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Image Instrumentation of Plants Exposed to Air Pollutants

—Quantification of Physiological Information

Included in Thermal Infrared Images—

Kenji Omasa* Fumiaki ABo*, Ichiro Aica* and Yasushi HasummoTo**

Heat and mass transfer on a leaf were
examined from the standpoint of .evaluating
distributional patterns of physiological infor-
mations such as transpiration rate, stomatal
resistance and air pollutant sorptions from leaf
temperature distribution measured by an in-
strumentation system of thermal infrared
images, and models for the evaluating were
derived. Furthermore, parameters of the models,
accuracies of environmental controls and mea-
surements on the leaf and so on were examined
by experiments. As a result, transpiration rate
and stomatal resistance to water vapor diffusion
on the -leaf were evaluated within accuracies
of 0.02x10-5g.cm~2.s"! and 0.3s.cm"}, res-
pectively. Accuracies of sorption rates of air
pollutants such as SOz, NOz, Os and PAN will
be applied corespondingly to that of transpira-
tion rate from an analogy between the models
for the evaluating transpiration rate and sorp-
tion rates of these air pollutants. Finally,
changes in distributions of physiological infor- -
mations mentioned above were evaluated from
the changes in distribution of leaf temperature
during SOz exposure.
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Fig. 2 Block diagram of a system for image instrumentation
of plants
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Fig. 3 Schematic diagram of an apparatus for
fixing a leaf. Environmental conditions
on the leaf were maintained constant
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Fig.6 An example of changes in temperature
distribution of a sunflower leaf during SO,
exposure
Conditions: T.=25.1°C, ¢=699 RH, rpap=
0.875s+.cm™, FEsy=2.91x10"?cal-cm™+s7%,
Ewyx=22.13x107% calecm~%+s~'. P,=1.5vol-
ppm
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Fig. 7 Changes in distributions of transpiration
rate, stomatal resistance to water vapor
diffusion and SO. sorption rate obtained
from the leaf temperature distributions in
Fig.' 6

BICoYyTEZ ) O®EEZ Ly L, KEADEBEERE, 2
T b O, BRABENRREOBEERA—FOL
PICERETL, BESHAREL2HE, 15 volppm o
SO: 2 REL, TORDERITHOE/ASRL 10,
Fig. 6 it R 0 —Bl & R9. SO: © REREEMEHIC
23.4~24.5°C T &H - 7R 23, WAHORRBICPE-T
ERU, BEHHE% 60 min FBL AT, 247~
26.8°CiTiz»7c. BEBELLE 60 min O S TORER
LRI, BAEMSKENFAT 3.1C, Bb/ &
WMATLICTH o1, TS DEBSHMSHEL
TREGERE, IKESIERICHT T 5 KB B LU SO:
 RIEEOEESHE Fig. T IORT. REBBIO
HEEE, SRER, SO BIGEE 13, #h < h,
0.56~0.72%10"5g.cm 2.5, 0.6~1.5s.cm™}, 0.0
geem 257! ThH o 7o A3, REMIEE 60 min ORAT
i 0.19~0.52x10-5 gecm-2+s~}, 1,8~9. 1s-cm™Y,
0.04~0.17x 10" gecm~2+571 {T1: 5712, SO DRE

HABBHAESRIE

g1TH H6 5

HEROREBIC M » TRALBEOIEET 5 [ALEHH
KELAQD, HEBEE, SO WRLEE s HEic BAL
tz. L L, ZORER, ZEOBMICLORLDRYE
—Th-72. 2D &L, SOz icxtd 2 FFORSH
DBEOIAIIC L DRI ECEAERLTHY, T[ABH
DAH =X ORI F AL 52 5. 7,
SO2 13, MHEMICBRIR N/, HARSOETER
BAETSY, HEMEZED 7)) —FOMEnEs b1
57, ZhoDBEROREDCEER, EORMALII
ORI Y, TR HFEOEAICLD, BEF
WU E & 0BRSS DRFAET T2 2 & 037

REIZ TS » 72
6. & H D I

FRI TR, EORFBPLICK T ZHABLICYHED
ERICOVWTREL, RS0 OEEERE, SHE
Hi, HRH ABNRGEES & OEEBROER S HEH
ETBEFVAEN. FLT, EBIC, Thb0H%
EEREERIT 2 BOBMEIC DV TERNRNZ
T, BEBEES LUOKBRILHICH T 5 SAEIE
0.02x10% g-cm~2.571, 0.3s-cm™! D R CTHET
BLENTE., 1, TENRFERHIATH S SOz
NOq, Os, PAN 75 & ORNGEE D #HETHEE 3,
S ETEY N ARNGEE OHEEF L ORMUED S,
EBEEOZNWKETZ b0 EEZ ORI, B,
SOz ICHRL L BHEDORISICOVTRETL 7283, &
TR EER COEABROTERILDOFHED, K

ABIAD # = X ADRYIHEOBTE & 5 H AR &

DOBEFR, X 5iCi, BRH RICKT 5 E ST
OEBICESTH B ERBE e, 4%, COF
B2, FYRBETORURICOERIZTTEL, BY
DOEE, #0ftl, EYKBT IHEERCHIDLE
ROBITCHATE2bDEEZON 5.

BRIC, KRRDITZDDOBFABEEETAY X7 LD
BRI H DB NEZFHARBFER) V—E 2T
sv—7, ZHEBEBER) - BREE KR ETHER S
N—=TRLrSEDHELFRT .

2 & XA

D) BA: rEERBEROBTFHHMEE [1]1~3], B3
BIUEZ 53, 483/488, 627/630, 739/744 (1978)

2) B, €7, @ EYER & TEREE, B &,
18-4, 336/344 (1979)

3) K. Omasa, F. Abo, Y. Hashimoto and I.- Aiga:
Measurement of the Thermal Pattern of Plant
Leaves under Fumigation with Air Pollutant. Res.
Rep. Natl. Inst. Environ. Stud., 11, 239/247 (1980)

4) K. Raschke: Heat Transfer between the Plant and
the Environment, Ann. Rev. Plant Physiol,, 11,

— 46 —



KRB ZR B BA: RRBELRETOBY OB

1117126 (1960)

TH, B, RN HEORHEEME, 195/253 Hg
=/E (1972)

N, BA: BHBEFC X 2ERAE LY EERE
Z DRGHE, B B By RS 3 4R, 13-5, 482/488 (1977)
(. Shiraishi, Y. Hashimoto and S. Kuraishi:
Cyclic Variations of Stomatal Aperture Observed
under the Scanning Electron Microscope, Plant
znd Cell Physiol, 19, 637/645 (1978)

T.C. Cetas: Practical Thermometry with a Ther-
mographic Camera Calibration, Transmittance,
and Emittance Measurements, Rev. Sci. Instrum.,
19, 245/254 (1978)

- K. Schurer: Thermography in Agricultural En-

-

gineering, Bibl. Radiol., 6, 249/254 (1975)

B, HEKR MHA, FIE, & @HEEOT 0 L RF
TEZOBEHE (VD) EEOEBMNE, 4YEERD,
17, 27/33 (1979) )

BA, AEAR €F MHE 2 BHEE0T 0 ex[E
EEZOREHIE ) ERS R ELABE L DBE &£
FRIEIANS, 18, 57/65 (1980)

G.G.J. Bange: On the Quantitative Explanation of
Stomatal Transpiration, Acta. Bot. Neerl,, 2, 255/297
11953)

D. M. Gates: Transpiration and Leaf Temperature,
Ann. Rev. Plant Physiol, 19, 211/238 (1968)

J. L. Monteith: Principles of Environmental Phys-
ics, Edward Arnold (1973)

15)

16)

18)

19)

20)
21)

22)

23)

663

J. H. Bennet, A.C. Hill and D. M. Gates: A Model
for Gaseous Pollutant Sorption by Leaves, J. Air
Pollut. Control Assoc., 23, 957/962 (1973)

M. H. Unsworth, P.V. Biscoe and V. Black: .
Analysis of Gas Exchange between Plants and
Polluted Atmospheres, Effects of Air Pollutants on
Plants(T. A. Mansfield), 5/16, Carhbridge University
Press (1976)

R.A. O'Dell. M. Taheri and R. L. Kabel: A Model
for Uptake of Pollutants by Vegetation, J. Air
Pollut. Control Assoc., 27, 1104/1109 (1977)

KB, LR EPICK 3 KRERDEORE BT 55
(1) SO, 0EHRE L WUREERALOBKR B%
S5, 34, 51/58 (1978) S

KB, ZR, ZH, FER: E9ck 3 KEBEWED IR
%PCBQTZJ%%(H) NO:, Os 31 iE NO:+O, B
TiCHEF BREICONT, BEKR, 35, 77/83 (1979
KB BRINALDEHEDEDH N DK A, B
BRI S, 9-2, 77/80 (1980)

B YL 34 Y - PAN o IR (W) HEIC
B3 398, RREMAEMAHER, 77/83 (1980)
HE, KB, /M BXOERRFEYERARERD
MRk, RFERRM - 2WHRERE, 315/363, FEE
Fk 4 (1980)

D. M. Gates, H.]J. Keegan, J.C. Schleter and V. R,
Weidner: Spectral Properties of Plants, Appl.
Optics, 4, 11/20 (1965)

AT —



