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Fig.2.2 Photographs of the system
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Fig.2.4 Leaf temperature of spinach plants in the green-
house. , a part of the leaf in the sunny place;
—-—, a part of the leaf in the shade.
Environmental conditions: humidity, 70 %; wind
velocity, ca. 0.4 m-s~1
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Fig.2.5 Spatial distributions of leaf temperature at time
points (A,B) in Fig.2.4.



. Table 2.1 Maxima of leaf-air temperature difference

Plant species Max. of leaf-air temperature

difference
Dent corn 7.8 °C
Kidney bean 5.8
Castor bean 3.9
Radish 2.3
Toma to 2.2
Japanese radish 1.4
Eggplant 1.2
Rice plant 0.8
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/(r'wax + rusx ) 2.7
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HBCBIIREVBHLRLEOERE. RAAERECOHNABRETREIH 2,
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Fig.2.6 Schematic cross-section of a stoma
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(2.9)

reax / luwax =(Dw / Deg ) 4

resx / rusx = Dw / Dg (2.10)
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Fig.2.7 Schematic diagram 6f an apparatus for fixing a leaf.
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constant.
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x 1073 cal-cm-2.5"1



Transpiration rate Stomatal resistance

Fig.2.9 Spatial distributions of transpiration rate and stomatal
resistance to water vapor diffusion evaluated from the
leaf temperature image. Conditions: T,=25.0°C, $=62% RH,
Esx=2.37x10-3 cal.cm™2-571(25k1x), Eyx=2.23x10-2 cal-cm=2.s-1,
rkax=1.5 s-cm~1
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Fig.2.11 Relation with time between S0, sorption rate, Q
and transpiration rate, W for four SO, concentrations.
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Fig.2.12 Relation between SO, concentration in the air, P,
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Fig.2.15 Spatial distributions of O3 sorption rate evaluated
from the leaf temperature image shown in Fig.2.9.
03 concentration was 1 volppm.
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Fig.3.1 Diagram of the remote-control image instrumentation
system with a Tight microscope

Fig.3.2 Photographs of the system
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Fig.3.3 Schematic cross-sectional view of the microscope
stage for holding an intact leaf. A, objective;
B, shade cover; C, leaf; D, stem; E, holding ring;
F, ring fixed to remote-control movable stage; G,
remote-control movable stage; H, plate; I, heat
absorbing glass filter; J, diffusing filter; K,
base; L, halogen lamp; M, mirror
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Fig.3.4 Microphotographs of an intact stoma observed with
reflected or transmitted light using the image
instrumentation system. (a) reflection image;

(b) transmission image
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Fig.3.5 Microphotograph of test chart measured using the
image instrumentation system.
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Fig.3.6 Microphotographs of responses of an intact stoma of an
adaxial epidermis of a broad bean plant to illumination
change. The time after the first illumination change
is shown under the photographs. The illumination was

changed from 30 to 2 k1x at 0 min (a) and from 2 to 20
kix at 20 min (e).
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Fig.3.7 Flow diagram of digital image processing for evaluating
width, Tength and area of a stomatal pore.
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TEZo6N B, 6. gu (x’,y') 2HE TC_{ELU. Fid->THELER
FLDcentral poreDHIEK gt (x’,y’) B+ 3,

g (x’°,y’) = (1 if gu (x’,y’) = T at appointed stoma

0 otherwise
(3.5)



ZZT. ZiEtOM{EE. unsharp maskingBOBEBRBVWTSOEET. il
ThlkporeDEEBEHERROERMBE UT—BEHREETIH S, 8. FH
BOEBENEVESRIE. B XhzporefHFR/NABEUSZDOT. LEDH 3
MNEBEET.
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RRATBZIECAINISLDORDBZIEMNTES(Fig.3.8) « TZTT. TS
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REU.
Nz-1 Ni-i
xo =(1/A) E E x’ gt (x’,y")
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8 =0.5 tan? [2Sxy/(Sxx— Sw) ]
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Fig.3.8 Conception‘for evaluating width and length of
a stomatal pore
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Fig.3.9 Sequence of digital image processing for evaluating
stomatal aperture according to the flow diagram in
Fig.3.7. (a) to (o) correspond to those in Fig.3.7.
The coordinates are shown in (a) for (x,y) and (b)
for (u,v).



umTHoko Fig.3.10ik. RAFE. BEXLCERSFEREEIZ. i X h f2pore
OHBLEBRRTULERDOTH2, HEBEVWEERD. COFFRZIVEER
BRPBOMEBTTERI EBD DSk,

3.5 T

AXETR. HYOLEBUTLI3RETORIAHBEH2EEZI DERHICHE
T5RDCHREVREREBFOBRMEGHINY AFLERILHAERWET 52D
DF«+VINBERABFEZIDVTHENE, COVIAFLAR. £EREEXEHRT
3. EREOAT-VYBIXREhTVWS, . 5L (WEZ¥-LT
16006%) TLEVWESHEH(I3mm 2D ORFHMBE L. BOAXRHT (BHHXT
KIXFEE) TOBRETERTILDOSIT AAXTEFEHLTVS, 3. H
XASGBE. I "X ABOBYELERTHABIZIIELHBTES, —FH. R
LoMOEM. RS, B, TV LBEABRZEY. ThEh10un? . 0.3
ums 0.3umDEBEHEBETRDLIIELYBTER. TLEHEOEVERRBBLLSVLT
HIOFFEWFDTH o120



Table 3.1 Accuracy in the evaluation of area, length, and width
of a stomatal pore.

Area Length Width
Mean value 433 um2 34.1 um 16.4 um

Standard error 10 0.3 0.3

o

\.

i

—_—

Fig.3.10 Pore edges extracted from different stomatal images.
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Fig.4.1 Block diagram of spectral image instrumentation system.

Fig.4.2 Photograph of the system.
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Power
Source |— CPU ROM RAM
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Graphic s
Processor
CMT —]— Keyboard
| | D/A Spectro-
Recarder Converter ragiometer
Pulse Motor Chi PM
x-Y | _[Rs-233C Controller | 7170.25-0.90um
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Computer Interface 0.85-2.5 um

Fig.4.3 Block diagram of spectroradioanalyzer.

Fig.4.4 Photograph of the analyzer.



Fig.4.5 Attachment with 1ight source (tungsten halogen Tamp)
and integrating sphere for measuring reflectance and

transmittance of the leaf.

*SAMPLEX MAX 0.108E+1 AT B2435 MM
n PMY o4y B FNO 88-23 B REP 01
g COM 9188 Br xi19
1.8 (SLIT=10,180)

Reflectance

Wwave length (nm)

Fig.4.6 Measurement of a standard reflection board with 18%
reflectance in visible rays.
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Fig.4.7 Photographs of typical acute SO,-, NO,- and 0;-injured
leaves of sunflower plants.
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Fig.4.8 Reflectances of healthy and damaged leaves measured
with the analyzer. A, healthy leaf; B, damaged leaf
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Fig.4.9 Spectral characteristics of silicon vidicon camera and
interference filter.
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Fig.4.10 Spectral characteristics of the average gray levels of
healthy, SO,-injured and NO-injured parts of sunflower
leaves. These data were measured by the silicon vidicon
camera with filters shown in Fig.4.9.
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Table 4.1 Mean value and standard error of gray levels of all S0,-
and NO,-injured and healthy parts at each band of 0.45,

0.55 or 0.67 um.

Wavelength Healthy part Injured part
um Mean Standard Mean Standard
value error value error
0.45 61.3 6.2 134.4 18.9
0.55 71.9 7.1 111.9 11.7
0.67 53.5 3.7 132.3 15.5
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g.4.11 Spectral characteristics of the average gray levels
of healthy and 0z-injured parts of sunflower leaves.
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Table 4.2 Correlation coefficient and standard error which indicate
the relationship between total chlorophyll contents of
healthy and 03-, SO,- and NO,-injured parts and the average
gray levels of the spectral images or the band ratios of
the images.

Wavelength

of image or Correlation Standard
band ratio coefficient error
0.45 um -0.91 5.6 ug-cm 2
0.55 -0.89 6.1
0.67 -0.87 6.7
0.78 -0.09 -
0.90 0.03 -
0.45/0.90 -0.93 5.1
0.55/0.90 -0.95 4.2
0.67/0.90 -0.88 6.4
0.78/0.90 -0.20 4 -
0.45/0.78 -0.91 5.7
0.55/0.78 -0.91 5.8
0.67/0.78 -0.86 6.9
0.45/0.67 0.16 -
0.55/0.67 0.60 10.9
0.45/0.55 -0.78 8.5
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Fig.4.14 Schematic diagram for image instrumentation
of polarized spectral reflection.
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Fig.4.15 Spectral characteristics of reflection increase Pij(t)
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Relationships between 1,'s of the stomata of adaxial or
abaxial epidermis of various intact plants and their stomatal
conductances (gs). Symbols represent mean values of the 1,
and vertical bars indicate t standard error. O, broad
bean adaxial epidermis; @ , broad bean abaxial epidermis;

A , sunflower adaxial epidermis; A , sunflower abaxial
epidermis; O , tomato adaxial epidermis; B , tomato
abaxial epidermis.
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Table 5.1 Density of stomata (ng) and mean va]ue of TypaxlE(1bmax)]
in the same areas as Fig.5.1.

Kinds of Density of stomata Mean value of

Plant species epidermis (p1ecég/%m2) 1bmaT[E(1bmax)]
Sunflower adax 86.6 30.1
abax 76.8 35.9
Broad bean adax 17.7 31.1
abax 34.7 31.9
Toma to adax 24.8 11.6
abax 77.8 14.5
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Fig.5.2 Relationships between widths of the stomatal pore in

undamaged and damaged regions and their stomatal con-
ductances. A, undamaged region; B, damaged region.

O , data measured at different 1light intensities before
SO, exposure; @ , data after the exposure. (a) to (d)
show time courses after the exposure in order. Environ-
mental conditions: air temperature, 25.0°C; relative
humidity, 60%; light intensity, 600 uE-m=2-s-1 during
exposure to S0,; SO, concentration, 1.0 ul-171 (A) and
2.0 u1-1-1 (B).
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Fig.5.3 Changes in distribution of stomatal resistance to water

vapor diffusion on a leaf during exposure to ca. 2 volppm
S0,. (a) to (e) show distribution patterns of the stomatal
resistance at given periods of exposure. (f) shows changes
with time of maximum (—-—), minimum (----- ) and mean

( ) stomatal resistances and SO, concentration during
the exposure. Environmental conditions: air temperature,
25.0°C; humidity, 62% RH; shortwave radiation, 2.37x1073
cal-cm~2.s~1; Jongwave radiation, 2.23x10-2 cal-cm=2-s71;
illumination, 25 klx; boundary layer resistance to heat
transfer, 1.5 s.cm™1,
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began to appear. Environmental conditions were the
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Fig.5.8 Two-valued image of the leaf divided into healthy area
(black) and injured area (white) by P, =0.2 in each stage
(A,B,C,D) shown in Fig.5.6.

Fig.5.9 Necrotic visible injury photographed one day later.
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Fig.5.12 Relationships between spatial distributions of integrated
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Fig.A.1 General view of the growth cabinet for air pollutant
exposure
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Table A.1 Characteristics of the growth cabinet for air pollutant

exposure.
characteristics
temperature range 15-40°C
deviation +0.1°C(max)
distribution +0.3°C(max)
humidity range 50-80%RH
deviation +1%RH(max )
distribution +2%RH(max )
gas concentration range refer to range of
gas analyzers
(Table A.2)
deviation SO, +3.2ppb(at 0.05ppm)
NO, +0.6ppb(at 0.05ppm)
05 +0.2ppb(at 0.01ppm)
€O, +1.4ppm(at 450ppm)
HC +10ppb(at 0.2ppm)
wind mean velocity 0.2m/s
distribution +0.1m/s (max)
lighting max 40k1x
ventilation 0-2,800m3/h
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B J_l JJ-1 | exhaust air

a1l a-2 lamp house

==

1
<
fresh air
(a) fresh air processing unit. (b) chamber. (c) exhaust processing unit.

Al automatic damper E/C: electric heating coil
AF: active carbon filter G: gas jet unut
B: blower H: steam jet unit
C/C. cooling coil H/C:. heating coil
D: manual damper MF: manganese filter
D/C. dehumidifving coil PF: pre-filter

Fig.A.2 Sectional view of the growth cabinet for air pollutant
exposure.
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(b) diagram of the computer control system.

H C:

T.
CDK:
CPU:
DC.
DP:

automatic damper
blower

cooling coil

manuai damper
dehumidifving coil
electric heatiang coil
gas jet unit

gas analyzer

growth room

gas sampling unit
steam jet unit

heating coil
psychrometer
resistance thermometer
cartridge disk

central processing unit
damper controller

dot printer

lGPs|
pse—~{PC

TPS

C

(c) diagram of the analog back up system.

MFC:
MM:
MT:
P10:
PTR:
SA:
SCR:
STW:
CDS:

GPS:
HPS:
PC.

SC:
TPS:

mass flow controller
modutrol motor
magnetic tape recorder
process /O interface
paper tape reader
servo-actuator

SCR electric manipuiator
system typewriter

set station for cooling and
dehumidifving base
program set station for gas
concentration

program set station for
humidity

P1D controller

signal converter

program set station for
temperature

Fig.A.3 System diagram of the growth cabinet for air pollutant
exposure.
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Table A.2 Characteristics of gas analyzers.

NO, NO; SO; 0O; CO; HC

principie chemilumi- pulse chemilumi- NDIR FID
nescence fluorescence nescence
range (ppm) 0.05-10.0 0.1-10.0 0.01-2.0 500~-2.000 1-50
noise (ppb) 2 4 0.5 I (ppm) 10
zero drift (ppb/day) 0.25 1.0 0.4 1 (ppm/day) 20
span drift (ppb/day) 0.5 1.0 0.5 2 20
response time (min) 2.0 3.5 1.0 0.1 0.1
05 1

sO2 10.05ppm

2
23

(ppm)

N
NO, 10.05ppm

-

Concentration

00 1 1
0 1 2 3
Time (h)

Fig.A.4 An example of the program control of SO,, NO, and 0,
in the growth cabinet.
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Fig.A.5 Spectral characteristics of light

1. characteristic of stannous halide vapor lamps
(Toshiba-Yoko Lamp)
2. characteristic of cut off filter for infrared

spectrum
3. characteristic in growth room
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Disturbance

' 1
Fresh air Exhaust air
CiFi) Reaction ](Cd Fa)
- P ,J-d
7 P
R Plant
Growth room
Recycle Recycle
exit air inlet air
Heat exchanger
and Gas jet unit
humidifier
Disturbance l IMGUi%lillated
D UVQFIO e

Fig.B.1 Schematic diagram of the material balance of air pollutants
in an environmental control chamber.

Ci : gas concentration of fresh air

Cq : gas concentration of room and exhaust air

F, : air flow rate of fresh air

Fq : air flow rate of exhaust air

: reaction rate which depends on gas concentration
: gas sorption rate of plants

: manipulated variable

: disturbance

[ww N ey v J- o
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[ Select air conditions ]

l

| Measure ventilation and reaction rates |

!

Measure air pollutant sorptions by piants

Is air poltutant—_
concentration in steady~=
state?

Yes

Place plants
in the chamber

No

Measure air pollutant .
concentration

1

Remove plants
from the chamber

[Calculate sorption rates of air pollutant |

Fig.B.2 Flow chart for simultaneous measurement of air pollutant
sorptions. Cgs and Cyo in the figure denote gas concentra-
tions in steady-state. Cgg is the initial value and Cy, is
the value after plants are removed from the chamber.
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