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Plant Physiological Responses in Relation to Temperature, Light Intensity,
and CO; Concentration for the Selection of Efficient Foliage Plants
on the Improvement of Indoor Environment
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'Department of Environmental Science, Kon-Kuk University, Seoul 143-701, Korea
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Abstract. This study was conducted to select efficient foliage plants for improving indoor environment conditions
through the investigation of physiological responses including photosynthetic rate according to temperature,
light intensity, and CO, level. Eight popular foliage plants used in this study were Hedera helix L., Cissus
rhombifolia Vahl, Ficus benjamina L. ‘Hawaii’, Syngonium podophyllum Schott ‘Albo-Virens’, Dieffenbachia sp.
‘Marrianne’, Pachira aquatica Aubl., Spathiphyllum wallisii Regel, and Scindapsus aureus Engler. Photosynthetic
rate and transpiration rate of the plants subjected to various light intensities (0, 25, 50, 75, 100, 150, 300,
and 600 pmol-m™+s' PPFD), CO; levels (0, 50, 100, 200, 400, 700, and 1,000 molCO,-mol™), and two
different temperatures (16 and 22°C) were measured. In addition, various parameters in relation to photosynthesis
were calculated from the measured data. As a result, the patterns of photosynthesis varied among 8 foliage
plants according to light intensity, CO, level, and temperature. Most foliage plants except Dieffenbachia had
high levels of agparent quantum yield, which represents the photosynthetic rate under low light intensity (PPFD
0-100 pmol-m™+s™). Hedera helix, Ficus benjamina, Pachira aquatica, and Spathiphyllum wallisii exposed
to high light intensity (PPFD 200-600 umol-m™+s™) showed high levels of photosynthesis. Cissus rhombifolia
and Syngonium podophyllum were low in CO, fixation efficiency compared to the other 6 foliage indoor plants.
Hedera helix and Spathiphyllum wallisii showed high photosynthetic rate under high CO, level and vigorous
photosynthesis was also observed in Ficus benjamina and Pachira aquatica grown under 22°C. Considering
characteristics of indoor environment such as low light, high CO, level, and low relative humidity, therefore,
Hedera helix, Spathiphyllum wallisii, Ficus benjamina, and Pachira aquatica were efficient indoor foliage
plants to improve indoor environmental conditions.

Additional key words: apparent quantum yield, CO, fixation efficiency, photosynthetic rate, transpiration rate
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771 27 B % i th(Kondrashova 5, 2000; Krueger
9} Reed, 1976; Park 5, 1998). | Zoj= E}%k?l AY e
=850 Hgt A= 571743 At ASEHA A4
=9] o] 7|7} B % #obA| il JItHKim 5, 2008; Liu -,
2007; Son -5, 2000; Woleverton 5, 1989; Yang -5, 2009).

glEo] BARe e BaAlR) ula ulad 2w
YAKT S 2 ool A 2T gL s L8
O 2 FroAE ot KO0 R Qlaf AujolA ol
Aef =il SAck(Lee, 1981). AujollA AufE= HPAES
e g FTd diAF A

2 913 olstetag F4t
T AHAS WEReR WuE Ad B2 318 Heke
oh EG FAAES Folo] AU BroE SRS WEY
o= Az e AU HEE ok, eExd An
= QIeKSynder, 1990). A2 FFAS B AT T4
Ao Ao AR 5, B, R, CO, =, ATSE

ol et g=A vebd 4= 3lem(Choi 5, 1998, 1999),
oleigt 87 aagol oig ARAle) Wee uhg chersivl
E25lch(Karlsson} Heins, 1985; Son 5, 1998). Al of A
Do) B 2 S AZe) 98 A5 A
=5 %X ukSon 5, 1998; Son} Kim, 1998), o] 43 A1)
7] AeHE S BdAEe] Sl whE FRA ARt
A Aol it e BEuE ol
whebh 2 A HAE Aol Wol o]t B4
ES Ao E 2x P 7831 o]AStEr A o] WHElEko

ojN o

that BB el WSl that 7 uAel RS =
AL, 1 ARE HgoR AY 87 AN gt we
ABg A Aolth
R

AEXHE 2 xHufEHH

£ %0 AR g 29, 44 9 AR A
ol I8 BALE Sl 858 Wststchane 5,
1990; ParkJ_} Shim, 1989). 2lukz o & AUo|A o] 7]E %=

9 o] &7} =2 gy E}(Hedem helix L.), A A 2(Cissus
rhombifolia Vahl), MR AU (Ficus benjamina L.
‘Hawaii’), ALY -2(Syngonium podophyllum Schott ‘Albo-
Virens’), t]#H}7| oK Dieffenbachia sp. ‘Marrianne’), 7|2}t
(Pachira aquatica Aubl.), 2~3E|BE(Spathiphyllum wallisii
Regel), 271X 2 (Scindapsus aureus Engler)S A3 of A}

Stk & AEES A7l A AullsTtol A o
"é- TFdstod, 27 12 52 18cm 3Hiof| E3HJE (Sunshine
mixed # 1, SunGro Inc., USA)E Al&-3lo] EZbo|s} it

-1

ZAARE AABE ok 60% 233 200 + 50umol-m”+s
S, 25+ 5°C L9} 40 + 10% ATlSE Al Astost
W e oA 671E Bt skttt B 5Y) g
WA AE PSS 519 o0, 4Z20tc}h Au] Technigro(N:P:K
= 24:7:5, SunGro Inc., USA) 0.2g-L"'S AJu]a}t}.

e &
ARG AEL SEAEF A g ko] JIEE 24 2
H

A Hof| S25] Isislon], A4S o4 8AIFE] 25 14] A
Oloﬂ TYsIoAt). FohE- FHd S471(Li-6400, Li-Cor, USA)

ARgSto], F= 9 ASY CO, =St whE F
‘_P*{hght response curve, A-Ci curve)S AT o
AUF7EY] &2 185te] 16T 2T & &0 =
Aotolck sl oe BRASS B340
leaf chamber¢] <%= —"17]4 ©2E9 250umol-s”, CO,
FEZ 400umolCO;-mol” 70| A 248t % L, ofuje] 3
=X PPED 0, 25, 50, 75, 100, 150, 300, ®+ 600umol-m™:s”
o 402 2SI BEY BPALES 2410 -3
3 Z4(light response curve)S Z2HJstal, o] ZFAo|A] &
BHAY, I3, S&E, TS5, YA E(apparent
quantum yield)& AFE3FtH(Kim %, 2001; Kim1} Lee,
2001).

A CO, srstol tfgt Fehy whe2 Fk 700
umol-m~-sof|A] 243} 00, leaf chamberd] 9%
5719 1+ L Gt it FEAdNs S
Zdst A0 2 319t Leaf chambero] 325+ CO, &
T+ 0, 50, 100, 200, 400, 700, =+1000umol CO, mol”

2207 3lgch 243 Loky L£xo] AWNE o] 85|
A& COrs=(Cot FAAU] BAE e 4-Ci

curves 2HJ5Hal, CO, A, Fo54k, Ad 4%
&, B2 1A G-8(CO:; fixation efficiency) AH&31% tHKim
=, 2001; Kim3} Lee, 2001). BE 242 4uk2 02 39r}.
Zia} 9l p =k

25k 2 M(light response curve)

7] ErxstilA e Mt uh Fgd F9
A9 HokE dofr A} Qlof A= 3 s Eels)
Al

Z sto] 8F9] A HH4
of thet F-3g4d IAl(light response curve)— 2k 8kl
(Fig. 1). AF= Q(PPFD 0-100umol -m™+s™)ol = 3%
=7h S71g el BE FoA FEAERE A2 S
o}, ShA|YE 1= oQ(PPFD 200-600pmol - m™-s™)of A=
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Fig. 1. Photosynthetic rate of 8 foliage plants under 16°C or 22°C as affected by various PPFDs. Bars represent mean + SE

(n = 4).

Kor. J. Hort. Sci. Technol. 28(6), December 2010

PPFD (pmol-m2s™



+ AT & AU Bfoll= 16TColA &idt SAReS Vel
SAHE ERF AEY] T 2o uet 2 ApolE Yl th ddlehs AFE=G ol 16 CAA SAEo] =4,
(Fig. 2). 29453} 13 =] &9 fuet 52 5 AFEGAoA = 22T oA B w2 SAkeS UEhih 8
S 9 W, Lol AT AT, A4 Fel A B A% AFUEE Tu F43 A 5
2% 0.4umolH,0-m”+s" 0319 Y A UpERyth ARgE Aok UERtH AR mIAIAD.
A HOR £ 20l 2THME 16Tl H3) A7 BBTH TS JIROR Sl JuAH, FESY, 5
RO ZALS BN, WA RRGR, ek Avtgd 38, FUASY, UR4E(apparent quantum yield)S
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Fig. 2. Transpiration rate of 8 foliage plants under 16°C or 22°C as affected by various PPFDs. Bars represent mean + SE (n = 4).
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AHESEITHTable 1). 2 o)A A& ol o3t JF=> gt Aapel A 2, 2of o3t ZF 9] Mok 4
Tttt M R URE= 7MY 22 FEAAEE 7S & SOl ot gt} WAy nRUE, aby)e), AnEZE
A, sdetes 7P =2 FEIHT FFAHES Bk 2 BE RN 2o dig wtetA vhgskA] ekttt
AT A& 0] -9 dldet Byt of et AutE|TE, SHARE AN As &S AQRE BE oA F &
AHA A FollA v =2 =25 Helow, tdby| T At 594 ztolg yEtith E3t &d2ke} okt
oh= 7MY FEHA B2 SUeES VST %A} 710b= 16 CH 22 Coll A 247} [o|H 0 & =2 SPAe&
&2 FAYUAE YR I 7= FEFeA 9 < 7|53

S YeEtlY, Fwet FeAd ] AV AA- 08 e

L PPFD 100umol-m”-s™ o]&}9] Fi, 2 ofgo Ao % E]L CO, S0 WE ZEH TM(A-Ci curve)

A T8 Yetdohal g A Ich(Evans, 1987; Kim 3, CO, &7t G A Y -gol &ot= S YA Y 5
2001). whebA] o]= ofgo] ThEEQ] A S oA AE9 ol n]A|= FIF Yot LA} leaf chambero] F-Y &= &
B 9 37 A3eEE 7hedte Attt dEoR 719] CO, FE5 248ty 43 FAd g5 COx &
AYZrEth E3 Kim 3(2001)2 o 27 233t A= L5 ARESto] FEA FA(A-Ci curve) A/ SHSITHFig.

g

YajarAle] BAo] ZkaTha s, ot Aol 3). Yol g Wukge] Anel v E A% Fof upet
Ao AFoME FEo] FEE T AGe AT = T AT Bl Al At AaUE2 AflE COz
9L T} Al &

el
e} =2
e SR siEnh ol %t A ET SAEel # B 99 Uold o AEEIE 9] 6umolCO m”s’

Table 1. Light compensation point, light saturation point, respiration rate, photosynthetic rate, and apparent quantum yield of 8
foliage plants under two different temperature treatments.

Light . Light saturation Respiration Photosynthetic Apparent
Speci Temperature compensation
pecies (C) point pomt rate > rate > quantum yleld
(umol-m?2-s™) (umol- m?.s ) (umolCO2:m™-s™)  (umolCO2-m™-s™") (umoICOQ-moI )
Hedera helix 22 2.79 a* 139.7 a -0.093 a 498 a 0.042 b
16 278 a 108.9 a -0.109 a 5.27 a 0.052 a
Ficus benjamina 22 6.21 a 86.6 a -0.246 a 3.70 a 0.042 a
16 6.31 a 99.7 a -0.277 a 414 a 0.046 a
Pachira aquatica 22 3.35 a 85.7 a -0.161 a 3.88 a 0.050 a
16 3.27 a 80.1 a -0.105 a 3.69 a 0.047 a
Spathiphyllum 22 261 a 92.7 a -0.052 a 458 a 0.053 a
wallisii 16 217 a 919 a -0.059 a 462 a 0.053 a
Cissus rhombifolia 22 421 a 85.2 a -0.097 b 3.74 a 0.047 a
16 112 b 654 b 0.039 a 320 b 0.049 a
Dieffenbachia 22 1.58 b 81.3 a 0.015 a 3.54 a 0.038 a
16 592 a 65.4 a -0.032 a 223 b 0.028 b
Scindapsus aureus 22 3.70 a 51.8 a -0.159 b 3.82 a 0.051 a
16 1.88 a 554 a -0.040 a 299 a 0.053 a
Syngonium 22 2.96 a 69.2 a -0.051 b 279 a 0.045 a
podophyllum 16 3.09 a 67.9 a 0.024 a 3.02 a 0.043 a
Species (A) *kk *kk F*kk F*kk *kk
Temperature (B) NS * * * NS
A X B *k NS F*kk NS *k

ZMggﬂ separation within column by Duncan’s multiple range test at p = 0.05.
" Nonsignificant or significant at P = 0.05, 0.01 or 0.001, respectively.
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FH SEolA sHRtel AupEEEe] 2= Auglol (Kim -5, 2001). 2= Foie} ghga gl g&= vA
g#laz|obefl vlsl 11 gho] Aes] w T AL A = 84579 Aol7h AL & LEA e ol 84
Yol 7H e gy ass 7|53 25 A =29 9FE FA X AR d4d 5+ ol

slEizh, AutEjEE, fHlole e ol disiA < QZtol AFste A B4 AEol AuiEs &4 0=
A 2polE Holx| b2 W, iy daidas @ 29 SR Fert AR Wil dad g3l A <
2 A Be dESoA 2=l U v Hl e 352 oot s AUA| 7] oliteleAd]
AR AU, w7|E A ML, AEAAE A g sRET ZA 2 S TEkA ofEet S4E o
AEANMT 52 2EQ20)M FoHo2 w2 £AE LAY S0l & ASohs 2 FAd B T ¥
ok gaIAHaEL Fe A AU, 7174e 9 5= 2d 298 et @ ¢ e ud HeEs
= e FAPE UEhuA] skt Aol A o] At ojoitt. 99 AES T Hete W, ¢
218l 2Jste] CO7F A H7] M= 4l 715= 3l Al Halabzlof, A70EA L, Y2 FdECIY T4t
CO7} Aufie]l Bhrksfofof stal, 2Hibe COx= rubiscoo] < &0| g dPAEel Hs) Ao, 53] fHvlr|ore]
8 i Eth(Hopkins, 1999). wahAd Havgass Fo A9 ABE F9M FEAEC] 7 2A vERt A
oA COr ALGA &4 rubiscod] B Ee I s 24 iAdE AT BEMERe O E80] HojAes JleR
Bk slal(Farquhar &, 1980), 4-Ci curveo Al F5U CO,  BHE T AJM20 A9 EJF Ho AT A= &
7 2 FolA Y Fde Ase] COox B A & IAHER Q8] HlasH o dutE it vh §h ket
=9} rubisco B9 CO, 4 FHof ofsto] 2AHY  AWEEFS FUAYE, SAE, =PSB 1A 5

Table 2. CO, compensation point, photorespiration rate, maximum photosynthetic rate, and CO; fixation efficiency of 8 foliage
plants under two different temperature treatments.

T CO, compensation Photorespiration Maximum CO; fixation
Speci emperature - . fici
pecies (C) point rate photosynthetic rate efficiency
(umolCOz-mol™)  (umolCOz-m?2-s™")  (umolCOz-m?2-s™")  (umoICO,-mol™)
Hedera helix 22 53.5 a 154 a 7.01 a 0.030 a
16 494 a 1.66 a 7.02 a 0.031 a
Ficus benjamina 22 60.1 a 248 a 9.75 a 0.037 a
16 58.0 a 1.80 a 556 b 0.032 a
Pachira aquatica 22 62.0 a 217 a 8.35 a 0.033 a
16 52.7 a 1.65 a 415 b 0.034 a
Spathiphyllum wallisii 22 68.1 a 1.87 a 7.07 a 0.029 a
16 63.6 a 2.07 a 7.39 a 0.028 a
Cissus rhombifolia 22 654 a 1.33 a 5.68 a 0.018 a
16 61.6 a 145 a 494 b 0.022 a
Dieffenbachia 22 64.4 a 1.97 a 465 a 0.034 a
16 745 a 1.53 a 493 a 0.020 a
Scindapsus aureus 22 86.3 a 345 a 5.30 a 0.037 a
16 821 a 251 a 430 b 0.030 a
Syngonium podophyllum 22 856 a 1.71 a 5.59 a 0.019 a
16 546 b 0.83 b 357 b 0.014 a
Species (A) * *kk *kk *kk
Temperature (B) NS NS o NS
A x B NS NS o NS

ZMggﬂ separation within column by Duncan’s multiple range test at p = 0.05.
" Nonsignificant or significant at P = 0.05, 0.01 or 0.001, respectively.
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