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Measurements of Vibrations of a Rice Plant and
Light Fluctuations within Plant Canopies

Toshihiko MAITANI

Light fluctuations and vibrations of plant were simultaneously mea-
sured within rice plant canopies, using the photo diode and strain gauge,
respectively. They were compared with momentum fluxes measured over
the plant canopies. Light fluctuations within the plant canopies were
temporally intermittent and also spatially very variable. The standard
deviations of light fluctuations within the plant canopies and culm strain
rates of a rice plant were proportional to momentum fluxes observed above
the plant canopies. This implies that standard deviations of light are
directly proportional to those of culm strain rates of a plant, or square of
wind velocity.

The light fluctuations were studied in the frequency domain, using
spectral analysis. The spectrum of light had a maximum peak near 2 Hz
and a significant portion of the spectral energy density in the high fre-
quency range was above 2 Hz. They were not only caused by leaf
movements due to vibration of plants but also by leaf flutters.

Key words : Light fluctuation, Plant vibration, Rice canopy, Momen-
tum flux, Spectral analysis
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REPIAR DI & B ENERIC B 2 B DEEDRIE

EFEDHEDBHAD 2 DI TEETH 5, JAENEEI > TEL MR IZN DR
PERIRAUCBIR T 23R OM IR E A HITb T b (Bl XA 1948, FHE 1955).
F& L (B213 Maitani 1979, £ S 1980, K& 1981) (2 EBFREGEE I & 2 MEES
BE, 8 I N ETARESY— VI L ZHWENENDRIE % FEFHC TV, WEOMAIERIC
ODWTHANTE R, 72, KON & FIEEE) CRa - B 1983), e oMRE (kg
1985) DEARIZOWT LI EED TV 5,

FEE DI U1 - CREENESO SRS LI LISHERINIC 2L 5 Z L3, EMRICiZ R <
MLENLRRTH DB, 20X ) REENIBORBENEENIL, HARSLBPLZEILDHET D
% ONEWIBEE DG & LBIRT 20O CTEETH 5. Bz, BERIT D= AL
¥ — 24T AL X — 2R AR B s, KB AR BEET 56PN B8R, L
o TWbIENMLENTWS, FNHE, FIREZHOSEIRDOIABIZITT 5 50
XA A Ee B A HEME A HERE X LTV B (] 2. 1F Pollard 1970), EBRZIC BT 5 HHO &
5 BB EE L3R 5 T 5 A, BENBOLENFERMOESIC 13t 7 A%
BEHEL > T b, ZNLDRBEOEEFEMOAETIC LD L ) B2 RITT Iz Ow
THEND I L IZHBKRIEN, 20728, BALPDOFREIC L > CHENTROEDEENCET
LA HE I T2 (213 Desjardins ef al. 1973, 84S 1991). Zh b DiFEN %
GBI, PHEE & BOBRICET 200 TH S, Lich»> T, FEENER
DIENEE) &, HPHKOIEN SRR EoEE B E & OEHEN BRI OV ORI
L ATFhb N Twin,

RI LI BWTIE, WO S BHENT TONRBROEFHDOUE 1TV, FERHZIT-
72RO 3N R0E B R B OBIEOBRIC OV TET O 2 &RlA 7, BT TSR
Fii & FEATRE R I DV T B kN B,

R H R 2ICBL, Al TBE 2 By o BRERERA LA A BRI, ANIREE, MEOEME
RAHFT TS o @@ BIERKRICEHL 7.

g W F &

19844F 8 A T4 & 9 A FANC LA B E AW SO A 2 8% CPAEREMT5em) T
WEROBEAERL 2. OB A AOREHICL2 - TEBY, BENNATEC DIER
DOREH RS 7z,

B & LAEEE ORI IR, 29 10cm = R IGHEE I EGR IS AT (M L AR DAT390
R & BEE F09em DEEICHRE L TiT- 72, 72, A FDENBNERET 5725612, 4
FOF (BREES5em) (0B — Y (FreLEBE 1245 B-FAE-8N-12) %858 L THIADE
RRISEL 72, B — VI L 2HEBEROENOBEEIC OV TL, KE (1981) ik & nT
Wb, 7, BEERNIRO 2 B (BEES0ecm, 65cm) iC 7 4 A A —F (& x— 7B SPD
511T) #8E L T, MEOENC Y RBEOEFDBIE X 1T- 72, THREBHIICE T, £~
H—DEBEESCENOEI TECIC L ST, RBEOEHORTFIEL S R B2 L0590
S72. ZOMETIE, BITOEWICELERIN L, EROEEFHESFNSG Z L2 EHN
YL, ALOREOENC L > THREIEMT L L) BfLEIC 74 A A —FERE
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L CHA%ERmL 72,
HOPNEHENMEFR T F ¥ > FNDTFa s/ T—g L a—y—icitskl 7214, ERZE
WCHBIRD, 774> T2 E583EECKE-#R 1976) 2 HWT, &F v A LEH12.5
BOEET A/ DERET, T INMEIZE VHEFEEZIT-72, 74 PFAF—FD
WHIETBEEES TH LY, BERAEARBHA CRZES N AFRICHBIL Tz, 72, K
BOEBOBNIL, L ANREBENEFHNRI L L WEROIABNDADT— 8 % v TUT-
7z, B, ZOBBMEICIE, A ABEEWNSMC Durham O£ %E L CRRIEB O &K
SATRRREEACDBE 24T - 125, FOERIC OV TIBRICRE L7z kG 1985).

BMBERCEER

1. #EPHEOBIEABROEHD BICICER

A ABEE Fo95em i B B EEEE (w), 55cm izl 24 FOBHE (s) LXE (L)
DEBOKA DR D) 0 HEREEkD—B % Fig. 1o d. BiE B CTRRRICH > TR
AT B & REPHRDIEN, BEEWNEOLEYIEE L T2 Z & b, —RICEDH
{70 2 EREMROREASENLBI3H ) T, ELRERCHENS., F72, BT E - 2
WKL B A IREY 247 5 (£ ) Th <, BROREDINE % - AR B TLENFEN
DT BN L, BEENIONEROEE I EL LI 0 E o A ADORLELN LY
£ I NDERETHHEAICL, BENTORRIE, BEOBESLENRRIC L - T, SR
WO B OB 2 EAMT 2 b 5. L b, BOBAREGO Y E EnfENOEA
BRI B > Twd, L7z -7, £ 2DBRDE (s) OEBHORMIIF LI TH S
%, BEENEORE (L) 2R 1B L )EREOE#H» KL Rone,
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Fig. 1. Simultaneous record of vertical wind velocity (w) at 95 cm above plant canopies,
culm strain of a rice plant (s) at 55 cm and light fluctuations (L) at 50cm within plant
canopies.
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Fig. 2. Simultaneous record of strain of culm of a rice plant (s) at 55 cm and light fluctua-
tions (L) at 50 cm and 65 cm.

Fig. 21243, A 20BR0EE, BENTEOZEGE (50cm, 65cm) (2B 5 HBEBEDEH D20
SR HEEE 27T, Fig LI TEEKOE D 2BV 2912, ZOHIERLEDNE A
i, @EMAESOSEIEARTRETH 5, Fig. 20 FBOEED 5, HWWERORBROE 2 T
EEHLTEY, BIOWL LEEC2 RELES»RLNEZ Ebhr b, 20k ) &iE
NOBRMEE, B BT 2 EHRHXOMAME L BRICEERT 2. Ut )T A2
FRIEDIEAICHE- T, EES0cm & 65cm DEEVEFH L T 72, Eld, BHHEICT -
RHAITIGT 2 BENMEVIREE L, ELICBOL > T iR BEOEWENM TEE L
Tw7z, 65em I BT 208 (L) 13148510507 6 14BF185 B F TR LI 4z » Tz
WREED KT TH -, BrBREICK - Tz, F0#, HEICZ->720, Brklz-72)
T ARV ANTANCEDBREN TS, 4ER24GEIC L REOEBRIIEL - 7257, K
FEAIC A>T L E 7 EAE LR LN, 50ecm 2B 2 BEIZ 14135 E TlE, VAW
JCEALLTEY, #OBIEEIEI» UL ENEL o120, TN THREEORENIC
o T LI LIEHIRIIZHEIC > Tz, ZoflTchad b ko, BENROKENE
I, [ AOBRENHEYLENORENEICL > TRE(EEIND,

2, XAEBIUHEDFOEAOEZERFRE L EDHBEXBORMF

Z ORI S N EEE Eo9Sem (2 B A BATE &N ) o B Bt E (ui)
&, A FANBOEDIERRZE o, DHDERE % Fig. 3I0/RT., T 2T, w3 BEEERE &I TN
ui=—wu TERINLRTHY), u3KERENEHKS TH5H, Fig. 1, 2IcALN S &

162 1994



X B’ B

I, R OBROERLLRICITEAY I EEOEEFEML TW5DT, ZNEHDEFE
HEEWAEORRELRET 572012, 0MMHEICXY - TEERECIGHOHEIITTHN
7z, R ofilz o siis, BE L TREREGEEE THE S U280 (w) & KPR 2
B (u), BIUARORDE (s) DBEEDIMHNT — b EENLBETH S, 1T
DEDDUNKECLDD, oxculDBRDED LD, RIKDEALAKERIK D EI- B
T2ZEBRICHIrD LTS (S 1980), L 72A > THEIDFE L WSRO B H
EHERWARICHHT LI 2RI TEY, RPLBLNTOIEERE L T2 (12
& ZIERA 1981).
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Fig. 3. Relationship between standard deviation of culm strain rate of a rice plant (o3) at 55
cm and momentum flux («#4) at 95 cm.
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Fig. 4. Relationship between standard deviation of light fluctuations (oy) at 50 cm within
plant canopies and momentum flux (ui) at 95 cm.
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Kiz, EEEEXE ui L BEENRORBENEHOEERE o, DBIR% Fig. 4107, Z
ORZBWT L, a0 HEEIcRY > (b T— AW EHESINZLNT
Ho. WELLTIELOEIKEVWLDD, KENEHREFE o, »% ui 2 BT B HEAEE
LA, ZHLORERE, BRI TR L DB L (BN, BERTOREDE
BRI By, 2L CEROEEHFBEEERL VI3, BKO 2 RICHBIL THENYT 2
ZEERLTWES, 7, REOEGEA FAOBRDEAOEERESHFBERICH L Z EF
Z0FTLhW,

3. REBOARS IV

KRNI O RO BN O£ N5 72012, Tukey DHEEC & » TAT VR
# %47~ 72 (Blackman and Tukey 1958). Bf¥% bon95cm i 331F 2 PR A 1 m/s D
WA, BEENESO50em 12 B bR T — 227 v (nS,(n)) % Fig. 5127,
BEENERD IR D27 — 227 F VIR B TN S CEANIIIF—E TH B, Al
YA DN O FEA O 2 1B BT 2 2Hz HE TIRADE— 7 2> T b, TR
AR 1A 7 Lo BARENC & - T, R 2 [IMARE A ) BT 2 LSt L T b,
F72, N7 =227 PSR SICEABEEMIC A ) REL ALY —FEIRH LMD,
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Fig. 5. Power spectrum (nS,(#n)) of light fluctuations at 50 cm.

ZHUEEEIC B S T » BESRERED 3 27 PR, EN/ T — AT bdi 1 He
FY LSRR TARIC AT AR LR 5 T, ZOANT P LOBITE, il
DI ANT - DEEEN BRI ER L Tz, —H, ZOBEEBINCAT-> 72 2 AXEEA
C BT AR A7 P TR, EEEECERSO LY FIgHE) AT —EEORK
FpELN, BAEHL) LECEAERBC L L) OB AN —EEFH D2 ERLT
Wi BERDOGCEOER BRI, —EOEPROZEDENNAL LT, EDEN
M OREMHE DTN DB E AN BT 5 Z 2 2°h 5. Desjardins ef al. (1973)
1, B2moOEED LR 2L EEREO20cm BT, BEAERCHEIZIE, 5 Hz AL
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NEERE THRBOBEIFAT L2 L 2HEL T 5, F72, &K - Hg (1990) 138
A AW ERNERIC L -0, WS 20cm DA £ ORBEAN10cm D& E T30Hz  THE
BB ENE L, FLTANY FAOEKMEPEENEKICONTRE( LD LD
PREELTWD, IALDRAERTENT, AFERICBIT A AFELIIESOEEMELR
T BEHET TN TV A dEEN L KB AR TH S, L, Wil s, B
WE TR ENZTENC 12, 1Hz 23202 2 EAEEES»ZENE 2 E3EETH 2.
$72, Tk HBENOBEEROEE T, EBREICET 5B L ) s BiskE
ZAHBR TR, KBS T, JEEEE), HMEROE, BEENROREEST R, KKK
NDEEGE Y © LIEOEE) L R 5, BUEOZILIIHIG L THENITEAMIC A
L5 2N 5DEBRED, EWONRER LIRS & T 2EBERHSERTICED L ) ICHET L0
FESICT LI LI, SRICERINEKRS ZRETHS .

i =

A ABEIC BT 2 MEARBENO—I L LT, WK & BEENES (1 A DR ET5em)
DHBEOEBOFBHE 2 R4z, MWEROBNOMEIZZEY—Y %, KEOEREHOWE
CiE 74 A A—FEHAGE, UTIEELNR 2, 3ORBRICOVWTRENS,

G ORI £ - T RERE AL, HEOEAYHL B 5L, FHERENROLE
DEIREC Lo b GRS ER L 72, 4 FOROE L HENBORRNEBOIRERE o,
o, 1E, HIEBEEEE «2IC B L T 7, 202 2, BENBOLEDOLE O
fRFEss, MMMANE L L  BHMHERN B OREERZIC B L CMns 5 2 & 2 FKRL T
5.

BEENER O N DT — 227 b VDA L 7 BRI, WROENOEARO 2
(It ET 2 QHZ ANETH » 7205, F05 D @REENIZ L2 % ) DT A X —HE-Tr
HL T, DL OEEEERSE, —BROHEMKOENSIENTE S Zi3h ) T <,
BROBMWRO BB BN EL > ThEL 2 D b5,

LA RO BN & BN EBORIE % RBIIAT - 2REROBETH 5. 4RIIH~
OREEIC BT, EBBEBICIGL THENBOV I WA EEEIctr P—2&EL T,
RLICHMABMNETY 2B ELEbN S,

F——F  GEROLEE), HEOER, A FEE, EHREE A7 VBT
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