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A study was conducted to esrablzsh the’ genetz cal -basis of the:characters:of zmporrance in cashew produc-
tion. Six clones held in the Tanzanidn cashew-germplasm collection;-but.of diverse origin, were selected
for study. They were selected on the-basis-of: showmg phenotypzc variation'in. a.number of the main char-
acters of agronomic interest as well as comprzsmg one that was susceptible, and the.other five putatively
showing tolerance, to powdery mildewe Theése-six clones were selfed.and. crossed inas many. combma-
tions as possible. This required that'suitable techniquies were developed to allow controlled pollznarzon
to be carried out. Thecrossing programme resulted in progenies of 13 hybrid combinations and 5 selfs.
These were planted in 4 replications of 12-tree;plots in the field at Naliendele Agrzcultural Research In-
stitute, Mtwara, Tanzania along with vegetative propagules of the parenit tlones. Tree heights and-can-
opy diameters were recorded three years.after planting.-The results showed that the growth:of the seed-
lings was more vigorous than the clonal propagules of the parental clones. It was found thatplant height -
was more highly heritable than canopy diameter at this.siage in the. establzshment and.hence would_be
more readily mampulated by selectionzin.a breeding programme ; ';‘ T A TR
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Most of the cashew trees (Anacardzum
occidentale L.) grown in Tanzania, are.
planted as unselected seeds derived from par-
ents which themselves poss1bly represent an ip-
appropriate or.narrow genetic base ‘Howeéver,
the first stage in the Tanzanian’ cashew breed-
ing programme was to 1dent1fy superlor trees
from within the existing collections and’ farm—
ers’ fields (Masawe- et al., 1998) “Thé posrtron
up to the present time in the cashew-breeding
programme at Naliendele has.been the:carrying
out of sexual hybridisation,between these_par.
ents chosen on the basis of their phenotyprc ex-
pressions of the characteristics (Masawe and
Millanzi 1996 Harries ef’ al 1998) as 1s prac-
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tised in.other countries (Bhaskara Rao 1998).

These chosen clones have also been used to es-
tablish ‘¢seed gardens: ,rrThere is,-however, still
uncertainty about:the characters that can be se-
lected successfully in,cashew and.at-what stage
in.the trees growth this_can be carrred out-and
how effective will partrcular intensities of selec-
tion be. This is because of the lack of
biometrical-genetical information which would
form the essential background to defining a
more_effective breeding strategy. Even the
more 'simple genetical information on major
gene determined traits, wh1ch mrght proy ide ‘the
means -to answer basrc questlons such as. the
natural outcrossmg rate 1n cashew, has been “ab-
sent- untrl recently (Masawe and Calrgarr 1998)
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Slnularly,\ there. is.no 1nformat10n abgyt the
level of selection’ intensity that can be' applred~

to produce any predicted outcome. Therefore,
biometrical-genetical analyses are important in

allowing the future planning of suitable future .
For example, the identifi- -~ ~

breeding strategies.

cation of any'character with a high héritability -

and which is expressed early in development

will clearly:be useful in opening the possibility . .

of a rapid response when subject to selection.in;

the early establishment phase.. Whereas char- .

acters having low heritability and expressed
late in development will only allow slow prog-
ress to be made and efforts possibly wasted un-
less suitable trial designs and plot sizes are

sorls at the Institute be1ng derived from sand-,

- »stones ‘are: deep and coarse ‘textited i, nature.

-used alongside appropriate ways of measuring |

‘the character. Clearly, if such features can be
"established the way would then also be open to
"develop modern methods;.for example-trait tag-

-ging using-molecular markers, in order to im- -

prove selection efﬁcrency in the future (Bos &
-Caligari,. 1995)... .
An ambltlous programme was therefore un-

Lot 1

dertaken to give evidence of the genetical basis .
of as many characters as possible that might be - -

of significance in determining the agronomic

performarice of cashew genotypes.. The pres-. . .
ent results represent the results from the-early - -

years of the material generated and planted to
provide this essential information. Thus the
specific aim of this part of the study was to de-
termine which of the characters that were mea-
surable in the first few years of growth would
‘respond; in their own right,  most readily.to se-
lection. It is also anticipated that measure-
-ments’in later years would be compared and
correlated- measurements -in the present study.

'Materials and Methods .

This study was conducted at the Naliendele
Agricultural Research Institute is located south
of Mtwara town. It occupies a piece of a flat
land near the eastern edge of the Makonde pla-
teau (Ngatunga, 1988), at a latitude of 10°
22°S, 'longitude of 40° 11”E and an altitudé of
120m above sea level (Masawe, et al., 1996.

_The mean annual temperature is about 26°C
‘and ‘'mean annual rainfall is around 1160 mm
which normally falls in a single six month sea-
son, November-April (Ngatunga, 1988). The

b Sorl fertility - levels are/low and.Soil structures

are weakly developed and available moisture
percentages are also very low (Ngatunga, 1988).
The top“soils have- loamy sand textures changing
“with- depth to sand soilta-. 2 < .
Five clones were chosen as prom1s1ng ‘par-
‘ents;, .showmg some resistance tg-powdery mil-

- dew (caused by the- fungus*Otdzum anacardii

Noack) and good commercial attribute, on the
basis of previous data and “breeders’ notés on the
germplasm collection at Naliendele. These
clones which had been assembled in earlier
years and had the identifiers of: AC4, AC10,
AC43, AZA2 and AZA17. Where AC desig-

. nates the clone as being of Sr1 Lankan .origin and

AZ from Zanzibar. In addrtlon ATA19 (ATA
-indicating origin being-in ‘Tanzania) was addi-
tionally selected as a:clone which appeared to be
- susceptible to mildew. It was attempted to cross
the six parental clones in all comblnatlons which
would have given the 6 selfs and 30 crosses, in-
-cluding rec1procals -

It may be noted that no ear11er reports giving
details of any hybridisation scheme being at-
. tempted in-cashew:were found and so the follow-
ing protocol was.developed. Preparations for
.crossing were made by painting a band of grease

- (6-12 cm wide) around the tree trunk and sup-

porting poles, which were used to support the
lower branches. To further reduce the fre-
quency of ants and other crawling insects, weed-
ing was carried-out to create a circle of bare
ground (to the edge of the tree canopy), while
grass in the inter-rows was frequently slashed.

At the same time the whole tree was sprayed
with 1nsect1c1de (Karate 1- cyhalothrln ULV 6)
to ellmmate any crawlmg insects. In addition,

powdery mildew d1sease (Oidium anacardii
Noack) was controlled using wettable sulphur at
.14 day intervals., :

i Panicles of the selected female parents were
bagged using locally made paper bags to exclude
potentlal pollrnatlng xlnsects ‘Each bagged pani-
cle was checked da11y between 07. 30h and
10.00h and all male flowers were removed using
fine watchmaker’s forceps..-Only the hermaph-
rodite flowers were’left, and since the stigmas



are always located above the anther, there was -

Jittle chance of self- pollination occurring, espe-
cially having eliminated pollinating insects. To_

further ensure that no self-pollination occurred
given that in hermaphrodite flowers the stlgma
emerges before the anther, it was 1mmed1ately

hand pollinated on emergence. -- _

Male parents were harvested between
10.00h and 11.00h every morning by com
pletely detaching the male flowers and placmg
them in a covered petri dish ready for use. The

Progenies-in"a ciossing scheme 3

ised-around the periphery:of the experiment, as

4-tree plots, to provide contemporary compari-
sons with the seedlings and addmonally fo act as
guard- rows: - - e

The characters recorded were height and
canopy diameter measured in cm, 3.years after
transplanting. However, the distribution-of both
characters proved to show non-normal error dis-
tr1but1ons and so they were transformation to
logno The analyses ‘'were carried usmg SAS
(SAS Inst1tute North Carolina, USA) and tak-
ing the type III Sums of Squares Proc GLM be-

bag containing the appropriate- female flowers.,, Causg of the missing values There were three

was opened and, using sterilised watchmaker’s
forceps, the anther of the male flower was
touched on the stigmas of several flowers i in the
bag. Where necessary two or more male ﬂow- '
ers were used per panicle. After pollmatlon ;
the bag was resealed. ST

Successful pollination was indicated’ by o

swollen ovaries which, after one to two
months, gave rise to nuts which were b1g
enough for the bags to be opened and the nuts

labelled. All pollmatlons were carried out be- .

tween June and December 1990. Not all at-
tempted crosses or selfs were successfully
achieved, as is indicated in Table 1, but the
crossing programme did give rise to 13 hybrids
and 5 selfs. The resulting nuts were planted in
polythene pots in December 1990 and the sub-
sequent seedlings were transplanted to the field
at Naliendele Agricultural Research Institute,
in March 1991 in a randomised complete block
design with 4 replicates, and 12 trees per plot.
Clonal propagules of the parents (scions
grafted onto seedling rootstocks) were random-

groups of cashew material in the experiment,
namely- parental clones, hybrids_and selfs (the
-later two being collectively referred to-as
“crosses”). . .

Results

The results of the analyses of variance for
, -height and canopy diameter of the “crosses” are
" presented in Table 2. As can be seen there was

“evidence of differences between “crosses” for

‘both characters and this was evident even when
judged against the significant blocks x crossed

interaction. The parental clones, however, al-

though showing significant differences for height
failed to do so for canopy diameter (Table 3).
‘From Table 4° ‘it can be seen that the means of
thié seed derived:iaterial were greater than those
‘of the parental clones for both height and-canopy
diameter.

The her1tab1l1ty of height, for these lines was
estimated by regress10n of offspring means onto
mldparent values (Falconer & Mackay, 1996;

ve v

Table 1: Crossing programme (Partial Diallel) schematlc dlagram N ~

s

Female parent (E) Male parent (G)

AC4 AC10 AC43 AZA2 o AZAlT .. ATAI9. . ..
AC4 + - - a0 - A - ! - -
ACI10 - + + 3 - n + . +
AC43 . . + - S
AZA2 + / . . . +
AZA17 T Domesd e g0 R - + +
ATAI9 + N o - s LA

note:

a.+*“’Crosses"” with more than 48 successfully germmated nuts.

b.-“"Crosses"" with less than 48 (or no) successfully germmated nuts.
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2 Tablé‘2' 'Analy‘si&ofvariance for:the 18 “crosses” 1,2,

le;}n . AP g A AT .
G- Source (NN i e I -_delr Th PR .Me’an;.S‘u'a:_es_ v._'r'”' 11_)’\,\ N
e e l’ ' = oHeight- o o ora e L Dlameter
Blocks' 27 ¢ T tu T £ £/ U
-3 “Cgsses™ L B g g95ed S Y el AP T fagu -
". ‘Blockx"Crosses” ] : <o 0:025%x% Ay o iad -, 51 5004880
- -Error v e 2t 737 - 0.0LI ... . i 30,024 ¢

m thls and table 3, "‘",1"" and * means S|gmfcantly dlfferentat p<0 OOI p<0 01 and p<0 05 respectlvely The szgmfcanCe

Ievels of Crosses was. unchanged whether tested agamst the Error or BIock"‘"Crosses" MS

>,,

M= .'-,:.:S T &y

. sn N il

Table 3 Analys:s of vanance ‘for all 6 parental ‘clones

N CR ul

Source e e - df L _Mean Sguar s T _
‘ o s e ,‘ T Height _' BT ! Dlameter
Blocks 3 0 0.063%¥¥ 1. L +0.0327 -+ -
Clones* _ 5 0.125% 7+ 7 LS 051095 Tl 8
BlockxClones ' 15 ° 0.038** £ 0.066% 2.
Error 155~ 0016 - .- et +2 0.036

" ~en TR Ll S «,.‘:ijx;.v'. el
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Table 4 The means‘of “crosses” (hybrlds and selfs), along thh the clonal propagules ?f tbe parents, for

"~

helght (upper number) and canopy diameter (lower number m ltallcs) m cm.. (No standard

2
- . Male . AC4 .- -ACIQ AC43 AZA2 AZA17251% <ATA19 .
Female i Ao S A PN IR B
SACGE T 691 T - . Lo ""‘-'3
I T TR S S . PRSI A N
. S 2188 C e e . t
CACI0L L T 0 [ 2570 275.4 L2455 .
L e - e 154, ey 1862 208.9 AT -
TAC43NTT I Tt Y e ment e ceygiy A"3()i-.9’
o - - 1669 2344°
AzA “:_'2~188 gt UL 2570
B T 8. . in 2b4 2.0, 1204.2+.
AZA17 275.4 302.0 288.4 - 12 281.8
\ 213.8 5.5 239.9 et g T T S50
ATAI9 275.4 331.1 - - l; 302.0
2138, 254, . " S T am
Clones 138.0 154.9 186.2 1349 . 158.5 190.5
95.5 107.1 128.8 89.1 1047 - 1230 ¢
: | !
for canopy diameter slince no significant differ-
Ditlevsen; 1985; Mahlenbacher ef al., 1993). ences between the parental clones were detected.

The slope of the regression (b, the regression
coefficient) is equal to the narrow sense of
heritability (h’) for that character. This gave
an estimated narrow heritability of 44% for
height. No heritability estimate was possible

Among the hybrids there were 2 families in
which the reciprocal crosses had been achieved

‘and these’ ‘were therefore analysed separately.

The ana1y51s again showed highly 51gn1ﬁcant dif-
ferences between blocks, crosses and their inter-
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Table 5: A

Progenies in a crossing scheme 5
N A Ao A

r hybrrds wrth reclprocals "9

RO ORI MTAY

m\r

res.! a0 TS S A S ERE

Dlameter -

. Heightp# ] ;
3 0036"“'”" 9143:::
Blocks i 03 - 150, 1201-" “O 2:7'2"‘}"
“Crosses’ 1 : O 299::* -0 égg“t =
Reciprocals 1 0.0015 * 6,000~
';“m"'isFam 1 0.083%** 34t
ecip ¥ . ok T00T2EEET
Blockx"Crosses” ?66«' . 0.046%**. e %ggru o .
Efor .- e = g )

evs = P<0.001** = P<0.01 - L

action for both height and canopy dlameter

(Table 5). But more interestingly when they

were tested for reciprocal effects both the. drf-v
ferences between reciprocals and the 1nterac-
tion of reciprocals X families were hlghly sig-
nificant (P <0.01), although there were no-sig-
nificant differences between the families them-
selves (Table 3). This indicates. that the direcs:
tion that the crosses were made affects the
height of the subsequent progenres S

Discussion . S

For the first year after planting (1991).the
rainy season was late and this meant that.losses

of trees were quite high but these were re- -

placed by others which had been planted else-
where at the same time and kept for replace-
ment purposes. Therefore each hybrid or self.
was represented as far. as possible by 48
planted trees, and the few trees that were eyen-
tually missing were mostly attrlbutable to ter-
mite and wind damage. '

The results reported here are those of vege-
tative measurements in the establishmient phase
of the trial. The results of the 1990 ¢rossing:
programme have shown that hybridisation in
cashew, by controlled hand pollination, is
achievable. However, further 1nvest1gatlon'1s
required to optimise the use of-a wide range of
germplasm in crossing programmes. - For €x-
ample, clone AC4, when used as a female in
cross-pollination was only moderately-success-
ful using our technique, while clone AZA2

when used as a male gave disappointing- pOlll-‘

nation results. In general, however,.there,ap >
pear to be no barriers to- selflng in. thrs spec1es
with only the selfing of clone AZAZ Biving Tow

numbers of fruit/nut: set “at maturity .~ Thus. there
"is a need to refine our pollrnatlon protocols
sllghtly but ‘there is no evrdence of: any ‘1ncom-
pat1b111ty system operatlng in-this spec1es St
-~ The results for: height and canopy diamieter
have generally shown’ that “crosses” ‘differed
from ‘the parental clones: The dlfferences may
_be traceable to'two factors: - - B
(1) The “crosses” were transplanted as seedlings
which were raised in polythene bags. resultmg
in vigorous growth but the parents were tip
,grafted onto seedlings (Milheiro and Evaristo,
11994;-Behrens; 1996; Bashrru,,l998) also in
polythene bags and transplanted later and/or
(11)“crosses” tended.to-grow vegetatrvely while
the parental clones tended:-to:grow reproduc-
stively because the scion.wood buds used was
ata mature. stage i.e: flowering- stage (Ohler,
.. 1978). - VRS DRI WRURCUREPE R
This is also the possibly: supported by'the sig-
nrﬁcant dlfferences detected bétween rec1procals
1n wh1ch the” presence *of maternal effects
(Kearsey & Poon1 v1996) 1n the transmrsslon of
the character studied is suggested For example
clone AC10°when used .as a male’parent. on-fe-
male parents ATA19-and {AZA17 resultéd in
moderately tall progemes but- when-used 4s a fe-
male’ to cross ‘with' the same ‘parents the- plant
helght was 51gn1ﬁcantly less (Table 4) The re-
c1procal effects (Hlll et al 1998) on herght and
d1ameter strongly 1nd1cate that the d1rect1on of
the cross must'be- taken into account in; desrgnrng
future cashew biéeding:schemes. However; the
rec1procal effects observed here ‘warrant further
1nvest1gatron because “of the 11m1ted number of
crosses so fa‘r“investrgated More rec1proca1

crosses would help clarlty the s1tuat10n .
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An important outcome of these early results

._ is the_relatively high heritability estimate found = M
- for-height.- At 44% this suggests-that selection - ~ breeding scheme for Tanzania.

could be practised for this character at this:.i -
v BioHybrids Int Ltd, Reading, UK, 128-133.

~H111 J.,Becker, H.C. and Tigerstedt; P-M A

stage and that a useful posrtrve response could

be obtained (Bos &Cahgarr 1995). The results

available from future years, particularly allied,
to those for yield, will be essential in further

elucidating the underlying genetic control of ...
& ying & cic Kearsey, M.J. & Pooni, H. S' 1996 "The

characters in cashew.’and in determining breed-
ing strategies.
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