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INTRODUCTION

0
P

Architecture of a herb canopy plays an important role in sunlight interception for photo-

synthesis and hererin taken size, geomtry and external structure of a plant. The geometry
of small treelike systems was first modeled by Honda(1971), and Honda & Fisher(1978).
Increasing use of computers has enabled progressively more precise quantification and

simulation of branch systems of trees. The branch angle and branch length are considered
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in a computer model of Honda(1971) describing the crown growth and crown shape.

In the case of herbs, the optimization of a canopy structure for interception of sunlight
is a significant for the study of adaptive herb geometry, In a preliminary report, observed
natural branching angles which establish branch geometry are very similar to theoretical
angles which produce the maximum effective leaf area, We also show that branching ge-
ometry of real herbs influence the effective leaf surface through the theoretical study of
terminal branching growth,

MATERIALS AND METHODS

1. Observation, measurement and photograph of crabgrass and Koren lawn

These experiments were performed at Seoul area, Korea from June, 1992 to September,
1993. We observed and measured natural branching angles of Digitaria sanguinalis and
Zoysia japonica.

We also presented branching patterns of the spreading herbs by through top view of a
photographic branch tier and computer simulated one.

2. Application of mathematical and simulation model, and interpretation of field data

We used mathematical and simulation model to study relationship between branching
geometry and effective leaf area at different ages by plotting succesive growth stages.

Branching angles were measured directly, using a protractor. Those field data were
compared to the positive feedback system model.

RESULTS AND DISCUSSION

1. Mathemetical model of canopy architecture

The studies on the canopy form and branching pattern of sapling and adult trees in
forests were reported by Whitney(1976), Honda and Fisher(1978), Honda et al.(1981),
Fisher and Hibbs(1982), and Honda and Tomlinson(1982).

waever, any study on branch geomtry and effective leaf area of the herbaceous can-
opy is not found out, '

The assumption and a terminal point P(x, y) of a daughter branch could be modified
from the calculational equation proposed by Honda(1971). Each branch tier consists of ‘m’
lateral branch complexes with a divergence angle, ‘@, between sucessively produced
complexes. Bifurcations are repeated at every discrete time interval and take place simul-
taneously every time. Rule 1 of Fisher and Honda(1977) says that branching increases
in disgiret_e units. When the mother axis is ‘N’, the daughter axis is ‘N+41’:Rule 3 says
that the sign of the branch angles divergence at every branch order, so that a zigzag main
axis of unit 1’s with alternating direction is formed.

In case of herbs, it is simplified in two dimension, because that the spreading herbs is
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considered as two dimensional canopy shape. Hence, the geometrical model is dervied

from
Lvsing
x=xp+R(u cos §— W) (1)
Lvsin @
y=ys+R(v cos §— -;Z—G—T

Here two terminal points, Pa(xs va) and Ps(xs, ys) of a mother branch(P,Pg), 6=
branching angle, U=xp—x,, V=yg—ya and L=+/{7Fv%

As shown in Fig. 2. These assumptions compared with a crabgrass canopy. The shape or
geometry of a herbs canopy gives insight into the adaptive mature of herb form which for
sunlight interception and absorption, photosynthetic efficiency of the leaves and matter
production,

When all the leaves of a mother branch and an individual crabgrass was removed, the
developfnent of the branch pattern of herbaceous architecture is presented in Fig. 3 and
4. It indicates their canopy characteristics from a young herb to a mature one fits well
with the branching model.

The growth equation of the number of the terminal points was dervied by the positive

feedback system.

. Ninax
1-b-e—+

N (2)

Here N, Nuu, b, t, and T are the number of the branch, the asymptotic number of the
branches, a constant of intergration time, feedback ratio, and a time constant for the

Fig. 1. Branch tier of young tree viewed from
above. Successively produced lateral
branch complexes form a divergence
angle, 8, with each other. Branch units 1
and 2 indicated in one lateral branch
complex. Insert: schematic explanation
of the branch units 1 and 2 their
branching angles, ¢, and 8,

Fig. 2. Photographs, which were taken at Seoul
area June, 1993, of canopy shape, branch
tier and simulated branch D. saguinalis.
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Fig. 3. Branch tiers and simulates ones from young branch of crabgrass to
mature one viewed from above.

5 N:4 N:3

grow ing period of a herb. This matherniatical model is especially useful for the increase of
the dry matter production of the grassland,

2. Branching angles in real plant and relation between branching angle and effective
leaf area

The growth of a branch angle of the crabgrass and the Korean lawn between another
branch and a daughter one shown in Fig. 5. The branch angles of the crabgrass and the
Korean lawn were increased from initial degree 0 to final degrees 50° and 59°, respectively.
Those results mean that the branch angle of simulater tiers if a crabgrass is 50°.

We can interpret above results as following, optimal branching angle increasing with
growth of plant result that maximize effective leaf area. Although simulated value is not
identical to the observed one, we find that theoretical valules of with respect to maximum
EA are very similar to the observed values in real crabgrass or Korean lawn,

We are assuming that there is selective pressure on a plant to fill the space it occupies
with the most efficient leaf surface consistent with its ecophysiological limitations and its
architectural model(branching pattern).

Optimal branching angles can be varied with tier symmetry of the plant, optimal of
branch complexes in a tier{complexity of the daughter branch), relative size of leaf clus-
fer, and the ratio of branch unit lengths in real plant. We need more information in order
to find out precisely geometry of plants such as exposure sunlight, mechanical stability,
heat exchange, water efficience, or their interactions,

In summary, two aspects of herbaceous architecture on morphological bases are dis-



December 1993

Fig. 4. Branch patterns of individidual tiers and simulated ones from

a young individual crabgrass to a mature one viewed from above.
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Fig. 5. The relation between branch angle and

node position from bottom to top.
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. 6. Distribution of the terminal daughter
branch in the mother branch of node pos-

ition.

tinguished into deterministic architecture and opportunistic architecture. Both aspects are

expressed by environmental and genetical interactions with herbs. A herb’s morphology is

consequence of these interactions. The deterministic architecture is the genetic infor-

mation of the individual which is typically most clearly seen in the phenotypes. The

opportunitic architecture is the sum of modifications according to the herb’s response to

its environment. The defferences between branching geometry and leaf distribution within

the canopies of herbs ard the result of those two aspects of architecture(Fisher and

Hibbs, 1982).
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SUMMARY

This study was carried out to analyze quantatively of the terminal branching patterns,
and maximizing effective spreading stems and leaf surface area of herbs such as crab-
grass, Digitaria sanguinalis and Korena lawn, Zoysia japonica.

Two dimensional positions of the end-points of the branches could be calculated lengths
using the branching angles and the relative ratio of the branch lengths. The branching
angles and the relative ratio of the branch lengths were well fitted to analyze effects on
the whole canopy structure of herbaceous individuals and communities. The branch pat-
tern were interpreted through the experimental data observed in nature and simulated
plots.

In order to clarify how the number of the terminal branching points grows with time,
the positive feed back theory with cybernetic rhythm was accepted as branching growth.
The order of the node position of the terminal branch was changed from bottom node to
top node as growing season has been changed from the spring to the autumn,

Growth of branching angle, time variant angles, between the mother branch and the
daughter branch have an asymptotic final degrees, average 50° and 59°, in the case of
crabgrass and Korean lawn, respectively.

The shapes of herbs and the arrangements of their leaves have been related to the
adaptive importance of light interception by the leaf suface. Therfore, those simulations
for canopy architecture of plants are also useful in designing the maximizing effective leaf
area, sunlight interception, photosynthesis and matter production,
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