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1 Introduction 
Agriculture often requires intensive soil management 
and nearly always completely removing original natural 
vegetation (Bondeau et al., 2007). Both processes 
typically entail a signifi cant loss of carbon (C) previously 
held in the soil and the vegetation, giving rise to 
the substantial historical greenhouse gas emissions 
attributed to agriculture and land-use change (Johnson 
et al., 2007). The current challenge, of course, is to 
re-absorb meaningful quantities of carbon dioxide (CO2) 
from the atmosphere and store them in the landscape 
while retaining the ability of agricultural systems to 
produce food (Golub et al., 2009). The two carbon pools 
with the longest residence times in terrestrial ecosystems 
are soil carbon and tree biomass. Increased C storage in 
woody biomass is relevant to policy decisions (Norby et 
al., 2002). However, the possible increase of long-term C 
storage in mineral soils is relevant at longer timescales 
due to its far larger storage capacity (Houghton, 
Davidson & Woodwell, 1998). 

Shortly after deposition into the soil, organic litter 
begins to fragment due to the activity of earthworms, 
arthropods, and other soil biota. During subsequent 
stages of humifi cation, soil organic matter may become 
increasingly protected against decomposition by physical 
protection in aggregates (Briedis et al., 2012) and/or 
chemical protection by bonding with mineral surfaces 
(Wattel‐Koekkoek et al., 2003), resulting in long-term 
storage of C in the soil. One of the key requirements for 
achieving long-term soil carbon storage is the cessation 
of intensive soil management; soils can retain their 
carbon if it is protected from oxygenation by exposing 
soil particles to the atmosphere. 

Following any land-use change, the quantity and the 
quality of organic litter entering the soil is altered, 
resulting in an adaptation of the soil community of 
decomposers (Lukac et al., 2009). This adjustment, 
coupled with better access to oxygen after ploughing, 
leads to an initial loss of soil C. Dubbed the priming eff ect, 
this process is defi ned as the stimulation of soil organic 
matter decomposition caused by the addition of labile 

Opportunities for carbon sequestration in intensive soft fruit
production systems

Martin Lukac1, 2

1University of Reading, School of Agriculture, Policy and Development, United Kingdom
2Czech University of Life Science Prague, Faculty of Forestry and Wood Sciences, Praha, Czech Republic

Article Details: Received: 2022-06-01      |      Accepted: 2022-10-08      |      Available online: 2022-11-30

                                 Licensed under a Creative Commons Attribution 4.0 International License

The historical contribution of agriculture to human-induced climate change is indisputable; the removal of natural vegetation 
and soil cultivation to feed the growing human population has resulted in a substantial carbon transfer to the atmosphere. While 
maintaining their food production capacity, soft fruit production systems now have an opportunity to utilise a recent technology 
change to enhance their carbon sequestration capacity. We use an example of a farm in South-East England to illustrate how the 
soft fruit crop production system can be optimised for carbon storage. We performed an audit of carbon stocks in the soil and tree 
biomass and show that it is imperative to plan crop rotation to establish (semi) permanent inter-row strips that will remain in situ
even if the main crop is replaced. These strips should be covered with grassland vegetation, preferable with deeper rooting grass 
species mixed with species supporting nitrogen fi xation. Finally, grassland mowing cuttings should be left in situ and hedgerows 
and tree windbreaks should be expanded across the farm. Modern soft fruit production systems can enhance their carbon storage 
while maintaining commercially relevant levels of productivity.

Keywords: soft fruit, carbon storage, table-top, tree biomass

*Corresponding Author: Martin Lukac, University of Reading, School of Agriculture, Policy and Development, Reading 
RG6 6EU, United Kingdom; e-mail: m.lukac@reading.ac.uk

Research Article

DOI: 10.2478/ahr-2022-0014



– 108 –

Slovak University of Agriculture in Nitra
www.uniag.sk

Faculty of Horticulture  and Landscape Engineering
http://www.fzki.uniag.sk

Acta hort regiotec, 25, 2022(2): 107–114

substrates (Cheng, 1999). For example, a conversion from 
cereal to fruit crops is likely to result in an initial net loss 
before soil C storage benefits accrue. Continuing with the 
new land-use type without disturbing the soil is likely to 
recover lost C and, in the long-term, lead to a gain in soil 
carbon content. 

In temperate agriculture, soft fruit such as raspberries, 
strawberries, blueberries or currants and gooseberries 
have traditionally been produced in free-rooting systems, 
where the soil has to be cultivated to lower the weed load 
and the crops rotated to limit pathogen build-up (Peters 
et al., 2003). In the past decade, advances in fertigation 
systems have allowed most of the soft fruit production to 
move out of the soil and into pots or table-top systems. 
This represents an opportunity to use the soil under 
the fruit production to speed up carbon sequestration, 
and the soil is no longer cultivated. The productive 
component and the soil-covering vegetation can then 
be optimised for carbon storage. Alongside climate 
change mitigation, many other ecosystem services are 
beneficial to the crop production component or the 
wider environment delivered by the non-productive part 
(Ellis et al., 2017). However, the focus of this study is their 
potential for carbon sequestration. 

A modern soft-fruit farm in the South East of England was 
used as a case study to assess the capability of this type 
of agricultural production to enhance existing carbon 
stocks in the soils and living biomass in hedges and tree 
windbreaks currently present. Further, we set out to 
assess the contribution of low vegetation cover to total 
carbon stocks and the benefit of its expansion to current 
bare soil areas. Finally, based on current best practice, we 
use the information gathered in the field to recommend 
potential routes for improving crop management to 
increase long-lasting carbon stocks.

2 Material and methods 

2.1 Case study description

The farm used for this case study represents a typical 
intensive soft fruit farm found in the oceanic temperate 
zone in Europe; this specific farm is located in Goddaming, 
England. Current soft fruit production at the case study 
farm was put into place across the holding from 2003 
onwards. Prior to this, the dominant land management 
practice on site was arable agriculture with a focus on 
cereal production. Land-use change from arable to a less 
intensive disturbance regime has resulted in a build-up 
of carbon stock in the soils and standing tree and shrub 
biomass present on the farm today. Due to crop rotation, 
different crops have been growing in the same field for 
varying lengths of time, offering an opportunity to assess 
the speed of the change in carbon stocks.

2.2 Soil sampling

Using standard soil sampling methodology (Tivet 
et al., 2012), we took samples from 10 different land 
use and crop types found on or in the vicinity of the 
farm in 2012. The type of systems investigated for soil 
carbon stock range from arable fields with cereal crops, 
through recently established strawberry crops to grazing 
meadows and mature forests (Table 1).

We took 5 replicate samples at 0–10 cm, 20–30 cm and 
40–50 cm depths from each field positioned diagonally 
across the whole field to capture soil heterogeneity. The 
sampling depth covered soil horizons with the largest 
biological activity (at the top), as well as horizons of low 
activity and, therefore, long-lasting soil carbon pools 
(at the bottom). The soil in fields with grassy inter-rows 
was sampled both under the fruit crop and in the space 
between two crop rows. After sampling, soil from each 
sample was homogenised, dried and sieved to 2 mm 

Table 1 Crops and ecosystem types sampled for soil carbon content

Crop type Rooting in Year of planting Time since switch from cereals

Arable field soil 2012 6 months

Blackberry soil 2003 9 yrs

Blueberry 60 L pots 2006 6 yrs

Gooseberry soil 2007 5 yrs

Hedge soil 2004 8 yrs

Poplar soil 2004 8 yrs

Strawberry coir bags 2012 8 months

Strawberry soil 2011 2 yrs

Meadow soil n.a. ca 20 yrs

Woodland soil n.a. ca 200 yrs
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to remove any recognisable organic matter and dried at 
105 °C for 16 hours to remove all soil moisture. A 0.4 g 
soil sample was used to estimate the percentage carbon 
and loss on ignition (LOI) for all samples using a LECO SC 
144DR Carbon analyser set at 600 °C. This temperature 
was chosen to avoid evolving carbon contained in calcium 
carbonate known to be present in the soil. We measured 
soil bulk density in situ with a cylinder at each horizon 
depth and used it to convert carbon content to carbon 
mass.

2.3 Tree biomass measurement 

We measured DBH (diameter at breast height, 1.3 m) of 
poplar and alder trees grown in windbreaks established 
on the farm. DBH distribution was then used to calculate 
dry biomass of the trees by applying a biomass model 
parameterised for these two species for UK conditions 
(Johansson, 1999a, 1999b). Trees were planted 1.2 m 
apart, and we estimated the length of each windbreak 
section using the measurement tool in Google Earth.

Unless otherwise stated, all values are reported as tons of 
carbon in 0–50 cm soil depth. Error bars denote Standard 
Error of the Mean (SEM). Top, middle and bottom soil 
horizon labels refer to 0–50 cm soil depth divided into 
three equal layers (0–10, 20–30, 40–50 cm). One-way 
ANOVA was used to assess differences between soil 
management regimes. Data were assessed for ANOVA 
assumptions, no data transformation was necessary.

3 Results and discussion
The type of soil management driven by the choice of 
crop or the planting of woody vegetation has clearly 

influenced the amount of carbon in the soil. As expected, 
the undisturbed forest soil found under a local European 
beech (Fagus sylvatica) woodland contained the highest 
amount of carbon at more than 91  t.C.ha-1. Given that 
all other systems under observation had a history of 
recent land-use change, their soil carbon content is 
unsurprisingly smaller (Table 2). Overall, we saw a very 
strong effect of vegetation type on the amount of C 
present in the top 50 cm of the soil, the forest soil was 
more C rich than any other type (p = 0.0002). The arable 
field at 64.45 t.C.haha-1, however, was not significantly 
different from most crop systems we observed. 

The stratification of carbon content, with the highest 
amount close to the soil surface and the lowest at depth, 
was clearly evident in the case of the meadow and the 
woodland. The hedge and the windbreak did not show 
this pattern, indicating that insufficient time has passed 
since the establishment of these features 8 years ago 
for the carbon accumulation in the top horizon to be 
detectable (Fig. 1a, b). Across all soil management types, 
we saw a strong effect of depth on the amount of C present 
in each horizon (p <0.0001), ranging from 26  t.C.ha-1 in 
the top 10 cm, down to 14 t.C.ha-1 in the 40–50 cm depth. 
Surprisingly, there were significant differences between 
C content under different management regimes at every 
depth, suggesting that the change in the C content 
enacted by crop management has already reached 50 cm 
depth.

We observed a strong stratification effect on soil carbon 
in system components not exposed to soil cultivation 
and those with a steady input of fresh organic carbon 
(Fig. 2). For example, the blueberry crop grown in 60 l 

Table 2 Soil carbon content in three soil horizons and in the whole measured profile 0–50 cm in t.C.ha-1

Crop Top (0–10 cm) Middle (20–30 cm) Bottom (40–50 cm) Total

Arable field (barley) 25.7 26.4 12.4 64.45

Meadow 31.1 17.9 9.2 58.15

Woodland 50.2 25.6 15.6 91.5

Hedge 18.1 21.4 19.25 58.78

Poplar windbreak 19.2 19.5 17.8 56.6

Blackberry pots
Grass inter-row

23.8
27.6

20.6
18.0

15.2
9.0

59.6
54.6

Blueberry
Grass inter-row

26.0
31.0

20.1
23.2

16.5
14.4

62.6
68.6

Blueberry
Grass inter-row

26.0
31.0

20.1
23.2

16.5
14.4

62.6
68.6

Strawberry in coir
Bare soil inter-row

22.1
24.1

23.9
20.5

14.2
8.6

60.2
53.2

Strawberry in soil
Bare soil inter-row

23.3
21.1

22.4
11.2

18.1
7.3

63.8
39.6
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Figure 1a Carbon content in three soil depths (top 0–10 cm, middle 20–30 cm and bottom 40–50 cm) under reference 
and tree-dominated ecosystems on a soft-fruit farm. Mean ± standard deviation
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pots and placed on black plastic mats, there was a clear 
distinction in the stratification of soil carbon under the 
crop and the grass inter-crop row. Six years after the 
establishment of the blueberry crop, the carbon content 
in the bottom soil layer under the pots and the grass strip 
is the same. In the top layer, however, carbon input from 
the grass strip has resulted in significantly higher carbon 
content than under the blueberry pots.

The windbreak trees were planted in 2004, poplars 
in  single-row and alders in a double-row arrangement. 

At the time of measurement in summer 2012, mean DBH 
of poplars was 11.87 cm, and that of alders was 10.8 cm. 
Employing biomass models parameterised for the two 
species in UK climatic conditions and estimating the 
number of trees planted at the farm, we can state that 
the total aboveground woody biomass in windbreaks 
contains ca 100 tons of C (applying commonly assumed 
C content of live tree biomass of 45%).

Whilst every effort was made to locate a reference field 
ploughed and sown with a cereal crop since 2003, 
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Figure 1b Carbon content in three soil depths (top 0–10 cm, middle 20–30 cm and bottom 40–50 cm) under reference 
and tree-dominated ecosystems on a soft-fruit farm. Mean ± standard deviation

Table 3 Diameter at breast height, biomass and C content of aboveground (harvestable) dry biomass in windbreak 
trees

Poplar Alder

Mean DBH (cm) 11.87 10.83

Aboveground biomass (kg per tree) 39.69 24.18

Aboveground biomass C content (kg per tree) 17.86 10.88

Total aboveground biomass C content (tons) 30.5 69.5
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Figure 2a Carbon content in three soil depths (top 0–10 cm, middle 20–30 cm and bottom 40–50 cm) under crop production 
systems on a soft-fruit farm. Mean ± standard deviation
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i.e. a field where no land-use change took place in the 
intervening period, we could not locate such a plot of 
land within the proximity of the farm. In the absence 
of soil samples before the establishment of berry crops, 
hedges and windbreaks, it is not possible to state 
whether carbon accumulation occurred due to switching 
from cereals to berry crops. Nevertheless, given the wide 
breadth of crops and ecosystems we sampled during this 
research, the following analysis is possible.

1. Benefits of grass strips – keeping the inter-row strips 
planted with grass is clearly beneficial to soil carbon 
(C) accumulation (Yang et al., 2019). Data from the field 
where blueberry shrubs are planted in pots since 2006 
indicate a significant accumulation of carbon under 
the grass. The soil below blueberry pots is covered with 
foil and therefore does not receive any fresh C input. 
Comparing the covered soil with the grass strips indicates 
carbon accumulation in the order of 0.96 t.C.ha-1 per year, 
or an increase of 1.5% in soil carbon content every year.

2. Benefits of long-term crops – berry shrubs rooted 
in the soil are a significant source of carbon, some of 
which remain in the soil (Drexler, Gensior & Don, 2021), 
thus leading to soil carbon accumulation. On average, 
soil-rooted blackberry and gooseberry crops accumulate 
0.91 t.C.ha-1 per year more than the grass strips grown 
between the crop rows, an extra 1.6% over the grass 
strips every year. 

3. Carbon accumulation at depth – berry shrubs rooted 
in the soil are a significant carbon source, a part of which 
enters the long-lasting soil C pool at depth (Agostini, 
Gregory & Richter, 2015). With regards to long-term soil C 
sequestration, it is preferable to enhance the soil C stock 
at depth since lower soil horizons generally have lower 
soil C content, offering much better storage capacity 
(Błonska et al., 2020). Comparing soil C stocks below 
berry shrubs rooted in soil with grass-covered inter-row 
strips, it is clear that berry shrubs enhance soil C content 
by about 1.1 t.C.ha-1 per year in the bottom soil horizon. 

Figure 2b Carbon content in three soil depths (top 0–10 cm, middle 20–30 cm and bottom 40–50 cm) under crop production 
systems on a soft-fruit farm. Mean ± standard deviation
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4 Conclusions 
This case study investigation shows that modern soft 
fruit production systems have considerable capacity 
to sequester carbon in the soil and tree biomass, while 
maintaining their food production capability. All fields 
currently under soft fruit have been converted from 
arable agriculture in the past, it is plausible that observed 
differences between contrasting crop types do result 
from different soil management interventions, The key 
interventions aimed at increasing carbon storage are 
maintaining grassland cover between rows of productive 
plants and introducing nitrogen-fixing plants where 
possible. In addition, adding woody plant species in the 
form of windbreaks and hedgerows can sequester carbon 
in the soil and offers an opportunity for carbon-neutral 
energy generation on the farm.
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