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Abstract : Detailed features of solar radiation distribution and penetration in soybean communities were
examined using integrated solarimeter films for 2 days. Five cultivars (c.v. Tsurukogane, Nanbushirome, Enrei,
Tachinagaha and Miyagishirome) were grown under field conditions and in pots for comparison. All of these
cultivars except Tsurukogane had leaf concentration in the upper layers of the canopy. Tsurukogane and
Nanbushirome had smaller leaflet areas in the upper of the canopy, whereas Enrei, Tachinagaha and Miyagi-
shirome had larger leaflets in the upper layer. The higher the intercepted radiation and the smaller the leaflet size,
the larger the difference in intercepted radiation between the edge and the center of the leaflet. The mean
radiation penetrating leaflet was around 1M] m™? 2days™ and penetrated radiation against intercepted
radiation on the leaf adaxial surface ranged from 13 to 2797,. The differences were larger in the cultivars with
larger leaflets and smaller in the cultivars with smaller leaflets. A canopy structure with smaller leaflets and
smaller leaf area in the upper laver of the canopy may be advantageous for radiation transmission and
distribution.
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bean
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Radiation interception and distribution in
the canopy is an important factor for crop
production. Usually, models were used in such
analysis for radiation interception and distri-
bution in plant community>+%1319_ In plant
communities, however, leaf distribution and
orientation change in the short-term by tem-
porary changes of weather conditons. Leaf
distribution in the long-term is effected by
plant growth and climatic conditions. Thus,
these models would be restricted in the usage
for actual plant communities.

In the previous papers, we reported several
possibilities of the usage of the integrated
solarimeter films in the analysis of light inter-

cepting characteristics in communities®?, It
has been pointed out that the leaves often
concentrate in the upper part of the canopy in
field grown soybean, restricting light penetra-
tion to the lower strata of the canopy!®2?9. In
this paper, five cultivars were examined for the
detail radiation interception and distribution
characteristics in soybean communities to
obtain some fundamental information for the
improvement of light intercepting features in
soybean.

Materials and Methods

Five soybean cultivars (Tsurukogane, Nan-
bushirome, Enrei, Tachinagaha and Miyagi-
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shirome) were grown in 1992 in the experi-
mental farm of Faculty of Horticulture, Chiba
University. Tsurukogane is an indeterminate
cultivar and grouped into Ib, and the other
four cultivars are determinate type and
grouped into Ilc by Fukui and Arai’s classifi-
cation criterion of the soybean ecotype in
JapanV. In the field experiment, the seeds
were sown by hand at equidistant spacings of
35 cm between and within rows on 10 June.
The seeding rate was two, which was thinned
to one per stand after emergence. A combina-
tion of N, P,O; and K,O was applied in the
ratio of 30, 0 and 100kg ha~! just before
sowing.

The measurement of radiation interception
was made on 25 and 26 August for the field
experiment (at the young pod stage). Two
plants of each cultivar were selected from the
center of the plot in terms of equal leaf num-
bers. After sunset on the day before the experi-
ment (24 August), two integrated solarimeter
films?" (their dye percentages had been
already measured by a spectro-photometer
(Hitachi Corp., U-1000)) were stuck on the
edge and the center of all leaflet surfaces of
the five cultivars. In addition, one integrated
solarimeter film was coated on its surface with
aluminium foil ; and stuck on the abaxial sur-
face of the terminal leaflet of Nanbushirome,
Tachinagaha and Miyagishirome as shown in
Fig. 1. All integrated solarimeter films were
removed at night after exposure for two days.

Tsurukogane

Nanbushirome

The dye remaining percentages of the integrat-
ed solarimeter films were measured by the
spectro-photometer. At the same time, vertical
distribution of leaf area of four plants of each
cultivar was measured at 10 cm height inter-
vals.

In the pot experiment, the seeds were sown
on the same day in 1/2000 a Wagner pots with
fertilizer in 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 intercepted radiation was mea-
sured on 6 and 7 August (at the flowering

a. Position of integrated
solarimeter films on leaflet

b. Sketch of the cross section
of the terminal leaflet

Adaxial side Integrated solarimeter film

Lea! I I

Abaxial side P
Aluminium foil

Fig. 1. Position and method of sticking inte-
grated solarimeter films.
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Fig. 2. Vertical distribution of leaf area index (LAI) at the young pod stage.
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stage). One integrated solarimeter film was
stuck on every leaflet surface of one plant per
cultivar. Other methods for the measurement
of intercepted radiation were the same as the
field experiment.

The experimental days were very clear. The
global solar radiation and the mean air tem-
perature were 35.6 M] m~2 2 days™! and 35.4
MJ m~%2 days !, and 28.6°C and 29.5°C for 6,
7 of August and 25, 26 of August, respectively.

Results

1. Canopy structure of the field experi-
ment

Fig. 2 shows vertical distribution of leaf area

index. The leaf area index was smaller in
Tsurukogane with relative smaller leaf areas in
the upper layers of the canopy. The other four
cultivars had larger amount of leaf area in the
upper layers, showing typical table type. In
particular, as a result of mutual shading,
leaves in the lower layers of Enrei and Miyagi-
shirome had already defoliated. Tsurukogane
and Nanbushirome had smaller leaflet areas
in the upper layer of the canopy. Enrei and
Miyagishirome had large leaflets in the upper
layer. Tachinagaha had large leaflets in the
upper layers and smaller ones at the base of
the canopy (Fig. 3).

2. Differences in radiation interception
between the center and the edge of the
leaflet

The intercepted radiation per unit leaf area

at the edge of the leaflet was significantly
larger than that at the center in Tsurukogane
and Nanbushirome (P=0.05 level). The other
three cultivars were also larger at the edge of
the leaflet though insignificant (Table 1). The
mean intercepted radiation at every layer of
the cultivars was also larger at the edge with
the exception of the upper two layers of
Tachinagaha. The upper layers tended to
have larger differences. In particular, the
uppermost layer of Tsurukogane had a signifi-
cantly larger value at the edge.
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Fig. 3. Vertical distribution of mean leaflet

area.
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Table 1. Mean value of the difference in intercepted radiation per unit leaf area between the
center and the edge of leaflet.

Height Tsurukogane  Nanbushirome Enrei Tachinagaha  Miyagishirome
(cm) (M] m~2 2days™!)

70~80 0.304

60~70 0.157 —0.148 1.061
50~60 1.028 0.332 —0.055 0.556
40~50 0.453 0.419 0.767 0.052
30~40 1.288* 0.825 0.372 1.105 0.184
20~30 1.238 0.052 0.418

10~20 0.394 0.606 0.299

0~10 0.098

Total 0.837* 0.511* 0.149 0.331 0.352

P value 0.003 0.017 0.536 0.218 0.213

* Significant at 5% level of T test.

** Positive value implies that the value on the edge is larger than that on the center.

NII-Electronic Library Service



Isopa et al. Radiation Penetrating Leaflet in Soybean 301
Table 2. Radiation penetrating leaflet per unit leaf area.
Cultivar Number Penetrated Intercepted Percentage of
radiation radiation penetrated
on leaf surface radiation*
(MJ m~2 2days~!) (M]J m~2 2days~!) (%)
Mean S.D. Mean S.D. Mean S.D.
Nanbushirome 32 1.04 0.31 9.36 4.28 13.2 6.4
Tachinagaha 20 0.99 0.38 7.93 8.22 27.1 25.0
Miyagishirome 26 1.20 0.25 10.15 7.07 25.9 26.4
Significance ns ns ns
* Against intercepted radiation on leaf surface.
3. Radiation penetrating leaflet 80 ' ' ' T
The mean penetrated radiation per unit leaf 70k i
area was largest in Miyagishirome and small-
est in Tachinagaha, which was similarly 601 i
related to the intercepted radiation on the leaf E
surface although there was no significant = 50 -
. =4}
difference (Table 2). Nanbushirome had a K
smaller mean and standard deviation of E 40 7
penetrated radiation against intercepted radia- ~ i
tion on the adaxial surface. The values of 7
Tachinagaha and Miyagishirome were similar 20k i
for the mean and the standard deviation.
Fig. 4 shows the vertical distribution of 10 L L L

percentages of radiation penetrating leaflets
against intercepted raidation on the adaxial
leaf surface. The values in the uppermost layer
of Tachinagaha and Miyagishirome were
small and their mean intercepted radiation on
the adaxial surface were rather large. On the
contrary, the percentages of penetrated radia-
tion in the second layer were large, whereas
the mean values of intercepted radiation were
small. In Nanbushirome, the percentages of
penetrated radiation in the second and the
third layers, besides the uppermost layer, were
also smaller compared to the other two
cultivars. Intercepted radiation on the adaxial
surface was also smaller. The values in the
lower layers of each cultivar except Nanbu-
shirome tended to be large, since intercepted
radiation on the adaxial surface was smaller as
compared to the upper layers.

Fig. 5 showed the relationship between
intercepted radiation on the adaxial surface
and the percentage of radiation penetrating
leaflet. The values fitted well to the equation
of power series, i.e., the larger the values of
intercepted radiation on the adaxial surface,
the lower the values and a smaller deviation of

1
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Penetration percentage
(abaxial/adaxial)

Fig. 4. Percentage of radiation penetrating
leaflet.
Figures indicate mean values of intercept-
ed radiation on the leaf surface per unit
leaf area (M] m=2 2 days™).
—— Nanbushirome —aA— Miyagishirome
—@— Tachinagaha

the percentage of penetration. Using these
equations, the values of radiation penetrating
leaflets were estimated for all the leaflets of the
three cultivars. Estimated total radiation pene-
trating leaflets per unit ground area were 1.97
M] m~22days™!, 1.97 M] m~2 2 days™! and 4.
38 M]J m~2 2days™! for Nanbushirome, Ta-
chinagaha and Miyagishirome, respectively.
4. Vertical distribution of intercepted
radiation in the pot and the field
experiments
Intercepted radiation in every layer of the
pot experiment were larger than that in the
field experiment, although the global solar
radiation on both experimental days was quite
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Fig. 5. Relationship between penetration

percentage and intercepted radiation on
adaxial surface.
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similar (Fig. 6). There was no large difference
in the uppermost layer but rather a large
difference occurred in the third layer in the
pot experiment. The values were larger in
Tachinagaha and Miyagishirome and smaller
in Tsurukogane and Nanbushirome. In the
field experiment, there was a large difference
in the upper layers. Tsurukogane and Enrel
had larger values, and Tachinagaha and
Nanbushirome had smaller values in the
upper layers of the canopy. In the lower
layers, however, Enrei showed smaller values.
The differences between the pot and the field
experiments tended to be larger in Tachinaga-
ha and Miyagishirome with larger leaflets and
smaller in Tsurukogane and Nanbushirome
with smaller leaflets.

Discussion

We reported that the sum of intercepted
radiation by leaflets was 30~909, larger than
the global solar radiation, and assumed such
large values”. Hirota et al.¥ estimated that
absorbed solar radiation would be about 70 to
759, at the maximum LAI stage, with a re-
flectance percentage of about 25 to 309,. In
addition, the total radiation penetrating leaf-
lets was about 10~209, of the global solar
radiation. The percentage of the penetrated
radiation against the global solar radiation
would increase under cloudy conditons, since
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Fig. 6. Vertical distribution of intercepted

radiation at 10 cm intervals from the top
of the canopy in the pot and the field
experiments.
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the penetrated radiation was around 1 M]J
m~2 2 days™! even where leaflets intercepted
low radiation. The amount of radiation
absorbed by the canopy may therefore be
rather small as compared to the total intercept-
ed radiation measured by the integrated solar-
imeter films.

The radiation that has penetrated the can-
opy once, for example, would be 1 MJ m~?
2days™!, its light intensity could be approxi-
mately less than 6 klux, which is very low
irradiance for photosynthesis according to the
light-photosynthesis relation by Kumura!?.
This estimation indicates that the once
penetrated radiation of leaflet may not be so
effective for photosynthesis as has been
pointed out in rice by Matsushima et al.!¥.

Difference between the edge and the center
of leaflet in radiation interception was obser-
ved. The higher the intercepted radiation and
the smaller the leaflet size, the larger the
difference. Although the reason in not obvi-
ous, smaller leaflets may be able to intercept
reflected radiation from other leaflets under
high light conditions. For Tsurukogane which
had smaller leaflet sizes and the largest differ-
ences between the edge and the center of
leaflets in intercepted radiation, the extent of
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decrease in mean intercepted radiation in the
field as compared with the individual plant
was smallest. Nakaseko!'® reported that can-
opy with the leaves and petioles that was made
smaller by mechanical stimulation showed the
improvement of light penetration of the can-
opy. Thus, a canopy structure with smaller
leaflets in the upper layer of the canopy may
be advantageous for light transmission. In
addition, leaf area distribution might also
affect the effectiveness of light penetration of
the canopy. In the potato plant, the canopy
structure with uniform distribution of leaf area
had advantages for light penetration as
compared with the table type canopy which
concentrated leaves in the upper layers®. In
soybean, most of the reports which referred to
vertical distribution of leaf area indicated the
table type®!116179 However, Tsurukogane was
the only cultivar which did not have leaf
concentration in the upper layers of the can-
opy in this experiment, although its LAI was
rather small. In addition being only the in-
determinate type among the cultivars used in
this experiment, Tsurukogane is one of recom-
mended cultivars in the higher latitudes of
Japan (Hokkaido). In a relatively different
environment as in Chiba prefecture in Kanto
area, it became dwarf and matured earlier.
This result suggests a new possibility of can-
opy structure for light utilization and the
evaluation of the yield traits will be worthy of
consideration in future research. Finally, the
leaf movement may affect radiation intercep-
tion largely in field conditions®!®!?. This prob-
lem will be discussed in detail in a subsequent

paper.
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