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Abstract Understanding complex factors control-
ling yield is very crucial to the improvement of
cashew in major producing countries currently expe-
riencing very low yield and consequently making
cashew farming unprofitable and the whole industry
unsustainable. Eleven cashew clones were evaluated
for their compatibility and fruit set between 2000 and
2002 seasons, in a diallel cross using randomized
complete block design with three replications. Data
collected on number of fruit set at 6 weeks after
pollination were statistically analyzed. Significant
differences between the parents at the 1% level,
revealed the existence of variability for compatibility
and fruit set, with 34% cross-compatibility, 51% partial
cross-compatibility and 15% cross-incompatibility
recorded, while 37% of the parents were self-
compatible. Parents sharing the same apples colors
tend to be highly cross-compatible, while some clones
showed evidence of unilateral compatibility. Maxi-
mum value of 55% fruit set obtained from cross-
pollination probably indicates upper limit for fruit set
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in cashew. Significant correlation between compati-
bility and variation in fruit yield suggests the impor-
tant role of parental compatibility in selection of
planting materials for the establishment of cashew
plantation.
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Introduction

Cashew nut is a high-value export crop and is the
main source of cash income for millions of smallhold-
ers farmers in southern Tanzania (Shomari 1988) and
north-central Nigeria (Topper et al. 2001). It is an
emerging tree crop in northern Australia with its
imports valued at US$30 month per year (Blaikie
et al. 2002). Today, cashew nut is produced in about
32 countries with world total production reaching
about 2.7 millions tons in 2005 (FAO 2005).
According to production statistics (FAO 2005), major
raw nuts producing countries in 2005 are Vietnam
(960,800 tonnes), Nigeria (594,000), India (460,000
tonnes), Brazil (147,629 tonnes) and Indonesia
(122,000 tonnes). World’s total area under the culti-
vation of cashew is around 35,100 km?; India ranking
first with 730,000 ha of land utilized for its produc-
tion, though her yields are relatively low. World’s
average yield of cashew raw nuts is still as low as
780 kg/ha (FAO 2005). Despite the importance of
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cashew as a commodity crop with increasing cultivation
in major producing countries in South America,
Africa, Asia, and Australia, the crop is threatened
with problem of low yield. Chacko etal. (1990)
remarked that, in country such as Australia with
intensive production, competitiveness of cashew
industry might only be sustained through substantial
increases in productivity of trees. Available literatures
showed that little is known about the factors control-
ling yield in cashew (Chacko etal. 1990) and in
particular the extent to which pollination and compat-
ibility influenced yield. However, several factors have
been described to be closely related to yield potential
of cashew trees, ranging from poor genetic potential
of the available plant material (Chacko et al. 1990;
Foltan and Ludders 1995), plant architecture to floral
biology and its interaction with environmental condi-
tions seems to be of major importance (Nambiar
1977; Parameswaran et al. 1984). In addition to poor
fruit set, excessive premature fruit drop has been
reported in the crop (Nawale et al. 1984; Patnaik et al.
1985). Studies by Wunnachit and Sedgley (1992)
showed wide variation in yield performance of
cashew genotypes in Australia. Similar works on the
yield in Tanzania and Nigeria have shown that only
30% of the tree population in an hectare produced
80% of the nut yield, while the remaining 20% yield
comes from the 70% of the trees (Martins and Kasuga
1995; Aliyu 2004). Several reports also showed that
percentage fruit-set in cashew is very low with initial
fruit-set ranging from 3 to 40% but with final fruit-set
dropping to between 0.7 and 4.1%. Rao (1956)
observed 3% fruit set on the West Coast of India, and
6-12% fruit set was recorded on the East Coast by
Murthy et al. (1975). It was evident that the number
of fruits that attained maturity in cashew was often
very low compared to initial fruit set. Several authors
attributed number of hermaphrodite flowers to be
closely related to fruit set (Rao and Hassan 1957;
Murthy et al. 1984; Parameswaran et al. 1984). How-
ever, Masawe et al. (1996) and Aliyu and Awopetu
(2003) have reported between 50 and 416 hermaphro-
dite flowers/panicle in Tanzania and Nigeria; suggest-
ing that number of hermaphrodite flowers is unlikely
to limit fruit set in cashew. Foltan and Ludders (1995)
uphold the same view with studies in Australia. Sub-
baiah (1983), Nawale et al. (1984), and Ghosh (1989)
emphasized effect of resources or inadequate pollina-
tion (Heard et al. 1990) on fruit yield. Cashew has
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hitherto been described as out-crossing plant, but
studies have shown some degree of self-pollination
(Westergaard and Kayumo 1970; Wunnachit et al.
1992; Foltan and Ludders 1995) and self-incompati-
bility (Wunnachit et al. 1992). Available data showed
conflicting results and evidence of poor understand-
ing of reproductive aspect of factors (pollination, fer-
tilization, and fruit development) controlling yield
that are required for developing a long-term breeding
strategy in cashew. Nevertheless, important way to
increase the productivity of the crop and improve on
the quality of nuts is to select desirable genotypes
from germplasm of wide genetic diversity (Chacko
etal. 1990) and use identified superior materials in
the breeding programs. Consequently, successful uti-
lization of promising genotypes in breeding program
would require adequate knowledge of compatibility
(pollination and fruit set) of the crop species.

In this study, eleven selected cashew clones were
evaluated for compatibility and fruit set through
cross- and self-pollinations, to provide quantitative
information into understanding compatibility and
fruit set in cashew and possibly provide evidence that
could guide in the selection of planting materials for
use in the establishment of cashew orchards and
future breeding works.

Materials and methods

The trial was carried out at the Cocoa Research Insti-
tute of Nigeria (CRIN), Ibadan, Latitude of 07°10'N
and Longitude 03°52'E with average annual rainfall
ranging between 1,100 mm and 1,500 m. Data on the
monthly summary of the weather variables (rainfall,
temperature, and relative humidity) at the trial site
were collected through the period of study, but not
presented because it was relatively stable and within
ranges for optimum growth and fruiting in cashew.
Cashew trees used for this study are eleven clones
(CCO1-CC11) selected by the Institute (CRIN) from
Farmers’ field in Ochaja area, north-central region of
Nigeria and established at Institute’s headquarters,
Ibadan in 1988 (Akinwale and Esan 1989). The trees
are the progenies of early Indian Introductions in the
country, which have been grown and adapted over a
long planting period (Sanwo 1974; Akinwale and
Esan 1989). Each clone was planted in a single row at
spacing of 9.1 x 9.1 m? with a clone represented by
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three entries. A full diallel cross among the eleven
clones was carried out using randomized complete
block design experimental layout with tree canopy
marked on the four cardinal positions (north, south,
west, and east) using a compass according to Masawe
etal. (1996) and Aliyu and Awopetu (2003). There
were sixty pollinations for each kind of cross (i.e., 15
pollinations/cross/side) and replicated on the three
entries for each clone. The trial started in November
1999 and repeated for another 2 years (2001 and 2002
fruiting seasons) to evaluate the influence of environ-
ment on the experimental lots. Although flowering
commences as early as September, pollination is often
delayed until the peak of flowering between October
and January in the region (Akinwale 1992; Aliyu and
Awopetu 2003), to ensure availability of enough her-
maphrodite flowers for all kind of crosses. It is impor-
tant to mention that studies on pollen fertility, floral
characteristics, and pollen-style compatibility of these
clones have been reported (Aliyu 2007). Standard
procedure for cashew hybridization is yet to be devel-
oped in the region, however, a modified method of
Sedgley and Attanayake (1988) described below pro-
duced appreciable results. Perfect flowers selected for
pollination were emasculated a day before anthesis by
removing all the petals and pistillate parts and
enclosed in cotton-made pollination bags. Selection
of perfect flowers prior to anthesis was possible fol-
lowing description by Ohler (1979) and Akinwale
(1990). Hand pollination was carried out the next day
between 9.00 a.m and 12.00 noon by dusting/rubbing
pollen grains of desired male (pollen) parent on the
stigma of the emasculated hermaphrodite flower
(female parent) (Sedgley and Attanayake 1988).
Thereafter, other flowers on the same laterals were
removed and pollination bag was closed. Pollinated
inflorescence/panicles were properly labelled for: (a)
date of pollination, (b) number of flowers pollinated
per panicle, and (c) Identity of the cross on each

lateral. At 7 days after pollination, the bags were
opened and successful crosses were recorded. Subse-
quently, the number of pollinated flowers that finally
set fruits were recorded at 3 and 6 weeks after pollina-
tion according to Ohler (1979) and Aliyu and
Hammed (2000). Percentage fruit set were later calcu-
lated for each cross (number of fruit-set/number of
flowers pollinated) using data collected at 6 weeks
after pollination. Data collected on percentage fruit-
set at 6 weeks after pollination were summarized and
subjected to statistical analysis using computer soft-
wares of SAS packages.

Results

Analysis of variance of the fruit set for the two types of
crosses (within and among clones) presented in Table 1
showed highly significant (P < 0.01) for crosses and
year, suggesting wide variation in number of fruit-set
probably due to compatibility of the selected parents.
The interaction of these two factors was statistically not
significant indicating non-dependence of one on the
other. Variation across the 3 years of study showed that
fruit-sets in first year (2000) was the highest and least
recorded in 2001 (Table 2). Pattern of variation in fruit
set across the 3 years was similar for both cross- and
self-pollinations. Mean values for fruit-set for the dial-
lel cross of the selected clones presented in Table 3
showed average of 32.98 fruits/cross, i.e., 18% fruit set.
Corresponding percentages for number of fruit set were
presented in italics in the same Table 3. Crosses among
clonal parents, i.e., cross-pollination gave average fruit
set ranging from 7.79 (4%) for CCO02 x CCQ9 to
100.33 (56%) for CCO5 x CCO06. This range is an indi-
cation of wide variability in compatibility among the
selected trees. Summary of fruit set recorded on each
parent (clone) showed mean values ranging from 23.78
(13%) for CC09 to 55.74 (31%) for CC06 when used

Table 1 Analysis of vari-

e Source of Degree of Mean F-values Probability F
ance of the compatibility variance freedom squares
crosses over 3 years
Replication 2 150.2562 5.56 0.0040
Crosses 120 4637.3772 171.46 <0.0001
Year 2 7287.0826 269.42 <0.0001
Crosses x Year 240 21.4567 0.79 0.9837
Error 724 27.0472
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Table 2 Variation in fruit set across the 3 years

Year Crosses among Crosses within
clones (cross) clones (self)

1 (2000) 37.19a (20.66) 8.48a (4.71)

2 (2001) 28.27¢ (15.71) 3.48c (1.93)

3 (2002) 33.49b (18.61) 6.42b (3.57)

LSD (0.05) 0.758 0.869

Figures with the same letters in a column are not significantly
different

Values in parentheses represent percentage fruit-set

as pollen donors, however the values were between
21.09 (12%) for CCO9 and 63.40 (35%) for CCO6 as
female parents in the crosses. It suggests that CC09 had

least cross-compatibility as both pollen and female par-
ents among the tested clones. However, the data
showed that, CC06 was the best cross-compatible clone
with highest fruit-set as both pollen (male) and pistil-
late (female) parents (Table 3). Self-pollinated crosses
gave fruit set ranging from 0.33 (0%) for CCO7 to
20.11 (11%) for CCO6. This range was low compared
to cross-pollinated crosses thus confirming preference
for out-breeding system in cashew. Some paired clones
tend to show high fruit sets when crossed in both direc-
tions, i.e., both as female and male parents. This obser-
vation was recorded in the following paired clones;
between CCO08 and CCO1, CC02 and CC04, and CCO5
and CCO06. Interestingly, these compatible paired
clones shared the same apple colors, with CC08 and
CCO01; CC02 and CC04; and CCO5 and CCO6 produc-

Table 3 Mean and percentage (%) fruit-set in the diallel cross among eleven selected cashew clones

Pollen parents

Female parents CCOl1 CC02 CC03 CC04 CCO5 CC06 CCO7 CC08 CC09 CCl10 CCll Mean
CCo01 1.22 51.56 4522  38.78  44.00 87.44* 2044 76.33* 20.11 2822 13.89 38.84
1 29 25 22 24 49 11 42 11 16 8 22
CC02 41.56  5.00 88.33* 71.68* 10.67 60.33* 40.00 20.44 2244 2478 1978  36.73
23 3 49 40 6 34 22 11 12 14 11 20
CCO03 2478  83.00° 12.11 3233  27.00 65.67* 32778 2589 33.78 13.89 21.00 33.84
14 46 7 18 15 36 18 14 19 8 12 18
CC04 2456  83.22% 21.89  9.67 45.44 5522 3156 2056 1844 2633 2378 3279
14 46 12 5 25 31 18 11 10 15 13 18
CCO05 3122 3144 1678 3378 1.00 90.11* 21.78 4733 2267 2556 19.89 31.05
17 17 9 19 1 50 12 26 13 14 11 17
CC06 95.78* 64.67" 86.22" 68.67* 100.33* 20.11 53.56 57.11* 46.78 63.00° 4122  63.40
53 36 48 38 56 11 30 32 27 35 23 35
CCo07 1322 2133 2578  28.67 16.56 64.00* 033 27.11 2278 1633 3878  274.89
7 12 14 16 9 36 0 15 13 9 22 14
CCO08 79.89* 12.67 2744 2733 56.67° 70.89* 28.11 11.56 29.11 3522 19.89 2499
44 7 15 15 31 39 16 6 16 20 11 20
CCO09 7.89 7.78 1933 11.67 29.22 48.11 11.33  36.89 122 27.67 30.89  36.25
4 4 11 6 16 27 6 20 1 15 17 12
CC10 1544 1733 1978 1544  21.33 21.11  28.67 46.11 18.22  2.89 2878  21.09
9 10 11 9 12 12 16 26 10 2 16 12
CCl11 11.11  9.33 31.67 2144  27.67 30.11  26.11 2044  26.11 3678  6.33 22.46
6 5 18 12 15 17 15 11 15 20 4 12
Mean 3142 3521 3586 32.68 3453 5574 26.79 3543 2378 2733 2402 3298
17 20 20 18 19 31 15 20 13 15 13 18

Figures in italics represent percentage fruit set
# Indicates 20 best crosses
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ing red, yellow and orange-red apples, respectively.
However, some paired crosses gave a unilateral cross-
compatibility and typical is CC10 x CC06 with high
fruit-set (35%), while its reciprocal gave low fruit-set
(12%). Paired crosses such CCO1 and CC07; CC02 and
CC08; CCO8 and CC11; CC09 and CCO1; CCI11 and
CCO02; and CC04 and CC09 equally showed very low
cross-compatibility.

Table 4 showed the analysis of both cross- and
self-compatibility among the selected clones follow-
ing Drewlow etal. (1973) and Jacob and Atanda
(1972) for the classification of compatibilities in
cross- and self-pollinated crosses, respectively. There
was variation among the clones in terms of compati-
bility as female and pollen parents (Table 4).
According to the Drewlow et al. (1973) 34% of the
cross-pollinated crosses were highly cross-compatible

Table 4 Analysis of compatibility among the clones

(+ +), 51% partially cross-compatible (+ —) and 15%
cross-incompatible (— —) (Table 4). Similar trend
was recorded for the clones as pollen parents. How-
ever, the ratios of compatibility (++or+ —) to
incompatibility (— —) among individual clone varied
on the respective positions, i.e., male or female.
While some clones exhibit high degree of femaleness,
few showed evidence of maleness, i.e., high compati-
ble pollens e.g., CC09 and CCO7. This observation
has implication in production and yield improvement.
CCO06 however showed evidence of broad compatibil-
ity as both pollen and female parents. Fruit set data
from self-pollinations showed that, four clones (37%)
were self-compatible (+ +) with fruit-set above 5%,
two (18%) were partially self-compatible (+ —) and
remaining five (45%) were self-incompatible (— —)
(Jacob and Atanda 1972) (Table 4).

Cross-compatibility Self-compatibility

Female parents Pollen parents
Clone ++ -+ - = ++ -+ - = ++ -+ - =
CCo1 6 3 1 3 3 4 0 0 1
CCo2 5 4 1 4 2 4 0 1 0
CCo03 2 7 1 3 6 1 1 0 0
CCo4 3 7 0 3 5 2 1 0 0
CCO05 2 7 1 4 4 2 0 0 1
CCo06 10 0 0 8 2 0 1 0 0
CCo7 2 5 3 2 7 1 0 0 1
CCO08 3 6 1 5 5 0 1 0 0
CCo09 2 4 4 1 9 0 0 0 1
CCo010 1 6 3 2 6 2 0 0 1
CCo11 1 7 2 2 7 1 0 1 0
Total 37 56 17 37 56 17 4 2 5
Percentage (%) 34 51 15 34 51 15 37 18 45
+ +: Highly compatible, — +: Partially compatible and — —: Incompatible

Cross among the parents

— — : Cross-incompatible (CI) (<10% fruit-set)

+ —: Partially cross-compatible (PC) (>10.01-20.00% fruit-set)
+ +: Cross-compatible (CC) (>20.0% fruit-set)

(Drewlow et al. 1973)

Cross within parents (selfing)

— — : Self-incompatible (S) (<2.0% fruit-set)

+ —: Partially self-compatible (PS) (>2.01-4.99% fruit-set)

+ +: Self-compatible (SC) (>5.0% fruit-set)

(Jacob and Atanda 1972)
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Discussion

Cottoned pollination bag with ventilation was found
most suitable in this study due to high temperatures
prevailing during cashew flowering and fruit develop-
ment (November—March) in the region. Pollinations
carried out with Kraft paper resulted into withering of
pollinated flowers probably due to poor aeration. The
choice of aerated materials for pollination agrees with
Foltan and Ludders (1995) that used perforated plas-
tic bags for pollination in Darwin, Australia. Non-
development of fruit without pollination, probably
suggest absence of parthenocarpy in cashew. Free and
William (1976) and Akinwale (1990) have reported
no fruit set in bagged cashew inflorescences without
pollination. Fruit set from all crosses involving the
eleven parental clones as both paternal and maternal
parents indicates absence of strong compatibility bar-
rier among the selected clones (Leonardi et al. 1994;
Aliyu 2007). Hybrid nuts obtained from both crosses
were normal and viable with well-developed embryos
and cotyledons, indicating that incidence of fruit drop
and abnormal fruit development may probably be due
to nutritional, physiological or environmental factors
(Subbaiah 1983; Nawale et al. 1984; Ghosh 1989).
Leonardi et al. (1994) opined that high rate of fruit
abscission during the early stage of development is
probably an indication of post-fertilization incompati-
bility, but should not be considered as only reason for
fruit abscission because resource allocation might
also play a vital role. Stability of the haploid chromo-
some number and regularity of the behavior of chro-
mosomes at meiosis probably accounts for the normal
fruit development observed in the crosses (Morakinyo
and Adebola 1991; Aliyu and Awopetu 2007).

The study showed wide variability in genotype
compatibility in both cross- and self-pollination. Fol-
tan and Ludders (1995) and Sankaranarayanah et al.
(1996) reported similar significant variation in geno-
type compatibility in Australia and India, respec-
tively. The heterogeneity of the parental clones in
their compatibility would make it possible for the
implementation of selective practices in breeding pro-
grams. A non-significant difference of crosses x year
interaction indicates stable nature of the trait and
probably high-heritability value, which offers poten-
tial for selection of compatible cashew genotypes for
breeding and production purposes. Parentage origin
of the clones being progenies of Indian introductions
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that have adapted over a long period of planting may
accounts for absence of the interaction (cross x year)
effects (Sanwo 1974). Mariano and Bartley (1981)
opined that accessions tend to exhibit relative unifor-
mity and similar behavior, due to a high degree of
parentage. Slight reduction in fruit set in 2001 may be
attributed to variation in the physiological factor or
available resources across the years. Northwood
(1966) and Pillai and Pillai (1975) opined that varia-
tion in auxin production across years may accounts
for low fruit set. Stephenson (1981) opined that the
available resource for reproduction might vary in
different reproductive episode. Consistency in fruit-
set pattern for all the crosses, across the 3 years sug-
gests that the trait (compatibility) under investigation
is stable and probably ruled out biennial fruiting habit
in cashew. Selection of superior genotypes in cacao
with regard to yield is usually based on successive
harvest for two or more years (Atanda 1972).

The study confirms allogamous nature of cashew
with about 98% fruit-set from cross-pollination. Sig-
nificant variation between fruit set from cross- to self-
pollination agrees with Northwood (1966), Rao and
Hassan (1957), Ohler (1979), Thimmaraju et al.
(1980) and Wunnachit et al. (1992; but in contrast to
Foltan and Ludders 1995, that recorded no significant
difference between self- and cross-pollination. Never-
theless, the authors (Foltan and Ludders 1995)
recorded the least fruit set in selfing of H-3-13' culti-
var. However, part of the evolutionary success of
angiosperms has been attributed to out-breeding sys-
tem (Sedgley 1994; Wiersma 2003). Low fruit set
recorded from self-pollination in this study supports
Wunnachit et al. (1992) that reported reduction in
yield from self- as compared with cross-pollination in
cashew. Previous studies have suggested post-zygotic
mechanisms for the self-incompatibility or poor fruit
set in selfed cashew trees, as no evidence of barrier in
pollen germination and tube growth to the ovule
between self- and cross-pollination has been observed
(Wunnachit et al. 1992; Aliyu 2007). Sedgley and
Griffin (1989) opined that plants of the same species
might exhibit variation in the strength of out-crossing
as observed in apple and pear.

Data from this work gave a quantitative evidence
of the relationship between pollination and fruit set in
cashew. Fruit set as high as 56% was recorded in this
study as against 3—8% normally recorded in natural
open pollination. Rao and Hassan (1957) reported
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increased fruit set to 55% from hand pollination in
India. Similarly, Sapkal et al. (1994) and Narayan and
Ghosh (1996) reported retention rates of 5—18% from
India. Chacko (1990) found that only 25% of success-
fully pollinated flowers produced mature nuts in Dar-
win, NT region in Australia. Although, this study
show direct relationship between pollination/compati-
bility and fruit set, however, other limiting factors
such, pollinator efficiency/abundance and resource
allocation, must be taken into consideration to
achieve optimum fruit set under natural conditions in
cashew farms. Subbaiah (1983), Nawale et al. (1984),
and Ghosh (1989) remarked that, rather than by the
number of fertile ovules, fruit set in cashew appears to
be limited by maternal resources. Nutritional state of
the cacao tree has been reported as one of the critical
factors limiting fruit set in cacao (Lachenaud 1991).
The problem of low yield in cashew can therefore be
approach from many ways ranging from selection of
compatible parents, nutrition improvement to
enhanced pollination (insect or hand). The wide range
of fruit set (4-56%) recorded for cross-pollination in
this study also throw light into the variability in
cashew yield from such plantations planted to paren-
tal materials with wide gap in cross-compatibility
(Wunnachit et al. 1992; Martins and Kasuga 1995;
Aliyu 2004). Maximum fruit set of 52, 55, and 56%
recorded by Foltan and Ludders (1995) in Australia,
Rao and Hassan (1957) in India and data from this
study (Nigeria), respectively, tends to suggest the
upper limit to fruit set in cashew. Leonard et al.
(1994) corroborates Stephenson (1981) that resource
allocation rather than the number of pollinated female
flowers usually determine an upper limit to the num-
ber of fruit set. This observation is very important to
the farmers and breeders in their efforts to improve on
fruit set in cashew. Data from this study however pro-
vide a quantitative evidence of inefficient pollination
and probably planting of incompatible trees as major
reproductive factors responsible for low yield in
cashew (Wunnachit et al. 1992).

Fruit-set of between 0 and 11% recorded through
self-pollination confirms the existence of partial- to
self-compatibility in cashew. However, inbreeding
depression, which is the expression of recessive dele-
terious mutation (Lande and Schemske 1985; Camp-
bell 1988), may accounts for low fruit set recorded
from self-pollination. About 11% fruit set from self-
compatible clone recorded in this work is among

quantitative evidence of self-compatibility in the crop.
This study corroborates Ohler (1979), Heard et al.
(1990), and Holand-Neto etal. (2002) that have
reported occurrence of self-pollination for cashew in
Tanzania, Australia, and Brazil, respectively. The
occurrence of self-compatibility in allogamous plants
like cashew has been attributed to partial breakdown
of the self-incompatibility mechanism, which was
attributed to increase selection for high-fruit set over
long period of cultivation (Wiersma 2003). Thompson
and Taylor (1966) attributed increased self-compati-
bility in out-breeding plants to increase frequencies of
the recessive S-alleles in a population. Lanaud et al.
(1987) however, reported selfing in cacao when the
amount of incompatible pollen is very small compare
to compatible pollen. Reports on the occurrence of
self-compatibility in some clones across cashew grow-
ing regions, suggests further studies into the molecular
basis of increasing self-compatibility vis-a-vis
inbreeding depression in the crop species.

High fruit set recorded from cross-pollination
among clones (trees) that share the same apple color
requires further investigation into the genetic linkage
between compatibility and fruit (apple) color in the
crop. Such investigation will provide information that
will be useful in the development of high-yielding
varieties of different fruit colors. The results of this
study however throw caution on the sole use of pollen
fertility and pollen-style compatibility as criteria for
selecting high yield in tree crop breeding. While some
clones are good in producing highly compatible pol-
lens and as well serve as broad pollen receivers from
other trees, it was evident that some clones tend to
displayed unilateral compatibility. Some sort of uni-
lateral cross-incompatibility (reciprocal effects)
observed in this study is supported by the work of
Onus and Pickergill (2004) on Lycospersicon. Martin
(1963) quoted by Onus and Pickergill (2004)
remarked that unilateral incompatibility may occur
within species and the example was cross between
northern race of L. hirsutum which, its pollens was
inhibited by styles of most of other L. hirsutum acces-
sions, but reciprocal crosses set fruit. The unilateral
compatibility recorded in some parents poses chal-
lenge to breeders in the choice of parents in breeding
work. Parents with no evidence of reciprocal effects
may be used as either male or female parent in breed-
ing work while clones with such effect need to be
carefully selected as male or female parent depend on
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the direction of compatibility. Studies by Foltan and
Ludders (1995) showed superiority in combining
ability of some cashew cultivars as either male or
female parent, thus corroborating this work. This
approach would definitely have positive impacts on
breeding and overall yield improvement in cashew.
About 34% cross-compatibility and 51% partial
cross-compatibility recorded on maternal plants fur-
ther demonstrate sparsely fruiting peculiar to a typical
cashew plantation, where only about 30% of the trees
in an hectare produce over 80% of the nuts (Martins
and Kasuga 1995; Aliyu 2004). Hence, the selection
of parental materials for orchard establishment should
take into consideration the cross-compatibility status
of such genetic materials as suggested by Wunnachit
et al. (1992). Paired parental clones that recorded high
fruit-set in their crosses and reciprocals (CC08 and
CC01; CCO02 and CC04; CCO05 and CC06) would be
good candidates for the establishment of high yield-
ing cashew fields. It is important to note that selection
of high-yielding materials only based on fruit-set by
the mother trees may turn out to be an incomplete/
ineffective strategy to achieve yield improvement
without recourse to identifying compatible pollen par-
ents/trees. This simple but important step will go a
long way to enhance nut yield improvement in
cashew and consequently increase farmer’s outputs.
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