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Abstract

The aim of t
geograph
lected cas

he work was to provide information on the variability in performance of cashew over different
ic growing sites and on the potential to carry out effective selection. Half-sib progenies of 16 se-
hew clones (Anacardium occidentale L..) were used to establish progeny test trials at Kibiti and

Chikomo. These sites were taken to represent cashew growing areas in north and south Tanzania respec-

tively.

Yield data and vegetative measurements rec

orded from 1989 to 1992 in both sites, were usedtoin-

vestigate the effect of site, progenies and their interaction. The performances of the progenies were com-
pared in terms of their means and variances. There were differences in performance of the progenies in

the two sites in

dicating the existence of genotype-environment interaction. The study identified progenies,

which performed well at both sites, ones that performed badly at both and ones that varied in their perfor-
mance. Thus it was possible to identify parents giving progenies which have wide adaptation under Tan-
zanian conditions. The data were used to calculate the heritability and response to selection for yield,
canopy diameter, trunk cross sectional area and height. The heritabilities, and hence the response, of
yield were low (3-40%) whereas that for height (47-72 %) suggested that it would be a character amena-

ble to selection.

Key words: Cashew, genotype-environment interaction, progeny, yield, height, canopy di-
ameter, trunk cross sectional area, heritability.

Introduction

The existence of genotype-environment in-
teraction (GxE) in plants has been recog-
nized for many years (Finlay and
Wilkinson, 1963; Knight, 1970; Caligari, 1991;
Romagosa and Fox, 1993). The presence of
GxE implies that the performance of a genotype
in one environment cannot be used reliably in
predicting the performance of the same geno-
type in other environments (Finlay and
Wilkinson ,1963). It is important to know if en-
vironmental differences have any effects on ca-
shew genotypes, since such differences have
been appreciated already in other tree Crops.
For example, in rubber the presence of GXE in-
teractions were reporigd in clones but were dif-

* Corresponding author ‘

ficult to detect in progenies (Tan, 1991). In oil
palms GxXE has been observed to be small in
progenies (Rajanaidu ez al., 1991) but significant
interactions were observed in clones (Hee and
Donough 1991) and hybrids (Yong ez al., 1991).

Knowledge of GxE interactions in cashew is
urgently needed to help to determine the optimal
breeding strategies e.g. highly significant GxE
interaction requires breeding for stability or al-
ternatively high yielding cashew genotypes may
be recommended to be restricted to a specific en-
vironment. In other words, it is important to
know whether genotypes bred and selected from
a base in Naliendele, Southern Tanzania, need to
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be trialled in their early generations in other ca-
shew growing regions (and hence entail consid-
erable extra resourcés and expenses) or whether

genotypes selected here will be suitable for

other areas. If the latter is true then onily the
most likely genotypes near to proposed release
to growers, need to be checked in these other
regions in their final stages of selection.

However, in the present study cashew prog-

enies were used because suitable clonally estab-
lished trials were too immature and hence not
ready for observations at the time of recording.
Results from the present study will form a basis

- for further studies of GxE in cashew clones and

cashew hybrids as well as the major objective of
determining breeding protocols. The, objective
of the study was to take two representative sites,

one in the north and one in the sotith of Tanza-

nia, to deterrnine the degree of genotype by en-

vironment interaction that will be displayed by a

range of relevant cashew germplasms.

Materials and Me_thod's

The present investigation was carried out in
two progeny test trial sites (Kibiti and Chikomo)
of the Agricultural Research Institute
Naliendele, Tanzanja. The Kibiti experimental
site is located at a latitude of 7° 40° S, longi-
tude of 38° 55 E and an altitude between
100-200m above sea level in Rufiji district,
Coast region. The mean annual temperature 'is
about 28°C and the mean annual rainfall is
900mm falling in two. main seasons
(March-June and October-December)
(Mwenkalley, 1998). The soil type is a domi-
nating clay loam with patches of sand clay loam

‘with pH ranging between 5.7-6.0 (NCDP,

1994). The soil fertility levels are low (as re-
flected by the crops that are grown in this area,
being mainly: cassava, pineapples and citrus)
and tend to decrease under continuous cropping,
as soil structures are weakly developed (NCDP,
1994). The Chikomo experimental site is lo.
cated at a latitude of 11° 20 S, longitude of
37° 08" E and an altitude of 744m above sea
level in Tunduru district, Ruvuma region. The
mean annual temperature is around 25°C and
mean annual rainfall is about 1150 mm which
falls in a single six months season (Novem-

ber-April). Soils in Tunduru are sandy Wit
some little clay increased in the subsoil. “Thege
soils are moderately acidic, but have myc
higher cation exchange capacity and have More
exchangeable bases, which makes soi] fertilj

- to be good (Soils Department Agriculturg] Re.

search Institute-Naliendele Mtwara-personal
communications) as judged by the Successfy]
cultivation of crops such as maize, beans, ses-
ame, tobacco and rice. These sites therefore
represent the two ends (north and south) of the
cashew growing areas in Tanzania.

The trials were established in 1982 (Kibitj)
and 1983 (Chikomo).. The materials used com.
prised 16 half-sib progenies from the following
parents; AC1, AC4, AC6, AC10, AC22,
AC28, AC43, AZA2, AZA17, AING2, AMs,
AT58, ATRIN, ATA19, AT301 and LOCAL,

- Progenies with abbreviations AC, AIN, AM

and ATRIN are from selected cashew clones
originating in Ceylon (Sri Lanka), India, Ma-
laysia and Trinidad respectively; while those
with abbreviation AT, ATA, AZA and LOCAL
are cashew clones from Tanzania. All proge-
nies came from open pollinated séeds taken
from selected clones in the Mass Selection Trial
at the Agricultural Research Institute
Naliendele, southern Tanzania. These trees
were chosen as representative based on data
collected over several ‘years, on the individual
mother trees, specifically in terms of yield and
percentage kernel out-turn. It should be noted
that the data were collected in years before
powdery mildew was evident as a significant
disease in Tanzania. The seed was sown di-
rectly into the ground, three seeds per planting

‘point and the weaker seedlings rogued out to

leave one tree per planting point. Thedesign
used was Randomized Complete Biock, five
replicates and’6 trees pér plot at a spacing of
12m between rows;and 12m within rows.
Yields_of the 16 half-sib progenies were re-
corded ori a tree by tree basis from 1985 to 1992

in both sites. Nuts, [which had faijen to the floor

were collected from under each tree, at a fre-
quency depending on the time within the season
(every 2-4 days initially, becoming 12 days and,
towards the end of the season, every 2-4days),
the apple detached and the nuts weighed using
field scales (0-10 kgs). How/ever, only yield data

from 1989 to 1992 were used for analysis in the
\\ ~ // .
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resent study. The main harvestmg season was
obserVed to extend from September to December
put at times it was prolonged to as late as Febru
. The vegetative data in the analysrs wh1ch'
:vere recorded in 1992, were helght of the tree
(cm), €anopy diameter (m) ‘measured on assump-
tion that the canopy of the cashew tree was a cir-
cle (Masawe ét. 2l 1998a) and trunk cross sec-
tional area (m %) The height of the. cashew ‘trée
was measured using a measurmg tape. | rarsed
arallel to the trunk from the ground Tevel to the
top of the tree canopy us1ng a long wooden
pole. The canopy dlameter was taken as the
mean of the two- dlameters taken from
north-south and east-west. of ‘the tree.canopy-
The trunks cross sectionaliarea:was calculated
from the circumference. of the trink measured-at
a height of approxrmately one meter-above: the
ground, using a measurrng tape Both y1eld and
vegetative data were used to’ 1nvest1gate the ge-
notype-environment’effects, spec1f1cally these
were: yield (gms), yreld per; canopy ground
cover area (yldCGCA)(gms/m’),-canopy diame-
ter (m), tree height (m) and trunk cross: sec-
tional area (X-area) (cm’)._ ,The_chemlcal,con-
trol of pests and diseases’ was not.;carvried::out
during the four years of-observation: Insect
pests damage part1cu1ar1y Helopeltrs Bugs
(Helopeltis spp) and Coconut“ bugs
(Pseudotherapius wayu) were observed in all
years of the experrmentatron whichi may bé- fea:

tures contributing to loss-of: y1e1d,(Masawe ande- 3

Millanzi 1997).

\
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Before the analysis of variance was carried
out, the distribution of the variables were tested
for normalrty (Snedecor and Cochran 1980)
Srnce most varrables showed skewness or
kurtos1s the data were transformed usmg logxo
before analysrs Further some characters like
y1eld had occasronal values ‘of 0; therefor Tk1
Jas added to" ‘all varrables before transformatron
as recommended by Steel and Torr1e (1980)
The low or zero y1elds was probably due to
powdery mildew d1sease pressure (Waller et
al: ‘*l 992) a’nd/or msect -pest:. attack (Masawe and
Mrllanzr 1997, ‘Martin et al 1997) the slrght
endency, toa brennlal bearrng habit of sOmé of
the observed progenres or some ‘missing plots
The data were analysed us1ng ANOVA in the
SAS stat1st1cal package (SAS Inst1tute North
Carolma, USA) S
@ e geretic 1nterpretatron followed the
Dltlevsen (1985a) modél of half-srb progemes
in which the analysrs of variance was derrved as
shown in Table 1

The narrow sense herrtabrlrty for y1eld and
vegetatrve measulements were estlmate‘d_(from
‘half-sib progeny variances (Falconer 1982;
Ditlevsen, l985b) Tlhe expected response to
seectron (R) was. calculated followrng the for-
miila, of Falconer (1982); R—th’s,\ where K is
the nafrow sense heritability’ (VA/VP) sa is the
standard déviation of breedlng values (i. e.
square root of’the addrtrve g?enetrc varrance
whrch“is equal to %VA) and i’ (whrch was equal
to 1. 271) is. the intensity ¢ “of selectron of 25%
proportlon of the populatron (Falconer 1982)

- R > s
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Source B ¢ MS "Expected MS

Blocks 2 bl Toon ! ’

Progenies i a-l M1 . ~&w + 60 + 16*604°
Error . .- @ @®DY v M2 B ‘gwt + 6o¢ K
Within plots - i or a*bR(w-1) s -~ M3 -~ - gw?

v

A‘ Number of progemes b Number of blocks; w Number of trees per plot G a —(Ml M2)/(b*w) ca’=1/4Va, VA=4ca2;

e’ = (M2-M3)/w;0u> =M3; Vp=

ance among plots; swz—- Envrronmental varience among trees withinaplot, VA= Additive variance; Vp=

g at+ ccz +gw5 Hadd +Va/Vp, o a %=Variance due to progenies; o = Environmental vari-

Phenotypic variance.
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The combmed analysrs of variance, for
Chlkomo and Krbrtr showed hlghly s1gn1f1cant
differences between the two sites, between
rprogenles .and the intéraction of Site with Prog-
eny (P<O .001) (Table 2).. When the éffect of
srte ‘was tested using blocks within site
‘{Block(Slte)} as an’error term similar results
were observed as when tested against the error
term The progenles mean squares were highly
srgnlflcant (P <0°001) when. tested agalnst the
-overall error; 1nd1cat1ng the presence of genetic
vagrablllty in' the. progemes studied. However,
the progenies were not srgnlflcantly different
when tested, using Site- Progeny as an efror term
for any charactér except yield of 1989 and
helght (Table 2). . The interaction of Slte*Prog—
eny “was highly’ srgmﬁcant (P<O 001)_ and this
can be ascribed to dlfferences in sensltmty of
different progenies i.e. thé environmental d1f-
ferences had more effect on some progenres that
they. had on others Thus clearly establlshlng
the presence of GXE 1nteract10ns for all the
characters studied.” . A -
Comparlsons of. the means and the varlances
-of both sites showed highly s1gn1ﬁcantly dlffer-
‘ent for all characters (P<0.001) (Table 3).
ThlS may be parltly due to environmental factors
llke drsease pressure and abiotic dlfferences
rather than simple soil fertrllty, as y1elds at
Chrkomo are cons1stently low and very variable
from year to’ year compared to K1b1t1 1n wh1ch

-.\k._. o

,yield increased from year to. year, (Table 3).
Th1s stresses t.he need to,carry out such tr1als in
order. 0 emp1r1cally assess performance at these
dﬂlfrferent s1tes S1nce m‘é varlances were dlffer-
ent each site was analysed separately to com-
“pare’ the’ performance of the progemes 1n greater
detall R SR e

Lt A P
JENG e T Y L ’/(LA‘\‘s
’

Analysrs of vanance for
Chlkomo site i 3 sbiv - 23 ¢

- KR
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= The' analyslsv'of viriarice“for each‘character
for the Chikomo site alone is’ presented in Table
‘4. The progeny meafi squaré was hrghly signif-

- icant (P <0.01) for all characters suggesting the

‘presence of genetic-variability between the
progenies-(Table 4); irrespective, of what error
ccomparison was made: -+ * - - N

. When cons1der1ng the mean y1eld over the
four years and the mean y1eld corrected by di-
v1d1ng it by the CGCA, the progeny ‘mean
squares were h1ghly s1gn1ﬁcant (P<0001) (Ta—
ble 4) This indicates” tHat there were detectable
genetic: différendes bétween the' progenres for
yiéld potential and’opens the possibility of iden-
tifying better-pérformirg’ progenies and hénce
allowing selection'of .the ‘parent 'trees..” The. coz
efficient of variation:(CV):for the vegetdtive
characters ranged from 6.0% (trunk crossssec-
tion area) to 10:1 % (height). (Table 4). . How-
ever, the range of CVs for the y1elds -‘Was hrgh

ﬂfrom 7. 5% for the y1eld of 1989 to. 65 1% for

----- ‘._-41-

Table 2: Combined analysis of vanance for each of ‘the. characters over the two sités, Chikomo and' Klbltl

et

N SR

i

..Source . .df _ Mean Squares
) Yield log 10) gms | Diam (m) X_area Height(
N - ‘ cm’ m
. ST1089 U 1990. "0 l41999 o _.2:T1992r - Ly mean: .  ..percgca A N e 1
Site 1 14,27 45203 41570 845,02 211.72%%  84.86 7o 772 11.66*
Site (BS) ne ot Adzre 45203 41570 845.02+ 1172 sase ;.09-- 7.727 1.66%%
o . L . Lo oo D, Iwesug
Block(site) ‘8 2200 1562 241 8.67* 067" 0757 +_ 002~ 0.00 0.18%,
, "
Progeny ~ T - 157 . 135 3.66°% 358 la7aee ose= 7 ost~ - goam 013 005"
Progeny (SP) 151 7 135w 368 - 7 388 <2713 ! 058 061 ' 004 0.13 0:05%*
Sito*Progeny 15 1.14= 384 173 36 033 035 ogozer |, gores i fgloiedd
Error 882 038 1.01 078 093 0.1 0.10 0.01 . 003 0.00
Mean 3.03 258 311 2.86 326 1.72 0.8 258 076
cv 2038 3845 2842 3373 1009 - 18.48 854 880 836
FR . ¢ ) - s - -
Tal =l ... tam s e g .4..‘,".11’- Loty RN R v

*#2=P<().005 ** = P<O 01-*=P<0.05; SltC(BS) Site tested usmg Block (Slte) (Mean square) as an error: term Progeny (SP) =

Progeny tested using Slte‘Progeny (Méan square) as ari'error term.
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Table 3: Comparison of means and varlances for the ynelds in dnfferent years at the two S|tes Chlkomo and

Kibiti. . Yoo )

Character _ .._». Chikomo _ Kibitil T-test F-ratio _
___________________ : t~ Mean_v. _ Var.: -Mean__: _Var. Means - > _.Var.

yield _89I _L.2.91 ‘ 0.05 1 3.19 Q.79 15.20** _ 16.50*
yie|d'9'0 1.09 1.53 332 -0.36 186.93** T 4.24*
yield 91 © 5246 1,05 3.81 -0.30 iz, 80.29* w1 3.49™ .
yield 92 1.94 1. 54 . .3.87 019 . | 123.27** 787
yldmean 279 014" 375 005 5581 238"
yldCGCA 1,46 - 0120 1.99 0.06 i 58.43% wT2.02
Diameter(m) o-. 0.81 .., 001, 099 001 37.49* .-1.00
Height 0.65 0.00 0.88 0 00 56.15** 1.33*
X_area 2 49 0.02 2 68\\ O‘OI} _ 1:_3 65** 1.39*

= sngmﬂcant at P<O 01
* =significant at P<0.05.
Var= Variance.

Table 4: ‘Results of the analyses.of variaiice for -the different characters at the Chikomo site.

- S Y

Source df MEAN SQUARES T
YIELD{logt) gms - S dlg;n:tgr ey Xarea® height .
N H z
-t T -+ ‘1'19(9;"_ 1990 < " 1991 1992}” mean. percgca A o L {,
Biock Ot et civozetet. 2sere 401 . ATd61T B T T A Y T ,, o168 T s
Progeny -* < 15~ - 0187 68477 505“:-’ L. T8 oes--_ osa 004=t = 0z 0o4e s o -
Progeny (BF) . 15 ‘?"04-6‘ . _4 564"- 5.05 7. 18"' 0.69,* 084 ™ T 004 T IO 1z 004
Block'Progeny’ - 60 ‘o6 ~198~ 2‘.13'-' 07 0227 L0477, 0017, 004 - 004 °
Error 400 . 005 Do Sisa in 105" 15400 oum S0z ou1 AT I Y
Mean S Rty i100- 5 - 248 194 279 148 - 081 * 7 v rz2a9 Y 065
[ = 750 65.06. ... 4196 83.71 1322 2B 8BY 6.03
’ -t .

S .7 - . - o«

++% = P, 005"”" — P<0! 01"‘ =P<0.05.

Progeny (BP)—Progen{y tested usmg Block‘Progeny (Mcan.square) as an error term.

- » 'A ,( .’ .:‘ ) ._:,! W .
the yield of 1990 despite the data bemg
transformed to logio.o . ., - .

A A AT col
Analysis of variance for Kibiti
site

The analyéié of variance for each of the
characters for the Kibiti site is summarised on
Table 5. For most of the characters the progeny
mean square was, 1n1t1ally highly significant
(P <0.001) but 1f the Block-Progeny (mean
square) was used.as the error-term then there
Were no 51gn1ﬁcant differences in yield (except
yield 1992, P <O 05) but there were significant

differences in the vegetatlve ‘characters. Fur-

ther, in contrast to the Chikomo site, there were
|

no significant differences between the blocks
(P>0.05) for the yield of 1991 and 1992 or for
trunk cross section area and height.

The Coefficient of variations (CVs) ranged

from 11.4% (1992) to 27.8. - The CV for mean

yleld for four years was 6.4%. The CVs for
vegetatlve were low and ranged from 6.5% to
7 5 only indicating a hlgh level of experimental
precmon

-

Herltahlllty and response of
progemes to selection

- Generally the heritabilities were low for
yleld compared to vegetatlve characters in both
sites (Table 6). Height at both Chikomo and
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Table 5: Results from the analyses of variance for dlffirent characters at the Kibiti slte

TS T bR TROWILT B BT e s o e L | R N R LIRS P LIS L
Source df  MEBNSQUAIES e Tk
Yield(logw) gms diam X area height
N L ) w0 et mrey i et -
1989 1990 1991 1992 mean per egca ’
Block 4 3527 -2:68***  0.809 710189 i 0.15% 0.39%*  0.01435".0. 0.04 0.01
N “ LN ~ . 0
Progeny 15 1.87 %« _0.93%% 054+ " o44m '3.00%e* 0.030+5 ‘o 0g*»e 002 WA
S 4 Sk 30.¢ S.Thy
Progeny 15. .187 ' 0.93 " 0.54 0.44% 2,00, 0.143.7 003" T0.08% Q.02 1%
(BP) s e v - wt N D iy
Block*Prog- 60~ 112 ** 0.62%+ 046 o CLI2ee 02 00100 40.04 000" ©
eny T v MR g8 nroat
Error ™ 36°,7,0.79 703670 030 0.19 *,0.06 o.oe:_ , 00 f\; 10,03 ATy
9 ~ Y
R ~ N ~ g, KX .
Mean BT 332 - 381 3.87 “3.75 1986 D gem TTaere TN 0:?7:'3"" "Q
SRR i [N AR o -
e ~ 1N - T SR a ‘_}_"

Kibiti was the most heritable character, (71.6%
for Chikomo and 46.6% for Kibiti) followed by
tree diameter but yields were the lowest sug--
gesting that selection in a cashew breeding
programme will be more éffective for the size
of the cashew tree than selection for y1eld at
least in the early stages Generally it might be
considered that small trees are most desirable
because-they will allow highdensity planting,
giving greater yield per unit area. Already ma-
ternal effects have been reported to €xist in ca-’
shew (Masawe er.al., 1998b)." N )
The percentage response-to selection R) fo
the progenies was higher for most characters at
Chikomo compared. to Kibiti (Table 6) indicat- .
ing that performance of the progenies was more:
pronounced at Chikomo as opposed to Kibiti.

“ v..v L ‘I -’," p

Table 6: Hentabllmes (h’) and percentage ‘response to selectlon (R%) for yields and vegetatlve characters )

for Chrkomo and Klbltl srtes o

" Correlation of various characters

in Chikomo and Kibiti - ~ -

e Y G -

e

The correlation between the characters stud-
ied, for Chikomo site (Table 7), were highly

", e-'significant (P <0.05).except the:correlation be-
_ tween trunk cross-section area versus yield in
-1992, -and height versus yield per CGCA.

In
Kibiti there were highly significant correlation
between most characters (P <0.01) except for
‘the correlation of yield:with height in 1989
(P>0. 05), (Table 8). Generally the 1nd1v1dual
year, y1e1ds were highly . correlated w1th y1e1d in
other years at both sites: Equally vegetatlve
characters were hrghly ‘correlated with-€ach
other in both sités (Tables 7 & 8). s
It is 1nterest1ng to note that yields of individ-
- ual years and the. mean y1e1d of four years were
" positively correlated w1th vegetatlve characters.
However, vegetative characters were negatively
correlated with yieldiper CGCA; but diameter':

was more strongly (negatively) associated-With >
/

) i' o g e RO i
cter Chlkomo N "": Klbltl ("hiknm"n ‘
o ag Th% . h-% ety pns o BB ARR) - -
Yield9 T T U001 N _T’_F,}‘rl 5 - . 0.002 .| ; ,,\072 s
Yield90 36.6 “ 798 SRS B F N = ‘
Yield9! 29.3 33 Mo b Taer
Yieldo2 38.0. ., 144 RETR ';__“' .S 30’
Yidmean' " oo 37.8-. ' L iideg T 109"
YIdCGCA Y5795 . D ERi ’v’a‘.’g “e "}5 3.05°
Diameter 615 ) 0304 CBEYT gt 48
Height -+ ™" 7 U1 el TV Tt e I i oo 152~f"" "0'6‘4‘
X area: 38,9 o UL wER e T 052 N 0.2 2
N L "l)“ x,?ﬁ TPUWTO DTN

i T R e
2 Tout ! Cen T .\(\ ‘\ Ay LS

Shmer o ae )

RN -
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Table'7:" Cofrelations bétweéen the: yieldsin. dlfferent years and with:the vegetative characters at Chikomo'

site B e N R SR BRI S Z SR ST U RS
,,,,,, Character yield vield CEE height . X are, . yeld
191,745, 1, 1992 Tl mean
ot Yoaod e e 22E @i ;
yiel 1989 0.3718 »%¢ 0.399980% . 0.3920 9ve 01230 * 01618 %%+ ... 0.0997 ¢ 0.5606
d . e b N . - LERIR spu} e
‘yilel. 9% ., s 0.6226 % 0.6290 ** 0.2017 4%, 01607 #e¢ 13 p 0.1IS3 ¢ 08066 ]
yiel 1991 [o,luo .. 074w 0.1978'%4s 0.1762 *++ . 0U1813 s*e 0.9023 08037 93> | ¥,
d N . ar . on "
- * Sy, . ? A
ylel 1992 AT Jere 0.1205- ¢4 0.1372 %+ 7 0.0m9 0.8571 07999 ¢+ 'Fh
d . iy et e .
diameter A o e 05531~ 06880 +ee 0.2039 02183 +*» 4
: B \' - \ IO [N i S
. o
height i i P 0 e e N y, 03012 0.1891 00506 . .,
L . -
X _area TR - yo° AW %) K (‘\ - 0.1534 0.1474 #¢» -,
. RS T
mea  yhld s ' . MR PLTof 0.8939 9+
n. R o e A
: LA e i i
- - .-
se=pooos iy b o
#=p<Ol IR T RPN el ",
+=p<0.05 " fL0 :_'"“ :f_ _-‘_ o L0

Table 8: Correlatlons between the y1elds in dlfferent years and with the vegetatlve characters at Klbltl ‘

Character yield diameter height X-area mean © o yield
: R e v . e yield per cgea v
1990 - 1991 . 1992 . t L
Yield 1989 ) 0.53 s%»" ~ 0.38 e 0450 © ‘031w 0.09** 0.34 *= 0.71 ¥»= 0.49%++
U £ S R i - EHRTEE S Sor T
Yield 1990 *. . oo 0310 o 041,00 0.21%%* Q.14 %% 021 %+ ' T0.60*% T Q.44vve" T
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yield,pér unlt area “than is’ he1ght and X- area desirable character:” In this context the tree.di-
(Table 7° and 8y ‘This" suggests that as the tree ' ameter’appears’to-be an’ important indicator, as
canopy grows b1gger the y1e1d per unit'area de-*  tlie"wider the diameter the less the ‘yield per unit -
creases Therefore cashew trees\w1th extended3 area. Lookirg at the.progenies (Table 9).giving:
branchmg pattern may not be des1rable 1n at- " the best overall rankings, AZA17 (ranked.1* at.
tempts to’ increase’ yleld per ur'iit"area Indeed Chikomoand 2™ at Kibiti), AC22'(3"¢"& 319 , =
the pattem ‘of correlatlon suggests that there is° AIN62 (5" & 8") and AC28 (6 and 1%) showed -
little to be lost from selectlng smailer trees 1n“f fa1r1y consistent performance at-both sites as
terms of he1ght and’ _canopy’ d1ameter ‘as’res opposed to others,-such as ATRIN-(2™ & 13%):
flected m«llkely correlated responses ';‘" (’r“:‘ Somé progenies like ATA19 (15" & 12),
ol o '\ 1 ATS8 (16"°& 16™), AM6 (10™ & 11*) and LO- °

Rankmg the progeny means for CAL (12" &- 14”‘) performed poorly at ‘both

yield per, canopyyground cover . Sﬁes mdlcaﬂngl that tftllfse Progemes Were-gener-
area (logm) ‘)* ~_; or i oy ally mot-suitable at-either-site. - ---» - -

L

29 rr 'T"V"

In this experlment h1gh yiéld per canopy
ground coverarea waslconsldered as the most’
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Table 9: Rankings of the progeny means for yield per canopy ground cover-area kg/m’ (logu) at each- of the-

two sites. Their rank order at each site is given in brackets 0 S

Progeny _ Chikomo . . Kibiti_
AZA1T - - 1.777 a(l) r2.076 ab(2) !
ATRIN 1.776 a(2) 1.926 bed(13)

AC22 1.576 b3) 2.049 abe(3)

AC43 1.557 =2 7 b(4) - . 1.979 "~ abcd(10)
AIN62 1.547 - o bs) - - ~ 1.988 abcd(8)
AC28 1.521 I be(6) . 2.100 a(l)

AC4 1.485 ., be(7) 1.891 cd(15)

AC6 | 1.431 bcd(8) 2.014 abc(6)

AC10 1.427 bed(9) 2.011 abc(7)

AM6 1.422 bed(10) 1.974 abcd(11)
AZA2 1.364 bede(11) 2.030 abc(5)
LOCAL 1.362 bede(12) 1.911 cd(14)

AT301 1.324 cde(13) 2.048 abc(4)

ACl1 1.315 cde(14) 1.982 abcd(9)
ATA19 1.232 . de(15) 1.929 bed(12)

ATS8 1163 . 4. e16) 1.845 a1y .
Mean ‘1456 - FL 1,985 RN
Discussion than Kibiti therefore yield of cashew might be

It is evident that there is w1de var1at10n in .

yields and vegetative characters ‘across the sites”
and the size of the Variances due to site have

demonstrated the influence of.environment on -

the performance of the progenies. In the com-
bined analysis of variance for Chikomo and
Kibiti, the interaction of Site-Progeny was
highly significant suggesting that the response
of many of the progenies was not the same to
the environments of the two sites and hence in-
dicating the existence of GxE.

“'Generally, heritabilities for most characters at .

Chikomo were than Kibiti: suggesting that it

would be easier to-make selections at, Chikomo ,

than at Kibiti.

at Chikomo than Kibiti

‘(Anonymous; 1992)

However, it should be noted that _
the disease (powdery mildew) pressure is higher:

which will affect the yield potential of the prog- ,
enies, a feature which. will not always be adi-,
rect breeding consideration if disease: protectlon )
methods aré adopted. However, in [most-cases, -
with smallliolder, farmers; -this fmdmg 1s rele-
vant and will mean. that selectron for good per-_,

formance over the two sites ‘should help-ensure .,

higher yields even in the face of the,presence of :

disease. Secondly, it is clear from other evi-
dence that soils are more fertile at Chikomo

-expected to be higher at Chikomo, but in reality

this was not the case. This clearly indicates that

* ‘there are other factors which are limiting pro--

duction other than soil fertility and which

.emphasise the need for empirical investigations

such as this one. It can be concluded that prog-
enies performing better in both Chikomo and
Kibiti like AZA17, AC22, AIN62 and AC28
are clearly better adapted to the different envi-
ronments. Magari and Kang (1993), when
studying genotype selection’in maize (Zea
mays), cautioned, that. when GxE interaction is
significant its nature cause and implication must..
carefully be examined, Our work suggests that -
slmple conslderatlon of physlcal measurable/
env1ronmental factors may be tlme consummg

and breedmg progress ‘ade, it would howeverf

be more mterestmg toﬁmvestrgate a_number of{,

blotlc factors ‘including momtormg of the’ d1s—'"

ease pressure along s1de abiotic « ones such’ as’

soil analys1s records of rainfall and tempera-"'
ture to characterise further the differences be- .
tween the- sites. ThlS is howéver not necessary“
in the present context'where the emp1r1cally ob- "’
served reactions of the different progenies ate
paramount, 1rrespect1ve of the factors they are

reactmg to



Conclusxon\
The data mdlcated that cashew, progemes re-

sponded dlfferentlally to env1ronmental differ-
ences (whatever the1r cause) Some were stable
across the two. s1tes suggestmg that m the pres-
ence of GxE-the; behav1our of the 1nd1v1dual
progenies need to- be- con51dered atgeach .of the
sites to fac111tate the selectlon of.those that per-
form well at both sifes., Tree height: appéars to
be the most heritable character in cashew,

which need to be considered during hybridisa-
tion program in cashew breeding when selecting
male or female parents. These results are ob-
servations on progenies studied at two represen-
tative sites. Obviously more sites will give even
more information and this would allow an even
clearer choice of the most diagnestic sites.
However, these present results provide strong
evidence for the effectiveness of such trial in a
breeding and selection context. In addition we
have highlighted the potential for selecting tree
size at an early stage in the breeding cycle.
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