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Morphological Characters of Superior Populus
alba x Populus glandulosa F: Clones
under Intensive Culture'’
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ABSTRACT

Two fastgrowing clones 65-29-19 and 6668 and two less fast-growing clones 66-14-29 and 66-14-99 were
compared at intensively cultured plots to indentify what morphological characters are related to fast growth
and high biomass yield of Populus alba x Populus glandulosa ¥ . The plantations were established in the spring
of 1982 and 1983 at the Seoul National University nursery in Suweon. Differences in dry matter production
were found among two-year-old clones but not among one-year-old clones. Highly significant correlations
were found between total leaf area per tree and total dry weight per tree and between total branch length per
tree and total dry weight per tree for two-year-old clones. This relation was more obvious during the late grow-
ing season. Morphological characters desirable for producing high biomass identified in fast-growing clones were
as follows; high shoot-root ratio, high leaf surface area per tree, long leaf retention period, and many small
teaves and compact crown architecture in the upper portion of tree crown.
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INTRODUCTION

Breeding programs for plant yield improvement
is usually based on “defect elimination” to remedy
some known defects in the crop, or on “selection
for high yielding traits” using advanced statistical
designs and analyses. Recently, an additional
valuable approach was to introduce the concept of
plant ideotypes having model characteristics favor-
able to growth. Such plant may have leaves and
branches oriented ideally for receiving the great
amount of sunlight.

Poplar has been noticed as an important species
in North America, Asia and Europe because of its
rapid growth and high biomass production in short
rotation intensive culture system.

In Korea, Populus alba x Populus glandulosa F,
developed in 1956 at the Institute of Forest Gene-
tics was recognized as a fast-growing species appro-
priate for short rotation intensive culture system.
Much effort to produce superior clones has been
concentrated by hybridization techniques. A
research with the various clones has often been done
on growth, biomass production or physiology but
little on morphological characters. Accordingly,
it would be meaningful to examine what morpholo-
gical attributes are related to fast growth and high
yield in Populus alba x Populus glandulosa F,
under intensive culture.

The objective of this study was to find some
morphological characters related to fast growth and
high yield, which can be used for selecting superior
Populus alba x Populus glandulosa F, clones at
early stage. The specific objective was to compare
the leaf and branch characteristics between fast- and
less fast-growing clones of one- and two-year-old
Populus alba x Populus glandulosa ¥, growing at

a 25¢m x 25cm spacing.

LITERATURE REVIEW

Selection of ideotype, or ideal plant type may be
useful to plant improvement or breeding programs.
Donald(1968) introduced the concept of ideotype
in wheat breeding. Since 1968, much effort to
construct ideotypes was given to the field of crop
but rarely to tree.

Brunig (1976)2) established a scheme to dis-
tinguish and classify the major tree crown ideotypes;
that is, tree type ideally adapted to particular
conditions of solar radiation, water supply and
wind. Recently, there have been several attempts to
develop an ideotype for poplars. Larson and Gordon
(1969)16) designed an ideotype that has included
some physiological characters such as 1) full utiliza-
tion of the growing season by meristem, 2) compact
crown and roots, and 3) high total photosynthetic
production. Larson (1973)'%) described in detail
the ideotype for cottonwood, based on selected
physiological and morphological attributes. Dick-
mann(l975)4) suggested tree ideotypes to be used
in short rotation intensive culture systems. Those
ideotypes included high shoot-root ratio, upright
excurrent growth habit, steep branch angle, inde-
terminate growth and rapid juvenile growth. The
study done by Larson eral (1976)!7) was more
specific, but still non-quantitative, and included
the production of specific wood qualities. Gordon
and Promnitz(l976)’°) attempted to construct
ideotypes from laboratory and field measurements
of physiological traits using multivariate techniques
and simulation models. Promnitz and Wray(1 976)24)
suggested rapid selection techniques for identifying
superior clones with some physiological and
morphological traits.

Leaf area, leaf size, leaf retention, and leaf dis-

play have been considered important factors influ-
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encing light interception and photosynthesis, which,
in turn, affect biomass production. Watson( 1956)2%)
reported that two of the major limitation to plant
productivity within a single growing season are the
length of time required to obtain ‘optimum’ leaf
area and the ability of the crop to maintain that
area. Loomis and Williams(1963)*% suggested
that leaf area adjustment and manner of leaf display
should be considered to improve utilization of light,
indicating those affect optimum leaf area indices.
The strong relations were found among leaf angle,
leaf area, and canopy photosynthesis (Duncan,
1971).6) Many leaf characteristics are affected not
only by most agronomic practices but also by strong
genetic control (Loomis et al., 1971).29 Kramer
and Kozlowski(1979)!® reported that leaves with
different age, position, structure, shoot type and
distance from the main stem have distinctively
different physiological process.

Recently, numerous studies have been done on
the leaves for biomass producition under short
rotation intensive culture. Gordon and Bentley
(1970)” reported that the most effective way to
increase photosynthetic leaf surface under inten-
sive culture condition was to plant tree at a close
spacing and thereby to increase the total number of
leaves produced in trees. In Populus, clonal variation
in leaf area duration was related to the length
of the active shoot growth period (Cannell and
Willett,l976)3) and to the leaf fall in autumn
(Isebrands et al, 1977).'Y The high biomass
productivity of intensively cultured was closely
related to the large number of leaves (Zavitkovski
et al., 1977).26) The leaf characteristics of intensive-
ly cultured Populus differed depending upon each
height growth increment (Isebrands and Nelson,
1982).'D) Nelson and Michel (1982)?") found that
long and short shoots of Populus ‘Tristis #1° grown
under intensive culture differed in the size of
individual leaves, the total area and the number of
leaves on their shoots. Pollard (1970)23) mentioned
seasonal development of leaves and leaf area on dif-
ferent shoot types in young aspen and their effect

upon production.
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Isebrands er al. (1977)!% explained that large
leaf area came from the upper part where light is
readily available during leaf area development
in intensively cultured plots.

Lately, a few branch characteristics have been
noticed as an important trait affecting biomass
productivity. Farmer (1976)" explained that
branch characteristics such as angle from main stem,
size, number, and distribution pattern play an
important role in determining the crown architec-
ture and canopy density of forest trees, both of
which would be the major traits influencing forest
productivity and yield. Nelson et al. (1981)%%)
quantified the effect of clone and spacing on several
important first-order branch characteristics of 9
Populus clones under intensive culture. Thus,
ideal crown architecture affected by leaf area
development, leaf arrangement in shoot, and display,
size or angle of branches provides well for light
interception, which in turn, is closely related to

high biomass production in intensive culture system.

MATERIALS AND METHODS

Plant Materials

Four clones of one- and two-year-old Populus
alba x Populus glandulosa F, were provided as plant
materials. They were selected among 13 clones
planted at the Seoul National University nursery,
Suweon. Among the four clones, clones 66-14-29
and 66-14-99 showed relatively low biomass produc-
tion,and clones 65-29-19 and 66-6-8 did high
biomass production (Kim and Lee, 1983).’3"'

Unrooted cuttings were individually planted on
plastic pots (21 c¢m in diameter and 18 c¢m in
height) in Jate-April. They were grown in green-
house until early-August and then transplanted
into the nursery. Two-year-old clones were provided
from the plantings described by Kim and Lee
(1983).!¥  Clone 66-14-29 was, however, trans-
planted from other plots for this study in Aprit 17,

Methods

Three trees per each clone were randomly select-



ed to measure the growth of leaves, diameter and
height. Measurement was done monthly from Jurne
through October.

Total height and diameter at 0.2 m from the soil
surface were measured to the nearest 1.0 cm and
0.01 cm, respectively. Sample trees of one- and two-
year-old clones were harvested in mid-September
and early-October, respectively. Trees were separat-
ed into leaves, stem-branches and roots and then
dried at 80°C in an oven for 72 hours. Total dry
weight per tree was calculated by summing those
parts. A shoot-root ratioc was calculated by dividing
the dry weight of leaves and stem-branches with
root dry weight. A two-year-old sample tree was
stratified into two height growth increments (HGI);
HGI! and HGI2 stand for the vertical growth of
main stem during the previous year and that during
the current year, respectively.

Leaf characteristics including the number of
leaves, leaf area, and average leaf size were measured
as follows. All the leaves in the terminal of main
stem were counted. Every three leaves were sampled
systematically to measure leaf length and width.
Leaf areas were estimated by the method described
by Kim and Lee(1983).'¥ Within each of the
HGI’s, every three long branches (greater than
50 cm in length) and every three short branches
(less than 50 cm in length) were selected systema-
tically to estimate the number of leaves and leaf
area. Their estimation was the same as that adopted
in the terminal. Thus, total leaf areas per tree were
calculated by summing the areas from the terminal
of main stem, HGI1 and HGI12.

Number of branches, total branch length, average
branch length and angle of origin were measured for
each of the HGI’s and then calculated for each of
the sample trees. Angle of origin, herc, indicates
the angle made by a branch and main stem in a
connection part. All the methods used for measur-

ing one-year-old trees were similar to those adopted
for two-year-old trees. In addition, the relationships
between total dry weight and the variables measured

above were ¢examined with correlation coefficient.
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RESULTS

Height, Diameter Growth and Dry Weights

Clonal means of total dry weight and shoot-root
ratio per tree for one-year-old Populus alba x P.
glandulosa F| clones are shown in Tables | and 2,
respectively. Clonal differences in total dry weight
were significant at the 5 % level for two-year-old
plantations but not for one-year-old plantations.
The shootroot ratio increased with increasing total
dry weight. Figures 1 and 2 show seasonal changes
in mean height and diameter at 0.2 m of two-year-
old clones. Clone 65-29-19 showed high rate of
height and diameter growth during the growing
season. However, clone 66-14-29 markedly showed
low rate, which may be due to late transplanting
in mid-April. At one-yearold plantations, clones
66-6-8 and 65-29-19 showed relatively high growth
rate (Figures 3 and 4).

Table 1. Clonal means of total dry weight per
tree and shoot-root ratio per tree at
two-year-old plots

Shoot-
Clones Dry weight (g) root
Stem Leaves Root Total ratio
66-14-29 97 9 48 154 a* 2.21
66-14-99 366 48 96 509b 4.31
66-6-8 463 53 83 541b 536

65-29-19 617 95 140 892 ¢ 5,51

* Figure with a column followed by the same
letter indicates they are not significantly
different at the 5% level.

Table 2. Clonal means of total dry weight per
tree and shoot-root ratio per tree at
one-year-old plots

Shoot-
Dry weight (g) root
Stem Leaves Root Total ratio

Clones

66-14-29 48 27 22 97 3.41
66-14-99 43 22 22 87 2.95
65-29-19 53 25 24 102 3.25
66-6-8 63 32 27 122 3.52

Leaf Growth and Area Development

Seasonal variations in the number of leaves,
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Fig. 2. Seasonal changes in mean diameter at 0.2 m

from the soil surface of two-year-old clones.

total leaf area, and average leaf area per leaf of two-
year-old clones are given in Figures 5 and 6. Table
3 shows seasonal variations in the number of leaves
and the leaf area of the one-year-old clones. Until
mid-july, the number of leaves and the leaf area
did not show significant differences among two-
yearold clones. During late growing season when
most of the number of leaves and the total leaf

area were occupied by current terminal and HGIZ2,
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Fig. 3. Seasonal changes in mean height of one-year-
old clones.
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Fig. 4. Seasonal changes in basal diameter of one-
year-old clones.

clones 65-29-19 and 66-6-8 have higher leaf num-

bers and areas than clones 66-14-29 and 66-14-99,

Fast-growing clone 65-29-19 kept them longer
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even in September when those of other clones were
mostly reduced (Figure 5).

The number of leaves and the total dry weight
had higher correlation coefficient in August {r =
0.8205) and September (r = 0.7495) than in any
other months. This close relationship was similar
to that between the total leaf area and the total
dry weight in August (r = 0.9304) and September
(r=0.9783).

Seasonal variations in the number of leaves and
the total leaf area per tree at one-year-old clones are

given in Table 4. Low correlation (r = 0.3338 to

0.5542) was observed between the number of
leaves and the total dry weight. However, relatively
high correlation (r = 0.7828 to 0.8622) was found
between the total leaf area and the total dry weight
in late growing season. The fast-growing clones
65-29-19 and 66-6-8 showed relatively high increase
in the number of leaves and the total leave area
from August to September.

Clonal maximum values for the number of
leaves and the total leaf area were observed in
mid-September for ali of the one-year-old clones,

whereas two-year-old clones showed their maximum

Table 3. Seasonal variation in leaf characteristics of one-year-old Populus alba x Populus glandulosa

F, clones

Number of leaves/tree

Leaf area/tree (cm)

Clones Jun. Jul. Jul. Aug. Sep. Oct. Jun. Jul, Jul. Aug. Sep. Oct.
16 5 16 17 18 1 16 ) 16 17 18 1
66-14-29 21 28 35 51 75 74 469 1114 1679 2971 4375 4337
66-14-99 21 30 31 46 87 71 559 1419 1807 2703 4328 3693
65-29-19 20 28 35 99 160 144 479 1270 1816 2898 6319 5743
66-6-8 21 29 36 98 162 150 515 1074 2087 3446 6694 6365
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Fig. 5. Seasonal changes in total leaf area per tree of
two-year-old clones.

values in July.

Branch Characteristics

Seasonal changes in the number of branches

Fig. 6. Seasonal changes in the number of leaves
per tree of two-year-old clones.

and total branch length of two-year-old clones are
given in Figures 7 and 8. Maximum numbers of
branches for clones 66-6-8 and 65-29-19 were

observed in early-July whereas those of clones
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Table 4. Branch angle of origin when the
maximum number of branches were
observed within each HGI of two-
year-old clones,

Clones HGI 1 HGI 2
(July 5) (Aug. 17)
66-14-29 47.32 — *
66-14-99 65.21 54.49
66-6-8 65.70 58.43
65-29-19 70.43 62.80
* no data available,
60[—» a——a  66-14-29
——~s : 66~14-99
A—ar 1 65-29-19
. 66-6-8
50
8
>
2
>3
& 401
=1
5
3
5 30 N
z /a--—y’ e Y
e AN ~e
I'4 \\\
L 'Y
20}
T 1 | ! | 1 1
JUN. JUN. JUL. JUL. AUG. SEP.
1 16 5 16 17 18

Fig. 7. Seasonal changes in average number of
branches per tree of two-year-old clones.
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Fig. 8. Seasonal changes in sum of branch length
per tree of two-year-old clones.

66-14-29 and 66-14-99 in mid-July. Since July,
most of the short branches within HGII fell, which,
in turn, the numbers decreased rapidly. Fast-grow-
ing clone 65-29-19 showed the continuous increase
in total Branch length during the growing season
(Figure 8),

Total number of branches was not strongly
related to the total dry weight over the whole
growing season. This may be due to the fact that
total branch number included the number of short
branches which proportioned mostly. However,
high correlation (r = 0.9024 to 0.9695) was found
between the total branch length and the total dry
weight in August and September when most of the
short branches in HGI1 have already fallen.

Clone 65-29-19 had relatively larger branches
within HGI1 than other clones in June when smali
young branches were found only within HGI2.
It also showed many large branches within HGI2
in July, August and September when leaves on its
branches were vigorously growing.

Clone 65-29-19 showed higher angle of origin
than other clones. Figure 9 shows schematic

diagrams of fast-growing clone 65-29-19 and less

JULY S SEPT. 18
65-29-19
(fast-growing clone)

JULY 5 SEPT. 18
66-14-99
(less fast-growing clone)

Fig. 9. Schematic diagrams showing branching geo-
metry between fast-growing and less fast-
growing clonesat two-year-old plots. Diagrams
were drawn to scale for clonal averages for
height, height growth increment lengths,
number of branches, average branch length
for HGIs, and angle of branching origin.
Horizontal lines indicate HGI bounderies.



fast-growing clone 66-14-99 in early-July when the
branches within HGI2 began to grow and in mid-
September when the growth almost stopped.
Clone 65-29-19 showed earlier branching than
clone 66-14-99. In September, fast-growing clone
65-29-19 produced more and larger branches than
less fast-growing clone 66-14-99, Therefore, high
total branch length and compact crown were
exhibited by clone 65-29-19.

DISCUSSION

Height, Diameter Growth and Dry Weight

Height and diameter of a tree could be used as
variables for estimating growth. As there were high
correlations between dry weight and square of
diameter times height for both one- and two-year-
old plantations in this study, height, diameter and
dry weight were considered to present actual
biomass production.

The result that differences in dry matter pro-
duction were significant for two-year-old clones but
not for one-yearold clones was similar to that
reported by Kim and Lee(]983)”) who compared
growth potential with various Populus hybrids.
Therefore, clonal examination for biomass produc-
tion in intensive culture system should be tried for
more than two years.

The clones with higher biomass production alsc
showed higher shoot-root ratio than those with
less biomass (Table 1 and 2). This may be due to
more effective photosynthate distribution into
stems under sufficient water and nutrient condi-
tions. Such result wassuggested by Borchert(1973)l)
who developed simulation model of rhythmic tree
growth under constant conditions with two trapical
trees, Hevea rasiliensis and Theobroma cacao.

Clone 65-29-19 showing high rate of diameter
growth until late growing season produced high
biomass. Therefore, it is noteworthy to examine
what particular characters of clone 65-29-19 affect-

ed high diameter growth during late growing season.

Leaf Growth and Area Development
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High correlation between total leaf area per
tree and total dry weight per tree over most of the
growing season for two-year-old clones indicates
an important role of leaf in photosynthesis which
directly relates to growth and wood production.
Especially, remarkably high correlations between
total leaf area and total dry weight per tree, and
between the number of leaves and total dry weight
per tree in late growing season appeared to be
affected largely by photosynthesis of the late
retained leaves.

High total leaf area was produced consistently
by fast-growing clone 65-29-19 because of larger
leaves within HGI1 in early growing season, and
many smaller leaves within HGI2 in late growing
season. Such consistent trend even in late growing
season was also reported by Kim and Lee(lS)83)“)
who tested with same clones. Many small leaves
as an ideal character of producing dry matter was
suggested by Donald(1968)%) who mentioned that
a plant characterized by many small leaves scattered
uniformly over the length of crown may offer
advantages in dense community under high illumina-
tion. Larson(1973),15) however, reported that
medium to large leaves of cottonwood are advan-
tageous to maximize photosynthesis per unit leaf
area.

Remarkablely large number of leaves and total
leaf area of fast-growing clone 65-29-19 in Septem-
ber may be due to the longer retention of leaves
than other clones. This longer retention accelerated
consistently high diameter growth and dry matter
production in late growing season. Larson(l‘??S)"S)
also suggested long leaf retention as a character
for ideotypes of cottonwood. Full utilization of
the growing season could be a characteristics for
ideotype of Populus (Larson and Gordon, 1969).16)
Dickmann (1975)% also mentioned indeterminate
growth as a character of tree ideotypes to be used in
short rotation intensive culture systems. This
character fully utilizes the favorable conditions for
growth during the frost-free growth period.

Clonal maximum values of leaf number and

total leaf area at one-year-old plantations occured
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later than those at two-year-old plantations in this
study. This fact seems to explain that young trees
grow longer than old trees during the growing
season (Lee, 1978). 18)

Branch Characteristics

High correlation was found between total branch
length and total dry weight of two-year-old clones
in August and September. It indicates that total
branch length within HGI2 are more closely related
to dry matter production than that within HGII.
This may be true because the branches within HGI2
have most of the total leaves in the crown and are
likely to receive a great amount of light for pho-
tosynthesis (Table 4 and Figure 9). Such fact was
also shown by Nelson et al. (1981)? who observed
crown architecture according to height growth
increments with various four-year-old Popuius
clones grown under intensive culture.

A fast-growing clone 65-29-19 with many long
branches and high total branch length, showed
compact crown in late growing season (Figure 9).
Compact crown may be advantageous to growth in
narrow spacings without physical interference.
Similar characters in tree crowns were also stated
by Dickmann (1975)® and by Larson and Gordon
(1969]16) as a tree ideotype under intensive culture
system.

The angle of origin showed some differences
among two-yearold clones. Fast-growing clone
65-29-19 showed larger angle than less fast-growing
clones. Similar result was found in the growth study
with Populus under intensive culture system by
Hansen er al.* Dickmann (1975)4), however,
suggested a steep angle to be more ideal for inten-
sively cultured tree species. The relation between
branch angle and dry matter production is still
uncertain in Populus. For example, Nelson et al.
(1981)22) mentioned the development of a biologi-
cally meaningful variable for effective branch angle
may be complex task for intensively cultured
Populus. Therefore, the quantitative methods for

analyzing entire branch systems are needed to
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elucidate the relation in further studies. This kind
of study was done in a tropical tree, Terminalia
by Fisher and Honda (1979).%)

Further studies not only on morphological but
physiological aspects are recommended at different
spacings, in different ages and with a variety of

clones in the future.
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