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1 CO;
T able 1 The brief introduce of experiments of effects of double CO; on crops
1992 6 20 1992 10 1 1993 5 1 1994 6 10 1995 6 13 1996 3 7
1992 7 21 1993 4 5 1993 6 25 1994 6 29 1995 6 30 1996 4 8
Co, 1992 7 22 1993 4 6 1993 6 26 1994 6 30 1995 7 1 1996 4 9
Co, 1992 9 21 1993 6 4 1993 9 24 1994 9 10 1995 8 26 199¢ 6 7
Cco, (d) 62 60 91 73 57 60
1 6 29 3315 181 7901
¢ ) Gy Gy Cy Cy Cy
2 03
Table2 The brief introduce of experiments of effects of double O3 on crops
1998 10 3 1999 5 1 2000 8 28 2000 8 28
1999 3 31 1999 7 2000 9 20 2000 9 20
03 1999 4 3 1999 7 4 2000 10 1 2000 10 1
03 1999 6 4 1999 10 1 2000 10 31 2000 10 31
03 57 90 31 31
6 9321 5 1
C Cs G,
3 CO, (g/ )
Table 3 Effects of double CO» on total biomass and yields of crops ( g/ plant)
T Y T Y T Y T Y T Y T Y
700% 10~ ° 34.3 12.2 14.7 5.9 124.3 20.9 319.8 149.0 13.0 7.0 12.2 4.2
350% 107 ° 18.3 7.3 10.7 4.6 84.1 16.4 282. 1 121.2 10. 1 5.8 11.5 3.5
(%) 87.4 67.1 37.4 2.3 48.0 27.4 13.4 22.9 28.17 20.7 6.1 20.0
T ;Y s
6. 1% , CO2 , 6 , ,
2 2 2 2 2
67.1%, ,  27% ~ , CO2
28% , ,  20% , 3
~23% CO» ) )
s , C3 CO2
Cs , G (4 CO, , 17
C02 M C3 4 D)
, 34.6%, ,
) C02
6]
Lol s 17
3.1.2 CO2 5 ,
CO»
2 5 2
, 4 5 (11 )
4 ,CO2 , , , CO2
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4 CO;
Table 4 Effects of double CO2 on quality of crops
(%) (%) (%) (%)
(g/ 100g) 41.0 41.0 0.0 15.79 15.44 2.3 9.79 10.53 -17.5 8.46 7.94 6.5
(g/ 100g) 62. 14 61.62 0.8 74.42 72.78 2.3 66.81 70.6 - 4.6
(g/ 100g) 21.5 22,1 -2.7 4.70 4. 46 5.4 4.04 3.94 2.5
(/100g) .38 2.11 - 34.6
(2/100g) 7.01 8.8 - 2.03
(/100g) 027 0.24 125
17 (&/ 100g) 9.56  9.98 - 4.2 8.14 7.87 3.4
(&/100g) 85.1 84.6 0.5
(/100g) 14.9 15.4 3.0
(Mg/ g) 183.6 1600 14.8
(Mg/ g) 6.9 32.1 46.5
CO, 700% 10~ 6; CoO, 350% 10- 6
5 CO;
Table 5 Effects of double CO2 on quality of crops
(‘cm) (Hg/ cm)
28.9 54.3 23.7 7.8 5.6
27.1 53.9 24.9 7.7 5.2
(%) 6.6 0.7 ~ 4.8 1.3 7.7
Co, 700 10" ; Co, 350 10 ©
1. 59,
3.1.3 03 03 , ,
17
) ) . 50% ; )
2 2 2 17
2 2 2 5% 2 03
6 6 , 03 , , 17
2 2
3.09 3.46, , 17
03
6 03
Table 6 Effects of double O3 on total biomass, yields and quality of crops
(%) (%) (%) (%)
(g/ ) 8.03 13.91 - 42.27 1219 14.12 - 13.67 40.73 78.34 -48.0 4.30 17.98 - 76.08
(g/ ) 2.53  6.11 - 58.59 4.17 5.02 -16.93
17 (g/100g) 19.76 13.15 50.26 6.62 6.30 5.08
(g/100g)  20.10 13.41  49.88 847 8.08  4.83
0, 100x 10 %; 0, 50% 10~°
3.2 Q02,0
, , , 7 7 ,CO2,03
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5 €O O3
, 20. 96% )
14.78%, 6.0% 1.0%, ,
) , , 5%
s , CO2,03
CO» , CO2
7 COy, O3
Table 7 Effects of doubled CO2 and O3 interaction on total biomass, yields and quality of soybean
(g ) (g ) (g/100g) (g/100g)
35.30(21. 0) 10. 6(6. 0) 35.97(3. 1) 22.60(6. 1)
33.49( 14.78) 10. 1(1. 0) 36. 84(0.7) 21.5(2.2)
29. 18 10.0 37.11 21.03
() (%)
3.3 (002,03 R 03
3.3.1
, Pracioy = Prac X y1 (5)
03 CO
2 ( DNDC Pratcoy) = Prawc X y2 (6)
) ) ) (2) COs
03 , 18]
Goudriaan' ', CO»
C02 D)
0 CO
: 2 Pi= Pox [1+ BxIn(C:/Co)] (7)
[23] ’ 04 : P, , P, CO,
’ C.(x 1077 ;U ,
Cis C3 , 0.4; Co
340x 10™°
(1) O3 S (03)
A 3.3.2
03) =
SO = L con rccos o :
BJ/(A + B) (1) ’
C(03) 0s A, B, C(O3)b, p 1992~ 1993 1998~ 1999
DNDC 8 1993
1
Po,= Py xf(0s) (2) 99
’ , , 1999
A=9.2 B=8.7 C(03)b= 1416, 15%. 10%
p= 1.7
03 Y1
y2
y1= 1.7028- 0.3635% In( C(03)) (3) CO, Os
y o= 0.7308x & 17X (0D (4 :
C(05) 03 (30% 10”7~ 300% 10™ %) i



2004, 18(1): 10

’

880 62
8 (kg/ hm?)
Table 8 T he difference between simulation and observation of total biomass and yields of winter w heat( kg/ hmz)
(%) (%)
1993 10358.2 9469. 1 9.4 4410. 8 4078.0 8.2
1999 11467. 1 12077.7 - 5.0 5102.9 6290. 0 - 18.8
DNDC CO2 O3 37.4%  36.3%,
1992~ 9% ,
1993 CO, (700 % ,CO, ,
1079 , €O, ; ;
; 1998~ 03 )
1999 0 (100x 107 ) : 38%
, (9 33%, 60%  42% |
9 ’ C02 03
9 CO, O (kg/hm?)
T able 9 Simulative effects of double CO2 and O3 on total biomass and yields of winter wheat( kg/hmz)
(%) (%) (%) (%)
co 350% 10~ © 10358. 2 0.0 9469. 1 0.0 4410. 8 0.0 4078.0 0.0
>
700% 10~ ° 14114.7 36.3 13008. 9 37.4 5221.3 37.6 6069. 3 28.3
0, 50% 1079 11467. 1 0.0 7893. 8 0.0 5102.9 0.0 6007.9 0.0
100x 10~ ° 7637.2 -33.4 13737. 4 - 42.5 3158.9 - 38.1 2483.8 - 58.6
4
, CO2,03
(1) OTC- 1 , 6
(3) 2a , CO2, O3
, CO2, 03
, l a,
. (4) , DNDC
FACE ,
? 2 5 03
(2) CO 2, 03 ’ 03 B
6 , 8 a , CO2, O3
1 , , . €O,
,1997.3~ 17
2 , . . €O, , 1997, 55(1) : 86~ 94
3 Wang Chunyi, Bai Yueming, Guo Jianping, et al. Impacts of ozone concentration changes on crops and vegetables in China. ACTA Meteor Sinica,

5~ 116

. CO, , 2004, 62(4):493~ 497



5 :CO2 03 881

(eI Y|

10

R . . ,2003, 61(4) : 501~ 506

R s . . , 2004, 62(5) : 692~ 707

R s . . ,2003,61(1): 106~ 115
Coleman J S. Atmospheric CO, plant nitrogen status and susceptibility of plants to an acute increase in temperature. Plant Cell Enviror, 1991,
14(7): 667~ 674

. €O, . ,1993,19(7): 8~ 13
Houghton J T, Cellander B A, Vamey S K. Intemational panel on climate change supplementary report to the IPCC scientific assessment. Cam-
bridge: Cambridge University press, 1992. 200pp
Ashmore M R, Bell ] N B. The role of ozone in ghbal change, Ann. Bot. 1991, 67: 39~ 48
Hentstein V, Grunhage L, JayerH J. Assessment of past, present and future impacts of ozone and carbon dioxide on crop yields. Atmos Enviror,
1995, 29(16) : 2031~ 2039
Hogh A M, Derwent R G. Climates in the concentration of tropospheric ozone due to humanactivilies. Nature, 1990, 344: 645~ 648

CO, . , 1994, 2: 26~ 32
, s . 03
,1997. 101~ 104
. 0TC-1 Cco, . . 1993, 19(4): 15~ 19

Hengle A S. An oper-top field chamber to assess the impact of air pollution on polnts. J Env Qual., 1973, 2(3):365~ 368
Mandle R H. A cylindrical open top chamber for the ex posure of plant to air pollutants i the field. J Env Qual, 1973, 2(3):371~ 376

.0TC- 1 . ,1993.19(5): 23~ 26
.0TC- 1 .o . . : ,1996. 71~ 79
, , . OTC- 1 . ,2000, 11(3): 283~ 284
o[ 1. : , 1999
, , . 03,CO, . ,2002, 60(6) : 715~ 721

THE STUDY ON EFFECTS OF DOUBLE CO, AND O; ON CROPS

Wang Chunyi Bai Yueming Zheng Changling
Guo Jianping Wen Ming Gao Suhua Hang Hui

( Chinese A cademy of Meteorological Sciences, Beijing 100081)
Abstract

Field experiments has been carried out with designed OTC- 1 open top chamber for nine years continuously

and a set of credible experiment data have been collected. With these data, the effects of double CO2 concentra

tion on biomass, yields and quality of soybean, winter wheat, cotton, maize, sprint wheat and millet were ana

lyzed. The results show that double CO> has positive effects on biomass and yields of these six crops and may has

favorable effects on quality of winter wheat, cotton and miller, but negative effects on quality of maize and few

effects on soybean. It was analyzed also the effects of double O3 on biomass, yields and quality of the winter

wheat, rice, rape and spinach. The results show that doubled O3 has negative effects on biomass of these 4 crops

and yields of winter wheat and rice. Crude proteins and 17 kinds of amino acid in seed of winter wheat and rice

are increased. The effects of doubled CO2 and O3 interaction on biomass, yields and quality of soybean were in

vestigated. Biomass and yields of soybean are increased, which indicates that positive effect of CO2 is more than

negative effect of O3. At last, the assessment of effects of double COz and O3 on biomass and yields of winter

wheat with the crop growth model in the way of numerical simulation was also made.

Key words: CO», O3, Double, Crops, Effect.



