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Abstract Self-compatibility segregation was assessed in
two successive backcross progenies originating from an
interspecific cross between Coffea canephora (self­
incompatible) and Coffea heterocalyx (self-compatible).
After self- and cross-pollination, pollen tube behaviour
in styles was observed under ultraviolet fluorescence mi­
croscopy and fruit-set was determined at harvesting time.
Segregation ratios in the two progenies were consistent
with monofactorial control of self-compatibility. Self­
compatible plants exhibited higher fruit-set than self­
incompatible ones in open-pollination conditions. Segre­
gation of AFLP markers was scored in the first back­
cross progeny. By molecular linkage analysis, the S lo­
cus could be mapped to a short linkage group.
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Introduction

Self-incompatibility (SI) is a widespread genetically
controlled mechanism that prevents self-fertilization
and promotes cross-fertilization in flowering plants
(de Nettancourt 1977). In the SI gametophytic system,
the incompatibility reaction results from the matching
of the pollen S allele with one of the two alleles of the
diploid pistil.
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All but Coffea arabica Land Coffea heterocalyx are
self-incompatible among more than 80 described coffee
taxa (Stoffelen et al. 1996). In Coffea canephora, self­
incompatibility (SI) is due to a gametophytic system
controlled by a single multiallelic gene (Devreux et al.
1959; Berthaud 1980) that was mapped on a short link­
age group by Lashermes et al. (1996).

From an agronomic viewpoint, as for many self-in­
compatible fruit tree species, C. canephora plant produc­
tivity is strongly influenced by: (1) field association of at
least two cross-compatible trees, (2) synchronous flow­
ering trees, and (3) the availability of pollinating agents
such as wind and insects. In addition, SI is a key draw­
back for obtaining homozygous lines. In coffee, some
haploids, arising from polyembryonic seeds, had given
homozygous dihaploids after colchicine treatment, but
only from four parental trees (Couturon and Berthaud
1982; Lashermes et al. 1994a). In this context, self-com­
patibility introgression in C. canephora from self-com­
patible species could be of potential interest.

We investigated an interspecific cross between
C. canephora and C. heterocalyx. for which Fl and
backcrossed hybrids BCl and BC2 were available
(Louarn 1992), and assessed the introgression potential
of self-compatibility in C. canephora. The first results
concerned the inheritance of self-compatibility, the loca­
tion of the gene on a genetic map and the impact of self­
compatibility on fruit-set. The potential use of marker­
assisted selection in the next BC generations is also dis­
cussed.

Materials and methods

Plant material

Plant materials were obtained and are maintained at the IRD 1 cof­
fee breeding station of Man in the Cote-d'Ivoire. C. heterocalyx
(HET) is only represented by a homozygous seed-derived line from
a single wild tree of uncertain origin (probably the Cameroon).
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Interspecific Fl hybrids were obtained by crossing the
C. canephora (CAN) genotype # IF182 (used as female) and the
C. heterocalyx plant as described by Louam (1992) .

The most-fertile Fl hybrid # 2C017 had been pollinated with a
mixture of pollen originating from four CAN plants, generating
the backcross-I (BC 1) progeny. The other back.cross progeny
(BC2) was obtained from three controlled crosses involving BCl
self-compatible hybrid pistil parents and CAN pollinators:
DI60436 x IF18l ; Dl60437 x IF444; and D160538 x IF444 .

Self-compatibility tests

Pollen-tube growth and fruit sett ing were used to determine the
self-compatibility of each hybrid.

Pollen -tube growth

Pollen-pistil interactions were assessed in cross-pollination and
self-pollination under ultraviolet fluorescence microscopy accord­
ing to the ABF (aniline blue fluorescence) method (Martin 1959;
Rego et al. 2(00). About 36 h after pollination, pistils were har­
vested from SP and OP branches. After fixation in a FAA solution
[formaldehyde at 40%, pure acetic acid and 95% ethanol (at a 1:1:8
ratio)], they were stored at 4°C. Later, pistils were: (1) rinsed in
water; (2) softened by submerging in a NaOH solution of 1 N for
24 h; (3) washed again; and (4) stained for 12 h with 1% aniline
blue containing 0.1 M of K2P04• Pistils were observed by fluores­
cence microscopy under ultra-violet light at 35Q-4oo nm. Pollen
tube growth was visualised by callose fluorescence on walls. Five
pistils were observed per branch. Pollen germination on the stigma
and the extent of growth of pollen tubes into styles were recorded.

Fruit setting

The day before flowering, two branches per tree having at least 100
flowers were bagged. On the flowering day, branches were shaken
to allow self-pollination (SP). The bags were removed 2 days later.
All new floral buds were also removed. For each tree, two similar
branches were also monitored as open-pollination (OP) controls.
Fruit-set was counted at maturity.

It was important , in SP conditions, to separate the effect of
meiotic sterility (male and/or female) from self-incompatibility,
which could influence the results. We thus set a fertility threshold
in order to avoid low female- and male-fertility plants. Male fertil­
ity was estimated by the percentage of viable pollen grains using
the acetic carmine procedure of Belling (Grassias 1980), and fe­
male fertility was estimated by fruit-set on open-pollinated
branches. A hybrid was classified ' as self-compatible only when
the fruit-set was >0% in SP conditions ; a hybrid was classified as
self-incompatible when the fruit-set was 0% in SP and >10% in
OP conditions , and when pollen viability was >20% (data not
shown). Thus, 26 BCls and 23 BC2s were analysed .

Mapping of the self·compatibility gene

The mapped BCl progeny consisted of a larger BCl population, i.e.
74 individuals. The map construction and mapping strategy were
previously described for a similar interspecific cross, Coffea pseu­
dozanguebariae x Coffea liberica dewevrei (Ky et al. 2(00). AFLP
(amplified fragment length polymorphism) markers specific to HET
(absent in CAN) were used for mapping. For mapping, self-compat­
ibility was scored as a qualitative trait (presence or absence).

Data analysis

The software program Mapmaker/Exp version 3.0b (Lander et al.
1987) was used to determine linkage groups and order loci. Ana-
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lyses were performed with a LOD score threshold of 5.0 and a
maximum recombination value of 30% for grouping and ordering
markers. A Jacknife procedure was applied to estimate a confi­
dence interval for the autogamy gene location (Lebart et al. 1982).
It consisted of computing data each time with a different one of
the individuals observed being ignored.

Statistical analyses were carried out using Statistica software
(5.1 version 1997 for Microsoft Windows). The two-way ANOVA
model was used to test differences between BC1 and BC2, and be­
tween self-compatible and self-incompatible hybrids for fruit-set.

Results

Hybrid self-compatibility

Evaluation of hybrid self-compatibility using two com­
plementary procedures reduced the risk of plant rnisclas­
sing.

Pollen -tube behaviour

The ABF method allowed early determination of self­
compatibility. We observed one of the two following pat­
terns on selfed pistils:

(1) bulbous-shaped short pollen tubes in the stigma area
and rarely in the third upper of the style (Fig. 1),

(2) long pollen tubes up to at least two-thirds of the style
transmitting-tract-length towards the ovary (Fig. 2)
and the concomitant presence of inhibited pollen
tubes in the stigmatic region.

These patterns corresponded to self-incompatibility and
self-compatibility, respectively. Thus, in BCI 12 hybrids
were classified as self-compatible and 14 hybrids were
classified as self-incompatible. In BC2, 13 hybrids were
classified as self-compatible and 12 hybrids were classi­
fied as self-incompatible.

Fruit setting

The results obtained with the ABF method were checked
against the observations of fruit setting. All trees classi­
fied as self-compatible by the ABF method set fruit in
SP conditions. Thus in BCI, the same 12 hybrids, versus
14, did not set fruit in SP conditions (Table 1). This seg­
regation did not differ from the I: I ratio and was con­
firmed in BC2, with 13 plants setting fruit versus 12 in
SP conditions (Table 2).

A two-way ANOVA had been performed in order to
test both generation (BC I vs BC2) and compatibility
(self-compatible vs self-incompatible) effects on fruit-set
in OP conditions. No significant difference was noted
between BC I and BC2 for fruit-set in open-pollination
conditions (F 142 = 2.34; P = 0.134). On average, self­
compatible hybrids set 27.3% of fruit. This fruit-set is
significantly higher than that of self-incompatible ones
which is 18.4% (F',42 = 7.04; P =0.0112). No interaction
was detected between the tested effects (F,,4 2 = 0.03;
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ACTCAA12 (28.3 cM)

AACCAT13 (10 .5 cM)

AAGCAA7 (13.2 cM)

ACACAA3 (14.1 cM)

~ Slocus10 cM I

ACTCAA13 (11.3 cM)

Fig, 1 Incompatible pollen-pistil reaction : pollen gra in (pg) ger­
rninated In a short pollen tube ipt ), the tip of whi ch is ve sicul ated
in the stig matic are a

Fig. 2 Compatible pollen-pistil reaction: long po llen tube s (p t)
with regular callose plugs (cp) run through the sty le-tra ns m itting
tract towards the ovary

Table 1 Self-compatibility in BC I hybrids determined by fru it-set
co mpariso n in self-pollinati on (SP ) and open-pollina tion (OP)

Self-compatible Self-incompatible

BC I hybri d SP OP BC I hybrid SP OP

015-0938 4% 22% 015-0635 0% 11%
016-0133 ' 9% 4% 015-0734 0% 16%
016-0319 13% 24 % 015-0839 0% 16%
016-0333 6% 20 % 015-1035 0% 14%
016-0436 12% 25% 016-011 7 0% 13%
016-0437 14% 16% 016-0339 0% 10%
016-0527 45% 49 % 01 6-0425 0% 24%
016-0538 17% 28% 016-0522 0% 10%
016-0623 8% 18% 016-0526 0% 11%
016-0814' 5% 3% 01 6-0531 0% 19%
016-0817' 4% 9% 016-0620 0% 17%
016-0831' 6% 4 % 016-0926 0% 32%
01 6-0921 11 % 34%
01 6-1038 16% 30 %
Mean 12% 20 % 0% 16%

3 Indicates plant s in w hic h cro ssed fruit-set was affected by ovary
fa ll or branch breaking during fruiting . Th ese valu es we re not
taken into acco unt fo r furthe r anal ysis

Fig. 3 S locus location in a linkage group constructed with AFLP
mar ker s. Marker names are sy mbolised on the right side of the link­
age group : the first three fellers corre spond to selective nucleot ide s
of £ coRI primers and the second three letters designate se lec tive
nucleot ides of Mse[ primers. The number designates the size of
the mar ker . with smaller numbers repr esenting fragments of greater
sizes. The number in brackets ind icates the genetic dist ance in cM
(Kosarnbi) separating a marker and the marker belo w. Th e arrow in­
dic ates the most-like ly position estimated by the la cknife proces s
with the MapmakerlExp version 3.0b software program

Table 2 Se lf-compat ibility in BC2 hybrids det ermined by frui t-set
comparison in se lf-pollina tio n (S P) and ope n-pol lination (O P)

Self-compatible Sel f-incom parible

BC2 hybrid SP O P BC2 hybrid SP OP

014-1701 3 11 % 9% 01 4-1607 0% 18%
01 4-1907' 13% 7% 0 14-1608 0% 25 %
014- 1908 25% 12% 014-1610 0% 16%
014-1 936 24% 18% 014- 1630 0% 18%
0 14-2010 38% 38% 014-1707 0% 13%
014-2030 37% 52% 014-1708 0% 56 %
014-2110 9% 42 % 014-1825 0% 14%
014- 2207 10% 31 % 014-1 830 0% 22%
014-2225 3% 38 % 0 14-2007 0% 21%
014- 2237 2% 13% 014-2108 0% 17%
014-2330 19% 20 % 0 14-2307 0% 16%
014-2402 29% 50 % 014-2437 0% 12%
014-2525 21% 18%
Mean 19% 27% 0% 21%

3 Indic ate s plants in whi ch crossed fruit-set was affected by ovar y
fall or branch breaking during fru iting. These values were not
taken into acco unt for further anal ysis

P = 0.87 ). However, mean fruit-set in the self-compatible
hybrids was lower than half of that of the recipient self­
incompatible parent CAN (50.9%).

Self- compatibility gen e location

The self-compatibility locus was mapped at the end of a
short linkage group comprising five markers for a total
length of 63.2 cM (Fig. 3). The Jacknife method showed



Table 3 Genotype and phenotype frequencies at the S locus.
and pollen self-compatibility behaviour in CAN and HET parents.
and Fl. BCI and BC2 hybrids. NB: FI self-compatibility behav-
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iour is assumed . Their reduced fertility was 100 low for our experi­
ments. In order to simplify the scheme. CAN heterozygosity
at the S locus was not represented

Item CAN HET Fl BCl BC2
CAN x HET

FlxCAN BCl x CA!':

Genotype at the S locus SISt" ScScb SISC S,Se S,S , S,Sc S,S,
1000/( ioos 1000/( 50O/C 500/( 50O/C 50O/C

Phenotype [SI]" [Scl d [Scl [ScJ [Sa [Scl [5,]
1000/( 100O/C 100O/C 500/( 50O/C 50O/C 50O/C

Pollen self- compatibility behaviour - < +1' -500/( -50o/c -50 0/c
+1000/( 100O/C +500/( +50o/c lOOo/c -sos 100O/C

a 51= self-incompatible alleles d [Scl = self-c ompatible phenotype
b Se =self-compatible allele e - =self-incompatible pollen
c [Sd =self-incompatible phenotype I' + =self-compatible pollen

a 5.4 cM-long interval most likely bearing the S locus.
An AFLP marker (ACACAA3) located about 10 cM
from the S locus could be used in marker-assisted selec­
tion.

Discussion

Model of self-compatibility inheritance

The self-compatibility I :I segregation ratio is con sistent
with the assumption of Mendelian monofactorial control
of self-compatibility. This inheritance agrees with
Berthaud's (1980) results on C. canephora, confirmed by
Lashermes et al. (1996), i.e. gametophytic polyaJlelic
monogenic control of self-incompatibility.

In many self-incompatible species, with a gameto­
phytic system and monogenic inheritance, S alleles code
for glycoproteins, with specific stylar ribonuclease activ­
ity acting against pollen -tube growth (Bredemeijer and
Blaas 1981; Mau et al. 1986; McClure et al. 1989; Ai et
al. 1990; Boskovic et al. 1997; Ishimizu et al. 1998).
Self-compatible variants appear when this activity disap­
pears or strongly decreases . This is the case in Prunus
dulcis (Dicenta and Garcia 1993; Socias i Compani et al.
1995; Boskovic et al. 1999), Lycopersicon peruvianum
(Kowyama et al. 1994), Petunia inflata (Huang et al.
1994) and Pyrus pyrlfolia (Sassa et al. 1997). Although
little is known about the biochemical basis of self-in­
compatibility in Coffea, one could reasonably argue that
self-compatibility in C. heterocalyx could comply with
such a model. In other words, in C. heterocalyx, alleles
at the S locus could have no inhibition effect against
self-pollen . This hypothesis is supported by the self-pol­
len behaviour on the pistil of hybrids. which represented
S-allele segregation. Self-incompatible hybrids displayed
only inhibited self-pollen tubes on their stigma. All these
gametes could have inherited self-incompatibility alleles
(S,) from CAN; while on selfed pistils of self-compatible
hybrids we could see both non-inhibited pollen tubes and
inhibited pollen tubes. These two types of gametes have
inherited the self-compatibility allele (Se) from HET and
self-incompatibility alleles SI from CAN, respectively.

Hence, self-compatible hybrids and self-incompatible
hybrids could be SeSJ and S,SI' respectively, at the S lo­
cus . According to this pattern, we propose a cros sing
scheme between CAN and HET with a theoretical gene
frequency in the offspring (Table 3).

Self-compatibility and fruit-set

This work has highlighted the positive impact of self-fer­
tility on fruit-set. As abundantly described in the litera­
ture, self-compatible species have a higher fruit set than
self-incompatible ones (Sutherland and Delph 1984 ;
Sutherland 1986) . In self-incompatible plants , self-in­
compatibility adverse action inhibits all self-pollen and
some alia-pollen, thus reducing the fertilisation rate. The
lack of such a system in self-compatible plants allows
them to take part of the self-pollen and allo-pollen to in­
crease fruit-set. This was confirmed in coffee trees: fruit­
set in the self-compatible C. arabica and in the self-in­
compatible C. canephora was 61 % (Le Pierres 1995)
and 40% (de Reffye 1974), respectively. Fruit-set in our
BC 1 and BC2 self-compatible hybrids was 27% vs 18%
in self-incompatible hybrids, representing a similar fruit ­
set gain (about 50%). After fertility restoration , a fruit­
set improvement could be expected in introgressed
C. canephora varieties, i.e. a productivity gain.

S locus genetic mapping and marker-assisted selection
(MAS)

Despite the small-sized segregating BCI population used
for self-compatibility, the S locus was relatively accu­
rately mapped. The limit of accuracy was mainly due to
the low frequency of fertile hybrids in the BC I. A larger
population with higher fertility, i.e. BC2 or BC3 proge­
nies , would improve the location accuracy. Bulk segre­
gation analysis could be applied to the two sets of com­
patible and incompatible BCl and BC2 hybrids to identi­
fy additional markers linked to the S locus.

Lashermes et al. (1996) . using RFLP markers in a
C. canephora dihaploid population, had previously
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mapped the S locus on a short linkage group comprising
three markers: probably a conservative chromosomal
segment with low polymorphism. These RFLP markers,
of which two bracketed the S locus and the other co-seg­
regated with it, could be sequenced, primer synthesized
and converted to PCR-based markers as described by
Kolchinski et al. (1997) and Ghareyazie et aI. (1996) in
soybean and rice, respectively. Screening our segregating
BC I population with these markers could enable identi­
fying their location on the AFLP map and then estimate
the possible eo-localisation of the S locus.

The availability of map- and S locus-linked markers
should facilitate a marker-assisted selection. MAS effi­
ciency was studied by simulation in relation to the total
number of markers, their distribution on the genome and
around the gene to introgress (Hospital et al. 1992).
These authors showed that the use of markers mapped at
least J2 cM from the trait locus was more efficient in the
early generations. In these conditions, the ACACAA3
AFLP marker could be used to screen potential introgres­
sed hybrids in the BCI and BC2, and further backcross
progenies. Nevertheless, a second marker located on the
other side of the S locus would improve MAS efficiency.
Another screening criterion could be the percentage of
HET-specific AFLP markers, which should be lower in
hybrid genomes. It should thus be possible to speed up
genome recovery of the recurrent parent and to detect
self-compatible hybrids at the plantlet stage, therefore
avoiding field planting of potentially useless hybrids.

Self-compatibility could enable mass production of
CAN fixed lines. Although hampered by inbreeding de­
pression , homozygous lines could be useful for genetic
studies and CAN breeding, as demonstrated by Berthaud
et al. (1987) and Lasherrnes et aI. (1993, L994b).

Acknowledgements We are grateful for the valuable collabora­
tion and technical assistance of the entire IRD team in Man (Cote­
d'Ivoire).

References

Ai Y, Singh A. Coleman CE. Ioerger TR, Kheyr-Pour A, Kao T-H
(1990) Self-incompatibility in Petunia inflata : isolation and
characterization of cDNAs encoding three Svallele-associated
proteins. Sex Plant Reprod 3: 130-138

Benhaud J ( 1980 ) L'incornpatibilite chez Coffea canephora: meth­
ode de test et deterrninisme genetique, Cafe Cacao The
24 :267-274

Berthaud J . Charrier A. Couturon E, Louam J, Valvarde V (\987)
Utilisation of Coffea canephora haploids: results of study in
progress. l Zerne Colloque de I' ASIC, Montreux. pp 453-458

Boskovic R, Tobutt KR, Battle I, Duval H (1997) Correlation of ri­
bonuclease zymograms and incompatibility genotypes in al­
mond . Euphytica 97 : 167-176

Boskovic R. Tobutt KR . Duval H. Battle I. Dicenta F. Vaegas FJ
(\ 999) A stylar ribonuclease assay to detect self-compatible
seedlings in almond progenies . Theor Appl Genet 99:800-810

Bredemeijer GMM. Blaas J (1981) S-specific proteins in styles of
self-incompatible Nicotiana alata. Theor Appl Genet 59: 185-190

Couturon E. Benhaud J (1982) Presentation d'une methode de
recuperation d'haploides spontanes et d'obtention de plants di­
ploides hornozygotes chez Coffea canephora . lOerne Colloque
de I' ASIC, Salvador. 385-391

Devreux M. Valla yes G. Pochet P. Gilles A ( 1959) Recherches sur
l'autofertilite du cafeier robusta (e. canephora Pierre) . Publi­
cat ion INEAc' Serie scientifique 78

Dicenta F. Garcia lE (1993) Inheritance of self-compatibility in
almond. Heredity 70 :313-317

Ghareyazie B. Huang N. Second G . Bennett J. Khush GS (1996)
Fingerprinting rice germplasm using ALP and PCR-based
RFLP. lnt Rice Res Notes 21 :2-3, 10- 12

Grassias M (1980) Etude de la fertilite et du comportement
meiotique des hybrides interspeciflques Arabusta Coffea
arabica x e. canephora. Thesis University Paris XI,
Orsay

Hospital F, Chevalet C. Mulsant P (1992) Using markers in
gene introgression breeding programs. Genetics 132: 1199­
1210

Huang S. Lee HS, Karunanandaa B. Kao T-h (1994) Ribonuclease
activity of Petunia inflata S proteins is essential for rejection
of self-pollen . Plant Cell 6:1021-1028

Ishirnizu T. Shinkawa T. Skiyama F, Noroka S ( 1998) Primary
structural features of rosaceous S-RNases associated with ga­
metophytic self-incompatibility. Plant Mol BioI 37 :931-941-

Kolchinski A, Landau-Ellis D, Gresshoff PM (1997) Map order
and linkage distances of molecular markers close to the super­
nodulation (nts-I ) locus of soybean. Mol Gen Genet
254 :29-36

Kowyama Y, Kunz C. Lewis I, Newbigin E, Clarke AE .
Anderson MA (1994) Self-compatibility in a Lycopersicon
peruvianum variant (LA2157) is associated with a lack of style
S-RNase activity. Theor AppJ Genet 88 :859-864

Ky CL. Barre P, Lorieux M, Trouslot P, Akaffou S, Louarn J,
Charrier A. Hamon S. Noirot M (2000) lnterspecific genetic
linkage map. segregation distortion and genetic conversion in
coffee. Theor Appl Genet 101:669-676

Lander ES. Green P. Abrahamson J. Barlow A, Daly MJ,
Lincoln SE, Newburg L (1987) Mapmaker: an interactive
computer package for constructing primary genetic linkage
maps of experimental and natural populations. Genomics
1:174-181

Lashermes P, Charrier A. Couturon E ( 1993) On the use of
doubled-haploids in the genetics and breeding of Coffea cane­
phora P. l Serne Colloque de I'ASIC. Montpellier, vol . I
pp 218-225

Lasherrnes P, Couturon E, Charrier A 0994a) Doubled-haploids
of Coffea canephora: development, fertility and agronomic
characteristics. Euphytica 74 : 149-157

Lashermes P. Couturon E, Charrier A (1994b) Combining ability
of doubled-haploids in Coffea canephora P. Plant Breed
112:330-337

Lashermes P. Couturon E, Moreau N, Paillard M, Louam J (1996)
Inheritance and genetic mapping of self-incompatibility in
Coffea canephora Pierre. Theor Appl Genet 93:458-462

Leban L. Morineau A, Fenelon JP ( 1982) Traitement des donnees
statisriques : methodes et programmes. Dunod, Bordas, Paris

Le Pierres 0 (995) Etude des hybrides interspecifiques tetra­
ploides de premiere generation entre Coffea arabica L et les
cafeiers diploides, These de Doctorat, Orsay, Paris XI

Louarn J (1992) La fertilite des hybrides interspecifiques et les re­
lations genorniques entre cafeiers diploides d'origine Africa­
ine (Genre Coffea L. Sous-genre Coffea). These d'etat, Orsay,
Paris XI

Manin FW ( 1959) Staining and observing pollen tubes in the style
by means of fluorescence . Stain Technol 34 :125-128

Mau SL. Williams EG. Atkinson MA, Cornish EC, Grego B.
Simpson RJ . Kyeur-Pour A. Clarke AE (1986) Style proteins
of a wild tomato ilsycopersicum peruvianumi associated with
the expression of self-incompatibility. Planta 169: 184-191

McClure BA. Haring V. Ebert PR, Anderson MA. Simpson Rl,
Sakiyama F, Clarke AE (1989) Style self-incompatibility gene
products in Nicotiana alata are ribonucleases . Nature
342 :955-957

Netrancourt D de (1977) Incompatibilty in Angiosperms. Springer.
Berlin He idelberg New York



,
Reffye Ph de (1974) Le controle de la fructification et de ses

anomalies chez les Coffea arabica, robusta et leurs hybrides
"Arabusta", Cafe Cacao lbe 18:237-254

Rego MM, Rego ER, Bruckner CH, Da Silva EAM, Finger FL,
Pereira KlC (2000) Pollen-tube behavior in yellow passion
fruit following compatible and incompatible crosses. Theor
Appl Genet 101:685--689

Sassa H, Hirano H, Nishio T, Koba T (1997) Style-specific self­
compatible mutation caused by deletion of the S-Rnase gene
in Japanese pear (Pyrus serorina). Plant J 12:233-227

999

Socias i Company R, Felipe AJ, Gomez Aprisi J (1995) Capacidad
de autogamia en algunas seleciones de almendro (P. amygdal­
us Batsch). In: 6th Congr Soc Espanola Ciencias Horticolas
pp 103

Stoffelen P, Robbrecht E, Smets E (1996) Coffea (Rubiaceae) in
Cameroun: a new species and a nomen recognized as a spe­
cies. Belg J Bot 129:71-76

Sutherland S (1986) Patterns of fruit-set : what controls fruit -flow­
er ratios in plants? Evolution 40;117-128

Sutherland S, Delph LF (1984) On the importance of male fitness
in plants: patterns of fruit-set. Ecology 65:1093-1104


