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Fundamental study on dynamics of ethylene in ecosystem

w3 e SARTA S B AR 2 8% R H £ —
Assoc, Prof., Faculty of Science, Hirosaki University Shinichi SAwaba
WEEE  aNkmEsEmkE Z Il SCYRER
Prof., Faculty of Science, Hirosaki University Bunjiro MIDORIKAWA
BiRENC AR e v 4 — n & R X

Prof., Institute of Environmental Science and Technology, Yokohama National
University Tatsuo KaTto

BB SRR £ v & — £ H +® H
Instr., Imstitute of Environmental Science and Technology, Yokohama
National University Yoshimichi HANAL

One of hydrocarbons produced by and emanated from plants is ethylene (C:H,) of which
biological effects upon themseives are 10 to 10° times higher than other light hydrocarbons exist-
ing in polluted atmosphere. C.H, emanation by plants is well known to be promoted by giving
of environmental siress to thern. The many physiological significances of CoH, as a plant hormone
have been lately revealed. '

There are some reports that, with incomplete combustion of fossil fuels, burning of agricul-
tural waste and natural vegetation and leakage from industrial C:H, plants. C:H, concentrations
in polluted atmosphere sometimes have reached locally sufficient levels to damage crops and horti-
cultures. Therefore, elucidation of C;H, dynamics in biosphete tieeds to be considered a funda-
mental problem in the environmental science.

In global scale, the C;H, emission from various ecosystems and anthropogenic sources and
the fate of C2EL, emitted into the atmosphere were investigated. In addition, we examined atmos-
pheric C:H, levels in an Amazon tropical rain forest situated at the equator, Amazonas Prefecture,
Colombia and in a Fagus crenata forest and in boundary layer and downward and above burning
of agricultural wastes on paddy fields, Aomori Prefecture, Japan.

1} A gas chromatograph system was developed to satisfy a direct determination of ethylene
concentrations existing in a natural atmosphere. The instructions and capacity of this highly
sensitive system has been discribed in detail in elsewhere (Sawada, 1982).

2) The total amount of ethylene emitted from global surface was estimated 35.6 X 10° t yr™! of
which 55 and 459 were emitted from natural ecosystems and anthropogenic sources, respectively.
The emanation from global terrestrial ecosystems was 5 times larger than that from all the aquatic
ecosystems. The main anthropogenic source (8895) was the burning of natural vegetations in the
case of clearing for agriculture and harvest and regrowth of forest, although the ethylene emission
through the incomplete combustion of fossil fuels occupied only 5% of the source. It was esti-
mated that 76 and 21% of C:H, emitted from the global surface into the atmosphere were de-
gradated in troposphere through the reactions with photochemical reactants, OH radical and
ozone, respectively, whereas only 3% was transferred into stratosphere by eddy diffusion. A very
short C:H, life time ranged from 3 to 4 days was estimated.

3} The C:H, concentrations in the Fagus crenata forest showed scarcely diurnal as well as
vertical variations during determination periods in August and September, and the averaged C:H,
levels during both periods ranged from 1.1 to 3.6 ppb. Conversely in July, during the daytime
determinations, the CyH, concentrations in the upper layer of the forest were lower than those in
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the lower layer, whereas during the nighttime determinations, the vertical gradients were nearly
the reverse of those observed during the daytime determinations. The C.H, levels during the
period changed in tange of 3.3 to 11.0 ppb. The atmospheric C:H, concentrations were practicalty
unchanged and in the range of 1.1 to 1.2 ppb over 1,200 m above the ground surface, whereas the
concentration increased with the decrease in height, and attained to the highest mean value of
77.3 ppb at 1.2 m above the burning of wastes in paddy fields. Using the present results and other
previous data, biogenic C:H, levels in the temperate forest ecosystemn and background levels over
the Main Istand of Japan and also the effect of the levels existing in the ecosysiem on physio-
logical processes of plants are discussed.

4) Atmospheric CoHy levels were examined in the tropical rain forest during 1982, The C:H,
concentrations diurnally varied in the range of 1.1 to 1.9 and 0.9 to 1.3 ppb in the rain and dry
seasons, respectively, During both seasons, the forest atmosphere showed scarcely vertical
gradients in the concentrations for night and day determinations. Air samplers developed to
collect atmosphere without contamination due to pump and stopcock usages are reported,

5) Effects of water stress on the emanation of ethylene and photosynthetic carbon dioxide
fixation were examined for 8 plant species. In Fagus crenata, Phaseolus angularis, Phaseolus
vulgaris, Perilla frutescens, Sesemmum indicum and Zea mays except in Brassica rapa and Brassica
campestris, the CsH; emanation rate increased under higher or lower soil moisture contents than
field capacity. The increase rates were ranged from 2 to 19 times the values under the field

capacity.
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Table 1,

Ethylene emission from global terrestrial ecosystems. See text for data.

Area Biomass %’f&gc Crowing CeH, emission
of soil (d.w) Periods from
Ecosystem types
Total Shoot Total Ao Biomass Ao Total
(dow.) (fw.) layer layer
(% 10°km?®) (x10%¢) (x10%¢) (days} (x10%t yr-1)
1} Tropical rain forest 5 220 198 66 13 365 2.6 0.2 2.8
2} Tropical seasonal forest 13 374 337 211 42 270 3.3 0.4 3.7
3) Temperate evergreen 4 86 77 92 18 365 1.0 0.2 1.2
forest
4) Temperate deciduous 7 125 123 198 40 180 0.8 0.3 1.1
forest
3} Coniferous forest 14 316 284 541 108 180 1.8 0.7 2.5
6) Woodland and shrub- 8 88 79 176 35 240 0.7 0.3 1.0
land
7) Savanna 13 15 14 229 46 240 0.1 0.4 0.5
8) Temperate grassland 9 20 100 297 59 180 0.7 0.4 1.1
9 Tundra and alpine 8 9 8 352 70 50 0.0 0.2 0.2
10) Desert shrub i8 9 8 40 ,8 180 0.1 0.1 0.2
11} Extreme desert 24 2 2 0 0 180 0.0 0.0 0.0
12y Cultivated land 14 31 155 185 37 240 1.3 0.3 1.6
13} Swamp and marsh 2 9 45 44 9 180 0.3 0.1 0.4
14) Otherss? 8 33 30 95 19 180 0.2 0.1 0.3
Total terrestrial eco- 147 1337 1460 2526 504 12.9 3.7 16.6
system

») Included areas of abanddment, housing lot, road and others.
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Table. 2, Rates of ethylene emission from
plant shoots.

Rates of C,H,

Tempera- P’
. turef emission

Plant Numbers range for .
types of data measure- Range Aﬁfg?ex"

rr;ent mean

Q) (nl g~ £.w.hr-Y)
Grass 5= 18-26 0.7-1.8 1.0
Herb 172 18-29 0.5-3.6 1.2
Tree gel 20-26 0.5-2.6 1.5
Mean 1.2

®) 18, 58, 88, This study. ® 4, 9, 12, 29, 37,
39, 50, 52, 54, This study. = 6, 7, 8, 16,
24, This study.
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Table 3. Rates of ethylene emission and degradation by soil layers.

Soil characters Measurement conditions Rate
Mate- Numbers pH QOrganic Temper- Water  CeH, AirfNe Range Approxi-
rials of data carbon ature  content content mate
mean
(%) {°C} (%) {ppm) (ol g™ fow. day™)
CeH, emission
Soil VALY 4.2-7.2 0.4-38 20-35 30-300 M. 0.1-3.2 1.0
Soil T 3.5-7.9 0.7-9 20-30 25-200 Air 0.4-3.6 1.3
Ao 6°? 3.5-5.6 100 24 Air 2.0-647 29.4
C:H, degradation
Sail 164 4.8-7.7 0.5-46.7 18-30 35-200 3.1-175 Air 8.0-100 14.8
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Table 4, Latitudal distributions of average temperature, gas exchange coefficient and ethylene

concentration in the ocean.

See text for explanations.

Temperature of surface

Gas exchange coefficient C:H, concentration

Latitudes water® water to air® in surface water®
(°C) (x10% cm day~) {nl i)

40°N-70°N 11.1 3.52 3.5
15°N-40°N 25.3 3.57 7.4
15°N-15°§ 27.0 2.88 4.9
15°5-40°8 23.7 3.98 31
40°8-70°5 6.4 5.80 4.6

Mean 20.1 3.95 4.7

) Calculated values from data by Peng er al. {1979). ® Estimated values based on data by Peng ef al.
(1979). = Calculated values from data by Swinnerton and Lamontagne (1974) and Lamontagne et al.
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Table 5. C;H, emission from major anthropogenic sources in the world.

Source Erfnissiolnhfacc]:tor Emisstgog Ifiactor C:H, emission
quantity of total hydro- of Cs
Sources carbon 4
{x10%tyr-1) (%1073 t~1) (<1073 teH) (x10%tyr '} (%
Coal (total) 2.67 0.425 (2.7
Electric power 1.33 0.07 0,004 0.004 ( 6O
Industrial 1.67 4.4 0.35 0.38 ( 2.4)
Domestic and commercial 0.27 2.1 0.15 0.041 ( 0.3)
Fuel oil (total) 2.49 1.296 { 8.2
Gasoline 0.62 1.4 0.87 ( 5.5
Diesel fuel 0.50 0.34 0.17 ( 1.1)
Electric power 0.30 0.07 0. 004 0.001 ( 0.0
Industrial 0.55 5.3 0. 44 0,242 { 1.5
Domestic and commercial 0.52 0.4 0.025 0.013 { 0.1)
Gas (total) 1.06 0.000 { 0.0
LPG 0.11 0.07 0.004 0.000 ( 0.0)
Natural gas 0.95 0.00 0.00 0.000 ( 0.0)
Leakage from CzH, industry 0.03 1 0,032 ( 0.2)
Refuse burning 0. 50 2.6 0.2 0.100 { 0.6}
Ecosystem burning 15.6 10 0.9 14.04 ( 88.3)
Total 23.35 15.893  (100.0)
Table 6. C,H, and total hydrocarbon exhausts from gasoline motor vehicle,
Limits of total Numbers Total hydro- C;H, exhaust
hydrocarbon of data carbon exhaust -
Year exhaust in Japan source Range Approximate
mean
(gke™) (gkg™) {t™) {x10-%tt™)
-1972 5 3.22 0.045 1.3 5.5 3.2
1973-1975 2.94 2 1.93 0.026 1.5 -2.2 1.9
1976- 0.25 9 0.08 0.001 0.003-0.8 0.15
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Fig. 1. Relationship between ethylene emis-
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(1969), respectively.
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Table 7. Rate constants for reaction of ethylene with tropospheric oxidants,

Oxidants Reactions Rate constants References
(em® molecules™ 571}
OH radical C:H;+ OH—CH:{OH)CH: 2.18 % 10~ 12g{700::300/RT) Atkinson et al.

C.H,+ Q3 CH,0+CO+H:O
Os CeH,y 4 05— CH:0+CO;-+He
CeH+ 05— CHCO A H:0:

(1977)

1.9x1018 Japar et al.

(1974)

Table 8, Global ethylene budget.

Sources or sinks

Source quantity

CeH, quantity

(x10°t yr1) (x10%¢tyr) (%)
Sources
Natural (total) 19.7 { 55.3)
Terrestrial ecosystem 3683 16.6 { 46.6)
Agquatic ecosystem 31 ( 8.7
Anthropogenic (total) 23.35 15.89 (44.7)
Coal combustion 2.67 0.43 { 1.2)
Fuel 6il cornbustion 2.49 1.30 { 5.6)
Gas combustion 1.06 (.00 { 0.0)
Refuse incineration 0.50 0.10 { 0.3}
Leakage from C.H; plant 0,03 0.03 ( 0.1
Forest fire in ecosystem 15.6 14.04 ( 39.5)
Total sources 35.59 (100.0)
Sinks
Col4 -+ OH—CH:{OH)CH: 36.9 { 75.8)
CoH4+Os—products 10.1 (20.7)
Into stratosphere 1.7 ( 3.9
Total sinks 48.7 (100, 0)
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B R OB TERE B EEOTEE O, BE
o TRV (Fig. 2), ZhETilEsh
foxgvvd O L OBOREERIT 1.2~3.0X
10718 cm® molecules™t -5~ OFEFH i H - w2,
= 2L, Japar & Niki (1974) ic & 3 RIBEH
O =2 il 1.9 % 10~18 ¢m3 molecules™-s71 & f \»
foo WHEC B TH, =71 vE OH 5¥a0
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Fig. 3. Natural and anthropogenic sources and fate of atmospheric C:H,.

¥k Oy & RGO, U, 8. Standard
Atmosphere Supplements (1976) OER A L
foo T, eddy diffusim & X AR HEE
B~D=F vy OB TR OFE S VTR, BEE
FF i~ @ SFIER R Ix 10 cm?sec™t 2L
o

4)  HER B SkEA0 = v iR

B Rrbo=5 L viiiiio s bolk
BT BIE, 16.6X108tyr, Fi, KAEE
Fehr ik 3AX10tyr OREEF AR, W
FhFheicag FogRFRLD=F v v RN
i3, 197X 108 tyr~t & s - % (Table 8, Fig. 3),

¥io, BLEERNCO=F v RINED 78%
DAEMES B, B0 22% BNLEsbIBY
DCH-7 (Table 1),

ABN =7 v vEHE: 159100t yr?
Rl ER, ZORERRILDEF L V]
MR aAE a8 that, Lirl, ZOA
BT = U VIR O 5 e, bk o
B, o3 EEEIMER X U= v v I b Ol
S X B RO Hd BEE A {, &0
1.1% T &b -1

B[4 5T 0 BRCEE ¥ Ao R RN B o f g i
PR OO E LT, Woodwell £ (1978)
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DRV R OHEEE 7.8 10 tyrt B & - T
Fvsfes, Wong (1978) 4 Rl 6.3X10° tyr?
L&y R Ty B, ¥ 4, Darley
(1966) s 1 ¢* Boubel (1969) 11IF /LTS
DAFRELIBEOBICIE, BRKEL=F vy 05
HERVE, (LR OB ERYO X bl
Bl X AR ke ok g e fllic e 2
ERBE LT B, SOTOOBAT, LERO
WEEH BVL B OBROFREREC L 5 F v
VST 14.0X10° tyr Efeb TR E R
b, o Oftit ABMCIT Ehice=F v v
0 88.3% WLV,

WE ETOHBR S LU ABE s v vl
HEE 35.6X10%tyrt L REBI, 205 b, H
BRE O X B HHT RSO 4% CThHo
Too REPICIFET 5 R{LKEBIRNIC A & i B
hh, ARMpEEoRREE LIEsh Ty
%, AFVETARVEORSE~OHIREL, £
MFE 400~~1,500 f5 L UY 180~830x 10"t yr:
MiEE & BRI T 2497 Lo . 44
ey = - v fi T D &R o fRAL AR FRIR S 3
FTHRWENL, A2 vBIOTF AR VEIIENAE
Clrwe#EL bbb,

Abeles 5 (1971) 12 1966 SEMIO AT 1
A= L v iR e 13.5% 100ty & BRE D,
OO 908 LMV U vHEMGEERERS
=F L CHDEHEE Lz, = DA, BEE
LHFY ) yHEESL YO = 5 v v HiEEY
SOXI0 17! {EE L, = e, MEFOR
WoN Y Y vILCOENEE LT 10 H4E
L‘zn).‘asJD

Hkkaefd, BLAERR, KEEBFRER L O
I (3X10°km®, 41, 1982) Wit HERTMC Y
D= LR, FhFh 0,068, 0,22, 0.006
FLTO082gm™yr? Thaote, LichiaT, K
REMBBOWEWERML A b O =5 L wiitHag, Bl
HEERO L h STk, 130 tho
Too Ein, ARPERL, {LEkE O M OKER
HFEED TV, BHRCETAERY-ho=
F v L ERROo Thol S Th-
o

5) ERErLEE IR =T v v ORREIC
T HHE

FEiRB Eht = v OSFBER O —DI
A, B TV L B0 B A0 FRERE A
H% (Table 3), = oLk 5 EHERIT,
TEEEC T D RE R EERERETH D, Lk
b, Eo=F v ERRTBaciFRcTioh
a, Blolfc, cot#rli=Frvyo
S IRBR IR Cr S TR b B T 1T ich
MTW5EEILBRLEOT, 2 CREBEIRT
PR

Lichi o T, & o TR LKA~ &R
fo=F v v OSREERE LT, MEECFET
BRALFEEIEERYEC, BoERcHFEL K
OBV OH o0l O b=FrvbOR
RO AL B L, AEAC T2, =51 v
DOH 5 ohnbOFNRER 36910 tyr !, #
= O, DI 101100 tyrt FRE R
(Table 8), Lic#io<T, AZPiCHIE i
F O 23 LlEs OH 5 o% A & DRIGI
Yo THABENE, KEPIHHE Shic=F1v v
THRMBENTOE 2192, eddy diffusion 1
Lo THRBER ST 28 1.7X100tyrt L2
ST Tholo, MBI EITS, =5F1v D
4r sink it 48.9X10% tyr~t ;- B#is it (Table
8), COERARKCHE SN, Bk ETtD=F
Vv 4 source ff (FrHE) ibex 13.6X10°
tyrt Ehiato,

Fig, 2 &R LK BT 5, BEHD =5
VY EBESN B Lo HRBERNCEET b2
= v 036X10°t Thot, - OfEE
SO ETO=F 104 source s LU
W s 54 sink A BEEL L, k&P
BliF Do g v OWHIEEL 3~4 BH &R
Ehoize

NaWiL =¥ v i oR-C, fRhclE R4k
ROWESBVCIWECEO=F v v BBELE
BTEL, HARDERREO=5 v v &K
i L, LarL, KRho=9 v v DiahEE
A 3~d4 HEEIEERE W o &, Ehin, ok
RO, Tk LT, EHERI e
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mbhfkb,:®ﬂﬁﬁﬁﬁﬁﬁﬁﬂ®kﬁ®
BIRERCT bR To b, Loz ->nmly
T TOABHCERTHEEh =5 1wk
RFDEDOWELED B LY T, ik
EYELT, M LTSRS s o0, T
IRANETT R O 4B 0 T 4 O FE TR B R te
WIKCaH b, BRI TOK S B i
Dkl EEL LR B,

L7sL, Abeles (1973) 2B LT 5 X 5 i,
WD\ CHER T, 55Vt SR oL ERE
DEWE T T B TEBB D DR S h
THURCH, ABNCEH I ST D=s 1L v
CXoT, BRREFOLOBRESAEDLA, &
I s 5, Hkac et X OB rime
SHEOBEL S L B2 LA H BP0 070

HASERE LV AANER TOATHOTF
LBREL, TOWM~OBECHTIHD
L EHEHO 7 FRERAR b LELEO
WEHEBC ST 55 L e
1) 7rRERAD = v YR E DR S X O
A4k
A E O REN LR EEGO—DCh S 7 >0
REHHOKXEFO =57 v v BEORE ST L
CHZE{LE 1981 i L7, SHZREL S, T
BEOABILFR O/ G OBE 790 m OEs
molmRchs (Fig. 4), FERERAD 7D

140° 140730
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#50shogavaiomert

X
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#Hirosaki
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Fig. 4. Localities for the examination of at-
mospheric C,H; concentration in Aomori
Prefecture, Japan.

B RE 15m ic AL 7o 2%, a0t
2~13m Thoto, MK, SRoFo<+
HERCATAF, LAEFRIV= V2K Y ~pl
WELTVWSEZ &b, =07 FHn iy
BERED T - Fo=yF [ ELELLRS, =
DR, HE 16m OPELRT, HXMce
FLrvk CO, DWENEDCHDIEERMEE#
FSHEBROWEL T 5 foo

T FHADKEF D= 5 v BB DRER D
FHAN DI SERE Table 9 wiit, 77

‘Table 9. Micro meteorological elements during atmosphere sampling periods in the Fagus
crenata forest on Mt. Kushigamine of the Hakkoda Mountain System, Aomori Prefecture,

Solar Wind Wind
radiation speed direction Symbols of
Date Sampling (#Ein, m?s-1) ms1) sampling
period Height above soil surface (m) durations
in Fig. 5
0.6 16 0.6 16 16
July 13 15:38-15:43 44.3 440 0.0 0.3 SSE o}
13 24:17-24:28 0.0 0 0.1 0.3 SSE ®
14 3:18- 3:30 0.0 0 0.3 0.2 SSE A
i4 6:20- 6:30 51.3 507 0.0 0.0 NW A
14 14:20-14:30 47.3 466 0.0 0.1 NW v
August 20 1:00- 1:30 0.0 0 1.3 6.2 NW ®
20 12:35-13:15 104.0 1209 0.7 1.5 NW QO
September 28 12:40-13:24 1073 1.0 5.0 NNW 0
29 0:40- 1:22 0 0.2 0.5 NNW e
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Vertical distributions of atmospheric CeH; and CO: concentrations and air tempera-

tures in the Fagus crenata forest on Mt. Kushigamine on the Hakkoda Mountain System,

Aomori Prefecture.

DERTEFINC Y~ T A 13A2S 14 Hic
v, Hoid, BEOEREOcs v o fE
VFET B O £ o R E I t-~ED - 12 (Fig. 5),
CHIEH LT, WE, SEEO = F 1o YR
AT R O T OREEC S 5 e Licdd
»T, EFMO=5 L YRET 2.6~12.5ppb @
HICTKELSET LIz, 8 B 20 AOAF R LUH
s, BEAROEIFIo=F L v ilED
EibaMg & A LSO T, ThPhoRigkiy
%, 22 350 LAppb Thot, Fic, 9 H
28 Hdd 29 BTk, Bk XowE o
BAD=F v RERRENSERIZ LA LR
Y, —ECHot, TR OFHPEE,
1.8 & 2.5ppb CH -T2

8H 20 HR XU O K 30 Himix, Hiyo =+
L Y ERRE O IEE S ATIIE & B, RO =9 v
VIREORMEE T - foo MRS Sem OF

Symbols in figures and micro meteorological elements during the ex-
perimental periods are shown in Table 9.

TR BRERO = F v BEL R lE s
RA-FERBE O T DRED 25 LTH o (Table
19),
THFRADREPD = 7 v v BECALELE
Fig. 6 ©HET, 7B 13 Hab 14 Hiehd T,
=¥ L viEERE L, £1LT 3.3~11.0ppb DR
TRE SEG L, 24 R =7 v v IO T
ity 6.9ppb Thot, T HLT, 8 A 19
Bk 20 Gk, =9 v BEEE—
BT, 24 BEEOMHE 1.6 ppb Thoto, R
Bz, 9 29 Bxs 30 A, =5 v
VERERE SRR, 24 REOTFiSER 2.2
Prb THot,

2} hbLREEROKMEEOLTIO=F vy

BEEE

HATMNEHT -, 10 B Of 08 - el
BT, bhEEyr—ic{iitditsd (Fig. 4),
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Table 10, C;H, concentrations in atmosphere at 5 cm above soil surface and foliage layer in
the Fagus crenata forest on Mt. Kushigamine on the Hakkoda Mountain System, Aomori

Prefecture.
Date Sampling Soil C:H, concentration (ppb})
duration temperature
{°C) Soil Foliage
surface layer
August 20 13:42-13:55 16.5 3.0+0.3 1.1
September 30 10:15-10:31 9.8 3,5+0.2 1.4

SSESOW SE ESE SSE S SE SSEMW NNW NW NW NW  NW iy NW NNW NNW NNW NW NNW W WSW NNW
2000 —REFRESE S8 Sk IR w e S L R A L UL LURELAL T T
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= ol
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& - g | 2
< x| =
] <| =
o —] <
VD gl feenf N — I NNEPNE S Jg
5 20 T T T T T Y T
&
< E
<
: 2
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Fig. 6. Diurnal changes of atmospheric C:H; and COQ. concentrations and micro meteoro-
logical elements in the Fagus crenata forest on Mt, Kushigamine on the Hakkoda Moun-

tain System, Aomori Prefecture.

C:Hy; closed circles, COs.

DA BBEER X SARER C 0T Ciz—>
DEEMBL TV 5, BLEATHBEEES
Fiebh Ty, 10 7 24 B (1980 4F) k@
DHIFEMM D 1.2m 55 B2 2,000m FCORE
BT, REAERE L, ARORILL 15K 15 4
b 1545 ol Tichhic, Zoiicx, F
¥ lems™ ORI LKVTE D, T
BEEAIT 333xEBEinms™ Chot, Fh, &
B3 12.0°C G »Fo

HEEmE A B 1,200 m Bl o 2 tit, k&0
= L VBRI E—ET, &< Ll~12ppb
O H o1 (Fig. 7). LivL, BEQETE
Ediw, =+ v BEREE h, HIEEmA5 1.2m
DE BTk EL D, FHEEY 773ppb T
D lle P BEEE RITIr » T ok 2GR

In upper figures, open circles, solar radiations; closed
ciccles, air temperatures; open triangles, wind speeds.

In lower figures, open circles,

MEENIc=F 1 vk CO, DEEOMICIE, 5
WIEOFHBE R R b i (Fig. 8),

3) BEEEH

7 B, 8 AR L U9 ADIEE ST
i, 7rHAOKEFO=F L EETERLE
Sl MEALTEE R ST, BE—ETHo7
M, =9 v Bk gt AEERLRE T,
g8 HE 9 HOMENECKITS 24 BHo=5 v
Vil O fEr, FhEh 1.6 & 2.2ppb T
Botee TO=F U BEREER, HEEEDD
Ak, fllo TR, AFHEZUTe 2 #RCHE
AN, KEFROES=F v BEORM L IEE
—3k L1 (Table 11),

ZhiCHE LT, 7 BOMECKE VT, 7k
P05 L VEERT R & T B 3L & EE ML
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Fig. 7. Vertical distributions of atmospheric
C,H, and CO, concentrations and air tem-
peratures in the boundary layer and down-
ward and above the burning of rice wastes
on paddy fields, Goshogawara District,
Acomori Prefecture. Other micro mete-
orological elements are indicated in text.
These determinations were carried out on
October 24, 1980. Open circles, C.H,;
closed circles, CO,; open triangles, air
temperatures.

BRI, L LTHEEM OS2 5 v o BRI
6.9ppb ThHH, OEhoo0HEMMO
SEHGREED 3evd fEEI 5Tz, T ADEEE B
T, =F VviREFEL, LrdRELREDLYR

LicBEO-—2E LT, -0l 7ioiERk
e HHIMe— LT e s &, B X RS
W ot ik, TR L oK
VLR H D, ThAEREET, KAOEOR
EAEE O aTEgEAE LB S, §5—
DFREE LT, < OO REABRRCIE L, &
ORISR CH Tl &inh, BLEDOA
A=y vy BERORBEYET, BuillEo
=g v v TRV C o LT
WIS TTHEMESH#E 2 B B,

HEsbi L <, oAkl v o8
LFOBHEOBELTIT TV EFEZ RS, H
AL OEE 300~2,000 m THIE KK
REFD=F v S Table 12 wimd, L

20 T T ;

E
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6 SIO I(IJ% 150
I 3{0 3%0%4 = AIH(pZIiIzJJ 313.0
O 0, IN AIR(%'prrO )
-0 20

[} 10
AR TEMPERATURE("C)

Fig. 8. Relationship between concentrations
of CH, and Co, in atmosphere sampled
at each height above burning of rice wastes
on paddy felds, Goshogawara District,
Aomori Prefecture.

T, COERTRIRICFH=F v vBED 0.5~
1.lppb OEFERARELO=F DA, 7 -
779 v FOEOBEERLTVS00LELD
n B, - OBEERHEL, Rasmussen & Khalil
(1982) AVATEEE LD 1200360 m OFETHlE
L7 0.06~0.12 ppb DI Fe~FEgnic By,
= O OEOHN L, BAROELEKERE LT
WHETHHAR IUCANEN =7 v v FHEEOX
FIDHELLBLDEELLND, Tiobb, H
ROBEMREOKERBIVEEOBV-HELE
Fic LT E Tl Ty 5, HERCTLEDL
ABBELHHTC L > ThHHBRTVE, Zhiz
LT, KFEOELCAGN =5 v v Btk
Fifieed, dhc =5 v EELELc
Tl EFEL R 5,

Table 11 & 12 iR Eh @B IR,



Table 11. Atmospheric C:H, concentration in various forests on the Main Island of Japan

C:H; concentration

b
me?gz;tfe;im Forest type R (bpb) — Location Altitude  Reference
ange Approxi-
mate mean ()
Sept. 24-25, 1980 Fagus crenata 0.6- 6.0 3.2 Aomori 790 unpublished
data
Nov, 3~ 4, 1980 Fagus crenata 1.4- 4.1 2,0 Aomori 790 unpublished
data
Jul.  13-14, 1981 Fagus crenata 3,3-11.0 6.9 Aomori 7%0 this study
Aug. 19-20, 1981 Fagus crenata 1.1- 2.0 1.6 Aomori 790 this study
Sept. 29~30, 1981 Fagus crenata 1.4- 3.6 2.2 Aomori 790 this study
Oct, 6, 1976 Fagus crenata 1.1- 3.0 1.8 Niigata 500 »
Oct. 26-28, 1976 Betula platyphylia 0.8~ 4.0 2.0 Nagano 1400 &)
Oct. 22-25, 1976 Cryptomeria japonica 0.5~ 2.5 1.3 Kyoto 200 8l
Sept. 8-Dec. 17, 1980  Cryptomeria japonica 0.1- 1.6 0.7 Kyoto 200 b3
Jul. 24, 1978 Chamaecyparis obtusa 1.0~ 1.1 1.0 Kanagawa 300 e
L 57 W g0, = 15,
Table 12. Atmospheric C:H, concentration in boundary layers above the Main Island of
Japan.
CoHy (Eoncl:)lggtration
Pp
me?:jfe;im Altitude Location Range Appront Reference
{m) mate mean
QOct, 24, 1980 1,200-1, 900 Aomori 1.1-1.2 1.1 this study
Jul. 29, 1977 1,000 Kanagawa 0.6-0.8 0.7 a2
Jan. 31, 1977 1,000-1, 600 Kanagawa 0.9-1.0 0.9 a3
Jul. 28, 1980 300 Kanagawa 0.5-0.9 0.7 v
Jul. 30, 1980 300-2, 000 Kanagawa 0.6-0.7 0.7 »

* Judging from the wind direction at the aktitude, the concentrations were possible not to directly be con-

taminated by anthropogenic sources on the land.
w15, B 16.

HTHRADO KT DT =5 v v L KRR
D= F v BB, FRhEh 19 BT 07
ppb Th ot L, ShB oA HAARM
Wi B T E RO EE R T O THS
LHET L, WHEDOHEDOETHS 1.2 ppb Ak
MO BT 24MtEr X A=F 1 YT
BELTVWAHSEEL bR %,

7 OBEOKER O = F v I E ISR
DEOWED2HEH L THat, T0 BT,
o Ay B bXE~D=% v v Ila{Tiih
T AR RT, - OWHBEE, 77 A3
A vdES—rERHicaDfHOY 2 —hb=
F v v NERCREERS W3 8EL—F T

»40) 48
;.530} )] JD

Abeles (1973) 1¥% < Dfif~D =5 v 4L
BHEBROELLE, 10ppb D =% v v iiE v ~
A L C BN e R B X BECH
BERERLT D, BHRHDKREFO=F v i
B, —@ne 0.1~6.0ppb ofi@ich v, 4§l
AR, 7 Ao 7 TN 11 ppb 23E
THILEN B ot LIhsT, BHHO=5
VBB A e LT A Bl A
ErohvkELBRD,

—HieBWT, hHBEERTR» TV AKEL
DR = v BB TTppb EEL
z DG = v ORI S L HIRED T
L EThote UL, ZObbEEXL 10 A
K OF—AB e 1T, FR O - Ao KE T,
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Fig. 9. Area of the Amazon tropical rain
forest in Colombia. Dotted area, the
Amazon tropical rain forest; closed
circle, Araracuara, Amazons Prefecture,
Colombia.

Lind, ZHHBEENT T 4~5 KEfTindod
Do MPI ST OBA BT, =FvyieK
THMFHERE G EELLRS, LivL, bbHEE
EORINLERKTH b, DO ERELRE L,
Licthn T, o= v v ~ORERE- &
Erhhb, Bd LT, b Ruz g,
Lah—HicHEMOREDOR 5= v Vil
T ORFIBC B AN FRET D LT, AFm
vl AEE LT WEEL BN,
L, a2k s, =F v Ol
T ABEC oW T OWEDE LN, MiiE
24 MEEILIA & Vs o i EREIC KT B =5 1 it
KT A O 4 B 7o, ELEEATE RS
D= F v HEYCRET 2, —H, FRotkaA
BRBHE I % 577 » T BRI O B OB R A
R g v PSRRI R L CERIBEE Y b
P TR HETAC LB S DY, LA T,

HHCFET 2~ OF A EFOERE =5
Vv ORI B A B DT PR
DB C ENMETH B,

2) awvETO7= Vv OBEEMERKRCS

W a=5 v

B7AVADTFoAbbar v ETE LTS
Ao — T BT = Y v OB A AL
R ECESRL, BbkEELEERO—D
THh, FLT, B4 =A2A%FLT
B, MA T, - OEBREENYE CTEET
B, GRAEGCD, WEAHSERCTSH
hesy, Bk EoxFpo CO; LT 0, ©
W L TAERBEE 0%, DD
& TiRb b7 = Vv OBERFERA OGP
D=F Lo THEY T 27

EAR TR oL, ar v E7DT <V —
FAMEHENL Iy ZNOERD # £ i0EED
MRS o7 (Fig. 9, 10), = ORI H0E
BT LTV e, AT SR 0 AR D5
BB 25m B Y, BROBFHEZRD SR,
BEITLT, Yo D+ T REEO ‘T =
I o7 A A" WEHEET BFAERCEIE, IRy
fo 7 = Vv EGERETE R Lk e, SRR A
Dtz 2 OB TRERCE LR T
Wit Ei, @& 2 IOFRCLES TERC,
Bith A QI EIE LT WA, ol FEkic
Wit vio, o OHIE OREACHE L, 3,100~3,400
mmyrt ThHH, EFHREIH 27°C tH b,
BHCcORGEMEE, BELLASYERSEC
LT, BT — sy T T - ERL
4= (Fig. 11); T @ v 77— AGFERC, &
YIRIA L o7 e 2y 2R Loy icd,
CREERER LBaE LT, FEAED
EUO TR T DB LA e DYy 75—
DREETCHDL, ¥V 7 I ARy 800ml o
AV 7R FFTARCH o, RBAFETS
e, v 77 —RESE B, KEOHAR
T, T I iR LR T A F R
FTwFaeh o 2—THHL, KAKEHEHELL,
F Dk, B Bl — g - Eiegt (Tmm)
TEML, H Uk, A Ehb B JGETOA4F
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Fig. 10. Locality of the experiment site in the forest on the left side of the Meta River,
Amazonas Prefecture, Colombia. Closed circle, the experiment site, Further explana-
tions are in text.

Table 13. Micro meteorological elements during air sampling durations at the experiment site
in the forest on the left side of the Meta River, Amazonas Prefecture, Colombia.

S i }I}ela'tciiyf Wim(:li Wind Symbci_ls of
Date DS weatter MDAl sped il samolng
(%) (ms) tion Fig. 13.
July 29 20:10-20:20 fine 98 1> W
23:10-23:23 fine 92 1> N
30 2:09- 2:18 cloudy 100 1> 8
5:05- 5:15 cloudy 99 1> E
8:00- 8:05 cloudy 99 1> W
10:55-11:00 rainy 100 1> E
13:40-13-52 cloudy 99 1> E [}
16:40-16:47 cloudy 99 1> NE
22:50-23:13 cloudy 99 1> N ®
December 1 16:00-16:50 fine 94 1> SwW
19:00-19:05 fine 97 1> SwW
22:00-22:05 fine 98 1> E
2 1:00- 1:05 fine 98 1> E A
5:00- 5:05 cloudy 98 1> N
2:00- 8:05 fine 98 1> N
11:00-11:05 cloudy 90 1> NWwW
14:00-14:10 rainy 98 1> E A
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Fig. 11. Cross-sectional view of an air sam-
pler. Volume of the sampler is approxi-
mately 800ml. Top of the sampler was
covered with cap., When the sampler was
brought to fields, the inside of this sampler
was under perfect vacuum condition. At
sampling of atmosphere, an upper portion
from point A was cut using an ampoule
cutter, and, after the sampling, the sampler
was sealed at point B with a micro burner
flame. TFurther explanations about the
sampler are in text,
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Fig. 12, Diurnal changes of atmospheric C;H,

concentrations and temperatures in the
forest on the left side of the Meta River,
Amazonas Prefecture, Colombia. Open
circles and open ftriangles, atmospheric
C,H, concentrations and temperatures in
July 29 to 30, 1982, respectively; closed
circles and closed triangles, C.H, concen-
trations and temperatures in December 1
to 2, respectively. Other micro mete-
orological elements are indicated in Table
13.
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Fig. 13. Vertical distributions of atmospheric

C.H, concentration in the forest on the
left side of the Meta River, Amazonas
Prefecture, Colombia. Open and closed
circles, air sampling durations from 13:40-
13:52 and 22:50-23:13, respectively, July
30;: closed and open triangles, durations
from 1:00-1:05 and 14:00-14:10, respec-
tively, December 2. Micro meteorological
elements during air sampling periods are
shown in Table 13.
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Fig. 14. Effects of water stress on C:H; evolution and on phtosynthetic CO, fixation in various

plant species.
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