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Abstract : The eftects of the leaf movement on radiation interception were examined by a treatment which
restrained the leaf movement in the upper layers of the canopy. Two determinate soybean cultivars with different
canopy structures (c.v. Nanbushirome and Miyagishirome) were grown at two planting densities in the field. A
pot experiment was also used to evaluate radiation interception under the conditions of no mutual shading.
Intercepted radiation of every leaflet of two plants within the canopy and one plant in the pot experiment was
measured by the integrated solarimeter films for two consecutive days. The amount of intercepted radiations per
unit ground area in the treatments were larger than those in the controls of both cultivars and indicated the
ineffectiveness of the leaf movement on radiation interception. In general, Nanbushirome intercepted larger
amount of radiation in every layer of the canopy in both field and pot experiments. The differences between the
control and the treatment in Nanbushirome were large as compared with Miyagishirome. The leaf temperature
of the uppermost layer of the canopy in Nanbushirome was higher than the air temperature in the treatment,
whereas it was at par with the air temperature in the control. The leaflets of the upper layer moved para-
heliotropically to the sun ravs during most of day time, it was therefore assumed that the leaf movement would
regulate leat temperature.

Key words: Canopy structure, Heliotropic leaf movement, Integrated solarimeter film, Leaf temperature,
Radiation interception, Soybean.
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In the previous paper”, we examined the  tion might depend on leaf area density in the

effects of the leaf movement on radiation inter-  upper layer of the canopy.

ception in peanut by using the integrated Although several reports have mentioned
solarimeter films. It was assumed that peanut  the leaf movement in soybean®3&!1.15 there
leaves basically oriented parallel to the sun  are a few references to its effects on the
rays during midday, similar to the pattern that amount of radiation interception in a
have been reported in cowpea!? and kidney  community®®'?. We intended to measure
bean?. Its effectiveness for radiation intercep-  actual radiation interception on leaflet sur-
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faces in field grown soybeans by the use of the
integrated solarimeter films. In this experi-
ment, we estimated the effects of the leaf
movement in soybean on radiation intercep-
tion by a treatment that restrained the leaf
movement horizontally. Radiation intercep-
tion in isolated plants was also evaluated
under the conditions of no mutual shading in
a pot experiment. At the same time, leaf tem-
perature was measured in the control and the
treatment of Nanbushirome.

Materials and Methods

1. The field experiment

The field experiment was conducted in the
experimental farm of Faculty of Horticulture,
Chiba University in 1991. The two determi-
nate cultivars, Nanbushirome (long leaflet
type) and Miyagishirome (round leaflet
type), were used, which are grouped into Ilc
by Fukui and Arai’s classification criterion of
the soybean ecotype in Japan®. The seeds
were sown by hand at equidistant spacings of
30 cm and 40 cm between and within rows
(11.1 and 6.3 plants m~2, respectively) on
12th of June. The plot area was 122.4 m? and
272.0m? for the 30 cm and the 40 cm spacing,

respectively. The seeding rate was 2 or 3 per
stand, which was thinned to one per stand
after emergence. A combination of N, P,O,
and K,O was applied in the ratio of 30, 100
and 100 kg ha™! just before sowing.

The measurement of radiation interception
was made on 14th and 15th of August. Two
plants each of the spacings were selected from
the center of the plot in terms of equal leaf
numbers. After sunset on the day before the
experiment (13th of August), integrated solar-
imeter films (their dye percentages had been
already measured by a spectro-photometer
(Hitachi Corp., U-1000) ) were stuck on every
leaflet surface by double-sided binding tapes.
In the treated plants, the surfaces of the can-
opy of 10 to 16 plants including the selected
two plants were covered double with a 0.56
mesh nylon net. Consequently, leaves in about
10 cm layer from the surface of the canopy
were restrained horizontally. The effect of the
nylon net in reducing radiation was barely
minimal. Every integrated solarimeter film was
removed at night after the exposure for the
two days. The dye remaining percentages of
the collected integrated solarimeter films were
measured again by the spectro-photometer.

Table 1. Leaf area index and intercepted radiation per unit leaf area and per unit ground area.
Plot Leaf Leaf Mean Mean intercepted Intercepted
number area leaflet radiation per radiation per
(plant~1) (m? m™2) area unit leaf area unit ground
(cm?) Mean S. D. area
(MJ m~2 2 days™!)  (MJ m~2? 2 days™?)
Nanbushirome
30 cm
Control 169 3.26 34.7 5.74 5.95 22.9(22.9)*
Treatment 174 3.68 38.0 8.24 7.82 34.8(30.9)
40 cm
Control 230 2.16 30.1 5.90 5.18 16.0(16.0)
Treatment 213 2.07 31.0 6.42 5.74 16.3(17.1)
Miyagishirome
30 cm
Control 157 6.16 70.6 3.80 4.85 27.8(27.8)
Treatment 127 4.83 68.5 4 .43 6.12 25.2(32.1)
40 cm
Control 229 5.27 73.6 3.44 4 .59 21.0(21.0)
Treatment 228 4.73 66.4 4.12 5.87 22.9(25.5)

* Assumed value when leaf area of the control and the treatment would be similar.
** The global solar radiation was 30.5 MJ m~? 2 days™!.
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At the same time, vertical distribution of leaf
area, leaf, stem and pod weights of four plants
each of the spacings were examined at 10 cm
height intervals.

2. The pot experiment

The seeds of the two cultivars were planted
on 14th of June in 1/2000 a Wagner pots with
fertilizer at the ratio of 90, 300, 300 kg ha~! for
N, P,O; and K,O, respectively. They were
thinned to single plant per pot after emer-
gence. The plants were grown in a greenhouse
and were irrigated as and when necessary.
Radiation interception was measured on 30th

and 3Ist of July. The integrated solarimeter
films were stuck on every leaflet of one plant
per cultivar. The method of the measurement
for radiation interception was the same as that
in the field experiment.

3. Measurement of leaf temperature

In the 30 cm spacing of Nanbushirome, leaf
and the air temperatures were measured in
both control and treated plants by thermopiles
from 4:00 AM. to 7:00 P.M. on 14th of
August. Terminal leaflets were selected from
the uppermost layer and at about 10 cm from
the uppermost layer of the canopy. The petiole
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direction of the selected leaflets was northward
(i.e., faced South when tilted upward). The
thermopiles were fixed on the abaxial side of
the leaflets with negligible effect of its weight
on the leaflet movement. The data of the
thermopiles were collected at 5 minutes’ inter-
vals by a data logger (Eto Denki Corp., Ther-
modac E) which was connected to a personal
computer (Seiko Epson Corp., PC-286LE).

Results

1. Radiation interception in the field

experiment

The growing season was very wet. The
amount of precipitation during two weeks
before the field experiment was 84.5 mm. The
experimental days (14th and 15th of August)
were clear. The global solar radiaton was 30.5
MJ m~% 2 days™!, and mean air temperature
during day time (4:00 A.M. to 7:00 P.M.)
was 25.7°C.

Mean intercepted radiation per unit leaf
area was higher in both cultivars and spacings
of the treated plants (Table 1). The value of
the treated plants of Nanbushirome was larger
than that of the control in the 30 cm spacing
(significant at the level of P=0.025 of t test)
and in the 40 cm spacing (significant at the
level of P=0.4). The treated plants of Miyagi-
shirome also had larger values than the control
in the 30 cm spacing (significant at the level of
P=0.4) and in the 40 cm spacing (significant
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Fig. 3. Vertical distribution of amount of
intercepted radiation per unit ground
area.

at the level of P=0.2). Intercepted radiation
per unit ground area in the treated plants was
also larger than that in the control (the value
of the treatment in the 30 cm spacing of
Miyagishirome was larger than that of the
control, when it was assumed that leaf area of
the control and the treatment would be simi-
lar). The difference between the control and
the treatment was larger in the 30 cm spacing
of both cultivars as compared with the 40 cm
spacing.

In Nanbushirome, the distribution pattern
of intercepted radiation per unit leaf area was
different between the control and the treat-
ment in the 30 cm spacing, i.e., there were
many leaflets in the treated plants that interce-
pted more than 15 M] m™2 2 days™! as
compared with the control (Fig. 1). In the 40
cm spacing, however, there was no marked
difference between the control and the treat-
ment, although there were a few leaflets that
intercepted more radiation in the second and
the third layers of the control and in the
uppermost layer of the treatment. Miyagishir-
ome also had larger values in the upper three
layers of the treated plants in both spacings
(Fig. 2). In general, however, Miyagishirome
intercepted smaller radiation in every layer
and the differences between the control and
the treatment were not large as compared with
Nanbushirome.

Fig. 3 shows vertical distribution of amount
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of intercepted radiation per unit ground area.
Nanbushirome had the largest amount in the
uppermost layer at each spacing, and its value
of the treatment was larger than that of the
control. In the 40 cm spacing, the difference
between the control and the treatment was not
large, although the value of the uppermost
layer of the treatment was slightly large. On
the other hand, Miyagishirome generally had
a smaller value of intercepted radiation in
every layer in spite of having larger leaf area,
and small differences between the control and
the treated plants as compared with Nanbu-
shirome. The second layer from the top was
the largest in both spacings except the treat-
ment in the 30 cm spacing.

2. Canopy structure in the control

Nanbushirome had a short canopy height
and smaller leaf area indices in most of the
layers being less than 1.0 in both spacings
(Fig. 4). There was the highest leaf area den-
sity at the second layer in the 30 cm spacing,
and at the middle layers in the 40 cm spacing.
Miyagishirome had larger leaf area indices
than Nanbushirome in both spacings. Its
canopy shape was a typical table type, so that
the lower leaves had already defoliated.
Miyagishirome had produced no pod at this
stage.

3. Radiation interception in the pot

experiment

The global solar radiation was 24.3 M]J m~?
2 days~! during the experimental days. In the
uppermost layer, mean intercepted radiation
per unit leaf area was not so different in

A) The uppermost layer of the canopy

©
\; 10 1 1 1 J. 1 1 A 1
5 4 6 8§ 10 12 14 16 18 20
g B)10cm from the uppermost layer of the canopy
E‘ 45 e Air temperature
[3 40 F — Treatment
Control
351
4 6 8 10 12 14 16 18 20
Time

Fig. 6. Changes with time in leaf and air

temperature in Nanbushirome

Nanbushirome and Miyagishirome (Fig.5).
However, Nanbushirome had larger values in
the other layers. In particular, the values of
the three layers below the uppermost were
rather high as compared with Miyagishirome.

4. Leaf temperature

Fig. 6 shows leaf temperatures in the upper-
most layer and at about 10 cm from the upper-
most layer of the canopy of the 30 cm spacing
in Nanbushirome. The leaf temperatures of
the control and the treated plants were lower
just before 7 A.M., then rose to equilibrate till
8 A.M. when compared with the air tempera-
ture. In the treated plants, the leaf tempera-
ture became rather high and fluctuated largely
after 8 A.M. due to the sun rays. The maxi-
mum temperature recorded was 43°C at 10 A.
M., that was higher than the air temperature
by 15°C. The leaf temperature of the control
was at par with the air temperature, although
it was slightly higher from 6:55 A M. to 11:
00 A.M. and was lower during afternoon. The
control had lower leaf temperature than the
treatment during most part of the day. How-
ever, it was higher than that of the treatment
during the periods from 5:15 A M. to 7:40
AM. and after 5:25 P.M. At about 10 cm
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below the uppermost, the leaf temperatures in
both the control and the treatment were lower
than the air temperature during the day. The
leaf temperature of the treatment was not
different from that of the control until noon,
thereafter it became a little higher during the
afternoon.

Discussion

Leaf movement has two reversible aspects, i.
e., paraheliotropism and diaheliotropism?. In
this experiment, the leaves might orient dia-
heliotropically during the early morning and
just before sunset, since the leaf temperature
of the control was higher than that of the
treatment during these periods. During most
part of the day, however, the leaves in the
control appeared to orient paraheliotropically
to the sun rays, since the leaf temperature of
the control being at par with the air tempera-
ture during this period and the leaves interce-
pted less radiation as compared with the treat-
ed plants. Hirata® has reported that the leaf
movement served as an avoidance mechanism
of photoinhibition of photosynthesis under
extremely high sun light conditions. The leaf
temperature of the treated plants was very
high in the midday. The photosynthesis of the
leaves might therefore be inhibited.

It has been reported that leaf movement, in
particular, paraheliotropic movement, would
be related to the water conditions of the
plants!12 We had much rain in the summer
of 1991, so that the soybean field was suffi-
ciently wet during the experimental period.
The leat movement in this experiment there-
fore demonstrates that leaves could orient
paraheliotropically during most of the day
time even under well watered conditions.
Tazaki et al.'® reported that water stress in
midday reduced photosynthesis of rice grown
even in paddy field. It may be assumed that
the water supply in soybean also could not
meet the water demand for transpiration and
subsequent reduction of leaf temperature at
such day time of fine weather. More detailed
research will be needed to evaluate the relation
of the leaf movement to water conditions and
leaf temperature.

It was found that leal movement played a
significant role in the reduction of mutual
shading and in the increase of radiation inter-
ception in the dense leaf canopy of peanut?”.

In soybean, however, we could not find the
effectiveness of the leaf movement on radia-
tion interception. Although the different
results may be caused by differences betweeen
the crops in their physiological reactions to
radiation and water, some presumptions may
be conceived from the obtained results ; Nan-
bushirome did not have a dense leaf area as
the peanut canopy, so that the tilting up of the
upper leaves might increase unintercepted
radiation. On the other hand, Miyagishirome
also did not show a significant effect of the leaf
movement on radiation interception in spite of
having large leaf area. The leaf movement in
Miyagishirome seems to be smaller owing to its
large leaflet size, since the difference between
the control and the treated plants was smaller
in mean intercepted radiation per unit leaf
area as compared with the 30 cm spacing of
Nanbushirome. In addition, serious mutual
shading might overshadow the effect of leaf
movement. The values of mean intercepted
radiation per unit leaf area in both treatment
and control were rather low as compared with
Nanbushirome. For the isolated individuals
grown in the pots, the value in mean intercept-
ed radiation for Miyagishirome was not so
different from that for Nanbushirome in the
uppermost layer, while the values in the
middle and the lower layers were smaller than
those for Nanbushirome. This result may be
interpreted as existence of self shading due to
its large leaflet even in the isolated plant.
Mutual shading must therefore be serious in
the community of Miyagishirome. Conse-
quently. the intercepted radiation per unit leaf
area might become smaller.

The leaf movement in soybean seemed to be
similar to that in peanut essentially, i.e., para-
heliotropically to the sun rays during almost
day time of fine days. As mentioned above,
however, the effectiveness of the leal move-
ment on radiation interception was different
between the crops. This result might be
affected largely by their morphological charac-
teristics such as leaflet size, leaf thickness and
leaf area density, in addition to the physiologi-
cal reactions to radiation and water.

There was a large difference between Nan-
busirome and Miyagishirome in leaf orienta-
tion. It has been also reported that soybean
would have rather large varietal differences in
leaf movement'®. It is therefore necessary to
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survey varietal differences in leaf orientation
from the viewpoint of radiation interception to
obtain the information necessary for the
improvement of canopy structure in soybean.
In addition, the leaf orientation may be one of
the useful criteria in breeding for the arid
conditions after the evaluation of the relation-
ship between leaf movement and water condi-
tions.
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