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RODUCTIO

Sugarbeet production can sequester carbon (C) in intermediate- and
long-term pools as solil organic matter, soil inorganic matter, and sugar
products. Reducing fossil fuel combustion and slowing the rate of
organic matter decomposition will also slow the rate of atmospheric CO,

concentration increase.

The purpose of this work was to identify and quantify potential C
credits resulting from sugarbeet production that can offset C

emissions from sugar factories.

Management practices considered as variables in this project were
tillage, lime application, and cover crop production. Estimates of C
emission to the atmosphere and C addition to the soil were based on
data from peer-reviewed sources, research data, and records from
sugar cooperatives.

Carbon emissions from the following sources were included in the C
audit:

*Soll respiration
*CO, off-gassed following tillage
*Fertilizer and lime production

*Operations related to tillage, fertilization, and lime application

Table 2. Sugarbeet production carbon inputs to soil. CT = conventional
tillage; ST = strip tillage; CC = fall rye cover crop; LIME = sugar factory spent
lime application; GPP =gross primary productivity

C Addition Source of

C Source Scenario (kg C ha' yr1)  Information Notes
CT, ST, Aubinet et al.
GPP LIME 14,160 2009
: . : "
RYE Kuo et al. Seeding fate in RRV is only 11% c?f Kuo et
CC 278.2 al. C add’'n value for rye cover det'd rom
COVER 2007 o
11% of Kuo et al. value.
Assumes 177 kg urea ha' app rate @
UREA ALL 35.4 20% C content
-1
LIME LIME 299 6 Assumes 22.4 Mg ha' (wet wt) app rate

every 4 years. Total C value divided by 4.
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(1)

METHODOLOGY

An estimate of potential carbon sequestration for sugarbeet production was determined using a simple set of
summation equations (Eq. 1-3) for all permutations of tillage, cover crop, and liming scenarios considered.

Potentially Sequestered C (PSC) = Cy ¢ + Cjine - Catm

Corgc Is C added to soil as organic C. G, is C added to soil as sugar factory spent lime. C,, is C lost to the atmosphere as CO.,.

Corgc includes C removed from soil with the harvested sugarbeet roots (C,,.,). The value for C, . is 6245 kg C/ha.

CorgC =C

Cqpp Is Gross Primary Production and C,, is C added to soil as urea fertilizer. Urea is a nitrogen (N) fertilizer source containing 20% C.

+ Curea

(2)

Catm = Cmach+prod + Coff-gas + Cresp + CIime OX

Cach+prod 1S C evolved as CO, during operation of equipment & production of agricultural inputs. C 4 .5 Is C emissions released from
soil as a flush of CO, immediately following tillage. C.., is C removed from soil as a result of root & microbial respiration in the form of
CO,. The C, value consists of respiration by soil microorganisms, animals, & plant roots. The derivation of this value is derived from
the exponential equation of Lloyd & Taylor (1994). C;... .« IS a fraction of total C applied as lime lost from soil due to lime oxidation.

The tillage practices compared in this study are conventional tillage (two fall chisel plow operations and two
spring cultivator operations) and fall strip tillage. C ., and C,,. are assumed not to change as a result of
different tillage systems. The following parameters are assumed to differ as a result of different tillage
systems: Cpach+prod» Coff-gass Crespr Ciime ox- 1€ Cgppp Value increases for scenarios that include cover crops.

(3)

Table 3. Sugarbeet production carbon losses from soil. CT = conventional tillage; ST = strip tillage; LIME = sugar factory spent lime application

C EMISSIONS

C EMISSIONS

A CARBON BUDGET TO ESTIMATE SOIL CARBON SEQUESTRATION POTENTIAL
:

Total C input to the conventional sugarbeet production system is estimated to
be 14,196 kg C ha' (Table 2). Carbon from harvested tap root accounts for
44% of total C inputs. The remaining 7,950 kg C ha! is sugarbeet
photosynthate C plus a small amount from urea fertilizer application. An
additional net 103 kg C ha! is added to soil in stable pools by applying
sugarbeet factory spent lime in conventional tillage systems. Incorporating a
rye cover crop provides an additional 278 kg C ha', not considering C losses
from additional respiration or planting operations. When tillage and
fertilization requirements are reduced and SOM is protected in a strip tillage
system, C emissions are estimated to be 9.5% less than in conventional
tillage systems.

Table 1. Potentially sequestered carbon (PSC) for different agricultural management scenarios.
CT = conventional tillage; ST = strip tillage.

PSC PSC (w/o root)
Tillage Lime? Cover Crop? kg C ha” kg C ha”
CT No No 4638.5 -1606.6
ST No No 5090.2 -1154.9
CT Yes No 4741.8 -1503.3
CT No Yes 4916.7 -1328.4
CT Yes Yes 5020.0 -1225.1
ST Yes No 5205.0 -1040.1

CONCLUSIONS

The results of this analysis indicate that sugarbeet production does store C in stable pools over
intermediate to long time periods.

This study also indicates that sequestration of soil C can be enhanced in sugarbeet production

systems by adopting management practices such as strip tillage, lime application, and cover
cropping.

Treatment of the harvested crop material is an important consideration for carbon audits such as
this and will also have critical repercussions for agricultural commodities if carbon tax legislation is
Implemented.

SOURCE SCENARIO el SOURCE OF INFORMATION NOTES
(kg C halyr1)
. Downs & Hanson 1998; EPA ¥
Chisel Plow CT 14.9 Emissions Eacts 2005 Assumes 2 passes ha
Field Downs & Hanson 1998; EPA 1
Cultivator el Sl Emissions Facts 2005 SSSUIER PEESES 12
Fertilizer cT 12 Griffith & Parsons 1983; EPA Assumes all fert. applied
App. ' Emissions Facts 2005 together
- [T Schaefer 2007; EPA Emissions Assumes 1 pass ha'; also
Sl Ul Sl UeHe Facts 2005 applies fert.
Assumes 1 pass ha'; value
Lime App. ALL 0.3 divided by 4 for per year
basis
-1
N Fert Prod'n ALL 69.8 West & Marland 2002, Table 3 AEEUImES 1171 ) VR e
app rate
-1
P Fert Prod’n CcT 6.9 West & Marland 2002, Table3 ~ /Ssumes 41 rka%ep205 IEFERp
Assumes 20% reduction in P
P Fert Prod’'n ST 5.5 West & Marland 2002, Table 3 rate for band app w/ strip
tiller
-1
K Fert Prod'n CT 1.1 West & Marland 2002, Table3 ~ #\SSUMes 9.5 kg K,0 ha app

rate

SOURCE SCENARIO SOURCE OF INFORMATION NOTES
(kg C ha'lyr)
Assumes 20% reduction in K
K Fert Prod’'n ST 0.9 West & Marland 2002, Table 3 rate for band app w/ strip
tiller
Assumes 22.4 Mg ha' (wet
Lime Prod’'n LIME 41.4 West & Marland 2002, Table 3 wt) app rate every 4 years.
Total C value divided by 4.
Lime Hamilton et al. 2007; West and Assumes 55% of C oxidizes;
Oxidation Ell= 1 o McBride 2005 limeis 9.1% C
Lime Hamilton et al. 2007; West and Assumes 50% of C oxidizes;
Oxidation = S e McBride 2005 limeis 9.1% C
Soil Lloyd & Taylor 1994 ; Moureaux et
Respiration ol el al. 2006;
Soil Lloyd & Taylor 1994; Moureaux et
Respiration = 8997.0 al. 2006; Overstreet unpublished
C Off- cT 318 Curtin et al. 2000; Fortin et al. socijurg[ien e(’;;l.e;/vaas r;rri;njg;d
Gassing ' 1996 : Ellert & Janzen 1999 ' Pape
for corroboration
C Off- ST 36 Curtin et al. 2000; Fortin et al.
Gassing ' 1996 ; Ellert & Janzen 1999
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