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Executive summary
Agricultural greenhouse gas emissions and carbon
sequestration from a range of perennial horticultural crops
in New Zealand
McNally S1, Gentile R2
Plant & Food Research: 1Lincoln, 2Palmerston North
July 2021

A primary sector partnership, ‘He Waka Eke Noa’, has been established with the goal of
understanding, reporting and reducing agricultural emissions as outlined in the Climate Change
Response Act.
Greenhouse gas (GHG) emissions caused by perennial horticultural production include emissions
from fossil fuels, electricity, waste and agricultural emissions from fertiliser, and include emissions
generated on-orchard, and throughout the supply chain.
In New Zealand, all emissions other than agricultural emissions are captured by the Emissions
Trading Scheme (ETS).
He Waka Eke Noa is concerned with the agricultural emissions at the farm-gate. For perennial
horticulture, agricultural emissions will be associated with fertiliser use and animals. For the purposes
of this study, we have considered that orchardists have no animals within their systems, which is true
for most orchards. Therefore only emissions from fertiliser have been considered as part of this study.
He Waka Eke Noa is also concerned with on-farm opportunities to offset agricultural GHG emissions
with sequestration of carbon (C) into either woody biomass of plants or soil.
However, the emissions associated with fertiliser and the C sequestration rates for a range of
perennial horticultural crops in New Zealand are not well understood.
We calculated the agricultural GHG emissions associated with fertiliser use for a range of perennial
horticultural crops and explored the typical C sequestration rates in the woody biomass of the tree and
shelterbelts, using a search of published literature or expert opinion.
While there was a lack of supporting literature for a ‘typical’ rate of fertiliser applied to individual
perennial crops, we calculated that for every kilogram of nitrogen (N) applied, an associated GHG
emission of between 4.5 and 4.8 kg CO2-eq would occur depending on the type of fertiliser applied.
Therefore, the actual emissions of an orchard would be dependent on the amount of N fertiliser
applied. These application rates of fertiliser could range from as low as 5 kg N ha-1 to over
200 kg N ha-1 depending on the perennial crop and grower management. Further reduction of these
fertiliser-related GHG emissions would rely on careful N management.
The C sequestration in woody biomass varied between perennial crops but occurred only for a limited
lifetime of between 15 and 45 years. This time restriction influences the maximum C stock that would
be obtained. On average, the C accumulation rate in woody biomass, including shelterbelts, was

The New Zealand Institute for Plant and Food Research Limited (2021)

Page 1

Agricultural greenhouse gas emissions and carbon sequestration from a range of perennial horticultural crops in New Zealand. July 2021. SPTS No. 21329. This report is
confidential to Horticulture New Zealand Incorporated.

670 kg C ha-1 y-1 or 2456 kg CO2-eq ha-1 y-1 and is the value that the New Zealand Greenhouse Gas
Inventory methodology applies. In addition, this inventory C accumulation rate only occurs for a
maximum of 28 years. Therefore, the age of an orchard will be critical when determining the amount of
C accumulation available when exploring offsetting opportunities.
Based on the fertiliser-associated emissions and the C accumulation rate of perennial horticulture, the
likelihood of the woody biomass offsetting fertiliser-associated emissions over a finite timeframe and
provided the orchard is recently established is high. However, caution is needed in this interpretation,
as the C stock accumulated in woody biomass will be stable only for a finite period (i.e. for the lifetime
of that biomass). Therefore, the main goal should be further reduction of agricultural GHG emissions
of an orchard regardless of any offsetting potential and despite perennial horticulture being a relative
low-emitting land use.

For further information please contact:
Roberta Gentile
Plant & Food Research Palmerston North
Private Bag 11600
Palmerston North 4442
NEW ZEALAND
Tel: +64 6 953 7700
DDI: +64 6 953 7708
Email: Roberta.Gentile@plantandfood.co.nz
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1

Overview of project scope and objectives

A primary sector partnership, ‘He Waka Eke Noa’ (hewakaekenoa.nz), has been established with the
goal of quantifying, understanding, reporting and reducing agricultural emissions under the Climate
Change Response Act. The quantification of greenhouse gas (GHG) emissions under this He Waka
Eke Noa framework will consider only agricultural emissions, or those associated with nitrogen (N),
lime or dolomite fertiliser and the emissions associated with animals. The minimal requirement of the
calculation of these GHG emissions under He Waka Eke Noa is that they use emission factors
sourced from the National Inventory (MfE 2020) or other valid source (Journeaux et al. 2021). In the
context of perennial horticulture, animal-associated emissions will be less relevant, as many of these
systems do not use livestock to graze on-orchard. In addition, the He Waka Eke Noa farm level pricing
option proposes to only be a requirement for enterprises above a certain threshold. The interim
threshold for He Waka Eke Noa is agricultural farms and orchards greater than 80 ha. This is likely to
shift to an effects based threshold for the pricing phase. Currently an effects threshold of 40 tonnes of
fertiliser is being considered (hewakaekenoa.nz, March 2021) for the farm level pricing option, or no
threshold for the processor level pricing option. The 80 ha or effects based threshold will exclude a
large proportion of perennial horticultural enterprises; however, reduction of GHG emissions should be
a key consideration for growers as this will contribute to national GHG emission reduction targets and
market demands for lower carbon foods.
Agricultural GHG emissions caused by perennial horticulture production are primarily driven by the
emissions associated with fertiliser use.
Opportunities to offset these agricultural GHG emissions are associated with sequestration of carbon
(C) into either the woody biomass of plants or soil. The sequestration of C within vegetation
(i.e. indigenous and exotic trees) will be included in He Waka Eke Noa. Whether or not this will include
C sequestration in tree crops and shelterbelts is not yet clear. However, the emissions associated with
fertiliser and the C sequestration rates for a range of perennial horticultural crops in New Zealand are
not well understood.
Although specific perennial horticultural crops (e.g. kiwifruit) will have had substantially more research
conducted relating to GHG emissions and C sequestration, other crops (e.g. summerfruit) have
received much less research effort. While the total emissions from these various horticultural crops
may contribute a very small proportion of New Zealand’s total GHG emissions, it is important to
understand the drivers of these agricultural GHG emissions and C sequestration rates, to ensure that
the production of these crops has the smallest footprint possible.
Furthermore, understanding the agricultural GHG emissions of perennial horticultural crops will also
contribute to the role that these crops may play in providing alternative land use opportunities to
reduce GHG emissions while still providing food and nutritional security.
The objective of this report was to assess and review the typical rates of fertiliser use, the associated
agricultural GHG emissions from fertiliser, and the likely C sequestration rates within a range of
perennial horticultural crops in New Zealand. In addition we discussed the context of pre- and post1990 orchards for C sequestration. We estimated the GHG emissions associated with fertiliser using
New Zealand inventory methodology (MfE 2020), and estimated the C sequestration within the woody
biomass and soil using data from the available literature.
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2

Literature review of carbon sequestration in
New Zealand perennial crops (soils, trees, vines and
shelters)

The opportunities of perennial horticultural systems to sequester C depend primarily on the balance of
inputs, through photosynthesis, and outputs, through decomposition and respiration. In simplistic
terms, a system must capture more C than is released to achieve C sequestration.
For perennial horticultural crops, opportunities to sequester C will be in three main areas: soil C,
woody biomass of the tree crop, and woody biomass of shelterbelts. A brief literature review on all
three is presented in the following Sections 2.1–2.2. A brief review on typical fertiliser use is presented
in Section 2.3.

2.1

Soil carbon sequestration

Soil C sequestration has received considerable attention globally because of the role it could play in
GHG mitigation. The global stocks of soil C contain significantly more C than that in the atmosphere or
vegetation (Lal 2004). Therefore, any change in the flux of soil C can have consequences for
atmospheric carbon dioxide (CO2) levels and consequently climate change.
Increasing soil C stocks is a potential option to sequester atmospheric CO 2. As such, a recent initiative
(e.g. 4 per 1000) proposed the lofty goal of an annual increase in the global stock of soil C of 0.4%.
This increase is considered enough to significantly reduce the atmospheric CO2 concentration and
help to mitigate against the effects of climate change (4p1000.org).
Increasing soil C is also beneficial as soil C affects soil quality, soil health and soil function (Lal 2016).
Therefore, increasing soil C stocks, or at the very least maintaining soil C stocks, should be goal of all
growers to ensure their sustainability and ensure food security. Generally, increasing soil C stocks can
be achieved through increasing the net input of C to soil achieved by either increasing the total
C input, or through reducing the losses of C from soil.
A recent review on management options to reduce losses from, or increase, soil C stocks in
New Zealand was presented for grassland systems (Whitehead et al. 2018). While New Zealand soils
are considered to already have moderate to high soil C stocks (Whitehead et al. 2018), research
suggests that there is still opportunity to increase these further (Beare et al. 2014; McNally et al.
2017). However, in New Zealand, very little research effort has gone into exploring management
practices that may increase soil C stocks in land uses other than grazed grasslands.
There are a limited number of studies on soil C stocks in perennial horticultural systems in
New Zealand. A study by Tate et al. (2005) predicted a loss of soil C of 9±7 t C ha-1 when converting
grazing land to perennial horticulture, based on the soil C monitoring system (CMS) model. Following
this study, the loss of soil C stocks under various perennial crops was estimated using comparisons
between the tree row and alleyways for apple, vineyards and kiwifruit (Deurer et al. 2008b). This study
reported losses of soil C of 12±5 t C ha-1 for vineyards in the top 15 cm and between 7.6 t C ha-1 and
19.9 t C ha-1 in the top 30 cm of kiwifruit orchards with and without a cover crop respectively. In apple
orchards a loss of 8.5±15 t C ha-1 and 11±7 t C ha-1 for organic and integrated apple orchards was
reported respectively. These results were the combination of field measurements (vineyard and
apples) and modelling (kiwifruit). The measured C losses used the permanent pasture in the alleyways
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as a reference soil C stock and calculated losses associated with the herbicide strip of the tree row.
The total soil C stock loss was estimated by weighting the area under both tree row and alleyway.
An updated methodology to measure soil C stocks under kiwifruit was developed more recently
(Deurer et al. 2010) which highlighted the requirements of sample collection for stock measurements.
Following this methodology, a study quantifying and comparing the soil C stocks under adjacent
kiwifruit and pasture at a single site suggested that C sequestration of 6.3 t C ha-1 y-1 was occurring in
soil under kiwifruit (Holmes et al. 2015; Gentile et al. 2016). This figure was based on the differences,
to 9 m depth, between the soil C stocks of the two adjacent land uses and the time since the kiwifruit
had been converted from pasture.
A follow-up study further exploring differences between adjacent kiwifruit and pasture land uses of
multiple paired sites demonstrated no significant difference in soil C stocks to a depth of 2 m
(Gentile et al. 2021). This study noted modest gains in soil C stocks under kiwifruit at a depth of
1.5–2.0 m. These gains represented a C sequestration rate of 0.06 t C ha-1 y-1, much smaller than the
earlier reported 6.3 t C ha-1 y-1. The larger estimate was based on loss on ignition estimates of C
compared to the Gentile et al. (2021) study that used the more accurate dumas combustion analysis
of C.
In other perennial horticultural systems in New Zealand research on soil C is scarce. A study
comparing an organic and integrated apple production system demonstrated that the alley row had
greater soil topsoil C stocks than the tree row, regardless of management system (Deurer et al. 2008).
The organic system had slightly greater soil C stocks in both the tree row and alley than in the
integrated production system.
A study measuring soil C stocks to 1-m depth in apples found there was no significant change in soil
C stocks of apple orchards across a 12-year chronosequence, indicating that current apple
management maintained soil C stocks (Perie 2015; Gentile et al. 2016). However, challenges with the
spatial distribution of soil C within and between orchards makes measuring soil C stocks difficult
unless adequate sampling methodology is used.
Despite the small amount of evidence that soil C stocks under perennial horticulture are not different
from under pasture (e.g. kiwifruit, Gentile et al. 2021) and that soil C stocks are maintained
(e.g. apples, Gentile et al. 2016) the New Zealand GHG Inventory (MfE 2020) assumes a loss of soil C
following the conversion of pasture-based land use to perennial horticulture. This loss of soil C stock is
reported to be approximately 17 t C ha-1 and occurs over a 20-year period, as defined by IPCC land
use change guidelines, or an annual loss of 0.85 t C ha-1 y-1 in the top 30 cm of soil (MfE 2020).
Whether or not an actual loss of soil C results following conversion of grassland to perennial
horticulture is not clear. In some instances the conversion could result in increases in soil C stocks if
management is improved. Smith et al. (2016) suggested that where irrigation increases productivity,
an increase in soil C inputs and soil organic matter would result. Therefore, in semi-arid or dry areas
(e.g. Central Otago), the conversion to perennial horticulture and resulting management practices
such as irrigation could result in increases in soil C stocks. However, this has not been measured.

2.2

Carbon sequestration in biomass

Plants can remove CO2 from the atmosphere through the process of photosynthesis whereby the
C within CO2 is sequestered in biomass. However, the sequestration of this C is dependent on plants
that produce woody biomass. Biomass that is associated with herbaceous growth (i.e. non-woody) is
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considered ephemeral (i.e. short-lived) and the regeneration of this biomass is roughly balanced by
the emissions from the decay of older material (IPCC 2006). Consequently, non-woody biomass is
considered stable in the long term and does not contribute to C sequestration.
Woody biomass removes C from the atmosphere through its growth and will sequester the C for the
lifetime of the woody biomass. For example, in exotic forest stands, C will be sequestered at a specific
C accumulation rate for a certain timeframe, usually defined as a harvest cycle (MfE 2020). In the
context of perennial horticulture, the use of maturity cycle might be a better terminology than harvest
cycle, to avoid confusion related to the annual harvest of each fruit crop.
The New Zealand GHG Inventory uses a C accumulation rate for perennial horticultural crops of
0.67 t C ha-1 y-1 and assumes a maximum accumulation period of 28 years (MfE 2020). This gives a
maximum C stock of aboveground biomass of 18.8 t C ha-1. This value represents an estimate for use
across general perennial horticulture. However, crop-specific values, presented in Tables 1 and 2,
could be used if more representative values were wanted based on New Zealand perennial
horticultural crops (Burrows et al. 2018; Kerckhoffs & Reid 2007).
Table 1. Emission factors for C accumulation rate, maturity cycle and aboveground biomass C stock for some perennial
horticultural crops. Table adapted from Burrows et al. (2018). These values are used in New Zealand Greenhouse Gas
inventory reporting.

1
2

C accumulation rate
(t C ha-1 y-1)

Maturity cycle1
(y)

Above-ground biomass C
stock at maturity
(t C ha-1)

Kiwifruit

0.3–0.46

40–45

12–20.5

Grapes

0.19–0.44

20

3.8–8.7

Pipfruit

0.19–0.48

15–20

2.8–9.6

Shelter belt

0.63

30

18.9

Combined New Zealand
perennial cropland2

0.67

28

18.8

Equivalent to harvest cycle in forest systems
Assumes that half of the crop area has shelter belts.

Table 2. Estimates of standing biomass and C stocks of various perennial horticultural crops. Table sourced and adapted from
Kerckhoffs & Reid (2007).

1

Total aboveground biomass
(t DM ha-1)

Total C stock1
(t C ha-1)

Apple

36

18

Peach/Nectarine

40

20

Orange

37

18.5

Lemon

50

25

Plums

62

31

Almond

100

50

Walnuts

75

37.5

Avocado

20-30

10-15

Kiwifruit

22

11

Grapes

4

2

Assumes that the biomass dry matter contains 50% C.
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The C accumulated in the woody biomass of various types of shelterbelts was summarised in a report
by Burrows et al. (2018). In the context of shelterbelts used for perennial horticulture, the values
presented for low hedges or medium-tall hedges are probably more relevant. These values suggest
that shelterbelts act as a sink of C in addition to the benefits they provide for wind protection and
biodiversity (Table 3). However, in recent management of some perennial crops, shelterbelts are
being removed and replaced by artificial shelter. Therefore, the removal of a natural shelterbelt would
act as a loss of C, resulting in an emission of CO2 which would need to be accounted for. While there
may be benefits to the use of artificial shelter (e.g. greater wind protection or maximising effective
canopy area), the trade-off will be a loss of a C sequestration option.

Table 3. Suggested maximum values of C stock, age and C sequestration rate for various types of shelterbelt. Table adapted
from Burrows et al. (2018).
Maximum stock*
(t C ha-1)

Age

C sequestration rate*
(t C ha-1)

60.5

28

2.2

140-220

28-40

3.5-7.9

Low hedges

60.5

28

2.2

Medium-tall hedges

99.2

28

3.5

Non-woody/shrubs
Untopped trees

* To convert to CO2 equivalent, multiply values by 44/12, or 3.67.

A study measuring woody biomass of a 12-year-old apple orchard in New Zealand calculated a total C
stock of 9.2 t C ha-1 (Perie 2015). This would equate to a C accumulation rate of 0.77 t C ha -1 y-1. This
study was carried out on a research trial and it was noted that the planting density and age of the trees
would be key considerations when extrapolating woody biomass to commercial orchards. Perie (2015)
also presented a summary of woody biomass in the literature for apple trees on the same rootstock
(‘M9’ rootstock) and demonstrated that the C stock accumulation rate for woody biomass in apples
was between 0.28 and 1.5 t C ha-1 y-1 with an average of 0.87 t C ha-1 y-1. The woody biomass C stock
accumulation rate is similar, although slightly higher, to the average rate used in New Zealand’s
Greenhouse Gas Inventory methodology for land use change (i.e. 0.67 t C ha-1 y-1) (MfE 2020).

2.3

Typical fertiliser use in perennial horticulture

The actual quantity of fertiliser applied to perennial systems will vary with crop, cultivar, management
system, soil type and growing region. There is a paucity of published data on typical rates of fertiliser
used across the various perennial horticultural crops in New Zealand. Many growers would have
records on their actual fertiliser use that would allow calculation of on-orchard GHG emissions from
fertiliser to be more accurately quantified.
The emission of GHG in the context of He Waka Eke Noa would only be due to that of fertiliser-applied
N, lime or dolomite. These emissions are calculated using inventory methodology where emission
factors are multiplied by the quantity of fertiliser applied.
The range of nutrients applied to kiwifruit orchards has been summarised by Carey et al. (2009). Here
application rates from fertiliser were typically between 60 and 120 kg N ha-1 for N, 170–300 kg Ca ha-1
for calcium, and 20–80 kg Mg ha-1 for magnesium. However, these rates were based on orchard
production (maximum 9300 trays ha-1) and cultivars from the mid-2000s, so are likely to be outdated.
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The N application for kiwifruit was later reported by Morton (2013) to range between 100 and
226 kg N ha-1. These rates were also compared with those for apples (~30 kg N ha-1) and grapes
(~5 kg N ha-1).
A more recent report summarising the value of N to the New Zealand economy (Journeaux et al.
2019) ran modelling scenarios using baseline average N application rates for kiwifruit (140 kg N ha-1),
avocado (100 kg N ha-1), summerfruit (120 kg N ha-1), apples (40 kg N ha-1) and grapes (5 kg N ha-1).
However, an average application rate for kiwifruit of 110 kg N ha-1 is considered to be more
appropriate (Jayson Benge, Zespri, pers. comm. 2021).
Information relating to the quantity of lime or dolomite applied to perennial crops is even scarcer.
However, we can assume the amounts of Ca and Mg reported by Carey et al. (2009) represent typical
application rates (e.g. 170–300 kg Ca ha-1 and 20–80 kg Mg ha-1). Therefore, if these rates are met
through the use of only lime and dolomite, which is unlikely, then to reach 300 kg Ca ha-1 would
require approximately 750 kg lime ha-1 (assuming lime = 40% Ca) or around 1300 kg dolomite ha-1
(assuming dolomite = 23% Ca). To supply 80 kg Mg ha-1 using only dolomite would require
approximately 727 kg dolomite ha-1 (assuming 11% Mg). However, it should be noted that both Ca and
Mg can be supplied through sources other than lime and dolomite and often are applied through the
main fertiliser suppliers as blends with other nutrients.
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3

Estimates of agricultural greenhouse gas emissions
from fertiliser

The GHG emissions from fertiliser are a function of the rate and the type of fertiliser applied. Fieldbased fertiliser emissions are primarily dominated by the direct and indirect emissions of nitrous oxide
(N2O) associated with the N within the fertiliser. However, any urea-based fertiliser will have an
additional CO2 emission associated with its breakdown in the field (Table 4). There will also be a fieldbased emission of CO2 associated with the application of lime or dolomite (Table 5).
Direct emission relates to the fertiliser as it is applied in the field, and indirect emission relates to the
emission occurring from leaching or volatilisation of applied fertiliser. Using inventory methodology
(MfE 2020), both direct and indirect GHG emissions associated with fertiliser application can be
calculated. This is achieved simplistically by multiplying the amount of fertiliser by an emission factor
and then converting through to a CO2 equivalent using a Global Warming Potential (GWP) value. As
an example, the direct emission of N2O following N fertiliser application is calculated as:
𝑁2 𝑂𝐷𝑖𝑟𝑒𝑐𝑡 =

44
× 𝑁 × 𝐸𝐹
28

where:
N2ODirect = the direct N2O emission from N applied (kg N2O),
44/28 = the molecular conversion to convert N to N2O,
N = the total amount of N applied (kg N) and EF is the emission factor, or the proportion of
N2O emitted per kilogram of N applied (kg N2O-N/kg N) for urea (0.0059) and non-urea N
sources (0.01).
To convert 𝑁2 𝑂𝐷𝑖𝑟𝑒𝑐𝑡 to CO2-eq value”
𝐶𝑂2 − 𝑒𝑞 = 𝑁2 𝑂𝐷𝑖𝑟𝑒𝑐𝑡 x GWP
where the GWP for N2O = 265 kg CO2-eq per kg N2O.

Please refer to the inventory methodology (MfE 2020) for a comprehensive breakdown of the various
calculations and emission factors required to calculate the GHG emission.
The conversion of a CO2-eq to C can be achieved by multiplying the CO2-eq value by 12/44, and to
convert C to CO2-eq multiply the C value by 44/12. For example, 100 kg CO2-eq would be the same
as 27kg C (i.e. 100*12/44) and 100 kg C would be equivalent to 367kg CO2 (i.e. 100*44/12).
Using the inventory methodology, the total GHG emission associated with 1 kg of N applied through
either urea or non-urea products equates to between 4.5 and 4.8 kg CO2-eq. It is important to note
that these values of emission are dependent on the choice of GWP value used for N 2O. We used the
up-to-date and recommended GWP for N2O (GWP = 265) presented in the fifth activity report (AR5,
Box 3.2, Table 1) of the IPCC report (IPCC 2014). If the previous GWP of 298 were used, the total
emissions presented in Table 1 would increase to between 4.9 to 5.4 kg CO2-eq for each kg of N
applied as fertiliser. The use of urea with a urease inhibitor resulted in the lowest emission owing to
the reduction in volatilisation losses using the inhibitor coating.
The proportion of N-applied fertiliser among the three generic sources presented in Table 4 for
different perennial horticultural crops is not known. Therefore, all total emissions based on fertiliser

The New Zealand Institute for Plant and Food Research Limited (2021)

Page 9

Agricultural greenhouse gas emissions and carbon sequestration from a range of perennial horticultural crops in New Zealand. July 2021. SPTS No. 21329. This report is
confidential to Horticulture New Zealand Incorporated.

application have been calculated assuming that the source of N is applied as a non-urea-based
product (e.g. CAN or similar). This will give the most conservative GHG estimates because this source
of N has the largest total GHG emissions per unit N applied (Table 4).

Table 4. Total carbon dioxide equivalent emission (kg CO2-eq) for the use of 1 kg of N fertiliser applied as urea, with and without
a urease inhibitor (UI) and other synthetic nitrogen (N) sources. The nitrous oxide (N2O) emission includes indirect emissions
associated with leaching and volatilisation. All emissions calculated using inventory methodology and emission factors. The
values are calculated using the 100-y global warming potential of 265 (IPCC AR5 2014).
Urea fertiliser
No UI*

Urea fertiliser
With UI*

Other N fertiliser

N2O emission
including indirect emission

3.1

2.9

4.8

CO2 emission

1.6

1.6

n/a

Total emission

4.7

4.5

4.8

UI refers to Urease inhibitor.

Table 5. The field-based emission of CO2 from the application of 1 tonne of lime or dolomite.
kg CO2 per tonne applied
Lime

440

Dolomite

477

Owing to the large variability and uncertainty in the fertiliser application rates across perennial
horticultural crops, we have presented a summary of the GHG emissions associated with increasing
rates of fertiliser application of N between 25 and 200 kg N ha-1 (Table 6). This table assumes that
N fertiliser is applied as non-urea and accounts for direct and indirect emissions.

Table 6. Field-based emissions (kg CO2-eq ha-1) for non-urea applied nitrogen (N) applied at
different rates. Emissions represent both direct and indirect associated emissions.
Application rate (kg N ha-1)

Greenhouse gas (GHG) emission (kg CO2-eq ha-1)

25

120

50

240

75

360

100

480

125

600

150

720

175

840

200

960
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4

Implications for agricultural emissions neutrality at
the orchard gate

An estimate of C neutrality at the orchard gate was carried out based on the difference between onorchard agricultural GHG emissions from N fertiliser use and the reasonable offsetting potential of
C sequestration that would occur in the woody biomass of perennial orchards.
We note this only refers to the neutrality in terms of agricultural emissions at the orchard gate, for
informing the likely cost the Horticultural sector will be exposed to by He Waka Eke Noa. This concept
is not comparable, to the concept of C neutrality accounting for all sources and emissions of GHG
(e.g. fuel from vehicles, leaf fall residues).
We have presented the C accumulation rate in woody biomass, the maximum C stock of that biomass,
and the annual GHG emission related to N fertiliser use for a range of perennial crops in New Zealand
(Table 7). Based on these results, the C accumulation in the woody biomass would offset a significant
amount of GHG emission from fertiliser over several years. However, the accumulation of C in woody
biomass is finite, whereas the emissions from fertiliser will continue to occur, annually, for as long as
fertiliser is applied. Therefore, over a long enough timeframe a perennial orchard crop will cease its
offsetting potential and become a source of GHG emissions. Therefore, it would be difficult to quantify
the C neutrality of existing orchards unless exceptional record keeping of management information
exist and C sequestration in woody biomass can be measured for that specific orchard. However, any
change in land use (e.g. from pasture to perennial) that occurs, from now on, would have the ability to
track and report the offsetting potential of C sequestered in woody biomass up until that biomass
reaches maturity.
The year that an orchard was established will be important for the C sequestration and
C accumulation. Any orchard established pre-1990 will have reached its ‘maturity’ and not considered
to have any C accumulation still occurring based on the data presented in Tables 1–3. Orchards that
have been established post 1990, may still have some C accumulation occurring providing the
establishment period is more recent than the maturity age (i.e. established within the last 28 years
using the NZ inventory maturity value). Therefore, as a rough rule of thumb, any orchard established
after 1994 (i.e. within the last 28 years) would theoretically have some C sequestration occurring in the
woody biomass. However, any removal of that woody biomass (i.e. change in shelter or removal of
orchard trees without replacement), would be considered to be a loss of C. Temporary removal and
re-grafting might be considered a loss of C, followed by a renewed phase of accumulation of C,
depending on the inventory accounting rules used. In the context of He Waka Eke Noa, a framework
to allow sequestration of C in the woody biomass could be developed. The total C sequestration
available for a given orchard could be achieved, for example, by multiplying the sequestration rate by
the years remaining up to an agreed maturity cycle (i.e. the difference between the agreed maturity
age and current orchard age, Equation 1).

𝐶 𝑠𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 = 𝐶 𝑠𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 × (𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦 𝑎𝑔𝑒 − 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑎𝑔𝑒)…..(Equation 1)
Newly established orchards would have the sequestration of C in woody biomass available. However,
the land area under various perennial horticultural crops over the past 30 years has not changed
considerably with the exception of wine grapes which had a large increase in land area up until 2010
(Figure 1). Based on these figures, many orchards across New Zealand will have likely reached their
maturity and hence maximum C stock. If a baseline year was agreed for He Waka Eke Noa, the
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C sequestration available would need to factor this baseline year in when calculating the orchard age
relative to the maturity age. As a rule of thumb, if the difference between the baseline year and the
establishment year is less than the maturity age, then a proportion of the total C sequestration would
still exist. Any orchard established since that baseline year would theoretically be able to account for
all the total C sequestration available up until it reaches its maturity.

Figure 1. The change in total land area (hectares) under various perennial horticultural crops across New Zealand. Data
obtained from Statistics New Zealand (https://www.stats.govt.nz/information-releases/agricultural-production-statistics-june2019-final).

Soil C can contribute to C sequestration or GHG emissions. However, there is still uncertainty in the
soil C change under perennial horticulture. Currently, a large loss of soil C is associated with the
conversion of grassland to perennial horticulture, and will have implications for C neutrality and GHG
inventory accounting. This is despite evidence that soil C may be maintained following conversion for
some perennial horticultural crops. Therefore, there is a requirement for more targeted and
representative measurements to track changes in soil C in perennial horticulture.
In the context of the He Waka Eke Noa initiative, only emissions related to synthetic fertiliser use
would be relevant to most perennial horticultural crops, with limited livestock used across these
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sectors. A reduction of fertiliser-related GHG emissions would rely on careful N management, or using
alternative sources of N (e.g. organic N supplied through composts). However, it is important to note
that alternative sources of N would also have GHG emissions associated with their use, but there is
currently no way of accounting for these using the New Zealand inventory methodology.
Another point to highlight would be that the use of biomass to offset GHG emissions will work only for
the lifetime of that biomass. For example, once that biomass is removed, any C that had been
sequestered will be released back into the atmosphere, depending on the disposal method. One
particular management practice that would affect this is removal of trees/vines due to pest and
disease damage. There has also been an increasing trend of natural shelterbelts being replaced by
artificial shelter. This would result in a loss of C associated with the woody biomass of natural
shelterbelts and a loss of C sequestration opportunity for newly established orchards.
Overall, perennial horticultural crops have the ability to sequester C into woody biomass for a finite
period of time and have relatively low GHG emissions. However, agricultural GHG emissions will
continue to occur while fertiliser application and other associated management practices occur.

Table 7. The C sequestration of woody biomass and the greenhouse gas emissions using ‘average’ rates of N fertiliser for kiwifruit,
pip fruit, grapes, summerfruit and avocados. Please note the GHG emission excludes lime and dolomite use. The conversion of
CO2-eq to C uses a multiplication factor of 12/44.
C accumulation
(t C ha-1 y-1)

Maturity
(y)

Maximum C
stock
(t C ha-1)

Average annual
N application
rate c
(kg N ha-1)

Annual GHG
emission,
(t CO2-eq ha-1)

Annual GHG
emission,
(t C ha-1)

Kiwifruita

0.38

42.5

16.2

110

0.53

0.14

a

0.34

17.5

6.0

40

0.19

0.05

0.32

20

6.4

5

0.024

0.007

0.71

28

20

120

0.58

0.16

Avocado

0.45

28

12.6

100

0.48

0.13

Average
perennial crope

0.67

28

18.8

75d

0.36

0.1

Pip fruit
Grapes

a

Summerfruit

b

b

a

The C accumulation rates and maturity derived from averages presented earlier in the report in Table 1. b Maximum C stock derived from Table 3
earlier in report, C accumulation rate calculated assuming a 28 year maturity. cThe average N application rate based on Journeaux et al. (2019)
report or updated recommendation (e.g. for Kiwifruit). d A non-weighted average of fertiliser application rates for all perennial crops listed. eC
accumulation rate accounts for shelterbelt as per Burrows et al. (2018) and New Zealand inventory methodology for LULUCF.
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