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“ The forest is a peculiar organism of unlimited kindness and
benevolence that makes mo demand for its sustenance and
extends generously the products of its life activity: it affords
protection to all beings, offering shade even to the axeman who
destroys it, >—GAUTAMA BUDDHA.

News in Brief
Retirement

Mr. A. E. K. Tisseverasinghe (Senior Assistant Conservator of Forests, Research and
Education) and Mr. K. Arulchelvam, (Assistant Conservator of Forests) left the Depart-
ment to accept assignments abroad. Both of them have been regular contributors to this
journal and we hope that they will continue to lend their support in the future. We
wish both of them success in their new assignments.

Training
Mr. D. L. Jayanetti (Timber Utilisation Research Officer) returned to the island after com-
pleting a course of training in UK.

Appointment

Mr. S. M. S. Subasinghe was appointed as Assistant Conservator of Forests and is now
serving as Assistant Divisional Forest Officer in Kurunegaia.

Seminars

Mr. L. C. A, de S. Wijesifighe (Senior Assistant Conservator of Forests, Reforestation
and Silviculture) and Mr. K. P. Shri Bharathie (Senior Assistant Conservator of
Forests, Working Plans), attended a meeting on ‘Integrated ecological research and
training needs in deciduous forest Ecosystems of S. E. Asia’ held at Benares Hindu
University in October, 1975. The meeting was held under the auspices of UNESCO
in co-operation with National MAB Committee of India and BHU.

Mr. X. Rajapakse attended a seminar on ‘Site Diagnosis’ held in Hungary in
- August, 1975. The seminar was organised by the FAO.
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The Transport of Preservatives Through Green Wood

A. E. K. TISSEVERASINGHE #
(Senior Assistant Conservator of Forests, Research and Education)

INTRODUCTION

THE preservative treatment of green wood by dipping in concentrated solutions of
Boron salts and block—stacking it under covered conditions that impede air movement
within and around the stack, is well established. The method was used successfully
to treat Rubber (Hevea brasiliensis) wood in an attempt to render it usable. This wood
could not be used for other than temporary purposes due to its extreme susceptibility
to borer attack (Tisseverasinghe, 1969 ; 1970).

Treatment of rubber wood required 3 weeks of diffusion storage for 1” thick wood
and 5 weeks for 2” wood. These periods were sufficient for the growth of sap stain fungi
~—in the case of 1”7 timber the growth was mostly confined to the surfaces but in the
2” thick pieces, which had been stored for 5 weeks under conditions of restricted circu-
lation, the sap-stain fungi generally penetrated the whole cross section of the
pieces thus rendering them virtually unusable. This growth of sap-stain occured des-
pite the use of a fungicide—Sodium pentachlorophenate—in the preservative liquid.
This fungicide was selected because it has elsewhere been found to be one of the most
effective in sap-stain control (Cserjesi and Roff, 1964; Arenas, 1967).

Specimens of stained wood were sent to the Western Forest Products Laboratory,
Vancouver, British Columbia, Canada, for examination by Mr. A. J. Cserjesi who
reported that the fungi were species of Penicillium and Aspergillus, both of which
were able to convert Pentachlorophenol to other, less toxic substances—Penicillium at a
much faster rate than Aspergillus. Toxicity tests were carried out at the Vancouver
Laboratory with other fungicides but none had sufficient toxicity to suggest its use
{Cserjesi, 1971}. -

It was apparent therefore that attempts to control these fungi by the use of fungi-
cides were not likely to be very fruitful.

If the growth of fungi could not be controlled by the use of fungicides the only
other way would be to shorten the treatment period leaving no time for the zrowth of
fungi.

EXPERIMENTAL WORK

On the assumption that diffusion was the process at work in conveying the
preservative salts into the wood, and since the rate of diffusion is dependent, amonyg pther

* Present address : Ceylon Institute of Svientific and Industrial Reaserch, Colombo 7.
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things, on the concentration gradient between the preservative layer on the outside of
the wood and the inside, it would be evident that diffusion would he speeded up if a
consistently high diffusion gradient could be maintained. :

A few pieces of green wood were left to soak in a bath of preservative fluid. The
diffusion period was somewhat shortened and the timber was fungus free, but larger
quantities of timber obviously could not be treated by this method. -

Another possible way of maintaining a consistently high concentration gradient
would perhaps be to spray preservative solution over a stack of timber built ir such &
way that all the pieces in the stack would be wetted by the liquid.

Experiment 1

THE first experiment was started on 17.8.1972. Eleven freshly felled rubber logs were
obtained and sawn into 1” planks in the laboratory. 53.0 cubic feet of planks were
obtained. These planks were treated by first dipping in a 25 per cent. Boric Acid
equivalent (BAE) solution made by dissolving Borax and Boric Acid in water
to which was added 0.2 per cent. of sodium pentachlorophenate. These planks
were stacked over a tank in a ‘staggered’ manner so that any gaps in one iayer did not
coincide with gaps in the adjacent layers. This was to ensure that the preservative
spray seeped through the stack instead of dripping through gaps (Fig. 1). A solution
was made by dissolving the crystalline residue left from previous diffusion treatments
and, at saturation, this resulted in a 20.6 per cent. BAE solution at 27°C (tested
by hydrometer and read against Chart in “Plant OCperator’'s Manual of recommended
practice 1967). This solution was prepared in a tank placed below ground level, The
solution was pumped through a perforated overhead pipe in such a manner that the
stack of wood was subjected to a continuous spray spray of preservative solution. The
preservative solution which seeped through the wood was collected in the tank over
which the stack had been built and from this transferred by gravity to the below—
grouni tank. Thus the preservative solution was continucusly recycled. The spray
was turned on for half an hour and off for half an hour continuously. After two days
a considerable drop in the level of the below—ground tank was observed—this drop
roughly corresponded to 60 gallons. Part of this drop could be attributed to evapora-
tion and part to losses by splashing, but a part of this drop was clearly due to absorp-
tion by the wood.

On 21.8.1972 i.e., after four days of the spray treaiment slices were cut from two
planks on top of the stack and spot tested for penetration by the Turmeric test. This
showed complete penetration except for small patches in the centre. On 22.8.1972 ie,
after five days of spraving, the stack was broken and slices were obtained from planks
in the centre of the stack. On testing with Turmeric, these also showed complete pene-
tration. The spray was stopped on the next day and the planks were stacked for
seasoning. '

When the stack was broken and planks, examined, it was found that despite care-
ful stackine of the planks, some parts of some of the planks were dry and untouched
bv the nreservative. However, testing with turmeric showed that these areas were
also penetrated by the preservative,

-
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Chemical analyses done on two samples indicated the following loadings:

Sample Core % BAE  Skell % BAE

1 e 0.30 w1 LS
2 S 094 .. 1.76

Since these retentions were much higher than .srequired, it was decided to use a solution
of less concentration in the second trial. -

Experiment 2

In this {rial therefore, a fresh solution using Borax and Boric Acid was prepared
Although sufficient Borax and Boric Acid was used to prepare a 10 per cent. BAE solu-
tion, ai the atmospheric temperature of 77°C only a solution of 8.6 per cent.
of BAE could be obtained (tested by hydrometer). On this occasion 48.9 cubic feet of
15”7 and 24" rubber wood were sawn. Of these, three 2i” planks and six
13" planks were weighed before and after treatment. The stack was prepared as des-
cribed earlir with the 23" planks at the bottom. On this occasion the planks were
not dipped before spraying. Spraying commenced at 2.30 p.m. on 6.12.1972, using the
same cycle—1/2 hour on and 1/2 hour off—as before. :

On 8.12.1972 ie. aiter two days, samples of the 1§” planks were tested with
Pyrocatechol violet and penetration was complete. On 9.12.1972 the 11" planks were
stacked for seasoning and 23" planks were tested with PCV. The test indicated com-
plete penetration except in samples which contained pith where an area round the

pith was not penetrated. Accordingly the 25" planks were also stacked for seasoning.
The results of the weighings are shown in Table 1. :

The above figures indicate a comparatively low BAE retention. Chemical analyses
done by the method described earlier (Tisseverasinghe, 1969) presented a very different
picture. Samples were taken at different points in the cross section (Fig. II) and the
results are shown in Table 2.

TABLE 2
Sample A B c D E F
BAES, e BB L B8 mE LR L A B

These resulty were somewhat remarkable and appeared to indicate that scme
mechanism other than mere absorption of preservative was at work, No doubt diffu-
sion also plays a part, but diffusion cannot explain the speed with which penetration had
taken place. Absorption alone cannot explain the big difference in figures obtained from
a measuure of absorption and those obtained by chemical analyses (unless there had
been exchange of cell sap and preservative).. At one stage it was suspected that living
parenchyma cells in the wood took an active part in the transfer of preservative to the
inside of the wood, but this view was quickly abandoned whe it was found that there was
no difference in penetration in pieces of wood which had been dipped in boiling water
before treatment and that the rate of penetration of cell poisons such as Copper Sulphate
was no different to that of the Poron preservatives. It was observed that the areas

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

61

. TABLE 1
Weight . .
Thickness of Planks Cubical . v Solution  BAEuptake  BAE Y%
content Before After uptake : _
Treatment Treatment - )
(1.3) (1b.~~0z.) (b—oz) (bJ13), @113y :
118" o OEE AR LS T R N e L 0
11/8” - 030 L 338 . WLy S0l L oeis L. 04
118 098 L a8 vl USag s as T M o 0W
1158° ARl . Asdg. . BEAaTe S o ess ..o 03
138" ESERE: 1 SRR . SR O TR - SRR . SRR
118" sl O TRl  E Be Beigge T S - oo Al
21/2" .. 0BT .. 63—8 .. 65— .. 2.0 . 017 .. 04
212 .. 0985 .. 6512 .. 67—12 .. 20 o 017 .. 048
212" oo LATL .. 93—8 .. 9%6—4 .. 20 > 018 .. 043

which were unpenetrated by preservative invariably had tylosed vessels. Sometimes
untylosed vessels appeared in the midst of a generally tylosed area and preservative had
penetrated into these vessels. It was apparent therefore that the open vessels in the wood
played an important part in this transport. What mechanism was at work was not clear.
Further experimental work was done in an effort to elucidate this point.

Experiment 3

First of all a preliminary experiment was done in order to determine the minimum time
required for complete penetration of the cross section of pieces of different thicknesses.

In all the previuus trials, by the time testing was done, penetration was found to be
complete.

A small-scale spray apparatus was set up with a;spray cYcI of 15 mts on and 15
mts. off and various cross sections of freshly sawn ritbber wcocf weﬁe obtalned from the
Boron ireatment plant run by the Sri Lanka Industrial Develnpment Board. The
pieces were brought to the laboratory wrapped in polythene.: It was found that 1” x 1"
battens were fully penetrated in 12-15 hours of spraying while 47 x 3” pieces required

24 hours of spraying. In the 4”7 x 4” pieces, penetration was complete after 24 hours
wtvlosed areas remianing unpenetrated.

Experiment 4

An experiment was then set up to find out what effect spraying had"; on the méveﬁlenl
of preservative through the vessels. Two pieces of freshly cut rubber wood of 2” thick-
ness were selected. Polythene bags filled with the preservative solution were tied on

and sealed in such a manner that about half the length of the pieces were fully immersed
.in the preservative (see Figure III).

The exposed portion of one of the pieces was then subjected to a spray of water (15
minutes ‘on’ and 15 minutes ‘ off ’) while the other piece was left unsprayed. When
these pieces were subsequently spot tested it was found that the penetration in the un-
sprayed piece was significantly better than in the sprayed piece. Also that in the uns
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sprayed piece the penetration was better close to the bag of preservative and the dis-
tribution was uniform while in the sprayed piece penetration was better in the core of
the piece as compared with the shell. The penetration inthe unsprayed piece wag no
doupbt due to hydrostatic pressure but it was difficult to explain why the same result
Was not obtained in the sprayed piece. Spraying appeared to cause a pressure in the
sprayed area in a direction opposed to that of the hydrostatic pressure. It might be
thought that this could be a result of the pressure exerted by the water dropping from
a height but this cannot explain why there was no penetration along the edges where
the water merely flowed over the piece.

Experiment 5

It was possible that the forces exerted by capillary action in the vessels might be responsi-
ble. Working with a simplified model might have thrown light on the mechanism; how-
ever, since it would be impossible to make a model to simulate wood, it was decided to
work with a single capillary tube. A fine capillary tube of diameter 0.2 mm. was obtained
from a broken thermometer, A suitable length of this was cut and. fixed in a drilled hole
- in a half section of 1/2” PVC pipe (to a form a gutter) so that the surface of the
capillary was flush with a inner surface of the pipe. (See Figures IV and V).

The capillary was then dipped in a cylinder of water till the water minescus in the
capillary just reached the top. When water is allowed to flow along the PVC gutfer it
begins to flow through the capillary, the rate of flow depending on the height (k) of
the top of the capillary above the level of water in the cylinder for a given capillary
diameter. By mixing the water flowing over the capillary with a dye it was possible to
measure rate of flow fairly accurately. The rate of flow was measured between two gra-
duations on the thermometer stem at different heights of the meniscus. When values
of time (t) were plotted against height, the graph in Figure VI resulted. The graph
corresponds to the formula { = :"—-«—- where k is & constant for the capillary andd liquid.
When the cylinder was lowered so that the meniszus did not reach the top of the capil-
lary, water flowed over the tuhe w1thout entering the capiilary.

... The;reason for this ﬂow through the caplﬂary tube is that when the meniscus is at
the surface and water paSaeq over it, the water becomes continuous with the water in the
capillary and thus the meniscus is broken Surface tension then no longer operates and the
water in the capillary begins {o flow: down by gravity drawing with it the water flowing
over the capillary. If the meniscus does not reach the top of the capillary, water flows
over the capillary and not through it—the air bubble between the meniscus and the top
of the capillary preventing the breaking of the memscus by the flowing water—and surface
tension is not releaéser]

Experimeni 6

The question arises as to whether this obser ved effect plays any part in the penetration
of spraved wood. An experiment was then set up in a manner opposite to that of Experi.
ment 4. Two pieces of 2” thick and 177 long fresh rubber wood were selected and hal¥
of each piece was tied in a polythene bag to prevent drying and io prevent the
preservative liquid from direct contact with it. The mouth of each bag was provided
with a leak-proof seal. The free half of the pieces were then sprayed with pre-

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

_l'?':i_: e

] ) &
" g YL=Graph of time (1} against heig. .t (h).,

_ \*\\ %eé{fu Spray

Leabi-proot Sezal

Fig. VII—Side view of 27 thick timber showing half enciosed in
f polvthene bag while the other half is subjected fo «
preservative spray,

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

L]

servative of 13 per cent. BAE concentration accodding to a 15 minutes on and 15 minutes
off cycle. After 12 hours of spraying one of the pieces was removed and 5 slices were
cut in the part enclosed in the polythene bag at intervals beginning from the end
near the seal (No. 1) and ending with the slice near the end (No. 5). These were tested
for penetration with turmeric and showed almost complete penetration in slice No, 1
grading with less uniform penetration to slice No. 2 islands of penetration in slice No. 5.
There was no difference in the pattern of penetration to indicate which part of the
wood was at the top (and thus received the spray directly) and which at the bottom.

After 20 hours of spraying the other piece was removed and similarly tested. The
pattern was very similar except that the penetrated areas were larger. :

The sprayed portion of the wood which had received the spray for 12 hourg was
also tested and the penetration was found to be complete.

In both these pieces it was noticed after a few hours of spraying that the portions
within the bag had got extremely damp. In one of the bags there had been sufficient
exudation of liquid to collect in the bag. This liquid was removed and analysed and was
found to have a concentration of 4.9 per cent. BAE. Preservative from the sprayed por-
tion had thus moved to the unsprayed portion and the exudation consisted of preservative
mixed with cell sap. This could only have taken place through the vessels.

DISCUSSION

The very first experiment showed that it was possible to treat green wood with
preservatives and to obtain complete penetration in a very short period of time using
preservatives of comparatively low concentration. The other experiments were done only
to attempt to elucidate the mechanism involved. Many more stacks of wood were treated
in this manner but are not mentioned in this paper since the conclusions were the same.
These other treatments however established the fact that the preservative concentra-
tion required to attain a retention of approximately one-third pound per cubic foot was
only 5 per cent. BAE,

It may be considered as established therefore that spraying of preservative solution
on fresh wood causes a movement of preservative in the vessels which is of sufficient
force to exude out in other parts of the wood. What mechanism is at work in this trans-
port is not very clear. In a vertical glass capillary, movement of liquid through the
capillary is by gravity. Perhaps gravity plays some part in the movement of liquid
through sprayed wood but this cannot explain the horizontal and sometimes upward
movement which must occur if the wood is to be completely penetrated. It is suggested
that this is due to differential release of capillary tension in the vessel system of wood.
The assumption is made that the sap in the vessels of green wood is in tension and that
the meniscus of each vessel is at the surface. When preservative solution flows over a
particular vesse! it breaks the meniscus thereby releasing the capillary tension within
it. This causes the preservative solution to be sucked into the vessel. Since the vessel
system in wood is continuous and ramifying, it will be open to the surface at several
different points. Tf the release of tension at one opening is not opposed by the release
of tension at all the other openings, the preservative solution will be able to
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penetrate deep into the wood. If on the other hand, the pressure is equal everywhere (as
would happen if the wood is soaked in a bath of preservative) there would be little
penetration because the release of tension at various points in the system of capillaries
would be balanced. When the wood is sprayed with the preservative solution however,
the pressures at all points aré not equal and the preservative thus has a chance of pene-
trating deep into the wood. When the spray is shut off, the menisci are re-established in
the vessels, tension is set up in the 1 quid within the vessels and the system is ready to
absorb preservative solution when the spray is restarted. Thus the on/off spray cycle
acts as a pump. From this it will be evident, (and experimental work bears this out}
that penetration occurs even in areas which are not touched by the preservative,

This alsp explains why in the experiment depicted in Figure III, the unsprayed
control had greater penefration than the sprayed piece. The release of capillary
tension acts in a direction opposite to the hydrostatic pressure of he preservative solu-
tion.

Unlike the glass capilléry the walls of the vessels are capable of absorbing water
and thus even if the capillary menisci are not at the surface, the process of spraying
will tend to fill the capillaries up to the surface.

Since there is transport of preservative solution through the vessels, even parts
of the wood which might remain unwetted right through the whole spray reglme will
still be treated. EXperlII"ent 6 bears this out

CONCLUSION

It is thus possible to achieve rapid and deep penetration of preservative solu-
tions in green wood by an on/off cycle of spraying using a very simple apparatus, The
method is simpler and more rapid than the hot and cold bath treatment followed by
principle of differential release of capillary tension in vessels, in order to achieve
diffusion at elevated temperatures described by Mc Quire and Goudie (1972). A  new
principle of differential release of capillary tension in vessels, in order tc achieve
rapid penetration of preservative, is used.

The advantages of rapid penetration are as follows:
(1} Lowered inventory costs at the treatment point.
(2) Lowered storage costs and elimination of cost of covers.

(3) Complete elimination of fungal attack and following from this, the
elimination of toxic fungicides in the preservative formulation,

(4) Lowered heating costs as heat may be required only to dissolve  the
salts and heat to maintain high concenfrations of salt in solution.
Under ambient conditions prevailing in Sri Lanka, heat is not
necessary.

(5} Poss'bility of treating finished wood thus doing away with the practice
of removing the best-treated timber in planer shavings.

NOTE.—The method of treating green wood with preservatives deseribed in this
paper is the suhiect of Patent anplications in Sri Lanka (No. 6951 of 2.9.1972) and

Britain (No, -58515/73 of 18,12.1973).
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Design and Analysis of Progeny Tests

K VIVEKANANDAN
(Research Officer, Silviculture)

INTRODUCTION

FOREST genetics when compared .v.rith agricultural and horticultural genetics is a 'young
science and most advances in tree breeding have been made through the use of genetic
principles derived from research on plants and animals.

Although the experience of the past twenty years has shown that these principles
can be applied in forest genetics and tree breeding there are some important differences
to be considered. Agronomists often have emphasised the development of pure lines, while
the horticulturists aim to develop cultivars of fruit trees which can be propagated vege-
tatively. Thus agronomists and horticulturists place emphasis on the development of cul-
tivars consisting of individuals having basically the same genotype.

By contrast the use of monocultures comprising single genotypes is not common in
forestry and since in the great majority of forest trees the forester cannot satisfactorily
use either pure lines or mass produce vegetative propagules he must resort to the task of
producing high quality seed.

This high quality seed is commonly produced in seed orchards which are composed
of clones or seedling progenies derived from selected individuals (plus trees) found in
natural stands or plantations. Selection of these individuals is initially based on their
phenotypic value. But the phenotypic expression of a tree is the result of genetical and
‘environmental factors. To determine the breeding value of the selected trees these two
components must be estimated and this is achieved by progeny testing.

THE OBJECTS OF PROGENY TESTS

The objects of progeny tests are two-fold:
(1) to determine such quantitative genetic parameters as heritability, combin-
ing ability and genetic correlation, and

(2) To identify the best progenies.
Estimates of heritability, combining ability and genetic correlation are essential to calcu-

late genetic gain and construct selection indices, a knowledge of which is in furn
necessary to identify the best progenies and advance the breeding programme.

The terms heritability, combining ability and genetic correlations are defined
here :
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(a) Heritability.—refers to that portion of the observed variance in a trait or traits
which is due to inherent factors. Heritability may be expressed in the narrow or broad
sense. Narrow-sense heritability refers to that part of the total variance due to additive
genetic factors, while broad-sense heritability refers to the variance due to all the genetic
factors, that is, the additive, dominant and epistatic effects of genes (Lush, 1956 : Kemp-
thorne, 1957), Heritability is usually denoted by the symbol h? and can be expressed
as a fraction or as a percentage of the total variance.

(b} Combining Ability.—the terms general and specific combining ability were ori-
ginally defined by Sprague and Tatum (1942) who wrote the term ‘general combining
ability’ is used to designate the average performance of a line in hybrid comblnatlon
...... The term ‘ specific combining ability ’ is used to des1gnate those cases in which certam
combinations do relatively better or worse than would be expected on the basis of average
performance of the lines involved.

The terms general and specific combining ability can be explained by an example.
Matthews, Mitchell and Howell (1962) made a preliminary analysis of the height and dia-
meter growth 1 + - transplants of larch progenies derived from a diallel test cross. A part
of the data on height growth as given by Maththews et al, (1962) is presented in Table 1.

TABLE 1

Mean Height (in Centimeters) of Larch Progenies Derived from a l)ml,lel Test Cross
{Matthews et al, 1962)

Male Parent
Female Parent - S — = et Awan
F2 FRLY J40 ES E 141
n B 57 AT TSR e e
110 54 — 45 64 46 3 52
J40 s — 54 _— s 86 e ¥it] i 10
E6 e 62 64 75 —- S — 5 67
El4i 74 82 57 ¥ — sox g TS £ 71
Mean oY 63 it 64 - 56 69 s 3¢ Overall mean

62
* From Table 1 the following are evident :

(1) Trees J2, J10 and E§ are ofl average better than J40 and E141 when used as male
parents and are said to have a high general combining ability when used as males. Con-
versely trees J40 and E141 are said to have low general combining ability when used as
males.

(2) Trees J40, E6 and El141 are on the average better than J2 and J10 as female
parents and hence they are said to hav high general combining ability when used as
fernales.
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~ (3) Among all the crosses the combinations of JI0 x E6, J40 x E6, J4 x-ki4l
E6 X J10, E6 x J40, E141 X J2 and E141 X J10 are superior to the rest and are said to
have high specific combining ability.

The crosses J10 X El41 and El141 X JO are interesting in that J10 as a mother
produces poor progenies when crossed with El4l, whereas if used as a Tather it produce
good progenies—that is the specific combining ability is high in E141 X J10 and low in
J10 X El41,

When high general combining ability is present selection of the best combiners will
produce good genetic gain, whereas if specific combining ability is high, hybridization will
pay best.

(¢) Genetic Correlation—Phenotypic correlation shows how one variable wvaries
with another and is strictly an association analysis between two variables. Phenotypic
correlation does not separate the variation due to environmental and genetic factors and,
so in breeding work has limited usefulness. It is essential to determine whether two
traits are generally assoclated, that is to establish whether the traits are genetically
correlated. If the primary object of a breeding programme is to produce more rapidly
growing trees it is desirable for example, to establish whether rate of growth is gene-
tically correlated to wood properties.

Progeny testing is often a slow and long-term process and because relatively little
is known about the correlation between juvenile and adult traits, it frequently is not possi-
ble to predict the period of time required to provide reliable information on heritability,
combining ability and genetic correlation for traits important at rotation age. There are,
however, certain juvenile traits such as disease resistance (Squillace and Bingham 1954 ;
Bingham et al, 1969), frost resistance (Ashton, 1958); Pryor, 1956b), specific gravity (Zobel
and Bhodes, 1956) and others that can be determined in a relatively short period of time.

TYPES OF PROGENY TESTS

Progeny tests can be grouped into two classes : (1) One-parent progeny tests or
half-sib progeny tests which compare progenies derived from open pollination and only
the female parent is known. '

(2) Two-parent progeny tests or full-sib progeny tests which compare progenies
derived from controlled crosses. Here the identity of both parents is known.

MATING DESIGNS

The estimation of additive and non-additive genetic variance requires the use of
appropriate mating and experimental designs. The term mating design refers to the sys-
tem of mating used to produce progenies. Cockerham (1963) classifies mating designs as
one, two, three or four-factor designs depending on the number of ancestors per progeny
over which control is exercised. An account of the different mating designs now follows.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

72

-

One—factor Mating Designs. -

A set of half-sib families derived from open pollination or polycross progenies cons-
titute a one-factor mating design. Here only one component of variance for progenies or
co-variance of relatives can be established. Among these designs the open-pollination test
Is the simplest and the progenies indicate the average value of the females when mated
at random. The polycross test (Tysdal, Kisselbach and Westover, 1942) can be done
either by artificially pollinating a number of females with a mixture of pollen collect-
ed from selected trees or clones used as males or allowing inter-pollination among the
clones in a seed orchard and bulking the seed produced by each clone.

The open-pollination and polycross tests are relatively easy to do and allow the
testing of a large number of parental phenotypes. But they give information only on gene-
ral combining ability (gea) and do not permit estimates of specific combining ability (sca)
or the effects of reciprocal matings. Furthermore one-factor mating designs assume that
the male trees contributing to the natural cloud of pollen and the components of pollen
mixtures contribute equally to all the families. This assumption is invalid when the males
differ n periodicity of flowering. pollen production, pollen viability and genetic compati-
bility. In addition if there is considerable genetic variation among the males this mayv
obscure real differences between the families,

The standard format for the analysis of variance and the expected values of mean
squares of a one-factor mating design as given by Cockerham (1963) is set out in Table 2.

TABLE 2
Analysis of Variance for an Open Pollination or Polycross Test

Source of variation br Expectation of
mean squares
Replications o k-1 .. e+ pik
Progenies 55 p-1 .. B% 4 ki
Residual .. Ar-1) (p=1) i g%

The standard formats for the analysis of variance of an open-pollination or polycross test
replicated in localities and time are well documented (see, for example, Burley, Burrows,
Armitage and Barnes, 1966). ]

Two-factor Mating Designs

Such common mating designs as bi-parental progeny designs, complete and partial
diallel test crosses and designs I, II and III of Comstock and Robinson (1948, 1952) are
exaraples, of two-factor mating designs. In a two-factor mating design the identity of both
the male and female parent is known and it therefore provides more genetic information
than a one-factor mating design. An outline of these designs follow: —

(a) Bi-parental Progeny Design.—A total of parents are paired atrandorm to yield
*n families. Genetic information is restricted to between and within family variances.
Table 3 gives the standard format of the analysis of variance for a bi-parental progeny

design.
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TABLE 3 T SOOI,
Analysis of Variance for a Bi-Parental Progeny Design
Source of variation DF Expectarion of
mean squares

Replications £ k-1 .o 8% 4 k3% - ndk

Between families - p-I .. 8% 4+ k&%

Within families 5 n-p .. B'w

X n = total number of plants
X k = number of individuals within one mating.

(b) Diallel Test Cross—Here n parents are crossed in all possible combinations, to
yield n* families (Table 4). Jinks and Hayman (1953), Hayman (1954, 1958a, 1958b, and
1960) and Griffing (1956a and 1956b) have aH dealt with the diallel test cross in detail and
it suffices here to bring out the salient points.

TABLE 4
Farmat of a Complete Diallel Test Cross Involving Five Parents
Male parent

Female : —_— v
parent A B C D E

A S R R R R

B } 5 R R R

C + -+ s R R

b o + +- 5 R

k + ¥ + + s

S = Selfs, = + Crosses, R == Reciprocais

In a complete diallel test cross involving five parents 25 families or progeny groups
comprised of 5 self, 10 crosses and 10 reciprocals are produced (Table 4). The standard
format of the analysis of variance and expectation of mean squares of a diallel test cross
with no selfs based on the procedures outlined by Cockerham (1963) is presented in
Tables 5 and 6.

TABLE 5
Analysis of Variance of a Diallel Test Cross with no Selfs
PRIMARY ANALYSIS

Source of variation DF 58 Expectation of mean squares
Replications .. i k-1 S T
General combining ability (families) p-1 .o 8y .. 8%++k3%r+2k3 'sca+ k(p—2)6m-+- 2k(p—2)3tsca
Specific combining ability 5 p(p-3)/2 .. 83 .. Ble-+kdir+2kdsca ;
Maternal A I (p-1) .- 8 .. B%-+k8r+4kpdm

@-1) (0-2)
Reciprocal ——— S; .. Selkdw
» ;

Residual S5 o E-Dprp-1) .. 8 .. 3%
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TABLE 6
Analysis of Variance of a Diallel Test Cross with No Selfs

ALTERNATE ANALYSIS

Source of variation DF SS Expectation of mean square
Replications - e k-1 ipt B g —
General combining ability (families) p-i .. S, .. 3% 4+ 2k¥%ca -+ 2k (p—2) d'gea
Specific combining ability o p(p-3f2 .. S. .. B% - 2kd'sca
Reciprocal e p(p-1)f2 o 82 L DlesE kgt
S,
.R_esidgai _ . .. (k-Dprp-1) .. S .. B%

In the primary analysis the maternal and reciprocal sums of squares are calculated
according to Yates (1947) and in the alternate analysis the general and specific combining
ability sums of squares are those given by Griffing (1956b) and Kempthorne (1952).

Although a diallel test cross provides more genetic information it has two main dis-
advantages. First, the failure of crosses and production of insufficient seedlings of certain
crosses, both of which are bound to occur in any breeding programme, can weaken the
efficiency of a diallel test cross. Second, if a large number of trees is to be tested a diallel
test cross is not vpracticable. It is demanding too much of the female flowering capacity of
the parent trees to attempt a large number of crosses and the greater initial outlay in
money, time and materials required to carry out diallel test crosses is not necessarily
repaid by the results obtained. This has led to the development of several modified forms
of the diallel test cross called “partial diallel crosses”.

(c) Partial Diallel Cross—Griffing (1956b) gives models of ‘three incomplete forms
of diallel test eross : (1) a set of in (n-1) crosses alone, (2) a set of 4n (n-1) crosses and
together with selfs and (3) a set of $n (n-1) crosses and their reciprocals without selfs. In
all these cases n denotes the number of parents to be tested. Another modification of the
diallel test cross is the “ chain block incomplete mating design” of Cockerham (1963) in
which each parent has the same number of progenies but all the possible matings among
the parents are not made. There are many variations of the “chain block incomplete
incomplete mating design” and the analysis of such designs is considered in detail by
Matzinger and Kempthorne {(1956), Kempthorne and Curnow (1961}, and Fyfe and
Gilbert (1963). S : '

{d) Nested Mating Design.—This is identical to the North Carolina quel I (NSM 1)
mating design of Comstock and Robinson (1948, 1952) where each member of a group of
parents used paternally is mated to a different group pf parents used maternally and
where no female occurs in more than one group. For example if 20 trees are to be tested
4 trees can be used as males and the balance of 16 trees split up into four groups of
females, each female group consisting of 4 trees to produce 16 crosses. This is illustrated in
Table 7. \ : g :
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TABLE 7

Hlustration of a Nested Mating Design
l‘v_‘fl ‘M2 AMS M4

¥ F, Fy Fy Fy Fg F; Fg Fy Fu Fyy Fy,  Fiy Fyy Fy; Fyy
Py P, Py Py Py Py P; Py Py Pu Py Py Py Py Py Pyg

M = Male parent, F = Female parent and P = Progeny resulting from the cross.

Here, the variance among progenies may be partitioned into males, and females in
males, Table 8 gives the standard format of the analysis of variance and the expectation
. of mean squares of a nested mating design.

TABLE 8

Analysis of Variance of a Nested Masting Design

Source of variation DFE Expectation of mean squares
Replications i = —1 —
Paternal £ o p—1 .. 8% 4+ kid*m/p + k.md®p
Maiernal within paterpal bk pm—1) .. %% k3'm/yp
Residual e .o (k=) (m—p—I) &%

1 J; == number of plots per paternal parent
kg = number of plots per maternal parent

(e) Factoriul Mating Design: This corresponds to the North Carclina Model IL
(NCM II) of Comstock and Robinson (1948, 1952). Here each of a group of parents used
maternally is mated to each other of ancther group of parents used paternally. Of then
parents, each of the males is crossed with every one of the f (= n-m) females to pro-
duce mf families. Considering the example given for the nested mating design (NCM Ij,
out of the 20 trees to be tested four trees can be used as males and the rest as females,
but unlike the nested mating design (NCM 1) the females are not grouped.

An illustration of this mating design is given in Table 9.

TABLE ¢

Hiustration of a Factorial Mating Design

My My My M,
* e » 3
By Fi—Fys Fr—Fg Fy—Fiq
M BcoW -M“ : .M3 Fr—M; Fie M, Fi—M, ..Fw M, F].““M*_ i Fie
M = Maie parent, F= Fe;ﬁalc parent and MF = Progeny fesu]ting from the cross.
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The standard format for the analysis of variance of a factorial mating design and
he expectation of mean squares as outlined by Cockerham (1963) are given in Table 10.

TABLE 10

Analysis of Variance of a Factorial Mating Design

Sonrce of voriation . DF Fxpectation of mean squares
Replications k—1 —
Paternal parents a5 s p—1 .. &% 4 kd'mp + kmd’p
Maternal parents .. o m—1 .. 8% + k&mp + kpfm
Maternal x Paternal .. (m—1) (p—1) ; .. %% + kB*mp
Rasidual e .. (k—D(@mp—I) .. B%

The factorial mating design is essentially a sampling method for testing a large
number of selected trees in g relatively short time. Although the design provides a satis-
factory method of progeny testing it is not so efficient as a diallel test cross because gene-
tic information about reciprocals cannot be obtained.

The 4 tester plan of Zobel and Kellison (1963) used by the North Carolina State
Industry Tree Improvement Programme is a form of factorial mating design employing
four male parents. The 4 tester factorial mating design using four males is also being used
in Idaho in the breeding of Western white pine (Pinus monticola Dougl) for blister rust
resistance (Bingham et al. 1967, 1969).

Three—factor Mating Designs

In a three factor mating design the identity of both the parents and at least cne of
the grand parents is known. Unlike the two factor mating designs which require only
one generation to preduce seed for progeny testing, the three factor mating designs
require two generations to produce seeds. Cockerham (1963) describes several forms of
the three factor mating designs and it suffices here to outline only the more important.

(a) Three-factor Factorial Mating Design : This is identical to the two factor facto-
rial mating design except that an additional factor due to grandparents is introduced. The
details of the methods of analysis are given by Cockerham (1963).

(b} Three-factor l\}ested Mating Design: The three factor nested mating design:
is an extention of the two factor nested mating design considered earlier and includes
an additional factor due to grandparents. A detailed account is given by Cockerham
(1963).

- In some cases the three factor factorial mating design and the nested mating design
are combined and referred to as a “ mixed mating design ”. Details of analysis and inter-
pretation of expectation of mean squares are given by Cockerham (1963). Other forms of
three-factor mating design include the “ triallel or three-way mating designs”. An account
of these designs is also given by Cockerham (1863).
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Four-factor Mating Designs

In a four factor mating design control is exercised over both grandparents and one
Or more great grandparents. This gives rise to a number of relatives and to more compo-
nents of variance. There are a number of different forms of the four factor mating design
but all are essentially extensions of the two factor and three factor mating designs.
Because of the complex nature of these designs a detailed discussion is not attempted here.
Cockerham (1963) has outlined the salient features of the four factor mating designs and
the statistical interpretations are provided by Rawlings and Cockerham (1962).

DISCUSSION

The breeding value of parent trees, selected either by random selection or plus tree
selection is assessed from the performance of either half-sib or full-sib progenies or both
under suitable test environments.

The progenies are produced by means of one or more of the mating designs discuss-
ed earlier and the choice of the mating design depends on the objects of the breeding pro-
gramme. Generally the mating design preferred is that which is simple and yields the
maximum of information for the smallest input of time and laboyr. :

When a large number of phenotypes have to be tested it is most economical to use
a simple one-factor mating design. But as pointed out earlier, a one factor mating design
does not provide estimates of specific combining ability and reciprocal effects. To obtain
estimates of these parameters it is necessary fo use the more complex two factor and
three factor mating designs.. Among these the complete diallel test cross
Is the only mating design giving estimates of all the genetic parameters. But as
noted earlier it has several drawbacks. These can be overcome by using nested and
factorial designs, but the disadvantages of these designs it that they do not give any
estimates of reciprocal effects; however even after sacrificing this the nested and facto-
rial designs stll emerge as suverior o a complete diallel test cross. These designg are
compared in Table 11 in terms of numbers of phenotypes and progenies tested.

TABLE 11

Comparison of Number of Parents Tested and Families Planted with Two-Factor Nested, Factorial
and Complete Diallel Test Cross Designs

Number of Nested design (NCM 1) Factorial design (NCM IT) Complete
parents : diallel test
m=2f m=>5f f=m f=2m f=5m €ross

6 e 4 s 5 oy g e 8 B 5 = 36

12 o 8 o 10 4 36 i 32 i 20 .. 144

18 i 0 B2 s U e R D S o S L

24 o 16 i3 20 .o 144 e o 80 .. 576

30 e 20 i 25 e R DL .. 200 T (2 .. 900

54 . a5 S — .. 729 .. 648 o _ i —
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If the number of progenies is fixed (eg. 36) and the total number of trees tested is
used as a criterion of efficiency the nested design ranks first and the diallel test cross last
{see Table 11). On the other hand if the number of trees is fixed (eg. 30) and the number
of progenies tested is the criterion of efficiency the situation is reversed.

Although the nested mating design is the most efficient out of the three designs in
terms of number of parent trees tested it can in some circumstances .actually be rather
less efficient because in this design a male is crossed to a group of females and if some
females fail to produce adequate amount of flowers thus resulting in low seed production
and fewer progenies these less successful crosses have to be discarded along with the more
successful ones in the same group. This can be overcome by the factorial mating design
because here even if there are insufficient number of seedlings of certain crosses only a
limited number of males need be discarded because different males are mated to the same
group of females. By careful selection of the males even this difficulty can be surmounted.
Thus the facforial mating design is the most versatile of the two factor mating designs.

The complexities of three factor and four factor mating designs are obvious and 1t
suffices here to mention that they provide more genetic information, especially the
variance due to epistatic effects. But it is unprofitable to attempt such designs unless
information on epistatic effects is essential.

So far the methods and merits and demerits of the different mating designs have
been examined in terms of phenotypes tested, the progenies yielded by each design and
the number and nature of the genetic parameters that can be estimated. The question now
arising concerns which of the mating designs is the most helpful in tackling the problems.
that a tree breeder must solve. Is there one single design that will provide all the
answers or is it more practicable to do the work in stages? The latter approach appears.
as the more logical and is examined here briefly.

The first stage in a breeding programme is phenotypic selection of trees for one or
several traits and progeny testing the seedlings derived from open-pollinated to deter-
mine whether sufficient genetic variation exists to warrant further work. During this stage
propagules of selected trees can be released for forest planting thus anticipating the exis-
tence of genetic variance. This is a calculated risk but has, for example, been found to pay
good dividends in the Blister rust breeding programme (Bingham, 1966). Omnce the
existence of substantial genetic variation is established the next stage is to determine the
magnitude of general and specific combining ability, knowledge of which decides whether
breeding by selection or hybridization will give the most rapid genetic gain, This is the
crucial stage of a breeding programme because the breeder must now decide which test
cross or mating system to use. Many would prefer the diallel test cross because it offers
solutions to all the problems but the method has many pit falls and this has been recog-
nised in the blister rust breeding programme of Bingham et al (1960) and the larch
breeding programme begun in Britaid by Matthews et ¢l (1962). So the choice lies between
the nested and factorial designs. For the reasons given in (e) the latter should be pre-
ferred. But this is also the point tp assert that there is no one ‘ideal’ mating design
applicable to all breeding programmes and the choice lies entirely with the tree
hreeder and his resources.
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TABLE 12

Symbols and Notations of Genetic and Statistical Parameters

Meaning
Phenotypic expression -
Genotypic effect
Environmental deviation
Phenotypic variance
Genotypic variance
Environmental or residual variance
Variance due to additive genetic effects
Variance due to dominance effecis
Variance due to cpistatic effects
Variance due to blocks or replications
Variance due to genera'i.'combining ability
Variance due fo specific combining ability
Variance due to reciprocal effects
Covariance of full-sibs

Covariance of half-sibs’

- Phenotypie correlation

Genotypic correlation’

Heritability in the narrow sense

Heritability in the board sense

Number of blocks or replications

Number of progenies or families
Covariance due to families for triats 1 and 2
Mean cross products for between families between traits 1.and 2
Between family mean square for trait 1
Between family mean square for trait 2
Covariance due to males

Covariance due to females

Variance due to maternal paernt-

... Variance due to paternal parent

Variance due to maternal parent for triat 1
Variance due to maternal parent for trait 2
Variance due to paternal parent for tra;it 1 ;
Variance due to paternal parent for triaf 2

Variance due to maternal parent within paternal parent

¥ariance due interdction between maternal and paternal parenis

Variance due to progenies or familics
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GENETIC PARMETERS

SYMBOLS AND NOTATIONS
The symbols and rotations used in this paper are given in Table 12 and 13.

TABLE 13
Covariance, Regression and Correlation Coefficients of Different Relatives
(Falconer, 1960)
Relatives Covariance _ Regression Correlation
- coefficient (b) coeficient (r)
VA
Off-spirng of one parent .. VA ve | — S —
; VP
VA
Off-spring and mid parent ., VA i in e —
; yp
VA
Half sibs .. i YA d — a5 —
VP
I1VA -4 VD + VE
Fullsibs .. .. VA 4+ 3VD 4+ VE .. — o

VP

ESTIMATION OF GENETIC PARAMETERS

(a) General : The phenotypic expression of a trait is the sum of a genetic effect and
the deviation due to the environment (Falconer, 1960), Symbolically,

P s s e )

Where P ... Phenotypic expression
G — Genotypic effect
E — Environmental deviations

If genotypes are randomly distributed in relation to variations in the environment
the phenotypic variance can be expressed as follows:—

o i NI SO SR O U

Where 8%p — Phenotypic variance
6% — Genotypic variance
&% — Environmental variance

Wright (1935) defined three components of genotypic variance (i) additive genetic varience (8%),
(ii) variance due to dominance deviations from the additive genetic variance (8°d) and (jii) variance
due to epistatic deviations from the additive genetic variance (82v), so that

O =00 L0 BV L i e 3)

The variance due to the genetic and non-genetic compon.ents is determined by the
use of an appropriate mating design.
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(b} General Assumptions : Several general assumptions are made in intepreting the
genetie information obtained from mating designs. These assumptions are :
(i) Regular diploid Mendelian inheritance ;
(ii) No maternal effects ;
(iii) No linkage or genes ;
(iv) No non-allelic interaction ;
(v) Uncorrelated distribution of genes.

(c) Computation : The different genetic parameters are computed using the geretic
and environmental components of variance derived from the mating designs discussed
earlier. The statistical aspects of the different mating designs have already been dealt with
and only the ‘ expectation of mean squares’ of the different sources of variation are ex-
tracted to show how they can be interpreted in genetic terms. Furthermore only the fol-
lowing five mating designs are considered to illustrate the methods of computation ot

the genetic parameters:
(i) Open-polliniation test ; _
(ii) Complete diallel test cross ;
(iii) Partial diallel cross;
(iv) The nested mating design ;
{v) The factorial mating design.

The detailed discussiofis of the computation of gerietic parameters using different

mating designs have been provided by Cockerham (195‘3) Grlf’fmg (1956b), Kearsev (1965),
Kempthorne and Curnow (1961) and others.

(i) OPEN POLLINATION TEST

The :\xpe(tahon of the mean squares in an f)pﬂh«p:)llmatmn test are as follows: —

S'ource of mrfat:on Expectation of mean aquare\
Replications (k) A% +p 3%
Progenies (p) T8% 4k 8’f
Residual (e) st oy 87 S0 o

5 {5 the variance due the progenies and the groups of progemes are callcd families, whichin this
case are half-sibs. Tn genetic terms 8% f~is the covariance: ‘among half-sibs and estimates 1 VA (see
Table 13) while 8% is equivalent to 82P—Cov HS. Thus 8%f and 8% estimate the following parameters

Component Covariance .. 4 VI} R et g
& CovHS . .. .4t — o )
&% 8pCovHS °° — Eh = $
-4 20831 4fren
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Heritability based on the progeny means for a given rait 15 obtained by the formula :
aef

However, Wright (1962) used the following formula to estimate heritability in a
flarrow sense based on family means :
28%
g o - RO T SRR

2R L~

The doubling of the numerator, (the variance due to female effects) is done on the
assumption that the unknown male effects will equal the tested effects of females (Wright,
1962).

Genetic correlations between traits is obtained from :

£1,2
fg e e B e I PR PP (6)

Square raot of (3 1 x 87 f 2)

and phenotypic correlation is obtained from
Cov1,2 .
Seuare root of (V1—V2)

(ii) DIALLEL TEST CROSS
As noted in the analysis can be done by the method advocated by Yates 1947) or
those of Griffing (1956b) and Kempthorne (1952). The method of Kempthorne is used here.

The expectation of mean squares are:—

Source of variation Expectation of metn squares
Replications (k) S |
gea (p—1) H% -2k 6% sca + 2k (p-2) % gea
sca (p (p-3)/2) 3% -+ 2k8% sca
Reciproeal (p (p~1)/2) B < k&
Residual ( (k~-1)(p*p-1) ) 5%
The genetic interpretations of 8% gca and 6% sca are
Component of _val_vmnce Covariance R VA VQ . V’E’. Ve
Sgea Cov HS Yo A el T Ty
32 sca  'Céov F§ —2Cov HS 5 s A

Heritability in the narrow sense is given by :
28%gea

- {8)

h#(N.S.) ==
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e

Genetic correlation is computed using the formula 6 given under ‘ open-pollination
test’.

Thus as already noted the complete diallel test cross provides genetic information
on general combining ability, specific combining ability, and reciprocal effects and permits
astimates of heritability and genetic correlation. -

(iii} PARTIAL DIALLEL CROSS

The analysis of the partial diallel cross given here is based on the method suggested
by Griffing (1956b) for Model II of Eisenhart {1947). The expectation of mean squares are:

Source of variation Expectation of mean squares
gca (p) Ste - §%sca 4 (p +~ 2) & g
sca (p (p-1)/2) % -+ % sca
Residual (m) e

The genetical interpretations of these variance are :

Component of variance Covariance V4 ¥ b P
5% gea Cov HS 3 24! st
&2 sca Cov FS —2Cov HS — i = s

Heritability in the parrow sense is given by the formula :
2% gea
vP

Genetypic-and phenotypic correlations are calculated using formulas 6 and 7 ves-
pectively given under ‘ open-pollination test’.

Thus the partial dialiel cross provides information on general combining ability,
specific combining ability, heritability, and genetic correlation. Reciprocal effects can-
not be estimated in a partial diallel cross. '

(iv) NESTED MATING DESIGN (NORTH CAROLINA MODEL D)

The expectation of yiean sqUAres are :

Source of variation Expectation of mean squgres
Replicates (k) -
Paternal (p) _ oe -+ k,8%mfp - kS
Material within paternal (p{o—-1)) de + K, &m/p -

o Residual (pn—1) (k—1) e
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Where k; == number of plots per paternal parent
» == number of plots per maternal parent

The genetic interpretation is

Components of varianee Covariaiice A- K VE e
Hip Cov HS i = = -
o'm i Cov FS — Cov HS % S - —
&% -+ Him Cov F§ 4 1 —_ _
Heritability estimates are as follows :
45%p
Ly S B e T (10)
621)
48%m .
AN S e sty (1l
5%p

Ciensic correlanons are cateulated as follows -

{1} Using ihe paternal components of variance and covariance -

4 Cov M
rg (ph =~ s SR e o L)
Square root of (482 p (1)) (482 P(2)) '
. (2) Using the matesnal components of variance and covariance :
4 Cov F
rg ) e G S st AR

Square toot of (482 m(1)) (45m(2))

(3) Using both maternal and paternal componenets of variance and covariance ° <

Cov M + Cov F

rg (pjn} = - : i S T T O (l-”
Square root of (82p(;) + & m(y) (5%p(y) + &m(,))

(v) FACTORIAL MATING DESIGN (NORTH CAROLINA MODEL 1I)
The expectation of mean squares in a factorial mating design are :
Source of variation Expectation of mean squares

* Replications (k)

Paternal parent {(p) d% + k&%pm -+ kmS%p
Maternal parent (m} 9% - kd%pm 4+ kpdim
Paternal x Maternal (pm) " &% + k&%pm

Residuval (pm-—-1) (k—1) &%
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The genstic interpretations of the variance are :

Component of variance Covariance I A4 ) FE K
d%p Cov HS(r) 1 : e
G2m Cov HS(m) . - e
3*pm Cov FS — Cov HS(p) ] . -

Cov HS (m)
Heritability is calculated on the basis of paternal, maternal apd the combined puter-
nal and maternal parents ag follows :

&%p
&% -+ 0fm)
h¥{pm) = o R U e e e o St e T

Genetic correlations are calculated as follows
(1} Using paternal components of variance and covariance :

Cov M (1,2)

rg(p) = A IR el LA R )
Square root of (82p(1)) (6%p(2))
(2) Using maternal components of variance and covariance ;
Cov F (1, 2)
re(m) = e e Bt (Y
Square root of (62m(1)) (6*m(2)
(3) Using paternal and maternal components of variance and covariance *
Cov M (1,2) 4+ Cov FF (1, 2)
. rg(pm) == e it 30

Square root of ( 32P(1) -+ &2m(1) ) ( 32p(2) + &m(2) )

The factorial mating design estimates both general and specific combining ability,
heritability and genetic correlations. It does not provide an estimate of reciprocal effects.

s

CONCLUSIONS

The computations associated with the open-pollination test, complete diallel test
cross, partial diallel cross, nested mating design and factorial mating design have been
discussed. The statistical and genetical parameters each yield can be used as criteria to
compare the five designs. The open-pollination test has the advantage of using a large
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number of parents but has the disadvantage of only yielding two genetic parameters from
which heritability and genetic correlation can be estimated. The nested and factorial
mating designs are well suited to estimate all the genetic parameters except reciprocal
effects. The partial diallel cross appears to have no advantage over the other designs and
the analysis associated with it is arduous. Among all the designs the complete diallel test
cross is the tnost satisfactory, but has several practieal limitations.
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INTRODUCTION

THE simplicity and success of the method of maintaining and observing groups of dry-
wood termites in the laboratory (Tisseverasinghe & Jayatilleke, 1973) prompted this in-
vestigation. Rubber (Hevea brasiliensis) wood is now being treated on a commercial
scale in Sri Lanka using borates. It will therefore be of interest to know what mini-
mum level of Boric Acid Equivalent per cent. (BAE) in wood will be toxic to these ter-
mites, From preliminary observations and from the literature it is known that low levels
of Boron in wood are toxic to the gut protoza of dry-wood termites even if they are
not directly toxic to the termites themselves. Such termites deprived of their gut fauna
starve to death as a result of their inability to digest wood. In practice, this means that
a colony of these termites can never be established in wood containing more than the
threshold level of Boron preservatives, since they cannot survive for more than about
two months without starving to death.

Since termites of the family Rhinotermitidae also depend on gut fauna, these
threshold values may be of use in regard to this group of termites as well. But the prac-
tical value of this is likely to be much less than in the case of the Kalotermitidae which
are confined to the wood chosen by the mating pair to found a colony. Rhinotermitidae
which have access to the ground would be able o survive through refaunation as a
result of perhaps proctodeal feeding. Colonies of fermites of the family. Rhinoter-
mitidae are much more difficult to maintain under strict laboratory conditions which
should also simalate natural conditions. Studies are now being initiated on this group

of termites.

MATERIALS AND METHODS

Thin shices of Etamba (Mangifera zeylanca) or Rubber (Hevea brasiliensis) wood
of 47 x 4” x 0.1” were prepared. These were divided into groups of six.. Each individual
slice was then oven dried and weighed. The selected groups of six were kept in the
laboratory to reach equilibrim with the atmosphere and then impregnated under vacuum

% Prosent address ¢ Ceylon Institute of Scientific & Industrial Research. Colombo-7,
4—A 20031 (4/76)
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with different BAE concentrations of a Borax/Boric Acid mixture. Each individual slice
was then weighed again after surface liquid had been removed using filter paper. They
were then allowed fo air-dry to constant weight. The BAE per cent. based on oven-dry
wood was then calculated for each piece. Each group of 6 slices was divided into two
sets of three and the mean BAE per cent. was calculated as the mean of the three
individual values.

Each set of three was arranged in the form of a sandwich with 0.5” holes drilled in
the top two slices—the bottom slice being left intact. In the first few trials ten fairly
advanced nymphs of Cryptotermes domesticus were introduced into the chambers so
created. Each chamber was covered with a cover glass the edges of which were sealed
with Sellotape thus making the chambers air-tight. One or two sets were left unimpreg-
nated to serve as controls. Observations were made at irregular intervals and survivals
were counted.

RESULTS

In the first trial fairly high concentrations of the impregnating fluid were used (1%,
2%, 3% and 10% BAE) which gave mean BAE retentions, (for the three slices com-
prising the sandwich) on the basis of oven-dry wood, of 0.8299%, 1.749% 2.8189% and
8.5449, respectively.

The termites were introduced into their chambers on 6.1.74. Till 15.1.74 all were sur-
viving. After this deaths began till by 2.2.74 only 2 each survived in the sets impreg-
nated with 1% solution. All the controls were surviving. Table I shows the position.

TABLE 1
Number of Termites Surviving in First Feeding Trial
Species of timber used—Mangifera zeylanica

Number of termites introduced : Ten per set.
Date of introduction : 06.01.74

B.A. E. % 0.83 175 2,82 8.54 Control

Set No.

Number of days after introduction

- 2 3 4 5 =g 9 10
0 M0, 18 8. 40 100 e e .

v A D 1D 0 o W 00 0 8 o T6 B

14 o B T B ST U s S
21 TR | bl e aes: (SRR DRSS TXMES St e e
34 SESN A e RN ERe e I DO S I e e
46 e e I T (e P 0 10
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It is apparent from this table that at high B AE concentrations Boron is directly
toxic to the termites. Even at the lowest level in this trial there appears to be evidence of
direct toxicity. In fact, since B AE% of 0.83 in the wood permitted 4 termites out of 20 to
survive for 46 days, it appears to show that threshold of direct toxicity is near this figure
From a practical point of view however direct toxicity is niot necessary and it would suffice
if the treatment given to wood is sufficient to be toxic to the gut fauna. The next trial
was designed to ascertain this level.

In this trial, 1% BAE solution was prepared and one part of this solution was
diluted with two parts, three parts and four parts respectively of water. The experi-
ment was repsated using these concentrations. The results are shown in Table IL

TABLE i
Number of Termites Surviving in Second Feeding Trizl
Species of timber used : Mangifera zeylanica

Number of termites introduced : Ten per set
‘Date of introduction : 04.03.74

B, A_._}::'; -%HII'M timber . 2 0.300 0.227° 018_9 Controi
s i :
| N-u_mber of days after introduction ) T~

1 2 3 4 5 6 7

7 10 7 10 10 9 10 .. 10

14 w30 7 10 10 8 10 .. 10

21 R (1 10 10 8 ... 10

29 o 10 6 9 9 g8 10 .. 10

33 9 3 7 ) 8 10 10

50 4 2 5 5 5 7 10

57 I 1 2 4 3 i 6 19

64 1 1 1 i 3 3 10

73 - L i - 3 i 10

80 o s ioa T == — —_ 10

This trial was somewhat marred by some early casualties, probably due to handling.
In set No. 2 two termites had died on the day after introduction. However, the result
is unmistakable—after 80 days all the termites in treated wood were dead while all the
termites in the control set survived. This indicated that the BAE percentages used

in the trial, were above the threshold.
The third test was designed to find out the approximate threshold value, One part

of % BAE solution was diluted with water to 2, 3, 4, 8, 16, 32, 64 and 128 part and
these solutions were used to impregnate the slices wocd. Table 111 shows the resuts.
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TABLE IHI
Number of Termites Surviving in Third Feeding Triai

Species of timber used : Hevea brasiliensis
Number of termites introduced : Ten per set
Date of introduction : 18.11.74

0.035 0.019

0.011 0.006

#. A. E. % in timber 0.226 0.167 0.122 0.066
Set No.
Days after introduction
1 -2 3 4 5 6 7 8 9 10 11 i2 13 14 15 1o
14 7 6.._510. TG o 8 E e B Fyn @ % T80 1D
18 6 6.. 3 9. FT B B B8 Suy o Bz 7 OBl 8
2 e 3 N Coond Res o Baw & O g 0 i O By T Wpe iy
24 s B B 3 Far B B & T b D 20 e i S SR
32 2 o Bags 08wy G Fse b s Feep w8t J el R
43 e B Onn B Ou & B & Tane 6 3us 6 8 e Tast9 B
58 e e e A s B Hems 0§ 0 Ban B 8o T B8 F
63 o e e =i Bl e 20 Bawed 3 B B o X 6 9
83 v e i K G e B s 30w B 8 o T OB o 9 F

From this it appeared that the threshold value lay somewhere between 0.03 and
0.122% BAE. This trial was done with only twenty termites at each BAE value. Possible
handling casualties thus caused great percentage errors. It was decided to test the relevant
ranges of retention again using 100 termites at each BAE value. Table IV indicates the

results.

TABLE 1V
Number of Termites Surviving at Fourth Feeding Trial

Species of timber used : Hevea brasiliensis
Number of termites introduced : 50 per set
Dates of introduction ; 15.09.75 for sets 1-6, 09.10.75 for sets 7 and 8 : 13.10.75 for sets 9 and 10

B. A, E. 9 in timber 0.226 0.167 0.122 0.066 0.035
" Ser No.
Number of days after introduction 1 2 3. 5 6 7 8 9 10
0 .. 50 50 .. 50 50 .. 50 50 .. 5 ...50 .. 50 50
15 .. 50 50° .. 50 50 50 50 .. 49 50 .. 48 50
24 .43 42 .. 4 4 .. 48 45 .. 49 50 .. 48 50
32 sn AT 32 ey BT 37 .. 44 44 .. 46 449 .. 48 50
46 w19 e AT 17 .. 38 4 .. 45 47 .. 48 50
54 . & 4 3 e 2200 2T .. — = . A 50
65 Yaoe na 2 1 1 27 24 .. 45 46 .. 45 50
70 3 1 0 | LR 23 .. = = T e e
87 1 1 0 BN ) 8 . — — - -—
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CONCLUSIONS

From the last Table it will be seen that a concentration of 0.122% BAE (based
on oven dried wood) is toxic to the termite Cryptotermes domesticus. However,
there were 18.5% survivors after 87 days. In the next higher BAE% retention
tested—0.167, there were only 1% survivors after 65 days (although at a B A% retention
of 0.226% there were 3.5% survivors after 65 days). Even at the retention of 0.122%
B.AE. there is a progressive increase in casualties as is graphically illustrated in Figure L.

The close correspondence between the curves for B AE of 0.167% and 0.226% is very
striking, but is to be expected if a B AE of 0.167% is well above the threshold of toxicily
to gut gauna. From this threshold, till the level of direct toxicity is reached, death is
taused only by starvation. All deaths by starvation can be expected to run the same course
and this explains the close correspondence of the curves for BAE values of 0.167 and
0.226 %. Both these values are above the threshold for gut faunal toxicity but below the
threshold for direct toxicity. :

The BAE threshold is thus likely to be near the figure of 0.122, hence it would be
quite safe, for practical purposes to fix the threshold at 0.15% for Cryptotermes domes-
ficus.. It is likely that this same value would also apply to other species of dry-wood
termites since they share in common the need for gut fauna to digest cellulose,
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The Present Status of Tree Improvement
work in Sri Lanka *

K. VIVEKANANDAN
(Research Officer, Silviculture)

INTRODUCTION

SRI Lanka (Ceylon) lies between 5°55 and 9°55' North latitude and 79741’ and 81°54 East
longitude. The total land area of the island is 6.6 million hectares. The island could be de-
marcated into two clearly defined climatic zones, the dry zone and the wet zone with an
intermediate zone in between. Nearly 66 per cent (2/3rd) of the island constitutes the dry
zone which consists mainly of flat and undulating iand. The wet zone is situated in the
south and south-western region of the island and consists of the coastal plains and very
rugged mountainous terrain rising up to an elevation of 2750 metres. The mean monthly
temperature varies from 30°C in the lowlands to 20°C in the highlands over 2000 metres.
The annual rainfall varies from 1250 mm to 1850 mm in the dry zone and 2500 mm to 5000
mm in parts of the wet zone. The total population is nearly 14 million people.

Of the 6.6 million hectares of land in Sri Lanka, 4.2 million hectares fall in the dry
zone and 1.5 million hectares in the wet zone while about 0.9 million hectares fall in the
intermediate zone.

According to an estimate made in 1970 the extents of natural forests in the three
zZones are : :

Dry Zone : 2.1 million hectares
Wet Zone : 0.2 million hectares
Intermediate Zone : 0.1 million hectares

The natural forests of Sri Lanka cofitain more than 100 indigenous timber species.
Majority of them are found in the wet zone while the dry zone and the drier parts of the
montane zone contain fewer valuable species and the stocking is extremely poor.

At present, the total timber production from all the natural forests of Sri Lanka
consists of about 200,000 cubic metres. Both the dry zone and wet zone contribute nearly
equally to the total timber production.

Although the extent of natural forests in the dry zone is large (nearly 86%), the
bulk of this is unproductive or low yieiding. Tais togelher with expansion of agricultural
activity in this region, is resulting in the decrease in forest area and the gradual dimi-
nishing of timber resources. Of the 0.2 million hectares in the west zone only 0.13
million hectares (99%) constitute forest reserves and this has been classified as protec-
tion forests and the timber output from this zone will gradually diminish in the
future.

To competisate the loss in timber production from the natural forests of these two
zones large extents of man-made forests are being established w_ith proven species of
exotics. During the past decade there has been substantial planting of exotics in the
two zones and there are over 72,000 hectares up to the end of 1975.

In 1970, a long term Forestry Development Plan was drawn up with emphasis or
large scale reforestation.

- An estended version of the paper prepared for the XVIth TUFRO World Congress . Norway, June 1976.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

96

Annually 6500 hectares are being planted with the following species :

hectares
Teak (Tectona grandis) 4,040
Euém’yprus 400
Dendrocalamus strictus : 200
Pinus (P. caribaea, P. patula) 800
Albizzia moluccana 200
Swietenia macrophylla (enrichment planting) - 800
Others 60

With large scale planting of exotics it is imperative that seeds of genétieally im-
proved quality and the right provenances be used, of the proven species, to raise planta-
tions so that they would produce timber of the desired quality in the shortest possible
time with the minimum input of money and man-power. '

Realizing the importance and urgency of tree improvement work in Sri Lanka a
tree improvement programme was drawn up in 1970 for the three important plantation
species viz. Teak, Eucalypts and tropical species of Pinus.

In this paper the present status of improvement work done with respect of the three
species is outlined.

GENETIC IMPROVEMENT OF TEAK
History of Introduction

The introduction of Teak into Sri Lanka date as far back as 1680 when a Dutchman,
Van Rhede planted the first teak in the Matale region (wet zone). Subsequently more
Teak was planted in the coastal area but most of these plantations were lost sight of.
During the initial stage of Teak planting Teak was declared a crown tree and this regu-
lation prevented large scale planting of Teak on private land.

There appears to be no record maintained of the earlier plantations, but a census
taken in 1880 revealed the presence of 17 plantations totalling 50 acres in the wet zone.

The planting of Teak suffered a severe set back when in 1921 a Forestry adviser, in
his report to the Governmeit stated ‘ Ceylon is not suited to the growth of Teak as a large
timber tree. Teak plantations if they are continued in Ceylon............ should be an ex-

ception and not the rule’. Subsequently, however the view held by the Forestry adviser
was proved to be wrong and large scale planting of Teak was undertaken in the dry zone.
Today Teak dominates the planting programme comprising about 75 per cent of the
planted exotic acreage in Sri Lanka.

Objects of the Improvement Programme

The main objects of the programme is to develop by repeated selection and breeding
a superior strain of Teak with the following traits :

(a) Late flowering types in which first flowering does not occur until the trees
are 7 to 10 years old.

(b) Superiority in height and diameter growth.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

97
{c) Br?&c?}fz ]flﬁi gﬁ"a Fglltlégg]f.éybzfgfendlng with small diameter and shedding easily
{d) Narrow crown with a low ratio of crown diameter to stem diameter.
(e) Bole free of sweeps and kinks, with no fluting and little buttressing.
(f) Free from pest and diseases.
(g) Superior quality timber. :
(h) Profuse produ&tion of large viable seed at regular intervals.

_ The programme of genetic improvement of Teak being undertaken in Sri Lanka is
outlined below.

Seed Production Areas

Several seed production areas have been opened in predominantly Teak growing
areas. Bach area is 2 to 5 acres in extent and they have been thinned to the best 75 to 125
trees per acre. The age of the seed production areas range from 10 to 30 years.

Provenance Trial %

In 1973 a trial with the following provenances was established at Puttalam,
(i) Vakaneri, E, D. (Sri Lanka)
(ii) Dehra Dun (India)
(iii) Papua New Guinea
(iv) Thailafid

First year height growth after planting indicate thatthe local provenance is far
superior to the rest.

In 1974, seeds of 10 provenances were obtained from the FAO/Danish Forest Tree

Seed Centre, Denmark and the provenances were planted out in replicated trials at 2 loca-
tions in December, 1975,

Plus Tree Selection

A total of 80 plus trees have beeri selected by cruising several plantations in the
islatid. The trees were selected on the basis of vigour, stem and crown form and flowering
capacity. The age of trees varies from 10 to 50 years.

" Clonal Garden

Two clonal gardens have been established using scion material from selected plus
trees to provide budwood for future grafting work.

Seed Orchard

A total of 100 acres of seed orchard Have beeii established using a total of 80 clones,
The cloties have been platited at an espacement of 40 feet in a random mantier to permit
crown spread and to maximize cross pollifiation.

The grafting was done using an improved method which was developed for the first
time i Sri Lanka.

The orchards are completely isolated from existinig Teak plantations to prevent the
lrift of foreign pollen.
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GENETIC IMPROVEMENT OF PINUS

History of Introduction
The first recorded trials of introduced Pines date back to 1952 when trial plots were

laid out in the montane zone with Pinus caribees, finus elliottii, Pinus patula, Pinus
kesiya ete.

New systematic introductions were dore in 1965 and repeated during the foilowing
years, when a number of species of Pinus were tried in the 3 different climate zones.

These trials indicated that the following species of Pinus were suitable for planting
in the montane zone and wet zone (low country and uplands)—

(1) Pinus patula
(2) Pinus kesiya
(3) Pinus caribaec
(4) Pinus oocarpu
At present attention is being focussed on these 4 species of Fnus with a view to

developing adequate acreages of these for supplying the future requirement of the*local
paper and pulp industry.

Species Trial

In addition to the four proven species of Pinus (P, caribaea, P. patule, P. oocarpa
and P. kesiya. Several other species of Pinus (P. elliottii, P. merkusii, P. strobus, P.
pseudostrobus. P. montezumate, P. halapensis) and also being tested in the mantane zone.

Varietal Trial

Among the 4 proven species of Pinus, Pinus caribaea has been found to be the best
adapted species to grow under a wide range of soil and climatic conditions in the island.
With a view to linding cut the suitability of the 3 varieties of Pinus caribaeg for the 3

¥
climatic zoties a varietal trial was initiated in 1971,

The trial has been laid out as a randomized block design with 4 or 64—tree square
plots (depending on the availability of plants) at 4 sites (montane zone. wet rone and in-
termediate zone),

Pinus oocarpa has also been included in the trial in addition o the following § varie-
ties for comparison purposes : —

P. caribaea var. bahamensis
P. caribaea var. caribaca

P._ caribaea var. hondurensis
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Provenance Trial

Provenance trials have been estdblished for P.caribaea and P.ooearpa. For F.cari-
baee 20 provanences are being tested in replicated trials at 4 sites and in the case of P
socarpa 4 provenances are being tested at 2 sites. The seeds for these trials were supplied
by the Commonwealth Forestry Institute, Oxford. ik

In 1975 provenances trials for P. kesiya and P.merkusii were commenced and the
Hursery phase of the trial has been completed. The provenances will be planted out in re-
plicated trials in 2 or 3 locations in 1976.

Plus Tree Selection and Propagation

A total of 10 plus trees of Pinus caribaea has been selected in plantations over 10
years of age. :

The trees have been selected on the basis of superiority in growth rate, branch
traits and crown form. :

' Work has commenced on the vegetative propagation and the results so far ohtained
indicate that reasonable success can be achieved by resorting to air-layering.

Tt is proposed to established clonal gardens of selected trees within the next 2 years.

GENETIC IMPROVEMENT OF EUCALYPTS
History of Introduction
Barlv introduction of Eucé]pt,s into Sri Lanka has been a largely & matter of
chance ; many planters having links with Australia introduced species of their own choice.
Some of the species were amazingly successful.

Tn 1880 the Botanic garden made a more organised altempt with about 50 species.
Some 20 of these species are still represented at Hakgala today.

In the 1930’s the Forest Department initiated several arboretum plots in the Up-
Country and over a dozen species of Eucalyptus were tried. These trials have indicated
that species such as E. satwgna, E. grandis, E. microcorys, E. robuste, E. citriodora,
E. pilularis, E. camaldulensis and E. alobulus ean be successfully raised in the montane
zone.

In the early 1960’s irials with Eucalypts were extended into the dry zone and low
country wet zene. E. camalduiensis and E. ettriodora have been {found to be suitable for
the dry zone and E. deglupta for the wet zone.

A

Species Trial

~ Species trial with E. aI.be:_;, E. tereticormis, E_ bicostate, E. bosistoana, E. viminalis,
¥, nitens, E. cypellocarpa, E. microtheca. E. maculate and E. tetredonte are in progress in
in the dry, wet and msontane zone.

Provenance Trial
Tn 1974 provenance trial was initiated with 4 known provenances of E. camaldulensis

2t Puttelam in the dry zone. At the end of the first year significant variation in form and
leaf traits have heen observed, i
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In 1975 provenance trials with the lollowing species have been initiated :
(1) E. camaldulensis
(2) E. tereticon‘zfs
(3) E. alba
{4) E. tetradonta
(5) E. microtheea
(6) E. maculata
(7) E. salinga
(8) E. grandis

Plus Tree Selection & Progeny Tests

A total 60 plus trees of E. grandis and 30 plus trees of E. microcorys have been
selected. Short term progeny tests were carried with half-sib progenies of E. grandis
under glasshouse condition and significant variation in leaf traits, and production and
distribution of dry matter have been observed.

Field trials have been established with selected number of half-sib progenies of
E. grandis in the Up-Country.

Seed Production Areas.

Seed production areas have been opened for E. grandis, E. microcorys and E,
camaldulensis. '

In the case of E. camaldulensis the seeds collected from the local seed production
area have produced seedlings which are more vigorous than the cone raised from imported
seeds.
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Some methods of Preservative Treatment of Bamboo

D. L, JAYANETTI
(Timber Utilisation Research Officer)

INTRODUCTION

From ancient times bamboo has been used for construction purposes in this country.
Now it is mostly used for scaffoldings and temporary structures.

~ Bamboo is liable to decay after some time due to fungal attack or is destroyed by
insects and borers. Because of these reasons, bamboo used for scaffolding is discarded
within a couple of months. The service life of bamboo can be extended by treating it with
a wood preservative.

Bamboo is found in almost every part of the country. Generally it grows in the
forests and river banks naturally. A variety of species of bamboo are found and the two
varieties commonly used in this country are—

Bambusa arviidinacea (Katu Una or Thorn Bamboo)
Bambusa vulgaris (Una or Yellow Bamboo)

TREATMENT OF BAMBOO

Bamboo for external use should be treated with a fixed preservative such as Copper
Chrome—Arsenic (e.g. Ascu, Tanalith C). There are several methods of carrying out the
treatment. Only the methods which layman could do are outlined here. For all these
methods Iarge containers (such as old oil drums) are required for the preparation of the
preservative solution. ;

Dipping Method

The bamboos are cut to required length after removal of branches and leaves.
These are then dipped in the solution for treatment. As this method takes a considerable
time, freshly cut bamboos with leaves on could be dipped in the preservative solution
(Fig. 1). The leaves should remain out of the solution in contact with air. Normally it
takes 2 to 3 days for this type of treatment but the actual time depends on the length of
the bamboo species and the climatic conditions. The progress of the treat-
ment could be observed by the change of the colour of the leaves. With experience, it
could be judged when to stop the treatment. The preservative to be used is 5 per cent.
Ascu or Tanalith C.

Boucheric Process

Freshly cut bamboos are connected by means of old car or motor cycle tubes {de-
peiriding on the diameter) to a drum containing the preservative solution (Fig. 2). The
bamboos should be kept at a slight inclination and the drum at a higher level. Tt will be
seert that after some time solufion starts dripping from the lower end. Tt is advisable to
allow this solution to flow out until preservative solution starts dripping. This could be
observed by the colour of the preservative. This solution flowed out could be re-used for
treatment bringing the concentration to required strength by adding more chemical. When
the colour of the solution coming from the lower end is the same as that of the solution
in the drum, the treatment is considered complete. A 5 per cent. gsolution of Ascu or

Tanalith C iz recommended for this as well as the modified Boucheric Process.
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Modified Boucheric Process

- Freshly cut bamboos with branches and leaves on are connected to a drum as in the
earlier case, If this is done early morning on a sunny day, the time of treatment will be
very much less. The preservative will be absorbed into the bamboo by transpiration of
the leaves in addition to hydrostatic pressure.

The same process could be done using a polythene bag and tying with rubber
bands (Fig. 3). :

Expected service life of properly treated bamboos may be considered indefinite due
to decay. but the actual serviceable life will solely depend on the purpose for which it is
used. For instance the serviceable life of treated bamboo used in scaffolding will totally
depend on how carefully the bamboos are dismantled, stored, transported and erected.

Precautions to be taken when handling C.C.A. (Copper, Chrome Arscniec) Salis—

(1) Before starting work, cuts, wounds and abrasions on hands and arms should
be covered with a clean waterproof dressing.

(2) Protective rubber gloves must be worn for handling salts and it is very
important that insideg of these gloves are kept clean.

(3) Avoid inhaling the dust from salts and wear an industrial face mask if
desired.

(4) Good agitation during mixing is essential.

(5) After handling rinse the hands and arms in clear running water and then
wash with hot water and soap.

FIGURE 2

FIGURE 3
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