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Effect of elevated atmospheric pCO, on rhizospheric respiration during the wheat

growth period from 106 — 183 days after germination

KOU Tai-Ji' > ZHU Jian-Gou' * XIE Zu-Bin' LIU Gang' ZENG Qing'

1 State Key Laboratory of Soil and Sustainable Agriculture Institute of Soil Science Chinese Academy of Sciences Nanjing 210008  China
2 Graduate School of Chinese Academy of Sciences Betjing 100049  China

Acta Ecologica Sinica 2007 27 4 1420 ~ 1427.

Abstract A Free-Air Carbon Dioxide Enrichment FACE system and root-isolation methods were used to study the effects
of elevated atmospheric pCO, and nitrogen fertilisation on rhizospheric and soil respiration determined by in situ IRGA

LI6400 measurements during the growth of wheat Triticum aestivum L. cv Yangmai 14  between 106 and 183 days
after germination in a wheat/rice rotation system. The results showed that elevated atmospheric pCO, increased rhizospheric
respiration rate and cumulative CO, emissions during the experimental period. Under high nitrogen fertilisation HN and
low nitrogen fertilisation LN  treatments elevated atmospheric pCO, increased cumulative rhizospheric respiration by
117.0% and 90. 8%  respectively. The proportion of cumulative rhizospheric respiration to cumulative soil respiration
increased from 24.5% t039.8% LN and 26.7% to 47.1% HN . While nitrogen fertilisation did not significantly

influence rhizospheric respiration the interaction of elevated atmospheric pCO, and nitrogen fertilisation significantly
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increased rhizospheric respiration. The increase in rhizospheric and soil respiration under conditions of elevated atmospheric
pCO, indicates that under future higher CO, scenarios C exchange between the atmosphere and soil will increase in arable

ecosystems.

Key Words elevated atmospheric pCO, winter wheat rhizospheric respiration growth stage
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Table 1 Cumulative CO,emissions from rhizospheric respiration during different growth stages
Cumulative rhizospheric respiration in each stage Cumulative rhizospheric respiration in each stage over
mol/m? that from 106 to 183 days after germination %
Treatment
Returning green- Booting- Flowering- Returning green- Booting- Flowering-
Jointing stage heading stage Filling stage Jointing stage heading stage Filling stage
FHN 2.84 £0.27a 2.82 +£0.8%a 2.76 £0.52a 33.73 £2.12 33.49 +£1.70 32.78 £2.41
AHN 1.53 +0.24bc 1.10 £0. 13bc 1.25 +0.22¢ 39.43 +0.55 28.35 +2.31 32.22 +0.50
FLN 1.81 £0.57ab 2.07 £0.07ab 2.57 £0. 10ab 28.06 +1.04 32.09 +£0.31 39.85+£0.18
ALN 1.25 +0.39bc 1.02 +0. 12be 1.11 £0.32¢ 36.98 £1.11 30.18 £0.34 32.84 +1.09
mean + se The number is mean =+ se 0.05 Different letters in the same column show significant
difference at the level of 0. 05 the same below
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Treatment respiration respiration %
25.0% P< 0.05 1 mol/m> mol/m?
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Co, 3 AHN 14.52 £0.61bc 3.88 £0.44hbc 26.7
FLN 16.22 +£0.32ab 6.45 +0.55ab 39.8
Co, FHN * *
ALN 13.82 +0.38¢ 3.38 £0.35¢ 24.5
FLN 1.07 ~ R / R is ratio of cumulative
1.57 AHN ALN 1.07 ~1.22 rhizospheric respiration to cumulative soil respiration
1 FHN FLN
30.5% P=0.053 AHN ALN 14.8% P =0.107 2
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Table 3  Statistical analysis on the effect of CO, concentration and nitrogen level on cumulative rhizospheric respiration
pCO, N pCO," N
Cumulative CO, emission P sig. P sig. r sig.
Returning green-Jointing stage 7.757 0.043 0.289 0. 605 0.259 0. 625
Booting-heading stage 10.295 0.016 0.024 0.881 0.017 0.899
Flowering-Filling stage 21.964 0.002 0.585 0.466 1.087 0.328
Cumulative CO, emission 27.391 0.001 3.318 0. 105 7.558 0.045
2.4 Co,
C
2 10% ~40% " FHN AHN FLN  ALN
106 ~ 183 d 1 FHN
AHN ALN FLN
Co, Co, P=0.01
Co, 24.5% ~47.1% FHN
ALN Co, P =0.001 FHN
FLN AHN ALN 20.4% 15.3% 2 N
P =0.221 FHN >
FLN > AHN > ALN 2
3
114
FACE
I
Co, HN
11 Co, Co,
9 15~17 15 18 19
Co, "
20
19 3 CO2 20 3
1 2 Pandall * Soe * Co,

http //www. ecologica. cn



4 Co, 1425
Zak 7 FACE Co,
106 ~ 126

<10%C 1 106
~126 Raich and Potter *
126 ~ 147 1 126 ~ 147

147 ~ 171 1
1 ©)
2 147 ~ 171 -
171 ~ 183 FACE Ambient
CO 517
2
Co,
1 3 Co,
@ N
N N N
79
3
Soe  * FACE N
Co, FACE 2 Hanson 7
10% ~90% 2
519% ~890, 2 22
Co, - CO,-C
Co,

4
4.1 CO, HN LN

CO, Ambient
117. 0% 90. 8%
4.2 Co, -
4.3 N Co,

24.5% ~47.1% CO,

) . 2006 17 ~21.
® N,0 . 2004 41 ~81.

http //www. ecologica. cn



1426 27

4.4

Co, o,
Co, Co, -

References

11

12

15

16

17

18

19

20

21

22

23

Moor B. Internation geosphere-biosphere program A study of global change some reflections. IGBP Global Change Newsletter 1999 40 1 -3.

Intergovernmental Panel on Climate Change Climate Change 2001-Synthesis Reports Third Assessment Report of the Intergovernm- ental Panel on

Climate Change. New York Cambridge University Press 2001. 225 -237.

Berntson G M Bazzaz F A. Belowground positive and negative feedbacks on CO, growth enhancement. Plant and Soil 1996 187 277 —288.

Liu SH Fang ] Y. Effect factors of soil respiration and the temperatures effects on soil respiration in the global scale. Acta Ecologica Sinica

1997 17 5 469 -476.

Ainsworth E A Long S P. What have we learned from 15 years of free-air CO, enrichment FACE A meta-analytic review of the responses of

photosynthesis canopy properties and plant production to rising CO,. New Phytologist 2005 165 351 -372.

Raich J] W Tufekcioglu A. Vegetation and soil respiration correlations and controls. Biogeochemistry 2000 48 71 -90.

QiZY WangHY WangJL eral. The development on the research of terrestrial ecosystem soil respiration. System Sciences and Comprehensive

Studies in Agriculture 2003 19 2 116 —119.

Holt ] A Hodgen M J Lamb D. Soil respiration in the seasonally dry tropics near Townsuille North Queensland. Austrialian Journal of Soil

Research 1990 28 737 -745.

Owensby C E Auen L M Coyne P I. Biomass production in a nitrogen-fertilized tall grass pririe ecosystem exposed to ambient and elevated levels

of CO,, Plant Soil 1994 165 105 -114.

LiuG HanY ZhuJ G et al. Rice wheat rotational FACE platform I . system structure and control. Chinese Journal of Applied Ecology

2002 13 10 1253 —1258.

Liu SH FangJY MakotoKiyota. Soil respiration of mountainous temperate forests in Beijing China. Acta Phytoecological Sinica 1998 22 2

119 - 126.

Rochette P Flanagan L B. Quantifying rhizosphere respiration in a corn crop under field conditions. Soil Science Society of America Journal

1997 61 2 466 -474.

Warembourg ' R Estelrich H D. Towards a better understanding of carbon flow in the rhizosphere a time-dependent approach using carbon-14.

Biology and Fertility of Soils 2000 30 528 -534.

Chao Y S LiZ A Jiang Y Q et al. A review of soil respiration of terrestrial ecosystems. Acta Agriculturae Universitatis Jiangxiensis 2004 26
1 138 -143.

MaHL ZhuJ G Xie ZB et al. Effects of Free-air Carbon Dioxide Enrichment on Growth and Uptake of Nitrogen in Winter Wheat. Acta

Agronomica Sinica 2005 31 12 1634 —1639.

Xie ZB ZhuJ G Zhang Y L et al. Responses of rice Oryza sativa growth and its C N and P composition to FACE Free-Air Carbon Dioxide

Enrichment and N P fertilization. Chinese Journal of Applied Ecology 2002 13 10 1223 -1230.

Kimball B A Zhu J G Cheng L et al. Responses of agricultural crops to free air CO, enrichment. Chinese Journal of Applied Ecology 2002 13
10 1323 -1338.

Chen GP ZhuJ G XieZ B et al. Effects of free-air CO, enrichment on root morphology of rice. Ecology and Environment 2005 14 4 503
-507.

Rogers HH Runion G B Krupa S V. Plant responses to atmospheric CO, enrichment with emphasis on roots and the rhizosphere. Environment

Pollution 1994 83 155 -189.

Williams M A Rice C W Owenshy C E. Carbon dynamics and microbial activity in tallgrass prairie exposed to elevated CO, for 8 years. Plant

Soil 2000 227 127 -137.

Pendall E Leavitt S W Brooks T et al. Elevated CO, stimulates soil respiration in a FACE wheat field. Basic Applied Ecology 2001 2 193
-201.

Soe A R B Giesemann A Anderson T H et al. Soil respiration under elevated CO,and its partitioning into recently assimilated and older carbon

sources. Plant and Soil 2004 262 85 -94.

Zak D R R Pregistzer K S Curtis PS et al. Elevated atmospheric CO, and feedback between carbon and nitrogen cycles. Plant and Soil 1993

151 105 -117.

http //www. ecologica. cn



o,

1427

24
25

26

10
11
14
15
16

17
18

Raich ] W Potter C S. Global patterns of carbon dioxide emissions from soils. Global Biogeochemical Cycles

1995 9 23 -36.

Hanson P ] Edwards N T Garten CT et al. Separating root soil microbial contributions to soil respiration A review of methods and observations.

Biogeochemistry 2000 48 115 -146.
Domanski G Kuzyakov Y Siniakina S V et al. Carbon flows in the rhizosphere of ryegrass
Science 2001 164 381 -387.

1997 17
FACE I.
1998 22 2
Co, N
CNP CO,
10 1223 ~1230.
Kimball B A . Co,
Co,

http //www. ecologica. cn

Lolium perenne .

Journal of Plant Nutrition and Soil

5 469 ~476.
2003 19 2 116 ~119.
2002 13 10 1253 ~1258.
119 ~126.
2004 26 1 138 ~143.
2005 31 12 1634 ~1639.

N P 2002 13
2002 13 10 1323 ~1338.

2005 14 4 503 ~507.



