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Development of Plant Resources for the Control of Environmental Pollution*
- CO, Absorption and Growth Response to CO: in Kenaf(Hibiscus cannabinus L.) -

Yoon, Seong-Tak**
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In order to investigate the possibility for use to control environmental
pollution, Kenaf(Hibiscus cannabinus L.) was used to obtain information of
their growth and CO. response under different temperatures and CO:
concentration. The highest percentage of germination and aboveground dry
mass of Kenaf were found at 30C and 35T by 89.0% and 3.2g, respectively
under different temperatures. The amount of CQO; absorption and aboveground
dry mass production of Kenaf were higher than those of maize during the
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whole growing period and the last sampling of aboveground dry mass of Kenaf
and maize were 252.9¢ and 200.8g, respectively. The highest plant height was
found at 400ppm by 131.0cm and the next was in the order of 600ppm by
129.3cm, and 800ppm by 108.8cm. Leaf area was higher in the order of 400ppm
600ppm ) 800ppm, whereas leaf dry mass was in the order of 800ppm > 600ppm )
400ppm under different CO: concentration, showing that leaf became thicker as
CO; concentration was increased. Days from seeding to flowering became
shorter by 13 days in 35/25C compared with 25/15°C between two temperature
regimes and they also became shorter as CO: concentration was increased.
Aboveground dry mass was higher in 35/25°C than that of 25/15°C between two
temperature regimes, while it was increased in the order of 800ppm > 600ppm >
400ppm as CQ. concentration was increased. Temporal changes of leaf dry mass
during growth period showed no difference between CO: concentration in 25/15
T, but the highest of it was found at 800ppm in 35/25C. The highest temporal
increase of root dry mass was found at 800ppm in 25/15C, but 35/25C showed
no difference between different CO; concentration.
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18M7] A8 olF FAZA di7] F9 oldstds: FEE 280ppmelA 365ppm
2 7, dAx oid o 1.8ppmel F7Fstal ith(Keeling & Whorf, 2000 :
Etheridge et al, 1996 ; Mendelsohn & Rosenberg, 1994). ol AJAId o)A 3=
B} 344% Eold FEolth ojdstetaE A4, Ae F 3MA=9 AHEFIS A
¥ Fo2 drlz wEH e, o1F oF 48%7 d71d FAHR Yok ol & FAR o4
gL E A% e 35 2147 2 g7l F9 o)dggs =€ 600~1,000ppm o=
718 Aoz 4483 YK Cox et al. 2000).

¥vl(Hibiscus cannabinus L.)E 134 ZEAEZA Aol Zs8tn A9d ¢
ME HgHo) 2 BT o GXF AFECl 393 A, d7] T CO: FFFel
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2 AEoltHz &, 2001). ¥vie 28 ARE AA AFUfAN HRANe BEFo=
Avisio} gkont, o itsiErs: F4YHI AL, A 5 WEEFSFEHo) WS ZF Aer &
A g oo we T FALHEAI}F 21CY A A& BAR R4¥4 u
2u3t JAE 98 olisigA &4 9 434S AF 83 AYHERY AYd
#3 A7 £ 2 YK Miyazaki et al, 1995 : Song et al, 1995).

getr] B AY-e gute] RAANNERZA Y o] &4 AEE 95t ¢ute 4K, ol
jetd F4 2 W5 S AR E b oo RIS vl

I. Ag ¢ =y

1. 9ot ¥ 7243

259 g dol ¥ {FEAY 542 2001~2002d AAM @S fALGYS 49
AoA growth chamber(KG-8407-800, vision scientific co.)& o]&3tad AA3HH.
2EE 25 30, 35CE, 9432 13/11(F/°h ATz sen, FEs 15000luxZ 3ty
g3y 3utRo g MAIEQY 52 drogxRy 9% Kenaf(Evergradies 71)& ol
43gon WEL Y 2 AE=1:1:1:2 39 200139 5¥4Y FE=(8x8 99)
3 3YE HES F Wol T U FH IFE IA ANIASEE o] &3AT MM A
qon, FRo] FEIEE At ZANELS Y F 35 dolg, 2%, 45

sog, 8, A4 A%F, A%y ATFS 44 2ASAG:

2. CO. & ¥ &y

gutel CO; F4% L AZALTF 332 20013 49 209 249 Fvle} S48 F
E(8x8 98)d %E - AT 59 79 B ¥ olNsAY. FEFL Yvie drozy
=99 Kenaf(Evergradies 71)Z stflom, 44 "44L'S AEXNIARc2RY 2
gutel ZAISAL. ANLEE Uvh 54 BF 70x20cmzZ Yok A¥T WHL 6nd
Z dgen, AP 3y Eo R Y.

AM]E= N-P205-K:0=18-15-15kg/10a2 3t AL E 50%+ 71¥E2 YA 50%= °
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3o FFAA 68 24 B 22 93td 530(6¥9 29, 68 3%, 649 5U, 649 7Y, 6
4 89)4A, °1E9 HIFAE AHEEi-

ol4 ¥ uis} 40 ANA AL o ¥ 179U oz XPHE A Az
719 B3 AEFE AT Vg AT AR FANIAT 2APIEA £33
=

3. 2k ¥ CO. STE7I00 [hE MSUS

dute] 2% 9@ CO; FES/IN wWE A{WSL w5 ZAoFN3(university of
Georgia)®l Q843734 e A-ZH7AA(Envirotron)e] 671 growth chamberg o]&
slo] AAEAT AEdE 25E F/of 24F(25/15C s} 35/25C) 2.8, CO: &€ 37
(400, 600, 800ppm)C.Z 4utE-0 2 9}

AAL 13/11(F/op)AZteE, FEE 753.7umoles/ ni/seco.2 3Hth EFL Yo
BE] £9%9 Kenaf(Evergradies 71)2 3o Zgl2g FE(ZI2xAZxEo]= 30><30><
50cm) & ol&3d XEG ARSA AL "IA}EE Y3 RAES 22kgo. 2 FUIA T F
20023 99 5 ¥ED 5¥E BFdA 28 T FAS UIAT @7l U AAS
b 3=

Growth chamber® WAL 6.64ni, ¥ol 22m=2A Zrzte] growth chamber:
CMP40302) A52ARAAE ol &3ld 2% 2 CO, %/t AHEE s%low, 7 4%
A9l CO, ¥% 2UHZHL LICOR infrared gas analyzer(LI-800 GasHound CO:
Aanalyzer, LI-COR, NE, USA)E °]&38Hth

Al¥]:= Hoagland solution(Downs$} Lellmers, 1975)& 1% 34 g (half-strength)
£9g 1590 1~23] Bdte] AEYE B3R GEF Ao, EFH SR
7t AAESE AFAFAAE ol 83t ALYt 25 2 CO; =4 w2 gl 7
A3 E(E'Z%)*J! ZF 238 93 HEA samplingS £8 ¥ 159 73 o= 939 zﬂ
3 QAF, 2AF R A —‘i"— AEZS A

Degree days: 712&EE 15CE 3o 49 F7)| 279 Aol& FAH @O 33th
238 % 105 Tos NFAR EFE AP 23, 44, 993, 2%, 943%F 43T
273%, specific leaf area, leaf mass ratio, aboveground dry massE &3 ssith
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Sute] wop 2 FEAY EAL Table lolxeh At ol gL 25TAA 73.0%= 7}
F dgten, 3BTAAN 8.0%= 7 =4tk 2L 30T 35T A=17t 424 103,
104ecm& 35C A7t 718 Fon, 25T FAA 7.3cmz 71 Atk 44 2 vt
d&x 30C A poA A4z 4.89, 470 2A 71 e, 35C A7 FAA Ao
= AAHA &siok AL 25T, 30C, a8 35C AgA 2 10.6cm, 11.7cm,
124cm=2A4 Az ok ARE AEFS 0CoAA 32802 7H e, o3& 35T
2 29goIAth AR AEFE 30T A FNA 1.2g22 3BT AT 1.0gRT 8
o} o]} Az Hol Yuie) ol © ASA 2L 30T AXE AgHTh

Table 1. Germination and seedling characteristics of Kenaf under different temperatures at 3
weeks after emergence

25C 73.0 7.3 2.5 2.9 10.6 1.90 0.40
30C 87.0 10.3 4.8 4.7 11.7 3.20 1.23
3BT 89.0 10.4 4.3 4.3 12.4 2.90 1.00
LSD(0.05%) 13.07 2.40 1.16 1.25 NS 1.14 0.78

2. CO; &5 % il

Futel 8449 A F CO; 4% vlie Fig 1948 2.

A ZF 7122 06 14579 21.2TE AlFo =z 08 : 00l 24.0C, A9 35.0CE veERY)
Row, H17]2& 14: 004 39.6CE HetHRTIE o]F A A3] wtopx7] AlFetE o
¥t 2 559 CO; FFFS vind BE Sl A 06 : 45419 2.4umoles/6.25cr
/secs] CO; E%FE Yoy, S44= -1lumoles/6.25ct/secd UER O] o] AJZto
v 55 AL o BRAZFE /IS v vk S5l vE R

2 Aoz AZAHAUL

09 : 00X A= %vl, &471 Z+z 36.0, 29.6umoles/6.25ci/secEA 4wul7b 6.4umoles
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B4go] g@otth Aol Ivl, &44 Zzb 784, 72.0umoles/6.25ci/secE ¥rirt 6.4u
moles CO; &% B3tth 712°] 718 &2 14: 00/ 92 9A Fvte CO; F4Fl
Ekom, 16 : 004, 17 : A= Futrt &4 u]3) 24zt 8.8, 3.2umoles/6.25¢/sec
Eo} S44 HjF vl CO; F4%° 5% ¢ F I

T3 £ ZA4 4538 HAS® HF CO: 532 4t 57.1umoles/6.25ai/sec,
4427} 51.0umoles/6.25cri/secA 4vte] CO; FF%5°l S5 vldl & & F N
AFLRs gAE EE A W CO; 3239 JAE A FAAINAEZAY /AL
Qo] B2 AF - AEV e YAdn
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Fig.1. Daily changes of CO: absorption in kenaf and maize.

Fig. 2& 4vtst &559 487170 5 AEANSY vag sty ol A
Ao AAA WstE yEd Zlolt

o] ¥ g9 AR AEFY Z/IFEE B4 o ¥ 19 40t R S549 AEF
& 747y AT 3g, 4802 F Aolrt R om, oY F 14458 21Y)dNE ¥ R &
4 2z} 4.8g, 4.7g2.2 UA URTh

ay o)A ¥ 289(69 14Y)RE = Fute] AEFO S5FE IAA SUtE S5
5.2g° Hlal 4gelvk Etch U o4 F 63U 79 23Yl= 54 2E&3 HE
AgFo) 343 AR Friet K547t 247} 50.3g, 59.1g0.2 & ol UEh A ¥%te
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o4 F 779(7¥ 30Y)FEE GV ASF] AR NFs F AEARY AE
AAFE of4 ¥ 84Y(8Y 69Q)ol= Frubt 994828 S5 74.2g90 HIF 25.2g°014 ¥
gon, o4 F 98UBY 209)dE= vt R S 247 21518, 1538802 ¥t
61.3go1t =T

S5 45719 o4 F 1129(9€ 39)9 AF APldE 44 200.8g° ¥IF
Fubrt 252902 Fwirt oF 26% AEF AT BYTh cl2A IFrhe) ALY 43
Fol G 48U 59 8 F& € & AN ¥ CO; Fo50] ddFez & HER
AGHAT

—— Kenaf
-~ @& Maize

Dry weight(g/piant)
g

1 7 14 21 28 B 42 9 % 3 0 ” 8 9 8 105 112
Days after ramsplamting
7 14 21 28 4 1" 25 2 9 16 23 30 6 13 20 27 3

May June July August sep.

Days{date/ month)

Fig. 2. Temporal changes of aboveground dry weight in Kenaf and maize.

3. 2 ¥ CO. S=B7H0 Cist U=

25 2 CO; ¥=] g gvte] Y{ukeE& B Table 2044 ¢ 2ok 23L& 35/25
T(F/°F) A&7t 142.2cmEA 25/15C9) 103.8cmo) B3} 38.4cm7t ok CO: wx9 o
2 Hol& B9 400ppmo} H#F 131.0cm, 600ppme] 129.3cm 183 800ppme] 108.8cm
2 400ppm A Fo)A 7ol 7H¢ Fh

FE 35/25C AolA 69.28 2.2 25/15C9) 34.04¢ vls] Fuj o]do] @it 7
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A 4A3 9A 35/25C AZFNA =kew, CO; FEo W Yud& 400ppmeo] %3
7+ 5088.8cd, 600ppmo] 4984.1cnt 18] 12 800ppmo] 4640.9ci= FHAH HA| 400ppm A&l
TFolA 713 =tk dE2:F A2 eU4E 35/25C A F7 25/15C A Foll vid o
139 #=gon, CO; =4 /st2294E 400ppmel HF 7409, 600ppmel 69.0%,
800ppmeo] 66.54 2 CO; =71 F&45 M3/ /A& ¢ + A}

Table 2. Response of growing characteristics to temperature and CO2 enrichment under two
temperature regimes in Kenaf at 10 weeks after emergence.

400ppm | 1074 | 31.7 | 16263 | 80.0 | 47.3 | 1L1 | 141 41 | 1473 ) 041 | 274

g5/15C  |600ppm | 127.3 | 37.3 [19932| 740 | 492 | 186 | 250 | 85 | 1079 | 038 | 488
(Day/night) | go0ppm | 768 | 33.0 |17664| 740 | 563 | 176 | 229 | 219 | 1005 | 040 | 719
Mean | 1038 | 340 [17953| 760 | 509 | 158 | 207 | 115 | 1189 | 040 | 494
400ppm | 1545 | 720 |8551.3| 680 | 67.0 | 599 | 713 | 924 | 1433 [ 038 | 1551
g5/95¢  |600ppm | 1313 | 67.7 |79749| 640 | 563 | 636 | 808 | 560 [ 1253 | 040 | 1587
(Day/night) | 8ooppm | 140.8 | 68.0 | 7515.4| 59.0 | 60.0 | 77.8 | 744 | 69.0 | 97.0 | 046 | 1670
Mean | 1422 | 692 |80139| 637 | 611 | 671 | 755 | 725 | 1219 | 041 | 1603

LSD(0.05%)
between CO; conc.

LSD(0.05%)
between temp.

204 45 7679, 16| 71 62 | 63 | 181 1 192 0.04 8.2

66| 37 | 6269 13 58| 50 51 | 148 | 157 0.03 6.7

' : Days from seeding to flowering

73L& 35/25°C Al 7F 25/15C Aol w3 AAew, CO; ¥ EH 800ppm
A 77F B 58.2cmE 600ppme 52.8cmBE o= 2ok, 400ppmTtehE diA §iSith
2xd CO; =49 MAG GAFLE 35/25T A7) 67.1g0.8 25/15TC A& 79 15.8g
®o 51.3got EUTh

CO: ¥=49 g7 9d3x 92 800ppmolx P& 47.7g, 600ppmolA 41.1g,
400ppme] 355802 PHAL 400ppm » 600ppm > 800ppm FEFoZ EhoU, 4AF
2 800ppm » 600ppm ) 400ppm<] =202 Fo} CO; FE7 HgHAN 4FS FS ¢ +
AR

TAFE A 2x A3e AolE B 25/15C A HF 11.5g9 A8 35/25
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T A7} 725g02 12487t 78 6lgoly E4th CO, sx¥EE 400ppme] 3
T 48.3g2.2 600ppm<} 32.3g, 800ppm<] 45.5g°] wls] 713 =i

H QAL 35/25C A&7} 121.9, 25/15C A2 F7F 11892 25/15C ATl w3
35/25C A9 ol FAL BY¥EL depidor, CO; Fxd wWE HgAFL
400ppme] ¥ 145.3, 600ppme] 116.6, 800ppmeol 99.32.2 400ppmel & 3z,
800ppme] 7H¢ ol CO: =7t #&4% 949 HEx7t ARAE & = Utk

A5H&L 35/25C A7t 041, 25/15C AFF7} 04002 4AFo| AAE ¥&
o] A27A E}ow, CO; =7l 800ppmeo] 04322 713 FHon, 600ppmel
0.392 71 Hol AR AEF T 4%l AASHE vl €l 800ppm A FolA 73
=4 AGE AEFE 25/15C A9 49.4g° wis) 35/25TC A2+t 160.3go=
110.9ge1v © Egrh

CO; ®XZtd= 800ppmol, 105.8g, 600ppme] 103.8¢g Iz 400ppmol 91.3g0=
800ppm > 600ppm > 400ppm X9 £ 2 CO; ¥57} EL4E AR AEFo F713
= A%E B9

Fig. 3& 28 ¥ 1057 15 714202 A EAE samplingstd 4A4F, 24F 2 A4
HAESZ S £33 28 % Degree daysoll W2 ol Ao ZAAZA wssE Jed
Aol

<58 4459 AAF F7he 35/25C ATz 25/15C Aol v JFF F7t
7 34 #3%oH, CO; sxd B2 gA3F9 A3FL 25/15C Ao+ 400ppme]
AgeFol Zgtew, 600ppm, 800ppmolAE M3 AFFAAE BAY. 18y 35/25C
A oo Q4AF BAE AFS7HEE 800ppmAE FolA 7HF FoF 25 € CO;
FExA4 w2 474Fe AFF VMol eS¢ & AT

21%& 25/15CoAA = 800ppm HE] FolA 7H3 ggkov, 35/25CAA & 400ppm A
gl FolA AFF F7t ok

A £x 2 CO: v%4 Wt B9 AF57t Fdol dES ¢ F AT AR
ZAEF9 AAFolE 25/15T A FAAME 400ppmolA A3 Z7h7F F o, 35/25T
X 400ppm, 600ppm, 800ppm A2 54 dizt fIdch

ojg} o] HEQ A 1z A F FLEAY 4AF I4F 18y AR AEFY
AN AZF F7te L2274 9, CO; Fxo =t vhg Fde] o
=2

j
tilo
e
+
xS
32



Korean Jjournal of Organic Agriculture 11(December 2003) Copyright 2003 Korean Association of Qrganic Agriculture

Temperature 25/15°C

’ —@— 400ppm \

O+ 600ppm

%7 |~ ¥~ _800ppm,

1
-
o

0 500 1000 1500 2000 2500

Leaf dry mass(g/piant)

Root dry mass(g/plant)

a)
DDE(°C.day)

1
00 T

| —@— 400ppm
504 | -0+ 600ppm

L =¥~ 800ppm |
60 |
40 W

i v
20 vvv
v"
o lputleceoes |

0 500 1000 1500 2000 2500

Aboveground dry mass(g/plant)

DDE(°C.day)
180 e
ka8
o4 | —y="80bom |
120 +
100 ~
80
60 |
al g mSeW
20
0 T L E— T
e 0 500 1000 1500 2000 2500
DDE(°C.day)

Root dry mass(g/plant) Leaf dry mass(g/plant}

Aboveground dry mass(g/plant)

T T
fy 0 500 1000

Temperature 35/25°C

100 ——
—&— 400ppm [
go 4 | O 600ppm
¥~ 800ppm; Vel
[} 500 1000 1500 2000 2500
b
) DDE(°C.day)
100
—@— 400ppm |
80 4 Q- 600ppm
~¥— 800ppm]
N
60 | o
o
40
20 ﬂ
0 T — T T
4 0 500 1000 1500 2000 2500
DDE(°C.day)
180 e ——
160 ~ [‘—0— 400ppm (
i O 600ppm
140 A f —w~ 800ppm J
2o
100 —l
80 |
60 -
40
20
[

T T
1500 2000 2500

DDE(°C.day)

Fig. 3. Leaf dry mass(a,b), root dry mass(c,d), and above dry mass(e.f) at three levels of CO,
concentration as function of degree days after emergence(DDE) under two temperature

regimes in Hibiscus cannabinus L.
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ojde] A#ZE Kol Jule] Y§A 2L 30T Jx= WAk

ES Yguke AlA Yo e o| A4 Hlg 33, odsidd F4Y Ed av
AL S 4 AU 250 98 vy T LP(35/25T)AA guA, AR AEFo
4 A, olddigtx Fxol U@ wix ol el Fyrt & A F(800ppm)elA
4% AR 1EF] =49 AL AN grks 12 FLAol Ax oiidgA F
FTE A, FoE AF2ds JAE A% d=A9 HY, 7tz € XY Fol =& 9]
Astgd FE7F 22 U39 5o SHtE F4E A% $HANNEEA A 1A
7} itk #aE. £

TS A $(1995)2 Fuirt A4 2 AAEF L0l Fot £EASN EWIF B AT
st8o029] o] 87Xt Fvu SUEH, £ AHANE Yvke FvE € EY -4
35 e AEF A Eddod 3F &6 B2 HEJ ook  Aeg AdHA
o B3RS A% AU ER o8I Qs AeE Algd.

oX

N. A 8

Frhs o7 ARE AA odF UM A54%S BHoz AWM ok olus
B4 £58% A4 AY 5 NEFSF0l A9 FF Ao LA Utk ol B 3

FLUs AT A oluNBL E4 % B $U4NE 98 BRYRNE2 AL
Hee AETA Uil 4%, NSRE B4 % B3 AN ¥ 1 ARE 2
oahd thest 2.

1. €50 @& Wol gL 35TAA 89.0%2 71 ke, AR AEFL 30TAA
32802 V3 Egioh

2. 41ke] CO: £4%F € ABANA L 45 vig gt A AT E 89 =
fom, HF AFYIFLS S5 200.8g°ﬂ uis] gupr} 2529g0. 2 Ynlrl &4
of Hls ¢ 26% AES AirEe] Bk

3. CO; =9 B2 =% 400ppme]l H# 131.0cm, 600ppme] 129.3cm 1831 800
ppmo] 108.8cm2 400ppm A3 FolA 713 Fo.

4. CO; &= @& fAA-L 400ppm ) 600ppm > 800ppm FEFOE F}ou, A

%2 23)3 800ppm ) 600ppm » 400ppme] o2 ol CO; ¥x7l FUHESESF ¢

9 HERT ARE & F ATk
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BE2E A2 eU5E 35/25TC A2 F7h 25/15C Ao vls) o 139 #ion,
CO; ¥=¥EE 400ppmol ¥ 74.0Y, 600ppmeo] 69.0%, 800ppme] 66.5UZ CO:
FET ¥E€5E M2 2947 BolATh

25 wE AAR AZFE 25/15C A9 494gql Hs] 35/25C A7t
160.3g22 3274 Ehow, CO; Fxo wzhA = 800ppmel, 105.8¢, 600ppm
o] 103.8g ¥ 400ppme] 91.3g°.Z 800ppm > 600ppm > 400ppme] &°.2 CO:
FEIt BE4E AR AEF 37O

CO; = W2 QA7 AAA AZS7HFL 25/15TC A FoAX = T8 FH
o] gl o}, 35/25CA ] FolX= 800ppmolA F7He] Fth

CO: sx° ©WE TA39 BANA AAF7HFL 25/15CAA & 800ppmA oA 7}
Z F71%0] o, 35/25TAAE 33 Ade] Ui

sy
T 2T 29, 1995 AT YA R ¥ELS FUS A Az 54
SEAUIE, L4AI5D Golsh oS AEALA. AEA 3¢ 17176
Z297) - $37 - A2F - 29U - LA, 2001 AFALNN AL G2 Fule]

2
AEEE, % R 2AAE wgl FEAYA 43(5) 1 755-762.
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