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Abstract : Computer image analysis of a side-view photograph of a plant was applied to compare the plant type
between eight new and seven old Japanese rice cultivars grown in a paddy field. Photographs of these cultivars
were taken at heading time (stage 1) and three weeks after the heading (stage 2). The distribution of shoot
density (percentage of shoot (leaf-stem- panicle) presence in a unit area) was shown by contour lines as seen
in a map. The morphological shape was characteristic to each cultivar and stage, and the difference of the shape
of cultivars became more prominent after the heading. The characteristics of cultivars were compared by
numerical parameters calculated from the density map. In the old cultivars the shape expanded at the upper part
or at the lower-middle part, while new ones had less expanded part, though Koshihikari was an exceptional case.
The old cultivars showed prominently dispersing nature at stage 2, while the new ones did not disperse. As for
the leaf angle, the new cultivars had more vertical leaves at the upper part than old ones at stage 2. The
morphological characteristics of each cultivar and their difference at the heading time and after heading were well
displayed by the present Plant-Profile-Processing method (PPP method).
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ESRAFIC L 237 - IBBAKBREBEOEROIE | [ 18 - HEES EiLKE)

B B arvPa—sEEHENERECT, - IHABRECER, 7 4bbEREBERVESEOHE & L&
BTELMEIERET L7, HEOKIES BB LA 7 RES/KHICEFE S &, HFEH & B8 3 8%,
DA &N D B 2 IEAORIESE A BE L, 2 2EHENTL T, ZIRToEtEE (E+E+
BOBMERY Y OEE) 514, EAE E0XKOAE) SHEkol, SHEIXZNENF—YTHEY
ErTL, BADEHOEHICLD WL DD IV -8 ent., Biolins OB ErET BEER%
BHL, ¥ HRETHEL 2. E—C, EYEOSENLZEAORIHLEE LS L 2MOBELE
THEIEL LT, EMEPOEE 5% BEEEHROBOERBOEE L xRz, WKL I, FradEe
EENIHRERIEADERD HLEENAE S, 2 LMMNBELREL -, EU, EMEOEFRES»RT
BEE LT, EOREESN BT 2 5EBET S LEEERSOEREIG 2RO 2, FrbENERR, Hi
BT HY, BB COERSLVBERIC R >, B2, WEDE - LEo PR £ gk
L7k 3, HEREO MO IHBERICEL (B I L8Toon, FRETH D 22 £V IR
OERTIHREICTWEEZ L o7, FFERICLD, ERBEDshTH LG HRBEOERNOZERHE
ISR A N 2T TR <, BCHEMEORE 2 EOREPHBRICKR RTES Zxbyrh, & PPP %
(Plant-Profile-Processing %) 13/KFROBEHEIE OFHHICH 2 2 0J6EHH 2 L EZ 72,

F—"T7—F 1 %, Owza sativa L., EfREENT, BR, BEAE, FEOM,

The spatial distribution and direction of
leaves and stems of a plant determine the light
receiving efficiency of the plant and affect its
dry matter productivity'®. These properties, i.
e. plant type, have been improved in new
cultivars. For the measurement of these prop-
erties, a number of methods have been devel-
oped, such as the stratified clip method?, the
point quadrat method'®, the silhouette
method?®, etc. These methods, however, both
costly and time consuming, could not be
applied to a number of materials. Therefore,

* The outline of this paper was presented at the 74th
meeting of the Japanese Society of Breeding, October,
1988.

in practice, the evaluation of these properties
in cultivars and growing conditions has been
carried out by experience and impression.

In the previous report, a computer image
analysis of the side-view photographs of a
plant was applied to describe the distribution
and direction of leaves of four rice cultivars
grown in pots”. Although this method has a
shortcoming that the treating image is the two
dimensional projection of the spatially dis-
tributing leaves and stems, the morphological
properties of these four cultivars were well
characterized. To test this method further, it
was applied to the comparison of the plant
type between new and old rice cultivars grow-
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Table 1. List of cultivars used in the
experiment and their dates of head-

ing.
Reference .
s(;/mbol Cultivars lll)eaat(eiigg
New @  Akihikari Aug.6
cultivars @  Akitakomachi Aug.7
®  Kiyonishiki Aug.9
@  Toyonishiki Aug.9
®  Sasanishiki Aug.13
®  Satohonami Aug.13
(@  Koshihikari Aug.2?1
® Nipponbare  Aug.28
Old Kamenoo 4 Aug.6
cultivars Aikoku Aug.8
Rikuu 132 Aug.11
[4]  Sekitori Aug.22
(5] Ginbozu Aug.22
[6]  Aikoku 20 Aug.23
Ooba Aug.25

ing in a paddy.
Materials and Methods

The eight new and seven old rice cultivars
studied were listed in Table 1. The seedlings
were transplanted to a paddy field in single
planting at 24X 24 cm intervals. Chemical
fertilizers of N, P,O; and K,O were applied at
a concentration of 4g/m? each as a basal
manure and 2g/m? each as an additional
manure. This amount of fertilizer was a little
less than usual to avoid lodging.

Side-view color photographs of a plant were
taken at heading time (Stage 1) and three
weeks after the heading (Stage 2). Represen-
tative four plants at stage 1 and six plants at
stage 2 were selected from the canopy of each
cultivar except border plants. Their dead
leaves which might cause an error in calcula-
tion were removed. After cutting off the neigh-
boring plants surrounding the selected plant,
photographs were taken from the north side at
a distance of about 2.5m under scatter light
only. A white board was placed on the south
side of the plant as a background and for
cutting off the direct sunlight. At the same
time, plant height was measured to adjust the
plant size in the calculation. Splashes of mud
on the background and the leaves of the
neighboring plants in printed photographs
were removed by painting them with white
paint.

The image processing system used was
controlled by a minicomputer (NEC MS50)
which was a subsystem of the host computer
(NEC ACOS system 2020) in the Computer
Center of Tohoku University. A photographic
image was transferred to the image processing
system through a video camera and divided
into 512 < 512 pixels, each having 256 density
levels of three primary colors (red, green and
blue) for giving digital image data. The dis-
tance between two neighboring pixels was
adjusted to be actual 0.2 cm by affine transfor-
mation. The algorithm for making binary
image data described in our previous paper”
was improved on one point. Because there was
a change of brightness from the upper to the
lower part of a photograph, the image data
was divided into five equal sections in height
and a threshold value discriminating plant
body from the background was determined in
each section.

The binary image of a plant was divided
into two half images by a vertical center line of
the plant. The half image was divided into
sub-areas, each of which corresponded to 5 x
5 cm of the objective plant. The percentage of
the pixels of plant shoots (leaves, stems and
panicles) to the total number of pixels in each
sub-area was calculated to define the shoot
density distribution. An averaged value of the
shoot density was obtained by averaging val-
ues for each sub-area of the two half images
and again averaging for four plants at stage 1
or six at stage 2. Contour lines at 80, 60, 40, 20,
10 and 5%, of the shoot density were deter-
mined for each cultivars.

In order to calculate leaf angle, an outline of
a plant was determined for half image of a
plant by the border-following algorithm®
using the binary image data at first. After
extracting the position of a leaf tip on the
outline, a line connecting the leaf tip and the
middle point of the leaf width at 5 cm apart
from the tip was determined, and then an
angle between this line and a horizontal line
was taken as the angle of this leaf tip. The leaf
angles were determined only for the leaf tips
that were distributed at the peripheral position
of the plant body. The leaf angles in each
sub-area corresponding to 5x 5 cm of a plant
were averaged for two half images and again
averaged for plants in replication.

The algorithms for calculating the distribu-
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Fig.1. Two-dimensional distribution of shoot density represented by contour lines in
representative three new cultivars (Akitakomachi, Toyonishiki and Koshihikari) and
three old ones (Ooba, Rikuu 132 and Aikoku 20) at heading time (stage 1) and three
weeks after heading (stage 2).
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Fig.2. Two-dimensional distribution of leaf angles represented by arrows in three new
cultivars (Akitakomachi, Toyonishiki and Koshihikari) and three old cultivars
(Ocba, Rikuu 132 and Aikoku 20) at heading time (stage 1) and three weeks after
heading (stage 2).

NII-Electronic Library Service



236 Japanese Journal of Crop 3cience Vol. 58, 1989

tion of shoot density and leaf angle were
detailed in the previous paper?”.

Results

The distribution of shoot density and leaf
angle was calculated for each cultivar at head-
ing time (stage 1) and three weeks after the
heading (stage 2). The heading date of each
cultivar is shown in Table 1. The shoot density
distribution is illustrated with new and old
three cultivars in Fig. 1. A clear difference was
observed among cultivars on the shoot density
distribution. At stage 1, in most of the old
cultivars the shape was slightly widened at the
middle or lower-middle part. It may be refer-
red to as a potbelly type. Contrarily, in many
new cultivars the degree of potbelly-type
nature was very small or mostly rectangular,
except Koshihikari whose shape was similar to
the old cultivars. Along the maturation from
stage 1 to stage 2, the plant shape changed
prominently. In some old cultivars, i.e. Aikoku,
Ginbozu and Ooba, the plant shape was
widened at the upper part, being like a mush-
room. In Rikuu 132, the shape widened at
both lower-middle and upper parts. In
Sekitori, Aikoku 20 and Kamenoo 4, the shape
was widened from the upper to the lower part
thoroughly. On the contrary, in many new
cultivars the degree of widening was not so
prominent as compared with those of old ones,
except Koshihikari whose change of shape was
similar to those of Aikoku 20, an old cultivar.

An intervarietal difference was also ob-
served on the leaf angle distribution as illus-
trated in Fig. 2. At stage 1, all cultivars had
slightly inclined leaves at the middle part and
nearly vertical leaves at the upper part. At
stage 2, the leaves at the upper part stood
vertically in most new cultivars, while they
inclined more or less in old ones.

In order to characterize the shoot density
distribution numerically, two parameters were
calculated. Horizontal distance between a
vertical plant-center axis and the contour line
of 59, density was measured at ten positions
from 2/6 to 5/6 of plant height at equal inter-
vals. Their mean and variance were calcu-
lated. The mean may indicate a general tend-
ency of expansion of plant shape and the
variance may indicate the unevenness of plant
shape from base to top. The potbelly and
mushroom types are expected to have a large

value of the variance parameter. Scatter dia-
grams of cultivars on the mean and variance
parameters at stage 1 and 2 are shown in Fig.
3 A and B, respectively. At stage 1, the old
cultivars tended to have larger value of the
unevenness parameter than new ones, while
little difference of the general expansion
parameter was recognized between them. One
exceptional case was Koshihikari which
showed expansion at the middle part of the
body resulting in a large value of the uneven-
ness parameter, even though it belongs to new
cultivars. At stage 2, the value of the general
expansion parameter became larger, especially
in old cultivars. The value of the unevenness
parameter was generally larger in old cultivars
than in new ones. These evidences indicate
that the plant shape have become more slen-
der and more rectangular in new cultivars
than in old ones.

To compare the degree of tissue dispersion
in a plant, two parameters were calculated, i.e.
the percentages of area of high density (more
than 6097) and of low density (5-209%,) to
total area (5-10097) in the shoot density
distribution map. Scatter diagrams of cultivars
on the two parameters are shown in Fig. 4.
The cultivars distributed near the upper left
side of the diagram tended to have a sparse
distribution of shoot, while those near the
lower right side had a dense distribution. The
old cultivars tended to have more sparse
distribution of shoots than new ones, and this
tendency became more prominent at stage 2
than at stage 1. Koshihikari was an excep-
tional new cultivar whose shoot distribution
was as sparse as those of old cultivars.

Leaf angles were compared at both the
middle and upper parts. The mean angle of
leaves that distributed from 2/6 to 3/6 of
plant height was calculated to indicate the leaf
angle at the middle part. Similarly, the mean

-value of leaf angle from 5/6 to top was taken

to be the leaf angle at the upper part. Scatter
diagrams of cultivars on the leaf angle at the
middle and upper parts are shown in Fig. 5.
At stage 1, the leaves at the upper part stood
nearly vertically in all cultivars. The leaf angle
at the middle part differed in each cultivar,
but no clear difference was observed between
new and old cultivars. At stage 2, the leaf
angle at the middle part slightly changed as
compared with that at stage 1. At stage 2,
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however, the leaf angle at the upper part
greatly decreased in old cultivars, while in new
ones the change was slight. Three cultivars,
Sasanishiki, Koshihikari and Nipponbare
showed a little tendency to decrease the leaf
angle at the upper part, though they are new
cultivars. In other new cultivars, leaves at the
upper part were kept vertical after heading.
The leaves of Aikoku tilted horizontally during
both stages in the middle part.

Discussion

The plant shape defined in the present
experiment was the projection of a plant body
to the two dimensional plane. Therefore, rear
leaves were not measured. The values of shoot
density at high density parts may be underes-
timated, though these values at low density
parts may be near the real value. Values of
leaf angle may be slightly overestimated
because the actual leaves occupy three dimen-
sional space. Neighboring plants were cut in
order to take good photographs. Some
cultivars, especially old ones having elastic
stems, supported each other in a population
after heading. The dispersing nature of old
cultivars may be emphasized by the removal
of neighbors. Accordingly, the values mea-
sured by the present method are not always
exact. Our preliminary study, however,
showed a close curvilinear correlation between
the real leaf area measured by the stratified
clip method and the projected shoot area at

each stratum in the middle-upper part of the
plant body®. The points causing errors shall
be improved in the future through the use of
data-processing methods for estimating three
dimensional values from two dimensional ones
and the development of new photographic
equipments.

Many reports have indicated that the distri-
bution and direction of leaves and stems affect
the light receiving efficiency?® and assimila-
tion system'®. These properties are an impor-
tant factor in determining the dry matter
production and are functions of genetic traits
as well as cultural conditions of a plant.
Objective description of these properties is
needed.

The purpose of the present experiment was
to demonstrate that the computer image anal-
ysis, in spite of its shortcomings as mentioned
above, could be utilized for characterizing the
distribution and direction of leaves by making
a comparison between new and old cultivars.
Hayashi? has indicated that there are inter-
varietal differences of leaf angle, especially in
flag leaf angle, and the difference becomes
larger after heading. Murai et al.® have report-
ed that in new cultivars in Hokkaido the flag
leaves are more vertically distributed at matu-
rity stage than in old ones. Changes of canopy
structure between old and new cultivars in the
warmer part of Japan was also pointed out by
Takeda et al.!?'® Most of these points were
again suggested in the present experiment.
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Fig.3. New (0O) and old (o) cultivars scattered according to the general

expansion and unevenness parameters at heading time (stage 1, A) and at
three weeks after heading (stage 2, B). Explanation of these parameters are
in the text. Cultivars are numbered as shown in Table 1.
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Fig.4. New (0) and old (o) cultivars scattered according to their percent-
ages of high density area (more than 609,) and low density area (5—209%,)
to the total area (5—1009,), in the shoot distribution map, at heading time
(stage 1, A) and at three weeks after heading (stage 2, B). Cultivars are

numbered as shown in Table 1.
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Fig.5.

New (0) and old (o) cultivars scattered according to the mean leaf

angles at a middle part (2/6—3/6 of plant height) and at an upper part
(5/6—6/6 of plant height), at heading time (stage 1, A) and at three weeks
after heading (stage 2, B). Cultivars are numbered as shown in Table 1.

Further, this method has revealed that in old
cultivars, there are difference in the plant
shape after heading, e.g. mushroom and pot-
belly types. Such shapes may affect the degree
of mutual shading with neighboring plants.
Prominent change of plant shape from stage 1
to 2 was also noticed in the old cultivars. Such
change may be unfavorable for keeping the
light-receiving-efficiency high through matura-
tion. New cultivars seem to keep high light-
receiving-efficiency by strong culms and little
amount of dispersion. Koshihikari, one of the

new cultivars, showed a plant type similar to
that of old ones. This cultivar is the oldest
among the new eight cultivars used in this
experiment, and its properties seem to be
associated with easiness of lodging.

In the studies of leaf distribution, several
methods have been applied, such as the com-
parison of vertical distribution of leaf areas by
the stratified clip method* and the statistical
analysis of wvertical distribution of leaf
weight!®. In order to analyze both the vertical
and horizontal distributions of leaf area and
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leaf angle, Ito et al.® applied the silhouette
method. However, this method is time-
consuming and laborious. Recently, an optical
radar system'”, a crop radar system by laser
beam® and a magnetic sensor system'® have
been proposed for measuring the three dimen-
sional leaf distribution of a plant, and an
optical diffraction analysis for the estimation
of foliage angle distribution!?. But these tech-
niques have yet been put to practical use. The
advantage of our method is that both the
shoot density and leaf angle are conveniently
estimated from the same photograph. The
computer makes the data-processing time
short and enables us to handle many mate-
rials. The objectively described shoot density
map may be utilized for making images about
the spatial properties of plants, though the
values are approximations. We would like to
propose that this method could be utilized for
the description, characterization and evalua-
tion of plant type, and to call this the Plant-
Profile-Processing method (PPP method).
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