ABSTRACT
LANDIS FISK, CONNIE. Effect of Orchard Management Practices on Peach Tree Growth,
Yield, and Soil Ecology. (Under the direction of Drs. Michael Parker and Penelope Perkins-
Veazie.)

Peach orchard floor vegetation competes with trees for water and nutrients;
reducing vegetation in the tree row results in larger trees and greater fruit yields in the
early years of the orchard’s life. However, orchard floor management affects more than
just tree size and fruit yield. Orchard floor management can affect soil ecology and pest
behavior and defining these impacts is critical to understanding peach tree short life, a
disease complex common to peach replant sites in the southeastern US that results in
premature tree death in the spring, three to six years after planting. Research was
conducted in a young peach orchard at the Sandhills Research Station in North Carolina in
years three through seven after planting to determine the effects of vegetation-free strip
widths of 0, 0.6, 1.2, 2.4, 3.0, and 3.6 m in the tree row and irrigation on peach tree growth,
fruit yield, and fruit size, on the microbial community in the tree’s rhizosphere, and on the
incidence of fruit damage from catfacing insects. Trunk cross-sectional area, as a measure
of tree growth, increased with increasing vegetation-free strip width; trees grown in the 3.6
m vegetation-free strip had trunk cross-sectional areas 2.3 times greater, on average, than
those grown in the 0 m vegetation-free strip. Trunk cross-sectional area also increased with
irrigation; trees grown with irrigation had trunk cross-sectional areas 1.2 times greater, on
average, than trees grown without irrigation. Yield increased with increasing vegetation-

free strip width, from 9.6 kg per tree in the 0 m plot to 27.7 kg per tree in the 3.6 m plot in

year three, to 24.3 kg per tree in the 0 m plot and 40.0 kg in the 3.6 m plot in year 7. Yield



increased with irrigation in four out of five years. In two out of five years fruit in irrigated
plots matured earlier than fruit in non-irrigated plots. Fruit grown in the 0 m strip matured
earliest and had the smallest diameter. Average fruit weight and average fruit diameter
increased with irrigation in three out of five years. Vegetation-free strip widths and
irrigation had no significant effect on endomycorrhizal colonization of peach roots in years
three through four after planting. There were differences in microbial biomass carbon and
nitrogen and soil microbial respiration rate between vegetation-free strip widths. Net
nitrogen mineralization decreased with greater vegetation-free strip width. In the fourth
year after planting, the soil in irrigated plots had higher microbial biomass nitrogen and
lower soil microbial respiration rates in the spring. Establishing a vegetation-free strip of as
narrow as 0.6 m resulted in less catfacing damage than was seen in 0 m plots. The least
catfacing damage was seen at the industry standard vegetation-free strip width of 3.0 or 3.6
m, with or without irrigation. Treatment differences were seen even though the orchard
was on a commercial pesticide spray schedule. These are important implications for peach
production where the goal is to maximize fruit yield and quality while optimizing the health
of trees and soil.

Additionally, the rhizospheres of genetically diverse peach rootstocks were
examined to determine effects on the soil microbial community after one year in the field.
Soil microbial biomass carbon and nitrogen, soil microbial respiration rate, and net nitrogen
mineralization did not differ by rootstock in either fall or spring. ‘Controller 5’ and ‘Viking’
had the highest endomycorrhizal root colonization while ‘Guardian® and ‘Empyrean® 2’

had the lowest.
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Technology and Horticulture with a project investigating the postharvest quality and
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LITERATURE REVIEW



Introduction

The peach [Prunus persica (L.) Batsch] is grown commercially in 23 states of the United
States on about 113,000 acres (USDA, 2012). In North Carolina, peaches were historically
grown in the Sandhills region of Montgomery, Moore, Richmond, and Anson counties on
sandy to sandy-loam soils (Ritchie et al., 2005). Today peaches are grown on nearly 3,000
acres across the state with the exception of the high mountains (M.L. Parker, personal

communication).

The peach fruit is a drupe consisting of an exocarp (outer, fuzzy skin), a mesocarp (the
edible flesh), and an endocarp (the pit). The size of a peach at harvest is limited by the
number of cells within the fruit and the size of these cells. Maintaining adequate moisture
during the first fifty days of growth affects cell division (the number of cells), while
adequate moisture during the last three to four weeks of growth affects cell enlargement

(the size of the cells and therefore the fruit) (Lockwood and Coston, 2005).

In NC, the peach tree produces its first commercial fruit crop in the third year after planting,
with maximum yields achieved by the fifth or sixth year, and generally lives for only fifteen
to twenty years, even less on sandy soils or replant sites (Ritchie and Clayton, 1981). The
focus of the first two to three years after planting is on tree growth (size) and training

(shape) because initial fruit yield is directly related to tree size (Belding et al., 2004).



Peach Tree Short Life

One challenge to peach production in the southeastern United States is the peach tree
short life (PTSL) complex. PTSL is most common to sandy peach replant sites and results in
premature tree death in the spring, three to six years after planting (Ritchie and Clayton,
1981). While the PTSL complex is still only partly understood, contributing factors are
known to include ring nematode (Criconemella xenoplax (Raski) Luc & Raski), bacterial
canker (caused by Pseudomonas syringae pv. Syringae van Hall), and cold damage (Nesmith
et al., 1981; Ritchie and Clayton, 1981; Zehr et al., 1976). Recommendations to minimize
the potential for PTSL losses in orchards with sandy soil focus on minimizing the effect of
nematodes, including not planting on a previous peach site within five years, preplant
fumigation with a nematicide, and purchasing trees grafted onto nematode resistant
rootstocks (Nyczepir and Beckman, 1997; Ritchie and Clayton, 1981; Sharpe et al., 1989;
Wehunt et al., 1980; Zehr et al., 1976). The current preferred rootstock, ‘Guardian”’
(BY520-9) survives better than other commercial peach rootstocks on sandy replant sites
infested with ring nematode and is also tolerant of root knot nematodes, bacterial canker
and cold injury (Okie et al., 1994; Parker et al., 1997; Reighard, 2005; Reighard et al., 1997).
Additional precautions recommended to growers include keeping soil pH above 6, avoiding
late season nitrogen fertilization, and pruning just before bloom in February or March

(Nesmith and Dowler, 1976; Ritchie and Clayton, 1981; Weaver, 1998).



Orchard Management Practices

There is a direct relationship between the amount of orchard floor vegetation control and
subsequent peach tree growth and yield (Arnold and Aldrich, 1980; Belding et al., 2004;
Buckelew, 2009; Foy et al., 1994; Liverani et al., 1992; Majek et al., 1993; Meagher and
Meyer, 1990; Welker and Glenn, 1989). Weeds compete with trees for water and nutrients
and also serve as alternate hosts for pathogens and insects, including insects that damage
and distort fruit, generally referred to as catfacing insects (Meagher et al., 1987; Meagher
and Meyer, 1990; Mitchem, 2005). Certain weeds also have allelopathic activities that
adversely affect growth and yield of many crop species (Inderjit and Keating, 1999). Weller
et al. (1985) reported that reduced peach tree growth with severe stunting and a 2- to 3-
year delay in fruit production with Bermuda grass ground cover cannot be explained

entirely by competition for essential nutrients and attributed the difference to allelopathy.

In the southeastern US the recommended orchard floor management program for peaches
is to establish a cover crop or a permanent sod in the row middles to prevent erosion and
facilitate equipment movement during wet weather, plus maintain a vegetation-free strip in
the tree row maintained with two to three herbicide applications each year (Foy et al.,
1994; Layne and Tan, 1988; Mitchem, 2005). The use of permanent sod in the row middles
will collect runoff and improve water infiltration (Glenn and Welker, 1989) and can reduce
daily soil temperature fluctuations, such as reducing soil temperature in the summer and

raising it in the winter (Tan and Layne, 1993). The choice of vegetative cover for the row



middles is also an important decision and should be chosen to favor varieties that 1) are the
least competitive with trees for water and nutrients (Kentucky bluegrass is a better choice
than tall fescue, for example) (Parker et al., 1993; Tworkoski and Glenn, 2001), 2) have the
greatest ease of establishment, 3) suppress nematodes such as the ring nematode (C.
zenoplax), and 4) do not harbor orchard pests such as catfacing insects (Meyer et al., 1992).
Zehr et al. (1986) reported that C. zenoplax reproduces on perennial ryegrass (Lolium
perenne L.) and is maintained on tall fescue (Festuca arundinacea Schreb.), which are two of
the most common orchard cover crops in the southeastern US. However, peach and
crimson clover (Trifolium incarnatum L.) support the most rapid C. zenoplax population
growth (Zehr et al.,1986). Townshend et al. (1984) reported that tall fescue supports lower
root-lesion nematode (Pratylenchus penetrans Cobb.) populations compared to other
turfgrasses, while having a lower relative cost of seed and greater ease of sod
establishment. Nyczepir and Bertrand (2000) and Nyczepir et al. (1998) reported that
wheat is a poor host to C. xenoplax and shows potential as a preplant ground cover
management tool for suppressing C. xenoplax population density and prolonging tree

survival on PTSL sites.

The vegetation-free strip minimizes weed competition with trees, leading to greater tree
growth and fruit yield, and may provide some protection from freezing temperatures due to
greater freeze resistance of bark and wood tissues (Marriage and Quamme, 1980).

Meagher and Meyer (1990) observed that bare ground plots have higher soil temperature



and soil moisture than plots with vegetation and Mitchem (2005) reported that bare ground
in the tree row provides some protection from spring frosts due to the radiant heat benefit;
heat absorbed by the bare soil surface during the day can be released at night. Trees grown
in vegetation-free soil have been shown to root deeper and develop greater root densities
than trees grown with weed or grass competition in the tree row (Parker and Meyer, 1996).
The length of the vegetation-free period is also important. MacRae et al. (2007) reported
that maintaining a weed free orchard floor for twelve weeks after bloom resulted in

greatest peach fruit size (individual fruit weight and diameter), total yield, and fruit number.

Growth of peach trees has been shown to increase as the width of the vegetation-free strip
increases (Buckelew, 2009; Welker and Glenn, 1989). The common orchard floor
management system in the southeastern US is a 3 to 3.6 m wide vegetation-free strip in the
tree row. Buckelew (2009) found that with irrigation, the vegetation-free strip can be
reduced to 1.5, 1.3, and 0.8 m to achieve equivalent growth (trunk cross-sectional area) for
trees aged one, two and three years, respectively, and reduced to 1.16 m to achieve similar

yields to the standard 3.6 m non-irrigated.

In orchards where herbicide is used to manage weeds, applications consist of at least one
pre-emergent herbicide in combination with a postemergent, nonselective herbicide,

followed by additional applications as needed and a winter application of 2,4-D for



broadleaf weed control. A small percentage of peach producers use this method to

maintain a complete vegetation-free soil throughout the orchard.

Unfortunately, vegetation control also reduces soil organic matter and its associated
benefits (ie. microbial biomass and activity) (Wardle et al., 2001; Yao et al., 2005). An
alternative to the herbicide managed vegetation-free strip is the use of natural (hay, wood
chips, recycled paper pulp) or synthetic (polypropylene film, polyester fabric) mulch in the
tree row. Natural mulch can act directly on soils, increasing soil organic matter, pH, and
cation exchange capacity, improving soil structure, reducing soil compaction, reducing
erosion and runoff, increasing moisture infiltration capacity and available soil water,
suppressing weed growth, and lowering soil temperatures (Glenn and Welker, 1989;
Merwin and Stiles, 1994; Merwin et al., 1995; Merwin et al., 1996; Yao et al., 2005). Mulch
can also act indirectly on trees by reducing soil-induced plant stresses, resulting in increased
tree growth and yield (Glenn and Welker, 1989; Merwin and Stiles, 1994; Merwin et al.,
1995; Merwin et al., 1996; Yao et al., 2005). Composted plant material and mowed grass in
tree rows may also play an active role in tree growth through increased nutrient availability,
either directly from the added material or as a function of microbial activity (Merwin and
Stiles, 1994; Merwin et al., 1995; Neilsen and Hogue, 1992; Wardle et al., 2001; Yao et al.
2005). Composted poultry litter (CPL) offers another mulch source for nutrient and weed
control in the peach orchard, as well as an environmentally friendly manure disposal system

(Preusch and Tworkoski, 2003). The recommended orchard layout of vegetation-free strips



alternated with cover crops or sod between the rows is particularly well suited to the
utilization of CPL because growers could reduce their use of synthetic herbicides and
fertilizers within the rows while any nutrient runoff would be captured between the rows

(Preusch and Tworkoski, 2003).

Supplemental irrigation of peach orchards is encouraged and has been shown to increase
fruit yield per tree, fruit size, number of fruit buds per tree (due to greater shoot length),
and trunk diameter over non-irrigated trees (Layne and Tan, 1988; Layne et al., 1994;
Reeder et al., 1979). In particular, lack of water during the fruit swell period (three to four
weeks preceding maturity) will significantly reduce fruit size and quality (Lockwood and
Coston, 2005), and therefore economic returns. Drip irrigation from April or May through
harvest in Georgia, USA on Faceville and Greenville soils was as effective at maximizing total
yield and fruit diameter as irrigating all season (Horton et al., 1981). However, in Oklahoma
on a Teller sandy loam there was no increase in fruit yield or size when irrigated from
budbreak through harvest compared to only irrigating during the swell period (Huslig et al.,
1993). Reeder et al. (1979) observed a tendency for delayed bud break in Texas in the
spring with trickle irrigation and believe that the greater number of fruit buds per tree will
result in increased crop potential after a spring freeze. Layne et al. (1994) reported delayed
defoliation with irrigation, with no difference between plots with or without groundcover,
in Ontario, Canada. Irrigation from May to August reduced the fluctuations in soil

temperatures in summer and winter, lowering soil temperatures in the summer and raising



them in the winter (Tan and Layne, 1993). Spray stakes or micro-sprinklers are the current

irrigation method of choice on sandy soils where lateral movement of water is limited.

Post-harvest applications of insecticides for peachtree borer (Synanthedon exitiosa Say) and
lesser peachtree borer (S. pictipes Grote & Robinson) are made in August and September.
Oil is applied during dormancy (November to February) to control scale insects such as
white peach scale (Pseudaulacaspis pantagona Targioni) and San Jose scale (Aspidiotus
perniciosus Comstock). Fruitworms, such as the plum curculio (Conotrachelus nenuphar
Herbst), and catfacing insects, including the tarnished plant bug (Lygus lineolaris Palisot de
Beauvois) and stink bugs in the genera Acrosternum, Euschistus, Thyanta, and Nezara, that
distort fruit shape with irregular and variable-sized necrotic skin spots can be controlled by
four to six early-season applications of broad-spectrum insecticides. However, even
vigorous chemical applications in the southeastern US will only provide partial control
unless combined with a weed management program that suppresses pest habitats such as
legumes (clover and vetch) and winter annual broadleaf weeds (henbit and chickweed) in
the orchard floor vegetation (Meagher et al., 1987; Meyer, 1984). Weed management
within and between rows can also reduce the number of insecticide applications needed

(Atanassov et al., 2002; Killian and Meyer, 1984).

Several species of nematodes are of concern where peaches are planted in light, sandy soils

and in soils that were previously planted to peaches or other crops that are susceptible to



root-knot nematodes. Root-knot nematodes (Meloidogyne spp.) can severely affect tree
establishment and the ring nematode (C. xenoplax) is associated with premature tree death
in the PTSL complex (Nyczepir, 2005). Peach tree growth and survival can also be affected
by lesion (Pratylenchus spp.) and dagger (Xiphenema americanum Cobb) nematodes
(Nyczepir, 1991; Reighard, 2005). Treatment with a nematicide is a common pre-plant
practice on sandy soils and has been shown to increase survival, trunk cross-sectional area
and water uptake (Horton et al., 1981). The nematicide Telone Il (1,3-dichloropropene) has
few negative environmental effects, has little impact on soil microbial communities (Ibekwe
et al., 2001), and is the product commonly used in the southeastern US for commercial

peach production.

In the southeastern US, peach trees are annually pruned during dormancy, preferably right
before bloom, for tree health and disease control, and to maximize fruit size and quality.
Most commercial peach trees are pruned to an open center or vase system to allow
maximum sunlight penetration in the canopy, to achieve uniform fruit quality, and to ease
worker comprehension (Lockwood and Myers, 2005). Additionally, flowers and fruit are
thinned to increase fruit size, maximize crop value, and maintain tree integrity. Chemical
thinning is an option for flowers and fruitlets, but most growers prefer mechanical or
manual removal of fruit beginning approximately forty days after full bloom (Reighard and

Byers, 2005). With the manual removal method, fruit are removed to leave at least 15 cm

10



between remaining fruit, to achieve optimum fruit size and quality. Yield may be as high as

four to five bushels (91-113 kg) per tree when thinned correctly (Reighard and Byers, 2005).

Bearing peach trees are fertilized with nitrogen annually. Phosphorus, potassium, calcium,
and magnesium are applied based on soil test and foliar analysis results (Lockwood et al.,
2005). Deficiencies of manganese, iron, boron, copper, and zinc may also occur and should
be monitored with periodic foliar analysis (Lockwood et al., 2005). Nutrient status plays an
important role in cold tolerance and susceptibility to PTSL; overfertilization with nitrogen
will push the tree toward vigorous vegetative growth, making it more susceptible to cold
damage, while adequate potassium will make trees and fruit buds more resistant to cold
damage (Lockwood et al., 2005). The balance of nitrogen to potassium is also important,
affecting the desirable red color development of peach fruit (low N and high K in leaf
samples) (Lockwood et al., 2005). Direct light to the fruit is necessary for red color
development, so excess nitrogen, and the overabundance of leaves it promotes, can reduce
color due to shading of the fruit. To optimize nutrient availability to the trees, the soil pH
should be maintained between 6.0 and 6.5 with the annual or periodic addition of lime,

based on soil test results.

Orchard Soil Ecology
Soil is a microbiologically dynamic and complex environment. In addition to plant support,

its functions include supplying nutrients, retaining water, supporting soil food webs,
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recycling nutrients, remediating pollutants, and suppressing plant pathogens (Moore-
Kucera et al., 2008). The rhizosphere, the soil immediately in the vicinity of plant roots, is a
biological niche with additional levels of complexity due to interactions with the plant’s root
system. The physical and chemical properties of soil are affected by roots in the following
three ways: 1) roots exude nutrients into the soil, mainly in the form of nitrogen
compounds and carbohydrates, 2) roots contribute organic matter through sloughing of
epidermal tissue, and 3) roots withdraw water from the system (Bot and Benites, 2005).
Root exudates, in particular, play an important role in microbial dynamics (Campbell and
Greaves, 1990; Kennedy and Gewin, 1997; Kennedy and Stubbs, 2006). A rhizosphere that
supports a diverse microbial community may indirectly benefit the plant through greater

resistance to environmental stresses and external disturbance (Crecchio et al., 2004).

Soil chemical and biological properties are highly sensitive to soil management and
environmental stress and thus can be used to assess quality (Trasar-Cepeda et al., 1998).
Chemical properties include electrical conductivity (EC) and pH which are affected by lime
and fertilizer application but are not expected to differ much between orchard floor
management treatments. Biological indicators of soil quality include microbial biomass and
respiration, net nitrogen mineralization, nematode communities and mycorrhizal
associations (Karlen et al., 1997) which will differ with plant community and management

practices (Bot and Benites, 2005).
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Soil microorganisms (the soil microbial biomass) decompose plant residues and soil organic
matter to release carbon dioxide and plant-available nutrients, aid pesticide degradation,
and contribute to soil aggregation (Kennedy and Stubbs, 2006). Seasonality may influence
the microbial biomass directly, by inducing microbial responses to soil moisture and
temperature, or indirectly by influencing plant productivity and therefore organic matter
release (Wardle, 1992). For example, Lynch and Panting (1982) found that the amount of
microbial biomass reached a maximum around the time of maximum root biomass (late

spring) and thereafter declined.

Agricultural inputs and management practices affect the microorganisms directly or by
altering the quality or quantity of organic matter and can subsequently affect the
functioning of the soil ecosystem (Bot and Benites, 2005; Kennedy and Stubbs, 2006).
Specifically, microbial biomass is affected by factors that change the water or carbon
content of the soil, including management practices like orchard sanitation, weed
management and irrigation (Bot and Benites, 2005). This may be even more critical in warm
climates and sandy soils, where organic matter is broken down rapidly (Bot and Benites,

2005).

Measurement of microbial biomass carbon and microbial biomass nitrogen are frequently
used as early indicators of changes in soil chemical and physical properties (Brookes, 1995;

Moore et al., 2000; Rice et al., 1996). Soil microbial respiration (SMR) is widely used as an
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index of both microbial activity and microbial biomass (Brookes, 1995). The rate of net
nitrogen mineralization (NNM; the conversion of organic N to NH,4", resulting in the
liberation of plant-available inorganic N forms) is an indicator of soil fertility (Heumann et

al., 2012).

Soil microorganisms are the primary agents of organic residue decomposition and nutrient
immobilization and mineralization, and therefore critically affect plant growth through
regulation of available plant nutrients (Bot and Benites, 2005; Campbell and Greaves, 1990;
Yao et al., 2005). In addition, some soil microorganisms, particularly mycorrhizal fungi, form
symbiotic associations with roots, effectively increasing the root surface area and enhancing
uptake of water and nutrients (Bot and Benites, 2005). These microbial functions help
maintain a soil system with available nutrients as well as aggregate stability to reduce
erosion and maintain waterholding capacity (Bot and Benites, 2005; Kennedy and Gewin,

1997).

Soil microorganisms are often carbon limited and variations in plant biomass will influence
soil biota (Kennedy and Gewin, 1997; Wardle et al., 2001). This is supported by the work of
Tu (1996) who reported that indigenous soil microorganisms can tolerate the direct effects
of herbicides, exhibiting no long term effects; therefore the impacts on soil biota are
indirect, due to the elimination of plant biomass and C supply. Yao et al. (2005) reported a

higher bacterial population (CFU/g soil) in plots where weeds were managed with post-
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emergent herbicide (some weeds persist), grass, or mulch compared with the vegetation-
free strip maintained with pre-emergent herbicides (bare ground most of the year). A
higher fungi population (CFU/g soil) was observed in the grass treatment compared to the
pre-emergent, post-emergent, and mulch treatments, suggesting that soil bacterial

populations are more dependent than soil fungi upon C inputs (Yao et al., 2005).

Irrigation has a positive effect on soil productivity as indicated by increased soil C and N and
microbial biomass C (Li et al., 2005). Fertilizers can interact with microbial communities in
soils either directly by providing nutrients that promote microbial growth and activity
(Lynch and Panting, 1982) or indirectly by stimulating plant growth and thus enhancing root
C flow (Bot and Benites, 2005). Li et al. (2005) reported increased soil C and N and
increased microbial biomass C and N with fertilization. On the other hand, fertilization with
P may reduce mycorrhizae activity in the soil (Grant et al., 2005). And certain fertilizers may
reduce soil pH which can limit soil microbial growth and activity (Rousk et al., 2010; Wardle,
1992) as well as nutrient availability for plants. Choice of fertilizer also impacts microbial
diversity and biomass in soil. O’Donnell et al. (2001) reported that microbial biomass C and
P was higher in hay meadow plots fertilized with manure than in plots with no fertilizer or
those treated with mineral fertilizers alone (N, P, or K) or in combination(NP, NK, PK, or

NPK).
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In general, organic production practices result in greater microbial biomass and diversity.
Higher soil biomass C was observed by Franca et al. (2007) in citrus under organic
management compared to conventional management. Liu et al. (2007) reported higher
microbial biomass C and N, net mineralized N, and extractable C in soils from organic plots
than in soils from conventional and sustainable plots and attributed the difference to the
fact that organic farmers apply more organic C to their fields which may increase the
microbial populations and microbial respiration rate. Both studies suggest that organic

production has a positive effect on soil ecology (Franca et al., 2007; Liu et al., 2007).

Mycorrhizae in Tree Fruit Production

Plant root symbioses with fungi are referred to as mycorrhiza (from the Greek “mycos”,
meaning fungus, and “rhiza”, meaning root). Mycorrhizal fungi are a diverse group,
classified according to 1) structures formed in the root and 2) families of plants that they
infect. The two most widespread and important groups are the ectomycorrhizae (“ecto”
meaning outside) and the endomycorrhizae (“endo” meaning inside), classified based on
whether or not they penetrate the cells of roots. Endomycorrhizal fungi can further be
classified into arbuscular (previously known as vesicular-arbuscular mycorrhizae (VAM)
because some species form storage organs termed “vesicles” within root cells), ericoid, and
orchid, with the latter two occurring in association with the Ericaceae and Orchidaceae,
respectively (Harley and Smith, 1983; Redecker, 2008). The arbuscular mycorrhizal (AM)

fungi are obligate symbionts that form associations with most of our major food crops,
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including most fruit trees, effectively increasing the tree’s root surface area and enhancing
uptake of water (Tinker, 1976) and nutrients (Ocampo, 1986). The symbiotic association
occurs naturally in most fruit tree species in the nursery or shortly after seedlings are
transplanted in the field (Pinochet et al., 1995). In studies of apple replant disease, healthy
tree roots were shown to possess more AM fungi colonization than diseased trees (Caruso

et al., 1989).

AM are endosymbiotic soil fungi of the phylum Glomeromycota (formerly Zygomycota)
(Schupler et al., 2001). Glomus Tul. & C. Tul. is the genus most abundant in peach soil
samples (Traquair and Berch, 1988). In addition to Glomus, Scutellospora aurigloba (1.R.
Hall) C. Walker & F.E. Sanders, S. calospora (T.H. Nicolson & Gerd.) C. Walker & F.E. Sanders,
and Gigaspora margarita W.N. Becker & I.R. Hall, were observed in peach studies (Rutto

and Mizutani, 2006; Strobel et al., 1982; Traquair and Berch, 1988).

Most species of AM fungi form spores (20-400 um, and 200-600 um in diameter for Glomus
and Gigaspora, respectively) in the soil near plant roots (Kendrick, 2000). Spores germinate,
infect fine roots of host plants by producing non-septate, coenocytic hyphae that grow
within the host’s root cortex cells (intercellularly and intracellularly), and form the
characteristic tree-like arbuscules inside the roots (Redecker, 2008). Arbuscules penetrate
cortical cell walls and interface with the cell’s plasma membrane. Arbuscules are regarded

as the primary avenue of bidirectional transfer of material between the two symbionts. In
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addition to arbuscules, vesicular species form globose to irregularly shaped vesicles within
the root that contain large amounts of lipid. Vesicles function as food storage organs or, if
they develop into thick-walled chlamydospores, may function as reproductive structures.
Outside the feeder roots, mycelia spread profusely in the soil, providing a greater surface
area for absorption of water and nutrients (Hussey and Roncadori, 1982; Redecker, 2008).
Endomycorrhizal roots are usually similar in appearance to uninfected roots, so histological

preparation is necessary to observe the internal morphological structures.

Good development of endomycorrhizae is beneficial to the growth of peach (Prunus
persica) (Gilmore, 1971; Pinochet et al., 1995), plum (Prunus spp.) (Camprubi et al., 1993),
apple (Malus domestica Borkh.) (Granger et al., 1983; Mosse, 1957), and Citrus trees
(Franca et al., 2007; Marx et al., 1971). Mycorrhizae can increase plant growth, especially in
infertile soils, as a result of an enhanced ability of infected roots to absorb nutrients
(Gerdemann, 1968). Strobel et al. (1982) reported that inoculation with either Gigaspora
margarita or Glomus etunicatus was as effective as an additional 500 pug 10-10-10 NPK per
gram of soil in stimulating growth of peach trees. Phosphorus is the nutrient most
associated with AM and research has shown that mycorrhizal plants absorb nearly twice as
much phosphate as uninfected plants (Bowen et al., 1975). Enhanced nutrient uptake is not
limited to phosphorus though; mycorrhizae also enhance absorption of water and minor

mineral elements such as Zn, S, and Cu (Gerdemann, 1968; Hussey and Roncadori, 1982;
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Strobel et al., 1982). In return for the improved water and nutrient uptake, up to 20% of

plant-fixed carbon is transferred to the fungus (Bago et al., 2000).

The primary economic benefit of mycorrhizal fungi is to promote soil nutrient absorption in
their capacity as symbiont (Redecker, 2008). Secondarily, AM benefit plants under
physiological stress, such as drought conditions (Barea, 1991; Nelson, 1987), and when
impacted or infected by diseases (Azcon-Aguilar and Barea, 1996; Dehne, 1982) and
nematodes (Francl, 1993; Hussey and Roncadori, 1982). Mechanisms that could account for
the protective activity ascribed to AM include root damage compensation, physiological
alteration or reduction of root exudates responsible for chemotactic attraction of
pathogens or nematodes, competition for colonization/infection sites, production of
anatomical or morphological changes in the root system, and activation of plant defense
mechanisms (Azcén-Aguilar and Barea, 1996; Hussey and Roncadori, 1982). Mycorrhizae
may also decrease the penetration rate of parasitic nematodes, retard their development
inside the root, decrease their reproduction rate (Pratylenchus spp. and Meloidogyne spp.),

or lower their degree of damage (Dehne, 1982; Pinochet et al., 1995).

Francl (1993) and Hussey and Roncadori (1982) argued that the benefit of AM does not
result from inhibition of nematode penetration or development, but rather by increasing
the plant’s tolerance of nematodes. Pinochet et al. (1996) added that the increase in

tolerance is due to mycorrhiza-assisted nutrition rather than a direct suppression of
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nematodes. In fact, the absolute reproduction rate of the nematode may be higher on
symbiotic plants, as a reflection of the larger root system, though their density may remain

unchanged (Camprubi et al., 1993; Dehne, 1982).

Soil fumigation can either negatively (Lambert et al., 1979) or positively (Bird et al., 1974)
impact mycorrhizal fungi depending on the fumigant used. Elimination of mycorrhizal fungi,
and the phosphorus and zinc they provide, is the primary factor in methyl bromide-
chloropicrin fumigation-induced stunting of peach trees (Lambert et al., 1979). Research on
Telone 11 (1,3 dichloropropene) in cotton actually showed an increase in AM fungi infection

rate with fumigation (Bird et al., 1974).

The application of certain herbicides, paraquat (N,N’-dimethyl-4,4’-bipyridinium dichloride)
and simazine (6-chloro-N,N’-diethyl-1,3,5-triazine-2,4-diamine) in particular, may interfere
with the mycorrhization of fruit trees (Granger et al., 1995; Nemec and Tucker, 1983). Even
mechanical weed removal decreases AM fungi spore numbers, which Nappi and Jodice
(1985) speculate is due to lower soil organic matter content. This is in agreement with the
information presented above regarding mulch and its effect on microbial biomass and

activity.

Sukarno et al. (1993) reported a negative effect on AM following fungicide application to

onion, though the practice of applying fungicides only to the tree canopy should prevent

20



this side effect in peach orchards. In general, AM fungi richness and diversity are higher
under organic management (Franca et al., 2007) and any steps growers can take to adopt
integrated pest management and sustainable practices should have a positive effect on AM

in the orchard.

Different rootstocks within a genus may be more or less mycorrhizally dependent
(Camprubi et al., 1993). The soil microorganisms in the rhizosphere will vary with the size of
the root system and the metabolic exudates released in the soil (Kennedy and Stubbs,
2006), both functions of the rootstock. In fact, the affinity for mycorrhizal colonization
appears to be cultivar specific rather than species specific (Granger et al., 1983; Pinochet et
al., 1995). Therefore rootstock breeding programs should evaluate new crosses for their
mycorrhizal affinity to provide growers with plants that have an increased capacity to
withstand stress conditions and tolerance of pathogenic soilborne fungi and nematodes
(Calvet et al., 2004). This may allow growers to reduce soil chemical treatments which are
expensive and could be hazardous to orchard workers (Azcén-Aguilar and Barea, 1996).
Likewise, mycorrhizal inoculation may be of special interest to nurseries producing both
cuttings and micropropagated material that utilize substrate-based potting mixtures that
are usually free of mycorrhizae. Of course the mycorrhizal fungus strain would need to be
matched with each given rootstock for optimal results (Calvet et al., 2004; Granger et al.,
1983). The production of mycorrhizal plants with the adequate selected fungal symbionts

may represent an advantage when these young rootstocks are transplanted into the field
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where the symbiosis can help the plants to withstand stressful conditions (Calvet et al.,
2004). Mycorrhizal fungi are ubiquitous and most growers will not need to inoculate their
soil prior to planting. In fact, Traquair and Berch (1988) reported heavy colonization by
indigenous AM fungi within six months after planting peach, and Rutto and Mizutani (2006)
reported high seedling infection rates in both replant and nonreplant soils after one season.
After a couple of seasons AM fungal infection rate would be expected to equalize as the
effects of preplant fumigants wear off and the microorganism populations in the
rhizosphere stabilize. However, if an orchard site were known to be severely compromised
then use of mycorrhizal plant material may offer a benefit to tree growth in the first couple

of years.

Research Objectives

Research was conducted in a young peach orchard at the Sandhills Research Station in
North Carolina in years three through seven after planting to determine the effects of
certain orchard management practices on various tree, fruit, and soil parameters in the
orchard. The objective of the first study in this dissertation was to measure the effects of
different under-tree vegetation-free strip widths (0, 0.6, 1.2, 2.4, 3.0, and 3.6 m) and
irrigation on peach tree growth and fruit yield, harvest maturity, and size. Defining the
impacts of orchard management decisions on soil ecology and pest behavior is critical to
understanding peach tree short life (PTSL), a disease complex common to sandy peach

replant sites that results in premature tree death in the spring, three to six years after
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planting. The objective of the second study in this dissertation was to examine the impacts
of vegetation-free strip width and irrigation on soil ecology at the age when a peach orchard
is most prone to PTSL (three to six years after planting). No trees were lost to PTSL during
this study so the results focus on measures of microbial activity and soil health in the tree’s
rhizosphere. The impact of different vegetation-free strip widths and irrigation on the
incidence of catfacing damage of fruit was investigated and is reported in the third study of
this dissertation. Additionally, a fourth study was conducted to compare the soil ecology of
six genetically diverse peach rootstocks, ‘Guardian®’, ‘Lovell’, ‘Controller 5’, ‘Krymsk 1’,

‘Empyrean® 2’, and ‘Viking’, in the North Carolina Sandhills after one year in the field.
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Effect of Vegetation-free Width and Irrigation on Peach Tree Growth, Yield, and Fruit Size

Additional index words: Prunus persica, orchard floor management

Abstract. Peach orchard floor vegetation competes with trees for water and nutrients. Tree
growth and fruit yield can be optimized through management of vegetation in the tree row
and irrigation. Under-tree vegetation-free strip widths (0, 0.6, 1.2, 2.4, 3.0, and 3.6 m) and
irrigation were studied in years three through seven of a young peach orchard to determine
their effects on peach tree growth and fruit yield, harvest maturity, and fruit size. Trunk
cross-sectional area (TCSA), as a measure of tree growth, increased with increasing
vegetation-free strip width; trees grown in the 3.6 m vegetation-free strip had TCSAs 2.3
times greater, on average, than those grown in the 0 m vegetation-free strip. Trunk cross-
sectional area also increased with irrigation; trees grown with irrigation had TCSAs 1.2 times
greater, on average, than trees grown without irrigation. Yield increased with increasing
vegetation-free strip width, from 9.6 kg per tree in the 0 m plot to 27.7 kg per tree in the 3.6
m plot in year three, to 24.3 kg per tree in the 0 m plot and 40.0 kg in the 3.6 m plot in year
7. Yield, average fruit weight, and average fruit diameter increased with irrigation in three
of five years; the other two years had higher than average rainfall reducing the need for
supplemental irrigation. In three out of five years fruit in irrigated plots matured earlier
than fruit in non-irrigated plots. In all years, fruit grown in the 0 m strip matured earliest

and had the smallest diameter.
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Introduction

Orchard floor management strategies for peach (Prunus persica (L.) Batsch.) production
include establishing a cover crop or a permanent sod in the row middles to prevent erosion
and facilitate equipment movement during wet weather, with a vegetation-free strip in the
tree row maintained with herbicides to maximize tree growth and productivity (Foy et al.,
1994; Layne and Tan, 1988; Layne et al., 1994; Mitchem, 2005). The vegetation-free strip
minimizes the vegetative competition with trees and may provide some protection from
freezing temperatures due to greater freeze resistance of bark and xylem tissues (Marriage
and Quamme, 1980). The vegetation-free strip may also provide some protection from
blossom damage from spring freeze events due to the radiant heat benefit of heat absorbed
by the bare soil surface during the day and released at night (Mitchem, 2005). Trees grown
in vegetation-free soil have been shown to root deeper and develop greater root densities

than trees grown with weed or grass competition in the tree row (Parker and Meyer, 1996).

The level of under-tree vegetation control is directly related to subsequent peach tree
growth and yield (Arnold and Aldrich, 1980; Belding et al., 2004; Buckelew, 2009; Foy et al.,
1994; Liverani et al., 1992; Majek et al., 1993; Welker and Glenn, 1989). Vegetation
competes with trees for water and nutrients and can also serve as an alternate host for
insect pests, including catfacing insects that damage and distort fruit (Meagher et al., 1987;
Mitchem, 2005). Certain weeds also have allelopathic activities that adversely affect growth

and yield of many crop species (Inderjit and Keating, 1999). Weller et al. (1985) reported
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that reduced peach tree growth with severe stunting and a 2- to 3-year delay in fruit
production with Bermuda grass ground cover cannot be explained entirely by competition

for essential nutrients and attributed the difference to allelopathy.

Growth of young peach trees was shown to increase when grown in vegetation-free soil
compared to trees grown with ground cover (Liverani et al., 1992; Meyer et al., 1992; Parker
and Meyer, 1996). In peach orchards with vegetation in the row middles, growth increased
as the width of the vegetation-free area in the tree row increased (Buckelew, 2009; Welker

and Glenn, 1988; Welker and Glenn, 1989).

A 3 to 3.6 m wide vegetation-free strip in the tree row is the common orchard floor
management system in the southeastern US (Mitchem, 2005). Buckelew (2009), in a study
on a Candor sand, reported that with irrigation, the vegetation-free strip can be reduced to
1.5, 1.3, and 0.8 m to achieve equivalent trunk cross-sectional area for trees grown in a 3.6
m vegetation-free strip and not irrigated for trees aged one, two and three years,
respectively. To achieve maximum yield on young trees the vegetation-free strip needs to
be 3.6 m. For irrigated two-year-old trees, the vegetation-free strip width can be reduced
to 1.2 m to achieve similar yields to the standard 3.6 m non-irrigated soil (Buckelew, 2009).
Welker and Glenn (1989), in a study of three-year-old trees on Hagerstown silt loam,

reported that yield efficiency (kg fruit/cm? TCSA) increased as the size of the vegetation-free
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square increased, reaching a maximum at 9 m?, and that as the size of the vegetation-free

area increased, the percentage of large fruit (> 7.0 cm) also increased.

Supplemental irrigation of peach orchards is encouraged on sandy soils. The current
recommended irrigation method in North Carolina is under-tree micro-sprinklers. On
heavier clay soils, drip or trickle irrigation is effective and requires a lower volume of water.
Supplemental irrigation was shown to increase peach trunk diameter, fruit yield per tree,
fruit size, and number of fruit buds per tree (due to greater shoot length) over non-irrigated
trees (Buckelew, 2009; Layne and Tan, 1988; Layne et al., 1994; Reeder et al., 1979). Water
stress during the final fruit swell period (three to four weeks preceding maturity) reduces
fruit size and quality (Lockwood and Coston, 2005), and therefore economic returns. Drip
irrigation from April or May through harvest in Georgia, USA on Faceville and Greenville
soils was as effective at maximizing total yield and fruit diameter as irrigating all season
(Horton et al., 1981). However, in Oklahoma on a Teller sandy loam there was no increase
in either fruit yield or size when irrigated from budbreak through harvest compared to only
irrigating during the swell period (Huslig et al., 1993). In Texas a tendency for delayed bud
break in the spring with trickle irrigation was observed (Reeder et al., 1979). The greater
number of fruit buds per tree increases crop potential after a spring freeze. Layne et al.
(1994) reported delayed defoliation of irrigated mature trees (5-9 yrs of age) with no
difference between plots with or without groundcover in Ontario, Canada. Irrigation from

May to August reduced the fluctuations in soil temperatures in summer and winter,
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lowering soil temperatures in the summer and raising them in the winter (Tan and Layne,

1993).

The objective of this study was to measure the effects of vegetation-free strip width and
irrigation on peach tree growth and fruit yield, harvest maturity, and size in years three

through seven of a young peach orchard on sandy soil.

Materials and Methods

The experiment was conducted from 2009-2013 at the Sandhills Research Station in Jackson
Springs, NC (35.21°N, 79.63°W; average annual precipitation 117 cm). Soil was a Candor
sand (sandy, Koalinitic, thermic Grossarenic Kandiudults) with a pH of 5.8 and humic matter
of 0.60%. The orchard consisted of ‘Contender’ peach trees (Prunus persica (L.) Batsch.)
grafted onto ‘Guardian”’ rootstock. One-year whips were planted on Feb. 3, 2006 at a
spacing of 5.5 m within the row and 6.0 m between rows. Trees were pruned each spring to
an open center form (Lockwood and Myers, 2005). Fruit thinning occurred each spring
within 30-40 days of full bloom and involved hand thinning fruit so that those remaining

were no closer than 15 cm apart.

Six vegetation-free strip widths (0, 0.6, 1.2, 2.4, 3.0, and 3.6 m) were maintained around the
trees with one half of the plots receiving irrigation. Details of the treatments were

described by Buckelew (2009). Each plot contained four trees, the two center trees being
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record trees. Vegetation-free strips were chemically maintained using Chateau (flumioxazin
at213.3¢g ha™ active ingredient) for PRE emergent weed control and Gramoxone Inteon
(paraquat at 0.67 to 1.0 kg ha™ active ingredient with non-ionic surfactant at 0.25% v/v) as a
POST emergent burndown. Row middles were allowed to populate with native weedy
species and were maintained by mowing to a height of 10-13 cm tall. All trees were
fertilized uniformly with two applications of 20-0-20 each spring (224 kg/ha in March and

168 kg/ha in April).

For the irrigated plots, one Dan Modular micro-sprinkler (Jain Irrigation Inc., Fresno, CA,
USA) was placed 15 cm from the tree trunk on a 30 cm spray stake. Irrigated plots were
irrigated as needed based on precipitation during the growing season. No irrigation was
applied when precipitation during the week was 2.54 cm or greater. On average, the
irrigation system was used seven times per year, April through July. The micro-sprinklers

delivered 2.54 cm of water at each irrigation treatment in a 6.0 m diameter around the tree.

Trunk cross-sectional area (TCSA) was calculated from two perpendicular trunk diameter
measurements taken 25 cm above the soil line during the dormant season. Fruit were
harvested over three or four harvest dates each year (July 20, 23, and 27, 2009; July 16, 20,
and 23, 2010; July 13, 18, and 21, 2011; July 2,5, and 9, 2012; July 16, 19, 22, and 25, 2013).
Fruit from each record tree were weighed for total yield and percentage of total yield was

calculated (tree yield for each date + by tree total yield x 100) to determine differences in
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harvest maturity. Ten random fruit were sampled and weighed to calculate the average

weight per fruit and were measured for average diameter.

The experimental design was a two factor factorial of irrigation and vegetation-free strip
width in a randomized complete block design with six replications. Data were analyzed
using SAS version 9.3 (SAS Institute Inc., Cary, N.C.). The effects of vegetation-free strip
width and irrigation on TCSA, yield, harvest maturity, and individual fruit weight and
diameter were analyzed using PROC GLM. TCSA was analyzed as repeated measures by

year. Treatment means were compared using Duncan’s new multiple range test (a=0.05).

Results

The effect of vegetation-free strip width, with and without irrigation, on TCSA is shown in
Table 1. TCSA increased with increasing vegetation-free strip width in both irrigated and
non-irrigated treatments. The difference between the size of trees in 0 m treatments and
treesin 3.6 m treatments averaged 44.6 cm? for irrigated plots and 44.1 cm? for non-
irrigated plots. Trees in the irrigated 3.0 m treatment exhibited smaller TCSA than trees in
the irrigated 2.4 m treatment; this anomaly does not appear to be due to data outliers or

border effects with other treatments.

The effect of vegetation-free strip width and irrigation on TCSA is shown in Table 2. In all

years, trees in the 0 m vegetation-free strip width had the smallest TCSA, followed by trees
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in the 0.6 m vegetation-free strip, and trees in the 3.6 m strip had the greatest TCSA. Trees
in the 1.2, 2.4, and 3.0 m vegetation-free strips had intermediate TCSA measurements. In
each year irrigated trees had greater TCSA than non-irrigated trees, by 11 cm? on average.

There were no irrigation*strip width interactions in the four years studied.

The effect of vegetation-free strip width, with and without irrigation, on total yield is shown
in Table 3. Yield increased with increasing vegetation-free strip width in both irrigated and
non-irrigated treatments. The difference between the yield in the 0 m plot and the yield in
the 3.6 m treatment averaged 23.6 kg for irrigated plots and 22.7 kg for non-irrigated plots.
As with TCSA, trees in the irrigated 3.0 m treatment exhibited smaller yields than trees in
the irrigated 2.4 m treatment; this anomaly does not appear to be due to data outliers or

border effects with other treatments.

The effect of vegetation-free strip width and irrigation on total yield is shown in Table 4. In
all years, yield was highest from trees with a 3.6 m vegetation-free strip and lowest from
trees with a 0 m strip. Trees in the 0.6-3.0 m vegetation-free strips produced intermediate
yields. In 2009, 2010, 2011, and 2013 irrigation increased yield by an average of 4.8 kg.
Numerically greater yield also occurred in 2012, though the difference was not significant,
likely due to the higher than average rainfall that year which increased the yield in non-

irrigated plots. There were no irrigation*strip width interactions in the five years studied.
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The effect of vegetation-free strip width, with and without irrigation, on harvest maturity
(percent of total yield harvested on the first harvest date of each year) is shown in Table 5.
The effect of strip width in irrigated and non-irrigated plots on maturity at first harvest each
year is not as clear as the previous figures and tables, but in general, for both irrigated and
non-irrigated plots, a greater proportion of fruit grown in the O m strip are mature on the
first harvest date compared to all other strip widths and fruit grown in the 3.6 m strip are

the least ready to harvest on the first harvest date.

The effect of vegetation-free strip width and irrigation on harvest maturity is shown in Table
6. In general, fruit grown in the 0 m strip width mature earliest (have the highest
percentage of total yield at the first harvest) and fruit grown in the 3.6 m strip have the
lowest percentage of total yield at the first harvest. Trees grown in the 0.6-3.0 m
vegetation-free strips demonstrated intermediate maturity values. There were differences
in maturity on the first harvest date due to irrigation. In 2012 fruit in non-irrigated plots
ripened earlier than fruit grown in irrigated plots. And in 2011 and 2013 there was no
difference between irrigated and non-irrigated plots for harvest maturity. There were

irrigation*strip width interactions in two of the five years studied (Figure 1).

The effect of vegetation-free strip width and irrigation on the percentage of total yield on
the second and third harvest dates each year are shown in Table 7 and Table 8, respectively.

In 2011 and 2012, percentage of total yield collected on the second harvest date increased
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with greater vegetation-free strip widths. In 2011, irrigated treatments had a smaller
percentage of total yield collected on the second harvest date than non-irrigated
treatments while in 2012 irrigated treatments had a greater percentage of total yield
collected on the second harvest date than non-irrigated treatments. There were no
significant differences for percentage of total yield collected on the second harvest date due
to treatments in 2010 or 2013. In 2009 and 2012 the 3.6 m vegetation-free strip width
treatment had the highest percentage of total yield collected at the third harvest and the 0
m plot had the lowest. This same trend was also seen in 2011, though not statistically
significant (P=0.1617). Non-irrigated treatments had a greater percentage of total harvest
collected on the third harvest date than non-irrigated treatments in 2009 and 2010, with no
significant differences due to irrigation in years 2011-2013. There were no significant
strip*irrigation interactions for percentage of total yield collected on the third harvest date

in the five years studied.

The effect of vegetation-free strip width, with and without irrigation, on average peach
weight is shown in Table 9. In general, individual fruit weighed more in 3.6 m strip width
plots than in 0 m strip width plots though the differences were only significant in two of the

five years studied.

The effect of vegetation-free strip width and irrigation on average peach weight is shown in

Table 10. In 2009 and 2010 fruit grown in the 3.0 and 3.6 m vegetation-free strips had the
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greatest average weights followed by fruit from the 1.2 and 2.4 m vegetation-free strips.
Fruit grown in the 0 m strip were the lowest weight in four out of five years. In years 2009-
2011 fruit were larger in irrigated versus non-irrigated plots while in 2012 fruit were larger
in non-irrigated plots than in irrigated plots. There was a slight (P=0.0496) irrigation*strip

width interactions in 2013.

The effect of vegetation-free strip width, with and without irrigation, on average peach

diameter is shown in Table 11. In general, average fruit diameter increases with increasing
vegetation-free strip width in irrigated and non-irrigated plots with the greatest differences
observed in non-irrigated plots where the diameter of fruit grown in 0 m plots was 0.44 cm

less than fruit grown in 3.6 m plots, on average.

The effect of vegetation-free strip width and irrigation on average peach diameter is shown
in Table 12. Increasing vegetation-free strip width increased fruit diameter in 2009, 2010,
and 2013. In all years, fruit grown in the 0 m strip had the smallest diameter. Irrigation
increased fruit diameter in years 2009-2011 and decreased diameter in 2012 and 2013.

There were no irrigation*strip width interactions in the five years studied.

Discussion
This work demonstrates that increasing vegetation-free strip widths under peach trees

results in greater tree growth and greater yield in agreement with other studies (Arnold and
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Aldrich, 1980; Belding et al., 2004; Buckelew, 2009; Foy et al., 1994; Liverani et al., 1992;
Majek et al., 1993; Welker and Glenn, 1989). Yields in 2013 were lower due to frost/freeze
damage in the spring, but fruit size was greater. Yield increased, on average, by 23.6 kg
between the irrigated 0 m and 3.6 m vegetation-free strip width plots, and 22.7 kg between
the non-irrigated 0 m and 3.6 m vegetation-free strip width plots. That represents an
additional bushel of peaches per tree, annually. Assuming an expected price of $24 per
bushel (M.L. Parker, personal communication) and an average of 299 trees per hectare at a
5.5 by 6.0 m spacing (Lockwood and Myers, 2005), this will increase gross per hectare

income by $7176 annually.

Results show that fruit grown with wider vegetation-free strip widths may ripen over a
longer period than fruit grown with narrower vegetation-free strip widths. The first and last
harvest dates differed by only seven to nine days each year. Although the difference in
harvest maturity between 0 m and 3.6 m vegetation-free strip width plots on the first
harvest date each year is not great enough to be useful for targeted volume prediction it

may offer a simple and useful variable for offsetting rainfall losses or staggering harvests.

Welker and Glenn (1989) reported that the percentage of large fruit (greater than 7.0 cm)
increased as the size of the vegetation-free area increased. We observed a trend for
greater individual fruit weight and diameter with increasing vegetation-free strip width,

with the 3.0 and 3.6 m vegetation-free strip widths each producing fruit greater than or
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equal to 7.0 cm in diameter in four out of five years. In 2013 fruit from all strip widths, with
and without irrigation, were greater than 7.0 cm, likely due to the above average rainfall

that year (Appendix 4).

Supplemental irrigation increases tree growth and fruit yield on sandy soil, in agreement
with other studies on heavier soils (Layne and Tan, 1988; Layne et al., 1994; Reeder et al.,
1979). The earlier fruit ripening and greater average weight and diameter in yeas of
average rainfall (2009-2011) further indicate a benefit of irrigation for peach, even in an

area with relatively high annual rainfall.
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Table 1. Effect of vegetation-free strip width, with and without irrigation,
on trunk cross-sectional area (cm?) of peach trees, years 3-6

Year
2009 2010 2011 2012
Strip Width (m) Trunk Cross-Sectional Area (cm?)
0 25.9e*t 37.2d 44.3d 53.5e
0.6 44.1d 55.1c 62.1c 71.0d
° 1.2 51.7cd 64.0bc 72.4bc 78.0cd
E,, 24 62.2ab 72.1b 80.2ab 91.4ab
';E 3.0 55.6bc 67.9b 76.2b 86.4bc
3.6 69.6a 81.5a 88.7a 99.4a
p value <0.0001 <0.0001 <0.0001 <0.0001
0 19.8d 28.4e 34.0d 40.5e
k> 0.6 33.3c 44.2d 53.1c 61.6d
'{;60 1.2 39.6bc 51.7cd 60.4bc 67.6cd
k= 24 46.0ab 53.7bc 64.9b 72.4bc
£ 30 449ab  59.7b 70.9b 79.4b
- 3.6 53.4a 68.7a 86.1a 90.8a
p value <0.0001 <0.0001 <0.0001 <0.0001

*Means within each column within each irrigation treatment followed
by the same letter do not significantly differ (a<0.05)
tTreatment means are pooled across 6 reps
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Table 2. Effect of vegetation-free strip width and irrigation on
trunk cross-sectional area (cm?) of peach trees, years 3-6

Year

2009* 2010 2011 2012
Strip Width (m) Trunk Cross-Sectional Area (cm?)
0 22.8et 32.8d 39.2d 47.0d
0.6 38.7d 49.6¢ 57.6c 66.3c
1.2 45.7¢ 57.8b 66.4b 72.8c
2.4 54.1b 62.9b 72.6b 81.9b
3.0 50.2bc 63.8b 73.6b 82.9b
3.6 61.5a 75.1a 87.4a 95.1a
p value <0.0001 <0.0001 <0.0001 <0.0001
Irrigation
Irrigated 51.5a 62.9a 70.6a 79.9a
Non-irrigated 39.5b 51.1b 61.6b 68.7b
p value <0.0001 <0.0001 <0.0001 <0.0001
p value for strip™ 0.5214  0.6031  0.6040  0.6997

irrigation interaction

*Means within each column within main effects followed by the
same letter do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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Table 3. Vegetation-free strip width and irrigation effects on peach yield (kg), years 3-7

Year
2009 2010 2011 2012 2013
Strip Width (m) Yield (kg)
0 11.0c*t 18.6¢ 23.5d 33.3c 26.3c
0.6 20.9b 25.3c 30.5cd 38.7c 27.2c
° 1.2 19.0b 34.8b 38.4bc 42.8bc 31.0bc
E,, 2.4 30.0a 38.1b 46.3ab 56.2a 35.6b
E 3.0 22.2b 34.7b 40.4b 43.1bc 35.4b
3.6 31.7a 47.7a 52.0a 53.8ab 45.3a
p value <0.0001 <0.0001 <0.0001 0.0005 <0.0001
0 8.1d 13.6d 19.9e 22.9c¢ 22.3d
s 0.6 14.7c 23.9c 28.6d 39.1b 25.1cd
‘g&o 1.2 14.8c 22.9c 31.0cd 39.6b 27.8cd
k= 2.4 19.2bc 27.1bc 36.8bc 45.1b 29.8bc
g 3.0 20.1ab 30.6b 37.7b 43.5b 38.2a
- 3.6 24.4a 39.6a 44.7a 55.7a 35.7ab
p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

*Means within each column within each irrigation treatment followed by the same

letter do not significantly differ (a<0.05)
tTreatment means are pooled across 6 reps
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Table 4. Effect of vegetation-free strip and irrigation on peach yield (kg), years 3-7

Year

2009* 2010 2011 2012 2013
Strip Width (m) Yield (kg)
0 9.6dt 16.1d 21.7e 28.1d 24.3e
0.6 17.8c 24.6¢ 29.5d 38.9¢ 26.1de
1.2 17.1c 29.4b 35.0c 41.3c 29.5cd
24 24.1ab 32.1b 41.1b 50.2ab 32.5bc
3.0 21.2bc 32.8b 39.1bc 43.3bc 36.7ab
3.6 27.7a 43.3a 48.0a 54.8a 40.0a
p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Irrigation
Irrigated 21.9a 32.5a 37.7a 43.9a 33.0a
Non-irrigated 16.9b 26.3b 33.0b 41.0a 29.7b
p value <0.0001 <0.0001 0.0020 0.1554 0.0206
p value for strip™ 0.3271 01201  0.6029  0.2634  0.1111

irrigation interaction

*Means within each column within main effects followed by the same letter
do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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Table 5. Effect of vegetation-free strip width, with and without irrigation, on harvest
maturity (% of total yield harvested on the first harvest date of each year), years 3-7

Year
2009 2010 2011 2012 2013
Strip Width (m) % of total yield at first harvest
0 88.1a*t 36.9a 76.8a 66.1a 34.3a
0.6 50.2b 24.1a 59.0bc 46.2b 19.2b
° 1.2 54.5b 25.4a 65.0ab 51.4b 26.8ab
E,, 2.4 58.0b 26.3a 55.2bc 47.6b 19.5b
E 3.0 48.1b 32.5a 58.4bc 51.0b 23.1ab
3.6 49.0b 27.7a 44.6¢ 29.8c 17.5b
p value <0.0001 0.3426 0.0185 0.0004 0.1250
0 51.7a 10.8b 54.8abc 75.3a 32.8a
s 0.6 28.5bc 15.8b 65.3ab 62.1ab 29.0a
‘éfo 1.2 23.6¢ 8.0b 46.3bc 63.0ab 26.1a
k= 2.4 43.8ab 35.6a 67.9a 60.0b 36.8a
% 3.0 49.9a 30.4a 59.3abc 57.4bc 28.3a
z 3.6 33.4bc 21.8ab 42.6¢ 44.4c 20.3a
p value 0.0012 0.0003 0.0518 0.0020 0.4108

*Means within each column within each irrigation treatment followed by the same
letter do not significantly differ (a<0.05)
tTreatment means are pooled across 6 reps

59



Table 6. Effect of vegetation-free strip width and irrigation on harvest maturity
(% of total yield harvested on the first harvest date of each year), years 3-7

Year
2009* 2010 2011 2012 2013

Strip Width (m) % of total yield at first harvest

0 69.9at 23.9ab 65.8a 70.7a 33.5a
0.6 39.3b 20.0b 62.2a 54.1b 24.1ab
1.2 40.5b 17.5b 56.5ab 56.7b 26.5ab
24 50.3b 31.3a 62.1a 54.4b 28.9ab
3.0 48.9b 31.6a 58.8a 53.9b 25.5ab
3.6 40.5b 24.5ab 44.4b 37.8c 19.0b
p value <0.0001 0.0267 0.0336 <0.0001 0.1550
Irrigation

Irrigated 57.7a 28.9a 60.6a 49.2b 23.5a
Non-irrigated 38.6b 20.6b 56.5a 60.3a 29.0a
p value <0.0001 0.0057 0.2836 0.0002 0.0798
p value for strip™ 0.0087  0.0408  0.0829  0.9046  0.5239

irrigation interaction

*Means within each column within main effects followed by the same letter
do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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Table 7. Effect of vegetation-free strip width and irrigation on % of total yield

harvested on the second harvest date of each year, years 3-7

Year

2009* 2010 2011 2012 2013
Strip Width (m) % of total yield at second harvest
0 22.0b* 55.4a 33.0b 25.8c¢ 38.3a
0.6 38.7a 59.3a 35.4b 30.8bc 37.3a
1.2 34.6a 59.2a 41.8ab 31.6bc 34.7a
24 33.6a 54.4a 34.6b 33.9b 38.3a
3.0 31.5a 52.9a 38.9ab 31.6bc 39.4a
3.6 32.7a 54.6a 49.8a 41.5a 38.8a
p value 0.0014 0.5836 0.0607 0.0044 0.7692
Irrigation
Irrigated 29.4b 57.2a 33.6b 34.6a 36.8a
Non-irrigated 35.3a 54.8a 44.0a 30.0b 38.9a
p value 0.0112 0.3682 0.0026 0.0307 0.2807
p value for strip™ 0.0014  0.8961  0.5165  0.9978  0.8714

irrigation interaction

*Means within each column within main effects followed by the same letter
do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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Table 8. Effect of vegetation-free strip width and irrigation on % of total
yield harvested on the third harvest date of each year, years 3-7

Year
2009* 2010 2011 2012 2013

Strip Width (m) % of total yield at third harvest

0 8.1ct 20.7a 1.2b 3.5¢ 23.2a
0.6 21.9ab 20.7a 2.4ab 15.1ab 27.6a
1.2 24.9a 23.4a 1.7b 11.7b 30.7a
2.4 15.9bc 14.3a 3.3ab 11.7b 28.3a
3.0 19.6ab 15.5a 2.3ab 14.5ab 28.3a
3.6 27.9a 20.9 5.8a 20.7a 28.7a
p value 0.0001 0.5741 0.1617 0.0001 0.6818
Irrigation

Irrigated 9.4b 10.2b 2.0a 13.9a 28.6a
Non-irrigated 30.5a 28.8a 3.5a 11.8a 26.8a
p value <0.0001  <0.0001 0.1599 0.2927 0.4754
p value for strip™ 0.5764  0.7047  0.3163  0.7180  0.9876

irrigation interaction

*Means within each column within main effects followed by the same letter
do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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Table 9. Effect of vegetation-free strip width, with and without irrigation, on
average peach weight (g), years 3-7

Year
2009 2010 2011 2012 2013

Strip Width (m) Average Peach Weight (g)

0 187.0b*t 146.5c 198.2a 180.1ab 198.5a

0.6 188.3b 155.5bc 198.3a 189.5ab 204.1a
° 1.2 203.2ab 163.9b 199.8a 172.9b 197.9a
E';, 2.4 207.6a 171.0ab 203.1a 192.3a 215.3a
E 3.0 218.1a 170.1ab 206.6a 193.4a 201.2a

3.6 212.7a 182.9a 192.4a 182.4ab 205.6a

p value 0.0006 0.0008 0.4611 0.1197 0.2895

0 152.8a 120.7c 172.4a 191.0b 193.7d
S 0.6 145.3a 139.4b 166.8a 221.2a 199.1cd
‘g&o 1.2 150.1a 139.7b 166.1a 197.9ab  210.4bcd
k= 2.4 147.5a 141.4b 184.3a 187.3b 229.0ab
% 3.0 168.0a 156.6ab 179.5a 201.0ab  219.4abc
z 3.6 170.2a 161.0a 181.1a 199.0ab 236.2a

p value 0.3031 0.0002 0.1209 0.1526 0.0003

*Means within each column within each irrigation treatment followed by the same
letter do not significantly differ (a<0.05)
tTreatment means are pooled across 6 reps
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Table 10. Effect of vegetation-free strip width and irrigation on average
peach weight (g), years 3-7

Year

2009* 2010 2011 2012 2013
Strip Width (m) Average Peach Weight (g)
0 169.9bt 133.6d 185.3a 185.6b 196.1c
0.6 166.8b 147.5c 182.6a 205.4a 201.6bc
1.2 176.7ab 151.8bc 183.0a 185.4b 204.1bc
24 178.8ab 156.2bc 193.7a 189.8ab 222.2a
3.0 193.1a 163.4ab 193.0a 197.2ab 210.3ab
3.6 191.5a 172.0a 186.7a 190.7ab 220.9a
p value 0.0041 <0.0001 0.1531 0.0795 0.0002
Irrigation
Irrigated 202.8a 165.0a 199.7a 185.1b 203.8b
Non-irrigated 155.8b 143.1b 175.0b 199.6a 214.6a
p value <0.0001 <0.0001 <0.0001 0.0014 0.0041
p value for strip™ 0.7042  0.7782  0.3129  0.2088  0.0496

irrigation interaction

*Means within each column within main effects followed by the same letter
do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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Table 11. Effect of vegetation-free strip width, with and without irrigation, on
average peach diameter (cm), years 3-7

Year
2009 2010 2011 2012 2013
Strip Width (m) Average Peach Diameter (cm)
0 7.1b*+ 6.4c 7.1a 6.8ab 7.2b
0.6 7.0b 6.6bc 7.1a 6.9ab 7.3ab
° 1.2 7.3ab 6.7bc 7.2a 6.7b 7.2b
5 24 7.3a 6.8ab 7.2a 7.0a 7.4a
E 3.0 7.4a 6.8ab 7.2a 7.0a 7.2ab
3.6 7.4a 7.0a 7.1a 6.9ab 7.3ab
p value 0.0060 0.0020 0.3662 0.1232 0.1241
0 6.2b 6.1c 6.7c 6.9a 7.1d
S 0.6 6.4b 6.3bc 6.7c 7.1a 7.3cd
‘gso 1.2 6.5b 6.4abc 6.7¢c 7.1a 7.4bcd
= 2.4 6.4b 6.4abc 7.0ab 6.9a 7.7ab
£ 3.0 6.8a 6.6ab  6.9abc 7.1a 7.5abc
- 3.6 6.8a 6.6a 7.0a 7.1a 7.7a
p value 0.0001 0.0019 0.0261 0.4456 0.0005

*Means within each column within each irrigation treatment followed by the same
letter do not significantly differ (a<0.05)
tTreatment means are pooled across 6 reps

65



Table 12. Effect of vegetation-free strip width and irrigation on average peach
diameter (cm), years 3-7

Year

2009* 2010 2011 2012 2013
Strip Width (m) Average Peach Diameter (cm)
0 6.6¢ct 6.3d 6.9b 6.8a 7.2c
0.6 6.7bc 6.4cd 6.9b 7.0a 7.3bc
1.2 6.9b 6.5bc 7.0ab 6.9a 7.3bc
24 6.9b 6.6bc 7.1a 7.0a 7.5a
3.0 7.1a 6.7ab 7.1ab 7.0a 7.4ab
3.6 7.1a 6.8a 7.0ab 7.0a 7.5a
p value <0.0001 <0.0001 0.0688 0.2340 <0.0001
Irrigation
Irrigated 7.2a 6.7a 7.1a 6.9b 7.3b
Non-irrigated 6.5b 6.4b 6.8b 7.0a 7.4a
p value <0.0001 <0.0001 <0.0001 0.0138 0.0013
p value for strip™ 0.3431 0.9620  0.1002  0.3149  0.1261

irrigation interaction

*Means within each column within main effects followed by the same letter
do not significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 6 reps
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EFFECTS OF VEGETATION-FREE STRIP WIDTH AND IRRIGATION

ON SOIL MICROBES IN A PEACH ORCHARD
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Effects of Vegetation-free Strip Width and Irrigation on Soil Microbes in a Peach Orchard

Additional index words: Prunus persica, arbuscular mycorrhizal fungi (AMF)

Abstract. An experiment was conducted to determine the effects of vegetation-free strip
width and irrigation on the microbial community in the rhizosphere of peach. Different
vegetation-free strip widths (0, 1.2, 2.4, and 3.6 m) and irrigation were studied in a peach
orchard at the Sandhills Research Station in North Carolina to determine their effects on soil
microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), soil microbial
respiration (SMR), net nitrogen mineralization (NNM), and endomycorrhizal fungal
colonization of peach roots. Vegetation-free strip widths and irrigation did not affect
endomycorrhizal fungal colonization. In the spring and fall of 2010 the 0 m vegetation-free
strip had the highest MBC and the 2.4 m vegetation-free strip had the lowest MBC. MBN
did not differ between treatments in spring 2010 though in fall samplings the smaller strip
widths had higher MBN. The 3.6 m vegetation-free strip had the lowest MBN on all
sampling dates. In 2009 there were differences between strip widths for SMR with the 0 m
strip producing 21.48 mg CO, kg'1 d!andthe 3.6 m strip only producing 10.08 mg CO, kg'1
d*. SMR did not differ between strip widths in the spring or fall of 2010. NNM decreased
with greater vegetation-free strip width. The soil in irrigated plots had higher MBN and
lower SMR in Spring 2010. These are important implications for peach growers as they

strive to maximize fruit yield and quality while optimizing the health of their trees and soil.
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Introduction

The recommended orchard floor management program for peach (Prunus persica (L.)
Batsch.) production in North Carolina is to establish a cover crop or a permanent sod in the
row middles to prevent erosion and facilitate equipment movement during wet weather,
with a 3 to 3.6 m wide vegetation-free strip in the tree row maintained with herbicides (Foy
et al., 1994; Layne and Tan, 1988; Mitchem, 2005). Trees grown in vegetation-free soil have
been shown to root deeper and develop greater root densities than trees grown with
vegetative competition in the tree row (Parker and Meyer, 1996). Unfortunately, long term
vegetation control also reduces soil organic matter and its associated benefits (ie. microbial

biomass and activity) (Wardle et al., 2001; Yao et al., 2005).

The level of vegetation or weed control is directly related to peach tree growth and yield
(Arnold and Aldrich, 1980; Belding et al., 2004; Buckelew, 2009; Foy et al., 1994; Liverani et
al., 1992; Majek et al., 1993; Welker and Glenn, 1989). Vegetation competes with trees for
water and nutrients and can also serve as an alternate host for insect pests, including

catfacing insects that damage and distort fruit (Meagher et al., 1987; Mitchem, 2005).

Supplemental irrigation of peach orchards is encouraged on sandy soil and has been shown
to increase fruit yield per tree, fruit size, number of fruit buds per tree (due to greater shoot
length), and trunk diameter over non-irrigated trees (Layne and Tan, 1988; Layne et al.,

1994; Reeder et al., 1979). Buckelew (2009) found that with irrigation, the vegetation-free
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strip can be reduced to 1.5, 1.3, and 0.8 m to achieve equivalent growth (trunk cross-
sectional area) for trees aged one, two and three years, respectively. A vegetation-free
strip of 1.2 m with irrigation is required to achieve similar yields to non-irrigated trees with
a vegetation-free strip of 3.6 m (Buckelew, 2009). In addition to its effect on trees and fruit,
irrigation has a positive effect on soil productivity as indicated by increased soil carbon and

nitrogen and microbial biomass C (Li et al., 2005).

In the southeastern US, nematodes are of concern where peaches are planted in light,
sandy soils and in soils that were previously planted to peaches or other crops that are
hosts of the root-knot nematode (Meloidogyne spp.). Root-knot nematodes can severely
affect tree establishment and the ring nematode (Criconemella xenoplax) is associated with
premature tree death in the peach tree short life (PTSL) complex (Nyczepir, 2005).
Treatment with a nematicide is a common pre-plant practice on sandy soils and has been
shown to increase trunk cross-sectional area and water uptake (Horton et al., 1981). The
nematicide Telone Il (1,3-dichloropropene) has few negative environmental effects, has
little impact on soil microbial communities (lbekwe et al., 2001), and is the product

currently recommended to commercial peach growers for preplant nematode treatment.

The effect of management practices on soil organic matter is largely mediated by soil
microorganisms, and microbial biomass carbon and microbial biomass nitrogen contents are

indicators of soil quality (Rice et al., 1996). Soil microorganisms are the primary agents of
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organic residue decomposition and nutrient immobilization and mineralization, and
therefore critically affect plant growth through regulation of available plant nutrients
(Campbell and Greaves, 1990; Yao et al., 2005). In addition, some soil microorganisms,
particularly mycorrhizal fungi, form symbiotic associations with roots, effectively increasing
the root surface area and enhancing uptake of water and nutrients. These microbial
functions help maintain a soil system with available nutrients as well as aggregate stability

to reduce erosion and maintain waterholding capacity (Kennedy and Gewin, 1997).

Good development of endomycorrhizae is beneficial to the growth of peach (Prunus
persica) (Gilmore 1971; Pinochet et al., 1995), plum (Prunus spp.) (Camprubi et al., 1993),
apple (Malus domestica) (Granger et al., 1983; Mosse, 1957), and Citrus trees (Franca et al.,
2007; Marx et al., 1971). The symbiotic association occurs naturally in most fruit tree
species in the nursery or shortly after seedlings are transplanted in the field (Pinochet et al.,
1995). In studies of apple replant disease, healthy tree roots were shown to possess more

AM fungi colonization than diseased trees (Caruso et al., 1989).

Mycorrhizae can increase plant growth, especially in infertile soils, as a result of an
enhanced ability of infected roots to absorb nutrients (Gerdemann, 1968). Phosphorus is
the nutrient most associated with AM and research has shown that mycorrhizal plants

absorb nearly twice as much phosphate as uninfected plants (Bowen et al., 1975).

72



Mycorrhizae also enhance absorption of water and minor mineral elements such as Zn, S,

and Cu (Gerdemann, 1968; Hussey and Roncadori, 1982; Strobel et al., 1982).

Mycorrhizae benefit plants under physiological stress, such as drought conditions (Nelson,
1987), and when infected by diseases (Azcén-Aguilar and Barea, 1996; Dehne, 1982) and
nematodes (Francl, 1993; Hussey and Roncadori, 1982). Mechanisms that could account for
the protective activity ascribed to AM include root damage compensation, physiological
alteration or reduction of root exudates responsible for chemotactic attraction of
pathogens or nematodes, competition for colonization/infection sites, production of
anatomical or morphological changes in the root system or activation of plant defense
mechanisms (Azcon-Aguilar and Barea, 1996; Hussey and Roncadori, 1982). Mycorrhizae
may also decrease the penetration rate of parasitic nematodes, retard their development
inside the root, decrease their reproduction rate (Pratylenchus spp. and Meloidogyne spp.)

or lower their degree of damage (Dehne, 1982; Pinochet et al., 1995).

The application of certain herbicides, paraquat (N,N’-dimethyl-4,4'-bipyridinium dichloride)
and simazine (6-chloro-N,N'-diethyl-1,3,5-triazine-2,4-diamine) in particular, may interfere
with the mycorrhization of fruit trees (Granger et al., 1995; Nemec and Tucker, 1983). Even
mechanical weed removal decreases AM fungi spore numbers, which Nappi and Jodice

(1985) speculate is due to lower soil organic matter content.
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The primary objective of this study was to examine the impacts of vegetation-free strip
width and irrigation on soil ecology in a peach orchard on sandy soil at the age when such

an orchard is most prone to peach tree short life (three to six years after planting).

Materials and Methods

The experiment was conducted from 2009-2010 at the Sandhills Research Station in Jackson
Springs, NC (35.21°N, 79.63°W). Soil was Candor Sand (sandy, Koalinitic, thermic
Grossarenic Kandiudults) with a pH of 5.8 and a humic matter content of 0.60%. The
orchard consisted of ‘Contender’ peach trees (Prunus persica L.) grafted onto ‘Guardian”’
rootstock. One-year whips were planted on Feb. 3, 2006 at a spacing of 5.5 m within the

row and 6.0 m between rows.

The experimental design was a factoral randomized complete block with six replications and
two factors, vegetation-free strip width (0, 0.6, 1.2, 2.4, 3, and 3.6 m) with or without micro-
sprinkler irrigation. Each plot contained four trees, the two center trees being record trees
to avoid marginal effect. Vegetation-free strips were chemically maintained using
flumioxazin (Chateau) at 213.3 g ha™ active ingredient for PRE emergent weed control and
paraquat (Gramoxone Inteon) at 0.67 to 1.0 kg ha™ active ingredient with non-ionic
surfactant at 0.25% (v/v) as a POST emergent burndown. Row middles were allowed to
populate with native vegetative species and were maintained by mowing to a height of 10-

13 cm tall as needed.
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For the irrigated plots, one Dan Modular micro-sprinkler (Jain Irrigation Inc., Fresno, CA,
USA) was placed 15 cm from the tree trunk. Irrigated plots were irrigated as needed based
on precipitation during the growing season. No irrigation was applied when precipitation
during the week was 2.54 cm or greater. On average, the irrigation system was used seven
times per year, April through July. The micro-sprinklers delivered 2.54 cm of water at each

irrigation treatment in a 6.0 m diameter around the tree.

Soil samples were collected from the upper 15 cm layer of soil at the drip line of the tree
canopy in October 2009, and May and October 2010. One composite sample consisted of 4
replicate cores (5 cm diameter x 15 cm depth) per tree. Samples were immediately sealed
in plastic bags, placed in coolers, and transported to the laboratory. The field-moist
samples were sieved with a 2 mm screen and stored in sealed plastic bags at 4°C until
analysis. Peach roots collected from each sample on the sieve were stored in separate

sealed plastic bags at 4°C.

Soil physical and chemical properties. Soil moisture was determined by placing 10 g of soil
in a plastic beaker, oven drying at 105+1°C for 24 hours, and reweighing the sample. For
soil pH and electrical conductivity (EC), soil samples were diluted 1:2 with distilled water,
allowed to sit for 20 minutes and filtered through Whatman 4 filter paper (Whatman
International, England). The pH and EC of the filtrate was measured using a Hanna Meter

(H1 9811, Hanna Instruments, Smithfield, RI) standardized to pH 6.0 and EC 0.14.
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Arbuscular mycorrhizal colonization of peach roots. One hundred 1 cm lengths of fine peach
roots (0.5-1.0 mm diameter) were used to determine mycorrhizal colonization of roots,
following the method described by Phillips and Hayman (1970). Root segments were
submerged in 10% KOH solution in filtering crucibles in plastic containers. The plastic
containers were put into a hot water steamer for 30 minutes or until roots were cleared.
The roots were then rinsed with tap water to remove KOH and then submerged in 1% HCI
for at least one hour. After removal from the HCl solution roots were stained using a trypan
blue solution (0.05% trypan blue, 50% glycerine, 25% lactic acid) and heated again in the
steamer for 20 minutes. Excess stain was washed off with tap water. AM colonization was
determined using a Nikon SMZ-1B dissecting microscope (Nikon, Tokyo, Japan) and the
gridline intersection method (by distributing samples across a petri dish with a 1 cm grid
and observing the percentage of infected roots to uninfected roots where they crossed the
gridlines; Figure 1). A magnified view of peach root colonized by endomycorrhizal fungi is

shown in Figure 2.

Soil microbial biomass. Microbial biomass carbon (MBC) and microbial biomass nitrogen
(MBN) were assayed by the chloroform-fumigation extraction method (Ross, 1992; Vance et
al., 1987). Twenty grams of soil were fumigated with ethanol-free chloroform for 48 hr.
Both fumigated and non-fumigated soils were extracted with 50 mL of 0.5 mol L™ K,SO4 by
shaking for 30 minutes. A total organic carbon (TOC) analyzer (TOC-5050A, Shimadzu

Corporation, Kyoto, Japan) was used to determine the organic carbon (Cog) in the extracts.
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The MBC was calculated as follows: MBC=(Corg in fumigated soil-Corg in non-fumigated
soil)/kec, Where ke=0.33, the k factor used here to convert the extracted organic carbon to
MBC (Sparling and West, 1988). The concentration of nitrogen in the extract was
determined on a Lachat flow injection analyzer (Lachat Instruments, Milwaukee, WI1) after
digestion using alkaline persulfate oxidation (Cabrera and Beare, 1988). The MBN was
calculated using the equation: MBN=(total N in fumigated soil-total N in non-fumigated
soil/ken, Where ken=0.45, the k factor used to convert the extracted organic nitrogen to MBN

(Jenkinson, 1988).

Soil microbial respiration (SMR). Microbial activity was measured using a method modified
from Alef and Nannipieri (1995). Twenty grams of soil were placed in an Erlenmeyer flask
and distilled water was added to bring the sample to 10% moisture (based on results of the
soil moisture test). Flasks were placed in 0.946 L glass jars with 5 ml distilled water in the
bottom and a 50 ml beaker containing 5 ml 0.25 mol Lt NaOH, sealed, and incubated in the
dark at 25°C. After seven days, the NaOH beaker was replaced with one containing fresh
NaOH and the jars were incubated for an additional seven days. The carbon dioxide
trapped in the NaOH solution was titrated with 0.1 mol L™ HCI. Microbial respiration was

estimated as mg CO, kg'1 soil d™* by averaging data from both weeks.

Net nitrogen mineralization (NNM). Net nitrogen mineralization was determined using the

method described by Hart et al. (1994). After the completion of the two week incubation
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for soil microbial respiration the soil samples were incubated for an additional two weeks.
Ammonium (NH,") and nitrate (NO3) in the soil were extracted with 50 mL of 0.5 mol L™
K,SO4 solution and analyzed with the Lachat flow injection analyzer. Net N mineralized in
soil was calculated as the difference between K,SO,4-extractable inorganic N contents before

and after incubation.

Nematode assay. Separate soil samples were collected in April 2010 as described above,
packaged into plastic bags and nematode sample boxes, and submitted to the NC
Department of Agriculture Agronomic Division for identification of plant-parasitic
nematodes. Results were reported as number of each type of nematode (root knot, ring, or

other) per 500 cc soil.

Data were analyzed using SAS version 9.3 (SAS Institute Inc., Cary, N.C.). The effects of
vegetation-free strip width and irrigation on soil moisture, pH, EC, MBC, MBN, SMR, NNM,
and nematodes were analyzed using PROC GLM. Treatment means were compared using

Duncan’s new multiple range test (a=0.05).

Results
Average soil moisture was 5.7% in Spring 2009 with no difference between treatments and
5.2% in the fall with irrigated plots having an average soil moisture of 5.7% versus 4.8% for

non-irrigated plots (Appendix 2). In Spring 2010 greater strip widths and irrigation had
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higher soil moisture (Appendix 2). Soil pH averaged 5.8 in Spring 2009 and was higher with
greater vegetation-free strip widths (Appendix 2). Soil pH did not differ by vegetation-free
strip width or irrigation in Fall 2009, Spring 2010, or Fall 2010 (average 5.6 in Fall 2009, 5.1
in Spring 2010, and 6.3 in Fall 2010, respectively; Appendix 2). EC was highest in the 0 m
strip plots in Spring 2009 and Fall 2010 with no difference between strip widths in Fall 2009
or Spring 2010 (Appendix 2). Irrigation reduced EC in Spring 2009 with no difference on the

other three sampling dates (Appendix 2).

Vegetation-free strip widths and irrigation had no significant effect on endomycorrhizal
colonization of peach roots in years three through four after planting (Table 1), even though

paraquat had been used in the 0.6, 1.2, 2.4, 3.0, and 3.6 m vegetation-free strip width plots.

MBC did not differ significantly between strip width treatments (Table 2). In Fall 2009 MBN
was highest in the soil from the 1.2 m vegetation-strip width plots and lowest in the 3.6 m
vegetation-free strip width plots. The difference in MBN due to strip width were not
significant in Spring or Fall 2010. The 3.6 m vegetation-free strip had the lowest MBN on all
sampling dates. In Fall 2009 the 0 m strip had the highest SMR rate (CO, kg'1 d?) and the
3.6 m strip had the lowest. SMR did not differ significantly between vegetation-free strip
width treatments in Spring or Fall 2010, though numerically the 3.6 m vegetation-free strip
had the lowest SMR on all sampling dates. NNM differed between strip widths on each

sampling date with NNM decreasing with greater vegetation-free strip width.
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Irrigation treatments did not affect MBC or NNM (Table 2). MBN only differed between
irrigated and non-irrigated plots in Spring 2010 with irrigation more than doubling MBN.
Numerically higher MBN was also observed in irrigated plots in Fall 2009 and Fall 2010,
though the difference was not significant. SMR only differed between irrigated and non-

irrigated plots in Spring 2010 with irrigation producing lower SMR.

Width of the vegetation-free strip did not significantly affect root knot or ring nematode
populations (P=0.5209 and P=0.8071, respectively); there were 0 root knot nematodes
collected from the 2.4, 3.0, and 3.6 m vegetation-free strip treatments. The 3.0and 3.6 m
treatments contained the highest populations of other nematodes, though not statistically
significant (P=0.3788). Root knot and ring nematode populations tended to increase with
irrigation though not significantly (P=0.1797 and P=0.0730, respectively). (See Appendix 3

for more information.)

Discussion

Peach orchard floor vegetation competes with trees for water and nutrients; reducing
vegetation in the tree row results in larger trees and greater fruit yields in the early years of
the orchard’s life (Arnold and Aldrich, 1980; Belding et al., 2004; Buckelew, 2009; Foy et al.,
1994; Liverani et al., 1992; Majek et al., 1993; Welker and Glenn, 1989). However, orchard
floor management affects more than just tree size and fruit yield. Orchard floor

management can affect soil ecology and pest behavior and defining these impacts is critical
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to understanding peach tree short life. This disease complex is common to peach replant

sites and results in premature tree death in the spring, three to six years after planting.

Mycorrhizae are known to benefit plants under physiological stress, such as drought
conditions (Barea, 1991; Nelson, 1987), and when impacted or infected by diseases (Azcon-
Aguilar and Barea, 1996; Dehne, 1982) and nematodes (Francl, 1993; Hussey and Roncadori,
1982) thus their colonization of peach roots is desirable. Endomycorrhizal root colonization
was similar among the different vegetation-free strip widths and in both irrigated and non-
irrigated plots. Similarity in endomycorrizal root colonization is expected when measured
three to four years after planting as the endomycorrhizal fungal populations in the
rhizosphere have had sufficient time to stabilize; Traquair and Berch (1988) reported heavy
colonization by indigenous AM fungi within six months after planting peach and Rutto and
Mizutani (2006) reported high seedling infection rates in both replant and nonreplant soils

after one season.

Soil health contributes to the long-term sustainability of the orchard. Soil microorganisms
(the soil microbial biomass) decompose plant residues and soil organic matter to release
carbon dioxide and plant-available nutrients, aid pesticide degradation, and contribute to
soil aggregation (Kennedy and Stubbs, 2006). In the sandy soils of eastern North Carolina,
high precipitation and warm temperatures prompt rapid decomposition of organic residues,

reducing both the nutrient reservoir and water retention (Tu et al., 2006). Seasonality may
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influence the microbial biomass directly, by inducing microbial responses to soil moisture
and temperature, or indirectly by influencing plant productivity and therefore organic
matter release (Wardle, 1992). Lynch and Panting (1982) found that the amount of
microbial biomass reached a maximum around the time of maximum root biomass (late
spring) and thereafter declined. In contrast, our results showed higher MBN in the fall and

no significant differences for MBC.

Results suggest that increasing the width of the vegetation-free strip reduces microbial
biomass and associated activities in the soil. Irrigation had less effect on microbial
parameters though it did increase MBN and decrease SMR in Spring 2010. Annual
collection and analysis of soil samples is needed throughout the life of the orchard to
determine the long-term effects of vegetation-free strips and irrigation on soil health and

sustainability.
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Figure 1. A) The gridline intersection method was used to determine the percentage of
infected roots. B) The root at top is not infected; the root at bottom is infected.

Figure 2. Magnified view of endomycorrhizal colonization of peach roots
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Table 1. Effects of vegetation-free strip width and irrigation on endomycorrhizal root
colonization of peach on sandy soil in the NC Sandhills, years 3-4 after planting

Fall 2009* Spring 2010 Fall 2010
Strip width (m) Colonization (%)
0 64.5at 57.1a 68.2ab
1.2 59.0b 47.8a 62.9b
2.4 £ 46.5a 66.9ab
3.6 62.8ab 53.3a 73.9a
p value 0.0551 0.2744 0.1327
Irrigation
Irrigated 61.8a 52.5a 65.6a
Non-irrigated 62.4a 49.8a 70.3a
p value 0.7429 0.5147 0.1564
p value for 0.0086 0.1601 0.9477

strip*irrigation

interaction
*Means within each column within main effects followed by the same letter
do not differ (a<0.05)
tMain effect means are pooled across other main effects and 4 reps

$¥No samples were collected from 2.4 m plots in 2009
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Table 2. Effects of vegetation-free strip width and irrigation on rhizosphere soil microbial biomass carbon (MBC) and
nitrogen (MBN), soil microbial respiration (SMR), and net nitrogen mineralization (NNM) for peach on sandy soil in the
NC Sandhills, years 3-4 after planting

Fall 2009 Spring 2010 Fall 2010

MBCt MBN* SMR NNM MBC MBN SMR NNM MBC MBN SMR NNM
Strip width (m) mg/kg mg/kg mgCC;z/kg mg/kg/d mg/kg mg/kg msC/?iz/kg mg/kg/d mg/kg mg/kg msC/:z/ks mg/kg/d
0 21.74a 8.00ab 21./483 6.83a | 32.69a 5.69a 14.99a 6.29a | 36.62a 8.30a 13.11a 3.15a
1.2 18.48a 10.95a 17.17a 6.27a | 29.95a 5.43a 13.52a 4.79ab | 32.53a 6.18a 12.43a 2.31ab
2.4 ¥ ¥ ¥ ¥ 25.04b 5.23a 12.05a 3.44b | 30.31b 7.14a 11.08a 1.35bc
3.6 15.29a 5.69b 10.08b 4.63b | 26.87a 5.10a 11.81a 3.66b | 31.31a 4.72a 11.33a 0.88c
p value 0.1796 0.0168 0.0199 0.0024 0.0763 0.9263 0.8062 0.0053 0.1192 0.2241 0.6821 0.0010
Irrigation
Irrigated 17.06a 9.03a 15.44a 6.07a | 27.05a 7.24a 10.16b 4.92a | 31.23a 7.31a 12.09a 2.24a
Not Irrigated 19.96a 7.40a 17.04a 5.76a | 30.22a 3.48b 16.02a 4.17a | 34.16a 5.94a 11.88a 1.6la
p value 0.2968 0.2068 0.5929 0.4919 0.1417  <0.0001 0.0333 0.1820 0.1311 0.2213 0.8734 0.0688
p value for
strip*irrigation 0.3662 0.7337 0.4256 0.9019 0.5644 0.9223 0.2886 0.9099 0.9305 0.8617 0.6652 0.4848

interaction

MBC- microbial biomass carbon; MBN- microbial biomass nitrogen; SMR- soil microbial respiration; NNM- net nitrogen

mineralization

* Means within each column within main effects followed by the same letter do not differ (a<0.05)

tMain effect means are pooled across other main effects and 4 reps

¥ No samples were collected from 2.4 m plots in 2009
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Impact of Orchard Floor Management Practices on Catfacing Damage in Peach

Additional index words: Prunus persica (L.), ground cover, weed management

Abstract. Orchard floor management practices are primarily aimed at maximizing tree
growth and yield while the impacts on fruit quality are often overlooked. This study
measured the effect of vegetation-free strip width and irrigation on catfacing damage of
peaches. Establishing a vegetation-free strip of as narrow as 0.6 m resulted in less catfacing
damage of fruit than was seen in 0 m treatments. The least damage was seen at the
industry standard vegetation-free strip width of 3.0 or 3.6 m, with or without irrigation.
Treatment differences were seen even though the orchard was on a commercial pesticide

spray schedule.

Introduction

Control of orchard floor vegetation and subsequent peach tree growth and yield are directly
related (Arnold and Aldrich, 1980; Belding et al., 2004; Buckelew, 2009; Foy et al., 1994;
Liverani et al., 1992; Majek et al., 1993; Meagher and Meyer, 1990; Welker and Glenn,
1989). Weeds compete with trees for water and nutrients and also serve as alternate hosts
for insect pests, including insects that damage and distort fruit, generally referred to as

catfacing insects (Meagher et al., 1987; Meagher and Meyer, 1990; Mitchem, 2005).

Catfacing insects, including the tarnished plant bug (Lygus lineolaris (Palisot de Beauvois))

and stink bugs in the genera Acrosternum, Euschistus, Thyanta, and Nezara, distort fruit
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shape with irregular and variable-sized necrotic skin spots and are managed using four to six
early-season applications of a broad-spectrum insecticide. However, even vigorous
chemical applications in the southeastern US will only provide partial control unless
combined with a weed management program (Meagher et al., 1987; Meyer, 1984). Weed
management within and between rows can also reduce the number of insecticide
applications needed (Atanassov et al., 2002; Killian and Meyer, 1984). Insecticide-resistant
populations of L. lineolaris have been reported (Snodgrass, 1996) thereby providing further
support for integrated pest management strategies. Consumers are increasingly aware of
and concerned about the amount of pesticide used in fruit production and their perceived
effects on the environment (Flore, 1999). Reducing the amount of insecticide necessary to
control catfacing insects would save money by decreasing inputs, minimizing applicator risk,
and reducing the potential for insecticide-resistant pest populations while providing an

additional selling point for the product.

In the southeastern US the recommended orchard floor management program for peaches
is to establish a cover crop or a permanent sod in the row middles to prevent soil erosion
and facilitate equipment movement during wet weather, plus maintain a vegetation-free
strip in the tree row using two to three herbicide applications each year (Foy et al., 1994;
Layne and Tan, 1988; Mitchem, 2005). The choice of vegetative cover for the row middles is
also an important decision and should be chosen to favor varieties that 1) are the least

competitive with trees for water and nutrients (Kentucky bluegrass is a better choice than
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tall fescue, for example) (Parker et al., 1993; Tworkoski and Glenn, 2001), 2) have the
greatest ease of establishment, 3) suppress nematodes such as Criconemella xenoplax, the
ring nematode, a major contributor to Peach Tree Short Life, and 4) do not harbor orchard

pests such as catfacing insects (Meyer et al., 1992).

The purpose of this study was to measure the effect of vegetation-free strip width, with and

without irrigation, on catfacing damage of peaches.

Materials and Methods

The experiment was conducted from 2009-2011 at the Sandhills Research Station in Jackson
Springs, NC (35.21°N, 79.63°W; average annual precipitation 117 cm). Soil was a Candor
Sand (sandy, Koalinitic, thermic Grossarenic Kandiudults) with pH 5.8 and humic matter
0.60% treated before planting with the nematicide Telone II°. The orchard consisted of
‘Contender’ peach trees (Prunus persica L.) grafted onto ‘Guardian”’ rootstock. One year
whips were planted on Feb. 3, 2006 at a spacing of 5.5 m within the row and 6.0 m between
rows. Row middles were allowed to populate with native weedy species and were
maintained by mowing to a height of 10-13 cm tall. Trees were pruned at the end of

dormancy each year to an open center form (Lockwood and Myers, 2005).

The experimental design was a factorial randomized complete block with six replications

and two factors, vegetation-free strip width (0, 0.6, 1.2, 2.4, 3, and 3.6 m) with or without
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micro-sprinkler irrigation. Each plot contained four trees. Data were collected from the
two center trees. Vegetation-free strips were chemically maintained using flumioxazin
(Chateau®, Valent BioSciences Corp., Libertyville, IL) at 213.3 g ha™ active ingredient for PRE
emergent weed control and paraquat (Gramoxone Inteon®, Syngenta Crop Protection, LLC,
Greensboro, NC) at 0.67 to 1.0 kg ha™ active ingredient with non-ionic surfactant at 0.25%
(v/v) as a post-emergent burndown. Insects were managed per the Southeastern Peach,
Nectarine and Plum Pest Management and Culture Guide (Horton et al., 2013) using
phosmet (Imidan®, Gowan, Yuma, AZ) at 3.36 kg ha, esfenvalerate (Asana®, DuPont,
Wilmington, DE) at 0.8 kg ha™, thiamethoxam (Actara®, Syngenta Crop Protection, LLC) at
0.28 kg ha™, and permethrin (Helena Chemical, Collierville, TN) at 0.56 kg ha™ all of which
help control catfacing insects as well as other peach pests like plum curculio and oriental

fruit moth.

For the irrigated plots, one Dan Modular micro-sprinkler (Jain Irrigation Inc., Fresno, CA,
USA) was placed 15 cm from the tree trunk. Irrigated plots were irrigated as needed based
on precipitation during the growing season. No irrigation was applied when precipitation
during the week was 2.54 cm or more. On average, the irrigation system was used seven
times per year, April through July. The micro-sprinklers delivered 2.54 cm of water at each

irrigation treatment in a 6.0 m diameter around the tree.
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Fruit thinning occurred each spring within 30-40 days of full bloom and involved hand
thinning excess fruit so that those remaining were no closer than 15 cm apart. Fruit were
thinned indiscriminately, whereas a grower may choose to selectively thin catfaced fruit at
this point. In 2009 all thinned fruit from one record tree in each plot were retained and
examined for catfacing damage. In 2010 and 2011 a subsample of 200 thinned fruit from
each replication was retained and examined for catfacing damage. Results were converted

to percentages for analysis.

Data were analyzed using SAS version 9.3 (SAS Institute Inc., Cary, N.C.). The effects of
vegetation-free strip width and irrigation on percent catfacing damage were analyzed using
PROC GLM with treatment means compared using Duncan’s new multiple range test

(a=0.05).

Results

In 2009 and 2011 the highest catfacing damage occurred in the 0 m treatment and the
lowest catfacing damage in the 3.0 and 3.6 m treatment (Table 1). The 0.6, 1.2, and 2.4
vegetation free strips had intermediate catfacing damage. In 2009 the 3.0 and 3.6 m
treatments had 9% less catfacing damage compared with the 0 m treatment. In 2010
vegetation-free strip widths did not affect the level of catfacing and overall, catfacing

damage was less than 7%.
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Of the three years of the study, 2011 was the only year that irrigation affected catfacing
damage with irrigated plots having a higher percentage of catfacing damage than non-

irrigated plots (Table 2).

Discussion

Buckelew (2009), observing younger trees in the same orchard as this study, reported that
peach tree yields of the grower standard of non-irrigated 3.6 m vegetation-free strip could
be matched by reducing the vegetation-free strip to 1.2 m with irrigation. Reducing the
vegetation-free area will increase the amount of surface covered with vegetation which
may decrease soil degradation in the bare areas. Reducing the width of the vegetation-free
strip will also reduce the amount of herbicide growers need to apply each year. Our results
show that a vegetation-free strip of as little as 0.6 m can reduce damage from catfacing
insects, potentially reducing the amount of insecticide that will need to be sprayed each
year. Use of a vegetation-free strip in the tree row will certainly not eliminate the need for

insecticide sprays but may make them more effective.

Killian and Meyer (1984) reported a reduction in the frequency of catfacing damage on
peaches with herbicide control of winter annual weeds in the tree row (2% damage with
treatment compared to 14% without) or over the entire orchard floor (4% damage with
treatment compared to 9% without). Our results support this finding and show that

benefits can be seen with a vegetation-free strip (eliminating all weeds, not just winter
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annuals) as narrow as 0.6 m though greatest benefit is seen when a vegetation-free strip of
3.0 or 3.6 is maintained. Important to note, although the orchard used in the present study
was on a commercial pesticide spray schedule, there was still a reduction in catfacing
damage by increasing vegetation-free strip widths. Using 2009 data, if we assume an
average yield of 865 bushels per hectare and an expected price of $24 per bushel (M.L.
Parker, personal communication), a 9% increase in saleable yield would produce an
additional 78 bushels worth $1868 per hectare. This increase in saleable yield would more

than offset the cost of herbicides necessary to maintain the vegetation-free strip.

This data was collected in years three through five after planting. As the trees age and grow
a larger diameter canopy they may require a wider vegetation-free strip to minimize
catfacing damage and maximize orchard profitability. The interaction between irrigation x
strip width needs further exploration to determine the optimum vegetation-free strip width

and irrigation for maximum fruit yield and quality.

It is important to note that only one peach variety, ‘Contender’, was used in this study.
‘Contender’ has a high blossom density so results with catfacing may be further improved
on varieties with a lower bloom density, as growers remove fewer fruit at thinning and

proportional loss of marketable fruit will cause higher economic losses.
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Table 1. Effect of vegetation-free strip width and irrigation on percent catfacing damage in
‘Contender peach, years 3-5 after planting

Year

2009* 2010 2011
Strip Width (m) Catfacing (%)
0 14.5at 6.9a 5.3a
0.6 9.8ab 6.4a 2.7b
1.2 11.5ab 4.9a 2.9b
24 7.5bc 4.8a 3.2b
3.0 5.5¢ 6.4a 2.2b
3.6 5.4c 5.2a 1.7b
p value 0.0018 0.1412 0.0059
Irrigation
Irrigated 8.6a 5.9a 3.7a
Non-irrigated 9.4a 5.6a 2.3b
p value 0.5539 0.5699 0.0145
p value for strip™ 0.0500  0.3881  0.5700

irrigation interaction

*Means within each column within main effects followed by the same letter do not
significantly differ (a<0.05)
tMain effect means are pooled across other main effects and 4 reps
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Rootstock Effect on Soil Ecology in a Peach Orchard

Abstract. Peach tree short life (PTSL) is a disease complex impacted by many factors,
including choice of rootstock and inherent changes in the rhizosphere. The effect of several
genetically diverse peach rootstocks on soil microbial biomass carbon (MBC), microbial
biomass nitrogen (MBN), soil microbial respiration (SMR), net nitrogen mineralization
(NNM), and endomycorrhizal fungal colonization of peach roots was studied in a peach
orchard in second leaf at the Sandhills Research Station in North Carolina. MBC was highest
in the ‘Guardian®’ rootstock rhizosphere in the fall. Differences among rootstocks in SMR
were apparent, but were not related to rootstock species parentage. In the spring, soil at
the dripline of ‘Krymsk® 1’ rootstock had the highest SMR and ‘Lovell’ had the lowest. In
the fall, soil around ‘Empyrean® 2’ had the highest SMR and ‘Krymsk 1’ had the lowest.
Microbial respiration changes among seasons and rootstocks may be a function of the
microbial ecology of the rootstock’s rhizosphere or a symptom of failing peach tree health.
‘Controller 5’ and ‘Viking’ had the highest endomycorrhizal root colonization while
‘Guardian® and ‘Empyrean® 2’ had the lowest. The purported resistance of ‘Guardian®’ to
PTSL is evidently not due to superior mycorrhizal dependency. Rootstock rhizospheres did

not differ in either fall or spring for MBN or NNM.

Introduction
Soil is a microbiologically dynamic and complex environment. In addition to plant support,

its functions include supplying nutrients, retaining water, supporting soil food webs,
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recycling nutrients, remediating pollutants, and suppressing plant pathogens (Moore-
Kucera et al., 2008). The rhizosphere (the soil immediately in the vicinity of plant roots) is a
biological niche with additional levels of complexity from interactions with the plant root
system. The physical and chemical properties of soil are affected by roots in the following
three ways: 1) roots exude nutrients into the soil, mainly in the form of nitrogen
compounds and carbohydrates), 2) roots contribute organic matter through sloughing of
epidermal tissue, and 3) roots withdraw water from the system (Bot and Benites, 2005).
Root exudates, in particular, play an important role in microbial dynamics (Campbell and
Greaves, 1990; Kennedy and Gewin, 1997; Kennedy and Stubbs, 2006) and will vary
between plant species and between rootstocks within a species. Fruit trees grafted onto
rootstocks with a rhizosphere that supports a diverse microbial community may indirectly
benefit through greater resistance to environmental stress and external disturbance

(Crecchio et al., 2004).

Soil chemical and biological properties are highly sensitive to soil management and
environmental stress and thus can be used to assess soil quality (Trasar-Cepeda et al.,
1998). Biological indicators of soil quality include microbial biomass and respiration, net
nitrogen mineralization, nematode communities and mycorrhizal associations (Karlen et al.,
1997) that will differ with plant community and management practices (Bot and Benites,

2005).
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Soil microorganisms (the soil microbial biomass) decompose plant residues and soil organic
matter to release carbon dioxide and plant-available nutrients, aid pesticide degradation,
and contribute to soil aggregation (Kennedy and Stubbs, 2006). Measurement of microbial
biomass carbon (MBC) and microbial biomass nitrogen (MBN) are frequently used as early
indicators of changes in soil chemical and physical properties (Brookes, 1995; Moore et al.,
2000; Rice et al., 1996). Soil microbial respiration (SMR) is widely used as an index of both
microbial activity and microbial biomass (Brookes, 1995). The rate of net nitrogen
mineralization (NNM; the conversion of organic N to NH,4", resulting in the liberation of

plant-available inorganic N forms) is an indicator of soil fertility (Heumann et al., 2012).

Several species of nematodes are of concern where peaches are planted in light, sandy soils
and in plots that were previously planted to peaches or other crops that are susceptible to
root-knot nematodes. Root-knot nematodes (Meloidogyne spp.) can severely affect tree
establishment and the ring nematode (Criconemella xenoplax) is associated with premature
tree death to the peach tree short life (PTSL) complex (Nyczepir, 2005). While PTSL is still
only partially understood, contributing factors are known to include ring nematode (C.
xenoplax), bacterial canker (caused by Pseudomonas syringae pv. syringae), and cold
damage (Nesmith et al., 1981; Nyczepir, et al., 1983; Ritchie and Clayton, 1981; Zehr et al.,
1976). Peach tree growth and survival can also be affected by lesion (Pratylenchus spp.)
and dagger (Xiphenema americanum) nematodes (Nyczepir, 1991; Reighard, 2005).

Treatment with a nematicide is a common pre-plant practice on sandy soils and was shown
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to increase survival, trunk cross-sectional area and water uptake (Horton et al., 1981). At
present, the nematicide Telone Il (1,3-dichloropropene) is commonly used in the
southeastern US for commercial peach production with minimal impact on soil microbial

communities (Ibekwe et al., 2001).

Good development of endomycorrhizae, a symbiotic relationship between plant roots and
arbuscular mycorrhizal (AM) fungi, is beneficial to the growth of peach (Prunus persica)
(Gilmore 1971; Pinochet et al., 1995), plum (Prunus spp.) (Camprubi et al., 1993), apple
(Malus domestica) (Granger et al., 1983; Mosse, 1957), and Citrus trees (Franca et al., 2007,
Marx et al., 1971). Mycorrhizae can increase plant growth, especially in infertile soils, as a
result of an enhanced ability of infected roots to absorb nutrients (Gerdemann, 1968).
Secondarily, AM benefit plants under physiological stress, such as drought conditions
(Barea, 1991; Nelson, 1987), and when impacted or infected by diseases (Azcon-Aguilar and

Barea, 1996; Dehne, 1982) and nematodes (Francl, 1993; Hussey and Roncadori, 1982).

Different rootstocks within a genus may be more or less mycorrhizally dependent
(Camprubi et al., 1993). The soil microorganisms in the rhizosphere will vary with the size of
the root system and the metabolic exudates released in the soil (Kennedy and Stubbs,
2006), both functions of the rootstock. In fact, the affinity for mycorrhizal colonization
appears to be cultivar specific rather than species specific (Granger et al., 1983; Pinochet et

al., 1995). Therefore rootstock breeding programs should evaluate new crosses for their
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mycorrhizal affinity to provide growers with plants that have an increased capacity to
withstand stress conditions and tolerance of pathogenic soilborne fungi and nematodes
(Calvet et al., 2004). This may allow growers to reduce soil chemical treatments which are

expensive and hazardous to orchard workers (Azcén-Aguilar and Barea, 1996).

Mycorrhizal fungi are ubiquitous and most growers will not need to inoculate their soil prior
to planting. Traquair and Berch (1988) reported heavy colonization by indigenous AM fungi
within six months after planting peach. Rutto and Mizutani (2006) reported high seedling

infection rates in both replant and nonreplant soils after one season.

The objective of this study was to compare the soil ecology of six peach rootstocks,
’Guardian@, ‘Lovell’, “‘Controller 5’, ‘Krymsk 1’, ‘Empyrean® 2’, and ‘Viking’, in the North

Carolina Sandhills after one year in the field.

Materials and Methods

The experiment was conducted at the Sandhills Research Station in Jackson Springs, NC
(35.21°N, 79.63°W). Soil was Candor Sand (sandy, Koalinitic, thermic Grossarenic
Kandiudults) with a pH of 5.8 and a humic matter content of 0.66% treated before planting
with the nematicide Telone II° (281 L ha') over a 2 m strip centered on the tree row. The
evaluated trees were ‘Redhaven’ peach (Prunus persica L.) grafted onto the following

rootstocks: ‘Guardian”’ (P. persica), ‘Lovell’ (P. persica), ‘Controller™ 5’ (P. salicina x P.
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persica), ‘Krymsk® 1’ (P. tomentosa x P. cerasifera), ‘Empyrean® 2’ (Penta; P. domestica),
and ‘Viking’ (interspecific hybrid between peach, almond, plum, and apricot). Trees were
planted as part of the larger NC-140 Peach Rootstock Trial
(http://www.nc140.org/plantings/2009peachrootstock.html) on Mar 10, 2009 at a spacing
of 4.9 m within the row and 6.0 m between rows in a randomized block design with eight
replications. For the present study, samples were only collected from four replications due
to tree death attributed to bacterial canker (Pseudomonas syringae) in several of the
rootstocks. Trees were irrigated using micro-sprinklers during the growing season when
precipitation during the week was less than 2.54 cm. A 3.6 m weed free strip in the tree
rows was maintained by broadcast application of tank mixed herbicides per commercial
recommendations. Row middles were allowed to populate with native weedy species and

were maintained by mowing to a height of 10-13 cm tall as needed.

Soil samples were collected from the upper 15 cm layer of soil at the drip line of the tree
canopy in May (spring) and October (fall). One composite sample consisted of 4 replicate
cores (5 cm diameter x 15 cm depth) per tree. Samples were immediately sealed in plastic
bags, placed in coolers, and transported to the laboratory. The field-moist samples were
sieved with a 2 mm screen and stored in sealed plastic bags at 4°C until analysis. Peach
roots collected in the fall from each sample on the sieve were stored in separate sealed

plastic bags at 4°C.
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Soil physical and chemical properties. Soil moisture was determined by placing 10 g of soil
in a plastic beaker, oven drying at 105+£1°C for 24 hours, and reweighing the sample. For
soil pH and electrical conductivity (EC), soil samples were diluted 1:2 with distilled water,
allowed to sit for 20 minutes and filtered through Whatman 4 filter paper (Whatman
International, England). The pH and EC of the filtrate was measured using a Hanna Meter

(HI' 9811, Hanna Instruments, Smithfield, RI) standardized to pH 6.0 and EC 0.14.

Soil microbial biomass. Microbial biomass C (MBC) and microbial biomass N (MBN) were
extracted by the chloroform-fumigation method (Ross, 1992; Vance et al., 1987). Twenty
grams of soil were fumigated with ethanol-free chloroform for 48 hr. Both fumigated and
non-fumigated soils were extracted with 50 mL of 0.5 mol L™ K,S0,4 by shaking for 30
minutes. A total organic carbon (TOC) analyzer (TOC-5050A, Shimadzu Corporation, Kyoto,
Japan) was used to determine the organic C (Corg) in the extracts. MBC was calculated as
follows: MBC=(Cyrg in fumigated soil-Corg in non-fumigated soil)/ke, where kec=0.33, the
factor used here to convert the extracted organic C to MBC (Sparling and West, 1988). N
concentration in the extract was determined on a Lachat flow injection analyzer (Lachat
Instruments, Milwaukee, WI) after digestion using alkaline persulfate oxidation (Cabrera
and Beare, 1993). The MBN was calculated using the equation: MBN=(total N in fumigated
soil-total N in non-fumigated soil/ken, Wwhere ke,=0.45, the factor used to convert the

extracted organic N to MBN (Jenkinson, 1988).
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Soil microbial respiration (SMR). Microbial activity was measured using a method modified
from Alef and Nannipieri (1995). Twenty grams of soil were placed in an Erlenmeyer flask
and distilled water was added to bring the sample to 10% moisture (based on results of the
soil moisture test). Flasks were placed in 0.946 L glass jars with 5 ml distilled water in the
bottom and a 50 ml beaker containing 5 ml 0.25 mol L™t NaOH, sealed, and incubated in the
dark at 25°C. After seven days, the NaOH beaker was replaced with one containing fresh
NaOH and the jars were incubated for an additional seven days. The CO, trapped in the
NaOH solution was titrated with 0.1 mol L'* HCI. Microbial respiration was estimated as mg

CO, kg™ soil d”* by averaging data from both weeks.

Net nitrogen mineralization (NNM). Net nitrogen mineralization was determined using the
method described by Hart et al. (1994). After the completion of the two week incubation
for soil microbial respiration the soil samples were incubated for an additional two weeks.
NH," and NO5  in the soil were extracted with 50 mL of 0.5 mol Lt K,S0O, solution and
analyzed with the Lachat flow injection analyzer. Net N mineralized in soil was calculated as

the difference between K,SO4-extractable inorganic N contents before and after incubation.

Arbuscular mycorrhizal colonization of peach roots. One hundred 1 cm lengths of fine peach
roots (diameters of 0.5-1.0 mm) were used to determine mycorrhizal colonization of roots,
following the method described by Phillips and Hayman (1970). Root segments were

submerged in 10% KOH solution in filtering crucibles in plastic containers. The plastic
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containers were put into a hot water steamer for 30 minutes or until roots were cleared.
The roots were then rinsed with tap water to remove KOH and then submerged in 1% HCI
for at least one hour. After removal from the HCl solution roots were stained using a trypan
blue solution (0.05% trypan blue, 50% glycerine, 25% lactic acid) and heated again in the
steamer for 20 minutes. Excess stain was washed off with tap water. AM colonization was
determined using a Nikon SMZ-1B dissecting microscope (Nikon, Tokyo, Japan) and the
gridline intersection method (by distributing samples across a petri dish with a 1 cm grid
and observing the percentage of infected roots to uninfected roots where they crossed the

gridlines).

Data were subjected to analysis of variance using PROC GLM with SAS version 9.3 (SAS
Institute Inc., Cary, N.C.). Means separation was by Duncan’s new multiple range test

(a=0.05).

Results

Average soil moisture was 5.7% in the spring with no difference between rootstocks and
5.3% in the fall (Appendix 2). Soil pH averaged 5.27 in the spring and 6.08 in the fall and soil
EC averaged 0.05 mS cm™ in the spring and 0.07 mS cmin the fall with no difference

between rootstocks (Appendix 2).
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Neither MBC nor MBN in the spring or MBN in the fall differed due to rootstock (Table 1).
In the fall, ‘Guardian®’ had the highest and ‘Controller 5’ had the lowest MBC
concentrations of all the rootstocks. In the spring ‘Krymsk® 1’ had the highest SMR and
‘Lovell’ had the lowest SMR rate of the rootstocks. However, in the fall ‘Empyrean® 2’ had
the highest and ‘Controller 5 and ‘Krymsk® 1’ had the lowest SMR rate of the rootstocks.

Rootstocks did not differ in NNM in the spring or fall.

‘Controller 5’ and ‘Viking’ had the highest amounts of endomycorrhizal root colonization

while ‘Guardian® and ‘Empyrean® 2’ had the lowest (P=0.0187) (Figure 1).

Discussion

After one year in the field, rootstock rhizosphere soils did not significantly differ for MBC,
MBN, SMR, or NNM. Duncan’s separations existed for MBC and SMR but were not related
to rootstock species parentage. It is interesting that the rootstock with the highest soil
microbial respiration rate in the spring, ‘Krymsk® 1’, had the lowest soil microbial
respiration rate in the fall. It is unknown whether this is a function of the microbial ecology
of the rootstock’s rhizosphere or whether it may be a symptom of failing tree health. The
bacterial canker rating for ‘Krymsk® 1’ was 2.4 in 2010 (O=no visible symptoms, 1=terminal
dieback of one limb, 2=dieback on two limbs affecting up to 50% of the tree, 3=dieback on
50-75% of the tree, 4=leaf growth emerged, but a majority of tree is dying, 5=tree is dead),

higher than all other rootstocks examined. By the following year, two of the six trees on
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‘Krymsk® 1’ rootstock were dead. ‘Guardian® and ‘Empyrean® 2’ received a bacterial
canker rating of 0 in 2010 and had the two highest soil microbial respiration rates. This
relationship needs further examination to determine if reduced soil microbial respiration

rate may be an early warning for failing tree health.

The rootstocks ‘Controller 5’ and ‘Viking’ had the highest AM root colonization and
‘Guardian® and ‘Empyrean® 2’ had the lowest. ‘Guardian”, the current preferred rootstock
in the southeastern US, tolerates peach tree short life with greater survival on sandy,
replant sites with ring nematode and is also tolerant of root knot nematodes, bacterial
canker and cold injury (Okie et al., 1994; Parker et al., 1997; Reighard, 2005; Reighard et al.,
1997). Evidently, the rootstock’s survival and tolerance of nematodes is not due to superior

mycorrhizal dependency.
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Table 1. Rootstock rhizosphere soil microbial biomass carbon (MBC) and nitrogen (MBN),
soil microbial respiration (SMR), and net nitrogen mineralization (NNM) for peach in second
leaf on sandy soil in the NC Sandhills

Spring Fall
Rootstock MBC"* MBN SMR NNM MBC MBN SMR NNM
Guardian® 14.44a 3.56a 8.63ab  2.90a 3436a 7.28a 6.05ab  2.60a
Lovell 15.72a 4.09a 6.68b 3.22a 32.63ab 12.20a 5.31ab  1.93a
Controller5 14.29a 5.47a 8.39ab  3.02a 30.94b 5.77a 4.33b 2.13a

Krymsk® 1 15.97a 4.82a 13.52a  2.85a 32.19ab 7.79a 3.60b 3.08a

Empyrean®2 15.42a 5.13a 10.10ab 2.93a 31.97ab 8.09a 7.77a 2.33a

Viking 15.00a 3.80a 11.81ab 4.92a 33.08ab 10.12a 5.32ab  2.40a

p value 0.9867 0.8996 0.2793 0.4149 0.0901 0.3526 0.0516 0.1490
*Samples in each column with the same letter are not significantly different («<0.05)
YMeans are pooled across 4 reps

126



100 -
90 - a

ab

80 - b ab
70 -
60 -
50 -
40 -

30 A

Root Colonization (%)

20 A

O T T T T T 1
Guardian® Lovell Controller 5 Krymsk 1 Empyrean®?2 Viking

Figure 1. Endomycorrhizal root colonization by rootstock for peach in second leaf on sandy
soil in the NC Sandhills (p=0.0187). Vertical bars represent standard deviation over four
replications. Rootstocks with the same index letter are not significantly different (a<0.05)
separated by Duncan’s new multiple range test.
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Appendix 1. Effect of Vegetation-free Width and Irrigation on Peach Tree Growth, Yield, and
Fruit Size, Additional Figures
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Figure 1. Effect of vegetation-free strip width, with and without irrigation, on trunk cross-
sectional area of peach trees, years 3-6
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Figure 2. Effect of vegetation-free strip width on trunk cross-sectional area (cmz) of peach
trees, years 3-6
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Figure 3. Effect of irrigation on trunk cross-sectional area (cm?) of peach trees, years 3-6
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Figure 4. Effect of vegetation-free strip width, with and without irrigation, on peach yield
(kg), years 3-7
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Figure 5. Effect of vegetation-free strip on peach yield (kg), years 3-7
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Figure 6. Effect of irrigation on peach yield (kg), years 3-7
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Figure 7. Effect of vegetation-free strip width, with and without irrigation, on harvest
maturity (% of total yield harvested on the first harvest date of each year), years 3-7
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Figure 8. Effect of vegetation-free strip width on harvest maturity (% of total yield
harvested on the first harvest date of each year), years 3-7
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Figure 9. Effect of irrigation on harvest maturity (% of total yield harvested on the first
harvest date of each year), years 3-7
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Figure 10. Effect of vegetation-free strip width, with and without irrigation, on average
peach weight (g), years 3-7
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Figure 11. Effect of vegetation-free strip width, with and without irrigation, on average
peach diameter (cm), years 3-7
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Appendix 2. Soil Chemical Properties

Table 1a. Effect of vegetation-free strip width and irrigation on soil moisture
Soil Moisture (%)

Spring Fall Spring Fall
Strip width (m) 2009* 2009 2010 2010
0 5.3b* 5.4a 3.7b 4.9a
1.2 5.7ab 5.2a 4.4ab 4.9a
2.4 i 5.0a 4.8a 4.8a
3.6 6.1a 5.3a 5.1a 4.9a
p value 0.0994 0.4750 0.0491 0.9089
Irrigation
Irrigated 5.8a 5.7a 5.4a 5.0a
Non-irrigated 5.5a 4.8b 3.6b 4.8a
p value 0.4079 <0.0001 <0.0001 0.2180

*Samples in each column with the same letter are not significantly different (a<0.05)
¥No samples were collected from 2.4 m plots in Spring2009

Table 1b. Effect of vegetation-free strip width and irrigation on soil pH

Soil pH
Spring Fall Spring Fall

Strip width (m) 2009* 2009 2010 2010
0 5.7b* 5.6a 5.2a 6.3a
1.2 5.8a 5.7a 5.0a 6.3a
2.4 i 5.6a 5.0a 6.2a
3.6 5.8a 5.7a 5.0a 6.4a
p value 0.0461 0.8286 0.1350 0.6477
Irrigation

Irrigated 5.8a 5.6a 5.1a 6.3a
Non-irrigated 5.7a 5.6a 5.0a 6.3a
p value 0.0543 0.7683 0.7040 0.8697

*Samples in each column with the same letter are not significantly different (a<0.05)

¥No samples were collected from 2.4 m plots in Spring2009
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Table 1c. Effect of vegetation-free strip width and irrigation on soil electrical conductivity

EC (mS cm™)
Spring Fall Spring Fall

Strip width (m) 2009* 2009 2010 2010
0 0.10at 0.28a 0.21a 0.08a
1.2 0.08b 0.26a 0.08a 0.07bc
2.4 i 0.26a 0.07a 0.06¢
3.6 0.08b 0.26a 0.07a 0.07ab
p value 0.0063 0.1227 0.4186 0.0143
Irrigation

Irrigated 0.08b 0.27a 0.07a 0.07a
Non-irrigated 0.09a 0.26a 0.14a 0.07a
p value 0.0303 0.6586 0.3465 0.1781

*Samples in each column with the same letter are not significantly different (a<0.05)

tMain effect means are pooled across other main effects and 4 reps

¥No samples were collected from 2.4 m plots in Spring2009

Table 2. Peach rootstock rhizosphere soil moisture, pH and EC

Spring 2010 Fall 2010
Rootstock moisture EC moisture EC
(%)* PH O (ms em?) (%) PH (ms cm™)

Guardian® 5.7at 5.4a 0.05a 5.4ab 6.1a 0.07a
Lovell 5.9a 5.2a 0.06a 4.9b 6.0a 0.07a
Controller 5 5.8a 5.3a 0.05a 5.3ab 6.2a 0.07a
Krymsk® 1 5.6a 5.3a 0.05a 5.7ab 6.0a 0.08a
Empyrean® 2 5.5a 5.3a 0.05a 4.9b 6.1a 0.07a
Viking 5.8a 5.3a 0.04a 5.7a 6.1a 0.07a

*Samples in each column with the same letter are not significantly different (a<0.05)

tMeans are pooled across 4 reps
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Appendix 3. Nematode Sampling Results

Table 3. Effect of vegetation free strip and irrigation on nematode populations, April 2010

Nematode

Root Knot* Ring* Other*
Strip Width (m) count/500 cc soil
0 5% 24 186
0.6 45 126 361
1.2 31 96 318
2.4 0 44 315
3.0 0 90 865
3.6 0 119 600
p value 0.5209 0.8071 0.3788
Irrigation
Irrigated 25 129 418
Non-irrigated 2 37 464
p value 0.1797 0.0730 0.8138
p value for strip™ 0.4512 0.2193 0.8478

irrigation interaction

*No significant difference between treatments at a<0.05
tMain effect means are pooled across other main effects and 4 reps
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Appendix 4. Monthly Temperatures and Precipitation

Table 4. Monthly weather data for the Sandhills Research Station
March 2009 2010 2011 2012 2013
Temperature Min (C) 4.9 5.2 5.4 10.1 2.1
Temperature Max (C) 15.6 16.9 16.7 22.0 13.7
Precipitation (cm) 10.2 12.1 11.3 15.9 8.3
April
Temperature Min (C) 9.6 10.9 11.0 10.4 10.6
Temperature Max (C) 22.6 24.7 235 22.0 22.0
Precipitation (cm) 4.3 2.8 10.2 11.3 17.6
May
Temperature Min (C) 15.4 16.6 15.3 16.5 14.0
Temperature Max (C) 26.0 27.4 26.7 27.3 24.7
Precipitation (cm) 99 176 111 190 124
June
Temperature Min (C) 19.5 21.1 19.9 17.4 19.3
Temperature Max (C) 30.1 32.4 32.6 29.4 28.9
Precipitation (cm) 6.1 8.9 10.0 10.3 36.0
July
Temperature Min (C) 19.6 21.4 21.9 21.8 21.4
Temperature Max (C) 30.2 32.4 335 32.7 29.7
Precipitation (cm) 14.0 27.9 14.2 42.4 46.3
Sources: State Climate Office of North Carolina CRONOS Database
(http://www.nc-climate.ncsu.edu/cronos/) for the weather station
located at the Sandhills Research Station, Jackson Springs, NC
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