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Seasonal variation in yield performance of 16 cashew clones
on bris soil
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Abstrak

Pcnge luaran kekcras  l6  k lon  ga jus  d i  tanah br is  te lah  d iu j i  d i  MARDI  Sg.

Bag ing  se lama 7  tahun.  Pcrbczaan vang sangat  kc ta ra  da lam t indak  ba las

k lon  x  tahun menun jukkan pres tas i  has i l  genot ip  t idak  s tab i l  dar i  tahun kc

tahun.  K lon  C l1  dan C 2 l  mengc luarkan has i l  yang te r t ingg i  (mas ing-

masing I 535 dan I 1,11 bi j i  kckeras/pokok sctahun) tctapi hasi l  kedua-

duanya t idak konsisten sepanjang tcmpoh kaj ian kerana t ingginya ni lai

s is ihan dar ipada rcgrcs i  1s2 /  mas ing-mas ing  0 .57  dan { }  -s f  l  dan  pcka l i  rcgrcs i

( m a s i n g - m a s i n g  b : 2 . 3 ' 1 * *  d a n  b : 2 . 3 7 * * ) .  P a r a m e t c r  k c s t a b i l a n  i n i

d ib incangkan.

Abstract

S ix tccn  cashcw c lones  were  cva lua tcd  fo r  thc i r  nu t  numbcr  and nu t  wc igh t  on

thc  br is  so i l  cnv i ronment  a t  MARDI  Sg.  Bag ing  fo r  o ,ucr  7  years  (1977 83) .

H igh ly  s ign i f i can t  c lone x  vear  in tc rac t ion  was obscrvcd  ind ica t ing  tha t  y ic ld

performancc of gcnotypcs varied disprgport ionatcly ovcr thc 1'cars. C I I

and C 21 clones have thc highcst mean yields (1 53-5 and I 14,1 nutsitrcc pcr

ycar respectively) but thcv werc also lcss consistcnt ovcr thc vcars of studv

becausc  o f  thc i r  h igh  dev ia t ions  f rom rcgrcss ion  ls r t /  :  { ) .57  and 0 .55

respec t ive ly )  and la rge  regress ion  coef f i c icn t  (b :2  3 -1 . ' -  and 2 .37 ' ' *

respectively). Thc stabi l i ty parameters were discussccl.

Introduction Any new c lones developed must  be wel l -
One of  the major  problems fac ing the adapted to,  and stable in  the envi ronment
cashew nul (Anacardium occidentale L.) in which it is intcnded to be grown.
industry  in  Malaysia is  the lack of  super ior  Ideal ly .  the ident i f icat ion of  super ior
c lones.  Most  of  the present  p lant ings c lones requi res t r ia ls  being carr ied out
compr ise unselected open-pol l inated over  a number of  seasons and at  var ious
seedl ings of  obscure or ig in.  They are poor s i tes.  This is  to  assess envi ronmental
y ie lders and general ly  possess low genet ic  in f luences on character  expressions.  The
potential for most characters. As a result, performance stabil ity is often assessed
the product ion of  raw nuts to support  a us ing regression methods (F in lay and
viable cashew industry  has been very low.  Wi lk inson 1963;  Eberhar t  and Russel
The necessi ty  to develop and int roduce 1966;  Abington 1972).  This  ar t ic le  repor ts
super ior  c lones for  the industry ,  on the per formance and stabi l i ty  of  16
therefore.  cannot  be over-emphasized.  cashew c lones.  The t r ia l ,  however,  was
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conducted only on one site (Sg. Baging).
In the absence of  repl icat ion over
locations, the year-to-year (season)
variation was studied to assess stabil ity.
The effects of plant age will be
confounded within seasons.

Materials and rnethods
Sixteen cashew clones were planted at
8 m x 8 m spacing in a l-ha area in Sg.
Baging in November 1973. A randomized
complete block design (RCBD) with two
replicates was used. Each plot consisted of
five marcot plants. The 16 clones were
selected based on single plant
performance of accessions present in a 35-
ha germplasm plot established in 7964.
The selection criteria used were yield (in
terms of nut number) and nut size.

The plants received 1.2-2.4 kg/tree
per year of bris soil fertilizer mixture
(8.4:8.4:72:2.6 + TE) at the init ial stages
of growth. This was followed with 3.2-4.8
kg/tree per year of 12:12:17:2.5 + TE
from the third year onward. The ferti l izer
was given in three equal amounts at 4
month interval.

The trees started fruiting in 1976, 3
years after planting. However, as the first
year production figure would not be
representative, it was not included in the
analyses to reduce error variation. .Nut
number was recorded for each tree and

continued unti l 1982. In 1981 and 1982,
nut weight per tree was also recorded.
The trees were heavily pruned after the
1981 fruit ing season.

Analyses of variance for all the years
(1976-83) were done on nut number and
similarly for the 1981-82 data on nut
weight. Tests for stabil ity over season with
age of trees confounded were done based
on the method of Eberhart and Russel
(1e66).

Results and discussion
Nut number
In the analyses of variance (ANOVA) for
nut number, phenotypic variance between
genotypes (clones), between years and the
interaction of clone x year were highly
significant (Table 1). The highest mean of
nut number was recorded in C 11 (1 535
nuts/tree per year) while the lowest in
F 413 (277 nuts/tree per year) (Table 2).
The only other clone yielding over 1 000
nuts was C 2l (1 144 nuts/tree per year).

The alternate bearing habit in cashew
is clearly seen when the yearly yields of all
the clones are compared (Table 2). A
'trough' in one year is followed by a 'peak'

in the following year. This gives rise to the
'between years'significance in the analysis
of variance (Table 1). The trough
signifies the time when the plant is
accumulating storage reserves in the 'off-

Table 1. ANOVA of nut number and nut weieht of 16 cashew clones at
Sg. Baging

Source Nut number+ Nut weight+

MSdfMSd{

Rep

Clone

Rep x clone

Year

Clone x year

Error

I

1 5

1 5

6

90

96

I

l 5

1 5

1

1 5

271

594249.21**

I 56 1 563.99 * *

46274.45ns

1693523.77**

135120.47**

36817.67

3.02ns

84.51  *  *

4 .51ns

525.35**

15.49*  +

3.95
+nut number based on 7-year data (1976-83)
*nut weight based on 2-year data (1981-82)
.'Significant at 7Vo level
ns = not significant
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Table 2. Mean yields of 16 cashew clones at MARDI Sg. Baging (1977-83)

Yield (no. of nutsitree)
Clone

r977 1979 1980 1982 1983 Mean

C 4

C 5

C 9

c 1 1

c2r
c 2 2

c 105

F 192

F 193

F 3'79

F  4 1 0

F  4 1 1

F 412

F  4 1 3

F 633

F 896

612

676

454

| 230

854

443

495

477

679

944

640

636

374

424

297

79'7

43'7

694

220

t 487

447

229

303

211

300

668

222

251

1 1 5

212

t58

5 1 0

845

888

419

r 238
| 374

414

874

739

) t z

1 392

636

1  3 1 5

424

408
1 1 A

800

833

923

407

1 970

2 078

267

385

238

2'72

91 1

306

1  0 1 4

358

186

282

388

| 247

771

I  0 1 0

2 846

2 023

7'79
'764

809

402
'765

792

936

6 1 8

401

i82

831

528

644

3 1 1

934

1 010

317

M 1

306

1 5

322

215

479

1'75

135

235

231

112 659cde

614 744cd

359 454f4h

1 0 3 8  . 1 5 3 5 a

221 1 144b

438 412fgh

441 529ef.g

135 445fgh

359 363gh

695 814c

255 438fgh

143 682cde

369 348gh

169 277h

137 301h

3'lO 561def

366983676785404Mean

Means in the same column followed by the same letter are not significantly different at 7Ea level

season' for fruit production in the

following peak season. A similar
production trend was reported for a

different cashew population at the same
location (Salleh et al. 1988). Generally,

the yields in both 'on' and 'off' years

showed an increasing trend with the age of

the trees. However, the trough in 1981 fell

below that of 1980 because of the heavy

pruning done following the 1981 fruiting

season. In 1983, the overall production in

the plot did not show the exPected
increase because of a spell of very dry

weather that prevailed during the floral

initiation and fruit formation stages.

Nut weight
Analyses of variance of mean nut weight
(expressed in kilogrammes per tree) for

the 2 years (1981-82) also indicated
significant differences among the 16

clones tested (Table 1). T\e 2-year data

on nut weight per tree (Table 3) indicated

that C 11 produced the highest yield (9.7

kg/tree per year), followed by C 2l
(6.1 kg/tree per year). C 11 produced

acceptably large nut (5.6 g) and this was

substantially larger than that of C 21

which gave the smallest nut among the 16

clones (4.1 g) F 633 and F 896 clones
produced very large nuts (6.8 g and 6.3 g

respectively) but their respective nut

weight per tree for the 2 years were

significantly lower than those of C 11 and

C 21, suggesting a negative correlation
between the two.characters. Similarly'
their average nut number for the 9 years

were also very much smaller than those of

C 11 and C 21. The other clones were
mediocre.

Stability parameters
A significant clone x year interaction
(Table 1) implies that clones yield

inconsistently in relation to one another
over seasons. This was possible because in

certain years, the weather was more
favourable and high yielders like C 11

and C 21 showed much greater response

than others. Conversely, in poor weather

conditions, all are equally and adversely

affected and good and poor yielders alike
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Table 3. Mean nut weight, nut size and stabil ity parameters for 16 cashew
clones at MARDI Sg. Baging

Nut weight*
(kg/tree)

Nut size
(e) b value s2d

C 4

C 5

C 9

c 1 1

c 2 1

c 2 2
c 105
F 192

F 193

F 3'79

F 410

F  4 1 1

F 412

F  4 1 3

F 633

F 896

4 . 1 c

3.6cd

3.4cde

9 .7a

6 . 1 b

2.9cdef

2.9cdef

3.5cde

1 . 0 h

2.5defg

2 .1e fg

3 .3cde f

1 .8 fgh

1 .4gh

3 .1cde f

3.4cde

4.8cd

5.2bc

5 . 1 b c

5.6b

4 . 1 d

5.7b

4.9c

5 . 5 b

5 . 5 b

4. '7cd

4.8cd

4.6cd

4.7cd

5.6b

6.8a

6.3a

1 . 3 3 * *

0 .79*

0 .87*  *

2.34* *

2.37 * *

0 .57*

0 .92  *  *

0 . 8 1  .

0.40*

l . 0 l  *

0 .94*  *

1 . 3 3 *  *

0 . 6 1 . -

0.43 * *

0.64* *

0 .84 .  .

0 . 1 7

0.23

0 .  r 9

0 .57

0.5-5

0 . 1 7

0 . 1 8

0.22

0.25

0.31

0 . 1 6

0.33

0 . 1 2

0 . 1 1

0 .  1 4

0 . 2 1
-nut 

weight based on 2-year data (1981 -82)
*significant at 5Vo level

**significant at 77o level
Means in the same column followed by the same letter are not significantly
di f ferent

showed low yield. In Sg. Baging, good
weather for cashew production is when
the monthly rainfall during floral
development and fruit formation stages
(February-March) is about 130-132 mm,
followed by about the same or lesser
amount during ripening stage 3-4 months
later. Heavier rain is often accompanied
by pest and disease infestation while very
dry conditions tend to cause the flowers to
wither and abort. Under favourable
growing conditions (good weather and
low incidence of pest and disease
infestation), the 'trough' and 'peak' in the
alternate bearing cycle wil l be l ifted to a
higher level than in adverse weather
conditions. The trough and peak also
showed tendency to increase as plants
became older.

A measure of the relative change in
yield performance in the respective years
for each clone was provided by the
stabil ity parameters. Eberhart and Russell

t't0

(1966) defincd a stable genotype as one
having a high mean yield, a regression
coefficient of unity (b : 1.0) and a
deviation from regression as small as
possib le ( id  :0) .  ' fhe 

table of  b values
(Table 3) indicates significant l inear
regression in all the clones with F 193
having the lowest value. It is the lowest
yielding clone in terms of nut weight (kg/
tree) in 1981-82. Its average yield of 363
nuts/tree per year for 7 years (1971-83)
was also among the lowest (Table 2). The
low b value impl ies that  i t  is  a s table,  low
yielding clone which performs poorly
under adverse conditions, and is not l ikely
to respond to favourable seasonal
changes. The same arguments hold for
F 412 and F 413.  Consistent  and srable
clones exemplif ied by F 379 (b :
1.01 + 0.37)  were general ly  mediocre
bearers.

The two high yielding clones (C 11
and C 21) have the highest b values



(2.34** and 2.37** respectively). the

reason for their high b values is their

sensitivity in response to favourable
seasons. They are unstable but are able to

exploit favourable environment better

thereby giving relatively higher yields

than others. Under adverse conditions,

their yields are substantially reduced but

are nevertheless significantly higher than

the others and consistently so over the
period of study. Their other stabil ity
parameters (szd) were also high. This can

be expected because these two high
yielding clones, evaluated in the company

of low yielders which have different nut

yielding behaviour altogether, wil l surely

deviate significantly from the regression

whose values were mostly generated from

a different group of genotypes.

Conclusion
C I  I  and C 2 l  are promis ing h igh
yielding clones which are sensitive to

changes in seasonal influences while the

low yielding clones are relatively more

stable as explained by their low b values

and small deviation from regression. The
interpretation of the stabil ity parameters

H. Sal leh.  T.  B.  Chai  and M. L Bakr i

in this study may be academic because

even in adverse conditions, the yields of

the two high yielding clones mentioned

were better than the others.
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