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UV light, and frost (Sieber et al., 2000). Overexpression of SHINE can induce the expression of
these drought stress-related genes under normal growth conditions in transgenic plants and
confer improved tolerance to drought.

The aim of this work was to express the SHINE gene of Arabidopsis thaliana in transgenic
hairy roots of Coffea arabica after Agrobacterium rhizogenes-mediated root transformation in
order to improve the drought tolerance of such chimeric plants.

MATERIALS AND METHODS

The plasmids used at the transformation of Arabidopsis thaliana and Coffea arabica were:
pMOG22-35S::SHN2 containing the SHINE2 cDNA, under control of the constitutive
CaMV35S promoter and 35S::HPTII gene construct which confers hygromycin resistance
when expressed in plants (Aharoni et al., 2004).

The plasmids pMOG22-35S::SHN2, pCAMBIA1301 containing Gus and pREDRoot marker
were introduced on Agrobacterium rhizogenes and used on the transformation.

After the transformation and selection, the chimeric plants, transformed with 35S::SHN2,
DsRED or GUS (control plants) were subjected to drought for 10 and 11 days (for
Arabidopsis thaliana) or for 15 days (coffee) by withholding water, and subsequently
rehydrated to observe the recovery after 1 week. On the control treatment the transformants
35S::SHN2 and DsRED or GUS (control plants) were maintained at 85% field capacity during
the experiment. Four plants per treatment were used. The survival was scored, the fresh
biomass was collected and the collected plants were oven-dried at 60 °C for 5 days and the
dry weight was measured.

RESULTS AND DISCUSSION

On the drought tolerance experiment of chimeric Arabidopsis thaliana plants expressing
35S::SHN2 in roots was possible to observe the 35S::GUS plants started wilting after 6 days
without water, while the 35S::SHN2 started wilting just after 8 days. As result of this about
50% of the 35S::SHN2 chimeric transgenic plants exposed to 10 days withholding water and
rewatered for one week recovered the drought treatment, while none of the 35S::GUS
chimeric control plants recovered. When water was withheld for 11 or 12 days, none of the
chimaeric 35S::SHN2 and 35S::GUS plants survived. The dry weight of the 35S::SHN2
plants, did not differ significantly from the well-watered plants, and was significantly higher
when compared with the drought-treated control plants.

On the drought tolerance experiment of chimeric of Coffea arabica the drought tolerance
experiment was set up with 8-month-old coffee plants transformed with either 35S::SHN2 or
DsRED (control). DSRED (control). The chimeric plants started to wither after 8 days without
water while the 35S:SHN2 chimeric plants still did not show strong effect related to the water
deficiency. The 35S:SHN2 chimeric plants started to wither only after 12 days and at 15 days
the transgenic plants were completely withered but at this point the DSRED (control) chimeric
plants had dried leaves.

Whereas DSRED (control) chimeric plants did not recover from the 15-day dehydration

treatment and completely dried out, all the 35S:SHN2 chimeric plants recovered, becoming
greener and stronger. This showed that the 35S::SHN2 chimeric plants were superior to the
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DsRED (control), because they maintained leaf water potential during drought, even though
they were partially wilted.

During the experiment the plants overexpressing 35S::SHN2 showed growth retardation under
normal growth conditions. The expression of 35S::AtDREB1A and in transgenic Arabidopsis
led to an enhanced dehydration tolerance and also severe growth retardation under normal
growth conditions (Liu et al., 1998; Kasuga et al., 1999; Dubouzet et al., 2003). Transgenic
Hipericum perforatum plants regenerated from hairy roots transformed with A. rhizogenes
strain A4AM70GUS showed normal phenotype, but also differences in several growth
parameters (Koperdakéva et al., 2009).

These results indicate that expression of SHNZ2 in roots alone is already sufficient to protect
plants against drought, however, the window in which root expression of SHN2 protects the
plants from drought appears to be relatively narrow. Although the shortest period of
withholding water causing 35S::GUS plants to die was not determined, only a day longer
withholding water was sufficient to make the difference between full recovery and complete
loss of 35S::SHN2 plants. This means the SHN2 transcription factor possibly can induce the
earliest reply to drought activating stress-responsive mechanism and this can happen in the
root inducing the expression of gene involved on signal sensing and/or the transcription factor
and their induced genes can be transported to the shoots where can induce the other
transcription factors responsible for drought and the stress-responsive mechanisms.
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SUMMARY

The plant hormone ethylene is involved in several developmental and physiological processes
in plants and the control of its sensitivity is a key factor on limiting its responses at target
cells. We report the results of our search in the Coffee expressed sequence tag (CAFEST)
database for expressed sequence tags (ESTs) related to the ETHYLENE RESPONSE FACTORS
(ERFs). Multiple alignments comprising the sequences found in the CAFEST database and
other species characterized ERFs were performed and the phylogeny between them was
assessed by a phylogenetic tree constructed by the MEGA4 software. The expression profile
was assessed by in silico Northern performed by the Cluster and visualized by the TreeView
program. The CAFEST database showed a high number of sequences related to ERFs and the
motif and phylogenetic analysis allowed the classification of the sequences found into the four
ERF classes previously described. The electronic Northern detected the expression of these
putative coffee ERFs in different tissues, development stages and stress conditions.

INTRODUCTION

The plant hormone ethylene plays an important hole in such diverse physiological and
development processes including organ senescence, seed germination, stem elongation, fruit
ripening, as well as biotic and abiotic stress responses.

Once produced, being a gaseous hormone, ethylene easily defuses through the intercellular
spaces and adjacent tissues. Without the possibility of having a transport regulation
mechanism, the controlling of its sensitivity is a key factor on limiting its responses at target
cells (Alonso and Ecker, 2001). Ethylene is perceived by a family of five membrane bound
receptors, ETHYLENE RECEPTOR1 (ETR1), ETR2, ETHYLENE SENSOR1 (ERS1),
ERS2 and ETHYLENE INSENSITIVE4 (EIN4), that along with CONSTITUTIVE TRIPLE
RESPONSE (CTR1), a Raf protein kinase, act as negative regulators. Downstream CTR1, the
integral membrane protein ETHYLENE INSENSITIVE2 (EIN2), the ETHYLENE
INSENSITIVE3 (EIN3) transcriptional factors and the ETHYLENE RESPONSE FACTORS
(ERFs) have been identified as positive regulators since their loss of function or
overexpression can lead to ethylene insensitivity or a constitutive ethylene response in air,
respectively.

The ERFs are uniquely present in plant kingdom and belong to the AP2/ERF superfamily of
transcriptional factors (Nakano et al., 2006). These transcriptional factors regulates the
expression of genes involved in many biological process related to plant growth and
development, as well as environmental stimuli responses.

In this study, we have investigated the CAFEST genome database, employing bioinformatics
tools and in silico expression analyses, to characterize putative coffee (Coffea arabica) ERFs.
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MATERIAL AND METHODS
Database searches and alignments

In order to identify homologs of functionally characterized ERF genes involved in the
ethylene responses, data mining in the CAFEST database (http://bioinfo04.ibi.unicamp.br),
composed by 214.964 EST sequences obtained from 37 libraries (Vieira et al., 2006), were
carried out using plant gene (BLASTN) and protein (tBLASTn) sequences as bait, as well as
keyword searches. The sequences with significant similarity (e-value>10) were selected and
sent to the sequence manager and manipulation system, the GeneProject, and submitted to
clustering by using the CAP3 program (Huang and Madan, 1999), which is integrated to the
system, forming the EST contigs and singlets.

The Coffea arabica EST-contigs (CaC) and EST-singlets (CaS) obtained were manually
annotated and data validation was performed by local tBLASTx and tBLASTn searches of the
retrieved sequences against the GenBank database. Then, the selected sequences were used as
bait in another search against the CAFEST database, aiming at finding new reads, as well as
to remount incomplete clusters. This process was repeated until no more new significant reads
were found. The ORFs (Open Reading Frames) of the validated sequences were obtained
through the tool ORFinder, from the NCBI homepage (http://www.ncbi.nlm.nih.gov), and
their protein sequences were generated through the translate tool found in the ExXPASY
(http://www.expasy.ch) protein database. The protein sequence alignments were performed by
the ClustalW program (Thompson et al., 1994), using default parameters.

Phylogenetic analysis

The putative functionally of the deduced amino acid sequences of coffee transcripts,
compared to homologs from other species, was assessed by phylogenetic trees performed by
the MEGA software, version 4.0 (Tamura et al., 2007), with neighbor-joining comparison
model (Saitou and Nei, 1987), p-distance method and pair-wise suppression. Bootstrap values
from 1000 replicates were used to assess the robustness of the trees (Sitnikova et al., 1995).

In silico gene expression analysis

In silico qualitative gene expression profiling was performed using virtual Northern blot
analyses of the coffee EST database. For each EST-contig and EST-singlet, frequencies of
reads that form each EST contig and EST singlet in the libraries in which they were expressed
were calculated. This procedure required that the data were previously normalized to give a
more accurate idea of the expression degree of the sequences in each treatment and plant
organ when all of the libraries were considered in this work.

The normalization consisted in multiplying each read by the quotient between the number of
reads from the library where it was expressed and the sum of reads of all libraries where
expression was found. The results were plotted in a matrix and gene expression patterns
among ESTs and libraries were obtained by hierarchical clustering, performed by the Cluster
v.2.11 program (Eisen et al., 1998). Graphic outputs were generated by the TreeView v.1.6
software (Eisen et al., 1998) and presented in a color scale from black to red, where as closer
to red color higher the expression level. No expression was represented by gray color.
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RESULTS AND DISCUSSION

According to the results obtained in the CAFEST database, a total of 166 reads related to ERF
were found and clusterized into 24 contigs and 9 singlets, with all sequences encoding for a
complete or partially complete ERF domain, which characterize these transcriptional factors.
According to the amino acid identity within the ERF domain, these sequences could be
separated into the two subfamilies that form the ERF family (Sakuma et al., 2002): eight
contigs and six singlets belonged to CBF/DREB (C-repeat/DRE-Binding Factor /
Dehydration-Responsive Element Binding proteins) subfamily, not involved in the ethylene
signaling pathway; 16 contigs and three singlets belonged to ERF subfamily, which

participate in the ethylene signaling, and were analyzed in this work.
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Figure 1. Phylogenetic analysis of putative coffee ERF-like proteins (A) and homologs
sequences obtained from the NCBI database related to ERF transcriptional factors.
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Multiple alignments between the putative Coffea arabica ERF proteins and previously
described ERF sequences from different plant species highlighted a number of conserved
motifs and structural similarities that are commonly associated with the AP2/ERF family of
transcriptional factors, allowing their classification into the four ERF proteins classes
previously described (Figure 1) (Fujimoto et al., 2000; Tournier et al., 2003). The in silico
Northern showed that these putative transcriptional factors are involved in a wide range of
processes, since an expression in 24 different libraries, involving different tissues,
development stages and stress conditions, could be observed (Figure 2).
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Figure 2. In silico expression profile of putative coffee ERF-like genes. The normalized
numbers of reads for the transcripts in each library are represented in a scale from
black to red. The EST contigs and singlets are represented as lines and coffee libraries
as columns. Coffee libraries are as follows (Vieira et al.., 2006): Suspension cells treated
with acibenzolar-S-methyl (BP1); Non embryogenic calli with and without 2,4 D (CAL,
PC1); Suspension cells treated with acibenzolar-S-methyl and brassinoesteroids (CB1);
Hypocotyls treated with acibenzolar-S-methyl (CL2); Suspension cells treated with NaCl
(CS1); Embryogenic calli (EAL,1A2); Embryogenic calli from Coffea canephora (EC1);
Flower buds in different developmental stages (FB1, FB2, FB4); Flower buds + pinhead
fruits + fruits at different stages (FR1, FR2); Young leaves from orthotropic branch
(LV4, LV5); Mature leaves from plagiotropic branches (LV8, LV9); Primary
embryogenic calli (PAl); Leaves infected with leaf miner and coffee leaf rust (RM1);
Roots with acibenzolar-S-methyl (RT5); Suspension cells with stressed with aluminum
(RT8); Water deficit stresses field plants (pool of tissues) (SH2); Germinating seeds
(whole seeds and zygotic embryos) (SI3).
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SUMMARY

Water deficiency is an important issue that can cause significant losses of production in crops.
Climate changes are occurring and longer periods of drought are becoming more common.
The study of physiological responses of plants to drought can help to understand the
mechanism to further develop tolerant cultivars. This work aimed at studying the effects of
drought on carbohydrate concentrations in Coffea arabica seedlings cultivar Siriema.
Seedlings were growing in a greenhouse under non-irrigated and daily irrigated conditions.
Plants were evaluated every three days until they reached a permanent wilting point, or up to a
maximum of 30 days of water withholding. In addition, plants under different drought
conditions (from three to 30 days) were irrigated and evaluated 24 and 48 hours later. There
was a significant increase in the levels of total soluble sugars and reducing sugars, both in the
leaves and roots of the non-irrigated plants. The re-irrigated plants behaved like the non-
irrigated plants, however, lower levels of sugars were detected in them. The leaves and roots
of the non-irrigated plants also showed a significant reduction in the levels of starch.

INTRODUCTION

Plants have developed biochemical responses to adjust their metabolism according to
environmental changes. Responses may be complex and may occur at the morphological,
physiological and molecular level; however, they will depend on the plant genotype, stress
intensity and duration, plant growth stage and the nature of the stress. The solutes intracellular
storage and distribution in response to water stress conditions and salinity are important
mechanisms to tackle water stress (Turner, 1986).

The osmotical adjustment is considered one of the most efficient mechanisms to maintain the
cell turgent (Chaves, 1991). It controls mainly the stomatal opening and photosynthesis under
low soil water potential. Several investigations have been conducted to study tolerance to
water stress in coffee. Most of them have been conducted in Coffea canephora (Pinheiro et
al., 2005) and C. arabica (Dias et al., 2007). The Siriema cultivar has an ability to maintain its
leaf area and vigour under drought conditions (Dias et al., 2007). To date, drought tolerant
coffee plants have been catalogued empirically because there is a lack of knowledge about
their physiological responses to water stress (Damatta and Ramalho, 2006).

Understanding which mechanisms are involved in drought responses will generate relevant

information to assist in coffee breeding and/or genetic engineering to obtain new commercial
varieties with drought tolerance. Therefore, the objective of this research was to study the

772



effect of drought conditions on the carbohydrate concentrations in Siriema coffee seedlings. It
was also aimed at evaluating Siriema’s capacity to recover from water stress conditions.

MATERIAL AND METHODS

Seedlings were growing in a greenhouse under non-irrigated and daily irrigated conditions to
a maximum of 30 days. Also, each 3 days a subgroup was re-irrigated and evaluated 24 and
48 hours later.

Every day during the experiment, between 5 to 6 am the water potential was measured and
samples of leaves and shoots were taken for laboratorial analysis. The content of the total
soluble sugars and reducing ones were measured as described by Silva et al. (2003).

Eeafs Roots

Total soluble sugars (mg gFWl)

25 T T T T T T T T T 112 T T T T T T T T T 1

Eeducing sugars (ddmol gPWl)

Starch (mg gPWl)

306 9% 12 15 18 21 24 27 30 3006 9% 12 15 18 21 24 27 30

Diays after water stress Diays after water stress

Figure 1. Carbohydrate concentrations in leaves and roots of seedling of the Siriema
coffee cultivar under drought conditions. Plants were grown under drought conditions
for a 30 day period. Four treatments were tested: Irrigated plants (—e-), non irrigated
plants (--m--), plants that were re-irrigated and evaluated 24 (- A-) and 48 hours (-o-)
after a water stress period. Mean values are presented, dashes shows the standard
errors. FW means fresh weight.
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RESULTS AND DISCUSSION

Reducing sugars increase under drought conditions in coffee leaves and roots. While the
irrigated plants maintained a constant concentration of reducing sugars in the leaves (Figure
1), the plants subjected to the non-irrigated treatment increased their concentration of
reducing sugars after day 9. On day 24 the plants reached their highest concentration (1.65
Mmol / g - MF™), but the levels of reducing sugars decreased after this day. The same trend
was observed in roots, which means that reducing sugars increased under water stress
conditions to potentialize oxi-reduction reactions. This increase could happen as a result of
invertases activity to decrease the water potential if the hexoses released by this enzyme
contribute to the osmotical adjustment and prevent additional water-stress-induced cell
damage (Valliyodan and Nguyen, 2007). Similar results were observed in the Siriema
cultivar, whereas opposite changes in carbohydrate levels were found in the drought-stressed
plants that were re-irrigated.

Starch is degradated as a drought response in the leaves and roots of the Siriema cultivar.
Under drought conditions, the starch content decreases after 12 days of water stress and
reaches values as low as 1.48 mg / FW - g (in leaves) and 1.30 mg/ FW - g™ (in roots) after
30 days of drought (Figure 1). Re-irrigation increases the starch content (3.69 mg / FW - g™ at
day 30). This results shows that a coffee plant’s starch reserves are hydrolyzed to overcome
drought conditions.
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SUMMARY

A wave of public information has enabled the report of innumerable examples where
transposable elements (TEs) fragments are incorporated as exons into mRNAs, however, the
proposition that such exonized TEs encode functional proteins is controversial. In order to
characterize the gene expression pattern of TE-derived coding sequences identified in the
Coffea arabica genome, we analyzed the macroarray profiling and digital northern of
transcripts with distinct molecular functions of sequences containing TE-cassettes or not. The
evolutionary changes of the gene expression pattern mediated by exonized TE sequences
using probes of tissues and stress conditions derived from C. arabica and C. canephora are
presented and discussed.

INTRODUCTION

As a major component of many eukaryotic genomes, transposable elements (TEs) has been
shown to be a main player on their evolution, because they can induce profound changes in
genome dynamics and reorganization (e.g. translocation, deletion, segmental duplication)
(Shapiro and von Sternberg, 2005); lead to genome expansion and contraction (Bennetzen,
2002); have an important impact on transduction and amplification of host gene fragments
(Jiang et al., 2004). Moreover, of particular interest is the TE contribution to protein coding
sequences, because they can directly influence the phenotype by altering protein sequences.
This aspect is well documented, however, only at the transcript level, in a broad range of
species within the past few years: Homo sapiens (Nekrutenko and Li, 2001), Mus musculus
(DeBarry et al., 2005), Bos Taurus (Almeida et al., 2007), Oryza sativa (Sakai et al., 2007),
Coffea spp (Lopes et al., 2008), Drosophila melanogaster (Ganko et al., 2006) and
Caenoharbidtis elegans (Ganko et al., 2003).

Evolutionary consequences of the TE exaptation would be more profound if TE-cassettes
were present not only at the transcript level but also at protein level because “protein, rather
genes or mRNA, represent the key players in the cell” (Pradet-Balade et al., 2001), by
determining the cellular phenotype, and thus directly affecting fitness. Despite of the broad
plethora of TE cassettes in transcripts, there are few reports of potentially functional proteins
containing TE-encoded fragments (Gerber et al., 1997; Hilgard et al., 2002; Hoenicka et al.,
2002), as well as there is one unique evidence that supports the existence of such proteins in
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vivo (Gotea and Makalowski, 2006). On the other hand, the presence of TE cassettes in
transcripts does not guarantee their translation, because eukaryotic cells contain several
quality control mechanisms that can initiate the degradation of the transcript and even of the
protein product immediately after translation (Wagner, 2002). For example, alternatively
spliced exons that carry premature termination codon in frame are used to down regulate the
amount of protein products of certain genes by being targets of the non-sense mediate mMRNA
decay (NMD) pathway (Wagner, 2002). Many TEs can provide alternatively spliced exons
with premature terminate codons, thus a potential role in regulating gene expression post-
transcriptionally needs to be taken seriously into consideration. Therefore, the mRNA
surveillance onto TE-harboring spliced isoforms needs to be evaluated.

MATERIALS AND METHODS
Plant Material

For the probe synthesis, total mMRNA was extracted following tissues and treatment conditions
from C. arabica: a) Hydric stress: Cultivars tolerant (lapar59) and sensitive (Rubi) to drought
maintained in field conditions with (¥pd=-0,5 MPa) and without (¥pd= -1,7 MPa) water; b)
Cell culture: embriogenic callis cv. Catuai Vermelho maintained in multiplication medium; c)
Inhibition tretament: embriogenic callis treated with the protein biosysthesis inhibitor
Cycloheximide (CHX: 10 mg/mL in alcohol) was added to cell culture to final concentration
of 100 ug/mL. C. canephora: a) Hydric stress: clones var. Conillon tolerant (14) and sensitive
(22) to drought were selected by the INCAPER (Ferréo et al., 2000) and grown in greenhouse
with (unstressed condition) or without (stress, Ipd leaves = -3.0 MPa) water.

Macroarray experiments

Our expression analyses were carried out using transcripts with distinct molecular functions
whether containing TE-cassettes (110) or not (93); both sequences highly related by sequence
similarity, identified in the Coffea arabica genome in our previous study. The 10 total RNA
samples were extracted from cells using Concert™ reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol. A total RNA sample (10 pg) treated with DNAse
was used per array and converted in cDNA and labeling using SuperScript 11l First-Strand
Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA) with [a-**P]-dCTP.

The PCR products of each interest transcript was spotted onto Performa Il nylon filters
(Genetix Limited, Hampshire, UK) using the high-throughput robot system Q-BOT (Genetix
Limited). To increase the signal homogeneity in the amount of PCR product among spots and
filters, the set of 203 cDNAs were spotted in duplicate in a 2x2 array into two identical arrays
arranged in the same nylon filters (222 x 222 mm). The filters were prehybridized 2 h at 65 °C
in Modified Church and Gilbert Buffer (0.5 M Phosphate Buffer pH 7.2, 7 % SDS, 10 mM
EDTA) and hybridized overnight with cDNA sample probes. Membranes were washed for 15
min three times with 0.1 % SDS/1 x SSC and three times with 0.1 % SDS/0.1 x SSC at 65 °C.
After washing, the filters were exposed in imaging plates BAS-MS 2340 (Fujifilm, Tokyo,
Japan) for 72 h and scanned using fluorescent image analyzer FLA3000 (Fujifilm). The
radioactive intensity of each spot was quantified by Array Guage software (Fujifilm),
corrected by level of local background, normalized to the average intensities of the ubiquitin
reference gene and for the differences of probe labelling using the average signals of all genes
studied. The homogeneity of the spot replicates were evaluated and represented by average
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value using limma of the Bioconductor package (Gentleman, 2005). The final expression
values were analyzed by heatmap using R (http://www.r-project.org).

RESULTS AND DISCUSSION

Many of the transcripts modified by TE insertions presented either low or null expression.
Preliminary, it can be observed that four different transcripts present higher expression
compared to the expression of the reference gene (ubiquitin) in the five tissues analyzed. They
are the histone subunity H3, a putative protein of the family of the hidroxilases - CER1 and a
protein with unknown function. It is worth to be highlighted also the protein of rust resistance
type Rpl-D just expressed in callis and those just expressed in the four tissues submitted to
water stress: transmembrane protein of the MLO family; a protein containing associated
domain the heavy metals and the ribossomal 50S protein of the family L21.

Interestingly, the five transcripts containing TE fragments, expressed in the five tissues of C.
arabica (hybrid specie between C. canephora and C. eugenioides) also had their expression
detected in the C. canephora tissues suggesting the origin of the CDS mosaic in one of the
parental genomes and the maintenance of their transcriptional activity after the polyploidy
process. Surprisingly, they also had increased expression in embryogenic callis treated with
the protein biosynthesis inhibitor Cycloheximide. The same can be observed with several
transcripts silenced in C. arabica, but expressed in the clone 22 irrigated of C. canephora.

Interestingly, the analysis of expression of 109 CDSs without fragments of TEs, but related to
those with TEs, also present very low or null expression in the C. arabica and C. canephora
tissues and the expression restored or even increased in callis treated with Cycloheximide. We
cannot discard the possibility of these CDSs do contain TEs in other regions besides in that
represented in the unigenes used in our in silico analyses because the transcriptome of the
Coffea species present in the PGCB database were composed by the 5 end sequence of the
MRNAs. Taken together, the results of the isoforms profiles containing or non TEs highlight
the complexity of the evolutionary and physiologic impact of TE insertions in the eukaryote
coding genes.

Our gene expression analyses using probes of cell cultures and of plants under water deficit
stresses obtained both from C. arabica and from one of its parental genome, C. canephora,
led us to conclude that most of these TE-derived mRNAs are not expressed. In some cases,
the chimerical isoforms present low gene expression levels restrict to stressful or tissue-
specific conditions. Surprisingly, several of these transcripts had their expression
reestablished in embryogenic cells treated with the protein biosynthesis inhibitor
Cycloheximide; a drug that allows the accumulation of previously silenced transcripts by
reverting a mechanism named of nonsense-mediated mMRNA decay (NMD).

Recent studies have shown that many TE-derived coding sequences (CDSs) are alternatively
spliced and that many of these introduce premature terminate codon (PTC), namely PTC"
mRNA. We propose here that the degradation of TE-containing PTC* mRNA occurs as a
quality surveillance pathway, before of the translation of potentially negative and truncated
proteins. By such process the eukaryote genomes can identify and degrade aberrant mRNAs
and assure the fidelity of gene transcription. Therefore, our results show that many of the
chimerical mRNA isoforms are degraded by NMD rather than translated to make protein.
Most significantly, this study provides the first evidence of TE-derived CDSs are subject to
alternative splicing and that TE-harboring spliced isoforms are subject to NMD, thus
functioning as major players in the post-transcriptional regulation in eukaryotes.
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SUMMARY

The edaphoclimatic conditions may affect coffee quality (Coffea arabica L.). In the case of
coffee, adequate fertilization results in increased production and may also affect the final
biochemical composition and also cup quality. The sweetness is one of the desirable flavour
in coffee gourmets, and the presence of certain compounds in green coffee can serve as
standards for quality evaluation. The goal of this study was to evaluate the effects of different
levels of NPK fertilization on the biochemical composition of coffee beans. The levels of
certain biochemical compounds (caffeine, lipid, sucrose, trigonelline and chlorogenic acids) in
coffee beans produced under different levels of fertilization, during three consecutive harvest
periods (2007 up to 2009), were evaluated by spectroscopy near infrared (NIRS).

INTRODUCTION

Several environmental factors such as the edaphoclimatic conditions may affect coffee quality
(Silva et al., 2005; Vaast et al., 2006). Adequate fertilization during coffee cultivation results
in increased production and may also affect the final biochemical composition and also cup
quality. The goal of this study was to evaluate the effects of different levels of NPK
fertilization on the biochemical composition of coffee beans. In order to initiate such studies,
levels of some biochemical compounds of coffee fruits (caffeine, total lipids, sucrose and
chlorogenic acids) were evaluated by the near-infra red spectroscopy (NIRS) in beans
produced from adult plants of Coffea arabica cv. Rubi, cultivated with different levels of
NPK fertilization under field conditions. The coffee beans were obtained from an
experimental trial set up on a factorial design (NPK x 5 levels x 3 repetitions) located at a
Brazilian Cerrado area. In this region, the climate is characterized by a rainy season (from
October till April) during summer and a long dry season (from May till September) during
winter. In such conditions, coffee cultivation is only possible under irrigation to avoid
deleterious effect of water stress on coffee plants. The NIRS analyses were performed using
beans produced during three consecutive harvest periods (2007 up to 2009).
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MATERIALS AND METHODS
Plant material and field experiments

Field trials were conducted using the 6 years old plants of Rubi cultivar of Coffea arabica
grown in field condition. at the experimental station of the Embrapa Cerrados center
(Planaltina-DF, Brazil, 15°35°43”S - 47°43°’52”0) in full-sun condition under five hydric
regimes (RH) characterized as follows: RHO, without irrigation (only subjected to natural
rainfall); RH1, always irrigated during the year; RH2, without irrigation during 30 days of the
winter season; RH3, without irrigation during 60 days of the winter season and RH4, without
irrigation during 90 days of the winter season. During the 3 years of this experiment, the date
of the return of irrigation was fixed for the 4" of september for RH2 to 4, the flowering that
occurred around 10 days after this date. Afterwards, from flowering up to the bean harvest,
water soil moisture was controlled and regular irrigations are performed by a circular pivotal
system to always maintain water level upper than 0,27cm® H,O.cm™ even during the rainy
period. Different fertilization conditions of N, P and K were also tested as follows: N
Treatment (N1:0, N2: 100, N3: 250, N4*: 500 and N5: 800 Kg N.ha), P treatment (P1:0, P2:
50, P3: 100, P4*: 200 and P5: 400 Kg P,0s.ha™) and K treatment (K1:0, K2: 100, K3: 250,
K4*: 500 and K5: 800 Kg de K,0.ha™). For each condition, 3 biological repetitions were
used leading to 225 samples studied (3 NPK treatments x 5 doses NPK x 3 biological
repetitions x 5 RH conditions). (*): fixed values of fertilizer used in combination of tests. A
scheme of the field trial is presented on Figure 1.

Figure 1. Map of field trials Embrapa Cerrados center (Planaltina-DF, Brazil). Blocks of
C. arabica cv. Rubi are indicated as well as RH (irrigated: RH1 to RH4 and non-
irrigated: RHO0). Blocks of plant with variated doses of N, P and K fertilizers are
respectively in red, green and grey. Map obtained from Google Earth (15°35’43”’S -
47°43°'52”0).

Fruit sampling and processing

Under the present conditions, and depending of year rainfalls, water stress accelerated fruit
ripening by approximately one month, with a full ripening of fruits estimated at 210 DAF and
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240-260 days after flowering (DAF) for RHO and RH1 to 4 conditions, respectively. Fruits
were harvested at maturity that corresponded to cherry fruits with red pericarp turning to
purple and containing hard white endosperm (over-ripe cherries with a dried pericarp turning
brown to black, were not considered). Fruits were sun-dried for 15-20 days until beans
reached 10-12% humidity levels and then processed mechanically to remove dried pericarp
and endocarp (parchment).

Chemical analysis

Chemical analyses were performed on green coffee beans by near infrared spectrometry
(NIRS) by reflectance (Decazy et al., 2003) of green coffee (50 g) using a NIR spectrometer
system (NIRS model 6500, FOSS, Port Matilda, Pa.). Sucrose, total lipids, caffeine and
chlorogenic acids (CGA) contents were measured using dry beans (30-50 g) that had been
equilibrated (for 6 days at 60% humidity and 28 °C) prior to being frozen in liquid nitrogen
and ground (<0.5 mm). A NIR spectrum was acquired in reflectance (R) mode in the 1,104- to
2,456-nm range (Downey and Boussion, 1996) and compared with previously established
calibration curves (Downey et al.,, 1994) Data were treated by Winisi 1.5 (NIRS2 4.0)
software (Intrasoft Int., Port Matilda, PA).

Statistical analysis

Within each RH condition, three randomized blocks of five plots were set up for each
fertilizer N, P, and K, and each fertilizer was applied at five levels in the three blocks with a
constant level of the two other fertilizers. Three distinct experiments were therefore
considered and analysed separately. Data of each year were analysed separately because of
very different climatic conditions between the three years. Data were analysed using a mixed
model analysis of variance. Factors RH and fertilizer were considered fixed, and factor block
within RH was considered random. For each fertilizer, the observed value Y corresponding
to RH i, bloc j within RH i, and fertilizer level k, was modelled as follows:

Yijk =M +aj + Bjj + i + (ac)ik + Eijk

where m (overall mean), a; (fixed effect of RH i), Bjj; (random effect of bloc j within RH i), ¢k
(fixed effect of fertilizer k), (ac)ic (interaction RH x fertilizer) and Ej (random residual
error).

All the computations were performed using the statistical software package R (Pinheiro et al.,
2007), version 2.6.0. The analyses of variance were performed using the R package NIime (R
Development Core Team, 2007).

RESULTS AND DISCUSSION

The results presented on figure 2 were only focused on the effects of the NPK fertilization,
excluding interactions with RH conditions (see also Vinecky et al., in the same issue).
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Figure 2: Evolution of biochemical contents of caffeine, total lipids, chlorogenic acids
(CGA) and sucrose expressed in % of dry matter of mature beans with with different
levels of N and K and the year of harvest. Due to a severe drought period during in the
winter 2007, RHO fruits were not produced in 2008.
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The main conclusions of this study are:

e contents of caffeine, chlorogenic acids [CGA] and sucrose were relatively similar
during the 3 years of analysis,

e contents of total lipids were subjected to major fluctuations, ranging for 12-14% in
2007 to 15-16% in 20009,

e There is a significant effect of K on total lipids, chlorogenic acids [CGA] and sucrose
with increasing contents of lipids and CGA with increasing levels of K . In the case of
sucrose we observed decreasing levels.

e There is a significant effect of N on caffeine content with increasing contents of these
biochemical compound with increasing levels of N.
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Heterogeneous Characteristics during the Development
of Coffea arabica Somatic Embryos

R. ARIMARSETIOWATI, C. ISMAYADI, PRIYONO

Indonesian Coffee and Cocoa Research Institute, JI. P. B. Sudirman No0.90, Jember 68118,
East Java, Indonesia

SUMMARY

Somatic embryogenesis technique makes it possible to produce clonal coffee planlets in a
homogenous mass production. In vitro culture of Coffea arabica L. in liquid medium
consisted of somatic embryos of different sizes, colors, and developmental stages. Thirty
miligram of embryogenic callus were cultured on a liquid medium during six weeks culture.
The aims of the study were to observed their morphological variations with respect to
embryo’s size, color, and developmental stage over one passage of embryo maturation phase.
Embryo maturation medium was a modified-MS medium with half-strength of macronutrients
containing 1mg/L Kinetin and 0.1 mg/L NAA. At the end of culture passage, fresh weight of
embryo increased by 3740 miligram or increased 124 fold compared early culture. The
average of embryo length was 6.97 mm. At the initial of cultured, 100 % of the embryos were
yellowish. At the end of the cultured the composition of yellowish embryos were 6.25 %,
whitish embryo were 28.6%, greenish embryo were 21.1%, reddish embryo were 10.83%,
creamy embryo were 33.22%. At the initial culture, 100% of the embryos were at the
globular. At the end culture, there are 3.18% globular, 0.66% at heart, 45.80% at torpedo,
16.16% cotyledon and 7.36% germination stage. Beside that, there were embriogenic callus
which is consisted of 26.57% friable callus. This study indicates that was possible to
generated coffee trees commercially with normal performance from embryogenic
suspensions, although there were morphological variations during the development of Coffea
arabica L. somatic embryos.

INTRODUCTION

Arabica coffee (Coffea arabica L.) plantation has important economical meaning as export
comodity. Coffee plantation have brighter future because we can predicted that world
requirement of coffee always increase. Propagation using cutting, oculation and top grafting
have many limitation in amount of materials. Tissue culture methode expect to overcome
those problems, so that can produce amount of clonal seedling in relatively short time. Most
of applied methode to regenerate planlet from tissue culture is by somatic embryogenesis
(Williams and Maheswaran, 1986). Somatic embryogenesis get many attention because can
produce unlimited propagule in relatively short time. In long term and short term storage,
somatic embryo consider to be an ideal materials to store because can regenerate to somatic
seedlings. Somatic embryogenesis is a process, where somatic cell (haploid or diploid)
develope become new plant by specific embryo development stage without gamet fusion. The
heterogeneous of somatic embryos of Coffea arabica was influenced by the concentration of
auxin and cytokinin in the medium. Somatic embryogenesis culture is usually present in all
stages of development (globuler, heart, torpedo and cotyledonary) at any one time because of
repetitive (secondary) embryogenesis (Akula and Dodd, 1998; Akula et al., 2000).
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In C. sinensis, Jha et al. (1992) identified three different types of somatic embryos: white
‘seed-like’ embryos, green ‘cup-shape’ embryos and globular embryos. However, the
formation of these different types of embryos was not related to plant growth regulator in the
media (Jha et al., 1992). The morphological variations of somatic embryos limited the scaling
up of in vitro mass propagation (Tautorus and Dunstan, 1995) and the development of
synthetic seed technology (Attree and Fowke, 1993; Onishi et al., 1994). This experiment was
conducted to determine the extent of heterogeneous characteristics during coffee somatic
embryo development on liquid medium with respected to developmental stage, embryo size
and color. An understanding of this phenomenon may help in improving the cultural
procedure and conditions of coffee somatic embryogenesis and in developing synthetic seed.

MATERIALS AND METHODS

Somatic embryos initiation of Coffea arabica clone BP 416 A were induced from flush leaves
and used solid MS modification medium refered to Jos van Boxtel dan Berthouly (1996).
Mostly callus embryogenic weigh about thirty milligram in total were culture on 50 ml of
maturation medium in a 250 ml erlenmeyer. The maturation medium was a Murasige and
Skoog (MS) medium (Murashige T and Skoog F, 1962) with a half macro and micro salt,
20g/L sucrose, 1mg/L Kinetin, 0,1mg/L NAA. Culture medium were adjusted to pH 5,5 and
autoclaved at 121 °C and 1.0 kg/cm? for 30 min. Culture were placed in shaker with 100 rpm
light condition. An observation was used to determine somatic embryo development during 6
weeks of culture by harvesting embryo in 30 erlenmeyer selected randomly every week.
Growth and development were measured by embryo fresh weight and number. The length of
each embryo was measured using a digital caliper and its color and developmental stage were
determined. Embryo heterogenity was determined by embryo size and coefficient of variance
(CV). In addition, morphological variations of somatic embryo were also represented by
different embryo colors and developmental stages at a specified time of culture.

RESULTS AND DISCUSSION

The fresh weight of Coffea arabica somatic embryos increased slowly during the first 6
weeks in culture and then sharply thereafter (Figure 1). The fresh weight of embryos was
almost 120.6 times of the initial weight by the end of experiment (6 weeks). Until the end of
the culture, the number of embryo somatic increased around 18 times started earlier at the
week (Figure 1). Addition of somatic embryos number shows that there were formation new
somatic embryo (secondary embryo) and mature embryo from embriogenic callus. This
addition did not affect the weight significantly because of their very small size. The average
size of Coffea arabica somatic embryos at the initial culture was 0.792 mm (Figure 2). The
embryo size had increased slowly up to sixth week (9.031 mm). The incerased, due to there
were formation secondary embryogenesis from primary embryo. Although, the total fresh
weight of somatic embryos at sixth week was almost 120.6 times of the initial weight (Figure
1), the average size of somatic embryos over one culture passage did not change significantly
(Figure 2). All stages of developing embryos with different size were present at any one time
over one passage of coffee somatic embryo culture (Figure 3).
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Figure 1. Fresh weight and total number of Coffea arabica embryos on liquid medium
over a six week culture period.
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Figure 2. Size of Coffea arabica somatic embryo and its coefficient of variance (CV) on
one passage of culture.

Figure 3. Somatic embryo culture of Coffea arabica on liquid medium where different
sizes, colors and developmental stages of embryos were found at the same time during
the culture.

A group of coffee somatic embryos on a liquid medium were consisted of different colors. At
the initial culture, there were 100% yellowish embryos. The percentage of the yellowish
embryos decreased gradually up to third week, while the whitish, greenish, reddish and
creamy increased. By the end of the experiment, there were not yellowish and creamy
embryos. Most of the embryos were whitish, greenish and reddish (Figure 4a). There were
60.86% torpedo and 33.03% were at embryogenic callus at the initial culture. During the
second and third weeks, some of the embryogenic callus had grown the globular, heart,
torpedo, cotyledon and germination. This can be observed by the decrease and increase in
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each embryo development stages. Embryogenic callus still produce on the last weeks because
of the multiplication rate was high (Figure 4b).
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Figure 4. a) Color changes of Coffea arabica somatic composition over one passage of
cultur; b) Percentage of Coffea arabica somatic embryo at different developmental
stages over one passage of culture.
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In Vitro Inoculation of Arabica Coffee Derived
from Somatic Embryogenesis with Beauveria bassiana

E. SULISTYOWATI, R. ARIMARSETIOWATI

Indonesian Coffee and Cocoa Research Institute, P B Sudirman 90 Jember, East Java,
Indonesia

SUMMARY

Entomopathogenic fungi, Beauveria bassiana have been widely studied, and methods for
their production and application in coffee agroecosystem have been developed. Various
fungal entomopathogens have already been reported as endophytes and the various methods
used to inoculate coffee plants with B. bassiana were partially effective. Objective of this
research is to investaigate the possibility of in vitro inoculation of B. bassiana in coffee
plantlet derived from somatic embryogenesis. The experiment was arranged by Randomized
Complete Design with 10 replication. Concentration treatment of B. bassiana spores were 0,2;
0,4; 0,6;0, 8; 1; 2, and 3 g¢g/L. Modification of %2 MS medium used as Culture Medium.
Inoculation of B. bassiana suspension by injection culture medium using Syringe Filter
0,2um, 25 mm diameter in the laminar air flow. Embryo was planted in the bottle, 5 plantlets
each bottle. The result showed that colony of B. bassiana as an endophyte was recovered from
roots, stem and leaves of Arabica coffee plantlets in 2, 3 and 4 months post-inoculation of B.
bassiana. Inoculation of B. bassiana up to 1 g spore /I concentration gave no negative effect
on coffee plantlet growth. Spore concentration of 2 and 3 g/l inoculated in culture medium,
influenced on number of leaves and height of coffee plantlets.

BACKGROUND

Entomopathogenic fungi have been widely studied and their production methods and
application in coffee agroecosystem have been developed. In Pest management of coffee
berry borer (CBB) Hypothenemus hampei Ferr. it was known that entomopathogen fungi,
Beauveria bassiana is an effective biological agent for controlling CBB. In addition,it is
important to develop cost-effective ways to spray it. One particularly interesting concept
involving B. bassiana involves its possible use as a fungal endophyte in biological control
programs. Various fungal entomopathogens have already been reported as endophytes (Vega
et al., 2008b cit. Vega et al., 2009) and the various methods used to inoculate coffee plants
with B. bassiana were partially effective (Posada et al., 2007). Objective of this research is to
investigate the possibility using of B. bassiana as an endophyte through in vitro inoculation
on coffee plantlets derived from somatic embryogenesis

MATERIAL AND METHODS

The experiments were arranged in Randomized Complete Design with 10 replications. Each
replication consists of 5 explants. Concentration treatments of B. bassiana spores are without
B. bassiana (Control), 0.2, 0.4, 0.6, 0.8, 1, 2 g dry spores/l. Modification of %2 MS medium
was use as culture medium. Inoculation of B. bassiana suspension by injection culture
medium using Syringe Filter 0,2um, 25 mm diameter was conducted in the laminar air flow.
Embryos of Arabica coffee BP 416 clone were planted in the bottle, 5 plantlets in each bottle.
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Observation of B. bassiana colony recovered as an endophyte were conducting in 2, 3 and 4
month post-inoculation by plated the root, stem, and leaf tissues on potato dextro agar (PDA)
culture medium. Plantlet growth parameter were observed on number and length of roots,
number of leaves and plantlets height.

RESULT AND DISCUSSION

The recovery of B. bassiana from coffee tissues indicates that this entomopathogen fungi can
become established as an endophyte in coffee plantlets through in vitro inoculation. Based on
recovered of colony B. bassiana from root, stem and leaf of Arabica coffee plantlets on 2, 3
and 4 month post-inoculation, it was known that entomopathogen B. bassiana can move
throughout internal plant tissues. Observation on percentage of recovery B. bassiana colony
two month after inoculation, it was known that highest presence of B. bassiana as an
endophyte from root was found in concentration B. bassiana of 0.8 g spores/l, but three and
four months post- inoculation of B. bassiana, the highest presence was obtained on high
concentration treatments of 2 and 3 g spores/l. Previous research conducted by Posada and
Vega (2006) showed that B. bassiana became established as an endophyte in coffee seedling
grown in vitro and inoculated with B. bassiana suspensions in the redicle.

Recovering of B. bassiana as an endophyte in root
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Figure 1. Percentage of B. bassiana recovered as an endophyte from root tissues.
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Figure 2. Percentage of B. bassiana recovered as an endophyte from stem and leaves of
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Figure 3. Colony of B. bassiana recovered as an endophyte from root and stem tissues of
coffee plantlets.

Observation on plantlet growth, it was known that inoculation of B. bassiana up to 1 g/l spore
concentration were not negative effect on coffee plantlet growth, but concentration of 2 and 3
g spore/l were influence on the number of leaves and height of coffee plantlets. Number of
leaves on treatment of 2 and 3 g spore/l were 2.1 and 5.3 respectively lower than control
which reached 7 leaves. Height of coffee plantlets on treatment of 2 and 3 g spore/l were also
lower compared to control, and there were significantly different with the treatment of 0.2-1 g
spore/l which heigth of plantlet reached 5.1-9.4 cm.
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Figure 4. (a).Number of root and leaf of coffee plantlet six month post-inoculation of B.
bassiana and (b). Length of root and height of coffee plantlet six months post-inoculation
of B. bassiana.

CONCLUSION

e Colony of B. bassiana as an endophyte was recovered from roots, stems and leaves of
Arabica coffee plantlet 2, 3 and 4 month post-inoculation of entomopatogen fungi B.
bassiana .

¢ Inoculation of B. bassiana suspension up to 1 g/l spore concentration gave no negative
effect on coffee plantlets growth

e Spore concentration of 2 and 3 g/l inoculated in culture medium, were influence on
number of leaves and height of coffee plantlets.
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Predicting the Performance of Introduced Coffea canephora
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SUMMARY

Benefits derived from recurrent selection of allogamous and heterogeneous species justify the
adoption of population breeding for Coffea canephora improvement in Ghana. Germplasm
introduced from Céte d'lvoire in 1977, comprising seed-lots of five half-sib families were
evaluated together with two locally selected families in a completely randomised design for
10 vegetative and six bean- and berry-quality traits and yield. Genetic variation and
heritabilities were estimated from variance components. Estimation of selection differential
was based on 21% selection intensity with an index involving bean yield and weight, which
are of major importance in Coffea canephora. Selection response was predicted for bean yield
and weight, and the effect of selection for these traits on other important traits in the
population assessed. The families were also assessed for similarity based on 21 agro-
morphological traits including yield and leaf characters. The families varied significantly
(0.05 > P < 0.001) for all traits except dry-/wet berry ratio, span and length of primary
branches. Cluster analysis grouped the families into six distinct groups, further indicating high
variation among the genotypes. The means of the selected individuals and the population
varied significantly for bean yield (P < 0.001), bean weight (P< 0.01), pea-berries and number
of primary branches (P< 0.05). Heritability estimates were high (35-100%) for bean yield and
bean and berry quality traits but low to moderate (5-51 %) for the vegetative traits. Predicted
selection responses as percentage of the population mean were positive for 11 of the 17 traits
and high for bean yield (117%), % pea-berry (6.8%), bean weight (5.9%) and number of
primary branches (2.1%). Negative selection response was predicted desirably for four traits
and no response for two. Two cycles of selection were predicted to change the mean of the
population for yield from 0.58 to 1.93 kg/tree and bean weight from 13.36 to 14.94 g/100
beans.

INTRODUCTION

In Ghana low vyields of local Coffea canephora genotypes, ranging between 100 and 200
kg/ha clean coffee annually on smallholder farms, have been identified as the main
disincentive to coffee cultivation, and hence the low production of the crop (Anon, 1996).
Germplasm was, therefore, introduced from Coéte d'Ivoire in 1977, as a basic material for
breeding and improvement of the crop.

Coffea canephora is an allogamous and heterogeneous species. A long-term breeding strategy
for the crop should aim at a continual increase in genetic gains of agronomic traits most of
which are quantitative with low heritabilities. Recurrent selection for population improvement
is an effective method for improving such cross-pollinated species (Acquaah, 2008). It
involves the systematic testing and selection of desirable parents through truncation selection
from a population and crossing them randomly to form a new population (Falconer and
Mackay, 1996). Increase in the frequency of favourable alleles from each cycle results in the
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accumulation of gains over time, leading to significant improvement, while maintaining
genetic variation of the population. Predicted gains from recurrent selection in a population
may be determined by using estimates of means, variance components, and heritabilities
(Falconer and Mackay, 1996). Using these population parameters, predictions of genetic gains
under recurrent selection have been applied successfully to coffee (Leroy et al., 1994, 1997,
Montagnon et al., 2003; Yapo et al., 2003; Mistro et al., 2004). It is therefore necessary to
estimate genetic parameters for the main traits of agronomic importance to enable prediction
of selection response under recurrent selection. The objective of this study was, therefore, to
estimate genetic parameters and determine whether progress could be made under recurrent
selection for yield, green bean quality and other traits of agronomic importance in introduced
Robusta coffee populations.

MATERIALS AND METHOD
Plant material and Experimental design

The materials used for the study comprise seven half-sib families — five seed-lots (A, B, C, D,
E) introduced from Cote d'lvoire and two (F and G) collected locally. The families were
evaluated in a completely randomised design, with individual plant randomisation of 18 to 49
plants per family, in a compact plot of 0.25 ha at a spacing of 3m x 3m. Planting was done in
1978. The plants were raised on three stems.

Traits observed

Ten vegetative traits and six bean/berry quality traits were recorded during fourth cycle
growth on 48-months old regenerated stems in 2006. Vegetative traits assessed included girth
(taken at 10cm above the ground in cm), span (cm) taken as the width of the canopy measured
at the widest portion of the tree canopy, height measured from the base to the apex of the
plant, number of primary and secondary branches counted as an average per stem per plant.
Length of primary branches (measured from the point of attachment to the main stem to the
apex in cm), diameter of primary branches (10 cm from the main stem in mm) and number of
nodes per primary branch were estimated as an average value of the six longest branches at
the middle of the stem per plant. Inter-node length of primary branches (IL of prim.) was
estimated as average length of primary branches divided by average number of nodes per
primary branch, and inter-node length of main stem (IL of stem) estimated as height divided
by number of primary branches per stem.

Yield was recorded over two production cycles, 1980/81-1984/85 and 1986/87-1991/92.
Yield (average annual) was recorded as weight of fresh berries and converted to economic
yield using a conversion factor of outturn of individual stands. Assessment of bean/berry
quality traits was done using samples of 300 berries harvested from each tree, at the yellow-
red-ripe stage. Three 100 g samples were used. These were weighed, dried and reweighed
and average weights used in estimating the ratio dry-: wet berries. For each sample, the
berries were cracked individually in a mortar and the beans separated from the pericarp. Dry
beans/-berry was recorded as the weight of the dry beans expressed as a percentage of the dry
berries. Empty locules and pea-berries were recorded and expressed as percentage of total
berries in sample. 100-bean weight was recorded as the weight of 100 dry beans counted for
each sample. Outturn was estimated as an average of weight of dry beans divided by weight
of wet berries.
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Data for cluster analysis was based on the 17 vegetative and berry/bean quality traits observed
and vyield, in addition to leaf length, breath, length/breath ratio, and leaf petiole length, all
estimated as average for fifteen leaves sampled from the middle of the sixth to eighth primary
branches counted from the apex of the plant.

Statistical analyses

Analysis of variance (ANOVA, General Linear Model) was performed using the MINITAB
release 12 statistical software (MINITAB, 1997). Estimates of the observational components
of variance between the families (6%) and within families (c%,) were made and used in
estimating the causal components of variance as: Variance additive (Va) = 6%, x 4; Variance
Phenotypic (Vp) = 6% + o°w. Heritabilities were calculated using estimates of variance
components as Va/Vp. Twenty-one percent of the population was selected through truncation
selection by an index (Amaravenmathy and Srinivasan, 2004) involving yield and bean
weight. Selection differential (S) was estimated as the difference between the mean value of
the population before selection and the mean of the selected individuals for all the traits. T-
test testing the difference was by standard procedure (Steel et al., 1997). Genetic gains from
selection (GA) was estimated as a product of the heritability (h%) and the selection differential
and expressed as a percentage of the mean as: (GA/X) x 100, where X = half-sib mean for a
given trait. Genotypic (GCV) and Phenotypic (PCV) coefficient of variation were estimated
as: GCV = 100 x (VWVa/ X); PCV = 100 x (VVp/ X), where V, = Additive genetic variance
and Vp = Total phenotypic variance. Clustering of the families was done using mean values
of the traits after standardisation with the complete linkage method measured in Euclidean
distance, using MINITAB release 12 statistical software.

RESULTS AND DISCUSSION
Variance components

Analyses of variation among the seven half-sib families for the traits are presented in Tables 1
and 2.

The six bean/berry quality traits studied and yield all showed highly significant (P < 0.001)
variation except dry-/wet berries. Phenotypic (PCV) and genotypic (GCV) variation
coefficients were highest (>15%) for yield, empty locules, 100-bean weight and pea berries.
For the vegetative characters, significant variation (P < 0.05) was observed among the
families for eight of the 10 traits studied. PCV and GCV were highest for number of primary
and secondary branches. The significant variation observed among the families show that
between family-selection is possible for these traits. High PCV and GCV are indications that,
for these traits, there is a lot of variation at both the phenotypic and genotypic levels available
for selection and improvement of these traits.
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Table 1. Variation for bean/berry characters and bean yield in seven half-sib families
of Robusta coffee.

. Pea- Empty 100-bean Dry bean/- Outturn Dry-/wet Yield . Yield (clean coffee
Family berry (wet berries
(%) locules (%0) wt.(9) berry (%) (%) berry (%) kg/treelyr) (kg/treelyr.)

A 35.2 3.4 13.0 54.4 22.5 41.4 2.896 0.662

B 38.7 35 12.3 54.1 22.1 40.8 3.715 0.828

C 355 2.3 15.4 57.5 23.1 40.2 2.392 0.561

D 334 2.1 13.7 53.6 215 39.6 2.934 0.629

E 354 2.1 13.4 56.9 23.0 40.7 4.010 0.912

F 21.4 3.0 13.0 59.0 24.6 40.8 0.893 0.222

G 22.2 3.6 12.4 54.8 23.1 40.9 1.064 0.247
Mean 324 2.9 13.4 55.8 22.9 40.7 2.630 0.580
P'Val u e X = *kx **k* **k*x **k* N S **k*x **k*x
ZZ)V 52.1 64.8 16.8 9.1 10.6 6.4 80.44 83.06
(G%c)v 35.9 38.6 15.3 6.3 6.8 1.0 86.30 85.78

"“Significant at 0.1%; NS = Not Significant
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Table 2. Variation for vegetative characters in seven half-sib families of Robusta coffee.

ramity | ST | Dranches | branches | OGN | Span | Nodesfprim | DiaPrim. | Lol prim | i |

stem stem (cm) (cm)
A 5.8 88.2 5.0 303.3 169.8 17.6 5.9 95.4 5.5 3.63
B 5.3 86.3 6.9 286.1 168.8 18.8 5.6 92.9 5.1 3.57
C 5.7 80.0 3.3 288.1 172.6 17.8 6.0 94.5 5.4 3.99
D 5.8 95.9 7.2 297.7 183.7 15.6 6.1 96.9 6.3 3.39
E 9.5 90.8 6.1 283.2 186.3 18.6 6.4 101.1 5.6 3.21
F 5.2 70.1 3.1 266.8 162.6 15.8 6.1 91.5 5.9 4.01
G 5.1 79.6 6.2 269.9 180.1 18.6 6.4 98.3 5.4 3.57
Mean 9.5 84.2 5.3 285.5 174.3 17.8 6.0 95.8 5.5 3.63
P-value | ** * * ok NS * o NS ok *
E’Z)V 15.6 31.9 98.9 12.6 18.2 22.2 145 15.8 155 29.6
(G%C)V 8.6 13.7 22.4 7.9 6.9 10.2 7.4 3.5 11.0 11.8

““Significant at 0.1%; " Significant at 1%; Significant at 5%; NS = Not Significant
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Cluster analysis

Cluster analysis grouped the families into six groups based on similarities (Figure 1). The first
comprises two families and the rest singletons. The first made up of families A and B is
characterised by fairly high yield, tall plants, high number of pea-berries and %dry-/wet
berries, high proportion of empty locules, narrow leaves, short inter-node length and small
diameter of primary branches. The C-family is characterised by large beans and long inter-
nodes on the main stem. Plants in the D-family have high values for height, span, number of
primary branches, girth, and inter-node length of primary branches. They also have the lowest
values for nodes on primary branches, %dry bean/-berry, outturn, empty locules and %dry-
/wet berry. The highest yield was recorded by the E-family. The E-family is also characterised
by highest values for span, diameter and length of primary branches, shortest inter-node
length on the main stem, and few empty locules. The F and G families have lower values for
most traits including yield. However, the F-family recorded very high values for outturn, dry
bean/berry, inter-node length on main stem, and leaf width and petiole length, whilst the
highest values for empty locules and leaf petiole length were recorded by the G-family. The
results of the cluster analysis further emphasise the presence of considerable variation among
the families.

Similarity

0.00

33.33

66.67

100.00

P T

Cl

Genotvpeas

Figure 1. Dendrogram of cluster analysis of seven half-sib families of Robusta coffee
classified according to 22 agro-morphological traits.

Heritability, Selection differential and Genetic advance

Heritability, selection differential and genetic advance for the traits are presented in Table 3.
Heritability estimates were high (35-100%) for yield and the berry/bean quality traits, except
for dry/wet berry which had very low heritability. Low to moderately high heritability
estimates (4.8-50.7%) were recorded for the vegetative traits. The model used for the analysis
of variance assumed the families were half-sib from a random mating population. Any
planting arrangement among the parental population which encouraged assortative- or sib-
mating, could have resulted in the unusually high heritability estimated for yield in this study.
The compact nature of the trial plot could also have resulted in low environmental variance,
hence increasing heritability estimates.
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Table 3. Heritability (h%), selection differential (S), and Genetic advance (GA)
of vegetative and bean/berry quality traits, and yield of seven half-sib families

of Robusta coffee

Mean of t-

Trait gﬂiﬁgt?gn h? | selected | population | S | GA S(;'i‘gg

pop (21%0) vs. Selected
Pea-berry (%) 32.42 0474 | 37.06 * 464 | 220 | 6.78
Empty locules (%) 287 0353 | 268 NS -0.19 | -0.07 | 2.34
100-bean 1336 | 0.833 | 14.31 ok 095 | 079 | 5.9
weight(g)
g/g’bea”/'be”y 55.84 0471 | 57.19 NS 135 | 064 | 1.14
Outturn (%) 22.90 0444 | 23.40 NS 0504 | 022 | 1.0
Dry-/wet berry (%) | 40.71 0026 | 40.90 NS 0.19 | 0.005| 0.01
Yield, clean coffee 0.58 1.000 | 1.257 o 06 |0677| 117
(kgltreelyr.)
Girth(cm) 5.49 0303 | 558 NS 009 | 003 | 0.05
No.prim branches 84.15 0.185 93.74 * 959 | 1.77 | 211
No.Sec. branches 5.29 0.224 5.29 NS -0.02 | 0.00 | 0.00
Height(cm) 288.5 0.390 | 290.40 NS 490 | 1.91 | 067
Span (cm) 174.3 0.142 | 180.80 NS 650 | 0.92 | 053
Nodes/prim. 17.79 | 0212 | 18.14 NS 0.35 | 0.074 | 0.42
branch
Diameter of 6.00 0260 | 6.00 NS 0.00 | 000 | 0.00
Prim.branch (mm)
Length of prim. 95.81 0048 | 95.49 NS -0.32 | -0.02 | -0.02
branch (cm)
Inter-node length
on prim(em) 5.52 0507 | 5.43 NS -0.09 | -0.05 | -0.83
Inter-node length 363 | 0159 | 337 NS | -0.26 | -0.04 | -0.01
on stem (cm)

***Significant at 0.1%; **Significant at 1%; *Significant at 5%; NS = Not Significant

Significant variation was observed among the mean of the population before selection and the
mean of the selected individuals for yield (t<0.001), 100-bean weight (t<0.01), pea berries
and number of primary branches (t<0.05). These observations tend to suggest that, plants with
high yield and bean weight also have relatively higher number of primary branches than the
rest. This is expected since many studies showed positive genetic associations between coffee
bean yield and number of primary branches (Walyaro and Van der VVossen, 1979; Cilas et al.,
1998; Anim-Kwapong and Adomako, 2010).

Expected genetic gain from selection was positive for 11 of the 17 traits and high for the
bean/berry quality traits, but low to moderate for the vegetative traits. Expressed as a
percentage of the mean, the highest positive genetic gains were predicted for bean yield
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(117%), pea berries (6.8%), 100-bean weight (5.9%) and number of primary branches (2.1%).
High negative value was predicted for empty locules (-2.3).

The proportion of selected individuals from the different family groups, together with their
yields and bean weights are presented in Table 4. The highest number of selected individuals
were from the E-family, followed by the B, A, and C families. These families, therefore, show
combined superiority for yield and bean weight.

Table 4. Mean annual yield and bean weight of selected individuals from seven half-sib
families of Robusta coffee.

Family No. Np._ No. % of s_elected Yield (clean Bgan
Planted | Surviving | Selected | individuals coffee(kg/tree/yr.) | weight

A 37 34 9 19.2 1.240 14.6
B 36 29 9 19.2 1.440 13.8
C 35 31 7 14.9 0.969 16.8
D 18 15 4 8.5 1.179 14.6
E 36 32 17 36.2 1.622 14.2
F 49 43 1 2.1 0.927 14.7
G 49 40 0 0.0 - -
CONCLUSION

There is considerable genetic variation among the population. Heritability estimates were also
high for most of the traits observed. The population can therefore be improved through
selection. Two generations of recurrent selection is expected to shift the mean of the
population for clean coffee yield from 0.58 to 1.93 kg/tree and bean weight from 13.36 to
14.94 g/100beans. Negative responses for length of primary branches, inter-node length of
primary branches and of main stem, although low, are desirable for the development of plants
with compact growth habit suitable for high density planting.
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SUMMARY

Genotype x environment interaction for yield of Robusta Coffee (Coffea canephora)
was studied on the selected clonal materials of Robusta coffee in the Coffee Seed Garden
established within Cocoa Research Institute of Nigeria Headquarters, lbadan, Nigeria. The
clonal materials under evaluation were C111, C36 and T1049.The yields data were collected
over three years (2006, 2007 and 2008). Climatic data recorded over the years varied.
Combined analysis of variance showed that the effect of Genotype and Year are highly
significant (p<0.01). The average mean yield for the berries was highest in the third year
(2008); while the average mean yield was the highest in clone C111, however the interaction
between the Genotype and year did not have much effect on the yield .The mean yield for the
clonal genotypes varied over the years due to variation in climatic conditions during the
period under consideration.

INTRODUCTION

Coffee is one of the most important commodities in the international agricultural trade,
representing a significant source of income to several Latin American, African and Asian
countries. Currently, Coffea arabica L. (Arabica coffee) accounts for about 65% of the coffee
produced, and C. canephora Pierre (Robusta coffee) accounts for the rest. In Brazil, total
coffee yield was about 48,500 million bags (60 kg/ bag) of green beans in 2002/2003 (which
amounts to 41% of the world production) which was predicted to decrease to around 28,000
million bags in 2003/2004 largely due to unfavorable climatic conditions (Damatta, 2004).
Not only in Brazil but also in several coffee growing countries unfavourable condition is
considered to be the major environmental stress affecting coffee production. Gene expression
is subject to modification by the environment; therefore, genotypic expression of the phenotype is
environmentally dependent (Kang, 1998). The development of new cultivars involves breeding of
cultivars with desired characteristics such as high economic yield, tolerance or resistance to biotic
and abiotic stresses, traits that add value to the product, and the stability of these traits in target
environments. Identification of yield-contributing traits, knowledge of GE interactions and yield
stability are important for breeding new cultivars with improved adaptation to the environmental
constraints prevailing in the target environments. In Nigeria, the climatic condition over the
year varies from one year to other due to different factors thus militating against ideal coffee
production environment. There is a need to evaluate the genetic stability of some of the
available clonal materials. The objective of this study therefore is to determine the genetic
stability of three clones of C. canephora in the field in Ibadan, Oyo State, Nigeria.
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MATERIALS AND METHOD

Three selected clones of C. canephora were established, using rooted stem cuttings, in Coffee
Seed Garden plot located at Zone 1 at Cocoa Research Institute of Nigeria headquarters in
2003. The clones were C36, C111 (Quillou) and T1049 (Java). Each of these clones was
planted in rows using augmented design in 2 replicates. Berries were harvested between
September - December in 2006, 2007 and 2008. The climatic condition for the three years
were evaluated. Berries yields were evaluated clonally each year. Data were subjected to
statistical analysis of ANOVA (Mackay, 2004).

RESULTS AND DISCUSSION

Average berry yield for C111, C36 and T1049 were 1.27-1.61, 1.05-148 and 1.08-1.56 t/ha
respectively (Table 1). The Analysis of Variance (ANOVA) for the clones (Genotype) across
the years is shown in Table 2. The effect of genotype on the yield is highly significant at
(p<0.01) so also the effect of years on the yield. However the Genotype X Year which is not
significant at (p<0.01) is as a result of genetic stability of the clonal materials. The results
show that the interaction between the clonal materials is not significant on the yield. The
evaluation of genotypic performance in a number of environments provides useful
information to identify their adaptation and stability (Crossa, 1990). However the genotype
and the year influence the yield of coffee berries independently.

Table 1. Mean yield of three clones of Robusta coffee over three years (2006-2008).

Berry yield t/ha
Clone Replication 1 Replication 2
2006 2007 2008 2006 2007 2008
C111 1.27 1.46 1.48 1.35 1.61 1.56
C36 1.05 1.09 1.38 1.12 1.14 1.48
T1049 1.08 1.30 1.46 1.33 1.46 1.56

Table 2. Analysis of Variance for berry yield in the selected clones of Robusta coffee.

Source df SS MS Fcal
Genotype 2 0.17 0.08 9.33**
Year 2 0.23 0.11 12.56 **
Genotype X Year 4 0.12 0.03 3.33ns
Error 8 0.06 0.09
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SUMMARY

The SEPALATA genes play an important role in the flowering process being responsible for
the determination of the four floral whorls. Among the factors that affect coffee quality, the
sequential flowering found in this species plays a central role, leads to an asynchronous
ripening process and consequently a lower cup quality. In order to get a better understanding
coffee (Coffea Arabica) flowering process, this study aimed to identify and characterize the
putative coffee SEPALLATA (SEP) genes present in the coffee expressed sequence tag
(CAFEST) database. The phylogeny of the sequences found was assessed by phylogenetic
trees and their expression profile was assessed by in silico Northern. The putative coffee SEP
genes were cloned, sequenced and then compared to the sequences obtained in the CAFEST.
Three putative SEP genes (C1, C8, C14) were identified, and the in silico expression profile
showed that they’re expressed in different flower development stages and also in during fruit
development, which is in accordance with the function displayed by SEP genes in
reproductive tissues. The comparison of the sequenced sequences with those found in
CAFEST, allowed the observation of a great similarity between these sequences and
confirmed the importance of previous bioinformatic studies in molecular analysis.

INTRODUCTION

The MADS-box gene family of transcription factors, which is characterized by the MADS
domain, plays an important role in many plant development process such as meristem
identity, flower determination, pollen fertility, and ovule and fruit development (Shitsukawa
et al., 2007). Some of these transcriptional factors, such as the SEP genes, are part of the
ABCE model which has been proposed to explain the formation of floral organs (Causier et
al., 2002).

According to the ABCE model, floral formation is achieved by the interaction of the four
homeotic gene classes that compose this model. The E class is formed by the SEP genes
which was shown to be required for the formation of the four floral whorls: sepals, petals,
stamens and carpel. Multiple mutants for this gene class may have all floral whorls converted
to sepals or even leaf whorls, indicating the central role in flower development displayed by
the SEP genes (Pelaz et al., 2000; Honma and Goto, 2001; Ditta et al., 2004).

Among the factors that affect coffee quality, the sequential flowering found in this species
plays a central role, contributing to an asynchronous ripening process and consequently
leading to a lower cup quality. Thus, in order to get a better understanding of the coffee
flowering process, this study aimed to identify and characterize the putative coffee (Coffea
arabica) SEP genes found in the coffee expressed sequence tag (CAFEST) database.
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MATERIAL AND METHODS

Database search and alignments

In order to identify homologs of functionally characterized SEP genes, data mining in the
CAFEST database (Vieira et al., 2006) (http://bioinfo04.ibi.unicamp.br) were carried out using
plant gene (BLASTN) and protein (tBLASTn) sequences as bait, as well as keyword searches.
The sequences showing a reliable similarity were clusterized, annotated and analyzed for the
presence of conserved domains.

Phylogenetic analysis

The putative functionally of the deduced amino acid sequences of coffee transcripts,
compared to homologs from other species, was assessed by phylogenetic trees performed by
the MEGA software, version 4.0 (Tamura et al., 2007), with neighbor-joining comparison
model (Saitou and Nei, 1987), p-distance method and pair-wise suppression. Bootstrap values
from 100 replicates were used to assess the robustness of the trees (Sitnikova et al., 1995).

Identification of common motifs

The identification of common motifs was performed by the MEME (Multiple Expectation
Minimization for Motif Elicitation, http://meme.sdsc.edu/meme/meme.html/) program
(version 3.5.4) (Bailey and Elkan, 1994).

In silico gene expression analysis

In silico qualitative gene expression profiling was performed using virtual Northern blot
analyses of the coffee EST database. For each EST-contig and EST-singlet, frequencies of
reads that form each EST-contig and EST-singlet in the libraries in which they were
expressed were calculated. The results were plotted in a matrix and gene expression patterns
among ESTs and libraries were obtained by hierarchical clustering, performed by the Cluster
v.2.11 program (Eisen et al., 1998). Graphic outputs were generated by the TreeView v.1.6
software (Eisen et al., 1998) and presented in a gray scale.

Molecular analysis

DNA was extracted from coffee (Coffea arabica), Rubi cultivar, using a modified CTAB
(Doyle and Doyle, 1991) protocol. Total RNA extraction were performed by the Hot borate
method (Birtic and Kranner, 2006). After DNase treatment, cDNA synthesis was performed
using the Super Script Il First Kit - Strand Synthesis Super Mix from Invitrogen. Specific
primers, designed from the sequences obtained from the in silico analysis, were used to clone
the putative coffee SEP genes. The cloning process was performed using the pCR ® 11 TOPO
TA vector (Invitrogen) and bacteria transformation was done by the heat shock method.
Plasmid purification was performed by the alkaline-lysis method and the sequencing process
by the Sanger method (Sanger et al., 1977).

RESULTS AND DISCUSSION
The search for SEP genes in the CAFEST database generated 790 reads related to these genes

and the motif analysis showed that only three contigs displayed the conserved domains that
characterize the SEP genes, being selected for further analysis.
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Multiple alignments between the proteins encoded by the putative coffee SEP genes found in
this work and SEP proteins from other species allowed the identification of six conserved
motifs, which were present in almost every coffee sequences (Figurel). MADS proteins of
type 1l shows a conserved structural organization called MICK, which were designated
according to the domains present in these proteins from the N to the C-terminal direction
(Alvarez-Buylla et al., 2000; Riechmann et al., 1996): MADS-box (M), intermediate (I),
Keratin-like (K) and carboxy terminal (C). The motif 1 and 2 represent the MADS and K-box
domains, respectively, which are the most conserved domains of the MADS-box transcription
factors (Figure 1). According to Malcomber and Kellogg (2005) the motif 3 and the motifs 4,
5, and 6 belongs to the I and C Domains, respectively, which are less conserved domains
(Figure 1).
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Figure 1. motif analysis of putative coffee SEP protein sequences (C1, C8, C14) and SEP
proteins from other species obtained from the NCBI databse (a); in silico expression
profile exhibited by the putative coffee SEP genes found in the CAFEST database, coffee
libraries are as follows (Vieira et al., 2006): Flower buds in different developmental
stages (FB1, FB2, FB3, FB4); Flower buds + pinhead fruits + fruits at different stages
(FR2) (b); phylogenetic analysis involving the putative coffee SEP protein sequences and
SEP and MADS-box proteins sequences from other species obtained from the NCBI
database (c).

The phylogenetic analysis between the putative coffee SEP protein sequences, SEP proteins
from other species and other than SEP MADS-box proteins sequences, both obtained from the
NCBI database, showed a separation of these sequences into two major groups, with the SEP
proteins clustered in a distinct group from the other MADS-box proteins (Figure 1). All of the
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three sequences found in this study were clusterized into the SEPALLATA group, indicating
that they may encode for putative coffee SEP proteins. The in silico expression profile
exhibited by C1, C8 and C14 is in accordance with the role of SEP genes in reproductive
tissues, and also corroborates to the fact they’re putative coffee SEP proteins. C1, C8 and C14
were found to be expressed in libraries comprising different flower development stages and
also in a library generated from fruits at an early development stage (Figure 1). According to
the similarity of C1, C8 and C14 to previously described SEP proteins, these contigs were
identified as SEP1/2 (C1SEP1/2), SEP4 (C8SEP4) and SEP3 (C14SEP3), respectively.

The sequence comparison between the sequences found in the in silico analysis with those
obtained from the sequencing process, allowed the observation of a great similarity between
these sequences, except for the contig C8SEP4 that failed to be completely sequenced. The
contig C14SEP3 showed a nucleotide identity of 85% and 80% with SEP3 of Lycopersicon
esculentm and Antirrhinum majus, respectively. The contig C1SEP1/2 were shown to display
a nucleotide identity of 77% with SEP1 from Cucumis sativus, Citrus sativus and
Antirrihinum majus. These results corroborate with those found in the phylogenetic analysis
and confirm the importance of previous bioinformatic studies in molecular analysis.
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SUMMARY

Plant seeds reflect the prevailing climate conditions and the physiological response to those
conditions. The aim of this work was to evaluate the potential use of green coffee seeds as a
proxy for seasonal climatic conditions during coffee bean maturation, through an array of
isotopic composition determinations. Determinations of carbon, nitrogen, oxygen and sulfur
isotopic composition by IRMS (Isotope Ratio Mass Spectrometry) were carried out, as well as
strontium isotope abundance by MC-ICP-MS (Multicollector Inductively Coupled Plasma
Mass Spectrometry), on green coffee beans harvested at different times at Minas Gerais,
Brazil. The isotopic composition data were combined with air temperature and relative
humidity data observed during coffee bean developmental period, and with the parent rock
strontium isotopic composition. Results indicate that coffee seeds indeed integrate the
interactions between plant physiology and local climate variations, as well as the particular
soil geology.

INTRODUCTION

Previous work has demonstrated that isotope analysis of bulk coffee bean leads to
geographical origin discrimination (Rodrigues et al., 2007) and this has been correlated with
local climatic and geological data (Rodrigues et al., 2010). Carbon and oxygen isotopes are
known to fractionate in plant leaves but less is known concerning fractionation in seeds (e.g.,
the coffee bean). However, most of the seed organic matter should derive from leaf
photosynthesis, probably with minor contribution of seed photosynthesis. Also, oxygen
isotope composition of plant organic material is known to reflect that of source water and leaf
evaporative conditions at the time the material is synthesized. Based on this, we postulated
that coffee beans will reflect local climate as well as the climatic variations observed along
successive harvest periods. Green coffees from Minas Gerais state, Brazil were collected in
2004 and 2008. Oxygen, carbon, nitrogen and sulfur isotopic composition of bulk coffee
beans were determined by EA-IRMS. The observed isotopic trends were compared to
variations in air relative humidity, daily temperatures and vapor pressure deficit (VPD). The
same approach was applied to caffeine extracted from the coffee beans, whenever possible.
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Additionally, strontium isotope ratio (MC-ICP-MS) of coffees corresponding to the four
regions of Minas Gerais state was also addressed. The study is a part of the ISOGEOCOFFEE
project — Pursuing Green Coffee Geographic Origin Discrimination through Relations
between Isotopes and Environmental Factors (PTDC/AGR-AAM/104357/2008 — Portuguese
Science Foundation) (https://sites.google.com/site/isogeocoffee).

MATERIALS AND METHODS

Green coffee bean samples from the 2008 harvest period were obtained in Minas Gerais State
at the Cerrado region. Previous harvest year samples were supplied by Novadelta, S.A.
(Campo Maior, Portugal). Carbon, nitrogen, oxygen and sulfur isotopic composition Sulfur
Isotopic Ratio were determined by EA-IRMS as described in Rodrigues et al. (2007; 2010).
Strontium isotope abundance was determined by MC-ICP-MS as in Swoboda (2008). Green
coffee bean total caffeine was extracted according to Weckerle et al. (2002).

Local climate data were acquired from metereological station Araxa, a part of CPTEC/INPE
(Centro de Previsdo de Tempo e Estudos Climaticos do Instituto Nacional de Pesquisas
Espaciais), Brazil.

Local geological information was obtained at the Advanced Data Management in Solid Earth
Geochemistry (2003). Mean annual 8*®0 of precipitation was acquired on the Online Isotopes
in Precipitation Calculator (OIPC) (2010).

RESULTS AND DISCUSSION

Our results show that oxygen and strontium isotopes constitute the best discriminatory system
for Minas Gerais coffee producing regions (Figure 1). Coffees from the Cerrado region
discriminated from all other coffees based on strontium isotope abundance ratio. This is an
important result as this coffee is certified and has a high market price in comparison to coffees
from the other three regions. Two outliers (from South of Minas and Chapada region) were
found. The coffee from South of Minas showed higher 8?0 and ®Sr/*®Sr values, which do
not match with 8Sr/*®Sr values reported for parent rock in this region (0.7026 to 0.7177). In
what refers to Chapada region outlier, this coffee was cultivated at low altitude and higher
latitude which can be related to a lower 520 values in precipitation and organic matter, and
consequently in the coffee bean.

The results of carbon isotope ratio analysis of caffeine extracted from the different coffee
bean samples suggest a relation between carbon isotope ratio of the bulk green coffee bean
and climate variations (Table 1). The endosperm development period correspondent to harvest
year 2008 shows lower average air relative humidity, higher average maximum daily
temperature and maximum daily vapor pressure deficit (VPD), which are in accordance to
more positive values of §"°C of the coffee bean (Table 1).

Differences in §"°C have been observed in total coffee bean but not in total caffeine extracted
from the green coffees of 2004 and 2008 (ANOVA). The observed variation in seeds may be
related to higher stomatal conductance and a consequence of a higher expression of RuBisCo
B3¢ discrimination, due to favorable climatic conditions along the year. The lower maximum
VPD and higher RH conditions during 2004 may be some of the environmental conditions
that rule stomatal opening and consequently the observed "°C value in organic material. The
absence of a similar pattern in caffeine, suggests that the 8**C of caffeine does not reflect the

811



average observed differences in humidity, temperature and VPD (Table 1). One of the main
reasons could be due to the fact that caffeine is biosynthesized during coffee plant leaflet
emergence, a short period during the first 5 weeks of fruit development (as a chemical
defense). However, less is known about the de novo biosynthesis of caffeine in the seed.
Additional physiological studies may clarify the observed differences in §°C of the coffee
bean and of the extracted caffeine.

3

2 io
s e | ©
2 |
g o ® e o e S
Q 4 N
g - e ®

2 i

3

-4

4 3 2 1 0 1 2 3 4

PC 1: 54,30%

Figure 1. Minas Gerais coffee producing regions discrimination based on oxygen
isotopic composition and strontium isotope abundance ratio of 2008 harvest green coffee
beans. Legend: blue — Matas region; green — South of Minas Gerais; yellow — Chapada
region; pink — Cerrado region.

Table 1. $'°C of green coffee beans and extracted caffeine from harvest years 2004 and
2008, and precipitation, air relative humidity, maximum daily temperature and daily
vapor pressure deficit (VPD) correspondent to the endosperm development period
(average of values observed between mid-October and mid-February).

Parameter 2004 2008
5"°C coffee bean -28.1(£0.2) -26.9 (£ 0.5)
8"3C caffeine -27.6 (£ 0.1) -27.8 (£ 0.4)
Precipitation (mm) 115 (+ 100) 135 (+ 107)
Air Relative Humidity (%) 86 (x 19) 75 (= 25)
Maximum Daily Temperature (°C) 28 (£ 3) 29 (£ 3)
Maximum Daily VPD (KPa) 11 (£ 10) 21 (£ 8)
Average Daily VPD (KPa) 27 (£ 7) 27 (£ 7)

In short, isotope fingerprinting potential to proof authenticity of Minas Gerais coffee has been
demonstrated. Additionally, impacts and climatic alterations that result in changes to coffee
plants’ environment appear to be reflected on changes of the isotope composition of their
seeds, the green coffee bean. The green coffee bean isotopic signature is, therefore, the result
of close interactions between climate and geology of the location where the plant and
respective seeds are developed.
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SUMMARY

Agro-forestry as a sustainable agriculture can maintain soil fertility through organic matter
accumulation, nitrogen fixation, erosion control and employing conservation mechanisms.
The impact of various shade trees types and density on soil quality and fertility was studied in
Yayu District employing stratified random sampling method. The soil within 0-30 and 30-60
cm depth is dominated by clay loam and clay textural classes respectively; which are fine
textured to accommodate nutrients for coffee and reduce soil erodibility. Generally, the bulk
density of the soil is low with high soil porosity. Soil chemical quality evaluation under
forest, SFL and SFNL shade trees showed non- significant difference (P>0.05) for organic
matter, exchangeable bases (Ca, Mg, K, Na), CEC, exchangeable acidity, pH, total nitrogen,
C:N ratio, PBS apart from phosphorus. The fertility of the soil under semi-forest shade trees
was high in terms of total organic matter and nitrogen. Soil fertility and quality of the semi-
forest were thus, found statistically similar to the undisturbed natural forest. Therefore, the
district has got high potential for organic coffee farming.

INTRODUCTION

Agro-forestry thus, as a sustainable agriculture can maintain soil fertility through maintenance
of organic matter, nitrogen fixation, erosion control using conservation mechanisms. Most
farmers in the coffee growing areas prefer nitrogen-fixing trees to non-fixing shade trees to
get a benefit of biological fertilizer for their coffee tree (Grossman et al., 2006). Decline in
soil fertility potential is a major problem facing small-scale coffee farming in Ethiopia.
Hence, to optimize the fertility potential of the soil, evaluating the impact of shade trees on
the quality of the soil is very crucial. Therefore, the impact of different shade trees on selected
soil properties of Yayu District in relation to organic coffee farming was studied.

MATERIALS AND METHODS

The study was conducted in Yayu District of Illubabor Zone, in Oromia Regional State of
Southwestern Ethiopia. The altitude of the district ranges 1160-2581 masl and study covers
1336 to 2070 masl. Soil physical and chemical parameters were collected under forest, semi-
forest leguminous shade trees, semi-forest non-leguminous shade trees using stratified
random sampling design at uniform farm sites of 30 m X 30 m quadrate size. The physical
parameters, bulk density, particle density porosity, texture, soil color were studied at a depth
of 0-100 cm. Soil chemical parameters, pH, exchangeable acidity, organic carbon, CEC, Na,
K, Ca, Mg, PBS, ESP, N, P were collected at depths of 0-30 cm and 30-60 cm. All the
parameters were collected along the ranges of lowland (<1500 masl), midland (1500-1800
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masl), and highlands (>1800 masl) altitude. All soil parameters were analyzed using standard
laboratory procedures. The data obtained from laboratory results were subjected to analysis of
variance to compare the effect of shade tree on soil quality parameters using SAS Software.

RESULTS AND DISCUSSION

Soil Physical Parameters

Soil bulk and particle density showed increasing trend with the increase of profile depth
across forest and semi-forest coffee vegetation (Table 1). Low bulk and particle density for
the surface layers indicates the accumulation of soil organic matter in the form of litter fall
and root residues of vegetation. Forest soils were more porous than semi-forest soils due to
high organic matter content. Porosity of the soil at the study area is more than 44% even at a
depth of 100 cm profile, which indicates the potential of the soil for organic coffee production
(Table 1). More than 50% of the sampled soils in the area constituted fine particles (clay+ silt)
at both surface (0-30 cm) and subsurface 30-60 cm). This indicates high nutrient and water
holding capacity of the soils in the district.

Soil Chemical Parameters

Variations in soil pH were not significant for coffee shade types and density at ranges of
altitude and depths of soil. The mean soil pH (H20) range in the region was 5.44 to 6.63 for
0-30 cm soil depth, which is within suitable range for organic coffee production according to
Snoeck and Lambot (2004). The accumulation of OM was not significantly different among
forest, SFL, and SFNL vegetation categories. Nevertheless, there was statistically significant
difference (P<0.01) in OM percentage among soils of low, mid and high altitudes. Similarly,
OC was significantly different for 0-30 cm and 30-60 cm depths of the soils as the deposit
decreased along the layers of soils (Table 2). According to Snoeck and Lambot (2004),
optimum OM in the coffee soil ranges from 2 to 5%. Soils at different locations of the study
area has got high organic matter content which is greater than 5.67% for soil depths of 0-30
cm. The difference in total nitrogen content was significant (P<0.01) among altitudinal
variation and depths but was not significant among the soil for forest, SFL and SFNL. The
content of total nitrogen was generally high in the soils of the district according to the rating
of Baruah and Barthakur (1997).

Total nitrogen content of the soil of SFL was greater than forest and SFNL at 0-30 cm due to
biological nitrogen fixation. The mean pH for the district ranges from 5.44 to 6.63 at 0-30 cm
soil depth for SFL and forest respectively, which is within suitable range of biological
nitrogen fixation. Nitrification and nitrogen fixation by leguminous trees takes place
vigorously at soil pH of >5.5 (Rai, 2002). Variations of P was significant (P<0.01) along
altitude and shade trees but was not significant with soil depths. Available P was very high
under forest vegetation and lowest under SFL shade trees, which could be attributed to
relatively higher and lower soil pH values respectively. The pH of forest coffee soils was
higher within suitable range of availability of P to the coffee plant and the deposition of
organic matter contributed for greater quantity of available P in the soils. According to the
Jaiswal (2003) ratings, the amount P (ppm) in the soil was high in forest soil (60.71 ppm) at
0-30 cm soil depth. At 0-30 cm, available P was medium in soils under SFNL (14.22 ppm)
and SFL (9.20 ppm) vegetation as result of P fixation.
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Table 1. Effects of shade tree types and density along altitudinal range on soil physical
parameters in Yayu District, Southwestern Ethiopia.

; . Particle .
Locations F"i‘a”:rss'te D(Er%t)h Bu(lk/gr?]rsl)sny density Po(f;s;ty Color types
Y g (g/cm3) °
Very dark
Lowland Forest | 0-29 1.29 2.57 49.77 reddish brown
Lowland Forest 11 29-47 1.48 2.62 43.60 Dark red
Lowland | Forestlll | 47-100 1.53 2.80 45.56 red
Lowland SFL | 0-145 1.21 2.67 54.70 Very dark
reddish brown
Lowland | SFLII | 145-33 1.21 276 56.14 | Darkreddish
brown
Lowland | SFLII | 33-100 1.31 2.79 53.12 Dark red
Lowland | SFNLI 0-15 1.27 2.46 48.29 Very dark
reddish brown
Lowland | SFNLIl | 15-43 1.46 2.68 4554 | Darkreddish
brown
Lowland | SFNL Il | 43-59.5 139 281 50.67 Very dark
reddish brown
Lowland | SFNLIV | 59.5-100 137 261 4740 | DUl reddish
Midland Forest | 0-25 0.97 2.59 62.73 Reddish black
Midland | Forestll | 25-46 1.04 2.74 62.20 Very dark
reddish brown
Midland | ForestIll | 46-100 1.26 2.75 54.09 Very dark
reddish brown
Midland |  SFLI 0-16 116 2.72 5749 | Darkreddish
brown
Midland | SFLII 16-28 1.11 2.90 61.78 Very dark
reddish brown
Midland | SFL IlI 28-48 1.23 2.83 5654 Dark red
Midland | SFLIV | 48-100 1.24 2.86 5651 Dark red
Midland | SFNLI 0-20 1.14 2.48 53.99 Very dark
reddish brown
Midland | SFNLII | 20-45 118 2,65 5541 | Dakreddish
brown
Midland | SFNL Il | 45-100 1.23 2.79 55.79 Dark red
Highland Forest | 0-48 0.79 2.46 67.76 Reddish black
Highland Forest 11 48-68 1.20 2.78 56.66 Very dark
reddish brown
Highland Forest 111 68-100 0.98 2.67 63.31 Grayish red
i Very dark
ightand o 040 103 267 61.27 reddish brown
Highland | SFL I 40-100 1.25 2.75 5463 | Darkreddish
brown
Highland | SFNL I 0-30 1.07 2.53 57.47 Very dark
reddish brown
Highland | SENL 1l | 30-100 1.18 2.72 5641 | Darkreddish

brown

SFL=semi-forest legume; SFNL= semi-forest not legume; I, Il, IlI,

with depth according to their color difference
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Table 2. Mean soil quality parameters affected by shade tree types and density, altitude and depths of the soil.

Shade trees | Depth (cm) Na K Ca | Mg | PBS |[ESP| CEC | OM| N |C:N P pH | Exchangeable acidity
Low altitude

Forest 0-30 0.07 0.15 | 15.49 | 3.36 | 60.93 | 0.22 | 31.33 | 5.15 | 0.32 | 9.14 | 23.67 | 5.46 0.52
30-60 0.05 0.08 | 14.54 | 2.33 | 56.80 | 0.16 | 35.55 | 2.91 | 0.25 | 6.78 | 7.60 | 5.14 0.35

SFL 0-30 0.05 0.28 | 16.78 | 3.64 | 47.46 | 0.13 | 41.13 | 5.20 | 0.44 | 7.00 | 8.33 | 5.44 0.32
30-60 0.06 0.21 | 13.98 | 3.69 | 46.82 | 0.18 | 36.63 | 3.10 | 0.29 | 6.30 | 3.33 | 5.47 0.40

SFNL 0-30 0.07 0.42 | 25.44 | 4.35 | 69.69 | 0.18 | 43.35 | 6.67 | 0.43 | 9.00 | 15.87 | 5.89 0.38
30-60 0.07 0.28 | 12.38 | 3.78 | 43.19 | 0.21 | 38.17 | 2.96 | 0.27 | 6.33 | 5.00 | 5.50 0.35

Middle altitude

Forest 0-30 0.05 0.63 | 29.80 | 5.25 | 66.95 | 0.09 | 57.46 | 6.81 | 0.40 | 9.94 | 83.27 | 5.52 0.34
30-60 0.08 0.67 | 22.39 | 6.46 | 61.43 | 0.16 | 47.79 | 4.05 | 0.29 | 8.57 | 55.73 | 5.70 0.28

SFL 0-30 0.04 0.18 | 10.94 | 3.41 | 41.95 | 0.12 | 35.21 | 4.66 | 0.36 | 7.67 | 13.47 | 5.01 0.34
30-60 0.06 0.15 | 23.12 | 417 | 7444 | 0.17 | 36.69 | 3.79 | 0.26 | 8.61 | 5.67 | 4.97 0.50

SFNL 0-30 0.07 0.33 | 22.16 | 6.33 | 62.28 | 0.15 | 48.60 | 5.76 | 0.36 | 9.13 | 17.00 | 5.59 0.28
30-60 0.07 0.23 | 14.28 | 4.04 | 51.74 | 0.25 | 38.03 | 2.98 | 0.25 | 7.22 | 8.40 | 5.45 0.27

High altitude

Forest 0-30 0.08 0.48 | 22.10 | 4.80 | 71.72 | 0.22 | 37.75 | 7.75 | 0.53 | 850 | 75.2 | 6.63 0.32
30-60 0.06 0.35 | 26.23 | 3.96 | 59.69 | 0.12 | 49.78 | 5.48 | 0.46 | 6.89 | 92.2 | 6.23 0.43

SFL 0-30 0.06 0.47 | 27.50 | 4.81 | 67.47 | 0.12 | 52.92 | 6.76 | 0.50 | 8.05 | 13.67 | 5.77 0.35
30-60 0.06 0.19 | 11.32 | 2.80 | 36.57 | 0.16 | 39.20 | 3.69 | 0.27 | 8.00 | 10.80 | 5.26 0.57

SFNL 0-30 0.09 0.27 | 18.11 | 3.89 | 55.10 | 0.20 | 42.07 | 6.23 | 0.48 | 7.78 | 9.80 | 5.85 0.58
30-60 0.07 0.41 | 12.22 | 3.06 | 55.53 | 0.23 | 33.11 | 3.80 | 0.32 | 7.32 | 26.87 | 5.17 0.50

SFL = semi-forest legume; SFNL = semi-forest not legume; (Na, K, Ca, Mg, CEC, Exchangeable acidity in Cmol+/ Kg soil);(PBS, ESP, OM,

Total N in %); (P in ppm); (Depth 0-60 in cm).
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Analysis of variance showed not significant variation of exchangeable Ca, K, and Na for
coffee shade trees (forest, SFL and SFNL), for altitude difference and depth of soils.
However, exchangeable Mg was significantly different (p<0.01) with altitudinal gradients but
was not significant among coffee shade type, density and depths. Generally, exchangeable K,
Mg, Ca and Na were abundant at shallower depths (0-30 cm) of the soil which are readily
accessible to coffee root than subsurface (30-60 cm).

Percent base saturation (PBS) and exchangeable sodium percentage (ESP) were not
significantly (P>0.05%) different for shade tree type and density and altitude gradient as well
for the upper and lower depths of the soil. Cation exchange capacity did not significantly
differ among shade types and density, altitude and soil depth. Generally, CEC of semi-forest
coffee (SFL and SFNL) soils in the area are greater than that of deep natural forest at surface
(0-30 cm) soil layer and it was highest under SFNL shade trees followed by SFL and forest.
The value of CEC was highest under SFNL at surface soil layer, which can be due to the
impact of OM and clay content under the shade tree. The average CEC for surface layer (0-30
cm) under different vegetation types of Yayu District was very high (> 40 Cmol+/ kg of soil).
According to Landon (1991), top soils having CEC > (40 Cmol+/ Kg of soil) are rated as very
high and 25-40 Cmol+/kg of soil considered as high value. Exchangeable acidity of showed
significant variation only for the altitudes of coffee growing locations due to differences in
soil conservation practices under the coffee.

CONCLUSION

Fertility and quality of the soil under SFL and SFNL shade trees were found statistically
similar to undisturbed natural forest, which showed the potential of coffee farm sites for
organic coffee production. The pH was convenient for biological nitrogen fixation and coffee
cultivation and exchangeable acidity found low. The soil was also rich in basic cations,
organic matter, nitrogen; percent base saturation and with high cation exchange capacity,
relatively low bulk density, high porosity and with fine textures. Therefore, the quality of the
soil is very good under various shade trees and it is a great opportunity to keep on organic
coffee cultivation in the region with maintenance and conservation of the soil fertility.
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randomly selected for leaf area and fruit bean size measurement respectively. Stratified
random sampling method was employed. Three leaf samples and five fruits were collected
from the middle branches of sample coffee. A quadrate of 1 m X 1 m was taken under shade
trees in the plot and weeds found in the quadrate were categorized. The light percentage of the
shade trees in the plot was measured using digital light meter. The data collected for coffee
leaf area, fruit bean size and light percentage parameters were subjected to analysis of
variance to compare effects of coffee shade tree type and density on the parameters.

RESULTS AND DISCUSSION

Significant difference (p<0.01) were observed in coffee leaf area among forest, SFL and
SFNL shade trees. Coffee leaf area under the shade trees was different due to the difference in
the percentage of light transmitted through their canopies. Thus, forest vegetation, which
transmitted very low amount of light, resulted in the largest coffee leaf area. Relatively small
coffee leaf area was measured under small leaved leguminous shade trees (Albizia spp.) due to
better transmission of incoming sunlight to coffee trees (Table 1). The negative correlation
result of leaf area to light percent received by coffee tree was significant (p<0.001). The
percentage of light transmitted through different shade trees canopy was significantly differed
(p<0.01). However, the variation of sun light percentage was not significant for shade trees of
different altitudes within study area. The percentage of light taken by digital light meter under
dense ranged from 0.58% to 6.26%. Light percent passing through Albizia spp. of the best
quality shade tree runs 19% to 44%, which lies within the suitable light ranges for coffee.

The area of coffee leaf could be determined using square paper by counting square area under
drawn leaf. More precisely leaf area can be determined by scanning method using digital leaf
area meter. Coffee researchers can alternatively use model developed by randomly selecting
527 from 727 scanned leaves collected from highland, middle altitude and lowland areas.
Model of determining leaf area for shaded coffee:

Estimated area = leaf length X width;
Actual area (measured area through scanning);

Actual

————— = K (constant factor);
Estimated

Calculated leaf area= Estimated X K;
K=0.624;

closely similar K value was obtained (0.640) for 13 varieties under shade at Gera Research
Center (1940 masl), Southwestern Ethiopia using square paper drawings.

Coffee fruit size was not significantly affected by the amount of light transmitted through
shade tree canopy. However, analysis of variance for coffee fruit bean size showed significant
difference (p<0.01) for locations (low, mid and high) altitude. Hence, fruit size showed
decreasing pattern as altitude increased from lower level to the upper position across the
district however, the reverse is true for fruit weight. Fruit sizes were larger at lowland areas
(<1500 masl) than that of middle altitude (1500-1800 masl) and highland (>1800 masl). The
different scenario might have observed due to the difference in temperature. Nevertheless,
analysis of variance was not significant (p>0.05) for bean sizes among shade types and
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density. However, fruit sizes of coffee grown under SFL (Albizia spp.) shade tree were greater
than that of grown under forest and SFNL shade trees at lowland and middle altitude.

Table 1. Effect of shade tree types and density on coffee leaf area, fruit size and
transmitted light percentage across coffee farm sites.

Coffee farm sites Leaf area Fruit bean Transmitted
(cm?) size (mm®) light (%6)
Semi-forest legume (Albizia spp.) 50.26 1942.80 30.74
Semi-forest not legume (Broad leaf species) 57.07 1874.61 8.99
Forest 65.21 1932.79 2.74
CV% 6.89 7.4 29.80
S.E. 0.76 27.33 0.81
LSD (0.05) 3.9 NS 4.15

In the district multiple purpose shade trees serves as a sources of food, feed, medicine,
firewood, and timber, habitat for fauna and flora, and supply essential ecological
maintenance, soil and water protection. The forest coffee ecosystem had highly diversified
weed flora than under semi-forest. Very few types grass species were naturally grown under
broad-leaved shade trees and under deep natural forest of the area. Under deep shading effect,
broad leaf weed species similar to coffee can adapt to small amount of sun light having high
capacity of utilizing limited quantities of radiation. On the contrary, relatively greater amount
of grassy weed flora found under small leaved coffee shade trees receiving better quantities of
sun light percentage.

CONCLUSION

Farmers in the study area uses different multiple purpose trees as shade for coffee.Shade
grown on coffee farms of Yayu District, Southwestern Ethiopia resulted in variations with
respect to coffee leaf area, fruit bean size, transmitted light percentage, weed categories in
coffee production system. Coffee leaf area and weed categories are affected due the amount of
light passed through the canopy of the shade trees. Coffee cultivars and weed species found
under deep natural forest shade showed broad leaf system to trap maximum amount of limited
light. Thus, coffee leaf area, fruit bean size, weeds categories, light transmitted through shade
trees showed variation under different coffee production systems in the study area.
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METHODOLOGY

A survey was conducted in January 2009 in Darolebu wereda, representing the major coffee
producing wereda of West Hararghe Zone of the Oromiya Region (Figure 1). The area is
known for its high cup quality Harar coffee brand, which fetches premium prices in the world
market.

A multidisciplinary team of researchers consisting of an agronomist, plant breeder, soil
scientist and extension agent participated in the survey. The team made discussion with
experts and development agents (DAs) of the Wereda’s Agricultural and Rural Development
Office on the objectives of the study, and selected two peasant association (PAs), namely
Serero and Gudise, based on their production potential, their accessibility and
representativeness of the farming system. From each PA, 15 farmers were purposively
selected to represent innovative, late adopters and those who are skeptical of agricultural
technologies. The selected farmers were interviewed using structured questionnaires for their
knowledge of coffee seed preparation, nursery and field management practices, coffee
harvesting and processing, markets and marketing systems and some relevant information
about the farming systems of the study sites. Besides, assessment of coffee production
constraints in the selected PAs was made by questioning 15 selected farmers, and 15 wereda
experts and DAs. The questionnaire data were supplemented by direct observation of the
farming system of the study area through transect walk. It also visited the selected farmers’
field in each PA and had an overview of the existing cropping system, vegetation cover and
associated farm elements. Other quantitative secondary data were also collected from the
Agricultural and Rural Development Office of the study wereda, the respective DASs in each
PA, and Jima Research Center (JRC). The collected data were analyzed using Statistical
Product and Service Solutions (SPSS) software.

Study area

Figure 1. Map showing Darolebu wereda and study area in West Hararghe Zone.
Source: Mashilla (2004).

RESULT
Seed preparation and nursery management
The majority of the respondent farmers raise their own coffee seedlings. They get coffee seeds

either from the Agricultural and Rural Development Office or from their own seed orchard.
Farmers practice two methods of seed preparation: (1) collect ripe red cherries from local
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coffee types and dry their two seeds under shade or (2) remove the pulp from the collected
cherries by hand and dry the parchment seed under shade usually in their backyards. Farmers
keep the dried cherry and the parchment seed under room temperature on clean ground in well
ventilated container until sowing.

Farmers do not produce polythene grown seedlings because unavailability and associated
costs. The major reasons that limit farmers not to grow coffee seedlings using polythene are:
(1) polythene is not available in the local market around the study area, (2) preparing the
media and filling the pots with the media demands large amount of labor, and (3) polythene
grown seedlings require frequent watering, which is not practical in the study area mainly due
to unreliable amount and erratic distribution of the rainfall, and the inaccessibility of
underground water, rivers and springs to many farmers.

Farmers raise seedlings in fine seed beds. First they prepare seedbed of about 1 m width and
5-10 m length by digging a trench of about 20 - 30 cm depth, and latter they incorporate the
trench with mixture of plant debris (chopped plant leaves and young stems of Erythrina, and
maize and sorghum stock), and topsoil. The seedbed is elevated on the trench with a mixture
of fine soil and manure and/or compost with varying amount (10-12 kg per bed). In addition
to this, when they prepare seedbed they also burry plant debris around or between the beds.
The practice helps to supply moisture for the seedlings by releasing water slowly from the
buried plant parts and it also increases the level of soil organic matter after decomposition.

Farmers practice two methods of seed sowing. They use either dried cherry with its seeds
jenfel or parchment seed. The jenfel is sown in the nursery bed by drilling with no space
between jenfel within rows and 15-20 cm between rows. Similarly, the parchment seeds are
sown at a distance of 10 to 15 cm within and between rows to a depth of 2-3 cm with the
grooved side of the seed down ward. In both methods sowing is accomplished in April.

After sowing, the nursery beds are heavily mulched with grasses or tree leaves or chopped
maize or sorghum stover of 3-5 cm thick. At the same time, over head shade of 50-60 cm
height above the ground are constructed and all sides of the bed are covered with heavy grass
pads or plant stems and leaves to minimize evapotranspiration. Seeds are left under this
condition with no supplementary watering till germination.

After germination, the mulch is removed from the germinated seeds. Seedlings are cultivated
by breaking the soils to fine tilth to cover soil cracks, a practice known as soil mulch, which is
also useful to conserve soil moisture. Seedlings are left without supplementary watering until
field planting, unless sever plant wilting, which often occurs at a time of extreme dry weather.
It takes 12 to 14 months until field transplanting takes place after sowing up. The planting
operation is completed between April and July.

Farmers believe that seedlings obtained from such a dry nursery are tolerant to adverse

situations and their subsequent field performance is superior to seedlings produced by the
improved technologies.
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Field management
Holing and on field planting

Before marking the land for holing and refilling, bench terraces are constructed on all kind of
slopes following the contour of the land and a convenient square or rectangular individual
ridge, locally known as katara, is built for coffee seedling (Figure 2).

A 1 m wide x 1 m deep or 1 m wide x 50 to 60 cm deep holes are dug regardless of the
growth nature of coffee varieties. Holes are refilled layer by layer with young Erythrina stem
or plants having fibrous stems, top soil and manure and/or compost with varying amount,
mostly ranging between one and three shovels. The holes are refilled up to the surface of the
soil but below ridges. Usually holing is done from February to April and refilling is done in
April.

Unlike most coffee producing regions of the country that use recommended spacings, farmers
in the area plant coffee at spacings of 2 to 3 m between plants and 3.5 to 4 m between rows
(Figure 2). Planting is usually done 3 to 5 cm deeper than the normal nursery soil level of the
seedling (collar level).

Planting coffee trees at wider spacing has the following advantages: (1) allow farmers to
intercrop their coffee with perennial and/or annual crops and utilize resources in their limited
holdings more intensively and efficiently, (2) avoids competition for moisture and nutrients,
and (3) make weeding practice easy, and (4) allows aeration and hence reduce the incidence
of diseases and insect pests.

After planting, coffee trees are left to grow free with one central vertical stem. Suckers are
removed to strength the tree and to use their leaves for making a drink boiled with milk,
locally called Hoja or served alone, Kuti.

Shade tree

Coffee trees planted
below the ridge

Ridge (katara)

Inter row space where farmers
intercrop various crops

Figure 2. Coffee trees planted in 2.5 m x 4.0 m spacing at Serero, Darolebu wereda,
West Hararghe Zone.

Shading
Farmers in Serero PA grow coffee without shade in an open field. Consequently, biennial
bearing and overbearing die-back are common problems. Besides, the wide spacing between

coffee trees and the absence of shade increases the risk of soil erosion. Although the
interviewed farmers are aware of their contribution to coffee husbandery, they don’t grow
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shade trees with coffee. This is mainly because they believe that shade trees compete with
coffee and other intercropped crops for the limited available soil moisture. Besides, shade
trees occupy spaces which could have been used for growing other crops. On the other hand,
farmers in Gudise PA plant coffee trees under naturally established shade trees. The most
commonly used shade trees, in decreasing order of farmers preference are Korch/Gorgo/
Wolensu (Erythrina burana), Gerbi-Adi and Gerbi-Guracha (Acacia spp), and Wanza
(Cordia africana). Farmers responded that they have chosen these shade trees on ability to
boost coffee yield, ameliorate soil fertility and provide feed to livestock.

Stumping and pruning

Sixty-four respondent from Gudise and all respondents in Serero PAs practice stumping to
change the cycle of unproductive old coffee trees. It is done in January after crop harvest. Old
coffee trees are stumped at 0.40 to 1 m height above the ground. The number of bearing heads
left on stumped coffee trees varies from 3 to 4. Farmers leave these verticals to grow free.
Most farmers practice handling and desuckering and remove dead branches when the need
arises. However, a few farmers remove dead branches while they harvest coffee cherry,
usually from September to January.

Soil fertility management

The high cost, scarcity and timely unavailability of inorganic fertilizers and the absence of
credit system force farmers not to apply mineral fertilizers to their coffee trees. Instead they
depend more on organic fertilizer sources (farmyard manure and/or compost) to fertilize their
coffee trees. Depending on its availability, farmers apply 1-10 kg of farm yard manure and/or
compost per tree in April to June.

Some farmers believe that if a coffee field sufficiently manured once, it can nourish the plant
for two to three consecutive years compared to commercial fertilizers, which need yearly
application. In the absence of enough amounts of organic sources and abundance of
competition from other crops intercropped with coffee, farmers manure their fields every
year.

Cultivation and mulching

Farmers commonly practice digging and hoeing or harrowing using spade and hoe 2 to 3
times per annum in September, April and July depending on the growth of weeds, moisture
conditions, labor availability and other practices like intercropping. This destroys weeds,
facilitates water infiltration and aeration, reduce the adverse effect of soil cracking, enhance
the capillary movement of soil moisture, and create catchments around each coffee tree for
water harvesting during the rainy seasons.

Farmers use soil mulch by plowing the land to the tilth and cover it with soil dust at the end of
the rainy season (usually in October) and beginning of the rainy month, mostly in May. Soil
mulch is applied more frequently than organic mulch materials to prevent evaporation from
the soil. This is mainly caused by shortage of organic mulch materials in the area. These
techniques of long standing moisture conservation techniques indicate the traditional
innovative and creative capability of the Hararghe farmers.
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Soil and moisture conservation

The area is known for its short annual rainfall, which leads to moisture stress at some time
during the growing periods. The problem is more pronounced when the rainfall comes late
and stops early or at times of uneven distribution. Rugged topography of the area, which
exposes the land to soil erosion, aggravates the problem. Farmers have adopted cultural
practices aimed at reducing moisture loss through run off. Farmers employ a technique called
Katara which is similar to ridging. They construct the ridge in April or June, if it is for the
first time, and renew it in March or April. They also apply soil mulch in October and May
whereby soil cracks are regularly covered with soil dust to reduce evaporation and conserve
soil moisture. These traditional land preparation methods effectively conserve soil and
moisture in the farm and around each individual coffee tree.

Weed control methods

Grassy and annual broad leaf weeds are the major weeds in the coffee fields (Table 1). Cypres
spp, Cynodon spp and Digitaria spp are some of the grassy weeds which require much labor
for control. In general, coffee fields are kept free of weeds throughout the year using the
following cultural practices: (1) digging, hoeing or plowing between rows of coffee trees (if
the field is to be intercropped) in March orApril, June and September, (2) dig out the weeds
manually using a locally made tool known as Dengora, and (3) pulling out weeds by hand in
inter and intera rows of coffee trees

Farmers weed their coffee farm by the above methods using family labor and/or Guza,
community labor. However, slashing, which is the most common weed control method in
other coffee growing areas, is not implemented in the study area. Similarly, farmers is not use
herbicide because it is not affordable for them. Thus improved and affordable technology
should be generated for effective control of weeds.

Table 1. Major weed species in coffee fields of the study area.

Scientific name Common name Type of weed
Parthenium hysterophorus Congress weed Broad leaf
Tagetus minute Mexican marigold " "
Amarantus spp. Pigweed " "
Striga spp. Witch weed " "
Commelina spp. Water grass " "
Guizotia scabra Tufo (Afan Oromina) " "
Bidens pilosa Black jack " "
Galinsoga parviflora Gallant soldier

Lanthana spp* - " "
Cynodon spp. Bermuda grass Grass
Eleusine indica Wild finger millet "
Cyprus spp Nut sedges "
Digitaria spp. Couch grass "

*Infest grassy land and around coffee farm
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Diseases and insects
Diseases

Coffee in the study area has been increasingly threatened by coffee beery disease (CBD)
followed by coffee leaf rust (CLR) and branch die-back. CBD is sever in medium to high
altitude, while CLR is problem in lower altitudes. During prolonged dry season, the coffee
trees become more susceptible to rust. Farmers believe that the problem have been aggravated
by the absence of locally screened coffee types resistant to the disease, and lack of improved
cultural control method to CLR.

However, farmers have some indigenous knowledge and experience to control the diseases.
This includes planting coffee seedlings in deeper and wider hole to attain well established
trees capable of absorbing ground water so as to make the tree less susceptible to the diseases,
planting coffee trees under shade to reduce transpiration and make them less stressed (not to
be easily attacked by the diseases), application of farmyard manure and/or compost, frequent
cleaning and burning of fallen leaves, fruits and other plant debris and screening of local
coffee lines relatively resistant to the diseases are some of disease control measure practiced
by farmers. Although the use of resistant land race cultivars is effectively control the diseases,
it should be supported by research findings. The current land race development program run
at Mechara by JRC and Mechara Research Center is inline with the farmers’ effort.

Insects

Ants, termites, antestia, thrips, leaf miner and stem borer are the major pests attacking the
crop. The coffee trees become more susceptible to the pest when there is a prolonged dry
season during production years.

Coffee growers apply different traditional management practices, such as adding ash around
coffee trees, flooding or burning or digging mound, and killing the larva manually by
inserting stick into a hole burrow by insect, for the control of ant, termite and stem borer,
respectively. But such traditional control methods may not be adequate for effective control.
Local pest resisting materials control methods should be investigated by research so as to
provide the farmers with efficient and economical pest control methods.

Harvesting and processing

Coffee trees flower from January to April. However, the main flowering occurs in April.
Harvesting is mainly done in the months of October to December and rarely, early maturing
local cultivars are harvested in September. Farmers collect red cherries from trees and those
cherries fallen down by wind, animals and rain. They do not allow the cherries to dry while
they are on the trees. The cherries collected from the trees and from the ground are sun dried
separately on clean ground or a canvas lay on the ground. Farmers store the dried cherry,
known as jenfel or buni, in jute sack (sisal bag) in their house until taken to the market. All
respondents sell their produce only in jenfel.
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Table 2. Principal farmers’ problems and suggested potential solutions.

Major problems

Suggested potential solutions

1. Extended drought and
moisture stress

Developing drought tolerant varieties, developing improved soil
and moisture conservation technologies that effectively conserve
moisture, screening early maturing crop varieties, developing crop
varieties compatible to the rainfall pattern of the area, strengthen
the existing soil and water conservation activities, launching
afforestation program and promote farmers to adopt water
harvesting technologies

2. Diseases (CBD, rust)
and insects pests

Developing integrated pest management options that has long
standing solutions for the control of the disease(s), screening and
evaluating local land races for diseases and insect pests, and
drought resistant and good quality, developing improved cultural
and chemical control methods and screening natural enemies that
effectively control the diseases

3. Shortage of arable
land

Generate information on the right rate of fertilizers to be applied
at sowing (planting) and subsequent periods, promote the
inclusion of agro forestry practice into the farming system and
assessing appropriate combinations of crop for double, multiple
and relay cropping and intercropping

4. Overbearing die-back

Promote planting of recommended level of appropriate shade trees
in coffee farm

5. Soil fertility
degradation

Introduction of adaptable cover crops that improve soil fertility
and serve as livestock feed, promote the use of organic muich,
selecting or adopting appropriate approaches of soil conservation
techniques , identify multipurpose trees and shrubs suitable for the
area to meet problems of soil fertility, erosion, feed and wood, and
selecting or adopting appropriate approaches of soil conservation
techniques

6. Absence of training

Education campaign through public media, use of local and
public media to create awareness, training on management and
post harvesting activities should be organized by the staff of
Mechara Research Center in collaboration with concerned other
research centers to farmers, DAs and expertise , dissemination of
information using different mechanism, such as leaflets and
posters, on coffee production, processing and marketing to
farmers, DAs and experts, building research capacity at Mechara
Research Center, establishing strong linkage with farmers’
training centers (FTC) in different villages so as to raise the
farmers’” knowledge, attitude and practices of using improved
technologies, establishing on farm and station demonstration
fields and strengthening Research extension Advisory Council
role

7. Labor shortage

Developing improved technologies profitable for more than one
crop, using modern agricultural technologies like herbicide etc,
screening efficient herbicides and screening and planting crop
variety that mature at different time
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Marketing

The coffee produce is sometimes sold by women in pieces on market days and is mainly
meant for minor expense, but large quantities are sold by household head to coffee collectors
or whole seller. If the coffee farmers are not in need of money, they store the dried cherry up
to one year to attain better price.

Premium price is not paid for good quality harvest and drying procedure. This discourages
farmers not to harvest and processed their coffee with great care. This signals that, if the trend
continue unabated, it is very likely that the genetic basis of the typical Moka flavor of Harar
coffee will be face irreversibly quality deterioration. Furthermore, farmers claimed that they
could not get fair share that would cover the cost of production. As a result, most farmers tend
to shift their labor and land from coffee to chat (Catha edulis). If this condition is not
reverted, both the culture and coffee germplasm of the area will be lost in a short life span.

Production constraints

Farmers in the survey area have experienced several major problems caused by natural and
social factors and/or policy related issues. However, they have their own strategies to
overcome the problems. The major principal problems and suggested solutions are listed in
Table 2.

CONCLUSION

Farmers in the study area relay on their indigenous traditional husbandry practices in crop
production. Dry nursery seedling production practice should be studied in depth to investigate
the scientific reasons of the success. Attempts should be made to investigate if dry nursery
practice can be improved to produce large amount of healthy and strong seedlings with the
introduction of some improved technologies.

Coffee pricing should give due emphasis to quality so that farmers would be encouraged to
produce quality coffee. This will improve and maintain the quality, productivity and
sustainability of coffee production in the area. To achieve this, interactive, more rigorous and
timely intervention is needed by government as well as non governmental organizations.

Drought, unreliable and uneven rainfall distribution, diseases and insect pests, soil fertility
degradation, shortage of arable land, shortage of labor, food and feed shortage, low price for
coffee, lack of credit and saving, absence of training on coffee production and processing are
some the principal production constraints in the study areas. Farmers’ alleviate these problems
and ensure sustainable food supply for their own family by using local varieties and
husbandry practices. Research and development interventions focusing on these aspects
should be done to complement the local varieties and farmers traditional knowledge.
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EXPERIMENTAL RESULTS
Seed preparation and handling
Stage of fruit maturity and seed drying

Stage of harvest of the cherries, the condition of processing and drying affect germination of
coffee seeds. In line with this, results revealed that red ripe cherries are the best stage of
maturity for seed purpose (Figure 1a). After pulping the cherries and removing the floaters,
drying parchment intact seeds in a well aerated, cool and shaded condition till they attained
the desired moisture level before sowing/planting or further storage ensured higher
germination percentage (Figure 1b).
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Figure 1. Germination of coffee seeds as effect by stage of fruit maturity (a) and drying
condition (b). Bars capped with same letter(s) are not significantly different at 0.05
probability level. Source: Tesfaye (1998) and Anteneh et al. (2008).

Seed storage time

Studies revealed that coffee seed germination percentage (Figure 2), percentage of seedling
emergence (%E) and seedlings attained first true leaves (%FTL) (Table 1) decreased
gradually since the second month and rapidly after the third month of storage. Besides, mean
days to germination (MDG) and FTL (MDFTL) consistently delayed with prolonged storage
time (Table 1). Thus immediate sowing after harvesting and processing is always the best
option for higher germination and subsequent growth (Wondyifraw, 1994; Tesfaye et al.,
1998).

Figure 2. Effect of time of storage on germination of coffee seed. Source: Tesfaye et al.
(1998).
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Table 1. Effect of time of storage on coffee seed germination and subsequent growth
performance of seedlings.

Storage time in month %E %FTL MDG MDFTL
0* 93.9a 88.4° 32.2 94.2f
1 84.4b 76.2° 39.6° 99.4°
2 81.0c 76.9° 41.6" 105.4°
3 78.0d 69.2° 44" 109.5°
4 55.5€ 51.7¢ 52.1° 114.2°
5 51.0f 43.6° 59.9% 116.3°

Figures followed by same superscript letters within a column are not significantly different at
0.01 probability level. *The time just at the date of storage. Source: Wondyifraw (1994)
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Figure 3. Effect of initial seed moisture level and type of container on percentage of seed
viability (a), seedling emergence (b) and seedling attain first true leaves growth stage (c).
Source: Wondyifraw (1994).

Seed moisture content and types of container for seed storage

A combination of high initial seed moisture level (not less than 40%) and moisture vapor
barrier containers relatively better preserved coffee seed viability longer and improve growth
of coffee seedlings. Accordingly, Wondyifraw (1994) reported a combination seeds with
moisture content of 45.2% and glass jar resulted 97.5, 84.5 and 89.1% values for seed
germination, seedling emergence and seedlings attain first true leaf stage, respectively, after

835




five months of storage. While seeds stored at 55.2% moisture content in plastic bag resulted
89.0, 82.0 and 86.3% values for the respective parameters (Figure 3 a, b and c).

Pre-sowing seed treatment
Pre-germination practices

Available reports showed that pre-germinated and planted seeds had resulted large percentage
of seedlings with deformed roots, viz. multiple and crooked tap roots (MTR and CTR,
respectively) than sowing in situ in permanent bed (direct sowing) (Table 2). The practice can
also delay the growth of seedlings and thus large percentage of cotyledon and first pair of true
leaves was initiated much earlier from direct sowing than pre-germination practice (Figure 4a
and b). Hence, coffee seeds should be seeded directly in seedbeds or polythene tube for the
production of seedlings with normal root system than following the pre-germination
techniques.

Table 2. Effect of planting normal (not pre-germinated) and pre-germinated coffee seeds
in conventional seedbed, and fine (sieved) and course (unsived) soils filled in polythene
tube on percentage of MTR and CTR.

Treatments Fine soil Coarse soil Conventional seedbed
MTR CTR MTR CTR MTR CTR
PGS 31 66 32 70 20 66
DS 1 24 6 20 0 30
LSD (0.05) 7.4 21.5 7.4 21.5 - -
(0.02) 10.1 29.5 10.11 29.5 - -

PGS = Pre-germinated seed, DS = direct sowing (not pre-germinated seeds), MTR =
Multiple tap root and CTR= Crooked tap root. Source: Bayetta and Mesfin (2005).
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Figure 4. Weekly differences in the proportion of seedlings with cotyledon (a) and first
pair of true leaves (b) for treatments A= Pre-germinated and planted in polythene tube,
B = Pre-germinated and planted on conventional seedbed, and C= Direct sowing on
seedbed. Source: Bayetta and Mesfin (2005).

Parchment removal and seed soaking
Sowing parchment removed coffee seeds had significantly promoted mean days to emergence
as compared to parchment seeds (Figure 5). The practice could also enhance seedling growth

(Table 3) and shortens the nursery period by about four weeks (data not presented) (Taye and
Alemseged, 2007). Though the difference is not considerable, soaking coffee seeds in cold
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pure water for 24 hours immediately before sowing had improved rate of emergence,
particularly during the early stage after sowing (Figure 5), and produced vigorous seedlings
than unsoked seeds (Table 3).

120
100 B ~=chment unremoved
| 1 Parchment rermoved
80
= 60
3 40 4
=
S 20 i
= |
5 .
@ 120
s
E 100 H ater unsoaked -
(% 1 wwater soaked
80 -
60 —
40 -
20
0 T T T T
10 12 14 16 18 20 22

Weeks after sowing

Figure 5. Effect of pre-sowing seed treatment on rate of seedling emergence of Arabica
coffee seedlings. Source: Taye and Alemseged (2007).

Table 3. Growth parameters (means + SD) of coffee seedlings as influenced by pre-
sowing seed treatments.

Parchment removal Water soaking
Growth character
Unremoved Removed Unsoaked Soaked
Height (cm) 28.02 +6.16 28.77 £ 2.89 27.33+3.24 | 29.46+5.78
Stem diameter (cm) 0.46 £ 0.08 0.49 £ 0.05 0.46 £ 0.04 0.48 £0.08
No. of true leaf pair 7.00£0.32 7.50 £ 0.89 7.00+£0.71 7.50 £ 0.63
Shoot dry matter (g) 2.88+1.03 3.60 £ 0.86 3.15+0.63 3.32+1.30
Root dry matter () 0.70£0.22 0.77£0.16 0.72+0.19 0.74£0.20
Total dry matter (g) 3.58+1.22 4.36 £1.01 3.88+0.78 4.06 £ 1.50
RGR* (g month™) 0.58 £ 0.26 0.74 £0.20 0.62+0.21 0.70+0.31

*RGR = Relative growth rate. Source: Taye and Alemseged ( 2007).

CONCLUSION AND RECOMMENDATION

Coffee seeds to be used as a seed material should be prepared from cherries picked at red ripe
stage. Then, after pulping the cherries and removing the floaters, seeds with their parchment
intact should be dried under shade and ventilated conditions as these reduces the drying
temperature, which otherwise can injure its germinability. Farmers who want to store coffee
seed for sowing should store seeds having initial moisture content of >40% in well sealed
moisture proof containers, depending on their availability, cost incurred, durability and
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easiness for handling, under cool and dry condition. However, if condition forces to use pores
or moisture-vapor permeable container, viz. cloth bags, fiber sacks, open tray, etc., the
moisture content of the seed can be reduced to <32%.

Planting pre-germinated seeds should not be practiced by farmers as it result in large
percentage of seedlings with malformed root system and eventual early (forth to fifth bearing)
tree death in the field. Hence, coffee seeds should be seeded directly in seedbeds or polythene
tube. However, if seed viability is doubtful, two seeds per hole should be seeded and then
thinned to one plant. Furthermore, coffee seeds should be sown after removing the hard seed
cove, parchment, and soaking the seeds in water for 24 hours as the practices enhance
germination and seedling growth. These can also be shorten the nursery period and reduce the
associated costs.

GAPS AND CHALLENGES

e Farmers’ indigenous knowledge of coffee seed preparation and handling and nursery
management has not been assessed:;

e Research information on coffee seed pre-treatment to improve rate of germination,
emergence and seedling growth is limited,;

e Coffee seed research unit is lacking; AND

e Lack of awareness and knowledge regarding coffee seed preparation and sebesquient
seedling handling.

FUTURE PROSPECTS

e Survey should be designed to collect information regarding farmers’ indigenous
knowledge about seed preparation and handling.

e Establishment of farmer’s research group that prepared coffee seeds for sell to other
farmers.

e Training should be given to farmers, development agents, subject matter specialists,
private investors, state farms and cooperatives on techniques of coffee seed
preparation and handling.

e Focus attention should be given to generate information on seed viability, purity
percent, germination rate and other handling practices for each seed lot for farmers
who will buy coffee seeds from Jima Agricultural Research Center.
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high yield, fine quality and compact growth amenable to high density planting (Omondi et al.,
2001). In addition, the Foundation has recently developed and released three true-breeding
Arabica coffee varieties namely Batian 1, Batian 2 and Batian 3 that are also resistant to CBD
and CLR. The main objective of this study was to compare the early agronomic traits of the
new Arabica coffee varieties with existing commercial cultivars.

MATERIALS AND METHODS
Study site

The field trial was carried out at Tatu Estate of Socfinaf Co. Ltd. The site is located within the
upper Midland 2 agro-ecological zone at latitude 1°05’S and longitude 36°54°E and is
approximately 1623 m above the sea level. The area receives a bimodal mean annual rainfall
of 1063 mm and mean annual temperature is 19 °C. The soils are classified as a complex of
humic nitisols and plinthic ferrasols. The soil pH ranges between 5 and 6.

Experimental Materials and Layout

The test materials included three new true-breeding Arabica coffee varieties namely Batian 1,
Batian 2 and Batian 3, which were evaluated alongside two commercial Arabica cultivars,
SL28 and Ruiru 11. The site was laid out in a Randomized Complete Block Design (RCBD)
with twenty trees per plot planted on a spacing of 2M x 1.5M and replicated three times. Field
establishment was done in March/April 2005. Cherry yield for 2007 and 2008 was recorded in
kilograms per tree from all the twenty trees per plot. CBD infection was recorded by counting
the percentage number of infected berries from five tagged branches per tree and then
calculating the mean infection per replicate. A similar method was applied for CLR where
percentage leaf fall from five tagged branches per tree were used to calculate the mean
percentage CLR infection per replicate.

Laboratory inoculation tests

Laboratory experiments to evaluate resistance to CBD and CLR through artificial inoculations
were set up in Completely Randomized Design (CRD) with three replications. Evaluation for
CBD was conducted through hypocotyl inoculation tests using the method of VVan der Vossen
et al. (1976). After three weeks, the seedlings were scored individually on a scale of 1 (no
visible symptoms), to 12 (whole seedling dead). Evaluation for leaf rust resistance was carried
out using leaf disk inoculation tests (Eskes, 1982). A scale of 1-100 was used to score the
CLR infection based on percentage sporulation as follows: 0-20% = highly resistant; 21-40%
= resistant; 41-60% = moderately resistant/susceptible; 61-80% = susceptible; and 81-100% =
highly susceptible.

Data Analysis

The data was subjected to analysis of variance (ANOVA) using COSTAT software and
effects declared significant at 5% level. A combined analysis of variance was performed on
yield and disease data for both years. Least Significance Difference (LSDsy) was used to
separate the means. Linear correlation and regression analysis was performed using SAS
Version 9.1 and Ms Excel respectively to compare the relationship between disease resistance
and cherry yield.
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RESULTS AND DISCUSSION

The genotypes were evaluated for cherry yields over a two year period. The three new
varieties recorded similar or higher mean cherry yields than the existing commercial cultivars.
Batian 1 performed significantly (p<0.05) better than Batian 2 and Batian 3 whose yields
were not significantly (p>0.05) different from SL28 which was the least yielding (Table 1).
These results were in agreement with findings of similar work that was carried out in Western
(Kitale) and Eastern (Meru) Kenya on the adaptation trials of the new varieties (Gichimu and
Omondi, 2010).

Disease pressure was low under field conditions for both CBD and CLR. However, artificial
inoculation with both C. kahawae and H. vastatrix pathogens demonstrated significant
(p<0.05) differences among the genotypes. SL28 was therefore an escape in the field
experiment and would have been mistaken as resistant if laboratory experiment was not done.
Batian 1 was highly resistant (1-3) to CBD while SL28 was highly susceptible (10-12). The
rest including Ruiru 11 were resistant (4-6). Resistance to CBD in Ruiru 11 and the new
varieties is mainly controlled by the R gene from Rume Sudan and the T gene from Catimor
either directly or introgressed through Hibrido de Timor (Gichimu and Omondi, 2010).

On the other hand, Ruiru 11 and the three new varieties were resistant to CLR while SL28
was susceptible (Table 1). The three new varieties (Batians) are selections from male parents
of Ruiru 11 which are useful in imparting resistance to CLR into Ruiru 11. It is therefore
expected that the Batians, are also resistant to CLR.

Table 1. Variation in yield and disease resistance.

Cherry Yield FIELD DISEASE SCORES LAB DISEASE SCORES
Genotypes
(Kgltree) | 95 CBD Score | % CLR Score | CBD Score | % CLR Score
Batian 1 2.96a 0.53b 1.02b 3.08c 3.33b
Batian 2 2.03b 0.72b 0.86bc 3.96b 8.67b
Batian 3 2.14b 0.70b 0.71cd 4.28b 6.00b
Ruiru 11 1.90b 0.54b 0.50d 4.15b 0.33b
SL28 1.71b 1.06a 2.36a 10.36a 92.33a
LSD (5%) 0.60 0.33 0.24 0.60 13.07
CV% 23.13 35.11 18.35 6.84 36.44

Combined mean cherry yields were more than three times higher in 2008 (3.38 kg/tree) than
in 2007 (0.91 kg/tree). Gichimu and Omondi (2010) reported that for newly established coffee
plants, when all the other variables are held constant, growth and yield characters are
expected to increase almost exponentially up to a certain threshold above which the limits are
determined by the management practices applied. Wamatu et al. (2003) also reported that for
established coffee trees, biennial bearing phenomenon is common and coffee yields fluctuates
from year to year. The level of CBD infection was not significantly (p>0.05) different over
the two years but there was significantly (p<0.05) more CLR infection in 2008 than in 2007
(Table 2).
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Table 2. Seasonal effects on berry yields and disease infection.

Year Mean CherryYield Mean CBD Infection Mean CLR Infection
(kgl/tree) (%) (%0)
2007 0.91° 0.73 0.02°
2008 3.38° 0.69 0.16°
LSD (5%) 0.38 NS 0.22
CV% 23.13 38.24 18.35

There was significant negative correlation between cherry yields and both CBD (-0.62) and
CLR (-0.56) indicating that yields increased with increase in resistance to both diseases.
Regression analysis also revealed negative relationship between cherry yields and both CBD
and CLR infection (Figure 1). This was an indication of how major coffee diseases can lower
coffee yields even in potentially high yielding but susceptible varieties. Gichimu and Omondi
(2010) reported that production of resistant coffee cultivars is the most economical and
sustainable control strategy.

Regression Analysis between Regression Analysis between
Cherry Yield and CBD Infection Cherry Yield and CLR Infection
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Figure 1. Regression analysis between cherry yields and (a) CBD infection; (b) CLR
infection.

CONCLUSIONS

The study demonstrated that the three new varieties have a higher yield potential than the two
existing commercial cultivars, Ruiru 11 and SL28. The lines also possess good resistance to
CBD and leaf rust comparing well to the improved commercial cultivar, Ruiru 11. The study
also revealed that growing resistant coffee varieties can contribute greatly in vyield
improvement especially where no disease control is applied
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Vegetation sampling transects were taken at 10 x 20 m% In any plots were recorded type of
vegetation, tree height, diameter (dbh) and canopy cover. Understorey was identified on 2 x 2
m? plot. All types of crops included in the plot were recorded either their types nor
abundance.

Vegetation structure was measured by calculating the basal area, canopy percentage, and the
abundance of trees and non-coffee coffee. Diversity and richness of species between shade
coffee and coffee multistrata calculated and compared by t-test.

Shannon Diversity Index (H') was used to know diversity, and is calculated according to the
formula:

S
H'=-Xpipi2lg
i=1
e H'= Shannon-Wiever Diversity Index
e pi = proportion of i-th species abundance or the proportion between the number of
individuals species to-i(ni) of the total number of individual species (N) so that pi=
ni?N
RESULTS

Vegetation structure

Vegetation has a complex vertical profile both in shade coffee systems or coffee multistrata.
Both of them was found three vertical strata (C, D, E). The lowest strata are dominated by
shrubs with a height less than 1 m, while the three other strata are grouped into: 1-4 m,
4-20 m, 20-30 m; and taller than 30m. Each strata has a different species.

5000 -

4000 -
z 3000 -
m Shaded

£ 2000 - R
:
£ 1000 -
&

>30m [20-30m|4 -20m| 1 - 4m| 0-1m

A B ‘ c D E

Vertical Stratification

Figure 1. Average population per ha in each of vertical strata in the Coffee Garden
Coffee Garden Refuge and multistrata.

Both systems, coffee and shade coffee multistrata vegetation is dominated by small size (2
<dbh <10 cm). Almost 90-95% sample of individuals in shade coffee systems and coffee
multistrata has size 2 <dbh <10 cm, medium-sized 10 <dbh <20 cm in only 4-6% and on
shade coffee may not find an individual who sized 20-30 cm.

Average abundance of trees was 2525 trees ha™ (shade coffee) and 3937.5 ha™ tree (coffee
multistrata) with an abundance varies from 2250 to 5700 trees ha™* Shade tree used (81-85%)
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is a woody tree. No difference in the two systems both on the total basal area and canopy
closure (t = 1.34 p <0.05). Average basal area is 7.77 m? ha’ (shade coffee) and
17, 49 m? ha™ (coffee multistrata) was 61.76% canopy cover (shade coffee) and 68.63%
(coffee multistrata).

Table 1. Average structural variables and diversity and H ‘on the Refuge
and Coffee Coffee System multistrata.

Structure
Density (population/ha) 2,13 + 805,55
BA (m?/ha) 1,76 + 5,52
Canopy closure 1,34+ 514
Diversity
Species richness 4,74 = 0,13
H' 475+ 131

Vegetation Abundance

Coffee multistrata has 11 species and only three species was found in shade coffee. Coffea
sp. as main crops and Gliricidia sp. as shade trees has the highest Important Index Value; and
bananas at the second order. High value of IIP illustrates their spread and dominance.
Average species richness is 3 to 9 species per 200 m?. Shannon diversity index in both
systems were significantly different (t = 4.74, p <0.05) and also shown by different
signicificantly numbers of species (t = 4.75, p <0.05).

Table 2. Characteristic vegetation on coffee based agroforestry.

Important Value Index

Landuse Tree Species (%) Population/ha H'
Multistrata Gliricidia sepium 68,88 2212,5 1,88
Coffea canephora 5413 15875 2.06
var.robusta
Persea americana 8,92 25 0,15
Musa paradisiaca 21,68 212,5 0,80
Erythrina subumbrans 9,22 37,5 0,19
Durio zibethinus 9,51 50 0,22
Anthoceph&lllas cadamba 4,76 o5 0,10
Sapindus rarak 4,46 12,5 0,06
Mangifera indica 4,76 25 0,10
Parkia speciosa Hassk 8,92 25 0,14
Leucaena leucocephala 4,76 25 0,19
Shade Gliricidia sepium 95,43 1287,5 1,91
coffee
Coffea canephora
var robusta 91,47 1187,5 1,94
Albizzia falcataria 13,09 0 0,26
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Plants under the shade coffee system was 33 families where in the coffee multistrata 26
families. Families which are common are Caryophyllaceae, Amaranthaceae, Asteraceae, and
Commelinaceae. Species that dominate the two systems are Ageratum conyzoides, Panicum
sp., Achyranthes aspera, Synedrella sp., Synedrella nodiflora, Dendroenide, and Eupatorium
riparium.

DISCUSSION
Vegetation composition and diversity

Coffee management, will affect the composition and diversity of vegetation. Multistrata
coffee has a higher species diversity (9 species), due to farmers' efforts to increase their
income, so the dominance of Gliricidia sp. as shade trees was replaced with tree species
having economic value, such as avocado and durian.

There are 2 types of coffe plantation in our site, ie, shade coffee plantations with Gliricidia sp.
and shade coffee plantations with a mixture of Gliricidia sp., timber trees and fruit trees. This
condition is different from the coffee area at Sumberjaya Lampung, which has a coffee
plantation shade with three groups, namely, (1) shade coffee farm with fruit trees, (2) shade
coffee plantations with woody trees, and (3) coffee plantations with Erythrina subumbrans or
Gliricidia sp. (Budidarsono and Wijaya, 2004).

Shannon diversity index is very sensitive to see the dominance of a species (Bone et al.,
1997), this means that the low diversity in shade coffee systems associated with high
population of individuals C. arabica and Gliricidia sp. Index diversity is said low when
smaller than 2, medium (2-4), and high (> 4) (Barbour et al., 1987).

Species richness are also changing due to management changes where the diversity has
increased from 3 to 9 species. Understorey diversity is reduced from 64 species (shade coffee)
to 55 species (coffee multistrata). This occurs because the reduction of light entering the
bottom so the plant ability to compete taken the light is diminished.

Vegetation tructure

Diameter size distribution (dbh) are often used to show the vegetation structure of a land use
(Khan et al., 1987). Diameter size distribution patterns show that stands in plot area largely
consists of species with a relatively young age, although still found larger diameter on
multistrata coffee. Coffee abundance has declined with the increasing population of non
coffee species, either timber trees nor fruit trees.

Vegetation structure in the coffee multistrata is more complex due to various types of
vegetation with different strata. Vegetation height was less than 20 m, except in the coffee
multistrata there were height vegetation more than 30 m. Therefore, stratification type is C,
although coffee multistrata has type A. Both systems may not find the B type. This indicates
that the system multistrata coffee has more to resemble the structure of forest vegetation due
to the multi-layered canopy.

Coffee structure

Diameter classes of the coffee plant on both systems was similir. Most of the coffee plant has
a height between 1.5-2 m (88-90%), and only a small portion which has a height> 2.5 m (1-
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4%). Diameter class 2 <dbh <10 cm was 46% (coffee multistrata) and 34% (shade coffee).
Similar diameter distribution for both of landuse type occur because: (1) Coffee management
intensity (frequency of weeding), and (2) land use; are relatively similar. Population density
on multistrata coffee was higher, so there is competition nutrients uptake finally inhibit plant
growth. Coffee is still young too, so that farmers are still concentrate on new plants rather
than maintain the population structure of coffee.

Coffee sp. on multistrata system was lower (34%) than shade coffee (45%), and the Gliricidia
sp. As shade trees was higher (50%) compared to coffee as a main crop (33-44%). This is due
to farmers perception that the coffee takes time to grow, so they diversify with more
economical crops such as timber and fruit crops.

CONCLUSION

Multistrata coffee and shade coffee has a relatively similar vegetation structure, but not so
with the abundance and composition of stands and lower plants. Coffee multistrata more
diverse species, although the basal area and canopy closure did not differ because of young
age. Therefore, in the long term management plan should be a balanced composition between
the percentage of the population and the necessary shade to coffee production is maintained.
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Table 1. Plant height (cm) of coffee 36 months after transplanting.

Months after transplanting

*Treatment 3 6 9 12 15 18 21 24 27 30 33 36
1.5 m apart 41.0 51.7 56.6 64.5 73.8 82.1 914 105.6 114.3 125.0 137.1 149.5
20m “ 41.4 50.8 57.8 61.7 68.4 75.3 83.5 94.1 102.8 111.5 121.6 132.3
25m “ 40.5 51.6 55.9 60.2 66.5 72.2 78.7 89.3 97.4 104.6 112.3 119.7
30m “ 40.9 54.5 56.4 60.4 66.9 73.1 79.5 90.4 97.6 105.1 113.2 120.0
Mean 41.0 52.2 56.7 62.0 68.9 75.7 83.3 94.9 103.0 111.6 112.1 130.40
LSD (P=0.05) 0.51 2.32 1.11 3.39 4.63 6.20 8.00 10.30 10.91 13.10 15.83 19.34
* Legend.

Table 2. Stem diameter (cm) of coffee 36 months after transplanting.

Months after transplanting

*Treatment 3 6 9 12 15 18 21 24 27 30 33 36
1.5 m apart 093 | 101 | 113 | 148 | 153 | 159 | 164 | 168 | 1.73 | 1.76 | 178 | 181
20m “ 094 | 097 | 108 | 141 | 144 | 148 | 153 | 156 | 1.60 | 1.63 | 164 | 1.66
25m “ 072 | 083 | 091 | 106 | 1.10 | 1.13 | 117 | 120 | 124 | 126 | 127 | 1.29
30m “ 079 | 08 | 102 | 122 | 125 | 128 | 132 | 134 | 138 | 140 | 141 | 143
Mean 0.85 0.91 1.04 1.29 1.33 1.37 141 1.44 1.49 151 1.52 155
LSD (P=0.05) 050 | 012 | 013 | 0.26 | 0.26 | 0.28 | 0.29 | 0.30 | 0.30 | 0.31 | 0.31 | 0.32
* Legend.
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MATERIALS AND METHODS

The experiment was carried out at Cocoa Research Institute of Nigeria (CRIN), Uhonmora
Substation, Edo State-a derived savannah zone, on latitude 6°50°N and longitude 5°50 E with
an altitude of about 140 m above sea level. The coffee seedlings were obtained from the
substation nursery.

The experimental design was a randomized complete block with four treatments in three
replicates. These treatments were; spacing of 1.5 m x 1.5 m (4444 plants/ha), 20 m x 2.0 m
(2500 plants/ha), 2.5 m x 2.5 m (1600 plants/ha) and the control 3.0 m x 3.0 m (1111
plants/ha). Parameters considered on monthly basis were plant height, stem diameter, leaf area
and canopy spread. Survival count at the first dry season of field establishment. Data collected
were subjected to statistical analysis of VVariance (ANOVA) and LSD was used to separate the
means that were significant.

RESULTS AND DISCUSSION

The result of survival count carried out the first dry season after transplanting gave a survival
rate of over 95% in all the treatments without any significance different between them. Table
1-3 showed results obtained on the morphological parameters of all the treatments. There
were no significance different observed in plant height, plant girth and leaf area during the
first six months of field establishment. However, the 1.5 m x 1.5 m spacing was significantly
higher (P< 0.05) in plant height than other treatment. It was closely followed by 2.0 mx 2.0 m
spacing. There were no significance difference between 2.5 m x 25 mand 3.0 m x 3.0 m
spacings. The same trend was observed in stem diameter except 3.0 m x 3.0 m spacing that
was higher than 2.5 m spacing in all the months without any significance difference between
them. On the leaf area, the 1.5 m x 1.5 m spacing was highest and significantly higher (P<
0.05) than 3.0 m x 3.0 m spacing but not significantly higher than 2.0 m and 2.5 m spacings in
almost all the months.

These morphological results of better growth in closer spacing than wider spacing might have
been due to optimum utilisation of soil nutrient status with more plant population than
scattered plant population with the spacing occupied by weed that compete with the coffee for
nutrients. This agreed with the recent common farming practices adopted in East Africa for
closer spacing of 2.74m x 1.37 m (2658 trees/ha) to traditional spacing of 3.0 m x 3.0 m (1111
trees/ha) (Rene, 1992). The result was also in agreement with earlier report of good
performance in cocoa, a beverage crop like coffee planted at higher density of 5000 trees/ha
in Malaysia (Wintgens, 1991). Also, for cocoa in Colombia, the closer spacing with plant
population of 2500 trees/ha have been found to give better performance than wider spacing as
reported by Gutierrez (1981). Therefore, the closer spacings of 1.5 m x 1.5m and 2.0 m X
2.0m that gave better performance than wider spacings could be recommended to coffee
farmer in Nigeria for higher berry yield which should be supported by regular pruning
practices when they are matured in the field.
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Intercropping is the practice of planting two or more crops simultaneously on the same piece
of land and is mostly practiced among the various forms of multiple cropping. Intercropping
had been reported to increase crop diversity, biological stability of the ecosystem and labour
efficiency, Okigbo (1977). Oil palm, coffee, cocoa and kola have been successfully
intercropped with their tree and arable crops (Ofoli and Lucas, 1988; Okpala, Jose and Lucas,
1989 and Famaye, 2005). Intercropping in coffee that was carried out to provide foods and
incomes to farmers in Nigeria is usually carried out at early stage of field establishment before
they close canopy and during rehabilitation of the old farms (Famaye, 2000). Suitable
intercropping system have been achieved in coffee with arable crops like cassava, maize,
cocoyam, sweet potato, okra and pepper (Famaye, 2003, 2005 and Okelana, 1982) but none
yet on rice. Despite the various advantages derivable from rice as one of the choice staple
food eaten by all and sundry in Nigeria, efforts have not been taken to intercrop it with coffee.
Rice had been reported to be successfully grown as cover crop in young coffee, cacao, citrus
and rubber trees in Japan, Brazil, Cote’Divore and Thailand (CTA 1993). Following the world
food crisis in which Nigeria experienced high cost in rice as a result of short supply from
exporting nations few years ago, it now becomes imperative for coffee farmers to intercrop
with rice. Apart from food, they will equally get adequate income from rice at the early stage
of field establishment when coffee has not started bearing berry to improve their livelihood.
Therefore, the objective of this study is to evaluate the performance of coffee when
intercropped with rice and plantain at early stage of field establishment.

MATERIALS AND METHODS

This study was carried out in Cocoa Research Institute of Nigeria (CRIN), Uhonmora
Substation 6°50° N, 5°50” E) (utilsol) with altitude of about 140M above sea level in the year
2007 and 2008. Uhonmora is located in the derived savanna zone of Nigeria. The ripe berries
of Coffea canephora (robusta coffee) was obtained from the substation’s plot and the coffee
seedlings were raised in the nursery. Plantain suckers were also obtained from one of the
station’s plot. While local rice variety was obtained from Ekpoma market, a community noted
for Ekpoma local rice production in Edo State, Nigeria.

Land preparation was done and all trash and trees were removed. The experimental design
was randomized complete block (RCBD) with four treatments comprising of coffee sole,
coffee/rice, coffee/plantain and coffee/rice/plantain replicated three times. Parameters
considered were physical and chemical properties of the soil at the beginning of the
experiment, survival count, as well as plant height, stem diameter, and leaf area. Yield of rice
(grain) and plantain (bunch) were also collected. The data collected were subjected to
statistical analysis of variance and LSD was used to separate the means that were significant.

RESULTS AND DISCUSSION

The result obtained on the physical and chemical properties of the study location is shown in
Table 1. The soil pH of 5.3 was adequate for coffee as earlier reported (Sylvian, 1958). On
survival count carried out after the first dry season of transplanting over 98% was obtained in
all the treatments without any significant difference (P < 0.05) between them. Tables 2, 3 and
4 show the plant height, stem diameter and leaf area of coffee in the different intercrops. The
plant height was higher in coffee/plantain closely followed by coffee sole than other
treatments with the least recorded in coffee/rice/plantain. On plant diameter and leaf area, the
highest was coffee/plantain followed by coffee/rice which was a change in trend compared to
the plant height of coffee sole. There was no significant different between coffee/rice and
coffee/plantain intercrops. However, there were significant different (P < 0.05) between them
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and coffee/rice/plantain. The good growth performance recorded in these two intercrops
indicated that there were no deleterious effects of intercropping coffee with rice and plantain
at early stage of field establishment. This agreed with earlier work reported on beneficial
effect of intercropping some food crops with coffee, (Famaye, 2000, 2003 and 2005 and
Okelana, 1982), cocoa, oil palm and kola (Adenikinju, 1980, 1986, Ofoli and Lucas, 1988;
Okpala Jose and Lucas, 1989). In Thailand, Japan, Brazil and Cote ‘Divore, rice have been
successfully grown as cover crop with young coffee, cocoa, citrus and rubber trees (CTA,
1993).

The average yield of rice (grain) and plantain (bunch) is shown in Table 5. The yield obtained
in the intercrops were as high as their sole crops. This affirm beneficial effect on food
production other than better morphological growth recorded due to intercrops as earlier
reported as advantage in intercropping (Herrera and Harwood 1973, Okigbo and Greenbad,
1975 and Okigbo, 1977). Therefore, coffee/rice and coffee/plantain intercrops which are of
good plant growth and food production that reduce problem on food crisis could be
recommended to coffee farmers at juvenile stage in Nigeria to boost rice production instead of
sole planting.

Table 1. Soil physical and chemical properties of the Experimental site at the beginning
of the experiment.

Soil Properties Uhonmora
pH (H0) 53
% Organic carbon 0.83
% Total Nitrogen 0.08
Available P (mg/kg) soil 7.16
Exchangeable K (c mol/kg) soil 0.06
Exchangeable Ca (c mol/kg) soil 2.70
Exchangeable Mg (c mol/kg) soil 0.05
Exchangeable Na (c mol/kg) soil 0.02
% Sand 78.6
% Silt 9.3
% Clay 12.1
Soil classification Ultisol
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Table 2. Mean plant height (cm) of coffee intercropped with rice and plantain, months after transplanting (Sept. 07 — Sept. 2008).

Treatment S O N D J F M A M J J A S
Coffee sole 24.8 28.4 36.4 39.4 44.3 49.4 50.2 53.1 55.2 56.6 58.3 60.9 62.5
Coffee/rice 20.6 26.9 32.6 36.5 40.7 45.3 47.9 50.8 52.0 54.7 57.9 60.7 63.6
Coffee/Plantain 24.5 27.6 36.2 39.7 45.9 50.5 52.5 57.3 60.7 62.9 65.4 67.5 69.8
Coffee/rice/plantain | 19.6 24.9 30.2 32.8 34.7 35.4 36.9 38.8 41.7 42.4 43.6 43.9 445
Mean 22.4 27.0 33.6 37.1 41.4 45.2 46.9 50 52.4 1.15 56.3 58.3 60.1
LSD(P=0.05) 3.67 2.06 3.83 4.42 6.84 9.47 9.52 10.96 11.00 11.82 12.59 13.88 15.0

Table 3. Mean plant diameter (cm) of coffee intercropped with rice and plantain, months after transplanting (Sept. 07 — Sept. *08).

Treatment S ®) N D J F M A M J J A S
Coffee sole 0.55 0.67 0.77 0.85 0.93 0.97 0.99 1.04 1.08 1.1 1.1 1.2 1.2
Coffee/rice 0.48 0.59 0.72 0.83 0.91 0.99 1.05 1.09 1.12 1.19 1.20 1.23 1.28
Coffee/Plantain 0.50 0.63 0.83 0.90 1.05 1.09 1.14 1.18 1.23 1.29 1.36 1.40 1.51
Coffee/rice/plantain 0.42 0.58 0.63 0.77 0.80 0.84 0.89 0.92 0.97 1.01 1.03 1.06 1.10
Mean 0.49 0.62 0.74 0.84 0.92 0.97 1.02 1.06 11 1.15 1.10 1.23 1.28
LSD(P=0.05) 0.74 0.05 0.12 0.07 0.14 0.14 0.14 0.15 0.15 0.16 0.19 0.19 0.23
Table 4. Mean leaf area (cm) of coffee intercropped with rice plantain, months after transplanting (Sept '07 — Sept. 2008).
Treatment S ®) N D J F M A M J
Coffee sole 121.52 129.30 | 139.33 | 165.33 | 191.00 | 197.33 | 202.00 | 209.20 | 213.31 217.16
Coffee/rice 120.88 130.42 | 143.67 | 187.67 | 193.67 | 205.67 | 209.01 | 212.01 | 219.67 225.42
Coffee/Plantain 126.23 133.65 | 149.00 | 198.00 | 210.33 | 221.67 | 229.34 | 235.35 | 243.65 248.93
Coffee/rice/plantain 122.23 126.35 | 131.67 | 257.67 | 274.67 | 287.33 192.0 196.46 | 198.00 201.20
Mean 122.71 129.93 | 140.92 | 177.17 | 192.42 203 208.09 | 213.34 | 218.66 223.18
LSD(P=0.05) 3.32 4.16 10.09 25.96 20.12 20.02 21.76 22.32 26.15 27.41
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Table 5. Average yield of rice and plantain in t/ha on intercrops with coffee.

Treatment Yield t/ha

Grain Bunch
Sole rice 2.0 -
Sole plantain - 62.0
Coffeelrice 2.0 -
Coffee/plantain - 61.9
Coffee/rice/plantain 1.9 61.5
Mean 1.97 61.80
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Figure 2. Structure and organization of the Costa Rican coffee value chain.
RESULTS

In Kenya, small coffee farmers are members of cooperatives to which they provide (not sell)
their cherry(D. In Costa Rica, farmers sell their cherry to the washing station of their choice.
The competition for cherry is high between cooperative and private sector @). There is no
national market for coffee in Kenya as it exists and develops in Costa Rica (2), providing
more market opportunity. In Costa Rica, the cooperatives have integrated the export function
and they compete with the private exporters

According to coffee act, Kenyan farmers should receive at least 75% of the auction price. In
Costa Rica, ICAFE implements a mechanism of regulation of the distribution of the margin
within the commodity chain (‘liquidation price’) and finally receives 91% for the same
(Figure 3). Although higher internal costs and margin for processing and trading function,
Costa Rican system guarantees a fairer price to farmers and a better reward of quality
(Figure 3).
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CONCLUSION

Kenyan and Costa Rican coffee value chain are based on different philosophy to protect
farmers’ interests: in Kenya, the auction system aims to protect farmer but there’s no
competition within the chain and the cooperative efficiency is not stimulated. On the opposite,
in Costa Rica, farmers’ protection is achieved through a powerful mechanism implemented by
ICAFE (‘liquidation price’) which enables competition within the chain leading to greater
return to farmers and higher yield. Since 2007, the Kenyan value chain has been reorganized,
cooperatives being incited to compete with traders for direct sells. But the competition
between washing stations is still avoided. From the social point of view, this organization may
have preserved the stability of the coffee production sector in Kenya. Its market efficiency is
not demonstrated yet as the move to direct sells option is currently still limited.
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e To identify production and marketing constraints and how these affect the prospects of
a sustainable coffee industry in Ghana.

STUDY METHODS AND AREAS COVERED

To achieve the above objectives both primary and secondary data were collected. The primary
data collection employed two different survey methods: informal and formal. The objective of
the informal survey was to get first hand information about current areas of cultivation and
constraints and help focus questionnaires administration in the formal survey on the important
issues identified that require further investigation and quantification. Given the fact that the
crop cultivation is no longer uniformly distributed throughout the 6 producing regions, the
team first of all visited regional and/or district offices of other divisions of COCOBOD
particularly those of the Cocoa Swollen Shoot and Virus control (CSSVDU) where the
various officers were engaged in an informal dialogue concerning the cultivation and
marketing of coffee in their areas of operation. Other key informants contacted were staff of
the Ministry of Food and Agriculture (MOFA), Licensed Buying Companies (LBCs) and
other marketing agents. The team then visited communities and/or farms identified as
important coffee growing areas where individual or group of farmers were involved in
informal discussions concerning their coffee cultivation and marketing practices and
constraints. In all cases the interviews were facilitated by the use of a checklist or interview
guide.

Following the findings of the informal survey, a questionnaire was designed, pretested and
administered to farmers in all the important coffee growing areas in the country. Due to the
dwindling numbers of farmers in some areas, the enumerators tried to interview as many
farmers as possible who still had coffee farms (maintained or abandoned) as at the time of the
survey (March-June, 2009). However, in areas of high concentration like Nkawkaw and
Hohoe cocoa districts a complete list of all farmers were drawn and a proportional random
sample of ten to twenty farmers drawn and interviewed giving a total sample size of 335. The
responses were then analyzed using statistical methods.

RESULTS
Informal Survey

Results from the informal survey indicate that coffee cultivation in the country is now
concentrated in clusters mostly along the borders. Given the current low levels of production
it makes a lot of economic sense for cultivation and marketing activities to be concentrated at
these locations as this helps to reduce cost of marketing. Lack of information on grower
recommendations is one of the major constraints to coffee production in Ghana (Oppong et
al., 2010).

Though the Cocoa Research Institute of Ghana (CRIG) has some technologies for coffee
cultivation (Adu-Ampomah et al., 1993; Oppong et al., 2010) the generally low priority rating
for the crop has meant low transfer and hence adoption of these technologies by farmers. Due
to the few marketing agents currently engaged in the coffee trade producer prices seem to be
uniform throughout the country and ranged between 25-30 Ghana Cedis per bag (GHC 1.45 is
equivalent to $1) of 65 kg unhulled coffee during the time of the survey in February/March
2009. The price for 2008 ranged between 20 and 25 Ghana Cedis. The price of hulled coffee
around Dorma Ahenkro which is determined by companies in Cote De Voire was around 400-
500 francs per bag.
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Formal Survey
General demographics of farmers

Generally most (88.4%) of the respondents were males, few farmers were within vibrant
working age groups (20-39 years). Majority (87%) of the farmers were married whilst few
(5.1%) were widowed. Fifty-five percent of the respondents had from six to ten people in their
households. Generally, 75% of the respondents were natives but none of the farmers belonged
to a farmers association.

Characteristics of coffee farms and some production practices amongst coffee farmers

The total area under coffee cultivation in Ghana, was about 13,300ha during the period 1970 -
1980 and reduced to about 3,200ha in 1985 (World Bank, 1990). The reduction in area could
be attributed to lack of interest to cultivate coffee over the past decades due to decline in
world market prices (Anim-Kwapong and Osei Bonsu, 2000). As at the time of survey, the
total land area cultivated by the respondents was 3988.20acres (1595.28hectares) out of which
36.4% (1452.5acres) was cultivated to coffee and 63.6% (2535.7acres) cultivated to the other
crops. On the average, respondents cultivated three fields per annum but mostly cultivated one
of the three fields (87%) to coffee. Sixty- eight percent (68%) of respondents were owner
operators. All respondents had destroyed part of their coffee farms ranging from 0.5 - 2 acres
(77%) and 2.5- 5 acres (23%) with crops they considered more profitable compared to the
cultivation of coffee. It was revealed that only few farmers (9%) applied fertilizer to their
coffee fields. Majority (55%) weeded their farms twice in a year. One main factor that
contributes to low coffee production in Ghana is the use of wrong or poor planting material
(Anim-Kwapong and Adu-Ampomah, 2000).The study revealed that, most farmers (87%),
planted by direct seeding from berries harvested from their own farm, 12% of farmers used
cuttings, 0.6% who acquired already established farms through either inheritance or outright
purchase could not tell the type of planting material on their farms and 0.3% used both seed
and cuttings. Of the whole sample, 77.2% of farmers provided shade for their farms. The
knowledge and information system for coffee has also broken down hence most farmers are
not aware and have not adopted good farm management practices.

Coffee production trends, marketing agents and constraints

The total quantity of coffee sold in 2008 was 40140.79kg with an average price of GhC 0.63
per kilogram (Table 1). Most (31%) coffee farmers sold their coffee to coffee buyers within
their communities (Figure 1). Lack of market/or low producer price (52%) constitute the two
most important constraint (Figure 2) followed by low access to information (16%).

Table 1. Price trends and quantities sold from 2005 to 2008.

vear | samlesis | Atedient | Avage e | Tod e
2008 258 155.58 0.63 40140.79
2007 261 138.36 0.53 36112.00
2006 244 151.33 0.48 36925.38
2005 220 134.84 041 29665.55
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Figure 2. Constraints in the coffee industry.

CONCLUSIONS

It is concluded that, the state of coffee cultivation is far from the desired. Lack of proper
marketing systems appears to be the main problem of farmers. To revive coffee sector in
Ghana, market structures should be put in place just like the case of cocoa. With the launch of
a new extension systems for cocoa, coffee education could be included to whip up farmers’

interest.
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control phytophagous mites and several small insects (McMurtry et al., 1970; Grout and
Richards, 1994).

The majority of phytoseiid mites are facultative predators that feed on a wide range of prey
including red spider mites, gall and rust mites and small insects. Other species feed on
nematodes, fungal spores, pollen, honey dew and exudates from plants, but rarely on plant
tissue (Zhang, 2003; Vega et al., 2007). However, factors such as hot-dry conditions (El-
Banhawy, 1995), prey density and time of release (Chant, 1961; Sandness and McMurtry,
1970; Hairyappa and Kurkani, 1988; Zhang et al., 1992) and the great sensitivity of
phytoseiids to most insecticides (McMurtry et al., 1970) limit their efficiency.

Agricultural sprays, especially the fungicides, insecticides and acaricides negatively affect the
natural enemies of insect pests and mites’ species. Most commonly used insecticides have a
more or less broad spectrum activity and drastic effects on the predacious mites (Bartlet,
1964; Huffaker et al., 1969). As a result, many scientists have searched for selective
pesticides that can control target pests but exhibiting low toxicity towards phytoseiids. These
kinds of insecticides are rare because most products are designed and marketed on the basis of
their wide spectrum action (Croft, 1972). Despite this, studies have shown that strains of
phytoseiids can develop resistance particularly to organophosphorous compounds (Croft &
Jeppson, 1970; Motoyama et al., 1970; Croft & Meyer, 1973; Croft and Stewart, 1973;
Grande and Ingrassia, 1988). Such resistance may also be present on predacious mites
occurring in coffee, particularly where some organophosphate compounds like Chlorpyrifos
(Dursban 480 EC) are heavily sprayed and over a long period of time (Pers. observ.).
Therefore, this work studied the dynamics of E. kenyae under coffee sprayed with
Chlorpyrifos in Kenya.

METHODS

An experiment was laid out at Coffee Research Station (CRS), Ruiru in a main coffee block
with mature trees of Arabica coffee hybrid, Ruiru 11 known to be resistant to two main coffee
diseases; Coffee Berry Disease and Leaf Rust for three successive years (2006-2008). The
trees had a planting of close spacing of 2M x 2M giving a total of 2500 trees per hectare.
Agronomic practices such as pruning, liming, handling and weeding were carried out as
recommended during the trial period. The main coffee block was sub-divided into three sub-
blocks. Five rows were left between the sub- blocks as the guard rows. The three sub-blocks
were differently applied with N.P.K 17:17:17, Organic fertilizer and N.P.K 22:6:12. In all the
sub-blocks, Gypsum (Lime/calcium source) was applied at a nominal rate of 300 g/tree
annually to improve the Calcium level and maintain PH level of between 4.4- 5.4,

In each sub-block, Chlorpyrifos (Dursban 480EC) and untreated (control) were applied as the
treatments, each in a plot of 16 coffee trees. Using a Randomized Complete Block Design,
each treatment was replicated four times in each sub-block. Two rows of coffee trees were left
between the plots as guard rows.

Four coffee trees at the center of each plot were sampled fortnightly to monitor the population

levels of predacious mites. The mites were dislodged from coffee trees using a beating stick
for one minute, collected in a collecting board, counted and recorded.
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RESULTS

Following application of Chlorpyrifos against the Coffee Berry Borer during the period 2006-
2008 (two applications per year in June/July), the population of E. kenyae under coffee sub-
block fertilized with NPK 17:17:17 remained low in the first five months (August —
December 2006) before fluctuating in the first six months of 2007, with peaks in January and
May and a depression in March 2007 (Figure 1). In 2007, insecticides application was done
when the population was low (< 2 mites /sample) but the population remained low for only a
month before fluctuating again with peaks in September and November and a depression in
October 2007. The population remained low from December 2007 up to April 2008 when it
started to rise again. Although application of the insecticides in June/ July 2008 was done at
peak population, it resulted in only a transient (one month) population reduction with the
population of the mites peaking at an even higher level in August before it started to oscillate
again (Figure 1). Similar population trends occurred in all the other coffee sub-blocks under
the different fertilization regimes but with subtle differences in the abundance of the mites
(Figures 2 and 3). These population trends indicated a progressively increasing tolerance or
resistance of E. kenyae to the insecticides. In all the sub- blocks, the population of mites was
lower in plots sprayed with Chlorpyrifos as compared to the control.
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Figure 1. Population trends of Euseius kenyae on coffee under NPK 17:17:17 fertilizer
following application of Chlorpyrifos.
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Figure 2. Population trends of Euseius kenyae on coffee under organic compost (NPK
0.8:0.2:1.0) following application of Chlorpyrifos.
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DISCUSSION

Biological control is one of the options towards ecologically viable solutions in pest
management. Normally predacious mites, control small insects such as thrips and contain
them below economic injury levels. Field experiment was conducted to investigate the effect
of Chlorpyrifos on predacious mites under different fertilizer regimes. The predacious mite, E.
kenyae population during the start of this study was low especially in year 2006. This
increased with time despite the application of chlorpyrifos. It was expected that as
chlorpyrifos was sprayed, the population of predacious mites was rapidly to drop possibly to
zero. This never occurred, meaning that the mites progressively acquired some resistant to
chlorpyrifos. Under such a situation the survival of predacious mites was an advantage as they
controlled secondary pests of coffee such as thrips and red spider mites. It is known that
agricultural sprays (Pesticides) affect the natural enemies of phytophagous mites and other
insect pests (Barlet, 1964; Patterson, 1966).This work confirmed these findings. Though this
was the case, the predacious mites progressively developed resistant to Chlorpyrifos that led
to increased number of mites with time hence control of secondary pests of coffee. Past
studies have indicated that as a result of regular use of insecticides, species of predacious
phytoseiid mites could develop resistance to insecticides. Such resistance has been detected
from phytoseiid mites such as Neoseiulus fallacis (German), Metaseiulus occidentalis
(Nesbitt), Phytoseiulus persimilis A. - H., Amblyseius cydnodactylon Shehata & Zaher
(Motoyama et al., 1970; Croft and Meyer, 1973; Roush and Hoy, 1981; El- Banhawy et al.,
2000).

The present investigations indicated that under coffee agro-ecosystems, resistance occurred on
populations of E. kenyae after their exposure to Chlorpyrifos, a commonly used insecticide in
management of key insect pests such as the Coffee Berry Borer.
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Recent observations point toward a growing number of farms being put under shade. While
part of the reason is an effort towards improved environmental management, a lot more could
be as a result of addressing other objectives such household energy needs, food security and
income diversification. This survey was therefore carried out to assess farmers’ perception
regarding the use of shade trees in coffee in order to formulate strategies for promoting coffee
agroforestry.

MATERIALS AND METHODS

The baseline field survey was undertaken, in the main coffee growing areas in Central,
Eastern, Nyanza and Rift Valley provinces in Kenya (Table 1), between November 2008 and
March 2009. The farm/household units, located in Upper Midland (UM) zones 1, 2 and 3
were selected through a multi-stage sampling approach. The areas were grouped into 7
clusters which were Meru, Embu/Kirinyaga, Nyeri, Murang’a, Machakos, Kiambu/Thika and
West of Rift. The survey was conducted through farm/household visits and it covered 185
units which were distributed as shown below (Table 1).

Table 1. Distribution of sample units in the farm/household survey.

Cluster Sample size

UM1 UM?2 UM3 Total
Meru 12 12 12 36
Embu/Kirinyaga 12 12 12 36
Nyeri 6 6 6 18
Murang’a 4 12 - 16
Machakos - - 18 18
Kiambu/Thika 6 24 - 30
West of Rift - 31 - 31
Total 40 97 48 185

Data from the farm/households were adduced structured interviews. The data gave insight into
the prevalent shade practices and the benefits.

RESULTS AND DISCUSSION

Though coffee is traditionally grown in un-shaded condition in Kenya, it was observed that an
increasing number of farms were being put under shade. A large number of farmers in
Murang’a (75%), West of Rift (74.19%), Kiambu/Thika (70%) and Machakos (66.67%)
practiced shade coffee farming. They showed a higher preference for exotic trees that ranged
between 2.78 to 67.74% as compared to indigenous 0 to 37.5% (Table 1). In Embu/Kirinyaga
and Nyeri clusters the use of shade trees was particularly low at 2.78 and 5.56% respectively.

Coffee has been mainly grown as a mono crop in full sun, under optimal conditions (cool
temperatures, high humidity and adequate rainfall). These growing conditions often make
shade seem unnecessary. These may explain the low of incidence of shade in areas such as
Nyeri and Embu/Kirinyaga. However, it was observed from the survey that many farmers
appreciated the benefits of establishing trees in their coffee fields.
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Table 2. Prevalence, types and benefits of shade trees in Kenya coffee.

% Type % Reasons for Planting
Cluster .. .
% Practicing | |ndigenous Exotic Adve.rs:e w_eather Aesthetic value _Tree vigour Uniform cropping
mitigation improvement
Meru 33.33 5.56 2.78 2.78 0.00 0.00 0.00
Embu/ 278 2.78 2.78 0.00 0.00 0.00 0.00
Kirinyaga
Nyeri 5.56 0.00 5.56 5.56 0.00 0.00 0.00
Murang’a 75.00 37.50 43.75 18.75 0.00 6.25 0.00
Kiambu/ 70.00 20.00 60.00 3.33 0.00 16.67 10.00
Thika
Machakos 66.67 0.00 33.33 22.22 0.00 0.00 0.00
West of Rift 74.19 25.81 67.74 38.71 12.90 6.45 12.90
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Table 3. Additional benefits of shade trees in Kenya coffee.

Cluster % Mulch % Firewood | % Extra income % Crlno‘;setrrig(l:;uon
Meru 2.78 2.78 0.00 0.00
Embu/Kirinyaga 2.78 0.00 0.00 0.00
Nyeri 0.00 0.00 0.00 0.00
Murang’a 25.00 56.25 50.00 31.25
Kiambu/Thika 33.33 50.00 30.00 40.00
Machakos 38.89 27.78 16.67 5.56
West of Rift 16.13 67.74 9.68 32.26

The reasons given for planting shade trees included adverse weather mitigation, uniform
cropping, tree vigour improvement and aesthetic value. Farmers in Murang’a (18.75%),
Machakos (22.22%) and West of Rift (38.71%) cited adverse weather mitigation as a reason
for planting shade trees. In Kiambu/Thika, 16.67% of farmers said that shade trees improved
coffee tree vigour. In West of Rift, 12.9% of the farmers considered shade to contribute
towards both uniform cropping and landscape beauty (Table 2). Other benefits of shade trees
alluded to by farmers included provision of mulch, firewood, construction materials and as
source of extra income (Table 3).

It has been observed in many situations that coffee can grow well without shade, sometimes
producing higher yields than shaded coffee (Beer et al., 1998). Nonetheless, shade coffee
systems have tremendous potential for biodiversity conservation of tropical plant and animal
species due to their complex biophysical structure (Perfecto et al., 2005). It has also been
demonstrated that agroforestry systems are among the most promising land uses for achieving
both conservation goals and supporting livelihoods (Buck et. al., 1999; Huxley, 1999; Leakey,
1999).

The beneficial effects of shade trees may be crucial in many coffee producing areas in Kenya
that are considered marginal for intensive production systems. The survey highlighted the
need to undertake studies on the impact of shade on coffee yield and quality since little work
(Kimemia, 2004) has been carried out on these factors. The selection of appropriate shade
trees that address the areas of mulch, firewood, timber and extra income including the
management of the trees should be the main focus.
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While empirical studies have shown that the productivity of coffee is enhanced by insect
pollination, rarely have management practices been included in such analyses (Klein et al.,
2002; Roubik, 2002; Klein et al., 2003a, c, b; De Marco and Coelho, 2004; Ricketts, 2004,
Ricketts et al., 2004; Vergara and Badano, 2009). However, various management practices are
implemented during the 10 to 11 month maturation period of coffee, the least one being
fertilisation. Moreover, during the same maturation period, environmental conditions, such as
rainfall, also influence coffee maturation. Therefore the positive effect of pollination at fruit
set (i.e. 5 to 7 weeks after flowering) might be reduced by the effects of management
interventions (Bos et al., 2007). Assessing the real impact of pollination on harvested berries
in the broader context of farmer’s management decisions might therefore leads to incentives
for securing pollination services at the landscape scale.

In Kodagu, a major coffee-growing region in southern India, we investigated the contribution
that bee pollination makes to coffee production in the context of fertilization, irrigation and
shade management practices as well as environmental variables.

MATERIALS AND METHODS
We selected 113 sites located at least 1 km from one another and growing Coffea robusta

trees between 20 and 40 years of age. In each of these sites, we collected data on coffee
production, management practices and insect pollination.

Coffee production

We monitored coffee production on 10 coffee bushes per site, by selecting 5 branches in each
tree, with each of the branch having 6 clusters. We counted the number of flowers and fruits
on these 300 clusters per site at several time during one growing season (about 11 months):
flowering time, five weeks after flowering (fruit set), before and after the monsoon, and
finally at the harvest time.

Management practices and environmental variables

Data on shade level and shade tree density were collected through field surveys on two plots
of 314 m? located around our coffee trees. Management practices, in particular fertilisation
(NPK and lime), pruning regime, number of weedings per year, soil management practices
(soil surface scrapping), were recorded through interviews with planters.

Pollination service

Between 3 and 8 simultaneous observations of 15 minutes each were carried in our sites on
the day of flowering. During the observations, the number and species of the insect visitors
were recorded.

Statistical analyses

Linear models were used and data transformed when necessary.

RESULTS AND DISCUSSION

Our results show that even taking into account management decisions, bee abundance
contributes more to coffee production in terms of number of berries harvested than other
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management practices, such as NPK fertilisation (Table 1, Figure 1). Bee abundance,
however, is highly contingent upon management actions, particularly irrigation (Figure 2).
Indeed, bee abundance at any one site was mainly driven by irrigation, which triggered
asynchronous flowering and concentrated bee foraging. Raising awareness among coffee
growers of the role of asynchronously irrigating can potentially contribute to improve
quantitatively and qualitatively coffee production.

Table 1. Result from the linear model analysis showing the final model where only
significant (or marginally significant) variables are remaining. The result show that
lime, bee visitation, number of flowers and rain on the flowering day all have an impact
on coffee production.

Coffee production sign F p-value
Lime application + 22.7 0.001
Bee visitation x Number of flowers + 134 0.001
Rain on the flowering day - 8.7 0.004
Density of native shade trees + 1.9 0.06
|
g 24
5 7
SICI 315 4|0

Number of Initial Flowers

Figure 1. Plot of the number of harvested berries as a function of the number of initial
flowers, showing the regression lines for sites which received low bee abundance (0<
bees <1 individual per observation), medium bee abundance (1< bees <10 individuals
per observation) and high bee abundance (10< bees per observation).
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Figure 2. Bee abundance as a function of the number of plantations flowering on the
same day. The numbers on top of the graph indicate how many sites flowered under
such conditions: plantations flowering alone (under the category “1”) numbered 13,
those flowering simultaneously with one other plantation (under the category “27)
totalled 10, while those flowering with two other plantations (under the category “3”)
were nine. All the plantations in the categories one to three were artificially irrigated.
Four of the 16 co-flowering plantations (in the category “16”) were irrigated; and the
flowering in the 75 co- flowering plantations was stimulated by rainfall.
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frequently beverage quality better than other commercial varieties selected for the high yield,
confirming the real genetic potential of the Bourbon types to produce high coffee quality.
However, to get reliable information about beverage quality by genotype comparisons it is so
important that all genotypes have been cultivated in the same site and have received the same
post harvest processing to avoid possible interferences in the cup quality. To attend the recent
needs by new Bourbon varieties in Brazil, the IAC restarted its Bourbon Breeding Program
and at this time several Bourbon progenies are being studied in field trials to identify
promissory genotypes to specialty coffee production in Brazilian conditions.

The beverage quality assessment done by trained coffee tasters and the prescribed sensory
evaluation procedures method provides specific and reliable data about each coffee genotype
and can be used successfully for screening in breeding selections to coffee quality
improvement. In this research were done some specific studies about coffee quality focusing
the sensory profile of some Bourbon lines comparing with commercial varieties aiming to
identify promissory Bourbon genotypes for cup quality improvement and offer new
perspectives to the specialty coffee production in Brazil.

MATERIAL AND METHODS
Study site and test varieties

The experiment was carried out at Recreio Estate Coffee, a recognized Brazilian farm by its
high quality coffees in the Northwest Region of Sdo Paulo State, Brazil. A total of eighteen
Coffea arabica genotypes were used in this study (Table 1). Many of them are elite Bourbon
genotypes that present high genetic potential for use in coffee breeding programs aiming the
cup quality improvement, including two commercial varieties, Mundo Novo and Catuai,
which served as reference for quality and yield evaluation. Each of the genotype was
represented by ten trees disposed in the field in a Randomized Complete Block Design with
three replications.

Harvest and processing

Cherry samples were collected during the peak harvesting period of July-September, 2009.
Ripe health fruits were harvested by hand from each of the experimental plot and processed
using semi washed processing procedures, where the light and unripe fruits were removed out
from the cherry fruit lot. The fruits were pulped leaving only the pulped coffee cherry (natural
pulped coffee) and the parchment coffees were sun dried until the moisture content reached
11% (wb). After hulling the beans were graded by round perforations screens and for the
sensory evaluation only 16, 17 and 18/64 inch screen size without defective beans were used.

Sensory evaluation

The sensory analyses were done according to the Specialty Coffee Association of America
(SCAA) prescribed procedures. The beverage quality assessment was done by descriptive
analysis of cup quality for each coffee sample from respective experimental plots. Roasting of
green coffee beans was done to attain a light to light-medium roast (Agtron scale of
approximately 58 on whole bean and 63 on ground, +/- 1 point) using a Probat laboratory
roaster within 24 hours of evaluation and allowed to rest for at least eight hours. The roast
was completed in no less than 8 minutes and no more than 12 minutes.
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Table 1. Coffea arabica varieties studied in this research, Sdo Sebastido da Grama,

Brazil, 20009.
Reference Varieties Origin
1 Red Bourbon Procafé - Varginha
2 Red Bourbon Faz. Sdo Jodo Batista - Campos Altos
3 Yellow Bourbon Epamig — Machado
4 Yellow Bourbon Faz. Betania — Santo Antonio do Amparo
5 Yellow Bourbon Faz. Daterra - Patrocinio
6 Yellow Bourbon Faz. Castro — Carmo de Minas
7 Yellow Bourbon Faz. Nogueira — Carmo de Minas
8 Yellow Bourbon Faz. Paixdo — Carmo de Minas
9 Yellow Bourbon Faz. Samambaia — Santo Antonio do Amparo
10 Yellow Bourbon IAC LCJ9 IAC - Campinas
11 Yellow Bourbon Italiano Faz. Monte Alegre - Alfenas
12 Yellow Bourbon Trigo Faz. Monte Alegre - Alfenas
13 Yellow Bourbon Limoeiro Faz. Monte Alegre - Alfenas
14 Red Mundo Novo IAC 502/9 IAC - Campinas
15 Yellow Mundo Novo IAC 4266 | IAC - Campinas
16 Red Catuai IAC 144 IAC - Campinas
17 Yellow Caturra IAC 476 IAC - Campinas
18 Red Caturra IAC 477 IAC - Campinas

The samples were ground immediately prior to cupping, no more than 15 minutes before
infusion with mineral pure water. Samples were weighed out to the predetermined ratio of
8,25 g of ground coffee per 150 ml of water (5,5% mass:volume). It was evaluated five cups
per sample and the correspondent whole bean of each cup was ground after running a cleaning
quantity of the sample through a laboratory grinder and then grinding each cup’s batch
individually into the cupping glasses, ensuring that the whole and consistent quantity of
sample gets deposited into each cup. Sensory evaluation was performed by trained coffee
tasters certified by SCAA according to the procedure described by Lingle (2001).

Ten sensory attributes including uniformity, sweetness, cleanliness and preference were
assessed and rated on a 10-point scale. For the attributes fragrance/aroma, flavor, aftertaste
and balance, 1=very poor and 10=outstanding, while for acidity 1=very flat and
10=outstanding and for body 1=very thin and 10=very bright. Other differentiated special
attributes were also described. The data were organized and each coffee variety was analyzed
by their cumulative sensory score, according to SCAA descriptions for specialty coffees.
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RESULTS AND DISCUSSION

The results presented in Figure 1 showed that three varieties (Red Bourbon Séo Jodo Batista,
Yellow Bourbon Epamig and Red Catuai IAC 144) presented cumulative score lower than 80
points, being classified in the not specialty coffee category. All the remaining varieties were
classified in the specialty coffee category, where eleven varieties presented cumulative score
between 80-82 points (Red Bourbon Procafé, Yellow Bourbon Betéania, Yellow Bourbon
Castro, Yellow Bourbon Paix&o, Yellow Bourbon IAC LCJ9, Yellow Bourbon Limoeiro,
Yellow Bourbon Italiano, Yellow Bourbon Samambaia, Red Mundo Novo IAC 502, Yellow
Mundo Novo IAC 4266 and Yellow Caturra IAC 476) and four varieties presented score over
82 points (Yellow Bourbon Daterra, Yellow Bourbon Nogueira, Yellow Bourbon Trigo and
Red Caturra IAC 477).

In general, the Yellow Bourbon varieties showed beverage quality better than Red Bourbon
and Red Catuai varieties. The Red Caturra IAC 477 variety showed the highest cup quality
reaching score over 83 out of 100 points in the SCAA scale. Considering that all coffees were
obtained in the same environmental and processing conditions, under rigorous quality control
in the post harvest procedures, it is supposed that the prominent differences in beverage
quality could be attributed to the genetic effects, corroborating other results cited in literature.
The predominant and subsidiary tastes and aromas, similar to chocolate, caramel, vanilla,
floral, wine and fruits notes observed in some Yellow Bourbon and Red Caturra varieties that
scored equal or over 82 out of 100 points confirm the high cup quality of these genotypes,
indicating the possibility of genetic selection for beverage quality to attend the specialty
coffee sector demand. Some of these genotypes presented real potential to be used in the
future for genetic recombination and plant selection in breeding processes for coffee quality
improvement.
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Figure 1. Cumulative SCAA score for eighteen Coffea arabica varieties, Sao Sebastido da
Grama, Brazil, 2009.
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RESULTS AND DISCUSSION

In Kasulu, AEZ showed category S2 dominating at 86% of total land, followed by S3 and N
(8 % and 6% respectively). In PA, categories were more widely distributed, with S2 reduced
to 50% while the rest of surveyed sites are S3, N and S1 in a descending order.

A B

Legend

Figure 1. Caomparison of suitability categories, Kasulu (A) and Kibondo (B).

Table 1. Distribution of suitability classes in surveyed districts.

Method District Total sites | o) S2 s3 N
surveyed
Kasulu 125 0 106 10 8
] Kibondo 98 0 35 63 0
Agro-ecological 1
Total 223 0 141 73 8
Mean 1115 0 70.5 36.5 4
Kasulu 125 2 32 63 27
. Kibondo 98 9 65 23 1
Parametric 2
Total 223 11 97 86 28
Mean 111.5 55 48.5 43 14

In Kibondo, AEZ showed only two categories S2 (36%) and S3 (64%). PA showed a wider
range with dominance of S2 (67%) followed by S3, S1 and N in a descending order. The
aggregation of sites into categories S2 and S3 by AEZ and a more even distribution of such
sites by PA suggest that the latter is more detailed, and therefore more reliable.
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Figure 2.
Table 2. Statistical comparison (‘t’ test) between agro-ecological
and parametric methods.

Category s1 s2 s3 N

n (villages x methods) 34 34 34 34
Mean difference -1.176471 55 3.1764706 -0.441176
SE mean difference 0.2212853 1.009977 0.876989 0.4511644
t -5.316533 5.4456687 3.6220186 -0.977862
P((t=0) 0.0000*** 0.0000*** 0.0010*** 0.3353 ns

All the three suitable categories S1, S2 and S3 showed very highly significant differences
between the two methods at 0.05 level, but the N category did not show any significance.

This means that the change of methodology had a greater impact at the suitable range than the
unsuitable range.

CONCLUSION
This paper has shown that limitations to coffee production in Kasulu and Kibondo are mainly

soil based, and, through adoption of GAP, the land will be improved to suitable and
moderately suitable respectively.
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The parametric method was used successfully in evaluating land for coffee production. It has
proved to be more detailed, and therefore more reliable, than the agro-ecological method. It is
hereby recommended for use in Tanzania with coffee and for trials in other perennials.
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MATERIAL AND METHODS

The study was carried out at Instituto Agronémico de Campinas, Sdo Paulo State, Brazil,
where a total of 74 C. arabica individual genotypes from Ethiopia, India and Brazil were
evaluate. The Brazilian commercial varieties ‘Catuai Vermelho’, ‘Catuai Amarelo’ and ‘Ouro
Verde’ were used as reference for quality comparisons. Each of the genotype was represented
by one or more plants and cherry samples were collected during the peak harvesting period of
July-September, 2009. Ripe health fruits were harvested in bulk by hand from each plant and
processed individually using dry processing procedures where the coffee berries were sun
dried until the moisture content reached 11% (wb). Hulled beans were classified in a screen
up 14/64 inch (4.93 mm) round perforations and the beverage quality assessment was done by
descriptive analysis.

Roasting of green coffee beans was done to attain a light to light-medium roast (Agtron scale
of approximately 63 on ground bean, +/- 1 point) using a Probat laboratory roaster within 24
hours of evaluation and allowed to rest for at least eight hours. The roast was completed in no
less than 8 minutes and no more than 12 minutes. The samples were ground immediately prior
to cupping, no more than 15 minutes before infusion with mineral pure water. Samples were
weighed out to the predetermined ratio of 8,25 g of ground coffee per 150 ml of water. It was
evaluated five cups per sample and the correspondent whole bean of each cup was ground
after running a cleansing quantity of the sample through a laboratory grinder and then
grinding each cup’s batch individually into the cupping glasses, ensuring that the whole and
consistent quantity of sample gets deposited into each cup, according to the procedure
described by Lingle (2001).

Ten sensory attributes including were assessed and rated on a 10-point scale. For the attributes
fragrance/aroma, flavor, aftertaste and balance, 1 = very poor and 10 = outstanding while for
acidity 1 = very flat and 10 = outstanding and body 1 = very thin and 10 = very bright. Other
descriptors including uniformity, sweetness, cleanliness and preference were also described.
Each genotype was analyzed and classified according SCAA cumulative score.

RESULTS AND DISCUSSION

The results showed that two of the analyzed samples (3%) were Excellent Specialty Coffees
according to the SCAA scale, where the highest cumulative score was over 85 out of 100
points (Gojjan P1 and Kaffa P1). The others 38 analyzed samples (51%), including 5
Brazilian hybrids, one Indian and 32 Ethiopian accessions were Very Good Coffees”, with
cumulative score equal or over 80 points. The remaining 34 samples (46%) showed score
lower than 80 points being classified like not specialty coffee (Table 1).

The predominant taste and aroma and subsidiary flavors encountered in 39 samples permitted
to classify some wild accessions in the exotic category (citric, earthy, floral, fruity, spicy,
leathery, cedarish and winey taste), which distinguished them as exceptional complexity and
cup quality coffees, revealing the high genetic potential of Ethiopian and Indian genotypes for
the coffee beverage improvement in Brazil.

Several genotypes and all reference commercial varieties (Catuai Amarelo, Catuai Vermelho
and Ouro Verde) showed cumulative score lower than 80 points, indicating that these varieties
could require specific environmental or processing conditions to express their potential for
cup quality.
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Table 1. SCAA scores for sensory analysis of C. arabica genotypes, Brazil, 2009.

Genotype #sample Score | Status Genotype #sample | Score | Status
Catuai Vermelho 81 #5 78 Ccv Kaffa #38 84 EA
Catuai Vermelho 8 #6 78 Ccv Kaffa #39 83 EA
Catuai Amarelo 62 #4 77 Ccv Kaffa #40 83 EA
Ouro Verde/6 #65 77 CVv Kaffa #41 83 EA
H97/27-3/16 #16 84 HL Kaffa #42 82 EA
H15455-1/14 #14 83 HL Kaffa #43 81 EA
Caturra x Geisha #7 82 HL Kaffa #44 81 EA
S353 4/5 x BES #67 81 HL Kaffa #45 81 EA
H15460-9 #15 80 HL Kaffa #46 80 EA
832/1 (HT) #1 77 HL Kaffa #47 80 EA
Blue Mountain x HT #3 77 HL Kaffa #48 80 EA
Caturra x HT #9 77 HL Kaffa #49 79 EA
S333 x Dilla & Alghe #66 77 HL Kaffa #50 78 EA
Caturra x Geisha #8 76 HL Kaffa #51 78 EA
Geisha #11 83 EA Kaffa #52 78 EA
Geisha #12 80 EA Kaffa #53 78 EA
Harar #17 84 EA Kaffa #54 78 EA
Harar #18 83 EA Kaffa #55 77 EA
Harar #19 81 EA Kaffa #56 77 EA
Harar #20 78 EA Kaffa #57 77 EA
Illubabor #21 84 EA Kaffa #58 77 EA
Illubabor #22 83 EA Kaffa #59 77 EA
Illubabor #23 83 EA Kaffa #60 77 EA
Illubabor #24 82 EA Kaffa #61 77 EA
Illubabor #25 82 EA Kaffa #62 77 EA
Illubabor #26 82 EA Kaffa #63 77 EA
Illubabor #27 82 EA M7846 #64 81 EA
Illubabor #28 81 EA Shoa #68 81 EA
Illubabor #29 81 EA Shoa #69 81 EA
Illubabor #30 79 EA Shoa #70 80 EA
Illubabor #31 78 EA Shoa #71 79 EA
Illubabor #32 78 EA Shoa #72 77 EA
Illubabor #33 77 EA Shoa #73 77 EA
Illubabor #34 77 EA Sidamo #74 82 EA
Illubabor #35 77 EA Eritrea #10 82 EA
Kaffa #36 85 EA Gojjan #13 86 EA
Kaffa #37 84 EA BA10 #2 84 IA

Legend: CV=Commercial Variety; HL=Hybrid Line; EA=Ethiopian Accession; IA= Indian

Accession

896




Considering that all coffee samples were obtained in the same environmental conditions and
by same dry processing method, under rigorous quality control in the post harvest procedures,
it is supposed that the differences in beverage quality could be attributed to genetic effects.
Some accessions presented real potential for very high cup quality and could be used in the
future for genetic recombination and selection in breeding programs.
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carbon utilization by the local microbiota (Baudoin et al., 2003). Microbial biomass respond
rapidly to changes on organic inputs applied to the soil, determining the organic matter
decomposition, mineralization and nutrient immobilization. The mineralization of organic
products by microorganisms contributes for the increase in N contents, being considered of
high relevance to support natural ecosystems (Conte et al., 2002).

Conventional agriculture provided progress to the agronomical sciences in terms of
knowledge and yield in a short time. On the other hand, the misuse of these technologies has
lead to soil and environmental degradation. The objective of this study was to evaluate the
effect of Conilon coffee (Coffea canephora) cultivated under conventional and organic
management systems on microbiological characteristics of the soil, and an Atlantic Forest
area was used as reference.

MATERIAL AND METHODS

The experiment was conducted at Espirito Santo state in Brazil. The area was located at 80 m
above sea level, at 18° South and 40° West. The climate is typically tropical with hot humid
summers and winters with low precipitation. The annual average precipitation is around 1,200
mm, and temperatures around 12 °C in the coldest months and 34 °C in the hottest ones.

In this study it were evaluated two areas cultivated with Coffea canephora Pierre cv. Conilon,
under conventional and organic management systems, and one area of Atlantic Forest, used as
a reference. The soil was classified as sandy-clay for all experimental areas. The organic
coffee area was certified at the beginning of its establishment as required by Brazilian law.
The 8 year old plot was planted with vegetative stick at a density of approximately 20,000
orthotropic sticks per hectare. A 9 years old area under conventional coffee management was
planted with vegetative sticks with approximately 20,000 sticks per hectare.

The areas of study were divided in 4 plots of approximately 5,000 m® each, representing 4
replications. Soil samples were collected (each composite sample was obtained from 12
subsamples) with a hand probe in January (summer) and July (winter), at 0-10 and 10-20cm
depth. Microbial biomass carbon (MBC) was quantified by the fumigation-extraction method
(Vance et al., 1987). To analyze the microbial biomass nitrogen (MBN), half of the samples
were fumigated with chloroform (Wang et al., 2007). The rate of respiratory activity was
obtained by Fluorescein Diacetate hydrolysis (FDA) as previously described by Das et al (Das
et al., 2007).

Data from the management systems were submitted to the analysis of variance and mean
comparisons were performed at the 5% level of probability by the Tukey test.

RESULTS AND DISCUSSION

Higher amounts of microbial biomass C and N (Table 1) were detected on the top soil, in
agreement with many previous reports (Baudoin et al., 2003; Agnelli et al., 2004). This fact
may be correlated with the higher content of total carbon and nitrogen (TC and TN) found on
the surface soil layer. The highest values of metabolic quotient gCO, were also observed for
this soil layer (Table 1), which may be related to a great use of energy to metabolize organic
residues (Agnelli et al., 2004).

The indices indicating a better soil quality were found at the reference area of Atlantic Forest.
This may be associated, among other factors, to the high quantity of total carbon (Table 1),
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once the organic matter represents a complex system of substances influenced by the addition
of organic materials of diverse nature and forms, and by their continuous transformation by
biological, chemical and physical factors. Higher amounts of MBC were found in Atlantic
Forest soil. The MBC may be stimulated by the continuous supply of diversified organic
materials, with different degrees of decomposition susceptibility (Conte et al., 2002)
originated from the native vegetative diversity.

The MBC was found in larger amount in coffee soil under organic management when
compared to coffee under conventional soil management. This difference has resulted from
the application of organic materials, which could have increased carbon and nitrogen contents
in the soil (Table 1). According to Ouédraogo et al. (2007), enzymatic activity may also
increase as well as nitrate reductase and glutamate sinthase in response to addition of nitrogen
organic compounds.

The MBN was 20% lower at 10-20 cm depth compared to the top soil. Under conventional
management, higher rates of qCO, were also observed compared to organic management
system, indicating a low soil quality under conventional management. Similar results were
reported by Maluche-Baretta et al. (2007), on study with apples trees (M. domestica) under
conventional and organic management. The lower soil quality under conventional
management may be related to the constant use of machinery (plough, chemical fertilization,
etc), promoting soil disturbance, and affecting microbial population. This fact, associated with
the lack of carbon addition and soil carbon consumption by microorganisms lead to the
consumption of organic carbon and consequently to soil quality loss under conventional
management. Additionally, the use of herbicides or other agrochemicals may also affect soil
microbial population, reducing MBC, and increasing microbial activity and qCO, (Das et al.,
2007).

Comparisons between conservative and conventional managements had demonstrated higher
MBC content under no-tillage system, as well as under organic system when compared to
conventional system management (Glover et al., 2000). Hence, the diversity and abundance of
microorganisms, together with the absence of human disturbance makes possible the
existence of higher contents of microbial biomass, demonstrating higher equilibrium of the
soil microbiota in this environment. In complex agro-ecological systems, positive interactions
among soil biota may promote improvement on soil structure and fertility, resulting in
favorable environment for biological process takes place (Maluche-Baretta et al., 2007).
Microbial carbon and nitrogen quotient was higher under forest soil and organic soils
compared to coffee soil under conventional management (Table 1), corroborating similar
results observed by Maluche-Baretta et al. (2007).
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Table 1. Microbial activity (MA, pg of hydrolyzed FDA g soil* h™), microbial biomass carbon (MBC, ug C g™ soil), microbial biomass
nitrogen (MBN pug N g™ soil), relation between MBC and MBN (MBC/MBN), total carbon (TC, g kg™), total nitrogen (TN, g kg™),
relation between TC and TN (TC/TN), microbial quotient (MBC/TC and MBN/TN, (in percentage), and metabolic quotient (qCO,, ug
hydrolyzed FDA ug MBC h™), at different depths and harvesting times (January = summer and July = winter) under conventional and
organic coffee and Atlantic Forest.

Treatment Depth | MA | MBC | MBN | MBC/MBN | TC | TN | TC/TN | MBC/TC | MBN/TN | qCO,
Conv. Jan. & Jul. 0-20 136 | 80.6 13.5 7.09 6.23 | 0.83 7.49 1.32 1.62 2.97
Mean standard error 7.2 13.6 2.14 1.2 0.5 | 0.03 0.5 0.21 0.23 0.7

Forest Jan. & Jul. 0-20 257 199 48.8 4.17 12.7 | 1.33 9.39 1.77 3.8 1.45
Mean standard error 994 | 159 3.69 0.25 1.49 | 0.07 0.85 0.17 0.38 0.15
Org. Jan. & Jul. 0-20 172 103 47 2.32 7.28 | 1.04 6.81 1.53 4.74 2.31
Mean standard error 115 | 159 6.75 0.25 0.81 | 0.07 0.54 0.22 0.72 0.38
Geral mean J & J 0-10 200 160 40.5 5.25 115 | 1.2 9.47 1.44 3.29 1.53
Mean standard error 11.1 | 159 5.19 0.77 1.05 | 0.07 0.54 0.12 0.4 0.14
Geral mean J & J 10-20 | 177 | 955 324 3.81 592 | 0.93 6.32 1.64 3.48 2.95
Mean standard error 14 12.9 4.48 0.59 0.44 | 0.04 0.35 0.2 0.53 0.49
Geral mean Jan. 0-20 191 167 48.6 4.68 8.75 | 1.06 7.93 2.06 4.62 1.31
Mean standard error 12 15.1 5.22 0.75 0.99 | 0.07 0.49 0.13 0.51 0.11
Geral mean Jul. 0-20 186 | 87.9 24.2 4.37 8.72 | 1.07 7.87 1.02 2.16 3.17
Mean standard error 136 | 121 2.96 0.64 0.99 | 0.06 0.62 0.12 0.22 0.47
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The variables impacting most on coffee quantity and quality are temperature and
precipitation.

Reduced photosynthesis Landslides and floods destroying

Tncreasing pest incidents L

Due to lack of rain: coffee husk sticking to

Erosi ked b 1 d drought
B the bean hindering maturation
Change in planting periods reducing growing

times and leading to smaller yields Loss of soil, plants and homes through

landslides caused by heavy rains and extreme
Move of current suitable production areas to weather events

higher altitudes

Reduced rainfall decreasing coffee quality,
ol ,r

150 mm per month needed during flowering
and maturation

Rains during harvest season reducing coffee
quality by hindering the drying process

Increasing strong winds causing the falling of
coffee flowers and changing pollination

Figure 1. Variables impacting on coffee (Resume of different publications by CATIE,
Colombia and Costa Rica; CIAT, Nicaragua and others; AdapCC 2008).

Greenhouse gases (GHG) are major contributors to climate change. Burning of fossil fuels
and clearing of land are key contributors to increasing GHG emissions. Agricultural land use
systems and the application of sustainable agricultural practices help to prevent climate
change by storing these emissions within production systems. In this way, coffee producers
can contribute to mitigation of climate change — even through small scale farming.

This is why the project proposes to work on climate change in the coffee sector with a focus
on adaptation creating synergies to mitigation where possible.

THE PROJECT

4C Code of Conduct

Environ-

Climate
mental

Social

Figure 2.

Sangana Commodities Ltd., the Kenyan subsidiary of the ECOM Group, has joined forces
with GTZ as they were already feeling the effects of climate change on their coffee supply
chains with negative impacts on quantity and quality. Besides these main partners the project
cooperates with further strategically important additional partners such as the 4C Association,
the World Bank, Tchibo GmbH, Rainforest Alliance, Efico, and Sustainable
Management Services Ltd.
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The aim is to support coffee producers to adapt their production to the changing climate and
to create and use synergies between adaptation and mitigation means. This goal will be
reached by developing an additional component to the existing 4C Code of Conduct taking
into account climate aspects. The 4C Association already has three components (social,
environmental, economic) in its Code of Conduct. The Sangana PPP develops an additional
(add-on) voluntary component which means any coffee producer group opting for the 4C
standard will have to gradually comply with the existing three components whereas they can
opt to comply with the fourth one: the climate component. This climate component consists of
agricultural practices for adaptation and mitigation, trainings for producers and verifiers,
verification instruments and a climate data base and will be tested together with the Baragwi
Farmers’ Cooperative Society Ltd. as a pilot group.

THE ADD-ON CLIMATE MODULE

The add-on standard module to be developed within the framework of the Sangana PPP is
aiming to take into account climate change adaptation and mitigation within the coffee
production. This means it is aiming to a) enable coffee producers to adapt their production
systems to changing climatic conditions and to b) promote adaptation options which at the
same time have mitigation effects, i.e. reducing or removing greenhouse gases.

Climate
Module

Trainings

Trainings for
producers and
verifiers

The module is planned to consist of four main pillars:

Figure 3.

e A Climate Code stating principles and measurable indicators for adaptation and
mitigation

e Sensitization and trainings for producers and verifiers

e Verification instruments

e A climate database creating access for producers and verifiers to relevant climate
information

The “heart” of the module is the Climate Code which defines principles, i.e. a desired status

related to climate change adaptation and mitigation, as well as indicators which enable
credible measurement of the principles. This code consists of four main components:
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Enabling environment

Natural Resource Management
Soil and Crop Management
Energy, GHG and carbon stocks

Figure 4.

Current sultability for coffee production Suitability for coffee production in 2020 ﬁmﬂ‘m{" coffee production in 2050

Suitability (%) L T E————TTF
T A A O .

LR

Figure 5. Suitability change of Kenya’s coffee growing regions (International Centre for
Tropical Agriculture (CIAT), Sangana Commodities Ltd., GTZ, January 2010). By
2050 Kenya will have less seasonality in its climate and maximum mean temperature is
predicted to increase to 31.2 °C (currently 28.6 °C), minimum mean temperature
increases to 12 °C (currently 9.8 °C). Coffee currently grown at 1300 masl will suffer
most under climate changes by 2050 whereas coffee at 2200 masl will benefit most. The
optimal coffee producing zones will shift from currently 1600 masl to higher altitudes at
1700masl. In general the suitability of the coffee regions will decrease. Current
suitability for coffee production is between 50 to 70%, by 2050 suitability is predicted
between 30 to 60%.

THE PROGRESS

Since project start in October 2008 several milestones have been reached. The project started
working with the KOMOTHAI Coffee Farmers’ Cooperative Society Ltd. as pilot group. The
World Bank’s BioCarbon Fund was developing a carbon finance project together with
KOMOTHAI focusing on soil organic carbon and the Sangana PPP was developed in order to
support the producers in the implementation on the ground. Within this framework the
Sustainable Agricultural Land Management carbon methodology was developed and
presented to the Voluntary Carbon Standard for approval. The methodology has undergone
first validation and is waiting for second validation. For KOMOTHAI the carbon as well as
the socio-economic baseline has been developed. Trainings for producers on good agricultural
practices have been designed and implemented. Climate specific sensitization meetings have
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Resume of different publications by CATIE, Colombia and Costa Rica; CIAT, Nicaragua and
others; AdapCC 2008

Until mid 2010 Development Partnerships were called Public-Private Partnership, the present
project is called Sangana PPP
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The recommended topping heights for the two varieties of coffee are as follows.

e Tall arabica varieties

e First tier -25ft

e Second tier -45t05.0ft
e Dwarf arabicas -35ft

e Robusta -35t04.0ft

While pruning, refers to removal of old unproductive branches, criss cross branches, lean,
lanky and whippy wood, diseased and damaged branches as well branches growing towards
main stem and ground.

With advent of the newer genotypes S.4634 released by the Central Coffee Research Institute
(CCRI), Chikmaglur one of the prime objective is to standardize the agronomic practices such
as right spacing and topping /capping height in comparison with the standard recommended
practices of the ruling varieties (Cauvery).

Keeping this in view on the subject of standardizing the right management practices for the
newer variety the following experiment was taken which is discussed as follows.

MATERIAL AND METHODS

A field study was conducted during 1996 at CCRI farm located at an altitude of 900 m above
mean sea level, 13° 21°00"” N Latitudes and 75° 25’ 45’ Longitude, under cool humid
climate with mean annual rainfall of about 2792 mm. Soils of the study location is
traditionally red non-gravelly clay with surface texture being sandy clay loam and
taxonomically placed under Mollic Kandiudalfs. The soil characteristics of the site are shown
in Table 1.

The experiment was laid out during the year 1996-97 in NMS-2 block of Central Coffee
Research Institute farm by replanting the existing old Arabica in double split plot design
where varieties was taken as main plot, spacing as sub plot and topping height as sub-sub plot.
The details of the experiment includes two varieties viz., V1- Cauvery and V2- Hemavathy
(S.4634); three spacing S1 = 5’x5’, S2 = 6’x5” and S3 = 6°x6’ and three topping heights T1 =
single tier at 3.5; T2 = 2-tier topping at 2.5’ and 5°; T3 = 3-tier topping at 2.5°, 4’ and 5°.

The main objective of an experiment is to evaluate the performance of new Arabica genotype
Hemavathy (S.4634) in comparison with the semi tall Arabica genotype variety Cauvery and
also to standardize the spacing and topping height for new genotype Hemavathy (S4634) .

Table 1. Soil characteristics of the location.

Sand | Silt [ Clay | [ BD o | oC [ P20 K,0
(%) | (%) | (%) Mgm® | P (%) | (kgha™) | (kgha™)
56 | 1505 | 2895 |  Scl 105 |58 18 90 357

At the time of planting the seedlings were planted as per the treatment under different spacing

S1=5%x5",S2=6’x5"and S3 = 6’x6’.
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The different tier of topping treatments was imposed as the plants grew well and sturdy. The
first treatment of topping T1- single tier topping was imposed when the plant completed three
years (1999), the second treatment of topping T2- two-tier was imposed when the plants were
at sixth year (2002-03) and subsequently the third treatment T3- Three - tier topping was
imposed when the plants were at ninth year (2006-07).

Except for the imposition of treatments, both the varieties were grown as per the standard
package of practices for coffee production in India (Anon, 1996).

RESULTS AND DISCUSSION

The results revealed that spacing had a significant impact on coffee yield during all the years
of the experiment, except during the year 2007-08 which was non significant from the
Table 2.

Among both the cultivars of Arabica, Hemavathi (V1) and Cauvery (V2), the mean yield
recorded over the years was statistically significant in Hemavati variety (1182 kg ha™) than
Cauvery (969 kg ha™). Except during and after the year of imposing topping treatment (1999-
2000) (2002-03) and (2007-08) non significant results were recorded, this may be due to the
shock undergone by the plant during topping treatment imposition.

Accordingly, highest and lowest mean clean coffee yield of 1264 and 900 kg ha™ were
recorded at closer spacing of (5° X5’) and widest spacing (6°X6”) respectively. Coffee yield
tend to increase linearly with population and over years and most of the cropping season.

Moreover the effects of training methods on coffee yield were also considerable. When the
coffee plant was toped for the first tier during 1999-2000 which was a general treatment of
first tier for the plants under the experiment the results were not significant. Only after
imposition of the treatments T2 = 2-tier topping at 2.5’ and 5’; T3 = 3-tier topping at 2.5°, 4’
and 5’ during 2002-03 and 2006-07 the treatment effects registered significant differences
over the capped treatments across the years. Significant difference in crop yield over the
different topping treatments was observed due to crop years, where highest yields were
recorded during the year 2007/08 and 2008/09 under second tier topping (1185 and 1125 kg
ha) respectively.

The combined effect of different plant densities (spacing) and topping was statistically non-
significant. More yield advantage was noticed as population density increases from 2777 to
4000 plants ha™.

The above results can be corroborated with the findings of Kufa Taye et al. (2001) and
Baldwin (2007) where in, the yields of arabica coffees under different population densities
respond significantly. Further, the yield responses is remarkable to closer spacing in different
crop season and the yield increase with increasing plant population densities. Such impact of
close spacing on coffee yield performances under different spacing or population densities is
largely associated with the prevailing climatic factors that determined the rate of vegetative
growth which is most suitable in India for growing Arabica coffee in close spacing.
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Table 2. Coffee yield (Kg ha™) as influenced by varieties, planting densities and training methods in dwarf Arabica genotypes grown
under shaded canopy during 1999 to 2009.

Treatments 1999- 2000- 2001- 2002- 2003- 2004- 2005- 2006- 2007- 2008- Pooled
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Varieties
V1 1167 842 1496 442 1436 943.7 1595 1486 1146 1267 1182
V2 1198 745 1098 472 1141 789.8 1162 1085 1127 874 969
CD @ 5% NS NS 389 NS 159 NS 274 94 NS NS 142
Planting densities / Spacing
S1 905 940 1811 574 1757 961 1710 1524 1157 1302 1264
S2 1387 801 1201 106 1196 945 1257 1212 1189 1036 1063
S3 1255 639 879 391 914 694 1169 1121 1064 873 900
CD @ 5% 79 31 330 78 111 143 204 175 NS 223 47
Topping height
T1 1282 790 1250 578 1669 837 1015 1268 900 980 1057
T2 1185 804 1385 404 1096 940 1637 1382 1229 1185 1125
T3 1080 786 1256 389 1102 823 1484 1207 1280 1045 1045
CD @ 5% 78 NS NS 42 71 NS 213 NS 124 120 47

Note: Varieties- V1= Hemavathi; V2 = Cauvery; Planting densities - S1= 5X5 feet; S2= 6X5 feet; S3= 6X6 feet; Topping height — T1= 3.51

(single tier) T2 = 2.51 and 51 (two tier); T3 =2.51, 4.01 and 5.51 (three tier)
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Appendix 1. Summary statistics for different Spacing and Fertilizer regimes.

Source of variation d.f. S.S. m.s. V.I. F pr.
rep stratum 3 0.0016172 0.0005391 0.36
rep.spacing_1 stratum

spacing_1 3 0.0250172 0.0083391 5.63 0.019
Residual 9 0.0133391 0.0014821 2.19
rep.spacing_1.fert_1

stratum

fert 1 3 0.0036797 0.0012266 1.81 0.163
spacing_1.fert_1 9 0.0044766 0.0004974 0.73 0.676
Residual 36 88(2)32%2;

Total 63 0.0725484
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Appendix 2. Cost-Benefits analysis for year 1 and year 2.

Activity Unit Quantity Year 1 Year 2
Land preparation Man days 50 61

Diesel Lts 20 17

Sisal twine Kg 6 9

Material preparation Man days 50 61

FYM Trailer 86 64
Planting Man days 75 91

NPK Bags 75 386
Managing trial

Roundup herbicide Lts 17 46
Slashing Man days 24

Insecticide (Selecron) Lts 13 89
CAN 27%N Bags 2 36

Weeding Man days 36

Polyfeed 19:19:19 Kg 9 26
;:Ftﬁrirézi?(lj r{imd fertilizer Man days 12 45
Pruning Man days 50 90
Irrigation Man days 30 54
Picking Man days 90 161
Total costs in USD ($) 511 961
Production per tree (Kg) 0.5
Production per ha (Kg) 3,333
I:’Jré%e (p$e)r Kg of parchment in 15 15
Total revenue ($) 0 2,500
Gross margin ($) -511 1,539
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fluctuations have been suggested (Greenhalgh et al., 2006) and among them is diversification
to generate additional income from alternative plants while maintaining the coffee trees.
Greenhalgh et al. (2006) grouped the options available for coffee farmers as vertical or
horizontal diversification. Vertical diversification was described as measures that aim at
moving the producer up to capture a higher proportion of the value chain which includes
increased productivity and overall returns from the land. This implies that complementary
income could be generated by farmers through the introduction of new crops/plants without
eliminating the coffee trees. The same authors described horizontal diversification as
investment in alternative crops or products including non-agricultural products.

Vertical diversification, specifically introduction of other plants in coffee cultivation is one of
the options that could be conveniently considered for adoption by coffee farmers in Ghana. C.
odorata is one of several timber species that could be integrated into coffee cultivation to
provide shade and alternative source of income for coffee farmers.

In Ghana, it is recommended that coffee is cultivated under light and medium shade for
optimum growth and yield (Amoah et al., 1999). Apart from some timbers species, G. sepium
is the main fast growing tree that has been recommended for the provision of shade for coffee
in Ghana and some biological benefits of this association has been reported (Anim-Kwapong
et al., 1999). C. odorata is a fast growing high value timber tree that could be exploited for
commercial purposes from as early as fifteen years after cultivation (Lamb, 1968). It has for a
long time been used as an avenue tree in South America, Africa and the West Indies and has
been reported as a useful shade tree in coffee plantations in South America (FAO 1986). This
paper reports on the initial establishment phase of integrating C. odorata into coffee
cultivation in Ghana.

MATERIALS AND METHODS

The following treatments were compared on a 1.4 hectare plot at the Cocoa Research Institute
of Ghana substation at Afosu.

e Treatment 1 — Clonal Robusta coffee planted with C. odorata at a density of 434
plants ha™.
Treatment 2 — Clonal Robusta coffee planted with C. odorata at a density of 434
plants ha™ to be thinned to 217 plants ha™ in the 8" year.
e Treatment 3 — Clonal Robusta coffee planted with C. odorata at a density of 217
plants ha™.
e Treatment 4 — Clonal Robusta coffee planted with C. odorata at a density of 434
plants ha™ to be thinned to 108 plants ha™* in the 8" year.
e Treatment 5 — Clonal Robusta coffee planted with C. odorata at a density of 192
plants ha™.
e Treatment 6 — Clonal Robusta coffee planted with G. sepium at a density of 192
plants ha™ to be thinned to 48 plants ha™ in the 4™ year (Control).

The C. odorata stumps and G. sepium cuttings were planted one year ahead of the coffee
clones in July 2007. Plantains were planted in the entire plot at a density of 1736 plants ha™ in
September 2007. Each plot size measured 24 m x 24 m containing 100 coffee plants. The
experiment was designed as randomized complete block with 4 replicates.
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Data recorded during the establishment phase of the trial included the fertility status of the
soil at the beginning of the trial and at yearly intervals, growth of the coffee and Cedrela
plants, mortality of the coffee plants, incidence of pests and diseases on both the coffee and
Cedrela plants as well as light interception.

RESULTS AND DISCUSSION

The coffee plants did not show significant girth and height differences between the
treatments, 6 months after transplanting. Significant differences (P < 0.05) in the girth of the
coffee plants were however recorded at 9 months after transplanting but these differences in
girth disappeared at 15, 22 and 26 months after transplanting (Figures 1 and 2). Similarly,
there were no significant differences (P< 0.05) in the number of laterals and length of laterals
of the coffee plants at 26 months after transplanting (Figures 3 and 4). There were no
significant differences in the girth and height of the C. odorata plants at 18, 24, 30 and 38
months after planting (Figures 5 and 6). Percentage light transmitted through the canopies of
the C. odorata and G. sepium plants, recorded at 38 months after planting was lower in
Treatments 1 and 2 than the other treatments but the differences were not significant (P< 0.05)
(Figure 7). The differences in the projected crown area of the C. odorata plants were also not
significant at 38 months after transplanting (Figure 8).
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Figure 1. Effect of treatment on girth (mm) of coffee plants.
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Figure 3. Number of laterals/ coffee plants at 26 months after transplanting.
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Figure 4. Mean of length (cm) of longest lateral /coffee plant at 26 months after
transplanting.
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Figure 5. Effect of treatment on girth (measured at 1.3m above ground level) of C.
Odorata plants.
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Figure 7. Effect of treatment on percentage transmitted light in experimental plots.
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Figure 8. Projected crown area of C. odorata trees as at 38 months after transplanting.

Due to the prolonged dry season usually experienced in most of the coffee growing areas in
Ghana, it is recommended that Robusta coffee is grown under light to medium shade (Amoah
et al., 1999). With the exception of G. sepium, no other fast growing tree has been used for the
provision of shade for coffee in Ghana. The lack of significant differences in the vegetative
growth of the coffee plants grown in association with C. odorata as compared to that grown
with G. sepium (Control) during the initial 26 months of establishment of the coffee plants
suggest that C. odorata could be grown to provide shade for young coffee plants. The
transmission of lower percentage light in treatments 1 and 2 could be attributed to the high
density of C. odorata in the two treatments but this did not adversely affect the vegetative
growth of the coffee plants. Although the vegetative growth of the coffee plants was not
adversely affected by the different densities of C. odorata during the initial stages of
establishment, the plant density of C. odorata that will be required for optimum growth and
yield of Robusta coffee will only be known after yield data have been collected during the
reproductive phase.

CONCLUSION

Cedrela odorata could be planted to provide shade for young Robusta coffee plants without
adverse effects on the vegetative growth of the coffee plants. However the plant density of C.
odorata required for optimum growth and yield of Robusta coffee will be determined after
data collection in the reproductive phase.
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MATERIALS AND METHODS

The studies were done at the Coffee Research Station (Latitude: 20°13' 57" S. Longitude: 32°
38'51" E., Altitude 1132 m.a.s.l.), Chipinge, Zimbabwe.

Weekly sampling of mined coffee leaves was done from a block of mature coffee (1,2
Hectares) where no insecticides were applied. Twelve leaves were collected at random from
each tree, 4 from the bottom, 4 from the middle and 4 from the top levels of the canopy.
Collected leaves were sealed in brown paper bags open at the top and leading into polythene
bags that were sealed at the top so that insects were unable to escape. The bags were opened
after 6 weeks and examined for adult leaf miner moths and parasitoids. The total number of
ecclosed moths, parasitoids as well as the total number of individual parasitoid species were
recorded on a weekly basis. These were used to calculate the monthly totals. All the ecclosed
insects were preserved for identification. Specimens were sent to the International Institute of
Entomology (I1E) and Plant Protection Research Institute, Harare for identification.

From this information, the relative seasonal abundance of L. meyricki, total parasitoids as well
as the abundance of each individual species was then graphically determined. Monthly rainfall
totals and mean monthly temperatures were correlated with the incidence of L. meyricki in an
attempt to quantify the relationship between environmental variables and pest dynamics. Data
collection was done between March 1990 and December 1996.

RESULTS AND DISCUSSION
Leaf miner moths

Major peaks of over 600 were in 1990, 1991 and 1993 (Figure 1). Populations were less than
400 moths per bag in 1992, 1994, 1995 and 1996 and were at their lowest in April 1995.
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Figure 1. Population dynamics of the coffee leafminer and its parasitoids in Chipinge,
Zimbabwe.
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The population peaks of leaf miner moths observed in this study compare well with studies
done by suction trapping in Zimbabwe (Plant Protection Research Institute, 1975). The major
peaks coincide with the dry periods in Zimbabwe (Figure 2).
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Figure 2. Rainfall and temperature pattern at coffee research station, Chipinge,
Zimbabwe from 1990 to 1996.

This coincides with observations by Gallardo-Covas (1992) in Puerto Rico where peaks of
Leucoptera coffeella occurred during the dry season. Tapley (1962) found that high larval
mortality was associated with wet conditions due to water flooding the mines. Le Pelley
(1968) also reports that heavy rains and high winds may kill the moths since they are frail.
These factors together may explain the low leaf miner numbers observed during the wet
months. However, there were very weak correlations between the leaf miner moths and these
weather factors in this study.

There was a weak correlation between the moths and rainfall (r=-0.3403) (p<0.05) (Table 1).

Table 1. Correlation of leaf miner and its parasitoids with rainfall and temperature.

Variable 1 Variable 2 r
. Temperature -0.1137ns
Leafminer moths 5
Rainfall -0.3403*
L Temperature 0.3459*
Total parasitoids ;
Rainfall 0.1264ns
Temperature 0.0444ns
Pediobus coffeicola p
Rainfall -0.0746ns
L . Temperature 0.3958*
Chrysonotomia ritchei -
Rainfall 0.0205ns
. . i Temperature 0.3365*
Cirrospilus variegatus :
Rainfall 0.0063ns
. Temperature 0.2377*
Parahormius leucopterae 5
Rainfall 0.1961ns

ns = not significant at p<0.05; * = significant at p<0.05.
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Parasitoids

Peak populations of parasitoids coincided with the main pest peaks, with Parahormius
leucopterae being the most abundant parasitoid (Figure 1). However, it had weak correlation
with leaf miner moths. Cirrospilus variegatus was the second most abundant parasitoid and
had better correlation of 0.5688 (p<0.05) (Table 2). Peak numbers of parasitoids lagged
slightly behind those of leaf miner moths and at times coincided with those of leaf miner
moths. The factors leading to this type of relationship need to be examined. In addition, the
inter-specific competition among the four parasitoid species will need to be properly studied
in order to map out a strategy for increasing abundance of the two most important parasitoids,
Chrysonotomyia ritchei and Cirrospilus variegatus for integrated management of the leaf
miner.

Table 2. Correlation of leaf miner with its parasitoids.

Variable 1 Variable 2 r

Total parasitoids 0.4277*
Pediobus coffeicola 0.3503*
Chrysonotomia ritchei Leafminer moths 0.5804**
Cirrospilus variegatus 0.5688**
Parahormius leucopterae 0.1575ns

ns = not significant at p<0.05; * = significant at p<0.05; ** = significant at p<0.01.

The other parasitoids, Pediobus coffeicola and Chrysonotomyia ritchei with significant
correlations of 0.3503 and 0.5804 respectively remained at very low levels during the study.
There were also weak correlations between the parasitoids and the weather factors (Table 1).

Kutywayo (1995) examined the potential for biological control of the coffee leaf miner, L.
meyricki and concluded that the most feasible options were augmentation of the parasitoid,
P.leucopterae and conservation. The study confirmed the importance of P. leucopterae as a
key parasitoid of the coffee leaf miner in Zimbabwe. Augmentation could be done by periodic
release of mass reared parasitoids. A method for mass rearing leaf miners was developed by
Katiyar (1968). This could be used to rear the host for augmentative releases. Augmentation
would be highly desirable since the impact is anticipated within a very short time unlike in
classical biological control where it may take years (Overholt, 1997).

Another approach to improving the effectiveness of the leaf miner parasitoids would be to
practise conservation measures such as the use of habitat manipulation to enhance the native
natural enemies (Gurr and Wratten, 1999). Such measures would include the provision of the
agents” requirements for nectar, pollen, moderated microclimate or alternative hosts.
Therefore, it is important to increase diversity in coffee plantations by introducing some
annual crops such as soya beans and sugar beans through strip- and inter-cropping plants to
act as alternative hosts for parasitoids.

Outbreaks of coffee leaf miner in East Africa were linked to the use of persistent insecticides
such as dieldrin that caused high mortality of the parasitoids and allowed populations of the
leaf miner to increase (Tapley, 1961; Bess, 1964). In Zimbabwe parathion is the most
common insecticide used for spraying against leaf miner as it is less persistent, but despite
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timely spraying, the leaf miner remains a problem, probably due to continued decimation of
the parasitoids by the sprays. There is a need to determine the proper timing of sprays that
will have a minimum impact on parasitoid population levels.

This control by parasitoids could be supplemented with the use of a biopesticide such as an
entomopathogenic nematode. LeBeck et al. (1993) reported on the successful use of an
entomopathogenic nematode Steinernema carpocapsae (Rhabditida: Steinernematidae) on the
serpentine leafminer, Liriomyza trifolii (Diptera: Agromyzidae). The entomopathogenic
nematode entered the leafmine through the oviposition puncture created by the female during
egg laying, or through any unnatural tear in the mine surface. This could also be applied in the
control of Leucoptera meyricki targeting the spray at the end of the rainy season when moths
are low and a lot of mines are active. Steinernema sp. have been isolated from the coffee
white stem borer, Monochamus leuconotus (Coleoptera: Cerambycidae) in Chipinge,
Zimbabwe (Kutywayo, unpublished). Work should be carried out to investigate the possibility
of using entomopathogenic nematodes as biological control agents. The use of biological
control for coffee leaf miner is the most feasible option in view of the natural abundance of
the parasitoids as reported in this study and the potential of using a biopesticide. Biological
control is a better option since it does not have adverse effects on the environment.

The relationship between the peaks of moths and parasitoids with environmental factors such
as temperature, relative humidity and rainfall needs to be thoroughly analysed since this is
important in devising pest management strategies. In terms of habitat manipulation, work
needs to be done to identify suitable plants that will provide nectar at the required time and
will not result in lower yields and lead to increased infestation by other pests and/or compete
with the crop for nutrients and water. There is also need to explore the potential of using a
bio-pesticide in the control of the coffee leaf miner.
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Amujoyegbe et al. (2007) reported the use of several organic materials such as cow dung,
poultry droppings, refuse compost and farm yard manure as soil amendments suitable for
increasing crop production particularly among subsistence farmers in West Africa. Organic
manures such as cattle and poultry manure may improve the soil structure, aeration and
slowly release nutrients, which support root development leading to better quality plants and
higher yields (EL-Magd et al., 2006). Organic manure also plays a direct role in plant growth
as a source of macro and micronutrients in available forms and improving the physiological
properties of the soil. Issues with organic nutrient sources are mainly those of slow
mineralization, which may not coincide with peak crop nutrient demand and being hosts to
pathogens and pests (Lekasi et al., 2001; Boswell-Brown, 2007; Njoroge et al., 1990;
Amujoyegbe et al., 2007; EL-Magd et al., 2006).

Promotion of coffee smallholders through developing flexible and adaptable production
technologies is very important. This is because of the role of coffee in providing rural
employment and in preserving the environment where it is grown (Baker et al., 2001). In
Zimbabwe, recommendations for nursery establishment are to mix virgin forest soils with
Compound S (7N:21:P,05:7K,05). However, smallholder farmers do not often afford or
access fertilizers (Boswell-Brown, 2007; Njoroge et al., 1990; Amujoyegbe et al., 2007; EL-
Magd et al., 2006; Logan and Biscoe, 1987) There is thus need to find alternative nutrient
sources for nursery establishment that are locally available, cheap and are competitive in
producing healthy coffee seedlings for a vibrant coffee sector.

MATERIALS AND METHODS

The study was done at the Coffee Research Institute in Zimbabwe. The trial was a 5 x 3
factorial design of 5 media treatments and 3 coffee varieties replicated 3 times and laid out in
randomized complete blocks (RCBD). The media treatments were un-amended soil, Poultry
Manure, Cattle Manure, Humus and Composted Ash and the varietal treatments were Catimor
F6, Yellow Catuai and SL28. The media treatments were crushed and passed through a 5mm
sieve and mixed with forest soil in the ratio 1:1. Three coffee seeds were sown directly into
each pot and these were later thinned to 1 after germination assessments. The number of
germinated seeds was recorded weekly and seeds were considered to have germinated when
the plumule appeared above the soil level. Germinations in composted ash were very poor
such that no measurements of stem thickness (using vernier callipers 5cm above soil level),
number of leaves and plant height (using a 30cm rule) were taken. Destructive sampling of 3
plants per treatment was done when the seedlings were 6 months old to measure biomass.
Shoot dry matter was determined when shoots above soil surface and roots were oven dried
for 8hrs at 70 °C.

Mean germination time (MGT) was computed using the method standardized by Ellis and
Roberts (1980) based on the formula

Y (D —0.5)n
¥n

where D is the duration of germination (weeks), n is the number of seeds germinating per
week and 0.5 is a correction factor for germination which could occur before the assessment
date. Data sets were analyzed for variance between treatments (ANOVA) using Genstat 10
(Lawes Agricultural Trust 2006) and means were separated using the Duncan’s Multiple
Range Test (DMRT) in MSTAT C when differences were significant. Simple Linear
Regression was also done using Genstat 10.

MGT =
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RESULTS AND DISCUSSION

Effect of organic media on germination of coffee seeds

Coffee seed germination under organic media treatments were significantly different (p<0.05,
Table 1). The time it took coffee seed to germinate in the organic nursery media had a highly
significant positive influence on germination success (p<0.05, y=21.84-85.4x, r*=0.87).

Table 1. Germination of coffee seeds in organic media after 12 weeks.

Treatment Germination % Germination MGT (weeks)
Control 18.17b 40.37 5.47
Poultry Manure 21.83a 48.52 6.73
Cattle Manure 23.83a 52.96 6.06
Humus 25.83a 57.41 6.49
Composted Ash 0.67c 1.48 4.21

p 0.002

*Means followed by different letters are significantly different according to Duncan’s
Multiple Range Test (p<0.05).

Germination variation between varieties

Yellow Catuai had the highest coffee seed germination in organic media, while Catimor F6
seeds were the earliest to germinate (p<0.05, Table 2).

Table 2. Germination of different coffee varieties after 12 weeks.

Treatment Germination % Germinations MGT (Weeks)
Catimor F6 9.8b 36.30 5.01
Yellow Catuai 24.3a 90.00 5.51
SL28 20.4a 78.52 6.37

p 0.006

*Means followed by different letters are significantly different according to Duncan’s
Multiple Range Test (p<0.05).

Effect of organic media treatments on growth

Use of different organic sources of nutrition as nursery media for coffee resulted in significant
differences in number of leaves developed (p<0.05, Table 3). Using cattle manure as organic
media produced the highest number of leaves, biggest leaf area, tallest coffee plants and the
thickest coffee stems.
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Table 3. Effect of nursery media on number and size of leaves.

Treatment No. of leaves | Leaf Area (cm?) | Height (cm) | Stem thickness (mm)
Control 5.86b 7.7b 6.57b 2.41
Poultry Manure 8.84a 35.3a 10.67a 3.17
Cattle Manure 10.47a 42.0a 13.47a 3.19
Humus 8.93a 31.1a 12.74a 3.00
p 0.003 0.001 0.003 0.057

*Means followed by different letters are significantly different according to Duncan Multiple
Range Test (p<0.05).

Response of different coffee varieties under organic amendments

Yellow Catuai developed the highest mean number of leaves with 9.8 leaves when growing
under organic media which was closely followed by SL28 which developed an average 8.9
leaves (p<0.05, Table 4). Yellow Catuai developed thicker stems under organic media
followed by SL28.

Table 4. Vegetative growth of different coffee varieties under organic amendments.

Variety No. of leaves | Leaf area (cm?) | Stem thickness (mm) Height (cm)
Catimor F6 6.9b 27.1 2.50b 8.8b
Yellow Catuai 9.8a 30.7 3.33a 12.5a
SL28 8.9ab 29.3 3.00a 11.3ab

p 0.008 0.745 0.025 0.023

*Means followed by different letters are significantly different according to Duncan’s
Multiple Range Test (p<0.05).

Effects of organic media on shoot and root weights

Table 5. Effect of media treatments on dry mass and moisture content.

T Stem & leaf | Stem & leaf moisture Root dry Root moisture
reatment
dry mass () content (g) mass () content (g)

Control 1.30b 2.88b 0.61b 1.24b
Poultry Manure 5.02a 8.64a 1.99a 2.34b
Cattle Manure 6.20a 12.01a 2.55a 4.10a
Humus 4.55a 9.68a 1.89a 4.96a

p 0.003 0.007 0.015 0.002

*Means followed by different letters are significantly different according to Duncan’s
Multiple Range Test (p<0.05).
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Application of organic amendments significantly affected stem and leaf dry mass (p<0.05,
Table 5). Use of cattle manure produced the heaviest coffee stems and leaves followed by

poultry manure.

Shoot and root weights of different varieties under organic media

There were no significant differences in stem and leaf dry mass, root dry mass, stem and leaf
moisture content and in root moisture content between coffee varieties (p>0.05, Table 6).

Table 6. Effect of organic amendments on stem, leaf and root dry mass and moisture
content of different coffee varieties.

Treatment Stem & leaf | Stem & leaf moisture Root dry Root moisture
dry mass () content (g) mass () content (g)*

Catimor F6 2.64 5.18 5.74 0.44

Yellow Catuai 3.05 6.80 7.73 0.79

SL28 2.61 5.05 6.25 0.64

p 0.567 0.111 0.333 0.603

*Data on root moisture content was transformed using log base. to homogenise variance.

Coffee seed under composted ash germinated four weeks after sowing. Previous studies
reported germination four weeks after sowing when the endocarp was removed (Osei-Bonsu
et al., 1989). This suggests that different organic media influence germination while coffee
varieties may also vary in responding to the stimulations in both time and outcomes. Poultry
manure and cattle manure may have resulted in better germinations as they provided
necessary conditions for germination; well aerated, moisture retention and higher
temperatures than the unamended control. Contrary, the fine texture of composted ash, even
at 1:1 with soil may have been detrimental to coffee seed germination because of causing
oxygen deficit and excessive soaking due to poor drainage.

EL-Magd et al. (2006) evaluated organic nutrient sources for broccoli and realised the high
performance of cattle manure over other organic amendments in growth characteristics, which
concur with the findings of this study. Studies of crop varieties’ response to nutrient
application in crops such as maize (Amujoyegbe et al., 2007), broccoli (EL-Magd et al.,
2006), apples (Reganold et al., 2001) and coffee (Osorio et al., 2002) correspond to findings
of this study that plant genotypes differ in their response not only to nutrient sources but also
to other growth conditions.

The study has demonstrated that enhanced use of manures can be a basis for strengthening
crop production by resource-constrained farmers. While the role of inorganic fertilisers in
crop production remains important, complimentary benefits of using manures need to be
extended especially in small-scale agriculture where crop-livestock synergies are cultural and
economic fundamentals.
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Kramer (1969) explained that the main environmental factors influencing transpiration rate
were sunshine intensity, water vapor pressure and atmospheric temperature, wind, and water
supply to roots; whereas in a controlled environment growth room Pallas et al. (1965) found
that radiant energy, relative humidity, and soil moisture tension had marked effects on
transpiration rates.

Objective of the study is to identify the factors determining water stress of coffee, a case on
alluvial plain.

MATERIALS AND METHODS

Observation was carried out in Kaliwining Experimental Station, Indonesian Coffee and
Cocoa Research Institute in Jember, East Java, on Alluvial plain of 45 m asl. altitude with
seasonal tropical climate of D rainfall type according to Schmidt & Ferguson (1951), from dry
season to rainy season. Observation was carried out by survey method in the plot of N
fertilization trial, at the same rate of N application (100 g Urea/tree/year) and 6 replicates, on
Robusta coffee plants of 12 year old, clones of BP-288, BP-42, BP-409 and BP-358.

Water stress of the plants was observed from their relative turgidities as measured by Machlis
and Torrey (1956) and Shaw and Laing (1966). Whereas its meteorological condition,
including rainfall, maximum and minimum temperatures, relative humidity, radiation, and
wind velocity, were observed at local meteorological station in the station. Soil samples were
taken from the depth of 0-100 cm for assessing soil moisture condition (presented in mm/m)
that were observed periodically (two week intervals) at the same time as those of observation
on growth parameters, during period of observation from dry season to rainy season. Other
parameter observed related to water stress of plants was tanspiration, in mg/cm?/s or mg/m?/s,
measured from the weight of water loss per leaf per day by wrapping single leaves in plastic
bags and tied with rubber tie each in 24 hours, as presented in details in a different paper.
Meteorological data was performed in two week intervals, i.e. accumulation of rain for
rainfall, average of daily radiation for solar radiation, averages of maximum and minimum air
temperatures for T-max and T-min, and average of daily wind velocity for wind velocity.

Evaluation on agroclimatic factors most responsible to plant water stress and transpiration
was performed using a statistical approach by multiple regression analysis.

RESULTS AND DISCUSSIONS

The results showed the following figures. Relative humidity (atmospheeric evaporative
demand) showed to be the environmental factor dominantly affecting water stress of coffee
plants beside soil moisture condition, and wind velocity (Table 1). By excluding non
significant agroclimatic factors in steps and considering their interdependency; then,
performing multiple regression analysis to quadratic level to fit agroclimatic factors most
significantly affecting plant turgidity, it is found the results as presented in Table 2.
However, when relative turgidity data of the four clones are evaluated in a whole it is found
that in general relative humidity and soil moisture content are the agroclimatic factors most
important in controlling plant water stress (Table 3).
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Table 1. Multiple linier regression analysis of relative turgidity on agroclimatic factors.

Variable BP-288 BP-409 BP-42 BP-358
Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value
Intercept 146,7946442 | 0,405106 | 122,9160959 | 0,013155 | 182,9632793 | 0,047237 | 83,26205603 | 0,005491
Rainfall,mm -0,038165516 | 0,690599 | -0,003386566 | 0,294986 | 0,096254008 | 0,059743 | -0,023426975 | 0,012997
T-max,’C 1,584758499 | 0,676979 | -0,508517746 | 0,083105 | -0,114191067 | 0,803149 | 1,238301488 | 0,009702
T-min,°C 0,123068046 | 0,873209 | 0,014527911 | 0,494534 | -0,443811931 | 0,10861 0,195476332 | 0,013146
Relativ humidity,% -1,039735106 | 0,463933 | -0,444433376 | 0,031113 | -1,462581987 | 0,050553 | -0,445692703 | 0,008777
Radiation,% -0,240251686 | 0,555616 | -0,062950214 | 0,067575 | 0,218060514 | 0,103908 | -0,126886788 | 0,009512
Wind velocity,km/h -4,691734435 | 0,840131 | 12,45117739 | 0,021892 | 11,89889053 | 0,121214 | -1,179372778 | 0,065134
Soil moisture,mm/m -0,009112897 | 0,819147 | 0,043725232 | 0,010642 | 0,034262544 | 0,072406 0,01791443 0,007343
R2-regression 0,650281147 0,9065 0,9998502 0,024931 | 0,998925984 | 0,066703 | 0,999969045 | 0,011334
Table 2. Agroclimatic factors that most significantly fit affecting plant turgidity and the patterns.
Variables BP-288 BP-409 BP-42 BP-358
Coefficient | P-value Coefficient P-value Coefficient P-value Coefficient | P-value
Intercept -639,038 0,051736 42,102873 7,79E-10 | -268,62768 | 0,03144534 77,25248 3,79E-11
Rainfall’ - - - - 0,00590217 | 6,1117E-08 - -
T-max - - -0,0198693 | 0,077804 - - - -
Relative humidity 17,76434 0,027442 - - 7,03644971 | 0,01901321 - -
Radiation -0,721 99 0,000282 - - - - - -
Relative humidity” -0,10524 0,022894 | 0,00601077 | 1,39E-11 - - - -
Radiation* 0,004933 0,000438 - - - - - -
Soil moisture - - 0,0003773 0,026633 - - 0,017942 0,001913
Soil moisture” - - - - -0,0397874 | 0,01883081 - -
R°-regression 0,980631 0,001111 | 0,99998017 | 2,02E-11 0,999684 3,63E-09 0,768734 0,001913
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Table 3. Agroclimatic factors most responsible to relative plant turgidity of the coffee plants.

Agroclimatic factors Coefficient P-value Coefficient P-value
Intercept -505,753869 0,395417 100,0461407 1,11E-16
Relative humidity (%) 13,5742317 0,309864 - -
Soil moisture content (mm/m) 0,01999988 0,005217 0,021897936 0,001722
Relative humidity? -0,07892754 0.291305 -0,003028569 0,001427
R2-regression 0,37050628 0,001791 0,34956027 0,0008278
Table 4. Agroclimatic factors most responsible for transpiration of the coffee plants.
Agroclimatic factors Coefficient P-value

Intercept -0,004476753 0,991117103
Rainfall -0,002659025 0,000225359

Solar radiation 0,013348974 0,005717464
Rainfall? 9,78737E-06 1,64508E-05
Relative humidity? 0,00014604 0,001162558

Solar radiation? -9,20973E-05 0,02257379
R2-regression 0,528697603 0,000258545
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Relative humidity also shows to be the most significant environmental factor influencing
transpiration beside soil water condition, although their effects are much less significant than
those on water stress of the plant. However, further analysis to quadratic level it is found that
in general agroclimatic factors most responsible for the plant transpiration are solar radiation,
relative humidity, and rainfall (Table 4). As a note, the plot of plants under study was
managed under leguminous shading trees and windbreakers.

Clones of the coffee plants have different sensitivities or tolerance to water stress that is
shown by the signicant levels of the environmental factors affecting water stress of the plants.
Among 4 clones observed, viz. BP-288, BP-409, BP-42, BP-358, it is shown that coffee clone
of BP-358 is most responsive to agroclimatic factor change compared to the other three
clones.

Multiple linier regression analysis may be usefull to asses the environmental factors affecting
plant water stress; however, the analysis may perform and fit more significantly the
agroclimatic factors most responsible to water stress and transpiration of the plants when it is
performed to quadratic level.

CONCLUSIONS

From this study, it may be drawn conclusions as follows. In general, relative humidity and
soil moisture content are the agroclimatic factors most important in controlling plant water
stress; whereas agroclimatic factors most responsible for the plant transpiration are solar
radiation, relative humidity, and rainfall. Clones of the coffee plants have different responses
to water stress performed by the significant levels of the environmental factors significantly
affecting plant turgidity.
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MATERIALS AND METHODS

The study was conducted in the greenhouse of Cocoa Research Institute of Nigeria, Ibadan
between late 2007 and early 2008. The soil of Ibadan used for the study was Ferric Luvisols
and Ibadan series while that of Mambilla soil was Nitrosols. Top soils (0-30 cm depth) were
collected at the coffee plantations at Ibadan and Mambilla Substations. The soils were air-
dried and sieved using 2 mm sieve. The factorial experiment had three phosphate fertilizer
types namely: Single superphosphate (SSP), Sokoto rock phosphate (SRP) and no P
application (control). Each of Phosphate fertilizers (SSP and SRP) was applied at rate
equivalent to 30kg P,Os/ha. The second factor was inoculation with Arbuscular mycorrhizal
fungi (Glomus clarum Nicolsen Shenk) at two levels (with and without). Seedlings inoculated
with mycorrhiza were done with 20g of the fungus containing spores, hyphae and roots of the
culture plant. The experiment was laid out in a complete randomized design with four
replicates. Data on height, stem diameter, number of leaves and leaf area were collected on
monthly basis. Mycorrhizal root infection was estimated using the grid-line intersect method
according to Giovanetti and Mosse (1980). SRP has 33.7, 44.23, 0.95 and 7.90% for P,0s
Ca0O, MgO and CaCOg respectively while SSP has 18 and 27.0% for P,0Os and CaO
respectively. Soil samples were collected analyzed for both physical and chemical properties
according to IITA (1982). ANOVA was performed on all data.

RESULTS AND DISCUSSION

At 6MAT, the cumulative height of coffee seedlings was significantly (p<0.05) higher due to
SSP application with or without mycorrhizal inoculation compared with coffee seedling
height in the control and SRP application with or without mycorrhizal inoculation (Tablel).
Coffee seedling height was not significantly affected as a result of AMF inoculation in
Mambilla soil (Table 1). This is consistent with the observations of Siqueira et al. (1998). The
stem diameter of coffee seedlings at 6MAT in Mambilla soil was 43.0% and 59.3% higher
(significant) in the SSP application (with or without mycorrhizal inoculation) than the stem
diameter of coffee seedlings treated with SPP and the control (with or without mycorrhizal
inoculation). The effect of the mycorrhizal inoculation was not significant on the number of
leaves of coffee seedlings. In Ibadan soil, the influence of P application and mycorrhizal
inoculation was not significant on the height, stem diameter and number of leaves of coffee
seedlings at 6BMAT (Table 1) The plant height, stem diameter and number of leaves of coffee
seedlings at 6MAT ranged from 12 to 14 cm, 0.26 to 0.36 cm and 10.00 to 13.00 respectively.
Mycorrhizal inoculation without P application significantly (p<0.05) increased the pH of
Ibadan soil at 6MAT. The significant response of coffee seedlings to phosphate fertilizers in
Mambilla soil could be as a result of available P that was critically deficient while in Ibadan
soil the available P was at sufficiency level, hence no response to P application (Ayodele and
Agboola, 1998). The cumulative effect of SSP application (with or without AMF) on
available P was significantly (p<0.05) higher compared with SRP and the control with or
without mycorrhizal inoculation in Ibadan soil. The root colonization ranged from 45 to 70%
in Ibadan soil while it ranged from 45 to 89% in Mambilla soil. Similarly, the root
colonization of coffee seedlings at 6 MAT was significantly higher as a result of AMF
inoculation without P-fertilizer application compared with root colonization under SSP
application and AMF inoculation in Mambilla soil.
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CONCLUSION

SRP had a comparable effect with SSP on the growth of coffee seedlings especially under
AMF inoculation; hence, SRP is a promising substitute for inorganic phosphate sources for
coffee seedling production in Nigeria.

Table 1. Influence of phosphate fertilizers and Arbuscular Mycorrhizal inoculation on
the growth of coffee seedlings in Mambilla and Ibadan soils.

Treatments Stem Diameter Number of Leaf Area (sz)
Plant Height (cm) (cm) Leaves
6 Months After Transplanting
Mambilla Mambilla Mambilla Mambilla
Ibadan Ibadan Ibadan Ibadan

P1My 18.67 14.07 0.46 0.30 14.50 25.74 12.00 4.68

PiM; 17.25 12.50 0.40 0.30 12.00 12.00 2.89 5.50

P2My 15.24 13.50 0.34 0.36 11.95 12.00 22.11 6.54

PoM; 10.70 12.50 0.26 0.31 11.00 10.00 4.05 6.70

PoMog 10.70 13.05 0.22 0.26 7.50 13.50 3.73 4.93

PoMy 15.71 14.00°% 0.32 0.35 11.75 13.00* | 24.42 15.05

SE 3.63 0.67 0.06 0.06 2.47 1.57 5.08 1.88

M; = with mycorrhizal inoculation, My = without mycorrhizal inoculation, ns = not
significant, P;=SSP, P,= SRP, Po=no P application (control).

Table 2. Soil chemical properties and root infection as influenced by phosphate fertilizer
application to AMF inoculated coffee seedlings in Ibadan and Mambilla soils.

Trea;me”ts OC (g/kg) Avail P (mg/kg) | Root infection (%6)
Mambilla Mambilla Mambilla Mambilla
Ibadan Ibadan Ibadan Ibadan

P1My 6.40 5.75 2.72 5.62 10.80 6.18 66.50 66.95
P:M, 5.80 6.00 4.22 5.50 1.47 8.91 45.00 70.90
P>Mg 6.50 5.80 3.17 5.54 6.62 4.36 66.35 68.55
P,M; 5.70 5.70 4.74 5.50 4.98 5.61 77.50 68.50
PoMo 6.40 5.85 3.26 5.15 6.79 5.38 62.55 45.30
PoM; 5.90 6.70 4.66 5.35 9.18 4.36 89.50 70.00
SE 0.34 0.28 0.52 0.28 2.76 0.41 12.24 10.08

OC = Organic Carbon, Avail. P = Available P.M; = with mycorrhizal inoculation, My =
without mycorrhizal inoculation, ns = not significant, P;=SSP, P,= SRP, Po=no P
application (control)
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have less preference and aroma, that less prefered rather than the Congolese (Charrier and
Eskes, 2004). In other side, breeding activities of Robusta coffee should involving parentals
that came from those two genetic groups because of their high geneticly distance, in order to
increase the chance of obtaining heterosis effect of the agronomic characteristics of progenies,
mainly for yield. Fortunately, geneticaly yield and cup taste quality are independent which
means increasing cup taste quality will not be gave of negative effect to the yield.

By now, ICCRI with Nestle Research and Development Centre-Tours, French are involving
in the genome project of Robusta coffee which are using the parentals coming from those
genetic groups of Robusta coffee (Priyono et al., 1999). As part of the research collaboration,
this research was aimed to find out variation of cup taste profile on the population derived
crossing from those parentals for consideration in the selection programs of superior planting
materials.

MATERIALS AND METHODS

Planting material which used in this research were the population derived from artificial
crossing between Congolese type (BP 409) and Guinean type (Q 121), and it reciproc, which
consisted of 48 and 49 genotypes, respectively. This population is planted in Kaliwining
research station, Jember, East Java, Indonesia, at 45 m above sea level (asl) with dry climate
condition according to Schmidt & Ferguson (Schmidt and Ferguson, 1951).

Harvest were done only on red berries which then processed using dry process method with
fully sun drying. Sample bean was taken 150 g for each genotype, only from medium bean
size (sieved at screen 5.5-6.5 mm) at 11-12% moisture content. Roasting were done using
Probat roaster at medium roast, and grinded with rough level. Observation of cup taste were
done using three replication, each 10 g grinded bean/cup by three ICCRI’s panelist using
consencus method.

Observation were done before brewing for Intensity of Fragance (IFR) and Quality of
fragrance (QFR), while parameter observed after brewing were Quality of Aroma (QAR),
Intensity of Aroma (IAR), Quality of Flavour (QFL), Intensity of Flavour (IFL), Body
(BOD), Bitterness (BIT), Astrigency (AST), Quality Aftertaste (QAT), Intensity Aftertaste
(IAT), Balance (BAL) and Preference (PRE), as well as cup taste defect. It also observed
roasting characteristics for enrich the data, involving bulk density, outturn of roasting, and
apparent swelling.

Result of observation was perfoming using simple statistik profile, and also analyzed using
cluster analysis which complete linkage as the method with euclidean distance.

RESULTS AND DISCUSSION
Roasting Characteristics

Roasting characteristic of the two parental type is only show difference for the apparent
swelling. Roasting outturn and bulk density are relatively similar as shown in Table 1. The
progenies look likes have similar characteristics to Guinean type which was then confirmed
by cluster analysis as shown in Figure 1. Most of progenies were found have similar roasting
characteristics to Guinean type rather than to Congolese type.
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Table 1. Roasting characteristics of Congolese and Guinean parental and their

progenies.

Genotypes

Out-turn of
roasting

Bulk density

before roasting

after roasting

Apparent swelling

BP 409

0.84

0.71

0:43

1:38

Q121

0.84

0.75

0:40

1:55

Progenies

0.86

0.76

0:42

1:53

Euclidian distance
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Figure 2. Cup taste profile of Congolese (BP 409) x Guinean (Q 121).
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Profile of Cup Quality

Cup taste profile of the parental and their progenies is shown in Figure 2. According to the
Figure 2, cup taste profile between the Congolese type (BP 409) and the Guinean type (Q121)
are different on QFR, QAR, IAR, IFL, BOD, BIT, AST, QAT, and IAT characteristics.
Congolese type have strong IFL, BOD, BIT, QAT, and IAT, but weak in QFR, IFR, QAR,
IAR, and AST characteristics. In contrast, Guinean type has strong characteristics before
brewing (QFR, IFR, QAR, and IAR) and weak characteristics after brewed (IFL, BOD, BIT,
QAT, and IAT). However, those types have similar value on the characteristic of QFL, but in
different flavor types. Congolese produce chocolaty flavor, while the Guinean produce dry
fruit flavor that associated to green and fermented taste. Those condition then impacted to the
cup taste preference which more preferred for the Congolese rather than the Guinean as
shown in Table 2. This result is confirming the same found of Moschetto et al. (1996).

Table 2. Panelist preferences of parental.

Parameters
Genotype
Clean Balance Preference Comment
Q121 5 6 6 Floral, Green
BP 409 7 8 8 Chocolaty

In other side, cup taste profile of the progenies in overall shows average values comparing to
their parental in all parameters observed. But actually, next analysis using cluster dendogram
shows difference in cup taste profile which can be divided into three different groups as
showed in Figure 3, namely Guinean group (A, marked by the position of Q 121), Congolese
groups (B, marked by the position of BP 409), and unclear group (C). Cup taste profile of
each group which shown in Table 3 confirm the close relation of group A to the Guinean type
and group B to the Congolese type. Unfortunately, the last group (C) is identified as the group
having bad cup taste profile.

12 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

----------------------------------------------------------
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o N SN
:'—1
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Figure 3. Clustering of cup taste profile of Congolese (BP 409) x Guinean (Q 121).
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Table 3. Profile of cup taste quality for each groups compared to the parental.

Cup taste score
Parameters
(57%2?]%%?65) (3ZGgrecr)1l?)?y?)es) (9 Cg;err?gt?/pc):es) BP409 | Q121

QAR 5.08 6.95 6.51 6.00 8.00
IAR 6.81 7.02 6.47 6.00 8.00
QFL 4.78 7.52 6.59 7.00 7.00
IFL 6.00 7.55 6.55 8.00 6.00
BOD 6.42 7.71 6.47 8.00 6.00
BIT 7.58 6.23 5.59 8.00 5.00
AST 5.08 4.55 5.28 4.00 6.00
QAT 4.75 7.75 6.32 8.00 5.00
IAT 6.83 7.70 6.27 8.00 5.00
BAL 4.78 7.70 6.29 8.00 6.00
OVE 4.67 7.78 6.32 8.00 6.00
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Within the production of coffee seedlings, the use of polyethylene bags (derived from
petroleum) on the packing of cuttings, presents itself as the practice being used by almost all
nurseries in the country (Guimardes and Mendes, 1998). However, this material has the
disadvantage of being slowly degraded in nature when they are not recycled, demanding the
return of this material from the field.

Nowadays, we can observe such a public awareness about the use of materials that are
environmentally correct, socially equitable and economically viable. Within this vision, the
development of containers for coffee production from non-polluting materials or materials
that promote the recycling of existing products, it is shown as an alternative for the small
producer who typically has few financial resources to invest in farming, and it also represents
a gain for the environment since much of this material being used is forgotten in nature.

Another factor of great importance for the producer is the possibility of developing containers
for coffee production that do not need to be removed from the seedling at planting moment,
and this may reduce damage to the seedling root system, besides, to facilitate this step and it
becomes less costly to the producer.

Therefore, the objective of this project is to develop containers for producing cloned seedling
of coffee conilon, from alternative materials obtained from recycled products. Furthermore, it
aims to develop containers that facilitate the management of the producer, and which can
reduce production costs, as the manpower and the purchase of cheaper materials (sub-
products), thus reducing environmental contamination by using products that potentially were
being dumped into the environment. Given the importance of coffee to the economy of the
estate of Espirito Santo, about 70% of producers may benefit from carried containers, thereby
promoting changes in habits and seeking sustainable solutions for Brazilian agricultural
sector.

MATERIALS AND METHODS

The experiment was conducted from October 2009 to February 2010 in the greenhouse of
IFES-Itapina, located at coordinates 19° 29'52,7"S and 40° 45'36,9"W in the city of Colatina-
ES.

We evaluated various alternative containers for growing seedlings of coffee conilon, as the
treatments, namely: (T1 (control) - polyethylene bags (control); T2 - used plastic cups; T3 -
bio pot (pot of recycled paper); T4 - bags of jute fiber tissue fabric; T5 - bags of
TNT(Nonwoven Fabric); T6 - used bottles “PET”).

All containers had the same volume capacity of soil (600 ml) and were provided with holes in
the bottom half for drainage (Guimardes and Mendes, 1998). The substrate used in all
containers was composed of a mixture of 70% of ravine land and 30% humus manure plus
chemical fertilizer.

For the production of clones it was used cuttings of clone number 06 of coffee conilon variety
"Vitdria". The experiment had six treatments, as described in randomized block design with
10 repetitions, each consisting of six seedlings. The seedlings were growing by 120 days in
the nursery until the time of field planting. After this period, the experiment was dismantled
and assessed the following characteristics:

955



e Diameter of stem (DS): measured in the neck region, using a caliper ruler in
millimeters;

e Height of plants (HP): measured the neck until the apical meristem of orthotropic
branch in centimeters;

e Number of leaves (NL): counted all leaves of each container;

e Root length (RL): measured from the tip of the root emitted more extensive in
centimeters;

e Fresh weight of shoot (FWS) and fresh weight of roots (FWR): the seedlings were
removed from the container and washed in water. Then the root system was separated
from the shoots, cutting the stem at the height of the neck, and placed on absorbent
paper to remove excess water and then were weighed on an analytical balance and
digital in g / parcel;

e Total fresh weight (TFW): it was made the sum of the fresh weight of roots with the
fresh weight of shoot and the result in g/ plot;

e Dry weight of shoots (DWS) and dry weight of roots (DWR): the root systems and
aerial parts of each plot were wrapped separately in paper bags, properly labeled, and
dried in an oven with forced air at 60 °C until constant weight, and weighed in a
digital analytical and expressed in g / plot;

e Dry weight total (DWT): it was the sum of the dry weight of root and shoot dry weight
and the result in g / parcel.

Data was subjected to analysis of variance and treatment means were compared with the
average of control (polyethylene bags) by the Dunnett test at 5%.

RESULTS AND DISCUSSION

The data analysis showed how the diameter of stem only from the jute seedlings differed from
the control, with thicker stems than the control (Table 1). The absence of differences in this
parameter is mainly due to the fact that cloned seedlings are produced by cuttings, which are
standardized at planting, varying little so far to be taken to the field.

The seedlings from the containers jute and TNT showed height of plant and number of leaf
significantly higher than the seedlings from polyethylene bags, and all other containers did
not differ from the control (Table 1).

The length of seedlings from TNT, the bottles and the plastic cup, was significantly lower
than the control (Table 1). In seedlings from the plastic bottles and glasses it was observed
that the roots had to be reeled or grown in a spiral shape featuring the “crooked pawn." This
characteristic is due to the fact that the containers have rigid surface without grooves, since
the containers made of rigid plastic, such as tubes, for example, must submit, within, in the
longitudinal grooves to provide better targeting of roots in vertical direction, preventing
folding or growth in a spiral shape inside the container (Guimarées et al., 19989).

The fresh weight of seedling from jute and TNT showed significantly higher seedlings of
control (Table 1). While the seedlings from the plastic cup showed fresh mass significantly
lower than control, directly affecting the total fresh weight which was also significantly lower
than the mass of the seedlings produced in polyethylene bags (Table 1). The other treatments
did not differ from seedlings in polyethylene bags (control) on the characteristics mentioned
above (Table 1).
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Table 1. Mean values diameter of the stem (mm), height of plant (cm), number of leaves, root length (cm), fresh weight of shoot (g), fresh

weight of roots (g), total fresh weight (g), dry weight of shoot (g), dry weight of roots (g) and total dry weight (g).

TRAT DS HP NL RL FWS FWR TFW DWS DWR DWT
polyethylene 6,75 11,60 10,30 21,94 8,25 12,19 20,44 1,91 1,82 3,72

plastic cups 6,49 ™ 13,35 "™ 9,68 "™ 17,25° 10,41 ™ 10,52° 17,35° 1,63™ | 155™ | 318™
Bio pote 6,73 ™ 15,70 ™ 11,12 19,93 ™ 11,71 11,73™ 23,44" 2,69 * 1,88™ | 457™
Jute 736" 16,96 * 13,56 22,43™ 15,38 * 12,56 ™ 27,94 " 339" 222" | 561™
TNT 7,02™ 17,96 * 12,16 * 16,04 13,92°* 10,81 "™ 21,31 "™ 2,817 1,88 "™ 460"
bottles 6,33 ™ 11,13 ™ 10,33 ™ 17,02 7,36 "™ 11,11™ 18,47 ™ 1,77™ | 165™ | 342™
DMS 0,45 4,14 1,47 2,38 4,56 1,56 2,74 0,53 0,45 0,90

In each row, means followed by +, - or we are bigger, smaller or not different from control (polyethylene bags), respectively, by Dunnett test at

5% probability.
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The negative result in the production of fresh root biomass, interfering directly in the fresh
biomass total and presented by seedlings grown in plastic cups, is again because of the hard,
flat surface of the container. The root restriction imposed by the walls of containers and the
reduced volume, reduces some important parameters in evaluating the quality of seedlings
such as biomass production, height and leaf area Townend and Dickinson, 1995).

When it comes to the dry weight to leaves obtained in seedlings grown in bio pot, jute and
TNT, they seemed significantly heavier than the dried leaves of the control treatment, since
the root and total dry weight of seedlings did not differ from control treatment (Table 1).

According to the results, it is observed that the seedlings produced in containers Bio jute pot
did not differ significantly lower than in any of the variables, not differing or being above the
seedlings from the polyethylene bags. These data are of great importance, demonstrating the
feasibility of production of coffee conilon seedlings in these types of containers. This
importance is due to the fact that with this procedure we do not use containers made with
petroleum products (polyethylene) anymore which is a non-renewable natural resource, thus
reducing possible environmental contamination, since most containers that are thrown to the
environment taking years for its total decomposition, besides we can use containers made
from recycled materials that would be potential environmental contaminants.

It was observed in this experiment that many roots drilled over from the sides of containers
bio pot and jute, highlighting the possibility of direct planting of seedlings with these
respective containers in the field without the need to set aside the same, depending on the
degree of decomposition of these materials. Such information has such as an importance,
because the techniques for transplanting to the field cause profound changes in the structure
and architecture of the coffee root system (Rena and Damatta, 2002). The main element of
change is the removal of part of the main root of the changes produced in the bag during the
planting in the field, which would not happen to the production of seedlings in containers
made with degradable materials.

The drawback observed in this study for the use of these containers is that because of the long
period for the production of seedlings in the nursery; these containers have deteriorated
almost completely, derailing the transport of seedlings by the producer. So, experimental
adjustments are necessary to promote the extension of life cycle of these materials still in the
nursery.

Regarding the use of cups and plastic bottles for the production of cloned seedling of coffee
conilon, they seemed to be unviable because of the main fact of hard and flat surface of the
material, which promoted undesirable deformations on roots of the seedlings.
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implementation of public policies, planning of the coffee park and to increase the
competitiveness of the national coffee in general.

MATERIALS AND METHODS

To analyze the behavior and current importance of the sectors of agricultural production and
industrialization of coffee for each of the main Brazilian producers, for their respective state
economies and other sectors of national economy, regarding to generation and expansion of
employments, it was built an inter-regional input-output model, for the year 2002. This system has
seven regions and 44 sectors per region, a total of 308 sectors, and it is consistent with the
productive structure of the Brazilian economy, which is reflected in the reformulation of the
System of National Accounts, occurred in 2007. The survey of structures and technical
coefficients of/for production of Arabica and Robusta coffee, in the main producer states -
Minas Gerais, Espirito Santo, Sdo Paulo, Parand, Bahia and Ronddnia - was conducted
between September 2005 and August 2006. This survey was used as a parameter to build the
inter-regional input-output model, with seven regions, representing, respectively, those six
major producer states and the region RBR, which include other Brazilian states where coffee
production is not significant or there is no coffee production at all. This paper specifically
examined the direct, indirect and induced effects of employment generation, and the effects of
employment multiplier, Type | and Type Il, for the sectors and countries that compose the
system (Guilhoto, 2007; Guilhoto and Sesso Filho, 2005; Leontief, 1966; Miller and Blair,
1985).

RESULTS AND DISCUSSION

To facilitate the understanding of the relationship occurring among employment coefficient,
coefficient of employment multiplication (or multiplier) and coefficient of employment
generation (or generator), the results obtained by applying the proposed methodology are
presented in Table 1, and the results are summarized below:

e The total of employments created by an increase of one million reais on the Brazilian
coffee production are: (1) Arabica — 121 direct employments, 14 indirect and 71
induced, in a total of 207 employments; (2) Robusta — 192 direct employments, 20
indirect and 74 induced, in a total of 286 employments.

e For multiplier effects, “Robusta” and “Arabica” sectors have the two smaller effects
among the 44 sectors of the economy.

e In contrast, the coffee industry presents the 4™ largest multiplier effect, which again
indicates the importance of coffee agribusiness for the Brazilian economy.

e Minas Gerais State: the generators of total employment of “Arabica” and “Industry
coffee” are, respectively, the 2" and 7" largest coefficients in the period. That is, in
the state responsible for 50% of national coffee production, the public policies directed
to the coffee sector should be carefully examined before being implemented
effectively, because they may cause significant effect on the employment generation
and, consequently, on the state economy.

e Espirito Santo State: “Robusta” is the 1%, “Arabica” is the 3" and “Coffee industry” is
the 4™ largest generators of total employments. Therefore, policies related to the
coffee production and industrialization may cause significant social and economic
impacts in this state.
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Table 1. Effect of an increase of 1 million R$' on the coffee production.

Region Employment generating Multiplier effect
Direct Indirect Induced Total Rank? Type I Type I1*
Brazil (as a whole) Arabica 121 14 71 207 4 1,12 1,71
Robusta 192 20 74 286 1 1,11 1,49
Industry 6 91 67 164 8 15,91 26,84
Brazilian coffee regions
Minas Gerais Arébica 117 14 83 214 2 1,12 1,84
Industry 7 86 78 171 7 12,66 23,26
Espirito Santo Arabica 142 13 77 233 3 1,09 1,64
Robusta 177 17 76 270 1 1,09 1,52
Industry 7 116 69 192 4 18,44 28,83
Séao Paulo Aréabica 93 9 62 164 3 1,10 1,77
Industry 6 69 59 133 8 13,23 23,69
Parana Aréabica 154 19 66 238 1 1,13 1,55
Industry 4 90 68 162 6 22,11 37,93
Bahia Aréabica 180 33 109 321 6 1,18 1,79
Robusta 232 40 131 404 3 1,17 1,74
Industry 7 90 99 197 20 13,75 27,76
Rondbénia Robusta 193 35 119 346 2 1,18 1,80
Industry 9 147 107 263 5 17,53 29,58
Other States Arébica 201 22 71 294 2 1,11 1,46
Robusta 293 39 63 395 1 1,13 1,35
Industry 8 89 70 167 8 11,97 20,55
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e Sdo Paulo State: coffee sector has the 3 and industry the 8" position on the
employment generation. This is a surprising result, due to the high degree of
industrialization, involving very important sectors, such as production and
industrialization of sugar, alcohol, livestock, citrus, dairy products and vegetable oils.

e Parand State: arabica producer, characterized by small family farms, the coffee sector
is the most important sector regarding employment generation.

e “Robusta” sector stands out in Bahia (third largest), Rondénia (second) and Rest of
Brazil (the first) States.

e “Arabica” sector stands out in Minas Gerais (2nd-largest), Espirito Santo (3"), S&o
Paulo (3™) and Parané (1%) States.

e “Robusta coffee” is the 1% largest total employment generation per 1 million of reais,
while “Arabica” sector is the 4th- largest employment generator, among 44 sectors
considered.

e Employment multipliers — Type | and Type IlI: the coffee industry had the 5 largest
multiplier among the 44 sectors.

There are no indications that the production of Arabica and Robusta coffee is significant as
employment multiplier, from the creation of a new employment, or from increasing the
income of the population due to the creation of a new employment.

These results highlight the importance of farming and the coffee industry for both economies,
state and national as a whole, and indicate that the impact of the implementation of public
policies that act on sectors of agricultural production of coffee, arabica and robusta, and the
sector of industrialization (or solubilization, roasting and grinding) should be significant on
the employment generation in both economies, state and national as a whole.
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Figure 1. Set-up per site.
Only one agronomic variable was taken into account: the type of cover provided by the actual
foliage of the coffee trees which is determined by the size and the structures of the coffee
trees (Table 1).

Table 1. Classification of the sites according to the type of cover.

Sites Type of cover
Triangulo, Limén, Zapote, Palo Solo No cover

Panorama, Guacha, Santa Fé, Naranjo, Casa de zinc Sparse cover
Piedras negras, Casa de piedra, Los Pérez, Pedrera Closed cover

The sampling method used has been described by Dufour et al. 2004:

e Defore trapping the following were estimated: the number of infested residual berries
(soil + branches) for 15 coffee trees/plot, the number of females per coffee tree via
random sampling and then a dissection of 50 infested berries (soil + branches) by
plot.

e after trapping, the number of infested new berries on branches for 18 coffee trees/plot
were estimated (Figure 1).

The trapping method (Dufour, 2005) used 12 BROCAP® traps/0.7 ha. Each trap was hung
from a coffee tree branch so that the entry of the trap was located around 0.5 m from the
ground (Figure 2).

The quantity of captured females was represented by the volume occupied by these females
placed in one or more 25 ml graduated cylinders and immersed in 90% ethanol.
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Attractant whose
diffusion may
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environment

Figure 2. BROCAP® trap.
RESULTS
Trapping in terms of the quantity of females caught

Under full sunlight conditions, there was a linear relation between residual females and
captured females. For 100 females/coffee tree, 5.3 ml were caught per trap (Figure 3). A
similar relation was found in shaded plantations (Dufour et al., 2007). For 100 females/coffee
tree, 25.6 ml were caught per trap, i.e. five times more. Trapping works under full sunlight
conditions, but its efficiency is low.

Females caught per trap (ml)

0 50 100 150 200 250 300 350 400

Number of females (all stages combined) per coffee tree before trapping
Figure 3. Correlation between the quantities of residual females and captured females.

Trapping efficiency under full sunlight conditions depending on the cover formed by the
coffee trees

Trapping helped to reduce infestations in plots where the coffee trees formed a closed cover.
This type of cover is conducive to attractant diffusion inside the coffee plantation. There was
no effect where the cover was sparse or nonexistent (Table 2).

The CBB developed better in plots where the actual cover of the coffee trees provided

substantial self-shading. Self-shading tended to slow down residual berry desiccation, which
would be conducive to CBB survival (Table 3).
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Table 2. Differences between the number of infested berries from plots with and without
trapping, under three types of cover (Friedman test at the 0.05 level).

Type of cover Trapping plots Control plots Friedman test
No cover 1440 1208 NS

Sparse cover 3991 3715 NS

Closed cover 4638 8451 S

Table 3. Differences between attack rates on the new crop in plots with or without
trapping (Kruskall and Wallis test and multiple comparison test at the 0.05 level).

Type of cover Plots Rank sum Mean of attack rates Groups
No cover 8 46 2.0 A
Sparse cover 10 137 8.2 A
Closed cover 8 168 15.8
CONCLUSION

Satisfactory trap operation depends on the existence of shade or self-shading. Under full
sunlight conditions, trap use should therefore be reserved for plantations with closed cover
where the CBB develops better. In this context, the efficiency of CBB control could be
improved by changing some agronomic practices: pruning lower branches to aerate plots and
stripping branches of residual berries which provide shelter for colonizing females.
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plants shows large variations concerning the productivity, plant architecture, disease
resistance, fruit maturation, size and shape of seeds, fruits and leaves (Conagin and Mendes,
1961; Braganca et al., 2001). On the other hand, vegetative propagation maintain the genetic
characteristics of a selected plant, granting a certain crop homogeneity concerning grain
maturation, yield potential and other desirable agronomic characteristics (Weigel and Jurgens,
2002), showing as well production precocity (Braganca et al., 2001). In this way, the use of
cuttings has become quite advantageous, using orthotropic branches.

Nevertheless, the resistance and durability of such plants are still a matter of debate. It is
known that the root system shows differential characteristics according to the species,
genotype, plant age, year season, climate, crop density, biotic stresses, soil texture and
structure, etc. (Lynch, 1995). However, it was reported that until the 6 year Conilon plants
did not show differences concerning the root system (superficial area and length) until a depth
of 60 cm, either propagated from cuttings or seeds (Partelli et al., 2006).

The main objective of this work was to evaluate the yield differences of plants of C.
canephora cv. Conilon implanted from seed or from cuttings.

MATERIAL AND METHODS

The experiment was carried out in the North of Espirito Santo State Brazil (Vila Valério -18°
57" South; 40° 17" West). In this region, the tropical climate is predominant (humid and hot
summer, dry winter), with annual precipitation average of 1200 mm and annual temperature
average of 23 °C. The predominant soil is a distrofic Red-Yellow Latosol (typic Hapludox)
(EMBRAPA, 1999).

The experiment was performed in randomized complete block design, with two treatments
(seedlings originated from seeds and branches), and 12 replicates with five plants per plot,
implanted by 2 x 1 m, in November 1999. The plant production was analyzed along a 9 year
period, from 2001 (17 months) until 2009 (113 months). From 2002 onwards the conventional
fertilization system was substituted by agricultural organic procedures. After 2006, chemical
and organic fertilization were implemented, without pest/disease control products application.
A one-way ANOVA (P < 0.05) was applied to evaluate differences between the vyield
obtained from plants originated from seeds and cuttings. A further comparison was carried out
using an F test (95% confidence level). This work had the collaboration of Valnei Marcos
Partelli in the experiment management and data collecting.

RESULTS AND DISCUSSION

The productivity of plants derived from cuttings was higher in the 1%, 2" 3" 4™ 5" 7" and
8" year (significantly in the 1%, 2" 4™ and 8™ (Table 1). The average production of the
experimental period (9 years) in the plants originated from cuttings and seeds was 2934 e
2350 kg ha™* year™, respectively. For the same period, the sums of all yields were 26407 and
21147 kg ha™ year™ for the plants from cuttings and from seed, respectively, what implicated
and accumulated difference of 5260 kg ha™. That clearly points to a strong production
advantage in the C. canephora cv. Conilon plants originated from cuttings. Such differential
was higher than 2 average annual yields from plants originated from seeds, and could be (at
least partially) explained by the fact that the plants originated from cuttings are
physiologically adults already at the implantation.
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Since the development of the root system is similar in the two types of plants, the higher
productivity of cutting plants might be related to their ability to emit a higher number of
branches and nodes (Partelli et al., 2006), what could have been responsible for the higher
initial productions.

Furthermore, the better productivity in plants originated from cuttings might have arise from a
good and uniform genetic material, possible due to this cloning process (Weigel and Jurgens,
2002), while the plants originated from seeds would have presented genetic variability not
always maximizing the yield capacity (Conagin and Mendes, 1961).

We conclude that C. canephora cv. Conilon implantation through cuttings offer higher
production advantages as compared to plants originated from seed.

Table 1. Production (kg ha™) of C. canephora cv. Conilon, implanted from cuttings or
seeds, from 2001 (17 months) until 2009 (113 months) after implant, in Vila Valério,
Espirito Santo State Brazil.

Production (kg ha™) along time of implantation (months)
Implantation
17 29 41 53 65 77 89 101 113
Cutting 421°% | 5795°% | 1629° [ 3135% | 15627 | 4325% | 2330° | 4349 % | 2861 °
Seed 73" |3220° | 12692 | 2355° | 15492 | 37452 | 25132 | 3446 " | 29772
CV 50.2 169 |353 |26.2 34.9 274 | 222 26.1 |45.6

In each harvest, means followed by different letters represent significant differences (F test,
95% confidence level).
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with an increasing proportion of the exotic species (Grevillea robusta). The second study
concentrates on the specific effect of single shade tree species by comparing quality of
Arabica and Robusta grown under the canopy of 4 native species and the exotic species.

MATERIAL AND METHODS
Effect of shade composition on coffee quality

Ten kg of ripe Robusta berries were taken at the peak of harvest in 102 Robusta coffee
agroforestry systems along an East-West transect (Deciduous Eastern zone: ~1200-1800
mm/year; Central zone: ~1800-3000 mm/year; Evergreen Western zone: ~3000-5000
mm/year) in the Cauvery watershed of the Kodagu district. Five coffee samples were taken
per farm.

Shade level was estimated with a densiometer (Lemmon, 1956) and tree inventories were
done species by species. In each zone, farms with shade cover ranging from 40% to 80% were
selected and with range of the exotic species (Grevillea robusta) ranging from <10%, 10-
30%, 30-50% and >50% of the shade tree species composition. The same type of study was
undertaken for Arabica, but only in the Eastern zone where it is cultivated. 40 farms with
shade cover from 50-75% and over 75% were selected and with the range of the exotic
species (Grevillea robusta) comprising 0-10%, 10-20%, 20-50% and over 50% of the shade
tree species composition.

Effect of single shade tree on coffee quality

The second study concentrates on the specific effect of single tree species on Arabica and
Robusta quality under the canopy of 5 tree species, 4 native species (Artocarpus
heterophyllus, Dalbergia latifolia, Acrocarpus fraxinifolius, Ficus racemosa or Lagerstroemia
microcarpa) and the exotic species (Grevillea robusta). 10 kg of ripe Arabica or Robusta
berries were taken at the peak of harvest under the shade of the 5 trees per species at mid-way
to the drip-line. Five farms were selected in each of the same 3 zones for Robusta and only in
the East for Arabica.

Processing

For Robusta, ripe berries were processed by the dry method. After drying down to 10-12%,
dry berries were de-husked. For Arabica, ripe berries were processed by the wet method (wet
de-pulping, anaerobic fermentation for 24 hours, sun-drying down to 10-12% and de-
husking). For both Arabica and Robusta, out-turn (% of green beans/fresh berries) and % of
green beans with larger sizes (AA beans with diameter > 7.0 mm) were recorded. Cup testing
was undertaken at the Coffee Lab in Bangalore with cup quality scored on a scale from 0 to
10.

RESULTS AND DISCUSSION
Effect of shade composition on coffee quality
For Robusta (Table 1), increasing the % of Grevillea robusta in the shade composition does

not have any significant effect on the out-turn (% of green beans / fresh berries) or the % of
beans of large sizes mainly due to the fact that results are highly variable. On the other hand,
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an increasing % of the exotic species results in a decrease in cup quality (Table 1) as well as
aroma and body (data not shown).

Table 1. Effects of % Grevillea robusta in the canopy composition on out-turn
(% green beans / fresh berries), % of large beans (%0AA) and cup quality (scale of 0-10)
of Robusta in the Eastern (dry), Central (wet) and Western (very wet) zones
of the Kodagu district.

Ratio % East Central West
<10% 215a 21.3a 216a
10-30% 22.4a 23.0a 23.0a
30-50% 22.0a 229a 20.0a
>50% 229a 20.2a 20.0a
Zone Mean 22.0 A 21.8 A 21.1A
% AA

<10% 27.1a 3l.1la 254 a
10-30% 27.6 a 31.8a 30.7a
30-50% 379a 30.2a 30.3a
>50% 33.0a 394 a 35.3a
Zone Mean 30.7 A 33.2A 304 A
Cup quality

<10% 5.58 a 557 a 554 a
10-30% 5.73a 5.56 a 542 a
30-50% 529b 5.60 a 525b
>50% 5.28b 5.33b 525b
Zone Mean 549 A 5.51 A 543 A

* Within a zone, small letters indicate statistical significance (P=0.05) according to the
Newman and Keuls test.
** Between zones, capital letters indicate statistical significance (P=0.05) according to the
Newman and Keuls test.

For Arabica, shade level (50-75% and >75%) has no effect on quality (data not shown).
Increasing the % of Grevillea robusta does not affect out-turn or cup quality, but decreases the
proportion of large beans (Table 2).

Effect of single shade tree on coffee quality

For Robusta (Table 3), the results show a tendency of the out-turn (% of green beans / fresh
berries) to increase from East to West (hence from dry to very wet conditions) whereas bean
size (% of AA) tends to decrease from East to West. Shade by the exotic species Grevillea
robusta results in a higher proportion of beans with large sizes in the East in comparison to
the native species, but to a lower one (along with Artocarpus) in the West (Table 3). These
results also show that shade of the exotic species leads to a lower cup quality in the West.
This indicates that Grevillea robusta is not a suitable shade tree for Robusta coffee in wet
conditions.
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Table 2. Effects of % Grevillea robusta in the canopy composition on out-turn
(% of green beans/ fresh berries), % of large beans (%AA) and cup quality
(scale of 0-10) of Arabica in the Eastern zone of the Kodagu district.

% Grevillea Out-turn (%) AA (%) Cup quality (over 10)
0-10 153 a 46 a 5.48 a
10-20 16.0a 41 a 5.64 a
20-50 15.6 a 41 a 5.65a
>50 152 a 34 b* 554a

*Small letters within a column indicate statistical significance (P=0.05) according to the
Newman and Keuls test.

Table 3. Effects of tree species on out-turn (ratio of green beans / fresh berries). % of
large beans (AA) and cup quality (scale of 0-10) of Robusta coffee in the Eastern (dry).
Central (wet) and Western (very wet) zones of the Kodagu district.

Out-turn (%o) East Central West
Artocarpus 20.1a 20.8a 214 a
Dalbergia 199a 21.7a 204 a
Lagerstroemia 20.1a 20.6 a 21.6a
Grevillea 20.6 a 209a 21.8a
Zone Mean 20.2B 21.0 A 21.3A
AA (%)

Artocarpus 38.1 b* 31.2a 19.0b
Dalbergia 32.2b 29.9a 23.7a
Lagerstroemia 36.2b 31l5a 24.7 a
Grevillea 475a 27.0a 17.7b
Zone Mean 38.6 A** 2998B 21.2C
Cup quality

Artocarpus 5.68 a 5.78 a 5.75a
Dalbergia 5.61a 5.66 a 570a
Lagerstroemia 5.60a 574 a 574 a
Grevillea 5.65a 5.79a 554 b
Zone Mean 5.64 A 5.74 A 5.68 A

*Within a zone, small letters indicate statistical significance (P=0.05) according to the
Newman and Keuls test.
**Between zones. capital letters indicate statistical significance (P=0.05) according to the
Newman and Keuls test.

For Arabica in the Eastern zone, out-turn and proportion of large beans are lower under the
shade of the native species Dalbergia than under any other species, including the exotic one
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(Table 4). On the other hand, coffee quality is lower under shade of Acrocarpus and
Artocarpus, but not under Grevillea robusta.

Table 4. Effects of tree species on out-turn (ratio of green beans / fresh berries).
% of large beans (AA) and cup quality (scale of 0-10) of Arabica
in the Eastern zone of the Kodagu.

Tree species Out-turn (%) AA (%) Cup quality (over 10)
Acrocarpus 0.16 a* 48.9 a 5.39b
Dalbergia 0.15a 39.6 b 554a
Ficus 0.16 a 433 a 5.61la
Artocarpus 0.17a 44.1a 5.39b
Grevillea 0.16 a 47.0a 555a

*Between shade tree species. small letters indicate statistical significance (P=0.05) according
to the Newman and Keuls test.

CONCLUSION

Results indicate that the exotic species, Grevillea robusta, is not a particularly suitable shade
tree for Robusta coffee especially in wet conditions (western zone) as proportion of large
beans and cup quality significantly decrease with increasing % of this species in the shade
composition. In the dry conditions of the Eastern zone, Grevillea robusta does not affect
greatly Arabica quality except for bean size when the proportion of this exotic species is very
high (>50%).

Although Grevillea robusta does not strongly affect coffee quality, the authors advocate for
the maintenance of a high diversity of native tree species in the agroforestry systems of
Kodagu in order 1) to maintain the largest range possible of ecosystem services provided by
these systems and 2) to improve farmers’ livelihoods by reducing their vulnerability to coffee
price volatility through access to developing eco-friendly coffee markets and payment
schemes for environmental services.
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to top soil layer through entirely biomass. To meet the need of wood faced with
environmental problems therefore should be found appropriate solutions to produce of wood
without damaging the natural preservation (Untung, 1999).

Some industrial timber species that have the potential to developed as shade trees are
Paraserianthes falcataria, teak (Tectona grandis), Melia azedarach and Hibiscus
macrophyllus. The aim of this study is to study the effect of using of industrial timber species
as shade trees and the influence carbon sequestration, mineral cycle, plant growth and coffee
productivity.

METHODOLOGY

Research was conducted in the Jember, Indonesia (45 m, D climate type according to Schmidt
and Ferguson) in a split plot design. The main plot were nine pattern of agroforestry system
i.e.(A) Coffee — teak double row (3 m x 25 m x 18 m), (B) Coffee — Paraserianthes
falcataria in single row (2.5 m x 6 m), (C) Coffee-P. falcataria in double row (3 m x 2.5 m x
12.5 m), (D) Coffee — P. falcataria var. Solomon in two rows (3 m x 5 m x 12.5 m), (E)
Coffee — P. falcataria var. Solomon in four rows (3 m x 5 m x 12.5 m), (F) Coffee — Melia
azedarach in two rows (3 m x5 m x 12.5 m), (G) Coffee — M. azedarach in four rows (3 m x
5m x 12.5m), (H) Coffee — Hibiscus macrophyllus in four rows (3 m x 5 m x 12.5 m), and (I)
Coffee-Leucaena sp (3 m x 2.5 m) as the control. The subplot was coffee clones, namely BP
534, BP 409, BP 936 and BP 939. The observed parameters were carbon sequestration, litter
and biomass weight monthly, litter mineral content, and coffee yield.

RESULTS AND DISCUSSION
Carbon stock

The amount of carbon stored in a coffee plantation depends on the population and type of
vegetation (Hairiah and Rahayu, 2007; Yuliasmara and Wibawa, 2007; Yuliasmara et al.,
2009). The amount of C stored certainly related to the volume of the plant. In this study, P.
falcataria is the fastest-growing species while Leucaena is lowest. In the meantime, C-stock
inside coffee plantation at 5 years old was around 7% in average to total in the area. Carbon
stock in the coffee — Leucaena pattern (control) is lowest, whereas the highest is on coffee —
P. falcataria single row (1006.54% to control) followed by coffee — P. falcataria var.
Solomon four rows (879.9% to control). C stored in the coffee — T. grandis pattern cropping
was approximately 317.4% to control.
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Figure 1. Carbon sequestration between agroforestry system.
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Mineral cycle

Litter of Hibiscus macrophyllus was heaviest, followed by teak and P. falcataria var.
Solomon. The lighest litter was obtained from M. azedarach. By annually pruning, biomass
from Leucaena is quiet high. In the equality with total Urea, SP-36, KCI, Dolomite, and
Kieserite, litters of T. grandis potential to supply back as much 574.14 g; P. falcataria 287.57
g, P. falcataria var. Solomon 453.59 g, M. azedarach 450.84 g, H. macrophyllus 877.56 g,
and Leucaena 445.12 g per tree per year. The tendency of micro element (Fe, Mn, Cu, Zn)
cycling is quite similar with those macro elements. During dry season, T. grandis falling
down all of their leaves, and on rainy eason a part of the branches were pruned to give more
illumination for the coffee. This result is similar with reported in India that 64-76% of mineral
in teak biomass is supplied back to soil (Salleh, 2001). But, if those mineral cycling is
correlated with coffee yield, there is still not positive correlation, the impact of others growing
factors are more dominant. Nevertheless, in comparison with Gliricidia sepium, litter of P.
falcataria is 81% more, total C organic content 17% higher, N-total 40% higher, and
available P 112% higher (Purwanto et al., 2007).
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Figure 2. Potency of litter and biomass to supply nutrient (in equality to urea, SP 36,
KCI, Kieserite, Dolomite) back to soil.

Coffee yield

There is a tendency that M. azedarach and H. macrophyllus by using those planting pattern
are not suitable for coffee shade trees. M. azedarach falling down their leaves during dry
season, and on the other side H. macrophyllus gave heavy shading. Observation of shading
level by using densitometer showed that shading intensity of H. macrophyllus was 73%, while
Leucaena was 49%. Coffee without or less shade trees has less chlorophyll and low electron
transport (Chaves et al., 2008). In Indonesia, Leucaena is the most ideal for coffee shade
trees, while in Costa Rica was reported Eucalyptus deglupta ((Rudi and Philippe, 2006).
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Table 1. Effect of planting patterns and clones on the average
of cherries yield 4 and 5 year old.

Treatment Cherries per tree

Main plot 4 year 5 year
A. Coffee-Teak 440.1 bc 1,219.0 a
B. Coffee-P. falcataria 1 rows 479.8 ab 902.2 bc
C. Coffee-P. falcataria 2 rows 470.4 b 723.8 cd
D. Coffee-Solomon 2 rows 469.6 b 1,024.0 ab
E. Coffee-Solomon 4 rows 291.4 de 688.0 cd
F. Coffee-M. azedarach 2 rows 338.7 cd 364.4 ef
G. Coffee-M. azedarach 4 rows 995 f 316.8 ef
H. Coffee-H. macrophyllus 211.3 ef 259.1 f
I. Coffee-Leucaena sp. (Control) 603.5 a 869.7 bcd
Sub plot

BP 534 432.3 a 618.1 bc
BP 939 365.9 ab 1,040.0 a
BP 409 377.0ab 753.4Db
BP 936 337.8 b 551.4c

“Notes: The data in the same column followed the same letter are not significantly different at

5% level according to HSD test.

CONCLUSION

1. Cropping pattern agroforestry enhance the ability to store carbon and improve mineral
cycling and soil organic matter content.

2. Cherry yield by using Paraserianthes falcataria as the shade trees is similar with

under Leucaena, but under Melia azedarach and Hibiscus macrophyllus are

consistently lower.

The cherry yield is also influenced by clone, BP 936 clone tend the less.

4. Coffee agroforestry improve ecology service, P. falcataria in special planting pattern
is recommended as an alternative shade tree beside Leucaena sp.

w
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(Heyne, 1987). In Indonesia, the timber is very valuable because is used for plywood industry.
Because of its characteristic, this plant has opportunity to be used as shadings of coffee and
environmental conservation in the plantation, although it needs to notice its characteristic of
being inresistant to wind of high velocity, the risk of damage of the coffee crop when
harvested and possibility of strong competition of water and mineral nutrients. Coffee
plantations which are managed intensively, has complied with the rules of natural resource
conservation. The existence of shading tree a continuing 70-80% of light is very important to
ensure a long productive life and productivity levels of coffee and cocoa (Alvim, 1977
Maestri and Barros, 1977). The purpose of this research is to observe impact of
Paraserianthes harvesting on yield and land productivity.

METHODOLOGY

The research was done in Kaliwining Experimental Station (45 m dpl. tipe iklim D (Schmidt
and Ferguson). Industrial timber was planted in 2003. Research methodology using split plot
design. The treatments of this research are coffee — Paraserianthes falcataria (single row 2,5
m X 6 m and double row 3 m x 2.5 m x 12 m and coffee monoculture (Leucaena shading
trees). As a sub plot is coffee clones i.e. BP 409, BP 534, BP 936 and BP 939. Between
Paraserianthes falcataria trees was planted Leucana sp. as shading trees when the
Paraserianthes falcataria harvest. Harvest time of Paraserianthes falcataria is after 7 years
old. The cutting of Paraserianthes falcataria was done very carefully for the coffee plant
damage will be less. Observation parameter are coffee yield before and after Paraserianthes
falcataria harvested; coffee plant damage because of the Paraserianthes falcataria
harvesting; and timber income benefit/cost ratio.

RESULT AND DISCUSSION

At three years old the highest production was on coffee-Paraserianthes falcataria single row
treatment. At six years old coffee plant (2009), the Paraserianthes falcataria was harvested
and the shading function is replaced by Leucaena sp. trees. Coffee yield increased, but not the
effects of Paraserianthes falcataria timber harvesting because the coffee beans was formed
before Paraseranthes falcataria harvested. The changes of coffee yields is seen in seventh
years (2010) because after Paraseranthes falcataria harvested and the shading function is
replaced by Leucaena sp. that was prepared before. Coffee yield increased significantly
before Paraserianthes falcataria harvested, which is about 127% and 32% respectively for
the ex single row and double rows.

One year after timber harvesting (2010), coffee yield from double rows undamaged trees was
higher than control. The improvement of coffee yield of the ex double row was 127% and
32% of the ex single row to the control. The coffee yield after 7 years of control decreased
compared to 6 years old and this phenomenon is a natural in the coffee. The results in Brazil
showed the similar tendency, that coffee is cultivated in agroforestry, particularly species that
are not allowed to do pruning, the production is lower than if the shading trees allows for
pruning. Coffee yield with shading trees reached 515 kg/ha, while the cultivated monocultures
reached 2443 kg / ha (Campanha et al., 2004).

After Paraserianthes was harvested, the shading function was replaced by Leucaena sp.
which have been prepared before. From harvesting of 441 timber trees for double row and
483 trees for single row system caused severe, moderate and minor damage of coffee plants
by 6.58%, 3.63% and 4.31% respectively for double row system, and 5.38%, 3.11%, and
2.90% respectively for single row system. The serious damage caused more than 75% coffee
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yield loss, moderate 30-50% loss, and minor less than10% vyield loss. Nevertheless, the
revenue obtained from timber sales was easily offset the costs of damage to the coffee plant.
This impact is normal, in Costa Rica, using of timber shade trees (Cordia alliodora), harvest
of timber shade trees damage cocoa plants. From the 49 harvested timber trees observed, 196
cocoa plants were affected, of which 4% required replanting and 38% coppicing (Ryan et al.,
2009).
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Figure 1. Progress of coffee yield. Histogram + deviation standard.

Table 1. Cherry yield per tree at one year before and after harvesting
of timber shade trees.

Before After Changing, %
Double rows 1095.16 2481.22 126.56
Single row 1254.62 1659.4 32.26
Control 1671.17 1620.55 -3.03

The influence of coffee clones, have not shown consistent results. At the 6 years old (2009) of
coffee crop, BP 939 have a highest coffee yields and then BP 409 clone, the lowest is BP 534
clone. One year after Paraserianthes falcataria harvested, coffee yield is increase except BP
409 clone. BP 939 clone is the highest. But, the coffee yields is not optimum yet because the
coffee crops are still young.
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Figure 2. Effect of coffee clone on berry yield at before (2009) and after (2010) the
timber shade trees harvested.
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PARASERIANTHES FALCATARIA FARMING ANALYSIS

Paraserianthes falcataria was harvested in the beginning of 2009 (7 years old), the prices was
US$ 37.43 per tree. The result of coffee farming analysis showed that benefit cost ratio is very
high. The prices level in 2008, Paraserianthes falcataria as a shading trees with single row
and double row pattern increase the land productivity drastically. B/C of single row is 18.4
and 14.2 for double row.

Table 2. Paraserianthes falcataria farming analysis (7 years old).

Coffee- Paraserianthes falcataria Coffee- Paraserianthes falcataria
(single row) Value (double row) Value
Coffee: Coffee:
R/C 1.73 R/C 15
B/C 0.73 B/C 0.5
Paraserianthes falcataria: Paraserianthes falcataria:
R/C 38.87 R/C 4475
B/C 37.87 B/C 43.75
Coffee farming: Coffee farming:
B/C 18.38 B/C 14.17
CONCLUSION

1. The result showed that harvesting of timber trees for double row caused more severe
damage of coffee plants than single row system.

2. One year after timber harvesting yield from undamaged trees of double rows was
higher than control.

3. Yield from the damages trees the yield was higher in double rows than single row and
control.

4. The financial analysis showed that on average, the net gain derived from timber
harvesting was around US$37.43 per tree, and contribute Benefit/Cost 43.75 and
37.87 for double rows and single row system, respectively. Total B/C including coffee
yield calculation at that age were 14.17 and 18.38 for the double rows and single row
systems, respectively, while B/C coffee monoculture 2.34.

5. This study showed that revenue obtained from timber sales was easily offset the costs
of damage to the coffee crop, so this planting models is economically appropriate.
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358, BP 409, BP 534, BP 936, BP 939, BP 961 and SA 237; respectively. Leaves were taken
from collection garden of the Indonesian Coffee and Cocoa Research Institute. Chlorophyll
index was measured by using chlorophyll meter, stomata density was observed by using light
microscope, and palisade index was observed by using binocular microscope. The data
collected analyzed with variance analysis. The difference among parameters was tested by
LSD at the 0.05 probability level. The relationship between yield and those observed
parameters was done to illustrate a role of those parameters to yield.

RESULTS AND DISCUSSION

Potency of productivity of eight clones observed was varied between 1200 kg/ha to 2800
kg/ha, BP 42 has the lowest of productivity and BP 939 has the highest one.
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Figure 1. Potency of productivity of eight clones observed.

Leaf area of eight robusta coffee clones those observed was varied between 113-215 cm?/leaf,
whereas BP 534 was the lowest and BP 409 was the highest one. Range values of other
parameters as follows: chlorophyll index was 51.23-61.37 (BP 42 was the lowest and BP 939
was the highest), stomata density was 245-466 stomata/mm?® (BP 961 was the lowest and BP
936 was the highest), stomata pore area was 3.48-7.31 mm?%.10™ (BP 358 was the lowest and
BP 534 was the highest), and palisade index was 24.82-36.97 palisade/epidermal cell (BP 42
was the lowest and BP 936 was the highest); respectively.

Table 1. Morphology and anatomy properties of eight coffee clones observed.

Leaf area | Chlorophyll Stomgta Stomata Palisa_de index
Clones (cm?/leaf) index density ,. | Pporearea (palissade/
(stomata/mm®) | (mm-.10™) epidermal cell)
BP 42 167.20 51.23 342.20 5.75 24.82
BP 961 172.26 53.70 245.68 3.69 26.66
BP 358 116.22 53.99 263.23 3.48 33.39
SA 237 130.46 56.92 315.87 5.563 24.98
BP 409 214.99 56.59 377.29 5.31 35.09
BP 534 113.01 57.32 421.16 7.31 32.98
BP 936 159.89 59.48 465.03 6.42 36.97
BP 939 136.44 61.37 412.39 591 35.54
LSD 5% 41.29 5.52 52.87 3.42 7.019
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There were positive exponential relationship between photosynthetic active radiation (PAR)
and photosynthetic rate (P) of eight coffee clones. It means that the higher the PAR, the
higher the photosynthetic rate (P) until they reach a maximum point and then constant or
gradually decrease. This phenomenon is usual for living objects.

Table 2. Exponential relationship between photosynthetic active radiation (PAR)

and photosynthetic rate (P.)

Clones Equation R®

BP-42 Y = 7 (1-exp(-0.02 x X/7)) 0.825
BP 961 Y = 5.8 (1-exp(-0.0123 X X/5.8)) 0.829
BP 358 Y = 8 (1-exp(-0.0212 x X/8)) 0.964
SA 237 Y = 11.5(1-exp(-0.0297 x X/11.5)) 0.967
BP 409 Y = 7 (L-exp(-0.0164 x X/7)) 0.903
BP 534 Y = 7.5 (1-exp(-0.0177 X X/7.5)) 0.928
BP 936 Y = 11 (1-exp(-0.0239 x X/11)) 0.979
BP 939 Y = 13 (1-exp(-0.0203 X X/13)) 0.979

Relationships between morphological-, anatomical- as well as physiological characteristics to

potential productivity follow a positive linier regression equation.

Figure 2. Relationship between stomata density and productivity.

Figure 3. Relationship between stomata pore area and productivity.
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PAR is the intensity of radiation that stimulates photosynthesis reaction actively. It is very
logic that until an optimum level, the higher the intensity of radiation, the higher the
photosynthetic rate. Radiation is very close related to photosynthesis. Photosynthesis only
takes place when sunlight is presence.

Stomata density, palisade index, chlorophyll index and photosynthesis were significantly
affected productivity of coffee clones. It is very logic because those characters were governed
assimilate production. Based on determination coefficient (R%) value, chlorophyll index was
the character that has closest relationship to productivity of robusta coffee clone.

990



CONCLUSIONS

e Potency of productivity of eight clones observed was varied between 1200 kg/ha to
2800 kg/ha, BP 42 has the lowest and BP 939 has the highest one.

e There were positive exponential relationship between photosynthetic active radiation
(PAR) and photosynthetic rate (P) of eight coffee clones.

e Stomata density, palisade index, chlorophyll index and photosynthesis were
significantly affected productivity of coffee clones with positive linier regression
equation.

e Chlorophyll index was the character that has closest relationship to productivity of
robusta coffee clone.
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INTRODUCTION

Green coffee quality is the consequence of many factors including genetic, environmental,
harvesting and processing aspects. The study aimed to identify scientific proof of latent
knowledge of agricultural and post harvest practices for achieving highest green coffee
quality.

MATERIALS AND METHODS

Around 1,500 green coffee samples were prepared during 3 years in controlled conditions in 4
Central and South American countries (Costa Rica, Guatemala, Colombia and Brazil) and in
two Asian countries (China and Thailand). The study focused on the most important factors
preliminary determined as the varieties, the environment, the mode and quality of harvest and
the post harvesting treatments. Each sample was prepared from 12 kg of cherries and the
number of replications was fluctuating between 3 and 5. Green coffee samples were analysed
by Near InfraRed (NIR) spectroscopy for their composition, sensory analyses were done by a
trained panel of 12 panellists.

RESULTS

Main results obtained in the study can be classified into 4 categories according the factor
under study.

Environment

Site, season and altitude of production have significant influence on the cup quality. The
effect was observed in Colombia, Costa Rica and Guatemala. Local conditions influence the
cup quality, they could be related to the soil fertility or microclimatic conditions and can be
assimilated to the “terroir” effect. Almost a systematic influence of the altitude is detected on
the sensory profile. The coffee quality is strongly influenced by the seasonal effect, most
probably related to annual climatic conditions.
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Figure 1. Winey attribute in relation with the altitude (2 seasons & sites in Colombia-
Caturra wet process).
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Figure 4. Cup acidity of 2 varieties at 2 altitudes with and without soaking (Guatemala).

CONCLUSIONS

The study allowed to identify factors having significant effect on the sensory profile, like
varieties, environmental conditions, quality of harvest and post harvesting process. The
understanding of the action of these factors is giving the opportunity to build the quality by
applying the conditions leading to the required sensory profile in the finished product.
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present study aims at estimating the economic performances of this innovation over the first
seven years of driving of the test.

MATERIALS AND METHODS
Site of the study

The study is led to the station CNRA of Divo (Figure 1), in Ivory Coast within the framework
of the realization of the project AEIA no: IVC /5/022 and IVC /5 /025.

The average rainfall is relatively low amounting to 1354 mm / year against approximately
1500 mm / year on a national scale (Figure 2) grounds are weakly acid, with a report carbon /
high nitrogen (9.92), sign of a good on-surface microbial activity. They contain, altogether,
three individualized well horizons (Cestac and Snoeck, 1982). These soils are saturated and
have a low capacity of exchange in base. They suit particularly in the culture of Coffea
canephora, variety Robusta (Coste, 1989). The physical and chemical characteristics of this
soils are: “argile+limon” at the end: 28 % - %C: 1.19 - %N: 0.12 - C/N: 9.92 - That: 3.20 méq
/1009 - Mg: 0.86 méq / 100 g - Mg: 0.86 méq / 100g - K: 0.30 - pH: 5.9.
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Experimental device

The test was led according to a device in blocks of Fischer with 4 treatments and 5 repetitions.
Two legumes were associated with coffee trees: Gliricidia sepium and Albizzia guachapele.

T1: witness without legume and without fertilizer;
T2: association coffee tree / Gliricidia;

T3: association coffee tree / Albizzia;

T4: urea at the rate of 100 kg N / ha.

Coffee tree Robusta used for the test is clonales selections reproduced by taking of cuttings
and organized in the field after 8 months of breeding in tree nursery. They are planted in the
density of 1333 trees in the hectare with a space of 3 m x 2.5 m. Legumes are planted in the
line spacing of coffee trees, and in the same density with the same space as the coffee trees.
On one year after plantation, legumes are cut. On one year after plantation, legumes are cut at
a height of 1.50 m of the soil, and the new branches are cut every 3 months for mulch coffee
trees. Prune them are weighed before the mulch in the feet of coffee trees.

Methodology

The collected data concerned, for each of 4 treatments, on one hand, on time of works and on
the other hand, and the flows of money.

Time of works is expressed in the working days by activity and by treatment. The flows of
money consisted in raising products (receipts) and loads (expenses) by technique.

The economic profits were estimated from income statements and through two indicators: the
margin after refund of inputs and the net valuation of the work. In this case, the cost of inputs
corresponds mainly:

e in the purchase of the plant material, the plantations of coffee trees, stubs of Gliricidia
sepium and plantations of Albizzia guachapele: the cost of a plantation of coffee tree is
considered at 300 F CFA, the cost of a stub of Gliricidia to 25 FCFA, the cost of a
plantation of Albizzia stemming from seeds 150 FCFA and,

e in the purchase of the urea: cost of a kilogram: 300 FCFA. For an average application
of 128 g by coffee tree a year.

e The working day is paid in 1 000 F CFA. The production of coffee trees is expressed
in kg of trade coffee.

RESULTS AND DISCUSSIONS

Net valuation of the work

The cost of stake places coffee trees in the hectare over the first seven years (purchase of
plantations, plantation ...) rise 1 108 400 F CFA among which 41 % for the purchase of
plantations. This cost is associated with the 198.4 working days. The costs of the other

treatments vary of 1 334 880 F and 1 650 700 F (Table 1) among which 67 % and 82 % are in
the works of effective implementation of coffee trees.
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Table 1. Estimation of cost per technical per ha.

Traitements _ Année_ 0 a Annee 7
Quantité | Homme/jour (HJ) F CFA
T1 1500 198,40 1108 400
T2 305,28 1344 880
T3 307,83 1566 130
T4 233,60 1 650 700

Margin after refund of inputs

The profitability compared by four techniques over the period of 7 years (1 cycle of
production of coffee) shows a profit margin (Table 2) which varies between 1 033 000 of 2
257 250 F. The strongest margins are observed in the case of the association of coffee trees
with Albizzia and the technique using the nitrogenous mineral manure.

Table 2. Estimation of benefits after inputs reimbursement per ha for 7 years.

Traitements T1 T2 T3 T4
Codt des travaux a I’ha 1108400 | 1344880 | 1566130 | 1650700
Quantité de café marchand récoltée 4 282 6 315 7271 7816
en Kg

Prix de vente unitaire en F CFA 500 500 500 500
Recette totale 2141000 | 3157500 | 3635000 | 3908000
Marge bénéficiaire 1033000 | 1812620 | 2069350 | 2257250

In case of the nitrogenous mineral use of the fertilizer, the costs are superior of the order of
5% with regard to the treatment Albizzia. The profit margin of coffee tree + urea is superior
no than of 8 % with regard to Albizzia. The profit margin coffee tree + urea are superior of 20
% with regard to coffee tree + Gliricidia, for costs of superior production of 18%. The
average of profit margin of Coffee trees + Legumes is superior with regard to the witness (T1)
of more than 46 % for only approximately 20% of additional expenses. The profit margin of
these two legumes is thus upper furthermore of twice with regard to the witness without
fertilizer, and without legumes. The urea is superior no than of the order of 1.3 with regard to
the average profit margin of Gliricidia and Albizzia.

CONCLUSION

Legumes, with regard to the witness and to the use of the urea, value better the working day
while protecting the environment. These works show the interest of the system of culture of
C. canephora in association with legumes. This device offers to the producers the possibility
of planting, during several years, trees in the line spacing of coffee trees while preserving a
density of plantation of coffee trees equal to that usually adopted.
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MATERIAL AND METHODS

The coffee and soils samples were collected on-farm with 27 coffee growers in three major
production areas (Figure 1) according to three levels of technicalities:

e Level 1: improved plant material with good agricultural practices,
e Level 2: improved plant material with bad agricultural practices,
e Level 3: traditional plant material.
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Figure 1.

Two post-harvest techniques were applied for the coffee samples. These were wet shelling
before drying and direct drying before shelling. After drying, the samples of coffee beans
were sent to CNRA, OIAC and CIRAD for processing and tasting.

With regard to the assessment of the agronomic parameters, quantitative and qualitative
information were collected with the growers, in particular the means of production, the mode
of creation of new farms and the cropping systems. At farm level, the observations consisted
in the description of the plots, the evaluation of the management level, the identification of the
planting design and the material planted, the estimation of the size of the plot, the
identification of the farming system (no shade or shade), the counting of the shade trees and
the identification of the species of shade trees.

RESULTS AND DISCUSSIONS
Characteristics of the sites of study

The analysis of the climatic and soil conditions of the three regions gave the following
essential indications:

e The annual average rainfall varies between 1200 mm and 1600 mm;

e Coffee plantations are established on hillsides with altitudes which do not exceed
250 m.
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The lowest altitudes are found in Aboisso (Table 1). Overall, the soils of the middle-hillsides
are the most used for growing coffee.

Table 1. Characteristics of the climate and the soils of the study sites.

Parameters Divo - Gagnoa Abengourou Aboisso
Rainfall (mm) 1320 1250 1600
Altitude (m) 149-246 164-227 53-110
Source rock Granite Migmatite Schist Tertiary sand, Granite

Characteristics of plant material collected

More than 65% of the plant material was improved coffee clones distributed to the farmers.
Cuttings of traditional varieties were collected and established in the nursery on-station for
future characterization.

Table 2. The type of the collected plant material.

Plant material Southeast East West central Average
Improved varieties 67 67 67 67
Traditional varieties 33 33 33 33

Typology of the coffee according to the varieties planted and the soils

According to the type and the characteristics of the soils in the different regions, the coffees
were classified in each in the following groups:

e Abengourou Coffee: a good rating. Fruity and good aromatic quality. Some coffee
samples of this locality have rather a bitter taste, or are astringent.

e Aboisso Coffee: They present overall the same characteristics as those of Abengourou,
with in addition a slightly acid taste. But, no bitter, green or astringent taste.

o Divo Coffee: ligneous, earthy, bitter or strong. This type is in positive connections
with the silt and sand contents of the soil in this locality.

Influence of the cultural practices on the quality of the coffee: role of the shade

More than 78% of the plantations of coffee trees of Aboisso were established under the
“forests”, while most of the farms of two other localities were established on fallows. This is
the case of Divo and Lakota where more than 78% of coffee plantations are established on
fallows of Chromolaena odorata. The highest densities are found in Aboisso (more than 60%
of plantations). In addition, plantations established under shade of forest trees are dominant in
the Aboisso region (56%). Plantations without shade are much diversified (coffee + diverse
food crop). The other parameters did not vary from one locality to another. The establishment
of coffee trees on forest land with managed shade seems to have a positive influence on the
quality of Aboisso coffee. Recent studies conducted in Guatemala and in Costa Rica
confirmed these findings (Guyot et al., 1996). Indeed, Guyot et al., in 1996, showed that the
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presence of shade trees in the coffee farm lengthened the period of fruit maturation and
guaranteed a better quality of coffee.
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Table 3. Cropping systems.

. Low shade Relatively heavy shade
Zone of production No shade (< 10 trees/ha) (>10 trees/ha)
Aboisso 44 23 33
Abengourou 67 11 22
Divo - Gagnoa 56 11 33
CONCLUSION

An increase in the level of shade associated with coffee trees established on forest lands lead
to the production of coffee with good ratings, fruity, aromatic, absence of bitter taste and
without astringency. The quality of the coffee seems to depend on the mode of establishment
of the coffee trees. This study must be extended to the entire coffee growing area of Cote
d’Ivoire in order to confirm the relationship between plant material, rainfall, soil and the
farming system on the quality of the coffee.
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RESULTS AND DISCUSSION

The biometric parameters of Arabica seedlings (Table 1) reflected significant influence of
microbial inoculation in general and consortium in particular when compared to the control.
The highest seedling height (29.5 cm) was recorded in consortium treatment (T;) followed by
Ts (26.3 cm) and Tg (25.3 cm) which were treated with Pseudomonas fluorescens and AM
fungi, respectively. All the three (Ts, Tg and T;) treatments remained on par and were
statistically superior over rest of the treatments. Enhanced production and subsequent utility
of IAA, IBA, NAA, GA 1 to 3, phytohormones, vitamins, and other plant growth promoters
(PGP) in growth media by different constituents boosted the growth and dry matter
production (Mishra, 1993). In the next stratum T,, T3 and T, remained comparable and were
statistically superior over the control. The stem girth, tap root length and number of leaves
recorded remained inconclusive to draw inference on the effect of microbial inoculation,
however numerically superior values were recorded in the consortium treatment over the rest.
The bush spread was significantly higher in all the treatments compared to the control with
numerically superior values in AM fungi and consortium treatments. Similarly the root and
shoot weight were significantly higher in microbial inoculants in general and consortium in
particular when compared to the control.

Table 2. Biometric parameters of robusta seedlings (150 DAS) as influenced
by microbial inoculation.

Plgnt S_tem Tap root No. of Bush Sh_oot Rgot
Treatments height | girth length leaves spread weight weight

(cm) (cm) (cm) (cm) (g/plant) | (g/plant)
T. 19.0™ 3.9 25.0° 11.0 33.3 11.5° 4.9°
T2 21.3" 4.2 31.8% 12.5 33.0 12.6° 6.5%
T3 23.0% 4.0 30.3° 12.5 375 12.6° 6.4
T4 23.8% 4.0 32.0° 13.5 338 12.8° 6.9a
T5 23.3% 4.1 30.8° 13.0 33.0 12.7° 6.8a
T6 25.5° 4.1 29.3 13.0 35.5 12.7° 6.6
T7 27.8° 4.1 32.0° 13.0 34.8 13.0° 6.9a
sem+/- 0.99 | 0.099 1.35 0.57 1.93 0.04 0.09
CD@ 5% 2.88 NS 3.94 NS NS 1.35 0.27

DAS - Days After Sowing.

The data pertaining to the growth parameters of Robusta seedlings is made available in Table
2. The effect of AM fungi was conspicuous as either solitary or in consortium in modulating
the growth pattern of the young seedlings as evidenced by significantly higher plant height in
T and T; compared to rest of the treatments. Similarly, the tap root length, root and shoot
weight were found to be significant in microbial inoculated treatments over the control.

The prominent effect of AMF in both the varieties may be attributed to increased uptake of
available soil phosphorus (P) and other non labile minerals essential for plant growth as
earlier reported (Smith and Read, 1997) and now evidenced in the higher nutrient status after
inoculation (Table 3). The indirect effect of AMF in stabilizing the soil aggregates (Miller and
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Jastrow, 1990) by production of glycoprotein glomalin (Wright and Upadhyaya, 1996) is
more important in considering it as one of the components in the consortium. In addition, the
prominent role in alleviating plant biotic (Guillemin et al., 1994; Linderman, 2000) and
abiotic stress (Rosendahl and Rosendahl, 1991; Goicoechea et al., 1997; Auge, 2000) render it
inevitable for the sustainable cultivation.

Table 3. Soil Nutrient status as influenced by microbial inoculation (150DAS).

Initial status After 150 days

Treatments | pH OC(%) ﬁ\é haﬁ ﬁ\é ha§ pH OC(%) ﬁ\é ha.'? ﬁ\é ha§

Arabica
T 7.0 2.89 16 556 6.1 3.73 80 230
T, 7.1 1.72 18 700 5.8 3.73 76 200
Ts 6.9 2.29 15 696 5.2 3.73 77 220
Ty 6.8 2.58 17 572 55 3.15 71 220
Ts 6.8 2.58 21 516 5.8 4.01 74 130
Te 6.8 2.29 22 560 55 3.73 83 200
T, 6.7 2.89 26 592 5.8 3.73 85 190

Robusta
T 6.8 2.89 26 608 54 3.44 71 210
T, 7.4 1.72 25 648 54 3.15 88 250
T3 7.4 1.28 27 664 7.0 4.01 75 270
Ty 7.4 1.72 24 672 7.3 3.15 87 210
Ts 7.5 2.58 26 676 7.4 4.01 70 210
Te 7.5 2.58 27 636 7.2 3.15 74 200
T, 7.5 2.58 26 652 7.4 4.01 92 250

CONCLUSION

The vigor of the seedlings could be effectively improved through bio-fertilizers besides
imparting traits to combat biotic and abiotic stress expected in the later periods. Considering
the constraints of coffee growing soils, P solubilizers or to be more precise, AMF needs to be
incorporated to enhance nutrient assimilation of the whole system.
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because of availability of weather data (rainfall, temperature and relative humidity). The area
has bimodal rainfall pattern (long and short rain seasons).

Study procedures

Assessment of insect population size was conducted for a period of 12 months, from
September 2007 to August 2008. Two factors were investigated to establish their effect on
population dynamics of the three insect pests which includes: altitude (high and medium), and
seasons (wet and dry). Multi-stage sampling techniques were used. Sampling was done
randomly and total sample size was 810 trees (Table 1). Data for pest infestation were
collected from unsprayed coffee farms carefully located by means of Global Positioning
System (GPS).

Table 1. Summary of the sampling protocol in two districts.

_ No. of | No. of villages No. of farms | No. of sampled tree Total
District .
wards per ward per village per farm samples
Moshi 1 3 15 9 405
rural
Hai 1 3 15 9 405
Total 2 6 30 18 810

The farms were divided into equal grids. The nearest coffee tree to the point at which the two
transects crossed was sampled. Therefore, in every farm, a total of 9 points/trees were
sampled regardless of farm size. The length of transects varied depending on the size of the
farm. The outermost lines of coffee were not sampled and were regarded as a guard row.

Data collection and analysis

Data collected was: total number of the three pest species WCSB, antestia bug and CBB per
coffee tree and fruit phenology. Counting of the insects was done on a monthly basis to allow
for changes in life cycles for some of the insect pest species. Assessment of the number of
each pest type was carried out as prescribed below:

WCSB

The lower trunk, up to 0.6 m above the collar level, was closely examined for any signs of
stem girdling or boring by white coffee stem borer. The number of insects was represented by
the number of bores per coffee tree.

Antestia bug

The tree was careful examined from all angles for the presence of the pest without disturbing
the tree canopy. The total number of adult antestia bug and nymphs was recorded.

CBB
A primary branch bearing coffee berries was randomly selected in the middle third of the

bearing head and two medial berry clusters were examined for the presence of the pest and
recorded in a standard sheet (Kamanywa et al., 2006).
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Data analysis

The mean numbers of insect pests per location were determined and population dynamics
curve were drawn to show the occurrence of insects at different periods of the year.

RESULTS AND DISCUSSION

Relative abundance of WCSB, antestia bug and CBB as influenced by altitude, weather and
fruit phenology.

The population size of WCSB was higher at high altitude (1600-2100 m.a.s.l.) than medium
altitude (1200-1600 m.a.s.l.) (Figurel). This is in contrast with findings made in 1950 by
Tapley (1960) which showed that the upper limit of the ‘borer belt’ in Kilimanjaro was
approximately 1,524.3 m at Mkuu and Kilema, 1,341.5 at Kirua, Old Moshi, Uru and
Kibosho, 1,250 m at Lyamungu, 1,189 m at Machame and up to 1,463 m at Sanya. This might
be a result of climatic change, particularly an increase in temperature at Kilema. The
population of antestia bugs was lower at the higher altitude (Kilema) where the temperature is
relatively low compared to medium altitude (Lyamungo) (Figure 2 and 3). An increase in
temperature is known to shorten the life cycles of the pest, resulting in many generations of
the pest within a short period of time (Le Pelley, 1968). CBB were only present at Lyamungo
(medium altitude) (Figure 4). The pest has been reported to prefer low-altitude Arabica
coffee, being seldom serious over 1370 m.a.s.l and not found beyond 1680 m.a.sl (Tapley,
1960).
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400.00 -
350,00 4
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Figure 1. Population dynamics of WCSB at Lyamungo and Kilema.
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Figure 2. Population dynamics of antestia bugs at Lyamungo.
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