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Planting Method and Irrigation Rate Influence
Vegetative and Reproductive Growth of Peach
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Abstract. Several planting treatments modified vegetative and reproductive growth of young, own-rooted peach
(Prums persica) trees evaluated at two levels of irrigation in a high-density orchard (5000 trees/ha). Trees planted in
auger holes, narrow herbicide strips, and in fabric-lined trenches, but not those from raised beds, were smaller than
control trees set in holes dug with a shovel. After two growing seasons, trees planted in the fabric-lined trenches were
smaller and had more flowers per node and greater flower bud densities than trees in other planting treatments.
Yield efficiency was greatest for this treatment, although fruit size was small throughout the orchard. Irrigation rates
did not affect fruit yield or size. The effects of irrigation rate on vegetative growth were small compared to differences
among planting treatments.
Controlling vigor of fruit trees has been a major goal of pom-
ologists for centuries. Achieving a proper balance between veg-
etative and reproductive growth is necessary to enhance production
early in the orchard’s life and to maximize yields during the
entire life of the orchard. Commercially acceptable dwarfing
rootstock for peach in the southeastern United States have not
been identified. Summer pruning and various growth-regulating
compounds have offered some suppression of vigor, yet these
practices can be costly and often have adverse side effects.

Root restriction of hydroponically grown peach seedlings re-
sulted in less root and shoot growth with a root : shoot ratio
similar to non-restricted plants (Richards and Rowe, 1977).
Cockroft and Wallbrink (1966) reported that peach tree vigor
was related to the volume of soil readily accessible to the root
system.

Chalmers et al. (1981) and Mitchell and Chalmers (1983) in
Australia reduced vigor of peach without adversely affecting
fruit development by applying reduced rates of irrigation during
stages 1 and 2 of fruit growth followed by higher irrigation rates
during stage 3 of fruit growth. Infrequent precipitation and con-
finement of the root system by shallow top soil allowed for
more precise control of vegetative growth in Australia than could
normally be expected from similar practices in the humid south-
eastern United States.

In humid regions with deep, well-drained soils, the horizontal
and vertical spread of the peach root system can be extensive
(Havis, 1938; Oskamp, 1933). Cultural methods to restrict roots
and manipulation of plant water status in the field could allow
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for greater control of vegetative growth, especially in humid
regions with abundant spring rains and deep, fertile soils. The
objective of this study was to evaluate the effects of planting
methods under two irrigation regimes for peach tree growth and
production.

Materials and Methods

A high-density peach orchard (5000 trees/ha) was established
during Summer 1984. The site consisted of well-drained, mod-
erately permeable Cecil and Appling soils. Each is classified as
clayey, Kaolinite, Thermic Type Hapludults. Before planting,
the orchard floor was limed, subsoiled, disked, rototilled, and
fumigated with methyl bromide. Own-rooted ‘Redhaven’ peach
trees, propagated from hardwood cuttings the previous winter,
were used. Trees were trained to central leaders and planted at
an in-row spacing of 1m, with 2 m between rows. Each plot
contained 15 trees (three rows of five trees). The three middle
trees in the middle row of each plot were used for data collec-
tion.

The experimental design was a randomized complete block
with four to seven replications, depending on the characteristic
measured. Each 15-tree plot was duplicated at the beginning of
the study so that two irrigation treatments could be imposed on
each planting treatment during 1986. The result was a 5 × 2
factorial assignment of treatments with individual 15-tree plots
for each planting treatment/irrigation level combination. Data
were analyzed using analysis of variance and means were sep-
arated by LSD (5% level).

Five planting treatments were used: 1) control—trees set in
holes dug with a shovel just large enough to accommodate the
root system; 2) auger planting hole—trees set in 45-cm-deep
holes dug with a 20-cm auger under wet soil conditions, which
resulted in compaction of the clay subsoil at the sides of the
hole; 3) raised bed—top soil pulled from between rows into
rows to form beds ≈ 1.0 m wide × 20 cm high with trees
centered on top of the bed; 4) narrow herbicide strip (NHS)—
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trees planted as controls within 0.5-m-wide herbicide strips (her-
bicide strips for all other treatments were maintained at a width
of 1.0 m); 5) fabric-lined trench (FLT) —trees planted in V-
shaped trenches 90 cm wide × 30 cm deep that were lined with
a synthetic polyester fabric impregnated with an acrylic latex
(Trevira Spunbond No. 533251, American Hoechst Corp., At-
lanta, Ga.). Weed-free herbicide strips were maintained with
repeat applications of paraquat.

‘Kentucky 31’ tall fescue (Festuca arundinacea Schreb.) was
established as a permanent sod between the tree rows. Adequate
levels of essential mineral elements other than N were estab-
lished before planting, based on soil test recommendations for
peach. During 1984, one application of N as CaNO3 was broad-
cast in a 2-m-wide band in the row at a rate of 7 g of N/linear
meter of row. During 1985 and 1986, three applications (April,
June, and August) of N were made as either CaNO3 or NH4NO3

at a rate of 22 g N/linear meter of row per year and 30 g N/
linear meter of row per year, respectively.

Overhead and drip irrigation were used during the remainder
of the 1984 growing season to minimize transplanting shock.
During the 1985 growing season, all treatments received ≈ 35
liters of water/week per tree via drip irrigation, consisting of
one emitter/tree located 20 to 30 cm from the trunk. In Spring
1986, two irrigation levels were imposed. One-half of the du-
plicated plots of each planting treatment received a high irri-
gation level that replaced 100% of the estimated daily
evapotranspiration (ET) during all stages of fruit development,
based on class A evaporation pan readings, with an estimation
of canopy area and a crop coefficient of 0.7. The other half
received a low irrigation level that replaced 12.5% of the esti-
mated ET during stages 1 and 2 of fruit growth and 100% of
estimated ET during stage 3. Irrigations were usually made at
1- to 2-day intervals, depending on weather conditions.

Trunk diameter (measured 5 cm above the soil surface), tree
height, and number of first-order lateral shoots (originating from
the central leader) per plant were measured at the end of the
1984 growing season. Trunk diameter, tree height, and canopy
width were measured at the end of the 1985 and 1986 growing
seasons. The number of flower buds was determined in Spring
1986 from four representative shoots on each of three trees per
treatment in each replication. Lateral shoot diameter (measured
1.5 cm from the basal portion of the 1-year-old wood), shoot
length, number of nodes, number of second-order lateral shoots,
and number of flowers/node on first and second lateral shoots
were recorded.

Elongation of first-order lateral shoots was measured at weekly
intervals for four shoots from each treatment replicated six times
beginning 29 Apr. 1986 and ending 21 June. Similarly, diam-
eters of four fruit from each treatment replicated four times were
measured at weekly intervals to determine the onset of stages 2
and 3 of fruit growth (data not reported). At the end of stage 1
of fruit growth, diameters of all fruit on two of the four shoots
previously selected for vegetative growth determinations were
measured. Hand-thinning 35 days after flowering left about one
fruit per 15 cm of shoot length. Fruit were harvested at com-
mercial maturity based on ground color (Delwiche and Baum-
gardner, 1983) on 23 June, 26 June, and 3 July. Fruit were
sorted, weighed, and counted with a Durand–Wayland micro-
sizer (LaGrange, Ga.). Samples of 15 fruit per plot were pro-
portionally selected from each size category for each harvest
date. Individual fruit diameters and weights were determined.

Leaves for foliar analysis and leaf size determinations were
sampled from the middle portion of representative shoots from
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each plot. Samples were taken 24 June in 1985 and 7 June in
1986. Fifty leaves/plot and 20 leaves/plot were used for foliar
analysis and leaf size determinations, respectively. Leaves col-
lected for elemental analysis were rinsed in deionized water,
dried at 70C, and ground in a Wiley mill (Arthur H. Thomas
Co., Philadelphia) equipped with a 20-mesh screen. Elemental
analysis was conducted by the Dept. of Agricultural Chemical
Services (Clemson Univ. Clemson, S.C.). Leaf size was deter-
mined with a LI-COR LI-3000 area meter (Lincoln, Neb.).

Results

Planting treatments × irrigation level interactions were not
significant; therefore, only main effects are presented.

Planting method effects. In 1984, trees planted in auger holes
grew less than trees in other planting treatments (Table 1). Tree
height, trunk diameter, and mean number of lateral shoots per
tree were less for auger-planted trees than for control trees.
Trees planted in auger holes remained smaller than control trees
throughout the 1985 and 1986 growing seasons, except for can-
opy width in 1986. In 1985, tree height, trunk diameter, and
canopy width were less for trees grown in narrow herbicide
strips (NHS) and for trees planted in the fabric-lined trenches
(FLT) than for control trees. The same was true in 1986, except
that canopy width of NHS trees did not differ from that of
control trees. After three growing seasons, FLT trees were smaller
than trees in any of the other treatments for all growth charac-
teristics measured. Preliminary excavations during Winter 1986-
87 indicated that few roots from these trees were outside the
zone defined by the fabric. The growth habits of the FLT trees
and control trees are illustrated in Fig. 1.

Measurements of weekly shoot growth in 1986 illustrate that
the suppression of vegetative growth from the FLT treatment
occurred early and persisted throughout the season (Fig. 2).
Although differences in shoot length were noted between trees
planted in raised beds and the control trees at a few measuring
dates (data not shown), large, consistent reductions in shoot
length were observed only for the FLT trees (Fig. 2).

Flower bud density was greater for FLT trees than for trees
in other treatments (Table 2). The higher flower bud density of
FLT trees was primarily the result of an increase in flowers/
node, since their internode length was not affected.

Planting treatment did not affect fruit diameter at the end of
stage 1 of fruit growth (Table 3). Although control trees were
larger than FLT trees, there was no difference in the number of
fruit per tree. The NHS trees had fewer fruit at harvest than
those of the other treatments. Fruit yield per tree (weight) did
not differ between the control and FLT trees. However, yield
efficiency (kg·m-2 of trunk cross-sectional area) was greatest
for FLT trees. Fruit diameters of the FLT trees were smaller
than fruit from control trees at the first two harvests. However,
the magnitude of the differences was not great.

Leaf N concentration for NHS trees was lower than for those
of other planting treatments in 1986 (Table 4). Phosphorus con-
centrations were lower in leaves of FLT trees when compared
to controls in 1985 and 1986. Similarly, leaf Cu concentrations
were lower for NHS and FLT trees than for control trees during
both years. Other elements analyzed were not affected by plant-
ing treatments.

Irrigation effects. In 1986, deficit irrigation during stages 1
and 2 of fruit growth (12.5% ET replacement) reduced canopy
width (Table 1) and leaf size (data not shown), but not tree
height or trunk diameter. Irrigation rate had no effect on yield,
yield efficiency, mean fruit weight (data not shown), or mean
J. Amer. Soc. Hort. Sci. 115(2):207-212. 1990.



Table 1. Effect of planting treatments and irrigation levels on vegetative growth of ‘Redhaven’ peach trees.
fruit diameter at harvest (Table 3). However, at the end of stage
1 of fruit growth, fruit diameters of trees irrigated at 12.5% ET
were smaller than fruit diameters for trees receiving 100% ET.
Deficit irrigation resulted in higher leaf N and Zn and lower
Fig. 1. ‘Redhaven’ peach trees after three growing seasons (before
dormant pruning): (top) grown in trench lined with a polyester fab-
ric; (bottom) grown without root restriction.
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leaf Ca than 100% ET replacement (Table 4). Other elements
analyzed were not affected by irrigation treatment.

Discussion

Preliminary excavations indicated that the polyester lining the
trenches of the FLT treatment imposed limitations on peach tree
root distribution. Limitations on the growth of root systems
eventually result in reduced growth of aerial plant parts. Rich-
ards and Rowe (1977) demonstrated this concept by restricting
the root systems of hydroponically grown peach seedlings. Root
restriction resulted in reduced vegetative growth even when water
and nutrients were nonlimiting. Removal of portions of the root
systems of various plants have caused similar responses (But-
trose and Mullins, 1968; Kende, 1965; Richards and Rowe,
1977). Roots are a source of cytokinins (Kende, 1965; Sitton
et al., 1967; Vaadia and Itai, 1968), gibberellins (Phillips and
Jones, 1964) ACC (Bradford and Yang, 1980 and 1981), and
amino compounds (Waring, 1970), all of which may play a role
in coordinating growth between the roots and shoots. It is pos-
sible that trees in the FLT treatment were inhibited in the syn-
thesis and/or translocation of one or more of these compounds
from the roots. Richards and Rowe (1977) reported that exog-
enous applications of 6-benzylaminopurine (BA) overcame the
effects of root restriction on shoot growth.

Root restriction in the field would be more likely to impose
limitations on water and nutrient availability than in the care-
fully controlled experimental conditions of Richards and Rowe
(1977). Regulated deficit irrigation has been used successfully
to control vigor in high-density peach orchards in arid regions
of Australia (Chalmers et al., 1981; Mitchell and Chalmers,
1983). In those experiments, the natural restriction of the root
system to the shallow topsoil coupled with infrequent precipi-
tation during periods of vegetative growth allowed for precise
control of plant water status through careful management of
irrigation.

The auger hole treatment effect was inconsistent, but did re-
sult in reduced growth, although not to the extent of FLT trees.
NHS trees were smaller than control trees and larger than FLT
trees after the 1986 growing season. The effects of the NHS on
tree vigor could be the result of competition for water and/or
nutrients, or a result of allelopathy. Although allelopathic ef-
fects of tall fescue have been noted on several species (Peters
and Luu, 1985), we know of no such reports for peach. The
growth response of peach to the NHS is probably a result of
209



Fig. 2. The effect of planting treatment on shoot length (cm) in 1986. Differences between trees in fiber-lined trenches (FLT) and control
trees were significant at each date, P < 0.01.

Table 2. Effect of planting treatments on shoot characteristics of
‘Redhaven’ peach trees in 1986.
competition for available nutrients during the spring, since tall
fescue is relatively dormant during summer months in South
Carolina. Additionally, no differences were noted between this
Table 3. Effect of planting treatments and irrigation levels on reproduct
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treatment and the control for leaf water potentials measured
during Summer 1986 (data not shown). Welker and Glenn (1985)
reported closer proximity of ‘Kentucky 31’ tall fescue sod re-
duced leaf N and Cu concentrations and reduced growth of
young peach trees. Similar effects on growth and leaf N and Cu
concentrations were found for NHS trees.

The factor(s) controlling the initiation of flowering are not
well-understood. Enhanced flower bud development of FLT trees
may result from an alteration in the supply of growth substances
from the roots to the shoots. However, as with many plants,
excessive vigor of peach results in suppressed flower bud de-
velopment. Conversely, the increased flowering of the FLT trees
may have been a result of the level of vigor control achieved
from fabric-lined trenches. Fruit were unusually small through-
out South Carolina in 1986. Fruit from the experimental orchard
were small, but only slightly smaller than fruit in nearby stan-
dard orchards. Fruit from the FLT trees had slightly smaller
diameters than control fruit. This was probably due to the dif-
ive growth of ‘Redhaven’ peach trees in 1986.

J. Amer. Soc. Hort. Sci. 115(2):207-212. 1990.



Table 4. Effect of planting treatments and irrigation levels on elemental content of peach leaves in 1985 and 1986.
ference in crop load between the treatments after thinning (3.0
fruit/cm 2 TCA for the control vs. 5.4 fruit/cm2 TCA for FLT
trees). Fruit were spaced 15 cm apart following thinning.
However, natural fruit set was more evenly distributed along
shoots in FLT trees than in controls, which resulted in greater
crop loads in FLT trees after thinning. Optimum crop loads for
trees with restricted root systems could be different from un-
restricted trees. More research is needed to address this prob-
lem.

Lower foliar P concentrations observed in the FLT trees dem-
onstrate the importance of proper fertilizer placement for trees
with restricted root systems. Soil P was determined to be present
in sufficient quantities based on soil testing, and no applications
of P were made during the study. Without restriction, continual
growth and exploitation of new soil by the root system allow
plants to absorb water and mineral nutrients required for growth.
The low level of foliar N observed for the NHS trees in both
years was most likely due to the use of N by the encroaching
fescue.

FLT trees grew at a rate similar to the controls until the
second growing season. It appears that trees could be allowed
to fill their allotted space in a high-density orchard quickly by
the use of fabric-lined trenches of appropriate size. The proper
trench size, or proper root volume, would no doubt depend on
many variables, such as plant spacing, soil type, fertility re-
gime, and method of irrigation.

Of the planting systems tested, fabric-lined trenches were
most encouraging in suppressing canopy volume and increasing
yield efficiency. Fabric-lined trenches may afford a practical
approach to controlling tree size for tree fruits with no suitable
dwarfing rootstock. Future research should be focused on iden-
tifying other methods of restricting root growth in the field and
on determining appropriate root volume needed to achieve the
desired suppression of vigor for the species under study.
J. Amer. Soc. Hort. Sci. 115(2):207-212. 1990.
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