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Studies on resistance of plants to sulfur dioxide (1)

The possible mechanisms of resistance to sulfur dioxide on the
processes from sulfur dioxide uptake to damage in higher plants
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Fig. 1 Flow diagram showing the procedure for extraction, separation and
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Fig. 3 Effect of ABA treatment on the change in transpiration rate of radish
by SO exposure. Radish was sprayed or not with 10°M RS-ABA.
The radish applied with ABA was held for ca. 3 ht. in the cabinet
prior to SO, fumigation.
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Table 1  Increase in sulfur content in plant leaves with 50,

fumigation.
80 Increase in
ooncentr%tiona ( mS fcog:envtv B S content
(ppm) E/g dry (mg/g dry wt/3 hr)
Peanut 0.0 4837
2.0 5.17 0.30
Tomato 0.0 24 .48
2.0 25.56 1.08
Radish 0.0 10.51
2.0 13.07 2.56
Perilla 00 in
2.0 6.46 - 314
Spinach 0.0 5.65
2.0 8.06 241

a 503, exposure-was performed for 3 hr. SEEHE 3 B




ZhTH, TOLHIHUSOIIHT ARAORGHOESF TR L TV 3 DRFATH B A&
LB, REBNZHEERESWCEL L LENT L E Y D—DTH 5 ABA BHFERTTHA
HEEZ LN B, ‘

Bis, ,
@ ABA HSHBEAHLEHERLEXTHS (1,3, 4)
@ REBYABEHNSERT S QAL 32, REY R ICk 3 SAHBERDICE ABA HE

BTH 56k
® BRI A4 I RUDPA LES Y5~ (7, PEP Auf#+ v 35— 85D REEERDEE
HAEEBY 2 & ETRICAET 5.
#2 HEWMETDOABASHE ' 80, uptake
Table 2 ABA content in leaves \L
of test plants, : Inhibition of CO, fixation
(Inhibition of RuDP carboxylase)
ABA content
(ngg fr. w0 Rise of CO, concentration in guard cells
I
Peanut 438 |
: <— ABA
Tomato 150 \IV
Closure of stomata
Radish 37
M4 SO,BBic B RALMATMME
Perilla 31 ABA DBAS %R TR HE
Spinach 42 Fig. 4 Diagram of hypothesis for stomatal

closure by 807 exposure and ABA
involvement.

RYWEDD ABA SEBRORIEMESE2ICFE L, FREANLBANHENRE, b~ TR ABA S
HBHEE L, D IWOEMTIE ABA BT &b b, 205, ABA GOV
¥nic ABA 252 TH3& ABA DZ VY EEROTIEBREFRT LI BEEELLNEDT,
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TLSOARBET 5 LHLRKBORIBIETY b~ b EELUD/ 5 - VRS, $REHKD
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Bind LEDRBEXRLTO S, BEE TIRONTYH 3MEERE L TR D OBF
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YRGS B EAEEC 0, COEENMA SNT, BRMTILLIAND CO MRS
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_ Studies on resistance of plants to sulfur dixede (2)

Changes in transpiration rate of plants with SO, fumigation
and the participation of abscisic acid

Noriaki KONDO and Kiyoshi SUGAHARA

Summary

Peanut and tomato plants were resistant to 2.0 ppm SO, , while radish, perilla
and spinach plants were sensitive. The amounts of SO, absorbed by peanut
and tomato were obviously less than those absorbed by radish, perilla and spinach.
Transpiration rates of peanut and tomato began to decrease within 5 min after
the commencement of SO, fumigation and reached minimum levels, i.e., 10 and
50% of the initial levels, respectively, after 20 min exposure. The rate of perilla
did not change for 70 min afier initiation of fumigation, then declined. Those
of radish and spinach did not change for about 20 and 30 min, then decreased
gradually. The content of abscisic acid (ABA) was highest in peanut. The con-
tent in tomato was also high, but low in radish, perilla and spinach. Radish
supplied with exogenous ABA began to decrease its transpiration rate immediate-
ly after SO, fumigation and was markedly resistant to 80,. ABA in leaves may
control the rapid stomatal closure following SO, fumigation.

Division of Environmental Biology, the National Institute for Environmental Studies,
Yatabe, Ibaraki 300-21



Plate |

Plate I1

2SOz, 240FHRZEICHE T S ABAMBOZHE
BEI Hvlyyy ik M4, 10°M ABA i
BEN #423v:ifk, B4 10MABAME

Effect of ABA-treatment on leaf injuries with SO, fumigation at
2.0 ppm for 24 hrs.

Plate I  Spinach: Left, control; Right, 10 M ABA-treated.

Platell ~ Radish: Left, control; Right, 10™ M ABA-treated.
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Table 1 Changes in pH of cytoplasm with SO, fumigation.

pH value of cytoplasm

Fumigation time

1.0 ppm 80, 2.0 ppm SO,
0 ‘ 6.37 6.39
0.5 6.26 6.18
15 6.16 6.23
3 6.21 6.28
4 6.27 _ 6.25
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Studies on resistance of plants to sulfur dioxide {3)
Changes in pH of plant cytoplasm with sulfur dioxide fumigation

Kiyoshi SUGAHARA', Noriaki KONDO!
and Michiaki TAKIMOTQ?

Summary

Changes in pH of spinach cytoplasm were measured during SO, fumigation.

The pH value of the cytoplasm was lowered about 0.2 with fumigation of
1.0 ppm S0, for 1.5 hr or 2.0 ppm 80, for 0.5 hr, respectively. The lowered
pH tended toward recovery gradually during further fumigation.

These results show that the cytoplasm has a buffering capacity appreciably
and suggest that (a) possible reaction(s) would be present to recover the lowered
pH value in plant cells.

1. Division of Environmental Biology, the National Institute
for Environmental Studies, Yatabe, Ibaraki 300-21

2. Faculty of Science, Toho University, Funabashi, Chiba 274
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1976 8 BB ICABRBEC B THEM LU T2 ¢ (Pieris japonica D.Don), Y aw 7
(Clethra barbinervis Sieb. et Zuce.), / ) 9V ¥ (Hydrangea paniculata Sieb.), 34+ F
O ( Enkianthus campanulatus Nichols.) B L UBEBAHEL 247 RESKEOTREL
fobeb, R bLryy, =7Y (Helianthus annuns L. var. Rossian Mammoth)#% 2844t
FELTHO . BEEolD 9S208%H (0.IM K - vEBE®HK, pH 78) *MATE
BeL, #—¥TTL, HBLABLTHE LN EBEENE LTRAV ., EHEOBEFEEONER
Fr7a-LCoRT (Ass0PHM IKLDITH- foo BONBRIZROBRA 515 0.1 M b
Y 2@k (pH 85), 0.1 mM EDTA, 40#M F b 7 o~ £C, 10a4M EHAEE, K,

BRELUVER .
M & 77 2 0508 LT O A RBABES TR, AKPO SO BELEEOBELD HIOEN,
COEINRBEFTEE-> TV BHWAE, Ty, Va7, /VuvE, +54F78 0L,
BETRRELEYIE, t~b, xoLr vy, bxv7 ) k20T, B0l BHEEILT
EOTERE RN, BREZI GRS, T, 2 VUvE 434808 rOEHEEDTE L
LMD e 5T, BHBRLEEN SO, KXt 2 BHRME b 3 —BERTH 2 THEHHX
Fraht, Vs v 7OFBMIEVD, FrIo-ACEERLBKVERRBILERAETIHED
PESEOBEETH 3,
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HPOBYOBER b T L,
Nao7, 7UovF, #5554 K
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Table 1 Activity of sulfite oxidation in several plants.

Activity of S03°~ oxidation
(IﬂaaAsjofminfmg fr. wi} |

Pieris japonica D. Don 36.0
Clethra barbinervis Sieb. et Zucc, 1.0
Hydrangea paniculata Sieb. . 12.¢
Enkianthus campanulatus Nichols, 11.5
Lycopersicon esculentum Mill cv. Fukuju No.2 1.5
Spinacia oleracea L. cv. Viroflay ) 1.1
Helianthus annuus L. cv. Russian Mammoth [.4




I DB 4 OB EDL YA X LR L 5D, BRRIEIC L D05, FER
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Table 2 Pronase treatment of extract from Pieris faponica,

Activity of sulfite oxidation
(10°4 Ag 5o/ min/mg fr. wt)

Extract 37
Extract + pronase 35
Pronase 0

Fo+—4005%, 37C, 2BEEIONET, BLAEEHEIETLTHRY, ROT, Z Ot
EEAE, 95°C, 10DTH -~ 1fERE2F IIORT . BUBICL > T2 RBFLTWEN, 2 s
DT EmS, EHEARTEHIL EAETRILNWCENEL ONE,

%3 T EOmMHEORMAR

Table 3 Heat treatment of extract from Pieris japonica,

Activity of sulfite oxidation
(IOBAASSO,fmin;'mg fr. wt)

Extract 57
Heat-treated Extract 57
(95°C, 10 min)

I ok 2 EREEK N L T—RBI LR E, Bl EErRBRARKCE -7/, 2%
DI DEFTEAY TS T EMTBANS (R4, YD 3 b2 P TOBRHBBLEIS
1, —BRFEBENRIETH3C LHHEsATV 300, $4-B40LBHEMMEA 4 OR{L%E
T 52 EbFonTED (9, 1D, EHOEDD FMEERLRIE & FBROSILTH 5 A fEH:
PRI - TE e TORGEMET 2AhEFFRBT 52 L BSHROFREFTH b, HEMEME
BEEME BLUMBEDICETN 2HEOMTETE > TH 3,
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Table 4. Dialysis of extract from Pieris japonica.

Activity of sulfite oxidation
(10% Agsq/min/mg fr. wt)

Extract 28
Quter solution after dialysis 20
{K-phosphate buffer)
Inner solution after dialysis 0
(Dialysate)
Dialysate + outer solution 24

Extract was dialyzed against 5 mM potassium phosphate buffer (pH 7.8) overnight.
FH7i3 SmMK ~ V) v BB ( pH 7.8) ich L T—&FTH » 1,
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Studies on resistance of plants to sulfur dioxide (4}
Sulfite oxidation reactions in higher plants

Noriaki KONDO and Kiyoshi SUGAHARA

Summary

1. Sulfite oxidation activity was examined about four species of SO, resistant
plants collected from Hakone-Owakudani, where SO, conceniration in
atmosphere was much higher than usual, and three species of laboratory

plants grown in environment-controlled greenhouses.

The high activity of sulfite oxidation was obtained from three species of

S0, -resistant plants.

2. Pronase treatment of the leaf extract from Pieris japonica that has the high-

est activity of sulfite oxidation, did not cause to decrease the activity.

3. Heat treatment, 95°C for 10 min, also did not affect on the sulfite oxida-

tion activity of leaf extract from Pieris japonica.

4. After dialyzing the leaf extract against a dilute buffer selution overnight,

the sulfite oxidation activity was detected only in the buffer solution.

From these results, it is possible to suggest that the entity, catalyzes the
sulfite oxidation in leaves, is dialyzable, low molecular and non-proteinous

substance.

Division of Environmental Biology, the National Institute for Environmental Studies,
Yatabe, Ibaraki 300-21
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Table 1 Rates of electron transport by chloroplasts isolated from SO, -fumigated leaves.

Plant 50, concentration Fumigation DPIP photoreduction Inactivation
ants (ppm) ‘(‘f)e (umoles reduced/mg chi/h) (%)
Spinach (Viroflay) 0 - 152 0
4 2.0 5 79 48
Lettuce ¢ - 141 a
20 3 61 57
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Table 2 Chlorophyll contents in 8O, -fumigated leaves.

80; concentration Fumigation Chia+Chib  Chig Chlb  Chla/Chib
Plants time .
(ppm) (h) {ug/10 cm? leaf area)
Spinach (New Asia) 0 - 991 7.53 138 316
4 20 4 8.19 6.04 2.15 2.81
Lettuce 0 - 551 4.48 1.03 4.35
2.0 5 4.56 3.63 093 3.90
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Studies on mechanisms of sulfur dioxide phytotoxicity (1)
Effects of sulfur dioxide on photosynthetic electron transport
and chlorophyll breakdown in higher plants

Ken-ichiro SHIMAZAKI and Kiyoshi SUGAHARA

Summary

The effects of sulfur dioxide on photosynthetic electron transport and
chlorophyll breakdown in higher plants were investigated under environment-
controlled conditions. Electron transport from water to 2, 6-dichlorophenolindo-
phenol in chloroplasts isolated from the SO;-fumigated leaves was inhibited
without producing the significant loss of the chlorophyll in leaves. In isolated
chloroplasts, when electron transport was severely inhibited by SO; fumigation,
absorption spectra of the chloroplasts were only slightly modified. The absorp-
tion spectra of the acetone extract from SO, -fumigated leaves showed that the
chlorophyll bleaching occurred. The results indicate that the chlorophyll break-
down was late in time relative to injury of electron transport by fumigating
plants with SO, and was mainly due to the bleaching.

Division of Environmental Biology, the Natfonal Institute for Environmental
Studies, Yatabe, Ibaraki 300-21
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Table 1 Effect of SO, on electron transport in photosystems I and I1. -

SO, Concentration (ppm)

Reaction measured Inhibition
0 20 (%)
Jmoles acceptor reduced/mg Chl/hr
H20 >NADP 50.2 350 30.3
DPIPH, +~NADP 28.1 30.2 -14
(+DCMU)
H,0 —*DPIP 109.6 76,2 30.5
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Table 2 Effect of SO, on non-cyclic and cyclic photophosphorylations.

80, Concentration (ppm)

Reaction measuted Inhibition
‘ 0 2.0 (%)
A. Electron transport Hmoles acceptor reduced/mg Chl/hr
H30 = NADP 468 30.2 35.5
B. Photophosphorylation Hmoles ATP formed/mg Chl/hr
H,0 —+NADP 118.7 © 733 38.2
PMS (+DCMU) 176.7 177.0 -0.2
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Table 3 Effect of 80; on light-induced proton uptake across the thylakoid membranes.

Reaction measured 80, Concentration (ppm) Inhibition
0 2.0 (%)
A uptake neq
(+PMS) 181.5 169.7 . 6.5
B. Electron transport ‘ pmolesfmg Chilfhr

H,0 > NADP 410 . 15.4 L 62.4

— 50 —




SRR G EEI & A YD 3t SO BSEHO FHE

SO, & D AARBEFEEROR(FR LTENFRWICAESN G EHPHLHIEN-LDT,
WD SO et AR B RmL L5 L4284, CoRIBERZAELHERE LTHL
BT EMTEBHLBONS,

AL HR I OKIE%E %D T DPIP ORBETLERLEEL LT, S0, 20m, 3 KEORRBEHE
ORI DL TRV, B ICER A M L TR ElE L, £ oBEEED 5 S0ty B EE
WAL L foo FOMERRIRACTLTH D, AOMICE, REROTHRERE RALRGICE
LTEBLTS 5, BHOBBE TR, RBIFZORRILICHTL LBEO S S, BIEEDE
Bicit, AoAHRRIEA SN - o hs, M20BOTEHMENRE TO 3 L EPRAITE 2,

#£4 HEEYCET D SO, $HIC L % DPIPLETRILDHE
Table 4 [Inhibition of DPIP photoreduction by 80, fumigation in several plants.

DPIP photoreduction
Spocies (umoles/mg_chi/hr) ‘“h(ig,i)ti"“ " Visible injury*

804 concentration (ppm} ;

¢ 20
Spinach 1221 527 56.8 +++
Radish 75.7 25.0 67.0 +
Lettuce 100.7 41.0 59.3 ++
Kidney bean - 87.7 459 47.7 ++
Peanut 85.4 70.1 179 -

* Visible 'mjﬁry was observed as glazing of leaf surface. The grade of visible injury was shown
in relative values.
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Studies on mechanisms of sulfur dioxide phytotoxicity (2)

Mechanisms of inhibition in photosynthetic electron transport
systems by sulfur dioxide and application of chloroplast reactions
for indicators of sulfur dioxide phytotoxicity

Ken-ichiro SHIMAZAKI' , Kiyoshi SUGAHARA!
Mitsumasa OKADA? and Michiaki TAKIMOTG?

Summary

I. The effects of sulfur dioxide on photosynthetic electron transport and
membrane permeability were investigated in chloroplasts isolated from the
SO, -fumigated leaves.

1} Electron flow from water to DPIP driven by photosystem I1 was
severely inhibited but electron flow from DPIPH,; to NADP driven by
photosystem 1 was not affected.

2) Non-cyclic photophosphorylation coupled to electron flow from H,O
to NADP was inhibited, but PMS-catalyzed cyclic photophosphoryla-
tion was not affected. The decrease of non-cyclic ATP formation was
comparable to the inactivation of electron flow.

3) Light-induced ut uptake across the thylakoid membranes photosensi-
tized by photosystem I was not affected in chloroplasts which was
severely suppressed in the activity of photoreducing DPIP.

From these observations, it was concluded that the inhibition occurred in

photosystem 1l but not in energy converting system in chloroplasts isolated

from the 8O, -fumigated leaves.

1. The degree of inhibition of electron flow driven by photosystem 11 (H;O to
DPIP) in chloroplasts isolated from the leaves of several plants after SO,
fumigation was used as the indicator of plant susceptibility to SO,.

1) On the basis of the depression of electron flow in the chloroplasts, the
sensitivity to SO, phytotoxicity was examined. The order of plants on
high susceptibility was as follows: radish, lettuce, spinach, kidney bean,
peanut. The result was consistent with that of plant susceptibility ob-
tained by the mode of stomatal response to 50, fumigation in several
plants.

L. Division of Environmental Biology, the National Institute for Environmental Studies,
Yatabe, Ibaraki 300-21

2. Faculty of Science, Toho University, Funabashi, Chiba 274




2} The decrease of chlorophyll a fluorescence yield accompanied by the
inactivation of photosystem II activity was found in chloroplasts iso-
lated from SO;-fumigated leaves. Based on the observations, fluores-
cence emitted from chloroplasts was measured and was utilized as the

- indicator of plant susceptibility to §0,. The fluorescence decrease was
observed in chloroplasts isolated from the leaves which had no visible
injuries after $O, fumigation,

From these observations, the inhibition of photosystem II activity and
.the decrease of fluorescence yield caused by SO, fumigation could be
useful indicators of plant susceptibility to SO, .
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Effect of sulfur dioxide on net photosynthesis and stomatal
aperture in sunflower leaves

Akio FURUKAWA and Tsumugu TOTSUKA

Summary

The effects of 50; on the appearance of visible injury and photosynthesis
of leaves of sunflower (Helignthus annuus L. cv. Russian Mammeth) grown in
phytotron greenhouse were examined with respect to leaf maturity. Five weeks
old plants were exposed to 2.0 ppm for 6 hrs. and the degree of visible injury
was measured to demonstrate leaf age/SO, sensifivity variation. Young leaves
wete more SQ,-tolerant than old leaves.

Studies were also conducted to determine the effects of SO, concentrations
and leaf maturity on inhibition of photosynthesis of sunflower leaves. When the
relative rate of photosynthesis was logarithmically plotted against time, the line
was separated into two straight lines. To describe the degree of inhibition of
photosynthesis, the slopes of these lines (designated as the inhibition coeffi-
cients) were calculated. The initial coefficients were always higher than the
second ones, and both coefficients were age-dependent. The kinetic mechanisms
of inhibition of photosynthesis by 80, were discussed.

Division of Environmental Biology, the National Institute for Environmental
Studies, Ibaraki 300-21
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Table 1 Changes in dry weight (g/plant part) and total carbon (% on dry weight basis)
in sunflower fumigated with NO,; at 4 and 8 ppm for 2 days.Mean values in15
plants of the control and in 8 plants of the fumigated plants.

Plant dry weight Total carbon
Plant parts
Cont. NO; 4ppm NOj; 8ppm Cont. NO; 4ppm  NO; 8ppm

Young leaves 1.65 1.74 1.30 45.0 450 526
Matured leaves 3.32 3.39 3.35 442 440 474
0Old leaves 1.29 1.39 1.35 432 422 414
Young stems 215 1.75 138 40.2 38.6 37.0
Old stems 6.82 481 481 400 378 37.0

Total 15.23 13.04 1219 41.7. 409 420
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Table 2 Content of total and inorganic (2ammonia, nitrate + nitrite} nitrogen in sunflower
fumigated with NO; at 4 and 8 ppm for2days in Experiment 1.

Total nitrogen Ammonia nitrogen (nitrate+nitrite)* nitrogen
* *

Plant part N(% ) . bﬁgpm )NO b({];pm ) _
Oq 2 2 2 2
Cont. appm  8ppm Cont. gyom 8ppm Cont. 4pprzn Sppm

Young leaves 4.26 590 8.79 161 574 353 896 1740 1960
Matured leaves 394 496 5.81 88 214 391 807 1840 1890
0Id leaves 434 500 519 322 441 183 1460 3140 3310

Young stems 1.89 288 337 132 798 1020 6680 11,100 11,700
Old stems 175 256 264 171 432 410 10,700 13,500 15,000

*Based on the dry weight of plant pirts.
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Table 3. Changes in leaf area, dry weight, total carbon and total nitrogen in plant parts
of sunflower plants fumigated with NO, at 0.1, 0.5 and 1.0 ppm for 24 days in
Experiment 2. Mean values of eight plants harvested at the end of the fumiga-
tion treatment. Numerals in the parentheses indicate percentage of the corre-
sponding values of the control.

NO; fumigated plots

Cont. 0.1ppm 0.5ppm 1.0ppm
"Leafarea (cm?) 2740 2710 2650 2760
Leaves 10.80 883 806 8.59
Dry weight Stems 1643 14.55 15.55 12.37
Roots 5,70 4.20 3.83 335
Total 3293 27.58 27.42 24.31
(100) (84) (83) 74)
Total carb Leaves 42.8 440 440 42.7
?%“Ofér ;’“ Stems C422 © 425 438 41.7
weight basisy ~ Roots 419 40.9 43.3 . 40.6
Total 423 427 438 419
. Leaves 3.09 4.43 4.44 5.55
Total nitrogen Stems 0.55 0.78 : 0.70 1.51
(%) Roots 0.77 1.07 1.33 1.61
Total 142 1.99 1.89 2.83
: Leaves 334 392 358 4717
tal nitr
Tf’ng’;pl:ﬁf)" Stems 90 113 109 187
Roots 44 45 51 54
Total 468 550 518 688
(100) ain (111) (147




MM EBREOLERRER, K3kAdohd Lo, 0L MEXTEEEVTh LUAXD 140
BRI, B BTE, 0.5m, 10me, NOREAEOE R LL2ERBENEDI -7,
ETR1LOmEXTHBEROED 2.7 i TEML . —%4, HOBKS1-00L2BRE (mg
plant) T, 0.1, 0.5, LOMOERTZHFAMBED L174E, LIE 14MfSELTY
o

100

Saobl o] ] X2 “EtERRERicriew7) ORE
& L HRgEROBKEIC YT 5 F RO
2 L] — Zik

E NO LB : 0.1, 0.5, 1.0mT248 [
v RE

Zwklstis]{s{[s

3 Fig. 2 Relative dry wieght (%) of leaves (L),

stems (5) and roots (R) to the total plant
20| | dry weight of sunflower plants fumigated

— — - with NO; at 0.1, 05 and 1.0 ppm for 24
R R| |k R ' days.

Cont, 0.1 9.5 1.0
NG, conc. (ppm)

H3 ZBEXRBEBicLze-910
BHREMNSEREE (BEH-D0
300 %) DAL
s FEIHBROMIc N 2 543
BERT,
L:3%E S:% R: 1B

L Fig. 3 Changes in total nitrogen content
(% on dry wieght basis) of leaves
(L), stems {8) and toots (R) of sun-
- ’ flower plants fumigated with NO,
yop et L 1 at 0.1, 0.5 and 1.0 ppm for 24 days.
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Table 4 Changes in dry weight and total nitrogen in the leaves and stems of sunflower
plants fumigated with NO, for 2 days.

Dry weight Nitrogen content ' Total nitrogen
Plant part {g/plant part) {% on dry wieght basis) (mgN/plant part)
N02 N02 NOQ NO'Z N02 N02
Cont: 4ppm  8ppm " 4ppm  8ppm  COM  4ppm  sppm
Leaves 6.26 6.48 6.00 4.15 5.25 6.17 0.26 0.34 0.37
Stems 897 6.56 6.19 1.78 2.59 291 0.16 0.17 0.18
Total 15.23 13.04 12.19 2.76 391 451 042 0.51 0.55




Wwic, HER1 EEBR2ICE 0 3MMONORINAEO X RAERT Uice £9, KER 1 OBER(FE1)
Abir, BLEORER 2ERBEEHREL, RAWRTHREA, TTT, NORBOH
Ric k3 LEA S AEDOREFROEMN (WHBXEZBROEDOE) 2 NO,F-2 (ZBEEL
FBREMEOR M. day) KBLTF oy b LAERER 4 ITR LUK, NO; F—25315m » day

3

- B4 ZRICERBHRIC L3 EhouR
%g ’//,”" BEOHEInE
o5, | 3 THIINO, K — R (#5F X RE
52 HE) %47,
5 4 OHHEMR ], OHILER2 0H
op1 b BHC & B,

g'd

Hg ¥ig. 4 Increase of total nitrogen content
Em . \ o of leaves, plotted against NO,

L=}

dose. Data obtained in Experiments
1 (O)and 2 (®).

[=3

10 20 30
NO, dose (ppmsday)

H0T, EDOLERBEOMMNANZTERMCHALTHSLVA S (HINERE 0.14%
N/ m - day), FiF - BEOOBE LTS =7 1) B SOMRUIUHEE & SO F — = & DRIRER
5icRd. FRTHOMEE S L, SORROBOE~ 7 EhD (4 v SHREMEN, SO, F—
21 ~15Mm- day H70 $TLHAEKACHEMET, £O®K, AL -TERT. TOHEDA
A RS, 2 mgS./dof /M- day = 0.5% S/ day (EHEERHEHL=0.4g /dn,
£3L0) TH?, BB 400 LORERFOHMELE L TA S L, BHICHETHNOST
DEIREREE 1 X107 VN0, g BER/ W - day, SOAFORMGEEE 1.6 x 107" € v80/
gEER /M-day 5%, UL, SRBROEAICE, EPH0/M 4 7 FHROE/IIEHUT
B3 RENES L, Efdh OSBRI SOORBAHECEHEN TV S, LiL, NORBOE
BUER 1 ERL koK, BEENOOENHRBCL->Th, ZO2FRBEMLEL (KT 5.
FER3 kAL LOE, BRENGORMUMRBICL - T, ZOHOLERBESHAT 5.
C@cau,ﬁ@emméntN@wM®$E«ﬁmLtc&%%ﬁbfw5(mvbmﬂﬁﬁb
SIRIN X F17- NOASIBIBMIC I RIRS WA L b EA OGN B0, AHTHD), LI THRL L
2 DERE b &I, EYELEHICE) 2 2ERONORBIC L 2MNEEREHLT, NO:F—2
LOBERERT L. BECER] L2 TASHHER O FHBEOLERBAETT. L
T, NOBRBR L 3L2EEROEMNNERY, NOF—2icflL €7 oy b LAERERI6ICRL
fro EBUZNO F— 2 OHEATE, WMWEFIE LS NOWRITEAISITEENICEAT ST LHE
HoHNE, H505 T#HOiIciE, BOLEERISTOTHELY, ER2OER (388D
LOESHLLEIR, LOMNO: THUAMRBEL TS, HBEKLOESIONEEOHENT, K6
DERERCEALTELCESA S bOTRAVENAS,



#5 HER1EL2TAONAE-7 VHERSE (ELD 0fEsLH 2ERBOHEN
7 XD L DE) &:N_Og F—2 & DB -
Table 5 Total nitrogen of aerial plant parts (leaves and stems) obtained in Exps. 1 and 2.
The difference of the total-N between the fumigated plants and the control is

also shown.
Exp. | Exp. 2
Cont, 4ppm 8ppm Cont. O.lppm 0.5ppm 1.0ppm
NQ, dose (ppm-day) 0 8 16 0 2.4 120 24.0
Total-N (mgN/plant) 420 510 550 424 505 467 664
Difference
of total-N (mg) 0 30 130 0 81 43 240
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Fig. 5 Increase of leaf sulfur content of
sunflower plants plotted against
SO, dose. Experimental conditions:
14/10 hrs in light (30 klux)/dark

Increase of leaf sulfur content
g S/am)

o ' L 1 1 pertod, 25°C in air temperature and
0 1 2 3 75% in relative humidity. Data
50, dose (ppmeday) cited from Totsuka and Natori (6).
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Response of plants to atmospheric NO, fumigation (1)

Effects of NO, fumigation on dry-weight growth and nitrogen
accumulation in sunflower plant

Tsumugu TOTSUKA!', Tadakatsu YONEYAMA!®,
Toshiki NATORI! and Michiaki TAKIMOTO?

Summary

Effects of NOy on dry-weight growth and nitrogen content were investi-

gated in sunflower plants under the various conditions. The relationship between
NQ; dose and the rate of nitrogen accumulation in the plant was also discussed.

(N

2

(3)

NO, fumigation at 4 and 8 ppm for 2 days brought about a visible injury in
leaves, and the dry weight of the shoots decreased to 86 and 80% of the
control respectively. Total carbon content in young and matured leaves of
the plants fumigated with 8 ppm NO;, increased by 7 to 17% of the control,
while that in stems decreased by 8%. Total nitrogen content in young leaves
and stems increased remarkably by NOy fumigation. The concentration of
ammonia nitrogen increased in each plant part by NO; fumigation; it was
several times as much as that of the control. The content of (nitrate+nitrite)
nitrogen in the fumigated plants became 1.3 to 3.2 times as much as that of
the control.

NO, fumigation at 0.1, 0.5 and 1.0 ppm for 24 days caused the decrease of
the plant dry weight by 17 to 26% of the control. Total carbon content and
the nitrogen content in leaves and stems increased with increase of NO,
concentration fumigated. The amount of total nitrogen in the plant fumi-
gated was 1.17, 1.11 and 1.47 times as much as that of the control at 0.1,
0.5 and 1.0 ppm respectively.

The difference of total nitrogen content of leaves (% on dry weight basis)
between the fumigated and the control plant increased linearly with in-
crease of NO, dose up to around 15 ppm-day. The increment of total nitro-
gen amount in aerial part of the fumigated plants showed linear increase
along with NO, dose in the range examined. In the sunflower leaves, the
rate of NO, absorption in the present experiment was 7x10°% mol NOz,n'dm2
leaf area/ppm-day, roughly equal to the rate of SO, absorption obtained
previously in our laboratory.

1. Division of Environmental Biology, the National Institute for Environmental
Studies, Ibaraki 300-21

2. Faculty of Science, University of Toho, Funabashi, Chiba 274
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Table 1 Changes in leaf area and plant dry weight of sunflower (upper table) and Kidney bean plants
fumigated with NO3. Mean of 10 piants,

Fumigation duration {days)

Flant past ’ N10 NO Nl(j NO
0 2 2 2
Cont. O.Ip;?m 1.0ppm Cont. 0.1ppm  1.0ppm
Sunflower Leaf area (cm? /plant)
816 1650 1560 1400 2070 2390 2140
Dry weight (g/plant)
Leaves 1.67 3.60 3.54 3.62. 5.06 5.98 5.59
Stems 231 6.23 5.60 497 10.03 10.69 8.03
Roots 053 1.25 1.06 093 1.78 224 1.49
Flowers 1.63 1.24 0.42
Total 451 11.01 10.20 953 18.50 20.14 15.53
Leaf area (cm? /plant)
Kidney bean
707 2630 2600 1940 3610 3430 2880
Dry weight (g/plant)
Leaves 1.05 4.80 5.12 438 6.36 6.16 6.63
Stems (.36 2.64 2.78 2.11 4.30 4.26 377
Roots 0.28 1.06 1.06 0.78 1.60 1.78 0.86
Flowers and fruits 0.28 0.27 017 3.32 2.88 0.60
Total 1.68 8.78 9.22 7.41 15.58 15.09 11.85
#2 NOBEABMCLEE=7VLAvy =
* OB &G ERICET 5 HESEEFE(RGR)
EHIFMER (NAR) DEAL
Table2 RGR and NAR in plants fumigated with NO;.
Fumigation duration (days)
RGR or NAR 0-10 10 - 15
NO» NO; NO, NQ,
Cont. 0.1ppm 1.0ppm Cont. 0.1ppm 1.0ppm
Sunflower
RGR (g/g/day) 0.099 0.091 0.083 0.073 0.097 0.070
NAR (gfcm? /day) 0.615 0.550 0.516 0571 0.730 0.492
Kidney bean
RGR(g/g/day) 0.150 0.155 0.135 0.064 0.055 0.052
NAR(g/c¢m? fday) 0.044 0.047 0.043 0.025 0.022 0.021
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Effects of NO, fumigation on the relative
growth rate of palnt dry weight (RGR,
continuous lines} and net assimilation
rate (NAR, broken lines) of sunflower and
kidney bean plants. Open circles are for
10 days after starting the treatment, and
closed ones are for the period from 10
days to 15 days fumigations. The ordi-

I 1 — nates are indicated as the relative values
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Table 3 Changes in total nitrogen, ammonia nitrogen and (nitrate + nitrite) nitrogen in sunflower (upper

table) and kidney bean plants fumigated with NO;. Numerals in the parentheses are indicated as
relative values when the value for control is 100,

) Fumigation duration (days)
0 10 15

NO, NG, NO; NO,
Cont. 0.1ppm 1.0ppm Cont. 0.1ppm 1.0ppm
Sunflower plant Total nitrogen (% on dry weight basis)
Leaves 5.88 5.55 5.67 6.12 5.06 488 6.38
Stems 3.12 2.08 2.61 3.02 1.25 1.07 1.93
Roots 2,53 1.81 2.26 2.74 1.72 1.64 2.49
Flowers 3.66 3.57 4.50
Total 4.70 3.20 3.64 417 2.23 242 3.65

Ammonia nitrogen (ppm on dry weight basis)

Leaves 64 29(100) 46(160} 70(240) 48(100) 42(88) 68(142)
Stems 133 30 72 172 34 24 82 '
Roots 121 73 82 175 48 100 179
Flowers 191 100 125
{Nitrate + Nitrite ) nitrogen (ppm)
Leaves 4090 3000(100) 3270(109) 2760{(92) 1550(100) 887(57) 4510(291)
Stems 21,570 11,950 15,990 17,440 6940 4930 13,700
Roots 6240 5020 5060 7320 3780 2440 5870
Flowers 546 420 402
Kidney bean plant Total nitrogen (% on dry weight basis)

Leaves 6.58 4.50 4.30 5.56 3.99 424 5.44
Stems 4.03 2.33 1.85 3.22 195 2,02 3.24
Roots 4.04 2,97 293 353 2.1 2.76 316
Flowers & fruits 4.14 441 547 3.06 342 4.33
Total 5.65 3.65 341 470 3.10 3.28 4.52

Ammonia nitrogen (ppm on dry weight basis)

Leaves 90 153(100) 137(90) 182(119) 125(100) 143(88) 236(189)
Stems - 82 135 90 101 93 109 253
Roots 106 116 101 223 237 167 267
Flowers & fruits 167 146 164 86 128 259

(Nitrate + Nitrite} nitrogen (ppm)

Leaves 9550 2820(100) 2000(71)  2740(98)  3300(100) 2220(67)  3130(95)
Stems 14,110 3840 2880 6300 2910 2350 53170
Roots 9610 2740 2860 6590 3100 2390 6370
Flowers & fruits 1110 770 760 2420 2710 2160

URSkT L, e22 )T, 1L0MEKBEVWTREIRNAEE THREOMBEL D hE L 1
2 T5, Ldl, C1mETE, 10BHRBETECROLERBENEL CE(T A, 15HM
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Response of piants to atmospheric NO, fumigation (2)
Effects of NO, fumigation on dry matter growth of
sunflower and kidney bean plants

Tsumugu TOTSUKA?, Shusei SATO? , Tadakatsu YONEYAMA'!
and Tadahiro USHIJIMA?

Summary

Effects of NO, fumigation on the growth of sunflower and kidney bean

were investigated in the growth chamber, and the following results were obtained.

1

NQ, fumigation at 1.0 ppm for 15 days brought about the depression of
growth in plant dry weight in both plants. However, NO, treatment at both
0.1 and 1.0 ppm resulted in the increase of relative weight of leaves and the
retardation of growth of reproductive parts.

NQO; fumigation at 1.0 ppm caused the decrease of relative growth rate of
plant dry weight (RGR) throughout the experiment, while at 0.1 ppm NO,,
the decrease in RGR in kidney bean became distinct at longer duration of
fumigation. However, in sunflower plant fumigated at 0.1 ppma RGR was
lower than the control during earlier periods of fumigation, and extremely
higher during later pericds of fumigation, Changes of NAR (net assimila-
tion rate) were as in the case of RGR. This suggests the occurrence of some
physiological adaptation in sunflower plant fumigated at 0.1 ppm.

NO, treatment resulted in the increase of total-N content per plant in both
plants. The increase in total-N with increase of the NO, concentration was
more distinct in sunflower than in kidney bean. NO; treatment at 1.0 ppm
resulted in the remarkable increase of NHT-N concentration in each plant
organ of both plants. The decrease of RGR was accompanied with the in-
crease of concentration of NHY-N in leaves in both plants.

Division of Environmental Biology, the National Institute for Environmental Studies,
Ibaraki 300-21 L )

Fuculty of Agriculture, Tokyo University of Agriculture and Technology, Fuchu,
Tokyo 183
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Table 1  Increase* in leaf area, dry weight and total nitrogen of six plants when
fumigated with 1.0 ppm NO, for 14 days. Three plants, except for spinach,
in which 15 plants were sampled, were harvested at the end of the treatment.
Numerals in the parentheses indicate the percentage of the corresponding
values of the control.

Plant Leaf area Dry weight Total nitrogen
Plantname oot (cm? /plant) (&/part) (mg/part
Cont. NO, Cont. NO, Cont. NO;
Leaf 355 225 2.01 0.82 49 44
Stem 0.85 0.81 20 18
‘;;";fﬁ“"“k Root 0.84 067 2 25
Flower 0.49 0.83 12 28
Total 419 3.09(74) 105 115(110)
Leaf Not determined 1.99 0.71 =22 23
Swiss Stem 2.28 142 14 21
chard Root 3.23 3.83 40 72
Total 7.50 5.96{79) 32 116(363)
Leaf 2250 1750 6.65 4.60 47 131
Stem 10.22 8.54 42 114
Root 1.33 0.82 11 10
Flower 2.60 1.14 58 30
Total 2080 15.10(73) 158 285(180)
Leaf 7 10 0.28 0.17 4.0 147
Spinach Stem 015 0.4 23 36
Root 0.10 0.09 1.3 1.3
Total 0.53 0.40(75) 7.6 19.6(258)
Leaf 980 1790 3.84 6.29 12 134
X Stem 4.88 6.60 44 58
Kidney Root 212 160 38 22
Fruit 9.49 3.20 224 77
Total 20.33  17.69(8%) 318 291(92)
Leaf 2520 2920 11.89 12.05 19 119
Com Stem 30.56 2297 99 35
Root 7.21 7.69 11 47
Total 4966 42.71(86) 129 201(156)

*The amount of the increase during treatment period is indicated.
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Table 2  Nitrogen uptake* from NOz in air by plants fumigated with 1.0 ppm NO; for 14 days.
Nitrogen uptake
Plant name On whole On plant dry On leaf
plant basis weight basis** area basis**
{mgN) {mgNLg) {ugN/em?)
Beefsteak plant 10 2.1 156
Swiss chard 84 6.9 —
Morning glory 127 6.2 398
Spinach 12 11.0 109
Corn 72 1.2 13.5

*Nitrogen uptake from NO, in air was estimated from the difference of nitrogen content
between control plant and NO» fumigated plant.

**Calculated on the basis of total plant dry weight and leaf area at the final harvest.

#3 1 mONO, THUHMMEBL NS S UVELNBOHYMDO 7T » == TEELTD
(Mg + M) BEROBE
Table 3 Concentration of ammonia and (nitrate + nitrite) nitrogen in plants fumigated
with 1 ppm NO, for 14 days.
Ammonia (ppm)* Nitrate + Nitrite (ppm)*
Plant name

Cont. NO, Cont. NO,
Leaf 139 392 341 1120
Beefsteak Stem 735 583 3490 2640
plant Root 295 439 3270 3980
Flower 626 5635 1130 726
Swiss Leaf 60 60 22 36
ch;r 3 Stem 34 34 21 32
Root 54 114 17 32
Morni Leaf 122 123 178 761
o e Stem 56 149 ' 656 2140
glory Root 23 114 147 1090
Leaf 55 78 71 671
Spinach Stem 31 40 67 531
Root 39 84 48 302
Leaf 203 183 266 273
Kidney Stem 42 131 .29 370
bean Root | 203 102 981 383
’ Fruit 231 114 373 240
Leaf 40 54 79 109
Corn Stem 34 21 22 59
Root 51 96 21 103

*Based on dry weight of plant parts.
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Fig. 1 Changes in concentration {ppm on dry weight basis) of ammonia —N and (nitrate +
nitrite) —N and plant dry weight increase in six plant species. These values are in-
dicated as percentage of the corresponding values of the control.
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Response of plants to atmospheric NO, fumigation (3)
Variations of plant susceptibility and nitrogen accumulation in
several species of herbaceous plants fumigated with NO,

Tsumugu TOTSUKA, Tadakatsu YONEYAMA, Toshiki NATORI
and Yasumi FUJINUMA*

Summary

Six plant species of beefsteak plant, swiss chard, morning glory, spinach,

kidney bean and corn were fumigated with NO; at 1.0 ppm for 14 days, The

growth (increase of dry-weight during the treatment) was depressed by NO,

fumigation in all plants. However, the amount of increased total-nitrogen per

plant individual was more in all fumigated plants except for kidney bean plant

than in non-fumigated plants. The highest activity to absorb NO,; —N per unit

leaf area was observed in spinach. The concentration of ammonia nitrogen in
leaves at the end of NO, treatment was increased in beefsteak plant, spinach and

corn, but not in swiss chard, morning glory and kidney bean by NO; fumiga-
tion. The concentration of (nitrate + nitrite) nitrogen in leaves was also increased
in all plants except for kidney bean plant by NO, fumigation: its rate was ex-
tremely high in spinach, It was observed that the severer the inhibition on dry-

weight growth by NO, fumigation, the higher the increase of (nitrate + nitrite)
nitrogen content in leaves.

Division of Environmental Biology the National Institute for Environmental Studies
(*Division of Engineering) Ibaraki 300-21
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Table 1  Effect of NO, fumigation on dry-weight growth of several woody plants, Atmospheric
NO, was fumigated on the plants at 1 ppm for 2 monthes under sunlight condition.
X: means of 45 plants, Sd: standard deviation.
Dry weight (g.d.w.) Dry weight increment (g.4.w.)
Initial After 1 month  After 2 monthes Initial- month ORI
Plant Plant part C(‘?\')‘t' E;ltgndl %" Cg‘)'“~ gautlt;:'ll "%" C&_{‘)‘-;thg %x ((:‘(’;‘;t- gﬁ?& %"
® 10 Y “® 100 ® 100 @ 100
Oleander Leaves X 305 982 918 93 195 123 63 677 613 91 97 31 32
8d 045 1.3% 096 224 1.12 .
Stems X 179 592 503 85 145 103 71 413324 78 86 53 62
8d 015 072 0.53 255 1.72
Roots. X 050 415 268 65 785 5.34 67 365 218 60 370 266 72
5d 004 289 0.69 119 1.02
Cherry tree leaves X 2.10 449 334 74 239 1.24 52
’ Sd 0.65 085 1.57
Stems X 202 251 2717 110 - 49 7.5 150
84 692 147 5.55
Roots X 296 325 392 90 29 96 330
sd 11.8 118 7.80 ‘
Ginkgo Leaves X 183 4.64 330 82 418 308 74 281 197 70-046-072 -
S84 080 126 0.78 1.78 090
Stems X 806 10.32 3.82 B85 922111 120 226 076 341,10 224 -
‘Sd 280 1.25 0.88 260 309
Roots X 743 129 955 75 125 141 113 542 212 39-0.39 454 —
Sd 281 239 1.80 2.85 386
Juniper Leaves X 147 158 150 94 174 183 105 1.1 ¢3 27 16 33 210
Stems Sd 7.22 6.17 1.25 326 5.36 .
Roots X 219 243 279 111 348 320 92 0.24 060 250 [.05 G41 39
Sd 1.70 142 0.69 1.07 1.08
Black pine Leaves X 234 302 335 111 322 399 (24 68 101 150 20 64 320
‘ Sd 583 987 650 9.95 109
Stems X 27.2 277 37.0 129 317 394 125 06 9.8 2000 42 24 60
sd 671 6.00 B8.14 115 8.32
Roots X 29.2 281 312 111 300 348 116 -1.1 2.0 - 19 36 19
Sd 848 522 7.24 7.57 9.37
Plane tree _Leaves X 483 523 6.18 112 691 653 %94 040 135 340 1.68 035 21
8d 152 201 187 1.17 1.88
Stems X 251 263 202 76 278 255 92 12 049 - 1.5 53 350
Sd 897 7.28 103 550 5.40
Roots X 127 204 188 91 219 211 97 1717 61 79 15 23 150
Sd 202 102 7.3 298 4.13
Trident Leaves X 2.64 2.83 191 67 309 076 24 019073 - 026-115 -
maple 8d 080 1.93 0.83 1.36 0.58
Stems X 2463 290 396 137 272 273101 0.27 1.33 490 -0.18 -1.23
Sd 052 116 178 062 071
Roois X 142 1.88 2.85 152 1.72 1.83 10% 046 1.43 310 -0.16 097 -
Sd 105 087 141 0.33 059
Popiat Leaves X 34! 798 7.73 97 101 758 74 457 431 94 212-015 -
§d 1.01 L08 099 085 1.11
Stems X 459 960 948 99 120 107 89 501 439 938 24 11 50
sS4 221 19 222 1.71 3.00
Roots X 512 980 758 77 244 142 5B 468 246 53 146 66 45
Sd 198 4.19 1.65 122 699
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Table 2 Content of total nitrogen (% on dry-weight base) in the plants fumigated or not
fumigated (Cont.) with NO,.

After 1 month After 2 monthes

Plant Plant part Initial Cont. Fumigated B x100 Cont. Fumigated D x100
(A) (B) A (O (D) C
Oleander Leaves 326 2.59 2.88 111 2.06 3.13 152
Stems 150 0.96 1.01 105 0.73 0.97 133
Roots 171 1.45 1.66 114 0.84 1.24 148
Cherry tree Leaves 3.20 2.80 2.79 100~
Stems 0.38 0.56 0.55 98
Roots 1.31 1.23 1.32 107°
Ginkgo Leaves 2.50 2.17 2.55 118 243 2.59 107
Stems 0.97 1.13 1.18 104 1.26 1.26 100
Roots 1.20 1.19 1.40 118 1.25 1.21 97
Juniper Leaves 1.44 1.50 1.60 107 1.61 1.83 114
Stems 0.76 0.79 0.86 109 094 0.90 96
Roots 1.18 1.16 1.02 88 1.03 1.14 111
Black pine Leaves 1.18 1.43 1.55 108 1.54 1.78 116
Stems 066 074 0.72 97 0.71 0.79 111
Roots 0.69 0.81 0.79 98 0.79 0.87 110
Plane tree Leaves 2.96 2.63 292 111 2.61 213 105
, Stems 0.55 0.68 0.78 115 0.82 0.34 102
Roots 093 098 1.08 110 1.14 1.46 128
Trident maple Leaves 2.76 . 2.88 3.26 113 2,714 4.54 166
Stems 1.14 1.36 1.52 112 1.80 1.76 98
Roots 1.73 2.04 1.99 98 2.49 2.33 94
Poplar Leaves 3.69 3.67 3.32 90 3.81 3.27 86
Stems 0.99 1.34 1.52 113 2.33 243 104
Roots 1.55 1.79 , 199 111 243 2.75 113
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Table 3 Content of nitrate (including nitrite) nitrogen (ppm) in the plants fumigated and not
fumigated (Cont.) with NO,.

After I month After 2 monthes
Plant Plant part Initial Cont. Fumigated B ,jggp  Cont. Fumigated DPx100
(A) (B) A <) (D) C
Oleander Leaves 520 70 61 87 25 51 200
Stems 1250 600 430 72 22 238 1080
Roots 2000 810 1360 170 58 380 660
Cherry tree Leaves 140 87 270 310
Stems 136 200 180 90
Roots 290 340 670 200
Ginkgo Leaves 28 32 73 230 25 37 150
Stems 18 56 73 130 91 100 110
Roots 110 180 210 - 120 125 140 110
Juniper Leaves 19 24 52 220 19 83 440
Stems 37 270 300 110 606 680 110
Roots 260 350 740 210 600 610 100
Black pine Leaves 17 37 56 150 35 53 150
Stems 9 26 52 200 34 60 180
Roots 12 36 84 230 23 5 150
Plane tree Leaves 38 115 276 240 196 £ 543 280
‘Stems 15 67 46 69 44 63 140
Roots 85 93 214 230 110 155 140
Trident maple Leaves 88 435 76 17 2114 1388 66
Stems 494 399 213 53 303 368 120
i Roots 1172 981 760 77 816 884 108
Poplar Leaves 447 150 270 180 57 288 505
Stems 324 116 205 130 67 81 120
Roots 719 529 683 130 254 411 160
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Table 4 Content of ammonia nitrogen (ppm) in the plants fumigated or not fumigated (Cont.)

After 1 month After 2 monthes
Plant Plant part ©  Initial Cont, Fumigated B Cont. Fumigated D
(A) ® &m0 g cx100
Oleander Leaves 155 129 123 95 94 197 210
Stems 73 74 100 140 63 . 131 210
Roots 95 101 310 310 32 87 270
tr Chetry tree Leaves 74 149 127 85
Stems 28 62 139 220
Roots 245 280 281 100
Ginkgo Leaves 82 127 191 150 186 158 85
Stems 36 59 117 200 86 65 76
Roots 40 62 140 230 62 66 110
Juniper Leaves 56 81 - 49 60 54 59 110 -
Stemns 26 24 51 210 46 44 96
Roots 54 43 57 13¢ 77 61 79
Black pine Leaves 25 29 95 330 46 103 220
Stems 24 3 46 150 50 74 150
Roots 57 57 231 410 49 65 130
Plane tree Leaves 55 24 74 310 717 134 170
Stems 39 46 60 130 - 67 82 120
Roots 86 80 70 88 115 144 130
Trident maple  Leaves 242 218 379 170 186 605 330
Stems 132 246 376 150 472 388 82
Roots 145 374 493 . 130 630 - 453 72
Poplar Leaves 65 84 51 61 114 127 110
Stems 40 42 3%0 930 284 - 181 64
Reots 105 145 231 160 405 334 82
B R X ®

1. Beevers, L. 1976, Nitrogen metabolism in plants. Edward Arnold, London
2 BMBZR. 1973 SRE&EHOEBICEIZTES KABRWE 8:234-242
3. Thompsen, C. R., E.G. Hensel, G. Kats and O. C. Taylor. 197(. Effect of continuous ex
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4. FiE B RLBTE- Bk - EAEH. 1978 SSHEPOLECE JETT_BIEEROEED.
NOBBI L2772 ) OEHERELL NORINIZ DT EEMSICE ZARERREOFMHEW
FicT A EBMME. MASLSEERASRYS HUOHEMARKSIMANERER - 2. p67-76
- 5. Fig H e Rk - RAUEE - £BRE. 1978 ASHEMOLRELIETRIEROREQR)
vV EA VS v A OEBERIEELET NOREORE B EMYICL 3RS RREOFEL
HE BT AMPIRE RIS/ FEFERYS HILATARFGIFARRERER -2, p 77—
88
6. F H-KLEE .- ZRENH BEHEE 1978, ASHEBROLERCELITIBAERORLEQG)
NORARCHT AEREDORF N & LUMBGEREEACOBMER B LERICL 2 AGHFRE
BOMEE W HF T B LB BOSL/IEERHASS EINETHAREIFIARRHER -
2. p.89—94
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Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976—1977. Report of special
research project, NIES R-2 (1978)

Response of plants to atmospheric NO, fumigation (4)

Changes in dry-weight growth and nitrogen content in
woody plants fumigated with NO,

Tadakatsu YONEYAMA!, Tsumugu TOTSUKA!,
Shigeki ISHIZUKA? | Yasumi FUZINUMA? and Zinya YAZAKI?

Summary

Young woody plants {3—4 years old} were fumigated with NO, at 1 ppm
for 1-2 monthes, and the effect on dry-weight growth and on nitrogen content
(total and inorganic nitrogen) in plant parts were investigated.

Continuous fumigation with NO, in the growth cabinet (75% R.H., 25°Cin
the daytime, 20°C at night) under natural sunlight for 2 monthes resulted in the
depression of growth in trident maple (4cer Buergerianum Hig.) most severely
and in oleander (Nerium indicum Mill), cherry tree (Prunus yedoensis Matsum.),
ginkgo (Ginkgo biloba L.), plane tree (Platanus occidentalis L.) and poplar
(Populus nigra L.), but stimulation of growth of black pine (Pinus Thunbergii
Parl), and it had no effect on the érowth of juniper (Kaizukaibuki, Juniperus
chinensis L.) except for yellowing in small parts of the leaves.

The analytical data on nitrogen content suggest that plants low in total and
inorganic nitrogen contents are tolerant to NO, fumigation.

1. Division of Environmental Biology, the National Institute for Environmental
Studies, Ibaraki 300-21

2. Department of Agricultural Chemistry, Nihon University, Tokyo 154.

3. Division of Engincering, the National Institute for Environmental Studies,
Ibaraki 300-21
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(1) NO,DFe s "NO ARDEIGHHE-T, B1 —AIGRUERB TRES R,

vaccum, %)

system C6
Cc2
Bl1 -A UNOREVRTL C4 8
Fig. 1-A 1SNO evolution system. A: KNOQj3 and Hg, C3

B: H804, T1: Liquid nitrogen, T2: Dry ice and
trichlene, Ci (i=1-8): Cock, V1: valve,

A T1

2K ¥NQO,;+ 6Hg + 4H, 50,— 3Hg, SO+ K, 50,4+ 4H,;0 + 2 '*NO
ALHAHT, A MY Y, BROKGICLD, SNOARESEL 5,7 T, @0 bF
HICRET BNOHE NO UAD A 2 EMOBE, F 5y 7 T KL DBIENLFE Y ~NIBNO
EYAT B, STV, ELB, SNO EBELAFEY ~%, AECLAEE (B -B) i+

pressure gauge

Syringe V1 ®1-B PNOJEvRF A
Fig. 1-B 15N02 evolution system,
Vj (j = 1-4): Valve,

T3]: Dry ice and trichlene.

{0
vaccum T3
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Table 1 !*NO,-N uptake by spinach, sunflower and corn leaves.

15
Nitrogen content N content*

Plant .
mg N/g fresh weight atom % excess 1°N HE excess 15 N/g fresh weight
Spinach 512 0.138 7.0
Sunflower 6.98 0.068 4.7
Corn 4,65 0.022 1.0

* Plants were funigated with N-lsbelled NO, at 0.5-1.0 ppm for 1.5 hrs in the light. Here

the numbers were cbtalned assuming thzt 1N of 100 atom % excess was employed.

E8R2 - BROBARTTO, 1, 4AmONCEBET 3 KHRBE s HE0MMPOEHRE
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Table 2 Concentration of nitrite in the plant leaves fumigated with NO,
for 3 hours in the daytime.

Nitrite Visible damage
Ni treat t
Plant O3 treatmen umoles/g fresh weight in leaves*
Kidney bean non treatment [4] _
1 ppm 0 -
4 ppm matured leaves 3.4 wilted
young leaves  0.10 -
Corn non treatment 0 -
1 ppm 0 _
4 ppm 0 -
Sunflower non treatment 0 -
1 ppm 0.018 -
Spinach non treatment 0 -
(fed with 1 ppm 0 -
fertilizer) 4 ppm 0 B
* —: not observed
2 ~
2 o
L L
g o
Beal
3, 2z
ot 4 [«
€ £
€ 40r
o] >
bl =
>
P 5%
- 1 o
Z @200
=z
: i
o 1 2 4 f] 1 1 C I
Time in hours 0 11. 2 3 4
K2 -A BKOH4 WO NO, THAESH ime in hours
foew7Y, buEmI Y, FIV K2-B B2 - ADEgRGOEHRER
v wOEHROBHEBAEDOEL TEEETEMED ZAL

Fig. 2-A Changes in nitrite concentration in
the leaves of sunflower (), corn (&) and
spinach (w) fumigated with NO; at 4
ppm on a cloudy day.

Fig. 2-b  Changes in nitrite reductase activity
in the same plants shown in Fig. 2-A.
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OEMBOERE, BV EEBREAMEER LRSI L5 TH L, COBREHE, LDHL
HEHTFTH, M3 -BitAskHiL, TOHKEEN, FERTEFY LYV IOEFICR,
HFPORBELLIITED, HOEDEIBETFORBOLO GO TEFIE oM, FERKOMKEE
DEEIC >0 TE, SERORNEES 5,

Nitrite content(p moles/gtw)
8

NiR activity (pmoles/gfw/hr)

o 1 2 a3 4 s % 1 2 3 4 s
Time in hours Time in hours
H3-A BMEROB4mONG, THEIH H3-B ®3--AnEMEDLOHTER
e ) OEhOBIESBEOR TLREHTE® O
1t

Fig. 3-B Changes in nitrite reductase activity
Fig. 3-A Changes in nitrite concentration in in the same plant shown in Fig. 3-A,
the sunflower leaves fumigated with
NO; at 4 ppm on a fine day.
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port in 1976—1977. Report a special
research project, NIES R-2 {1978)

Response of plants to atmospheric NO, fumigation (5)

Measurements of ' * NO, uptake, nitrite accumulation and
nitrite reductase activity in herbaceous plants

Tadakatsu YONEYAMA', Hideo SASAGAWA?,
Tsumugu TOTSUKA*® and Yukio YAMAMOTO?

Summary

15N tracer method was found to be very sensitive in the detection of NO,
uptake in plant leaves. The leaves of spinach seedlings showed higher activity of

13 NO, uptake than the leaves of sunflower and corn.

A high concentration of nitrite ions was detected in the leaves of kidney
bean and sunflower when fumigated with NO at 4 ppm for 3 hours, but not in
the leaves of spinach and corn. The nitrite reductase activity in the leaves of
spinach was higher than in corn and sunflower. Light irradiation seems to stimu-
late the nitrite reductase activity in sunflower leaves fumigated with NO, at

4 ppm,

These results indicate a possibility that low activity of NO, uptake and/or
high activity of nitrite reductase will reduce the accumulation of nitrite and pro-

tect from NO4 damage in plant.

1. Division of Environmental Biology, the National Institute for Environmental
Studies, Ibaraki 300-21

2. Department of Agricultural Chemistry, University of Nagoya, Nagoya 464
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Fig. 1 Schematic diagram of photosynthesis measurement.
p; air pump, F; flow meter, H; humidifier.
A; assimilation chamber, E;solehoid valve
S; gas circuit switch, URA; CO; gas analyzer
R; recorder
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Table 1 Visible leaf injury in primary leaves of kidney bean plants fumigated with SO,
at 2.0 ppm in different fumigation times. Leaf injury (%) in the relative area to
the whole leaf area. Numbers of tested plants were 4 in Exp. | and 3 in Exp. 2.

Exp. 1 Exp.2
Fumigation Fumigation
time (min.) A B C D Mean time (min.) A B c Mean
60 0 0 0 0 [ 85 3 34 69 35
75 0 0 0 0 0 100 89 100 100 96
90 0 10 11 23 11 115 97 100 100 99
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Fig. 2 Relationship between relative leaf area
of visible damage and net photo-
synthesis rate in primary leaves of kid-
ney bean plants fumigated with 50;.

Photosynthesis measurements at 38
klux and 25°C.
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Preliminary investigation in net photosynthesis rate of
kidney bean leaves injured by SO, fumigation

Koji SHIRATORI' | Masaki MORIKAWA! | Tsuyoshi TAKASAKT!,
and Tsumugu TOTSUKA?

Summary

Effects of visible injury of leaves on net photosynthetic rate of kidney bean
plants fumigated with 80, were examined. Twenty-day-old kidney bean plants
were fumigated with SO, at 2.0 ppm with different fumigation times. The rela-
tive areas of visible damage of the primary leaf were measured by densitometric
analysis of the coloured photography. The net photosynthesis rate was mea-
sured before and after the fumigation treatment to obtain the relative value of
the rate. The net photosynthesis was decreased with three distinct steps: The
rapid decrease was firstly seen with the increase of leaf injury up to few percent-
ages. The second step indicated gradual decrease of the net photosynthesis rate
in the range of few percentages to 70% in the leaf injury. The last step showed
the rapid decrease from 60% to zero in the range above 70% in the leaf injury.

1. The Chiba-Ken Agricultural Experiment Station, Chiba 280-02

2. Division of Environmental Biclogy, the National Institute for Environmental
Studies, Ibaraki 300-21
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Leaf position from the top

Fig.1 Relative leaf area of visible damage in
different leaf positions of sunflower
plants fumigated with 2.0 ppm SO, for
6 hours. Numerals in the figure indicate
the growing petiods in days after sowing.
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Table 1 Changes in relative leaf area of visible damage in different leaf positions from

the top of sunflower plants with different agings. X is mean values(%) of 4 — 5
plants and o, standard deviation. Exposure to 1.0 ppm SO, for 12 hours.

Days after sowing 19 26 32 39 46
Leaf No. X g X o X g X o X g
' 1 0.2 0.3 0 0 0 0 0 0 0 0
2 1.0 2.1 0 0 0 0 0 0 0 0
3 314 366 0 0 0 0 0 0 1.0 23
4 304 337 45 9.0 0 0 0.5 1.2 1.8 39
) 5 54.5 332 31 33 0 0 0.6 09 2.8 5.6
6 548 39.5 11.9 17.0 0.2 02 2.2 22 11.3 25.2
7 486 492 214 18.9 20.6 304 4.8 9.7 13.7 225
8 446 4338 134 8.2 38.4 30.7 15.5 30.8 2.3 15.3
9 50.3 18.5 264 9.2 152 217 5.3 10.5
10 719 132 61.7 27.8 15.1 17.8 2.0 2.6
11 60.7 19.7 25.6 9.4 7.7 6.0
12 232 20.0 0.6 0.4
13 48.3 346 5.1 52
14 47.2 359 18.3 17.7
15 57.1 26.5 6.2 4.1
16 320 188
17 . 39.8 18.2
18 . 48.7 28.9
19 66.9 13.7
20 79.3 7.3
21 91.1 6.2
22 90.6 11.5
23 937 6.2
24

Leaf injury (1)
\] 50 100
T —

K2 BRBREEOERIC K BB HEE
REE (WHH0 %) OEIL
OHl': 1.0 S0, 12E5HIALE
@) : 2.0 mSO,, 68N
BEROERERL Y LR

Fig. 2 Difference in appearance of leaf in-
jury in sunflower plants fumigated
with 1.0 ppm 50, for 12 hours and
with 2.0 ppm for 6 hours. Plants
grown for 46 days after the sowing.

Leaf position from the top
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Table 2

The same as in Table 1, but the exposure condition is 2.0 ppm 80, for 6 hours,

Days after sowing

Leaf No.

=B =AW R R S

19 26

X 0 X o
12.4 12.0 99 9.9
40.4 16.0 21.8 13.6
343 20.7 194 92
77.7 16.7 4338 259
60.1 237 54.0 326
419 281
61.2 343
534 374
74.6 10.8

100 0

100 0

39 46

X ¢ X o
0.6 1.1 1.0 20
0.7 1.2 10.5 12.6
10.0 8.7 10.8 17.9
224 179 119 238
47.5 297 23.9 413
49.7 14.3 14.5 15.2
56.7 344 12.6 12.3
62.8 275 20.2 26.8
577 221 17.5 26.1
45.5 30.7 23.0 '38.8
52.9 25.7 99 92
56.3 23.8 39.3 26.6
100 0 48.6 30.7
100 0 543 30.7
11.7 230
86.3 5.3
910 53
98.1 2.3

100 0

100 0

100 0

100 0

100 0
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port in 1976—1977. Report of special
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Observations of visible leaf injury in sunflower plant
fumigated with SO,

Tsumugu TOTSUKA! | Ichiro ARAKAWA? , Nobuo NOMOTO?
and Tadayoshi TAZAKI*

Summary

1. Sunflower plants grown for 47 days after sowing were fumigated with SO,
at 1.0 ppm for 27 hours and at 2.0 ppm for 9 hours under controlled condi-
tions of environments, and changes with time of symptoms in visible injury
of matured leaves were observed, as shown in Plates [ and 1I.

. 2. The plants grown for 5 weeks after sowing were fumigated with SO, at 2.0
ppm for 1 — 4.5 hours, and changes of morphological patterns at the sur-
faces of injured portions in the lamina were observed by scanning electron
microscope, as shown in Plates I1I and IV,

3. The plants with different agings were fumigated with SO, at 1.0 ppm for 12
hours and at 2.0 ppm for 6 hours, and symptoms of the visible leaf injury
were observed in plants with different agings and in different leaf positions.
Even in the same leaf position, leaves of the younger plant showed more
severe leaf injury than those of the older plant. At the same SO; dose of 6.0
ppm-day, the leaf damage in every leaf position was much more severe in
plants fumigated with 2.0 ppm SO, than those with 1.0 ppm.

1. Division of Environmental Biology, the National Institute for Environmental
Studies, Ibaraki 300-21

2. Faculty of Agriculture, Ibaraki University, Ami, Ibaraki 00-00
3. Faculty of Science, Ibaraki University, Mito 310

4. Faculty of Agriculture, Tokyo University of Agriculture and Technology,
Fuchu 183
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120 min. 482 min.

546 min.

HHEI 1.0 m SOz REEMIRIC & 5 b= 7 ) BEHICH 1 5 SR ERFIREORIFEL
BHTOHF IR ERBROERNE (5) 277

Plate 1 Changes with time of visible leaf injury in sunflower plants fumigated with SO at 1.0 ppm,
Numerals under the pictures show time in minutes after starting the fumigation.



666 min. 847 min.

727 min. 903 min.

BH] >

Plate 1 Continued . . .



1042 min 1330 min.

1084 min. 1562 min.

BE] o5&

Plate I Continued . ..



0 min 152 min.

96 min. 184 min,

120 min 216 min.

2.0 g 302 #EEMMIT £ 5 £ =7 Y EliICH 1 5 n] RREEFRBUREO R
Al F TS RERpia (79 2 VT O FRRIFF R 1 305y %R d)

Plate I The same as in Plate I, but in sunflower plants fumigated with SOz at 2.0 ppm. Digital
timer in the upper most picture at the left side shows the time of starting the fumigation;
1: 30 pm.



304 min. 456 min

EEHN —=2I9%

Plate I Continued . ..
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Plate III

RIS 2E R E T AT TR L - BE% s BRHD =7 1) 5
MEMHe=w7Y) A (FEEZFIEMELALEEZD)  AllboH2, B3,
%5, $8, WI0IEN

2.0 pmSO2 4.5 WRIREBMIE Lz =7 ) EOEMEE FELFALFEL
Sunflower leaves used for examining changes of morphological characteristics of the leaf
surface by scanning electron microscopy.

Leaves of sunflower plants, 5 weeks after the sowing, used as the control. Leaf number from
the cotyledon: 2nd, 3rd, 5th, 8th and 10th leaves from the right side.

Acute injury of sunflower leaves fumigated with SO; at 2.0 ppm for 4.5 hrs. Leaf number
is the same as in A,



.5th leaf

8th Iaf . | 8th leaf
Control leaf Fumigated leaf
BHN BHOOMEE (£M) tEEREToEAEFRERER
2.0 m SOz, 4.5 WAL

Plate IV View of leaf surface of the control (lefty and the fumigated sunfower plants shown in Plate 111
Photographs by scanning electron microscopy. 802 fumigation at 2.0 ppm for 4.5 hrs.




HAV

Plate V

Lppm SO; 12hrs

2ppm SO 6hrs

HERIA6E %D £ = 7 1) (€ 1.0 mn SO¢, 1285158 (A0 & 2.0 w SOz, 6 BERIR
DEFELTVEERT

Acute injury of 46-day-old sunflower plants fumigated with SOz at 1.0 ppm for 12 hrs
(left) and at 2.0 ppm for 6 hrs. The youngest leaf is at the right side of the upper most line.
Leaves are arranged with the increase of leaf aging from the right to the left in each line.



B LI 5 ok R L) 2R 25 0
Mo+ 2 Byl R . RIS /52 55 B .
e R R R R R

Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976—1977. Repost of special
research project, NIES R-2 (1978)
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Measurements of reflectance spectra of leaf in several plants

Mitsuo SHINOZAKI', Hitoshi MURAKAMI?, Syuzo TATSUMI?
and Kiyoshi SUGAHARA?

# E

B AREREICEMT 3, Bies I ENRENRRALTL 24, ZoBRERRITHL,
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. Shonan Branch, Kanagawa Prefectural Environmental Center, Hiratsuka 254

, Institute of Agriculture and Forestry, the University of Tsukuba, Tsukuba 300-31

. Division of Environmental Biology, the National Institute for Environmental
Studies, Yatabe, Ibaraki 300-21
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b= 7 ) IERELLUSO, #BELE
LEXT v TOERRHR <7 b
1 I EEE

Fig. 1

Leaf reflectance of light from stanneous halide

vapor lamps on the surface of normal and

50, fumigated sunflower leaves.

1:  Normal leaf,

-2:  80,fumigated leaf for 190 min (fumi-
gated for 150 min. and stood for 40 min.

L 1

: + 4 . after gas off).
o ym 50 & 700 L
WAVELENGTH (M)
& 2
L 2,0 pem 502

b= 7 ) DBREERHEDER S b
1150, #8%E 08 —F¥iE
2S0,#EE (90 -ERE

Fig. 2 |

Difference spectra of leaf reflectance of light

i [ from stanneous halide vapor lamps on sun-
| 1 1 1 1 1 flower leaf.
- . 1:  SO;Hfumigated (30 min) minus normal
w0 am 50 &0 70 0 qn 2:  80,-fumigated (90 min) minus normal
HaveLewsTH ()

20mS0, RBICL BEMOERB R~ 2 b LOEHEEZAIEL, ME (0BEE) OBALO
EART PR L, B4, RS LT, RBEM 10902 <7 hridBozr~s
EERLTVS, RBICLORHSNBLLTED, BEOXEHELHL T oy r 54, K3
DIPNBDERRT bt iib, COBRRTERNI b LEEBEMICRHTELLAOME2 B L
UR3TH 3, REE30SLY 380 ~400nm B/ DICKEERFORMBELN T (K2), Ee
EHCERIEE S o115 2 B TR, TERELRICON > TERRHOHMAE Sht (E3),
ZEER2GMEEL LT, DEEREOFEDHEOLNT, KRS 7 0o v 2~D#FHHET
TWa L EAbdrd. 1503 FA%ELD, ERERT, F2+F+ U5y FE/— UL THIC404}
BE (REE1905) LABEDER~NI L GAE L. RERHEOEDICE 512053 % BLU150
RERDFERANY bvEdhbE, GERID0T g, HBEEAQOF /A FORRI Mt EBILT
W, O LR, THRERBOBRT, sno7 ndhaF /4 FOWENRES 2 B
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b2 Y OENARBOZR 2 b

3:80,#HRE (1204) - EFE
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ERE

51 SO, BRE (1905, HREEHA05)
—IEFIE

Fig. 3

Difference spectra of leaf reflectance of light

from stanneous halide vapor lamps on sun-

flower leaf.

3:  50;-fumigated (120 min) minus normal

4: S80,-fumigated (150 min) minus normal

5:  80;-fumigated (150 min gas in and 40
min. gas off) minus normal

BIZET > TWBZEETRTHOEE DN S,

2) BEANZKEOETFIME BRFARH X <7 b vOZEAL

BETREL:R LY vy, §143BLU0BATRRLAY Y £y Y, T3 4FD
T, ++ U —1TDXRBHSNREHOMFE v ECEAEL T, BEEUHR <2 b vk, s
C kUM P> T (400 —-2500n0m) BIEL 2. SO, BB, ATHFRARB++EX Y M T
KBHEHT CHED BE THEDBRITL » 7o BENSKBOELILEIRHRA~S P vEHET S
fo, EEATHERBR (50C) 43, BELERE Fd TAARNIKERSE Y, BEROELLS
AkEERD, FARCERRNER <7 P vEBIE LT,

FABO R~ b i idKicHRT S — 9ﬂh<3b50,ﬁ%$8mmﬁibt%AmEC
ZEEES, HMGOBEICE 3 KORNE X VBHELIL - T, BHENL Ty — kbR
ADTRLOLLE#REN S, -7, SOMBED R~ b VEIEEEIFHIC, BARIEA RS b
RIS LT, BRAKBOEFIED 2~ b vOE(ERN T, '
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REFLECTANCE
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Fig. 4

Reflectance s(g:ectra of 50,-fumigated spinach

leaf in infrared regions,

1:  Normal leaf,

2: 8§Og-fumigated leaf (2.0 ppm for 5 hr and
stood for one day; leaf surface changed
into brown color).

B4, FoLy Y vOBBEORBR <7 b vThH B, EREICENT, 240, RREHE
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AR FLBOIKRIMAESI R =S FvOE(LET LTV 3, AIHEBO670nm D s om 7
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Fs L O LI00nmilT D BB DA EL , 105 EKRKRTH, 3EALREBNENELTL
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REFLECTANCE
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Fig. §

Changes in reflectance spectra of radish leaf in
infrared regions with respect to water content
of the leaf. )

1: Water content, 90%.

2: ‘'Water content, 50%

3: Water content, 30%

4:  Water content, 10%
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REFLECTANCE"
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Fig. 6

Reflectance spectra of various leaf state of azalea
in infrared regions,

1: Normal leaf.

2:  Yellow-colored leaf.

3:  Dead leaf.
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Reflectance spectra of various leaf state of dwarf
bamboo in infrared regions.

: Normal feaf.

: Yellow-colored leaf.

: Artifically dried leaf.

: Dead leaf.
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KE&1. 2.0mS0O, 3IHERD
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Table 1 The local distribution of SO, -sensitive and -resistant rice varieties in Japan.

Degree of injury with S04 fumigation

Prefectures at 2.0 ppm for 3 hr.

- + ++ 4

Akita 1 61 20 14
Yamagata 1
Fukushima 2 28 21 24
Nagano 9 5 8
Toyama '
Fukui
Shiga -
Mie
Nara
Wakayama
Tottori
Hiroshima
Tokushima
Kagawa
Kochi
Fukuoka
‘Nagasaki
Oita
Kumamoto
Miyazaki
Kagoshima

Totat

—
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Fig. 1  Characteristic visible symptoms with S0,
fumigation at 0.5 ppm for 7.5 hr.
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SO, Fumigation
Varieties 2.0 ppm, 3 hr 20ppm, 1.5 hr - 0.5ppm, 7.5t
(12:00-15:00) (12:30-14:00) (14:30-20:00)
Feb. 27,1977 Mar, 2, 1977 Mar. 4, 1977
Lo 1 +++ +t+++ +
2 +++ ++++ - (+)
3 + (++) ++++ - +)
4 ++ +4+++ —
5 + ++ +
6 ++ ++++ —
7 ++ (++4) +++ +
8 +4 (+++) +4++ +
9 ++ ) ++ 4 +
10 + (+4) ++++ _
11 + +++ -
12 +++ ++++ -
13 +++ (++) ++++ +
14 ++ +++ —
15 ++ +4+4+ -
16 ++ 4+ -
17 ++ ++++ -
18 +++ ++++ +
19 ++, o+t ?er::.fedge s +
20 +++ +++ +
21 +4+ {+) +4+++ -
22 + (++) &";f edge | T _
23 ++ ++++ —~
24 + +4++ _
25 + (++) +4+++ -
26 ++ (+) ++++ —
27 *+ (=) +++ _
28 + +++ -
29 + +4++ _
30 + ++ —
31 ++ +4+4+ -
32 + +H++ -
33 + ++++ -
34 ++ (+++) +4+++ -
35 + {-) 4+ ++ —
36 + () +++ -
37 + ++++ -
38 +++ +H++ _
39 + ++) 4 -
40 + ++++ -
41 + — A — +) g;;f edge
42 + - ++ - +)
43 + +++ - +)
44 + +++ ++ - (+)
- no injury { ) : observed in only 1 or 2 of 10 seedlings
+ detectable injury ++, +++: big injuries in half and bigger ones in
++ big injury another half of 10 seedlings.
+++ bigger injury
++++ the biggest injury
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- 2.0 ppm, 3 hr 2.0 ppm, 1.5 hr 0.5 ppm, 7.5 hr
Varieties Feb. 27,1977 Mar. 2, 1977 Mar. 4, 1977

Lo 45 ++ - ++ e -
46 + + ++ -
47 + + ++ -

48 + (++) + ++ - )
49 + + -
50 + (+4) + ++) -
51 - - + -
52 + ++ -
53 + (++4) o -
54 - ) e -
55 + ++ +4+ -
56 + (+4) +4+ -
57 + + -
58 + ++++ -

on

23 : . leaf edge +++++ - )
61 ++ ++ -
[y} + 4 on + 4 —
63 + {(+++) leaf edge ++ ++++ -
64 + - + ++ -
65 + - + ++ -
66 _ + + (+++) -
67 + +++ -
68 + ++ ++4+ -
69 + +++ =
70 + +++ -
n ++ =) +++ -
72 +++ (= Ty -

13 ++ +++ - )
74 + (++) -+ -
75 + (++4) + ++ -
76 + ++ + -
17 + (-) + 4 4+ +

78 + +++ ++++ +++ only on 4th leaf

9 +H++ -
;0 : +4+ ondle:f 4+ 4+ -
81 +++ {(+) g ++++ ++
82 + +++ -
83 + - ++++ +
84 + + 4+ 4 -
85 + ++ -
86 LG ++ -

87 - (H),(+++) ++ + - )

88 + +4+ - &y
89 + (++) +H++ -

90 ¥ 4 - )
91 + (++) T+t +
92 + ++ +++ +
93 +4++ ++) ++++ +
94 ++ {(+++) ++++ ++ -
95 +4 (++4) ++++ +
96 ++ +) tret *
97 +4+ {+) ++++ -
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Varieties 2.0 ppm, 3 hr T 2.0 ppm, 1.5 hr 0.5 ppm, 7.5 hr
Feb. 27,1977 Mar. 2,1977 Mar. 4, 1977
Lo 98 + +4+ -

99 + (++4) I - (+ on
100 + (+4) + (=), (++) + ) leaf edge
101 + on ++++ -

102 + +++ +++ -

103 . leaf edge +4 ~ o,
104 + on ++ +++ - )
igg : leaf edge :: : :

107 + ++ +++ —

108 + ++++4 ++ -

109 ++ ++++ -

110 ++ ++++ —

110 + ++) +4++ -

112 + +++ - )
113 + +++ — {+)
il4 ++ only on 4th leaf ++++ -, 9
115 + ¥+ ER '
116 +++ + ++++ +

117 + +4) +++ — )
i1i8 +4 + +++ +

119 + ++ - +)
120 + ++) +++ + -

121 ++ (+) ++++ -

122 ++ S 4 - (+)

123 - (+ ot -
124 +++ ) leaf edge ++ 4+ +
125 ++++ ++++ +
126 ++++ ++++ +
127 +++ +++ - )
128 +++ +4+ 4+
129 +++ ++++ ++ ++
130 ++ +4+ ++++ -
131 ++ ++++ -
132 + +++ -
133 + + ++ +
134 + I ' ++
135 - (+) +++ +
136 - (+++) +++ +
137 + + -
138 4+ ++++ ++ ++
139 + {+++) +++ -~
140 + ++++ +
141 + +++ —
142 ++ ++4  ++++ -~
143 + ‘ + ++ + -~
144 + +4 ++4+ -
145 + ++++ +
146 + (+++4) +4+ +
147 ++ ++4) ++++ + +4)
148 +++ +++ ++ only on 4th leaf
149 ++ + 4+ -
150 ++ +++ +
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0.5 ppm, 7.5 hr

. 2.0 ppm, 3 hr 20ppm, 1.5 hr

Vasieties . Feb. 27, 1977 Mar. 2, 1977 Mar. 4, 1977

Lo 151 +++ +++ +
152 +++ +++4 +++
153 + ++ +++ - )
154 ++ only on 4th leaf +++ - (++)
155 + ++ — {+)
156 ++ ++ -
157 ++ Fhr -
158 ++ +++ ++ —_ (+)
159 + ++ — (+)
160 +++ ++ + 4+ — (++)
161 + + -
162 +++ ++ +++ +
163 + + _
164 ++ ++ —
165 +++ +++ +
166 +++ ++++ +
167 + +++ ++ (++4) -
168 + +++ + (++++) +
169 ++ +++ ++++ -
170 + (++) ++ ++
171 ++ ++ - (+)
172 +++ b -
173 ++4 Znhzlnd and 444 _
174 + th Jeaves + - +44 On3dd
175 + - 4 + leaf
176 ++ 4 o - + on
177 +++ ++++ - ® leaf edge
178 +++ ++++ —
179 ++++ ++++ +
180 44 ++++ - + on
181 i r it _ ™ leaf edge
182 +++ ++++ ++4++
183 ¥ + -
184 ++ +++ +
185 +++ ++4++ (++)
186 + +4+++ — (+)
187 +++ ++++ - +)
188 +++ (+) ++++ - (+)
189 + (+++) +++ - +)
190 ++++ ++++ -
191 + N6 - (+)
192 + (++) + - *+)
193 + + (++) +
194 ++ ++ - )
195 + + ++ - )
196 ++ F+ 4 + ++ - (+)
197 ++ + ++ -
198 + {(+++) ++ + —
199 + on + - (+)
200 ++ + -
132 _ *) 4th leaf N ~
267 ++ - ++++ -
2 - + - +) -
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o 2.0 ppm, 3 hr 2.0 ppm, 1.5 hr 0.5 ppm, 7.5 hr
Varieties Feb. 21, 1977 Mar. 2, 1977 Mar. 4, 1977
Lo 274 + - ™ -
275 + + 0 -
310 ++ —_ +++ -
314 +++ + ++++ -
317 + ++ (+++) -
320 + o+ ++ (++++4) -
321 + +++ ’ - +
322 _ ++4 + ++)
361 - +) + *
3162 _ + {t+4) -
364 - + -
165 4 + +4) -
404 + + (++4) —
405 _ + (++4) —
alt _ + (+++4) —
412 - + -
413 + ++ - (+)
452 - () -
453 - tH+ -
457 - +) ++ -
458 + ++ +++ -
494 - +) ++ -
- 497 - 89 - ++ -
499 + {-) + +t+ -
509 _ i+ + ++) - (++)
512 ++ - + +
541 - *) * -
543 + tEt -
on
ggz : . : - : ™) leaf edge
587 _ +++ -
588 + ++ - -
590 - + -
591 - * - + -
592 - e - * -
630 - ) * A -
631 - on - 4 -
634 - +) + -
pao - :;h leaf | - B
670 - +) t -
o _ +) 4th leaf + . _
674 - (+) + -
680 - + -
724 - + + (++) -
725 - ™ fher | T - 0
726 _ + ++ +++ -
727 + (+4 * -
763 - (+) ondthleaf | ++ -
765 — + on 4th leaf + (++) -
770 - (+) onleaf edgg + - -
172 - * -
775 + + ++ -
778 + () tH *
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0.5 ppm, 7.5 hr.

Varieties gfbpgf}"'ﬁg?- 2.0 ppm, 1.5 hr,
cad 7 Mar. 2, 1977 Mar. 4, 1977
Lo 8135 ++ + rEE
816 + _ (++) *
817 d ) + ++) B
818 - i * D ) - (+)
848 - ¥ -
858 ++ »£+)+ e (.6 N )
861 R * Gthlef| :
[ - =+
4 0 - .
g;g ++ +++ dthleal| (+ + )
- ++ ++
907 - P _
908 + +:+ _ D
909 - + _ -
910 ++ 4 -
912 - + _ B
943 + N (:ﬂ - =)
949 N ¢ - +)
952 - 3 )
953 - + N o -
054 N N + ++), (=) -
960 N + (+++), (=) —
+
992 - N
995 - i DU N
997 (+) + *
998 - ) + N
1004 - " -
ig:l;i + ++ e B
1042 - # on oo -
1044 - 4th leaf | ++ +++ _
1045 - 4y  on . - )
1051 4th leaf - -+
1085 +
1086 - = ¢ : R - )
1090 4th leaf ‘ - -
- +
1091 - +) ~ N - (+)
1092 + . - *)
1094 - (+4 + +4) -
1125 - *) + _ _
1135 + + +4) -
1136 ++ +++ 4+ + B
1137 e+t ++ N
1142 ' +++ ' ' § e
1148 on - )
1180 - ‘(’:(;“) 4thleaf | — O] -
" - (+) _
118 -
1 +) o - +) -
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Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976—1977. Report of special
research project, NIES R-2 (1978)

Differences among local rice varieties in resistance
to sulfur dicxide

Takeshi OMURA!, Hikaru SATQ' and Kiyoshi SUGAHARA?

Summary

The effects of SO; on the seedlings of rice plants were examined in 303 of
local rice varieties in Japan.

SO sensitive rice varieties were distributed in north part of Japan mainly
and 8O, -resistant ones were distributed in south part of Japan considerably.

The local rice varicties of Lo 78, 148, 152, 182 and 138 were the most sus-
ceptible to 8O3 and Lo 51, 271, 590, 591, 592, 818, 949, 1034, 1148, 1180 and
1181 showed the highest resistance to $O,. ’

1. Faculty of Agriculture, Kyushu University, Fukuoka 812

2 Division of Environmental Biology, the National Institute for Environmental
Studies Ibaraki 300-21.
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Plate I

Plate Il

—ERIbA A O RBIC LB A D AHEBEE
BH1 2mSO:2, 3MfHRE. &, J5nk . 4, mMhmE
BEHI 05mS0z, 7.5kH&R#E. LO182 D&EZML DO, S

The difference among rice varieties in leaf injury caused by SO,
fumigation.

Plate I  Fumigation: 2.0 ppm SO,, 3 hrs. Left, rice varieties in
northern part of Japan. Right, rice varieties in southern
part of Japan.

Plate I Fumigation: 0.5 ppm, 7.5 hrs. Lo 182 has the highest
susceptibility to SO,.
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Stomatal Resistance, sec.cm
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Relationship between stomatal resist-
ance and water potential in cherry
leaves at the Koishikawa Botanical
Gardens on July 14 and 15, 1977,
Numerals in the figure indicates the
date of the measurements.
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Stomatal diffusion resistance in cherry
and plane tree leaves as a function of
nitrogen oxides and oxidant concent-
rations. Stomatal diffusion resistance
in cherry leaves was measured on July
14 and 15 at the Koishikawa Botanical
Gardens and that in plane tree leaves
was measured on July 17 and 18 at the
Shinjuku National Park.
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Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976-1977. Report of special
research project, NIES R-2 (1978)

Preliminary studies of air pollution effects on higher plants
under field conditions in urban area

Akio FURUKAWA, Hideyuki SHIMIZU, Yasumi FUJINUMA*
and Tsumugu TOTSUKA

Summary

Effects of air pollutants on physiological functions of woody plant leaves
were examined under field conditions in Tokyo on July and September, 1977,
Diurnal changes of leaf water potential, osmotic potential, stomatal resistance,
leaf temperature, and leaf water content in cherry and plane iree leaves were
measured. As environmental factors, sulfur dioxide, nitrogen oxides, oxidant,
air temperature, relative humidity, and solar radiation were measured. Rela-
tionships between physiological functions of the plants and the environmental
factors were discussed to clarify the effects of air pollutants on plant functions
under field conditions. However, in this research, we could not demonstrate the
direct effect of the pollutants on the physiological functions under conditions
below the concentrations of the pollutants where no acute injury will take place
in the leaves.

Division of Environmental Biology, the National Institute fot Environmental Studies
{* Division of Engineering), Ibaraki 300-21
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T ; Tesistance thermometer

P ; psychrometer

5 ; gas sampling unit

GD  ; gasdistributer

PMC ; premixing chamber

CA  ; CO, analyzer

SA 80, analyzer

NA  ; NO, analyzer

OA  ; Ojanalyzer

HC  ; HC analyzer

MA ; monitoring analyzer

OG ; Oj generator
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Fig. 2 Diagram of the process control system and the signal flow

CPU ; central processing unit LPF ; low pass filter

MS  ; main storage AMP ; amplifier

PCC ; program control channel MPX ; multiplexer

PTR ; photoelectric tape reader A-D ; A-D converter

STW ; system typewriter D-A ; D-A converter

TIM ; timer RI ; relay interface

DMA ; DMA channel DI ; digital input signal interface

CDK ; cartridge disk PIO ; process input-output signal

ic , interruption channel interface

ITI ; interruption interface VCT ; voltage current transmitter -

RTT ; resistence thermometer SCR ; SCR electric manipulator
transmitter MM ; modutrol motor

PT ; psychrometer transmitter DC ; damper controller
GAT ; gas analyzer transmitter MFC ; mass flow controller

18 ; instrument system SA ; servo-actuator
AGC i analog controller PST ; pulse signal transmitter
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Time course of leaf-air temperature difference, AT during
807 fumigation and the degree of local visible leaf injuty
(= +, +4) after fumigation. Air temperature, 26°C; humid-
ity, 60% R.H.; light intensity, 40 klux. The degree of
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Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976-1977. Report of special
research project, NIES R-2 (1978)

The Extraction of physiological information from higher plants
fumigated with air pollutants

Kenji OMASA! | Fumiaki ABO', Shu FUNADA?
and Ichiro AIGA!

Summary

In order to investigate the influence of air pollutants on higher plants, it
was proposed to extract physiological information containing in the radiation
from leaf under controlled environmental conditions. The method requires the
system which efficiently links environmental control and measurement of higher
plants. Therefore, to begin with, the computer control system was designed and
constructed.

On the other hand, fundamental experiments were undertaken to design the
measurement system, and the following results were obtained.

(1) SO, sorption rate, Q became Q =1.48 x 107 P, . W from the expetiment.
When the prediction model was given by Q = 2(Py5—P 1g)/(r5a + 155 + rh} »
80, concentration at gas-liquid interface, P, 5 was 0 ppm (in vol) and inter-
facial resistance, r, was 0 sec/cm from the result.

(2} The relation between leaf-air temperature difference, AT and transpiration
rate, W during SO, fumigation was given by AT = aW + b (a, negative con-
stant; b, positive contant). Thus, leaf temperature may be substituted for
transpiration rate and S0, sorption rate, and then, leaf temperature may in-
dicate stomatal aperture.

(3) The degree of local visible leaf injury in a unit leaf area had a good correla-
tion with the changes of local leaf temperature in the area, that is, the
degree of leaf injury mostly became great with slowing the rise of leaf tem-
perature. The rise of leaf temperature means the decrease of transpiration
rate, i.e., stomatal closure. Accordingly, with slowing the stomatal closure
at the position to S0, fumigation, local SO, sorption may increase ,and
with increasing local SO, sorption, the degree of local leaf injury may be-
come great,

From the results, it was made clear that infrared radiation (thermal radia-
tion) gave the informations about stomatal aperture and gas exchange between
leaf and aimosphere, and the information from the local leaf area was useful
to discuss quantitatively the cause for leaf injury. The measurement system by
using this spectrum and absorption spectra of water and coloring matters in
highet plants will be designed.

1. Division of Engineering, the National Institute for Environmental Studies,
Ibaraki 300-21

2. Faculty of Agricul{ure, Ehime University, Matsuyama 790
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Fig.1 Diagram showing temperature control in growth cabinet
in each experimental plot.
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Table 1  Changes in growth characteristics of sunflower grown for 6 weeks after sowing
under various temperature conditions. Each value indicates mean * standard error,
except for dry weight of each organ. The mean values are indicated means of 10
plants. Values in parenthesis are percent to total dry weight.

TEMPERATURE (DAY/NIGHT) °c

20/15 25/20 25/25 30/30 35/35
PLANT HEIGHT _  76.8+12.0 142.5:4.5 175.7#9.2 175.1#14.1 111.8313.3
NO. OF LEAVES 23.3+43,0  26.6+2.5  31.949.2  39.5#6.3  38.0+4.4

LEAF AREA amt 26,0+4.5 33.841,9 42.1+3.5 49.445.6 39.445.5

TOTAL D.WT. g 45.845.0 67.6+2.6 76.0+8.4 73.2+46.0 44,8+46.8
LEAF D.WT. g(%)12'4 {27y  15.4 (23 4.9 (20) 16.4 {22) 14.7 {33}
STEM D.WT. g(%)24'3 {53) 34.6 (3l) 4B.0 (63) 39.5 (54) 20.2 (4%)
ROCT D.WT. gie) 9.1 {19) 16.7 (25) 9.1 (12) 11.7 (18 B.7 {19)
FLOWER D.WT. 0.1 { 0} 0.9 (1) 4.3 { 5 5.6 { B) 1.2:( 3)

g(%)
b, BEEOHALEENL/BRTEAN T EERLTNE, ®IT, 25726 &30,/ 30K MEER
B, BRERSERELTHW30T, R2icRt Lok, 20715K, 25725, 35/35Xd 3
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Fig.2 Mean plant height (A) and mean dry weight {B) I;er plant of sunflower grown
at 20/15°C (0), 25/25°C (©) and 35/35°C (®). Vertical bars indicate 2 x stand-
ard error of mean (n=10).
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Table 2 Relative growth rate (R.G.R.} in sunflower grown under various temperature
conditions.

RGR indicates the increase rate of dry wmght per unit plant weight for a
certam time interval.

TIME INTERVAL, TEMPERATURE (DAY/NIGHT) °c
weeks 20/15 25/20 25/25 30/30 35/35
Q- -2 0.99 1.39 1.53 1.45 1.32
2 - 4 1.42 1.36 .1.22 1.38 1.2%
4 -6 0.74 0.59 0.66 0.60 0.53
{g/g/week)
—188—




g/dm?

week
1,60
g/g9/week (A ) o (@)‘ {B) )
—
1.60 F_few * 0 41.20
° \9\0—“‘81‘: |
— 0.80
5/% ' ~
1,20 ( )Y N.A.R. —* 40,40
o 20/]5 .\ N ] ] 1 ] L L
2
/
0,80 55 e\\g \. (cy |79
<\ R\ 11,50
\\ﬁ \\g\\‘
0.40 L . *QJ\.'LW
R.G.R L.ALR, ENN
[#]
1 —_— 1 1 1 hY 1 i } 3y L L -':0150
0 1 2 3 4 5 HWS 1 2 3 4 5 g WK

TIME AFTER SOWING

7 2015°C (), 25-25C (©) £LU35.735C (@ THEHFIEL =
7 ) OEMEER (RGR)(A) &HMiEMEE (NAR)(B)L EmE( L-
AR)(C)

NAR (3 BATH:E, BUEmERISA b OEAEOHIMER 2L, LAR
REFLEES LD OEREORE R,

Fig.7 Relative growth rate (R.G.R.) (A), net assimilation rate (N.A.R) (?) and
leaf area ratio (L.A.R.) {C) insunflower grown at 20/15°C (0), 25/25°C (@)
and 35/35°C (e). .
NAR indicates the increase rate of dry weight per unit leaf area for a certain
time interval and LAR, the ratio of leaf area to dry weight of plant individual.
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Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976—1977. Report of special
research project, NIES R-2 (1978)

Correlation between growth and environmental factors under
controlled conditions in sunflower — effects of temperature
on vegetative growth

Yasumi FUJINUMA, Takashi MACHIDA,
Tsumugu TOTSUKA®* and Ichiro AIGA

Summary

Effects of changes in air temperature on the growth of sunflower plant were
examined under continuously controlled conditions of light intensity at 0,22
ly/min, light and dark periods of 14/10 hrs and relative humidity of 70%. An
optimum temperature for the increase of dry matter and plant height was be-
tween 25—30°C, but for the increase of leaf number and the differentiation of
reproductive organs it was more higher as 30—35°C. The plants grown at a
temperature of 20/15°C in the light and dark periods showed the decrease of dry
matter growth and the increase in thickness of the lamina in comparison with
those obtained at an optimum temperature. On the other hand, when the plant
grew at constant temperature of 35°C, the thickness of the lamina and the ratio
of leaf dry weight to total dry weight of the plants were decreased.

The relative growth rate in dry weight (RGR) in low temperature plot
(20/15°C) was extremely low at the early stages of the growth, which resulted
in the retardation of successive growth in dry weight. In high temperature plot
(35°0), the RGR proceeded with relatively low values since two weeks after
sowing, in comparison with those in low temperature plot. In the former plot
whose RGR was low, the net assimilation rate (NAR) was also low.

Division of Engineering, the National Institute for Environmental Studies
(* Division of Environmenta! Biology), Ibaraki 300-21
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Table 1  Characteristics of lighting condition in the growth room.

Distance from

tight source [luminance Irradiance Photon numbers
m “Klux W/m? 1S/m? -sec
0.7 508 - _
1.3 40+5 160 ) 630
16 3815 - -

2.2 TRHVAT AL

HOBEA 2 10 & B RG-S EBNERINCH T 2 ERBEC SV TANE S 2T 5184, HR
LT B HADADRERGOHES B HELS 2, ARLEOHRE, BEEATRET 3 -K4E
BEBTIK LD BRARBRET B LEERLCETHE, H2icEB0ME, M3 cEkRs
. ZOREID, FRUJUEES HYRBERETHI/o—XF ¢ Ry P RUETHNE
FETHEINLTV S, ASHAOFBERRAT LM ERMERENDBERRR < HV 7 4
Ly EBELTHDANS, BEE%: Fi2 D, ~D, ®F ¥tk 0~ 380 times, hr T TAIZE
Thb, LT, BIAMBKE R, FHEZWIANBRLEVEASTH (15 of) THRLULETSHY,
BE b 380 times /r &, FrEFy FATOLHRBEHBERTEMI ST E2EHKL, 0
times,~hr &3, &< HFHEEENY AN T 380 times,hr (YT 3 2B BHEELRDATE
P EEERT S, CORTEBEACTORICEROBESEEFIC & D ZRERT O
EORT Tt LB BREAEBRIARELTBE S v 72AV T3, Fhi, ST
i, F+rbiy FARKKTOBEERIRIBICL 0 —BIEEREBELRTFIEH 1), RO
HYERAOREANEEO BT, KEAOREN ABEEHEEL L T4 ~10 times/hr BEIiC
BEh T3, ZOoBEHETEEE. AAG 03 volmd “BMAZEXEECHBLLES, A
REO—BICERDOERNA OGNS, 20T _BtEFEBEEL -FEchf L, aipkeELic
FLA T+ Ry PATRET A _RERYTH L —BLEROREIUNRLA~L, H4KERD
5T, MM Er Ry FAOHE SN TEEER (03 volpm) T A —BILEE DK,
R (%), BHIIHZEY (times/hr) TH3. LEHSI2ELTOBE, —BIEERRER: Q%
—ElE LARERBEESEFLVERNAEY I ab— v vl K —H LA, B0 ZEREBRMICD
WTh, FORIGERABREQREMEHEORENME LD RBRO Y- VHBROIS 0L TES
h3,
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B2 ZVo—-z2%et3y bOAH
Fig.2  General view of growth cabinets.
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Fig. 3 Diagram of the process and the air flow.
1. fresh air processing apparatus
2. growth cabinet
3. exhaust air processing apparatus

C/C ; cooling coil GR ; growth room

H/C ; heating coil Fy ; prefilter

D/C ; dehumidifying coil F, ; active carbon filter
E/C ; electric heating coil F3 ; Mnfilter

8J ; steam jet unit D ; damper

G) ; gasjet unit B ; blower

LH ; lamp house

12

(%)

NO/NO:

0 100 200 300
ventilation {times/hr)

Bl4 #BSRICL ZNONRDBRE NO A 21 0.3 vol puod B EE i &l
ansz :
ot gl
— i Yialb—Vav

Fig.4 Exhaust of NO by ventilation. NO4 was controlled at the concen-
tration of 0.3 volppm. Q = 0.467 volppm/hr

O ; experiment
— ;  simulation

LORNEREDEBTIAROE(ICE > TERAMH RS S HMETH0T, ThicHHLAZ
REPHRETH 53, FEBETE, FHEKOERAMHNT 3 b0 LEBRCERE L BRHRK
HET 2 EZR/WicHPND, RSKEHAVRFLOT 0,y JEREFRT, THOEL, AKRE7 0
¥—EELTHD AN, HRESMBEEENOZRRT, AROEMCE>TERAMNSILTE
BIEL, X6k, BRLTEEEZERBEL, F+ 2y P AORNKURE> 1 v T—BHEAR
B~— 2 &), BEMC, AILLBEMELIcHL TEEEDRVWERE -7 ~ L ERMEIL &

—-197—




brine steam

MY

PST
AS1

AS2
ASS5
ASB
AS3
AS4
AS7

M5 ZTHEVYRFLOTo., 285
C/Ci &z 1 n
BoC 5 o 4
D/Ci a1

Fig. 5

TPS : BEF0/ 534 0FH
HPS s BE7ors o BES

CDS ; AHREN—-2OBER

; PID#E
HEER=S o b

PG YT -

F H—RT I F -4

PST ; w2 {55 HE
SCR i SCREHEMRS

i VL bO—E—F

; program set station for
temperature

; program set station for
humidity

CDS ; set station for cooling and

dehumidifying base
; PID controller
; signal converter
; balancing relay
; servo-actuator
; pulse signal transmitter

SCR ; SCR electric manipulator

. modutrol motor

ESC  BSm#hz 1 v PC

§] o ESEHL= - SC

CS i &tz BR

D &ve SA

B RS

RT 5 EbumpEat

DW i BEREE MM

RTT : kB EERE

PT ; BEZHRE

R i ic#REt

Block diagram of the air conditioning system.

C/C ; cooling coil T

H/C ; heating coil Ps

D/C ; dehumidifying coil HPS

E/C ; electric heating coil

SI ; steam jet unit

CS8 ; controlled system

D ; damper PC

B ; blower 5C

RT ; resistance thermometer BR

DW ; psychrometer SA

RTT ; resistance thermometer PST
transmitter

PT ; psychrometer transmitter MM

R ; recorder
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AME RS THET 227 4 TH B, FRABOERF, FHYILEERBRANON#D A v
45,900 Kcal/hr, &R/ X : 80.5Kg hr, #&H1Z 4 s 0 41,100 Keal~hr TH Y, Fo Ehw
b ABEOMBESE -4 — ¢ 11,800 Keal /hr, B/ X 4Kg/hr, #H124 &1 5440 Keal /
hr, Bl a1 vt 7560 Keal "’ br TH 3, ChZO 7 v ¥ -, SR TE, thoBigko—
MEFRL D THREFHRAERER->THD, AN THHHHATIBRICE > T 5, K6
EATHT v+ Edy PRANDIZ A F—RUNZEAORFER TR ALEF » 4 » bR,
HRFrE2y b6, 2)-VFriy b 3EDHIESHS, ELT, ELTOLDF 2Ry
Mz, ¥k (5°C) 3#HIEEST © 400USRT . hr @ & — KRB &ML 6, 754 (00 3%
HifE#7: 1256 USRT /e x 3 BO 774 ¥ F 75— 5, R (—KEThs/of) (HEFRIOLhr
OFL F—hSENFREBEINEG, X, TR 459, _BIERRTVERFOHRE, &,
047 % 120kg/cdD A — Frix—Hfd LT, EBORED bOHHEEND, FL T, WMXRT
HAHZE L ER o MiTBWT, BKIEF Y7o 20BHIC, 734 viFrEF o FHOKBE
RUBRRI, RS2k dic BESNTIMIZ, &5 05k o KBEShTMELTNTH
HHESNZ, ULoREHE 2 7220 TH» E 4y P AOEEEESRBEICHET 258

JL

—
\ 2
ﬂ._‘ 1 =

% 3 3 B ¥ &

|Clean Capinet Room | Gas Cabinet Room | Gas Cabinet Room

3
2]

I

Gas (SO, NO;, Nz etc)
—— Brine(0 *C}

F——= Steam {7 kglcr)
Cold water (5°C)

He so—ZFebiy FRUEDLG
WE SRS AT L
HC : 2Y—vH+ERy b
HG ; #ix¥+F+» 2 b
AC i T2

Fig.6 Energy and gas supply system for
growth cabinets and rooms.
HC ; clean cabinet
HG ; gas cabinet
AC ; air conditioning process
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KRIEEE 550, BEBRBITE T ARTRE SV IWETROGROE(LTH S, X2 ILEHAA
BB OAE CELT 2 MIEM ¢ 380 times/hr DBAKEBY 3 FREERETORABOBRLE
REL R, BN, S@EEEES0 7 vHANT2EARTEN, AS1~T7 BESO Ty
RO 2 DBIEIC %4 T 5, 35°C, 80% RH, &15C, 72% RHAEHET 3 & &4 ORIES
B LBERIASCELTED, Y8, BUFHEEEESY) 0RFROE(LT 2., 0K
%, ChEOESEREROMOBERIMETHE, AV FoicBWTH, T+ o/ PID B
DT A — s BRI LD CNETH ST LHTE B, BT1235°C, 5% RH mikEEIZE i+ 3PID

£2 Frtiy FHOMELDREEICEY B ASI~AST OHBEBIEES ORE

Table 2 Characteristics of actuating signals of AS1—AS7 in the case of various
temperature and humidity conditions in the cabinet.

35°C 25°C 15°C

S0%RH  65%RH  80%RH 60%RH 65%RH B0%RH 72%RH 80%RH

ASl 89 87 76 82 76 68 66 60
AS2 0 40 50 45 50 40 60 60
AS3 52 33 8 100 65 25 100 55
AS4 48 67 92 0 35 75 0 45
ASS 0 40 50 45 50 40 60 60
AS6 100 60 50 55 50 60 40 40
AS7 438 67 92 0 35 15 0 45
{unit: %)
40

W
g

temperature after

temperature (°C)
relative humidity (% RH)

20- dehumidifying coil
55
45
104
0 [ 1 L 1 1 1 1 T
0 1 2 3 4 5 6 7 0

time (hrs)

B7 35C, 68 RHTOBM/IPID/ 5
A =5 EROBEB>20CD T o
77 L8

Fig.7 Program control of temperature from

35°C to 20°C by using optimum PID
parameters at 35°C, 75% RH.
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OBRET A — S ERNTHCLSACETTo /7 o HBL BF0RERT, CORFEPSE
bhaRic, TEAGHASSELTEIEVR T LTH, S4OREERBICL > TRE ST A -
SREND, BRETENEERT BT LFTERY, K8 RGOS HBHE < 55—
4555 2 —5 Ao BOHEORERT, COBS, HET+05C, 8Tt 3¥RHER
OHEIITEETH . LbL, CNED57A—2iR LTS, BEEEDZVIFHORLETICL
S TEL, FOREEESLETHSE, BE CHFORABIL, FTHTHRTE->TWEH *
R, TABORKH, BKEH, AKOTSTRANICHETL, TRORERMITIE UGB
A— SR HYHERT Iz TN EER D, '

T

1 1°C o

-~ 40 8022
g temperature >
v B
2 301 60§
o humidity ¥ 6%RH F
z S w
E =
® n J
220t ft.og

Ol L L L 1 1 T 0
0 12

time ( hrs)

X8 HEEOLEHTERHNLPID/ 3
A — & 2R S

Fig.8 An example of temperature and humid-
ity control by using optimum PID
parameters to cogntol all over the
range.
23 ERER—FAHECRT L
BERE S22 SRECABHET 5184, RIUBE L TRV /RS EE8EE - BEH® - &
HMEEOEY» SBT3 0ENE S, &3 IGEEFAL OROIF R MFITOMERL TS HE
B —BALERHST I v 34y £y R, ZE{ES A YA 190~230nmD EAFRTEIE L 300~
30nNMO UK BIE L WS 5HETH S, MR XBEHHLZ 5070y 7BRE R,
£3 NO,KRUSO st oFrit
Table 3 Characteristics of NO, and SO, gas analyzer.

NO, S0,
Range volppm 0.05-10.0 0.1-10.0
Noise volppb 2 4,
Zero drift  %/day-span t 0.5 +1.0
Span drift %/day-span + 1.0 + 1.0
Rise time mins 2.0 35
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| R [ alarm
[6PS J—~{FiBC}{WFC s
IGAF
alarm
B9 FREEHEIRTLDT O,
7 X
CS ; flfHxR
GPS | ARBEY 0/ 7 6
SER
PIDC ;| PIDRHERGT
MFC ; BRREREET
R » sCEREt
G] ;HAMEa= b
GA ; HRARE
Block diagram of the gas concentration control system.

Fig. 9

CS ; controlled system

GPS ; program set station for gas

concentration
PIDC; PID controller

R

; recorder

G} ; gasjet unit

GA ; gasanalyzer

MFC ; mass flow controiler

£4  SEMREEICE T 5 NO, KU SO,BESE

Table 4 NOz and 80, concentration control in.steady-state condition.

NO, S0,
(1) times/hr 10-380 10-380
(2)  volppm 0.05 0.3 1.0 0.05 0.3 10 -
(3} volppm ‘300,500 . 1300 4000 300,500 1800,3000 6000
4) volppb t1.6 + 3.5 + 6.6 £3.2 +13.0 £ 355
$/2) % 32 +1.2 +0.7 + 6.4 +4.3 3.6

(1) ventilation (2) desired value

(3). manipulated gas concentration

{4) maximum error

- Frk D BRSNAEEREDH 24, PID BHHOBRRICR-> CTERKEBHHEEICL D
FERIES N D, RARZIOYRFL2AVEAORECE T S EZRETOHERREZTR T,
Y. IO A A BEE T T 75 LGB L EORERT, @S TRERE (WSS 4 9O
BTEB, CCT, BEEE —FOREBCHESNTV S, X, #— KLk b HESh 38T
2 OB, BEMRFLr Ry FATZORHOE—HEERL-BRBICLDBEES NS,
Foz 7 LT, —ATONEREEBEAGOHVBVEEAT, +vtdy PAOHRBEE
FEE AR BEOHTHEMINEE 1./ 10000 F & L. LEOHEXY, BEES—EDRET
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(a)

o o e Q0o
S w W,
T

NQ; concentration
(volppm )

o
=]

0 1 2 3 4 5 6
time { hrs)
(b
05
'-05-—-\0'4-
Be
ggar
S 0.1
m 00 1 A 1 j 1
] 1 2 3 4 5 6
time ( hrs)

B0 #rBEOTars LEHER
b) SO BEOHS

Fig. 10 Program control of gas concentration
(a) control of NO, concentration

{b) control of SO, concentration

BTE, 0.05volm O EBFRCHBVTOREBREICH LT TBEER T+ 32%, “B{L 4
0Tt64%®ﬁ@ﬂ?®ﬁ@ﬁﬂﬁfﬁéo%Eﬁﬁﬁﬁﬁmﬁéwﬁvfﬁ@ﬁﬁﬁké<ﬁ
A0, FHFHO/ AR, BEFAoeADOTRESTLEREEL SN,

3. HRBEHHCRIZTERRORE

Frty PAARICHTIAREROALLE LTOFBHEMTRIEET L LE, BREFALS
BEIHET 58S, BEETH S, Flil, ZBbAt oDk ket 3EREAAE <
BEHDS S A, EERSMES 5HA ORBE TN 3. 20 TH, TBILA 9 E—ERE
fELERZLEAOREREZZTOREXA~HERICODLTANS,

IRAMEBRICHET B+ v oy PWAKHS 20 RGHERE 2 VRE TR, —RBba4 o0
RFFEESLUER I 2 FFO_RERMAE UZ0TREVHEESIN S, £4T, BHEK
Z#30times./hr D HER NS OIRET, iR 2 P SO RERGOFERFR N, R3S
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HBRBEC L 3 EBER BUTER . -5 LIIBBOA TABEAHAL, F+E2 v FRX
KehD " Eb A A OB L B E DBIFRE RO bDTHD, HEATR 4 Y BE, g
ETHD, W ALEREEE  BOMMESSEL -, BRORETR—FRBIMELIICS
o> & F RIS EBICE FT B0 Lin L, @HOEMIE TS 550~80% RH ORIETII BT
BRS¢ A A BB R —RiC R ioh, BIER S BLSERONEES SRLREE P v EHVTHE
LfEE DEBIDELRTS 5, Chit, BRERZOMEREZOBENTS 5, Chib, 50~
BO%RH TH, MHIKRERAES L M- 1-BA0BMEEICE 5%+ KRy F AAGHOMER 2
FEQZREBMORECGHBIC L OBVRBETH 5 LEL oh b, REOREICE T 5 _BILA
AODHRBE v EF oy bAXRES ZORMIFIHORBICRET 3K OBEIA 2 BFHATS 5
EEAON, SESEORETRICEETSH 5, M, 3LELBERBEREOSFEOE, 40
LB/ ARREECMEL (—FElLRind, B/ A=1 ¢ LHOCDIEATHORKTFEORN
REBHDTH B, RICHHBREREL AL EROEEH L CREE WAL 2 HA0REEH

08+
(.-—-0———0—\‘
g
P.‘ 0-6"
2
- -
5 T
— b ~ -
- " S %
£ o4 ~
C a3
S .
o
C
o -
Q .
(3' E11 SO,#5r - HEE L DEF SO —ERBERES
2 o2k N, LT, SOMBERH—EIL 2 bor(A)
" &£ DKK(B) oMtk X nfilE s 3,
| ‘ Fig. 11 Relagiqnship between SO; concentration and relative
humidity, S0, was manipulated at the constant flow
rate, and SO concentration was measured by using
0oLy ) . N 'll;l;zrn(lﬁ) Electron gas analyzer: (A} and DKK gas ana-
¥ r (B).
0 5 60 70 80 90

relative humidity (%RH)
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&]12 BEla A4 A RPE LIS S BRIEL Fig. 12 Characteristics of gas concentration
15 h o 7 HRAD 2 BEE DR reglillatseg with and w1tlhou1 cooling
co
SOk —ERBRBIEE N 5, constant tz‘lowwi:temampu ated at the
—o—; 30°C, fDFLEELINEEEEM — o — ;30°C, with heater and hu-
VA %%m 20°C
cexe- 3 30, - A5 20°C, TN X A e
B IEE, AHTA A 3mé3§“mﬁm“
Bk Be

~zo B12iT, HAE—EREFEL LRETORHRBREOHEC LS M ABELRT, HHR
BEEEMASZ LIZLD, ++ 02y NAKKDPOZER{ES F 0 OFEZBHERL /. B3I,
30°C, 60%RH DRETHRERZE AL THAEHI L -8, SHIOKicETh 5
B A Y OREFHE ) 9 AOERETN S HBEEAOTERLAERERT. LKL DI,
HAEBELEVBAOHH/AKICEETNAHEA A YOROGHITIL 2. THE EATRES O O
HICEENLHE & VBB L : C, fuh, AHREREEMAATLKEDEL S Z#kl &
v O HATERTY D DK EE S R BEOETHSHRL 1 D, MFOLC/ DERLAZOARIAT
BB, LT, HABERIEEOBEEAEA LI {hiD BEARBRIELNALC LLLDEE
Ui B4 & 9 if, BERE 21 v BE~RNEH SN, £05 < dBREs hioks fics
BB C EAMBBL #2o X, C CICIHURL Things FPD & 30tk X A RREA—HRL
R ELADbRTELZLE, v Ehy FRICEHOBE : R FEEELTVWRVEEL NS,
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H13 MEahkicadEnd SO EBE B4 Bigx #’Lfr_?}(f;ﬁiﬂé SOE(C)
— o SO ZHMIEL LIRS EFpEq oy PRRKTDTHET S
- SO 5BEL L - 0B SO {D) DBE{%
Fig. 13 SO%  concentration in dehumidified Fig. 14 Relationship between SO4 2" in dehu-
water. ) . midified water (C) and SO, disappeared
— o —; in the case where S0, was from atmosphere in the cabinet (D).
manipulated
--- A---; in the case where SO, was

not manipulated

&ic, PR~ BRSNS L TEAT 2 BE0 MBI EHI D0 T~ 5, KI5, #HE]
ITHFLF—FBTHAIFL Y I I —DF54 YRED Y F v IMBGHREBE2A VEELTH
¥ EFy FAKGRO LA A VBREICS A AEEE TR, FI6ic a1 vEREHREN 1 CHYF
YOURRBIRECT, Broas vERBREREI Xy B4y FAKGHIDHABEO NV F
VU DESERT, B, VABEOAYFY SIEETOLEO T ABETRUALLE (), #
o/ vEERETH DL, COBRE, ZBbAF vBEICHT S0 v REREDCEBHSER
EESECEBEECHELEERLTVS, ZOBOATLE, 21 vEEHEED ¥ F ¥ JEED
E{FNEELT R, Thil, Bt A vORNKICHT 2BREOKEV TR, 24 vER
BESHBELCHET AT L, ARADOEBECEBEHSU S TEMHBL 1,

Bigic, v+ hANRE (24 vEEEEL) ~OFRORBEVHECRETHEEICOVLT
BB, ITEF+ EFy PNERANDTZAOREDEEERLAF v+~ +TH B, HRAE-T
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15 Effects of temperature in the brine tank on SO, concentra-

tion in the cabinet.

. tempetrature in the brine
. temperature on cooling

humidity in the cabinet
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T
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4502 /502

0 1

1 1 1

0

10

20 30

temnperature on coil surface (°C)

tank
and dehumidifying coil surface

. 80, concentration in the cabinet

temperature in the cabinet

s SOBEOAYFYIICHTBIA LE
MEEOCEE, T, 24 vERIEE
DN FrFE1ICTH S,

Fig. 16 Effects of coil surface temperature on the
hunching ratio of S0; concentration, where
the hunching of temperature on coil sutface
was 1°C.
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SamArFLERWR Y alb—vavickhid, Fr iy bAKE s BRESE I
ABEERZR Ty 7TULNZOT, COBNORARF + 4 v PARA~NDBRHELEL 0N S,

o
o)
T

concentration

50,

10 15
time ( hrs)

BT #+ 2y FADSOBEDZF v 7HE SO EH2%Y-
The 7TEEPZHRI0BHI—EHRBRRBESN 2,

Fig. 17 Step response of 80, concentration in the cabinet. S0, was manip-
ulated at the constant flow rate after 7 hrs or 10 days from gas off.

H18i2 C DIEEDHBN 8 — v TH Bo LT, MERBEMHTIETH S, —ERIRIE
LEic bbb od, H¥RBERA—~—va— T 5, X, ZORHRE, BEOCELOEEE
BECZH 2, HIOBEER 7 7IREE 8 &30 2 vOBEELEFRS, HFA%E—
EREBELTVLZOT, BERSEALEGHIE, FARABER—FBLELNIRTTHE. LBL,
HABER* » Eh oy P HOBEELICKE L TRBUCET 3, Chid, HEEIHE-THy
€y FARETOREDOEHH—BNRBNS L LTI NELZEELLGND, [, CHhFDH
SUHRE Lty 7 A OREEILIC 2 BESOL . C ORKBBICEILT BARICHL TH,

15

10

05

00 5 20 30 40
0 time  (hrs)

18 ElTicBi 2By — v
Fig. 18 The typical pattern in Fig. 17.
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1. F+btFo FHDSOBE
2. Fev iRy FAOEE
3. ARSI ATNAEZRDER

Fig. 19 Effect of temperature in the cabinet on §Q, concentration.

1. 80, concentration in the cabinet
2. temperature in the cabinet
3. temperature of the air conducted into gas analyzer
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Studies on evaluation and amelioration
of air pollution by plants. Progress re-
port in 1976—1977. Report of special
research project, NIES R-2 (1978)

Growth cabinet for air pollutants gas fumigation

Ichiro AIGA, Kenji OMASA and Fumiaki ABO

Summary

1. For the purpose to investigate the influence of low concentration of air
pollutants on higher plants, growth cabinets were constructed. Environ-
mental factors of light, temperature, humidity, SO, concentration and NO,
concentration were controlled in the cabinet.

2. To examine strictly influence of an air pollutant on plants, products that
were formed by photochemical reaction or others were removed with in-
creasing ventilation times. The ventilation times were varied from 0 to 380
times/hr. For example, in atmospheric environment maintained at constant
NO; concentration, NO was produced photochemically. But the NO was
able to remove by the ventilation system.

3. Influence of the air conditioning system on SO, concentration was ex-
amined. Effects of cocling and dehumidifying coil, temperature, humidity
and adsorption characteristics on the surface in the cabinet were proved
respectively.

4. From the above, problems on temperature, humidity, and SO, concentra-
tion controls were pointed out.
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Table 1 Control range and accuracy of gases control system.

Control gas Control range Control accuracy
{volppm) {%/FS)

S0, 005~ 20 +3

NO, 0.05 ~ 20 +3

04 0.01 ~ 1.0 +5

CaH,4 or CsHs 02 ~20 +3

o, 110% of atmospheric +3

concentration~10,000
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Table 2 Calculated and actual O3 concentration in the return air.

temperature : 25°C
humidity ; 60% R H.

A (m®/h) B (volppm} C (volppm) D (volppm)
1500 0.46 0.21 0.24
120 0.81 0.78 0.74
120 0.54 0.52 0.48

A ventilation |

B ; O3 concentration in the growth room

C; calculated O3 concentration in the return air
D ; actual O3 concentration in‘the return air

C=B- (2800-A)/2800
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; program controller
; recorder

; gas leak detector

; alarm device
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Fig.5 Block diagram of gases control system.
‘ GS  ; gases storage GJ
SV ; solenoid valve ‘'GR
MFC ; mass flow controller sU
ST  ; stabilized power supply OA
DIS ; discharge tube SA
F ; active carbon filter NA
MC ; pre-mixing chamber CA
Dy ~3 ; damper HA
CC ; cooling coil
DC ; dehumidifying coil PC
EC ; electric heating coil R
B , blower GLD
SI - steam jet unit AL
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