Effects of ground cover management on
certain abiotic and biotic interactions in peach
orchard ecosystems
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ABsTRACT.  Large peach orchard blocks with three different ground cover strategies were
established in North Carolina to measure the effects of abiotic and biotic variables on tree growth
and peach production. Bare ground plots generally had higher soil temperature and soil moisture
than the strip sod or solid sod plots. Soil nutrients, soil physical factors, and foliar nutrients were
generally not different among the treatment plots. Tree growth (terminal shoot growth, trunk
circumlerence) and fruit yield were usually higher in the bare ground plots, while the weedy plots
had higher percentages of fruit injury due to feeding by hemipteran insects (catfacing). Ring
nemaltode results were variable and no conclusions could be made with reference to treatment
effects on nematode populations.
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Introduction

Over the years, a number of ground cover manage-
ment strategics have been proposed for deciduous
orchards. Although high-quality fruit can be pro-
duced in a variety of ways, there are distinct advan-
tages and disadvantages to each option. Clean
culture (bare ground) is a common practice in the
United States because it reduces competition be-
tween weeds and trees for water and nutrients (Lord
and Vlach, 1973) and provides a measure of frost
protection in the carly spring (Hamer, 1975). Unfor-
tunately, bare ground also leads to compaction of
the soil, increased runoff during rains, greater ero-
sion, and poor roadability under wet conditions
(Haynes, 1981b). Sod or natural sward ground
covers, on the other hand, maintain better soil
texture (Soong and Yap, 1976), improve absorption
of water during rains, preserve roadability (the
ability for intraorchard travel), and stabilize tem-
perature fluctuations in the root zone (Dancer,
1964), but they also harbour pest populations, and
compete with the trees for available water and
nutrients (McMurtrie and Wolf, 1983 ; Powell, Forer
and Stouffer, 1984).

In response to this dichotomy, many growers have
adopted a modified sod managecment programme
which allows growth of grasses or natural sward in
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the row middles and uses herbicides or tillage to
maintain a strip of bare ground under the tree row.
Although this option preserves roadability, reduces
competition and offers a small degree of frost protec-
tion (Atkinson and White, 1981}, it still provides a
refuge for pests. We attempted to strengthen the
research base for decision-making by focusing on the
interactions between ground cover management
strategies, growth response of the trees, water avail-
ability, orchard microclimate, and competition from
pests. The objectives of this study were to compare
these three ground cover management strategies in
regard to several abiotic and biotic variables and to
relate these variables to peach tree growth, fruit
production and value, catfacing injury and ring
nematode [Criconemella xenoplax (Raski) Luc &
Raski] population density in sandy soils of North
Carolina’s peach-growing region.

Materials and methods

Orchard siles

Three commercial orchards and one research or-
chard in three North Carolina counties were studied.
A 22:3 ha block in Montgomery Co. contained trees
of cvs Derby, Carymac and Rubired. The orchard
was divided into six ground cover management
plots, two each of bare ground, strip sod, and solid
sod. The bare ground was maintained by periodic
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discing, while the solid sod plots were left untreated.
In the strip plots, herbicides (paragquat, diuron, and
terbacil, at the grower’s discretion) were applied to
the areas under the trees. Variables were measured
in this orchard only in 1986.

The sccond commercial orchard, located in Rich-
mond Co., was used in 1986 and for a limited period
during 1987. This 11-3 ha orchard, planted in 1983,
contained cvs Belle of Georgia, Candor, Jelferson,
Loring, Norman, Redskin and Winblo aligned in
rows. In fall (autumn) 1985 the entire orchard was
disced and annual rye (Secale cereale, cv. Aroostock)
was planted in unidirectional rows in the strip plot,
and in both directions in the solid sod plot. The bare
ground plot was maintained by periodic discing,
while the surface under the trees was [reed of vegeta-
tion by herbicide (paraquat) applications.

The third orchard studied was located in the
coastal plain region of North Carolina at the Horti-
cultural Crops Research Station (HCRS) in Samp-
son Co. This 0-5ha orchard planted in 1984,
conlaincd trees of cvs Biscoe and Norman and was
used in 1987 and 1988. The bare ground plot was
mainlained by discing, the surface under the trees in
the strip sod plot was freed of vegetation by paraquat
applications, and the solid sod plot was untreated.

The fourth orchard was located on the Sandhills
Research Station ncar Jackson Springs. This 4-5 ha
orchard, planted in 1981, contained blocks of cvs
Biscoe, Norman, Pckin and Winblo, and was used in
both 1986 and 1987. The orchard was divided into
three ground cover plots—bare ground, weedy, and
no winter annual (NWA). The bare plot was kept
clean by periodic discing; the weedy plot had no
ground cover management applications except for
mowing. Paraquat CL was applied in late February
or early March of both years in the NWA plot to
suppress growth of winter annuals over the entire
floor. Regrowth of summer annuals and perennials
was allowed throughout the rest of the season.

Abiotic and biotic variables

Daily maximum and minimum air temperaturcs
were taken in the tree canopics of the Montgomery,
Richmond 1986, and Sandhills 1986 orchards using
Taylor dual scale maximum-minimum ther-
momelers protected by small shelters for shade.
Temperature stations located on isoclines ncar the
centre of each plot recorded temperaltures from carly
January through late April. Air and soil tempcra-
tures in Richmond 1987 were recorded every 10 min
using Omnidata Datapods during April. Air-tem-
perature probes were attached to branches within
the tree canopy, while soil-temperature probes were

placed ¢. 5 cm below the surface. Seasonal changes of

air and soil emperatures were calculated by sum-
ming the daily difference between maximum and
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minimum temperatures throughout the recording
period.

Soil moisture was measured gravimetrically from
samples collected using soil corers. Samples were
weighed, air-oven dried (Grieve-Hendry Labora-
tory Oven) for | h at 100°C in glass Petri dishes,
cooled for 30 min, weighed again, and the percent-
age moisture expressed as mass ol water per unit
mass of dry soil (dry-weight basis) (Hunt and Pix-
ton, 1974). Spring scason (late March late April)
soil moisture was measured every 2 -5 days in HCRS
1987, Richmond 1986 and 1987, and Sandhills 1987.
Summer season (late June—carly fall} soil moisture
was mcasured weekly in the HCRS 1987 and Sand-
hills 1987 orchards. In all orchards 2-4 replications
were sampled per ground cover plot.

Soil samples were collected for physical variables
and plant nutrients - three in HGRS 1987, four in
Montgomery, five in Richmond 1986 and Sandhills
1986, and two in Sandhills 1987. Samples werc taken
using soil corers, with 20-30 cores per sample, and
from two to cight replications per ground cover plot,
depending on orchard size. Samples were placed in
small cardboard boxes and were analysed by the
Agronomic Division of the North Carolina Depart-
ment of Agriculture. The variables measured were
humic matter (g/100 an?®), weight per volume
(gecm™?), cation cxchange capacity (CLC)
(1g/100 cm®), base saturation (percentage of CEC),
and pH (hydrogen  ion  concentration).
Macronutrients sampled included phosphorus and
polassium, both represented as indices, and calcium
and magnesium, both represented as a pereentage of
the CEC.

Ring nematodc samples were taken in the HCRS
1987, Richmond 1987, and Sandhills 1986 and 1987
orchards. In HCRS 1987 and Sancdhills 1987, carly
summer and late fall smnples were taken; a spring
sample was taken in Richmond 1987, while a late
fall sample was taken in Sandhills 1986. Samples
were laken using soil corers, with 20 30 cores per
sample, and from two (o cight replications per
ground cover plot, depending on orchard size. Sam-
ples were stored in plastic bags and cardboard boxcs,
and nematodes were cxtracted by clutriation plus
centrifugal flotation (Byrd e al., 1976) by plant
pathologists at Clemson University.

Foliar nutrients in Sandhills 1986 were measured
from leaf samples taken in late summer and analysed
by the Plant Tissue Laboratory of the North Caro-
lina Deparument of Agriculwure. Samples were taken
from all four cultivars in cach ground cover plot.
The macronutrients nitrogen, phosphorus, potas-
sium, calcium, magnesium, and sulphur, and the
micronutricnts iron, manganese, zinc, Ccoppcr,
boron, and molybdenum were measured.

Scasonal tree growth was recorded using mid-
winter measurements of terminal shoot length and
trunk diamecter or circumference. Terminal shoots
were measured in HCRS 1987 and 1988 (5 shoots/
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trce, 10 trees/cultivar, 2 cultivars/ground cover
plot), and Richmond 1986, Sandhills 1986, and
1987 (10 shoots/tree, 10 trees/cultivar, 4 cultivars/
ground cover plot). Percentage increase in trunk
diamcter was measured in Richmond 1986 and
Sandhills 1986 (10 trees/ground cover plot), and in
trunk circumference in HCRS 1987 and 1988 (10
trees/cultivar, 2 cultivars/ground cover plot) and
Sandhills 1987 (10 trees/ground cover plot).

Orchard floor surveys were conducted in all
orchards during late winlter or carly spring to deter-
mine the vegetative content of the ground cover.
Samples were taken in cach ground cover treatment
plot using a squarc-metre grid divided evenly into 25
sections. Plant species were identified (Radford,
Ahles and Bell, 1976) and overall vegetative density
(percentage amount ol vegetation per square metre)
was recorded.

Pcach yield (kg) and percentage catfacing (injury
o the fruit duce to feeding by hemipteran species)
were measured in Sandhills 1986 and 1987. Catfac-
ing injury was determined by randomly picking 100
fruit (2-4 replications) from all four cultivars in each
ground cover plot during harvest. In 1986, yield was
measured at harvest for cvs Biscoe, Norman
and Winblo trees in all ground cover plots and
in 1987, from cight trees per cultivar in cach
ground cover plot. Size was determined as small
(<5-08 cm), medium (5:08-5:72 cm), medium=-large
(5-72-6-35 cm), or large (>6-35cm). Fruit value
was calculated based on the cquation: FV =
T1(%sm * 0-32) 4 (%ml * 0:37) + (9,1 * 041)],
Y = yield (kg), sm = small and medium fruit, ml =
medium-large fruit, and | = large fruit. The follow-
ing prices were used for each size category:
$0-41 kg=' for large peaches, $0-37kg™' for
medium-large peaches, and $0-32 kg™ ' for small
and medium peaches.

Data were analysed for the cffects of ground cover
management on the variables individually using a

mean separation test (SAS Institute, 1982) and
tested for correlation to show any relationships be-
tween single abiotic or pest variables and tree
growth and peach production.

Results

Individual variables

Tree canopy lemperature.  No significant differences in
the analysis of variance were found among ground
cover plots in comparing daily maximum, minimum
or range (maximum-minimum) air temperatures
(Table I). Ground cover appeared to have had no
cffect on tree canopy temperature.

Soil lemperature. 'The bare ground plot in Richmond
1987 had significantly higher maximum mean soil
temperatures (23-1 4+ 1.0°C) compared with the so-
lid and strip sod plots (19-3 + 0:9°; 17-1 £+ 0-9°).
The minimum soil temperatures among plots were
not different. Temperature range, as measured by
the regression slopes, was higher in the bare plot
(13:1) than in the other plots. The solid sod plot had
the lowest temperature range slope (8:0), while the
strip plot was intermediate (11-5).

Sotl moisture.  Soil moisture means among plots were
not significantly different, but when the data were
summed and analysed as a regression model to
compare slopes, differences were noted in the HCRS
1987 orchard. Larger slopes correlated with gener-
ally higher soil moistures. The bare ground plot had
the largest slope in the model (4-83), compared with
the solid (3-97) and strip sod (3-88) plots (data not
shown). There were trends for spring soil moisture to
be lowest in the solid sod plots in both years in the
Richmond orchard, but these differences were not
significant. Also, there was a trend for summer soil

TaBlk 1. Tree canopy temperatures (°C) (maximum, minimum and range) averaged over the recording period in three ground cover (GC)
management plots for four peach orchards in Narth Carolina. All differences among plots within columns were not significantly different (£ > 0-01)

Tree canopy temperatures (mean 1 SE; °C)

Location Recording period GC Maximum Minimum Range
Montgomery January-April Bare 203 £ 08 33107 16-9 £ 0-5
(103 days) Surip 198 + 09 32+07 165 + 05
Solid 202 + 09 35107 16:7 £ 0-5
Richmond January-April, 1986 Bare 199 + 08 31 +06 168 + 0-6
(104 days) Strip 20-1 + 08 33106 168 + 0-6
Solid 196 £ 08 27106 16-8 £ 0-6
Sandhills January-April, 1986 Bare 198 + 0.9 32+ 07 166 + 05
(104 clays) NWA*® 199 + 09 33107 16:6 £ 05
Weedy 198 + 08 33 1+ 07 165 £ 05
Richmond April, 1987 Bure 210 £ 12 65+ 10 145 £ 09
(23 days) Strip 211 £ 1-2 64113 i48 £ 09
Solid 215 13 64+ Il 150 + 10
“ No winter annuals
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moisture to be lowest in the bare ground plots in the
Sandhills orchard, but again this was not significant.

Soil physical variables and nutrients. The soil physical
variables and soil nutrients were generally not signi-
ficantly different among ground cover treatments.
The bare ground plot in three different orchards
{Montgomery, Richmond 1986, and Sandhills 1987)
had the highest pH, and the NWA plot in Sandhills
1987 had the lowest. Base saturation in two orchards
(Richmond 1986 and Sandhills 1987) was highest in
the bare ground plots and lowest in the solid sod or
weedy plots. Phosphorus and manganese were differ-
ent among plots, higliest in the solid sod plots during
both years in Richmond.

Foliar nutrients. Phosphorus, magnesium, and sul-
phur generally were highest in leaves from thie bare
ground and weedy plots, and lowest in leaves from
the NWA plots (Table 2). Nitrogen, potassium, and
calcium were not different among plots, although
there were trends lor higher nitrogen in barc
ground-plot trees, and higher potassium and cal-
cium in weedy-plot trees. Iron, manganese, and
copper were different among plots, but no trends
were evident.

Tree growth measurements. In all five orchards, trees
in the solid sod or weedy plots had the shortest
terminal shoot growth (Table 3). There were signifi-
cant interactions between ground cover type and
cultivar in three ol the orchards. In the Sandhills
1986 and 1987, this intcraction was attributed to
individual cultivars having either barc or NWA trees
with longer shoot growths. However, in all cultivars

in these orchards, the trces over weedy cover had
significantly less growth. The data {rom Riclimond
1986 arc morc questionable. Only one of the lour
cultivars (Belle of Georgia) had a signilicant difler-
ence among covers, although the trend was for the
trees over bare ground to have the longest growth,
and trecs over solid sod to have the shortest. In three
of the four orchards where trunk measurements were
made, the weedy or solid sod plots had the smallest
percentage increase, and the bare ground plots had
the highest ( Table 4). In HCRS 1988, the diflferences
in trunk circumference among plots were not signifi-
cantly different (P = 0-067: barc 21-49, + 0-3; strip
202 + 0-5; solid, 16-0 + 0-8)

Orchard floor cover. 1In all four orchards surveyed,
cultivated plots had low percentage ground cover,
ranging {rom 12:5%, in HCRS 1987 w 1-0Y% in
Richmond 1986. The strip and solid sod plots were
similar in the amount of cover, usually >729%,,
except in Richmond 1986 (strip, 10%,; solid, 45%,),
where tlic cover was newly established. Early spring
orchard floor surveys in Sandhills 1987 suggested
that there were statistically similar percentages of
ground cover, but higher densities of winter annuals
were lound in the weedy plots. The NWA plot had
8% of its cover in lienbit (Lamium amplexicaule 1..)
and 1%, in bitter cress (Cardamine hirsuta L.), while in
the weedy plot 259, of the cover was in chickweed
| Stellaria media (L.) Cyrillo], 149, in Carolina geran-
ium (Geranium carolintanum L..) and 59, in henbit.

Ring nematodes.  Criconemella xenoplax (Raski) Luc &
Raski populations were quite variable, and were
only significantly different among plots in the Sand-

TABLE 2. Foliar macro- and micronutrients (means + SE)® in three ground cover management plots, Sandhills Research Station, 1986
Ground Macronutrients Micronutricnts
cover
Phosphorus Magnesium Sulphur Iron Manganese Copper
(%) (%) (%) (ppm) (ppm) (ppm)
Bare 0-32 1 0-005a 0-62 + 0-02a 0-14 £ 0-004a 813 + 2-tab 64-1 £ 1.6b 60+ 03b
Weedy 0-31 + 0-0lab 0-60 + 0-0la 0-14 £ 0-006a 905 + 4-4a 868 + 57a 59+ 0lb
NWA? 0-29 + 0-004b 0-53 + 0-02b 011 £ 0-006b 76-5 £+ 1-6b 78:1 + 4-2ab 90 + 0:3a

“ Means followed by the same letter within each orchard are not significanily different | P < 0:05, Tukey’s {1953) studentized range test (HISD)]: * no winter annuals

»

TaBLE 3. 'Terminal shoot length® (em; mecan £ SE)? in three ground cover management plots for five peach orchards in North Carolina

Ground cover

Orchard

HCRS 1987¢ HCRS 1988° Sandhills 19867 Sandhills 19874 Richmond 1986
Bare 1706 + 47a 203-1 + 4-1a 50-0 £+ 0-8a 950 + 1-0b 484 + 0:5a
Strip 1550 £+ 3-7b 1882 + 3-6a 461 + 0-6b
Solid 128-8 + 3-8¢c 1583 + 3-6b 458 + 0-7b
NWA 46-6 + 0-6b 995 + I-1a
Weedy 3274+ 0-7¢ 753 + 0-7¢

* For details of measurcments see text; all terminal shoots measured were for the previous year's growth; resulis are combined across trees and cvs; the range of values is
explicable in terms of the age of the trees, pruning practices and fruit-bearing status of the trees allecting vegetative production; * means followed by the same leuter within
each orchard are not significantly different [ 2 < 0-05; Tukey’s (1953) studentized range test (HSD)]; © data combined from trees of cvs Biscoe and Nornan; “ data combined
from Biscoc, Norman, Pekin and Winblo trees; © data combined from Belle of Georgia, Norman, Redskin and Winblo trees
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TasLk 4. Percentage trunk measurenment inerease based on circumler-
ences (C) or diameters (1) (means £ SE) in three ground  cover
management plats for three peach archards in North Caroling

Ground cover Ovrchard

HCRS 1987 (Gy Sandhills 1986 (1)) Sandhills 1987 (C)

Bare 290 £ 0:5a 84 + 0:5a 107 + H-1a
Surip 26:1 £ 4h

Solid 208 + 0-5¢

NWA 88 + 09a 7:t +03b
Weedy 51+ b1 39+ 0-7¢

“ Means followed by the same leter within each orchard are not significantly
different [£ < 0-00; Fukey's (1953) studentized range west (FISD} ]

hills 1986 orchard. This orchard was sampled in late
fall, and the bare ground plots had more nematodes
per 1000 cc [203-8 + 459 (SI) | than the NWA plots
(682 + 14-6). T'he weedy plots had intermediate
numbers of nematodes (134-0 & 25:0). The other
sampled orchards had lower nematode numbers.

Peach yield, size, value and calfacing. TFruit was sam-
pled only in the Sandhills orchard during 1986 and
1987. 1n both years, the bare ground plots gencrally
produced the highest yiclds, although the differences
among ground covers were not statistically signifi-
cant. In 1986 barc ground-plot trees produced
31.8+ 19 kg trce ™', compared with 18-9 + 1.6 kg
tree ™' for weedy plots. In 1987 the bare plot yield
was 517 £+ 50 kg tree ™' compared with 184 + 1.7
kg tree ™! in weedy plots. However, there was a
ground cover by cultivar interaction in 1987, The
yicld difference was slight for bare ground and NWA
plots in cvs Biscoe and Winblo, but was much larger
in Norman and Pckin trecs.

The percentage of ‘large’ {ruit was higher in the
NWA plots (73-5 + 3-3%,) than in the bare ground
plots (55-3 + 5-8%,) and intermediate for the weedy
plots (67-6 + 5-4%/,). However, there was a highly
significant ground cover by cultivar interaction.
Biscoe trees on bare ground produced very low
percentages of large fruit (12-9%,) compared with
the other cultivars. Pckin peaches were larger with
weedy cover, but Winblo peaches were larger with
bare ground. These differences may be explained by
the total amount of large fruit per cultivar. Over
919, (£1-7) of the cv. Norman peaches were large,
compared with 73-8% (£3-6) of the Pekin, 52:5%,
(% 55) of the Winblo and only 44-6%, (£ 6-2) of the
Biscoe fruit.

Even though the trees on the bare ground plots
generally had smaller fruit, their value (a result of
the yicld and price per size) was the highest of the
plots. Fruit on these trees averaged $20-07 (12:00)
compared with the NWA-plot trees ($12:25 + 0-95)
and weedy-plot trees ($7-39 + 0-69). Again, a signi-
ficant ground cover by cultivar interaction resulted,
indicating a sharper drop in {ruit value from bare
ground o the NWA plots in the Norman and Pekin
cultivars than the Biscoc and Winblo.

Catflacing injury during both years was higher in
the weedy plots, and statistically similar in the bare
and NWA plots. The weedy plot in 1986 had 899,
(£0-8) catfacing injury compared with 2:6% (&
0-4) in the NWA and 2-29, (+0-4) in the bare plots.
Catlacing injury overall was higher in 1987 (weedy
2829, + 2.0, bare 14-4% * 1.1, NWA 10:2% +
1-0).

Correlation analysis

For the correlation analysis, each orchard was con-
sidered individually, and all data are recorded in
Table 5.

Richmond 1986. 'The Richmond 1986 orchard had
no abiotic variables that correlated with any tree
growth parameters.

HCRS 1987.  Soil moisture correlated well with both
terminal shoot growth and trunk circumference. No
other abiotic variable was significantly correlated
with tree growth.

Sandhills 1986. Several abiotic variables were separ-
ately correlated with terminal shoot growth includ-
ing air-temperature range, soil magnesium, and
foliar potassium. Trunk diameter, however, was
correlated only with foliar iron. Ring-nematode
densities were negatively correlated with soil magne-
sium, and positively correlated with foliar caleium
and molybdenum. Catfacing injury correlated with
air-temperature range, soil magnesium, foliar potas-
sium, and foliar iron. Fruit yield correlated with air-
temperature range, and foliar potassium and man-
ganese.

Sandhills 1987. 'Tree growth as measured by trunk
circumference was negatively correlated with both
mean and maximum soil moisture. Nematode densi-
ty correlated with two soil variables—base satura-
tion and magnesium. Fruit yield and value
correlated with both maximum soil moisture and
soil-moisture range, and the soil variables base satur-
ation (fruit yield only), weight per unit volume, and
calcium.

Discussion

As canopy temperatures among the three ground
cover plots were similar, frost protection due to bare
ground was not evident in the soil conditions and
climate in this experiment. Perhaps the amount of
ground cover (biomass) which was present within
the strip and solid sod plots was too small to make a
diflerence in the air temperatures. Furthermore, our
data did not show significant diflerences among
cover plots on individual nights of radiational cool-
ing (Leyden and Rohrbaugh, 1963). The bare plots
produced higher maximum soil temperatures (diur-
nal temperatures) and a broader soil-temperature
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TabLE 5. Corrclation analysis of independent (abiotic) with dependent (tree growth, pests, or fruit production) variables

Ground cover management in peach orchards

Orchard Dcependent variable Independent variable P>t ‘orrelation cocflicient
HCRS 1987 ‘T'erminal shoot growth Soil moisture (mean) 0017 0-89
Trunk circumference Soil moisture (mean) 0-016 0-90
Sandhills 1986 ‘I'erminal shoot growth Air temperature (range) 0003 096
Soil magnesium 0005 0-94
Foliar potassium 0-010 0-92(—)
T'runk diameter Foliar iron 0-030 0-84(—)
Nematode density Soil magnesium 0-039 0-83(—)
Foliar calcium 0-002 0-97
Foliar molybdenum 0-040 0-83
Callacing injury Air temperature (range) 0016 0-90(—)
Soil magnesium 0-008 093(—)
Foliar potassium 0010 092
Foliar iron 0015 0-90
Fruit yield Air temperature (rangc) 0.018 0-89
Foliar potassium 0-010 0:92(—)
Foliar mangancsc 0-002 0-96(—)
Sandhills 1987 ‘I'runk circumference Soil maisture (rangc) 0-038 0-84(—)
Soil moisture {max.) 0-038 0-84(—)
Nematode density Basc saturation 0-044 0-82
Soil maguesium 0-005 094
Fruit yicld Sail moiscure (range) 0012 0-91(—)
Soil moisture (max.) 0013 0-90(—)
Base saturation 0037 0-84
Weight/volumc 0-041 0-83
Soil calcium 0-023 0-87
Fruit value Soil moisture (range) 0033 0-85(—)
Soil moisture (max.) 0026 0-87(—)
Weight/volume 0037 0-84
Soil calcium 0-046 082

range, but minimum (nocturnal) soil temperatures
were not different among plots. These results are in
agreement with other research (Dancer, 1964).
There was no cvidence that root zone microclimate
affected spring (lowering (unpublished data).

Soil moisture has been reported to be higher in
cultivated soil than under sod or other cover (Cul-
linan and Weinberger, 1937; White and Holloway,
1967) but in our older, more compacted bare ground
plots in the Sandhills, rainfall penetration was poor
and better moisture-holding capacity was found in
the grassed plots (Kenworthy, 1953; Haynes,
1981b).

In apple orchard soils, cations leach from surface
soil of non-grassed plots (cultivated or herbicide-
treated), and base saturation and pH decrecase
{Haynes, 1981a; Haynes and Goh, 1980a). Others
(Shribbs and Skroch, 1986; Weller, Skroch and
Monaco, 1985) found no differences in soil macro-
nutrients, micronutrients, and other soil variables
among bare ground and various ground cover sys-
tems in apple and peach. However, higher calcium,
magnesium, and CEC levels were found in grassed
plots in other studies (Haynes, 1981a; Haynes and
Goh, 1980a, b).

Foliar analysis showed trends for nitrogen to be
higher in bare-plot trees, and potassium and calcium
to be higher in weedy-plot trees. Our results gener-
ally agree with those from Haynes and Goh (1980a),
although we found no correlation between [foliar
nitrogen and tree growth that has been documented
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in other tree fruit studies (Shribbs and Skroch,
1986). These results are from only one sample;
perhaps more sampling would have provided more
differcnces among plots.

Most fruit tree rescarch has documented inereased
tree growth with weed management or cultivation
and our data support these findings (Heency, War-
ren and Khan, 1981a; Welker and Glenn, 1985).
Increased trec growth has been associated with
improved soil moisture (Fisher, 1965) and in the
HCRS 1987 orchard soil moisture was the only
independent variable that was significant in relation
to terminal shoot growth and trunk circuinference.
Soil moisture was negatively correlated to trunk
diameter in Sandhills 1987, but this orchard had
established covers, older trees, and lower moisture in
the bare ground plots, all of which conlfound the
relationship. Although it appears that tree growth
can be vigorous on bare ground, in a mature orchard
this may not be practical or economically feasible
because of pruning, fruit production and thinning,
or labour costs (Hibbard, 1944). Lcss distinct results
of tree growth have been achieved in years following
the initial ground cover management work (Rupp
and Anderson, 1985).

Ring nematodes have been associated with peach
tree short life in young trees (Nyczepir et al., 1983).
Some herbaceous plants have been found o be hosts
for these nematodes, but the majority of orchard
ground cover spccies are either poor hosts or non-
hosts (Zehr, Lewis, and Bonner, 1986). Our results



R. L. MEAGHER, JR AND J. R. MEYER 71

were inconclusive in deciding which ground cover
management type was best for control of nematode
populations.

Trec fruit research has shown that trees under
somc typce ol weed management system (herbicides,
cultivation, or mulches) generally produce larger
yiclds and larger fruit than trecs under a mowed
solid sod (Atkinson and White, 1981; Heeney e! al.,
1981a, b; Rupp and Andcrson, 1985). Our data
suggested that there were trends for higher yields
and higher [ruit value in the bare ground plots,
although the degree of this improvement would
depend on the individual cultivar. Diflerences con-
cerning the fruiting habits among cultivars were
important when [ruit size and value were consid-
cred. ‘The discrepancy among the average fruit sizes
by cultivar were so variable that a generalized
conclusion as to the effect of ground cover manage-
ment on [ruit size was not possible. It was interesting
that soil moisture was negatively correlated with
fruit yicld in [987. As with the tree growth data, it
appcars that 1987 was an unusual year for soil
moisture, especially in the bare plot where the
highest yield was recorded.

The relationship between winter annual plants
and catlacing injury was documented by Killian and
Meyer (1984). The plants provide food and shelter
during late winter for catfacing insccts [tarnished
plant bug, Lygus lineolariy (Palisot de Beauvois), and
several stink bug species in the genera Fuschistus,
Acrosternum and Nezara|. ‘T'hese insects apparently
migrate from the blooming winter annual plants
to peach buds and flowers alter the cover plants
senesce.

T'he diflerences in some variables between the
NWA plots and the other plots suggested that the
timing and removal of certain cover species has an
important efTect on orchard characteristics. By mid-
scason, the NWA plots contained a greater variety
and greater hiomass ol ground cover plants than the
weedy plots. These plots produced trees that were
almost as large as the bare-plot trees, with similar or
slightly less tree growth during the scason. Fruit
yield and value, howcver, were substantially less
than that of the bare plots, a result not completely
understood.

An objective of this study was to differentiate the
advantages and disadvantages of three primary
types of ground cover management under peach-
growing conditions in North Carolina. The advan-
tages of bare ground, such as higher soil moisture
and increased tree growth, fruit production and fruit
value, appear to be true in younger orchards with
young ground covers, but our data did not show an
increase in frost protection in the spring. As an
orchard and its ground cover mature, these bare

ground areas can become compacted and rain runofl

and erosion can be problems. Solid sod plots offer
reduced soil-temperaturc fluctuations and, as the
orchard matures, better soil absorption. However,

under periods of drought, especially under sandy
soils, solid sod plots may compete for this soil mo-
isture. Furthermore, if winter annual plants become
established, the grower will have to put more re-
sources into pest control problems such as nematodes
and - catfacing insects. Strip sod culture offers a
compromise of both management types. The type of
cover plants in the row is important, and is the
subject of future research.
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