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Table 1 Effects of CO, enrichment and N supply on growth parame ers of winter wheat sampled at 25 d after CO, treatment
N CO, LAI LAR SLW NAR RGR
N supply CO; levels Height ((an) (em?g™ 1) (g dm™? (g an~2d™ (gd™ Y
N c 533(1.0O) b 2.63(0.34) ¢ 133.1(10 6 a 0.358(0.012) a 0 245(0 009) ¢ 0 080(0 002) b
1
E 6450.1) a 3.980.04 b 78591 b 0.383(0.023) a 0326(0 003) b 0 082(0 (00) b
N c 557(0.7) b 3.77(0.%6) be 143.3(14 2 a 0.352(0.003) a 0 262(0 007) ¢ 0 079(0 002) b
2
E 67625 a 6220.15 a  836(88 b 0.395(0.055) a 0431(0 032) a O 089(0 002) a
s (p<0.05) C, CO, (3501 mol mol™ 1); E, 700

mol mol™! CO,

N, N, LAI LAR SLW NAR RGR
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Table 2 Effects of CO, enrichment and N supply on dry matter accumulation of winter wheat sampled & 25 d after CO,
treament (g plant™ ')
N €O,
Dry mass of the
N supply CO; levels Leaves Sheaths and stalks Ears gound part
N, c 0. 328(0. 010) a 0 363(0 021) b — 0 60(0. 011) b
E 0.371(0. 24 a 0 646(0 055) a 0 235(0. 07) 1 251(0. 148) a
v, C 0.360(0.004 a 0 35(0 062) b — 0 719(0. 058) b
E 0. 221(0. 34 a 0 692(0 065) a 0 179(0. 039) 1. 291(0. 060) a
(p<0.05) C EN,N, 1
22
CO, ,CO 8d NP ,Ni N> N 19. 2%
11 2% ;P 13.6% 15.9%( 3) CO 25d N P
Ni  N» N 17.2%  10.5%,P 9.7% 15 2% (
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(49 @ p
. p ()
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Table3 [Fffeds of CO, enrichment and N supply on N and P (mg g ') in shoots of wirter wheat sampled at 8 d and 25 d after

CO, treatments, respectively

8d 25d
€0,
N supply CO, levels Shoots Leaves Sheaths and saks Ears
N P N p N p N p
N, C 454%0.1a 44F01ab 408+0.3a 3.1F00ab 19130.6a 28F01a — —
E  37%0.1b 3.8*02ab 33.8%1.7b 28*0.1b 1.7X0.1b 1L720.0b 19.4%12 3730.3
N, C 447%04a 44F01a 41.9%04a 33FX01a 202F0.8a 3.0%£00a — —
E  39.4%0.9b 37%0.1b 375FL4ab 28%0.1b 1228+0.7b 1630.1b 221+14 4130.3
+ , (p< 005 CEN{N, 1
4 CO (N) (P (mg
( €O, 8d 25d )
Table 4 Effects of CO, enrichment and N supply on N and P uptake(mg plant™ ') by shoots of winter wheat sampled at 8 d and
25 d afier CO, treatments, respectively
0, 8d 254d
Ttems N supply ~ CO, levels
Shoots Leaves Sheaths and dalks Ears Shoots
N, C 80600 a 1339F0.38a 6 HF0.48a — 20.65%0. 09 a
E 11.3420.96a 1256t1.20a 7 5%%0.54a 4 4310.68 21.9312. 45 a
N, C 8.45%0.77a 1506£0.02a 7 16%0.59a — 2.5910. 61 a
E 11.19£0.18a 158+1.48a 88F1.09a 4 02%0.85 2.16%1. 75 a
N, C 0.7720.00b 1 00£0.02a 1. 01£0.09a — 2.0120. 07 b
E 1.1630.05a 1 04*0.03a 1L 12+0.04a 083%0.12 3.00£0. 19 a
Ny C 0.83%£0.06b 1L 20%0.02a 100*0.13a — 2.29+0. 16 ab
E 10550 B a 117%£0.10a 1 12E£0.15a 0 74%0.15 3.04%0. 9 a
+ . (p< 005 C EN,;N, 1
5 o, (NUE  PUE) (RNAR  RPAR)
( €0, 8d 25d )

Tahle5 Fffeds of CO, enrichment and N supply on N and P wse efficiencies (NUE, PUE) and relative N and P accumulation rates
(RNAR, RPAR) of winter wheat sampled & 8 d and 25 d afier CO, treatments, respectively

€0, 8d 254d RNAR RPAR

Nappy €O, levels NUE E NUE PUE (x10°?%) (%1079
N, c 220%0. 1c¢ 220.8%t47a 33.4F02¢ 34.6%88h 554FX000a 5 63F018a
E 27.2%0. 1a 2652F11.6a 50.3F07a 416.0£9.0a 462+t0 08 a 550 14a
N, C 224%0.2¢ 2263%3.3a 31.8F1L0c¢ 3143%3.8b 583FX070a 59508l a
E 254%0.6b 270.8%88a 44.4F12b 425.0%0.9a 5.62FX045a 6. 40 B a

H+

(p< 005 CEN,N,



604 40

CO» RNAR  RPAR (95 Hocking  Meyer CO» ,
RNAR (5 R ,Hocking  Meyer
COz ) C02
; N P (3, ,
( 4, s (2, NUE PUE 95,
CO» s N P NUE PUE , CO
P s (60)) ) )
p p
1. Houghton J T, Meria Filho L G, Callander B A. Climate Change 1995: the Science of Climate Change. Cambridge, UK:
Cambridge University Press, 1996
2. Watson R T, Rodhe H, Oescheger H, et al. Greenhouse gases and aerosols. In: Houghton J T, Jenkins G J, Ephranums ]
J. eds. Climate: the IPCC Scientific A sessment. Cambridge, UK: Cambridge Univ. Press, 1990. 1~ 40
3. Wong S C. Elevated atmospheric partial pressure of CO, and plant growth 1. Interactions of nitrogen nutrition and photosynthet
ic capacity in Cyand C, plants. Oecologia, 1979, 40: 68~ 74
4. Aben S K, Seneweera S P, Ghannoum O, & al. Nirogen requirements for maximum grovth and photosynthesis of rice, Oryza
Sativa L. cv. Jarrah grown at 36 and 70 Pa CO,. Ausgt. J. Plant Physiol. , 1999, 26: 759~ 766
5. Makino A, HaradaM, Sato T, e al. Growth and N allocation in rice plants under CO, enrichment. Plant Physol., 1997,
115 199~ 233
6. ZskaL H, Weerakoon W, Namuco O S, et d. The nfluence of nirogen on the elevated CO, response in field grown rice.
Aust. J. Plant Physiol., 196, 23 45~ 52
7.  Rogers G S, Milham P J, Thibaud M C, ez al. Interactions between rising CO, concentration and nitrogen supply in cotton 1.
Growth and leaf nitrogen concentration. Aust. J. Plant Physiol. , 196, 23: 119~ 125
8. Townend J. Effects of elevated CO,, water and nutrients on Piceu sitchensis( Bong. ) Camr seedlings. New Phytol, 1995, 130:
193~ 206
9. Huluka G, Hileman D R, Biswas P, et d. Effects of elevated CO, and water stress on mineral concentration of cotton. Agric.
For. Mdeowl., 1994, 70: 141~ 152
10.  Rogers G S, Payne L, Milham P, et dl . Nirogen and phosphorus requirements of cotton and wheat under changing atmospheric
CO, concentrations. Plant Soil, 1993, 155/156: 231~ 234
11. BasdriRad H, Griffin KL, Reymolds J F, et al. Changes in oot NHi and NO3 absorptionrates of loblolly and ponderosa pine
i response to CO, emrichment. Plant Soil, 1997, 190: 1~ 9
12. R . Cco, . , 2002, 26
(3): 295~ 302
13.  Hockng P J, Meyer C P. Effeds of CO, emrichment and nitrogen stress on grovth, and partitioning of dry matter and nitrogen
in wheat and maize. Aust. J. Plant Physiol., 1991, 18 339~ 56
14.  van Ginkel J H, Gorissen A, van Veen J A. Cabon and nitrogen allocation in Lolium perenne in resporse to elevated atme-
spheric CO, with emphasis on soil carbon dynamics. Plant Soil, 1997, 188: 299~ 308
15.  Penuelas J, IdsoS B, Ribas A, et al. Effects of bongterm atmospheric CO, enrichment on the mineral concentration of citrus
awrantium leaves. New Phytol., 1997, 135: 439~ 444
16. . . : , 1986. 20
17. Katsu I, Manami O S. Effect of temperature on CO, dependence of gas exchange in C; and C, crop plants. Japan. J. Crop

Sci., 191, 60 (1): 139~ 145



4 : CO, 605

INFLUENCE OF CO: ENRICHMENT ON GROWTH OF AND N AND P
CONCENTRATIONS IN WINTER WHEAT UNDER TWO N LEVELS

Li Fu-sheng
(Agricubwrd College, Guangxi Uriversity, Nanning 530005, China)
Kang Shae- zhong

(Key Laboratory ¢ Agricultural Soil & Waer Engineering in the Arid and Semiarid Areas, Ministry o Education, N orthwest
Sci-Tec University f Agrialiure and Forestry, Yangling, Shaard 712100, China)

Summary

Atmospheric CO, levels are expeded to exceed 700 B mol mol” 1by the end of 21st century. There-
fore the influence of increased CO, wncentration on crop plants is of major concern. This study is an anat
ysis of growth of and N and P ncentrations in winter wheat ( Trizicum aestivum L. cv. Xinong 8727)
grown under two levels of atmospheric CO, concentration (350 X mol mol™ ' and 700 B mol mol™ ') and of
nitrogen fertilizer (45 kg hm™ 2 and 90 kg hm™ ?). Results showed that plant height, leaf area index
(LAI) and net assimilation rae (NAR) increased, while leaf area ratio (LAR) reduced and specific leaf
weight (SLW) remained unchanged under the high atmospheric CO, concentration. The influence of CO,
errichment on relative growth rate( RGR) was dependent on N level. Higher CO, concentration increased
RGR significantly in the high N treatment, but did not increase in the low N treament. Tasseling of winter
wheat advanced by 7~ 8 days and masses of leaf sheaths, stalks and shoots also increased wih CO, cor
centration inareasing. Hgher CO, decreased N and P concentrations in leaves, leaf sheaths and stalks,
however it increased N uptake by winter wheat slightly. Higher CO» concentration increased use efficien
cies of N and P (NUE and PUE), but did not affect relative nirogen and phosphorus accumulation rates
(RNAR and RPAR) . Dilution of N and P due to increased dry mass and the enhancement of the use eff+
ciencies of N and P can explain the decline in plant N content in the present experiment.

Key words Higher CO; concentration, Nitrogen level, Growth analysis, N and P concentration



