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Augmentation of Caffeine Alkaloids by Exogenous Indoleamines
in Coffea canephora P. Ex. Fr. in Vitro Cultures:
the Possible Involvement of Polyamines

P. GIRIDHAR*, A. RAMAKRISHNA, V. SRIDEVI, G. A.RAVISHANKAR

Plant Cell Biotechnology Department, Central Food Technological Research Institute
(Council of Scientific and Industrial Research) Mysore- 570 020, Karnataka State, India
*E—mail: pcbt@cftri.res.in

SUMMARY

The physiological roles of indoleamines serotonin and melatonin in plants have been of great
interest since they were thought to exist exclusively in the animal kingdom. Though we can
not rule out the antioxidant role of indoleamines in plants, the same could be having
significant influence on secondary metabolites in plants. Polyamines putrescine (Put),
spermidine (Spd) and spermine (Spm) are essential compounds for growth and development
in plants. Polyamines are reported to influence on in vitro morphogenetic response and
caffeine biosynthesis in C. canephora. Till today no reports are available on indoleamine
mediated regulation of secondary metabolites in plants. Similarly information on correlation
between indoleamines and polyamines in plants and its possible influence on caffeine
alkaloids pathway are not available. Hence, a study was taken up on the profiles of serotonin
and melatonin in Coffea sp. vis a vis endogenous polyamine pools and the content of caffeine
alkaloids in in viro cultures of Coffea canephora. As caffeine levels too are affected by
polyamines, their possible influence in alterations in caffeine levels under exogenous feeding
of indoleamines SER and MEL was studied.

INTRODUCTION

Melatonin (N-acetyl-5-methoxytryptamine; MEL) and serotonin (5-hydroxytryptamine; SER)
are prominent indoleamines which participate in neural transmission in animals have also
been reported in various genera of both cryptograms and phanerogams (Hernandez-Ruiz et
al., 2005). SER has been found in more than 42 species (Roshchina, 2001). In angiospermic
plants these indoleamines concentrations were usually in the range of picograms to
nanograms per gram of tissue (van Tassel and ONeill, 2001). SER (5-hydroxytryptamine,
5HT) is reported in the coffee beans wax (Wurziger and Harms, 1968). Caffeine is the major
alkaloid in Coffea sp. In caffeine biosynthesis pathway, methylation reactions are catalyzed
by N-methyl transferases, and S-adenosyl methionine is the methyl donor for the methylation
steps (Mazzafera et al., 1994). Though influence of both indoleamines (SER and MEL) and
polyamines on plant morphogenesis is reported. The polyamines role on caffeine regulation in
somatic embryos of coffee is well documented (Vinod Kumar et al., 2008). The endogenous
polyamine profiles in both in vitro and ex vitro tissues of C. arabica and C. canephora along
with their levels during the ontogeny of coffee fruit formation was documented recently
(Sridevi et al., 2009). 5-hydroxy tryptamines being the precursors of IAA and also SER and
MEL might have regulatory role secondary metabolites production in plants apart from their
influence on growth and development in plants.
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Till today no reports are available on indoleamine mediated regulation of secondary
metabolites in plants. Similarly information on correlation between indoleamines and
polyamines in plants and its possible influence on caffeine alkaloids pathway are not
available. Hence, a study was taken up on the profiles on the influence of indoleamines on
polyamine pools in Coffea sp. vis a vis endogenous content of caffeine alkaloids in in viro
cultures of Coffea canephora.

MATERIALS AND METHODS

The indole compounds MEL, SER and polyamines Putrescine, Spermine, and Spermidine
were obtained from Sigma-Aldrich, USA. All other chemicals and solvents obtained from
Merck, India, Di-methyl sulphoxide (DMSO) from SRL, India. The solution of SER dissolved
in sterile distilled water and MEL was dissolved in DMSO and filter-sterilized before addition
to the autoclaved medium. Hypocotyl and leaf explants from in vitro germinated seedlings of
C.canephora CxR variety were used for the experiment. Explants were placed on callus
induction medium (van Boxtel and Berthouly, 1996) containing MS salts (Murashige and
Skoog, 1962), 9.8 UM isopentenyladenine (2-iP), 2.2 uM 2,4-dichloroacetic acid (2,4-D) to
initiate callus (55 days; 25+2 °C with a 16 h photoperiod) and then subcultured on to medium
containing 4.5 uM 2,4-D and 17.6 uM benzyl amino purine (BA) to induce embryogenic
callus (for two and a half months). The embryogenic callus was transferred to the EG medium
containing MS salts, B5 vitamins, and 2% sucrose (w/v), 0, 1, 5, uM with 1AA and without
IAA, 0.25 mg/l BA, and 100 mg/L meso inositol (EG medium).

The embryogenic callus cultures were cultured on EG medium (without IAA) supplemented
with B5 vitamins, 0.8 uM BA, 3% sucrose, 100 mg/l inositol and SER and MEL at 100 uM
and indoleamine inhibitors viz., prozac (fluoxetine hydrochloride) (SER reuptake inhibitor)
and p-CPA (SER to MEL conversion inhibitor) in the range of 20-60 uM were added
individually or in combination to the MS medium.

Extraction and HPLC analysis of MEL and SER was performed as reported earlier (Murch et
al., 2000) using C-18 Column (3.9x150mm, particle size 3 um). Isocratic buffer consist of
0.1M sodium acetate, 0.1 M citric acid, 0.5 mM sodium octanylsulfonate, 0.15M EDTA,
adjusted to pH 3.7 and 5% methanol was used as a mobile phase at a flow rate of 1 mL/min
(Murch et al., 2000). MEL and SER were quantified from their peak areas in relation to the
respective reference standards. Indolamines were monitored using Fluorescence detector (FD)
at Em 348/Ex 280. MEL and SER were further confirmed by LC- MS-ESI according to Cao et
al. (2006). The methanolic extracts obtained and analyzed by HPLC unit model- Alliance
equipped with an electrospray ionization source (ESI) and coupled to Waters 2696 operation
module and Waters 2696 photo diode array detector (DAD) with isocratic mode with
methanol: water (3:2) with a flow rate of 1ml/min, column temperature maintained at 25 °C.
Detector wave length of 286 nm. Extraction of caffeine alkaloids from embryogenic callus
(50-100 mg) was performed and analysed by HPLC (Ashihara et al., 1996). Similarly the
extraction and estimation of endogenous polyamines was carried out (Flores and Galston,
1982). An aliquot of methanol extract of experimental sample and standard sample were
injected to C18 column of size 25x4.6 mm (High performance Liquid Chromatography model
no: LC-6A, Shimadzu corporation, (Kyoto, Japan). The wave length set at 254 nm. Samples
were run at isocratic condition using solvent mixture of methanol: water (64:36) with flow
rate of 1.0 ml per min. Quantitative estimation of polyamines was done based on the peak
area of specific concentrations of the sample.
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RESULTS AND DISCUSSION

Incorporation of SER at 100 uM concentration to medium enhanced caffeine, theobromine
and theophylline by 88%, 62.5% and 86.5% respectively compared to control wherein 210, 6
and 12 pg/ g dry wt. were detected (Table 1). But there was 30%, 22% and 41% increase in
put, spd and spm respectively along with two fold increase in endogenous SER (2 folds) and
MEL (1.5 folds). Similarly MEL addition to the medium at 100 uM augmented caffeine,
theobromine and theophylline by 50%, 58.8% and 68% respectively. There was 27% (put),
28% (spd) and 34% (spm) increase in endogenous polyamines along with 2 folds increase in
endogenous MEL profile (Tablel). In order to substantiate the influence of SER and MEL on
caffeine alkaloids profiles in callus cultures, indoleamine inhibitors p-CPA at 40 uM and
Prozac at 20 phM were added to the callus culture medium, which reduced purine alkaloids
production by 20-28% and 40-52% respectively (Table 1). The endogenous polyamine
profiles too reduced by 45 & 39 % (put), 32% & 36% (spd) and 54 & 59 % (spm) respectively
compared to the cultures treated with SER and MEL, under the influence of indole amine
inhibitors Prozac and p-CPA respectively. Apart from this, the levels of tryptamine (2 pg/g
FW) is less than that of SER (39 pg/g FW) and MEL (25 pg/g FW) in control cultures
wherein the content of caffeine was 0.21% (not shown in table.1). Similarly all the three
major polyamine profiles were low to moderate (Spm>put>spd).

Table 1. Influence of indoleamines and their inhibitors on caffeine alkaloids and
endogenous polyamines in somatic embryos of Coffea canephora.

Purine alkaloids (mg/100g dry wt.) Polyamines ( pg/g" dry wt.)

Treatment

Caffeine | Theobromine | Theophylline | Putrescine | Spermidine | Spermine
EGmedium | 16,956 | 12.03£0.8 06+0.02 82422 58+4.6 11+0.95
(control)
EG+MEL 315414 | 19.08+2.5 10564158 | 104.14+35 | 74.24+37 | 14.74+0.6
(100 uM)
EG+SER 304.8435 | 22.08+15 11.59+0.56 | 108.24+2.2 | 70.76+3.2 | 15.51+1.2
(100 uM)
(Ez% :”\Ijlr)ozac 4284324 |  48.0+1.0 14.08+0.09 | 59.53+2.8 | 4044428 | 4.95+.025
(E4% ;,\";I')CPA 320.0+15 ND 28.00+1.26 | 50.04+15 | 37.12+22 | 3.51+.03

Values are mean of three determinants. DW-Dry weight; ND-Not Detected; ND-Not Detected
; EG medium (Embryogenic medium) ¥2 MS+IAA (0.5mg/L) BA (0.25mg/L); Data recorded
on 60" day of culture.

Tryptophan is a precursor of indoleamines and methionine is a precursor of polyamines. In
our study, we found that SER/MEL treatment, significantly elevated the levels of spermine,
putrescine and spermidine. The interrelations between indoleamines and polyamines are not
clear at the present time, which needs to be further explored. The relationship between
polyamines (put, spd, spm) and caffeine alkaloids was well established (Vinod Kumar et al.,
2008). There is strong evidence that there is competition for SAM between the biosynthetic
pathways of polyamines, ethylene (Minocha et al., 1990) and caffeine biosynthesis (Ashihara
and Suzuki, 2004). Although unconvincing attempts have been made by various researchers
to hunt for the actual role for these indoleamines as a circadian, photoperiodic
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(Reiter et al., 2001) and morphogenesis regulator in general and secondary metabolites that
are specific to a plant species in particular (Kolar et al., 1997; van Tassel and O’Neill 2001)
no clear evidence available about the precise function of MEL and SER in plant system. But
in the present study, under the influence of MEL and SER changes in caffeine, theobromine
and theophylline was evident. The indole amines influence was further substantiated by
reversing their activity through their inhibitors Prozac and p-CPA. As a part of our study, we
have noticed that, the indole amine inhibitors in culture medium had adverse effect on the
endogenous pools of both SER and MEL (data not shown). Moreover, they reduced the levels
of polyamines, which shows a possible interrelation ship between indoleamines and
polyamines and also purine alkaloids.

So from the study it is concluded that the administration of SER / MEL to the medium
improved caffeine alkaloids profiles in somatic embryos and also the endogenous pools of
polyamines compared to that of controls. Incorporation of SER re-uptake inhibitor Prozac or
SER to MEL conversion inhibitor p-CPA to the medium leads to significant reduction in
endogenous pools of both SER and MEL and also caffeine alkaloids levels. Respective
polyamine levels also decreased that leads to poor response for somatic embryogenesis.
Polyamines are known for improvement of somatic embryogenesis in C. canephora. Similarly
our studies indicates a positive influence of indoleamines SER/MEL on somatic
embryogenesis and caffeine alkaloids production. A re-examination of the classic systems of
plant physiology may provide new clues to the role of MEL and SER that may be independent
of other growth regulators, or act synergistically with other known growth regulators leading
to morphogenesis and secondary metabolism.
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Genetic Study on Several Mechanical Properties of the Wood
of Coffea arabica and Coffea canephora Coffee Trees
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SUMMARY

The physical characteristics of wood are not usually taken into account when breeding
perennial species grown for their fruits or seeds. In the coffee tree, stem breakage during
harvesting and lodging during the growth period are major defects in some cultivars. Such
defects are linked to certain wood physical and mechanical properties, such as density or
rigidity, which can be characterized by a parameter used in the resistance of materials: the
modulus of elasticity. Wood density and the longitudinal modulus of elasticity of stem
segments of Coffea arabica L and. C. canephora coffee trees were studied. C. arabica coffee
trees derived from a diallel mating design, and C. canephora derived from a clone
comparative trial. The modulus of elasticity was measured using an acoustic system based on
an analysis of the vibrations produced by a blow to the end of a piece of wood of known
geometry.

The modulus of elasticity and the wood density of the coffee tree stems were highly heritable
in both species and the wood from C. arabica was stiffer on average than that from
C. canephora. C. canephora clone classification according to wood stiffness revealed the
clones most liable to lodging. In this species, wood stiffness displayed strong broad sense
heritability (0.64), indicating that this trait can be efficiently improved. This parameter could
also be used as a predictor of other traits of agronomic interest, such as resistance to borer
insects. The classification of C. arabica parents according to the wood characteristics of their
progenies depended on their rate of introgression by the species C. canephora. These traits
could therefore be used as a measure of introgression in this species. Use of coffee tree wood
could also be considered, notably to derive value from the wood arising from the different
pruning and cutting back operations.

INTRODUCTION

In perennial species grown for their fruits or their seeds, such as coffee, the physical and
mechanical properties of the wood are not traits that are taken into account in breeding
programmes. Yet these properties can be involved in events that are prejudicial to crops, such
as coffee tree lodging (De Reffye, 1976), which is primarily linked to the “elasticity” of the
material. “Elasticity” is the tendency of a body to resume the shape and dimensions it had
before stress, when that stress is removed. The coffee tree is one of the rare perennial plants
that is susceptible to lodging, apart from a few fruit trees whose “weeping” or drooping
growth habits are managed by cultural techniques. In the species Coffea canephora Pierre,
which gives “Robusta” coffee, there is genetic variability for wood rigidity (or “stiffness”).
“Stiffness” is the property of a solid characterizing the degree of deformation undergone for a
given increase in stress; the slighter the deformation, the stiffer the body. The problems of
lodging or of stem damage during harvesting are therefore returning to the forefront of
producers' concerns. Susceptibility to lodging mainly depends on the elastic properties of the
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wood and on stem geometry. Whilst lodging is often linked to insufficient rigidity in the
wood, inversely high rigidity can lead to problems of main stem or branch breakage during
harvesting. Indeed, on old coffee trees it is often necessary to bend the main stems to reach
the fruits in the upper section of the coffee trees. When stems are too rigid, even slight
deformation can lead to the elastic domain being overstepped, ruining the material. Optimum
rigidity therefore needs to be sought in accordance with different cultural practices. A few
studies have already been carried out on the rigidity of coffee tree wood (De Reffye, 1976;
Cilas et al., 2000, 2002, 2006). We studied the variability and the inheritance of these traits
(density and elasticity) on Coffea canephora and Coffea arabica.

MATERIALS AND METHODS

Wood density and the longitudinal modulus of elasticity were studied on stems of C.
canephora L clones, and on stems of C. arabica L. coffee trees derived from a diallel mating
design. The modulus of elasticity was measured using an acoustic system based on an
analysis of the vibrations produced by a blow to the end of a piece of wood, with the “Bing”
system.

Plant material

Ten clones of the species C. canephora, selected for their yield potential, were studied: clones
119, 126, 305, 461, 503, 526, 587, 588, 589, 609. The clones were in a clonal comparative
trial at the CNRA research station (Centre National de Recherche Agronomique de Cote
d’Ivoire) at Divo in central southern of Cote d’lvoire.

On C. arabica, the stems studied came from the cutting back of a genetic trial set up at the
Cicafé station in Heredia, Costa Rica, involving a diallel mating design of crosses between 10
parents: T17930, T17931, T17933, T18121, T18130, T18138, T18140, T18141, T8666,
T8667. All these parents were of the compact type, due to the presence of the “Caturra” gene
that conferred dwarfism. This incomplete diallel comprised 35 families, and 291 stems of the
same age were analysed. The stems were obtained when the trees in the trial were cut back in
2001.

Methods

The study material was a segment of stem, with an average length of 60 cm and a slightly
conical shape. On each of these wood samples (or test-pieces), the dynamic compression
modulus of elasticity was measured by a vibrating analysis system developed at CIRAD: the
“Bing” system (Bailléres et al., 1998). The “Bing” system (Figure []1) is based on an analysis
of the vibrations produced by a blow to a piece of wood of known geometry and density.

Once the information had been fed into the software, the longitudinal modulus of elasticity
was calculated. The modulus E1 corresponding to the first frequency peak of the spectrogram
f1 was estimated, along with the average modulus E corresponding to the mean of E1 and E2
(corresponding to the second frequency peak of the spectrogram f2). The specific modulus of
elasticity (Er) is the ratio of the modulus (E) to the density (p).
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Figure 1. Laboratory version of the “Bing” system.
Statistical analyses

The clones were compared by a one-way analysis of variance and the broad sense heritability
values were then estimated, along with the associated standard deviations, to obtain a
confidence interval for the estimations. Estimations of heritabilities were given by the ratios
of genetic variances (“clone” variances) and phenotypic variances.

Diallel analyses were carried out on the traits recorded: density (p), modulus of elasticity (E),
specific modulus of elasticity (Er), and yields cumulated over 4 years (Y). Narrow sense and
broad sense heritabilities were estimated for all the traits and the confidence intervals for
those estimations were obtained by the Jackknife method. These statistical analyses were
performed with “Diogene” quantitative genetics software (Baradat and Labbé, 1995).

RESULTS

The density of the wood is higher for C. arabica than for C. canephora; and the rigidity is
higher for C. canephora (Table 1).

Table 1. Means for the two species.

Traits C. arabica C. canephora
A 820 760
E 7500 9500
Er 9 13

With: 4: density of the wood (in kg/m®); E: the specific modulus of elasticity (in
Megapascals — MPa - i.e. in Newtons per mm?); Er : the specific modulus of elasticity - the
ratio of the modulus (E) to the density (p).

On C. canephora, physics properties of wood have high broad-sense heritabilities, particularly
the density of the wood, in comparison to agronomic traits like yield (Table 2).
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Table 2. Heritabilities on C. canephora.

Traits th [95% confidence limits]
A 0.811 [0.664 ; 0.959]
E 0.671 [0.455;0.888]
Er 0.576 [0.333;0.819]
Y 0.474 [0.220; 0.728]

Y: Yield on several years.

We observed the things on C. arabica: heritabilities were higher for the wood properties than
for yield (Table3).

Table 3. Heritabilities on C. arabica.

Traits h2N [95% confidence limits] hZB [95% confidence limits]
A 0.475 [0.336 ; 0.614] 0.538 [0.399 ; 0.677]
E 0.195 [0.066 ; 0.324] 0.228 [0.076 ; 0.380]
Er 0.385 [0.211 ; 0.559] 0.443 [0.287 ; 0.599]
Y 0.055 [0.000 ; 0.216] 0.180 [0.000 ; 0.368]

h2N : Narrow sense heritability; th : Broad sense heritability.

The properties of wood were linked for the 2 species, but not from the same manner (Tables 4
and 5). Yield was also linked to wood properties but the links need to be more investigated to
better understand the relationships; in fact, yield increased when density decreased on C.
canephora, but it was reverse for C. arabica.

Table 4. Genetic correlations between the traits on C. canephora.

Traits Y A
E -0. 448* 0.605*
Er -0.378 0.271
A -0.407 *
*Significant.
Table 5. Genetic correlations between the traits on C. arabica.
Traits Y A
E -0.146 -0.423*
Er -0.262 -0.835%
A 0.300*
*Significant.
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CONCLUSION

The density of the wood is higher for C. arabica than for C. canephora; and the rigidity is
higher for C. canephora.

Properties of wood (density and modulus of elasticity) are very heritable in the two species -
more heritable than the yield. The heritabilities of these traits are higher in C. canephora than
in C. arabica. Clones with a very low modulus of elasticity were effectively the ones with
lodging problems in the field, notably clone 503 (C. canephora), for which the top of the stem
can bend right down to the ground.

Wood density was significantly correlated to yield and wood elasticity. This trait should
therefore be measured in breeding trials for use as a predictor. Studies on the ability of wood
traits to predict other criteria of agronomic interest remain to be carried out. In particular, the
physical properties of wood might explain the differences in coffee tree performance in
relation to certain pests, notably stem borers such as Bixadus sierricola White, Anthores
leuconotus Pasc. or Apate monachus Fabr. (Coste, 1989), whose penetration may depend on
the mechanical properties of the wood.
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SUMMARY

Low positive temperatures (chilling) are often linked to the onset of oxidative stress
conditions. This is of particular importance for coffee plants due to its cold sensitivity,
reflected, e.g., on photosynthesis and crop yield. Experiments were carried out using 1.5-year-
old coffee seedlings of Icatu and Apoatd, submitted to a gradual cold treatment and a recovery
period. The less cold sensitive Icatu genotype showed higher enhancement of some enzyme
(APX and catalase) activities and non-enzyme (ascorbate, zeaxanthin and lutein) contents, as
well as a higher expression of a chitinase class Ill gene. Differences on the triggering of
antioxidative mechanisms help to explain the different cold tolerances among Coffea spp. and
could be an important tool to identify tolerant plants.

INTRODUCTION

Among environmental stresses, low positive temperatures constitute a major limiting factor,
with impacts on photosynthesis, uptake of water and nutrients, as well as on crop production
quality and post-harvest life (Ensminger et al., 2006; Chinnusamy et al., 2007). Chilling
impairs all photosynthetic components. Chloroplasts are the major cellular source of reactive
oxygen species (ROS), and under low temperature they are often the first and the most
severely affected organelles (Kratsch and Wise, 2000). Therefore, the control of oxidative
stress through the reinforcement of scavenging and detoxifying mechanisms is crucial to plant
tolerance and survival under cold conditions (Mano, 2002; Logan, 2005). Despite its
sensitivity to cold (Bauer et al., 1985; DaMatta et al., 1997; Ramalho et al., 2003) previous
reports have highlighted different acclimation abilities within the Coffea genus, likely related
to the tolerance of the photosynthetic apparatus and membrane stability in face of oxidative
stress conditions (Ramalho et al., 2003; Campos et al., 2003). This work further investigates
cold-induced adjustment of antioxidative mechanisms, supporting the hypothesis that they are
decisive for cold tolerance in Coffea spp.

MATERIAL AND METHODS
Plant Material and Growth Conditions

The experiments were carried out as previously described (Ramalho et al., 2003), using 1.5
years old plants from the genotypes Icatu (IAC 2944 - C. canephora x C. arabica) and C.
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canephora cv. Apoaté (IAC 2258). Potted plants were submitted successively to: 1) a gradual
temperature decrease (0.5 °C day™) from 25/20 °C to 13/8 °C (day/night), to allow the
expression of acclimation ability; 2) a 3 day chilling cycle (3x13/4 °C), where the plants were
subjected to 4 °C during the night and in the first 4 h of the morning (with light) and 13 °C,
throughout the rest of the diurnal period; 3) a 7 days rewarming period (25/20 °C), to plant
recover. Photoperiod was set to 12 h, RH to 65-70% and irradiance to ca. 750-850 pmol m?s™.

Enzyme activities

Chloroplast Cu,Zn-superoxide dismutase (Cu,Zn-SOD- EC 1.15.1.1), ascorbate peroxidase
(APX - EC 1.11.1.11) were determined as in Ramalho et al. (1998) and cellular catalase (EC
1.11.1.6) as in Lima et al. (2002).

Non-enzymatic antioxidants

Ascorbate evaluation followed (Romero-Rodrigues et al., 1992), while zeaxanthin and lutein
contents were determined as in Campos et al. (2003).

Gene Expression Studies

Based on coffee cDNA sequence from ESTs NCBI data base, specific primers were designed
(data not shown) in order to perform the mRNA expression studies by real time PCR as
described in Batista-Santos et al. (2011 accepted).

Statistical analysis

A two-way ANOVA (P < 0.05) was applied to evaluate differences between temperatures and
between genotypes, followed by a Tukey test for mean comparison (95% confidence level).

RESULTS AND DISCUSSION

Previous evaluation of Icatu suggested a lower sensitivity to cold, related to a better ability of
perform acclimation adjustments at the leaf level (Ramalho et al., 2003; Campos et al., 2003).
Under low temperatures, a strong decrease in carbon uptake may lead to an excess of
excitation energy and to an overproduction of highly reactive molecules (Adams et al., 2002),
even at moderate irradiance. Therefore the difference in the triggering of antioxidative traits
can be responsible for cold and photoinhibition tolerance. Icatu presented strong significant
increases of Cu,Zn-SOD activity (that produces H,O;) together with an increased potential
for H,O, removal through chloroplastic APX (Figure 1A, B), the later being absent in
Apoatd. This was confirmed by the decrease of H,O, and the maintenance of OH® (data not
shown) contents close to control levels in Icatu but not in Apoatd, where it raised. Also, H,O,
levels could be further controlled in Icatu due to a higher catalase activity (Figure 1C),
particularly under the harsh chilling conditions.

Ascorbate is a potent ROS scavenger that reacts with H,O,, in the reaction catalyzed by APX,
and non-enzymatically with '0,, 0,°, OH® and lipid hydroperoxides (Logan, 2005; Foyer,
2002). Thus, the highest ascorbate content shown by Icatu (Figure 2A), along with its higher
APX activity, could also contribute to the observed decrease of H,O, in this genotype under
cold. Moreover, ascorbate is used by violaxanthin de-epoxidase to form zeaxanthin from
violaxanthin (Logan, 2005). Therefore, its higher levels (Figure 2B) could allow efficient
zeaxanthin production, which is consistent with the higher zeaxanthin pool shown by Icatu
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compared to Apoatd. The high level of lutein could also complement thermal dissipation
mechanisms particularly in Icatu (Figure 2C).

Complementary studies showed that only Icatu displayed strong transcriptional increases of
the cachi3-2 gene throughout the entire experiment (Figure 3), suggesting the involvement of
this gene in cold tolerance, as found for chitinase class Il genes in other plants under cold,
drought, high irradiance and salt stresses (Sasaki et al., 2006).

In conclusion, Icatu showed the greatest ability to control oxidative stress and showed rapid
recovery of most of the studied parameters after stress ending. These results support reports of
lower impact and better recovery of the photosynthetic metabolism (Ramalho et al., 2003) and
membranes (Campos et al., 2003). Despite the known sensitivity of the Coffea genus to cold,
our results indicate important different acclimation capabilities that could be exploited in
breeding programs for cold tolerance.
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Figure 1. Changes in leaf maximal activities of chloroplastic A) Cu,Zn-superoxide
dismutase (Cu,Zn-SOD) and B) ascorbate peroxidase (APX), and cellular C) catalase in
the studied Coffea spp. genotypes under the imposed experimental conditions. Each
value represents the mean + SE (n=6-8).
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Figure 2. Changes in the cellular content of A) ascorbate, B) zeaxanthin and C) lutein in
the studied Coffea spp. genotypes under the imposed experimental conditions. Each
value represents the mean + SE (n=6-8).
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Figure 3. Real-Time PCR expression studies of chitinases class III, Cachi3-2 in the
studied Coffea spp. genotypes under the imposed experimental conditions. Each value
represents the mean + SE (n=4-8), from 3 independent biological assays.
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SUMMARY

A study carried out from 2004 to 2005 on participatory breeding for improved Arabica coffee
hybrids in Tanzania revealed that for successful breeding programmes and ultimate adoption
of research results it is important to involve farmers. From interactions with 192 coffee
farmers; 144 males and 44 females in the Northern and Southern highlands coffee growing
areas it was found that, farmers have specific criteria to select coffee clones. Criteria for
evaluating the varieties included; good taste, drought tolerance, leafiness, big bean size, fast
growth, high yield [big clusters with many berries at short internodes], disease resistance and
insect-pest tolerance. Analysis of their selection criteria ranked high yielding variety as the
most important selection criteria. Tools for evaluation of the clones were preference ranking,
matrix and pair-wise ranking of the coffee varieties. Matrix as well as pair wise ranked coffee
hybrids; KP423-1, N39-5, N39-2, N39-7, KP423-2, KP423-3, N39-6, N39-4, N39-3 and
N39-1, higher than commercial varieties N39 and KP423. Farmers described N39 and KP423
to be susceptible to CBD and CLR, and of unstable yields. Therefore participatory breeding
ensures that the best coffee clones are selected and adopted by growers.

INTRODUCTION

Programme to improve Arabica coffee in Tanzania started in 1930°’s. Trials were carried out
to evaluate collection of varieties basing on yields, weight and size of beans, and cup quality.
By 1940s varieties N. 39, KP 162 & 423 and H. 66 were selected and distributed to coffee
growers. But all these varieties are susceptible to Coffee Berry Disease (CBD) incited by
Colletotrichum kahawae Sp. Nov (Waller and Bridge) and Coffee Leaf Rust (CLR) caused by
Hemileia vastatrix (Bert et Br). Efforts to identify improved Arabica clones resistant to CBD
and CLR was initiated in 1950s and strengthened in early 1960s following the outbreak of
CBD. By 2000 10 clones were established in on-farm trials in 25 sites throughout coffee
growing areas. The aim was to involve farmers in the selection process to identify suitable
coffee clones for growers and to local conditions. Therefore in 2004 and 2005 coffee research
involved 192 farmers to get opinion on the performance of coffee hybrids (Lyimo and
Sulumo, 2005; Lyimo and Owenya, 2004). The evaluation was of importance because new
technologies like coffee hybrids which need to be part of the local society, its ecological and
physical environment, its cultural experience and its socio-economic structure need to be
evaluated thoroughly. The aim of this paper is to outline usefulness of participatory
approaches in evaluation and selection of improved Arabica coffee hybrids in Tanzania.

MATERIALS AND METHODS

Tools used in the evaluation were preference and pair-wise comparison. Criteria for
preference evaluation were disease tolerance, high yielding variety, big bean size, drought
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tolerance, leafiness, fast growth and insect-pest tolerance. In matrix ranking, criteria raised by
farmers were compared to coffee varieties and value assigned between 5 (Excellent), 4
(Good), 3 (Average) 2 (Satisfactory) and 1 (Poor). For pair wise ranking coffee varieties were
listed in paired and farmers selected their preference and the reason for selection. Each coffee
variety was counted for its frequency and ranked according to its total scores.

RESULTS AND DISCUSSION
Farmers’ criteria for selecting coffee varieties

The evaluation was carried out on mature bearing trees when the crop was to a greater extent
at a ripening stage. Farmer’s criteria in the order of importance were high yielding variety,
good cup taste, big bean size, drought tolerance, fast growth, leafiness, disease and insect-
pest tolerance.

Use of matrix ranking in ranking the varieties and selected criteria

Matrix ranking revealed that good cup taste, drought tolerance, leafiness, big bean size, fast
growth and high yield are the most preferred (Table 1 and 2). Coffee N39-1, N39-2, N39-3,
KP423-1, and N39-4, ranked higher than N39 and KP423, because of bigger berry clusters,
and able to endure drought. KP 423 was ranked higher than N39 because of higher yield and
robustness.

Table 1. Matrix ranking of coffee varieties and criteria selected by farmers.

Coffee varieties

Criteria Total | Rank

N39-1 | N39-2 | N39-3 | KP423-1 | N39-4 | N39 | KP423
Disease 5 5 5 5 5 1 3 29 | 4
tolerance
High yield 5 2 31 3
Good cup 5 5 5 5 5 5 5 35 | 1
taste
Big bean size 5 5 5 5 5 3 5 33 2
Drought 5 5 5 5 5 5 5 35 | 1
tolerance
Leafiness 5 5 5 5 5 5 5 35 1
Fast growth 5 5 5 5 5 3 5 33 2
Insect-pest 3 3 3 3 3 1 2 | 18| s
tolerance
Total 38 38 38 38 38 25 34
Rank 1 1 1 1 1 3 2
varieties

Key for scores: 1-Poor; 2-Satisfactiry; 3-Average; 4-Good; 5-Excellent.
Coffee varieties N39-5, N39-6, N39-7, KP423-2, and KP423-3 ranked higher than N39 and

KP423 (Table 2). Similarly KP 423 was ranked higher than N39 because of higher yield and
robustness. Drought tolerance, leafiness and good cup taste ranked top position.
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Table 2. Matrix ranking of coffee varieties and criteria selected by farmers.

Coffee varieties

Criteria Total | Rank

N39-5 | N39-6 | N39-7 | KP423-2 | KP423-3 | N39 | KP423
Disease 5 5 5 5 5 1 2 28 5
tolerance
High yield 5 5 5 5 5 2 3 30 4
Good cup 5 5 5 5 5 5 5 35 1
taste
Big bean 5 5 5 5 5 3 5 33 | 2
Size
Drought 5 5 5 5 5 5 5 35 | 1
tolerance
Leafiness 5 5 5 5 5 5 5 35 1
Fast growth 5 5 5 5 5 3 4 32 3
Insect-pest | 3 3 3 3 2 2 19 | 6
tolerance
Total 38 38 38 38 38 26 | 31
Rank 1 1 1 1 1 3 2

Key for scores: 1-Poor; 2-Satisfactiry; 3-Average; 4-Good; 5-Excellent.
Use of pair wise comparison/ranking of the varieties

Coffee varieties were paired for comparison, and selection of each variety in pair based on
farmers preference. The results are presented in Tables 3 and 4.

Table 3. Pair wise ranking of coffee varieties.

N39-1 | N39-2 | N39-3 | KP423-1 | KP423 N39 N39-4 Total | Rank
N39-1 N39-2 | N39-3 | KP423-1 | N39-1 N39-1 N39-4 2 5
N39-2 N39-2 | KP423-1 | N39-2 N39-2 N39-2 5 2
N39-3 KP423-1 | N39-3 N39-3 N39-4 3 4
KP423-1 KP423-1 KP423-1 | KP423-1 6 1
KP423 KP423 N39-4 1 6
N39 N39-4 0 7
N39-4 4 3
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Table 4. Pair wise ranking of coffee varieties.

N39-5 N39-6 N39-7 KP423-2 KP423 KP423-3 | Total Rank
N39-5 N39-5 N39-5 N39-5 N39-5 N39-5 5 1
N39-6 N39-7 KP423-2 N39-6 KP423-3 1 3
N39-7 N39-7 N39-7 KP423-3 3 2
KP423-2 KP423-2 KP423-2 3 2
KP423 KP423-3 0 4
KP423-3 3 2

Pair wise ranking of coffee varieties in Tables 3 and 4 shows that varieties KP423-1, N39-5,
N39-2, N39-7, KP423-2, KP423-3, N39-6, N39-4, N39-3 and N39-1 ranked higher than
commercial varieties KP423 and N39. Selections of the varieties were linked to high yielding,
absence of CBD and CLR symptoms and health green berries. Participatory approach has
been used very effectively in crops such as finger millet (Gowda et al., 2000) and barley
(Ceccarelli et al., 1997) to facilitate not only in selection but also in variety adoption.
Similarly in this study participatory approach has been shown to be effective in selecting and
ranking the best coffee varieties, as well as in adopting them.

It should be noted also that disease resistance per se, was not a major selection criterion to the
farmers, but criteria such as clones with many and big clusters and high yield was preferred.
This shows that farmers’ main concern is yield and avoidance of crop failure. Aikpokpodion
et al. (2003) observed a similar experience when conducting farmer-researcher participatory
on farm selection of improved cocoa varieties in Nigeria. However when farmers ranked
drought-tolerance on top of high yielding clones (Table 1 and 2), it shows the importance of
searching for drought-tolerance clones by coffee breeders. Farmers’ participation in this study
assisted to rank varieties KP432-1, N39-5, N39-2, N39-7, KP423-2, KP423-3, N39-6, N39-4,
N39-3 and N39-1 higher than commercial varieties N39 and KP423 (Table 1 to 4). Socio-
economic studies done recently on the adoption of new varieties indicated that new varieties
are cost-effective (Chimilila et al., 2008). It is to the expectation of the coffee breeding
programme that the new varieties will contribute to increasing productivity and improve
incomes of smallholders.

CONCLUSION

Participatory breeding entailing farmer-researchers ensures sustainable coffee production
adapted to farmer-managed situations. Farmers should be considered as true partners and
involved in all stages of selection process. Farmers’ participation in this study assisted to rank
varieties KP432-1, N39-5, N39-2, N39-7, KP423-2, KP423-3, N39-6, N39-4, N39-3 and
N39-1 higher than commercial varieties N39 and KP423.
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SUMMARY

One of the major achievements of the Tanzania Coffee Research Institute (TaCRI) is the
release of hybrid coffee varieties that combine resistant to Coffee Berry Diseases (CBD) and
Coffee Leaf Rust (CLR), high yielding and good cup quality. However, the accelerated
multiplication and distribution of the new hybrids to coffee growers pose a considerable
challenge in order to maintain their genetic stability. TaCRI has already perfected two
methods, namely clonal propagation and grafting which are currently used by coffee growers
to accelerate the multiplication of hybrid seedlings of coffee varieties in all coffee growing
zones. The other two methods of tissue culture or somatic embryogenesis and hybrid seed
production are still under research and their research progress is encouraging.

This paper focuses on sustainable and cost effective clonal propagation method that farmers
have been using to achieve massive multiplication of clonal seedlings of improved hybrid
coffee varieties in Tanzania.

INTRODUCTION

Coffee can be propagated conventionally by seeds or vegetatively using cuttings. VVegetative
propagation of coffee by cuttings guarantees uniformity as it maintains the genetic make-up of
the mother plants which are usually heterozygous (Rehm and Espig, 1991; Juma et al., 1994;
Nzallawahe et al., 2004; Beyl and Trigiano, 2008). In such plants, vegetative propagation
ensures that the characteristics a breeder has achieved are maintained without further
selection, while the variety is being multiplied vegetatively; and the progenies arising from
plants propagated by clonal materials are exactly “true — to — type”. For grafting method, the
scions of hybrid varieties are grafted on root stocks of traditional coffee varieties (TaCRl,
2008 and 2009).

In recent years, technological advancement has also discovered the application of tissue
culture techniques in clonal multiplication. These methods are being studied all over the
world to improve the performance of the crop species (Benyl and Trigiano, 1981). The
application of tissue culture techniques such as somatic embryogenesis permits massive
production of uniform and identical plants to the mother plants (Chaleff, 1981; Beyl and
Trigiano, 2008). This method, however, has several limitations including high investment in
terms of cost and time in the development and application of this technology (Chaleff, 1981).

One of the major achievements of the Tanzania Coffee Research Institute (TaCRI) is the

release of hybrid coffee varieties that combine resistant to Coffee Berry Diseases (CBD) and
Coffee Leaf Rust (CLR), high yielding and good cup quality. However, the accelerated

653



multiplication and distribution of the new hybrids to coffee growers pose a considerable
challenge in order to maintain their genetic stability.

TaCRI has already perfected two methods, namely clonal propagation and grafting which are
currently used by coffee growers to accelerate the multiplication of hybrid seedlings of coffee
varieties in Tanzania; and research is going on to explore the use of other two methods,
namely somatic embryogenesis and hybrid seed production.

This paper focuses on sustainable and cost effective clonal propagation method that farmers
have been using to achieve massive multiplication of clonal seedlings of improved hybrid
coffee varieties in Tanzania.

METHODOLOGY
Structure of stakeholders involved in hybrid seedlings multiplication

TaCRI has supported the establishment of primary, secondary, and tertiary nurseries (Figure
1) in all coffee growing zones. The nurseries are served by TaCRI through its sub-stations. In
each of the sub-stations, TaCRI is working with farmer groups, district councils, coffee co-
operatives, estates and individual coffee farmers.

Primary nurseries

These are TaCRI managed nurseries established in each coffee growing zone. They are
currently serving as primary nurseries for multiplication of hybrid seedlings for secondary,
tertiary, co-operatives and individual nurseries. Their mother gardens are under intensive with
sprinklers and overhead irrigation facilities installed. Under good management, each mother
plants will produce 50-100 seedlings annually.

Secondary nurseries

District nurseries are managed by District Agricultural and Livestock Development Officers
(DALDOSs) and a few non-governmental organizations (NGOs). TaCRI is assisting them
through capacity building, technical backstopping and provision of free seedlings. Seedlings
produced from these nurseries are distributed to tertiary nurseries and some are sold to
farmers are at a subsidized price.

Secondary nurseries (Coffee estates and co-operatives)

These are nurseries owned by large scale producers or coffee association and seedlings
activities are carried out by skilled staff. Seedlings produced from these sources are for
planting in their farms, distributed to their members (primary societies) and some are passed
to neighbour coffee growers

Tertiary nurseries

Tertiary nurseries are managed by farmer groups and individual farmers. The sizes of the
plots for planting clonal mother gardens vary from 200 to 1,000 mother plants due to limited
land. The groups contain 25-30 farmers. TaCRI in collaboration with district extension
officers, provide free inputs for use in the clonal mother gardens, regular training and
technical backstopping to strengthen these groups.
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Primary nurseries
(TaCRI sub-stations)

Secondary nurseries Secondary nurseries
(District councils and NGOs) (Estates and coffee co-operatives)
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Tertiary nurseries (Farmer groups and
individual farmers)

A 4
A

Figure 1. Structure of stakeholders involved in hybrid seedlings multiplication.
Support to secondary, tertiary, estates and co-operatives nurseries

Secondary, tertiary and other stakeholders are being improved through provision of free
seedlings and inputs for use in their mother gardens as well as construction of simple
propagation structures for nursing seedlings of improved coffee varieties. This provision is
being supported by other donors and the government of Tanzania through the annual budget
for subsidy that is given to TaCRI to accelerate multiplication of the new hybrid coffee
varieties in an effort to speed up the rejuvenation of the sub-sector, improving the livelihoods
of the growers and hence playing a positive role in the national poverty reduction strategies.

The process of hybrid seedlings multiplication by clonal propagation method

Figure 2. Clonal mother garden with single stem (a); clonal mother garden with multiple
stems (b); harvesting shoots (2); preparation of cuttings for planting (3); half node
cutting (4a);single node cutting (4b); three nodes cuttings (4c); planting of cuttings into
propagation boxes(5); propagation boxes covered with polythene sheets under shade (6);
rooted cuttings from propagation boxes (7); potted cuttings (8); Hardened seedlings for
distribution (9) and seedling ready for planting (10).
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RESULTS AND DISCUSSION
Number of farmer groups, district councils and coffee co-operatives

A total of 208, 411 coffee growers (80% males and 20% females) have been trained and
currently TaCRI is working with over 846 framer groups of 25-30 members, 85 coffee co-
operatives and primary societies and 100 individual coffee growers scattered in 33 coffee
growing districts. These groups have been trained on seedlings multiplication along with the
provision of free planting materials for planting in their mother gardens.

There are over 800 farmer groups with clonal mother gardens with 300,000 mother plants
which are used as sources of cuttings for hybrid seedlings multiplication. Seedlings produced
by farmer groups are divided among the members of the groups and the excess are sold at the
agreed price set by the members.

Progress on multiplication and distribution of hybrid seedlings

Since TaCRI inception in 2001, the production of hybrid seedlings has been on an exponential
increase (Figure 3). A total of 32,268,991 seedlings have been multiplied and distributed to
various coffee growers and a large part of seedlings is produced by farmer groups. This
increase is the result of increased demand for hybrid seedlings by coffee growers and cost
effective technologies that are currently used for multiplication of seedlings which do not
require heavy investment.
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Figure 3. Progress on multiplication and distribution of planting materials of improved
coffee varieties, 2002/03-2009/10 across coffee growing regions in Tanzania.

CONCLUSION

Clonal propagation is a viable, successful and easily adopted method by farmers for rapid
multiplication of clonal seedlings. Tanzania is one of the few countries that has used this
method through farmer groups and achieve a massive hybrid seedlings multiplication on a
commercial scale. Therefore, sustainable technology development is a key to successful
technology adoption.
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SUMMARY

Diversification analysis is of importance in order to have identity of the accessions for
protection, and the extent to which a crop can be improved through selection process.
Diversity analysis of 10 out of 656 Coffea canephora accessions was conducted in Robusta
germplasm at Maruku Kagera in 2009. The germplasm contains accessions selected from
farmers’ fields in Bukoba, Karagwe, Misenyi, Muleba and Ngara Districts of Kagera region
and established at Maruku in 1998. Descriptors for coffee developed by the International
Plant Genetic Resources Institute (IPGRI) were used to diversify the accessions. The IPGRI
descriptor uses phenotypic features like vegetative plant parts, fruits and inflorescence to
assign distinctive characteristic(s) to accession. Results showed distinctive characteristics of
the accessions in the leaf petiole colour, young shoot colour, mature leaf colour, bud wax
colour, bud wax thickness, calyx limb persistence, leaf width and leaf length, leaf apex shape,
fruit colour, fruit disc shape, ripe fruit colour, and fruit shape. These results suggest that there
are accessions within farmer’s fields and in the germplasm established at Maruku having
genetic variability which can be used to improve the C. canephora breeding programme, and
in case one of the accessions qualifies for commercial release distinctive features can assist in
protecting the variety.

INTRODUCTION

Robusta coffee, Coffea canophera is one of important cash crop grown by more than 250,000
families in Kagera region in the western part of Tanzania ((TaCRI 2006). It accounts 30-50%
of coffee production in the country and contributes to 20-25% of the national foreign
exchange from coffee sales (TaCRI, 2008). Despites the importance of robusta coffee in the
country, the available commercial varieties are of inferior type especially on disease
resistance to coffee wilt disease (CWD) which causes serious yields and monetary losses to
farmers in Kagera (CABI, 2003; TaCRI, 2003). Therefore characterization of C. canephora
accessions within the germplasm forms an important step to determine genetic diversity for
improvement of the existing commercial varieties through crossing programme or selection of
the best accessions for breeding advancement.

There are several approaches to characterize crop varieties including molecular markers
which provide information on phylogenic relationships, and diversity of crop population
(Musoli et al., 2008; Anthony et al., 2002). However use of phenotypic features is also useful
in characterizing genetic diversity within a crop plant. For example in genetics of Coffea
arabica it is commonly known that typical usually posses dark bronze young leaves and that
the green colour of young leaves is very common among bourbon plants (Filho and Carvalho,
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1988). Therefore it is very easily to discriminate typical from bourbon when the plants are in
the field. This can serve in breeding programme when selecting and making advancement for
improved varieties. It is for this reason that Coffea canephora accessions established at
Maruku were characterized using phenotypic features to facilitate selection and advancement
in Robusta improvement programme particularly in the effort to encounter CWD problem.

MATERIALS AND METHODS

Accessions characterized were 1/62, 13/61, KR 23, BK 27, NG20, NG 10, MR 10, ML 2,
MS2 and MS3. Characters studied were plant habit, plant height, overall appearance,
vegetative development, branching habit, angle of insertion of primary branches, stipule
shape, stipule aristal length, young leaf colour, leaf shape, leaf apex shape, leaf length, leaf
width, leaf petiole length, leaf petiole colour, young shoot colour, mature leaf colour, venation
pattern bud wax colour, bud wax thickness, number of days from rainfall to flowering,
inflorescence position, inflorescence on old wood, number of flowers per axil, number of
flowers per fascicles, number of fascicles per node, inflorescence stalk length, corolla tube
length, number of petals per flower, anthers insertion, number of stamens per flowers, fruit
colour, fruit shape, absence/presence of fruit ribs, fruit disc shape, calyx limb persistence,
fruit length, fruit width, fruit thickness, pulp thickness, harvest duration, seed length, seed
width, seed thickness, seed colour, seed shape and ripe fruit colour. The procedure for the
measurement of these characters was based on adapted IPGRI standard coffee descriptors
(IPGR, 1996). Accessions and characters under study where presented in a matrix form, and
distinctive characters identified per each accession.

RESULTS AND DISCUSSION

Table 1 shows characterized accessions of C. canephora and their distinctive characteristics.
The distinctive characters included leaf petiole colour, young shoot colour, mature leaf colour,
bud wax colour, bud wax thickness, calyx limb persistence, leaf width and leaf length, leaf
apex shape, fruit colour, fruit disc shape, ripe fruit colour, and fruit shape.

Diversity in accessions was noticed in the vegetative parts, inflorescence and flowering, fruits
colour and shape, and colour of the ripe cherry (Table 1). It is also interesting to note
differences in the bud wax colour and their thickness, and colour of the young shoot. Filho
and Calvalho (1988) found differences within C. arabica varieties in the colour of the young
leaves. Accession MR10 was found consistently with very peculiar characteristic of having
very prominent fruit disc shape (Table 1). This description agreed with distinct characteristics
of some of C. liberica as outlined by Wellman (1961). ML2 was found with a peculiar
character of having purple colour of its cherries. Cherries appearing yellow, pink, and orange
were noticed within C. arabica varieties in El Salvador (Anon, 2010). The colour of the
cherries was reported to be associated with xanthocarpa gene which usually rules the colour
of the fruit. The diversity noticed by characterizing only a portion of C. canephora accessions
at Maruku basing on phenotypic characterization suggest that there are genetic variability.
This allows for a more detailed study of the accessions on genetic diversity using molecular
markers such as inter simple sequence repeat (ISSR), simple sequence repeats (SSRs) and
amplified fragment length polymorphism (AFLP). For example Ruas et al. (2003)
successfully used inter simple sequence repeat (ISSR) markers for genetic differentiation of
Coffea species. Application of these methods can be used to shorten selection of the best
breeding lines in the programme to develop CWD resistant varieties.
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Table 1. Distinctive characteristics of six Coffea canephora accessions.

Accession Plant part Description Remarks
KR23 Plant height Very short Distinct
Leaf petiole colour Dark green Distinct
Young shoot colour Dark green Distinct
Mature leaf colour Dark green Distinct
Bud wax colour Orange Distinct
Bud wax thickness Thick Distinct
Calyx limb persistence Persistence Distinct
1/62 Leaf width (mm) Very wide Distinct
BK27 Leaf length (mm) Very long Distinct
13/61 Leaf width (mm) Very narrow Distinct
Fruit colour Green Distinct
NG10 Bud wax colour Cream Distinct
Bud wax thickness Thin Distinct
NG20 Leaf petiole length (mm) Very short Distinct
MR10 Fruit disc shape Very prominent Distinct
ML2 Ripe fruit colour Purple Distinct
MS3 Bud wax colour Yellow Distinct
MS5 Fruit shape Obovate Distinct
CONCLUSION

e This study shows that within accession established at Maruku there is genetic
diversity. The diversity was noticed in examining vegetative plant parts, inflorescence
and flowering, fruits colour and shapes, and colour of the cherries.

e Some of the distinctive characteristics found in the accessions under study were also
quantified in C. arabica and C. liberica, therefore urge for a more detailed study of the
accessions using molecular makers.

e The study should be extended to characterize remaining 646 accessions using

phenotypic description and thereafter use of molecular markers.
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Multiplication of Tanzanian Coffee Arabica Hybrids
and Robusta Clones by Somatic Embryogenesis
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Tanzania Coffee Research Institute P.O.Box 3004 Moshi, Tanzania
Nestlé Research and Development Center, 101 Avenue Gustave Eiffel, Notre Dame D'O§,
BP 49716, 37097, Tours, France

SUMMARY

A series of experiments involving Tanzanian Coffea arabica hybrids and Robusta clones were
carried out at Nestlé R&D Centre-Tours (France) from December 2008 to November 2009.

Nine Tanzanian genotypes (four C. arabica hybrids and five C. canephora clones) were tested
for their potential for multiplication by somaticembryogenesis. The callogenesis procedure
used, followed the one commonly used at the Centre. The disinfection were more efficient
when the primary explants came from rooted cuttings acclimatized in the NR&DC-T
greenhouse rather than from leaves coming directly from the field. High frequency somatic
embryogenesis was observed for 8 of the genotypes and the embryogenic calluses were
successfully multiplied. Five to six months after disinfection, embryogenic calluses were
particularly abundant for two Robusta (G1/62 and NG20) and one Arabica (N39-6). All the
tested genotypes showed high potential for multiplication by use of somatic embryogenesis.
The somatic embryos developed were transferred to Tanzania at different stages of
development, successfully harvested, hardened and potted ready for field planting.

MATERIALS

Leaf samples from four C. arabica hybrids N39-3, N39-5, N36-6 and KP423-1 and five C.
canephora clones ML2, MR10, NG20, BK27 and 1/62 were used in this experiment. Two
types of samples were used.

The first type was leaf samples from these genotypes straight from the field which were
received for C. arabica hybrids and C. canephora from Tanzania while the second type was
leaf samples derived from the rooted cuttings which were received from Tanzania and raised
in the Centre’s quarantine facility.

For the field samples, callogenesis was initiated in January and March 2009 for C. arabica
and C. canephora respectively. For the rooted cuttings callogenesis was initiated in April and
June 2009 for C. arabica and C. canephora respectively.

METHODS

Field received leaf samples, was first checked for their phytosanitary condition before they
were washed with tap water then dipped for 30 seconds in a 70% solution of ethanol. The
leaves were surface sterilized for 30 minutes in a solution of Calcium hypochlorite (CaCl,0,)
at 40 g/l and rinsed three times in sterile water. The leaves were cut in small explants (3x5
mm) avoiding mid veins, margins, apical and basal portions. A glass beads sterilizer at 250°C
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and hot flame were used frequently to sterilize the tools during the manipulation. Fifteen
explants were plated per Petri dish (diameter 10 cm), containing 40 ml of Pierson (Pierson et
al., 1983) media and M15A8 (Murashige and Skoog, 1962) media for C. arabica. For C.
canephora clones, they were plated on 23A8 (Yasuda et al., 1985) and M15A8 media
respectively. The upper epidermis was in contact with the medium. The explants were
incubated in darkness at 25+1 °C for 1-2 months after which they were sub cultured on fresh
media of the same protocol. Then after two sub cultures, the media was changed to 23A15
and cultures were placed in the same conditions. During sub culture, the aqueous callus and
contaminated Petri dishes were discarded. Evaluation was done at 10 and 7 months for C.
arabica and C. canephora respectively. In the case of the quarantine raised rooted cuttings,
young fully expanded leaves were collected, washed with tap water then dipped for 30
seconds in a 70% solution of ethanol. The leaves were surface sterilized for 25-30 minutes in
a solution of Calcium hypochlorite (CaCl,0,) at 40 g/l depending on the tenderness of the
leaves. Then they were rinsed three times in sterile water and cut in small explants (3x5 mm)
avoiding mid veins, margins, apical and basal portions. A glass beads sterilizer at 250 °C and
hot flame were used frequently to sterilize the tools during the manipulation. Fifteen explants
were plated per Petri dish (diameter 10 cm), containing 40 ml of T1B (Van Boxtel and
Berthouly, 1996), Pierson and M15A8 media for C. arabica hybrids and 23A8 medium for C.
canephora. The upper epidermis was in contact with the medium. The explants were
incubated in darkness at 25 +1 °C then; all the cultures were sub cultured on the fresh media
of the same protocol 1 month after; except for the cultures on T1B which were sub cultured
on T2B medium on the same conditions. During the sub culture the aqueous callus were
removed from the explants and the contaminated Petri dishes were discarded accordingly. The
performance evaluation was carried out after 7 and 4 months for C. arabica and C. canephora
respectively.

RESULTS AND DISCUSSION

From Table 1, it is clearly shown that the Robusta samples from the field are highly
characterized by the high level of contamination 64 % for protocol 23A8 and 83% for
protocol M15A8. Genotypes performed differently on the different protocols both on HFSE
and LFSE. Genotype 1/62 performed exceptionally better than other genotypes when
considering toghether both protocols on the HFSE aspect while genotype MR10 had the best
results on protocol M15A8. Although genotype NG20 did not perform so well on the aspect
of HFSE on M15A8 protocol, it gave the best results on LFSE on protocol 23A8. The
potential for production of embryogenic callus on protocol 23A8 ranged from 0-31% while on
protocol M15A8 ranged from 0-15%. On production of direct embryo, protocol 23A8 gave
the range of 10-65% while protocol M15A8 ranged from 0-26%.

Table 2 shows that 100% of material from the quarantine green house was uncontaminated.
Both NG20 and G1/62 produced HFSE; 88.50% and 48.50% respectively. While BK27 never
produced HFSE, had the highest percentage of LFSE, 78.50%. NG20 and G1/62 produced
LFSE but at a lower percentage; 9.50% and 21.60% respectively.

Arabica genotypes tested clearly gave the same picture of high level of contamination for leaf
samples direct from the field (Table 3). The clean explants on Pierson protocol indicate low
potential for HFSE with only one genotype KP423-1 able to display HFSE of 4%. On the
other hand, all the tested genotypes except N39-5 were able to give direct embryos (LFSE),
but all were less than 14%.
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Table 1. Callogenesis Robusta clones samples from the field 7 months after culture.

Genotype Protocol 23A8-23A15 Protocol M15A8-23A15

A B C D | % E % A B C|D| % | E | %
MR10 100 | 88 12 2 2 10 10 | 100 | 77 | 33| 7 7 |26 | 26
NG20 100 | 35 65 0 0 65 65 | 100 | 100 | O | O 0 0 0
BK27 100 | 79 21 0 0 21 21 | 100 | 82 | 8 | 1 1 7 7
ML2 100 | 77 23 2 2 21 21 | 100 | 9% | 4 | 2 2 2 2
G1/62 100 | 43 57 | 31| 31| 26 26 | 100 | 60 |40 | 15| 15 | 25| 25
Total 500 | 316 | 178 | 35 | 35 | 143 | 143 | 500 | 415 | 85 | 25 | 25 | 60 | 60
Mean 644 | 356 | 7 |7 28.6 | 28.6 83 | 17| 5 5 |12 ] 12
% 644 | 356 | 7 28.6 83 | 17| 5 12

A: Initially cultured explants; B: Contaminated explants; C: Clean explants at the time of
evaluation; D: Explants with embryogenic callus(HFSE); E: Explants with direct somatic
embryos(LFSE).

Table 2. Performance of Tanzania Robusta from Quarantine after 5 months.

Genotype Protocol 23A8-23A15

A B C D % E %
NG20 324 0 324 287 88.5 31 9.5
BK27 340 0 340 0 0 267 78.5
G1/62 268 0 268 130 48.5 58 21.6
Total 932 0 932 417 137 356 109.6
Mean 310.7 0 310.7 139 45.7 118.6 36.5
% 0 100 44.8 38.2

A: Initially cultured explants; B: Contaminated explants; C: Clean explants at the time of
evaluation; D: Explants with embryogenic callus(HFSE) High frequency somatic
embryogenesis; E: Explants with direct somatic embryos (LFSE) Low frequency somatic
embryogenesis.

From Table 4 conspicuously we can observe the high percentage of clean Arabica explants
(100%). Two protocols were compared; all the genotypes were able to produce both HFSE
and LFSE. Protocol Pierson gave the response of 0-4.87% on HFSE while protocol Van
Boxtel and Berthouly gave from 24.20-66.80% on the same aspect. For LFSE the two
protocols gave the ranges of 7.76-22.40% and 2.62- 17.50% respectively. Genotype N39-6
gave the highest percentage of HFSE in both protocols 4.87% and 66.80% for Pierson and
Van Boxtel and Berthouly respectively. On the other hand; genotype KP423-1 gave the
highest percentage of LFSE on both protocols 22.40% and 17.5% respectively.

Generally all the tested genotypes displayed very good embryogenic potential especially on
Van Boxtel and Berthouly protocol (24.2-66.8%).
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Table 3. Arabica genotypes samples from the field 10 months after callogenesis.

Genotype Protocol PIERSON A8-23A15

A B C D % E %
N39-3 100 88 12 0 0 12 12
N39-5 100 100 0 0 0 0 0
N39-6 100 86 14 0 0 14 14
KP423-1 100 94 6 4 4 2 2
Total 400 368 32 4 4 28 28
Mean 92 8 1 1 7 7
% 92 8 1 7

A: Initially cultured explants; B: Contaminated explants; C: Clean explants at the time of
evaluation; D: Explants with embryogenic callus(HFSE) High frequency somatic
embryogenesis; E: Explants with direct somatic embryos (LFSE) Low frequency somatic
embryogenesis.

Table 4. Callogenesis Arabica genotypes samples from quarantine after 7 months

of culture.
Genotype Protocol PIERSON Protocol Van BOXTEL
A B C|D| % |E| % A |B| C D % E %

N39-3 194 0|19 2110 |17| 87|19 | 0| 19 | 107 | 546 | 16| 8.1
N39-5 219 0219 0(00 |17 771196 | 0| 196 50| 255 | 29| 148
N39-6 246 0246 | 12|48 | 48| 195|229 | 0| 229 | 153 | 66.8 6| 2.6
KP423-1 | 263 0| 263 7126 |59 2241211 | 0| 211 51| 242 | 37| 175
Total 922 922 | 19 | 84 58.3 | 832 832 | 361 | 171 88 | 51.1
Mean 231 231 | 47|21 14.6 | 208 208 | 90.3| 428 | 22128
% 100 2 100 | 434 10.6

The embryos obtained from genotypes Arabica N39-6 and Robusta NG20 were filtered from
the liquid multiplication media, dried on sterile Whatman filter papers and parked in sterile
Petri dishes before they were transferred to Tanzania for further development. Currently the
plantlets derived from this work are potted ready for field planting.

GENERAL CONCLUSION

e All the tested genotypes displayed very good response to produce embryogenic callus.
e There is a clear genotype difference in performance.

e Itis very important to start with clean material from the greenhouse or if possible from
in vitro collections.

e For the Arabica genotypes, Van Boxtel and Bethouly protocol seem to be the best.
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SUMMARY

We have analyzed the Brazilian Coffee Expressed Sequence Tag database (CafEST) (Vieira
et al., 2006) and searched for all possible orthologs of MADS-box genes in Coffea arabica.
We have performed sequence comparisons and built filogenetic trees to determine the
putative Coffea orthologs of most MIKC-class members of MADS-box proteins, including
APETALAL (AP1), APETALA3 (AP3), PISTILATA (PI) and AGAMOUS (AG).We have
used RT-PCR and in situ hybridization techniques to study the expression patterns of the C.
arabica MADS-box genes during development and found that many of them are expressed
preferentially during reproductive development.

INTRODUCTION

The MADS-box gene family encodes transcription factors that acts as key regulators in many
developmental stages in diverse organisms (Coen and Meyerowitz, 1991). In plants, these
genes are involved with the determination of the identity of floral meristems and floral organs
as well as with controlling flowering time and fruit development (Theissen, 2001). The
differential expression patterns of MADS-box genes such as APETALAL (AP1), APETALA3
(AP3), PISTILATA (PI) and AGAMOUS (AG) are the key regulators of the identity of floral
organs in a diverse range of flowering plants (Theissen, 2001). Due to the economical
importance of coffe fruits, the understanding of the molecular processes involved with flower
and fruit development in Coffea are of major interest. The Brazilian Coffee Expressed
Sequence Tag database (CafEST) (Vieira et al., 2006) has provided a large collection of EST
sequences derived from a diverse range of tissues and cell types, thus allowing the search for
putative C. arabica homologs of the MADS-box genes. The aim of our work was to
exhaustively search for coffee MADS-box homologs in the CafEST database and investigate
their expression patterns during development using RT-PCR and in situ hybridization
techniques.

MATERIALS AND METHODS
Sequence analysis

The chromatograms obtained from Brazilian Coffee Expressed Sequence Tag database
(CafEST) (Vieira et al., 2006) were processed using PHRED (Ewing et al., 1998) and
consensus contigs representing the most complete sequences were obtained using CAP3
(Huang and Madan, 1998) algorithm available in the BioEdit software (Carlsbad, CA). Contig
sequences were compared to public databases at NCBI using the BLAST algorithm (Altschul
et al., 1998) to access putative gene identities. The presence of conserved protein motifs in the
deduced protein sequences derived from the obtained sequences, was investigated using Pfam
(Finn et al., 2008). Multiple sequence alignments of the obtained contig sequences and the
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complete set of MADS-box protein sequences from Arabidopsis were performed using
CLUSTALX (Thompson et al., 1994). Distance trees were obtained from neighbor-joining
matrices (Saitou and Nei,, 1987), with Bootstrap calculated from 1000 replicates and visualized
with TreeView (Page, 1996). Parsimony trees were obtained using hand-corrected sequence
alignments with MEGA (www.megasoftware. net).

RT-PCR

After DNAse (Ambion) treatment, first-strand cDNA samples were obtained using the
Superscript First Strand Synthesis kit (Invitrogen) with a 17mer oligo-dT primer, from total
RNA from different C. arabica tissues. Samples were normalized using a pair of primers
designed for a C. arabica actin homolog. RT-PCR was performed using normalized cDNA
samples and the gene-specific primers under the following PCR conditions: initial
denaturation at 94 °C for 3 min; 30 cycles of 94 °C for 40s; 60 °C for 40 s and 72 °C for 1
min. The obtained fragments were migrated together with a molecular marker in a 1 %
agarose gel, visualized under UV light and documented.

In situ hybridization

The in situ hybridization technique was basically as described by Dornelas et al. (2000) with
the following adaptations: paraffin was removed from sections by two consecutive 5min
washes in xylene followed by 5 min washes in 3:1, 1:1, 1:3 (v/v) ethanol:xylene. The slides
were then briefly rinsed in ethanol and air-dried. After they were dried, the slides were
individually treated with Proteinase K solution (10 pg.mL™ in Tris-HCI pH 7.5) at 37 °C for
10 min. After the proteinase treatment, the slides were washed twice with 0.01 M Tris-HCI
pH 7.5. A hybridization mix containing 50% deionized formamide; 0.1 M Tris-HCI pH 7.5;
0.05 M NaCl; 0.01 M EDTA; 100 ng.mL™ yeast tRNA and 10% sodium dextransulphate was
used to dilute 500 ng.mL™ of DIG-labeled antisense or sense (control) RNA probes (the entire
cDNA clone was used as probe template). Probe labeling was according to the labeling kit
manufacturer (Roche) instructions. Hybridization was carried out at 42 °C for 16 h. The
excess non-hybridized probe was washed out during four rinses (20 min each at 42 °C), the
first two rinses were with 4 xSSC followed by two rinses with 2 xSSC. The slides were then
rinsed twice with DB1 buffer (0.01 M Tris-HCI pH 7.5) at room temperature, and kept in a
blocking buffer (2% w/v Blocking Agent, Roche, in 0.01 M Tris-HCI pH 7.5) for 8 min at
37 °C. An alkaline phosphatase-conjugated anti-DIG antibody (Fab-fragments, Roche) was
added (1:2000 dilution) and the samples were kept at 37 °C for an additional hour. The slides
were then rinsed twice with DB1 buffer and maintained for 10 min in DB3buffer (0.01 M
MgCI2.6H,0; 0.01 M Tris-HCI pH 9.0) at room temperature. The DB3 buffer was then
replaced by a phosphatase substrate (NBT/BCIP plus suppressor, Pierce, USA) and the slides
were kept overnight at room temperature in the dark. The staining reaction was stopped by
two rinses with DB4 buffer (0.05 M EDTA; 0.01 M Tris-HCI pH 8.0). The hybridization
signal was observed under a Zeiss Axioskope 50 microscope model equipped with a Zeiss
AxioCam HRc digital camera.

RESULTS AND DISCUSSION
The hundreds of reads obtained from the BLAST search could be organized in 25 clusters.

From these, 19 were non-redundant and could be compared to their Arabidopsis counterparts
after additional sequencing of their respective clones to complete their open reading frames.
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Figure 1. Comparative analysis of C. arabica MADS homologs belonging to the MIKC
subfamily and their Arabidopsis counterparts. Only Bootsrap values above 75% are
shown. The known functional groups are shown on the right-hand side of the figure.

The alignment of the MADS motif, translated from of all the obtained Coffea sequences, with
the Arabidopsis MADS homologs showed a high degree of sequence similarity among the
Coffea and Arabidopsis proteins. A cladogram built from distance matrices obtained from the
sequence alignment showed that most of the coffee sequences belonged to the type Il MADS
proteins and were placed among the MIKC-class (Figure 1). We have obtained Coffea
homologs for all the known functional groups within the MIKC-subfamily. The genes
belonging to this MADS subfamily are known to be key controllers of development (Coen
and Meyerowitz,, 1991). As the differential expression patterns of MADS-box genes are
associated to their function, we performed RT-PCR to investigate the MADS genes transcript
distribution in different Coffea tissues. Among the results obtained, we have observed a
preferential accumulation of transcripts in reproductive tissues for the well-known "ABC
model™ genes (Theissen, 2001), with special emphasis on AP1, Pl and AG (Figure 2). We
have named the C. arabica homologs CaAP1, CaPIl and CaAG, respectively. The in situ
hybridization results corroborated the potential roles for these coffee MADS homologs in
controlling early floral development.
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Figure 2. Expression analysis of C. arabica MADS homologs based on RT-PCR. CaAP1:
C. arabica homolog of APETALA1; CaPI: C. arabica homolog of PISTILLATA; CaAG:
C. arabica homolog of AGAMOUS; CaACTIN: C. arabica homolog of ACTIN (control).
R: root; S: vegetative shoot; L: leaves; A: vegetative apex; Fb: Floral bud; FI: flower;
Fr: Immature fruits.
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SUMMARY

Traditional plant breeding methods have made a significant contribution to Robusta coffee
improvement, but they have been slow in targeting complex traits like yield, green bean
quality and plant propagation. Moreover, superior clones of Robusta coffee are commonly
long to be released to smallholders due to several technical constraints in vegetative
propagation.

Biotechnology brings new tools to plant breeders which can assist them to increase the coffee
production imposed by land competition with other crops. In this regards, QTL analysis have
been successfully introduced to analyse complex quantitative traits like coffee somatic
embryogenesis ability or yield components determinism.

A set of three Robusta progenies, growing in two locations in Indonesia, was used for the
QTL study related to agronomic traits of interest. A shared set of molecular markers based on
SSRs allowed the definition of a genetic framework for the quantitative analysis of direct
somatic embryogenesis (DSE) ability, the yield and the weight of green bean in Robusta
coffee.

One QTL associated with the frequency of somatic embryogenesis (SE) was located on the
linkage group G.Two QTLs linked to the green coffee yield were identified on the linkage
groups C and H and one QTL for the weight of green bean was also identified on the linkage
groups H.

However, the two QTLs for these two green bean characteristics are located on two different
genome areas of the linkage group H. BP409 parental clone carried favourable alleles for
DSE, green bean yield and the weight of green bean, although Q121 carried only favourable
alleles for the green bean yield. Identification of QTLs provides valuable tool to improve the
selection of genotypes with higher yield, better green bean characteristic and higher SE
ability.

INTRODUCTION

Depending on the genotype, coffee yield show a wide variation however favourable growing
condition reduces the differences between genotypes (Eskes and Leroy, 2004). Somatic
embryogenesis (SE) ability has been considered as an important aspect for the distribution of
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improved clones to farmers. Due to that, the selection for yield in coffee breeding could be
compromised by a low SE ability.

The use of molecular markers for quantitative trait loci (QTLs) analysis has provided an
effective approach to dissect complex quantitative traits into component loci to study their
relative effects on the trait (Doerge, 2002). Furthermore, knowledge regarding the number,
genomic location, and effect of QTL should facilitate marker-assisted selection and the
development of clone with desirable characteristic.

Although QTL analysis is one of an important technique to guide and speed up coffee
breeding, few data about QTLs in Coffea sp have been published such as: QTL linked to
trigonelline bean content (Ky et al., 2001), pollen viability (Coulibaly et al., 2003), period of
cherry maturation (Akaffou et al., 2003), and agronomic traits (N'Diaye et al., 2007). More
recently, the QTLs for the SE and cutting abilities were identified by Priyono et al. (2010).
The goal of this study was to localize the QTLs linked to yield and SE ability in three
populations of C. canephora.

MATERIAL AND METHOD
Plant Material

The coffee trees observed were derived from three cross pollinated populations: BP961 x
Q121 (CPA), BP409 x Q121 (CPB) and BP409 x BP961 (CPC). A total of 77, 87 and 92
progenies for CPA, CPB and CPC, were respectively used.

Phenotypic evaluation

The SE evaluation was based on direct somatic embryogenesis protocol (Priyono et al., 2010).
The yield evaluation was based on the weight total of green bean per tree and weight of 100
green beans.

Genetic mapping and QTL detection

The genetic maps were performed on the basis of the reference genetic map established by
Crouzillat et al. (in preparation). The three genetic maps were constructed by using JoinMap®
software (Ooijen, 2006) with Kosambi’s mapping function (Kosambi, 1944).

The software MapQTL5® (Van Ooijen, 2004) was used for QTLs detection on the genetic
maps. In a first step, the non-parametric Kruskal-Wallis (KW) test was applied to detect
individually significant association (a= 0.05) between markers and traits. In a second step,
interval mapping (IM) analysis was used to detect QTL. A threshold of LOD values of 4 and
3 for CP and BC segregations respectively, have been defined and used to declare the
presence of a QTL. A QTL is validated when both LOD and K tests are significant. The
genetic linkage groups carrying QTLs were represented using MapChart software.

RESULT AND DISCUSSION
Three characters for SE ability were recorded: frequencies of SE (FSE), number of somatic
embryos per reactive explants (ANERE), and number of somatic embryos per Petri dish

(ANEP). This study shows that the FSE frequency is ranging from 0 to 88% and 0 to 100%
for CPA and CPB, respectively. ANERE is ranging from 1.3 to 22 and 1 to 55 for CPA and
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CPB, respectively. The ANEP score is ranging from 0 to 322 and 0 to 667 for CPA and CPB,
respectively. The yield data is ranged 17 to 1222, 119 to 1445, and 55 to 1239 grams per tree
for CPA, CPB, and CPC, respectively. The weight of 100 green beans is ranging from 13 to
23,910 29, and 13 to 26 grams for CPA, CPB, and CPC, respectively.

Three QTLs linked to the three characters for SE ability were overlapping on the linkage
group G. The favourable allele is coming from the same parental clone (Q121) and a strong
correlation (R= 0.65, 0.82, and 0.84) is observed between these traits for SE ability. Thus,
these three QTLs were suggested to be a unique QTL. Although pleiotropic gene action might
be another explanation for the co-location of these three QTLs detected for SE ability.
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Figure 1. QTLs detected for SE ability, yield, and weight of 100 green beans of Coffea
canephora. The vertical line is estimating the location of the different QTLs with a =
5%. The underlined locus for each QTL shows the nearest locus associated with the trait
analysed.

Although the yield scores of both parental clones, in each population, are not significantly
different and that the heritability of these traits is recorded as low, the study shows that three
QTLs for vyield traits are detected from the three different populations. This multiple
population approach has the advantage that the QTLs from the three parental clones can be
evaluated in different genomic backgrounds. Two QTLs linked to the total weight of green
bean are detected on the two linkage groups (C and H) with a LOD score of 4.2 and 5.1,
respectively. Another single QTL for the weight of 100 green beans is also detected with a
LOD score of 3.3 on the group H. However, the two QTLs found on the linkage group H for
these two yield components are located on two different genome areas. Moreover, our study
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shows that there is no significant correlation between SE ability and yield traits. These results
suggest that QTLs linked to SE ability and to yield characters are independent. Finally, a total
of four genomic areas are involved in the QTL study (Figure 1).

The three QTLs associated with yield traits are detected in three chromosomal regions on
linkage groups C and H. Favourable alleles from BP409 parent are associated with the
characters related to the weight of 100 green beans and to the total weight of green beans both
on the linkage group H. Another favourable allele from Q121 clone is detected for this last
trait on the linkage group C. These results illustrated that these yield QTLs from BP409 and
Q121 may be successfully associated to improved field performance in Robusta.

At the end a new generation of Robusta varieties cumulating yield performance and somatic
embryogenesis or cutting abilities could be delivered through a marker assisted selection
based on key agronomic traits for Robusta.
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Establishment of Entomopathogens Beauveria bassiana
as an Endophyte in Coffee Seedlings Coffea canephora
and Coffea arabica

ENDANG SULISTYOWATI, FEBRILIA NUR AINI, ENDANG MUFRIHATI,
SUSIANI

Indonesian Coffee and Cocoa Research Institute

SUMMARY

Establishing of B. bassiana as an endophyte is important first step in the possible use of this
fungus as biocontrol agent. The research with aim to study the possibility of B. bassiana
established as an endophyte in coffee by inoculating of coffee seeds with B. bassiana
suspension has been conducted in laboratory. The results showed that the fungal
entomopathogen B. bassiana became established as an endophyte in in vivo coffee seedling.
B. basiana was recovered as an endophyte in culture from root, stem and leaves of coffee
seedling up to 5 months postinoculation. Application of B. bassiana on coffee seed without
parchment is better compare to coffee seed with parchment seed, and yielding the highest
percentage of recovered B. bassiana as an endophyte. Three months and a half after
inoculation of 4 g/10 | spore concentration on unparchment seed, B. basssiana as an
endophyte was recovered from root (20.00%), stem (6.67%) and leaves (10.0%); whereas on
parchment seeds B. basssiana was recovered from root (6.67%) stem (6.67%) and leaves
(3,33%). Inoculation of B. bassiana of 8 g/10 | spore’s concentration yielding more higher
percentage of recovered B. bassiana as an endophyte, were 26.67, 16.67 and 20,0%
respectively on root, stem and leaves of unparchment seed, whereas 10.0 and 16.67, and
3.33% on root, stem and leaves of parchment seeds. The highest of percentage of recovery B.
bassiana as an endophyte on Arabica coffee was indicated that inoculation of B. bassiana on
Arabica coffee more easier than Robusta coffee.

BACKGROUND

Beauveria bassiana was known as one of the effective biological agents of coffee berry borer
in Indonesia. One possible pest management mechanism against the coffee berry borer,
involves the inoculation of coffee plants with entomopathogen fungi, B. bassiana in attempt
to establish the fungus as an endophyte. This would ideally result in the establishment of a
systemic biocontrol agent inside the plant. If effective, such a technique could become a very
valuable pest management strategy. Recently B. bassiana have isolated as endophyte in coffee
plants in Columbia (Posada and Vega, 2005).

B. bassiana can be introduce as an endophyte of Zea mays, where it causes mortality of thr
European corn borer, Ostrinia nubilalis (Bing and Lewis, 1991 cit. Posada and Vega, 2005).
B. bassiana has also been known as an endophyte in potatoes, jimsonweed, cotton, and
cocklebur. Establishing of B. bassiana as an endophyte is important first step in the possible
use of this fungus as biocontrol agent. The objective of this study was to determine whether it
could be possible to inoculate coffee seedling with B. bassiana.
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MATERIAL AND METHODS

Research with aim to determine the possibility of B. bassiana established as a endophyte in
coffee was carried out at the laboratory of pest and diseases Indonesian Coffee and Cocoa
Research Institute (ICCRI), since December 2009. The experiment was arranged by
completely randomized design in three factorial and 4 replications. The factors were :

e coffee plant materials Arabica coffee (Coffea arabica S795, Coffea arabica AS1) and
Robusta coffee,

e two types of coffee seeds (with parchment and without parchment),

e concentration of B. bassiana spores are 0 (Control ), 0.4, and 0.8 g spore/l

Application of B. bassiana has been done by dipping of coffee seeds (with parchment and
without parchment) on various spore concentration of B. bassiana. After dipping, the seeds
planted in sterilized soil medium. Assesment of B. bassiana colony recovered from coffee
plant were conducted on 2, 3, 4 and 5 months post-inoculation when the seeds has growth, by
cutting the roots, stems, and leaves of coffee and disinfected by bleach solution 0,5%, alcohol
70% (350 ml ethanol 95% + 150 ml H,0) for 2 minutes, rinsed with sterile water, and dried
on sterile paper towels (Arnold et al., 2001 cit. Posada and Vega, 2006). The tissues were cut
into 2 to 2 mm?, five of which were placed in Petri dishes containing PDA.

RESULT AND DISCUSSION
The results showed that the fungal entomopathogen B. bassiana became established as an

endophyte in in vivo coffee seedling. B. bassiana was recovered as an endophyte in culture
from root, stem and leaves of coffee seedling up to 5 months postinoculation.

Recovery of B. bassiana as an endophyte in stem
of Robusta coffee seedlings
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Figure 1. Percentage of recovery of B. bassiana as an endophyte in stem of Robusta
coffee seedlings post-inoculated with B. bassiana.
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Recovery of B. bassiana as an endophyte in stem
of Arabica coffee var S-795 seedlings
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Figure 2. Percentage of recovery of B. bassiana as an endophyte in stem of Arabica
S 795 coffee seedlings post-inoculated with B. bassiana.

Table 1. Percentage of colony of B. bassiana recovered in roots, stems and leaves of
coffee seedlings 3, 5 months post-inoculated with B. bassiana.

Treatments Control B. bassiana 4 g/101 | B. bassiana 8 g/101

root | stem | leaves | root | stem | leaves | root | stem | leaves

Seed without parchment

Robusta coffee 0 0 0 0 0 30 0 10 0
Arabica coffee S 795 0 0 0 60 40 10 80 40 60
Arabica coffee AS-1 0 0 0 0 20 20 0 0 0
Averages 0.00 | 0.00 | 0.00 | 20.00 | 20.00 | 20.00 | 26.67 | 16.67 | 20.00

Seed with parchment

Robusta coffee 0 0 0 0 0 0 10 0 0

Arabica coffee S 795 0 0 0 20 20 10 30 40 10

Arabica coffee AS-1 0 0 0 0 0 0 10 0 0

Averages 0.00 | 0.00 | 0.00 | 6.67 | 6.67 | 3.33 |16.67 | 13.33 | 3.33

Posada and Vega (2006) has been inoculation coffee seedling grown in vitro with the fungal
entomopathogen B. bassiana suspension in the redicle, and the results was known that B.
bassiana was recovered as an endophyte 30 and 60 days postinoculation. Application of B.
bassiana on coffee seed without parchment is better compare to coffee seed with parchment
seed, and yielding the highest percentage of recovered B. bassiana as an endophyte. Three
months and a half after inoculation of 4 g/10 | spore concentration on unparchment seed, B.
basssiana Bb 715 isolate as an endophyte was recovered from root (20.00%), stem (6.67%)
and leaves (10.0%); whereas on parchment seeds B. basssiana was recovered from root
(6.67%) stem (6.67%) and leaves (3.33%). Inoculation of B. bassiana of 8 g/10 | spore’s
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concentration yielding more higher percentage of recovered B. bassiana as an endophyte,
were 26.67, 16.67 and 20,0% respectively on root, stem and leaves of unparchment seed,
whereas 10.0 and 16.67, and 3.33% on root, stem and leaves of parchment seeds. The highest
of percentage of recovery B. bassiana as an endophyte on Arabica coffee was indicated that
inoculation of B. bassiana on Arabica coffee more easier than Robusta coffee. Others fungus
were also detected as an endophyte in the coffee seeds, Curvularia sp.,Rhizoctonia sp, and
some unidentified of fungus and bacterial endophyte. These indicating that they were as
endophyte in the seed.

CONCLUSION

e The fungal entomopathogen Beauveria bassiana became established as an endophyte
in coffee seedling, inoculated by dipping coffee seed in B. bassiana suspension.

e B. basiana was recovered as an endophyte 2, 3, 4 and 5 month post-inoculation from
roots, stems and leaves

e Application of B. bassiana on coffee seeds without parchment is better than
parchment seeds, and yielding the highest percentage of recovery of B. bassiana as an
endophyte

e The highest percentage of recovery B. bassiana as an endophyte on Arabica coffee
indicated that inoculation of B. bassiana on Arabica coffee more easier than Robusta
coffee
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SUMMARY

The lowering of stored meat and soy products quality during the storage time has been
attributed to the presence of oxidized lipid and proteins. Since coffee beans contain
considerable quantities of these components, lipid and protein oxidation could be responsible
for changing in the beverage quality during the green bean storage as well. Taking into
account these possible changes in the coffee beans composition and beverages, it was
proposed a study aiming to follow the oxidation level of proteins and lipids during the stored
green beans as well as the effect of the cultivar and processing method on such event

Fully ripe coffee fruits were processed by dry and semi-dry methods and sun dried until
around 10% moisture. The carbonyl groups concentration in the green bean just after drying
was employed to express the protein oxidation level. The content of substances which reacted
with tiobarbituric acid (TBARS) was used to express the lipid oxidation level. TBARS values
ranged from 7.9 to 11.9 nmol MDA (malondialdehyde) gr* dry matter and the carbonyl
groups content was between 1.7 and 5.0 nmol mg™ protein.

INTRODUCTION

The drying process is possibly the most important step in the coffee processing. It may take
from 7 to 20 days depending on the weather, processing method and drying conditions. The
process of oxidative stress may start when the bean moisture level favors the production of
reactive oxygen species (ROS) and the seed metabolism becomes inefficient to neutralize the
amount of ROS formed (Leprince et al., 1994). If the oxidative stress does occur during the
drying of coffee, it can be responsible for the decreasing of the level of glutathione and
ascorbate as well as for the increasing of the free fatty acids (FFA) content. Coffee
unsaturated fat acids, which prevail in free fat acids and in triacylglycerols molecules, could
on its turn favor the oxidation of the coffee lipid fraction (Dussert et al., 2006; Nikolova-
Damyanova et al., 1998).

Beyond ROS, primary and secondary products generated during the lipid oxidation could
react with seed proteins, causing their oxidation. Protein cleavage and cross-links protein-
protein and lipid-protein, beyond protein radicals, damaged amino acids and carbonyl groups
in proteins molecules may be formed as result of the protein oxidation (Gardner, 1979;
Stadman and Levine, 2003).

Results reported herein refer to a part of a study concerning to a) the lipid and protein
oxidation levels of stored green coffees, b) the effect of the processing method on the protein
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and lipid oxidation and c) the influence of the protein and lipid oxidation level on the
beverage quality.

MATERIALS AND METHODS

Ripe fruits of Coffea arabica cultivars IAC Mundo Novo, harvested in 2008, and IAC Catuai
Vermelho and IAC Obatd Amarelo harvested in 2009, were collected in Campinas, S&o Paulo
State, Brazil. All samples were processed by dry (natural coffee) and semi-dry (pulped natural
coffee) methods and sun dried until about 10% moisture.

After finished the drying, the beans were hulled, ground and analyzed regarding the moisture
(Brasil, 1992), thiobarbituric acid reactive substances (TBARS) (Heath and Packer, 1968),
expressed as nmol MDA (malondialdehyde) g™ dry matter, total lipid content (Speer and
Kolling-Speer, 2006) expressed as g 100 g dry matter), soluble protein content (Bau et al.,
2001; Bradford. 1976) expressed as g 100 g™ dry matter and concentration of carbonyl
groups in protein (Levine et al., 1994), expressed as nmol mg™ protein. All analyses were
performed in triplicate.

RESULTS AND DISCUSSION

Results in Table 1 show that total lipids and soluble protein contents in just dried beans, were
in agreement with the literature data (Speer and Kolling-Speer, 2006; Bau et al., 2001;
Shimizu and Mazzafera, 2003). There was not influence of the processing method on the bean
lipid content but there were clear differences between the genotypes. Green beans of IAC
Mundo Novo cultivar harvested in 2008 presented higher lipid content than green beans of
IAC Catuai Vermelho cultivar, Green beans of IAC Catuai Vermelho cultivar on its turn
presented more lipid than IAC Obatd Amarelo cultivar, both of them harvested in 2009.

Table 1. Total lipids, TBARS, soluble protein and carbonyl groups in coffee Arabica.

Samples TBARS Total lipids Carbonyl content Soluble protein
P (nmol MDA g'1 d.b) | content (% d.b) | (nmol mg'l protein) | content (% d.b)
ACN 0.4°¢ 9.9 25¢ 7.2°%¢
ACD 8.8°¢ 0.4°¢ 3.7° 77%®
VCN 10.3° 10.3° 5.0° 76%®
VCD 7.9¢ 10.1° 40° 7.3%¢
MNCN 10.7° 13.82 1.7¢ 6,8 o
MNCD 11.9° 13.2°2 2.6°¢ 7.0

ACN: IAC Obatd Amarelo natural coffee; ACD: IAC Obata Amarelo pulped natural coffee;
VCN: IAC Catuai Vermelho natural coffee; VCD: IAC Catuai Vermelho pulped natural
coffee; MNCN: IAC Mundo Novo natural coffee; MNCD: IAC Mundo Novo pulped natural
coffee. Mean values followed by the same letter in the same column do not differ significantly
by Tukey test at 5% probability.

The values of TBARS revealed the presence of aldehyde in the beans just after the drying.
Despite the difference in the values, it is not possible to say that TBARS number is influenced
by the processing method and cultivar when considering the results showed in Table 1.
Although TBARS number is normally used as an oxidation index of lipid oxidation and is
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expressed as malondialdehyde concentration, other aldehyde, not derived from lipid
oxidations, including sugars, for example, may be also quantified (Silva et al., 1999).

Some works show the relationship between the lipid oxidation and ROS generation in coffee
with stressful situations, such as high doses of cadmium or low temperature (Queiroz et al.,
1998; Gomes-Junior et al., 2006). It is possible that drying process also implies stress
condition and ROS formation resulting lipid oxidation. Lipoxygenase and lipase activities
could also be important for lipid oxidation (Patui et al., 2008).

TBARS analysis is often followed by the quantification of carbonyl groups in proteins, since
reactive compounds formed during the lipid oxidation may induce the protein oxidation
(Estevez et al., 2007; Huang et al., 2006).

The presence of carbonyl groups in the soluble fraction of the coffee protein suggested some
degree of protein oxidation. However, it is also possible that the quantified carbonyl group is
due to monosaccharides bonded to the protein molecule and not to the protein oxidation
(Ludwing et al., 1995).

The difference between the protein content in Table 1 and that normally presented in the
literature is due the methodology of analysis. In this work only soluble protein was quantified
whereas normally the total nitrogen is measured.

In conclusion, the TBARS and carbonyl groups quantified in recently processed coffee
suggested some degree of oxidation of the bean proteins and lipids even before the resting
time, regardless the cultivar, processing method and harvest year.
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SUMMARY

There is an empirical knowledge that the resting period of green coffees is important for the
improvement of the beverage overall quality through the reduction of the grass-like and tea
flavors and through the reduction of the astringency. The empirical knowledge also indicates
that the storage of non hulled beans is better than the storage of hulled beans for the color
preservation. Moisture homogeneity of the coffee lot and higher uniformity of the color of
the non hulled stored bean are also expected to occur during the resting period. However, it
was not found any published research quantifying these changes.

In this work the changes in the green beans of Arabica coffees cv. IAC Catuai Vermelho and
IAC Obatd Amarelo during the resting period were evaluated. Fully ripe fruits were processed
by both semi-dry and dry methods, dried to around 10% moisture and stored in a medium
lighted room at 24-27 °C and at 63-66% R.H. Hulled and non hulled coffees rested for 3
months under these conditions. After the resting period, the whole and parchment coffees
were hulled and evaluated regarding the color index, moisture, viability and beverage quality.

The overall beverage quality of the all coffee samples was improved on average 1.9 points in
the course of the resting time. The viability of the hulled stored green beans decreased from
69 up to 89% in comparison with that measured at the end of the drying step. Furthermore,
the color index decreased on average 0.3% and 47% in non hulled and hulled stored beans,
respectively.

INTRODUCTION

Normally, in Brazil just after the end of the drying process, coffee fruits and parchment beans

are stored in barns for the so-called “resting period”. It is empirically known that
improvement in the beverage flavor and in the bean appearance regarding the color uniformity
occurs during this time. Usually, only non hulled coffee beans are submitted to the resting
period in barns, because it is known that the hull contributes for the bean quality.

The flavor of the coffee beverages prepared from just dried not rested coffee resembles to
leaves or green tea, probably due to the presence of 2-methoxy-3-isopropyl pyrazine and 2-
methoxy-3-isobutyl pyrazine (Holscher and Steinhart, 1995). Beverages from such products
are also more adstringent than that from rested coffee, and typical sensory characteristics of
the coffee beverage such as acidity, sweetness and bitterness, are not well perceived. The
decrease of the bean viability which occurs during the resting period could be also related to
the beverage quality (Selmar et al., 2008).
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In this study the changes in the viability, beverage quality, moisture and color index of the
beans were evaluated.

MATERIALS AND METHODS

Fully ripe fruits of Coffea arabica cultivars IAC Obatd Amarelo and IAC Catuai Vermelho
were collected in Campinas (S&o Paulo State), processed as dry and semi-dry methods and
dried until moisture of about 10%. Half of the processed coffees were stored as non hulled
beans and half was stored as hulled beans (Table 1). All samples were stored at 24-27 °C for 3
months (resting period) in small (100x150 mm) jute bags into a desiccator containing
ammonium nitrate solution enough for 63-66% R.H.

Table 1. Description of the samples processed by dry (CN) and semi-dry (CD) method
stored as hulled (SC) and non hulled (CC) beans.

Code Arabica coffees

ACN-0 IAC Obatd Amarelo processed as natural coffee at the beginning of storage
ACNCC-3 Lﬁr?h(aﬁzga Amarelo processed as natural coffee after 3 months of storage —
ACNSC-3 Lﬁlcl:e((j)baté Amarelo processed as natural coffee after 3 months of storage —
ACD-0 !tA(\)Cr:a gOebatél Amarelo processed as pulped natural coffee at the beginning of
ACDCC-3 IAC Obata Amarelo processed as pulped natural coffee after 3 months of

storage — non hulled

IAC Obatd Amarelo processed as pulped natural coffee after 3 months of

ACDSC-3
storage - hulled

VCN-0 IAC Catuai Vermelho processed as natural coffee at the beginning of storage

VCNCC-3 IAC Catuai Vermelho processed as natural coffee after 3 months of storage —
non hulled

VCNSC-3 Lﬁ\ﬁedCatual Vermelho processed as natural coffee after 3 months of storage —

VCD-0 IAC Catuai Vermelho processed as pulped natural coffee at the beginning of
storage

VCDCC-3 IAC Catuai Vermelho processed as pulped natural coffee after 3 months of
storage—non hulled

VCDSC-3 IAC Catuai Vermelho processed as pulped natural after 3 months of storage —

hulled

All samples were analyzed immediately after the end of the drying step and at the end of the
resting period regarding the moisture (Brasil, 1992), color index (Carvalho et al., 1994),
viability (Dias and Da Silva, 1998) and overall quality of the beverage (ISO, 1991). The
beverage quality was evaluated by 3 professional tasters using a scale of 8 points (“1” low
quality, “4” medium quality and “8” excellent quality). All analyses were performed in
triplicate.
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RESULTS AND DISCUSSION

There were no significant difference in the moisture of hulled and non hulled samples at the
end of storage considering a variety and a processing method (Table 2).

Only the color index of hulled bean decreased during the resting period. Similar results were
also described by other researchers (Godinho et al., 2000; Nobre et al., 2007).

During the resting period significant loss of the viability occurred only in the hulled coffee
beans, in which the embryos axis or the whole embryo acquired brown color. This result
could be attributed to oxidative stress or lack of sufficient reducing power (Da Silvaey al.,
2005). These results indicated that the dried peel and parchment would protect the embryo of
the light, preventing the induction of the synthesis of gibberellins. Gibberellins on its turn
would reduce the activity of antioxidant enzymes, with consequent death of the endosperm
cells end embryo (Bethke et al., 2001; Valio, 1976).

Table 2. Moisture, color index, viability and beverage quality of the coffee beans
processed by dry (CN) and semi-dry (CD) methods, at the end of drying step (0) and
after 3 (3) month storage.

Sample Code | Moisture (%) | Color index | Viability (%) | Overall Quality Scores
ACN-0 10.4° 1.22 928 3.0°
ACNCC-3 11.32 1.12 852 4.3
ACNSC-3 11.2° 0.7° 18° 4.72
ACD-0 9.9° 1.2° 90° 40"
ACDCC-3 11.3° 1.0° 86° 5.7
ACDSC-3 11.2°2 0.7° 21° 6.32
VCN-0 10.5° 1.32 832 2.0°
VCNCC-3 11.4° 1.0@ 792 432
VCNSC-3 11.32 0.5° 4° 432
VCD-0 10.0° 1.4° 93°? 3.0°
VCDCC-3 11.48 1.0° 89?2 472
VCDSC-3 11.32 0.8° 43" 5.0°

Mean values followed by the same letters in the same variety and column do not differ
significantly by Tukey test at 5% probability.

According to the tasters, all beverages presented some adstringency and grass-like flavor,
described as “green”, at the end of the drying step. The overall quality of coffee beverage was
improved, on average around 1.9 points in a 8.0 points full scale, after 3 months of storage
(Table 2), regardless the viability level of the green bean. According to the literature,
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reduction of astringency, could be due to the decreasing of phenolic compounds content
(Godinho et al., 2000; Leite et al., 1996).

Therefore, the results showed that during the three month resting period: 1- the beverage
overall quality of all samples was improved, 2- the moisture of the hulled and non hulled
beans was uniform and in equilibrium with the ambient R.H. and 3- the hulls helped the
maintenance of the viability and of the initial color of the beans.
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INTRODUCTION

The ongoing global climatic change will bring along prolonged periods of drought in various
tropical regions. As a perennial, coffee may be severely and durably affected, as well as
economies, and people who rely on it.

The limitations of classical breeding approach has led to increasing attention being paid to
criteria of morphological and physiological resistance (integrated approach) (DaMatta and
Ramalho, 2006). Morphological parameters together with physiological parameters may help
phenotyping coffee genotypes regarding drought tolerance in order to understand underlying
genetics and molecular physiology. However as a whole no single narrowly defined
functional type is needed for tolerance to drought (Sack wt al., 2003). Thus, the aim of this
study was to identify morphologic parameters that indicate different responses to drought
between coffee genotypes.

Figure 1.

MATERIALS AND METHODS

A nursery trial was set up at IAPAR, Londrina Parana, Brazil, with two contrasting cultivars,
‘lAPAR 59’ and ‘Catuai’. 'lAPAR59' is a Sarchimor variety, it originated from a C.

canephora introgression through 'Hibrido de Timor'; 'Catuai’ is derived from the cross
‘Caturra’ x ‘Mundo Novo’ (no introgression). Seeds were germinated in June 2007,
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transferred into 5 liters ceramic pots in November 2008, and a total of 50 plants per cultivar
were installed under a plastic tunnel in April 2009 (photo) to simulate abiotic water stress.

Detailed non destructive morphological measurements of each plant were made before the
drought experiment (March 2009) namely 'size and number of leaves', 'height’, 'number of
orthotropic internodes'. The plants were distributed into 7 homogeneous lots (treatments =
watering regimes) that were submitted to 0 - 3... 18 days without water supply (drought),
followed by normal watering.

Above-ground and subterranean structures were examined by morphological and destructive
methods after the trial (May 2009). Total leaf area' per plant was checked using a planimeter
(LI 3100, LI-COR, Inc. Lincoln, NE, USA). Aerial parts (leaves, orthotropic and plagiotropic
axes) and roots (primary, secondary, tertiary orders) were weighed and measured then dried
separately at 53 °C for 48 hours.

RESULTS AND DISCUSSION

Both varieties were very different from the start of the trial, resulting in highly significant
differences between their aerial parts at all stages of the trial. Indeed all growth parameters
measured at the end of the trial show highly significant difference between both cultivars
(p<0.01), whereas absolute difference between measurements before and after the trial only
gave significant differences between the treatments (p<0.05). Therefore relative evolution of
growth parameters was calculated for each plant (before and after the trial) except for roots.

0.5 4 e | APAR 59 0.5 - e | APAR 59

0.4 - - = = Catuai 0.4 - - = = Catuai

0.3 0.3 -

0.2 - -0.2

-0.3

Relative variation, leaf area per plant

-0.3

N Relative variation, Leaf number per plant

0.4 - days without water supply 04 days without water supply

Figures 2. Relative evolution of leaf area and number of leaves per plant for cultivars
‘Catuai’ and ‘IAPARS9’ resulting from seven watering regimes, over two months
including the 18 days trial (vertical bars: confidence interval at p=0.95, lines: linear
trends).

‘Catuai’ responded significantly earlier to drought than ‘IAPAR59’ (3 days vs. 6-9 days), by
increasing its 'relative leaf area' per plant (Figure 2A) and 'No. of leaves', while the
apparition of new leaves hardly compensated leaf fall for both the control treatment and the
longest dry periods (Figure 2B). Indeed leaf area’ and 'number of leaves' are considered good
indicators on other plants (Cordeiro et al., 2009) Other parameters such as 'relative plant
height', 'relative number and mean length of orthotropic internodes' followed the same pattern
for both varieties (Figure 3). ‘Specific leaf area” might be more water dependant than “carbon
isotope discrimination’ for differentiating genotypes (Monclus et al., 2006). However, we
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found the same evolution of both cultivars in specific leaf area; it decreased from 146 to 125
cm?2 g DW (-13%) from control to 18" day of drought.
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Figures 3. Relative evolution of plant height, No. of orthotropic nodes, and mean length
of orthotropic nodes over two months including the 18 days trial, for cultivars ‘Catuai’
and ‘IAPARS9’ under seven watering regimes (vertical bars: confidence interval at
p=0.95).
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Figures 4. Influence of seven watering regimes on taproot diameter and length for
cultivars ‘Catuai’ and ‘IAPARS9’ (vertical bars: confidence interval at p=0.95, lines:
linear trends).

The relative stability of ‘IAPAR59’ compared to ‘Catuai’ appears through both ‘taproot
diameter' (Figure 4A) and 'taproot length' (Figure 4B), and not for taproot weight nor for total
root weights.

‘Catuai’ had on average twice more roots than ‘IAPAR59’ (‘total weight', data not shown),
with an increase in taproot length that may be useful for drought tolerance differentiation
(Pinheiro et al., 2005), however this may be due to its initial development. Indeed, a tendency
in lower ‘Catuai’ taproot diameter was observed after prolonged drought (Figure 4A).

Future works based on results from this analysis, will benefit from the collaborative projects
(Marraccini et al., 2009) established between Agropolis (Montpellier, France) and Embrapa
(Brazil) within the frame of CIBA (International Consortium on Advanced Biology).
CONCLUSION

‘Catuai’ plants were stimulated by short-term drought (3 days), while 'TAPAR59" was more

stimulated by midterm drought (6-9 days), regarding 'leaf number' and 'leaf area’ per plant.
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Temporal drought prorogation provoked the significant decrease in both above- and below-
ground measured parameters. ‘IAPAR 59’ showed more morphogenetic stability to drought
than ‘Catuai’; i.e. retarded effects on growth stimulation and less intensive global growth
decrease. Morphological traits, namely the evolution of number of leaves and of leaf area,
together with root diameter and length, can be used along ecophysiological parameters, in
order to differentiate varietal responses to drought. Responses to drought measured in nursery
conditions may thus help differentiating genotypes, after short to midterm stress induction,
paying attention to leaf development and shedding. Those findings shall have to be confirmed
in field conditions.
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SUMMARY

The aim of this study was to define easily recordable and accurate ecophysiological
parameters for quick differentiation between genotypes of Arabica coffee (Coffea arabica L.).
A nursery trail was set up with two contrasting varieties (‘lAPAR 59’ and ‘Catuai’). Twenty-
one-months-old pot plants were submitted to 0-3-...18 days of drought followed by normal
irrigation. The differentiation between stressed and controlled plants, in both varieties, was
observed starting from 3" day for stomatal conductance (gs), plant relative weight, and
transpiration (E); from 9" day of drought treatment for leaf water potentials. ‘Catuai’ showed
greater sensitivity than ‘IAPAR 59’°, and differences in genotype responses were recordable
from 9™ to 15" day for E and gs and from 9" to 12" day for water potential components.
Therefore gs, E or/and water potential component measurements can be used, after nine days
of drought in nursery conditions, in classifying Arabica coffee genotypes for drought
tolerance, thus allowing screening of great number of plants for association or mapping
studies .

INTRODUCTION

A considerable advance in ecophysiology of Coffea arabica L. has been undertaken during
the last two decades (Barros et al., 1995; Amaral et al., 2001), but the knowledge about stress
physiology still remains questionable (Beining, 2007). Most experiments focused on a single
stress treatment under controlled environmental conditions. The limited number of original
plants from which most C. arabica cultivars were derived, its early domestication, artificial
selection and intensive breeding severely eroded allelic variations in this species (Silvestrini
et al., 2007), which thus can increase its sensitivity to environmental stresses.

Drought stress may be induced by multiple environmental variables, such as high
temperature, solar radiation, saturated vapor pressure deficit, low rainfall amounts, a poor
precipitation distribution, as well as increasing intensities of soil moisture deficits (DaMatta
and Ramalho, 2006). Some adaptive mechanisms in plant drought response are possible, e.g.
regulation of stomatal conductance and stomata opening or/and osmotic adjustments
(DaMatta, 2004). The aim of this study was to define easily recordable and accurate
ecophysiological responses for quick differentiation between genotypes of C. arabica when
submitted to drought conditions.

MATERIALS AND METHODS

We compared architectural characteristics and drought tolerance of two Coffea arabica
cultivars, namely ‘Catuai’ and ‘IAPAR 59°. ‘Catuai’, being derived from a ‘Caturra’ X
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‘Mundo Novo’ cross, is a "pure" Coffea arabica variety, whereas ‘IAPAR 59’ is derived from
a ‘Caturra’ x “‘Hibrido de Timor’ cross, thus contains some Coffea canephora introgression.

Fifty seedlings per variety, germinated in June 2007, were transferred to 5 | ceramic pots in
November 2008 (filled with 4kg sterile soil — 65% sand + 27% clay + 8% silt). The seedlings
were grown in nursery under 50% shade.

Seven treatments were determined in April 2009 aiming at testing the drought impact: T1 -
ten daily irrigated control plants and six groups of plants submitted to water regimes defined
by number of days without water supply: T2 — three days (7 plants); T3 — six days (7 plants);
T4 — nine days (7 plants); T5 — twelve days (7 plants); T6 — fifteen days (7 plants); T7 -
eighteen days (5 plants). The plants of each cultivar were randomly distributed to each
treatment, but ensuring that the average initial development was similar for all treatments.
Drought was secured by placing the pots under a plastic tunnel, allowing air circulation
between the plants. The plants under different drought treatments were disposed in a sequence
and a physical separation was placed between irrigated and non irrigated treatments when
watering.

At the end of each water regime treatment (3, 6....18 days) some ecophysiological parameters
were collected in the morning (9:00-10:00 a.m.) from control and drought treatment plants.
Stomatal conductance (gs - mol m?s™) and transpiration (E — mmol m?s™) were measured by
using the LI 1600 porometer. In order to evaluate maximum efficiency of PS I, the quantum
efficiency or yield (Fv/Fm) was estimated by using not modulated device Handy PEA Pocket
PEA from Hansatech Instruments.

In order to fit the measurements of gs and E with local microclimate condition under the
tunnel, they were corrected with vapor pressure deficit (VPD). The leaf tissue temperature
(porometer output) was used to determine accurately the VPD, and calculated using VPD
calculator: http://www.hydro.co.nz/1_information/1_vpd/info_vpd.html.

Leaf water potentials were measured using thermocouple psychrometer (C-30, Wescor, Inc.,
Logan, Utah, USA.) branched to one datalogger (CR-7, Campbell Scientific, Inc., Logan,
Utah, USA). Potential measurements in drought treatments (day 3, 6 ... 18) were compared
with data from the control at initial stage. The procedure consisted in exposure of leaf discs (2
cm?) to psychrometers. The datalogger recorded the outputs at 10 min intervals , until the
equilibrium of vapor pressure in chamber was reached. The system outputs (uV) were
converted in water potential (MPa) as a function of previous sensor calibration in NaCl
solutions. The total water potential (%#;) was recorded firstly, followed by the sensor
immersion in liquid nitrogen during 4 min, in order to obtain the osmotic potential (¥;). The
pressure potential (¥p) was calculated from ‘¥ - V.

The relative weight reduction (% transpiration loose) was calculated as the total pot weight
difference relative to control plants. Pots were wrapped in aluminum paper, in order to
eliminate evaporation.

Statistic analysis was performed using the one-way ANOVA from the free "R" software

(version 2.11.1). Plant reactions under different water regimes were compared with those of
control plants. In the figures variances are represented by Standard Errors of the Means.
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RESULTS AND DISCUSSION

Non-irrigated plants quickly showed the reduced gs values (Figure 1A), E (Figure 1B) and
relative weight (Figure 3A), starting from the 3" day with no water supply (Table 1). The
response of leaf water potentials (¥;, ¥s and ¥,) measured in plants submitted to drought
treatments started from 9™ day with no water supply (Figure 2 and Table 1). Significant
alterations in quantum efficiency (Fv/Fm) were expressed only at the end of drought
treatments, from 15" to 18" day (Figure 3B and Table 1).

0.25 - IAPAR 59 - Control —A— | APAR 59 - water stress
Catuai - Control —@— Catuai - water stress
0.2
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o
o
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Days without |rr|gat]ion
6 - IAPAR 59 - Control —&— | APAR 59 - water stress
Catuaif - Control —@— Catuai - water stress

E corrected by VPD
w

0 3 6 9 12 15 18
B Days without irrigation

Figure 1. A/ Leaf stomatal conductance (Js) and B/ leaf transpiration rate (E) corrected
by water pressure deficit (VPD) in two Arabica coffee cultivars (IAPAR 59 and Catuai)
grown under water stress (no irrigation).
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Figure 2. A/ Total water potential (%;), B/ osmotic potential (¥;), and C/ pressure
potential (¥,) in two Arabica coffee cultivars (IAPAR 59 and Catuai) grown under
water stress (no irrigation).
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Figure 3. A/ % of transpiration change (loose) in relation to control and B/ quantum
efficiency (FV/Fm) in two Arabica coffee cultivars (IAPAR 59 and Catuai) grown under
water stress (no irrigation).

Both cultivars had the similar initial responsiveness and sensitivity to induced drought. In
prolonged drought conditions, ‘Catuai’ showed greater sensitivity than ‘lAPAR 59°. The
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differences in genotype responses were recordable at ot day for gs and E (Figure 1 and Table
1) and for water potential components (Figures 2A-C). The genotype specific response in
relative weight reduction was not observed (Figure 3A) neither for Fv/Fm (Figure 3B,

Table 1).

Table 1. The p-values for one-way ANOVA of leaf stomatal conductance (gs), leaf
transpiration rate (E) and chlorophyll fluorescence (Fv/Fm) for A/ drought treatments

compared to control and B/ two cultivars (‘Catuai’ and ‘IAPAR 59°).

P<0.05 were considered significant and marked in bold.

A/ Drought DF T2 vs T3 vs T4 vs TS vs T6 vs T7 vs
treatments T1 T1 T1 T1 T1 T1
gs| 1 | 0.0558 0.005 | <0.0001 | <0.0001 | <0.0001 | <0.0001
E| 1 | 0.0470 0.002 | <0.0001 | <0.0001 | <0.0001 | <0.0001
Fv/Fm| 1 | 0.1756 | 0.0399 | 0.6562 | 0.9265 | 0.0673 | 0.0003
gﬁ (Sl‘;'l?tva” under | pp | T2 T3 T4 T5 Té6 T7
gs| 1 | 0.8074 | 0.8449 | 0.0191 | 0.0680 | 0.0531 | 0.5154
E| 1 | 0.6834 | 0.9716 | 0.0096 | 0.0513 | 0.0627 | 0.5477
Fv/Fm| 1 | 0.4032 | 0.2982 | 0.0826 | 0.1665 | 0.3429 | 0.2826

A sequence in plant ecophysiological reactions was observed. The mechanism of stomatal
regulation reacts firstly (Figure 1A), inducing the transpiration responses (Figure 1B and
Figure 3A). The mechanism of osmotic regulation was longer efficient, until ot day of
induced water deficit (Figure 2). Quantum efficiency was the last parameter to respond,
starting from 15" day and finishing at 18" day (Figure 3B) when no recovery in turgidity
occurred for majority of treated plants. In induced drought related to duration of water deficit
and light conditions (Beining, 2007), the coffee seedlings grown under full light conditions
decreased in gs only five days after imposition of stress, whereas shade grown seedlings
maintained gs at normal values during the first week despite reduced soil moisture
availability.

We consider that at 9" day of drought (and morning evaluations due to diurnal rhythmicity) it
could be possible to apply the gs, E or/and water potential component measurements in
phenotyping Arabica coffee genotypes' tolerance to drought in nursery conditions, thus
allowing screening of great number of plants from association or segregating populations.
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SUMMARY

The effects of drought-stress on aerial and root architecture, ecophysiology, anatomy and
molecular responses were investigated during 2 years using the lapar59 (drought-tolerant) and
Rubi (drought susceptible) cultivars of Coffea arabica. Plants were grown under three water
treatments: 1-1 a non limited watering treatment (irrigated each year during the dry season),
NI-NI a limited water treatment (non-irrigated during the dry seasons) and NI-I, a limited
watering in year 1 and non-limited watering in year 2 (“recovery”). Six points of
measurements were taken along the experiment. For all conditions, the phenotypic plasticity
was followed by analyzing architecture, evolutions of biomass, A™®C and sap flow for
example.

INTRODUCTION

In the context of climate changes, adaptation of perennial plantations to water constraint
becomes a major concern of wood and fruit productivity. Adaptation depends on the level of
genetic diversity of breeding and natural populations as well as their plasticity. This project
plans to describe adaptive mechanisms under water constraint of three perennial plants of the
temperate and tropical regions including Pinus, Eucalyptus and Coffea by combining analysis
of plant architecture, physiology, anatomy and molecular responses to drought stress. The
adaptive mechanisms of coffee under water stress were evaluated along two years (2008-09).
We studied the effects of drought-stress on aerial and root architecture, ecophysiology,
anatomy and molecular responses of two cultivars of C. arabica, lapar59 (159) and Rubi. For
the six points of measurements taken along the two years of the experiment, the phenotypic
plasticity was followed by measuring leaf, root areas and biomass and characterizing the
belowground and aerial architecture of coffee plants.
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MATERIALS AND METHODS
Plant materials

Field trials were conducted using the 2 years old plants of cultivars lapar59 (159) and Rubi
MG1189 of C. arabica, the former being considered more tolerant to drought than the latter
(M.A.G. Ferrdo, personal communication), grown in field condition at the experimental
station of the Embrapa Cerrados center (Planaltina-DF, Brazil, 15°35’°43”S - 47°43°52”0).

Field experiment

The experiment was designed with three blocks (I-1, NI-1 and NI-NI) subdivided into plots
corresponding to points of analysis (noted “P” in Figure 1). Each plot consisted in three
parallel lines of thirteen plants for each cultivar, the middle line containing utile plants and the
two lateral ones being border lines. The distances of planting were 3m between rows and
0.7m within rows. Water supply was provided by sprinklers (1.5 m height) organized in the
field to perform uniform irrigation. Soil moisture was controlled using PR2 profile probes
(Delta-T Devices Ltd, Cambridge-UK). Irrigation was supplied (mainly during the winter
season from June to September) when soil moisture reached 0.27cm® H,O.cm™. Points of
analysis were defined as follows: P1 (06/2008), P2 (08/2008), P3 (11/2008), P4 (05/2009), P5
(08/2009) and P6 (02/2010).P2 and P5 corresponded to the points of analysis during the dry
season, respectively for the first and second year (Figure 1).

Year 2008 Year 2009
) P2 P3P 5 P6
v v v v v v
L ——
W D W D W

B
%N Irrigated Irrigated
[ =T
% 3 _{ _A*g . ,.:?‘*-):“;:
£ Non Irrigated @-’“T. ‘;;‘g Non Irrigated E ‘;;:g
NI-NJ = — '
% E Y ! . 5'3
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[ T i
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Figure 1. Schematic representation of water treatments applied to coffee plants. W: wet
season (from October to April); D: dry season (from May to September). At each point
of analysis (P1 to P6), plants were collected for a complete description of their
architecture and their root system was excavated.

Measurements of leaf water potential
For P2 and P5 analysis points, the water stress was evaluated by measurements of predawn

leaf water potential (¥pd) with a Scholander-type pressure chamber using fully expanded
leaves corresponding to those of the third node of plagiotropic branches (Figure 2).
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Figure 2. Leaf predawn water potential.
Sap flow
For each cultivars and each conditions (I-1 vs. NI-NI), heat-dissipative (Granier) probes were

installed on 5 coffee plants and data were stored during 9 months that overlapped P4 and P5
points of analysis (Figure 3).
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Figure 3. Sapflow and rainfall.
Analysis of AC analysis

Leaves (from P1 to P3) were dried and pulverized in liquid nitrogen before being analyzed for
3¢ and **N composition (CENA Research center, Piracicaba-SP, Brazil) (Figure 4).

Plant biomass and morphological characteristics

For each cultivars and each conditions (I-1, NI-NI and NI-1), 10 to 7 plants were analyzed
along the project (from P1 to P6) to evaluate all morphological characteristics like height,
basal diameter as well as length internodes, leaf area index (LAI) for the trunk, primary and
secondary ramifications. The same approach was also performed for the root system. In both
case, all organs were dissected and dried separately to evaluate the dry biomass (Figure 5).
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Figure 5. Comparison of plant variables of the two cultivars in P6. Values of Rubi are
expressed in percents of I59 values.

RESULTS AND DISCUSSION

Under water stress conditions (NI condition), leaf predawn water potential (¥pd) measured
during the P2 and P5 dry seasons clearly showed less negative values for the cultivar 159 than
for Rubi (Figure 2). At the same time, and for both cultivars, ¥pd of leaves collected in
irrigated treatments ranged from -0.1 to -0.3 MPa, demonstrating the absence of water stress.
Altogether, these results clearly indicated a better access to soil water for 159 than for Rubi
cultivar.

Sapflows (in L.d™. tree™) were measured with Granier probes during the P4 and P5 points of
analysis and compared to the amount of rain (mm.d™) during the same period (Figure 3).
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Whatever the watering regime, data clearly showed higher values for Rubi than 159,
indicating a higher transpiration rate (T) for Rubi with potentially a quicker soil dry-out.

Because drought is known to affect leaf *C composition through stomatal closure, isotopic
discrimination (A*C) was also investigated in leaves from P1 to P3 (Figure 4). The analysis
revealed higher A™®C values in 159 than in Rubi, indicating a lower intrinsic (leaf scale) water-
use efficiency for 159 than for Rubi. At plant scale, WUE can be estimated by the ratio of
biomass over transpiration (B:T). The biomass of the two cultivars being similar (data not
shown) and T being lower in 159 than in Rubi, the WUE at plant scale was higher in 159 than
in Rubi (Table 1). These results are to be confirmed by future A**C measurements in leaves
collected on plants from P4 to P6.

Table 1.

Traits 159 Rubi
Genetic origin Sarchimor Catuai
Tolerance to drought Higher Lower
Response to intense drought Maintains its leaf Loses its leafs
Leaf predawn water potential Drops ;Irg\lljvé%/tduring Drops gl:(i)ﬁl;lﬁ/tduring
Leaf area 20% higher Unit
Number of leaves Unit 5% higher
Canopy conductance + leaf area Lower Higher
Stomatal density Similar Similar
Transpiration Lower Higher
% biomass in shoots Similar Similar
% biomass in roots Similar (decrease with Similar (decrease with

age) age)
% biomass in leaves Similar Similar
% biomass in reproduction Similar Similar
Total biomass Similar Similar
Root / Shoot ratio Similar Similar
A13C from leaves Higher Lower
WUE integrated at plant scale Probably higher Probably lower
WUE al leaf scale (A/g) Probably lower Probably higher

Regarding morphology, our data showed that, when irrigated, the 159 and Rubi cultivars had
comparable (=) developments of their trunk and primary branches in terms of length, diameter
and number of nodes (Figure 5). However, they differed in their leaf size (the average area per
leaf of Rubi being only 3/4 of the 159*) and their number of secondary branches (about 50%
greater for Rubi than 159**). It is worth noting that water stress had a more pronounced
depressive effect for Rubi than for 159, especially concerning the size of secondary branches
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(). Even if the number of secondary branches was similarly reduced for both cultivars under
water stress conditions (NI-NI), their apparition appeared to be delayed more for Rubi than
for 159 as observed by the smaller nodes number for Rubi.

The main characteristics and differences observed between 159 and Rubi cultivars are given
below. Further analyses are carried on to better understand the role of these differences in
drought tolerance.
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INTRODUCTION

According to the last report of the IPCC (Intergovernmental Panel on Climate Change), the
global temperature is supposed to increase in the Tropical zone that will modify agroclimatic
suitability of Coffea arabica plantation areas, mainly in Brazil. Several research projects have
now begun to analyze the effects of water stress on coffee plants either at the physiological
and molecular levels. However, nothing is known about the effects of prolonged dry seasons
on bean size, biochemical composition and consequently on coffee beverage quality. 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 under
different hydric regimes (RH) under field conditions of Brazilian Cerrado.

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. Recent findings also indicate that a controlled water stress also helps a better
synchronization of coffee flowering after the dry season. In the experimental station of
Embrapa Cerrados, four hydric regimes (RH1 to 4) were tested on the field: RH1
corresponding to continuous irrigation and RH2 to RH4 corresponding to plants submitted
respectively to around 30, 60 and 90 days of water stress before the return of irrigation to
stimulate flowering. As a control, RHO plants corresponded to those without any irrigation.
The aim of this work was to use the NIRS analyses to evaluate the effects of water stress on
the biochemical composition of beans during three consecutive harvest periods (2007 up to
2009).

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
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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‘l), 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.

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
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 (Williams and Norris, 1990) 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; Downey et al., 1994; Scanlon et al.,
1999) and compared with previously established calibration curves (Decazy et al., 2003;
Guyot et al., 1993) 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
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where m (overall mean), a; (fixed effect of RH i), Bj; (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 (R
Development Core Team, 2007), version 2.6.0. The analyses of variance were performed
using the R package NIme (Pinheiro et al., 2007).

RESULTS AND DISCUSSION

The results presented here were only focused on the effects of RH conditions, excluding
interactions with fertilizer and RH (see also Vinecky et al., in the same issue).
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Figure 1. Evolution of biochemical contents of caffeine, total lipids, chlorogenic acids
(CGA) and sucrose expressed in % of dry matter of mature beans with hydric regimes
(irrigated: RH1 to RH4 and non-irrigated: RHO) 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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Values of caffeine, total lipids, chlorogenic acids (CGA) and sucrose were obtained from
P treatment.
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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 2009,

o there is significant effect of water stress on caffeine and chlorogenic acids [CGA] (in
2007 and 2008) with decreasing contents of these biochemical compounds when
increasing water stress during the winter season,

e there is significant effect of water stress on sucrose (in 2007 and 2009) and total lipids
(in 2007, 2008 and 2009) with increasing contents of these biochemical compounds
when increasing water stress during the winter season.

Except the RHO treatment, it is worth noting that plants did not suffered of water stress during
bean development period (plants under RH1 to RH4 were grown without water stress from
the flowering to the harvesting period of mature beans). Therefore, the variations of bean
biochemical composition presented here were more related to the water stress applied to the
plants during the winter season (after the harvest and before the flowering). Even reduced
during the winter season, these results suggest that the plant metabolism that occurred during
this season influenced the final biochemical characteristics of coffee beans. The capacity of
coffee plants to accumulate storage compounds (i.e. polysaccharides like starch) for example
in stems and roots could be directly responsible of these variations.
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SUMMARY

In order to study the molecular mechanisms underlying the response to drought stress in
coffee plants, meristems of plagiotropic branches from lapar59 (159, drought tolerant) and
Rubi (R, drought susceptible) cultivars of Coffea arabica grown in field-grown conditions
and submitted (NI: non-irrigated) or not (I: irrigated) to water stress were collected at the end
of the dry season and used to generate cDNAs that were sequenced using the GS-FLX
Titanium strategy. The crude analysis of sequencing data revealed 282.213, 135.304, 345.751
and 230.064 reads obtained from 159-1, 159-NI, R-1 and R-NI samples, respectively, totalizing
more than 255Mb. For both experiments, most of the reads (>65%) had high quality and were
assembled to generate around 24.000 contigs with an average length above 500pb. These data,
which are the first one coffee meristems subjected to water stress, will be compared with all
available transcriptome Coffea data, including the EST sequences from both Coffea arabica
and C canephora. The results of these comparisons will be presented as well as the
preliminary data of an electronic northern performed in order to identify differentially
expressed genes between the two cultivars in both conditions (NI or I).

INTRODUCTION

It is well known that drought periods affect coffee plant development, leading to plant death
and abortion of developing fruits in case of severe drought, or affecting flowering or bean
development in case of moderate stress (DaMatta and Ramalho, 2006). In relation to coffee
genetic diversity, several works reported the identification of plants of C. canephora var.
Conilon susceptible or tolerant to drought (Ferrdo et al., 200; Fonseca et al., 2004) which
were analyzed at the physiological level (DaMatta et al., 2003; Lima et al., 2002; Pinheiro et
al., 2004; 2005) and also used to identify candidate genes underlying stress responses
(Vinecky et al., CD-rom). Even narrow, a genetic diversity for drought tolerance also exist in
the species C. arabica. In addition to the identification of undiscovered transcripts, the recent
development of low-cost, high throughput next-generation (NGS) sequencing technologies
now opens the way to perform expression profiling and to identify gene presenting differential
expression patterns by comparing the frequency of reads obtained after sequencing. In order
to initiate such kind of approach in coffee, RNA of meristem tissues from lapar59 (159,
drought tolerant) and Rubi (R, drought sensible) cultivars of C. arabica grown under field-
grown with (1) or without (NI) irrigation were extracted and used to generate cDNA that were
further sequenced. The preliminary results of this study are presented here.
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MATERIALS AND METHODS
Plant materials

Field trials were conducted using the 2 years old plants of cultivars lapar59 (159) and Rubi
MG1189 of C. arabica, the former being considered more tolerant to drought than the latter
(M.A.G. Ferrdo, personal communication), grown in field condition at the experimental
station of the Embrapa Cerrados center (Planaltina-DF, Brazil, 15°35’43”S - 47°43°52”0).

Field experiment

For both cultivars, plants were cultivated with (1) and without (NI) irrigation during the dry
season. Under the irrigated (1) condition, water was supplied by sprinklers (1,5m height)
organized in the field to perform uniform irrigation. Water soil moisture was controlled using
PR2 profile probes (Delta-T Devices Ltd, Cambridge-UK) and irrigation was supplied when
soil moisture reach 0,27cm®H,0.cm™.

Sampling procedures

For 454 analysis, apex (around 25 to 30) of plagiotropic branches were day collected
(between 10:00 to 12:00 am) during the dry season from plants of 159 and Rubi field-grown
under I and NI conditions. At the date of harvest (20/08/2009), the water stress was evaluated
by measuring predawn leaf water potential (¥,q) with a Scholander-type pressure chamber
using fully expanded leaves corresponding to those of the third node of plagiotropic branches
(Table 1). Values obtained were -0,12 + 0,00, -0,11 + 0,00, -0,59 + 0,03 and -1,20 + 0,16 Mpa
respectively for 159-1, R-1, 159-NI and R-NI. After cuttings, apex were incubated for 5 min. in
the washing buffer (66% chloroform, 33% methanol, 1% HCI) (Lécolier et al., 2009) and
further incubated twice (30min.) under vacuum in the fixation buffer (25% acetic acid, 75%
ethanol RNAse-free) cooled at 4 °C, changing the buffer between each incubation. Samples
were stored in 75% ethanol RNAse-free and then dissected under binocular to separate the
apex.

RNA extraction

Total RNA was extracted from the apex as described previously (Geromel et ali., 2006).

cDNA synthesis and sequencing

Apexes were separated under binocular microscope dissection from plagiotropic buds from
three different plants for each condition and then ground to powder in liquid nitrogen using a
mortar and pestle. Total RNAs were extracted using the Nucleospin RNA Plant kit
(Macherey-Nagel), including a DNAse-1 treatment. Quality and quantity of RNAs were
checked with a Bioanalyzer (2100, RNA Nano 6000 Agilent). The 1% strand cDNA synthesis
was performed using 1pg total RNA and following the SMARTer cDNA Double-stranded
cDNA was then produced using 22 to 25 independent 2" strand synthesis reactions and
quantify with by Bioanalyzer (Agilent).
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c¢DNA sequencing

cDNA sequences were then sequenced performing 2 runs (1 library per cDNA sample x 2)
using GS-FLX Titanium (Beckman Coulter Genomics SA, Grenoble, France). This generated
around one million of reads corresponding to more than 255 Mb.

Bioinformatics analysis of sequencing data

All dataset were inspected for low quality reads as well as 454 adaptors that were identified
by SSAHA2 software (Ning et al., 2001). A reference full trancriptome was then built using
C. arabica reads coming from the present project as well from the Brazilian Coffee Genome
Project ESTs (Vieira et al., 2006) and available in GenBank public database, assembling all
sequences (454 and sanger reads) using MIRA software (Chevreux et al., 2004). This full
transcriptome reference was further used to map (using MIRA) all 454 libraries individually.
The number of sequences anchored in each contig was analyzed using DEGseq (Wang et al.,
2010), this information was used to normalize the data and identify the differential expressed
genes between the libraries. Coffea transcriptomes were then annotated using Blast2go
software (Conesa et al., 2005). The same program was also used to group by biological
process datasets in Gene Ontology the following datasets: i) all genes from total
transcriptoma; ii) differentially expressed genes in 159 looking between irrigated and non
irrigated; iii) differentially expressed genes in Rubi looking between irrigated and non
irrigated; iv) differentially expressed genes in irrigated library looking between Rubi and 159;
v) differentially expressed genes in non-irrigated library looking between Rubi and 159.

RESULTS AND DISCUSSION

The reference assembly was formed by a total of 55578 clusters corresponding to 54628
contigs and 950 singlets. From the total raw 454 data, around 20% were discarded, mainly by
low quality. These reads have, in average, 236bp (after adapter removal) and more than 85%
of them were mapped against the reference (Table 1).

Table 1. Statistics of all reads mapped against the Core Assembly (reference
assembly).Cultivars (R: Rubi and I59: Iapar59) of C. arabica and field conditions (I:
irrigated and NI: non-irrigated) are indicated. Reads: total (T), cleaned (C), average
read length in bp (A), mapped (M) and non- mapped (NM). RA: reference assembly.

Library | T reads | C reads | A reads clu;rters Contigs | Singlets | M reads rljzlu\(/i[s
RA 1166084 | 876503 - 55578 | 54628 950 - -

159-NI 135304 | 109005 260 28408 14817 | 12353 | 77777 | 13118
159-1 282213 | 207516 211 34941 | 22701 | 12240 | 132962 | 29615
R-NI 230064 | 173693 233 37679 | 25499 | 12180 | 117827 | 23404
R-1 345751 | 250413 241 33703 | 20984 | 12719 | 166476 | 36490
Total 993332 | 740627 - 134731 | 84001 | 49492 | 495042 | 102627

We found many enriched GO terms between the differentially expressed genes in these
libraries and the total transcriptome (p-value <0.05). A hypergeometric statistic (Martin et al.,
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2004) was used to calculate a p-value for libraries against the reference transcriptome and
identify the enriched GO terms. For example, genes involved with stress response appeared
over-represented in the drought-susceptible Rubi cultivar in comparison with 159 (Figure 1).
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Figure 1. Gene ontology (GO) terms enriched for any library in comparison with the
total transcriptome. The Y axis indicate the number of genes normalized by the total of
mapped genes from each library.

This could be related with the fact that 159 presented higher ¥pq than Rubi at the time of
harvest, demonstrating that the former cultivar as higher water use efficiency than the second.
It is worth noting the number of genes up-regulated in Rubi non irrigated (NI) and involved
with drought stress response, like RD22, PDIR10 (dirigent-like protein), MYB and caffeine
synthase for example, while these genes were not detected under this stress in 159 . In other
hand, many drought genes related to drought-stress tolerance were detected in the 159 cultivar
involved in biosynthetic process such as sugar transporters, some proteins related with abiotic
stress tolerance (i.e. osmotins), water channel protein, LEA proteins (implicated in
detoxification and alleviation of cellular damage during dehydration) and heat shock proteins
(HSPs). In the 159 cultivar, genes coding for enzymes involved in the ABA synthesis
(isopentenyl diphosphate isomerase, geranylgeranyl reductase), which causes stomatal
closure, precursor and enzymes, were also highly expressed.

ACKNOWLEDGMENTS

This project was supported by the supported by CIRAD (ATP 2007/01), INRA and Embrapa.
REFERENCES

Chevreux, B., Pfisterer, T., Drescher, B., Driesel, AJ., Miller W.E.G., Wetter, T., Suhai, S.

Using the miraEST assembler for reliable and automated mRNA transcript assembly
and SNP detection in sequenced ESTs. Genome Res. 2004, 14, 1147-11509.

711



Conesa, A., Gotz, S., Garcia-Gémez, J.M., Terol, J., Talon, M., Robles M. Blast2GO: a
universal tool for annotation, visualization and analysis in functional genomics research.
Bioinformatics 2005, 21, 3674-3676

DaMatta, F.M., Ramalho, J.C. Impact of drought and temperature stress on coffee physiology
and production: a review. Braz. J. Plant Physiol. 2006, 18, 55-81.

DaMatta, F.M., Chaves, A.R.M., Pinheiro, H.A., Ducatti, C., Loureiro, M.E. Drought
tolerance of two field-grown clones of Coffea canephora. Plant Sci. 2003, 164, 111-
117.

Ferrdo, R.G., Fonseca, A.F.A., Silveira, J.S.M., Ferrdo, M.A.G., Braganca, S.M. EMCAPA
8141 - Robustdo Capixaba, variedade clonal de café conilon tolerante a seca,
desenvolvida para o estado do Espirito Santo. Rev. Ceres 2000, 273, 555-560.

Fonseca, A.F.A., Ferrdo, M.A.G., Ferrdo, R.G., Verdin Filho, A.C., Volpi, P.S., Zucateli F.
Conilon Vitéria - Incaper 8142: improved Coffea canephora var. Kouillou clone cultivar
for the State Espirito Santo. Crop Breed. Appl. Biotech. 2004, 4, 1-3.

Geromel, C., Ferreira, L.P., Cavalari, A.A., Pereira, L.F.P., Guerreiro, S.M.C., Vieira, L.G.E.,
Leroy, T., Pot, D., Mazzafera, P., Marraccini, P.. Biochemical and genomic analysis of
sucrose metabolism during coffee (Coffea arabica) fruit development. J. Exp. Bot.
2006, 57, 3243-3258.

Lécolier, A., Noirot M., Escoute, J,. Chrestin, H., Verdeil, J-L. Early effects of the mutation
laurina on the functioning and size of the shoot apex in coffee tree and analysis of the
plastochron phases: relationships with the dwarfism of leaves. Trees 2009, 23, 673-682.

Lima, A.L.S., DaMatta, F.M., Pinheiro, H.A., Totola, M.R., Loureiro, M.E. Photochemical
responses and oxidative stress in two clones of Coffea canephora under water stress.
Env. Exp. Bot. 2002, 47, 239-247.

Martin, D., Brun, C., Remy, E., Mouren, P., Thieffry, D., Jacq, B. GOToolBox: functional
analysis of gene datasets based on Gene Ontology. Genome Biol. 2004, 5, 12, R101.

Ning, Z., Cox, A.J., Mullikin, J.C. SSAHA: a fast search method for large DNA databases.
Genome Res. 2001,11, 1725-1729.

Pinheiro, H.A., DaMatta, F.M., Chaves, A.R.M., Fontes, E.P.B., Loureiro, M.E. Drought
tolerance in relation to protection against oxidative stress in clones of Coffea canephora
subjected to long-term drought. Plant Sci. 2004, 167, 1307-1314.

Pinheiro, H.A., DaMatta, F.M., Chaves, A.R.M., Loureiro, M.E., Ducatti, C. Drought
tolerance is associated with rooting depth and stomatal control of water use in clones of
Coffea canephora. Ann. Bot. 2005, 96, 1001-108.

Vieira, L.G.E., Andrade, A.C., Colombo C.A., et al. Brazilian coffee genome project: an EST-
based genomic resource. Braz. J. Plant Physiol. 2006, 18, 95-108.

Vinecky F., de Brito, K.M., Da Silva, F.R., Andrade, A.C. Analise in silico de genes
potencialmente envolvidos na resposta aos estresses abioticos, presentes na base de
dados do projeto Genoma café. In Proceedings of IV Simposio de Pesquisa dos Cafés do
Brasil, Londrina-PR, Embrapa Café, CD-rom

Wang, L., Feng, Z., Wang, X., Wang, X., Zhang X. DEGseq: an R package for identifying
differentially expressed genes from RNA-seq data. Bioinformatics 2010, 26, 136-138.

712



Index Table of contents

Current Status and Management of Coffee Leaf Rust Disease
in Rwanda

C.M. GATARAYIHA', S. MUSHIMIYIMANA', J. BIGIRIMANA', N.A. PHIRI?

YInstitut des Sciences Agronomiques du Rwanda (ISAR), BP 5016 Kigali, Rwanda
2CABI Africa, P O Box 633-00621, Nairobi, Kenya

SUMMARY

Coffee is the most important cash and export crop which is a source of income to many small-
scale farmers in Rwanda, and earns the country much needed foreign currency. However, the
crop suffers heavy yield losses due to a wide range of factors including pest and diseases,
especially coffee leaf-rust (CLR), caused by the fungus Hemileia vastatrix. Coffee leaf rust
causes yield losses averaging 40%, but can be as high as 100 % in severe cases. Studies were
initiated under a collaborative project which is funded by the Common Fund for
Commodities, executed by CABI, and supervised by the International Coffee Organization.
Obijectives of the studies were to assess the incidence, distribution, severity and management
of CLR in Rwanda. After establishing incidence and severity of CLR through biological
surveys, a series of experiments (screening of fungicides and varieties) were implemented to
come up with the most effective and environmentally sound control measure(s). A number of
contact and systemic fungicides provided up to 50% CLR control. Cyproconazole (Alto)
resulted in significantly (P<0.05) better control than the control treatment. A botanical
pesticide, ground pawpaw leaves did not control CLR. The results are discussed in light with
other CLR management options in Rwanda.

INTRODUCTION

Coffee is the most important cash and export crop, which is a source of income to many
small-scale farmers in Rwanda, and earns the country much needed foreign currency.
However, the crop suffers heavy yield losses due to a wide range of factors including pests
and diseases, especially the coffee leaf-rust (CLR), caused by the fungus Hemileia vastatrix.
Coffee leaf rust causes yield losses averaging 40%, but can be as high as 100 % in severe
cases.

For the management of CLR a number of studies have been initiated under a collaborative
project, which is funded by the Common Fund for Commodities, executed by CABI, and
supervised by the International Coffee Organization. Objectives of the studies were to assess
the incidence, distribution, severity and evaluate control practice that is used to control the
disease in Rwanda; to screen fungicides and varieties for the most effective control measure
of the disease.

MATERIALS AND METHODS
Biological surveys were carried out in different coffee production areas in all five provinces
in Rwanda. Coffee farmers were randomly selected for interview and field diagnostic was

also made. Before each farm visit a small discussion with the farm owner was held to explain
about the survey and discuss the current status of the farm to be surveyed. In each farm, 30
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trees were randomly selected on a diagonal transect and assessed for diseases and general
plant health. Coffee leaf rust incidence was assessed using a scale of 1to 4 (1: no CLR, 2 =
<10% diseased leaves; 3 = 10-30% diseased leaves; 4 = >30% diseased leaves), the severity
was assessed by estimating the number of pustules per leaf. A total number of 303 farms were
surveyed.

For screening fungicides and varieties, on-farm and on-station trials were established. Six
fungicides (Alto, Benlate, Copper oxycloride, Dacobre, Kocide and papaya extract) were
tested. Alto and Benlate are systemic fungicides, Copper oxycloride, Dacobre, Kocide are
contact fungicides while papaya extract is botanical fungicide. Fungicide trials consisted of 7
treatments including control. For on-station trials a randomised complete block design
(RCBD) was used with four replications. Seven on-farm trials were established in different
regions, one farm being a replicate. Fungicides were applied at recommended rate for field
application. Copper oxychloride, Dacobre and Kocide were applied by adding 50 mg the
knapsack sprayer containing 15 litres of water, mixing thoroughly and spraying onto coffee
leaves to runoff (ca. 2 kg of the fungicide per ha assuming an application volume of
600 L/ha). Benlate, alto and papaya extract spray solutions were prepared by mixing 5 g, 10
ml and 300ml respectively to 151 of water in a knapsack sprayer. Initial application of the
fungicides was made in October 2009 and subsequent sprays were done every month except
Alto and benlate, which were applied once. Data on incidence and severity of CLR were also
recorded per month prior to spray application.

For screening varieties, two clones (5A and 6) were received from India and were tested
under nursery conditions together with existing varieties (Harrar, Jackson 2/1257 and BM
139) for their resistance to CLR. The incidence and severity of CLR in the trials were
assessed every month for three months and data were combined for analysis. For the
incidence, a scoring scale of 1 to 4 was used (1: no CLR, 2 = <10% diseased leaves; 3 = 10-
30% diseased leaves; 4 = >30% diseased leaves) and the number of pustules per leaf was
estimated for severity assessment. These varieties are also being tested under field conditions.

RESULTS AND DISCUSSIONS
Survey studies

The survey demonstrated that CLR was the most damaging coffee disease in all areas. A total
of 85% of sampled farms were infected by rust in Rwanda. Another alarming issue is that all
released varieties were susceptible to Coffee Leaf Rust. The results also showed that CLR is a
problem in the middle and low altitude areas of the country.

Most surveyed farms were infested by CLR (Figure 1), since only 15% of the farms had no
CLR. The farms had CLR incidence of between 10 and more than 30% (Figure 1 and 2),
implying that CLR is a very important disease in Rwanda. The result has provided a detailed
information on prevalence of CLR in Rwanda and will help in targeting efforts to managing
this important disease of coffee. During the surveying period, there was no CBD. Regarding
the control of CLR, the survey indicated that only 20% of farmers use copper based
fungicides while the remaining percentage does not apply any control technique. Based on
these results a series of farmer field schools were established in the different infestation zones
to train farmers on the management of coffee plantations in general and coffee pests and
diseases in particulars.
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Figure 1. Percentage of farms under each Coffee leaf rust incidence range in Rwanda.

Figure 2. Infected coffee farm with CLR in Eastern Province (Kayonza).
On-station and on-farm fungicide trials

Among the six tested fungicides in Research station field trial, Alto, Benlate and Copper
oxychloride were promising in controlling CLR while the other three remaining fungicides
were not significantly different from the control (unsprayed plots) (p>0.05 for all the
assessment times) in most of the assessment periods (Figure 3). The best fungicide was Alto
in term of CLR incidence and severity reduction followed by benlate and copper oxycloride
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(Figure 3 and 4). However, these results are still preliminary and need to be confirmed at the
end of the trials in December 2012,
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Figure 3. Assessment of Coffee leaf rust incidence in field trial on-station (Rubona). Bars
represent the standard errors of means.
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Figure 4. Assessment of Coffee leaf rust severity in field trial on-station (Rubona). Bars
represent the standard errors of means.

In the trials, the incidence was generally high from May to July in the different treatments.
During this period no chemical pesticides were sprayed as it corresponded to the harvesting
period of coffee berries. The high rainfall of April and May could also have favoured the
development of the disease in coffee plantations (Bock, 1962; Pedro Jr, 1983).

Copper based fungicides have been relied upon for the control of CLR in Rwanda (OCIR
Café, 2008). However, these are not always effective. Reason for the lack of success with
these contact fungicides would include the poor coverage of leaves and poor timing of the
initial application; often coffee growers wait until they see plant damage before making the
first application, by this time application of proctectant fungicides does not provide an
efficient control.
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The incidence and severity observed in on farm trials due to fungicide application varied
much between the sites and not much difference were observed between treatments within the
same site. However Alto, was the most effective and consistent for all trials. Gicumbi and
Rusizi trials were less affected by CLR compared to the other sites probably because of the
high altitude in Gicumbi and the type of coffee variety (Pop) grown in Rusizi.

Variety trials

Among the varieties tested under nursery conditions for their resistance to CLR, the two
clones from India did not show any attack by the fungus suggesting that there were more
resistant compared to existing tested varieties (Figure 5). However, the races to which these
are resistant need to be determined. The variety Jackson, commonly planted in Rwanda was
the most susceptible to CLR followed by BM 139. These varieties are being tested under field
conditions and data taken for analysis.
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Figure 5. Incidence and severity of CLR on coffee varieties under nursery conditions.
The incidence was scored from 1 to five 5 rating scale (1: no CLR, 2 = <10% diseased
leaves; 3 = 10-30% diseased leaves; 4 =>30% diseased leaves).

CONCLUSIONS

Coffee leaf rust is the most damaging disease of coffee in Rwanda. This disease is more
severe in low and middle altitude regions in the country. Farmers do not know how to control
this disease, thus Farmer Field Schools were established to help these farmers in coffee
management system, and pest and disease management.

Of the six fungicides tested against CLR, the systemic fungicide Alto was the most promising.
However, these results are still preliminary and need to be confirmed. After confirmation,
Alto should be recommended for application to control CLR in alternation with the copper
oxychloride to reduce the risk of developing resistance.

The clones 5A and 6 were resistant to CLR under nursery conditions, and field trials are being
carried out to confirm these findings.
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SUMMARY

Coffee leaf rust (CLR) caused by the obligate parasitic fungus Hemileia vastatrix Berk & Br.
and Coffee berry disease (CBD) caused by Colletotrichum kahawe are the two most
important diseases of coffee (Coffea arabica L.) causing considerable economic damage.
While CLR is widely distributed in coffee growing countries round the globe, the CBD is
restricted to African countries. Although coffee farmers are mainly relying on copper based
prophylactic fungicidal sprays for management of these diseases, timely chemical sprays are
quite often constrained with resource crunch. Development of disease tolerant cultivars
ensures sustainable coffee production especially for the small and medium farm holdings. In
order to address the problem of CLR and CBD, there is an urgent need to focus research
efforts on searching for new sources of resistance, exploitation of the available genetic
resources for development of new varieties and to provide resistant and resilient coffee
cultivars to farmers. Nevertheless, it is imperative to test the potential varieties under realistic
conditions to assess their performance.

The present paper deals with some important leads of an international initiative involving
India and four African countries, Kenya, Uganda, Rwanda and Zimbabwe to address CLR and
CBD problems through an CFC supported programme. Two Indian varieties (SIn.5A, a
derivative of the cross Devamachy x Rume Sudan collection and SIn.6, a Robusta x Arabica
hybrid) were selected as potential sources of resistance to the two diseases and shared with the
participating countries for field evaluation under different disease pressures. Among the
varieties evaluated in on-farm and On-station trials, SIn.6 recorded superior performance with
respect to seedling growth and juvenile vigour. The two varieties manifested high field
tolerance to rust both in India and Kenya. Laboratory screening of the two varieties against
CBD at Coffee Research Foundation (CRF), Ruiru, Kenya revealed high levels of tolerance in
SIn.5A. Monitoring pathogen diversity in India resulted in isolation of three new races, two
from SIn.6 and one from SIn.5A. Analysis of the seedling progenies with DNA marker
approaches enabled nine cultivar specific markers, useful for marker assisted selection and
breeding. The potential aspects of these two Indian varieties as new sources of resistance to
the African countries, application of DNA markers for tracking the homogeneity of seedling
populations and marker assisted breeding programmes for integrating the CBD and CLR
resistance are presented.
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INTRODUCTION

Coffee is a commodity of interest worldwide and one of the most economically important
crops in the tropics and sub-tropics. Coffee exports constitute an important source of foreign
exchange earnings for over 50 countries involved in its cultivation. More importantly,
majority of the coffee farmers in the producing countries are small growers who primarily
depend on coffee for their livelihood. On the other hand, because of high reliance of majority
of the producing countries on export markets, the prices are quite often influenced by supply-
demand mismatches. In this realm, the coffee farmers especially the small grower segments
are always vulnerable to the price crisis forcing to abandon the routine farm operations.
Further, the pest and diseases continue to be the principal production constraint in many
countries, especially the small holdings because of insufficient resources to take up timely
control measures. Among the diseases affecting coffee production, coffee leaf rust (CLR)
caused by the obligate parasitic fungus Hemileia vastatrix and coffee berry disease (CBD)
caused by Colletotrichum kahawe are the most serious ones. Asia and Africa are the two
regions mostly affected by CLR and CBD respectively, leading to higher production costs
compared to other parts of the world. In recent years, the gradual climate changes leading to
warmer conditions and erratic rainfall patterns in many coffee growing regions, creating ideal
conditions for flaring up of diseases and pests causing additional stress on coffee cultivation.
Considering the economics of disease managements and also to discourage the chemical
control measures, development of disease tolerant cultivars is the most effective and viable
option for sustainable coffee cultivation. Although systematic breeding programmes
undertaken across the continents resulted in development of resistant varieties, breakdown in
resistance has been commonly observed due to the evolution of new virulent races of CLR
pathogen especially in countries like India where the climatic conditions are favourable for
rust disease build up (Prakash et al., 2005). Nevertheless, inspite of the occurrence of large
number of virulent races of the rust fungus, some of the coffee (Coffea arabica L.) varieties
developed by the Indian Coffee Board manifest high levels of field tolerance to leaf rust. In
Africa on the other hand, most of the varieties now being grown are susceptible to both CLR
and CBD. Hence, the coffee research community should come together and pool all available
resources in order to address the challenge of evolving resistant and resilient cultivars for the
coffee farming sector.

The paper is an outcome of one such international cooperative effort where India and four
African countries, Kenya, Uganda, Rwanda and Zimbabwe joined together to tackle the
problems of CLR and CBD through an CFC supported programme (CFC/ICO/40)
coordinated by CABI, Africa. Two Indian varieties (SIn.5A and SIn.6) were shared with the
participating countries for evaluation and to test their potential under different disease
pressures. Field trials have been established both on-farm and on station, covering a wide
range of climatic and agronomic conditions, with the two selected Indian materials along with
local coffee varieties. In India too, systematic field trials have been established with selected
Indian varieties across the major growing zones, in order to test their potential under changing
climate and disease pressures due to increased CLR pathogen diversity. In this
communication, we present the preliminary findings pertaining to the field as well as
laboratory experiments conducted on the two Indian varieties with respect to vegetative
vigour, disease resistance, isolation and characterization of new rust races in Indian
conditions, usefulness of the DNA markers in tracking the genetic purity of seed plots and
also for marker assisted selection. The potential implications of the findings in developing
disease tolerant varieties are discussed.
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MATERIALS AND METHODS
Plant materials

Two Indian materials manifesting high field tolerance to leaf rust under Indian conditions
(SIn.5A, derivative of Devamachy (spontaneous Robusta x Arabica hybrid) x Rume Sudan
(wild coffee collection introduced from Kenya) and SIn.6 (derivative of the cross S.274 x
Kents followed by recurrent back crossings to Kents) were selected to share with the African
counterparts. Both SIn.5A and SIn.6 were registered under National Plant germplasm (No.
INGR No0.02009 and INGR 01042, respectively) of India. In order to study the field
performance with respect to major diseases, CLR and CBD, selfed progenies of the two
selected materials have been established in all the participating countries during 2008-2009
seasons. Laboratory screening of the materials against CBD was carried out at Coffee
Research foundation, Ruiru, Kenya (Kenyan isolates) and at Coffee Rusts Research centre
(CIFC), Portugal against all available isolates of CBD.

Field planting and data collection

In India, a total of 13 field trial plots (seven on-farm and six on-station) were established by
2009 planting season. The standard Indian variety, S.795 was planted as control. Only in nine
trial plots, a new variety "Chandragiri has been included as second control to study the
relative field performance. All the genotypes were planted in compact plots at a spacing of 1.8
x 1.8 m?, under a mixed canopy of shade and a total of 600 to 1000 plants per genotype were
established as a single block. The plants were trained on single stem system and standard
agronomic practices were adopted. Observations were recorded on vegetative growth
characters such as stem girth, length of primary branches, number of nodes per primary, inter-
nodal length, during June 2010. For data collection, each plot was divided to five sub-plots of
50 to 100 plants each and observations were recorded from 10 plants per sub-plot at random,
in total 50 plants per each variety covering 5 sub plots. In order to study the seedling vigour
separate on-station nurseries were raised in five different locations during January to June
2010 and growth parameters (seedling height, girth, number of leaf pairs, leaf tip colour, tap
root length, fresh and dry weights of shoot and root biomass) were recorded on 25 seedlings
per variety (6 months old seedlings in the basket nursery). The data was subjected to the
analysis of variance.

Monitoring CLR incidence in nucleus plots of target selections & characterization of
rust

Observations on disease build up were recorded at monthly intervals at Central Coffee
Research Institute (CCRI) and presented as mean percent incidence. Uredospores were
collected from single pustule of the plants showing very mild susceptibility and characterized
by cross inoculations on a set of differential plants as detailed by Rodrigues et al. (1965).

Screening tests against CBD

Screening experiments against CBD were performed at Coffee Research Foundation, Ruiru,
Kenya (against a general inoculum of Kenyan isolates) and at Coffee Rusts Research centre
(CIFC), Portugal (using Q2 isolate from Kenya and Cal from Cameroon). Inoculation was
done on 100 six-week old hypocotyl seedlings using the method developed by Van der
Vossen et al. (1976). The seedlings were scored individually, based on lesions developed on
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the hypocotyl stems at 3 weeks after inoculation, on a scale of 1 to 12 (Van der Vossen et al.,
1976) to assess the levels of susceptibility/resistance.

DNA marker analysis

DNA was isolated from the fresh leaves following the protocol of Krizman et al. (2000).
Molecular marker analysis has been carried out using a wide array DNA markers viz.,
Sequence related amplified polymorphism (SRAP) and Random amplified polymorphic DNA
(RAPD) to identify cultivar specific markers (SIn.5A, SIn.6, S.795 and Chandragiri). The
SRAP and RAPD analysis were carried out following the procedures Li and Quiros (2001)
and Williams et al. (1990), respectively with slight modifications suitable to coffee. A small
random population of 8 plants per selection was used for initial screening and a total of 50
SRAP primer combinations and 100 RAPD primers were used. The identified cultivar
specific primers were validated on a random population of 25 plants of each variety in first
phase to check the homogeneity of the populations. Two sequence-characterized DNA
markers closely linked to Sy3 gene, Sat244 and BA-124-12K-f (Mahe et al., 2008) were
tested in S.795 variety a hybrid derivative involving C. liberica introgressed line (Prakash et
al., 2002). The PCR assays using specific primer pairs (SCAR or SSR) and electrophoresis
conditions were followed as described by Combes et al. (2000) and Mahe et al. (2008).

RESULTS AND DISCUSSION

Analysis of variance of seedling parameters, based on average values for each character
revealed that the varietal differences were not significant (p>0.05) for most of the 8 characters
studied, except for plant height. Location differences were significant (p<0.05) for most of the
characters except for root fresh weight. This shows that genetic differences are not yet
expressed in these varieties at this stage. Among the locations studied, the Technology
Evaluation Centre (TEC) Mudigere appeared to be the best location. Observations on field
trial plots revealed that the initial establishment and growth is good in all the varieties under
evaluation. Analysis of data on juvenile vigour showed highest mean values for all the 4
characters namely length of primary (55.44 cm), internodal length (6.6 cm), nodes on
primaries (7.86) and stem girth (19.51 mm) in SIn.6, compared to other three varieties.
Varietal mean squares were significant (p<0.05) for length of primaries, internodal length and
nodes on primaries and non-significant (p>0.05) for stem girth based on 4 varieties at 4
locations. Varietal mean squares were significant (p<0.05) only for internodal length and
nodes on primary in case of 3 varieties (talls) at 6 locations. This shows that
adding Chandragiri (being semi-dwarf) for evaluation has upgraded the genetic variance for
the characters. Heritability estimates were high (87% when 4 varieties were considered and 66
% when only 3 varieties were considered while heritability was low (16 and 22%,
respectively) for stem girth. Location-wise, CDF Yercaud appeared to show the best
environment for the growth of all the 4 varieties as revealed by higher mean values for all
characters at this location. However, this needs confirmation in later years.

Monitoring of leaf rust build up in nucleus plots of the target varieties revealed the mean
percent incidence was 5.25 in SIn.5A, 1.51 in SIn.5B, 2.72 in SIn.6 and 4.78 in Chandragiri,
indicating high field tolerance of these varieties to CLR. Characterization of rust samples
collected from these varieties indicated the build up of two new races with gene combinations
V12568 and Vys6g from SIn.6 and race 37 (V25679), race 40 (Vi1256) and a new race
(V12456) from SIn.5A. In general, the populations of SIn.6 and SIn.5A manifest high field
tolerance to rust except few susceptible segregants in the expected frequency. The nature of
resistance in these genotypes has still to be confirmed, but might be similar to that of Icatu
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cultivars from Brazil of which some selections appear to have durable resistance to rust based
on major as well as minor genes (Carvalho et al., 1989; Fazuoli et al., 1999). Earlier reports
on periodic sampling of the rust samples on SIn.6 revealed the occurrence of rust races XXIV
(V245,) and XXV (V256) (Ramachandran et al., 1979). Identification of new races with new
virulent gene combinations on Robusta x Arabica hybrids, in the present study reflects the
adaptive ability of H. vasatarix depending on host prevalence.

Screening against CBD indicated that the Indian materials SIn.5A manifested high tolerance
while SIn.6 showed relative tolerance. The mean CBD score from three replications was 2.77
in SIn.5A and 6.30 in SIn.6 as against 4.15 and 10.36 in Ruiru 11 and SL28 respectively.
Although some segregation was observed among individual genotypes in the population, there
exists a vast potential for further selection for CBD resistance in SIn.5A. Interestingly, SIn.6
manifested field tolerance to Bacterial blight of coffee (BBC) as recorded in Kisii sub-station
of CRF, Kenya. The mean per cent incidence of BBC from three replications was 3.33 in
SIn.6 and 12.38 in SIn.5A as against 13.47 and 32.22 in Ruiru 11 and SL28, respectively
(Gichimu, 2010 un published data). Similarly, screening of S.795, against CBD (Q2 isolate
from Kenya) at CIFC, Portugal indicated low percentage of susceptibility (85.4%) as against
99.6% susceptibility in control (Catimor) after three weeks of inoculation. These preliminary
leads demonstrated the great potential of Indian varieties as sources of resistance to major
coffee diseases.

DNA marker analysis involving all the four selections included in varietal trials revealed very
useful information. Out of 50 SRAP and 100 RAPD primers screened, nine cultivar specific
SRAP primers (one for SIn.5A, five for SIn.6, two for S.795 and one for Chandragiri) and
four cultivar specific RAPD primers (two for 5A, one for S.795 and one for Chandragiri) were
identified. Validation of these cultivar specific markers on a random population of 25 plants
confirmed that the markers could be effectively used to check the homogeneity of the seedling
progenies. Validation of SCAR markers for Sy3 gene in S.795 variety established that the
marker Sat 244 is more informative as it could distinguish the plants that are homozygous
(++) and heterozygous (+ -) for Sy3 gene and highly suitable for MAS in coffee.

CONCLUSIONS AND PERSPECTIVES

e Preliminary data generated in the project so far, clearly demonstrated the potential of
the Indian varieties, SIn.5A and SIn.6 as prospective sources of resistance to the major
coffee diseases i.e. CLR, CBD and BBC and there exists a vast scope for exercising
selection.

e Detection of new rust races on these Indian varieties indicates the selection pressure
operating on pathogen in India, which might have implications in durability of
resistance.

e The study demonstrated the utility of DNA marker approaches for maintaining the
homogeneity of seed plots and MAS in coffee.

e The broad spectrum of disease resistance in Indian materials provides a scope for
further improvement with respect to CLR by integration of Sy3 gene through MAS.

Lastly it can be inferred that the leads accomplished within a short period, bears testimony to
the international co-operative spirit of this multi-country project.
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SUMMARY

Increasing coffee production and productivity are the main objectives of most coffee
producing countries including Ghana. To meet these objectives a coffee breeding program
was initiated in 1977, with the introduction of Coffea canephora germplasm from Cote
d'lvoire. This material, comprising seed-lots of five half-sib families were evaluated alongside
two half-sib families developed locally and found to be a rich source of genetic variation for
improvement of the crop. Initial breeding process was slow with the tentative release of seven
clones with average yields of 2-3 tons clean coffee per hectare over two 5-year cycles of
production without fertiliser application in 1992, through adaptive breeding. Multisite testing
of selected high vyielding genotypes began in 1996. Subsequently, breeding efforts were
directed towards generative breeding alongside clone selection. In this presentation, the
breeding strategies adopted from 1996 to 2010 are presented and their results discussed. In
particular, accounts are given of the choice of parents with emphasis on yield and agronomic
characters of interest. Projections for future breeding work are highlighted.

INTRODUCTION

Robusta coffee cultivation in Ghana started around the same time as cocoa in the high forest
zone. As coffee was regarded as financially less attractive and more labour intensive, it
became a minor crop and was therefore planted to the poorer soils. Small holdings were
therefore scattered throughout the cocoa areas. The total area under cultivation was 3 000
hectares as at 1985 (Anon, 1996). Among the major factors identified for the low production
of the crop was poor yields ranging between 100 and 200 kg/ha clean coffee which was
attributed to unselected planting material of unknown origin. A selection programme was
started at the Afosu sub-station of the Cocoa Research Institute of Ghana (GRIG) in 1977
with the introduction of open pollinated half-sib seed from Cote d'lvoire and subsequently
clones from Togo, resulting in the selection and distribution of nine clones to growers by
1992.

Various breeding and selection programmes were initiated from 1996, including testing of
selected clones for adaptability, development of seed planting material to augment clonal
planting material, development of planting material with compact growth habit for high
density planting, and improvement of green bean quality for growers. The main achievements
and the direction along which current research is being conducted are outlined in this report.

SELECTION OF GENOTYPES FOR ADAPTABILITY
Water deficit stress is a main factor limiting coffee yields (DaMatta and Ramalho, 2006). In

Ghana, coffee is cultivated under varying climatic conditions. Over-cropping and poor land-
use practices have resulted in soil fertility loss, with new plantings shifting from old
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farmlands to new areas which are much drier. It is therefore important that, outstanding
genotypes selected on the experimental station are assessed in different geographical areas
with varying climatic conditions, to select genotypes with a wider range of adaptability and
tolerance to drought stress. It is also important to identify plant characters associated with
adaptability to aid future breeding and selection.

Eighteen genotypes, comprising 12 clones among the top seven percent of introductions from
Cote d'lvoire in 1977, together with six clones introduced from Togo in 1990, were planted in
three locations (Tafo, Fumso and Bechem). Tafo has optimum conditions for Robusta coffee
cultivation, and therefore considered a non-drought stress area. Bechem is a relatively drier
area and drought-stress, whilst Fumso is intermediate. Thirty-two plants each of the 18 clones
were planted per location in 1996 in a randomised complete block design with four
replications and eight plants per plot. Yield was recorded on each tree for seven production
years from October to January each year for the period 1998/99 to 2004/05. Data collected on
vegetative and reproductive traits were previously described (Anim-kwapong and Adu-
Ampomah, 2001). To select adaptable genotypes to drought stress, the drought susceptibility
index (DSI) was calculated according to Fischer and Maurer (1978) for each genotype as:

DSI =(1-Yds/Yns)/(1— Xds/ Xns),

where Yds is the clean coffee yield under drought; Yns is the clean coffee yield under non-
stress conditions; Xds and Xns are the average clean coffee yields of all genotypes under
drought and non-drought stress conditions respectively. Adaptable genotypes were selected
based on yields under drought stress and non-stress conditions and DSI by clustering.

Six generally adaptable genotypes (E138, E90, E139, E152, 126 and 149) with average clean
coffee yields of 1 786 to 2 178 kg/ka across the three locations have been selected for growers
in Ghana. They also have clean coffee yields ranging from 880 to 1 263 kg/ha at Bechem,
under drought stress and 2 126 to 2 857 kg/ha at Tafo under optimum conditions. They have
very low to average environmental sensitivity (0.65 to 1.06), high outturn (21.3 to 25.7%) and
bean weight (13.5 to 15.7g per 100 beans). They also have, on the average, higher mean
values for span, number of primary branches, fruit-set, number of fruits per node and drought
tolerance scores. Two genotypes (A129 and B36), with specific adaptation to non-drought
stress conditions (clean coffee yields of 726 to 769 kg/ha at Bechem and 2 219 to 2 246 kg/ha
at Tafo) with good outturn (21.6 and 23.4%) and bean weight (13.8 and 14.7) have also been
released to farmers in less drought-prone areas. All eight genotypes have been tested for cross
compatibility and found to be cross-compatible (Anon, 2008).

DEVELOPMENT OF SEED PLANTING MATERIAL OF ROBUSTA COFFEE

The high cost and cumbersome procedure of clonal planting material production and its low
multiplication rate necessitates the use of hybrid varieties alongside clonal ones. In the
Cameroon, Cote d'lvoire, Madagascar, Indonesia and most Robusta producing countries, the
planting material recommended to farmers™ consists of clonal and hybrid varieties
(Ravohitrarivo, 1980; Bouharmont et al., 1986; Leroy et al., 1993,1997; Montagnon et al.,
2003). In Ghana, a programme has been initiated to produce planting material through
generative reproduction with the aim of: (i) reducing the cost of production and transportation
of planting material; (ii) supplying the farmer with planting material which will be available
in large quantities and easier to distribute.
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Trial 1

In this programme, parents were selected based on average yields in two production cycles
from introductions of half-sib families (A, B, C, D, E) from Cote d'lvoire, and clone 181
selected from introductions from Togo after yield evaluations for three years. For each
individual, the letter beginning the name indicates the family from which it was selected. Six
female parents (A129, A213, B170, B96, E138, E139) and five male parents (A115, A101,
181, E186, E174) crossed using the North Carolina 2 crossing design resulted in thirty
progeny families. Evaluation of these families, from May 1998 to December 2005, led to the
selection of seven full-sib families. They have five-year average annual clean coffee yield
ranging from 1760 to 2030 kg/ha and bean weights of 12.5 to 14.0 g/100beans, as against a
plot mean yield of 1570 kg/ha and bean weight of 12.7 g/100beans. The top 5% of the plot
made up of 51 individual plants were selected based on yield and bean weight. They have
been cloned and planted in the field in a completely randomised design to encourage random
mating to provide seed for the next generation of recurrent selection. The selected plants have
a 5-year mean annual yield of 2,980 kg/ha and bean weight of 14.89/100beans. The progeny
IS expected to have a mean minimum bean yield of 1670 kg/ha and bean weight of 12.83
g/100 beans. Seed obtained from random-mating the selected individuals will be distributed to
farmers as interim planting material, whilst the seven selected full-sib families will undergo
further testing for adaptability.

It is also the aim of this programme to partly sib-mate the parents to increase homozygosity
for hybrid vigour in subsequent crossing. Sib-mating resulted in the selection of six
individuals from the A-Family and six from the E-Family with annual yields ranging from
2237 to 4672 kg/ha and bean weights from 12.3 to 20.4 g/100 beans. They have been crossed
randomly in a cross classified manner to explore hybrid vigour. The progeny comprising 36
full-sib families are being evaluated in the field.

Trial 2

In this trial planted in June 2005, parents were selected based on yield and stability in
adaptation trials and on yield in comparative clone trials established in 1996. Six clones (E90,
E138, E139, E152, A101, 197) with seven year average annual yields of 1760 to 2850kg/ha
were crossed as females to six clones as males (PA193, PA286, PB443, PB372, 149, PB413)
with average yields of 1880 to 3130 kg/ha, using the North Carolina Model 2 Design.
Fourteen full-sib families have been selected for adaptation trial based on two year average
yields, fruit set, number of fruits per node, girth, number and diameter of primary branches,
which are traits observed to be positively related to overall 7-year average yields of Robusta
coffee (Anim-kwapong and Adomako, 2010).

Trial 3

The breeder’s stock at CRIG consists of individual plants from the introductions from Cote
d’lvoire, local selections, introductions from Togo and Cameroon, all tested in comparative
clone trials and selected based on yield, bean weight, outturn, plant architecture and drought
tolerance, among other agronomic traits of interest. Sixty clones from the breeders stock were
crossed pair-wise to produce thirty full-sib families or bi-parental progenies. They were
planted in the field in June 2009 for evaluation. It is the objective of the trial to select progeny
families with good specific combining ability and mean value for yield and other traits of
agronomic importance. Further testing for adaptation will be done and adaptable genotypes
distributed to growers.
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SELECTION AND BREEDING OF ROBUSTA COFFEE GENOTYPES FOR HIGH
DENSITY PLANTING

Investigation into high density planting in coffee has been undertaken for Arabica coffee
(Mitchell, 1976; Pavan et al., 1999; Kufa et al., 2001), but there is limited information in this
direction for Robusta coffee (Carvalho, 1988; Anim-Kwapong et al., 2010). The available
information is mainly on spacing with hardly any information on the breeding for compact
growth habit. The spreading growth form of most Robusta clones does not allow for high
density planting for high productivity. A programme was therefore initiated with the objective
to produce high yielding genotypes with compact growth habit amenable to high density
planting. Two field trials have been planted for evaluation.

Trial 1

Yield data analysis of Robusta coffee genotypes from introductions from Cdéte d'lvoire
planted in 1978 has resulted in the selection of high yielding plants. Eight female parents with
canopy radius of 0.91-1.28 m were crossed to three male parents with canopy radius of 0.83-
0.89 m by the North Carolina Design 2 crossing model. Twenty-four progeny families
resulting from the cross were planted together with two standard clones in May 1998.
Planting was at a spacing of 2 x 3m in a randomised complete block design with 4 replicates
and a total of 32 plants per family. Six full-sib progeny families were selected for yield, with
five-year average clean coffee yields ranging from 1 520-1780. They also have good Specific
Combining Ability (SCA) for bean/berry physical characteristics. Three of these full-sib
families also have low values and SCA for height, span, and inter-node length on primary
branches and main stem, hence suitable for high density planting.

Trial 2

In the second trial planted in 2005, eight clones with outstanding yields were crossed as
females to four clones with canopy radius as in Trial 1. Selection among the progeny was
based on first two years yield, fruit set, span, girth, diameter and number of primary branches,
and inter-node length on primary branches and main stem. Nine families were selected with
two-year annual clean coffee yields of 1 200 to 1900 kg/ha. The selected families in both
trials will undergo further testing for spacing and adaptability.

QUALITY IMPROVEMENT OF ROBUSTA COFFEE

Characteristics determining the quality of green coffee such as bean size, proportion of
defective beans, and physical characteristics (Leroy et al., 2006), which are considered for the
improvement of green coffee are of major importance in the breeding activities of Ghana.
Bean weight of high yielding clones, distributed to farmers, range from 11.4 to 16.6 g/100
beans. Analyses of the coffee germplasm at CRIG gave individual plant range of 9.7 to 25.0
9/100 beans. This observed variability is being exploited to combine the good characteristics
of the genotypes. A programme with the objective of producing coffee genotypes with good
bean characteristics among other factors for commercial cultivation in Ghana was therefore
initiated. Ten clones with bean weights of 11.4 to 16.6 g/100beans and yields of 1 500 to 2
850 under non-drought-stress conditions at Tafo were crossed as females to four moderately
high yielding clones (with bean weights of 17.3 to 25 g/100 beans), as male parents, using the
North Carolina Design 2 model. Forty progeny families resulting from the crossing were
planted in June 2003 and evaluated for yield, bean/berry physical characteristics, vegetative
and reproductive traits. Seven families with yields between 1580 to 2240 kg/ha and bean
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weights of 13.5 to 15.8 g/100beans were selected for further testing for adaptability. Two of
them, E139 x C134 and E138 x C193 with yields of 2240 and 1980 and bean weights of 15.1
and 14.5 respectively have their parents planted in seed gardens in isolated plots to produce
seed, as interim planting material, for distribution to farmers™ from October 2011.

TESTING OF SEED PLANTING MATERIAL FOR ADAPTABILITY

It is important that selected progenies from the above trials, seeking to produce seed planting
material for growers are tested for adaptation. The selected progenies comprising 44 full-sib
families have been reproduced in specific crosses during flowering time in February this year.
Seed from these crosses will be nursed and planted in May/June 2011 in environments
varying for agro-climatic factors, to select adaptable genotypes for farmers.

COLLECTION, CHARACTERISATION AND EVALUATION OF LOCAL COFFEA
CANEPHORA GERMPLASM

Germplasm is the basic material for plant breeding and crop improvement. The sustenance of
long term advances in breeding and selection of improved coffee varieties depends on
availability of sufficient genetic diversity in the working population or the breeders’ stock.
Maintenance of adequate genetic variability through germplasm collection is therefore
essential for sustainable coffee production.

Realising the importance of germplasm in breeding in the light of the narrow genetic base of
the crop at CRIG, the collection of coffee germplasm was embarked upon between September
and December, 2009. The divested coffee plantations, established under the Ghana Cocobod
Plantations, were planted mainly with seed introduced from Uganda, Tanzania, Cameroon and
Cote d’lvoire (personal communication). Germplasm in the form of seed and stem cuttings
was collected at seven plantations in localities, namely: Bodi, Bibiani, Kenyasi, Duayaw
Nkwanta, Bepong, Manso Mim and Adansi-Brofoyedru. Two hundred and twenty-four
accessions were collected in the form of cuttings, of which 188 were also in the form of seeds.
The accessions were planted in the field at two locations (Tafo and Afosu) in July this year for
characterisation and evaluation.

THE WAY FORWARD

Past breeding and selection at CRIG was towards clone selection. Although adaptation trials
resulted in high yielding and generally adaptable genotypes, multiplication rate and
distribution of clonal planting material is slow, hence low availability to growers. In the quest
to develop seed planting material, various crossing programs were undertaken and selection
made for specific combining parents for yield, bean weight and other plant characters of
interest. Best performing individuals and genotypes with good general combining ability in
these programs are selected for population improvement under recurrent selection. They are
also being tested as clones in comparative trials. It is expected that in the near future coffee
breeding at CRIG will vyield populations, clone hybrids and clones with varying
characteristics, including compact growth habit for high density planting, and erect stems for
ease of field management. It is also expected that, such planting material will combine high
yields, resistance/tolerance to disease and pest, good berry and bean attributes and
adaptability among other desirable agronomic traits. With the collection, characterisation and
evaluation of new germplasm, it is projected that, the genetic base of material available for
breeding will be wide enough for continuous progress in the set breeding objectives.
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Identification of traits that aid early selection should help shorten the breeding cycle thus
enabling the achievement of our objectives within the next few years.
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SUMMARY

Coffee quality is linked to physical and chemical characteristics of the beans. In order to
better understand this relationship, several physical and chemical analyses were carried out on
green coffee, processed by the wet method. The evaluation included parchment percentage;
olfactory and visual examination, bean mass, apparent density, ratio between flat, pea and
shell beans, percentage of defects and foreign matter, size analysis, colour evaluation,
moisture content and caffeine content. For this study, five genotypes were selected, kindly
supplied by Instituto Agronomico de Campinas (Brazil). The overall colour difference
showed a promising discriminatory capability, at least for these studied samples.

INTRODUCTION

Coffee represents one of the most important crops of the world. As its volume of sales
depends on coffee quality, much attention is paid to quality improvement and maintenance.
As an example, when green coffee is stored for a prolonged time, its quality decreases
distinctively. As a consequence, the provenience-specific characteristic features, especially
those of top quality coffees, gradually diminish during the course of elongated storage
(Selmar et al., 2008). In fact, coffee production still faces several problems, some of them
related with quality and safety. In order to face this demand and to assure public wealth, a
characterisation of five genotypes, of wet-processed parchment coffee from Brazil, was
carried out, trying to find possible indicators of quality and safety of green coffee.

MATERIAL AND METHODS
Material

Coffee beans of five genotypes processed by the wet method were analysed: C. canephora cv.
Apoata, C. dewevrei, C. arabica cv. Catuai, Icatu (hybrid of C. canephora x C. arabica) and
Obata (hybrid of Villa Sarchi x Hibrido de Timor).

Methods

Parchment percentage: determination on coffee manually husked. Olfactory and visual
examination: according to Norma Portuguesa NP-1795 (1989). Bean mass: mass of 1000
beans, according to Esteves and Oliveira (1970). Apparent density: evaluated according to
Norma Portuguesa NP-2285 (1991). Ratio between flat, pea and shell beans: determination on
a sample of 30 g. Percentage of defects and foreign matter: according to Norma Portuguesa
NP-1521 (1985). Size analysis: determined following Norma Portuguesa 1-1636 (1981).
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Colour evaluation: determination on ground coffee (ASTM 35 sieve, 500 um mesh) using a
colorimeter Minolta CR-300 (Japan) and a white standard (L* = 97.46; a* = -0.02; b* = 1.72).
Moisture content: evaluated according to Norma Portuguesa NP-1794 (1988). Caffeine
content: determined following Norma Portuguesa NP-1840 (1986).

RESULTS AND DISCUSSION

Bean mass, apparent density and caffeine content — Results are presented in Table 1. C.
dewevrei had the heaviest beans and Apoatd beans revealed to have the highest apparent
density. As it was expected, C. canephora (Apoatd) showed the highest caffeine content,
almost twice the content of C. arabica (Catuai) or a hybrid that is now considered very close

to C. arabica (Icatu) and almost three times the content of Obata and C. dewevrei.

Table 1. Bean mass, apparent density and caffeine content of the 5 genotypes

under analysis.

Cultivar Bean mass (g) Apparent density (g cm™) Caffeine (%)
Apoata 139.3+0.6" 0.751 +0.002" 2.85+0.02"
C. dewevrei 163.2+1.0° 0.723 +0.001" 1.12+0.01°
Catuai 117.4+0.7" 0.628 + 0.008° 1.51+0.01"
Icatu 117.9+0.6" 0.649 + 0.004° 1.67 +0.03"
Obata 134.0+0.7' 0.649 +0.005° 1.10 £0.10°

Different letters (r, s, t) mean significant differences amongst cultivars (n = 3).

Olfactory and visual examination

All cultivars possessed a normal aroma, and the dominant colour was greenish, although not
uniform. Table 2 shows the results of the complementary visual examination carried out on

whole and ground beans.

Table 2. Complementary visual examination of colour.

Cultivar Whole bean colour Ground bean colour
. - green, golden green and brownish green brownish areen
Apoata - silver skin strongly adherent ’
C. dewevrei | - from green pea to whitish green green
, - green lead rayish green
Catuai - silver skin adherent ey
- green lead rayish green
Icatu - silver skin adherent Ay
. - green whitish green
Obata - silver skin adherent °
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Colour evaluation (ground coffee)

The values obtained for colour evaluation (L*, a*, b* coordinates) showed that C. dewevrei

possesses a colour significantly different from the others (Table 3).

Table 3. L* a* b* coordinates from a colour analysis of green beans
of the studied genotypes.

Cultivar L’ a’ b*

Apoati 72.70+0.12" -0.65 + 0.02" 16.90 £ 0.15"
C. dewevrei 72.42+0.20" -3.35+0.05° 21.01+0.08°
Catuai 67.57 +0.07° -0.06 + 0.02" 14.05 + 0.08"
Icatu 67.54 £ 0.09° -0.64 £ 0.03" 14.29 +0.08"
Obati 72.59+0.08" 0.11+0.02" 13.93 £ 0.03"

Different letters (r, s, t) mean significant differences amongst cultivars (n = 10).

To better assess colour differences amongst cultivars, overall colour difference (AE) was
evaluated (Table 4), according to Chervin et al. (1996). The highest AE was obtained between
C. dewevrei and Catuai, and the lowest between Catuai and Icatu (these last two have similar
values of L* and b*), as should be expected due to the genetic proximity of the later two.
Thus, AE seems to constitute a useful discriminator for coffee genotypes, confirming earlier

results also involving the colour index (CI) (Cavaco-Bicho et al., 2008).

Moisture content (%)

All cultivars had similar moisture contents: 10.2 (Apoatd); 10.4 (lcatu); 10.5 (Obatd); 10.7
(Catuai and C. dewevrei), in good conditions for trade and storage (between 8 and 12.5%,
according to ICO recommendations (Leroy et al., 2006)).

Table 4. Overall colour difference (AE) amongst green beans of the studied genotypes.

Cultivars relationship AE *
C. dewevrei - Catuai 9.1
C. dewevrei - Icatu 8.7
C. dewevrei - Obata 7.9
Apoatd - Catuai 59
Apoata - Icatu 5.8
Icatu - Obaté 51
Catuai - Obata 5.0
Apoata - C. dewevreli 4.9
Apoatd - Obaté 3.1
Catuai - Icatu 0.6

* AE = [(AL*)*+(Aa*)*+(4b*)°]"*
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Parchment percentage

The lowest value was found in Apoatd (good green coffee producer) and the highest in C.
dewevrei: 12.5 (Apoatd); 18.7 (Obatd); 19.3 (Catuai); 20.6 (Icatu); 25.0 (C. dewevrei).

Ratio between flat, pea and shell beans
As it was expected, flat beans represent the highest percentage of three types of beans in all
cultivars, with Apoatéd showing the highest value. Icatu presented the highest percentage of

pea beans and Catuai the highest percentage of shell beans (Table 5).

Table 5. Ratio between flat, pea and shell beans of the studied genotypes.

Cultivar Type of bean (mass %)
flat pea shell
Apoata 95.1 4.9 0.0
C. dewevrei 83.3 12.1 4.6
Catuai 82.6 2.0 15.4
Icatu 79.2 13.2 7.6
Obata 74.7 115 13.8

Percentage of defects and foreign matter (mass %)

C. dewevrei showed the lowest percentage of defects (6.6) and Icatu the highest (17.1). The
other genotypes showed 10.6 (Catuai); 12.6 (Apoatd) and 14.7 (Obatd), values under
maximum allowed for Arabica and Robusta (Leroy et al., 2006). Defects that were detected:
shell, withered, insect damaged, black, green, dark brown, malformed and quaker beans. No
foreign matter was found in any sample.

Size analysis

Medium beans predominate in all cultivars; however Obatd showed to be the best producer of
coarse beans (56.3%), Apoatd of medium beans (64.5%) and Icatu of small beans (13.2%),
(Figure 1). C. dewevrei presented more commercial homogeneity (maximum percentage of
beans retained by two successive sieves) than the others. Bean size is an important factor
since price is related to the coffee grade (Leroy et al., 2006).
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Figure 1. Fractionation of bean mass by sieve (ASTM) of the 5 genotypes under analysis.
CONCLUSION

Concerning the analyzed samples, it was possible to separate the several genotypes through
this physical-chemical analysis and to conclude that Apoatd and C. dewevrei were the best
processed samples, in terms of implication in the commercial value. Amongst bean
parameters, the overall colour difference (AE) showed a promising discriminatory capability,
at least for this small number of samples. Apoaté is the best producer of green coffee (lowest
parchment percentage) and has the highest caffeine content. C. dewevrei has the heaviest
beans, presents more commercial homogeneity and contains fewer defects than all the others.
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SUMMARY

The present study intends to assess H. vastatrix population genetic diversity and
differentiation, migration/dispersal patterns and gene flow among populations using a
comprehensive and across-time coverage of isolates from different geographical origins, as
well as to get some insights on the pathogen evolution. Here we report the initial stage of this
study with the analysis of a first set of 31 H. vastatrix isolates from 12 coffee-growing
countries using AFLPs and gene sequences. Several loci, including the universally used
rDNA-ITS region, g-tubulin 1, TEF1 and candidate genes, were tested for marker informative
value. Some level of variability could be detected in ITS and S-tubulin 1 loci providing some
insights on the discrimination among H. vastatrix populations and a first step to better
understand the underlying population structure. On the other hand, among a set of AFLP
selective primers tested for sample screening, two AFLP primer combinations generated
distinctive fragment patterns among different isolates. Based on both datasets, population
structure and diversity parameters will be discussed, as well as inferences on the spatial
distribution of the genetic variability. These first results open the way to unravel the
molecular differentiation and the dynamics of H. vastarix populations.

INTRODUCTION

Coffee leaf rust (CLR) caused by the biotrophic fungus Hemileia vastatrix Berk. & Br. has
long gained a world-class status, reaching almost all coffee growing countries with severe
economical damages. Breeding for rust resistance has proven successful over the years to
control the disease, but the highly adaptable nature of the fungus shaped by the dynamic
system of host-pathogen co-evolution has shown to be a critical limitation for achieving
durable CLR resistance (Varzea and Marques, 2005). As a consequence, gradual breakdowns
of resistance have been observed in many of the improved varieties in several countries
(Véarzea and Marques, 2005; Prakash et al., 2005). In fact, the emergence of new evolving
pathotypes under a strong selective pressure and the potential for these new races to become
epidemically spread on a continental scale is a serious and constant threat. Thus, a better
understanding of the genetic variation of H. vastatrix populations across large geographic
areas and periods of time, and their phylogenetic relationships is a priority. High molecular
diversity among rust isolates has been documented using RAPD markers (Gouveia et al.,
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2005; Nunes et al., 2005), but patterns of differential population genetic structure has not been
yet demonstrated. It is most probable that increasing the resolution of the molecular analyses
with a more comprehensive rust sampling and higher informative markers will bring detailed
information about the genetic variation observed among isolates of H. vastatrix and the
pathogen evolution.

MATERIALS AND METHODS
Rust isolates and DNA extraction

A group of 31 isolates of H. vastatrix from the collection of CIFC/IICT were analyzed,
comprising 12 geographical origins, different collection years and different virulence profiles.
DNA was extracted as described by Kolmer et al. (1995).

Gene sequence data

Four nuclear gene regions were amplified in this study: the internal transcribed spacer (ITS)
region (ITS1-5.8S ribosomal gene-1TS2), using primers ITS1Ext and ITS4Ext (Brown et al.,
1996); p-tubulin 1; translation elongation factor 1-a (TEF1) and a hexose transporter (HXTp1l)
from a H. vastatrix haustoria-rich cDNA library (Talhinhas et al., 2010). For these latter loci,
primers were designed using PerlPrimer v1.1.17. Sequencing reactions were performed in
both directions with BigDye v3.1 (Applied Biosystems) and run on an ABI Prism 310
automated sequencer. Since clean sequences could not be obtained for the ITS region, cloning
was performed for 10 isolates using the Fermentas CloneJET PCR cloning kit according to
manufacturer’s instructions. Multiple alignment of sequence data was performed using
MAFFT v6.717b (Katoh et al., 2009). The phylogenetic tree was generated using the
Maximum Likelihood (ML) method in PAUP* v4.0d99 (Swofford, 2002) with the best fit
model of nucleotide evolution, under the Akaike Information Criterion (AIC) from ModelTest
(Posada and Crandall, 1998). Heuristic searches with 100 random addition replicates were
executed. Nonparametric bootstraping was also conducted using 100 pseudoreplicates with 10
random additions.

Amplified Fragment Length Polymorphism (AFLP) data

A subset of 28 rust isolates was used in this study. AFLP was performed according to VVos et
al. (1995) modified and adapted to the ABI system, using Pstl and Msel restriction enzymes, a
preamplification step with no selective nucleotide and a specific amplification step with +2/+3
selective nucleotides. A prescreening test was carried out using 22 Pstl/Msel combinations.
Two informative AFLP combinations were selected and used for further characterization of
all studied isolates: P-TG/M-CTA (PM105) and P-TG /M-AG (PM109). Selective PCR
products were separated by capillary electrophoresis using an ABI Prism 310 automated
sequencer. Factorial Correspondence Analysis (Benzécri, 1973) of the individual multilocus
scores, as implemented in the program GENETIX v. 4.01 (Belkhir et al., 2004), was used as
an exploratory tool to assess the similarity/dissimilarity between isolates. The original dataset
is converted into a new three state matrix for each isolate in each allele of each locus (1 for
absence and 2 for presence). The algorithm finds independent eigenvectors of the matrix and
determines the factorial axes. New coordinates of each individual are recalculated in each
factor and can then be plotted.

739



RESULTS AND DISCUSSION

From the DNA sequence datasets, nucleotide diversity among isolates was only found on ITS
and p-tubulin 1 loci. Analysis of ITS sequences revealed the presence of at least two different
copies in all the isolates investigated, as confirmed by inference from the double peak pattern
in chromatograms as described by Sousa-Santos et al. (2005) in comparison with cloned
sequences. However, all isolates shared the same pattern of heterozygous indels, except for
one isolate which differed in one nucleotide site. Also some cloned genotypes suggested the
existence of more than two ITS copies. Multiple ITS copy sequences is not a rare
phenomenon in fungi and have been reported in other rusts (Morin et al., 2009). Moreover,
detection and analysis of different copies from unlinked nuclear gene regions can uncover
events of hybridization, which is now believed to be an important mechanism for rapid
evolution and speciation in fungi (Morin et al., 2009). Further investigation is required to
ascertain the number and type of ITS copies present in H. vastatrix populations, representing
a promising tool to explore and understand the extant genetic variability. The g-tubulin 1 loci
dataset presented seven neutral polymorphic sites, with a nucleotide diversity (Pi) of 0.00149,
revealing four diverging genotypes. The slight genetic structure revealed in the present
phylogeographical frame shows no apparent correlation with geographical location or

virulence profile (Figure 1).
Hv Kenya_V5
Hv India_V2,3,4,5
Hv India_v2,5,6,7,9
100 Hv Kenya_V4,5

Hv Angola_V2,5
Hv Brazil V5
54 Hv Timor_V5,6,7,8,9

Hv Phillipines_V1,4,5

Hv Sri Lanka_V5
Hv India_V2,3,5

Hv Tanzania_V2,6

89

Hv Central African Republic_Vv1,4,?
Hv Ethiopia_V1,5

Hv Tanzania

Hv Uganda_V?

Hv India

Hv Ethiopia_V1,5

Hv S.Tomé and Principe_vV?

Hv India_V2,4,5,6

Puccinia graminis

0.1 Nucleotide substitutions p/ site

Figure 1. Maximum likelihood tree obtained for the S-tubulin 1 dataset following 100
replicates. The tree was rooted using Puccinia graminis as outgroup taxa.

In contrast, AFLP markers revealed to be highly polymorphic and informative. A very
preliminary factorial analysis based on the AFLP data generated by 2 selective primer
combinations clearly clustered the H. vastatrix isolates studied in three distinctive groups (G1,
G2 and G3, Figure 2). In these data projection, where the first four axes explain 55% of total
variation, in particular the first axe, these groups are very well separated and delimited. A
higher similarity of G2 with G3 is suggested, being the former only constituted by 3 isolates
which seem genotypically more distinct. On the other hand, this apparent structuring seems
tendentiously correlated with geographical origin since in a total of 14 African isolates, 12 are
clustered together between G2 and G3. Although the AFLP data is still very limited and these
results can only be interpreted as potential real relationships, it shows the existence of
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underlying genotypic affinities and population structure whose significance we hope to
unravel in the future. Together with the higher resolution power of AFLP markers for genome
coverage and ability to discriminate small differences and identify potential relationships,
searching for additional polymorphic gene loci is on progress aiming to improve information
on H. vastatrix phylogeographical patterns. In particular, ITS region seemed to constitute a
source of variability worth exploring for the reconstruction of a more complete scenario
towards a possible evolutionary history of H. vastatrix.

Figure 2. Factorial correspondence analysis of 28 H. vastatrix isolates based on the
polymorphic AFLP loci generated by primer combination PM105 and PM109. G1, G2
and G3: Groups distinguished by the present analysis.
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SUMMARY

The resistance of Coffea arabica S4 Agaro to Hemileia vastatrix is characterized by a rapid
localized plant cell death (hypersensitive reaction-HR), associated with the restriction of
fungal growth, early increase in phenylalanine ammonia-lyase (PAL) activity and
accumulation of phenolic compounds. This work aims to understand the involvement of
chlorogenic acids (CGAs) in coffee resistance particularly during HR. C. arabica S4 Agaro
leaves in the first stages of the infection process of H. vastatrix (compatible and incompatible
interactions) were collected, grounded and extracted with a methanol-water mixture. Extracts
were treated with Carrez reagent, filtered and than analysed by HPLC-DAD and LC-MS. For
CGAs identification MS data were compared with the ones from the literature as for most
compounds standards are not commercially available. The main caffeoylquinic acids (CQA),
dicaffeoylquinic acids (diCQA) and feruloylquinic acids (FQA) detected in the coffee leaves
were quantified using chlorogenic acid as standard. Preliminary results showed a high
accumulation of CGAs in young coffee leaves. The possible role of CGAs in the resistance
response of coffee against H. vastatrix is discussed.

INTRODUCTION

Chlorogenic acids (CGA) are products of phenylpropanoid metabolism, i.e. one branch of the
phenolic pathway. They are a family of esters formed between certain hydroxycinnamic acids
and quinic acid (Farah and Donangelo, 2006). Although 30 different species of CGAs have
been identified in green coffee beans, the great majority of these compounds are:
caffeoylquinic acids (3-, 4- and 5-CQA); dicaffeoylquinic acids (3,4-, 3,5- and 4,5-diCQA);
feruloylquinic acids (3-, 4- and 5-FQA); p-coumaroylquinic acids (3-, 4- and 5- pCoQA) and
mixed diesters of caffeoylferuloyl-quinic acids (CFAQ) (Clifford, 2003; Clifford et al., 2006).
Some of these compounds were also detected in leaves of different coffee species (Mondolot
et al., 2006; Bertrand et al., 2003). Due to their antioxidant and antibiotic properties, CGAs
are involved in numerous biological plant functions such as pest and disease resistance
(Mondolot et al., 2006). In the current study, CGAs contents were evaluated in C. arabica
leaves during the time course of the infection process of H. vastatrix (incompatible and
compatible interactions) by HPLC-DAD-MS.
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MATERIAL AND METHODS
Biological Material

Coffee plants (C. arabica L.) of the genotype Sp4Sy5 (S4 Agaro) grown in greenhouse
conditions were inoculated with fresh urediospores of H. vastatrix, races Il (vs) and XIV
(V2345) (D’Oliveira, 1954-1957) establishing an incompatible and a compatible interaction,
respectively.

CGAs extraction.

Sample preparation was made according to the method described by Correia et al. (1995).
Briefly, fresh leaf tissues were ground in liquid N2, and homogenised in 10 ml of methanol
40% (v/v). After 30 minutes of agitation (125 rpm) at 4 °C, samples were centrifuged at
10000 g for 5 minutes at 4 °C. Supernatant was collected and transferred to 50 ml flask. The
extraction of the pellet was repeated three more times and the supernadants were collected
and treated with Carrez reagent. The volume of the 50 ml flask was completed with methanol
40%. After a 15 minutes rest the extracts were filtered and analyzed by HPLC.

HPLC-DAD and MS analysis

HPLC-DAD was performed in a Thermo Finning equipment (Surveyor model). The
chlorogenic acids separation was achieved in a RP-18 (5 pm) 250 x 4 mm Lichrocart ©
(Merck) column and detection was performed at 325 nm. A gradient of eluents was used for
analysis (eluent A: water:phosphoric acid (999:1 v/v) and eluent B: water:acetonitrile:
phosphoric acid (599:400:1 v/v)) at a flow rate of 700 pL/min. For LC-MS analysis a system
(Alliance, Waters 2695 Separation Module) with a photodiode array detector (Waters 2996) in
tandem with a TQ mass spectrometer (Micromass Quattro Micro API) and an ESI source
operating in negative mode was used.

RESULTS AND DISCUSSION

The HPLC analysis of coffee leaf extracts produced chromatograms with more than 40 peaks
(detected at 325 nm) and 9 of them were identified as CGAs (Figure 1 and Table 1).
Chlorogenic acid was used as standard to determined CGAs content of leaf extracts. CQAs
were the most abundant compounds followed by diCQAs and by FQAs.

No differences were observed when the overall CGAs content of healthy leaves, incompatible
and compatible interactions were compared. However 4,5-diCQA increased significantly 30
hours after inoculation in the incompatible interaction and this was not observed in the
compatible nor in the control (Figure 2). Similar results were obtained for peak 1 and 7 (not
identified compounds).

CGAs can be substrate of peroxidase (POD), leading to polymerization products such as
insoluble brown pigments and lignin that contribute to the plant defense mechanisms (Farah
and Donangelo, 2006). Previous results have shown that the resistance of Coffea arabica S4
Agaro to Hemileia vastatrix is characterized by a rapid localized plant cell death
(hypersensitive reaction-HR), monitored by cell autofluorescence and/or browning, which
indicate accumulation of phenolic compounds. HR is also associated with early increase in
PAL and POD activities and host cell wall lignification (Silva et al., 2002; 2008). Thus, the
differential accumulation of 4,5-DiCQA during the time course of the experience, may
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suggests the possible involvement of this compound in the resistance of coffee against H.
vastatrix. The hystochemical localization of CGAs in healthy and infected leaves as well as
the identification of peaks 1 and 7 is currently under study.
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Figure 1. Chromatogram of coffee leaf extracts recorded at 325 nm (peak identification
in Table 1).
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Figure 2. 4,5-diCQA (peak 29) content in healthy (H) coffee leaves and in incompatible
(I) and compatible (C) interactions, at different hours after inoculation.
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Table 1. Identification of some compounds found in coffee leaf extracts’ chromatogram.

Peak RT m/z A max Compound*
number | (min) (nm) P
1 1752 | 1901 230, 275, 308 Not identified
3-COA
3 1949 | 353 325,290 (Clifford, 2003: Clifford et al., 2006)
7 2285 | 475,407 | 230,280, 310 Not identified
12 | 2901 | 353,191 325, 300 5-CQA

(Clifford, 2003; Clifford et al., 2006)

Epicatechin ( Tomas-Barberan
etal., 2001),
4-CQA (Clifford, 2003;
Clifford et al., 2006; 2006)

18 41.92 | 289,353 | 230, 255, 320, 365

p-coumaroyl-quinic acid (pCoQA)

19| 4348 ) 37 215,270,330 Clitford, 2003; Clifford et al., 2006)
20 45.96 367 280 5-FQA

27 54.28 515 325, 285 3,4-diCQA

28 55.68 515 325, 290 3,5-diCQA

29 57.11 515 325, 280 4,5-diCQA

38 6733 499 325, 240 p-coumaroyl-caffeoylquinic acid

(Clifford et al., 2006; 2006)

RT = retention time, A max = maximum wave length; m/z = mass-to-charge ratio (bold number
represents the predominant one); *the identification was made by comparison with data from
literature.
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SUMMARY

Coffee plants are seriously affected by leaf rust (Hemileia vastatrix) but are naturally immune
to other rusts. In fact, non-host resistance (NHR) is among the most durable forms of disease
resistance, making the study of non-host interactions of great importance to understand the
mechanisms of disease resistance and to improve its durability. This work addressed coffee
resistance to Uromyces vignae (cow pea rust) as a non-host resistance model in comparison
with the resistance of HDT 832/2, and its derivative Sarchimor, to H. vastatrix race Il, with
the broader purpose of better understanding HDT 832/2 resistance to H. vastatrix.
Comparisons between coffee non-host and host resistance were performed along the infection
process at the cytological and molecular levels (bright field and fluorescence microscopy
techniques; RT-gPCR expression analysis of 8 genes involved in recognition, signalling and
defence). In both coffee lines, H. vastatrix ceased growth more frequently at the penetration
hypha stage, with <10% infections reaching haustoria formation. H. vastatrix infection
induced hypersensitive reaction (HR), phenol accumulation and haustorium encasement with
callose. U. vighae growth was more restricted in HDT 832/2 than in Sarchimor, but failed to
form haustoria in both lines. Resistance responses to U. vignae infection included HR
induction and phenol accumulation. Most genes were activated in the host interaction (HDT
832/2—H. vastatrix). Genes rlk, wrkyl, pal, 13-lox, prlb, pr10 and gt presented two activation
peaks, the first in a period when appressoria differentiation and penetration hypha formation
occurred, and the plant responses at cellular level begun (6 to 12 hours after inoculation - hai)
and the second when anchors and haustoria mother cells differentiate and plant responses
were recorded in 50% of infection zones (21-24 hai). In the non-host interaction (HDT 832/2—
U. vignae) most genes were not regulated or poorly activated in the first hours after
inoculation (3-6 hai), being activated when no new fungal infection structures were
differentiated, and plant responses were detected in over 50% of infection zones (9-12 hai).
Both in the host and non-host interactions the expression profile of rlk and wrkyl suggested
that the recognition of the fungus and signalling occurred during the formation of appressoria
and the differentiation of the first post-penetration infection stages. 13-lox was moderately
activated in both interactions, with the first activation peak coinciding with the onset of the
detection of cell death (HR). prlb exhibited high expression levels in the host interaction,
being poorly activated in the non-host interaction. 13-lox and prlb are markers respectively of
the jasmonate and the salicylic acid (SA) pathways. Results suggest that both pathways may
coexist, although the SA pathway seams to prevail in the host interaction. The pre-haustorial
resistance of HDT 832/2 and Sarchimor to H. vastatrix race Il is an exception to the more
common post-haustorial resistance in host-rust interactions. Pre-haustorial resistance, closer to
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non-host resistance, has proved more difficult to be broken, which may explain the longer
durability of resistance found in HDT 832/2 and Sarchimor, as compared to other genotypes
in which resistance has been broken.

INTRODUCTION

Leaf rust, caused by the fungus H. vastatrix Berk & Br., is considered the main disease of
Arabica coffee. Coffee-rust interactions are governed by the gene-for-gene relationship, being
the resistance of coffee plants conditioned at least by nine major dominant genes (Sy1 — Sy9)
singly or associated (Rodrigues and Bettencourt, 1975; Bettencourt and Rodrigues, 1988).
Breeding resistant coffee varieties, such as Sarchimor, has been the most efficacious strategy
against this disease, namely using descendents of the Timor Hybrid (HDT) as sources of
resistance against all known races of H. vastatrix.

Nonhost resistance is the most durable form of plant disease resistance, making the study of
nonhost interactions of great importance to understand the mechanisms of host resistance and
to improve its durability (Heath, 2001; Niks and Marcel, 2009). The objective of this work
was the characterisation, at cellular and molecular levels, of resistance to H. vastatrix in
coffee lines HDT 832/2 and Sarchimor, using the non-host resistance model coffee — U.
vignae Barclay for comparison.

MATERIAL AND METHODS
Coffee plants and rust fungus

The lower surface of young coffee leaves from plants of Timor Hybrid (HDT 832/2) and the
commercial variety Sarchimor (HDT 832/2 x Villa Sarchi), bearing the resistance genes
Sn5,6,7,8,9,?, were inoculated with fresh urediospores of H. vastatrix (isolate 1065, from
India, race I, virulence gene vs) and U. vignae (isolate CPR-1, race I) (Heath, 1971; Silva et
al., 1999).

Light microscope observations of fresh tissues

Pre-penetration fungal growth stages (germinated urediospores and appressoria formation
over stomata) were visualized on leaf pieces, as described (Silva et al., 1999). For time course
studies of fungal growth and plant cell responses, cross sections of infected leaf fragments,
made with a freezing microtome, were submitted to blue lactophenol staining, epifluorescence
and aniline blue tests (Silva et al., 1999; 2002). Observations were made with a microscope
Leitz Dialux 20 microscope equipped with a mercury bulb HB 100W, u.v. light and blue light
(Silva et al., 2002).

Molecular studies

RNA was extracted from inoculated and control plants and cDNA synthesised as described
(Azinheira et al., 2010). RT-gPCR was performed on an iQ5 thermocycler (BioRad) using the
iIQ SYBR Green Supermix (BioRad) according to the manufacturer’s recommendations, with
primers for receptor-like kinase (rlk), wrkyl, phenylalanine ammonia-lyase (pal), chalcone
synthase (chs), 13-lipoxygenase (13-lox), glycosyltransferase (gt), pathogen-related (prilb,
prl0), glyceraldehyde-3-phosphate dehydrogenase (gapdh) and ubiquitin genes (the latter two
as control genes) (Ramiro, 2009) and data analysed following the 244" method (Livak and
Schmittgen, 2001).
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RESULTS AND DISCUSSION

Host resistance to rust fungi is commonly expressed after the formation of the first haustorium
(post-haustorial resistance) (Heath, 2000; Mellersh and Heath, 2003). In contrast, nonhost
resistance sometimes involves pre-penetration events, such as poor location and recognition
of nonhost stomata and invariably is associated with restricted growth if the fungus enters the
stomatal cavity. In such cases, fungal growth may be inhibited before haustorium formation
(Azinheira et al., 2010; Mellersh and Heath, 2003). Our microscopic analyses have shown that
U. vignae uredospores presented lower ability to germinate on coffee leaves surface, than H.
vastatrix (data not shown). The same happened with the appressoria differentiated over
stomata on Sarchimor leaves, but on HDT 832/2 no significant differences were found (data
not shown). The H. vastatrix growth inside HDT 832/2 and Sarchimor (Figure 1A) leaf
tissues, from 24-96h after inoculation (hai), was similar. In both coffee lines, the fungus
ceased growth more frequently at the penetration hypha stage, with less than 10% of infection
sites reaching haustoria formation. U. vignae stopped its growth in more advanced stages of
the infection in Sarchimor (Figure 1B) than in HDT 832/2, but failed to form haustoria in both
coffee plants. The pre-haustorial resistance of coffee plants to H. vastatrix was associated
with the hypersensitive cell death (HR), accumulation of phenolic-like compounds and
haustorium encasement with callose (Figures 2A, 2C). At 24 hai HR was detected in the
stomatal cells in 50% and 55% of infection sites, of HDT 832/2 and Sarchimor, respectively.
At 72 hali, cell death began to be observed in the mesophyll cells invaded by haustoria. In both
host plants, haustorium encasement was observed from 48 hai. U. vignae induced similar
responses in the coffee plants, such as HR and accumulation of phenolic-like compounds
(Figure 2B). At 24 hai, HR was detected in the stomatal cells in 65% and 83% of infection
sites, of Sarchimor and HDT 832/2, respectively. Cell death of mesophyll cells began to be
observed at 48 hai in HDT 832/2, and at 96 hai in Sarchimor, in a very low percentage of
infection sites (maximum 2%).

Figure 1. Colonization of Sarchimor leaf tissues by two rust fungi and responses induced
in the plant - light microscope observations. Cotton blue lactophenol staining: infection
sites showing a penetration hypha (arrow) of H. vastatrix, 48 hai (A) and a substomatal
vesicle of U. vignae, 24 hai (B).

The present study showed that the pre-haustorial resistance of coffee to H. vastatrix and U. vignae
was associated with HR and accumulation of phenolic compounds, particularly in the stomatal
cells. HR is the most common expression of incompatibility of gene-for-gene interactions, but it
can also occur during nonhost resistance (Azinheira et al., 2010; Heath, 2000; Christopher-
Kozjan and Heath, 2003; Prats et al., 2007). However, evidences suggest that processes leading
to cell death are not necessarily the same in host and nonhost interactions (Christopher-Kozjan
and Heath, 2003; Prats et al., 2007). On the other hand, several studies agree that accumulation
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of phenols may be associated with cell death in both types of resistance (Silva et al., 2022;
Mellersh and Heath, 2003; Prats et al., 2007; Tiburzy and Reisener, 1990).

Figure 2. Colonization of Sarchimor leaf tissues by two rust fungi and responses induced
in the plant - light microscope observations. A, B: Epifluorescence test (blue light):
infection sites showing a penetration hypha of H. vastatrix, 48 hai (A), a substomatal
vesicle of U. vignae, 96 hai (B) associated with autofluorescence of guard and subsidiary
cells (arrow) (A, B). Cell autofluorescence under blue light indicated plant cell death
(HR) and accumulation of phenolic compounds. C: Aniline blue fluorescence test (u.v.
light): infection site of H. vastatrix with callose (arrow) around a haustorium within a
mesophyll cell, 48hai. A= appressorium, ph = penetration hypha, v=substomatal vesicle.
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Figre 3. Relative gene expression of wrkyl along the first 24 and 12h after inoculation in
host (A) and non-host (B) interactions, respectively, using gapdh and ubiquitin as control
genes (results from two independent experiments).

This work showed analogy on resistance to H. vastatrix between the two genotypes but U.
vignae had a more restricted growth in HDT 832/2, therefore chosen for molecular studies. In
the host interaction, genes rlk, wrkyl, pal, 13-lox, prlb, prl0 and gt presented an expression
profile of two activation peaks. The first peak (6-12 hai) was coincident with appressoria
differentiation and penetration hypha formation and also with the beginning of the plant
responses at cellular level. The second peak (21-24 hai) was coincident with differentiation of
anchors and haustoria mother cells and with plant responses in 50% of infection sites. In the
nonhost interaction most genes were not regulated or poorly activated during uredospore
germination, appressoria formation, beginning of penetration and differentiation of
substomatal vesicles and infection hyphae (3-6 hai), being activated at 9-12 hai (no new
fungal structures differentiated; plant responses in >50% infection sites). The rlk and 13-lox
genes were exceptions as they were activated at 3-6hai.

In both host and nonhost interactions the expression profile of rlk and wrkyl, previously
reported (Ramiro, 2009; Fernandez et al., 2004), suggested that the recognition of the fungus
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and signalling occurred during the formation of appressoria and the differentiation of the first
post-penetration infection stages.

Although the accumulation of phenols was observed in the cells at the infection sites (from 12
hai in the host interaction and from 6 hai in the nonhost interaction) and contrary to previous
results (Ramiro, 2009), pal was only moderately activated in the host interaction
(inconclusive results in the nonhost interaction), while chs was not regulated (data not
shown). This accumulation of phenols may arise from post-translational modifications in Pal
or from the expression of other genes (Dorey et al., 1997). 13-lox was moderately activated in
both interactions, with the first peak coinciding with the onset of the detection of cell death
(HR) and prlb exhibited high expression levels in the host interaction, being poorly activated
in the nonhost interaction. 13-lox and prlb are markers respectively of the jasmonate (JA) and
the salicylic acid (SA) pathways (Wasternack, 2007; Thomma et al., 2001). Although the SA
pathways seem to prevail in the host interaction, our results suggest that both SA and JA
pathways may coexist in the incompatible coffee-rust interaction, contrary to previous results
(Ramiro et al., 2009).
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SUMMARY

Leaf rust (Hemileia vastatrix), the main disease of Arabica coffee, causes up to 30% vyield
losses in susceptible plants. Although resistant genotypes are identified against all known rust
races, loss of resistance to emerging races is a current threat. A thorough knowledge of the
plant resistance mechanisms requires a deep understanding of the mechanisms of
pathogenicity, particularly because the Coffea spp. — H. vastatrix interaction follows the gene
for gene theory, enabling the inference of virulence genes in the pathogen and the
identification of susceptibility genes in the plant from resistance/susceptibility phenotypes.
However, very little is known on the molecular mechanisms governing the fungal infection
process. Addressing Coffea spp. - H. vastatrix interactions from the pathogen’s perspective,
this work aims to study H. vastatrix genes expressed during the infection process in coffee
leaves.

For such, an in vitro system was used to obtain the first steps of H. vastatrix differentiation
process, while the post-penetration infection stages were obtained in planta. Uredospores
germination and appressoria differentiation were monitored by light microscopy and no
significant differences were observed between artificial membranes and leaves. Nuclear
condition of spores, germlings and appressoria observed in vivo and in vitro, studied by DAPI
detection, was identical. Infection stages from 24 hours (formation of infection hyphae) to 21
days after inoculation (profuse host tissue colonization) were collected in planta and
monitored by light microscopy.

Genes described in the literature involved in the differentiation and pathogenicity of other rust
fungi were compared with a H. vastatrix EST database, enabling the selection of homologue
H. vastatrix candidate genes for differential expression analysis by RT-gPCR during
differentiation and infection. These included genes involved in signalling (mitogen-activated
protein kinase and Ga protein subunit), transport (aminoacid and sugar), carbohydrate
metabolism (manitol dehydrogenase, invertase and chitin deacetylase) and maintenance of the
biotrophic interaction (RTP1).

The characterisation of the expression patterns of genes involved in the infection process will
enhance our comprehension on the genetic basis of pathogenicity in H. vastatrix. Together
with the information on the genetics of Coffea spp. resistance to H. vastatrix, this knowledge
will improve our understanding on gene for gene interaction in the H. vastatrix — Coffea spp.
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pathosystem, leading to a more informed deployment of resistant varieties in coffee crops in
order to attain a sustainable agriculture.

INTRODUCTION

Coffee leaf rust is the most serious disease of Arabica coffee (Coffea arabica) and cause
serious epidemics throughout the world. The disease is caused by Hemileia vastatrix which is
responsible for up to 40% yield losses if no control measures are applied (Silva et al., 2006).

H. vastatrix and C. arabica have evolved a complex molecular interaction that led to a high
degree of host specificity. H. vastatrix is a biotrophic fungi depending on living host tissues
for growth and reproduction. During the infection process, it develops complex structures,
such as haustoria, responsible for the uptake of nutrients and regulation of the interaction
(Silva et al., 2006; Voegele, 2006). Additionally, haustoria must not be recognized by the
host, in order to avoid defense reactions (Voegele, 2006). In 1997, the first haustorium-
specific cDNA library was developed for Uromyces fabae, allowing the identification of
genes preferentially expressed in haustoria (PIGs) (Hahn and Mendgen, 1997). Since then,
several studies focused on the identification and characterization of these genes in rust fungi
(Voegele, 2006). Moreover, an effort was made to identify genes expressed in early stages of
fungal development, in order to understand the mechanisms responsible for avoiding plant
recognition and involved in fungal development (Voegele, 2006; Deising et al., 2000).
However, none of these genes was studied in H. vastatrix, therefore molecular studies are
needed aiming to better understand this interaction. The purpose of this work was to study the
expression profile of genes involved in the infection process and establishment of biotrophy,
like chitin deacetylases, aspartate aminotransferase (Asp_AT), Ga protein and MAP Kinase,
and some PIGs.

MATERIAL AND METHODS

Fungal Material

In vitro growth: Germinating uredospores and appressoria from H. vastatrix isolate CIFC
1065 (race Il) were obtained as described (Talhinhas et al., 2010). In vivo growth: Leaves of
C. arabica (Caturra) were inoculated with H. vastatrix isolate 1065 as described (Azinheira et
al., 2010). Leaves were collected at different times after inoculation (24 h, 48 h, 72 h, 7 D,
14 D and 21 D) in order to represent the progression of infection and host tissue colonization
(Silva et al., 2006).

Fungal and plant material was immediately frozen in liquid N, and stored at -80 °C.
Successful uredospore germination, appressoria formation and fungal growth in host tissues
were confirmed by light microscopy after staining with cotton blue lactophenol.

Gene Expression Analysis

RNA was extracted from inoculated plants and cDNA synthesized as described (Azinheira et
al., 2010). RT-gPCR was performed on a iQ5 thermocycler (BioRad) using the EvaGreen®
Supermix (BioRad) as recommended, with primers designed using PerlPrimer v1.1.17.
Control genes: Cytochrome oxidase subunit 111, GADPH and 40S. The primer efficiency was
tested with the LinRegPCR program (Ramakers et al., 2003) and data analyzed as: fold
change - E target ACt target (control- target) | E NFACt Nf (control- target) (Pfaffl, 2001). The mean and
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standard deviation of biological replicates were calculated using mathematical methods
previously described (Willems et al., 2008).

RESULTS AND DISCUSSION

In order to establish a biotrophic interaction, rusts need to suppress or evade host defense
reactions (VVoegele, 2006). Chitin deacetylases, Ga-protein, and MAP Kinase have a key role
in this process. The two chitin deacetylases (CH1, CH2) had a higher gene expression in the
early stages of H. vastatrix development (24 h) (Figure 1A) as expected, since this enzyme is
responsible for the conversion of chitin to chitosan during the intercellular growth. By this
strategy the pathogen may protect itself, avoiding recognition by the plant and hyphal lysis by
extracellular plant chitinases, enabling further colonization of the host (Voegele, 2006). Ga
protein also plays an important role in this process, as it is involved in signaling pathways,
including a MAP Kinase cascade (Deising et al., 2000). In our study, Ga protein gene was
more expressed in germinated uredospores than in appressoria, illustrating its relevance in
appressoria formation (Deising et al., 2000). Unexpectedly, MAP Kinase expression was very
low in the in vitro phases, perhaps due to the absence of host signals. In the in vivo system,
both MAP Kinase and Ga protein were expressed in the early stages of H. vastatrix
development (24-48h) but not afterwards, suggesting that that they are more involved in the
onset of biotrophy, rather than in its maintenance (Figure 1B). Asp_AT, a gene involved in the
transfer of an amino group (Botton and Dell 1994), was more expressed in H. vastatrix
germinated uredospores, being highly suppressed thereafter (Figure 1C). However, functional
studies are required to better understand the role of this enzyme.
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Figure 1. Gene expression (fold changes) in H. vastatrix development compared to
resting uredospores: A, Chitin deacetylases; B, Genes involved in signalling pathways;
C, Aspartate aminotransferase; D, Amino acids transporters; E, Enzymes involved in
sugar uptake; F, Rust transfer protein.

The role of haustoria in nutrient uptake and influence on host metabolism is well established

(Voegele, 2006). Three putative secondary amino acids transporters (AAT1, AAT2 and AAT3)
are known in U. fabae (Voegele, 2006). In a H. vastatrix haustoria-rich cDNA library
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(Talhinhas et al., 2010), two genes showed homology to those amino acids transporters. The
first (AAT1_2) is homologous to AAT1 and AAT2 and the second to AAT3, both being
preferentially expressed in later stages (Figure 1D). However, in U. fabae, AAT3 is
constitutively expressed, while AAT1 and AAT2 are preferentially expressed in haustor