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Soil Respiration and Carbon Balance in Wheat Field Under Conservation Tillage
ZHANG Sai, WANG Long-chang, HUANG Zhao-cun, JIA Hui-juan, RAN Chun-yan

(Key Laboratory of Eco-Environments in Three Gorges Reservoir Region, Ministry of Education/Engineering Research Center of South
Upland Agriculture, Ministry of Education, College of Agronomy and Biotechnology, Southwest University, Chongging 400716, China)

Abstract: In order to study the characteristics of carbon sources and sinks in the winter wheat farmland ecosystem in southwest hilly
region of China, the LI6400-09 respiratory chamber was adopted in the experiment conducted in the experimental field in Southwest
University in Chongging. The soil respiration and plant growth dynamics were analyzed during the growth period of wheat in the triple
intercropping system of wheat-maize-soybean. Four treatments including T ( traditional tillage), R (ridge tillage), TS ( traditional
tillage + straw mulching) , and RS (ridge tillage + straw mulching) were designed. Root biomass regression (RR) and root exclusion
(RE) were used to compare the contribution of root respiration to total soil respiration. The results showed that the average soil
respiration rate was 1. 71 pmol+-(m?-s) =" with a variation of 0. 62-2.91 wmol-(m?®-s) ~'. Significant differences in soil respiration
rate were detected among different treatments. The average soil respiration rate of T, R, TS and RS were 1.29, 1. 59, 1. 99 and 1. 96
pmol« (m”-s) ~" respectively. R treatment did not increase the soil respiration rate significantly until the jointing stage. Straw
mulching treatment significantly increased soil respiration, with a steadily high rate during the whole growth period. During the 169
days of growth, the total soil respiration was 2 266. 82, 2 799. 52, 3 483.73 and 3 443. 89 kg+hm > while the cumulative aboveground
biomasses were 51 800. 84, 59 563.20, 66 015. 37 and 7 1331. 63 kg-hm ~>. Compared with the control, the yield of R, TS and RS
increased by 14.99% , 27.44% and 37.70% , respectively. The contribution of root respiration to total soil respiration was 47. 05%
by RBR, while it was 53.97% by RE. In the early growth period, the carbon source was weak. The capacity of carbon sink started to
increase at the jointing stage and reached the maximum during the filling stage. The carbon budget of wheat field was 5924.512,
6743. 807, 8350.741, 8 876. 115 kg-hm >, respectively. The results indicated that ridge tillage and straw mulching conservation
tillage significantly improved the carbon sink in the wheat farmland ecosystem.

Key words ; root biomass regression (RR) ; root exclusion (RE) ; soil respiration (Rs) ; biomass; conservation tillage; wheat
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Fig. 2 Soil respiration rate at the wheat growing stages
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Fig. 3 Dynamics of aboveground biomass of wheat
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Fig. 4 Regression analysis of root biomass and soil respiration at different stages of wheat development
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Table 1 Contribution of root excising on soil respiration
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ST EE 0.706 0.505 0. 201 28.47
WA 1.143 0. 649 0. 494 43.22
I 2.010 0. 874 1.226 61.00
TN 1. 499 0. 673 0. 826 55. 10
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Table 2 Contribution of root respiration on soil respiration

I - e R (GRS MR AR P 5 R R Z T K FH 45

/mol+ (m?+s) ! /umol+ (m?-s) 7! /pmol+ (m?+s) ! /%
ST BEL 1.832 1.453 0.378 20. 65
AT 2.288 0.712 1.576 68. 88
ZE I 2.010 0. 990 1.151 53.76
ey 1. 896 0.814 1.082 57.06
FEAE 1. 499 0. 406 1. 044 71.99
TN 2.872 1.394 1.479 51.48
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R, TS, RS iX 4 4~ 4b B & 05 o Y 32 4 5l
5924.512, 6743.807. 8350.741. 8876.115
kg+hm 2 PRI, DAZBAEFNFRS #1788 55 0 5 A PR BF
VERE 0 2 A AR 28 R GE (R RE 7, 15V W 2
ik 13.83% ~49.82%.
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Table 3 Farmland ecosystem carbon budget at different wheat growth stages/kg- (hm?-d) !
UBZIELS 3Rk .
AW ibm _ L — : e S— Wi it
H RSy R AR S) &1l RPN ARSI % G P

T 3.515 0.720 4.235 1.739 20. 65 6. 681 -2.446

i R 3.515 0.720 4.235 1. 625 20. 65 6.243 -2.008

g TS 5.273 1. 080 6.352 1. 968 20. 65 7.564 -1.212

RS 5.273 1. 080 6.352 2.220 20. 65 8.532 -2.180

T 6.373 1.305 7.678 2.096 20. 65 8.053 -0.375

S R 6.420 1.315 7.735 1.911 20. 65 7.344 0.391

TS 8.377 1.716 10. 093 2. 888 20. 65 11. 096 -1.003

RS 6.721 1.377 8.098 3.046 20. 65 11.705 -3.607

T 38.619 8.357 46.976 9.183 68. 88 4. 149 44. 478

HATH R 35. 808 7.749 43.557 10.358 68. 88 4. 680 38.572

TS 39. 745 8. 601 48.345 14.532 68. 88 6. 566 43.550

RS 48.019 10. 391 58.411 16.411 68. 88 7.414 49. 346

T 33.097 11. 683 44.781 8.057 57.06 6. 063 38.717

L R 75. 008 26.478 101. 486 11.475 57.06 8.636 92. 850

- TS 80. 165 28.298 108. 463 13.283 57.06 9.996 98. 467

RS 90. 554 31. 966 122. 520 14.432 57.06 10. 861 111. 659

T 41.210 16. 682 57.892 9.723 71.99 3.783 54.108

. R 38.157 15. 446 53.603 15.073 71.99 5. 865 47.739
FFAEM

TS 48. 841 19.771 68.612 18. 057 71.99 7.026 61.587

RS 51. 894 21. 007 72.900 16. 073 71.99 6.254 66. 647

T 170. 130 68. 869 238.999 6. 004 51.48 5.658 233.341

ER R 162. 397 65.738 228.136 8.935 51.48 8.421 219.714

’ TS 201. 063 81.390 282.454 12.613 51.48 11. 888 270. 566

RS 204. 930 82.956 287. 885 10.511 51.48 9.907 277.979

T -52.726 -21.344 -74.070 9. 469 51.48 8.925 —-82.995

e R —-47.454 -19.209 - 66. 663 11. 541 51.48 10. 877 -77.540

- TS -26.307 -10. 649 -36.957 13.767 51.48 12.975 —-49.932

RS -31.053 -12.570 —-43.623 12. 668 51.48 11.939 —-55.562
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