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GENETIC VARIABILITY AND INHERITANCE OF QUANTITATIVE

TRAITS IN CUPRESSUS LUSITANICA

SUMMARY

Cupressus lusitanica Miller is an important softwood in Kenyan industrial

forestry. Cummulative analysis of variance data was collected from two
sites within Kenya (Muguga and Elburgon) and used to estimate genetic and
environmental variance components for height, diameter, stemform and canker
resistance in cypress. Heritability estimates suggests that height,
diameter and hence volume may be improved by family (progeny) selection.
However stemforms and canker resistance may be best enhanced by individual

selection.

Genetic and environmental correlation coefficient between the traits were
obtained using covariance components from analysis of covariance. Estimates
of genetic correlation coefficient are positively correlated for all the
four traits. Thus selection for one trait may be improved by simultaneous
selection of any other trait. However the genetic correlation coefficient
found between diameter and stemforms limits the use of diameter as a select-
ion parameter when selection is aimed at an overall increase i1 economic

value.

INTRODUCTION

Cupressus lusitanica Miller is an important exotic soitwood grown in Kenya

for timber production (Dyson 1977). The improvement of econcmic value of
this tree largely relies on selection as a breeding strategv. This select-
ion is generally based on several characters simultaneously and not just cne
as econumic value depends on more than one character. However estimates of
genetic variability for the characters are a pre-requisite to selection
because they make possible a choice o7 the most efficient selection methed,
the prediction of the genetic gain from the selection itself and an estimate
of the ultimate cost. Besides, knowledge of gemetic correlation between
various traits help to improve the efiiciency of selection by use of favour-
able combinations of characters and a.so minimise the retardiny effect of
negative correlations. This study was undertaken to determine heritability
estimates, genetic and phenctypic correlation coefficient of four characters

in Cupressus lusitanica Miller grown at Muguga estate and repl:cated at

Elburgon.
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MATERIALS AND METHODS

The experiment (E.P.86) is situated at Muguga estate compartment 1{G) while
the replicate is at Elburgon {Sokoro compartment 4(F); The former lies
within 1° 12' South, latitude; 37° 37' East longitude at an altitude of
6800 ft a.s.l. with a mean annual rainrfall of 1100 mm and silty loam soil
of aggregate size. The latter is situated at 0° 21' South latitude, 35°
51' East longitude and at 7803 ft a.s.l. Annual rainfall here :s 1300 mm

with sandy soil of poor structure.

The seeds used were raised from a control pollination set-up that involved
five plus trees selected from various localities within Kenya. The pollina-
tion resulted into fourteen successful families under a factoricl mating
design of five males and three females. One family was incorporated as a

missing value to add up to a total of fifteen.

The experiment was planted in 1973 under a randomised block des:gn of 4
blocks each with 12 trees per plot spaced at 2.5 m X 2.5 m. The experiment
was tended under the normal shamba system for the first three yecars. Normal
plantation management practices were carried out. Hence, the trial was |
slashed, pruned to half height at thre: year intervals and thinned to half
the original stock at the age of eight. Assessments on heights and survival
counts were done one year after planting. From the fifth year onwards,
heights, diameter at breast height (DB1), canker scores and stenform scores
were ascessed on a biannual basis up to the fourteenth year. The Elburgon
replicate was not assessed in 1932 and 1987. Damage from canke: disease
(canker scores) and stem straightness (stemform scores) were assessed on a

five point scale as follows:

Canker Damage

(L) NO canker observed

{2) Canker on branches only

{3) Stem canker present but negligible distortion
(4) Stem disterted that value of saw-log impaired

(5) Stem not utilizable for saw timber or tree dying or dead f:-om canker



Stem Straightness

(1) Erect and perfectly straight
(2) Slight bend
{(3) Moderate bend

(4) Severely crooked, butt log and would require cross cutting before

sowing

(5) Stem so crooked that saw-iog canmot be cut from it

Statistical Model and Data Analysis

Plot mean values were used as entries into the analysis of vari:znce of

the families to estimate variance components between the families and
residual error variation. To obtain the quantifying structure cf genetic
variation in the progenies, the variance between the family mears was
further partitioned intec paternal half-sib covariances between nales (0&2),
maternal half-sib covariances between females (UFZ) and the variance due

to interaction effect of males and femeles (G&Fz). This is showm on the

table below.

TABLE 1: Form Of Analysis Of Variance For Control Pollination Frogenies

Based On Plot Means.

Source D.F. Expected Mean Square Observed Component
p q
Replications (K = 1)
> -' M - ‘4 2+ 2 + V.tV
lales (M- 1) d, K(TFM FdM Ve + oVt
_ 2 2 L omE 2
Females (F ] Oﬁ + KO}M + JGF VE + VD + VA
R - ‘4 2 +
fales X Females M- 1) cfw KO’FM VotV
(F - 1)
Residual (K - 1) Oﬁz Ve
(MF -1)

Following Kearsy (1965) each of the two half-sib covariances give estimates

of a quarter additive genetic variance (1l VA)-
4



The Male X Female interaction variance component provides direct estimates
of a quarter dominance genetic variance (E VD). The residual variance
component provides estimates of envivenmental variance (VE). Thus, the
estimates of variance components of additive genetic variance VD and
environmental effects V_ were obtained and used to calculate narrow sense

E
heritabilities of the four traits.

Falconer (1960, 198l) defines narrow sense heritability (h?) of metric
characters as the ratio of additive genetic variance (VA) to total phenotypic

variance (VP).

Hence Vv \ vV
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TABLE 5: Genetic correlation coefficient between four traits in
Cupressus lusitanica,
Trait Diameter Canker Damage Stem Form Score
Score
Height +0.682%= -0, 763%%% =0.240
Diameter - -0.066 +0.04
Canker Damage - - +0.826%%

Score

TABLE 6: Environmental correlation ccefficient between four traits in
Cupressus lusitanica.
Trait Diameter Canker Damage Stem “orm Score
Score
Height -0,479 -0.856%* =113k
Diameter - +(.386 +0.1614
- - +0.704%

Canker Damage
Score

Significance levels — *%% p

% P

* p

0

0.001
0.01
g.1



RESULTS AND DISCUSSION .

(1)

Genetic Variabilicy

Tables 2, 3 and 4 show heritability estimates for Muguga, Elburgon

and that of the two :sites pooled together. At Muguga site, height

and diameter showed nuch lower heritability than stemforms and canker
resistance. The same trend was observed at Elburgon site. When the
two sites were poolec together, the results also showed the same

trend as in the individual sites. The mean height and mean diameter
as indicated in Tables 2, 3 and 4 showed a substantial increase with
the age of the crop. However, the mean stemform score and mean canker
score gradually dropped with increased age of the trees. The decrease
of canker with age could be envisaged as the effect of the trees
gradually healing the original canker wounds with time. Similarly,
the drop in stemform scores is as a result of the gradual rectifica-

tion of stem distortions with the age of the crop.

Several reasons have seen put forward for requiring heritability.
Falconer (1981) outliies two main reasons as determining the criterion
of selection and estinating expected improvemeat from the selection.
The fact that canker resistance and stemform saowed higher heritabil-
ities than diameter and height suggests that improvement of stemform
and canker resistance should be done by individual selection. However
for diameter and height, emphasis should be pliced on family (progeny)
selection. The advaniage of family selection as in the latter case

is based on the fact that individual deviations due to the environmental
variations tend to cancel each other in the fanily means. Hence, the
family phenotypic means is a close representat on of the genotypic
constitution. This acvantage is magnified when a large portion of
phenotypic variance is due to the enviromnment or when the heritability
is low. High inheriténce of canker resistance in cypress has been
suggested by Olembo (1969) who showed that canlker incidences in plant-
ations dropped from 2:7 in 1942 to as low as 4% in 1969 through the
efferts of selection work, Further improvement on canker resistance
could be realised thrcugh individual selection in the present progeny

trials,



(2) Correlation Between Characters

Genetic and environmental correlation for four characters i3 shown in
Tables 5 and 6. The results show that the associations between height/
diameter and canker/stemform scores have a significant posi:ive genetic
correlation coefficient. This indicates that these characters are
pleiotropic or have a common genetic background acting in the same
direction on all characters. The relations between height/canker scores
and height/stemform scores show a strong negative environmental correla-
tion coefficient at significance levels of P = 107 and P = 0.1Z. This
suggests that the environment is exerting a common influence. on these

characters.

Very significant genetic correlation coefficients were found between
the associations of height/diameter, height/canker score and stemform/
canker score. Negative correlation coefficients were found for the
relation between height/canker scores, height/stemform score and
diameter/canker score. From these results, it is evident that increase
in height is strongly correlated with low canker score (or low attacks
of canker). Similarly, height increase showed corresponding drop of
stemform scores thus the stemform improved with height. However,
diameter increase showed a corresponding rise in stemform score and thus
the tree bole becomes poorer as the diameter increases. These results
suggest that selection on the basis of diameter is not strata:gic as it
will only yield positive response on height and canker resis:ance with
the stemforms being poor. Height would however be a better selection
parameter as it yields a more positive respouse by trees having better

stemforms, thicker diameter and higier resistance to canker attacks,
CUNCLUSTIONS

Correlation coefficient between characters is very important for btetter
planning of selection programs geared to improving production characters
like height, diameter and volume. It is possible to improve varicus
characters by selection for one character only. Increase in respcnse to
selection for one character; for instance resistance to canker disease can
be improved by selecting at the same time for another character like height
which is more detectable. This aspect for indirect selection may lead to

more rapid progress.



In addition to correlation studies, heritability estimates can help to
predict genetic gain and hence help in drawing more viable breeding
programs. Although initial estimates may not be precise, they are

important in breeding as the go along way in improving the final outcome.
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