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Outlines of the Research Project “Studies on the Role of
Vegetation as a Sink of Air Pollutants”

FIR

’I‘sumﬁgu TOTSUKA

Abstract

The aim of this project in 1982-85 is to develop a methodology for ameliorating
polluted atmospheric environment by vegetations. Gas absorption capacity of plants
under various environmental conditions will be investigated in different kinds of plant
species. Characteristics of plant species with high capacity of gas absorption as well as
high tolerance to air pollutants will be clarified with special reference to the foliar
structure and detoxication functions of the plants. Based on the obtained results a
technique for selecting usefull plants as a sink of air pollutants will be established.
Furthermore, the role of vegetation as an air pollutant remover will be evaluated using
simulation model dealing with time trends in species composition, development of
biomass and physiological functions of plant canopy, such as absorption of air
pollutants and release of oxygen and water vapor.

To progress the above mentioned aims of the research project which was initiated
in 1982, following themes have been established:
1) Capacity of air pollution uptake by plants
2) Capacity of air pollution uptake by plant communities
3) Detoxication of air pollutants by plant cells
4) Resistance of plants to air pollutants
5) Regeneration process of plant communities
6) Evaluation on the role of vegetation as a sink of air pollutants

This interim report includes 18 papers related to the themes 1} to 5), which presented
the results obtained in the period 1982-83. The list of publications and titles of oral
presentations in connection with the research project are attached in the text.

New techniques and knowledge developed in this project will be useful for planning
the plantation of road-side trees and construction of greenbelts for ameliorating the
atmespheric environment in industrialized districts.
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Abstract ‘

Leaf diffusive resistance and stomatal demsity of 113 broad-leaved tree species
(deciduous 78, evergreen 35) were measured in the field in order to select the tree
species suitable for filtering the air poilutants from the atmosphere.

The mean value of leaf diffusive resistance of all species determined by a porometic
method was 1.41s-cm™!. The deciduous species showed significantly lower values
{mean 1.14s+cm™') than the evergreen species {mean 2.02 s.cm™'}, Among tested plants,
Paulownia tomentosa Steud. gave the lowest value of 0.41s.cm™, and Pieris japonica D.
Don gave the highest value of 4.08s«cm™".

The mean value of stomatal density on the abaxial surface of all species was
306mm~2, and the difference between the deciduous species and the evergreen species
was not statistically significant. As a result, there was no significant correlation
between the diffusive resistance and the stomatal density.

The deciduous species so-called “sun-plant” gave a lower leaf diffusive resistance,
and the evergreen species so-called “shade-plant” gave a higher value. There was a
negative correlation between the light requirement and the diffusive resistance among
those species. .

Stomatal response to light condition was examined among selected 34 species. The
degree of stomatal closure induced by the dark treatment for 10 min varied from
still ‘fully opened’ to ‘completely closed’ among the tree species. But there was no
significant correlation between the degree of stomatal closure and the leaf diffusive
resistance,

From the present field survey, several deciduous tree species such as Broussonetia
kazinoki Sieb., Celtis sinensis Pers. var. japonica Nakai, Paulownia tomentosa Steud.,
Zelkova serrafe Makino, Ailgnthus altissima Swingle, Melia azedarach L. var.
subfripinnafa Mig. were found to have a lower leaf diffusive resistance and a dull
stomatal response to the changes of environmental conditions. The porometric method
was demonstrated to be useful for the screening of air-filtering plants in the field.
Key words : Leaf diffusive resistance—Stomatal density—Stomatal response

—Porometric method—Broad-leaved tree.
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REFLEDORE

var. buergeri C. ¥, Schn.

il 1 [ALHE R UCEREHGEDE T 2 2AEMEOR YR
Table 1 The characteristics of broad-leaved tree species based on the stomatal
density and the leaf diffusive resistance
Evergreen  Height Light Stomatal density Leaf diffusive resistance
o Scientific name o 1m re- fmm™) (abax, s - cm™) Notice
Deciduaus quirement 54z y i) abaxia! July '84  Aug. 83 Mean
1 Paulownia tomentosa Steud. D 10-15 +2 53+10 430420 43%.03 .37+ .06 .40 {adax;1.91 + .68)
2 Zelkova serrata Makino D 30 +2 0 262 2 .46 .04 - - 46
3 Ailanthus altissima Swingle D 20 +2 )] 204 22 .48 .05 - = .48
4 Broussonetia kazinoki Sieb. D -5 +1 47 7 590 35 .47 .08 .56 .12 .51
5 1lt}_elia azedarach L. var. subripinnata D 15-20 +2 [} 218 34 .53 .04 .55 .08 .54
iq.
6 (éd]l(is_ sinensis Pers. var. joponica D 15-20 +1 0 497 30 .3 .4 .69 .12 .94
akai
7 Juglans ailanthitolia Carr. D 30 +2 )] - 55 .8 - - .55
8 Catalpa ovata G. Don D 10 +2 0 316 28 4T .07 .65 .14 .56
9 Juglans regia L. var. orientis D 20 +2 1] 240 46 .58 .14 .55 .04 .57
Kitamura
10 Hibiscus syriacus L. D 2-5 +1 56 10 272 29 .48 .05 .70 .09 .59
11 Eucalyptus pulverulenta Sims. E 30 +2 o0 22 400 67 .61 .12 - — .61 f{adax; .95 & .29}
12 Celastrus orbiculatus Thunb. D vine +1 ¢ 218 61 .63 .06 .63 .10 .63
12 Quercus acutissima Carr. D 15 +1 0 476 60 .65 .11 .63 .05 .64
14 Diospyros kaki Thunb. n 1520 +2 9 337 2% 81 .07 .73 .35 6T
15 Prunus persica Batsch D 3-5 +2 0 243 16 .62 .06 .72 .09 .67
16 Quercus mongoljca Fisher var. D 20 0 0 632 30 .67 .04 .83 .21 .70
- grosseserrata Rehd. et Wils,
17 Corylopsis spicata Sieb. et Zucc. D -3 163 15 .74 .01 .70 .05 .72
18 lespedeza bicolor Turez. var. D 1.5-2 +1 0 # 142 62 .65 .08 .80 .19 .72
japonica Nakai
19 Prunus itosakura Sieb. D 20 +2 0 292 15 .66 .05 .78 .14 .72
20 Sapium sebiferum Raxh. O 15 +2 44 9 25 13 .60 .10 .85 .05 .72
21 Prunus sargentii Rehd. D 12 +2 @ 288 42 68 .20 .95 .09 .81
22 Liriodendron tulipifera L. D 30 +2 0 132 19 1.00 .18 .65 .08 .82
23 Sambucus sieboldiana Blume ex U 2-3 +1 0 180 13 .74 .13 .80 10 .82
Graebn.
24 Styrax japonicus Sieb. et Zucc. D 7-8 +1 0 305 42 .86 .11 .78 .18 .82
25 Forsythia suspensa Vahl. D +2 0 323 9 B9 .21 .78 .11 .84
26 Robinia psudo-acasia L. D 25 +2 Q * 1.04 .19 .68 .10 .86
27 Betula tauchii Keidz. o 20-25 +3 0 74 1B - — .B6 .15 .Bb
28 Hamamelis virginiana L. D 3-5 +1 0 289 21 - - .87 .13 .87
29 Magnolia stellata Maxim. D 3 0 0 245 49 B6 .34 .92 .12 .89
30 Cornus controversa Hemsl. D 10—-15 +2 0 * .78 .16 1.05 .24 .89
31 Rhododendron oemurasaki Makino E 1-2 +2 0 M7 3 — - .91 .26 .51
32 Cercis chinensis Bunge D 2-3 +2 0 288 14 .85 .07 1.00 .06 .92
33 Euonymus siebeldianus Blume. D 5-6 +1 1} 261 17 - - .82 12 .52
31 Euonymus alatus Sieb. E 1.5-3 -1 0 149 26 .92 .06 - - .82
33 Ginkgo biloba L. D 30 +2 Q 109 13 1.03 .23 .84 .06 .93
36 Lagerstroemia indica L. D +2 0 311 33 .93 .16 - = .3
37 Stachyurus praecox Sieb. et Zuce, D +2 0 271 33 .19 .22 .87 .63 .93
38 Ulmus davidiana Planch. var. D 20 +2 0 362 27 .72 .15 1.18 .21 .55
japonica Nakai
39 Weigela floribubda K. Koch D 2 +1 0 246 34 .85 .08 1.07 .19 .96
40 Firmiana simplex W. F. Wight D 15 +2 Q 818 42 .96 .13 - - %
41 Myrica rubra Sieb. et Zucc. £ 15 +2 ] 57 19 .98 .09 - - %"
42 Fagus japoinca Maxim. D 25 +2 0 237 77 .88 .12 l.12 .15 1.00
43 Prunus yedoensis Matum, D 10 +2 0 230 28 .73 .08 1.29 .13 1.01
44 Thea sinensis L. E -3 0 0 200 32 1.01 .20 - - Lo
45 Lonicera japonica Thunb E/D vine 0 0 334 24 - - 1.06 .19 1.06
46 Carpinus tschenoskii Maxim. D 12 +1 0 224 26 — = 1.06 .06 1.06
47 Kalmia latifolia L. D 1-3 +1 0 200 20 1.12 .12 - — 1.12
48 Prunos lannesiana Wils, D i-10 +2 ] 220 35 1.14 12 L. .12 1.4
49 Maackia amurensis Rupr. et Maxim. D 12 +1 0 * 114 .03 1.15 .08 1.14




RIBHEES

(continued}
Evergreen  Height Light Stomatal density Leaf diffusive resistance
So. Scientific mane or (mj re- {men %) {abax, 5 - cm™) Natice
Deciduous irement o41.ial  abaxial  July 84 Aug.’83  Mean
50 Viburnum tomentosum Thumb. var. D -3 +1 0 124210 1.34%.20  .9%+ 05 1.15
plicatum Maxim.
51 Liquidambar styraciflua L. D 25—30 +2 0 298 70 1.22 .31 1.08 .27 1.15
52 Alpus japonica Stewd. D 16—-15 +2 0 61 10 1.11 .18 1.22 .24 1.16
53 Akebia quinata Dence. D vine +1 0 206 1B 1.17 .12 1.15 .17 1.16
54 Alchornea trewioides Muell. Arg. D shrub +2 6 £2 276 52 1.20 .29 - - 1.20
53 Kadsura japonica Dunal E vine -2 6 3 B6 7 1.3%8 .42 1.03 .11 1.20 (adax; 30.6 £ 83)
56 Rhus chinens Miller D 5-6 +2 0 L3 1.20 .21 1.20 .15 1.20
57 Campis chinensis Voss D vine +2 0 202 18 1.0z .15 1.45 .10 1.23
58 Viburnum awabuki K. Koch E 0 -2 & 118 16 1.23 .15 - — 123
59 llex serrata Thunb. D =5 +1 Q 260 31 1.37 .14 1.16 .13 1.26
60 Acer saccharinum L. D 20 +2 ] * 1.3 .32 1.1% .18 1.26
61 Stauntonia hexaphylla Dence. E vine +1 0 640 68 1.09 .04 1.47 .14 1.26
62 Rhodedendron kaempleri Planch. D 1-5 +1 ¢ i0s i r.26 .14 1.35 .22 1.27
§3 Quercus serrata Thunb. D 15 +1 ] 483 62 1.09 .04 1.47 .14 1l.28
64 Prunus mume Sieb. et Zuce. o] 7-10 +2 ] 766 103 1.27 .30 1.2% .33 1.28
65 Solanum glaucophyllum Dest. E 1-2 +2 130 46 87 18 1.00 .14 1.57 .04 1.28 (adax;1.50 + 2Z1)
86 Abelia grandiflora Rehd. D 0.6-1.5 0 0 260 27 1.51 .23 1.22 .20 1.36
67 Alnus sieboldiana Matsum. D 5—6 +2 o 207 17 1.43 .28 1.30 .13 1.36
68 llex rotunda Thunb. E 10-15 +1 0 242 32 1.22 .0R 1.53 .13 1.37
6% Magnolia kobus DC. D 10—15 0 M 504 27 - — 141 .07 1.41
70 Asimina triloba Dunal D 4—6 +2 [\ 271 22 1.31 .33 1.58 .24 1.4
71 Quercus dentata Thunb. D 15 +2 0 538 22 1.12 .06 1.80 .37 1.46
72 Magnolia grandfilora L. E 20 +2 0 248 13 1.28 .11 1.70 .24 1.49
73 Aesculus turbinata Blume ) 25 -2 0 143 13 1.49 .23 - - 1.4
74 Magnolia virginiana L. E 10 +2 0 288 36 1.46 .00 1.56 .30 1.51
78 Cydoenia sinensis Thouln D 20 +2 ] 201 63 1.52 .39 - - 152
76 Raphiclepsis umbellata Makino var. E 1-1.5 -2 0 45 T - =~ 1.54 .12 1.5¢
mertensii Makino
77 Castarea crenata Sieb. et Zuce. D 10 +3 0 609 40 1.67 .24 1.50 .16 1.58
78 Wisteria brachybotrys Sieh. et Zuce. D vine [ 0 297 27 - -~ 1&0 .01 1.60
79 Clethra barbinervis Sieb, et Zuce, D 3-5 +1 0 124 24 160 .12 - — 1.60
80 Castamopis cuspidata Schetiy var, E 30 -1 0 554 BB 1.66 .32 1.5¢ .26 1.62
sieboldii Nakai
81 Lindera obtusiloba Blume D 2—6 +1 0 398 49 1.35 .11 1.92 .18 1.63
82 Quercus myrsinaefolia Blume E 20 -1 0 775 51 1.38 .18 1.92 .25 1.65
83  Acer trifidum Hook. et Arn. D 15 +2 0 %590 54 1.60 .30 L.87 .17 1.68
84 Platanus orientalis L. D 20—-30 +2 3 3 267 30 1.85 .42 1.60 .18 1.72
85 Quercus phyllireapides A, Gray E 18 +1 0 493 26 -~ L7 .31 1.7
86 Lindera umbellata Thunb, E 1.5-3 -2 0 13% 16 1.70 .40 1.98 .10 1.79
87 Cinnamomum camphora Sieb. E 40 0 0 292 35 - -~ 1.8 .06 1.80
88 Ternstroemia gymnanthera Sprague E 10—-15 -2 ] 234 48 1.72 .35 1.90 .39 L.81
89 Fatsia japonica Dence. et Planch. E 2.5-3 -3 0 180 20 1.81 .09 - =138
90 Vaccinium oldhami Miq. D 3-6 +2 0 130 25 1.62 .12 2.15 .36 i.88
91 Syringa vulgaris L. Ju 2—6 +1 w3 236 25 1.88 .25 - - 1.8
892 Quercus glauca Thunb. E 10—20 -1 ] 667 51 1.76 .24 1.98 .48 L.B®
93  Alous pendula Matsum. D a—6 +2 ] 339 39 221 .71 1.60 .15 1.90
94 Acer rubrum L. D 15 +1 1] 51% 45 1.63 .24 225 .35 1.96
95 Pasania edulis Makino E 10 +2 0 * - — 19 .35 1.9
96 Machilys thunbergii sieb. et Zucc. E 20 -1 0 196 13 1.76 .31 2.30 .62 2.03
47 Photinia glabra Maxim, E 6—10 +1 0 490 73 2.00 .25 2.38 .54 2.19
98 Ligusturm lucidum Ait. E 5-8 -2 0 186 12 2.34 .72 2.15 .19 2.H4
99 Daphniphyllum macropodum Miq. E 15 -3 0 40 12 2.3 57 2.33 .23 2.32
100 Elaeagnus multiflora Thunb. var. D 2—4 0 ] ¥ 368 70 2.70 .36 1.96 .17 2.37
gigaatea Araki
101 Neolitsea sericea Koidz. E 15 -1 1] * 2.20 .30 2.60 .29 2.40
102 Hedera rhombea Bean D vine -2 0 6512 1.82%.10 3.05+.76 2.48
103 ilex latifolia Thunb. E 15-20 -2 0 187 12 2.72 .24 .27 2% 2.49
104 Rhododendron quinquefolium Bisset D 4=-5 -1 0 116 28 - = 2.53 .30 2.58
et Moore
105 Osmanthus fragrans Lour. var. E 10 0 1] 958 112 - - 2.3% .29 2.89
aurantiacus Makino
106 Cameliia sasanqua Thunb. E 612 -1 )] w2 8§ 2,16 .32 3.88 .75 3.02

— 18—




KEA#LHEmORE

(continued}

No.

107
108
169
1ne
11
12
13

Evergreen  Height Light Stomatal density Leaf diffusive resistance
Scientific name or tm) re- ™) fabax, 5 - cm”) Notice

Deciduous quiremenl aqaxial  abaxial July 84 Aug. 83 Mean

Styrax obassia Sieb. et Zucc. D 10 -1 0 » 3.17 .55 2.98 .61 1.07

Aucuba japonica Thunb. E 2-3 -3 0 157 7 - — 3. .49 3.28

Camellia japonica L. E 15 -3 0 396 42 4.05 .66 2.54 .78 3.3

Eurya japonica Thunb. Z 5 -1 0 422 27 4.19 .66 3.13 .44 3.66

Mahania japonica DC. E 1.5-2 -3 0 308 32 3.551.22 4.15 .B8 1.85

Cleyera japonica Thunb. E 10 -1 0 147 11 4.14 .53 3.62 .36 3.88

Pieris japonica D. Den E 2-10 -2 0 406 32 3.87 .64 4.30 .57 4.08

[
— —

.
— N
—

e Lo B
e

5)
6

Evergreen or deciduous o> “E”, “D" @ #hFLEEHE, FFEHETRLL,

Light requirement ORERM) EEHE (+3) » o ERE (- 3) 2TOTRERMELL,
SASII B 0.25mm? (AL 0.02mm?) TEHEL, ImmPY- D ORAEECBEEL . B, SR
MREET S, T Egroizbo,

) Leaf diffusive resistance [BEEHEIER) 121983F 8 H L1984 7 A 2 EFHHIL 2.

Notice h > #ERERTOLRENBEE R L 2.

“E”, “D" in the “evergreen or deciduous” indicated “evergreen tree” and “deciduous tree”
respectively.

Light requirement was classfied into 7 classes from sun plant {+3) to shade plant {(—3).

Numbers of stomata were counted on the 0.25mm? of leaf surface (but “$#” : 0.02mm?).

“¥%” inthe “stomatal density” indicated the trees which have stomata on leaf surface, but could not
be counted.

The leaf diffusive resistance was measured at Aug. '83 and July '84 on the same trees.

The numerals in the “notice" indicated the leaf diffuive resistance of adaxial surface.

15 EVERGREEN—:'
10 1
7 N0 '
39 1
) DECIDUOUS
30- - =

Number of species
)
33}
T
:
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Stomatal density, mm>

M 1 SAEEOoKRS2CLLSELLEEEROST
S C A2RI 045 (BEEMTOM, HEERE,

Fig. 1 Distribution of broard-leaved tree species based on stomatal density

Measured tree species belonged to 104 species among 42 families (deciduous; 70,
evergreen; 34)
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Caprifoliaceae O—0—00—8
Ericaceae CO—0———=o—»
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Hamamelidaceae o—0
Lauraceae -
Leguminosae o—
Magnoliaceae o— 40
QOleaceae *—o—>0- -
Rosaceae CD-~— el a
Theaeae 08—
Ulmaceae . o—oT—=0

2 LEBEOIFLEEOCORNSA (O HEHE, @ . B8
Fig. 2 Variations of stomatal density among broad-leaved tree families
(O: Deciduous tree, @: Evergreen tree) -

BodhT, B/MEREEBRO 2% (Alnus japonica Steud) ®6lmm=2, RAFITEZE D *
YEDZ A (Osmanthus fragrans Lour. var. wrantigeus Makino) ©958mm~*TH D, WHME
IISE DRV S H - 1z, 2T ERTEOVIIE £ ERIBEIX306+176mm 2 TH D, FHEMED
$93/451100~400mm 2O EECEEL THB Y, 2 2 LY THE s AT VLS KM (Monsi,
1944 ; Meidner & Mansfield, 1963 ; £)Il, .1981) EBIEIE—BL T, LT, BEMEL
BARMITE 2 L2 O TAE £ B 122032155 (n=70), 3413206mm=* (n=34) TH 57,

g, A—RNTOERAO[AEECEMER2FH~L (HM2), A—RMNKE & 5@
DEFILEE R » =7 H (Aceraceae), 77 F {Fagaceae) 7t ¥ TR E WEAMN S - 7243, fLdEH
BLoEEEsohiho

—fz, EXEYTIRES L b BERRCGILSSAT 248, REEY CREC LWmICH
200 kwrEbh T3 (§E, 1973 Larcher, 1975), SEIORETH KB OBHEI
Eo LHCFANEEL T, TEOEER L 3EOEREOHBEEELTU LT E2do
e FNAEODERIEER, 3~6 mm?L ﬁﬁﬁﬁ#t&‘tﬁi YD g AFRRZF YT (Alchornea
trewipides Muell, Arg), % A& # X7 (Kadsura japonica Dunal), A XA 4 2% (Platanus
orientalis L) 28, BEDOHEIRITWV LD | ?A2 52— Y (Eucalyptus pulverulenta Sims.),
AU A+ X (Solanum glancophyllum Desf.) FTHoM,

M —
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Diffusive resistance, s-cm'
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TEEE  2R1130 (GERHTRE, HREAISE).,

Fig. 3 Distribution of broard-leaved tree species based on leaf diffusive
resistance
Measured tree species belonged to 113 species among 42 families (deciduous; 78,
evergreen; 35)
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3.2 REEHIEROERER

FEUoWE (FIER | 788, ¥ 35E) oBEEEOCHBIENEHAIL, ZOMEOKE
AR THRECESL, SERICHYST 28ERERE 3 R, SEFAIL-EEDOHT, B
B EER O £ ) (Paulownia lomeniosa Steud.) ®0.41s-cm™?, BRAEREREO 7 & E (Pleris
japonica D.Don) M4.08s-cm™ TH 0, WHEECIZHIEDR S » 1, LTERHEDTIME
LIEHEEIE1.4140.79s-cn” TH Y, $92/30 % 0 H0.8~2 fs-om ' DEERICFEEL T,
0.65.cm AT D DIR10ED D, FhoRIATEERCH-. —F, 3. 0seem™ LD LD
Re8FEHY, ThoRTATERETh %, TLT, BEHEE, ERERILThOTSEL
EHEREIRL.14120.52 (#=78), 2.02£0.93s.cm™ (#=35) t#&h, BMEMTREZAZHLOH
sk 5 EEHIEO HTRSE > TV,

i, eREMELRECHEL T, B-RNTOoEEROTEEBNECBEEZR # AL (K
4), H—RNicE s h 2 BROTHER, EREECLIVBRIATe3 0 0T/hS <, B
BrlztoTRs{zrEAnHo7, LT, .ﬁ—‘ﬂwmﬁﬂ‘ﬁl@t LEQSHEEEZ A A
A58 {Caprifoliaceae), =+ 7% (Hamamelidaceae), =% (Ulmaceae) % & T,
v VB (Ericaceae), €241 % (Oleaceae), /5 (Rosaceae), ¥,i#8} (Theaceae)
RETES RoTw, &5i0, 2hs »HEME L FREBCRSL THET 2, YYVH
(Ericaceae) DB/MATH 2 44 LT+ & (Rhododendron comurasaki Makino) %< &, [
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Family Diffusive resistance  s-cni’
ST S O S

Aceraceae oo ® : evergreen

Aquifoliaceae O8———* ;. deciduous

Betulacea o-00-0—=

Bignoniaceae o0

Caprifoliaceae C-O8Ce0

Ericaceae Lantat < *

Fagaceae CO—O—O-O(Bess

Hamamelidaceae oo—0

Lauraceae -4

Leguminosae o-CO—-0——0

Magnoliaceae O———0

Oleaceae O——C——

Rosaceae QOE—OVO——=

Theaceae ¢ &+

Ulmaceae oo—0

B 4 EEEEORTNEBBHECHMASE (O EFEEE, O EikE

Fig. 4 Variations of leaf diffusive resistance among broad-leaved tree
families (O: Deciduous tree, @: Evergreen tree)
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Fig. 5 Relation between leaf diffusive resistance and stomatal density in
broad-leaved tree species
Measured tree species were same as Fig. 1.
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L, BEEOLEENES0. 6s-cm™ ' LITOfEIZ G, EOLEHOTAFEESAILLORRL
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26N,
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3.3 MEORERME & EEIRBIER ¢ 0Bk

ThEhOEYEc L -> T, TOEXEFTILH0ORERERENLEET 5, Hio, #Ri2
BEAEERAECEV T, ZOBBOEEREIAFHC IS TRESNTWS, IOERLST
VEHNBEREORE » BEIGHIE L OBMR 2R KB - EFF (1974a, b) IEEEORXTR
BEZNFNOBECERBERXERCL T, “BEH" »o "BRE" FTo TERRICAHELT
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Fig. 6 Relation between leaf diffusive resistance and light requirement in
broad-leaved tree species
Measured tree species were the same as Fig. 3.
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W3, ZOABEKCEZE, SERELLEEREONNRY “DE” o “BEET £ TICHY
L, EEEEOHTI%Y "l e “HElR” UL Tk, Tok, "BEE <3
THLORTIANTEHEERTHY, "BRE"BTRTERSTH o, ZORERN L HHERE
FOMERE 6 TR L, SBEEHED0. 6secm BT O & D “RUBH" B i BT
UL, NSO TRIMBEMTH o7, —H, 3.0seem ' BLED S DI “PRRE" 25 &
B TN L, SERTENSERETH 1, £, JOXRERMEERELL T BB
B4+ 3 ~HRRRRT L — 3), EIERE  AERE L OBFERAL LIS, BERCEAD
— AN (»=0.62) 3380 &, WEISHMEE, BEANEERFOLOTIE (R A2ERND -
Tz 2O LS, EEEHENECAZ SIS TLFLOBEOSE T 5 RE BB AIG
LTwa I Edahoiz,

3.4 BEZE - & 5 RELEEROTA

FET, TAFROHEN LD D ZRAMEORREC OWTZOREEBRT E7:28, Y
DARFREBEL T T 255531, Thos &b, BEA LN T 2 RAOHMESHOLS
MOBEELER D, KRALET L OF AZROBTH 5 [ILE, KEE, K2 bv R, 3
WREAARARTEREOFEZEORBEERC LT, 2OMAESH 2HF LTS
{Burrows & Milthorpe, 1976 ; Jarvis & Mansfield, 1981), ¥#\c, #ES (1983) REBEEO
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AEREBEOBVWED L L TO—D0& 45 EEL 015,

ZIT, RRGEELS S TEROGIHBROEE 2T, SIROFHERED DL 534
FEE AR RRINL, FARMGT T2 OMBEORIEE 2 BICE V2 £ £ 105 MR TRV,
IV By o 0D BE R TE D 1L BB & 30 U 72, FREALBER D SRR IR 6 ~10¢ Eem s TH > 2o B
7 EERERAE], MEEOTBIERMEE R L, € F (Prunus persica Sieb. et Zucc), # > T ¥ a
( Viburnum awabuki K Xoch), %+ % (Camellia sasanqua Thunb.) 7 & T LB H{H OE
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TEEAOHABHOIEERR TN T OBBCETORELL->TRB LD L Ebh 2,
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Species Diffusive resistance, s-cni’
03 0507 10 20 30 50 10 20 3040

Broussonetia kazinoki Sieb. Ot T f T
Celtis sinensis Pers. var.japonica Nakai O—e

Paulownia tomentosa Steud, O—=8

Zelkova Serrata Makino O

Ailanthus altissima Swingle O—e
Melia azedarach L. var.subtripinnata Hiq. Cug
Juglans regia L. var,orientis Kitamura o »

Eucalypus pulverulenta Sims. O—
Prunus persica Sieb.et Zucc. a
Quercus acutissima Carr.

Q.mongolica Fisher var.grosseserata Rehd.et Wils.
Prunus sargenti Rehd.

Ulmus davidiana Planch var.japonica Nakai

Prunus yedoensis Matsumura

Sambucus sieboldiana Blume ex Graebn

Betula tauschii Keidz.

Weigela flaribubda K.Koch

forsythia suspensa Vahl,

Thea sinensis L.

Ginkgo biloba L.

dark —

o??TT?TT i
Y 1

IOH H"IHHW

Lespedeza bicolor Trucz, var.japonica Nakai

Alnus japonica Steud.

Viburnum awabuki K.Koch

Prunus mume Sieb.et Zucc.

Quercus myrsineafolia Blume

Alnus sieboldiana Matsum,

Acer trifidum Hook.et Arn.

Castanopsis cuspidata Schottky var.sieboldii Makai
Castanea crenata Sieb.et Zuce.

Ternstroemia gywnenthera Sprague.

Machilus thunbergii Sieb.et Zucc.
Quercus glauca Thunb.

Camellia sasanqua Thunb.

Camellia japonica L.

1 1 | L ! L

B 7 LESECBTAIELABCBY 2EREEERECEL
(O« AraT, @ AHEE) BEUER105HT > 7.

Fig. 7 Changes of leaf diffusive resistance with dark treatment in broad
-leaved tree species

{Q: Pre-treat, @:; Treated), Dark treatment was done for 10 minutes.
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Appendix : Scientific name, common name and Japanese name of broad-leaved

tree species in this report
1) RPOEEZEZ 1O No.%2RT,

1} The numerls in the table indicate “No.” of Table 1.

REFERDRE

Family name Seientific name Common name 28 ES o £ No.
Aceraceae Acer rubrum L. Red Maple MHAT Fhhaa¥ 9%
Acer saccharinum L. Silver Maple ¥ohry 60

Acer trifidum Hook. et Amn. Trident Maple FoAzF 83

Anacardiaceae Rhus chinensis Milier Japanese Sumac LRI A7 56
Annonaceae Asimina triloba Dunal Papaw Hahut H—fl— % 70
Aquifcliaceae llex latifolia Thunb. Lo F73y 103
Ilex rotunda Thunb. FuHrEd 68

llex serrata Thunb. Japanese Winter Berry YAEN R 59

Araliaceae Fatsia japonica Dance. et Planch. Japanese Aralia 3lE roF 89
Hedera rhombea Bean Japanese Ivy FUF 102

Berberidaceae Mahonia japonica DC. Japanese Mahonia h & b4 FXF LT 111
Betulaceae Alnus japenica Steud. Japanese Alder nIFDE Ny S & 52
Alnus pendula Matsum. EAX YT 93

Alnus sieuoldiana Matsum. F ATy e T 67

Brtura tauschii Koidz. Japanese White Birch P E-T 27

Carpinus tschonoskii Maxim. Yedo Hornbeam 42¥F 16

Bignoniaceae Campis chinensis Voss Chinese Trumpet Creeper @5 At S5 /7€ # X7 57
Catalpa ovata G.Don Japanese Catalpa F4 Yy g

Caprifoliaceae Abelia grandiflora Rehd. Glossy Abelia ERRE A nFL LYt ey Y 66
Lonicera japonica Thunb. Japanese Heoneysuckle ALBES 45

Sambucus sieboldiana Blume ex Graebn Red.barried Elder B ] 23

Viburnum awabuki K. Koch Japanese Coral Tree TV 58

Viburnum tomentosum Thunb. var, plicatum Maxim.  Japanese Snowbal? TAFy 50

Weigela floribubda K.Koch 7Y F 39

Celastraceae Celastrus orbiculatus Thunb. Orienta Bittersweet 1ZLEX VAT E 12
Euonymus alatus Sieb. Winged Spindle Tree Sy EF 34

Euonymus sieboldianus Blume LI 33

Clethraceae Clethra barbinervis Sieb. et Zuce. DI Vsw7? 79
Cornaceae Aucuba japonica Thunb. Japanese Aucuba AT E T 108
Cornus comtroversa Hemsl. Giant-Dogwood I X# 30

Ebenaceae Diospyros kaki Thyab. Japanese Persimman mADE A 14
Elaeagnaceae Elaeagnus multiflora Thunb. var, gigantea Araki Cherry Elaegnus & FoFwF: 100
Ericaceae Kalmia latifolia L. Mountain Laurel pelots ANEY 47
Pieris japenica D. Don Japanese Andromeda Ter 113

Rhodoedendron kaempferi Planch. Torch Azalea ey 62

Rhododendron oomurasaki Makino AL TR 31

Rhododendren quinguefolium Bisset et Moore Cork Azalea Tagwyy 104

Vaccinium oldhami Miqg. Fy ot 90

Eupharbiaceae Alchonea trewioides Muell. Arg, P B AL SR F AR T 54
Daphniphylium macropodum Miq. aZyn 59

Sapium sebiferum Roxb. Chinese Tallw Tree trEaY 20

Fagaceae Fagus japonica Maxim. Japanese Beech g {27 42
Castanea crenata Sieb. et Zuce. Japanese Chestnut Z 77

Castanopeis cuspidata Schettky var. sieholdii Nakai Japanese Chinquapin AFYIA RO

Pasania edulis Makine IS 95

Quercus acutissima Carr. Japanese Chestnut Oak FR¥ 13

Quercus dentata Thunb. Daimyo Oak E- 7l

Quercus glauca Thunb. Ring-cupped Oak FTahi 92

Qg(lercus mongolica Fischer var. grosseserraia Rehd. et 1L+7 16

ils.

Quercus myrsinaefolia Blume Bamboo-leafed Oak Y a2

Quercus phylliraeoides A.Gray Ubame Oak VA 85

Quertus sevrata Thunb. Konara Oak a4+ 3 3

Ginkgoaceae Ginkgo viloba L. Maiden Hair Tree NP 1Fav 35
Hamamelidaceae  Corvlopsis spicata Sieb. et Zucc. Spike Winter Hazel A RY [ 17
Hamamelis virginiana L. Witch Hazel FTAVAT Y7 28
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{continued)

Family name Scientific name Commeon name B % Fang E No.
Hamamelidaceae  Liguidambar styraciflua L. Swest Gum $A3Y EIINRTT 51
Hippneastanaceae  Aesculus turbinata Blume Japapese Horse-chestnut &t & PFSE 73
Juglandaceae Juglans regia L. var. crientis Kitamura - FoFINE 9

Juglans ailanthifolia Carr. Tapanese Walnut = )
Lardizabalaceae  Akebia guinata Dence. Akebia Blrer T 53
Stauntonia hexaphylla Denge. b 61
Lauraceae Cinnamomum camphora Sieb. Camgphor Tree KTOE 2R 87
Lindera obtusiloba Blume Japanese Spice Bush Favtd 81
Lindera umbellata Thunb. Spice Bush rsoEy 26
Neolitsea sericea Koidzumj »u¥E m
Machilus thunbergii Sleb. et Zuce. r 4 96
Leguminosae Cercis chinensis Bunge Chinese Redbud EE) nE LAY 32
Lespedeza bicolor Turcz. var. japonica Nakai ey 18
Maackia amurensis Rupr. et Maxim. var. buer- Japanese Maackia fRL>¥a 49
geri Schneid
Robinia psudo-acacia L. Locust ~ETFHET 26
Wigteria brachybotrys Sieb. et Zucc. Japanese Wisteria +r7rY 8
Lythraceae Lagerstroemia indica L. Crape Myrtle HEITE FaRLY 36
Magnoliaceae Kadsura japonica Dunal Scarlet Kadsura PRI FAHET 55
Liriodendron tulipifera L. Tulip Tree ay /& 22
Magnolia grandiflora L. Laurel Mangolia AR 7 72
Magnolia kobus DC. Kobus Magnolia a7y 69
Magnolia stellata Maxim, Star Magnolia ¥FaFy 29
Magnolia virginiana L. Sweet Bay ERFL R 74
Malvaceae Hibiscus syriacus L. Rose of Sharon Hin Los 10
Meliaceae Melia azedarach L. var. subtripinnata Miguel Japanese Bead Tree ®AIZA v 5
Moraceae Broussonetia kazinoki Sieb, Paker Mulberry {b aey 4
Myricaceae Myrica rubra Sieb. et Zuce, Bayberry #Ebi rTEE 41
Mytraceae Eucalyptus pulverulenta Sims. Spiral Eucalyptus FNLE RN LR E N 11
Oleaceae Forsythia suspensa Vahl. Golden Bell Tree [ 5 vw¥ay 25
Ligusteem lucidum Ait. Glossy Privet FPAAXIEF 98
Osmanthus fragrans Lour, var. aurantiacus Makino LR 5 105
Syringa vulgaris L. Common Lilac IR S 91
Platanaceae Platanus orientalis L. QOrienta! Plane Tree T¥mlInE RRAHYT S F 84
Rosaceae Cydenia sinensis Thouin Chinese Quince 15 # 75
Photinia glabra Maxim. Japanese Photinia N AET 97
Prunus itosakura Sieb. HE A i 19
Prunus Jannesiana Wils. HhE2T 48
Prunes mume Sieb. et Zuce, Japanese Apricot A 64
Prunus persica Sieb. et Zuce, Peach rE 15
Prunus sargrotii Rehd. F i i dad 21
Prynus yedoensis Matsumuyra Yoshino Cherry VALAVAY2T 43
Raphiolepsis umbellata Makino var. mertensii Makino Indian Currant R AT S A B ]
Schophulariaceae  Paulownia tomenrosa Steud. Roval Paulowmnia - 3 1= S FU 1
Simaroubaceae Ailanthus altissima Swingle Tree of Heaven [AS T PRI IEY 3
Solanaceae Solanum glaucophyllum Desf, [7 8 nyr R 65
Stachyuraceae Stachyurus praecox Sieb. et Zucc. 2 RL 7y 37
Sterculiaceae Firmiana simplex W. F. Wight Chinese Parasol Tree HBEY FAFY W
Styracaceae Styrax japonicus Sieb. et Zuce. Japanese Snowbell AT 2/ F 24
Styrax obassia Sieb. et Zucc. Fragrant Snowbell VA 107
Theaceae Camellia japonica L. Camellia DL TV IE 109
Camellia sasanqua Thunb. Sasanqua Camellia HAF A 106
Cleyera japonica Thunb. N 112
Eurya japonica Thunb. Eurya =L 110
Ternstroemia gymnanthera Sprague. Ty 88
Thea sinensis L. Tea Plant Fr/¥ 44
Ulmaceae Celtis sinensis Pers. var. japonica Nakai Japanese Hackberry izh /¥ &
Ulmus davidiana Planch. var. japonica Nakai Japanese Elm FAY =% 38
Zalkova serrata Makine Japanese Zelkova v+ z
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Studies on Evaluations of Absorption Capacity of Air Pollutants
by Plant Population
—Effects of Light Intensity on Stomatal Resistance of
Polygonum cuspidatum During SO, Fumigation—

RIS« PR A

Toshiki NATORI! and Tsumugu TOTSUKA!

g 8

HMEE SBBCERT, ER—VHBRaoA—ricLb, 284045 EVEDORTL
EEFEACAE L, COBR, BIK I OFAEBHRHE DB o Tundt, #iE
LIz R TOETRILER LEEEO MK L oMic s nENERBARNRED e, B2,
SOBBUBEL L SEM LA F F YU (S0:K) & SOABEIERE LA ¥ F Y (8
K) ikont, ¥EEL IRBIE: TEEYSL D OAHEESRUEL:, JOE»SHE
EoEEREDOER, S8, THAFTHEL TEELY: ) 0BT MIEN* Rb i, %
DR, SO,XOEEY: D 0EEBHRRIERRMEXOZ NI TREL L TRTON
METTRELS R MEMMED oz, £, HELLTRTOEECETEHIBEN L
MEOME OB, SO.REEO0BEREC LS TINTREL > HEEHFERSED SR
7o SOETIRIOERD I SENNBRIZEELTARE Eo72,

Abstract

Stomatal resistance at different leaf positions in P, cuspidatum was measured by a
steady state diffusion porometer under three levels of light intensity. Stomatal
resistance was considerably different among leaf positions. However, the positive
linear relationships between the stomatal resistance and reciprocals of light intensity
were recognized for all leaves tested. ] .

Transpiration rate of whole plant treated with and without S0, was measured under

1. ErAsEusir SYBEE TI05 XHENHREEAT/EFI6%E 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

— 90—



BREE PR B

three levels of light intensity. Leaf diffusive resistance of whole plant was calculated
from the transpiration rate corrected with leaf temperature, air temperature and dew
point in air. The obtained results showed that leaf diffusive resistance of whole plants
treated with SO, was greater than that of control plant under all light conditions
tested. The positive linear relationships were recognized between the leaf diffusive
resistance of whole plant and reciprocals of light intensity for both the control and
S0, -treated plants. The slope of the linear line in SO,-treated plant was greater than
that of control plant.

Key words : Stamatal resistance—Light intensity—S0,—Polugomm cuspidatum.
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HESERA A FBRNT 52 L BEL HSBDONT Sz, R EMREOTRY AR
Wik Hill (1971) OWES L CHONT WS, UL, HEPHEOERY ARIENZEL D
REEEOEELZ I 2018, BHACEWTEFORN 2T 2 2 g cRETHE, K
Bx (1979) BHYBHEEOHRY ARROFMFHEIIOVLTEED, 35 ER - HE (1984) 1
HEFEFVERCT, BRENCBEHHEECE S S50, 05, NOZOFRN A RIXEE T FHE % 5
Bilze KB (1979) X3k, AR OBEORR~LET 2O ALEARC I TORE L
#OLDHBIENEEEL S 5, &l K- HE (1984) &2 L X OHEBEBROVE2TH
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MR RIZT RY SO,2BOEE I DL TRBEM TV,

IhETOHHIR (F®5, 1977 Natori & Totsuka, 1984) &2 & D, F{LEBERELIZEL
T34 F)ESOBBCIVERACLED SO, 2MUALMHEFTEELRITIL L, BHT
SO, DT 2 EWBARC AR 272, i, BT X D ZOWR TIZ19714 8 HiC AT SO, BE
D0 . 3ppm BETH oL LHEI N (KRRTF —~4), S5 v Aicik X & SO,BE T
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65cm, B{FE30cm)icB L, SO,KDA & KV i30.7ppmSO, * BB L s s, HERDOA ¥ KV
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RO SO,BEGY —FT 17 o rABO 0 AT 0LNE SO0 2 AW THEL 72, Wik
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L BHIEL A,
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Fig. 1 The relationship between reciprocals of light intensity and stomatal
resistanse of leaves at different leaf positions measured with a steady
state diffusion porometer
The differnce in symbols shows the difference in leaf positions. Smaller numeral
shows lower leaf position. Straight lines were approximated with the obtained
data.
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Fig. 2 The relation between the slope and intercept of the straight lines in
Fig. 1
Symbol a (the axis of ordinate) shows the slope of the straight line, and
symbol b (the axis of abscissa) shows the intercept.
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The effects of SO, fumigation on the relationship between leaf
diffusive resistance of whole plant and reciprocals of light intensity

The difference in symbols shows the difference in individual plants. Open symbols

show the control.plants and closed symbols show the SO,-treated plants. Straight
lines in figure were approximated with the obtained data.
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Fig. 4 The relationship between reciprocals of light intensity and mean leaf
diffusive resistance of whole plant averaged for control plants and SO,
-treated plants under each condition of light intensity
Open symbols show the control plants and closed symbols show the 50,-treated
plants.
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Fig. 5 The relationship between light intensity and leaf diffusive cunductance
The symbols in the figure are the same as in Fig. 4.
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Gaseous Pollutant Sorption by Plants
—The Comparison Between SO. Sorptions of Plant Leaf and
Several Matters—

RERNE « RBERK - HHE—AF

Fumiaki ABO?, Kenji OMASA!® and Ichirc AIGA!
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HHOXGREAOTFEEL2TMT 2o lic oWy (AR, WAk, K&, Av—1F,
+TE, B ~0 SOEEE (NE=WR+BE) 2WELi. 2088, #HY (t~
7 V) OEEEEMERG G 0O SOMEEE, B, Pk, Av—t, £ Y LR
EEL o4 (#91.0x10-2g50, *cm 25 evolppm™'), HEHEI AL+ HETHE TEML
Tw3OT, BMUEREY 0 O SO MEEE R, EROED 24, £2.0%X10-°¢50, cm-?-
shevolppm ' T B, LizdioT, HUERMOWHE EHE~T SONEHELHSAEVES
AkI, B, WEEADI S, EH~OWFRLE< (55— > FUT), Ko
FHENLTORENTHZ Z b at,

Abstract

To evaluate the atmospheric purification by plants, SO, sorption rates of several
matters (sea water, fresh water, wood, roofing slate, soil and plant leaf) were
measured. The plant leaf was about twice the SO, sorption of the other matters {such
as sea water, fresh water, slate and socil). The sorption was almost absorption through
stomata and adsorption to the leaf surface was a little (under ca. 5%).
Key words : 50, sorption—Plant leaf—Soil—Water.

1 & =B
WO RDECREN R T 2 7o 0iciz, EPOEECHEC L 2BRF ANEHR AL,

1. BSIAERARF ST T305 KRR HEE A HIALNE)163 2 _
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

— 30—



TR - KBEHR - R

FOETNEWUTEIEDVETH 2, MPC L HFEET ANECET AHRREE, Bl
ERAHRESCEL DO TS (KB - &R, 19790 KBS, 1979 KE, 1979 &% -
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IS DEE/BRLZ T, EBORRBEENCERE~DESERTFMET L LR TERY,

AT, BoOWE—K, Bk ) ARM, Ar—t (B EME, 1R e
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¥ CEBEmE LT, 774 b bav (25°C, T0%RH, BHY) T, -3 F2F4
b, $=S4 b, E—tFA, NEE4 1214 1ORTOHEEY  (ER10cm, & 220cm)
WG S BB L - e e v Y (Helignthus annuns L. cv. Russian Mammoth) # B a7z,
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Table 1 SO, sorption rate by several matters

SO, IREHE (x10°g30,  cm™? + 57! » volppm ™)
Egﬁgﬁ {h)

1

L w )W 0.04 0.03 0.03 0.02

(0.08) 0.07) {0.06) (0.04)
w7 yE 1.11 1.11 0.85 0.35

(2.22) 2.22} (1.69} (0.70)
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{1.85) (1.82) (1.71) {1.34)
+ ;0 1.04 1.04 0.95 0.94
K e 0.00 0.08 0.06 0.05
AL — p@ 1.17 1.09 0.95 0.83
% ke 0.97 1.02 1.00 1.01
il Acin 1.09 1.09 1.07 1.07

{a) dark, 05volppm BT 25°C, 65%RH

(b} light, 0.5volppm ELF

(c) light, 0.1volppm BIF
CwTUEOH v IROEEE, RO MEERRY D ONEEE
DRLOEE-2LOT, &y 200K TR BRERELCD
OPBFEEETH 2, :
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Measurement of Stomatal Aperture by Digital Image Processing

RBERIK' « B ESFR?

Kenji OMASA' and Morio ONOE?

E B

SILREEFHET 57007 1 V5 VEFLEFELEAE L, £LT, JOFELE
B AT A EARCOFEMICEA L. TORE*ENT L &,

1) SRACBOWN Ba, 8%, FAFNLl0em?, 0.3em, 0. 3pm OEERE (n=10)
TEHET A C e HTEL, BEOBVEMBRICBVTY, IOFEIEUTH I,
(2) BOBFERCEVWTBETAZEAD S0, T3HE£FHEL - L 22, Rt
KErFo2Epsbhi, £, @& L TRILRACsERE2RLIY, KBELPLE
NOEBROENC, —HHCERERES oL, ZhoORRIE, FRAACHT IR
ILEGOEE S RIET 258, iz, FHl: LToRAEGERA~LEd T, BaD
R b EET~NETHEIEERLTVD,

Abstract

We developed a new digital image processing technique for exactly measuring the
degree of stomatal opening, that is, the ratio of the width to the maximum length of
a stomatal pore, and the pore area. We applied this technique to evaluate responses to
S0, of neighboring stomata in a small region of an intact attached leaf, with the
following resulis:

1) The pore region could be exactly extracted even when the original digital image
was of poor quality. The standard errors in the evaluation of the pore area, the pore
length, and the pore width were 10 gm?, 0.3 gm and 0.3 zm, respectively.

23 A wide variety of responses to SO, was found among neighboring stemata in a

*  ZOHEE, Plant and Cell Physiology (2388 2 #17: 83 Omasa and Onoe {1984)% AXIEMER P
OF2BTAXE L THRELLZLOTH S,

1. EMAEWICRT BATS  TI05 WEIRFTHENS B ARHT A NEF 116 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.

2. IBFSOER EUAEWRAMEERER (ERAREERNFENR T #RBEBERARART
—22—1)
Visiting Fellow of the National Institute for Environmental Studies. (Institute of Industrial Science.
University of Tokyo, Roppongi, Tokyo 106, Japan).
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small region of an attached leaf. The differences were especiaily remarkable before
water-soaking and wilting. When these began, k, showed a local maximum value, and
then all the stomata began to close. These results suggest that stomatal responses of
intact growing plants to air pollutants should be examined from the standpoint of not
only the average movement of many stomata but also the movement of each stoma and
that the interrelationship among movements of neighboring stomata should be
investigated to clarify the mechanism of stomatal responses to air pollutants.

Key words : Air pollutant—Dijgital image processing—Stomatal aperture—Stomatal

response.

1 & €

74 CYNVEGNER, HEREMORZICEST, FrEVal, VE—tEIVIT, b
LDVREZOAETEL AV T3 (Hounsfield, 1973 ; Rosenfeld & Kak, 1976 ; Ca-
stleman, 1979 ! Onoe &, 1981), &7z, B, EEFEFCEBERFEOAW TOHA L FHE
L THIF s hulgo 7 (AP0, 1978 ; KBS, 1981 Omasa %, 198la, b, 1983a ; Hashimoto
%, 1983 ; Mineyuki %, 1983, Onoce &, 1983 . Telewski &, 1983 ; Mineyuki &, 1984 ;
Omasa & Aiga, 1985),

MY OTIRAEL RO 28 L — R HEE, AEEUES 2 I ERRNBETERETELR
LOERE AVNERTRET 22 THE, Livl, Z0OFHEIR, SLOBTERD 2 0 ZE
LABELEEL, HIEBCL DS DE0E L5, #LT, BRENTEHBLBEIE, #0858
ENHRT 2, th®i, 74 Y9 VERLECLY, RENTHELBSCLENTS 258
BWTERN L RAMEOREE I DLW TRE L, 2LT, ZOFELBERFNACHT &K
IO M BR L 7z,

2 HMERUKZE
HEIERMEEL T, 774 e (25°C, TO%RH, BHR¥) T, S—IF254 b,
W—=FA b, E—PEX, NERL 214 1DETODEEY MCBES 4~ 6 EMREL
-2 %Y (Helianthus annuus L. cv. Russian Mammoth) % w7, MEHZ, EEBOE, A
ARBEF Yot (HES, 1982) L, +AEs Li-BERL:, SALOBEIL, HALLE
oW TiTok, .
ARFRIRIHTHRIARGCORE [JFLOBEE, EBWECKRTEHME L A7 4
(Omasa 5, 1983b) 2R TITo /. COBEMPER, SFL TV I2BYOELEBE T
K, BIEE (ML X50X HEAV Y X 3IX+TVAT Y 75— v v X)) TIEWIESIREE (13
mm) ¥ b OXFERBLEREOSITH A7 28258007, AELLBZR/T, #S, A
F—VOBRH, AATORELRATTE L, £, #ERE, NBOERGE TEA20/NEn TV E



74 V7 L ERLAEC 2 EILRKICOFE

S —CBRBELOVEOEETT A AV A TED, CORMBEYAREF v > 0PIz AR,
EBFLTOLAEPOELBEMBOA T Vit y Lk, LT, [RAHESTRERICZ 7
%, 0530z SO 28B L, tOROKAHBEOELBIRL 2. BHRIT=7 -LOEHE

HEAN 7 AVLTRETZILICEN Tk, &8, Fvr Lt EORIOKRR ISR
RENFNG.CC, 60%ITR>T, HEER, BRI 74 A IRDY YT AT 5 VT TH
EiL, #600gE-m 2s IR o7,

ERLEOTE | 01 CHASTHIRLOROER, £, BER 50 0ERLED
FEERT, TOFHEHICOWTHRB E,

(1) TVE=F —5BE T2 510k DiBon a4 7 4 v 2% FSS (flying spot scanner)
BT, 256X 256%8bit D7 4 ¥ F VEHf(x, ¥v) (x, y=0, 1, o L N—1) Ty
b4

(2) BHEBEORASNTHREOTLEES L3 ix, vO7—V 2E#Fu-N/2, v—N/2)

original digital image
(256"x256" 256 gray levels)
1a)
Discrete Fourier transform
[}

Multiplying a Hanning filter (¢)
to remove TV scanning lines

(d)
Discrete inverse
Fourier trangform

{e)

Multiplying a Hannlng filter (g}
to make a blurred image
(h)

Discrete inverse
Fourier transform
1)

[Thresholding]
I{f)

Evaluation of pore area

Unsharp masking
(le)-(i}}
(3
Thresholding
(k}
[Filling up small holes]

Extraction of stomatal pore
|<1)

Edge detection

Overlapping pore edge
with original image
l tm)

Computation of
principal ¢omponents
(n)
Shift and rotatien
of coordinates
(o)
Evalutation of
length and width of pore

1 SAOROER REBCREHET 2007 4 V7 VEGLED TR

Fig. 1

Flow diagram of digital image processing for evaluating width, length
and area of a stomatal pore

— 45 —




KRR - B ETR

(u, v=0, 1--= , N—1) #ka3,

N-—
Flu—N/2, v—N/2) =%x§; N:EDl (~ 1) (x,y)exp{~j2z {ux +vy)/N)

(3) Flu=N/2, v—=N/2)Z 2D N2 7D 7 4 W —%ni}, 208, TREFRIIDOLT
M7—) KB 2, IhE, {(x, YVEREALZTVE=Y —DEEREMTOL, unsharp
masking LEBD 72 DIZFEREEL D ONBETH S,

N TDT 4 I —H{u—N/2, v—N/2, )

0 fou > fe

H(u—N/2, v—N/2, f.)=
%[ 1 +cos{nfy/fc)) foo <f.

7272 L, fuy=[(u—N/2}2+ (v—N/2)2)1?
ﬁ7_')31§ﬁg(3{’; Y', fc)

1 N— 1N~
g {x, v, ) =N-(—1)"” 2 % (—1)"H(u—N/2,v—N/2,1)

1
u=0 v=9

XF{u—N/2,v—N/2)exp(j 2z (ux +vy)/N)

7272L, x¥=x—N/2, y=y—N/2

(4) (THeRLEZOOBHBERL T, HELEHED S IZTOES %3] < unsharp
masking B LML, IO central pore DHRFFEJBAL - HELB L, # LT, Z0EHZ=
kL, & 5iZ, segmentation 2 X ¥ central pore DB #B T2, ZHltoL 2 W1E
12, unsharp masking MIBHDOEGI BV TEOABT—BENCRESNS, JOL3XLTRH
&Nt pore VRO ERE RO GILOMIER - T3, %72, pore DO ERSEFHEL,
pore DEARUIES KD 2, EMc > TH, & (Omasa & Onoe, 1984) #BE a0,

3 BRRUER

H2E)] ONBFIRCESOTE N -EORERETRT, 74 Y/ VEER () 23, TV
oy —OEEGSEEI N, Int7—~) 2 FHRE 0 OBEOHBRERS (1s68) KEL
Lt ZheOESR, SLOHBOEREFSCERERS P BRI TE., BT ILDD
TAand~r LT, =600 2 D7 sy — (& BV, RERIE, 20705 —%0
FrBoEEYN ) THh, 2087 - THEN (& THS,(0) KBLT TV EERLRE
AhTVANHbMs, Linl, COERSEELAVCRL TEMICZEEL oTir, 8
0 central pore DB BT 2 2 IR TELR W (), 72, MAP 7 777 »ic X 0 EE R
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F 4 28 LEBULERI: k2 STFLRIG O FHE

-]

2 1OFECETHTBONLRIHEHEDC —EOER
{a{oNtE 1 @ Z McHis L Tvs 3, EEEENL, (x, V) »a)ic (u, v)#H
bR EN TV,
Fig. 2 Sequence of digital image processing for evaluating stomatal aperture
according to the flow diagram of Fig.l
{a) to (o) correspond to those in Fig. 1. The coordinates are shown in () for (x, ¥}
and (b} for (u, v).
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M 2FERH20, IORTRBENTRE Y, 227, TVEERLEREL-BROEEHRC
unsharp masking fLEE % ML 7>, unsharp masking L8 o {2 ER () 2, FEGRO 7—
Uz EHB b)) 12, f=10DNZ T DT 4N — 8 2T EIECEVBOLLER ) %
W7 — 1) £ FHL 72, unsharp masking B OEF (i} i, pore D®HIFHETT SN, pore =+ DF
AOMBOa > oA MR LT, #0024, HES N7 pore OFEE % ZELARIC L FT
OHifE» SFERBICABET 2 2L TE R, (k) B, ZECABROEO®ERT, 1) &, HMHsh
pore DFHTH 5., [REHRIC pore DRFEFEHBERT L LERSMTH 2, ZOFBRE, Zo—F
DAL & - TERIC pore DEBEMHTE L2 L 2RL T2, AAMACEEE, BB snk
pore DEFREPHBETI I LR EDKRGZ CEMTER, 22, SAOES LB, pore D4EED
ER o) oL TESEERE - WEL ), EXTE20FRFCNTEERA LI 08K
BRI INBoens,

F4 Y VEEGOEER, TVE=y—RR&hLERENE S, 7+ VAORME, FSS ©
RE, zOfickFEL, [IAMECHERECRER525, #hwi, AULSABECH L

EEOCELZ ZIMOFRERE 1 ppmO, BB LV Esh L HEOR L 2 ERETOEG v
T, KAMECHERELRN L, #1 CE—0&REE 2B 01080 EROALOBEOEHE,

E 1 SALOHOER, B, BONTHE

Table 1 Accuracy in the evaluation of area,
length, and width of a stomatal pore

Area Length Width
Mean value 433um? 3. 1pm 16.4um
Standard error 10 0.3 0.3
< &
g,08r 400 &
L1 :
4
co0s _ ! N 300 <
8 " . 5
g Ar a
g 04 — 00— 2008
L B o \d g
© 0 \v &
1] 3 e § o@
go2 ; %% 100 7
2 ppm l i
2 — =" :
a ¢
0. 0«

-10 0 10 20 30 40
Exposure time (min}

B 3 O0.2BHMFDAE KIIBITEEL

Fig. 3 Changes in A; and k, of a stoma during O, exposure
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RaREBEAELL L ZOEERERRY. MOMM, &3 RCEOFEEHRSE, Thvh,
10pm?, 0.3gm, 0.3um TH o7z, 3 O.BB 5 [ILOFMOER Ar LHE k,0ELER
T, 22T, BEkR, PV pore DEE, THEERADBARBREN T 2EBOESTES
Ltz M3BWT, O.RBA55 Ar £ k\B#RD < D EEMT2ETIZHD, O.BEEL
L0 £ DERBISEEV 2, LU, Z0HIE 0:0BBOLDCREII/NE 2D, BREEN
254y, —EOBIZEEL 7, M4, E30 @) ~ (O ORZTORESIC, HiH Xl pore
DHALEBRRLILOTH D, HESEBVLIBEICL, JOFRCL D ERR IO 3]
EZ kb ot

M 4 K30 ) ~ (i) OB TORERN DU Sz pore DHFTOEE
FR .

Fig. 4 Original digital images overlapped with the pore edge at the time
points (a to f) in Fig. 3

i, EFLTWS w7 ) EO/ s 2 (R1320 X 3202m?) i 2 17 2 B L 7oA D 80,4
W ARIGERN L, RKBELL 6 BORALOBEHRBEER> R ¥, £/, BK612 ppm
(v/v) SO, BEOM®D 1 s DTILOBE k, OEREL LR T, SERHHBGRN0IFHT 25T,
k2N —T—EThol, UL, 0%, Zhe0fflideke LTHLsHERETRLL
2, KEPLBWORROC, —HiicBREnH -, 20— R HEUL,
SO & HEOHRBCBEROELO . » LM £ 2 o AI0BROBEOEED /N7 > A
EEL7ZeNFERTHAS (Heath, 1980 ; Unsworth & Black, 1981),

REFERY 2t 2 GBS 2 v 52 5 v ADERIEF v 2 —F — 2 RRAERGTHR > A
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M 5 4£FLTwsbe7IEo/MEROEMBETER
Fig. 5 Microphotograph of a small region of an intact attached leaf

-
[=]

o
@

water—soaking
yand wilting

o
o

2]
Y

Degree of stomatal opening, ki
=]
[¥)

o
[=]

) 30 80 20
Exposure time (min)

6 SOBEEHMTOESD (@) ~ () ORILO k wBiF5EL
INEREE (1R )) BABRLBANRELIBAZRT,

Fig. 6 Changes in k, of stomata (a to f) in Fig. 5 during SO, exposure
Small arrows {1 or |} show when water-spaking and wilting began appear.

FAEALTEN AN TWwS {(Unsworth & Black, 1981 | Omasa &, 1981a, b), ¥, #fRsl
EHEHA Y AT b2 k2T, BOEBLTJALEBRO FHORELHEFTH S L, EOE2OH
B2 RIEROEBRELOEGBER S 1 (Omasa », 1981a,b), 27, EEH 21
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Abstract

The 3N dilution method was introduced for the quantitative estimates of nitrogen
dioxide (NO,) absorbed by sunflower and maize plants during a relatively long period.
The relationships between the amount of NO, absorbed and the concentration of NO,
and length of exposure were investigated in order to ascertain the reliability of this
method.

The total amount of NO,-nitrogen absorbed in the plants over two weeks (from 2 to
4 weeks after the sowing) was increased linearly with increasing concentration of NO,
from § to 1.0 ppm. This means that the diffusive resistance at stomata or mesophyil
tissues would not be changed by the continuous exposure to NO; from 0 to 1.0 ppm for
two weeks. The absorption rate in the sunflower plant was about three times greater
than that in the maize plant. -

The total amount of NO;-nitrogen absorbed in the plants which were exposed to 0.5
ppm NO, was increased not linearly but expenentially as the exposure time elapsed
from 0 to 3 weeks. This might reflect the characteristics of the plant growth, since the
plant weight or the leaf area was increased exponentially during the period of gas
exposure. The ahsorption rate was maintained at a constant during the first two
weeks, but thereafter significantly elevated probably due to the uptake of NO,
-nitrogen through soil-root route.

These results demonstrated that the values obtained by the **N dilution method were
quite reasonable and this method was applicable for the quantitative determination of
NO, absorbed by plants during a long period.

Key words ; *N dilution method—Nitrogen dioxide—Absorption of NQ,—Sunflower
—Maize.
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Table 1 Total nitrogen contents and **N abundance in sunflower and
maize plants which were exposed to various concentrations of
NOQ, for two weeks

Sunflower Maize
IEN liN
. T- -
Concentration of NO, N atom% T-N atom¥%
mg mg
excess excess
Control 218 1.68 188 1.56
0.2ppm 232 1.50 195 1.54
0.5ppm 275 1.36 217 1.43
1.0ppm n7 1.1% 224 1.36

Values are the mean of 5 replications from 10 plants.

T 2 MO LR RIE b3~/ (Okano 5, 1985), 2 ER00.2ppm NOEFHSEHIZ L~ 7 U
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BESHERERILILEERLTWS, _

Wiz, 2EMOSBBHPICRNES L NO,BROSFR L RBRBEOMEFRER 2T T,
NOEHOCERRIZ(3)A2HE > TRz, — 7, HBEDLHIZ, EXLSTbRTWEELE|
%% (Rennie », 1978 ; Matsumaru &, 1979) i L -7 aRKw 1, ZOAER, NO,BBHY
LIERBEPOLBRRBOE(RISB)»oXKDELDTH 5, NOBEH0.2ppm 225 1. (ppm
Y EBT 25T, BEYR D0 NO,RIRGERIMML 72, &~ 7 ) REA—E£EHEH
DFTETIVEDELDNOERIIL 72, F21E1.0ppm NO,DIEE, <7 Vi3 2 :8H T3
mg O NOAFEDERZBNLAH, bYE02 v i29mg LARIEL S5, ch e BB
HICEML - 2RFHc S 2EETET L, v 7V TI5%, b7ER IV TUSUTH-
fro COESHRBRECLAIL T, ZLEIEETROLEY 7Y O NORINEE, "N&
I L A REAGE b o 72, L L by 20 2 v T, ELE| S ERSN £#FH L o K 21E
ERUTC

HRRBED NORBIL LD, Brter ) OERIKS BB N, £2 ORLULEEY
720 DO NOBINEIX, z0EHOKRE S, HrEEMcks{EhshsrEionl, £
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Table 2 Amount of NO,-nitrogen absorbed over two weeks in
sunflower and maize plants estimated by the **N dilution
and the difference methods

Species NO, NO,-nitrogen (mg plant~) Contribution{%}
ppm *N dilution* Difference to T-N (by *N)
Sunflower 0.2 12,2+ 4.7 14 h.8
0.5 52.2+15.0 57 20.6
1.0 93.0+16.2 99 31.5
Maize 0.2 371 4.1 7 2.3
0.5 18.2+ 3.4 29 9.8
1.0 28.5+ 3.8 36 14.8

* Values are the mean of 5 replications from 10 plants + S. D.
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BRELTLEFACEELAEVI ERRL TS, BAEERY LY O NO.RIEETLLEYT 5
L, ETU VR MY RO YOMAIBIFEARELEERL L, JRIEKI S (1978) £ Matsumaru
& (1979) o@EEEe—BL w3,

EH 2 Tz, NO,WINE r EEMAMOBME LA L (K 2), HEPIic RIS 17 NOBER
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10 O NO,BINR X, 0.5ppmNO, D RIS £ 5 2h T, BERIIC Tid/k < I
RIHIL 2, Chid, TOMBEBTENOERBENRMEL I DLELLN, TR
bbb, EBRENTCREPOEERRUCERR (HEW) &, BHMagmzERERL: (B
3
EERFMRNIC A BAERRS D O NOBEEOEL 2R 4 Wi T, NO.REMKR 2,8
Hx T, NORIGEE X IZIZ—EDEERL L, &< 7Y E490.55mg Ndm *d™ O WILH L %
L, FYEDIVRFEDYIDBETH o7, COMERER LI THOALME LS —HBLTHA(E
121), L25, AL b 2HE»S 3HBE»T T, NOBRIGEESBTRIEE £ » 7.
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Fig. 1 Relationship between the NO, absorption rate per unit leaf area and
the concentration of NO, exposed in sunflower and maize plants,

Each symbol indicates the mean of five replicates + standard deviation. The rate
was calculated by the following equation :

. _ __absorbed NQ,-nitrogen _ .
absorption rate =gr T AT+ final L. 4. 14

2

W 20BN TITbi: b 0BEw, B0, H2HEOBEEE (21 NO,;, S0,) ZARKRHE
PMELLTRY TR, RE»OBBENIPRHELIERT 2B D (BRI 1973
Troiano & Leone, 1977 ; Yoneyama &, 1980b ; Okano %, 1985), # OEEZEOFEM@MCIE
WE T2 F—F iR pekn, BER, AFROENT L & 2 MO K TIFLBAED SRl
B RNEOBINEAH S Z L BTTRTH S, AL 5 NO,ORRESH 2 »id RIEEOH#
EliE, 2ORMCIEUTUTERT &) AR s FER IO TE .

1) # ARG e F 2 — AR, NO#&8 82 L, ADLHOO NOBE

— 59—




=i} 5 221

0.5 ppm NO3

1ot
=
=
E Sunflower
-
o
'E 50+
%)
= Maize
2
N
s %#H’//@

Ll —— 1 1

(]

0 1 2

Time (weeks)

2 b=l EbrEoarOEESiD NORINE L NO, (0.5ppm) B
AR & DR
FHILTE 6 ERO B L BERELRT,
Fig. 2 Relationship between the amount of NO,-nitrogen absorbed by
sunflower and maize plants and the duration of exposure to 0.5ppm
NO,

Each symbol indicates the mean of six plants + standard deviation.
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Fig. 3 Growth curves of sunflower and maize plants during the period of NO,
exposure
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Fig. 4 Changes in NO, absorption rate at different growth stages of

sunflower and maize plants which were continuously exposed to
0.5ppm NO,

The absorption rate was calculated by the equation shown in Fig. 1. Vertical bar
in the figure indicates the standard deviation.

Er@EgE»s kDB (Hill, 1971 Srivastava &, 1975 Rogers 5, 1979 ; Omasa &,
1979),

2) BNOE:: N TERL NO2REL, EEP oAz "N BExfilEd 5 Ok
5, 1978 Kaji 5, 1980 ; % &, 1983), '

3 EL3EE (F&ES, 1978 ; Matsumaru &, 1979), ,

4) SN F¥iE (Matsumaru &, 1979, 19817 Yoneyama &, 1980b ; 2KIU, 1980},

5) ZERAFWFE  HEIRMORINCE Y LEEATOGRERER LRE, HHWIEE
N e KB (Murphy 5, 1977 ; Fowler, 1978 ; ¥ h b SO 20w T),
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F—y SATRTH L, TRICELEFEELT)DELSISEKE, AR THRAVL4) N £
Enb s, 2L SEORAOMESIE, NOBERONELHE (b 2w i) HRONZEY
AENRTRAMTELVI EIch b, BE, EBE NO, THENMBRa N, Z &L, HHO
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N AR 2B ONRNOET A EE 26N, BLIIgHEI L5 NO,RNEDEE
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Table 3 Amount of nitrogen taken up by the root*
from soil during the period of NO,

exposure
Concentration Sunflower Maize
of NO, {mgN plant~!} (mgN ptant—?}
Control 196+5 157+9
(.2ppm 198+2 160+9
0.5ppm 20042 168 +4
1.0ppm 203+4 1658

# N taken up by the root = Total N increased — N derived from
NO,

Bk, "N&ARE LU TENFMEE 25 2 & 238w (Matsumaru &, 1979),

EHETLERICENT, BAOBEONOK 2 HMEE L L7V v EDIYD
NO, BRIV 5N FRE L AL SETHBLL (F2), 20BR, FHEELT, 77T
BIo0FRCEIAMEBRIRS —RK L. COBERE, SLEROEYSEZEREON% 8
PhsENLzEEEZONL(£3), Tubb, EB 1Tl 2 BEO NO,REIEM G
ETbarolc ik ONREREE 2D, By P FOTHRE N FERPEHF BRI WR{L L
Ezond, TOLH, 7 ) OROAERE0.5ppm M LD NO, 2B THEHEF CME s h
(Okano %, 1985)ic b prb 6 ¢, BABRETLE »ONRFRBIZENECLL o720 D L
Bbhd, TOROWHRT, +HRBELLHBCEFT L7 ) 2o TR ERET-
TR, ZEULSEETHELL NOBRIRER SN FfRkictbvha@rrie (AFS, £%
R}, b7 ERIVORFE, ELISHECN BREL D LPRELEERL, 2O, NG,
BB L) L Eha S ONRRAPLEESNZ £ 2B T 5, Matsumaru & (1979) & ElH%
GREBEBTHWAY, FOHEARELN TR,

D NORIGERS - RREERUSRBIEN £ olFC>» Tk, FAREE RV TRHNL
e omDEENE L, HILATR T AZ 77 7 EERE-> T, B OBRMEIZD N
TEEBFE L BEEOMFELA . *OHE, [AAHEEEIT 0L ClLEERT I,
NO,, SO., HF, PAN ZOE$EOREREZ, 10-15pphm M TFOBE T2, SEBECH
CEELERENCEINL TR ZE R RV Lz, Rogers 5 (1979) & 3EEOMBWEHE L L
T, BEBEY: 00 NOBIGHE S, 0-58pphm OBETHEMLL ZWwZ L 2HEL T3,
Srivastava & (1975) 12 4 ¥ % < A B # > L EE T, NOBRUGHE ORERZ L E#ME L, 3.0ppm
UEOBED NO, TR, 2EEEAEUCIE 21T NOBREELRLICETLTOL S, T
UFoBE TR NO,BRIGEE b Bl ER L VRHELERIZL I E2HALMIL TR S,
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TheBnTRLFEMO NORBEBOEETH 2, LV REMBHOBE Iy EMHLER
BN TV, FlZEARS (1981) i, 3EBEOFEAED0.2ppm © NO, % 1-2 2 FEE
BRELTH, NONEBEEECHENEREIIBRBED L L TES LI 2 REL TV 2,
b7 YR b3 vEfoTHoNLER OBERIE, 22 b 1.0ppm % TD NO,B
R o, v ) BHIREGERE S A T AfLEMCFEABREELE T, EERYLL D O NO,
RN 1 B 1o o TEHSMCIART 2 2 L 2o L (1), 20k 5 AERD
BRI, #ROMELS> TEHENERERS—HLA 2O &3, "NEREiCL 5 NO,
RINBOHEMIMES TR YR THS I L EHFL T3,

82 T, 0.5ppm NOAORBIBMSR 25w 20T, L7 DO NOBRINE IR
RIT e FEEEABE ML 7 (M 2), ZhIRFERBEEPCECLEERS 2 OWEIERROLEE S
F—v (H3) R D LERaN3, Larl, SEFMBICECERRY: DO NO,
WK & B L b 2 5, BRMGE 2ANEZ CHES 7Y, FYEDIV LB EE—ED
BICEE® R L738, 2BEH 5 3BECH,T TREEDL VBRREENEE -7 (K4). ER
P L Y BREREEITE LS (N, 1980 MES, 1985) Zr»s, AFEHHICL -
THREEENRLZ 2B TaELZ002, Lo LHEEY L AR RINEESEE > T
2L, EYHOEBEMERL D Ao OANEROMESKEVIEREERL TV, B
254, Fy rthotBEIv o ARE SN NOBEEONS, FOBRCHEDCRIRER, X
SH o EEF»BLTEHERFE AL NO.BEMEs b0 LIS 2, Yoneyama &
(1980a, c) N EEO NO, 2 B0 AL RBET 2 EB 21Ty, NO,O—HRidRE~ ¥
ROZBTRRENS 2 EXMERLL, £ U THERHO NO,-N&Ei, GFMKRBORERTIE
LAEHBER s wBTH 2, RERBOBSICREHTERVELEZ L L2HELTY
%, EHBERNT 5 NO,OFT, 1HBERTERNENS NOLEhBOER 250 THE0H,
WL TRTHLZESISEY, £, JOEZIEOEECAGRIZE>TLELETIEELS
H, SEROBIREOVEDTH D,

B, FERTHVWAEY Y E LY ETaLORE NOBRLEESRBE L TaL (L), &
2 XY T OEREFRLR ST,

E v 7 U V=06.29X—1.58
ooy YV=29.80X—-0.08
(Y : a2 0 NO,BBIRE (mgN), X ! NO.BE (ppm))

AEFONOBEL LT, BEERO LRETH20.06ppm 2H Iz, ZOFER, ZOEBRTH
Wick =7 Ui 288 T4.2mg 0 NO,-NERIR L, £ MR mL L £EXE02.1% %
H$d e, NOBETHITIS.mg E 2D, ThRIZMORKFREEH S NOBICHYT
BZE, 3Ev 7 ) RACAEBEO M7 EC 2 0R 3 ED NO,BRNAESF-TWHLI IS
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## 4 Ex7VEkbvEnaYOREANO, (006ppm*) H{LEE

Table 4 Capacity of the sunflower and maize plants for removing NO,
at 0.06ppm* from the atmosphere

Nitrogen** Contribution NG, Air volume
{mg plant™?! 2w~1) to total-N (%) (mg plant™' 2w~') (m®)
Sunflower 4.2 2.1 13.8 112
Maize 1.7 1.0 5.6 45

* Upper limit value of the air quality standard in Japan.
% % The values were estimated by the regression equations (see text} obtained from the data
in Table 2.
% NOBFEKE (0.04—0.06ppm) @ E[R{H,
*x #R2OF—FroBohORR (FXER) 2HOTIHEL,

pH s R ok,
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NIERHETHEN, A2 ECRINE2#E TX 2, 2 Olsen (1957) ® Bromfield (1972)
12, Wil (S) OMEBERMETH 35S - T SO BELUNOS 2 ER L TRAT L Z L0 &
h, YD SO, BN F#HEL T3,
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. Absorption, Detoxification and Translocation of *NO, by Sunflower Leaves
with Special Reference to Leaf Age

REFEAR! - Bl & - FE &

Kunio OKANQ!, Hiroshi TAKASAKI® and Tsumugu TOTSUKA!

E El

JERRE (GEIE, RBE, EH U ERORLEL vV VOENE (FEL0L LTI, PN,
£#93 0ppm OBE TIS~0AERE L, B L2 NO,ORI « KBEUEDBROLEEN
EHRICLOESER 00 R,

NO, BRNEEREEFTI YA Tholz, CHIREROEAHMEIEILY N AHEEHSKS
¢, NO, oS- HERLEY D rE LNk, BHizh 2 B YRR &)z NO,-N ¥
YRAZBREIDAENSESIETL, BeES “FBE80” L THEE~ERL ToH
GHEALE  EBPOEWERNE R NO,-N &, 2 0EORMMET T2 ClHE
Y A PHEAERSE T, F0ESBOERCEDLIL:, Eao WEL A NO-N i, 20
BAETERDBARBHE~VaARITL, 2OBEERLED, BREREBTFHEIED
Lz,

Abstract

The 10th leaf of sunflower plant at three different leaf ages were exposed to '*N-
labelled nitrogen dioxide {NO,) at around 3.0 ppm for 75 to 90 min, and absorption,
detoxificaticn and translocation of NO, by the leaves were investigated with reference
to leaf age,

NO, absorption rate, which was calculated from the amount of '*N recovered from
the whole plant, was the greatest for the younger expanding leaf, followed by the

1. B AEWEF SUBREE TI00 FREHEESEEENEN16E 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. BEIMSEE ENOEFARARNRE (AFAFREBESE T1M RESEBEEETEI—-M-1)
Research Collaborator of the National Institute for Environmental Studies.
{Department of Agricultural Chemistry, Nihon University, Setagaya, Tokyo 154, Japan).
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mature leaves and the older ones. This might be due to the larger leaf gas diffusion
resistance and the lower detoxicating ability of the aged leaves. Most of NO,-nitrogen
absorbed by the younger expanding leaf was retained within the leaf and utilized for
the protein synthesis until the leaf expansion was completed. In the mature leaves and
the older ones, NO,-nitrogen absorbed was also incorporated into protein fraction, but
some nitrogen was directly exported from the leaves. The proportion of direct flow
was greater in the older leaf than the mature leaf. NO,-nitrogen incorporated into leaf
protein was hydrolyzed later and exported from the leaves. NO,-nitrogen exported
from the fed leaves was translocated to the actively growing organs such as new leaves
and root, and then retranslocated to the flower.

Key words : Nitrogen dioxide-—Absorption—Detoxification—Translocation—Leaf

age—Sunflower,

1 & E

MR EBEL THERERBNL, RLIIFERIAEMET 220101, BRRLERE
EERREC L b EShcEEC T ALESD L, AHBEAKEROREXNYE TH L _BILE
# (NO,) DEWENI 51 2 REBRES 2 OROXEE, - JHEOSN EBO NO, #HIHL
RRIRICE D, 7% D OEANES Mz > T 2T, BRED NORE I HRM 2 B S ¥,
tyErTHEE s g T (g5, 1975 Yoneyama &, 1979), L LIEEBED NO,IL,
BT 2 BEEESBE I LOEET CHL MBI AR, 73 /BRS 7 BRDAR
nEELah 2 (Yoneyama & Sasakawa, 1979 : Rogers & Compbell, 1979), # > 317 B
WMbAEN/A NOHKROBFE (N) &, z0EIASBIATT I /BELD, XERETL L
LICEE 2 E - THECTRS P OERBOMWE~BET 5 (Yoneyama 5, 1980 : % 2,
1981 ; Okano %, 1983), NO,ICHRT 2 NOEMERC B2 O L 5 LEgid, BRIk
NO#MEMICERLZBERE L L TR TR, BECL o THERL L TONFC LRV ES
(Okano &, 1985) Z & %mL T3,
BYPORGZOFEMNBER L > TRAERECHT 2BRENEL>TWE, PANDOA
FEANATH S (Nouchi 5, 1984) 45, NO # AR IFOERECHL T, METOFCER
EHfEsE<, BEA*ETLARRELPERIFELZ 02T v (Menser &, 1963 5 M,
1980, Tanaka & Sugahara, 1980 ; Furukawa & Totsuka, 1983 ; Okano &, 1984), L7z#i-
T, NO,ORB BB VEMCERC LI ZBOMITFETLEEZ 0N, BT, “N
Eao NO, 20T, NO,OBRIN - RHR U+ 0ROENTORENERICLY L IRLIOH»
=7 ) 2MELLTREL:

2 HEEEE
FEERE L LT <7 Y ((Helianthus annuus L. cv. Russian Mammoth) % Fvfz. BT
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AL b IO0UEIR 30 RS L TIHE L, WA THRRESERL 2. 1.8/ DAL 2H#
7217100002 Oy i SR TFOOEFRBEL, AKERY 74 + e YBRE(CSC, R H.70%)
TERLTz, ATEIRELTRNN—3F2F 4+, E—FEA, =T b, IBFE2 2
1:1 (B8 CBELELOEHL, FhiedEK15g, Magamp K 5 g #39—icfz
Teo WEMEE U7 Hyponex1000fEHE % 2y b 272 0 100—200m! #0382 BH 272, ARG LE
CIELTiTot:, BEE 1 BHE e sRIs &, 1Ry FHeh 1RFHIZITEL,
BNQ, OB UNO,ORBEBRIGE IET o7, FIE (FELOIMEOE) /M, B
1IRT 3BREOERAEY, 3 ppm OENO, £ 75—WAMRE L. (1)5E @ BE%R26H
BoE108, BRTOECERRIIEABEOLHL/S3, (2)RME  HERREBORIE, RET
TEBZOET, BEMAICA2 L FUBCEY T2, (3)EF  BEHGHEDHEIE, BEZT
%ma%ﬁttﬁf,ﬁﬁﬂwanﬁ?ﬁ%w%téo'
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o o
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=
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1 =7 UBNECEEHOEER
Young, Mature # L.C Old i 3 B0 ER 7, HHEEEEH,

Fig. 1 Changes in leaf area of the 10th leaf of sunflower plant
Young, mature and old indicate three different leaf ages. For details, see text.

BERBOERI LI, H—RAE20EYELREET RS, EBRFRKO 2 RHACATE
Bro—2xxE2xv b {420¢Es'm2, 25°C, R. H.70%) WZHA L, "NO,o 2B i,
CDFrERy PAKREEL Y, #130cmx#50em X &2 30em OFEH7 2 U LB ERMORELE
RO MO S 2EEL2 cm OR2 6 12BFOHHDE 1 HOEEELAS, ERHE
Vv oEETUAERLL. CORMENIK, Kilis (1978) DA LD K*NO, (99.7
atom% " N) » & ER L 72 SNO, &7 A %, HEHEETHL £ 23A LR, REEADERIR, AT
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RBAN:Z3EO7 7R EDBATOFAINE, HROYNO,BE ILERNER NOST
B (AET Model 258) T1HAZ TS — U oEBERHEL 2, SFERLORR
B A THNOIBE - REBRIREICRENTWwS, EESEHERD 2, 3EEERTIL,
EEAEEEED SNHE BT,

#2 Ty L Z SN S SNQ,RERTHE S 2BEOHEY L RRL, BD OBV
ODERKBT 74 b FuvBEE~RLY, #LT1H, 38, TE, 28A%Kk, zh¥h2 @k
TR, EEIZESNO, REE, 15, LU (BEEL Lo, THE, THiE (B
BEL ) ToR), #LTHRCTEY ST, REEIEEBE (714 —+, LI-3100) 2w
TEEREAE L, 0%y —AhicBLI, 2OEKEY F 4 F—TERL, BHEE
B, NO.5)T28L, =%/ —ATFES L TBESCSE L, RGEEE AL THEL
RO B, 010 0 - RERGLIZ80°CT 3 Bkt & €, FREE, B (FTRIFRT, TI—200)
THFELL, HHTEEE L.

HEhOENERT V= v 7OEB T FARBETHRL, 7y —-EEHE KA,
1976) TR D1, SNBERSN 7+ 74 ¥~ (BEFH, NIA—1) Hv, FLHkH
(Muhammad & Kumazawa, 1974) = &9 Iﬁﬂ)’i’ L7ze

£ 1 3ERBCESORRZESVVEED NORIDGHE
Table 1 NO, uptake rate of the 10th leaf of sunflower plant at three different

leaf ages
Leaf age®*  Leaf area Mean NO, Fumigation 15N recovered NO, uptake rate
{cm?) conc (ppm} period (min) (zg plant™) {zg"N cim‘lz)h“.'j‘.o
ppm~
Young 42.0 3.0 90 312+114 496+181
Mature 162.6 2.9 73 641+£191 324+ 75
Old 146.9 2.7 75 n+10 225+ 57
a See Fig. 1.

3B OB

ey SEOER, RAERCEERBECE T2, BUERRY O NO,BIGEE &
liom LT, Mot AEBCBREALNOEZCHYE» o 0EXIRE LA YR L
(Yoneyama &, 1980 ; Okano &, 1983) T, NO,RIGEER &Y » 7Y v JHOEEE K
BHEIY & M7 N BOFEER S L CHBEL L AERIBOERII BV T, NO,ORBRER VS
Db LT oB R o T, FEBO LS RRELSF TR~V VEOLRAMSHREZ 5%
wrEZohd (KES, 1979, # 2T, ED NORINEE NO, F — & (JBE <FH]) il
+2 L{EEL, NO,BES. Oppm, SEIFM60FBREL T, BIEE 2B L 72, BERI»Z
6 DG A SR Y, NORIGEE I EROETLERZEAEERSED 0,
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Fig. 2

Export of *N from the '"NO,fed leaf (®—() and percentage

distribution of '*N in ethanol soluble (3—C) and insoluble (@—@)
fraction of the fed leaf

(A) : voung leaf, (B) : mature leaf and (C) : old leaf.

-

BREBPOECRITS N2 NO,O, 0% L% / — L AIEES & THRERI~OSHEE L, 8
EhoDUN OBEHOMFER 2 IR U, WTFROERICBWTY, =5/ —VRIEE T
BWRSB%, 78, 73 F)ZRDAZARLENEZ, TOXRES 1 BURCTEG S (F >3
28, HE)CED, SR kakEsnBui@Boenirot, RBESSOYN OEREA S
L, EECREENLSN BARS S 2 0B CERIATE), BRETHEAL T 7 %Ml
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HUANGERL0ATH o/, E-THEESOSN OFHER 7 AE £ CEMEFHE 2, —F, KR
EPERCHRINN gHEBENECHCRBELSER L, 7THB W AAETHL %,
THIBI% DN BUIENIAER L 720 2 L TREESON i, BB%Z IA»5 THOMIKEIL
Whic, THeOEDLSOUN OERIZSEYVO 1 BREECEZ D, DETEESHOUN ORYD
AL IZE—K L, @ e rERSRE V, FAEROEAZER ¥ TBE T ~DON OS5
AL, B AER T 2B &SR EL 0T,

R2EEERTMON BEOZLERL . "NO,RBHEE X, WihOERHOETY
¥ — L AEESDN BESERICEL, 10805 3EHICH TREBCET L 72, RNiFE
GOSN BE2A2 L, EEPRAETR IBER2E -2 L UTBBET LA LALEETR ]
HE»& 7THRET, "N@BERIELAYELL S, TOMOHEON B#E* A2 &, &
ERBTCHSBENAOHUTR, TEBEOYN LaRHTELho R, HBE, BEERT
i, Efed, f€, B, TMHE, BN S ohl, WFROEBRROERIC W TH T
B AYSN gt s e b o1,

3WHENQ,RES T AEOEMAERAICE T 2N OAFEHE 2R, BEERTE, T
W, MEER P EUZBChTOEERLZOAT, BILA NN OB%IRBEIC LV E -
Twi, RREEB TR, FUBEAOERFEINBRLELH L, THEL2R HMOH LD
b mIOBITL, BEEFCIDBUNE -2, BEEMTREADEREEGH26%RLEL L,

# 2 JERBECERORZLIEVIOHENESSPN ERO NO 25 L
EES A B 5 5N B (atom % excess)

Table 2 '°N content (atom % excess) in each component parts of sunflower
plants fed with **N-labelled NO, from the 10th leaf at three different

leaf ages®
Plant part Y oung® Mature Old
gr 1 3 7 0 1 3 7 ) 1 3 7
Flower 0.16 0.10 0.01 0.02 ¢.04 0.05
Upper leaves 0.01 0.00 0.04 0.01 0.00 0.08 0.06 0.07 0.00 0.02 §.01 0.00
Upper stems 0.01 0.00 0.13 0.10 0.05 0.00 0.09 0.05 0.05
Fed leaf Sol* 18.31 7.61 1.21 0.84 16.65 5.83 1.67 1.36 14.92 6.08 3.45 1.06
Insol* 0.82 2.52 1.94 1.65 0.58 2.27 2.16 1.72 0.45 2.22 2.45 2.39

Lower stems 0.00 0.00 0.01 0.01 0.00 0.08 0.09 0.05 0.00 0.04 0.02 0.03
Lower leaves 0.01 0.62 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Root 0.01 0.00 0.00 0.00 0.01 0.01 .02 0.03 0.00 0.02 0.01 0.02

a See Fig. 1.

b Days after NO, feeding.

80% ethanol soluble and insoluble fraction.
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Fig. 3 Distribution of *N in various parts of sunflower plant at 7 days after !
NO, feeding
¥NQ, was supplied to the 10th leaf at young (A}, mature (B) and old (C) leaf
ages.

L THERVEALLTHTOEN #BITLE, Lo L, BREERTT Lz b FUEARE

LALERNEY, REEFCERINS NN OTUMNEFELL, 0L 5 21N OENGE S

F—ri3, BREOHESERRT 220 TELL .
FIWCUNO,EREHBEEOEMEERMc BT 2N OFESEE L, HEKBTIR, &

£ 3 UNORBERBHEHO L 7Y KN BT 25N OHH(%)

Table 3 Distribution (%) of *N in each component parts of sunflower
plants at 28 days after “*NQ, feeding

Plant part Leaf age®
Young Mature Ol

Flower 24.5 29.0 58.1
Upper leaves 2.0 28.3 0.0
Upper stems 0.7 3.3 3.2
Fed leaf Sol® 4.4 3.3 2.0

Insoi® 54.0 32.4 33.0
Lower stems 5.4 3.2 3.2
Lower leaves 7.0 0.6 0.3
Root 2.2 0.2 0.4

a  "“NO, was supplied to the 10th leaf at three different leaf ages.
b See Table 2.
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Table 4 '*N content (atom % excess) in 80% ethanol soluble and insoluble fraction -
of the fed leaf immediately after the termination of ¥NO, feeding

Fraction
Leaf age
Sol Insol Total
Young 12.77 0.55 2.40
Mature 14.20 0.48 1.80
Otd 13.48 0.41 1.75

Values are normalized at the N(: concentration of 3.0 ppm and the feeding period of 60 mjn.
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Canopy-Microclimate in the Plant Environment Simulator
—Effects of Velocity Profile System—

KREHI - 1A A5 - FAE R

Kenji OMASA!, Shigeru MATSUMOTO?! and Ichiro AIGA!

E B

BEABEY 2L~ 2 HOEEEMERORGOE BB L LT, BEKREERLT
ZEERFETHARMEHEREERC L VHEE TS 2 L 2E A, ZOMER, LT
DLEHITH-T,

1) #EOEHEREBCELLREO 7T 7 74 0%, — RO —AF v 1—ITH~
T, TWMOFEEELZ L2 EWVGERRTEL I EMNTEL, '

2) BEANDENBEOTEO Yo7 74 1id, BRTEREASL —BELERmE—
BLTl, L, SnEEOMiE, BB TOEE~TET s Hhol,

NEFONAT —A~2 P VEEERILOWTAS E, EBTOEARRECBLT-5/3
FONHES LBRANTVLR0 SHz AL D RHEH T, WHzEBE2 A7 A7 ¢
VEBEORSBED S b1z,

Abstract

As a first step of canopy-microclimate control for a plant environment simulator, we
attempted to adjust air flow, a major environment simulator, we attempted to adjust
air flow, a major factor controlling the microclimate, using a velocity profile system
instavled in the simulator. The results are as follows,

1) Fetch to balancing velocity prefile on/in the canopy for the simulator was shorter
than that for the common chamber. The balance for the simulator was made without
the change of wind direction.

2} The mean profile of turbulence intensity in the simulator was similar to that in
the field but the value was small in comparison with that in the field.

1. Eiosmes SWE 7305 JURBAENS M/ 168 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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3) It has been known that the power spectral density function of wind turbulence
" in the field generally followed to the -5/3 power low at frequency above about 0.5 Hz.
In the simulator, however, the power spectral density did not decrease until about 10
Hz,
Key words : Canopy—Microclimate—Environment control— Velocity profile.
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Fig. 1 Layout in growth room of plant environment simulator
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CTA : Constant temperature anemometer
LIN: Linearizer

T €' Temperature compensator

SDC: Sum and difference calculator
RMS | RMS voltmeter

DCC: DC compensator

FFT: FFT spectrum analyzer

H C: Host computer
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Fig. 2 Anemometer and analysis system

FPRELTEZLBRC OV TRE L2, hoBEE, B, HEL Y oREE, ERMhEY
PHEEERIEEC R SR vwd S, BR LT TERZNC, T0%RH, 30klx i2ffo 7,
BAEORE & 4T, K2 RAOHE D7 O BE#E (KANOMAX Model 7220) & 0
BTy AT AT Oy 7&%%To§aﬁﬁk@§+®'7u—7‘c;t, SuZrTATOLERRX S
v —7 (Model 0249-T5) % Bwfz, 2O 7a—7k CTA #HWTREER, V27344 —%
WL THRIES he By, MREEST, AFEF@xofs U cHEHTy ORSG W 25E5
nheo U W 2B 0, WeEHAKS «, wTRTE, #hFh, U=sUru, W=W+
wERb, FHE D, Wa, REES»>0MN%, £, ELNRSY o, w ® RMSou, ow
i, RMS AL b A~ o0t g, A MTEBTY 7Y 2L, BEEHT I 02k
Kvde, a6, BANEE i, & L%, THREN, w=ou/T, iy=ow/ T2 LDEHE L, ALK

— 81 —



PN O v A 2 )

Do, w DT — AT FLEERS Su(), Swif)iz, MEEER» > 0%, BRES 26
£4 5700 DCHEESRSE L%, FFT A2 P74 74 F— (KANOMAX Model 3200)
TERB, TOTFIAF~it, A/DEBENL 1 Ty 2 (12bit 1024 @) 97— O FFT &
HAddms TEFTTE I LT %, SET- - REREHH100H (87 — 5 400 DA7 b
VEEEHARDIREORETHILSY TAY A ATIMBENS, 5, WHOKE, FFT#E
EORADEBRO DNy TDT AV —%F, 22, TV F Il kb ADE
BYO 7 F o s EEK100Hz T—120dB/oct DR —$A 7 4 L —kxiF iz, S5k, BEER
IS EERA Y /4 ZRAB DR S, BrAx@ens 87 —ART P AVEER
BEBMETISL 2,

v iar—s—ERERAORAKOFEHMAHOMER, RRASEIOT -7 8t 7N -ARE
(I x, v, 2 0. 1mm) KD T iHERRET 2 2L X 0fTo7, B, HIER, y FAORE
HERLTHEy=0mT, 2 & 2 DEBEREZTTo7

B EEE ORER, BELTRBELARERARRCELT, BROBEREESZ, E -
& (JISemm¢) DEE (BE) #HHWEO </ £ —5— (MKS/¥7 + a310CH, 1 torr )
THIZL THB-EEERICL T,

A
. N A:RMS of turhulence
- . . compaonent
Ein Do : . : T
. C < C
~ . w - . L
- 1.0 miy
E : v c M : ]_ o
) N C o N .
3 oo c : :
= v = . - B:Mean velocity and
0.5 = I - L N wind direction
- E o : : —
[ C t C
. . = L - 2.0 m/s
- L w L
|- [ ~
5
B . .. o . o ||t
== = == — — tal=9.8
~ = = -_— _ pr——
E _ = == == -
~1.0 = = = — jr—
N = == = = —
. = == - = =
£ == = = E =
> = = = - -
H = = = = =
Tos = = = palt =
o= = = z
- = = = et
= = T = = =
= == = = = =
== = = = =
00 I ' " I L i+
T-04-02 00 02 05 1.0 15 20 [4] 10 20
Distance from the front of plant canopy, x (m) Leal area density

{m¥ m3)

@ 3 WHO»5—EEHETKE HLBEORRERDOTRFIRE

Fig. 3 Air flow in the room where wind velocity of blowoff to the room was
constant in height

—8—




BRBEY I 2 v - —ROBYREOMER

3 RRERUEE
H3k, " BOZo—AF» 2 A—%2BELT, Orashidd tBEREEE % L DHEL,
WHO» 6 ~ERFETKEH L BEOERENOTMRE (A, B) £ R7, x=0.0m T, &%
Wi b M 2E U RO TR, s w EAOEMAm S, T, BHEACA - R,
BERELENORECHEL TR, # LT, FYRELELNLMNSO RMS » 5B L T, [
REECETOFERECET 20K, 2.0(m BEOWEERSIBTHI L8B30 5, F
BB UL BEERNOESRELELARSO RMS i, B0 EAHEREC»»bo ¥ BEH
iz —EORETH -7,

Hik, BAOFDFERSHERHELT, KsdLoE2Ta0BEzL2E L BESOEE
HAORFIRE (A, B) 257, COBS, HIcasbhh kb bBENECEHRE L LRHHE
PORWEROEBABRS EW3 I hdnhol. BERICA -G, BERELLHNS
KRECHEEL TR LS HEAREDL S o248, 0.5m BEOWEER THEICEEOFE
REZE LT, C0&H 2, EEERBERLHOERREY 2V —7 — TR, HEOEHRE
WELLEAEOD e 7 740%, " BOFO—AF v+ v —RERT, TROFAEEZDL L
B ORI TIES T E AT &, 235, 2=0.6~1.1m CEASKA S < %2 30, BE L
TOBABORELHEOMOO L DIRBRET S L cREAT S, /2, x=1.0m TAbh

1.5
A |
N : : : X
Tl ) : . A:RwS of turbulence
- . N N o Compaonent
Eqob o = . : o L po
- N . . N [ L
o Do - - c C Ow
2ol c = N - [ £0 mss
5 | Doon c : T
] . L -
T N . o N
. L N
o5 - - C B Mean veiocity and
- : wind direction
: t‘ 2.0 m/s
15
B__. .t —_ —_—— —_— c
—— T T - - _
—_— - prm— p— LAI=98
~ —_ —_= - - s
T =i f— — _ _
<10t p— = == j—
N - = = =
E = = = z =
£ = ity e b =
| = = = = - z
Tos = =7 7 z H :
00 v - y
04 -02 00 02 05 10 15 210 L) 0 20
Distance from the front of plant canopy, x (m) Leaf area density
(m2/m?)

M 4 WUOLoHEORE D7 74 V252 TREHLZBESOHBRER
DR IR

Fig. 4  Air flow in the room where wind velocity of blowoff to the room was
similar to canopy profile

—83—




REGRK « 0K 7% - HE—HB

3L REHROFAOENE, BEEAHEMEC T AL ThotiebicE L v Eron
2.

wiz, B4Tr LB s2ilhotEic 2w THRELL, B, SNBrBZS u R
U w OEAVEE iy, L,07TT7 7 ALTHD, MEHIVEREDEBOIZL 2T iy fldKES <
EBLTw3, i, i, BENTEECERL TRELRE P OUBTHET 30
HELTWE L EZ 5h 5 (Seginer &, 1976), L L, &y 0737 7 A NEEHEELTAH
3L, 4>0,T, BHRABETREEN/ NS VY, BEN, BUHELRTAIWECZ2EETO
— a5 tEE (Inoue & Uchijima, 1979) ¥ —HL Tw3, HEROEABEDOFESMIZ, BB
SF0.2 (i) B0 (4,) THD, ZheOfEld, Inoue & Uchijima (1979513 HD b7 €0
IVEETERIAL ECERTET NS, JOEAR, BELOoBHEBCEW I ALRE,
ZORER, EEOBRLLAHOWEHLCHY, 8%, WEHLOE, KilcElzilng
HzatrwwkvdEBshks,

A x(m)
~1.0
E
N
£
2
[T}
I
[+X]
0 1 1 1 1 1 1 1 1
o 0.0 02 04 0.0 0.2 04
Turbulence intensity, ju Turbulence inensity, Jw

5 HhEEOS o4

Fig. 5 Profile of turbulence intensity

6, BUBEETS uRFw DT — A7 F VEEBESulf), SwTH2, Sulf),
Sw(f)3kiz, Inoue & Uchijima (1979)®X% « /1A (1981) S0 3BOMNETOEAFRCEL
T —5/3FAOEH/NERICBT 2 LERE A THARIHz U EOBEEH T, 0WHz B
T, NT—ARZ FABEOREVHERD s ZwEWIERSE DT, IOIER, Y Eial—
Y —HI I ORERED SV —2RETIAOLOBRENDZ Z L #BRLTEY, SLhEEs
MEVZELBLETELS LSRR, AROBRAREIC STV -2 285254 EONRS
PErb,




BABEY I 2L — 5 —AOBEMEEEOMISR

E Sulf)
1075 Cx,z)
a:¢-0.2, 1.3)
b:( 2.0, 1.3}
eif 0.2, 0.5)

& 410,08
107 e 20,05

Power spectral density ( arbitrary scale)

E 1 FRrat L R W R T a4 1 L iaul P
051 2 5 10 50100 051 2 5 10 50100
Frequency, f (Hz) Frequency. f (Hz )

B 6 HFEDST7—ALY b AEBEREK

Fig. 6 Power spectral density function of wind turbulence

HERAAOBMEELTML LS tvwaRad, HRiCLFNZ (SERRL Toredhidy
SRS, LinL, BWEEENSRL LERY, TREEEROSLEALZT TR,
BEHMED LN ERBERTTOREVWELS OHAEEQOETHY, F0AEYISHEEIAREL
&550

5 A X B

FE—BR- KBRS - A 7 (1982) | BEFEYASHFER 7 74 b bor e 20 ANF —ORIG
AT b, BRI WEILE, 56, 741-751,

BT R (1974) | HEMEAR BEISK Vv o, BEE, 203-212,

Inoue, K. and Z. Uchijima (1979) . Experimental study of microstructure of wind turbulence in rice
and maize canopies. Bull. Natl. Inst. Agric. Sci, Ser. A 26, 1-88,

EHERE (1979) ) HIEOWRAE - £E, ¥, 283,

HBHETNE T (198]) | AELEOBREB BT 2 EERE AL 7 - EOMBREC LT, BHER
®, 37, 1-7,

Monteith, J.L. (1973) : Principles of Environmental Physics. pp.241. Edward Arnold, London,

AEEER (1980) @ B AN KGN L O H VWO X AL, BEFREE, 902), 77-80.

Seginer, 1., P.J. Mulhearn, E.F, Bradley and ].J. Finnigan (1976) : Turbulent flow in a model plant
canopy. Boundary-Layer Meteorol, 10, 423-453.

HIBSSE (1974) : BEMER. BEIR Y7y 7, BEE, 213-229,




E AT EE B828 (R—82—8))
Res. Rep. Natl. Inst. Environ. Stud.. Jpn., No. 82, 1585.

H—2
HIRBESERE C 511 3 K DHOHEEICHET 2 ERHER

Discussions on the Control Method of Soil Water Distribution
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Abstract

The soil-moisture environment will affect the stomatal aperture that governs plant
growth and gas exchange. In order to investigate these effects, experimental setups in
which soil-moisture content (dr potential) can be set at arbitrary level are necessary.
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Contraol of moisture distribution in soil has been left open for a long period of time,
In the present paper, this has been analysed theoretically based upon measured values
already reported. Main results are as follows :

(1) Steady water-absorption rate for roots has its own upper limit that is determined
by the geometrical extent of the reots and soil-moisture environment since the
hydraulic conductivity of seil is a strongly nonlinear function of the matric
potential of soil water. A

(2) Under the constant flow-rate deadbeat control, the water supplying rate should
have its own upper limit that is determined by the soil water diffusion
characteristics and the geometrical relationships between the water supplying
front and the position where the attention is being payed because the soil water
diffusivity is a strongly nonlinear function of soil water content. '

{3) The region of soil which can be covered by the quickest deadbeat control in a
limited period of time has its own limit of size. The density of the arranged water-
supplying front should be designed censidering this constraint,

{4) Approximate analytical solutions for the distribution of water in soil applied by
a constant flow-rate irrigation can be obtained by FCR (Flux Concentration
Relation) method. The solutions give useful perspectives to the control of soil-
moisture distribution. The FCR is also successfully applicable to obtain
approximate analytical solutions for the soil water distribution in the
redistribution stage after irrigations.

Key words : Soil water—Irrigation—Redistribution—Flux-concentration relation
—Feedback control.
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Fig. 1 Hydraulic conductivities as functions of soil water matric potential for
three type of soils with different texture (Gardner, 1960).
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Fig. 2 Relation between saturation ratic and hydraulic conductivity of
aggregated glass bead for five different redry loops(Topp & Miller, 1966).
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Table 1 Effects of the absorption of water by plant roots from soil on matric
water potential for the central part of soil (P;), and for root surface
(Pe)
Absorption rate (q) is constant and taken as q=1.67x10"2cm?®/ {cm? + hr).
Density of roots in length (1} is 1=0.9¢cm/em?®, and the mean diameter of
roots (d) is d=0.2mm. Soil is Indic leam in Fig. 1. Soil hydraulic
conductivity is taken constant for individual case.

K P, P, P.— P,
[(em/s)/(emH,0/em)] {emH,0] [emH,0] [emH,0}
10-¢ —52 —52 0.034
10-% —123 —123 0.34
10°° —187 —19¢ 3.4
10-7 —330 —364 34
10-® —670 —1010 340
19-¢ —1960 —5360 3400
10— — 7400 —41400 34000
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THhbd, KL POBWNES S 7 ECINERELT 5, vabb, K& P OEKERE, X8
RATREINL LT 2,

K:(?13) (4)
IneE, R2BROLICR S,
dp

q= %K( ) e (2a)

R (2a) EMHPTLE, BH-LCBLLIELLSLTROL Sicnd (E, 1984b),

(gfn ?E?Flg%ﬂ,m¢—1) (5a)
% (zdzl)“”‘ (B=—1) (5b)
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cm) DEBEICELT, TS, BK—1TH2(%2) ZOE2L LR LUTHRE) AV T gmax
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wBLT, K=K 5 K=KJ/10r0f 2R (4) THTROIES, twiIBTHS,

H(6) 1, QuuttTHEF —KPo/(B+ 1) &, HWWROERT 1/In( 4/ (zd?)), RUESdr D
Rz s hsnd, BRHPHIBERTHS,

Umax 3T 3 LERTWO2WTAZ L, R2hobd2 L2, ~(B+1) B KDUWFEOZE
Lzt T, BRAMA.5, B/MES0.738, 6 ERECLIERLRV, Lizdt-T, 8K
FORTH, BEKP.OBESKE N,

# 2 TEBOBABEKSTP) v IKRT vV PORRTHEI LEE
BlLiz:Eolxgo B Qmaxa)ﬁﬁ
T 8i3E 1 @ Indic loam, Kt POMFEIEIA(4)ick2 32, BEEOHE
%, BoEEZ, 1 =09%m/m’, WOFPERIR. d=02mm,

Table 2 The theoretical maximal value of water absorption rate (gnax) When
soil hydraulic conductivity (K) is a function of matric potential (P) of
soil water
Soeil is Indio loam in Fig. 1. The functional relationship between K and P
is expressed as eq. (4 ) with the matric potential (P;) of soil water which
is at the central part of soil and the power {B). Density of roots in length
(1) is 1=0.9cm/cm?®, and the mean diameter of roots (d} is d=0.2mm. The
value of the power, B, changes according to the fitting range of the K—P
curve in Fig. 1, thus tabulated herein.
The fitting range of K in the K—P curve
10 102 11
Kl PS B max B mAxX B mAX
[icm/s)/(emH,0)] TemH,0] | T g[1T] o1 q[h] [0 %
10+ —52 —2.68 4.30x10°% | —3.60 2.77x10°%| —3.74 2.63x10°?
10-° —123 —5.50 3.79X10"*| —4.67 4.64x10~*| —4.08 O5.54x16*
148 —187 —4.05 8.48x107% | —3.61 9.92x10°%| —2.94 1.33x10°*
16-7. —336 —3.25 2.03x10~*| —2.58 2.88x10-5 | —2.22 3.74X10°"
10-# —670 —2.1% 8.10x10"% | —1.92 1.01x10°% | ——
10-¢ — 1960 ~1.7%3 3.70X10°*
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Fig. 3 Relation between absorption rate of water by plant roots and matric
potential of soil water at root surface calculated taking the functional
relation of seil hydraulic conductivity on soil water matric potential
into account
Calculation has been carried out as follows for soy bean planted in Indio leam of
Fig. 1. Soil water matric potential at central part of soil, P,= —123emH,0, and
hydraulic conductivity there, K,=10"% (cm/s)/{cmH.0/cm). Soil hydraulic
conductivity is expressed by eq. ( 4 ) with B=—4.666. Mean diameter of roots, d=
0.2mm. Density in length of roots, 1=09cm/cm®. Maximal water absorption rate by
roots is given by eq. (6} a5 Quax=4.64 X 10 *cm*/{cm® « h).
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4.1 BBHOEEH»ER TS, IRKHEBEEL—ELALLABIERE

HERFEHGE T ¥ 2 Th, H980em/sOBENIGEESNERL TwaH o, BEROLENHER
TEZBE, LuIOR—BrrerABEbnanbangn, LbL, ENOEERESRL
35BS IOREEED 33, HWAEEL Y (heavy soil) LW 3 DD B4, FBOAH
ESBOES P, FEAENEL, BERISEERHTIEESNEI THE, SOBEG, i
FrizazeRVY, KPAKFHEAX BT IHE, tWIDLEITHDL. i, BEN
Zi, AKEEROED T, REQCVUHARIEDLT, PRVENOREEERL > 2,
FTEAGEREEN B WIBSRTL—REERKCBE L 20 dHNTV, UL, 18K
HEERBETLTNT, 2HEPOAPMEBE—GEREBZR A TH2BETHNE, L
3 ARATHAERS T BEAEORBTHIBE LAY, HESAEDOEBERC A R EsE
WOTHEHS, RAGEFEROBIZLRELEFROBTTH L,

#2370, choDREZVTFN S LEAGBBRFICHL T, AHTLrRLE L, BEIC




TIEBE ISR 50 2k SO CE T 5 BRNER

WEE DIt zw, Lo, JOLIRREXBL LY, BB CHElbisnzes,
BROBRBOD LS5 L TREL Ta5{@iIEEH S5, 2720, BROBBBL X, RELL
REXENT, HETRTRELLRY,

HIEN R ER I Gt I EEAMO L L, mcbﬂ#tﬁm$ﬁﬁ%ﬁct®tTé
AEOFE, FER, ESRXEAREL, AEre—~FREL ZUEL >Rk
#%Eé,%@ﬁuﬁw5ﬁm$%afﬁm%ﬁiaﬁﬁ%%xéo@Wi,wﬁ@iou,%
KT 3 (BAREERAZE) 2, BRELES2H0, WhOFHERETHLL S, HIEEDORE
YIS KEL DV REVELZZET 2T ER 520,

tRoREOL LT, IERABARIRO I IS,

a6 _

ot lma(rm 1D ) (8)

IOREBVT, mi, FERKEOESG R 1, BHERAECEECI 2, £ L THAKKR
DB I, OEPZNPREDZ NI AT —Thd, r=0KESDD, r=LDEIAK
A HERLEEELTVSD,
ERELBRARELT, RUMRIERL Y 5HEOVEDELT, ERE,ABOND D,
BAGEEED 1 (BRI, B, PERARTE | EEEROA/ (BATER- SRR, B
BROAE T, 1 BAEROK/ (BARES-BERFHE, $2aRoKETE, 1 BIEEROK/
BTRER, ORAEE) TRALTES, XELoERLOL I8 d3KkA OB S
A EKERS G, WORMERICINEISRE,

h{z ;L) =h,(z: L) {9)

EEoAFERSCHEL T, ThidRo L) RERICRING,

h(r:L)=(|L|/D)Fo7 ierfc{ (4Fo)-1} (9a)
he(z i L) =—(1/42D)Ei{— 1 /4Fo) (9b)
hy{z: L) =1(1/4=DL}erfc{{4Fo) '} {9 c¢)

cheoRicHBnT, Foill Fo=DrL2t X W EH S 2 BTk (7 — ) =%, Fourier
number) TH 2, SLOBHERIBOEDRO LI KERIN S,

erfc x:% Lm exp(—u?)du (10)
ierfe x=f: erfc vdv (11)




R 8E

—Ei(—x):fe-u/u du (12)

FHEETHAOTRIEREbDENHFENS,

Kz, BLYEVEERTT Ty FE— 4l (deadbeat control) 2K 2, Ihii, —EDR
BI(T) S rickre e kD LBOSKREAZE T2 e 2R E LT, BRAZ L cEKE
HEEESRLTwS, LuSHEHEDZ L TH B, LI L, BRAKAUAORATIEEA
BP0 L it oTwaoid, SLHELVEMLE Y,

IOBMOEIEIZ, TARTHECIDERTES, TARBKOHRELA(DCTLIIREIILD D
EEBCFAT AL THL. BRVIOBRER (q(0)) HAROCER (m), BEREEOHST(P), Xk
B ok s+ TOERLRFY ) » FHRER (T L > THRE 2,

q(O)sz:T) (13)

REDHER (q(1) RO LS BB LVEED, RKiZq(1)=0, Thobb, RFAOkKK
BTHREIRAEELLE-EECLTHEBELAET 2, 20 E, ROV 7Y 7R (t=2+T)
TEKEOS (y(2-T)) BEIHIDTHE, y(2-T)pspEn/hairni, q(l1)@77 2
wLladhiEnekoot, y(2- D pELTAEEERE Y, y(2-T)Mp kD RETH
W, FEHRECHT TRETRBE,, TobbilrgETH 2,

Thbb, ST CR DR, ()20 TrTREESRY, q{1)=0 RRRE
% (critical condition) T® 3.

BHREGFRIROLITRE L,

ha 2T ' L)=hn (T L), 1E2m=3} (14)

E(OEALT, RO EES &, Bizy 70 v ZEMERCHET 27— 28 Fo,x T 3%
#, Focsb LT o413 (Hara & Sugi, 1983),

0.9575 CEERARE)
Focs =1 0.4130 (BEL&RRATR) (15)
0.2539 (KURAIR)

£ q(1)> 0] For>Fous il G T 2. 7 kb, BAdERTbi v v FEREDT v ¥
b b HERHETEE IR S B v d DLERMFE, Fortial (15) TRENS Foes £ H K&
MXRELWILTHE twIHREMNY, For=DTL*Ts20 T, i, DELME
Zat:RTET % Tes=FosL*/DEL LT 2080350, 27, D THEF >R TEL %
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TREBEHAEER S ARG AMOER AT S HRNEE

Les=  DT/Focs MTFic T2 0Bb3, L5 BRTHL,

$IEFZ0 D, LEU T # ELEOER I T LIEOBMEGRL THECHD Zxk {, ¥
IRy, b5, ERORME For2Focs R RBHBSEDTECHES 2 DLl d OB
B4 THE 2, : :

HRBEY I 2L — 5 SB0 s 1EERHHEBCSWTRAS RS TREESRLE L H
2o h s SRAKROBEOBREN (For=Focs) KBW 37 v R — rHECRAL, B4R
L7: (Hara & Sugi, 1983), H¥fF&ik q/DL OMET, B¥I378.3, 2@ 0, 3HEHERSIL.L,
------ THd, BEEE (v yaEcsid s HEaKERD) 3 y/p OET, S¥30%F —/1~
Ya—bLhOb, PEBRLACESSAEEL 26T KB THREEMCELECEEHEEEL T
V3, kB, EFRBICETIEBERIE o/ DL=42p=12.6p B RAE N D,

THEBEHHER (Fv ) TR, TEBNFREMTHIOT, EFRFRE0CKL, B
BaEOL L TOSEHRBROBMEAVS 2L L nERsN LS, SEIEET 3,

T - T T T L
CONTROLLED_VARIABLE )
§ -\ oo
DESIRED
§ VALUE 2
= | o€
g o s
g ‘;: B H= _Q
S 7p sk —450 W
3 INPUT 1
0 4
= ]
L 3 T
Fo/FoN
Time

M 4 SEHTeELNLYE  FAMLORMEEFREDPEARZHIDL S
F—ERERLED IAOAREKREE S, BERSNIRELN—E
i AP L G, KIED» S O LOREREICBIT 2 LEEAkES
—~EEP X LT 2 it MR BT STy FE— MR
74— Ry Z2EEL R (Hara & Sugi,1983)
o ieid. Fo (Fourier number) = Dt/L*, R U Fo,=0.2539,

Fig. 4 The result of feedback control by means of the critical deadbeat control
algorithm to raise soil water content at the spherical surface of radius
L by the amount of p {(Hara & Sugi, 1983}
The controlled system is a homogeneous, isotropic infinite soil mass. Gravitational
effect has been neglected. The water diffusivity, D, of the soil was supposed to be
constant with respect to water content. A point water source has been set at the
centre of the sphere, Water has been released stepwisely with respect to time and

no absorption of water to the source has been occurred. Fo (Fourier number) is
defined as Dt/L?, and Fo., =0.2539.
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R EE

4.2 TRASEBFRES THESKEHBM THL L £ERLLEE

EBTERY o h 5 DEASERGEROME T, TEOBECL £ 50, TR bEEREO®E,
Thbb, bthi HBSKEELIHN L TESTELELET 203 bOsHL,

ARG HEREE LEEAREOVZERE LTHE LD LT, BEBERU~EZM
BHOMANTHS, 2@ BLLALLOLEE, ZITRBLLCRIARSATL AR
AR L TREfER T

BB e R L5, R L 2EASEHAROMEE R L TRR(7),
(8) & LYIEMEOERN T ALK 20, ¥, IhiasL TE4H: (Crank-Nicolson
) & EOARER LTI BEE s RO b DS, o T, EFEREREROBER,
ML RERECH L THBEOBVENBONS LIRS H 5 KH, HE/BROMER N
LTHeORBLEDS A0, i, TEORBAOESEEGLI I LETEY, ¥
A & BE A A B - TITh R U AR & ¥ —RICHERMEE ph 2, R EORAND
. CITHRORBL2B30XBROCBENTSH 20T, PAORBERBHICLTYH, Ho%
Tt <, 60 MERENES L,

4.2.1 #RBKAROBT

— e A 5t LTk Philip (1973) %% FCR it (Flux—Concentration Relation) 12 & 2
AREREARELTWLOT, 22T, ZOHEAERE L TA 5, Philip (1973) ORE KR
o ASSHERD S HECHTZ 00 TH 2, BABLEOLDO 3 EAMERBCHLT
BEF - CRELRIRER S 20,
HEOLFROKERRCHL THEETETH L4, 2 TREERKFEOSES £ BEHIC
BATHENT 3, FERAEOCHESCET 2 /BREIR ()BT m=1E8{ LB
s, VIEKEL 6, 1> 0 DAANORAEE (—E#l) % Vb T2, HXKEBBRENO
Hr7) rRALEEZEORDERZTHRA LW T, B r=Ls i 25 KELEIEME 4
W—HTAMATy FE— % ER T2, TEKMIBEFEHD=D(6IKROB LT 5,

EHD LB oW TIORO DO HBEINT WL, 5D/ 5 A—F —5 O, REskE
8 L BITNEAE o bin o T BFEICIE,

B(G—6)=28 (17)

H2ENED 53 L OME L (Reichardt ©, 1975), 7277L, BFCHBLTREND 2{KE
T2HEIT WY,
Philip (1973) X FCR ##®&D Lo i EHL /2,
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TIERE R B 500 MR T 5 BHHEE

F{8, t) =V(#)/V, (18)
B@=(6—16.)/(6—6) (19)

IOREZBWT, F@, 1) ¥ FCR, VIOIRRAt DL ZEKER I THS L2 5 TOHHE,
GIEATRMGE (r=0) TOEKE BEOEL, o d#tbani sDETHS,

FCR i3, —EHETEARIZR, WTFhoBRHicEwTy, 8=1T7F(@, t)=1,8=0TF
@, N=0Thd, BER D@O»B—FOFR) Tid FCR HMcEEFERERTH 24, D(O)
ME(16) THRAND LD RERBRTRBHOBE TH 2. Zhi L T Philip(1973) i, FFig
BRCHLTL FCR 2R EBRFERERe 75 w2 alsREL

—ERETHRATOTBAISAEERD DI OB EBEA L TA 5, FCR OBKFI,
@=0TF=0, 8=1TF=1%#.L, BERCHTIREB LS > TRAEFREL TH
2,

F(®, t)=08° 0<a<]l (20)
BEA TR, HERXBREN® S, aOfEid (White 5, 1979),
a=2—4/2=0.72676 (21
Thidhidk sk, BRIV TR a0ERLTLL I0EcR s 2walREdsd 5,
LEFTOKBEEE V i,

Vi, =D (22)

TRELZNS, (18, (19, 20X D,

_ 28 _; (B—buya
Dw)ar_vf‘(ao—en) , 0<a<1 (23)

BiBsNE, BABICE T 3 LEEKE GRIMOBKTS 50, BlzEETAE §LEES
name, RINEFOBLBI2KIHMCEATIHERTH S,
THKBEHERIC L > TAIRANBEES Lo, DBEKFCHETIERKELT,

w=g- (6—8) (24)
FEATE, GMNETA2wELT

Wo=p+ (6h—6.) (25)
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THw3, COkx,

D(w)=D{0) * exp w (26)
BV, t)=—Di(w)aw/or (27)

ow _ Wy ‘
—D(w)5-=8Ve (WD) , 0<a<l (28}

GELEEHY D,
R =W|MoLTRAER 5,

BVor= [ (22) "D(w)dw | (29)
ZORE Wt TV £ B witHIET Bt ARDBDE LD, BET212, AKr
SR T 2 w0 MERO r G L TW3 2 Thd, 20 r % BT (wetting front)
Tyr & V335,

AVatu= [ :"’ (%) "D (w)dw (30)

wok t EOBRREEFEEN»SRO LI EMNS,
Twt o w D a
BV, t= , wdr=wa w%dw=foo w ._ﬁ(vw;) (Ev:f) dw
wo _a
(BVo)t=w, [ ()" "Diw)dw (31)

(30) D AT & MRS T,

AVorw=12 (Diwo) — [ (o) "Dlwrdw)

¥R he, IhEAQDEersROGEHETAE, ru tOBFEE2,
(1 —a)BVorw+ (BVo)*t=w,D{w,) ) (32)

Dbk DEKEBBROTERIt BT 2 L FEAAEIFT w=w(r, t) dla £/5 A —F —
FLTRED L, ERERCBVWTRRLZL T anEsRCNOEO L TRLO Y S HEEH
Thb, RO TIIRCH ORI EZESEE (Crank—Nicolson ) 1k 28 L HEFL T,
B w,DEKRDVTHRLU TR OECL > TRED aDEERD:, Th#, R5icRLT, HE
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RPN 51T AR OFHR I BT a ERtEE

B (wo=0) B3 a=0.72706 w,BSHINT 212N T aDBE LWL, #HLic—EMICHT
JLEHICRA S,
RHA—F—aDEEESKHELLEZRSE, w,OEER GBI RS -8,
ERHIc L0 ROLBEE LT, ER02% NN E D, EECEHEESB OGRS, L, B5
D a DERESELSRDILDTHY, TOEERVLRTAEZSZVO TR, o0 OF
FOMEREHEL TLEI. 22T, HATaDlr—ER LIBE0 w,DHEREZEERDHTH
oo FNEEE L TIRT. aDERAQRD T AL BREROBEOECEEL 2. W62, &
Rt (OMB) BT ATH wDEEER (RGD)) RUA (ZoH) CX-THRLELDTH
b, MBRIFLAY—HBLTWILIcR23, EABrERCL THBEOEROHEERL:
DA, BT ThH DB, HElE w,, R THRBEZEOEIFETHL, WIND w,KELT LEEDHS
R77ATHY, TREFBHABC L, wOEOTHEMRC LB bDED ARSI EERLT
VWi, FLTHEEOHER w180 L B BATHIL 6% 5T T woS ZHBSAND & &2 i3
BERINAUTTHL, UEEBEHNTZ L, a2 OECEEL TH, wDBREZ L,
Ple%LnHZETHE, Lind, BERFUSERIN TV IS 6, LEhOKRSSHEmRE

-
© L~
o 0.9 '
F

0. 8 /

7
v
0. 70_ 2 4 6 10
W, =g (4,—8)

Surface Water Content Increment

B 5 RASEHGEBEHRA6) THEND TR FERARYS > —ERE THKAL
Jz& %D FCR 2R (20) TREEML 72 £ 2 DR a O s KRB0 5
LBEDOEKRE 6OBR
HREHELOFAEORERLEE L, BYESKE 4 TH o0 ET 2,
HHOEBRERL

Fig. 5 Relation between the value of the power a in eq. (20) and water content
6, of the soil at the water source when FCR (Flux-Concentration
Relation) is best fitted by eq. (20) for the case that water has been
supplied with constant rates from a plane source into soil which water
diffusivity is expressed by eq. (16}

Soil is supposed to be homogeneous, isotropic semi-infinite, and the initial water
content be &, constant. Gravitational effect was neglected.
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Fig. 6

4

. /
5 I
/
R /
5T /
€ <
3 g ',/
g /
z £
o
2 2
&
........--""/
0
=7 =7 2L
“log,, [(8VeY t/D(8)]
Time

ASEERE D (6) BRI TEINZ T B EERKE»—ERE
VoTHALE EOFRKERt L AEICE T 5 2BEKE 4,0F
THBESEL OEFHOLERIE L L, WHSAER 6T ok kT 5,
BEHOBEREAL T, RbOAi3ZESE (Crank—Nicolson &) itk D, £/
FRIEREGCHEBLTERaO@ERQL ELTRD LD TH S,

Relation between the water supplying time, t, and water content, &, of
soil at the water source when water has been released with constant
rate, V,, from a plane source into soil which water diffusivity D (8) is
expressed by eq. (31) ‘

Soil is supposed to be homogeneous, isotropic semi-infinite, and the initial water
content be 4,, constant. Gravitational effect was neglected. The dots indicate values
obtained numerically by the Crank-Nicolson’s finite difference method, and the
solid line calculated by eq. {31) with the a value of eq. (21).

3
|
E5-2
R
g ‘il_‘l f"-. R
k=l e
i /
€5 —~
£ / -
k] -
"-.__‘_.‘
O ; 3 5 8 0
W B (=)

Surface Water Content Increment

7 Rt Or ZOREIAE GEEFLIEE6 D 2 TEOHENER

Fig. 7 Relative difference between the two estimated values of surface water

content, &, at time, t, in Fig. 6.
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TEREREHERC BT 2RI FNOMEE AT 2 BROEE

R ZEIARER W EEL SRS, O—Fl%, HB8ITRT,

B 8(), (bliZZNE, F(c)RERBEICLA2KITHRTHL, MBI AKENMeDERES
R8T A—F—IZ LT, AREORMBSIRENT S, B8O (b) & (c) R IbET LE, K
SHTHEL R D L —BLTWw30000 56, L REAS b, BITBEKEL TEAE
HELC, BBHEITROEANEL I L aian 5, BEFRMTTAREORMERNNES H
D, BFLHAEERWLEZRN,

Uirl, BEARARE, R(29), (30), (1), B#% XL ->T, KFAMIIHLTE, Vi, W
Diwy) s EDNRFA—F—BEDQEITHETLELE—BY y3RCTRLTED, BOTREL
R, BEOSLOELIZRABECLORD L, Ihs0XLoBon3HREUTICEY
LTdd, Wiy 89 A —F —a DEREELTEL TS,

HEBL 26, 2OV, 8 DO, tOEATLERNL TY, EBRITE(BV,)2/D(0) DEL
RUBEIE, F—0 w,DENNGT 2 2 L0880 5, Bl2E, VoBEsLis, t 248
FTHERL wotiBoh s,

K290 5, wo s [ U S, BIRTH AVr/DIODEXNALCZSERL w %5423 2 £ 48
Binde Bl i, Vi Pz Lies, LRI It 24BELAESI AT, rE2ffcThidAL
wHaEsILE,

RENEBD s Vs EETHRE, A—0 wldfLTH, AR V,0uhAllhdbs T,
ERTHDOI/rHELTHENE wOBRERLUTHE 2k, Ti2bL, whiRLUBEDKS S
HEEENTHZ Z Eb 5,

4.2.2 BIHEBEOHEN

BREAEE THRALBECE, BYOBAE TRIZKRDY 7)) » A & TR ERD
e, R L3EAkZEBVTR, 2EPFORKGRIEDLS ¥, KFSAOTH—NENE LD
o, whd s, B4MER R L, #E, 0K 2ESMERE R o LA E
OT, CCTRFCREX*TLRLTERATEZ T EBITLA (U, 1984a),
BAMBROER, 2TENMBCLDITI, 2avrsA0IL Y FCRZHET S, 20
B, Vi BIEABRBI BV TEZ L VOEZAW, HHEERO—F%, I IWKRY, ZORK
i, t/tB/SF A—F—ELT, ESE,SBORLEC, RUFhY TR SN LD
HgANSARENT S, HERRA (19 TEX SN ERTEKE S, /- THII LRDO FCRET
35, LRBVIORAHMOES, t 3BAMERG S ORBRMTHS, ZOHIE we (kR
TEICBIT 2 w,DE) H2ZOBFEFKLOHTOHDOTHS,
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Water Content Increment
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NN
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Distance from Water Source  x/ [cm)
(e}
KRR E R (16) TRE N, WHLOEAHET, ENVERATE, ¥
HlLEe AR — e FERSE (x20) OXR@ x=0) CFEREK
FEErEs, —ERR V. 25 A 0ES0LHIE A TOEAEORREL,
B X ULBHTOKRGSHHEOITEE
HEOEMGE, D(G) =10"%cm?/sec, V,=2.628X10"*cm*/cm? + sec,
(@) HEPELATOSREOKMEA L, Z5iE (Crank-Nicolson &) & 3,
TR TOARDIIH. FHME (Crank-Nicolson i) 122 %,
(©) TBHTOKRGIN, FCRE (R(@29) kiswiiEkera=2—-4/z Lk
L fo MU AR '

Time course and distribution of soil water content, #, when water is
supplied from a plane source at the origin with a constant rate, V,, to
homogeneous and isotropic semi-infinite soil whose water diffusivity,
D(6) is expressed by eq. (16). The initial water content, §,, is even.
The gravitational effects have been neglected, The culculation
conditions are D{(8,)=10"%cm?/s, and V,=2.628 X10~%cm?®/(cm?®+s).
() Time course of soil water content for each point obtained by the finite
difference {Crank-Nicolson’s) method.
{b) Water content distribution in soil obtained by the finite difference {Crank
Nicolson’s) method.
() Water content distribution in soil obtained analytically by eq. (29) with the
value of the power, a, of a=2—4/x. .

w

Water Content Increment
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Reduced Water Content

9 EEmHRAES O OERE» AL EFE t, ORMEHEL . REEAE 68
PO W NEE2ZET2EIE RT3t BOBMMAREBLEY
% FCR Ba#
+HEEEESEAEOREREE L, BEHoBBRERL . ASERERER
(1) TEaN2L0 T35, HEESE (Crank-Nicolson &) 2L bk b
D, BRI FAEFRGHUL->TERBABLI LD,

Fig. 9 FCR (Flux-Concentration Relation) for the redistribution of water in
soil. Water has been supplied with a constant rate and stopped when the
surface water content, 6, reached at a value which made the value of
w, in eq. (25) two (2).

Soil is homogeneous, isotropic and semi-infinite, and the water
diffusivity is expressed by eq. (16).

Gravitational effects have been neglected. The dots are from the finite
differnce (Crank-Nicolson’s) method, and the solid lines are the best fits
to the dots by eq. (33).

Mewrank A0 FCRERERATERSTEDH L Tal,

F(8, t)=k-8*(1-8)° (33)

MoD5EDHBIIIORBN 2L TEHR D THS, 5EDHRL L, JLO FCRE ()
RIS HTIRE>TVAEWAS, 2O ki, RGN FESTABICE TS FCREKEED T
FOGEMT 20D THD 2L ETLTWLD, b DhORERIR we KUt/ 20T % FCR B
2R THREAEMLIEGD T A—F—a, b, kOEEEIKKRL,

N A—F—a bt bDERVTRLY, Wee RUt/L,DEIC L - TET 20, FHE, 2h¥
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(.c) t/t,

Time

10 FERAED SDERBIABGIZBLT, DABWERT LLEOESD
AR B2 FCREA#A ) TREIEMLZIBED/IZ A -5 a, b,
EUkO{E
D ADIGIZEER t DREEREL . DAL TEFORMEAE 4,25 D w, @
BEEROE weuMBLEELLTELI LD LTS,

(@) fH¥%ao@, b iEHEboE, (O FRkOMHE,

Fig.10 Values of parameters a, b, and k in eq. (33) that have been best fitted
to FCR values for the redistribution stage after constant rate supply of
water from a plane source. Water was released for the period of t,
When watering has just stopped, surface water content §, was reached to the value
that made the variable w, in eq. (25) the value of respective wy, in the figures.
{a} Values of the parameter a {b) Values of the parameter b (¢} Values of
the parameter k
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THEREHEEE I A RSATRORER T s ERNEE

iy, LORO5DEb DM/ L TWD, E72, 7 A—F —k DfHI, W DRI-—EICHL T
i, 1/k#t/t® LIREB TR Z L dhh b,

NG A—F—a, bk, Wea R /610 & ZELMEEI NS W b, RUBHOE:H T 2 HY
e, —El (FNFR, LIRS CEETE LT3, TMIZAT, H6-HTFCR *
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Fig.11 Values of parameter k in eq. (33} with a=1 and b=0.5 that has been
best fitted to FCR values for the redistribution stage after constant rate
supply of water from a plane source
Water was released for the period of t,. When watering has just stopped, surface
water content §, was reached to the value that gave the variable w, of eq. (25) the
value of respective wo, in the figure.
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DEFHE 4L OFEREL 1,
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{b) FHEINick vEEs s FCR i X NEEFTAICR D SR bD, (a=1, b=
0.5LL, kidEILCL57),

Water content distribution in soil after cessation of costant rate
irrigation from a plane source
Watering was stopped when the water content # for the point, x=x,, made the
value of the variable w in eq. (24) two (2} at the time, t=t,.
(a) Obtained numerically hy the finite difference method {Crank-Nicolson's
method).
(b) Obtained analytically by the FCR method extended by eq. (33} (Parameters,
a and b, were fixed as a=1 and b=0.5, respectively, The parameter k was
from Fig. 11). :
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Fig.13 Water content distribution in soil corresponding to values of w,
(integers from 0 to 8) calculated with eq. (25) from the value of the
surface water content, . which was attained by a constant rate
irrigtion from a plane source
A line C-C composed of connected straight lines shows desired values of f, which
are to be attained as critical deadbeat control corresponding to each w, value. The
distance from the source, ¥, is reduced by the coordinate value of the wetting front,
Xt +
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Fig. 14 Relation among various values when a constant rate irrigation from a
plane source is the critical deadbeat control
The variable G is the feedback gain defined as G=V/(6:—6.).
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Table 3 The geometrically maximal extent of soil mass that a single plane
shaped water-source can control the water content in specified time

For calculation, eq. (36) has been used. In the table, values of x/[cm] are
shown. The D (6,) is the water diffusivity of soil for the desired soil water

content {8:)-

t

_to_

D (6,) Thr)

[em?/sec] 1 2 6 12 24
107# 0.35 0.50 0.86 1.22 1.72
104 1.11 1.58 2.73 3.86 5.46
10-3 3.52 4.98 B.63 12.2 17.3
10-2 11.1 15.8 27.3 38.6 54.6
10 35.2 49.8 86.3 122 173
19° 111 158 273 386 546
10! 352 498 863 1220 1730
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Abstract .

Communities of Chrysanthemum morifolium R. cv. Hostes and Sorghum bicolor M.
cv. Sdax were made in the envirenment controll room (5.0 X 2.4 X 2.0 m, high) to
demonstrate the role of plant community as an air filter. The uptake of ozone by two
plant communities was investigated under the various environmental conditions,

Profiles of light intensity, air temperature, and wind velocity were determined,
Profiles of CO,, H;O and O, and community structual profile were also given. Profiles
of these environmental conditions suggested that the gas exchange was efficient at the
surface of plant community due to high light intensity. However, concentrations of CO,
and O; increased in the deeper community layer. The deposition rates of CO, and O,
increased with increasing light intensity. The evapotranspiration from the community
was also enhanced by higher light intensity. Though COQ, depletion was not saturated
by high light (2502E m~2574), O; deposition and evapotranspiration were almost light
saturated under the present condition. The deposition of O; and evapotranspiration
increased with increasing leaf area intensity. Even when the leaf area intensity of
Sorghum community was equivalent to that of Chrysanthemun community,
evapotranspiration and O, deposition were about 5 times greater in the latter plant
community. The lower deposition of O, or evapotranspiration in Sorghwm could be
resulted from the higher diffusive resistance of stomata. This suggestion was supported
by the result obtained from the measurement of transpiration rate in single leaves of
these two plant species. The linear relationship between the deposition amount of O,
per unit O, concentration (treated O, concentration) and the amount of water loss from
the community could be detected. The linear regression analysis indicates that these
two factors had a very high regression coefficient (r?=0.955). Furthermore, when the
amount of water loss was zero, the amount of O, deposition per unit Qs concentration
was zero. These results suggest that the deposition of O; caused by plant community
was mainly due to the stomatal absorption of Oy, rather than the decomposition and/
or adsorption onto the plant community.

Key words : Plant Community— Ozone uptake—Air filter—Stomata.
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Diagram showing points for the measurement of environmental
factors
Planted arez is indicated by .. A: plane figur. The distance from the edge of
windward to Hi was 40cm and the interval from H1 to H7 was 35cm. The point
“I” is the measuring point at the inlet. B: side view. Measuring points V1-V5
were changed in corresponding to the plant height. V2=H3 for Chrysanthemum
and V4=H3 for Sorghum .
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Fig. 2 (A} Diurnal variations of light intensity, and air temperature at the
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point V5 (100cm in height)
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Fig. 5 Relation between light intensity and AOs;, AWV, and ACO, in
Chrysanthemum community at the measuring point H7. Each point
represents the 1-hr mean value at 40cm in height determined when
0.24ppm O, was treated.
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Fig. 10 Relation between AWV and AQ;/I O,
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regression coefficient is shown in a figure.
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An Evaluation of Chlorophyll Content and Leaf Area Index of
Canopies Based on Spectral Reflection Characteristics
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Abstract
The spectral reflectivities above a forage canopy of plant populations were
measured at seven wavelength bands between 417-800 nm under artificial light for
determining the most effective spectral reflection characteristics applicable to the
remote sensing of total chlorophyll content in a unit land area and leaf area index of
a plant community. Model canopies for nine species were .established in a laboratory
for the measurements. Fifty six kinds of indicies, which are seven spectral
. reflectivities, the reciprocals of them, and the ratios between any two spectral
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reflectivities, were chosen as spectral reflection characteristics. The regression

analyses between these spectral reflection characteristics and total chlorophyll content

in a unit land area and leaf area index of the model canopies were carried out. The

obtained results showed that the most effective spectral reflection characteristics was

tNI/rR, where rNI and rR are spectral reflectivity at 800nm and 660 nm, respectively.

Key words : Spectral reflectivity—Remote sensing—Leaf area index—Chlorophyll
content—Plant population.
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Fig. 2 Relation between spectral reflectivities (rG, rR, and rNI) and chlorophyil
content of model canopies of goldenrod
rG, rR, and NI are the spectral reflectivity at 550nm, 660nm, and 800nm,
respectively.
A: stem of goldenrod + basin + frog
Q: basin+ frog
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Fig. 3 Relation between reflectivity ratic (NI/rR)} and chlorophyll content of
model canopy of goldendod

rNI and rR are the spectral reflectivity at 800nm and 660nm, respectively.
X: stem of goldenrod + basin+ frog, +: basin +frog

— 141




BAEH -FR #

ook B, HADPDOXNize A FATVIFY TOEERTATCHRELEZBAINICDES S o
TUuLREOREETL, +RELRELZREOEE ¥ 2bbKEO REELETRTHDT
H2, 2OLICENE BEVREBORIE L FRA—DEFER LISIEAL,

Fwht4 DL IEBMSHE D EELEDSE R o S BEOMWHEE T 2V T LR
BB LI 23, INI/IR E LA HREEN 7 oo 7 4 VB0 BASEIE & &b & WERBR
£, AERER (1) ld#0.85TdH - 77 tNI/IR OBHIZEYOEEIC & 5 BRERDEHER
H/hBdpaodz,

R LEET LS, R4S AT T FF Y ROV T, B2 TNI/IG O & 3 12 rNI/IR &
hyruu+ VEEOHENS 5B IRREEESD -7z, L L, INI/IG TREYORE
Bz LAENKE Lo OT, S EEOEYIC N L TEERESEDL o, THIEH LT INI/IR @
HREETRBEYOEEIC L 2B NS o207, SEEOEYPOHSEIL T 1 IAT
7 & F Y o OEE L KEO L CHEBEREER LT, K5k 8 EEOHEYIINT 5 INI/IR

7 r goldenrod 1000 ~
In{Ch1+50)=0.151{rNI /*R)+3.742 TE
I 4]
»®: gtem+basin+frog -4500
g | +:vasin+frog . v 2

> i 300
- 5

~ 200
o =
g Z
c5S[ mean- 100 ©
> 3
E keser ~ 50 T
-~ g i0 é
4 F n=52 ] )
P r=0.883 12
{-se) se~=0.283 O

s Y=0,15] X+3.742
o " 8 12 16

REFLECTIVITY RATIO (rNI /vR), X

4 BAFATIIFVTEFUHEOILKHEEGCNL TR) & 717 4 VE(Chl)
& DB{R
n 38 Y, riz fNL/TR & In (Chl+50) & QROHEMTRE, se lTEBHTRELT
T, O EREIKEITL LR,

Fig. 4 Relation between refiectivity ratio (rNI / rR) and chlorophyll content {Chl)
for model canopy of goldenrod

n is the sample size. r is the correlation coefficient between rNI / rR and In {Chl +
50), and se is the standard esrimate error. Other symbols are refered to Fig. 3.
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Table 1 Correlation coefficient between spectral reflection characteristics
and chlorophyll content (In{Chl+50)) of model canopies.

n is the sample size. rNI, rR, rQ, rY, and rG are the spectral reflectivity at
880nm, 660nm, 624nm, 583nm, and 550nm, respectively.

goldenrod
rzpf)fecct{iaéln goldenrod 8 species* + .
characteristics 8 species

n=>52 n=61 n=111
rNI/tR 0.883 0.847 0.855
rNI1/rO 0.905 0.808 0.824
tNL/rY 0.903 0.805 0.802
rNI/1G ] 0.921 0.777 0.738

* Species are shown in Fig. 5.
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Fig. 5 Relation between reflectivity ratio ('NI / rR) and chlorophyll content (Chl)
for model canopies of eight species of plant
(: Japanese zelkova @: peanut plant A: oleander A: Mideliz fuscata Blume
W7 Japanese holly oak ¥: tobira <. Japanese privet #: camphor tree
X: stem of goldenrod + basin + frog +: basin + frog
Other symbols are refered to Fig. 3 and Fig. 4.
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Fig. 6 Relation between reflectivity ratio ('NI / rR) and chlorophyll content (Chl)
for model canopies of nine species of plant
* shows the canopy of goldenrod. Other symbols are refered to Fig. 3 and Fig. 4.
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Fig. 7 Relation between reflectivity ratio (rfNI / rR) and leaf area index (LAI) for
model canopies 0f nine species

r shows the correlation coefficient between rNI / rR and In (LAl + 1), Other
symbols are refered to Fig. 3 and Fig. 4.
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Degradation Capacity of Atmospheric Ethylene in Seils Taken
from Various Vegetations
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KERTIEORE oD S FNL mHE IR B 3 FR&ETOLF L v B8
HEEE, ¥V rORRPRECHMCEE > TN EMLL, Lal, BETE
KEIbaEaEy, RUFEIRCI3EDI/ BT TH -,

ARFOLF L BENppm KBW T, 7, AFH, Do9KE L TAAD SR
Lo+ v HERER, 220150, 130, 602 LT5 ni/g dow+/d TH a1,

TBROEBECERREUVRESHOSWEY, FRIHEOFL o BEEDIRHES
Fro 7, THEARI0~100%OFEELBO T F v o SR, SAR150~200% D5
SO 2EOEETL R,

AFHAOLBRECHY Yo L HER L 25, TERELC ORKRLF L~
OETHEA~OHERHIC DWTRE, IOBBRNOIF Vv - BPH#EIR, =5 viBE0R
Micon T, EIENEENCEE -, Vo x 7 v o BFEL00ppm Tik, 1BRERY
P ORAEREIZ2.2X10nl/cm*/h TH o Tz,

Abstract

Degradation rates of ethylene (C,H,) under aerobic conditions for fresh soils taken
from four different vegetations of Fagus crenata, Cryptomeria japonica and Thujopsis
dolabrata forests and the paddy field showed logarithmic increases with the increase in

* AREO--HIHEERESE (5358, 1985F) wRBEksnd,
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atmospheric C,H, concentration up to approximately 100 ppm. At the atmospheric
concentration of 30 ppm C,H,, the rates in the fresh soils were 150, 130, 60 and 5 n{/
gd. w./d, respectively. The degradation rates in the air-dried same soils were
generally one-tenth lower than those of the fresh soils. A linear correlation was
observed between the C,H, degradation rates of the fresh soils and both amounts of
organic carbon and organic nitrogen in the soils, The rates determined under the soil
moisture range from 50 to 100% (on a dry weight basis} were approximately two times
higher than those under the range from 150 to 200 %. The decrease in atmospheric C;H,
concentration in the container installed on a soil surface was examined in the
Cryptomeria japowica plantation. The decrease rates increased almost linearly with
increase of atmospheric C.H, concentrations in the container. The rate determined
under atmospheric C,H, concentrations of 100 ppm was 2.2 x 10°n{/cm? soil surface/
h. )

Key words : Degradation capacity—Ethylene—Soils—Vegetations.
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M Lo THEEsH, EBRCRE S IRAEKED—DELF L rEHE. JORLEARR
BEYEBEOERRUETCNLT, k2 LTERTA2ME TH 5, Abeles (1973) i34y
T2 LF LV v RBEBORE 07— 2R LLER, EYOERNEBINTs LT
L OEROL & wilk, —#i20.0lppm BECRETH S LT3,

FEBrsnTh, FEREMCE > TLF LY MNEESNS, llag & Curtis (1968) id, 222
RO+ EMEMONTERL LF VI AESTLERELTWE, TL T, BREMFSLBHE
P LsrF LV v EBGELTWE 2 E—ReBH 50T 3 (Primrose,1979), %77, K
FETTEESNLZF Vv VP BEPOLRCTABEE L NETBECET L b D
{Smith & Restall, 1971), '

—77, Abeles & (1971) OFFFELNK, HFREH TR LEMEMM T F v v 2B5T 5 2 Lyl
STz oz, TORBHEVICEIZ T FLVVBRESHECLISZHLOTHL LWL HEROTHE,
IF v BERET R o M EMO BB & > TAEBa L (Primrose,1979),

L LB EAECERLLZY P —BREFEFET TR, =5 v > 2RET 3 (Lindberg o,
1979),

{EHBREOTRRERIE, 2 F LV v T 770 M, 2 UTEBERENS 2 i EEOBRBES I £ 5
T, KEHOZF v vBER, HBEHCHNLY2H2 L wIHBENs 2 (Abeles, 1973), 25
2, TReOAAREZF L Y RENERTHECEITR, 20BFRAKETDF L L H5EY
RSN LT, BES522BECET 22 L4532 L5 (Abeles, 1973), '
Abeles & (1971) k Smith & (1973) ik, BRAKHOLF L v OLEIC L 5BERE L
TEE LY R WHEETH S, '
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AL TR, BLORE-REE» SFRULLEC L Z, ZEEOF L BECET S,
FORBREENEOVTOALEE LI, MEARBEL-AESTOLRHEEOZF L o 3EICBITS
FTHEBEBADZF I OEHCOWTDRAERRLEDE THRET 5,

2 HERUSE

HFHRETCHEET 2D SEOSHE VAR, & HIBEHFRLA, IhosDERORHEE
F1RT, V9 —BEkui- 1 8E»510~20em OFEE TIEBEREL o, KELHEYREE
Bros-fic, FEEs 4 mm O EL Y, RELEFAuLERCS TR, BET—8H
B s ¢t LBEROR,

T pH 2, FBrFO2.5E (HERLLD) OBFAEMAT, ¥ 7ABETHEL L. L
BhOEBEORFLEEZERCN o—¥— (MT—500, MIERER) TERL,

FRE L EOBRAIING. Tgdw, BETEIE LT, 20gdw 2ER00mMI Oz —1 >4
Y =73 A AN RELBOBRESICIR, 1 v Fa—va yORjcHESKENERED%
B LS CREFAEMA, 7IRAIOOEBTLBETHE, 20+ 1°COBFRICE w2, B
CEHEST, TheDTARIEZLF L L ORING 2 LRI D THENER, 248Y
RDOTIATEEALLTF L Y OBRSREPFRED 3%URTH o, 22T, LA
NTEVWZ?ZRA2EMBRELT, TRCEZLFLVORINSZWEEHEEEIEL 22,

I~5 8B4 vFa—varEToLEl, 73 A2NOERLZ0.01ppm (V/V) LTO—F
BOLF vy GARER R BRI, 2LT, MERTARLL2F LV 2 EHETT
LABRAFFELUT7ZATIRCEALL, 77 2A3WOF v BEH0.01, 0.1, 1.0, 10# L -T100
ppm b k3T, oF v yEARRESD s,

FIRINOIFL I EEOELEPE~LLS, —EHEI L7 A IROBRAEHET
BL, #0ZE8b0rF v BEEFAsrav 37 TERLS, 2O ECEERHENERR,

£ 1 BHRBCBUZAEEOEE,SRELLLBRONER

Table 1 Soil pH, contents (on a soil dry weight basis) of organic
carbon (C), organic nitrogen {N) and water contents of
soils collected from different vegetations in Aomori
Prefecture

Vegetations Soil characters

pH Ci%) N(%) Watel('o/gs)ntent

Thujopsis dolabrata 4.5 5.2 0.36 64
Fagus crenala . 4.7 11.9 0.66 127
Crypiomeria japonica 5.7 8.1 0.56 64
Paddy field 4.8 1.5 0.11 46
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7SAIRDIFVCBEIREST, 0.25251id2.0ml 2 L7, 2 m! OBEEERLERK
RRBOMEFRL P BIC7FACEAL, 77 AIHNOARKRELAMLL. TheDEXRD
BLuRAAED TS ZAIAOEADHSVIE, 75 A 205 OFENCIR Pressure  Lock EETE
(Precision Sampling Corporation, Baton Range, U. 8. A)) £H Wi,

BAEE T OHETCELLZARFTIF L DI BEACHHEXHETZEHNT, 1R
T i3, EE 152mm, EX120mm ORY For L BOEREIAFHKMO Y 5 —2H DKL
HREICRE LR, £LT, EHOMEEdmMmIE Yy EcED N, FLTREBOAEO LB
EHACED T B TOERICAEE S TH 2 LEZOBRBOF LV YIBEBIK DLW THANE
B, IBEYLV0LF v RERE, BERCEALLIFLVEDIIBLUT ThH -1, BHHEA
DIF L REHNppm K25 L3, FHELACRYFILTLRERL TEHB T F L
CEBBREALL, —EREILENBETERNOEZRHNL, WL b ERE
EBLRD, TFVUBEERLL,

mm

1540ml
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e 120 ————

=
N\
AN

B 1 MERECHELLASFLF U BEORS HEORE I H - EBOR
HE

Fig. 1 Experimental design for determination of the decrease in C.H,
concentration in atmosphere on the soil surface

3 zFLroxER

LFvyDERIE, FIDREOBBEF AU b 757 ¥ 27 A TiT>1: (Sawada, 1982),
CDVATAERVLARZ LR E T, REAPEMBEEINLILF Vo2 HETR T2 2 L0
BETH o
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4.1 HEOHErLERLAEMLIZTFLBRED

ABORL > HE» S BEIRL 2 FELEr AR —Lv v A ¥ -7 7 ATHORTH DT
F LV BEORBNELLE2 KiT, 77 AN L OFHIBEL105 1*100ppm D5
S, TV EEALAERCEFOEER RS L, WICERL, ToRiERN
B L7, 0.0~ 1 ppm OHEOCYMBEDLF L 287 7 A3 BV T, KELEEA
-7 9 A LT, F L BEREENICED 25T,

FRt T L AP LY AREE R TR LSV B OB ER 3R, 4 1R
DFBOLF L VHMREEEE, O TSR0 F L BEOHIMIE->THEE 22, JHETO
LF LR, 1~100ppm OME TR, 7HHEAXHROM TR SBERZIZIF R &
PEOLBO T F U U HERERTEC 2 EEOLETE S O/ 2TH 5 o, RE TR
OMERERIRIED 2BEO L HOBED/ LT Thotk, $7:E 3, AU 4 ERADEED
SEWL:EELBC I FL o AREEL TS BEEOBERERL TS, 3SEHEOK

002 1 1ppm 10G 100pp!
- 0% a {sd |
§
z
S
g o a
: ¢ : R ST
Z DX Qippm 4 10} 10ppm
]
Q
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o
o
- %
Sars 1 ]
3

(R S TR R T
TIMES {hr.)

M 2 B4 oFRLAFEIBOAL 7 ZAIRAOIFV VBE
OREFRZEL - s F v B E L olERF
AELE (—O-), oL (—a—), FTHHEE (—o-), AFHLTE
(—v_)n

Fig. 2 Time courses of decrease in C,H, concentration in Elenmyer flasks
containing fresh soils from various vegetations which were enclosed
by different initial concentrations of C,H,
Open circles, fresh soils of the paddy fields; Open triangles, those of the Thujopsis
dolabrata forest; Open squares, those of Fagus crenata forest; Inverted open
triangles, those of the Cryplomeria japonica plantation.
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M 3 EhohttroffRL-LBIszs v o 2FERE: F LV U BE
+ OEaf&
IF v REER, M208ERDO I Er oK, EREUTEER, 21
FRERTER VRS LB A S v oS EEE PR T, SFRE2CE L,

Fig. 3 Relationships between C,H, degradation rates in fresh and air-dried
soils taken from various vegetations and C,H, concentrations in air
The degradation rates were calculated from each slope of lines shown in Fig. 2.
Open symbols in the figure are the same as those in Fig. 2. Closed symbols show
the rates of the air-dried soils taken from the same vegetations.

HOBELBOMEEER TN ENOFHTBOSEERO/ LT TH > 72,

B4 +EEARNSS0~200% 2 B & S ik L A ¥Rz BOxF Ly SBEEEE
Tt R A KR HI50~100% O 8 H T O A FEEEE 2 B KB A1150~200% O T O S EEEE O
2fETH T,

®5 &L SFER L - MEOEREORERUVERERE L 7 v o HHEE - OBR LR
T, MEEERHEOSROBIMCHE - THML 72,

4,2 HBEEHCELEARFOIFLVBEORIEE

6 1c A EHOHBECELLRKRATOLF v v BEOEMAELEZRT, NHEED TRL
for LoV BE L, BEE LS CRIZERIITET L, ERIMPOFHRAKR UHRERETH» 510
em OFE 2B 2R, FRAEFN2.3~21.8CRU0.7~20.8CoMfRc b o/, &/, =F
L v B O RL S OREE £ SR O L F v o BEONE L DM FERBEESED SN
120
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Fig. 4 Relationship between C,H, degradation rates in air-dried soils taken
from the Cryptomeria japonica plantation and soil water contents on a
dry weight basis

The determination of the rates was carried out in the flanks containing 1 ppm C.H,

(=]

NITROGEN CONTENT (%)
Qb 08

g
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RATE OF CH

4 B 12
CARBON CONTENT (%}

[=]

B 5 RBioifiErofRLLHFgtEocs L o EEAELEBEORE
RUSESR - 0E :
AHEREOREIL L ppm DI F L 2 ELERTTIT o, 2 F v HEEE
rEBEORRRUEESHEOBRRI AN (—0O—) KU (—@—) TrF
T, KELE, I e sWETE, 1 AFKLE, N 7F3108, IV,

Fig. 5 Relationships between C,H, degradation rates and both amounts of
organic carbon and organic nitrogen in fresh soils taken from various
vegetations
The degradation rates at C,H, concentration of 1 ppm in the air were obtained
from the data in fresh soils shown in Fig. 3. Closed circles show the relationships
between the rates and nitrogen contents and open circles, those between the rates
and carbon contents. I, soil of the paddy field; 11, those of the Thujopsis dolabraia
forest; III, those of the Crypfomeria japorica plantation; IV, those of the Fagus
crenata forest.

— 155 —



REF—-FR #

CH, CONCENTRATION(ppH)

15 4 |

o

4] 4
T I ME{hr)

6 AFEMHHOMMEBEmM-IELLARTO LSV - BEORRNEL
IFLVBEOAECLOERERE L ZTRT,

Fig. 6 Time course of the change in C;H, concentration in atmosphere in the
container installed on the surface of the Cryplomeria japonica
plantation

The experimental design for determining C;H, concentration is indicated in Fig. 1,
and is explained in the text,

5 & %

SHHO T F v BES0.01~100ppm ORHETHMT 20 - T, 4MEORLZ - HEE
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3)e THEMLT, HEHUHREL TV FA—LBOMEEE I FFLEOMREEDL/10
LIFT#H -7, Cornforth (1975) 2 LBOBRELHE = F L SR EED, $L-1RERE
RETREEMESET AL, SEENLETSEAHEENHL L BEL TwE, JfHFOT
# 1 v BE0ppm TO 74k, AFH, 92 L TAHOF# I SOz o HEEEREN
i, 150, 130, 605 ni/gd. w/d Thote, ThOOHEEEOEAIE, BkEshT
VAR BOSREEOET (6 ~314nl/g/d) LiFiIZ—E L2 (Abeles 5, 1971; Cornforth,
1975; Yoshida & Suzuki, 1975; de Bont, 1977a, b),

Tz o 1M S IL 2 HB b h b 5 Y, LETOERED RRRERES ROMIIC
Mo, TFUVAEEEEE -7 (H5), I0LBEBY 5 7 v SR EREMED X
2L yOBETHE I EBHSR TS (Primrose, 1979), L7zdi->T, CHeZ20BRE
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Fig. 7 Relationship between rates of decrease in C.H, concentration in
atmosphere in the container installed on the soil surface of the
Cryptomeria japonica plantation and atmospheric C,H, concentration
The rate of decrease in C;H, concentration was obtained from the slope of straight
line for a given time shown in Fig. 6.

DAL T Cornforth (1975) i, 3B BT 5 7 L o SEEEEE ZR(L IR RAEERED & B8
BB HB b, TEOTF L HREREN L TEMAEYEN - OBICIEEES B 5 LS
LT3,

HRRCEOTE, RMGELARRFOF L i 2 EBcHEL TI7 eZEAon D,
2T, BAGAFEMEC BT, RA»SLEB~OzF L VBRI L 5, 2ORETE
BEOHLIEBICOLWTERETo, EFICBEF 2, RKEPOLF L v BEOCEH DEBERZAS
, &, REPOLF VU FEREEL TWIZ(ET7), CORPHEER, HEECBT 2%
BT F U v ARBREDLTRAOIMCEEL Tl kE 2z en s, AFHo LB ARIZ64%
ThHol:Zeps, HRACEWLBFRI+HCFREGETH > eFEL N D, &, TBIC
B o/ FHRUZORBEO LB FACELONTRROT, RBCHEALZZFLYOID
TEBEECTCORIANDEBRRRILTHTHD, L2, LETEAEHL, ToTalan
ltEianbd,

Abeles & (1971) BHIEEE b L CHE L7V o OBEEE, 0ppm DT F L 2R H7E

—157—



REF— - Fg &

RDA2T27 5 A 2B ORI 2B T291~314nl/gdw./d Th otz TORBEISH O, %
Biisd 2 TBLARDEREO D TH 2 HBEHI AFO L+ 1L vy BN/ 23 LBHEY
KL > TREINATENESS L LB T3, ThIZHL T, Smith & (1973) &
100ppm D L F v » A FLRMEP T AL 2@EL B & 2 T F L > SEHFES, Abeles & 1513
o B AN TIEREL, 3.1~21.Tnl/g/d TH-7:Z 5, Abeles 5D E 2 -1/ #E
BESTERVTHSD bl Twb, ELOABROMEEITEI M) 7y -0 #BL T,
ARFOIFLYyFENBEVBECE, 2OV 7 L yO45ERTEHLO>ND
(Lindberg %, 1979), Abeles & (1971) B 7f Smith & (1973) M ZOE2EBL Tuitl,
ABRICERIANARFOLF v O EHEYC L 2O TN R EBLWERETH
L85, ¥, TOUREERREGH TR, COFEEEZHEMICT 30121, HEREICET 3
REFLFLvrREE, V7 —OHERL TRV LEADZOEBBRIC DL THER#ED L - &
BRBErELZOND,

5l B X &

Abeles, F. B., L. E. Craker, L. E. Forrence and G. R. Leather (1971) : Fate of air pollutants; removal
of ethylene, sulfur dioxide, and nitrogen dioxide by soil. Science, 173, 914-9186.

Abeles, F. B, (1973) : Ethylene in Plant Bioclogy. Academic Press, New Yowrk, 309p.

Cornforth, I. S. (1975) - The persistence of ethylene in aerobic soils. Plant and Soil, 42, 85-96.

de Bont, J. A. M. (1976a) : Bacterial degradation of ethylene and the acetylene reduction test. Can.
I. Microbiol., 22, 1060-1062.

de Bont, J. A. M. (1976b) . Oxidation of ethylene by soil bacteria. Antonie van Leeuwenhoek, 42, 59
-71,

Ilag, L. and R. W. Curtis {1968) . Production of ethylene by fungi. Science, 159, 1357-1358.

Lindberg, T., U. Granhall and B. Berg (1979) : Ethylene formation in some coniferous forest soils.
Biochem., 11, 637-643,

Primrose, S. B. (1979} © A review, Ethylene and agriculture: the role of the microbe. J. Applied
Bacteriol., 46,1-25.

Sawada, S. (1982) © Direct application of a highly sensitive gas chromatograph system to analysis of
ethylene in natural atmosphere. Jap. J. Ecol,, 32, 441-444.

Smith, K. A. and 5. W. F. Restall (1971) . The occurrence of ethylene in anaerobic soil. J. Soil Sci.,
22, 430-443.

Smith, K. A., J. M. Bremner and M. A. Tabatabai (1973) : Sorption of gasecus atmospheric pollutants
by soils. Soil Sci., 116, 313-319.

Yoshida, T. and M. Suzuki (1975) : Formation and degradation of ethylene in submerged rice soils.
Soil Sci. Plant Nutr., 21, 129-135.

--158 —




NV HEMORTFLAEOREHEE AT IHE
Detoxication of Air Pollutants by Plant Cells



EAEHEAMRES #5828 (R—82-'85)
Res. Rep. Natl. Inst. Environ, Stud., Jpn.. No, 82, 1985,

V—1

FHEA - OMMRERICRIZTER

Effect of Sulfite Ion on Cell-Expansion Growth

rs—' - 7 B < IERAERE - WAGER - BER W

Yuichi TAKEUCHI', Makoto SAITO? Noriaki KONDO?,
Michiaki TAKIMOTO® and Kiyoshi SUGAHARA'

2 g

BT TET S+ 27 ) (Cucumis sativus L) OFEZ L OV - FEOEREICH
TAMEEE A A OB ECOWTHRR UL, TEZABH TS LEAFORMNNES
n, COERRM DY T Frick - TH 2B N BERPCERE A 4> %
Mzze, ¥7F s TRESMLFREOERIHET SR, SBRPOERRE S A
VERBLANBBRA AR Y, EHEA A VBRI L, 24— 48RRI SR
WA A 3VBUARGE Yo, TOEEBRIIBWVLT, TEOSREFITIZ
F—ETHbI s, ¥7F L ERBA4 itk 24E0%iz, XOBRNBDEL
CE2hOTHDEIEMNRENS,

¥7Frafic k), FEOHMBOBEEERD L, WHEEA 7 iR EE#Ema
fro —F, HERBEOIEL AL T - AHSHEOBEETHIZ TS L/ — A (Ara), F¥u—
A{Xyl), #72 =2 (Gal) OHEMNEHEHERCE-THA L, BB/ 4320
WASEET s LMHeL I Eot, IO En6, BEREA A iXERECHRBRIC
fEHL, foMEsEaw T, £RAT L5 S 2 TOREESTE &Ll

Abstract
The effects of sulfite ions on cell-expansion growth of cotyledons excised from
dark- grown seedings of cucumber (Cucumis sativus L) were examined. With 50 gM
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zeatin, the growth rate of cotyledons in white light was about twice that of control.
Addition of sulfite iong in the growth medium inhibited the zeatin-induced growth of
cotyledons. Sulfite ions in the medium were oxidized and their concentration fell with
the advance of culture. After 24-48 h of culture, only trace amount of sulfite jons was
present in the medium, Dry weight of cotyledons remained almost constant during 3
days of growth, irrespective of zeatin and sulfite ion treatments, indicating that
changes in the growth rate of cotyledons by zeatin and sulfite ions were caused by
changes in water absorption rates of cotyledon cells.

Zeatin treatment decreased the osmotic pressure in cell sap of cotytodons, while
sulfite increased the pressure. The relative contents of non-cellulosic constituents of
cell walls (arabinose, xylose, galactose) fell with the advance of culture, and sulfite ions
repressed this decrease, indicating inhibition of expansion growth in cucumber
cotyledons by sulfite ions was the result of altering the cell wall structure by changing
cell wall metabolism.

Key words : Cell wall—Cucumber cotyledon—Expansion growth—Osmotic potential
—Sulfite ion—Zeatin.

1 % B

BREEA A, AV RS ETA2EEORKERANER, EOROLERIBEELSLL s
H 5 Twb (Bell & Chlough, 1973 ; Shimizu &, 1980, 1981), ZOEKE LT, KRG
B L 2haREE, FIEEDOEROEE L E»E2Z 5hTwh, Shimizu & (1980, 1981)
%, BB A, £V L2 ERBER, XSRBETE2EOERIN G, EREL DL
RiBFZFCRshZ Z e 550, EEEHOECRAOERPIESR TS LREL, —#&
B, MEmOERICE, MRSEIC L SHIREOEME, RAC L 2HROAROEREVIZ
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Az, LaLl, fIEOFREACHT 2 ANEREOREBICET 23R R2sAT
Bod, KEFEFREMEOEEHEHEMB I LT, WEFIELAR A TR LENES L,
EE oML RE, MEONEL D SANOKRT vy v VbiEG I LTk 2BRAD D
ThdeELIOND, HBEOKRF VvV ik, FCHEOBERE L ERED MR LD
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201, w/v/v)THEL, Bk TR UMREES & Lk, MREESCRELTHL TV
>, Takeuchi & Komamine (1980) @Az LD, o 7 3 7—EHMBETHREL .

HMPREE AL PR O MR O 2R | lTEEE S %, T2%EiRRT20°C, 4 BFRIIIASEETVL, B
WAKT 3 BBz S LS IHERL 72, 100°CT 2 BRIASER L 12, MRS %, At
Ziags oo Bo i PHEESICNITMERELT, 24 —4 /v = (Ino) HINA 7,
Albersheim » (1976) o FE LD, BTgE7FribL, Bohh7FAI b~V FET—+ %
Frou=wt 774 =L ORFL 1, SFr&lE, Takeuchi & Komamine (1982) ¥
Fro BRORER, FORSEMIZE-TEEL, WG o dHF Ay a7 b5 4 LOERI
X3 a &L OEOEBLLY S ER 2T o7,
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° 4] 1 2 3 a 1 2 3
Time (days) Time (days)

M 1 FEOEBCHEIEER (a) LEHRER (b)) 0%k
FEEWGM OETFFET (O) 20 LREFET (&) T 1 DEBE
L, 20mM @ Na, S0, 2 & {55t (@, A) RUSgruigg (O, o) ki
BL, EC2EMEEL:, tAFhOMER, 0RO TEOTN +EREE,

Fig. 1 Changes in fresh weight (a) and dry weight (b) of cotyledons during
culture
Cotyledons were incubated with (Oj or without (A) 50z M zeatin for 1 days, and
then transferred onto the medium containing 20mM (@, &) or 0mM {3, &)
Na,50, and followed by 2 days incubation. Each value is the average of ten
cotyledons and bars indcate standard deviations.
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Fig. 2 Changes in the concentrations of sulfite and sulfate ions in the
incubation medium

Each value is the average of three samples and bars indicate standard deviations.
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* 1 EEIHEHOFEOIBREFTCHTAY7F L HEBF ) Y 408E

FEEOuMOE T F FET2HUREFETT1 GHBEL, 20 mMoON
2 505U E LISt vIB LB LB 2 HEEEL -,

Table 1 Effect of zeatin and sulfite ions on the osmotic pressures of the
cotyledons cultured for 3 days

Cotyledons were incubated with or without 504M zeatin for 1 days, and then
transterred onto the medium containing 20 mM or 0 mM Na, S0, and followed by
2 days incubaticn.

Osmotic pressure (mOs/Kg)

—Zeatin + Zeatin
—Na,50, 40017 312+25
+Na,80, 4783 +28 397420

FEach value is the average of three samples = standard deviation.

Neutral Sugar (%)

10 40
Glc
o 1 L i 1 o 1 L 1 | -
o 1 2 3 o 1 2 3
Time {days)
B 3 HEfIEERMEREMERRORSEICHE S EL '

Hh oSl [ L,

Fig. 3 Changes in the neutral sugar compositions of cell walls with the
advance of culture
Symbols are the same as in Fig. 1.
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Ozone Tolerance and Substances Defensing against Active Oxygen Toxicity

Hd # e AMEF 7 - LEER - 'R E
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B OXR[G T ABIE L ENEEBRRFYEEHEE (FRarv 8, Sy Fa
Y, A== F R R IRALY —¥, SN FAUETBRLY) OB OLTRNL,
EEROENBRFEME T L BT en TV AF A oY 2 KBETMES
NERT LYY PRBLBWITTAINVE YESAEILL, TR0 -BOEMLLRY
>/ 70 3ppm A VI U ORE L O AEIERER R L. 4V R L Tl
R o OERESEENMEOX v /A 7T e — IR T IO T AL v EE
ATV, 7T, 4 w4y, Kvsoavga ) v, 2AREgCE»aEn
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Hh, PTA2LEYE, 7y F4 &8 0B B L. 4V Epig, ERN L
FFF A, TRALECBEEBLREICEITL, SR MEEMAR ENEREC L - Tl
FEoERCBTLL:, ZEBSERMBE T AT CBOERRRORT, B0
554 v BOMNSTRD s i, BEOBRIA V CERECERNETPE (FAaLE
EE, SNy FAY) BEEL THIAREEERL TV S,

Abstract

The relationship between plant tolerance to air pollutants and substances defensing
against active oxygen toxicity was investigated. In spinach leaves which were treated
with mefhyl viologen, ascorbate increased, while superoxide dismutase and glutathione
contents did not change so much. The spinach treated with methyl viologen showed
higher tolerance to ozone fumigation than the non-treated one did. When the effect of

1. EAEFARE £YEEIE T306 FHENEISHEERET/NEI16%E 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. BRSYEE EIAEMAMERMASE GHAFEEL T TEEHBH=NZ—2-—1)
Research Collaborator of the National Institute for Environmental Studies. {Faculty of Science,
Toho University, Funabashi, Chiba 274, Japan}.
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ozone on the photosynthesis of three plant species {(sunflower, kidney bean and maize)
was investigated, the order of ozone tolerance was sunflower, kidney bean and maize,
respectively. Then, good correlation for ascorbate and glutathione contents and ozone
tolerance was found in these plant species. In two cultivars of spinach, the Toko had
three times more ascorbate than the King of Denmark and the former showed higher
tolerance than the latter did. These results suggest that ascorbate may relate with the
physiological detoxification of azone.

Key words : Active oxygen— Ascorbate—Glutathione—Methyl viologen—Ozone

—Spinach—Superoxide dismutase.
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MO RKIEERAL AT 5EE0EHR () BRI ABADTH 2 [AMAHEOSHE R, ()
AL A A QEBEN e FERES, i) YABMHCH T 2ENBE RSB 2 EREL Y OM
BLFERTBECEE T2 LEbN3, 22T’ () osB(e¥EMLERECE T 2 BIERESY
PBFHEME (FR2aVE VB, AT F4y, A—r-F 2V FYRALS—¥E) OBREKRDWT
Hhib,

INETONEOMRER FERAMAOHREC L - T, ZBLEE, &/ voEpEEcsL
T, A—="—F ¥ FZ2H 0, BRAR —BEHERLCOEURRESESERE TS E
VS I EMUF S il o TE R (Lee & Bennett, 1982; Peiser & Yang, 1379; Sakaki &, 1983
Shimazaki &, 1980 ; Tanaka & Sugahara, 1980; Tanaka%, 1982b)., ZEHEERIZB W TH
FOFLRERULSERBETHD, ERFEEOFEBEIFEERROREER 2N EnI T
Enodh L EY - CRICEROEMEDCIIFHEBRENL SRR T S TEESD 2,

2T, AR AEUEEBRRA - S—FF 2 F JRAY—EPAF TR LOER
RFAINEVE, SNYFARPOERBC SV THBETHETT ARLBOHE CRES
nTwb({Asada 5, 1977), 7AINE VB, TN FFri3—E BlE3hTL VI F4
BTEER, FERFOT7AILVEVERRITER, TRILVEVEBAA—F F 2 —YOBERRTRO
FIRREEMLTHEPHZRTENS, Lo, ZORECESBEERE b - ARERA 2
HBENKRBALL B INBERBTHER YO LD BEBETRL, EPOXIGERY A DHE
EEB DO REEL TWADRIBERDLIMETHS. CITREVMORIBFRTA (E
WA ) R L EERENWEHPE OBBRC 2L T TFHNICRE L BRI DWW TR,

ﬂ NADPH X GSSG6 X Ascorbate HO,
NAOP + Dahydrg-

e GSH ascorbate HO
FfbFER
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LRBCBITER, MV 4+0,» MV+0, L3 RIETA——F &Y FF I H 0 (0,7) 2ERK
T, 2OV HALVIHEROR/EEL ST, AFAELF s V2 EBETAER (Hassan &
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Table 1 Effects of methyl viologen on the contents of substances
defensing against active oxygen toxicity in spinach leaves

Superoxide Total

. ! - Ascorbate
Methyl viclogen dismutase glutathione _
{unit cm-%) {ug cm™?) (nmol em=?)
Water culture 0 nM 1.3 1.8 124.2
2 2.7 2.1 271.6
20 — - —
Soil-culture 0 nM 1.5 2.2 132
2 1.7 2.1 143
20 i.6 1.8 268

£ 2 RYLyVU2LRECBIATHBREYLEVESR
Table 2 Contents of substances defensing against active oxygen toxicity in
two spinach cultivars

Total Superoxide
Spinach cultivar (r?ns:;(l’rl’;t_%) glutathione dismutase
(g cm™%) {unit cm~%)

Toko 358.2 40.1 0.71

King of Denmark 121.3 45.5 1.10

HloBET7Y, 47y, bYEDIVOFY VERELEARER 2 RRICL TR
L, FPREFICES I EERLI(RERT —F) COLE, T/ Y RNECES PO RO
THS X2 OBEASOEL EENBBENOEIT L5 L TR LE, Zho Ol DL TEER
EHETEEERELLLE, TAINVEVBORN EROEFC/ES ZesBohicikol (#
3) FNFFAYCHLTH ZOEFEREZ Lo, BREEDRTNEOEL S VY&
FELBENHEOHHNE W,

8T, RITbBRRE S, KGERA A ERL L ENEN R EEBRRSSRICERL,
EHEROBTHE, PIAE7AILE VR, Iy F3onEHT s mpERE L O, T 1H
mﬁimﬁmbtﬁ%u7s/@%%Méﬁé@fyx%4y,ﬁuvy;fwyay@mgm
BLURTFETHES NS FA L HHEINT 2 R b B3, RAUA VY, THLRE, 8
(LEEEMBO R T Ly Y TREBTBTAINE LR, S5 FT v OEHETL TS, 4
VEETTAINE CBREECESL, ZBIRER TR Y ERCR s TEL T2, 2R
BETRTFAINVECBIBELAYELET, BRIV F4 v BBBE AL, 71574
v AV i kD BERCETL, —RERE TR 2 b BEHCBESEL, 4 o BREE, 7
AINEVE, S S o OBESED I SGEICS 2, JOZ D 0ERERETHEIAY
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Table 3 Contents of substances defensing against active oxygen toxicity in

three plant species

Total

Superoxide

: Ascorbate : s QOrder of

Plant species {nmol em~?) g(l#u;a‘t:l;]t_)?)e (?Jlglr?gt;??) ozone tolerance
Sunflower

Helianthus annus L. 196 1.81 1.9 1

c¢v. Russian Mammoth
Kidney bean

Phaseolus  vuigaris L. cv. 163 1.52 2.3 2
Shin-edogawa
Corn

Zea mays L. 65.1 1.40 4.8 3

cv. Yellow dent-corn

£ 4 ALYV OEROTRAILELEES LY FE YADRIEREE D
BE
Table 4 Effects of air pollutathione on ascorbate and glutathione in spinach
leaves
Fumigation time (h) 0.3ppm O, 4.0ppm NO, 1.0ppm SO, contral
a b c a b c a b c a b c
Q 126 1.41 0.32 119 1.39 0.23 149 1.43 0.34 134 1.39 0.41
3 - — - - - — - - - 140 1.41 0.51
4 §7 1.41 0.40 133 1.52 0.39 143 1.48 0.42 — — -
7 — - - - - - - - — 105 1.32 0.29
8 30 1.13 .62 153 1.91 0.53 129 1.40 ¢.39 - - -
20 42 6.92 0.71 146 3.23 G.71 78 1.28 0.55 146 1.40 0.32
a ! Ascorbate nmol cm™?
b GSH ug cm~?
€ I GSSG ug cm?

YORBCHELTWAI L2 FHla s, 1,

COEBD A, KEBRA AEMLEY

FERO7AINE B, A FFoE2ERETLIILCLY, BRAACEESRETEZ DD

Hiiz v,

PlED X 34/ Vil t ERERTME R 7 22408 8 OBRERARTE R,
IDEIREGETHEE, ERttoRELACT 20 EEZMEO LI EbNLS, 2T
D& DCAIRGEETHS LEMEBSFOBEIBRETH 3 L EYOET CLEL L EAROEE
WEHE R, KABRA AOBECIE L THBICKET 2 MO EERR (2 DEa)
LHEEYEOBE R ARRE R SEAND D, BN TREHBORIERN A OBESREE

IOESHEZIENTESZLHNE Y,
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V—1
HNENT TH AL v BRUF—FL EFRIIRET SO RBEORE

Effect of SO, Fumigation on the Contents of Abscisic Acid
and Indole- 3 -acetic Acid in Plant Leaves

EHERAT - e &P

Noriaki KONDQ! and Takashi SUZUKI?

g &

SO, #ADT 744 v (ABA) RUA > F—n-3-Efe ([AA) SRBCRIZTE
grrhFhHAsuv v 7577, BfE&kro~ 77 7 2B TR~ 2 ppm 30,
DIRMBRICLD b rEOABASEREELLEb ok, S I VEDABA S
FREMESRES L, oMz, ¥4 0 - EHRE0BEEREAL L, Wio, &
Witkraw b2 7 2B JAA OBELCHR-EEEEBREL, FEHEEZIT- /L. V
SeALE, Y142 rEDAASERIE2 ppm SO,BB L VBN 2HAERLE, 2
NeOBRIETE, SO, L2 ABASHEETORECIODWTEEL:,

Abstract

Effect of SO, fumigation on the contents of abscisic acid (ABA) and indole- 3 ~acetic
acid (IAA) in plant leaves was examined using a gas chromatograph and a high
performance liquid chromatography system, respectively. The 3-h fumigation with 2
ppm SO, reduced the ABA content in radish leaves to about the half of the content in
unfumigated leaves but had no effect on the content in tomato leaves. The method of
purification and measurement of IAA was examined using a high performance liquid
chromatography system. A preliminary experiment showed the reduction of IAA
content in plant leaves due to 50, fumigation. The mechanism of ABA decrease in
leaves caused by S0, fumigation was discussed.
Key words : Abscisic acid —High performance liquid chromatography—Ineole-3

-acetic acid~—Qsmotic pressure—S0,—Stomata.

1. ERIAEMER £BEEE TIORBBREINGDOHE/ 6% 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. EHISS—5YEE EUAEHRNERFEEA (UKAPRTEE T990 WAHE)IE)
Visiting Fellow of the National Institute for Environmental Studies. (Faculty of Education,
Yamagata University, Kojirakawa-cho, Yamagata 990, Japan).
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WEHE SO, F A 6T, BRFARYO—HETHET7H4 B (ABA) 25 BIEL
R ESIcEAEME L, ABARERO DR OB ORBE L KRLCTAEMAY
T e #Bs L7 (Kondo & Sugahara, 1978 ; Kondo &, 1980), SO, %7 AZBE X VW
EAAFERERTORLSAONTEY, KA v ARED ABABSRIZERENE
LbEH s EETHS (Walton, 1980), Liza3-T, SO.RHEICL D ABA SEELEMN
L, #+OFR, SI»HLCLSAEEENS L. —F, BRIV EXTHEL —F >, 4 ¥ F—
- 3-EeBR (IAA), 22 CO.% ABA OXFMSAFRZBE T 2 AATRADFHE A XEL T»5 2
FYEHA I o TETEY (Pemadasa, 1982 ; Snaith & Mansfield, 1982), SO.Z2BOEE
EFIAASEBEOERIE DL T L RE T2 0ESH 5, EE TR SO, ¥ A0 ABASEE R
TEHEFEBCOWTHRD L L, EYEPO AA SHR*BERE 7 o 7537 2H0TH
BAET 2 LML, [MARERIIDLTTFHREERET 2,

2 HMHRUAE

P . < b (Lycopersicon esculentum Mill cv. Fukuju No. 2), #4 2> (Raphanus
sativus L. cv. Minowase), ¥ ¥+ 2 (Vicig faba L. cv. Otafuku) iZE#H (Kondo & Sugahara,
1978 ; Kondo %, 1980) tME##CIBEEFEEHL 2 GRA 7 RER TREL 12,

SO BB Y2 ARBO LRMRIC A ARBR /0 —AF r 3~ B L, 2EHMAESH
TlBEvui0b, SOFARF v/ t—RICBHAL, 2.0ppm iz 5 & 5§ 72, fBLLT
RO F v v —EMEERB L, AUEBIARBEL FCARATIE W,

ABA Ol s TR HEWESO ABASEEIZESE (Kondo %, 1980) » RIEEIZ20me/! O 7
FLEVUFY M I rE2EUKEOAY /— BBz F FEEE (50:50: 1) e THHL,
ECDfH&H#R 7 ux 73 7LV ERBEToN, R1DEZ2H2wR IZRHOFEHETSH

£ 1 SO.ZBOMYED ABA SER L ERKBEE Rz T HE

Table 1 Effects of SO, fumigation on ABA content and osmetic pressure of
cell sap in plant leaves

ABA content Osmotic pressure
(ng / g fr. wt.) (mOs / Kg)
—S0, +50;° —-80, +50,*
Tomato 279+ 26 335113 328+ 16 332+ 11
Radish 17+ 14 23 3 188+ 3 272+ 23

250, fumigation at 2.0 ppm for 3 - 3.5 h.
Each Value is mean + SD of three samples.
aS0,#ME L 2 ppm T 3 —3 . 5ERITT o7,
£{E1E IBROTEMHSD TH 3
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Fluorescence at 350 nm

G 5 10 15 20
Time (min)

| BULES 5 4 (Shodex M - 614) 1242 IAA DEHLTT 7 74 L
A, 10 M 1AA, 10l B, ¥ 7= A%, 400 (4FHH 0.4 1H5)

Fig. 1 Elution profile of IAA by precolumn (Shodex M - 614).
A, 107° M IAA. 10u{; B. broad bean extract, 40u/ {equivalent to 0.4 g fr.
wt).

Do

BETOMUE: 7L, F43VOBEPRERL, EHEINLTHRER:E LIZOE L, ERE
DEETFBERES (Wescor ft, €7 A5100B) L DHIEL 7z, |

IAA o e B8 . s 585 g ERTTOIRY, KEBDRIY A &/ — L thiz TEEREL 72,
ERRRLE, L2 ARCT2ALACC THREBRBL 18k, BB T pH2.5L, YDA
7o MHEMEERR LY o8 B BEEE L, PROEFKCE N LTI ART 7 4
nE— (Millex-HA) ©28L IAARKE L.

IAA BEHOMABARUCERIEABKy ue b 7S 7RR 728 (B, LC-5 A) &iF
LR (B, RF-530) #FLTHFok, S4MEE Shodex M-614 (4.0mmg X 5 cm)
RRTAEAS 7 4L L, 0.1M K-V B8 pH2.0% At THE0.8mi/min TT o7z, B 1K
10-5M TAAL0u! LV 7= A OEER g HYDHAES 7 20BHT 07 7 AV ETRT,
TAA BB E—2 2R U, 8 PEHCBEHORMM 2 Y Bz, fLEL Z L LHH 7 A
(Zorbax ODS, 4.6mmé X 15cm) DFiE%>% ¥, 0.1M K— V »EEE® pHT7.0, 0.7m{/min
WEDEEA S AL D JAA R BOLH UMY 7 A CBA LY, | SBRCEUHEB2UIVEZ T
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Fluorescence at 350nm

0 5 10 15
Time {min)

2 ik 74 (Zorbax ODS) kit 2 IAA OBHR S 7 740
A, 107° M IAA, 10ul: B, v 7w A, 40u/ (HER 0.4g fHY)

Fig. 2 Elution profile of IAA by analytical column (Zorbax ODS).
A, 107* M TAA, 10u/; B, broad bean extract, 40x! (equivalent to 0.4 g fr.
wt.).

A S L LEIMESY Z LAOFREE L, pHT. 0D LIRBEEIC LD 58 - 2F2iTo%0. 20
fl, AILE A2 Z 472 =000 0.1M K—V > EEEE pH2.0 (1 : 1) #AV T,
BiZ pH2. 00 LEREEELF L TROSMTE L 7z B2 K2107°M TAALOu! LV 5 = AfHE
DEBRR) AgHLUOBEO IR T, JAA BERFFRVI T v —2 L LTHA,
IAADE—70RS Lt EDBEEE*E3ICRT . JAARE - 70E X RESEFRCEN, IAAE
BY—r70@B8RLDRD2IEELE,

3 BRRUEER

2 ppm SOiZ 3~35RIRBLI- L= ML M a3V DED ABA SER L HlERBEOEE
EERLCALY, b2 TR ABASHRLBEELELET, 51 2 T ABASHRIKY
FAEA L, BREZARLE, < M SO.8R I L D KLBHE LR T, SO, EINEH
M B s b HBARD, FA4 3 i SOCESEMNE(THEREL LM, 0
BEREBHNCIERLER o hd, BOEBER I EREROILEL L kb ok (F-F iR
LTwgwn), —RICHEYSERLART > v v VHETT 2 & ABA SHELSMINT 3 2 L2340
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Peak height (relative)
=)
T

O i 1 L 1
0 5 10 15 20
1AA (pmol)

3 IAARYyY—2F-0ERF
Fig. 3 Relationship between amount of IAA and peak height

ENTVA, ARTF v LIEERT Vv v A EERF Y+ UheR-TED, ABASEHE
DOEIMIERT >+ LDETFLoT5| g2 a3 2k (Pierce & Raschke, 1980), EF
Fryve S ERT 5 ABASHRIMET T 5 2 & (Pierce & Raschke, 1981) #R&E LT
%, Takeuchi & (1984) B EHE A 4 v B+ a7 VOFEOYT7F LI 2 ERZHEET LI L
ERWEL, BEFOLE, SlReERHOE e RLEL FREBOTHS OB IEBHaN:
W), Licai=oT, AT BT 3 ABA SERHOETEHREEO NFHIHEOE X 3ERT
YV riDERCEDEDEEZLILNTES,

—H, SOBBE LNz P RUTF Vo DERSREENS Z LHISN TV 5 (Peiser &
Yang, 1979 Bressan 5,1979), %/, =¥ i3 ABASEREETa v L b HESNT
25 (Zeevaart, 1983), #'4 I VED ABASHEROETEZF v OBIMC X200 b HINE
VW, 80,k ATy YERBIEEOBRERGOBRTHZ tBbh b, 7V v ERREDR
RO TRy, JAARZF LV ERRZRETZIERLHINTWE, 22T, SO.ZR
DIAA SERERIZTHESAN, BESE 2T L%, 2 ppm SO, 3~ 4FEBEBE L &

£ 2 SOBBOMEPEDIAASHARIRIZTEYE
Table 2 Effect of SO, fumigation on IAA content in plant leaves

IAA (ng / ¢ frwt)e

7802 +SO:
Broad bean 2.86+0.44 4.34+1.84
Radish 2.47%0.76 3.60x+1.38
*Mean = SD.
S0, fumigation was performed at 2.0 ppm for 3—4 h.
SEEIE +SD.

SO, 882 2 ppm T 3 — 4 BETH N,
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Ch, YovA, FA2 oFR EEEUTES st o 2h, b¥Fric IAA 8FE8NL
Twie, COREEL THEBCHERITNLETH S,

SO RBREKGRSRL2 T[S U 2 HEC DWW TR, EELE 0 ABA, [AA 8B BOE(L
TREHBTEeh ol BE S ERME 1 > ORFAMEMER (Zelitch & Walker, 1964
Kondo 5, 1984) k25D rEbhay, BuRisSLETH 29,
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Lipid Changes in Higher Plant Leaves with Ozone Fumigation

fis M. IERAERA

Takeshi SAKAKI' and Noriaki KONDO'

2 B

RV TR Sppm OF V¥ (O CEENCRBT 3 &, Eo2iBREtsoD
7 4 BRI M E CELE Y, DBELHRLIEUSH L, iEIEEOERIED 8 FF
METR—ETHD, FDBREMAEABHETHEIAFYTH VL VBL -V /LY
BAETLECD,:, BBbiEgoE ot~ o7 AF e Vil LB EE
mLl iz,
EXNOEEEESRT0.2BE M Tio ks {E#L, FEREEREEOT /
2 YA BFVASYT -0 (MGDG), ¥HI VA YTVATYRT—N
(DGDG), RUEwERGELUNOBCEET L7+ A7 7 FINa) v EBHEL (BT
Lite —H7 A7 7F YoMt sz o 4 LML E:. 20k > LEEED
b, BEROERACELVRESFRLTWE, OB ORL s BEBOEY % Os
KEBL 3, MGDG, DGDG SBOETHELVRT LYY, f ¥ », ¥4
VT, BREBORMEEICE -T2 007 4 AAIKE L ST 545, MGDG, DGDG &
ETHMSWVSA, ¥230, VITATR, BRFKC L7007 14 VORBHED TN
otz

Abstract

When spinach plants were continuously fumigated with 0.5 ppm ozone (0s), content
of total fatty acid and chlorophyll in leaves remained unchanged during the initial 8 h
of furnigation, thereafter started to decrease rapidly. The composition of total fatyy
acids was constant during 8 h, then hexadecatrienoic acid and a-linolenic acid, major
polyunsaturated fatty acids, began to decrease. Malondialdehyde, an indicator of lipid
peroxidation, started to increase strongly after 8 h of O, fumigation,

Content of several polar lipids in leaves was changed within the initial 8 h of O,
fumigation. Monogalactosy! diacylglycerol (MGDG) and digalactoesyl diacylglycerol

1. EAEWER £PREE TI05 KRB HAEA S BMELN N 163 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Teukuba, Ibaraki 305, Japan.
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(DGDG), specific to chloroplast membranes, and phosphatidylcholine, mainly present in
extrachloroptast membranes, decreased markedly. Content of phosphatidic acid
increased more than 4 times during 8 h of fumigation. The change in the content of
foliar polar lipids by O, fumigation suggests the disintegration of intracellular
membranes in leaf cells. When spinach, kidney bean and radish plants were fumigated
with O;, MGDG and DGDG contents in the leaves were remarkably reduced by 6-h O,
fumigation and chlorophyll in the leaves was destroyed severely by a subsequent 20-h
illumination of the plants after O; fumigation. On the other hand, when lettuce, tobacco
and broad bean plants were fumigated with Q;, MGDG and DGDG contents were little
reduced during 6 h and also chlorophyll was almost retained by post-illumination.

Key words : Chlorophyll—Malondialdehyde—Qzone— Polar lipid change—Spinacia

oleracen,

1 % B

ARERAADERFD—2THE4 Vv (0,) i, YKL LB ELE23 L L¥NbN
Tnd, EYE OKEBT2 L BERWIC 700 v R, 270y A% FOUEEESERICENY
FET 545, FhUECEOMIEN THRe 2 ABNEAFCHHBBEOEREBELTNE LD LEHL
5z, BFEMBBEEOREEY S, O.BEMHCEAMBNO L 2004 L H 2 7 BIE
LR EITIESHES TS (HEI, 1975 Miyake s, 1984), #cbid, O.BBEiL >
Trun? 4 VR OARBESKERT 20, EREOF a4 FEFELVBEBLRD
Tw3 Zr%iRL7 (Sakaki &, 1983),

O. Bt 28  BIRE A TH OS2 RBET S 2 LMo hTw 3, B, O35
EORORMBEFIHET 2 2 EAHE SN TS (Mudd &, 1971a, b), T# o DBERIE, O.F
BUroTERNOBLOEENIsbOEELZ T o EEERL TS,

ERRTIE, O.RBNENOTHEMBHERCYrOL > 2REE252 5y, F-ERMREOER
OFELEERSTHL /Y v offHCEOL Y kBEX S22 0B M T2 L EANK
EEEF{To7,

2 HERUEE

B R v v Y (Spinacia oleracea L. cv. New Asia), ¥V 7% 2 (Vicia faba L. cv.
Otafuku) B UL ¥ A {(Lactuca sativa L. var. Romaine) ZREE20+£0.5C, ®15+0.5C, &
BN+ 5%0EREANFIAETERAZNS—T7, 6 RUGEMFELL b2V, F/92
( Nicotiana tabacym L. cv. Xanthinc), b7 E 1723 (Zea mays L. cv. Yellow Dentcorn), &
4 71> (Raphanus sativus L. cv. Minowase) RU4 > % > (Phaseolus vulgaris L. cv. Shin-
edogawa) IZIEEF25+0.5°C, EET0L5 BHELLGHRKAZAETThENREG, 3, 4K
P3AEBEELbDERAV,
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HARE BRAEYV I AL TRELLCEMETFRAIPICAIXYARBE/ 0—A ¥ v U2y b
(230X 190X 170cm) ICB L, BE20+0.5°C(F 3, +vEIIY, FALIVRUAL V7 DB
£i22540.5°C), BETS+ 3%, HBEHS00Em 2 O T T1.5— 2 BRATAEL TH»5 0. %8
ALte Fx B2y PO ABEIX0.5+0.02ppm (v/v) KE)z. FOMORBEE IR
WRLT (Sakaki &, 1983), Qi kb7 0o 7 4 W OEOFER (F4) T3, O.&BH 0,0t -
BEEIEL, SU—AFy iy PN TEIC208SREEH 250 72,

BEEOMHRUER ¥ ASBERER,S Y —7 7 1+ A7 (ER15mm) 26K E, 1W04HA
F—AfEE L TIRESBESL RES €, BIEE MY & Bligh & Dyer (1959) QT
o, VT F4 R E 700 RAL/AY /=N jKk (112 0.8, v/v) BTERL, 2BL
rgzsooRAAKR (101, v/v) B 2BRARRSE, TEOZ ookn LB %R
L, WL TrabBEOr oo R (REMER L L T0.05% (w/v) D7 F e Radyblr
RS CEL LRREES 2B, BERERIOK10cm* D ) #5LF L — (5626,
Merck) %V, 2ERTEBI/7 o=t 7574 — (TLC) k> THEEL . BRREBELLT]
WREB 7 OO R LAY S =N/ (65:25: 4, v/v), 2HRICBE 70k A/AY /—/
FUEZTFR/AVFUELT Y (651351 5 10.5, v/v) ERw (Allen & Good, 1971),
HomUnEREBABERTL XY, HOrVEERECRENTREEE (Kates, 1972)
FEBTLLCLD, BREBORHINAMBELREL r, BREEE®R0%7 ¥+ ViHE2L
YAV Y (0.01%, w/v) 2EEL, FELCERBEOMBEENMRZ » 7ERVTED
Fro 7L— bt LOBEHEER»S]Y, WHERME L LTV S FHVBENL, 5%EE
(w/v) 2&tr A5 7 —LBT80C, 2EEAFLETG, ERULEBHEBAFLZAT L E0-
~NEFVTRHIB LS, £ TLC 275 HI0BIEE*RA A F 1L, BETORIERER A F 1
T AF LB, BB AF LT AFVIE, Thermon—1000 (FIX) X 7 A# 7 4 (3 mmX
PmitO FIDffaFArzo~v 277163, O)2BuTaBLL, ¥+ Y74 Adb50m/!
minOEFE, A —7 OEFIRINC L L, ARLLERBBAFLIATADE—ZHRE
REERYEOE — 7 ERE Oy o BREHBOSEL2ERL, BonBIEHRER»SBE
BRERDI,

saRT7 4 VNRRI0,BBEHSITBIRGEV T F4 A7 2REON%T ¥ b HTHE
BLTaFEEMEL, Arnon (1049) DHECH->Tr7ou 74 hak b RN CERL T,

AEEEORE  Eho~or Y7 AFe F (MDA) # Heath & Packer (1968) @A
o TERL, BE{CHEBOBEL L, SmiO)—77 4 AZERBKE 5 ml D0.5% (w/v)
FAARNMEY —LERSH20% (w/v) P 7 ouBBEES L, BEKEFTHSRRIGS €
tre BLLTHEsN EBO532nm £600nm OBXEDOES,S MDASEEEERL
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F10.5ppm O BBIC L 2h 7L Yo BEOLENE MDARU?oo 7 2 »S20%(E
ERTEPOr7u07 4 VERIRRESHE: CREHE TLUEBMELIZ L, MDA i 8
FrE & TR ML LB BB L 2, Zh o OF BB 8B4 L 7858 (Sakaki 5, 1983)
E—87 %, MDA ORIMGERR(L RIS & 2 TEIfASRGEE DB & R 4 3 b1, Bcho) £ 588
HIIRBESFHUBE» MU LU (E]L), R2EEOBEASTLEEhLE
BB THB NI F (161 0), 3-trans-—~FF 7B {16: 1), ~FHFTH 1Y
TR (160 3), AF7UEE (18:0), Fv4 8 (18: 1), V. —ABE (18: 2) Ml e
Vv B8 3) DMEBILO KB R T . O. 8B % S B LEE O MDA 088N, £iEES
BOETECHUT, HETSERERRTHZ18: 3R 116 IOEREBET L, —7 8 B
BT, MDAOETFTOHEMCb»»bo T, SEFRE (1) RUFOHERE (£2) 3%
Lot

O:BB L2 EPOFELBHEEOELE2E 3 AT, ENHBEOEREBCRET 5 58
B x/#F57rvn P7vadUeo—n (MGDG) RUFSHS I vl JFvAFUE
T—v (DGDG) &&i3, 8K CrAE(BALEIRZTHANREDMRUTBI%IETL 2,
ZxA7yFynal)y (PO R4EELUERLPLELD, SiEME CIZB3RIETFLE, —
7 A7 7 F Y8 (PA) RBREE,SHIMLE TS, SEHETAEHUEIEL -, ok
BHTH7 2 A7 7 #9027V 20— (PG), 74 A7 7 FYNIY /=T 2V (PE), 7 2

= 1 &Y oEDLERHR, MDARU Zou? 4 L SBERITTO.R
BoE

Table 1 Effect of ozone fumigation on the content of total fatty acids, MDA
and chlorophyll in spinach leaves

Ozone fumigation (h)

(] g 15
Total fatty acids® 475.5 481.3 357.8
{nmol ecm™?)
MDAP® (nmol cm=2) 0.45+0.04 0.60+0.06 2.364+0.20
Chlorophyll g+ &® 46.6+3.2 46.3+2.4 35.5+1.0
(g cm™%)

SEEMERE, Fo o L 2EP016: 0, 165 1, 165 3, 18: 0,
1811, 18: 2RUI8: 30fI5TLTwa,

a .l 2EOY - Ao EE,

b I 3EOY Y Ao EE RS

The content of total fatty acids represents the sum of 16: 0, 16:1, 16 3,
18:0, 1871, 18: 2 and 18 : 3 in the total leaf {ipid extract,

*Average of two samples,

"Average of three samples+SD,
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Table 2 Changes in fatty acid composition of total lipids from spinach
leaves fumigated with (0.5 ppm ozone

Ozone Fatty acid composition
Expt.  fumigation {maol %)
(h) 16: 0 1601 16: 3 18:10 181 187 2 18: 3
1, 0 13.8 4.6 11.2 0.6 6.8 9.0 54.1
15 16.7 4.1 8.7 0.6 7.0 11.5 51.5
2, 0 15.0 3.4 10.4 0.7 5.9 8.7 56.0
4 14.2 3.4 1¢.2 0.7 6.4 8.9 56.2
8 14.7 3.5 1¢.3 0.7 6.5 9.1 55.2

FEZ2HOY > FAOFEEETH S,
Values are the average of two samples.

¥ 3 OEBaIALFY VY CEOBREBESEBOEL

Table 3 Changes in polar lipid content in ozone-fumigated spinach leaves

Ozone Polar lipid content
fumigation {nmol cm-=?}
(h) MGDG  DGDG PC PG SQDG PE Pl PA
0 93.2 50.3 26.4 20.3 13.0 11.4 6.1 2.6
4 73.5 44.2 26.0 21.2 11.6 12.6 5.8 5.6
8 3.7 30.9 14.1 16.7 11.8 8.1 5.4 11.3

Bl 2 EDYH - A OFEETH 3,
Values are the average of two samples,

A7 7FTANA 2y b (PD) RUANEKF 2R ST7 v 2a—n (SQDG) BT
Bz,

MEDERLS, O.BBL X - TANEESEC2 oo 7 4 LORESE T 2w ENED
WEREEE T2 7)) v oliE, BUERKEOFELIEYE ThH 2 MGDG, DGDG »3X & { Ho
TR e IR ok, TOT L, OBEE 8 BHLAK T h b OREAENT 2 BRI
DERMIEL(HELTWR I EETBL TV,

FIEOUBSHORZAHBOMED T 0,CREL, MGDG, DGDG RUZ7unu? 4 LS8R
DEALERBRTH 2, ORBHEOEVVS R, Fova, VY7 72T, 0.5ppmO,, 6
BREOFBIZL > TMGDG, DGDGEEBEFNELET L2V, BREoFVr T L vy 7,
45y, F4 0y TRABENKC MGDG, DGDG B8 L Lz, 7907 4 L&2i3 6
METE Y OMPETHETRRESAR VLY, FARBEE, S20BMXBHT I LICE-T,
BEEOHCEMETRIRE L EP LI,
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#* 4 O N7 3 EENORZ2BEOEYO MGDG, DGDG KU 7 on
74 MEECRIETO0.RBORE

Table 4 Effect of ozone fumigation on the content of MGDG, DGDG and
chlorophyll in sensitive and resistant plants to ozone

Lipid content
Species (nmol cm~?) Chég;otgmrll
MGDG DGDG =~ (wgcm™)
Lettuce None 60.3 44.9 29.2
Ozone 53.7 38.2 27.8 (25.7)
Tobacce None 79.5 52.5 40.7
Ozone 60.3 31.8 38.9 (36.8)
Broad bean None 93.9 78.8 50.2
Ozone 67.8 59.2 48.7 (46.5)
Corn None 63.4 41.5 —
Ozone 43.4 37.5 —
Radish None 76.0 40.1 41.7
Ozone 47.1 28.4 41.7 (28.3)
Kidney bean None 62.6 33.8 30.4
Ozone 25.5 21.2 31.4 (16.3)
Spinach None 81.0 51.3 44.2
- Ozone 31.6 30.2 46.3(17.7)

#HiYE 05ppm DO, K 6 R 2 1L,

FlNOMEE, EY 0L E2R LB o—2Axr 2y
PHTEREELAEEO 70T S LER (ug cm)TH D,
Plants were fumigated with 0.5 ppm ozone for 6 h.

Each number in parenthesis is the content of chlorophyll (ug
cm-?) in leaves illuminated for 20 h in the growth cabinet
immediately after ozone fumigation.

4 ¥ B

O RBRECHICE 2 2HE L LT, BERESFRAODAREENEHBRoBELERENTY S,
0. BB L »TA[HEEOCHEL /-8 (Tomlinson & Rich, 1970 . Sakaki &, 1983 >, B8
D Q2% (Frederick & Heath, 1975) SEMSBEL 44423 (Mudd &, 1971a,

b Pauls & Thompson, 1980) izif~& L7z & &, MDA #ER L 7= v, Tafuisiifgsigy+
ZIESRESNTVRE, MMEBLT, by Lryy i QB8R L EOORR
1, MDA EROBHELEE~, O L 3WENI R LT 00OMIZHT NI EERLE
(i +3HE, 1981 Sakaki &, 1983), MDA i3 O, BB %M SREEr otk 2 2 EEHOHTEE
WL, Kk o TERT 2 EHBENBAS L Twa 2 L bHobiz L, KEBEORKENS,
MDA OEBAENORBEBOBBEMEL TWE Z EBRENT (R 1), B S ETEM0IELH
MTHS18: 3, 161 3INKELBETLIBY, ORBOBRECRIENBRIC L > Tl
R REILSENS|SEI 33 2 ERBEM Y e, —F, #Bicbid O,2BEE% 3 6FM E
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TOMERBROER, SUERECF 724 FENELLBEBE2ZI THE L aERLL
#% (Sakaki &, 1983), #NAED LS 2B, H50EREAOTMICKFEL w3013
I Tl ol

FIWFRLE LI, OBBESIFH: TOMEENOKA+HBR T 2 FELBMHIEES RS
F & L EHL T, MGDG, DGDG REFGHROBEETF 7 24 FEIFEL, ThoDESR
R T 5 BHIEEOT0% M L% 5 Tw 3 (Lichtenthaler & Park, 1972), Zh & QIFES
B8 B TRELCEAT S 2 L), OREVNCEREOBSEL CHRL TR I L
RERL T3, Miyake & (1984) &, w7 L >V v 2RVEERLA—O&RHET O,BH 21T
v, BEESEMETOMCT 7 24 PEOERN, EREOEESEI >Tw»53 I LB FEM
FEROTHALHIC LY, B5  REGHBIREORND Y, ETREMEC L > CTEEsRLE
BELDFELZERD DI ->TWwaDTHEH, #7597 I ARA—EFRBCI-TF7IAF
o MGDG, DGDG %ilfba¥ 2 &, #5314 FESEET S L3 #E (Shaw &, 1976)
COEZEBMFI TV, PG, SQDG b ERAKCRET 2BHIEETH 2, SHME TcRE
RETFERonE» -7 (F3). 202 L3 O.BB L - TEREREE S, THMEIRERE
OBBEAFEZ PO L R ERBEUEECI > TRIL T30 TREVWI L2 TRL T3,

0,0z & 212 CBEE ORI, BROKH, MEEED L L, B2 ABRNEEORER: 2 -
TWRbDERbh2, 70074 ARFRIURT A V—F v 7 EFEEREDF 7 24

FECHARAENRTEELLTWE S, O,BHICL->TF 724 FESBEEL-ERALECK
B, BEELI->TEBIBLELIEENL LEZS5N1 S (Sakaki 5, 1983), F4WTFELA LD
12, O BB ko THSHERETO k& (Y LEEYEE Y, BEorBHIcL->Ts o
74 NHRELHEEIN TR (MGDG OFPHEE 7 0o 7 4 LOSFERE, HERK.N2OE
BREFRIEH -7, 2D LI, MGDG, DGDG O #5|EHRWTRI L7 0 a7 4 LHED
—DDERE AL S TWEIEERBL TV, PCRPEDED Y, 8% o (BB fbOA L4
ATEOBECEAZHELEI T30 EbN,

OBBic LD, SEMETRERDL S DBEIEEAE CEHA LIt (% 3), LI
B (E1) RUHEEE 82) B—FeFhnTuni, 202 2 3EY L -BEOEEER
B, MEINTEEEBOIZMOBEECBTLTVRE I EEFTRL TS, O.BBIC Lo Tl
RERE S OISR E BHEZCHINL T BRIGRE 2v), By LB
Dip7g D OESTH, PHEBEEAEb-TW2 DL Ebh b, O,BERIC L 2EETORBMEL L
TOBBRSEORETH 5,

D —E it Plant Cell Physiol.  B#OFETH 2,
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ENEDPORKEMOBHAEZLE “BILER LA/ REY
A ERORKIEMBIRIZTESE

Simple Analysis of Carbohydrate in Plants and Effects of NO,
and O, on Carbohydrate Contents in Kidney Bean Leaves

(Eit JR Rl S 6

Osamu ITO! and Tsumugu TOTSUKA!

E B

TEBEERLA YV BBESREEE L ETMMRNOZERRAYTHE S ML 3R,
Vaszu—RA, FryroRIErOL 3> RBEALRITTHERE~, RILOBBLBETSE
BRI RAMDOEE : OBESHESHICT LI AL L TERARL o,

E SRR AL TO IBO KA OBEL FEDOREI 2T 72, FHEMES
WIVEROBATHHEL, EBxSva—A, va2Zo—-AaHHE Lz, BEIION D
KOH #inz, #EHF0ELLE, SETHOMHEES L, L8277 ramBe L. &
M DH SR EATA I LI LY, 1R EER I T ER, T
FUAEDBER, YA T i av S —YEFATILERES, IO
Rk LbBohnhEerFAsow v 7 7ETHORBE LR L 22 % B
Bonl,

THREER-AVCSEBRIBERZ1I2ZEE DA > ¥ >~ (Phaseolus vulgaris L. Shin-
edogawa)23.00.6ppm ORE CiThbh i _EBIEEERBL, Edho v a - va
PO—ADREFRL SN, TRETBEEROELObORERROEM LT, &
eoErsHvent:brBbha, —AFVYEBII VIR, vasu—A0R
PR E, BUERRYL D ORREAE LT v 7y HE ZHRIEERS L VY CREL
LEEeTREEY L, HEOMHENROLEDHEBEMB R, Z0OZERTYT
YOE-NEERENLTIACER E—E0Bficdb, Fr7rroBERR e LEaRE

. MERT—BELLTHEWAZ LN TEL0REMEFELTVL S,

1 ERIOEHRA SRS T305 FIRIBAHEBAIEENEFI16% 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Ibaraki 305, Japan.
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Abstract

Effects of NO, and O, on carbohydrate contents in kidney bean {Paseofus vulgaris L.
Shin-edogawa) were investigated in relation to stomatal response with the simple
analytical method using a sugar analyzer.

Glucose and sucrose were extracted with hot distilled water (ca. 10 times volume,
v/w, of fresh materials). Potassium hydroxide (0. 5N} was added into the residues,
sonicated and shaked for 30 min to extract starch. An aliquot of extracts (25 ul} was
injected to the sugar analyzer where H;0, electrode was installed. Glucose oxidase
and/or invertase immobilized in the membrane degraded sugars to produce H.O,
which was detected by the electrode. In case of starch analysis, amyloglucosidase was
injected to the analyzer prior to the samples. The values obtained by this method were
well correlated with those by gas chromatography.

Kidney bean plants 12 days old from germination were exposed to NO, and O, at 3.0
and 0. 6 ppm, respectively. The exposure to NO, decreased glucose, sucrose and starch
contents in the first trifoliate leaves which were at the expanding stage. The decreases
of glucose and sucrose may result from the consumption for the synthesis of amino
acids into which NO, is assimilated. The content of glucose and sucrose was increased
by O, exposure and became twice as much as the control 9.5 hr after the start of
exposure. Starch content was significantly lower in O treatment than in the control.
Transpiration rate went up with time and began to decline 3 to 4 hr before light-off in
the control, while in NO, treatment it stayed almost constant and rapidly slowed down
in O, treatment. Starch content and transpiration rate were relatively well correlated
in both treatments. This suggests that starch accumulation should reflect
photosynthetic carbon assimilation which may be related with the transpiration and
can be used as an indicator for photosynthetic activity in the plants stressed by NO,
and O,. -

Key words : NO,—Q,—Phaseolus vulgaris L. —Glucose—Sucrose—Starch
—Transpiration.

1 # B

TEEER LAV oo T a8, CONERTEE - TERENTEEI L ETO
B (i, 1984), TheERRUATHESE (FIR, 1984) 2 OBRE» 552 OEMC oW T
FL{ARSR TV S, RINE R CO,0ETL, FULEMOERTRE v CO,0RIRE £R
EORENAET AABZ OB TOARZES T2 v, Ribafs COIE LAY OEYTEDR
BETHLEY2270—RL—BAEERETHLF Y Iy Elang, Fillyasa—2
LRI RNERERIC L > THERRY, ERIINL THEESE5 2 2NN HER LT
LrEZOND, CHeOWBECHT 28R, 7/ VROV TREENECHEISRTL S
—EER AL TREEES > Ton,

0.2ppm DAV Y IZ A AEEB SN A VXU PIEBETE, Y22 0 ~ADREINBRID
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SRR/ BB L L SRR Rz T R
BT 548, 2CO,0 Y a2 0—A~NORVAHZIFEORE CIEED N ot (Ito 5,
1985b), VE VIR ELTH, FVrRBEBiCL Y F 7B A L7 (Dugger 5, 1966, &
F6, 1977, cho Il st VrRBR vy 2 o—A0RHERIINZ 285, F 7D
gL, varo-A5E2ED 5 LEflan 3, L L Hanson&Stewart (1970) i3, B
HFTOF 7> OEPEE LB & 224V P IBROAABLER LD b Bu v R
EETWE, IOLICFVYRBCBL T Yasu—2R, FrrvindaBgieonT—
HLULERESBONTWLROLONERERTHY, AV yOEEEsRERERoOWEEDE
HMTHZZ LI LWRRI LRI THERY,

ERANI—R, vyaru—RA, FrrrZrOEMERICTET 3 T ELRAEHRIFAX
BEE7ov I 7LD ERENRTYS (HEFS, 1976) #, BECEESb»E LS,
BOFBEOSMCRAHEE Th o, HCHBEOBSIERM T 27: 0 0B L w3 FE
Azlzeh, BFLIRETH D, SEMEAL LT, BY, REFAmC s TEmE,
RNGEL2ORGFCEET I Ao 0WEOERO LD CBCHALL Tw 3 MBS Th 5,
oA F—¥P NI A4 F Iy —¥REELL CELARIAFER LY o0, BERG
ORBENT 208 REFEBRC L OHET 2 L3 ES THES FHEL S, S0 b F/H
VihsE, 181 MR YEuEHNTRENTETH 5, ‘

FHRRRZOSTEORBEELS LT, ERERCEETZ I Va—R, Yaro—-R, T
OB SEERELTAIL, BT IBLER LAV U BBOREY INLOWEER
LB L DREEFRTHA, MERERAMMBOEH L OMELHo T2 L 2HHELT
fThiiz,

2 SWBHEORI

2.1 RBHE

MR LT R 4 BRSO w7 Y (Helianthus annuus L. Russian Mammoth) kg
BERBAGV, BNEORS G, EXIES mm TICHEFL, -3 k3 KRBERRR
535 g R L. BREOHE I, 80°CT 3 DHEREA S THEL 72,

A=A, ¥ ay0—ADHEITE, EEFE O EZREERNC30m] DK IIE80% A
&/ —n%i0%, Polytron PT10/358) (Kinematica) TEER:L, 15,000rpm, 3043 3.0 205
Lire kBB EICE LB 20D £ E50ml W EEL, =5/~ LilBoOB&iciE, = 4F#
L —F —TiEEaE, BLABCI D RKEITEYED 700 7 4 A 2FEELLZEBIKIMIICERL
fro HERBSCIE, ERKCOEEHOE (A5G &, Yamabishi Electric Co. Ltd) #1777,
T2 I I W25l % B 2HRET (YSI model 27) B A L TiTo7,

FEETE L DB r oD -0, BEEM—1TABDA >4 » < AOPILE, H1E5E,
ROBO%BTS / — LD TMS F#kEF R 7 nv b 577 F 544 — (BEREWERY
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Araw b7 GX—5 A) THHLE, AR5 mm, £22 moOAy 5 A%A 7 AK Silicon
OV—17 2 %on chromosorb W(AW—DMSC 60/80 mesh) 27T A L7z, FADRIFE, F ¥
DF—HRELTERY A %60ml/min, S IZAES A £45m!/min, & %0.9 {/min DFE
BETH LS, BABCRAREAA T4 777 —REHL.

7oA ORIMIE, BEEREFoLEE (FY, 1976), Mason (1980) iZ X % KOH # /v
fe i 2R A s, TEAMEEREEEICISm, ©0.5N KOH 2z, 34EETRAEL L HE,
AEEIBITIRE 5 Lt RO L Y BRER R, LEO pH 2 kBRI & D bl
EbE, 25ml CERL L, MEQB R, 25 0F v 7 rBEHOFACEIL, TI0S0
9y H—ERMEHOE LML S, HIZRTRTSETIThbh % OTHE L FRREL
FrL T,

2.2 HRIEE

FERERD S OESRO D O—RERAETH LT A7 0" b 7T 7 e TR OLLE %
o, MRS NZ L CHEIRE LY VETECEERLAD, 199 Y IVOHIEDRE
B HECMZECHENE SN, ZOBR»SHEMTHIERE LR, B0l Hic
HETE5 I LAEREsh,

RO EAEEoREIC EE0% Ly S —AnERI N, FROT NI —LDFF
ERBRERGEXEY S LIEREYEbY 3, JOHIS /—EI/ORL—F - L DR
FYaEErehiEz o2y, BEOMHBIOLHRBATHEL Z0E sAECHHAD S

0.5- A
L Y =0.51X+0.23

r=10.95
n=19

| | I
0 0.5 1 1.5

Glucose by Sugar Analyaer {mgrg FW)

Glucose hy Gas Chromatograph Analy:er (rn_gfg W)

@ 1 AR LA av I 7T F I AR X o THES A VT
YOELRPO SN 3 — A RO

Fig. 1 Amounts of glucose in kidney bean leaves and roots determined with
sugar analyzer and gas chromatograph analyzer
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OPBEHBE LWV FTHALN%LSY /— L EBEE L THEALEESO, FVra—R v a
70— ADHBHELLER L TAL, RIKRENZIICHAEOMTELENTED O, -
DT, LEMELSREBEER T I EICL,

RO, Hike LTECER THBEZREIRY BT Z e 8 Tbh T s, ZOERE
BEORX, SBEOETMI LI sh, REBRUTCR->TL 3BT RBRERMELT
BEBELTL B, B DRvBERAHTRAOMHEFBENBOADL I eMFE LY, 2
T30m! OBKT1, 3, SEAOHMEETY, PAI—2R, varo—RABORESTo0, &2
ERENA LK, 3BOMIEELZRBD SN0 T 1O THIZIRT L
Biibna B em ot

RCHHBERTHL2BRKOFREOERS, MR CEZ 2HELRF L1, ST ORER
H451 mg/dl TH 2o, R3S P EROMBBRTEROMEENE NS 2 LG
FLV, BIWRENRE &I, FEMEYMREECHL THI, 20, WEOEROHKC THY
B0k, WINOBE L EELERTED SN LD o, LEREHEZ30m! 08Kk TiTH 2k
ELT,

BoamDldicit, RERFEOEA 2o U LiIEEERHRFEENEV e, Z0BE
OHEHELFHFABOBES L &L, $MEPRONEFERL T, EREOBTRILE Y
LA, BEREEOBESITREFRZ LD LT, SV —ATHES, v 27 0—ATH2/3

* 1 BREBLY /s> THR w7 VBB ARDZ T2 —
Aryva/u—ARDER

Table 1 Amounts of glucose and sucrose extracted from fresh sunflower
leaves with hot water and 80% ethanol

Solvent Glucose Sucrose
mg/g FW mg/g FW
Hot water 1.454+ .18 5.23+ .47
80% Ethanot 1.394 .07 4.93+ .21

+ 2 BARCkimREsFHt >V ELLED SN I —ALyasu—23
DRHIECRITTBE

Table 2 Amounts of glucose and sucrose extracted from fresh sunflower
leaves with hot water at 1,3 and 5 times

Glucose Sucrose

Times mg/g FW mg/g FW
1 1.62+ .43 8.72+1.24
1.58+ .12 8.88+ .51

5 1.62+ .21 9.37+1.14
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Table 3 Amounts of glucose and sucrose extracted from {resh sunflower
leaves with different volume of hot water

Volume of hot Glucose Sucrase
water(m/} ma/g FW mg/g FW
30 1.45+ .18 5.23+ 47
60 1.37+ .04 4.89+ .22
120 1.36+ .11 4.764+ .28

R 4 HEOERLBETHAESE =T VERSD I LI —A Ly 2 7 U—R
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Table 4 Effect of dryness and sonication of samples on amounts of glucase
and sucrose extracted from sunflower leaves

Glucose Sucrose

Sample Sonication mg/g FW mg/g FW
Fresh - 55+ .07 2.51+ .21
€ + AT+ .04 3.14+ .2

Dried _ 25+ .04 145+ .07
B + 22+ .03 1.39+ .06
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Table 5 Effect of amyloglucosidase on glucose content in hot water extract of
fresh sunflower leaves

Enzyme Glucose
mg/g FW

- 3.70+ .41
+ 3.80+ .20

BEoELMaHERT Ieh o7 (F4), BFELBINRCRL THEREEET T S8
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Table 6 Amount of starch extracted from fresh sunflower leaves with 0.5N
KOH and 46N HCIO,

Glucose hydrolyzate

Glucose Sucrose Starch
Solvent of strach
mg/g FW mg/g FW mg/g FW ‘mg/g FW
0.5N KOH 1.24+ .06 5.48+ .26 2,51+ .25 7.76+ .71
46N HCLO04 1.20+ .05 5.66+ .12 97+ .05 4.36-- .27
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Fig. 2 Effect of NO, exposure (3.0ppm, 9.5hr) on transpiration rate {A), glucose
(B) , sucrose (C), starch (D) contents in the first trifoliate leaves of kidney
bean plants
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Fig. 3 Effect of O, exposure (0.6 ppm,9.5hr) on transpiration rate (A),
glucose (B), sucrose {(C), starch (D) contents in the first trifoliate
leaves of kidney bean plants
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Fig. 4 Relationship between glucose and sucrose contents in the first

trifoliate leaves of kidney bean plants exposed to NO,(A) and O,(B) at
3.0 and 0.6 ppm, respectively.
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Fig. 5 Relationship between transpiration rate and starch content in the first
trifoliate leaves of kidney bean plants exposed to NQ,(A) and O,(B) at
3.0 and 0.6 ppm, respectively.
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Effect of Ozone on Water Balance in Sunflower Leaves
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t =7 (Helianthus annuus L. cv, Russian Mammoth) &4V > 208 L TH#EOE
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Abstract
The experiment was conducted to determine how ozone influenced the water
conditions of sunflower leaves (Helianthus annuus L. cv, Russian Mammoth). Water

1. ExOERESN AYRIESE 7305 XEBAKMCHELTE/EF16% 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, [baraki 305, Japan.

2. IFFIS8EE ENAEWMEMARFER (RHAXFERFE F214 THEEMET=IL2TEH2E18)
Research Colloborater of the National Institute for Environmental Studies. { Department of Science,
University of Toho, Funabashi, Chiba 274, Japan).

3. BHSREE ENLAEWEFEFAFRE (HEHAEFEFH TN TESSEHZLZTE2ELS)
Visiting Fellow of the National Institute for Environmental Studies. { Department of Science,
University of Toho, Funabashi, Chiba 274, Japan).
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conditions measured in the present experiment were relative water content, water
potential, osmotic potential, turgor potential, and transpiration rate. The effects of
ozone on water conditions were given in relation to the duration of exposure and leaf
age.

Leaf water content decreased with time in Q,-treated and non-treated leaves, but
no effect of O; could be detected. Water and osmotic potentials were reduced
significantly only when the exposure was performed for 30 min, but after this period
no significant effect of O, on these two potentials could be detected.

The degree of foliar necrosis induced by O, increased with leaf age. The maximum
foliar necrosis was obtained in 15 days (counted from foliar anthesis) old leaves.
However, no significant- effect of O; on water conditions in sunflower leaves could be
detected at any developmental stage (from 8 to 24 days) of leaves. Despite of these non-
sensitive water conditions to O, the reduced amount of transpiration rate increased
with leaf age. Furthermore, there appeared a significant correlation between the
degree of foliar necrosis and leaf water and osmotic potentials. The results are
discussed in relation to the age-dependent difference in O, sensitivity. -
Key words : Sunflower— Water balance—QOzone—Water potential—Leaf age.
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Fig. 2 The effect of ozone on transpiration rate in sunflower leaves.
Each point was the mean of four determinations. The concentration of ozone was
0.4ppm and treatment was performed for 4 hrs. The time when ozone treatment
was performed is indicated by g, (O) : Non-treated control; (@): Ozone-
treated.
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Fig. 3 The relationship between foliar necrosis induced by ozone and leaf age
Sunflower leaves of the 3rd order were treated with 0.3ppm ozone for 4hrs, then
plants were transferred into the phytotron greenhouse and the foliar necrosis was
determined 2 days after. (O) : Non-treated control; (@) : Ozone-treated.
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Fig. 4 The relationship between (A)leaf water content, (B)water potential, (C)
osmotic potential, and (D)turgor potential and leaf age.
() : Non-treated control; (@) : Ozone-treated. n=4 (tse.)
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Fig. 5 The relationship between the relative rate of transpiration and leaf
age.
The transpiration rate was shown as the ratic of the rate before treatment of
0.3ppm ozone and the rate obtained after 4hr treatment. n=4 (£se.)
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The relationship between (A)leaf water content, (B)water potential, (C)
osmotic potential, and (D)turgor potential and the degree of foliar
NEecrosis.

The treatment of ozone was performed for 4hrs and the concentration of ozone
was 0.3ppm. The linear regression coefficient is shown in each figure.
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The relationship between the integrated ozone uptake rate and the
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was 0.3ppm. The linear regression coefficient is shown in the figure,
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Studies on the Regeneration Process of Plant Communities
Following Forest Cutting
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Abstract
A regeneration process of plant communities following disturbance of a pine forest
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in Tsukuba region in Japan has been studied. Bare ground was established by clear-
cutting a red pine plantation (Pinus densifiprg). Multi-spectral aerial photographs were
taken in every summer to describe natural regeneration of plant communities starting
from bare soil. Based on image processing of the photographic data, year to year
changes in patterns of regenerating plant communities were analyzed by a Markovian
model. The model represents a point-to-point replacement process from one year to the
next ameng different plant communities. We found that following clear-cutting of a red
pine plantation, bare soil was rapidly revegetated by plant communities dominated by
ground bamboo and a sun tree. We have also found that the point-to-point replacement
process was a non-stationary Markovian process. This result suggests that patterns
and processes of invasion of pioneer plants into the bare soil at the initial stage would
primarily affect the following revegetation process.

Key words: Forest disturbance—Markov model—Pinus densifiora—Plant succession

—Remote sensing—Revegetation—Stochastic model.
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Fig. 1 Aerial views of an experimental site at the start of the experiment
[August 15, 1978 (a) | and after 5 years [August 8, 1983 (b) ] .
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Fig. 2 Miltispectral photographs obtained by overlaying images of B, R, and
IR bands. (a): 1978; (b): 1983.
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Fig. 3 Yearly changes in patterns of vegetation in the experimental site.
Classification was based on image processing of multispecteal aerial
photographs.
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