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Organic matter amendments and their potential
benefits to modern orchards in the southeastern
United States
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Abstract
Commercial southeastern fruit orchards follow management practices which are often not conducive
for organic matter (OM) to develop or persist. Soil OM is known to improve soil quality and health, but
limited research has explored the ramifications of increasing OM using various amendments in the context
of southeastern orchards. Potential changes to soil and plant nutrient and water status, horticultural perfor-
mance, and possible biological interactions are reviewed while possible sources of regional OM and needs

for potential research are discussed.

Improving agricultural soils through or-
ganic matter (OM) amendments such as com-
post, mulch, cover crops, or animal manure
is uncommon in modern intensive south-
eastern orchards. While the philosophy and
practices of the Green Revolution brought
greater food production and food security
worldwide, they fundamentally stressed that
yields can be improved through the addition
of agrochemicals, such as synthetic fertil-
izers for nutrient deficiencies or herbicides
for competitive weeds. The modern fruit tree
industry generally follows a familiar list of
intensive agriculture practices typically used
in commercial, non-organic farms. Growers
focus primarily upon maximizing yields in
monoculture settings and rely on external or
auxiliary inputs such as chemical fertilizers
and irrigation along with heavy machinery
to reach production goals. However, undesir-
able environmental consequences including
frequent soil disturbance, soil compaction,
and reduced biodiversity often occur (Granat-
stein 2021). By using intensive methods that
have been profitable to growers, the south-

eastern states of Georgia and South Carolina
became well known for fresh market peach
(Prunus persica L. Batsch)  production.
However, there are increasing ecological
concerns from historic and current manage-
ment in this important fruit growing region.
For example, intensive management practic-
es which remove soil cover and compact the
soil can lead to high soil erosion rates (Figure
1) and future production is jeopardized by a
changing climate, decreasing soil quality,
increasing fertilizer costs, and general eco-
logical imbalance — such as invasive pests or
acquired resistance to biocides. One possible
tool for growers to counter future challenges
and improve the orchard ecosystem is the ad-
dition of OM, although the best methods of
OM generation, application, retention, and
researching the numerous ways OM can in-
fluence the orchard system are required prior
to large-scale grower adoption.

Historical use of OM amendments in
orchard management
Labeled “the life of the soil” (McWhorter et
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peach orchard with little to no soil cover.

al. 1945), OM improves the physical, chemi-
cal, and biological functions of the soil (Mia
et al. 2020; Forge et al. 2015), and the ben-
efit of OM to soil health and crop produc-
tion have been identified by agriculturalists
for centuries (Reganold et al. 2001; Diacono
and Montemurro 2011; Paine and Harrison
1993). Maintaining soil cover to protect
or generate OM using intercrops or cover
crops has also long been utilized worldwide
(Paine and Harrison 1993), but there has
been a shifting mentality regarding orchard
floor management and use of OM over the
past century. Before growers shifted to us-
ing synthetic fertilizers such as ammonium
nitrate after WWII, management practices of
soil coverage (cover crops), and reduced till-
age, were common practices in fruit orchards
(Murneek 1945; McWhorter et al. 1945).
Furthermore, increased cropping diversity
along with livestock integration was prac-

Figure 1. One of the authors stands in 0.5 m deep gully created by recent erosion in a 4-year-old

ticed. For example, a USDA publication by
Waite (1903) reported peach growers planted
various region-specific annual crops to main-
tain soil cover between tree rows. Planted
crops included annual vegetable, grain, or le-
guminous crops which did not interfere with
the cultivation timing for peach production
and generated additional income either as
nurse crops or used entirely to produce OM
for the orchard soil. However, the intercrop-
ping benefit was understood to be profitable
only during the years of orchard establish-
ment as older trees would create too much
shade (McWhorter et al. 1945). Adding OM
through additional crops, cover crops, com-
post, or manure became uncommon once
growers began using synthetic fertilizers, al-
though additions of manure along with cover
cropping are occasionally practiced during
orchard establishment in the southeast today
(Figure 2). Although OM has been consid-
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Figure 2. Various cover crops such as rye grass and crimson clover could add organic matter and nu-

1

trients between rows of young trees but are not often planted in older orchards for numerous reasons
including shade, competition for water and nutrients, and harboring insects which can damage fruit.

ered important for generations prior, research
is only beginning to reveal the complexity of
adding OM as part of southeastern orchard
management.

Current soil management in southeastern
orchards

Many southeastern orchards are grown on
soils which are classified as Ultisols, which
often have low OM from prior land use and
the continuous weathering of minerals as a
consequence of the humid and warm climate,
and could potentially benefit by increasing
OM (Wells 2011; Neilsen et al. 2014). The
warm and humid climate can also reduce soil
aggregate stability (Conant et al. 2011), mak-
ing both accumulation and retention of OM
challenging. The standard practice to main-
tain bare soil beneath trees with a sod strip
in the alleyway to minimize water and nutri-
ent competition from weeds (Merwin et al.

1994), and for frost protection (Perry 1998)
does little to generate or retain OM. Com-
mon current management practices which
maintain an absence of soil cover by mulch
or plant residue within the tree rows also in-
centivize the reduction of OM content over-
time (Merwin et al. 1994; Laird and Chang,
2013; Zhang et al. 2018), and repeated her-
bicide spray and residue often enter water-
ways or persist in the orchard (Merwin et al.
1994; Qiao et al. 2020). Furthermore, high
frequency of tree replanting, which often in-
cludes tillage, increases soil compaction and
soil erosion (Novara et al. 2021), and reduces
stable soil aggregates (Kalia and Gosal 2011;
Keesstra et al. 2016). As a result, current
management practices and the intensification
of orchards focus primarily on plant yield
to maximize immediate profit rather than
improving the agroecological environment
and orchard sustainability (Giacalone et al.
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2021; Granatstein 2021), and create an un-
balanced ecosystem which increase weeds,
insect pests, parasitic nematodes, and dis-
eases (Granatstein 2021; Landi et al. 2022;
Tworkoski and Glenn 2008).

Despite historical use of cover crops and
manures to improve OM and soil qualities,
orchard floor management practices using
various amendments have not been exten-
sively studied in the southeast (Jones et al.
2020). There are examples of small acreage
orchards in the region which add OM to trees
or shrubs, such as blueberries, from mow and
blow methods or by directly adding organic
materials within the planting rows, but larger
acreage growers do not grow on-site bio-
mass. Larger growers already face numerous
economic challenges including increasing
costs and wages for seasonal workers, and
despite some cover cropping during orchard
establishment, the vast majority of planting
locations are maintained with wide herbicide
strips and a sod middle. Thus, hesitation to
change management practices is ultimately
driven by economics, as OM generated from
living cover crops within the orchard can be
competition to applied nutrients and irriga-
tion, while acquisition of OM from outside
the farm can be expensive, inaccessible, or
perceived as a risk to food safety or efficient
nutrient management (Khalsa and Brown
2017; Mia et al. 2020).

Effect of OM amendments on orchard soil
health and tree health

Despite grower hesitation and difficulty of
shifting current orchard floor management
practices, there is considerable research in-
terest in improving or maintaining orchard
soils using OM for future fruit production.
The challenge for growers and researchers is
to identify best practices for long-term OM
use and to accurately predict the influence
various amendments may have in southeast-
ern orchards. Considering OM can be added
to the soil through living covers, such as cov-
er crops, or non-living covers such as mulch-
es, amendments can change the orchard soil
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environment differently. Currently, research
in other locations can provide some evidence
of how OM could improve soil health and the
physical, chemical and biological fractions
of the soil in the southeast. All three fractions
of the soil interact with one another, which
often doesn’t allow a single-variable expla-
nation after adding OM. For example, add-
ing OM can increase the number of tree roots
due to biological or chemical changes in the
soil (Baldi et al. 2010a), and as such, the soil
physical structure for macrofauna, water
infiltration, and aeration may change (Sofo
et al. 2020). Additionally, the use of cover
crop biomass can generate OM through root
decomposition and surface mulch can pro-
tect the soil surface. Cover crops in apple
(Malus domestica Borkh.) and nectarine
(Prunus persica var. nucipersica) orchards
have been shown to improve soil quality
and can maintain or enhance fruit produc-
tion (Demir et al. 2019; Sanchez et al. 2007;
Reganold et al. 2001). Cover crops are often
used in young orchards, although they are
maintained away from the rootzone to avoid
water and nutrient competition with the trees,
which could potentially reduce tree size and
yield (Giacalone et al. 2021; Novara et al.
2021; Tworkoski and Glenn 2008; Glenn
and Welker 1989). However, growing cover
crops to generate OM in mature, commercial
orchards in the southeastern U.S. is uncom-
mon as the predominant open vase system
limits the amount of light interception within
rows and they can harbor insect pests (Meyer
et al. 1992; Shane et al. 2010). Several stud-
ies compared different living ground covers
in southeastern orchards nearly three decades
ago and concluded that nimblewill (Muhlen-
bergia schreberi J.F. Gmel.) was the least
competitive option for tree performance and
root growth to maintain soil coverage and re-
duce erosion, while not encouraging orchard
insect pests compared to bare soil (Parker
and Meyer 1996; Meyer et al. 1992). Despite
the conclusions of the studies, few growers
adopted the use of the species in mature or-
chards. Nonetheless, opportunities to under-
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stand best practices with soil coverage exist
in the southeast region as ecosystems func-
tions such as water infiltration and retention
(Lepsch et al. 2019; Oliveira and Merwin
2001), prevention of runoff and soil erosion
(Keesstra et al. 2016), or nutrient immobili-
zation, mobilization, and retention (Cui et al.
2020; Culumber et al. 2019), can all be im-
proved compared to standard practice when
using alternative groundcover management
(Demestihas et al. 2017).

The chemical fraction of the soil also
changes following OM increase in the soil.
After many years of synthetic fertilizer use
in degraded soils, the natural function of
nutrient acquisition by trees can become
impaired, requiring more fertilizer inputs to
maintain historical yields (Montanaro et al.
2017). Although maintaining high yields is
seemingly possible with increased external
inputs, intensive practices which reduce OM
rather than maintain and restore soil quality
can partially explain the decrease of micro-
nutrients in harvested crops (Montgomery et
al. 2022). Nitrogen (N) is considered one of
the most important nutrients to manage for
desired yield and fruit quality (Carranca et
al. 2018). Applications of OM can provide
sufficient N without accumulating in the soil
(Baldi et al. 2010b; Toselli et al. 2019), but
availability can be delayed or limited due
to immobilization from high C:N ratios and
incomplete decomposition (Diacono and
Montemurro 2011; Hoagland et al. 2008).
A review of long-term fertility studies sug-
gests increasing OM improves soil cation ex-
change capacity, improving plant acquisition
of potassium (K) and phosphorus (P) from
the soil (Diacono and Montemurro 2011).
An initial increase of available K in the soil
was observed after repeated mulch applica-
tions to an apple orchard while soil nitrate,
P, calcium, and manganese were higher af-
ter 10 years compared to bare soil (Atucha
et al. 2011). Soils in replant orchards often
have elevated (toxic) levels of elements, such
as copper and zinc from previous pesticide
use, and increasing OM by adding compost
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or manure can reduce the bioavailability of
harmful compounds (Centofanti et al. 2016;
Gasparatos et al. 2011).

Southeastern orchards have a higher in-
cidence of pests and diseases compared to
other growing regions due to hot and humid
conditions (Jones et al. 2020). Soils which
receive fewer pesticides, herbicides and syn-
thetic fertilizers often have greater diversity,
abundance, and activity of biological life,
including species of arbuscular mycorrhizae
fungi (AMF) (Turrini et al. 2017), and asso-
ciation of orchard tree roots with AMF can
increase available cations, micronutrients,
and partially alleviate orchard replant disease
(Li et al. 2019). A study in a sub-tropical or-
chard in China showed that OM development
under cover cropping after AMF inoculation
improved P acquisition and soil qualities in-
cluding pH and bacterial diversity and rich-
ness (Cui et al. 2015). Although many or-
chard trees are known to associate with AMF,
there is a need to understand nutrient acquisi-
tion and retention in different types of south-
eastern soils improved with OM and their
associated AMF partnership, which could
reduce or eliminate the need for frequent ap-
plications of synthetic fertilizers.

Additionally, there is evidence that chang-
ing the biological fraction of the soil by in-
creasing soil microbiology after adding OM
can be antagonistic to pathogens and may im-
prove plant health (Downer and Faber 2019;
Granatstein 2021; Sun et al. 2016) but meth-
ods to predict disease suppression using OM
remain undeveloped (Hadar 2011). A grow-
ing concern among growers regarding long-
term sustainability of the southeastern peach
industry is Armillaria root rot (Desarmillaria
caespitosa), which is a common pathogen
on replant sites (Scroggs 2022). In an Armil-
laria mellea study in California, tree survival
increased after adding OM to planting holes
(Downer and Faber 2019) and, while south-
eastern growers limited tree mortality from
Armillaria by planting trees on soil berms
(Miller et al. 2020), there is an opportunity to
further study how improving the soil ecosys-
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tem after adding OM may mitigate the inci-
dence of tree decline and death.

Effect of OM amendments on tree water
and nutrient status

In addition to altering soil biology and
nutrients, adding OM can improve tree wa-
ter and nutrient status. Available soil mois-
ture can increase following the use of mulch
(Merwin et al. 1994) and, consequently, tree
water status (Lordan et al. 2015) and irriga-
tion use efficiency (Liao et al. 2021). In lo-
cations with limited water or where growers
utilize deficit irrigation strategies, mulch
can increase water use efficiency (Gholami
and Zahedi 2019) while applications of OM
to the soil surface may increase tree growth
(Smith et al. 2000) and resilience to drought
(Lepsch et al. 2019). There are some excep-
tions regarding the immediate benefit of add-
ing OM to orchards depending on the type
of amendment. For example, adding straw
mulch to the soil surface may increase wa-
ter repellency (Garcia-Moreno et al. 2013) or
wood chips may absorb much of the irriga-
tion water or create a barrier which prevents
water movement into existing soil (Gebretsa-
dikan et al. 2023). However, increasing OM
which buffers dry periods and reduces water
stress may improve nutrient acquisition dur-
ing the first several years of growth and help
future production of peaches in the southeast,
as growers often do not supply young, non-
bearing orchards with irrigation water (Casa-
mali et al 2021). Moreover, different meth-
ods of adding OM, such as incorporation and
mixing with native soil prior to planting, may
prove superior to surface application, and re-
quire further study regarding moisture avail-
ability.

Regarding nutrient status, most orchards
are monitored using foliar tissue analysis.
Several studies reported that adding OM
amendments can provide similar leaf nutri-
ent status compared to conventional manage-
ment (Baldi et al. 2010b; Khalsa et al. 2022;
Melo et al. 2016), while other studies showed
increasing nutrients after several years of
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OM application, including iron in pear
(Sorrenti et al. 2012), and both K and P in
apple (Neilsen et al. 2014). Perennial plants
naturally recycle many nutrients annually
through resorption as well as reacquisition
from decomposing leaves, fruit and pruning
wood from the soil surface (El-Jendoubi et
al. 2013). Understanding how OM applica-
tions alter nutrient resorption and reserves
within perennial tissues, such as roots and
shoots, may help reduce required application
amounts and optimize fertilization practices
to prevent the loss of applied nutrients to the
larger environment (Baldi et al. 2021; Casa-
mali et al. 2021).

Effect of OM amendments on tree growth,
yield, and fruit qualities

Increasing soil OM may often buffer soil
temperature and reduce soil water evapora-
tion, both of which can enhance water avail-
ability over time and reduce tree water stress
(Atucha et al. 2011; Granatstein et al. 2014;
Smith et al. 2000). Improved tree water status
after adding mulch often increases tree trunk
cross sectional area (TCSA) and can increase
yield in numerous fruit trees and growing
regions including both apple and pear in the
Pacific Northwest (Granatstein et al. 2010;
Granatstein et al. 2014), apple in New York
(Atucha et al. 2011), as well as peach (Law-
rence and Melgar 2023) and pecan (Carya
illinoinensis (Wangenh.) K. Koch) in the
southeast (Foshee et al. 1996; Smith et al.
2000). Although TCSA can be positively cor-
related with cumulative yield in apples (Xu
et al. 2021), yield also depends on tree den-
sity (Marini and Sowers 2000) and the eco-
nomic influence of OM on various planting
densities over the orchard lifespan have not
been explored in the southeast. From a grow-
er perspective, OM amendments which do
not quickly result in a return on investment
could be a major obstacle for adoption. How-
ever, if the average tree lifetime increases by
only several years following the use of OM
amendments, greater cumulative yields could
justify OM amendment use. Future studies
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on the interaction of soil health with tree and
fruit health could provide significant insights
on the effect of OM additions on fruit mar-
ketability and orchard lifespan.

Regarding fruit, adding various OM
amendments may increase yield (Di Prima
et al. 2018; Lepsch et al. 2019; Baldi et al.
2010b; Gholami and Zahedi 2019) or have
similar fruit yield over time compared to con-
ventional management (Atucha et al. 2011;
Carey et al. 2009; Neilsen et al. 2014), but
this is largely dependent on the fruit species,
age of tree, and location of study. Fruit qual-
ity traits such as color or soluble solid con-
centration could improve as in sweet cherry
(Prunus avium L.; Gebretsadikan et al. 2023)
or not substantially change compared to con-

Figure 3. Adding composted organic matter and covering the soil with mulch (left row) can improve
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ventional management, as observed with
apples (Thompson and Peck 2017). One cau-
tion of growers to using OM amendments is
the inability to easily quantify the immediate
or slow release of nutrients during specific
stages of plant growth, or from one season
to another. Improper nutrient management
may lead to excessive N release from amend-
ments at the wrong time of year, which can
negatively affect fruit quality by delaying
maturity or reducing color (Toselli et al.
2019; Granatstein and Sanchez 2009). Due to
the warm and humid climate of the southeast,
decomposition of OM can be rapid, and ad-
ditional research is needed to avoid nutrient
imbalances.

tree size during orchard establishment in the southeast.
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OM amendment sources and those specific
to the southeast

One the easiest ways to generate OM in
the southeast is to grow biomass in row mid-
dles or beneath trees during the offseason,
when nutrient or water competition is of least
concern and fruit are not present on the trees.
Exploring different ground cover species and
mixtures of species along with timing of sea-
sonal growth, interactions with existing trees,
and best termination methods need to be ex-
plored. Growers in the region already return
pruning wood to the system but it is often
chipped and returned within the row middles
instead of returning them to the tree rows.
Increasing OM in orchards can be achieved
using on-farm practices, such as integra-
tion of cover crops or the practice of mow
and blow from row middles to tree rows, but
since few to no growers attempt these prac-
tices following orchard establishment and
little research in the region has explored best
practices, other external OM sources may
be applicable. Various manure and mulch
products are accessible to growers through
waste programs of nearby municipalities and
animal farms. The southeast is the most pro-
ductive region of the United States for poul-
try broilers (USDA 2018) and factory farms
produce large quantities of broiler bedding
(manure with wood shavings). Bedding can
be applied to pecan orchards as a source of N
and organic matter (Wells 2011), but similar
to other manure-based amendments, poul-
try litter can increase P and salts in the soil
(Diacono and Montemurro 2011) or result
in high-nutrient runoff pollution following
application (Preusch and Tworkoski 2003).
Alternatively, vast acres of pine-species
plantations exist in the southeast (Paudel and
Dwivedi 2021) and byproducts of the timber
industry, including bark mulch and pine straw
could potentially be used as a source of OM,
as they are already used to improve blueberry
production (Krewer et al. 2009). Regardless
of the source, fully composted soil amend-
ments are preferred as amendments (Baldi et
al. 2010b), as stable manure-based or mulch
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products have the potential to supply large
quantities of OM for agricultural use. The
amendment quality (including pH and C:N
ratio) determines N immobilization when ap-
plied (Khalsa et al. 2022; Lazicki et al. 2020)
as does amendment storage prior to appli-
cation, and the timing of application (Wells
2011; Preusch and Tworkoski 2003). Many
other products in the region can probably
be used to provide OM to growers, but can
be expensive if acquired far from orchards
(Mia et al. 2020). Opportunities do exist
for regional industries to close green waste
streams and create reliable OM products, and
municipalities can contribute to green waste
capture and offer growers a cost reduction for
these inputs, but program and grower success
will depend on the return on investment from
these alternative management practices to
yield and product sales.

Outlook of using OM amendments in the
southeast

Although potential benefits of adding OM
to orchards are possible, altering future or-
chard management will require changing
grower perception, and no social data is
available regarding possible adoption of OM
amendments in the southeastern region. A
survey in California revealed growers were
concerned about food safety issues more so
than the cost and logistics when using OM
amendments (Khalsa and Brown 2017) while
in the Netherlands, a similar study on OM
perception revealed that many growers real-
ize the benefit of increasing soil OM but be-
lieve increasing OM is beyond their control
(Hijbeek et al. 2018). Orchard management
is multifaceted, undoubtably determined by
cultural and economic decisions, but growers
are looking for options to sustain production
while reducing both production and environ-
mental costs. There are large research and
knowledge gaps regarding how OM would
influence orchard pathogens, and whether
amendments could reduce fruit pathogens
such as bacterial spot, bacterial canker or
replace practices such as soil fumigation re-
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quire further research. Continued increase
of synthetic fertilizer prices, currently on
the rise since 2020 (Schnitkey et al. 2022),
may encourage the adoption of using locally
available compost as a fertilizer source, es-
pecially if growers have evidence of similar
yields and tree growth overtime while using
the products.

While research on a topic as complicated
as soil health can be slow, and labeling man-
agement practices which are unsustainable
are more easily done than identifying those
which are sustainable, studies are beginning
to uncover agroecological benefits for grow-
ers. The southeast region appears behind
other regions of the country and of the world
which are actively engaged in research and
government programs to identify sustainable
options for fruit tree growers in their respec-
tive areas. From the little research performed
in the southeast, the role of OM as a tool is
promising. Scientists and growers moving
forward should consider the many factors
specific to an orchard prior to encouraging
the use of OM or applying a specific form of
OM. Comparing orchard systems, rootstocks,
planting densities, along with nutrient, water,
and pathogen interactions with OM may need
to occur prior to grower adoption. Similarly,
understanding orchard-specific factors which
could include anything from climate, his-
tory of the orchard, tree species and ultimate
tree age, soil type, and production goals will
need to be taken into account. The immediate
and derivative effects of adding OM to cur-
rent orchard systems may be complex, but a
renewed focus and identification of how to
use OM in the region may lead to viable so-
lutions and ensure production despite future
economic and environmental challenges.
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