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ABSTRACT

This study quantified the storage and annual uptake of carbon by apple trees in orchards as a production-type greenspace,
and computed the annual carbon emissions from apple cultivation. Tree individuals in the study orchards were sampled
to include the range of stem diameter sizes. The study measured biomass for each part including the roots of sample trees
through a direct harvesting method to compute total carbon storage per tree. Annual carbon uptake per tree was quantified
by analyzing the radial growth rates of stem samples at ground level. Annual carbon emissions from management practices
such as pruning, mowing, irrigation, fertilization, and use of pesticides and fungicides were estimated based on maintenance
data, interviews with managers, and actual measurements. Regression models were developed using stem diameter at ground
level (D) as an independent variable to easily estimate storage and annual uptake of the carbon. Storage and annual uptake
of carbon per tree increased as D sizes got larger. Apple trees with D sizes of 10 and 15 cm stored 9.1 and 21.0 kg
of carbon and annually sequestered 1.0 and 1.6 kg, respectively. Storage and annual uptake of carbon per unit area in
study orchards were 3.81 t/ha and 0.42 t/ha/yr, respectively, and annual carbon emissions were 1.30 t/ha/yr. Thus, the carbon
emissions were about 3 times greater than the annual carbon uptake. The study identified management practices to reduce
the carbon footprint of production-type greenspace, including efficient uses of water, pesticides, fungicides, and fertilizers.

It breaks new ground by including measured biomass of roots and a detailed inventory of carbon emissions.
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Table 1. Methods of digging and fresh-weight measurement for
tree specimens

Component Method
+ Diameter was measured to 0.1 cm at ground level with a
caliper.
T . - Crown width was measured to 0.1 m in duplicate at 90°
Tee size . X
with a measuring tape.
- Tree height was measured to 0.1 m with a measuring
tape after digging.
- Roots were digged with a backhoe and all broken roots
were collected.
- They were separated from the stem at ground level with
Root . 5
a sawing machine.
- They were washed with a high-pressure jet and then
weighed to 10 g.
- The stem was weighed to 10 g after cutting out all
Stem . > ;
branches with a sawing machine.
+ Branches were weighed to 10 g after separating all leaves
Branch/leaf from them by hand, and leaves were also weighed to 10 g.
Fruit - Fruits were weighed to 10 g after separating them from
all branches by hand.
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A E At e Foks A% Aldete 9Y SR A . _

22 106 B7K Sk A8FE dorsile ol | ) | G| ) | e e

A, Az HEE WA S& A% ARA duAau g 35~165 19~49 | 14~30 | 5~16 084 + 04
3ekg 1L 3 B4 057kg®] wiE A4 (www.climateinsight.or. Mean = standard error
ko) & A-&3t] gAago R At A, A, HEsl W
A ol ost AHA g A odUAanEe FH gAaE T8 FE] AA A FLAA A et STk

Al7h =dlell FAj sk, Pitt(1984), Wells(2001), Lal(2004) oI, JHAE A7l wet 2.1~47.3kg T 12'1’]0]2}\]:]‘

Table 3. Physical and chemical characteristics of growth soils for tree specimens (mean + standard error)”

Study Soil oM N Ava, P EC (cmol*/kg) CEC
orchard | texture pf (%) (%) (mg/kg) K* CaZ* Mg (cmol*/kg)
1 Clay 42 02 14+ 01 007 £ 001 | 1761 421 | 078 £017 | 115007 | 127 +030 44 £03
2 SL 56+ 04 14 +03 007 2002 | 6257+ 93 | 0272002 | 12£002 | 078+ 008 34+ 01
Standard” - 6.0~65 25~35 - 200~300 03~06 50~60 15~20 10~15

" Study orchards 1 and 2 are located at Cheonjeon-ri and Goeun-ri in Chuncheon, respectively (the same with Table 6 and Figure 2). OM: organic matter,
_TNI total nitrogen, Ava. P: available P,Os;, EC: exchangeable cation, CEC: cation exchange capacity, SL: sandy loam
" Source: Korean Institute of Agricultural Science and Technology (2006)
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Table 4. Regression models to quantify carbon storage and uptake
per apple tree

—~ 0 00 oMo Gy N
O 0 = w @’ O S = o F v 9

Stem diameter at ground level (cm)

Carbon Regression model’ 7 )
Storage (kg) | Y = ¢ %8 * 20670 D 0.9800 <0.0001
= (o 20 ¥ 1266 WD) _
Uptake (kg/yr) (g~2MI7 + 0132 Dy 0.9075 <0.0001

Figure 1. Changes in biomass per apple tree by diameter growth
Legend: [] Stem, f Branch, ] Leaf, [ Fruit, [ Root
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™ Equation to estimate pruned carbon
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Table 5. Carbon storage and uptake per apple tree by diameter
growth

Stem diameter at ground level (cm)
4 6 8 10 12 14 16

Carbon

Storage (kg) | 137 | 316 | 572 | 907 | 1322 | 1819 | 2397

Uptake (kg/yr) | 028 | 050 | 0.75 | 100 124 | 148 | 171
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Table 6. Annual carbon emissions per apple tree from management

practices

Menagement Study orchard (g/yr) *

1 2 3
Pruning 0.0 6.5 103
Mowing 63.7 39.1 238
Irrigation 6,750.7 1,589.3 3617.7
Fertilization 1528 101.8 167.3
Pesticide 79.6 91.0 1071
Fungicide 714 1088 442
Total 71182 19365 39704

Average from 28 orchards except orchards 1 and 2
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Figure 2. Carbon budgets in study orchards
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