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Quantitative relationship of wheat and rice respiration with tissue nitrogen,
biomass and temperature
SUN Wen-Juan!, HUANG Yao'?; CHEN Shu-Tao', ZOU Jian-Wen', ZHENG Xun-Hua? (1. College of

Resources &. Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2 LAPC, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China). Acta Ecologica Sinica,2005,25(5):1152~1158.

Abstract: Carbon cycling in terrestrial ecosystem is of great importance in global change issue. A reliable estimation of plant
respiration is essential to objectively evaluate the role of vegetation in the terrestrial ecosystem cycling. As an easily measured
surrogate for protein content, nitrogen concentration plays a vital role on plant respiration. The dependence of plant respiration
on nitrogen concentration for forest ecosystem has been well pronounced over the last decades. However, few studies have
been dedicated to agro-ecosystem. To quantify the dependence of crop respiration on tissue N, crop growth and temperature,
we conducted pot and field experiments during 2002 and 2003 wheat- and rice-growing seasons with different treatments,
including fertilizer N application, planting date and planting density. Crop biomass, tissue N content, dark respiration and the
corresponding environmental temperature were measured. Static opaque chamber was used for sampling gas. The respiration as
CO; emission was detected by a gas chromatograph (Agilent 4890D) with flame ionization detector (FID). A gradual-clip-up
method was employed to determine the dark respiration coefficient (R,), defined as the CO, emissions per unit crop biomass per

unit time at a reference temperature.
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Results indicated that the Ry of wheat and rice crops is not a constant but is positively dependent on shoot N content.
Relationship hetween these two parameters can be well quantified by Ry = 4. 74N — 1.45 (R® =5 0. 85, n = 122, p <C0.001).
The lowest and the highest values are 3. 58 and 31. 49 ymol kg 's ' for the wheat crop over the 2002-03 growing season . and
{. 04 and 29.56 pmol kg ' s™ ! for the rice crop during the 2002 growing season. respectively. Crop dark respiration (Rf))
associated with tissue nitrogen (N), crop biomass (W) and air temperature (T) can be quantified by R = (4. TAN — 1. 45) X
QI e W, Q. is a temperature coefficient for the respiration. Computed R applying this relationship matched field
measurements well. We computed daily crop respiration over a rice-growing season and a wheat-growing season in Nanjing by
using the methods in the crop model. the TEM as well as derived from this study. respectively. Calculations indicate that the
estimated respiration with crop model is in general comparable to this study, while the respiration estimated by the TEM
method is 59% (for rice) and 31% (for wheat) higher than that from this study.

It is concluded that the tissue N content affects greatly crop dark respiration. The respiration coefficient is linearly
correlated to tissue N content. Crop dark respiration can be well estimated from tissue nitrogen. crop biomass and air
temperature. A further conclusion is that the simulated dark respiration of rice and wheat crops is comparable to the
maintenance respiration estimated by the crop model. while the TEM method overestimated crop maintenance respiration and
may be not suitable for agricultural vegetation.

Key words :crop; dark respiration; tissue N; respiration coefficient
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Table 1 Experimental treatment, developmental stage and sampling date

7] ERFERLE Ri5 TEETH KA H W
Crop Year and treatment Code " Developmental stage Sampling date
ZhE 2001-02 AR 17 #Fh Sowing 2001-11-05 2002-02-28, 03-14,03-28,
Wheat oA Traditional cultivation # 8 Emergence 11-17 04-11, 04-25, 05-09
Pot B #H Turning green 2002-02-20

H#H# Heading 04-15
AP Maturity 05-28

2002-03 N AR K Fertilizer rate #&F Sowing 2002-11-10 2003-02-28, 03-08, 03-22
S8 0gN / pot NO 9 4 # Emergence 11-25
Pot 0. 64gN / pot N1 9 8 #F Turning green 2003-02-10
1. 28¢gN / pot N2 9 38 Heading 04-17
1. 93gN / pot N3 9 B Maturity (6-05
PN FAEE K Planting density [ E Ditto 2003-03-16, 04-03, 04-27
Field 1 plant / pot D1 6
3 plants / pot D2 6
5 plants / pot D3 6
KRG 2002 MW (H-H)Sowing date
Rice F2% 05-10 S1 17 ## Transplanting 06-05 2002-07-25, 08-29, 09-24,
Pot 06-01 S2 12 ## Transplanting 06-20 10-13
06-20 S3 1 A% Transplanting 07-11
KH HAER 6 & Sowing 05-20 2002-08-09, 09-06, 10-06
Field Traditional cultivation ## Transplanting 06-20
i # Heading 09-03
B#A Maturity 10-21
2003 KHER 1¢ [ . Ditto 2003-07-09, 07-15, 07-17,
¥ Pot Traditional cultivation 07-22. 07-27, 08-03
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Fig.1 Dependence of crop dark respiration rate on shoot biomass from pot experiments
(a) 2001~2002 4/~ F H HE B Wheat crop with traditional cultivation in 2002; (b) 2002~ 2003 4£/NE R N BEK 40 5 8 H 27
2003-03-08 wheat crop with different N levels, measured in March 8, 2003; (¢) 2002 7k 8§ [A 3% Fb 303 40 38 , SR B8 H 1 2% 2002-07-25 rice

crop with different sowing dates, measured in July 25, 2002
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Fig. 2 Dark respiration cocfficient (R,) and tissue N content of rice Fig. 3 Dark respiration coefficient (R4) and tissue N content of

crop with different sowing dates in 2002 pot experiment wheat crop with different levels of N application in 2003 pot

experiment
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Fig. 4 Dependence of crop dark respiration coefficient (Ry) on Fig. 5 Comparison of calculated and observed seasonal variation of

tissue N content
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