DOI:10.13758/j.cnki.tr.2004.06.005

(Soils), 2004, 36 (6): 609~614

CO,
CO, CO,
CO,
S633.301
CO,
CO,
[12]
CO, 40% 3
70
CO,
CO,
CO,
CO,
CO,
1
1.1 CO;
CO, (249
(6]
[7.8]
) CO, 900
il/L 22 % 8 %~11 %
13.4 %~22.0% 40.3%~43.0
% 42.9 %~51.2 % 39.0
%~61.8 % 46.0 %~51.2 %
CO, 1000~1500i I/L

25.2%~104.4%

30230250

) 210008
COz COZ
[10] [11]
CO,
CO,
CO,
il/L 1100 i l/L
% 79.01 % 27.0%
7001 I/L CO, 28
4001 1/L
[12]
Batal 3 CO, 3301 I/L
il/L
660 i I/L
K Mn
K
KH,PO,
K CO,
CO,
[19]
Yelle [ CO, 2
18 % 30 %
NAR SLW CcO,
CO, LMA
45 %171
1.2 CO,

3h

700
45.08

75.7%

660
CO;

Tripp



610 36
CO, [30] (31
32, 53 CO;, CO;,
(16, 1926 0, Rubisco
1 [34]
1 ¢o, K havari-nejad®” CO,
Teble1 Effects of CO; enrichment on yidd of tomato 58 %
co, L %
900 84 95 Calvert¥ Li [
900 30 Cavert 19 C02
900 15 Fierro
3
900 80 Yele 1 )
900 2 Ydle [ AFIFm
1200 48 L 10 CO,
650 17 Kimbdl 2
1000 a8 Kimball Rubisco PSI|
450, 525; 600; 675 24 Renat @&
Frydrych!*@l CO,  1500il/L CO;
3
CO,  300il/L %3 CO;, Yele 7
COZ COZ
CO, 1 5
CO, 37 % 8
CO, 6 %
900il/lL  CO», 80 %
22 9118
2 Yele [ C CER
CO,
COZ COZ
Isam  [?1 700~800 5 9
il/L CO, CO, CO,
CO, 10 5
C CO, 10
; COz
CO,
Madsen> CcO,
Madsen'® Yele &7
CO,
10001 I/L CO», Rubisco C
N P K Ca Mg S vu Rubisco  CO;
(29) Ydle
(4] Rubisco
3 Besford [
CO, CO,



611

Rubisco
Rubisco

CO,
[41]

Woodrow 144

CO;
CO;

CO,
50 %% Jwa®

MRNAs

(44

Tripp

CIN C

5.1
CcO, [22]
CO,

CO;,
Gent!®
CO;,
15 %
31idgdg
4.3 MJ/(m? d)

CO;
CO;

5.2

(33

CO,
(31

CO;
CoHg

900 il/L
32 %
CO;
CO;

1000i I/lL. CO,

N

CO,
[49]

23MJY(m>d)

271g/g

CO;

CO,
5
CO, 625 1/L
CO, 350i11/L
CO,
CO,
[46]
CO,
5.3 0 UV-B
03 COZ
O3
41 co, O3
% Hao
48] O3 CO,
CO, O3
(12 CO, UV-B
O3 CO, UV-B
6001 1/L CO, UV-B
[49] CO,
O3
UV-B
5.4
CO,
PS FV/Fm
AFIFm Rubisco (39
Li [ CO,
7 dsmt
58 % 53 % CO,
7dsm!  CO, 48%
10 CO,
CO,
6 HCO;
19 CO,

C DIC=CO+HCOs



612

36

van der Westhuizen B DIC
(dissolved inorganic carbon 0O,
360
i mol/mol CO; pH 5.8
CO; (5000 i mol/mal) NO;
30 % NH," =2
Bialczyk!™ HCOs
HCOs 5.68 mmol HCO3’
179%
(176%) HCOs
22.72 mmol
HCOs
HCOs N K Ca
37 1500
i mol/(n s)) DIC
DIC 1000
i mol/(m? s)
DIC

DIC C

1% 10%
c ™

CO;

CO;
CO;

CO;

CO;

CO;

[55~57]

10

11

12

CO, N P K
CO;
CO;

Mortensen L. Review: CO, enrichment in greenhouses:
crop responses. Sci. Hortc., 1987, 33: 1~ 25
Wittwer SW, Robb W. Carbon dioxide enrichment of
greenhouse atmospheres for food crop produciton. Econ.
Bot., 1964, 18: 34 ~ 56
Herbert ZE, Israel C, Rounick JS, Mordeckai Magaritz.
Use of carbon isotopes to estimate in corporation of added
CO, by greenhouse-grown tomato plants. Plant Physiology,
1984, 76: 1083 ~ 1085
Morgan JV. The influence of supplementary illumination
and CO, enrichment on the growth, flowering and fruiting
of the tomato. Acta Horticulturae, 1971, 22: 187 ~ 193
Hurd RG. Effects of CO,-enrichment on the growth of
young tomato plants in low light. Annals of Botany, 1968,
32: 531~ 542
Madsen E. Effect of CO,-concentration on morphological,
histological, cytologica and physiological processes in
tomato plants. State seed testing station, Lyngby, Denmark.
1976, 264
Marshall R. CO,does not help tomato propagation. Grower,
1964, 61: 812 ~ 815
Knecht GN, O Leary JW. Increased
development by carbon dioxide. Journal of the American
Society for Horticultural Science, 1974, 99: 241 ~ 216

CO;, , 1990, (1): 28

CO,
, 1991, 76 (8): 29~ 31

tomato fruit

, , , , . CO,

. ( ), 2000,
31(2): 196 ~ 200

Olszyk DM, Wise C. Interactive effects of elevated CO,
and Os on rice and flacca tomato. Agricultrue, Ecosystems

and Environment. 1997, 66: 1~ 10



613

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Batal KM, Smittle DA, Brewer HL. Growing short sturdy
tomato seedlings to fecilitate automated handling. Applied
agricultural research, 1990, (1): 1~ 8

Tripp KE., Peet MM, Pharr DM, Willits DH, Nelson PV.
COz-enhaced yield and foliar deformation among tomato
genotypes in elevated CO, environments. Plant physiology,
1991, 96 (3) : 713~ 719

Besford RT., Ludwig LJ., Withers AC. The greenhouse
effect: acclimantion of tomato plants growing in high CO,,
hotosynthesis and ribulose-1, 5-bisphoshate carboxylase
protein. J of experimental botany. 1990, 41 (229): 925 ~
931

Yelle S, Beeson RC Jr, Trudd MJ, Gosselin A. Duration of
CO, enrichment influence growth, yield, and gas exchange
of two tomato species. Journal of the American Society for
Horticultural Science, 1990, 115 (1): 52~ 57

Bertin N, Gary C. Short and long term fluctuations of the
leaf mass per area of tomato plants-implications for growth
models. Annals of Botany, 1998, 82 (1): 71~ 81

Frydrych J. Factors affecting photosynthetic productivity of
sweet pepper and tomato grown in CO, enriched
atmosphere. Plant Physiol., 1984, 62: 95 ~ 101

Calvert A. Effects of day and night temperatures and
carbon dioxide enrichment on yield of glasshouse tomatoes.
J Hortic. Sci., 1972, 47: 231 ~ 247

Fierro A, SainteFoy Q, Tremblay N, et al. Ehylene
exchange in Lycopersion esculentum Mill. Leaves during
short- and long-term exposure to CO, Journa of
experimental botany, 1993, 44 (259): 471 ~ 480

Li JH, Sagi M, Gde J, Volokita M, Novoplansky A.
Response of tomato plants to saline water as affected
carbon dioxide supplementation I: growth, yield and fruit

quality. Journal of Horticultural Science and Biotechnology.

1999, 74 (2): 232 ~ 237
Kimball BA. Carbon Dioxide and agricultura yield: an
assemblage and analysis of 430 prior observations.
Agronomy J. 1983, 75: 779~ 788
Reinert RA., Eason G, Barton J. Growth and fruiting of
tomato as influenced by elevated carbon dioxide and ozone.
New Phytologist, 1997, 137 (3): 411 ~ 420
, . CO,
, 1998, 6: 33 ~ 35, 48
, . CO,
, 1997, 28 (2): 167 ~ 168
. Co, 4
. , 1996, 6: 14 ~ 16
Idam MS, Matsui T, Yoshida Y. Effect of carbon dioxide

28

29

30

31

32

36

37

39

40

enrichment on physico-chemical and enzymatic changes in
tomato fruits at various stages of maturity. Scientia
Horticulturae, 1996, 65: 137 ~ 149

Madsen E. Effect of CO, concentration on growth and fruit
production of tomato plants. Acta Agric. Scand., 1974, 24:
242 ~ 246

Behboudian MH, Tod C. Postharvest attributes of 'Virosa
tomato fruit produced in an enriched carbon dioxide
environment. HortScience, 1995, 30 (3) : 490 ~ 491

Bunce J. Short- and long-term inhibiton of respiratory
carbon dioxide efflux by elevated carbon dioxide. Ann.
Bot., 1990, 65: 637 ~ 642

Khavari-ngad RA. Growth of tomato plants under carbon
dioxide enrichment. Photosynthetica, 1996, 32 (3): 471 ~
474,

Oosten JJ, Wilkins D, Besford RT. Some relationships
between the gas exchange, biochemistry and molecular
biology of photosynthesis during leaf development of
tomato plants after transfer to different carbon dioxide.
Plant, cdll and environment, 1995, 18 (11): 1253 ~ 1266
Behboudian MH, Lai R. Carbon dioxide enrichment in
‘Virosa tomato plant: responses to enrichment duration and
to temperature. HortScience, 1994, 29 (12): 1456 ~ 1459
Rogers HH, Runion GB. Plant responses to atmospheric
CO, enrichment with emphasis on roots and the rhizophere.
Enviromnenta Pollution, 1994, 83: 155 ~ 189

Li JH, Gde J Novoplansky A, Sagi M, Volokita M.
Response of tomato plants to saline water as affected by
carbon dioxide supplementation I1: physiological responses.
Journal of Horticultural Science and Biotechnology, 1999,
74(2): 238~ 242

Hicklenton PR, Joliffe PA. Alteractions in the physiology
of CO, exchange in tomato plants grown in CO, enriched
atmospheres. Can. J. Bot., 1980, 58: 2181 ~ 2189

Yelle S, Beeson RC Jr, Trudel MJ, Gosselin A. Acclimation
of two tomato species to high atmospheric CO,. I. Sugar
and starch concentrations. Plant Physiol., 1989, 90: 1465 ~
1472

Madsen E. Effects of CO, enrichment on growth,
development, fruit production and fruit quality of tomato
plant from a physiologica viewpoint. Phytotronics, 1975,
111:318~ 330

VuCV, Allen LH Jr, Bowes G. Effects of light and elevated
atmospheric CO, on the ribulose biphosphate carboxylase
activity and ribulose bisphosphate level of soybeen leaves.
Pant Physial., 1983, 73: 729 ~ 734

Yelle S, Beeson RC Jr, Trudd MJ, Gosselin A. Acclimation



614 36

of two tomato species to high atmospheric CO,. II. radiation and carbon dioxide on growth and photosynthesis
Ribulose-1, 5-bisphosphate carboxylase/oxygenase and of tomato. Canadian Journal of Botany, 1997, 75 (2): 213~
phosphoenol pyruvate carboxylase. Plant Physiol., 1989, 90: 219
1473 ~ 1477 50 Enoch HZ, Olesen JM. Plant response to irragation with
41 Yéele S, Gossdin A, Trudel MJ. Effect of atmospheric CO, water enriched with carbon dioxide. New Phytologist, 1993,
concentration and root-zone temperature on growth, 125: 249 ~ 258
mineral  nutrition, and nitrate reductase activity of 51 van der Westhuizen MM, Cramer MD. The influence of
greenhouse tomato. Journa of the American Society for elevated rhizosphere dissolved inorganic carbonconcen-
Horticultural Science, 1987, 112 (6): 1036 ~ 1040 trations on respiratory O, and CO, flux in tomato roots.
42 Woodrow L, Grodzinski B. Ehylene exchange in Journal of experimental botany, 1998, 49 (329): 1977 ~
Lycopersion esculentum Mill. Leaves during short- and 1985
long-term exposure to CO,. Journal of experimental botany. 52 van der Merwe CA, Cramer MD. Effect of enriched
1993, 44 (259) : 471 ~ 480 rhizosphere carbon, dioxide nitrate and ammonium uptake
43 Jwa NS. Influence of elevated CO, concentration on in hydroponically grown tomato plants. Plant and Soil,
disease development in tomato. New Phytologist, 2001, 2000, 221 (1): 5~ 11
149 (3): 509 ~ 518 53 Biaczyk J, Lechowski Z, Libik A. Growth and tomato
44 Tripp KE, Kroen WK, Peet MM, Willites DH. Fewer seedlings under different HCOs(-) concentration in the
whiteflies found on CO,-enriched greenhouse tomato with medium. Journa of plant nutrition, 1994, 17 (5): 801 ~ 816
high C: N ratios. Hortsicence, 1992, 27 (10): 1078 ~ 1080 54 Cramer MD, Richards MB. The effect of rhizosphere
45 Gent MPN. Effect of diurnal temperature variation on early dissolved inorganic carbon on gas exchange characteristics
yield and fruit size of greenhouse tomato. Applied and growth rates of tomato seedlings. Journa of
agricultural research, 1988, 3 (5): 257 ~ 263 experimental botany, 1999, 50 (330): 79 ~ 87
46 Paez A, Hellmeers H, Strain BR. Carbon dioxide 55 Li F, Kang S. Effects of amospheric CO, enrichment,
enrichment and water stress interaction on growth of two applied Nitrogen and soil moisture on dry matter
tomato cultivars. J. Agric. Sci., 1984, 102(3): 687 ~ 693 accumulation and Nitrogen uptake in spring wheat.
47 Krupa SV, Kickert RN. The greenhouse effect: impacts of Pedosphere, 2002, 12 (3): 207 ~ 218
ultraviolet-B(UV-B) radiaiton, carbon dioxide(CO,) and 56 Pearson M, Besford RT, Hand DW. The effects of oxides of
ozone(O3) on vegetation. Environ. Pollut., 1989, 61: 263 ~ nitrogen and carbon dioxide enrichment on growth and
393 content of ribulosel, 5-bisphosphate carboxylase
48 Hao X, Hale BA, Ormrod DP, Papadopoulos AP. Effects of oxygenase and nitrite reductase in glasshouse lettuce.
pre-exposure to ultraviolet-B radiation on responses of Journal of Horticultural Science, 1994, 69 (2): 257 ~ 266
tomato (Lycopersicon esculentum cv. New Yorker) to 57 Weerakoon WM, Olszyk DM, Moss DN. Effects of
ozone in ambient and elevated carbon dioxide. Environ. nitrogen nutrition on responses of rice seedlings to carbon
Pollut., 2000, 110 (2): 217 ~ 224 dioxide. Agriculture, Ecosystems and Environment, 1999,
49 Hao X, Hale BA, Ormrod DP. The effect of ultraviolet-B 72(1):1~8

RESPONSES OF TOMATO TO CO, ENRICHMENT

DU Zhen-yu ZHOU Jian-min  DUAN Zeng-giang WANG Huo-yan
( Sate Key Laboratory of Soil and Sustainable Agriculture (Ingtitute of Soil Science, Chinese Academy of Sciences), Nanjing  210008)

Abstract  This paper reviews effects of CO, enrichment in atmosphere and roots media on growth, yield,
quality and some other physiological characteristics of tomato, and interactive effects of environmental factors and CO,
on tomato. CO, enrichment increased the tomato’ s growth, yield, quality and photosynthesis. Respiration and
transpiration of the plant and incidence of insects and diseases decreased under elevated CO,. Environmental factors
affected the responses of tomato to CO, enrichment. It was suggested that later researches should be focused on nutrient
absorption characteristics of tomato under elevated CO..
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