Jpn. J. Crop Sci. 63(4) : 699705 (1994)

Growth and Adaptation of Soybean Cultivars
under Water Stress Conditions

II. Effects of leaf movement on radiation interception*

Peiwu WanG, Akihiro Isopa, Guozhi WEi**, Takao YOSHIMURA™**
and Toshio IsHIKAWA***
(Faculty of Horticulture, Chiba University, Matsudo-city, Chiba 277 ;
** Shihezi Agriculture College, Shihezi-city, Xingjiang, China ;
*** Remote Sensing and Image Research Center, Chiba University,
Inage-ku, Chiba-city, Chiba 263, Japan)
Received April 28, 1994

Abstract : Leaf movement of field-grown soybeans under water stress conditions was examined with radiation
interception. Two cultivars with different leaf movement, Zhenzhuta 2 (active) and Heinong 33 (inactive), were
grown in concrete plots in Xingjiang, China. At the pod filling stage, the plants were subjected to four different
levels of irrigation. Intercepted radiation of every leaflet of two plants in each plot was measured by integrated
solarimeter films for 2 days. There were large varietal differences in leaf movement affecting radiation intercep-
tion. The upper leaves of Zhenzhuta 2 tended to intercept greater amount of radiation and the efficiency of
radiation interception against leaf area was higher, as the amount of irrigation increased, indicating that
paraheliotropism in the morning was inactive due to the water supply. Heinong 33 did not differ in radiation
interception among the treatments except in the severest water stress plot. Radiation in the severest water stress
plot penetrated less because of the wilting of the leaves during the day time. Paraheliotropic movement in
Zhenzhuta 2 became inactive in the morning, after the temporary irrigation following the water stress treatments.
Heinong 33 recovered from wilting and moved its leaves paraheliotropically during the day time.

Key words : Drought resistance, Integrated solarimeter film, Irrigation treatment, Leaf movement, Radiation
interception, Soybean, Water stress.
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It is known that two types of leaf movement
exist, diaheliotropism and paraheliotropism®!®
and that these movements may be modified by
water availability!>!4!%1®_ In the previous
paper!?, leaf movement and its effect on leaf
temperature of soybean was investigated
under irrigated and non-irrigated conditions.

* The outline of this paper was presented at the 192 nd
meeting of the Crop Science of Japan in November,
1991.

There were large varietal differences in leaf
movement and leaf temperature with regard to
active and inactive leaf movement cultivars.
This indicates that paraheliotropic leaf move-
ment has the role of avoiding the increase in
leaf temperature under water stress conditions.
Leaf movement also affects radiation intercep-
tion, which is concerned with dry matter
porduction, i.e. paraheliotropic leaf movement
decreased intercepted radiation in sparse pop-
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Table 1. Amount of irrigation during the experiment (mm).
Date
ne \
Treatment Ju July Total Precipitation
20 25 2 6 9 14 18 25
I 0 20.8 0 0 0 0 0 0 20.8 22.8
II 36.5 15.0 4.1 4.1 15.0 15.0 15.0 15.0 119.7 22.8
11 52.4 20.8 7.4 7.4 30.1 30.1 30.1 30.1 208.4 22.8
IV 66.6 30.1 15.1 15.1 45.1 45.1 45.1 45.1 307.4 22.8
Table 2. Leaf number, leaf area index (LAI) and intercepted radiation.
Intercepted radiation  Intercepted radiation
Treatment Leaflet number LAI per unit leaf area per unit ground area
(plant~!) (m?m~?) (M] m~%day™!) (M]J m-2day~1)
Zhengzhuta 2 Heinong 33 Zhengzhuta2 Heinong 33 Zhengzhuta 2 Heinong 33 Zhengzhuta 2 Heinong 33
I 70 117 2.85 2.14 2.61(1.82) 3.80(2.16) 17.09 18.13
II 74 130 2.54 3.72 3.07(2.15) 2.88(2.60) 18.94 23.24
[l 76 89 2.57 2.37 4.29(3.46) 4.15(3.52) 26.25 22.28
v 71 103 3.15 2.93 3.29(3.84) 3.46(3.01) 24.35 22.85

(

) : Standard deviation.

ulation ; and reduced severe mutual shading
effects in dense leaf area distribution®. In this
experiment, we intended to investigate the
effects of leaf movement on radiation intercep-
tion as water deficit increases.

Materials and Methods

The experiment was conducted at the
experimental farm of Shihezi Agriculture Col-
lege, Xingjiang, China in 1990. The field
consists of four concrete framed fields (3.6
m X 32 m with 1.8 m in depth). Two cultivars,
Zhengzhuta 2 (active leaf movement and
short stature) and Heinong 33 (inactive leaf
movement and long stature), were sown at
equidistant spacings of 35 cm on April 26. The
seeding rate was 2 or 3 per hill, which was
thinned to one per hill after emergence. The
other conditions of the cultivation were as in
the previous paper!®. Four levels of irrigation
treatments were conducted as shown in Table
1 (from June 20 to July 28). After the treat-
ment, temporary irrigation (45.1 mm) was
made in Treatment IV on July 28.

The measurement of radiation interception
was done on July 7 and 8 (17 days after the
treatment). Two plants of each cultivar were
selected from the center of the plot in terms of
equal leaf numbers. Integrated solarimeter

films2” were stuck on every leaflet surface by
double-sided binding tapes for two days. The
details of the measurement were the same as
reported by Isoda et al. ”. The experimental
days were clear ; and the global solar radiation
for the two days was 14.3 MJ m~2 day~'.
On July 30 (the 2nd day after the tempo-
rary irrigation), vertical distribution of leaf
area, leaf, stem and pod weights of four plants
of each cultivar were exmined at 10 cm height
intervals. At the same time, relative light inten-
sities were also measured at 30 points per 10
cm of plant height around 7:00 h, 12:00 h,
and 19:00h using a relative light intensity
photometer (Sanshin Kogyo Corp., NS-2).

Results

1. Leaf number and mean intercepted
radiation

Table 2 shows leaflet number, leaf area
index (LAI) and intercepted radiation per
unit leaf area and per unit ground area.
Treatment III had the largest mean intercept-
ed radiation per unit leaf in both cultivars.
The values of Treatments I and II were the
smallest for Zhengzhuta 2 and Heinong 33,
respectively. The value of Treatment I in
Heinong 33 was higher, suggesting that its
leaves intercepted radiation rather perpendic-
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Fig. 1. Frequency distribution of intercepted radiation per unit leaflet area with plant height.

ularly because of the wilting of the leaves
during the day time. Intercepted radiation per
unit ground area tended to increase with the
amount of irrigation in both cultivars,
although Treatments III and IV of Zhenzhuta
2 were similar and Treatment II of Heinong 33
was the highest.

2. Frequency distribution of intercept-

ed radiation

Frequency distribution of intercepted radia-
tion per unit leaf area differed between the
cultivars and among the treatments (Fig. 1).
In the upper two layers of Zhenzhuta 2, a
well-irrigated plot tended to intercept the lar-

ger value of radiation. In particular, the total
accumulated value of Treatment IV was
almost 20 MJ m~2 day~!, which was greater
than global solar radiation. Heinong 33
showed little difference among the treatments,
although there were several leaflets which
intercepted larger radiation in the upper two
layers of Treatments III and IV as compared
to Treatments I and II. The maximum value
was recorded in the second layer of Treatment
I11.

3. Canopy structure and the amount of

intercepted radiation
Fig. 2 shows vertical distribution of interce-
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Fig. 2. Vertical distribution of intercepted radiation and the leaf area index within canopies.
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Fig. 3. Relationship between cumulated leaf area index and the relative light intensity.

pted radiation and leaf area index (LAI)
within the canopies. Zhengzhuta 2 had differ-
ent distribution of intercepted radiation and
LAIs among the treatments. Treatment I and
IT had the largest LAI in the middle layer of
the canopy and the lower layers were the
largest in Treatment III and IV. The upper
layers tended to have larger amount of
radiation, except Treatment III. The upper
layer of a well-irrigated plot tended to inter-

cept larger amount of radiation per unit leaf
area. Treatment IV intercepted larger
amount of radiation in the upper two layers
as compared to Treatments I and II, indicat-
ing less paraheliotropic leaf movement. In
Heinong 33, distribution patterns of intercept-
ed raidation and LAIs were not so different
among the treatments as compared to Zheng-
zhuta 2, although the total amount of inter-
cepted radiation in Treatment I was smaller.
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Fig. 4. Relative light inten-
sity within the canopy
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rary irrigation in Treat-
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The second layer from the top intercepted the
greatest amount of radiation and intercepted
radiation was small towards the base of the
canopy.

4. Relationship between LAI and rela-

tive light intensity

Fig. 3 shows the relationship between
cumulated LAI and relative light intensity
with plant height on July 9. The inclinations
(light extinction coefficient, k) of Zhengzhuta
2 did not differ among the treatments, except
in Treatment III. The k value of Treatment 111
was smallest, indicating that more radiation
was intercepted. Heinong 33, except in Treat-
ment I, had smaller k values than Zhengzhuta
2 due to its taller plant height and sparse leaf
area distribution. Treatment I showed a
higher k value (0.795) and the light penetra-
tion was worse because the wilting of leaves
progressed during the day time.

5. Effects of temporary irrigation

At noon, solar radiation generally penetrat-
ed deeper as compared to that of the early
morning and the late evening (Fig. 4). Radia-
tion penetration within the canopy changed in
Treatment I of Zhengzhuta 2 before and after
temporary irrigation. Before temporary irriga-
tion, radiation at noon penetrated deeper into
the canopy as compared to that in the early
morning and the late afternoon, indicating
that the greater amount of radiation was
permeated by paraheliotropic leaf movement.
After temporary irrigation, however, para-
heliotropic movement during the day time
became inactive and the difference among
measuring periods was less than that before
irrigation. The leaves responded immediately

“. E 1 ment [.

\ I
11 ' 0 ' '1 ) morning, ~------ noon,
LAI(mZ m-Z) evening

to adequate water conditions and intercepted
more radiation. On the other hand, the leaves
of the upper layers in Heinong 33, were wilting
during the day time and recovered from
wilting in the late afternoon under water stress
conditions. The radiation at noon was interce-
pted by the uppermost wilting leaves. After
temporary irrigation, the upper leaves recover-
ed from wilting and moved paraheliotropically
during the day time. This resulted in the
increase of unintercepted radiation as compar-
ed to Zhengzhuta 2.

Discussion

Several reports have cited that para-
heliotropic leaf movement increased as leaf
water potential decreases’!!518)  Although
leaf water potential was not measured in this
experiment, it was found that leaf movement,
including paraheliotropism and diaheliotro-
pism, was related to the amount of irrigation.
Previously, we reported that the leaf tempera-
ture of the irrigated plot in Zhengzhuta 2 was
higher than air temperature during the morn-
ing, suggesting that the leaves moved dia-
heliotropically'®. On the other hand, the leaf
temperature of the non-irrigated plot was at
par with air temperature, exhibiting para-
heliotropic leaf movement. The results of inter-
cepted radiation obtained in this experiment
coincided with the changes of the leaf temper-
atures. Intercepted radiation in Zhengzhuta 2
tended to increase as the amount of irrigation
was increased, though Treatment III was the
highest. These results indicate that the
increase of water availability extended the
period of diaheliotropic leaf movement and
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there would be an optimum amount of irriga-
tion for intercepted radiation. Therefore,
proper water management may increase inter-
cepted radiation in the irrigated culture of
soybean, and subsequently, increase of dry
matter production.

After temporary irrigation following the
water stress period, paraheliotropism in Zheng-
zhuta 2 became inactive, although the changes
in leaf temperature showed a certain degree of
persistency of paraheliotropic rhythm'®. On
the other hand, Heinong 33 showed no
increase of intercepted radiation after the tem-
porary irrigation. This result suggests large
varietal differences in physiological responses
to water deficit. There are several reports
about physiological factors that relate to
drought resistance of soybean, ie. water
potentials, photosynthetic rate, stomatal resis-
tance?~>102, Besides these physiological fac-
tors, leaf movement may also be one of the
functions of drought resistance and adapta-
tion, such as paraheliotropism as an avoidance
of excessive-light damage mechanism ;and
inactive paraheliotropism after the cessation of
water stress. Sammons et al. !” reported that
varietal differences in the yield of Medrski and
Jeffers’ field study'® were not entirely consis-
tent with the differences in the data on seed-
ling performance, including water potentials
and photosynthetic rate. In addition to the
differences in maturation ; and between popu-
lation and individuals, the inconsistency
between these data might be related to popu-
lation performance, including the effects of
leaf movement as discussed above. Para-
heliotropic leaf movement has the role of
avoiding the increase of leaf temperature
under water stress conditions'®. Isoda et al. ®
reported that leaf temperature may be
controlled by transpiration and para-
heliotropic leaf movement;and the magni-
tudes of these two factors may differ among
the cultivars, suggesting that leaf movement
would be one of the mechanisms for adapta-
tion under drought and/or high light condi-
tions. If the relation of leaf movement to dry
matter production is investigated further, leaf
movement may be used as a criterion of
drought resistance under field conditions.
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