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Relationship between Leaf Movement of Trifoliolate Compound Leaf and Environmental Factors in the
Soybean Canopy IV. Light intensity on the leaf surface* : Kuniyuki SAITOH, Ryuzi INAMURA** and Kuni
ISHIHARA*** (Faculty of Agriculture, Okayama University, Okayama 700, Japan ;*** Faculty of Agriculture, Tokyo
University of Agriculture and Technology, Fuchu, Tokyo 183, Japan)

Abstract : To clarify the effect of light on the trifoliolate compound leaf movement in the soybean plant, (1)
changes in the area of the triangle described by the three tips of the leaflets (4T) and leaf inclination angle (g3),
(2) changes in relative light intensity (RL) on the leaf surface to the horizontal plane, and (3) the relation
between light intensity and leaf movement, were examined by irradiating the artificial light vertically above. 4T
decreased to 579, at 60 minutes after irradiation (500 gE+m™2+s7!) with an increase in g of the three leaflets,
and RL decreased to nearly 509,. 4T decreased with increasing in light intensity above 300 yE « m~? !
RL decreased steeply to less than 509, at which the light intensity was above 600 g E+m~2+s7!. Diurnal changes
in RL of upper most expanded terminal leaflets in the potted plants were examined using a small photodiode

» 57!, and

attached to the leaf surface under the outdoor condition. RL showed more than 1009 in the early morning, and
decreased during the daytime to below 509 Similarly, RL decreased to 609, during the daytime in the field
experiment. Diurnal changes in leaf xylem water potential (¥,) in the upper layer of the canopy were compared
between the control (moving) and horizntal (pulvini were fixed with aluminum foil) plot. As trifoliolate
compound leaf approached the tips of the three leaflets in response to sunlight, the light intensity on the leaf
surface decreased and the leaflets maintain the higher ¥, by decreasing transpiration. Clearly, leaf movements
play an important role in water stress avoidance, however the light intensity on the leaf surface is maintained
above the light-saturated point in the relation between light intensity and photosynthetic rate of the leaflet.
Key words : Heliotropic movement, Leaf inclination angle, Leaf xylem. water potential, Light intensity on leaf
surface, Soybean, Trifoliolate compound leaf.
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Fig. 1.

Light intensity on the leaf surface was
measured by a silicon photodiode (400-700
nm) attached to the terminal leaflet.
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Fig. 2. Diurnal changes in leaf xylem water
potential were compared between the control
(moving) and horizontal (pulvini were fixed
with aluminum foil) plot.
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Fig. 3. Time course changes in leaf movements
of soybean plant (4th leaf), measured by 4T
and leaflet inclination angle (8), in response
to the artificial light (500 uE°m~2+57") di-
rected on trifoliolate compound leaf from
vertically above, under the dark temperature
regulated condition.

Leaf movements were investigated by

measuring the area of triangle described by
the three tips of the leaflets (4T) in the trifo-
liolate compound leaf, and terminal (O},

right (&), left (a) leaflet inclination angle
from horizontal. 4T is expressed as the rela-
tive value to which at the start of irradiation.
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Fig. 4. Time course changes in leaf movements
measured by AT of seven trifoliolate com-
pound leaf (4th leaf) in response to the
artificial light (5004E + m %+ s7") from verti-
cally above, under the dark temperature
regulated condition.

Each point is the mean +SE.
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Fig. 5. Time course changes in light intensity
on leaf surface of the three terminal leaflets
(4th leaf, A, B, C) in response to the artificial
light (5004E *m=2-s7") irradiated from
vertically above, under the dark temperature
regulated condition.

Light intensity was measured by the small
photodiode as shown in Fig. 1.
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Fig. 6. Effect of light intensity on the leaf
movements (4th leaf) measured by 4T and
terminal (O), right (&), left (a) leaflet
inclination angle (8), and relative light
intensity on the surface of terminal leaflet.
Artificial light was irradiated from verti-
cally above. Relative light intensity is ex-
pressed as the percentage of light intensity
on the leaf surface to the horizontal plane.
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Fig. 7. Diurnal changes in relative light inten-

sity of the upper most fully expanded termi-
nal leaflet in the soybean plant, grown in the
pot, on Aug. 1st (9th leaf).
Light intensity on the two terminal leaflets
(A, B) were measured by the small photo-
diode as shown in Fig. 1, under the outdoor
condition. Relative light intensity means the
same as in Fig. 6.
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Fig. 8. Diurnal changes in leaf movements (I),
measured by terminal leaflet inclination
angle (@) and 4T (O), and light intensity
(ID) on the horizontal plane (@) and on the
surface of terminal leaflet (O) in the upper
layer of soybean canopy on Aug. 15th (10th
leaf).

Relative light intensity (A) means the same
as in Fig. 6. Each point is the mean +SE.
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Fig. 9. Diurnal changes in leaf movements (I),
measured by terminal leaflet inclination
angle (@)and AT (O), and leaf xylem water
potential (II) in the control (@) and horizon-
tal (O) plot on Aug. 16th (10th leaf).

In the horizontal plot, leaflets were fixed as
shown in Fig. 2. Each point is the mean = SE.

72 14 B 50 92 LARE, & I3IIZFEL x>z  RL I
B¥123% K& <, ZOBABAFCETLTHS
58~85% CHERE L, BKRIZZ > THh S 90~100% &
K& ko,

Tbbt, Xy b, BBIEETLLY A XDIE/N
X, KABEEOBEVWESICEAFHRIZHEANLDS
COXERITTED, KBEEEOEWHPIZER
ZHREEZELIBIIRTHDL I ErbroT:,

HEDER EEDKIBAKRT v L EDRAR:
HREED 8 A 16 HICHAE L 7-xt88XK D B, AT 8L Uf
SERX & FEEXDOEDOKREKKRT > ¥y v (¥,) D
HELZE 9RITRL 7z,

YTEEX D g3 THRED 30 EH» S 108F 15 312 3 A
WUG6ELRD, 16FFE TH0 UL 2#ER L%
18 FF 10 431213 26 B E HUVhNE ez, AT B4
BIHREIZ/INE 22D ,10~14 BF £ THI 509% THRE
L7221 1009% T D 7z,

SR D W, 13 7EF 45 53D —0.4 MPa 7> & K58

WAET L T 138 10 9 i | & & —0.87 MPa # 7=
L, ZOBBLIWCEL D 18KF 40 531213 —0.23
MPa L7 -7z, —7, EEXD ¥, i3 7K 50 30—
0.43MPa 75 BHIIE T L, SEX L D# 1>
FOIRZEILSCEHBEXOREM L Y #0.1
MPa (KWW B/IME—0.95 MPa 2R L, ZDHBEEIZ
ELl ko,

BIEXD U, EHBEROZF N LT 2 £, KB
EEMES HHOFORHEHE VHITIZR0R0E W,
KBEELE < HE DM HF13 0.05~0.1 MPa
KL %5 2 LMD ST,

% =

KEETIE, 51 Z/NEOHIINT 2 RIGEEN
BLUEHARGTCTHELZ. UT, BEOEEO
SHERYVERLEREL NV TEET S,

EFRERICB VT, HECEEAGED S % B
T5E, ERABZBEICKELS ZD AT IZ/NEL
ol 60 D ERRL THLEERECEL oo
7o (B3, 4K, ZORGEERASFY IR ET
HONDEHMENMNIC L D FER SN L2HEMOREE
MIFERBETIEZL, £ 70E ZASNS
EMOAERZICERT 2 L THEH Q~38/) 12X
BT n, < ARHEYIO/NEDEENHE IX
NEERRICBRAE L, RO M Eh{E] & WERE F hF h
ODEEEBCERTZZ ENESLICEINTS
D, EEFHROTFLOBFLKIG? 2 £ & ERIC
30~60 47 & HHEAIR W RISRE 2 LB L 351729,

BHBERETICBLTIE, KBOAMEEEZ
L CHSEE, J[URE, BFkE0%g LB L Tw
%, B L7854 Z/NEDOH T 2 KIGHRE %
25k, A4 RXNEDEENIKEHDO A HEPLH
BN L T, B A LTI B DI LIRS,
L7c3-o T, BIEEOERD» S 51 X/NEDE
A TFRIT2ZEBREETHY, ERAERLKED
A/ NEDOEB BT 2 1230 ) O 2 E
T5IEDHEINT,

ZD XD, BT 54 X/NEDKIGIZZEH
HWTHY, EBNCERZARPERZHEHTL Tv»
LEREZIZ L, BB Y — %2850 D3
THIE L - EEZHERIZ, AT KOBS 2EEL -
20 FERICITETHEML TRAMEY £ 0, ZO®%EY
L T 60 5 #1213 A PPFD @ 50~70% % T i
DPLI(ESK)., Tabb, BENEZEERCKIG
L THEMAESAEME» SRLICKEL R, #

NII-Electronic Library Service



622 HAEMFE XILE F63E (19949

40

w
(=]

[
o

Photosynthetic rate
(mgCO.dm~2h- 1)

-
(=]

Light intensity (10%, E m ?s-!)

Fig. 10. Relation between light intensity and
photosynthetic rate in the terminal leaflet
(8th leaf) of soybean plant grown in the pot
under outdoor condition.
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AFEEL EORBEEEZT T o0 L, KBS
BEHE < RHEEDOBE G 9~15F O RL 13 40~80%
FTETFLEZGETR), $hbb, ERNERIIB Y
THbTFHIZN- L1, HINERKBEEOE WL L
213, BEEERIEKREL T2 22X - TKFEHE
PEDBOSHEZT T VR0, KBEEOSWEIC
BEREREZKELS T8I0k -> TERZEEY
ELLABYEE TR EERINT, £/, 2
DRERIESERIE 21T/ 1 22 BT HEBRIC
FEoonr (FE8X).

TENERRIKBOEFHE LEFHL TE1»SH/AL
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& (diaheliotropism) & FfTic7 55 &1 5&EH)
(paraheliotropism) 2SHI S N T > 52349 Z D Eh
554 NEOEBD 1 HOEL 243 L, BEP
2 F DK EEDEVEFZIC 13 diaheliotropic 125&
By 200, KESEEO S HHIC X para-
heliotropic Z:EBCBITT 5 L EZ 2 2 LN TXE
5,

T4 XEEIHT 3I/NEOREELDT, 4T %
NEL T LIk TEBEHEANKEEEASET
Wae Uhrl, MECEEZA»SAD &, AT H
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RELTWS, KRBV THNERZXE (RL)
mEE LR BAEETICBW TRLIE
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EREEERETI L EEZONEH, ¥4 XTE/N
BON—HERER»OA L L (B 10K), HERK
HEEF 600 uEem~2-s7! TIZIZHAIFNZET 272
®, AKFEED PPFD 231500 uE-m™2+s57! O &,
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RL 73 40% B L T & TEH % X & 13 600 »E -
mies ' Ens, LizhoT, AEEKEEIIE
BHICKEZT TOAEEIHRTEEAEHEI L
W EMBHRAII N, by, ¥4 XNEREE
WEHEELRI 2 2 e al, HPERAEY
KELTHZ &> CREIREBEEFETRA L
BEALTWA EEZ o5, HEONK—EEHER
B WT, RIS L O KBS TIEEE R D HKF]
FBIENELET T3 2 0o, NEDOEENI
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W5,

AEE LB BT 2EEDIT WHhX L REDIZ
£ T, BEEERAFEREVEG/NE {25 il L
D, EEBEEREEL S £ 5 R ARG L 7210,
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2NN, ZRMCE T L2tk T
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EE L CGEFEELE XK ENBXO ¥, OHZE
{bx L7 (B9, FOHEE, HHRROIANE
WXREA L Y H KB AN ERIAE LR LT
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