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ABSTRACT Reduction of greenhouse gas (GHG) emissions
from upland crop field as well as paddy field is being required,
but little information on GHG emissions according to culti-
vation practices in upland field is available. Soil GHG
emissions during the growing season were investigated in
the field of three decades rotation and tillage treatments
which were consisted of plow, chiesl tillage and no tillage
in west central Indiana, USA in 2006. Seasonal cumulative
CO, emissions were not different among treatments. CHy
emission increased a little in plow tillage during early soybean
growing season. Most of N,O emission occurred during early
corn growing season after N-fertilizer application from mid
June to mid July, and was significantly affected by tillage
practices in which seasonal cumulative N>O emission was
significantly higher under chisel tillage. N>O emission under
no-tillage was lower about 64% and 39% than that under
chisel tillage and plow tillage, respectively. No-tillage practice
with rotation of corn and soybean seems to be promising
in point of less GHG emission and less labor for cultivation
without grain yield reduction.

Keywords : greenhouse gas (GHG), rotation, tillage, corn,
soybean, nitrogen fertilizer
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Fig. 1. Pictures of tillage treatments (tillage in fall) in long-term cropping system and tillage experimental field of the Purdue
Agricultural Research Center, West Lafayette, Indiana, USA. a) plow (moldboard) tillage, b) chisel tillage, c) no-tillage.
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Fig. 2. Picture of anchor and chamber to collect GHG emitted
from soil.
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Fig. 3. Ten days precipitation during 2006 cropping season at
the Purdue Agricultural Research Center, West Lafayette,
Indiana, USA.

Table 1. Thirty year (1975~2005) average grain yields of corn and soybean following rotation and tillage practices at long-term
experimental field of the Purdue Agricultural Research Center, West Lafayette, Indiana, USA.

Tillage Corn Soybean
Continuous corn  Rotated corn  Rotation effect Continuous soybean Rotated soybean Rotation effect
-------------- Mg (Y — % et Y (24 (Y Y — %
Plow 10.73 11.22 5 3.04 3.35 10
Chisel 10.44 11.23 8 291 3.23 11
No-till 9.26 10.94 18 2.94 3.19 9
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Fig. 4. Soil temperature (a) and volumetric soil water content (b) across rotated crop and tillage treatments in the 2006 growing
season. Vertical bars represent (plus and minus sign) SE (n=3).

Table 2. Changes of soil mineral nitrogen concentrations due to rotation crop and tillage practices in 2006.

Rotation ) June 29 July 19 Aug. 15
CI’OPT Tillage NO;-N NH4-N NO;s-N NH4-N NOs-N NH4-N
mg kg"1
Corn Plow 12.7 a 73 a 40.3 11.3 11.0 6.0
Chisel 11.0 a 8.0 a 21.0 5.7 16.3 5.7
No-till 43 b 50D 26.7 11.3 14.3 53
Mean 9.3 6.8 29.3 9.4 13.9 5.7
Soybean Plow 6.3 b 5.7 3.7 6.7 4.0 5.0
Chisel 8.0 ab 5.7 3.7 5.7 33 5.0
No-till 9.7 a 5.0 5.0 53 3.7 5.7
Mean 8.0 5.5 4.1 5.9 3.7 52

296 kg N ha™ (start fertilizer 36, side-dress 260) was applied on corn plot, but no N fertilizer was applied on soybean plot
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Fig. 7. Seasonal changes of flux (a) and cumulative emission (b) of soil N,O due to crop and tillage practices in the long-term
experiment field of corn and soybean rotation. Vertical bars represent (plus and minus sign) SE (n=3).
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Table 3. Seasonal cumulative emissions of CO2, CHs, N2O and analysis of variance in long-term rotation and tillage experimental
field of the Purdue Agricultural Research Center, West Lafayette, Indiana, USA.

Cumulative GHG emissions

Treatment
CO, CH4 N,O
--------------- | S Ol 1V Y —— kg N ha’

Rotation Crop
Corn 2,176 0.06 b 427 a
Soybean 2,407 0.50 a 0.64 b

Tillage
Plow 2,192 0.49 226 b
Chisel 2,295 0.19 374 a
No-till 2,388 0.15 136 b
Analysis of variance for cumulative GHG emissions
Source df CO, CH,4 N.O
Probability > F

Rotation crop 1 0.2455 0.0437 0.0212
Tillage 0.2518 0.1305 0.0097
CropxTillage 0.0954 0.0715 0.0135
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