to dealing with
problems on a ‘just-in-time’ basis rather than a ‘just-in-case’ approach. But by the time the
farmer realizes that his plot is infected with CWD, it is too late to take remedial action to save
any infected trees and other apparently healthy trees in the plot may already be infected as
well. This makes the conventional approach to controlling coffee diseases — spraying on
appearance of early symptoms — wholly inappropriate in the case of CWD. For this disease
then, an entirely different, proactive approach to disease management is abruptly required.

Re-emergence: in the 1970s, a farmer in north east DRC, observed a wilt-like disease of
coffee in abandoned plantations around Aketi, about 76 km from Isiro (Kalonji-Mbuyi et al.
2009). Later, the disease was observed on coffee plants during a survey conducted in 1974
and1975 in a number of INERA fields at Yangambi (Kalonji-Mbuyi, 1975). An analysis of
the samples collected by Kalonji recovered a strain of Fusarium xylarioides, the asexual form
of CWD.
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Figure 1. Projects of the Regional Coffee Wilt Programme: relationship between
projects, partners and funding sources.

KEY FINDINGS OF THE REGIONAL PROGRAMME

A total of five projects were implemented under the RCWP, which included the surveys to
establish the distribution and severity of CWD in Cameroon, Cote d’Ivoire, DRC, Ethiopia,
Rwanda, Tanzania and Uganda. A range of the findings were achieved by the Regional
Coffee Wilt Programme which ran from 2000 to 2007, however, it is not possible to
document these in detail in a paper, especially that the emphasis of the paper is to provide
suggestions on the way forward in order to further contain this deadly disease. The RCWP
carried out a wide range of activities and represents a major advance in our understanding of
CWD. However much further work is required to bring this disease under control and
eventually eradicate it. A summary of principal findings is presented below:

The surveys

Coffee Wilt Disease (CWD) is present in four African countries: DRC, Uganda, Tanzania and
Ethiopia and absent from the other countries surveyed (Rwanda, Cote d’Ivoire, Cameroon)
(Table 1). The CWD epidemic in DRC and Uganda represents the most severe natural disaster
ever to befall African coffee, with total losses to small farm incomes exceeding USD$1
billion. The current outbreak of CWD started in DRC where it was first detected in the 1970s.
An interesting finding of the surveys is that CWD is also found in wild forest coffee, giving
rise to concern that it may weaken the genetic base of the Arabica genome in Ethiopia, where
the species evolved. Additionally, the disease is particularly prevalent in plantation coffee,
which may be linked to the intensive agronomic methods employed there. Below are a
summary from the surveys:

e Through extensive field surveys in Ethiopia, Uganda, DRC, Rwanda and Tanzania, a
very wide range of farming practices was found; in most cases coffee was in a poor
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state, with very old trees (>50% over 15 years), poor soil fertility and consequent very
low yields.

Many farmers weed by machete and hoeing, both of which may tend to spread CWD;
Ethiopian farmers especially control weeds by machete that also causes frequent cuts
to the base of the main stem.

Farmers are highly diversified, nine or more crops per farm is common. At the time of
surveys (2001 to 2003), across the countries, most farmers thought CWD was getting
worse and that coffee is becoming less important to them. Some farmers diversified to
other enterprises except for Ethiopia.

Farmers clearly found it difficult to understand the nature of the disease and their use
of diseased coffee wood for a range of purposes confirmed that many did not
understand how the disease is spread.

Table 1. Status of infestation in surveyed countries as of 2007
(no CWD observed in Rwanda, Cote d’Ivoire and Cameroon).

Country Robusta Arabica % infected % trees
infected? infected? farms infected
DRC yes no 27 18
Uganda yes no 90 45
Tanzania yes no 2.2 0.7
Ethiopia no yes 28 3

Molecular studies

Powerful molecular identification methods were used to differentiate between the different
strains of CWD, which confirm the complexity of the disease. It is likely that CWD was never
completely eradicated in DRC after the historical (mid 20" century) outbreak. Arabica,
although present, is not attacked by the disease in these three countries. In summary the
following are findings from molecular studies:

The CWD found on Arabica in Ethiopia since 1957 is a different strain which does not
attack Robusta and does not interbreed with the Robusta CWD strain.

The strain of the disease currently affecting Robusta coffee in DRC, Uganda and
Tanzania is identical with a strain isolated from DRC in 1960.

There is no detectable genetic variation in the strain present in DRC, Uganda and
Tanzania, making it very likely that the disease spread from a small initial outbreak in
DRC, perhaps a single farm.

The CWD found on Arabica in Ethiopia since 1957 is a different strain which does not
attack Robusta and does not interbreed with the Robusta strain.

A collection of more than 300 purified (monosporic) anamorphic (asexual form) and
teleomorphic (sexual form) strains of CWD was assembled throughout the research
programme. The collection will serve as a reference library for future studies.

Robusta genotype discoveries

Robusta materials were collected from Ugandan forest sites of Kibale and Itwara and genetic
diversity analysed using SSR marker technology. The materials were compared with
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cultivated genotypes from Kalangala Islands on Lake Victoria as well as nganda and erecta
phenotypes. Genetic analysis revealed significant differences between the groups collected,
and the Ugandan genotypes were found to be sufficiently different from Guinean and
Congolese types to represent new, genetically distinct diversity groups within the C.
canephora genome. The variability inherent in the Ugandan Robusta genome therefore
represents a very valuable resource for future breeding programmes. However, in Uganda this
valuable genetic resource is under threat from deforestation and CWD itself — it is urgent that
steps are taken to collect and conserve this material in safe sites.

Screening tests

Various methods were evaluated to establish a simple, reliable and cost-effective way of
evaluating resistance of coffee germplasm to CWD so that mass screening activities could be
accomplished. Two methods were found suitable for screening for resistance: dipping of roots
into a suspension of spores for about 20 minutes, and scraping the stem of seedlings with an
infected scalpel. Standard concentrations and exposure times were established. Spore
concentrations as low as 13 spores/mL were sufficient to cause seedling mortality. Collections
of wild Robusta from Kilangala and Itwara forests showed a high level of resistance to CWD.
Furthermore, in Uganda a very wide difference in susceptibility to field grown clones was
found, from 0 to 96% mortality. However, in Tanzanian Robusta material, the highest level of
resistance was found in the Maruku germplasm collection. Furthermore, studies at the
University of Kinshasa, revealed a range of resistance amongst the tested material with
several genotypes showing substantial levels of resistance with levels of mortality less than
10%, five months after inoculation. None of the tested Ethiopian Arabica cultivars displayed a
repeatable low mortality (less than 20%), suggesting that presently there are no Arabica
genotypes currently available that are highly resistant to CWD. One CWD strain from the
historical outbreak (DSMZ62457) was found to cause at least some mortality of seedlings of
three Coffea species: C. canephora, C. Arabica and C. liberica. However, no currently extant
CWD strain exhibits this lack of specificity. It is therefore concluded that the Ethiopian
Arabica CWD would present a serious threat to Arabica production in other countries if it
spread, as has happened with Robusta CWD.

Breeding a resistant variety

A breeding programme in Uganda resulted in screening of thousands of Robusta plants for
resistance to CWD. The initial screening produced over 1,500 lines potentially resistant to the
disease. Further screening and agronomic trials have reduced this to seven clones which have
been officially released in Uganda.

Field studies

Coffee wilt disease transmission through wounding of coffee with an infected machete was
studied in the field and screen house. Some evidence of transmission in the field was seen but
further tests are needed as well as improvement in experimental procedure to develop a
standard technique that can reliably deliver a dose of infective inoculum. However, its
transmission from infected wood to adjacent uninfected seedlings was confirmed in screen
house trials, suggesting that leaving infected wood near uninfected trees in the field is a
significant infection pathway. In addition, its transmission from infected soil to healthy
seedlings potted in that soil was also confirmed, with high infectivity lasting at least three
months and declining subsequently, providing evidence that the furrow period after uprooting
infected coffee bushes could be much shorter than the previous recommended two year
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period. Preliminary results of screening insects as possible CWD vectors resulted in no
evidence that they carry the disease, although they were found to be carrying spores of other
Fusarium diseases. In related results, other crop and weed plants did not harbour CWD. The
pattern of spread of CWD through Robusta plots did not give clear indication of a general
spread of infection across fields, which might be expected if the disease was water or wind-
borne. There was evidence however that once established in a plot, the subsequent spread of
infection is from tree to neighbouring tree, since the disease gradually spreads outwards from
initial foci of single-tree infections. Statistical analysis suggests that an infected tree can cause
infection to trees up to 10 m distance, i.e. three rows away. Hence eradication of isolated trees
in a healthy plot should also include neighbouring trees to stand a good chance of halting an
infection.

On-farm trials

In Ethiopia, DRC, Tanzania and Uganda, on-farm participatory trials and classical research
station trials were carried out using a number of possible techniques to prevent CWD
infection. Through pre-initiation workshops, farmers were consulted about the treatments to
be applied and some of their suggestions incorporated into the experiments. The most salient
result was that ways to limit the use of machetes or slashers for weeding seemed to have the
most effect on lowering incidence of CWD. Fungicide stem applications and herbicide sprays
also showed promise in some cases, but may be too expensive for many of the poorest
farmers.

Training

A major effort was undertaken in CWD affected countries to train a range of coffee
stakeholders, especially extension staff, trainers of trainers, farmers and scientists. A total of
2,578 extensionists were trained as trainers and farmer field school (FFS) facilitators.
Training techniques involved class room sessions, participatory group discussions, outdoor
on-farm practical sessions (hands-on discovery — based learning), group building exercises,
experience sharing by coffee extension staff, and working with farmers. Extension workers in
selected CWD hotspot areas and those located in the vicinity of on-farm trials were
specifically trained on FFS group extension methodology, in addition to technical training on
CWD identification and management. Based on the training of trainers work, slightly more
than 1 million farmers were trained by extensionists from 2002-2007 in DRC, Ethiopia,
Rwanda, Tanzania and Uganda.

Dissemination

A total of 487,700 items of information materials about CWD were produced during the
course of the RCWP, and disseminated throughout coffee regions of Ethiopia, Uganda,
Tanzania, DRC and Rwanda. Materials included leaflets, posters, calendars, T-shirts, coasters,
pens, and exercise books. Printed materials were produced in a total of 13 languages from the
five countries. Over 250 radio broadcasts were made in 5 countries reaching a potential
audience of tens of millions. By the end of the project, over 30 scientific papers and
conference presentations were prepared. A CWD book was produced which gives the recent
scientific information on CWD.
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WHERE DO WE GO FROM HERE: WHAT NEXT?

If CWD is to be effectively controlled, a distinct, long term and proactive strategy is needed
to suppress it in the future. Three broad recommendations for the management of the CWD
are: a) Establishing an international task force to regularly visit coffee countries to carry out
farm surveys, collect plant material for subsequent analysis, conduct training and interview
plant protection personnel, so that any information of an emerging threat reaches decision-
makers quickly and can be acted upon in a timely fashion at minimal cost. This should
include countries that are currently CWD-free. We are confident that if such a facility had
been available since the 1970s it would have detected the disease at a much earlier date and
control measures could have been instigated before it became the billion dollar problem that it
has now become; b) Carry out regular socio-economic surveys to continuously evaluate the
status of African coffee; and c¢) Studies of Fusaria on wild coffees and other species to learn
more about the origins of the disease. More specific action points to achieve the above include
the following.

Quarantine and surveillance

All efforts should be made to ensure that the Arabica CWD does not spread south to Kenya or
any remnant wild coffee in the highlands of Sudan, and the Robusta CWD north to CAR or
West to Cameroon and beyond. In order to achieve this, the following are recommended: a)
regular surveys should be instigated in coffee zones most likely to be invaded to look for
signs of the disease; b) An international workshop should be convened to discuss quarantine
services in the region with a view to major upgrading of facilities, training and how this can
be funded. This would require soliciting relevant authorities and policy makers; c¢) a
contingency plan is needed for special emergencies such as regional unrest or natural
disasters, when large populations suddenly move across borders bringing plant material with
them. E.g. a rapid reaction team to organize incineration of plant materials brought with
refugees when they cross borders.

The Coffee Wilt in Ethiopia

As indicated above, the CWD situation in Ethiopia has a different history and origin to that of
Robusta in DRC, Tanzania and Uganda. It is recommended therefore that: a) a new and
detailed survey to update our knowledge on the status of CWD in Ethiopia, to know how
farmers are coping, how much diseased wood is being moved around (especially south
towards Kenya) as well as an assessment of quarantine activities at the Ethiopia-Kenya
border. Much more needs to be understood about the great range of severity of the disease in
Ethiopia and how much of this is related to natural resistance to the infection and how much
to agronomic or other factors. A comprehensive breeding programme needs to be initiated to
tap on the existing broad genetic base in Ethiopia for the eradication of CWD; b) a workshop
with national and international experts to discuss CWD in Ethiopia with the aim to review
options and prepare a research, control and/or eradication strategy for Arabica CWD. The
disease, if possible, should be eliminated before it escapes Ethiopia to other Arabica coffee
producing countries.

Robusta conservation and breeding
The collections made in Uganda in forest areas (currently under threat) reveal a major source

of genetic variation of wild Robusta not only for purposes of breeding for resistance to CWD,
but also for other breeding traits. As a recommendation: a) Further collections of Robusta
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materials from forest areas in Uganda should be made and conserved in Uganda and other
countries in order to maximize the probability that this material is permanently available for
future breeding activities; b) A conservation plan should be drawn up and funds sought to
implement a plan to project Ugandan Robusta diversity — the plan could be developed jointly
with other experts in the field conservation, in a form of a meeting or workshop; c¢) Other
Robusta gene pools need to be exploited for generating a range of resistant genotypes.

The Tanzanian experience

CWD was found in Tanzania in 1996 but the subsequent percentage of farms infected and the
severity of infection found on farms are both substantially less than in Uganda and DRC.
Additionally it has not spread from the relatively small infected zone in the north-west corner
of the country — indeed Robusta production has increased in recent years in Tanzania, unlike
Uganda and DRC. The reasons for the different experience of Tanzania include great
determination by coffee experts and government authorities in uprooting and burning infected
bushes. This involved communities coming together and forming clubs for the same purpose,
I.e. assisting each other in uprooting and burning infected bushes. Members went to the extent
of uprooting diseased bushes for their elderly, sickly or disabled members in the community.
Numbers of uprooted bushes were recorded, and this coupled with other strategies seemed to
have contributed to the slowdown of CWD It is recommended other countries learn from the
CWD situation in Tanzania, in particular from a detailed account of the various monitoring
and eradication activities carried out in recent years (even beyond the RCWP).

Breeding/selection for resistance

Uganda officially released seven clones, which have resistance to CWD as well as other good
agronomic properties. This is a major achievement and requires support to make the resistant
clones available to farmers. Tanzania selected six CWD resistant clones from a range of
collections at Maruku Robusta collections and fresh collections from the farmers’ fields. In
DRC studies at the University of Kinshasa screened several genotypes which showed
substantial levels of resistance. However, in both countries the number of resistant clones is
relatively small and it is uncertain how long they might remain resistant. Efforts need to
continue therefore to find more resistant materials to continuously develop resistant lines. It is
therefore recommended funds are required to support long term breeding activities in Uganda,
DRC and Tanzania in order to be able to continue to produce new lines to broaden the genetic
basis of resistance to the disease and closely monitor the field performance of the new clones.

Coffee wilt disease management on the farm

Several interesting results were obtained on possible ways to prevent or slow the spread of the
disease at the farm level including mulching, cover crops, and reduced use of cutting
implements. However most farmers only have very limited resources and much further work
is required to determine which the most cost-effective strategy to employ is. The strategy may
vary according to local conditions. It is therefore recommended that multi-site, multi-year on-
station and on-farm evaluations of the various and new options to prevent infection in all
affected countries should be a continuous process in the affected countries. These could be
part of a bigger plan to revitalize African smallholder coffee (see coffee revitalization below).
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Molecular taxonomy and pathology

It is suggested that the Arabica and Robusta strains of CWD are in fact separate diseases that
arose independently, most likely from undetected disease forms on wild coffee species or
even non-coffee species. It is possible that a new outbreak could occur spontaneously at any
time in the future. It is therefore recommended that all African coffee zones be regularly
monitored to detect new disease events so that they can be quickly contained. It is therefore
recommended that a major international effort to develop: a) a rapid test to detect the presence
of CWD which can distinguish it from other Fusarium species; b) more research to discover
genetic markers for CWD resistance in the coffee genome; ¢) more research to study the
genetic variation of the CWD disease complex; d) substantial upgrading of disease
recognition and research facilities in Africa.

Project development & management and institutional capacity building

The programme of activities recounted in this paper took much too long to develop and get
underway — from the initial surveys in 1996; it took until 2000 to get activities going in the
field. A recommendation is for urgent matters such as project development, approval and
start-up activities all need to be streamlined. We suggest that a special fund is required that
could be sourced to initiate activities quickly without the time lags that are customary in
getting a major international project started. It is important therefore that a much greater
investment in research and extension is required in all countries. It is important to create a
cadre of scientists that can carry out long term field and laboratory studies in all countries,
coupled with support to regional centres of excellence, together with a basic level expertise in
detection, identification and monitoring activities in all countries, backed by a reliable source
of long-term funding.

An African CWD strategy

Coffee wilt disease is now endemic in Africa and a regional decision needs to be made about
whether countries will have to live with it or whether it is feasible to eradicate it. At present
we are at a half-way house, the research programme reported here has made strenuous efforts
to study the disease but the funding is now insufficient to maintain the intensity of activities
required to ensure that control can ultimately be achieved in all corners of affected countries.
The present efforts by affected countries will not be enough to ensure that the disease is
eradicated or reduced to an insignificant level. A further major international and regional
effort is therefore required — to prevent spread of CWD to more countries, and consolidate the
breeding programmes in affected and countries at risk of CWD. Doing nothing is not a cost-
effective strategy. The authors therefore recommend an international conference to review
progress and discuss what needs to be done next — essentially the work reported here could be
regarded as Phase 1 of the project, Phase 2 needs to develop and roll-out wide-scale control
programmes as well as expanded research to follow up on potentially fruitful lines of
investigation. Phase 3 could be that to eradicate the disease or arrive at a situation where the
problem is maintained under tight control. This could cover multiplication and dissemination
of planting material of the resistant clones in Tanzania and Uganda, where possible sharing
the resistant varieties with their affected neighbor, DRC. In addition, the phase 2 could also
intensify further screening of existing germplasm and those from other countries. This would
cover Uganda, Tanzania, DRC (for Robusta) and Ethiopia (for Arabica).
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Revitalization

The socio-economic surveys carried out during this project (2001-2003) confirmed that coffee
in many places is in very poor shape, characterised by ageing farmers with little knowledge of
modern production techniques carrying out only the most rustic management of their coffee
with extremely low yields — often only 10% of the yields that Vietnamese or Brazilian farmers
can produce. The large number of other crops that they grow attests to the very diversified
nature of their farming strategy and suggests a fundamental lack of confidence in coffee to
provide anything more than some occasional ready cash. It is important though to mention the
fact that a lot happened in training and creating awareness among farmers not only in CWD,
but improved coffee farming methods as well from 2003 to 2007, but a follow-up
socioeconomic survey was not carried out to come up with the current status. The authors
therefore conclude that much of the African coffee that had been studied in this project is
fundamentally uncompetitive, and the increasingly erratic climate in East and Central Africa
will only add to these problems. Globally however, African coffee has much to offer the
world because of its genetic resources and its very low carbon footprint (perhaps less than a
quarter of Brazilian or Colombian production). l.e. it is likely that the coffee industry could
most easily reduce its carbon footprint by modestly increasing production in Africa. If the
coffee industry is to continue to promote its sustainable credentials, it must make a major
effort to resuscitate African coffee. The continent that has given coffee to the world and
received no royalties in return, the continent that has least contributed to climate change but is
becoming most affected by it — African coffee surely cannot be allowed to decline any further.
The economic, social and environmental costs are just too high and the public image of coffee
will suffer accordingly as this tragedy becomes more apparent in the coming years. It can be
summarized that a concerted effort to control CWD that ignores the many other pressing
problems of African coffee will not have a major effect in reviving it, since such poorly
productive coffee is unlikely to prosper in a world of mounting food insecurity, declining
availability of good quality land and an increasingly erratic climate. Farmers will not want to
commit to such a crop when the price of food rises and they can turn the land to more
productive crops. The principal reasons that we can see for a major revitalization effort are:
Economic - Coffee originated in Africa where it harbours the vast majority of genetic material
that will be needed to face future threats; Socio-economic - African coffee brings cash to
diverse rural communities where it sustains tens or hundreds of millions of the rural poor.
Many African countries are unlikely to be able to develop industrially in the short term — so a
new paradigm must return towards increased support for sustainable rural livelihoods, of
which coffee is an important element; Environmental - coffee production, even when
intensive is relatively benign to the environment, alternatives are often less so; Environmental
- the decline of coffee in Africa inevitably means increasing exploitation of natural resources
in Latin America and Asia — African coffee has a low carbon footprint so that moderately
increasing production intensity in Africa is the best way to control and even lower the global
GHG footprint of coffee. It is recommendation that a major programme of activities to
revitalize African coffee is required. This would look at all aspects of coffee growing, and
develop a range of activities to develop sustainable coffee strategies for long term revival of
the crop.

CONCLUSION
CWD is now a touchstone for African coffee. The resurgence of this disease reveals
deficiencies in support structures that need to be remedied if the industry can continue to lay

claims to be a modern and sustainable enterprise. Coffee farming has always needed a
minimum level of institutional support to flourish, and sufficient flexibility to respond to
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urgent problems such as this disease. Such support has weakened over the past two decades
and a phenomenon such as CWD is the almost inevitable result of this weakness. The African
coffee industry must re-establish an adequate support infrastructure or otherwise expect to
continue to degenerate. It is difficult to escape the conclusion that African coffee is going to
have to change rapidly — with a completely new approach to growing, commercializing,
researching and monitoring coffee. As things stand, there are just too many problems to
expect current levels of support to get control of them all. It is, however, unthinkable that we
should continue to allow this to happen.
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SUMMARY

Coffee wilt disease (CWD) caused by Gibberella xylarioides Heim & Saccas, is a serious
production problems of Robusta coffee in Eastern and Central African countries. In Tanzania
CWD was reported in 1997 in Misenyi District, Kagera region and since its appearance the
disease has demonstrated its ability to spread rapidly to new areas and cause serious losses on
Robusta coffee. CWD is a threat to Robusta coffee industry and livelihoods of more than
90,000 families who depend on the crop in Kagera region. Current recommendation to
manage spreading of the disease is by uprooting, burning, and use of copper based fungicides
for stem painting to prevent landing of G. xylarioides spores. These approaches limits
effective control of CWD as they are both expensive, and use of copper based fungicides may
lead to soils copper toxicity. Use of resistant varieties is the cheapest and reliable method for
the management of CWD. Search for CWD resistance clones was initiated in April 2004, a
total of 875 breeding lines from a collection of Coffea canephora germplasm were artificially
inoculated with spore of G. xylarioides at a concentration of 1.3 x 10°, using root dipping
procedures. Out of 875 breeding lines, 201 were found to completely resist CWD. In 2006,
the 201 completely resistant genotypes were planted in clonal mother garden to raise planting
materials for field evaluations. In addition to CWD resistant evaluation, production and cup
taste of the 875 lines were assessed continuously between 2001 and 2008. Six CWD resistant
Robusta lines were selected out of 201 which were also resistant to leaf rust, productivity
range from 0.5 to 3.0 kg of clean coffee per tree and cup taste described as “clean/smooth cup
of natural Robusta”, were selected for multi-locational evaluation resided in CWD hot spot
areas in Kagera region. Eighteen month results have shown that the varieties are still resistant
despite being established in CWD hot spot areas. The six breeding lines under evaluation are
expected to be released for commercial use in the near future.

INTRODUCTION

In Tanzania coffee is an important cash crop that contributes about $ 117 million to export
earning annually (Anon, 2009), and provides employment to 420,000 families. Out of these
about 90,000 families are from Kagera region. The major varieties of coffees grown in
Tanzania constitute Coffea arabica and Coffea canephora. Coffea arabica is grown in the
northern and southern highlands regions while Coffea canephora is grown in the western part,
mainly Kagera region.

Since its appearance in Tanzania in 1997, coffee wilt disease (CWD) has clearly demonstrated

its ability to spread rapidly to almost all Robusta growing areas in Kagera Region (Figure 1).
Losses of Robusta trees can be equated to yield produced which is approximately 162,400 kg
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of clean coffee lost due to killings of 54,200 from CWD. It is estimated that the disease has
been causing a financial loss of approximately US $ 316,200 for over 10 years.

Figure 1. Map of Tanzania showing areas infected by Gibberella xylarioides.

The disease attacks plants at all stages of growth and all infected plants are killed (Figure 2).
Symptoms include wilting, defoliation and blue black discolouration of the vascular tissues.
Coffee berries on diseased plants are mummified and remain attached to branches.

Figure 2. Robusta tree infected by Gibberella xylarioides.

Current control method of CWD in Tanzania include; eradication of diseased trees and
protection by stem painting as a preventive measures. However these methods are expensive,
impractical to implement and do not offer effective control. Host resistance is the only viable
control measure. Search for CWD resistance was initiated in April 2004 whereby 875 lines
were screened for resistance under screen house conditions. Out of 875 lines 201 were found
to resist CWD. Six clones were selected for multi-locations. Progress for their performance is
being highlighted in this report.

MATERIALS AND METHODS
Source of clonal seedlings
Shoots were harvested from Robusta germplasm of Maruku, cuttings prepared and raised in

propagation boxes. After three month rooted clones were potted ready for artificial
inoculation by the spore suspension of G. xylarioides.
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Pathogenicity test of the Giberrella xylarioides isolates

Fourteen isolates of G. xylarioides tested for the pathogenicity are listed in Table 1.
Susceptible seedlings of MS1 and MS2 each 10 clonal seedlings were root dipped into spore
suspension of G. xylarioides at 1.3 x 10° spores per ml. Days to initial wilt symptoms and
dead plants were recorded to determine the level of pathogenicity.

Host-resistance assessment by artificial inoculation of selected clones

Artificial inoculation procedure of using root dip technique was used to assess host-resistance
of selected clones. Three to six month old seedlings were removed from the potted soil and
their roots cleaned with tap water, then immersed in the standard conidia suspension (1.3 x
10° spores per ml) of isolate 2004/1 and removed instantly (Hakiza et al., 2004; Girma, 2004).
Seedlings were then carefully re-potted with fresh soil.

Assessment of the inoculated clones

The inoculated seedlings were monitored and data recorded on survived plants (plants with no
signs of wilt) for nine months (about 270 days). Percent survivors were calculated per each set
of clonal variety. Survivors of the clonal seedlings are presented.

Productivity of the varieties

Yields were recorded from the mother trees of each variety. Ripe cherries were harvested,
dried and then processed by removing the husk and parchment skin. Clean coffee of each
variety was then recorded from 2000 to 2004 and average determined per tree.

Bean sizes and beverage assessment

Samples for liquoring were harvested from the mother trees sent to liquorers. Bean size
percentage was determined by selecting beans in sizes AA, A, B, and PB per sample of 100 g,
weighed separately and then calculating percentage of each size per sample.

CWD assessment in multilocational trials

Eight varieties were established in multilocational trials in CWD hot spot areas in November
2008. One site was established in each of the Districts of Karagwe (Omkagandu), Bukoba
(Kiilima), Misenyi (Byametemba) and Muleba (Katoke). Performance to assess CWD
resistance of the varieties started from the month of establishment in November 2008. Scales
used to assess clones were; 1=nil and 2=presence of CWD symptoms.

RESULTS AND DISCUSSION

Pathogenicity studies

Results on the level of pathogenicity of the 14 G. xylarioides isolates are presented in Table 1.
Mean percentage of dead plants ranged 90-100 % per isolate. Based on seedling death rates
there is no significant differences in the level of pathogenicity among G. xylarioides isolates

collected in Kagera. Isolate 2004/1 was selected to screen the clones because of its stability in
culture media.
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Table 1. Pathogenicity test results of Giberella xylarioides on MS 1 and MS 2.

CWD Isolate acc. No

Location collected

Number of dead

seedlings

TaCRI CABI UK District Coordinates Altitude MS 1 MS 2
S01°45.901°";

2004/10 T1 Muleba E 31°35.491"" 1547 m 9 9
S 01°46.827";

2004/13 T 2a Muleba E 31°34 541" 1545 m 10 9
S01°49.702;

2004/07 T 3a Muleba E 31°41 137" 1395 m 9 10
S01°43.159”:

2004/08 T4 Muleba E 31°38.078” 1510 m 10 9
S01°41.172;

2004/02 T 5a Muleba E 31°37 731" 1287 m 10 9
S 01°00.595”;

2004/06 T 8a Bukoba E 31°46 582" 1189 m 10 10
S01°14.8367;

2004/01 *Bukoba E 31°50.682" 1200 m 10 9
S01°01.612;

2004/12 T 9a Bukoba E 31°32 758" 1256 m 10 9
S01°18.6007;

2004/14 T 12a Karagwe E 30°47 205" 1424 m 9 9
S 01°26.1667;

2004/03 T 13a Karagwe E 30°52.801" 1317 m 10 9
S01°17.3087;

2004/05 T 14a Karagwe E 30°53.806" 1659 m 9 9
S 01°15.3097;

2004/09 T 15a Karagwe E 30°57 347" 1354 m 9 9
S 01°15.3097;

2004/09 T 15b Karagwe E 30°57.347" 1354 m 9 9
S 01°15.3097;

2004/09 T 15¢ Karagwe E 30°57 347" 1354 m 10 10

Mean 9.57 9.21

SE + 0.14 0.11

CV 5.30 4.50

L.S.D 0.30 0.23

Robusta clones survived CWD inoculation test

Results of Robusta clones survived after artificial inoculation of G. xylarioides using root dip

technique are presented in Figure 3. Seedlings of commercial variety MS1 were completely

whipped out at 270 day. Clones ML2, KR23, BK27, 1/62 and 13/61 survived at 100% at 270

day. However proportional seedlings of clones NG10, NG20 and MR10 indicated that they

are good sources of resistance to CWD (Figure 3). Artificial inoculation of G. xylarioides

enabled segregation of resistant and susceptible accessions of C. canephora in Uganda

(Musoli et al., 2000). Genotypes which are completely resistant to CWD if they are combined

with other attributes such as leaf rust resistance, productivity and cup taste, it will facilitate
progress in breeding programme to release promising varieties to coffee growers.
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Figure 3. Robusta varieties survived artificial inoculation with G. xylarioides after 270
days. Key: <50 % survivors considered good sources for CWD resistance # and/ or
*Commercial Robusta varieties.

Productivity of clones

Results on the productivity of the varieties per tree are presented in Figure 4.

4
23.5

2 3

Ezg::T ) % IL i _TI%T
1 B B

EDS-— m

1381 1821 BK2ZY KRZ3 NGO NG20 #1453 #3 MRI10 MLZ *MS 1

Varieties SUS

Figure 4. Mean productivity of Robusta varieties tested for their resistance to CWD for
five years. Key: # and/ or *commercial Robusta clones.

Data collected on-station showed that clones 13/61, 1/62, KR23, NG20, NG10, MR10 and
ML2 produced more than 1.5 kg of clean coffee per tree which is double or triple to what
farmers realize in their fields. Clone MS1 a susceptible variety to CWD also produces more
than 1.5 kg of clean coffee but on the other hand is susceptible to CWD.

Assessment on Productivity of selected clones
Summary of results on berry clusters counted from two years old plants of selected clones
established in trial sites are summarized in Figure 5. With the exception of selected clone

KR23, the rest of selected clones produce higher number of berry clusters than MS1. This is a
reflection of higher productivity of selected clones.
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Figure 5. Performance of selected Robusta clones on the number of berry clusters per
primary branches.

Beverage assessment

Generally Robusta coffee is known to produce a bitter taste. Test results of the varieties to
beverage assessment and their bean sizes are summarized in Table 2 to 4.

Table 2. Summary of the bean sizes and beverage assessment of four selected
Robusta clones 2007.

S.no | Variety Description of the cup taste Comments
Good acidity, good body, smooth after taste, | Good Robusta Flavour
1 KR 23 AN
less characteristic bitter Robusta taste.
2 NG 10 | Light acidity, Good body FAIR Robusta flavour
Good body, fair acidity, very common, About Fair Robusta
3 MR 10 .
greenish Flavour
4 ML 2 Lacking acidity, full body Poor tc;IFalr Robusta
avour
5 | *MS1SUS | Light medium acidity, Light medium body Abo“tFT;‘\'/ro'erb“Sta

Beverage assessment of the tested samples of the clones indicated that the clones have
beverage qualities suitable for the market (Table 2 and 3). The description ranged from poor
to fair, about fair and fair Robusta flavour. Typical natural Robusta coffee is the description of
some of the samples (Table 4). Moschetto et al. (1996) and Ky et al. (2001a) described
presence of diversity in the cup taste within genetic groups of C. canephora in terms of
aroma, acidity, body and bitterness; to range from excellent to average cup taste.

CWD assessment in multilocational trials

Usually seedlings of a susceptible variety to CWD begin to get infection 3 month after
establishment in diseased areas. Varieties under evaluation were established in CWD hot spot
areas in multilocational trials in November 2008. By August 2010 different reactions to CWD
infection was expected. Table 5 shows that among the tested clones, clones KR23 and NG10
had plants with CWD infection at Kiilima. MS1 the check variety was infected in almost all
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the sites. As there are some plants of selected clones still surviving, it shows that careful
selection of Robusta clones done in the germplasm would perform successfully under field
conditions (Musoli et al., 2008).

Table 3. Summary of the bean sizes and beverage assessment
of four selected Robusta clones 2009.

S. no

Variety

Bean sizes

Description of
the cup taste

Comments

Screen 16

Screen 14

Screen 13

Some acidity,
good body,
smooth after taste,

Good
candidate

1 KR 23 96 2 2 less bitter, no

taint, FAIR
Robusta flavour

Light acidity,
Light body, not
common and not
harsh, about
FAIR Robusta
flavour

Average

2 NG 10 92 5 3 candidate

Good body, fair
acidity, about
FAIR Robusta
flavour

Good

3 MR 10 98 2 0 candidate

Lacking acidity,
full body, Poor to
Fair Robusta
flavour

Average

4 ML 2 94 5 1 candidate

Light acidity,
Light body, Poor
to Fair Robusta
flavour

5 | *MS1SUS 88 10 2 Average

Table 4. Summary of the beverage assessment of four selected Robusta clones 2010.

Sample name Description Remarks
MR10 Typical natural Robusta coffee Neutral cup
NG10 Natural Robusta coffee Clean cup
BK27 Natural Robusta coffee Clean/smooth cup
13/61 :rn;gi%t: cup. Balanced cup, nice aroma like mild Clean cup
KR23 Fair Robusta flavour Clean cup
ML2 Clean cup, Typical natural Robusta coffee Clean cup
*MS1 Bitterness, unusually Robusta acid Average cup

Key: *Control
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Table 5. Performance of the clones to CWD resistance in the four multilocational

trial sites.
Varieties Resistance performance of Robusta clones to CWD resistance
Omkagandu- Kiilima- Byamtemba- Katoke-
Karagwe Bukoba Misenyi Muleba
13/61 1 1 1 1
BK 27 1 1 1 1
KR 23 1 2 1 1
NG 10 1 2 1 1
MS 3 1 1 1 1
X3 1 1 1 1
MR 10 1 1 1 1
ML 2 1 1 1 1
*SUS MS1 2 2 2 2

Key: CWD scale 1=nil symptoms, 2=presence of symptoms
CONCLUSION

The study shows that there are good clones of C. canephora consistently indicating resistance
to CWD from the screen house to the field. The clones have also higher productivity and of
accepted beverage. The clones are 13/61, BK27, MR10 and ML2. Also the pathogenicity test
performed indicated that there is no pathogenic variation among G. xylarioides strains isolated
from diseased Robusta coffee in Tanzania. It is expected to evaluate more accessions within
Robusta germplasm to identify useful clones for breeding advancement.
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INTRODUCTION

Lampung province is one of the centers of coffee production in Indonesia. Most of coffee
fields in Lampung especially in West Lampung are built by forest conversion. About 70% of
forest area in Sumberjaya (West Lampung, Indonesia) was converted to coffee garden in year
of 1970-2000 (Verbist et al., 2004).

Forest conversion into agricultural land use system often followed by the decline of
environmental quality. Forest conversion to coffee-based agroforestry leads to rapid loss of
the litter layer and a decrease in the rate of litter fall, increase soil moisture, reduced food for
ecosystem engineers such as earthworms and reduced termite diversity (Hairiah et al., 2006;
Dewi et al., 2006; Aini et al., 2006; Susilo and Aini, 2005). With time, however, a new litter
layer is created which potentially form forest-like conditions at the soil surface. The forest
conversion into coffee system can change community composition of soil nematode because
the biota is very sensitive to soil environmental change. Coffee system with poor soil organic
matter can reduce abundance of free-living nematode group and promote the increase in
population density of plant parasitic nematode. A dominant plant parasitic nematode species
may change their status into severe pest that threat the coffee production. The plant parasitic
pest problem usually occurs on crop grown on infertile soil or crop with nutrient deficiency
(Desaeger et al., 2004).

The objectives of this research are to evaluate the effect of forest conversion into coffee
garden on soil nematode community and to study the link between the changes in soil
environmental factors and plant parasitic nematode abundant on coffee-based agroecosystem.

MATERIALS AND METHODS

This research is a part of activity of Conservation and Sustainable Management of Below-
Ground Biodiversity (CSM-BGBD) Project, Indonesia Universitas Lampung. Two steps of
activities performed were inventory (survey) of nematodes diversity of various land use types,
and a semi-controlled as well as controlled (greenhouse) experiments. Inventory studies were
conducted during rainy season in 2004 and 2007, while the semi- and controlled- experiments
were conducted in 2007-2008. The study was located in Way Besai catchment area,
Sumberjaya, West Lampung (Indonesia) bounded by S 4°64” - 5°10° and E 104°15° -
104°20’, where coffee gardens are commonly practiced. The site is part of Bukit Barisan
Mountain with altitude 600-1718 m above sea level, and slope 16-45%, with Oxic Dystrudept
soil type, dominated by clay fraction with pH H,O 4.0-5.0. A mean annual rainfall of 2614
mm, an average daily air temperature of 21.2 °C, and relative humidity in the range of 81-
89% (Dariah et al., 2004).

Five land-use systems (LUS) were compared: natural forest, disturbed forest, shrub or
grassland, coffee-based agroforestry, and sun (monoculture) coffee. Sampling at landscape
level was done according to CSM-BGBD standard sampling method; twelve soil cores were
collected at 0-20 cm depth in each sampling point (Huising et al., 2008).

At plot scale nematode community survey was conducted in five types of smalholder offee-
based systems i.e.: (1) monoculture coffee one years old, (2) monoculture coffee 3 years old;
(3) coffee shading with Gliricidia tree, 3 years old, (4) agroforestry coffee system contain
banana tree > 5 years old, and (5) agroforestry coffee system contain avocado tree > 5 years
old. Soil core at 0-30 cm depth was collected from every quadrat 20 m x 10 m sampling unit
wich were selected randomly in the coffee field. Nematodes were extracted from each
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collected soil sample and identified according to CSM-BGBD method (Cares and Huang,
2008).

To study the effect of shading intensity on plant parasitic nematode, a semi-field experiment
was conducted in Sumberjaya, West Lampung. The treatment was performed on Arabica
coffee nursery 1 m x 1 m. Treatments were arranged in a factorial experimental block design.
The first treatment was shading density and the second factor was fertilizer input. Nematode
community and soil water content were indentified and measured from each plots. Two
greenhouse experiments were done in Universitas Lampung. The objective of the first
experiment was to study the effect of cropping pattern and application of inorganic N, P and
K fertilizer of coffee seed on plant parasitic nematode population, while the second
experiment is to study the effect of several qualities of litter and inorganic (N, P and K) inputs
of coffee seed on plant parasitic nematode abundant. Factorial complete, randomized design
(CRD) with three replications was applied on first experiments. A three month old seed of
Coffea arabica var. kartika-1 was planted on pot 30 | capacity filed by sterile soil. The first
factor is cropping pattern consisting of five levels i.e. (1) monoculture system of coffee, (2)
simple mixed coffee system (coffee + banana), (3) simple mixed coffee system (coffee +
Gliricidia), (4) complex mixed coffee systems (coffee + Gliricidia + avocado), and (5)
complex mixed coffee systems (coffee + Gliricidia + avocado + mahogany). The second
factor is application of inorganic N, P, and K fertilizer that consists of three levels i.e. (1)
control, (2) one rate of recommendation dosage of 5 month old coffee seed and (3) two rate
of recommendation dosage. Arabica coffee nursery in the pots as a experimental units for the
second experiment is designed by factorial complete, randomized design (CRD) with three
replications. Experiental unit was 25 | capacity of pot filled unsterilized mix of soil + sand
(2:1) and inoculated with Radopholus. The first factor was litter inputs that consist of six
levels i.e.: (1) without litter (control), (2) input single Gliricidia leaf litter, (3) input single
coffee leaf litter, (4) input single avocado leaf litter, (5) input mix of coffee +Gliricidia leaf
litter, and (6) input mix of coffee + Gliricida + avocado leaf litters. The second factor is
inorganic (N, P, and K) fertilizer application consisting of two levels i.e.: (1) without fertilizer
(control) and (2) application of inorganic (N, P and K) fertilizer at 1 rate of recommendation
dosage.

RESULTS AND DISCUSIONS

Based on laboratory isolation and extraction of soil collecting from five land-use systems
(LUS) showed that 103 nematode genera of 29 families were found from West Lampung
Area. Natural forest conversion into coffee systems in the area tends to decrease nematode
diversity. Nematode diversity in natural forest and agroforestry system is higher than that in
young monoculture coffee or shrub systems. Generic number of nematodes in forest and
agroforestry coffee systems was in a range of 53 to 61, whlie in monoculture young coffee
was between 31 to 35 genera (Table 1). The high soil nematode diversity can be explained by
high diversity of vegetation in the natural forest and in coffee-based agroforestry systems with
higher litter thickness on soil surface which important for maintaining soil moisture (Hairiah
et al., 2006).

Diversity of soil nematode community can be indicated by Shannon and Simpson’s diversity
indices. Both of Shannon and Simpson’s diversity indices for nematode community on forest
and agroforestry coffee systems were higher than that in young monoculture coffee. The
highest of the two indices occurred on shrub systems. Nematode community diversity index
in shrub is also higher than that ini forest in New Zeeland (Yeates, 1996). High Shannon
index indicated high species (or genera) diversity (Krebs, 1985), while low Simpson’s index
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indicated community is dominated by certain species (Pielou, 1977). The result of this survey
show that young coffee monoculture has low nematode diversity, but some genera of
nematode community are dominant, as was indicated by low Shannon and Simpson’s
diversity indices of young coffee system.

Table 1. Characteristic of nematode community on several land use systems
in West Lampung.

] o Land Use Systems

Nematode Community Characteristic

| 1 1] v Vv VI
Diversities
Genera number** 61 53 45 36 31 55
Shannon Index 1.98 1.79 214 | 125 | 085 | 1.71
Simpson’s Index 4.56 5.53 6.25 30 | 1.79 | 5.18
Abundance
Total of individual (indiv/300 cc of soil) 260 267 637 407 | 674 241
Plant Parasitic (%) 18,6 13,8 | 59,2 75 87 70,5
Bacterian Feeders (%) 70.6 59.6 | 34.8 21 7 18.5
Fungal Feeders (%) 1.2 1.0 3.4 2.0 4.0 4.0
Predators (%) 1.8 3.6 1.8 1.0 1.0 4.0
Omnivores (%) 1.0 3.6 2.6 1.0 1.0 3.0
Notes: ** = commulative number from all sampling point, | = Natural forest, Il = disturbed
forest 111 = Shrub, IV = Young monoculture coffee (1 yr), V = Young coffee monoculture (3

yrs) VI = Agroforestry of coffee ( > 5 yrs).

Forest conversion into coffee system enhances plant parasitic nematode abundance. Relative
abundance of plant parasitic nematodes in forest (16%) increased to around 80% in the young
monoculture coffee. That was contrasted with free-living nematodes; relative abundance of
bacterial feeding nematodes in forest decreased from 70% to 7% on young coffee 3 years old
(Table 1). Agroforestry coffee system has similar environmental characteristic with forest and
they have ability to suppress plant parasitic nematode population. Plot scale survey result
showed that Helicotylenchus was dominant in plant parasitic nematode community of young
coffee systems. Helicotylenchus population in agroforestry coffee systems was only 40
individual/300 cc of soil, while the population in young monoculture coffee 3 years old, was
as much as 515.6 individual/300 cc of soil (Table 2). Open area with high density of weed
might be important factor for the high nematode population on young coffee system.
Correlation analyzes showed that plant parasitic nematode Helicotylenchus population was
positively related with weed biomass (r = 92).

Maturity indices are sensitive to indicate agroecosystem condition (Bongers, 1990). In this
study we calculated the plant parasitic maturity index (PPI) to evaluate the suitability of
agroecosystem to plant parasitic, while evaluation on intensity of disturbance in
agroecosystem was done by calculating free-living maturity index (MI). Calculation on ratio
of PPI/MI index indicated soil fertilization that supported plant parasitic nematodes (Bongers,
1998). Based on the result of plot scale survey, MI was significantly different (P < 0.01)
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among coffee systems. The highest PPI value (2.5) was found in young monoculture coffee 1
year old. It means that young monoculture coffee was more favorable to plant parasitic than
others. The young coffee was favorable to plant parasitic nematode can also be indicated by
the high value of PPI/MI ratio (9.8). In contrast, coffee-based agroforestry system was not
favorable to plant parasitic nematodes; the value of PPI/MI of this coffee system was only
3.1. Free-living nematode maturity index (MI) was also siginificantly affected (P<0.001) by
type of coffee systems. MI value of young (3 years) monoculture coffee field (0.34) was
lower than that of agroforestry coffee system (0.87). That indicated, that environmental

disturbance intensity in young coffee was higher than that in agroforestry coffee system.

Table 2. Population density of various plant parasitic nematodes
(individual/300 cc of soil) on several types of coffee-based systems in West Lampung.

Plant parasitic nematodes Coffee Based Systems
| 1 ]| v Vv
Paralongidorus 310 b 1.2 b 1.2b 2.1b 109 a
Criconemella 814 a 58 b 17.1b 6.6 b 74D
Ditylenchus 2.10 a 0l1lc 1.0ab 0.1 bc 0.1lc
Helicotylenchus 68.9 b 516 a 209 b 62.0 b 215b
Tylenchus 4.70 bc 2.4 bc l.c 99b 25.2a
Meloidogyne (JI2) 150 b 70 Db 05b 59b 23.3a
Others genera® 18.2 a 8.6 bc 7.4c 189 a 16.8 ab
All Genera 358.4 a 708.4 a 81.8¢c 1846 b 219.8 Db
Notes: @ = others genera pooled ; | = young monoculture coffee 1 yr, Il = young
monoculture coffee 3 yr, Ill = Gliricidia shade coffee 3 yr, IV= agroforestry coffee with

banana > 5 yr, V= agroforestry coffee with avocado > 5 yr; data at a row folowed by same
letter not different by LSD test at 5% siginificantly level.

Tree species used for shading coffee affected the population of plant parasitic nematode on
coffee systems. Result of survey at plot scale showed that using Gliricidia as shade tree of
coffee reduced plant parasitic population density. The population of plant parasitic nematode
in young coffee (3 years), 708 individual/300 cc of soil, was significantly higher than in
coffee shade with Gliricidia systems 3 year old (82 individual/300 cc of soil) (Table 2).
Further study in greenhouse indicated that intercropping banana and coffee increased
population of plant parasitic nematode Radopholus. The nematode Radopholus population in
simple mixed coffee with banana cropping pattern, around 328.4 individual/300 cc of soil was
higher than that in others coffee cropping pattern (95-136 individual per 300 of soil)
(Table 3).

The application of inorganic (N, P and K) fertilizer to coffee also increased the plant parasitic
nematode Radopholus population. Coffee applied with twice rate of recommendation dosage
of the fertilizer N,P and K increased Radopholus population from 90 to 198 individual/300 cc
of soil (Table 3).
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Table 3. Population density of plant parasitic Radopholus sp. in various planting
patterns coffee applied by different strategy of fertilizer application.

Treatments Population density (indiv/300 cc of soil)
Cropping Patterns of Coffee**

Monoculture 975b
Simple mix (coffee + banana) 328.4 a
Simple mix (coffee + Gliricidia) 95.0b
Complex mix (coffee + Gliricidia + avocado) 88.5hb
Complex mix (coffee + Gliricidia + avocado +

mahogany) 136.9b
LSD 0.05 4,02
Aplication of (N, P and K) Fertilizer*

Control 89.6 b
1 x of recommendation dosage 139.1 ab
2 x of recommendation dosage 197.6 a
LSD 0.05 2.04

Notes: Data were \ (x+1) transformation, ** = very significant, * = significant, number
followed same letter not different of LSD test at 5% significantly level.

Table 4. Relative abundance of Radopholus and feeding groups of nematode on coffee
seed inoculated by Radopholus and treated with several kinds of litter input.

) ) Relative abundance of nematode (%)
Leaf litter inputs - " -
Rado. | PIt. Par. Bact. Fungi. Pre” |Omni
Without litter (control) 20.0a 15.3 383bc | 21.3b | 44bc | 14
Gliricidia 6.3¢ 6.7 493a | 323a 13c 4.1
Coffee 13.3ab 8.0 415ab | 26.0ab | 41bc | 2.6
Avocado 17.7 ab 7.7 29.7c 113c | 25.3a | 4.1
Coffee + Gliricidia 17.0ab 9.7 383bc | 21.7b | 87b | 14
Coffee+ Gliricidia + avocado 12.0 bc 5.0 413ab | 31.7a | 93b | 0.0
LSD 0.05 6.90 ns 8.9 8.9 1.5 ns

Notes: # = data transformed to \ (x+1), ns = not significant, data in a colom followed by
same letter not significantly different at 5% levelt by LSD test; Rado = Radopholus, PIt. Par.
= plant parasitic other than Radopholus, Bact = bacterial feeders, Fungi = fungal feeders,
Pre = predators, Omni = omnivores.

Litter input produced by shading tree of coffee can control population density of plant
parasitic nematodes. Green house experiment to test the effect of litter input on coffee
seedling indicated that application leaf litter of Gliricidia not only suppresed plant parasitic
nematode Radopholus but also increased free-living nematode abundance such as bacterial
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and fungal feeders (Table 4). Higher litter input also increased abundance of nematode
predator. Compared with untreated soil, application of avocado leaf to soil resulted in
relatively higher abundance of nematode predators (25% as versus 4%).

The negative effect of coffee shading tree on plant parasitic nematode abundance may
indirectly, throughout soil water content. Water film on soil particles is a critical factors for
nematode activities. Semi-field experiment result showed that the highest plant parasitic
nematode abundance in coffee nursery (500 individual/300 cc of soil) is at 40% shading
density. Increasing soil water content of coffee nursery was positively correlated with shading
intensity. Optimum soil water content for plant parasitic nematode in 70% to field capacity.
Plant parasitic nematodes prefer soil moisture condition around field capacity level (Wallace,
1971).
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SUMMARY

Since the last coffee crisis of early 2000s, development of specialty coffee, and especially
eco-friendly labelled coffee, has been raising rapidly. Although effect on producers and global
relationship has been documented, the dynamic of certification adoption and its
comprehensive effects on coffee sectors in producing countries are still poorly documented.
The poster presents a comparative study of the dynamic of development of Eco-labels in two
high quality Arabica coffee producing countries, Costa Rica and Kenya. Using available
secondary data and original data’s derives from stakeholders comprehensive interviews, we
show that the different pace and magnitude of the adoption of the certification schemes
between this two countries depended on pre-existing institutional environment, governance
and balance of power in the commodity chain and that the development of certification
schemes tended to modify both structure and functioning of the commodity chains and
contribute to gradual evolution of balance of power.

INTRODUCTION

Since the last coffee crisis of early 2000s, national coffee sectors all over the world has tended
to develop response to sustain coffee production. One of the current responses is the
development of specialty coffee, and especially eco-friendly labelled coffee such as Organic,
Fair Trade, UTZ certified, Rainforest Alliance, Coffee Practices, Nespresso AAA or 4C.
Since the late 90s, specialty coffee experimented a very rapid growth (Giovannucci, 2008).
Many studies deal with the impact of certification at producers’ level (Kilian et al., 2006;
Ponte, 2004), analyzed the role of certification in the evolution of actors relationship in global
chains at international level (Ponte, 2004; Ruben et al., 2006) or outlined the contrast of
governance structures, environmental and social standards, and market positions of certified
coffee (Raynolds, et al., 2007). Study showed that participation to certified coffee system does
not ensure a better economic performance, but it may facilitate coordination between
roasters/traders and some growers, which may lead to upgrading opportunities (Muradian and
Pelupessy, 2005). Nevertheless the dynamic of development of certified coffee production
and its comprehensive effects on cooperative coffee sectors in producing countries are still
poorly documented.

In this study, we analyse and compare the dynamic of development of certification schemes in
two fine quality Arabica coffee producing countries: Costa Rica and Kenya, and identify
explicative some factors of differential development and effects of certification schemes at
sector level, with a focus on cooperative sector.
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MATERIAL AND METHOD

We choose to compare two producing countries, Costa Rica and Kenya, with recognized high
quality arabican producing countries. For each country, we gather and analysed available
statistical data on certification. We complemented this information with comprehensive
interviews of the main actors involved in coffee certification in each country, including direct
actors such as cooperatives leaders and traders, and indirect actors such as national
institutions, promoters of certification, and auditors.

RESULTS AND DISCUSSION
Contrasted pace and magnitude of certification adoption

The analysis of the dynamic of certification showed that the different pace and magnitude of
the adoption of the certification schemes between this two countries (Figures 1 and 2). In
Costa Rica, the first coffee certification of cooperatives and associations took place in the 90s
with organic and fair trade certification. Further, in early 2000s, cooperative and associations
adopted rapidly certifications in UTZ certified, Rainforest Alliance, Cafe Practice. Nowadays,
all the cooperative of Costa Rica have at least one certification, and most of them have
multiple certification. The most common is the fair trade certification and the cafe practice
certification. In Kenya, certifications development shows a very different situation. The first
cooperative was certified in 2005. Nowadays, only 11 cooperatives are certified, which
represent less than 2% of total cooperative number. Except from organic certification which is
particularly difficult to develop due to coffee wilt disease, all the other certification is
nowadays present in Kenya. Fair trade and Utz certified are the more common certifications.
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t% 12
g 10
%5 ¢
= L
i o
=2 0 - - - - B P s———
BEEREZBREEBERENIERERLL

Figure 1. Evolution of the number of certified Farmers’ Organizations in Kenya (1989-
2009). Source: compilation of secondary data and interviews of the authors.
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Figure 2. Evolution of the number of certified Farmers’ Organizations in Kenya (1989-
2009). Source: compilation of secondary data and interviews of the authors.
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Contrasted dynamics of certification promotion process

The analysis of the process of certification promotion show different patterns (Figure 3 and
Figure 4). In Kenya, the promotion of certification is done by the international traders
according to a Top-Dow approach (Figure 3). International traders generally negotiate with
the chair man of the cooperative to obtain his agreement to initiate the certification process in
its cooperative. Then, international traders provide technical assistance to help farmers and
cooperatives to comply with norms requisites. They also finance the necessary investments to
achieve the certification standards and the cost of auditing. In Costa Rica, the cooperative
adopted a proactive strategy upon certification as they effectively decide of the certification
they wanted to develop (Figure 4). They decided to be certified to develop new market
opportunities, to diversify their outlet, or to maintain their relationship with their coffee
buyers. The cooperatives and association promote the certification to their members.
Sometimes with the support of cooperation agencies, they organize training information and
technical support to their members to help them complying with norms requisites. They
organize the audit and assume its costs. They may also facilitate financial support to help
farmers to make the necessary investments at farm level. Some cooperatives of Costa Rica
developed specific trading consortium to facilitate access to certification, such as Coocafe
consortium created in 1989 to facilitate access to fair trade certification or Suscof consortium
created in 1998 to facilitate access to UTZ certified certification.

L InternatioAnaI market
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International
traders
Viarketing | | Motinational | National
Exporters
consortium P Exporters

[ .
\ Cooperative Private Private Micro
processors processors processors || processing

, Certified (multinational) || (national) unit
A /

Small and medium
associated producers

Small, medium
and large Producers

| (certified)
legend m—p Classical New flow New
flow Since 90-2000s Actors

Figure 3. Certification process and evolution of value chain in Kenya. Source: based on
secondary data and interviews 2007-2009.
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Figure 4. Certification process and evolution of value chain in Kenya. Source: based on
secondary data and interviews 2007-2009.

Effects of certification in the value chain

The effect of the development of certification in value chain show a contrasted pattern
between Kenya and Costa Rica, resulting from the existing balance of power in the
commodity chain.

In Kenya, the certification development appears as a component of the strategy of vertical
integration carried out by international traders since the reform of the coffee act in 2007.
According to this reform, direct transactions between traders and cooperatives (“second
windows”) became possible outside the traditional auction system (Figure 3). Moreover, the
milling and marketing function that was a quasi monopole of 3 enterprises, was opened to
new actors. With the creation of the “second windows” and the “opening” milling and
marketing functions inside the countries, international traders could integrate their supply
chain downward reaching directly the cooperative level. With this new regulation, the
investment done by international trader to promote certified production at cooperative and
farm level can then be better secured since they can buy directly the product to the
cooperative; whereas with the traditional auction system, they had no control on the
traceability of the certified coffee production they promoted (as it could be mixed by the
marketing agent) and may suffer high risk that the certified coffee they promoted was bought
by other traders during the auction. Despite the new possibility granted by the opening of the
second window, the Kenyan cooperative no have yet developed lots of direct selling. As they
never had direct access to market with traditional auction system, they have no experience of
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marketing activities. Thus they are poorly informed of evolution of market demand (and the
raise of demand in Ecolabelled coffee). For these cooperative, certification is an opportunity
to access to investment capacities, to get a better valorisation of their products and to enter in
a process of improving their management practices and quality control.

In Costa Rica, certification contributes to the strategy of upgrading developed by cooperative
consisting in improving their products quality, and diversifying and developing direct access
to international market (Figure 4). With the existing institutional framework of regulation of
Costa Rican coffee sector, cooperative have no institutional impediments to develop
marketing and export activities. Following the crisis of coffee, the cooperatives entered, with
the support of public institutions, in a process of quality management improvement including
development of trademark, classification and differentiation of coffee, organoleptic quality
tasting. Along with quality management improvement, they also oriented their strategy in
developing marketing and exports functions individually or collectively through marketing
consortium either specific to one Eco-labelled products, such as Coocafé for Fair trade, or
Suscof, for UTZ certified, or no specific such as Cafecoop created in 2001 by 6 cooperatives
to promote a wide range of qualities and Eco-labelled products. Nowadays the majority of the
cooperative is member of one or several consortium in order to enlarge its marketing
opportunities. Aside from this dynamic, but with the same objective of capture more added
values, some producers, in very specific areas, even invested in micro processing unit to
develop very high specific high quality coffee.

CONCLUSION

Whereas in Costa Rica certification development was rapid and pro-actively used by
cooperative to strengthen an upgrading strategy in an enabling institutional environment, the
certification in Kenya is still poorly developed and is pro-actively used by international
traders to strengthen their strategy of downstream integration enabled by the reform of the
coffee act allowing direct transaction with cooperatives since 2007. Thus, the contrasted pace
and the magnitude of dynamic of certification is rooted in the existing institutional
environment. The development of certification development is contributing to the change of
structure and functioning of the commaodity chain and to a gradual change of balance of power
between stakeholders by offering new marketing and learning process opportunities.
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SUMMARY

The major coffee eco certification/verification schemes that are currently operational include:
Fair trade, C.A.F.E practices, Nespresso AAA, Organic, Rainforest Alliance, Utz Certified,
Common Code for the Coffee Community (4C) and Bird Friendly. The various certification
schemes focus on the three pillars of sustainability namely, social and economic justice, and
environmental responsibility. However, due to marked similarities between them, there has
been apparent confusion among industry players and producer organizations about the unique
aspects of each standard and what they would offer if taken up, thereby obscuring choice
making. As such, this study seeks to offer clarity and a constructive critique of the different
schemes with a view to providing holistic information that would enable sound decision-
making across the supply chain. To begin with, a comprehensive review of all standards was
done, focusing on ‘critical’ and ‘required’ criteria, after which data was analyzed by use of
Principal Component Analysis. Results on Critical Criteria, the mandatory one, indicate that
in general, all standards focus on Environment, Agriculture and Social criteria but with
various level of expectation. Only Fairtrade and, to a lesser extend, 4C labels give some
importance to the Economic domain. The analysis performed on the Required Criteria didn’t
lead to any results, indicating the lack of labels’ specificity based on these criteria

INTRODUCTION

Coffee certification started some 20 years ago with Fairtrade and organic initiatives. Since
then, new labels have emerged, being now more than eight. Nowadays, certification has
become the paradigm for producers who want to address the increasing demand from the
specialty market, and for consumers looking for quality, of any kind (social, environment,
test, etc.) (Raynolds et al., 2007, Giovannucci et al., 2008).

Theoretically, labels should convey a specific philosophy that, once translated into objective
criteria, regulates the production sector. Some of these messages are clear enough and well
understood by everyone. But others seem to lack specificity, may overlap, and generate
confusion among the stakeholders. Such situation is of concern as it could generate disinterest
in the label concept (Potts et al., 2003).

In an attempt to bring clarification for a better understanding, this work aims to characterize
and to compare the major labels.

MATERIAL AND METHODS

This work focuses on 8 major coffee standards: UTZ Certified, Rainforest Alliance (RFA),
Fairtrade (FT), Organic (ORG), Nespresso AAA (NES), CAFE Practices, 4C and Bird
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Friendly. From their official guidelines, as per Nov 2009, the specifications of each standard
were listed exhaustively. They were organized in 2 main class: the “Critical Criteria (CC)”,
mandatory, and the “Required Criteria (RC)” that allow some kind of adjustment and
negotiation. Classes were further divided into domains (Environment-Agriculture, Social,
Economic) and categories, and then numbered per category. Data analysis was performed
using Principle Component Analysis.

RESULTS
Critical Criteria (CC)

Labels greatly differ in regard to the number of CC they define: UTZ and FT impose the
highest number, followed by RFA, 4C and ORG. The CC number is reduced for BIRD and
CAFE, null for NES. A global trend is the higher demand for Environment-Agriculture and
Social domains than for Economic domain (Figure 1).
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Figure 2. Standards required criteria.

On the 2 first axis of the Principal Component Analysis (Figure 3), 3 groups of criteria could
be distinguished:

e Group 1 stands alone at the top of the 2™ axis; it is mainly represented by economic
criteria.

e Group 2 represents a subset of environment criteria, independent from Group 1.

e Group 3 is the most numerous group and cannot be separated from group 2. It is
heterogeneous, but its main ‘trend’ is environment and social. All the criteria from
group 3 are strongly correlated on the first axis.

From this organization, it can be assumed that axis 1 represents an “Environment + Social”
dimension, while axis 2 is more an “Economic” axis.
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Figure 4 shows the relative position of standards on the same pair of axis.

Fig. 4: Standards position (CC)
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Figure 4. Standards position (CC).

e Utz appears quite demanding in the environment and social domains, with less
expectation on economic criteria, as it stands quite far on the left side of the graph.

e All other standards express lower demand in terms of social and environment criteria:
Organic, RFA and 4C having less expectations, CAFE, Bird Friendly and Nespresso,
even lesser.

e The position of Fairtrade on the 2™axis, and to a lesser extend 4C, reveals the
importance given by these labels to economic criteria.

Required Criteria (RC)
RC are more numerous than CC (Fig. 2), but the demand from labels still greatly varies with a
magnitude from 1 (BIRD) to 10 (CAFE, FT). Again, the main expectations from labels are for

environment, Agriculture and, to a lesser extend Social domains. Less emphasis is still given
to Economic criteria.
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PCA on RC revealed the absence of pattern of the variable distribution. Variable associations
were detected, but in a way that no specific meaning could be given to the association. This
situation did not permit to detect any label specificity.

CONCLUSION

From our results, it appeared that coffee labels specificity could only be deducted from
Critical Criteria. All labels could be ranked on a scale that combined Environmental-
Agriculture and Social categories, with a high level of correlation. In so doing, labels
appeared to differ only by the number of criteria they impose, from little (BIRD, NES, CAFE)
to medium (4C, FT, RFA, ORG), then large (UTZ). Using such quantitative scale, the
qualitative specificity of ORG is not expressed, the prohibition of inorganic compounds being
just one among the other criteria for Environment-Agriculture.

Using an economic scale as a second dimension was useful to reveal the specificity of FT and
4C, that opposes the “‘non-specificity’ of the other standards in these domains.

Surprisingly, our results indicate the total absence of specificity related to Required Criteria.
This could suggest that when they do not ‘impose’, all labels recommend more or less the
same set of criteria, representing a combination from the 3 domains.

As such, it would be still premature to conclude on the level of label specificity although
some differences could be revealed. Our comparative analysis was conducted at category
level, not criteria level, and therefore does not allow a comparison in terms of similarities and
distance. More work on data coding is still required and planned for this purpose.
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SUMMARY

“Coffee-Flux” is a sub-project of CAFNET (EuropAid/121998/C/G): “Connecting, enhancing
and sustaining environmental services and market values of coffee agroforestry in Central
America, East Africa and India”. It was launched in December 2008 in Costa Rica by Cirad,
CATIE, PCP and the Aquiares farm. The aim of Coffee-Flux is to assess the water, sediment
and carbon Environmental Services (ES) at the scale of a coffee agroforestry coffee
watershed. Experimentation, modelling and remote-sensing are combined. Coffee-Flux is a
contributor to FLUXNET (http://daac.ornl.gov/FLUXNET/). The platform is wide open to
new projects, scientists and of course to students.

INTRODUCTION

Land use affects water and carbon balance and erosion processes, which are still poorly
documented at plot and basin scale in coffee agroforestry systems. Also, anthropogenic
management (tree planting, roads, terraces, etc) might substantially impact the provision of
ES through infiltration, surface runoff and sediment genesis or affect the balance between C
capture and C losses.

A comprehensive experimental display allows to assess water, sediment and C balance for
small basins (= 1 km?) and can be scaled up to region using modeling and remote-sensing
(Taugourdeau et al., 2010, see next ASIC Poster). The evaluation of Environmental services
(ES) requires balanced representation of agronomical, hydrological and ecophysiological
processes and a tight coupling between experimental and modelling approaches.

Such a display was installed in 2008 in Costa Rica on a coffee agroforestry system with a low
density of erythrins (Figure 1) and is expected to run as an observatory.
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Figure 1. Arabica (Caturra) coffee agroforestry watershed in the Aquiares farm (Costa
Rica), below Erythrina poeppigiana shade tree.

MATERIALS AND METHODS
Site and infrastructure description

A 1 km? coffee watershed, homogeneously shaded with tall Erythrina poeppigiana was
selected in Aquiares, one of the largest coffee farms of the country, “Rainforest” certified,
located on the slopes of the Turrialba volcano, ranging from 1,020 up to 1,280 m.as.l.,
strongly influenced by the climatic conditions of the Caribbean hillside, and without strong
dry spell. The watershed is instrumented (Figure 2) with automatic flumes, pluviometers, soil
moisture probes, piezometers, turbidimeters, sapflow and eddy-covariance tower (for H,O
and CO;, gas fluxes).

CoffeeFlux
Experimental display

Figure 2. The Coffee-Flux experimental display.

RESULTS AND DISCUSSION

Hydrological service

Coffee-Flux is monitoring and modelling the water balance partitioning (rainfall, interception,

superficial runoff, infiltration, sapflow, soil water balance, evapo-transpiration, aquifer
fluctuations and total streamflow), cf. Figure 3 and Figure 4.
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Figure 5. Streamflow Q and suspended sediment concentration S (black lines, measured
with automatic OBS-3 probe (photo) and calibrated) in the experimental basin for the
one-year measurement period. A 95% confidence interval (grey region) is displayed
around the estimated values. Average annual sediment yield is < 1 t ha™.

Carbon service

Coffee-Flux is monitoring the Net Primary Productivity (NPP: tree + coffee growth and
mortality) above and below-ground (minirhizotrons), the Gross Primary Productivity or (GPP
= ecosystem photoynthesis), the ecosystem + soil respiration and the Net Ecosystem
Exchange (NEE) (Figure 6) which is the ecosystem C balance, using combined eddy
covariance and growth + litter monitoring.
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Figure 6. Time-course of carbon net ecosystem exchange, and its partitioning into night
C emissions (positive values) and C uptake (photosynthesis + respiration, negative
values). One cycle is one day.

CONCLUSIONS
The philosophy is to concentrate several investigations on one specific site and for a few
years, to share a useful common experimental database, to develop modelling and to publish

results in highly-ranked scientific journals. Coffee-Flux is a platform with infrastructure, easy
access from CATIE and good security conditions, ready to welcome complementary scientific
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investigations and collaborations. The project is wide open to complementary projects,
scientists and of course to students.
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with coffee quality attributes that are least sensitive to temperature variation i.e. types that
perform relatively better in terms of quality regardless of whether they are being grown in
cooler or warmer environments.

Finally, providing and improving access to reliable climate data, mapping potential climate
change impacts in different coffee areas in each country as well as strengthening institutions
that can provide technical and financial support are all extremely vital in the implementation
of most of the suggested mitigation and adaptation options against the impact of climate
change on coffee in the sub-region.

CONCLUSION

Climate change is a real potential threat to sustainable coffee production in the Eastern Africa
sub-region. Though the effects will vary with geographic location and altitude, predictions
indicate drastic changes in suitability of coffee growing areas ranging from migration of such
areas to higher altitudes to almost complete obliteration of suitable growing areas in some
countries. Climate change will also affect both yield and quality of coffee and may increase
certain coffee pests and diseases. It is therefore essential that sound adaptation and mitigation
strategies are put in place to save the coffee industry. Such measures must include, enhanced
conservation of major forest ecosystems, implementation of appropriate agronomic measures
to halt soil degradation and exploitation of modern genetic tools to develop more resilient
coffee varieties. At the same time, improving framework conditions for adaptation and
institutional capacity building, including providing financial support will be vital in
minimising the potential effect of climate change.
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