selection for branch angle would be effective, and selection
for this character would not affect growth rate. Tree form
could also be modified by selection to improve the ratio o
tree height to crown diameter.

While the potential for improving growth rate does not
appear to be quite as great, results are still encouraging.
Heritabilities for juvenile height and diameter are as high
as or higher than those for other tree species. The close
relationship between these two characters indicates that
selection for one would be associated with gains in the
other; if s0, considerable improvement in tree volume
would result, and might yield greater economic advantages
than changesin the more highly heritable tree form.

Summary

Progenies from 40 sweetgum trees, selected for pheno-
typic variability as expressed on a range d sites in south
Mississippi, were evaluated in outplantings made during
1963 at two locations in the State: the Harrison Experimen-
tal Forest near the Gulf Coast, and the Delta Experimental
Forest in the west-central part. There were significant
differences among families at both locations for foliation
date in 1964 and 1965 and for height in 1963, 1964, and 1965.
Family means also differed significantly for stem diameter
in 1964 and 1965, tree form (tree height/crown diameter),
and branch length, diameter, and angle (these characters
were measured only at Harrison).

O the characteristics evaluated, time d foliation was
under the strongest genetic control (h2= 1.11to 1.27 at Har-
rison; 054 to 098 at Delta), followed by branch angle (h? =
0.90) and tree form (h? = 0.56). Heritabilities for heights at
Harrison decreased from 067 at the end o the first to 040
at the end o the third growing season, while values for
the Delta plantation were constant (0.25 to 026) for the
same period. Although the Harrison plantation maintained

approximately a 2:1 height advantage over the other,
mean height increase during 1965 was essentially the same
in both plantations.

Correlations among families between locations were
highly significant for height (r= 051 to 053) at the end o
the three growing seasons and for foliation date in 1964
(r = 082) and 1965 (r = 0.80). Highly significant correlations
were also obtained between height and diameter at Har-
rison in 1964 (r = 0.80) and 1965 (r = 0.88), between height
and branch length at Harrison (0.61), and between first- and
third-year height at both locations (0.71, Harrison; 0.65,
Delta).
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Thelnheritanced Crooked Bolein Shisham (Dalbergia sissoo Roxb.)

By Mirko Vipakovié!) and JavAiD AHsAN?)

(Received for publication June 26, 1963)

Introduction

Shisham (Dalbergia sissoo Roxs.) is one d the most com-
mercially important species growing in the plains d West
Pakistan. It is amost one hundred years ago when it was
introduced on a large scale in this area, with the help o
canal irrigation. Since then, a number o irrigated forest
plantations have been established where Shisham is grown
either in pure stands or mixed with Mulberry (Morusalba),
Bakain (Melia azadarach), Babul (Acacia arabica), Frash
(Tamarix articulata) etc. Besides the compact type o plan-
tations, it isthe chief speciesd canalsides, railwaysides and
road avenues, extending over thousands o miles.

Shisham timber values high for furniture, building con-
struction and other uses. Poor stem form with generally
a crooked and forked bole, is the major drawback of
Shisham trees. These characters are very pronounced and
are visible even in one year old plants. A great variability,
however, exists in the growth and stem form o Shisham.
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This variation indicates that it is possible to improve this
species by selection and breeding.

It is only recently that work on the improvement o
Shisham has been initiated. The material which was previ-
ously collected and used for getting orientation data about
the heritability o height and diameter growth, was again
used for investigating the heritability o crookedness of
stem. The present investigations may, however, be consi-
dered preliminary as the results have been obtained with
the material which was neither fully designated for breed-
ing purposes nor it was laid out in an experimental design
specific for the estimation o heritability.

The inheritance d stem form in different tree species
was investigated by FiscHer (1953) for Larch, Perry (1960)
Gopparp and StrickLAND (1964) for Loblolly pine, SHeL-
BoURNE (1963) for Pinus Khasya, Zura (1964) for European
black poplar, Ganser (1966) and Nikres (1966) for Slash pine,
SHeLBOURNE (1966), SueLBOURNE and SrtonecypHErR (1968) for
southern pines and others. In Shisham uptill now there
were no such investigations except for height and diameter
growth, carried out by Vipakovié and SippiQui (1968).




Material and Working Method

In the Institute’s nursery at Peshawar, one year old
Shisham plants were raised from the seed of candidate
plus trees which were selected in Daphar and Pirawala
irrigated plantations. The plants were grown in rows so
that progeny of every parent tree was represented by one
or two rows of plants. In measuring the crookedness of the
bole, we could not use the method proposed by SHELBOURNE
and Namkoone (1966). Our method differs a little from the
method used by Zura (1964) for European black poplar. For
every crookedness two points have been added whereas
Zura included five points for the same. Very high and
rather unrealistic results were obtained when five points
per crook were considered in Shisham. That is quite
understandable because Shisham has in general more
crookedness than European black poplar. It seems that ad-
ding a higher number of points would lead to over-
estimation of heritability. The details of the method adopt-
ed are as follows:

For each parent tree two photographs, at right angles to
one another, were taken. Individual photographs of the 30
plants representing each progeny were also made. To get
the same scale of photos, a 12’ pole was used for the parent
trees, a 1’ long mark for the progenies, while taking the
photographs (Fig. 2 and 3). By getting these marks on the
photos, it was possible to have the projections of mother
trees on the graph paper, in the same scale. In a similar
way all the plants from all the progenies were projected
on the graph paper in a uniform scale. From the negative
photographs, the drawing of the stem forms was made with
a pencil which always followed the right edge of the stem.

%y
}

Fig. 1. — Candidate plus tree of Shisham, No. 17 in Daphar irri-
gated plantation.

Fig. 2. — Photograph of a parent tree and graphic representation
of its bole.

Every bend in the stem carried 2 points. To this was added
the highest index of crookedness (i). Index of crookedness
was calculated by dividing the height of the string ‘b’ with
the base of string ‘a’ and multiplied with 100 (Fig. 4). Ad-
ditional two points were added for every crookedness, as
shown below:
For crookedness with the string 1h
if the index is higher than 25
For crookedness with the string *h—I1h
if the index is higher than 12
For crookedness with the string »Ah—»%h
if the index is higher than 6
For crookedness with the string 4h—%h
if the index is higher than 3
For crookedness with the string !/1sh—%h
if the index is higher than 2
The crookedness for each mother tree and progeny plant
was estimated for only 25 of the total height of the tree
(h = 25 height of the plant). Above 23 of the height the
leader in the mother trees usually disappeared or it was not
clearly visible. Table 1 indicates the procedure for measur-
ing the crookedness for each tree.

Calculation of heritability was carried out by using re-
gression for one parent-progeny test. Mother trees are
located in two irrigated plantations (Daphar and Pirawala)
in the central part of plains in West Pakistan. Calculation
of heritability was carried out separately for each planta-
tion. The number of mother trees is 10 in Daphar and 13
in Pirawala plantation. The relationship between the par-
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ents and the progenies is shown in the graph. Correlation
coefficient was calculated and “t” test was applied to find
out whether the results obtained were significant or not.
The significance of regression coefficient b,, was tested at
a probability level of 1% and 5%.

Results of the Investigations and Discussion

The results of estimated heritability for crookedness of
the stem are given in the table 2. Heritability for Daphar
plantation is 42% and for Pirawala plantation 65%. Sta-
tistically high significant results were obtained for cor-
relation (r) and regression (b,) coefficients for both the
plantations (T'able 3).

ScureiNner (1958) when discussing the genetic control of
single characters has mentioned that stem form is of high
genetic control. Perry (1960) investigated the inheritance of
crooked stem form in Loblolly pine. He did not calculate
the heritability, but from his experiments with crosses be-

Fig. 4. — Procedure for measuring the index of crookedness (i).
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Fig. 3. — Photograph of a progeny and graphic representation of its boles.

tween crooked and straight trees, he concluded that ge-
netics plays a major role in the development of these char-
acters. GanseL (1966) investigated the inheritance of crook-
edness in the stem of Slash pine. Clone-ortet correlations
were significant. The results obtained by GanseL suggest
that crookedness and some other characters are inherited
to a moderately strong degree. Nixies (1966) has also in-
vestigated the straightness of stem in Slash pine. He did
not calculate the heritability, but from the crosses he made,
it was clear that specific combining ability for straightness
was large. According to him, heritability if calculated from
the experiment he conducted, would be high. SHELBOURNE
and StonecypHER (1968) found in both controlled and open
pollinated families of loblolly pine with ages from two to
five years and with height from three to twenty feet, that
bole straightness is a heritable trait which becomes more
strongly genetically controlled with the increasing size of
tree. The heritability of straightness estimated from these
experiments was 0.20 at the age of two years to an average
of 0.38 at the age pof five years. SHELBOURNE (personal com-
munication) assessing 13-year old 50—60 feet high open
pollinated progenies of Pinus radiacta has noted marked
family difference in bole straightness. BaAnNisTER (personal
communication with SueLBourne) has calculated narrow
sense -heritability amounting to 0.60 for straightness, for a
similar material of P. radiata. Remarks of SHELBOURNE On
the heritability of straightness in P. taeda and P. radiata
may also be mentioned here. He states: “Inspite of the fact
that straightness seems to be acknowledged generally as a
characteristic with higher heritability than many others,
it is evidently much affected by site conditions. This I have
noticed in both P. taeda and, specially P. radiata, SHEeL-
BOURNE (1963) conducting provenance test of Pinus khasya
found considerable genetic variation in straightness. Gopo-
pARD and STRICKLAND (1964, 1966) evaluated the crookedness
in controlled and open pollinated progenies of crooked and
straight Loblolly pines at the age of seven years in the
outplanted stock. Highly significant differences among
progeny means and intraclass correlations suggested high
genetic components of variance. There is a lot of new
heritability study information, yet unpublished, which is
being brought forth by SronecypHer and ZoseL (personal
communication) whose findings confirm that inheritance of
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Table 2.

Daphar Pirawala
b, 0.212639 0.328615
b, 0.239909 0.304198
h? 0.425278 ~ 42% 0.657230 ~ 65%
r 0.226 0.316
y 0.212639x — 448 0.328615x + 0.245344
X 0.239909y + 33.170 0.304198y -+ 19.384145
Table 3.
Correlation K =297
t = 3.999**
Regression cob = 0.05477
Daphar b, > 2.58; cb =
= 0.1413066**
Correlation K = 378
t = 6.476**
Pirawala Regression b = 0.050497
b, > 2.58; b =
= 0.130282**

straightness is strong and has a large additive component.
Zura (1964) in his substantial investigations of variability
and inheritance of straightness in the stem of European
black poplar (Populus nigra L.) found that the heritability
of this character is of very high genetic control. He esti-
mated the heritability from regression for parent-progeny
half sib and full sib families. For parent-progeny tests the
heritability was from 0.88—0.96; and from sib analysis it
came to be 0.40—0.98.

From the above mentioned investigations it seems that
in forest tree species, straightness of the stem is of high
genetic control. Our investigations in Shisham confirm it.
As already pointed out a good deal of variation in the stem
form and other phenotypic characters exists in Shisham.
Given pictures (Fig. 5 and 6) represent the extreme degree
of variation in this species. Knowing that crookedness of
the stem is of high genetic control and that a great varia-
tion exists in the stem form, we can predict .a great im- -
provement of this character by selection ‘and breeding. In
the previous paper written by Vibaxkovi¢ and Sippiqur (1968)
the problem of environmental influences in selecting plus
trees of Shisham in the irrigated plantations has been dis-
cussed. The growth of trees is greatly affected by the
amount of irrigation water and management practices.
That fact was one of the main factors which influenced
our results on estimation of heritability of height and
diameter growth. The heritability of height growth varied
from 0.068 to 0.110 and diameter growth from 0.003 to 0.012.
It is evident from the results obtained that environments
affect the growth of Shisham much more than the straight-
ness of the stem. It is quite conceivable that selection of
Shisham plus trees in the irrigated plantations with re-
spect to the straightness of the stem would be much more
fruitful in comparison to height and diameter growth. Tt
can be well presumed that straightness of the stem can be
improved more than the height and diameter growth.

Summary

The heritability of crookedness of the bole in Shisham
(Dalbergia sissoo Roxs.) has been estimated by using one
parent-progeny regression. The mother trees were selected
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Fig. 5. — Phenotypic variation in Shisham; plus tree No. M-3 in the
middle.

in two irrigated plantations — 10 trees from Daphar and
13 trees from Pirawala. The progenies aged only one year.
The heritability was 42% for Pirawala and 65% for Da-
phar plantation. Correlation (r) and regression (b,) coef-
ficients are highly significant for both the plantations.

From these results and from the previous investigations
on heritability of height and diamater growth in Shisham,
it seems that the environments, particularly the irrigation
water affect the growth much more than the straightness
of the stem. Therefore, selection of Shisham plus trees in
the irrigated plantations with respect to the straightness
of the stem will be much more effective in comparison to
height and diameter growth. It can be well presumed that

Fig. 6. — Phenotypic variation in Shisham; plus tree No. M-2 in the
middle.
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Fig. 7. — Regression line for crookedness.

the straightness of the stem can be improved mcre than the
height and diameter growth.
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