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Organic orchards may have higher biodiversity and levels of ecosystem services

compared to conventionally managed orchards. However, it is not well-understood

how management decisions within organic orchards alter biotic communities and

ecosystem services. The simultaneous provision of individual ecosystem services and

mitigation of disservices is crucial for organic growers who cannot replace natural

regulatory processes by artificial inputs. This study addresses one of the major

constraints for organic fruit production in South Africa, namely the availability of

strategies for pest control and nutrient management in soils. Partly due to these

constraints, organic certification of deciduous fruits is very uncommon in South

Africa and limited our selection of study plots. A field experiment on a single

farm was established to study the impact of a treatment with dead organic mulch

compared to controls on the composition of biotic communities, the simultaneous

provision of ecosystem services, and the mitigation of disservices in five organic

deciduous fruit orchards in the Western Cape province. Mulching did not significantly

reduce weed cover or alter the taxonomic composition of weed communities,

but affected soil organisms. Mulched subplots had significantly higher densities of

Collembola and phytophagous nematodes and lower microbial activity and woodlice

numbers. Independent of mulch treatment, both orchard type (conventional: apricot

and organic: apricot, peach, plum, and quince) and weed cover had pronounced

effects on the composition of biotic communities and ecosystem service and

disservice potentials. The community composition of plants, microbes and web-building

spiders differed significantly between organically and conventionally managed plots.

The composition of communities and levels of ecosystem service and disservice

potentials also differed significantly between organic orchards of different fruit type. Two
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potential pest groups (phytophagous nematodes and arthropods) were most abundant in

peach subplots with high weed cover and tree age and least abundant in conventionally

managed apricot plots. These results emphasize the crucial importance to consider

weed-microbe-animal interactions when developing management practices in organic

orchards. Management decisions in organic orchards hold the potential to affect biotic

communities to the benefit of pest control and soil nutrient services, but can also result

in unexpected detrimental effects on ecosystem services.

Keywords: biodiversity, community composition, ecosystem disservices, farm management, multiple ecosystem

services, organic farming, synergies, trade-offs

INTRODUCTION

The global demand for organically farmed products is
continuously increasing (Willer and Lernoud, 2019) and
organic farming practices may benefit several key ecosystem
services (Birkhofer et al., 2016). Organically certified orchards
may have higher microbial activity (Pokharel and Zimmerman,
2016), soil quality (Vogeler et al., 2006), pest predator (natural
enemy) numbers (Happe et al., 2019), levels of biological control
of pests (Porcel et al., 2018), and often overall higher biodiversity
(Simon et al., 2011, but see Tuck et al., 2014) compared to
conventional orchards (see also Samnegård et al., 2019). Pest
infestation and damage, as ecosystem disservices, may also have
higher levels under organic farming (Muneret et al., 2018).

However, it is less well-understood how management
differences within organic orchards alter the composition of
biotic communities and levels of associated ecosystem services.
This limitation is particularly evident for the simultaneous
management of biodiversity and multiple services and
disservices (Birkhofer et al., 2015; Demestihas et al., 2017).
Organic growers have to rely on the provision of multiple
ecosystem services, as they cannot replace natural regulatory
processes by artificial inputs (e.g., replacing pest control by
natural enemies by insecticide application, Zehnder et al.,
2007). The provision of ecosystem services and mitigation
of disservices in organic production systems can be actively
supported by management practices (Marliac et al., 2015, 2016),
but it remains largely unknown to what extent individual
orchard management practices affect the relationships between
community composition and ecosystem services (Birkhofer
et al., 2018).

South Africa is the third most productive fruit cultivating
country in Africa (6.9 Mt per annum) with temperate fruit
orchards covering an area of 297,636 ha (2017 data: FAOSTAT
2019). The country is among Africa’s largest organic producers
(41,377 ha organically managed land in 2017: Willer and
Lernoud, 2019). However, organically certified temperate fruits
are currently only cultivated in a small area of ∼77 ha,
representing<0.2% of all organically farmed land in South Africa
(Willer and Lernoud, 2019). Naturally, the rarity of organic
temperate fruit cultivation also limited our selection of field sites
to five different fruit orchards on a single farm.

This study addresses one of the major constraints for organic
fruit production, namely the availability of strategies for pest

control and nutrient management in soils (Wyss et al., 2005;
Peck et al., 2006; Wooldridge et al., 2013; Hammermeister, 2016).
Several above- (e.g., biological control) and belowground (e.g.,
nutrient mineralization, soil structure) services and disservices
(e.g., pest infestation) affect fruit production (Clothier et al.,
2013). Fruit trees, for example, suffer from competition with
weeds for nutrients and water. This issue is particularly relevant
in regions such as the Western Cape Province in South
Africa, which recently experienced severe drought periods (e.g.,
Baudoin et al., 2017). Ground cover management aims to reduce
competition for soil nutrients and water between weeds and fruit
trees (Atucha et al., 2011; Andersen et al., 2013), and alters the
composition of weed communities in South African orchards
(Fourie et al., 2011). These practices, may thereby further affect
natural enemy and pest populations (Mathews et al., 2002;
Bostanian et al., 2004; Markó et al., 2013). A range of natural
enemy groups contribute to below- and aboveground biological
control in fruit orchards (Blommers, 1994; Mody et al., 2011).
Habitat management to benefit natural enemies (“conservation
biological control,” Barbosa, 1998) is therefore a key natural
regulatory process in organic farming systems (Diekötter et al.,
2010, 2016).

Soil communities and soil ecosystem services are also affected
by organic farming practices and the resulting weed communities
(Yao et al., 2005; St. Laurent et al., 2008; Andersen et al., 2013;
Williams and Hedlund, 2013; Pokharel et al., 2015). Organic
growers often manage nutrient levels by promoting nutrient
cycles and mineralization processes that are affected by the
composition of soil biota and weed cover (de Vries et al.,
2013). Soil biota also responds to the composition of weed
plant communities, with distinct communities and levels of
belowground ecosystem services observed in association with
different plant species (Bezemer et al., 2010; Simon et al., 2011;
Latz et al., 2015). Effects of ground cover management on the
taxonomic composition of weed communities may therefore
simultaneously alter the relationships between other taxonomic
groups and multiple ecosystem services and disservices (Lavorel
and Grigulis, 2012).

Here we aim to understand the impact of two ground cover
management practices on the composition of several taxonomic
groups, the simultaneous provision of ecosystem services, and
the mitigation of disservices in organic fruit orchards in South
Africa. We further analyse how weeds can be managed to
mitigate trade-offs and to maximize synergies between services
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(“multifunctionality of production systems”; Hector and Bagchi,
2007; Birkhofer et al., 2018). We hypothesize that a treatment
with dead organic mulch compared to unmulched control
plots: (1) reduces weed cover and simplifies weed communities
significantly, (2) promotes densities of beneficial soil biota and
levels of soil ecosystem services, and (3) reduces densities
of below- and aboveground pests. Conversely and trading
off with these benefits, mulch treatment may (4) reduce the
density of natural enemies, as well as aboveground biological
control services. Ultimately, an improved understanding of
the practices that affect relationships between community
composition and multiple ecosystem services and disservices will
help to improve multifunctionality in organic fruit production
systems in South Africa.

MATERIALS AND METHODS

Study Sites and Treatments
At Tierhoek Organic Farm, in the Breede river Valley, Robertson,
South Africa (−33.729, 19.793) ∼24–30 ha land is under
cultivation and certified as organic since 2005 (total farm size
= 180 ha). The grower cultivates apricot (6 ha), plum (2 ha),
quince (1.5 ha), and peach (1.4 ha). Most fruits are used for
drying or canning, but apricots and plums are also packed and
sold as fresh fruits. All orchard plots are irrigated throughout
summer on demand with drippers (apricot, plum, and quince)
or micro-jets (peach). Ground cover is managed in all orchards
by mechanically cutting weeds under tree canopies 4–5 times
a year, while working rows are only cut 1–2 times a year. The
grower applies compost and certified organic fertilizer (chicken
manure and liquid guano). Eight organic orchard plots with each
of the four cultivated temperate fruits were selected on the farm
(two plots of each: apricot, peach, plum, and quince, Table 1).
These fruits share several economically important pests (e.g.,
armored scale insect, fruit fly, and leaf roller species, Prinsloo and
Uys, 2015) and suffer from the same competition for nutrients
and water with weeds in organic orchards. As being part of the
temperate fruit group (family Rosaceae) they all share important
traits (general growth form as shrubs or small trees). In addition
to the eight selected organic plots, we included two conventional
orchard plots that were treated with pesticides and synthetic
fertilizers on a neighboring farm (−33.758, 19.777). In each
organic orchard plot we established one control and onemulched
20 × 20m subplot, resulting in 18 study subplots [8 organic
orchard plots × 2 subplots plus 2 conventional subplots (only
control)]. The very limited availability of organically certified
orchards in the Western Cape did not allow for a selection of one
temperate fruit type in a well replicated organic vs. conventional
design. The two conventional apricot plots were selected as the
only temperate fruit types cultivated in a conventional orchard
nearby Tierhoek Organic Farm.

The ground cover treatments that were established in the
eight organic orchard plots were (a) “business as usual,” with 4–
5 cuts under the canopy and 1–2 cuts in the working row and
no removal of cut material (control) vs. (b) “mow and blow,”
with 4–5 cuts under the canopy and 1–2 cuts in the working
row with the cut material added under tree canopies as dead

organic mulch (Figure 1; Hammermeister, 2016). All mowing
was performedmechanically; placement of mulch was performed
manually. The treatments were established in October 2016. On
average, mulch covered an area of ∼1.2 m² below the canopy at
a height of 24 cm after treatment establishment and an area of
0.7 m² with an average height of 9 cm at the time of the second
sampling in June 2017. Generally, dead organic mulches should
be at least 10 cm thick to supress weeds (Lanini et al., 2011), so
that a replacement or addition would be necessary after 8 months
in the studied orchards.

Sampling
The 10 orchard plots were sampled in November/December
2016 (before harvest) and in June/July 2017 (after harvest)
for taxonomic composition (Table 2A) and ecosystem service
(Table 2B) or disservice (Table 2C) potentials. Sampling focused
on the impact area of mulch treatments under the tree canopy
and the fruit tree rhizosphere, if not stated differently. Samples
for microbial measures, soil nutrients and nematodes were
derived from joint soil sampling and identical bulk soil samples.
Soil nutrients (total available nitrogen and phosphorous in ppm)
were analyzed from samples taken under the canopy of fruit trees
in all mulched and control study plots in November/December
2016 and were analyzed by Ward Laboratories (Kearney,
Nebraska, USA) in association with Soil Health Solutions
(Bellville, South Africa).

Microbial composition was analyzed based on Phospholipid
fatty acid (PLFA) andNext Generation Sequencing of the Internal
Transcribed Spacer region (NGS-ITS) analyses. Phospholipid
fatty acids are components of the membranes of all organisms,
and different organism groups have characteristic fatty acid
patterns. To obtain fatty acid profiles, fatty acids were extracted
from soil and the biomass of groups such as bacteria and
fungi, and could be estimated by determining the concentration
of biomarker fatty acids. For high-throughput deep amplicon
sequencing of the Internal Transcribed Spacer (NGS-ITS)
region, DNA was extracted in duplicate from soil samples
using a NucleoSpin R© Soil kit (Macherey-Nagel, Separations,
Randburg, South Africa). The PCR products of each soil
sample were combined for downstream analyses at the Next
Generation Sequencing Facility at the University of the Free State,
following the Illumina MiSeq ITS metagenomics sequencing
library preparation guide (Illumina MiSeq, http://support.
illumina.com). Quality of sequences were assessed using FastQC
(Andrews, 2010) and sequences were trimmed and filtered using
PrinSeq-lite v0.20.4 (Schweitzer et al., 2011) to have a mean
quality score (QC) > 20 and sequence length > 200 bp. Paired
end reads were merged using PEAR 0.9.6 (Zhang, 2014). QIIME
1.9.1 framework was used for subsequent sequence data analyses
(Caporaso et al., 2010). A Closed-reference OTU’s picking
workflow was followed. Operational Taxonomic Units were
picked against the Greengenes database (version gg_13_8_otus)
at 97% sequence identity. Chimeric sequences were identified,
using usearch 6.1.544 (Edgar, 2010) against the RDP “Gold”
database (Edgar, 2010). Operational Taxonomic Units tables were
normalized and cluster analyses was performed using XLSTAT
(Addinsoft). For the analysis of microbial composition, PLFA
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TABLE 1 | The five organically managed temperate fruit orchards sampled at Tierhoek Organic Farm.

Crop Variety Size (ha) Planting dist. (m) No. trees Harvest Year planted

Apricot Imperial 1.75 3 × 6 974 Dec 2005

Peach Neethling 1.49 3 × 6 826 Mar 1992

Plum Angelino, Songold, Southern Belle 1.14 3.5 × 3 1,591 Mar 2002

Quince Portuguese 0.75 5 × 4 187 May 2007

Quince Portuguese 0.39 5 × 4 268 May 2007

Note that two quince orchards were sampled due to their smaller size. Note that the temperate fruit orchard area at Tierhoek accounts for more than 7% of all organically certified

temperate fruit production areas in South Africa according to FAO statistics.

FIGURE 1 | Ground cover treatments with (A) control without added mulch under the canopy and (B) treatment with mulch from cutting the working rows added

under the canopy to supress weeds.

concentrations of biomarker fatty acids for bacteria and fungi and
the Shannon diversity from NGS-ITS data were jointly analyzed
based on Gower distances (internally standardized for different
measurement scales in the three variables).

Microbial activity was quantified based on the analysis of
fluorescein-diacetate (FDA), active C and Biolog EcoPlate R©

assays. Fluorescein diacetate (FDA) hydrolysis was determined
according to the method of Zabaloy et al. (2008), with minor
modifications. The rate of FDA hydrolysis in soil is a suitable
index of overall soil enzyme activity. Bacteria and fungi both
produce extra-cellular enzymes to decompose organic matter,
and the amount of enzymes in a sample is indicative of the
presence, and viability, of the microbial biomass. The active
C procedure measures the fraction of organic matter that is
readily utilizable as an energy source by microorganisms. It
measures the fraction of C and nutrients in total % organic
matter (%OM) that is biologically available for soil organisms
and plants. Community-level physiological profiles (CLPP),
based on carbon source utilization, was determined using
Biolog EcoPlates R© (Biolog, Hayward, CA, United States of
America). The Biolog EcoPlate R© assay allows testing of a
number of ecologically relevant C substrates in soil in order
to differentiate between microbial communities present that
are able to utilize these substrates. Communities of organisms
will give a characteristic reaction pattern called a metabolic
fingerprint. The overall color development was expressed as the
average well color development (AWCD) for all C sources (Zak
et al., 1994) in order to provide a single value of the substrate

utilization activity by the microbial community. For the analysis
of microbial activity, FDA, active C, and Biolog EcoPlates R©

assay data were jointly analyzed based on Gower distances
(internally standardized for different measurement scales in the
three variables).

For all analyses of biodiversity responses, multivariate
taxonomic composition data was used. Taxonomic composition
is an important dimension of diversity and its analysis allows
to identify taxa that are sensitive to the factors in our
study design. Vegetation was sampled and identified between
4 and 5 December 2017 in one 1 m² quadrat adjacent
to the tree trunk (always southwards) in each subplot and
in one 1 m² quadrat 1m away from the tree trunk. All
species were recorded from these quadrats based on estimates
of their coverage along a percentage scale and total weed
cover was also estimated. However, in organically managed
apricot plots, only one treatment and one control subplot
were sampled for plants due to logistical problems with one
apricot plot. For the analysis of plant community composition,
frequencies of all individual species and genera were analyzed
as compositional data based on Bray-Curtis similarities. The
weed coverage in each subplot was analyzed separately based on
Euclidean distances.

In each subplot, 300 g rhizosphere soil was collected for
microbial analyses from each of five trees per subplot and placed
in plastic bags on ice packs to transfer it back to the laboratory.
For the analytical procedures to study microbial communities,
sub-samples were made from the original samples by combining
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TABLE 2 | Summary of (A) community composition, (B) ecosystem service, and (C) disservice potentials quantified in organically (apricot, peach, plum, and quince) and

conventionally (apricot) managed orchards with the respective methods, taxonomic level (community composition) or unit of measure (service and disservice) and number

of taxa or mean and standard deviation.

(A) Composition Methods Taxonomic level Taxonomic units

Microbes PLFA Bacteria and fungi 2

Microbes NGS-ITS OTU’s NA

Plants* Veg. survey Species and genus 81

Nematodes Extraction Genus 35

Soil arthropods Mini-traps Order and family 6

Surface arthropods Pitfall traps Family 87

Web-building spiders Web survey Species and genus 63

(B) Service Methods Unit Mean

Total available N Root and H2O extract ppm 18.6 ± 7.2

Total available P H3A extract ppm 47.8 ± 35.8

Microbial activity FDA ug/ml soil solution 2.9 ± 0.3

Microbial activity Active C mg/kg soil 2220.2 ± 293.6

Microbial activity BIOLOG AWCD 1.2 ± 0.2

Predaceous arthropods Pitfall traps Activity density 24.0 ± 13.2

Pest prey Web survey Prey items 1.1 ± 0.7

(C) Disservice Methods Unit Mean

Phytophagous nematodes Extraction Density 307.0 ± 288.4

Phytophagous arthropods Pitfall traps Activity density 13.7 ± 8.2

Weed cover* Survey % 32.9 ± 20.7

*Plant communities and weed cover were only estimated in a single control and mulch treatment plot in organically managed apricot orchards.

the five samples in each subplot. Soil samples for nematode
extraction were collected from the root zone of five randomly
selected trees in each subplot to a depth of 30 cm close to the
trunk of the tree. These subsamples were transported back to
the laboratory where they were thoroughly mixed to comprise
one sample per subplot. Nematodes were extracted from the soil
samples by means of the Cobb’s decanting and sieving method,
in combination with a modified Baermann funnel. The extracted
nematodes were counted and identified to genus level. The
nematodes were then categorized into feeding groups.

Soil arthropod communities were sampled using small
(diameter 15mm, containing 10ml ethyl glycol) and large pitfall
traps (diameter 55mm, containing 100ml ethyl glycol), placed
no further than 30 cm from the tree trunks, so that they were
placed below the mulch, where applicable. Three small pitfalls
and three large pitfalls were placed into each subplot, resulting
in a total of 54 × 2 pitfalls altogether. Sampling took place on
13 December 2016 and on 17 June 2017, with pitfalls left in
the field for a period of 14 days. Samples were brought back to
the laboratory and sorted into 70% ethanol and identified to
family level.

Web-building spiders and their prey were hand collected
from all subplots for 90min in the morning and for a
second period of 90min in the afternoon between 01 and
28 November 2016 and on a second date between 12
June and 08 July 2017. All spiders and prey items were

transported to the University of the Free State in Bloemfontein
for identification.

Statistical Analyses
All data were averaged over the two sampling dates and analyzed
for the factors orchard type (levels: conventional apricot and
organically managed apricot, peach, plum, and quince plots)
and treatment (levels: control and mulched subplots) in two-
factorial permutational analyses of variance (PERMANOVA:
providing F- and P-values; Anderson, 2001). The conventional
apricot plots lacked the mulch treatment level. The two-
way interaction between both factors was included in all
models. After obtaining a significant model term for the factor
orchard plot or the interaction term, post-hoc tests (pairwise
PERMANOVA: providing t- and P-values) were used to identify
significant differences between different levels of the term. All
PERMANOVA analyses were performed based on sums of
squares type 3, permutation of residuals under a reduced model
and 9999 permutations. In pairwise PERMANOVA the number
of unique permutations was considerably lower than 9999, and
therefore P-values were derived fromMonte-Carlo permutations
(Anderson, 2014). Pairwise relationships between taxonomic
compositions and ecosystem service or disservice potentials were
calculated based on rank-based Mantel tests relating pairs of
resemblance matrices and deriving Spearman (rs) correlation
coefficients for these matrix correlations.
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RESULTS

Community Composition
In general, mulching had small effects on community
composition of the studied groups (Table 3), while orchard
type and farming system (conventional vs. organic) affected
the community composition in several organism groups
(Table 3; Figure 2).

The composition of microbial, plant, nematode, surface-
active arthropod and web-building spider communities differed
significantly between orchard types (Table 3A). Microbial
communities in plum differed significantly from quince (t =

2.33, P = 0.049) and conventionally managed apricot (t = 3.62,
P = 0.018; Figure 2A) plots due to 1.3 and 8.2 times higher
concentration of bacterial PLFAs in plum plots.

The composition of plant communities differed significantly
between conventionally managed apricot and peach (t = 2.43,
P = 0.023) or plum (t = 2.66, P = 0.022) plots and between
quince and peach (t = 2.16, P = 0.027) or plum (t = 1.97,
P = 0.038; Figure 2B) plots. The invasive weed species Plantago
lanceolata was absent from conventionally managed apricot, had
low frequencies in quince and was abundant in peach and plum
plots. In general, orchard plots showed a high susceptibility to
invasive weed species, as more than 50% of all recorded weed
species were invasive.

Nematode communities differed significantly between
organically managed quince and apricot (t = 1.84, P = 0.049) or
plum (t = 1.93, P = 0.042; Figure 2C) plots. Nematodes from
the genus Scutellonema were absent from plum, but abundant
in quince plots and nematodes from the genus Coslenchus were
5.5 times more abundant in quince than in organically managed
apricot plots.

The community composition of surface-active arthropods
differed significantly between peach and quince plots (t = 1.57,
P = 0.038; Figure 2E) due to Collembola of the family
Brachystomellidae and ants (Formicidae) being 1.8 and 1.4 times
more abundant in quince plots.

The composition of web-building spider communities differed
significantly between conventionally managed apricot and
organically managed apricot (t = 2.52, P = 0.025), peach
(t = 3.33, P = 0.013), plum (t = 2.52, P = 0.027), and quince
(t = 2.42, P = 0.031) plots. The composition also differed
significantly between organically managed apricot and quince (t
= 1.94, P = 0.040) and between peach and plum (t = 2.04, P
= 0.033; Figure 2F) plots. The conventionally managed apricot
plots were characterized by the absence of spiders from the genera
Tidarren and Gandanameno, as well as the species Larinia bifida
and Crozetulus scutatus, which were always present in organically
managed plots (with the exception of Tidarren not being present
in plum).

Mulching had no significant effects on the studied groups,
with the exception of the composition of soil arthropods
which differed significantly between mulch treatments. Woodlice
(Fam. Clyisticidae) were more abundant (3.1 times) in control
subplots and Collembola (Fam. Poduridae) were more abundant
(2.7 times) in mulched subplots. The effect of mulching on
soil arthropods further depended on orchard type (Table 3A

interaction term “orchard type × mulch”). Furthermore,
microbial activity was slightly larger in control than in mulched
plots (Table 3).

In addition, the composition of soil arthropod communities
differed significantly between conventionally managed apricot
and organically managed control apricot plots (t = 3.50,
P = 0.043) or plum plots (t = 3.48, P = 0.037; Figure 2D).
Collembola of the family Entomobryidae were more abundant
in the organically managed apricot (1.8 times) and plum (5.7
times) than in the conventionally managed apricot plots. The
composition of soil arthropod communities did not differ
significantly between different orchard types in mulched plots
(all P > 0.05).

Ecosystem Service Potentials
Several soil ecosystem services differed both between orchard
types, while we found no significant differences in neither
the abundance of predaceous arthropods nor in pest prey
abundances (Tables 3B, 4). Total available P and microbial
activity differed significantly between orchard types (Table 3B).
Total available P differed significantly between conventionally
managed apricot and organically managed peach (t = 4.02,
P = 0.027) and plum (t = 3.99, P = 0.028; Table 4A).
Total available P also differed significantly between organically
managed quince and peach (t = 5.58, P= 0.005), plum (t = 6.68,
P = 0.003), and apricot (t = 4.69, P = 0.009). Active C [F(4,17)
= 11.83; P = 0.002] and community–level physiological profiles
(CLPP) [F(4,17) = 25.98; P =< 0.001] both differed significantly
between orchards (Table 4A). Active C differed significantly
between organically managed apricot and peach (t = 6.68, P
= 0.003) or plum (t = 6.68, P = 0.003) plots. Active C also
differed significantly between organically managed quince and
peach (t = 5.63, P = 0.005) or plum (t = 6.34, P = 0.004) plots.
CLPP’s differed significantly between quince and conventionally
managed apricot (t = 4.42, P = 0.023) or organically managed
apricot (t = 4.19, P = 0.015), peach (t = 6.51, P = 0.003) or
plum (t= 7.67, P= 0.001) plots. CLPP’s also differed significantly
between plum and peach (t = 3.51, P = 0.024) or apricot (t
= 3.72, P = 0.020) plots. Active C (t = 2.59, P = 0.033) and
physiological profiles (t = 2.29, P = 0.046) were significantly
higher in control compared to mulched plots, independent of
orchard type (Tables 3B, 4B).

Ecosystem Disservice Potentials
The density of plant feeding nematodes differed significantly
between control and mulched plots, but depended on
orchard type (Table 3C). Their abundance was clearly
lower in the conventional plots than in the organic
ones (Table 4). Mulched plots in peach had higher
densities of plant feeding nematodes than control plots
(t = 7.10, P = 0.020; Table 4B). In plum (t = 4.67, P =

0.040) and quince (t = 4.77, P = 0.043), control plots
had higher densities of plant feeding nematodes than
mulched plots.

The density of phytophagous arthropods was not significantly
affected by orchard type or treatment (Table 3C). Weed cover
differed significantly between orchard types, depending on

Frontiers in Sustainable Food Systems | www.frontiersin.org 6 November 2019 | Volume 3 | Article 107

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Birkhofer et al. Ground Cover in Organic Orchards

TABLE 3 | Effects of Orchard type and mulch treatment on (A) community composition (taxonomic composition), (B) ecosystem service, and (C) ecosystem disservice

potentials in organically (apricot, peach, plum, and quince) and conventionally (apricot) managed orchards.

Orchard type Mulch Orchard × Mulch

F(4,9) P F(1,9) P F(3,9) P

(A) Community composition

Microbes 3.87 0.010 0.92 0.412 0.69 0.620

Plants* 3.96 <0.001 0.19 0.981 1.12 0.354

Nematodes 1.53 0.042 0.58 0.812 1.45 0.128

Soil arthropods 3.76 0.012 3.30 0.049 2.67 0.034

Surface arthropods 1.51 0.025 1.06 0.404 0.77 0.802

Web-building spiders 4.48 <0.001 0.73 0.659 0.93 0.563

(B) Service

Total available N 2.90 0.080 0.20 0.672 0.30 0.829

Total available P 11.76 0.002 0.02 0.883 1.67 0.227

Microbial activity 10.24 <0.001 3.85 0.043 1.00 0.457

FDA 3.63 0.051 0.25 0.618 1.20 0.367

Active C 11.83 0.002 6.72 0.032 2.01 0.188

BIOLOG 25.98 <0.001 5.22 0.047 0.46 0.730

Predaceous arthropods 0.19 0.999 0.11 0.748 0.82 0.513

Pest prey 0.62 0.675 0.27 0.625 0.26 0.859

(C) Disservice

Phytophagous nematodes 2.85 0.093 0.15 0.699 20.32 <0.001

Phytophagous arthropods 3.25 0.074 0.78 0.390 0.94 0.466

Weed cover* 8.67 0.006 0.71 0.429 6.68 0.015

*Weed cover was only estimated in a single control and mulch treatment plot in organically managed apricot orchards (degrees of freedom for plant community composition and weed

cover: Fruit 4,7; Mulch 1,7; Fruit × Mulch 3,7). Significant terms are in bold.

mulch treatment (Tables 3C, 4), while neither orchard type
nor treatments affect the number of pest prey in spider
webs (Tables 3B, 4), except that it tended to be lower in
plum plots.

Weed cover did not differ significantly between control plots
in the different orchards. Weed cover in mulched plots differed
significantly between peach and apricot (t = 43.14, P = 0.014)
or plum (t = 89.63, P < 0.001), between apricot and plum
(t = 46.35, P = 0.014), and between peach and quince (t = 6.84,
P = 0.019) plots (Table 4B).

Relationships
Among all analyzed taxonomic groups, plant (8 out of
13 relationships with P < 0.1) and microbial (5 out of
13) composition showed the strongest relationship to the
composition of other taxonomic groups or ecosystem service
and disservice potentials (Figure 3). Orchard plots that
resembled each other in plant community composition
had similar web-building spider communities, comparable
levels of microbial activity and total N and P contents in
soils. Orchard plots resembling each other in microbial
communities resembled each other in the number of pest
prey items caught by web-building spiders, infestation with
potential pest arthropods and weed cover. Weed cover was
significantly related to the number of phytophagous nematodes
(Figure 4A) and arthropods (Figure 4B). The composition of
web-building spider communities was significantly related to

the composition of four out of the five other taxonomic groups
(excluding nematodes, Figure 3). Levels of microbial activity
were significantly related to the composition of plant, soil
arthropod and web-building spider communities and levels of
total P (Figure 3).

DISCUSSION

Mulching did not significantly reduce weed cover or alter
the taxonomic composition of weed communities, but
affected soil organisms by increasing densities of Collembola
and phytophagous nematodes and by reducing microbial
activity and woodlice numbers significantly even over the
relatively short study period. These effects were observed
within 8 months after subplot treatment with dead organic
mulch and therefore document short-term responses.
Independent of the mulch treatment, both orchard type
and weed cover had pronounced effects on the composition
of biotic communities and associated ecosystem service and
disservice potentials.

Mulching
Mulching is considered an important management practice to
conserve moisture in orchard soils, to buffer against climatic
extremes and to reduce weed cover (for review see Bakshi et al.,
2015). However, this beneficial effect on water conservation
may be more pronounced in rain-fed orchards, as soil moisture
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FIGURE 2 | Non-metric multidimensional scaling ordinations based on the multivariate community composition of (A) microbial (2-d stress: 0.05), (B) plant (0.12),

(C) nematode (0.18), (D) soil arthropod (0.07), (E) surface-active arthropod (0.19), and (F) web-building spider (0.13) communities in conventional apricot ( ) and

organically managed apricot ( ), peach ( ), plum ( ), and quince ( ) plots. Symbols and labels are given for significant factors as shown in Table 3, with treatment

(T) and control (C) shown in (D) due to the significant interaction term.

can be, at an economic cost, controlled in irrigated orchards
like in our study. A range of mulch materials can be used in
organic agriculture to supress weeds, with dead organic mulches
recommended for farms with fertile soils and for control of
annual weeds (for reviewHammermeister, 2016). Steinmaus et al.
(2008) studied effects of dead organic mulch that was produced
from cover crops in work rows and was then applied to plant
rows. Their results indicate that if supplied in sufficient quantity,
dead organic mulch may provide satisfactory levels of weed
control in vineyards. In our study, weeds were not suppressed
significantly by dead organic mulch and two differences between
studies may explain the observed discrepancies. First, Steinmaus
et al. (2008) studied effects over longer time periods, and repeated
application of dead organic mulch in the South African orchards
may have resulted in higher levels of weed control. However,
mulch material from the work roads is scarce due to the harsh
climatic conditions and additional application would result in
higher costs. Second, our study was performed in times of amajor
drought period in the Western Cape Province. The extreme
climatic conditions may have been the dominating constraint
for weed growth in control and treatment plots independent of
mulch application.

Ground cover management with mulch or compost affects
detritivorous organisms in organically managed orchard systems
if compared to herbicide-treated plots. Mathews et al. (2002)
showed that orchard plots with compost had higher abundances
of detritivores compared to conventionally-treated plots. A high
percentage of bare ground was detrimental to ground-active
detritivores in New Zealand orchards (Todd et al., 2016). This
pattern may be even more pronounced in regions with a
dryer climate like South Africa. The contrasting response of
different detritivorous arthropods (Collembola and Isopoda) to
mulching in the studied subplots may reflect both, differences
in dietary and microclimatic preferences between taxonomic
groups. Isopods can be a dominant soil macrofauna group
in irrigated fruit orchards (Walmsley and Cerdà, 2017) and
the negative numeric response to mulching may lower their
contribution to decomposition processes in these subplots.

The abundance of predaceous arthropods can be negatively
affected by mulching with straw compared to tillage or herbicide-
treated orchard plots (Miñarro et al., 2009). In contrast to these
previous studies, the studied organic orchard plots in South
Africa always showed relatively high ground cover, either due
to mulch or weed cover and due to the absence of herbicide
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TABLE 4 | Mean values of ecosystem service [Total N, Total P, microbial activity (FDA, Active C and BIOLOG), predaceous arthropods, and pest prey] and disservice

(phytophagous Nematodes, phytophagous Arthropods, and weed cover) potentials ±95% confidence intervals of the mean in (A) different orchards and (B) control or

mulched subplots.

Ecosystem service potentials Ecosystem disservice potentials

N Total N (ppm) Total P (ppm) FDA (ug

ml−1)

Active C (mg

kg−1 soil)

BIOLOG

(AWCD 48h)

Predaceous

Arthropods

(ind trap−1)

Pest prey

(ind web−1)

Phytophagous

Nematodes

(ind sample−1)

Phytophagous

Arthropods

(ind trap−1)

Weed cover

(%)*

(A) Orchard

Conventional

apricot§
2 4.5–11.2 15.5–15.7 2.2–2.6 1886.2–2197.9 1.3 7–42.5 0.4–1.6 20–180 2.5–17.0 4.3–13.2

Apricot 4 23.0 ± 13.2 93.8 ± 56.9 3.2 ± 0.4 2089.1 ± 284.2 1.2 ± 0.2 23.1 ± 12.6 1.1 ± 0.8 242.0 ± 261.1 10.5 ± 9.2 24.6 ± 58.2*

Peaches 4 23.4 ± 8.3 40.7 ± 22.3 3.0 ± 0.3 2456.2 ± 193.4 1.3 ± 0.1 23.4 ± 18.7 1.5 ± 2.1 443.6 ± 756.2 24.4 ± 5.9 56.9 ± 38.4

Plum 4 18.7 ± 6.1 61.7 ± 20.5 3.1 ± 0.6 2500.8 ± 328.6 1.4 ± 0.1 25.8 ± 20.1 0.6 ± 0.5 275.1 ± 470.5 11.1 ± 11.5 29.6 ± 22.1

Quince 4 14.6 ± 6.8 11.1 ± 5.2 2.8 ± 0.4 1923.9 ± 329.0 0.8 ± 0.2 23.3 ± 32.3 1.0 ± 0.6 370.7 ± 393.5 10.6 ± 11.3 28.3 ± 15.5

(B) Treatment

Control 8 20.6 ± 7.0 51.1 ± 21.9 3.1 ± 0.3 2335.2 ± 209.6 1.2 ± 0.2 25.2 ± 8.2 1.2 ± 0.8 345.6 ± 212.2 12.7 ± 7.4 34.3 ± 11.1

Mulched 8 19.2 ± 3.2 52.5 ± 38.3 3.0 ± 0.2 2149.8 ± 277.0 1.1 ± 0.2 22.6 ± 12.8 1.0 ± 0.4 320.0 ± 291.6 15.6 ± 6.5 38.3 ± 24.3

Note that mean values for community composition in plant and animal taxonomic groups cannot be shown as means, as they are based on multivariate taxonomic composition data.
*Weed cover was only estimated in a single control and mulch treatment plot in organically managed apricot orchards. §Values for conventional apricot plots are only shown with the

span of the two values estimated from the two sampled subplots.

applications. Plant-parasitic nematodes (Pratylenchus penetrans)
in Canadian apple orchards were negatively affected by mulching
of work rows with alfalfa hay compared to control plots that
were treated with herbicides (Forge et al., 2003). In our study,
phytophageous nematodes benefitted from the addition of dead
organic mulch, but our control plots were not treated with
herbicides. Studies with more appropriate replication and paired
organic and conventional orchards of the same fruit type would
address mulching effects in more detail, but are currently not
possible in the Western Cape province.

Microbial activity in our study probably benefitted from
the altered microclimate, as mulching increases the soil water
content (Granatstein and Mullinix, 2008) and the water holding
capacity of soils (Bakshi et al., 2015). Higher microbial activity
in our study may result in higher levels of organic matter
decomposition, as microbes are major contributors to these
processes in orchards (Bubán et al., 2000). Neither N nor P
levels differed between mulched and control plots, but the
short-term nature of this study may have contributed to this
limited build-up of nutrient levels in mulched plots. This may
equally hold true for additional soil properties that were not
considered in this study, like soil organic C levels, which may
need up to 8 years to change significantly after conversion
from conventional to alternative orchard management practices
(Montanaro et al., 2017).

Orchard Type
Weed cover in conventionally managed orange and persimmon
orchards with drip irrigation differed markedly in previous
studies (75 vs. 93%; Walmsley and Cerdà, 2017). The authors
explained the observed differences by tree age (15 vs. 40+ years).
In our study, organic orchards differed in tree age between
10 and 26 years. Similar to Walmsley and Cerdà (2017), the
oldest (peach) orchard had by far the highest weed coverage.

Horak et al. (2013) compared the diversity of biotic communities
between apple, cherry, pear, and plum orchards and deciduous
forests and grasslands in Czech Republic, but the authors did not
provide individual results of differences between orchard types.
Differences in community composition, soil ecosystem services
and weed cover between organically managed orchard types
were among the most pronounced effects in this study. These
results suggest that organic fruit growers need to be aware of the
advantages and disadvantages between fruit types to maximize
benefits from biodiversity and ecosystem services and mitigate
ecosystem disservices.

Comparisons between conventional and organic plots in our
study are hampered by the low number of conventional plots, and
the fact that the comparison is between two different fruit farms,
although fairly close to each other (3.5 km). Nevertheless, species
composition of microbes, plants and web-building spiders were
significantly different between the two conventional plots and
the organic ones (Figure 2; the two left-hand blue dots in the
NMDS analysis vs. the symbols to the right). Diversity, measured
as species richness, is not generally higher in organic orchards
compared to conventionally managed farms (see Figure 1 in Tuck
et al., 2014). Our results suggest, that community composition
may be more sensitive to differences between major farming
systems, than more simple richness metrics.

Trade-Offs and Synergies
Ecosystem services can be positively (synergies) or negatively
(trade-offs) related to each other (Birkhofer et al., 2015). Pest
control services and soil fertility in orchards, for example, may
be positively related due to simultaneously, but independently
responding to ground cover management (Demestihas et al.,
2017). Ecosystem services and biodiversity may show similar
relationships, as for example Todd et al. (2016) suggested that
management practices in orchards could increase invertebrate
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FIGURE 3 | Correlation matrix between community composition and potentials for ecosystem services and disservices with the upper triangle giving Spearman

correlation coefficients and the lower triangle providing the respective P-values from matrix correlations (Mantel tests based on Spearman correlation coefficients).

Individual Spearman rs are significant at the p < 0.05 if rs > |0.40|, n = 18. Note that for plant community composition and weed cover N = 16 and rs are significant

at the p < 0.05 if rs > |0.43|.

biodiversity and at the same time may improve ecosystem
services. However, it is important to consider potential trade-
offs, as pest populations may also benefit from these practices
(Todd et al., 2016). Amongst the ecosystem services and
disservices studied here, only 3 out of 28 potential pairwise
relationships were significant (11% of all pairwise relationships).
The only synergy was observed between total P content of
soils and microbial activity. Regarding relationships between
disservices, plots with higher weed cover had higher densities
of phytophagous nematodes and arthropods. This result is
partly driven by the observed low herbivore densities in
the conventional orchard subplots with low weed cover and
high herbivore numbers in peach orchards with very high
weed cover. Our results highlight the importance to consider

individual management practices and orchard types in studies
that aim to generalize about trade-offs and synergies between
ecosystem services.

For the relationships between community composition
and ecosystem services or disservices, 9 out of 48 pairwise
relationships were significant (19% of all pairwise relationships).
Microbial and plant community composition were most
frequently related to services amongst all studied taxonomic
groups (both 3 out of 8 service and disservice potentials).
Considering the significant relationships highlights issues in
the interpretation of these statistical relationships. While weed
community composition may reflect local nutrient levels and
can be affected by microbial activity (Haynes, 1980; Yang
et al., 2007), plant species also hold the potential to alter

Frontiers in Sustainable Food Systems | www.frontiersin.org 10 November 2019 | Volume 3 | Article 107

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Birkhofer et al. Ground Cover in Organic Orchards

FIGURE 4 | Relationship between weed cover and densities of phytophagous

(A) nematodes and (B) arthropods across orchard plots. Note that N = 16 for

weed cover.

soil nutrient levels and the community composition of soil
biota (Bezemer et al., 2010). The composition of microbial
communities was significantly related to weed cover and the
number of phytophagous arthropods in subplots. While it is
probable that the first relationship (weed cover vs. microbial
community composition) is based on functional links between
weed and microbial taxa, the second relationship (phytophagous
arthropods vs. microbial community composition) more likely
results from simultaneous responses of both taxa to weed cover.

The only significant relationships between the composition
of different taxonomic groups were present between web-
building spider communities and four of the five other analyzed
taxonomic groups. Web-building spiders strongly rely on
structural complexity in their habitats (Diehl et al., 2013) and
weeds alter the habitat to the advantage or disadvantage of
individual species (Costello and Daane, 1998). Spiders have
been previously reported to be valid indicators of biodiversity
properties in other taxonomic groups in alpine habitats (Finch
and Löffler, 2010), Brazilian Atlantic forests (Leal et al., 2010),
or across terrestrial habitats in general (Gerlach et al., 2013).
The observed significant relationships between the composition
of spider and soil or surface-active arthropod communities may
reflect specific habitat selection preferences of spider species due

to the availability of preferred prey (Birkhofer et al., 2010; Jurczyk
et al., 2012).

CONCLUSIONS

The composition of biotic communities and levels of associated
ecosystem services and disservices are known to differ between
conventionally and organically managed orchards or between
young and old orchards. Our study highlights pronounced
differences between organically managed orchards with
comparable age and close proximity, but different temperate
fruit species (e.g., Nematodes between quince and apricot,
Figure 2C) and to a lesser extent effects of management
decisions within organic orchard systems. Based on our results,
we would not recommend mulching with dead organic matter in
South African organic orchards as weed control was not effective
in the short term and as higher weed cover may come at the
risk of more serious pest infestation. However, it is important
to consider that soil nutrients and certain ecosystem services
like pest control by natural enemies probably require more time
and repeated mulch application to build-up. In addition to the
rather short term nature of our study over 8 months, the very
limited availability of organic temperate fruit orchards naturally
constrained the number of orchards and level of replication in
this study.
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