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Abstract. Hand-thinning (Prunus persica L. Batsch) “Y”-trained peach trees at bloom and
51 days after full bloom (DAFB) was compared to mechanical fruit thinning 51 DAFB
using a spiked-drum and an impact shaker. The spiked-drum shaker removed more fru
from horizontal branches than from vertical branches, yet did not selectively remov
either large or small fruit. Bloom thinning by hand increased fruit size compared to
postbloom thinning 51 DAFB, and both postbloom mechanical thinning techniques wer
as effective as postbloom hand thinning. The spiked-drum shaker may be a better thinnin
technique than the impact shaker because it transfers less shaking energy to the fruit, c
be used in high-density plantings, and does not contact the trunk, lessening the potent
for tree damage.
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Thinning peaches is necessary to ens
marketable fruit size. Blossom thinning ge
erally increases fruit size more than thinning
40 to 60 days after full bloom (DAFB) (Baughe
et al., 1988, 1991; Byers and Lyons, 198
1985; Havis, 1962; Johnson and Handle
1989; Weinberger, 1941). However, the fr
quent occurrence of frost following bloom
thinning may further reduce the crop load, a
this risk discourages peach growers from u
ing bloom thinning. Therefore, fruit thinning
40 to 60 DAFB is a common practice in are
with a frost risk, although it produces small
fruit than bloom thinning. Fruit thinning by
hand, the most common thinning practice,
labor-intensive and costly.

There have been many reports of chemi
thinning in peaches but only a few reports 
mechanical thinning of fruit trees. Chemic
thinning in apple (Malus domestica Borkh.)
production is effective; however, in peac
production this approach has been disappo
ing (Cobianchi, 1971; Martin, 1988). Me
chanical thinning of deciduous fruit trees h
focused on the inertia shaker for fruit remova
Grausland (1980) used a cherry shaker to t
plums (Prunus domestica L.) and found that
fruit size was increased, but fruit removal o
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the perimeter of the tree was insufficient a
required hand thinning. Fitch (1980) recom
mended the use of tree shaking to thin pl
trees in heavy crop years but cautioned ab
the potential for tree trunk damage. Menz
(1980) used a tree shaker to thin apple and p
(Pyrus communis L.) trees, but found it to be
nonselective in fruit sizes removed; apples a
short peduncle pears were effectively thinn
Berlage and Langmo (1977) reported th
machine thinning of peach trees with an iner
trunk shaker produced a 57% time savings 
resulted in a 30% reduction in yield due 
overthinning. Uneven fruit distribution an
smaller fruit were also problems with m
chanical thinning.
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Fig. 1. Rear view of spiked-drum shaker thinning
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According to Cobianchi (1975) and Cos
(1978), the effectiveness of mechanical pea
thinning was related to the shaker type, the t
training system, and the pruning metho
Baugher et al. (1988, 1991) developed a ro
ing rope curtain to thin peach flowers at bloo
and reported that it thinned open-cente
trees at full bloom as effectively as hand th
ning. Hancock et al. (1988) and Bukovac et
(1963) found that inertial shakers could th
fruit as or more effectively than hand thinnin
and the shakers did not selectively remo
larger or smaller fruit. The objective of ou
work was to compare hand thinning of pea
with mechanical fruit removal by the spike
drum canopy shaker and impact trunk sha
systems.

Materials and Methods

In 1991, fifteen 7-year-old ‘Loring’ peac
trees were used. Trees were trained to a f
standing “Y” (Horton, 1973) and were prune
by hand, removing four to eight large, misd
rected shoots within the tree following m
chanical shearing to reestablish the arms of
“Y” form. At the beginning of the experimen
four to seven 2-year-old branches in the c
tral portion of the canopy on a major scaffo
were tagged, and the orientation of the bran
was categorized as horizontal (315° to 0° to
45° and 135° to 180° to 225°), vertical (45° to
90° to 135°), or downward (225° to 270° to
315°). The number of fruit per branch and th
diameter of the branch at the origin we
measured. Fruit diameter was measured ac
the suture. The shoot and fruit measureme
were made on 21 May (47 DAFB), and fru
were thinned on 22 May using a vibratin
spiked-drum shaker (Peterson et al., 19
moving at 0.5 km/h (Fig. 1). Each 1-m-diam
eter drum (spike tip to tip) was made up of ni
rod panels spaced 160 mm apart. Each 
panel consisted of 24 16-mm-diameter nyl
rods radially spaced at equal angles. The sp
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 peaches.
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were uniformly accelerated along their leng
with a potential displacement of 100 mm at t
tips. The axis of the spiked-drum was po
tioned under and parallel to one arm of the “
trellis.

The canopy arm of the “Y”-trained tree
was 30 to 45 cm thick. Shaking frequency w
6 Hz. Each tree received two passes of 
spiked-drum, one for each arm. On 22 Ma
after mechanical thinning, the number of fru
per branch was counted and their diamet
were measured.

Data were analyzed using a randomiz
block design with 15 replications (trees). T
treatments were the different branch orien
tions relative to the thinning action of th
spiked-drum shaker.

In 1992, a randomized block design wi
four replicates was established with 10-tr
plots of 8-year-old ‘Loring’ peach. The trea
ments were 1) hand thinning at full bloom; 
hand thinning 51 DAFB; 3) tree-trunk impac
tor (Peterson and Miller, 1989) (Fig. 2) thin
ning 51 DAFB; and 4) spiked-drum shak
thinning 51 DAFB. Hand thinning spaced fru
10 to 15 cm on the shoot. The trunk diame
was measured 30 cm above the soil, and
trunk cross-sectional area (XSA) was calc
lated. A scaffold limb in three trees per pl
was tagged, and the number of fruit was coun
HORTSCIENCE, VOL. 29(8), AUGUST 1994

Fig. 2. Impact shaker schematic: (a) top view—mass
side view—mass just before impact.
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before and after mechanical thinning to cal
late removal percentage. Fruit were harves
in the 10-tree plots on two pickings and grad
by weight on a Durand Wayland (LaGrang
Ga.) sorting line.

An accelerometer was attached to a 25-m
branch (spiked-drum shaker) and 37-m
branch (impact shaker) that was oriented p
pendicular to the tree row at a 2-m height a
1.2 m from the center of the tree to meas
tree vibration during thinning. Data acquis
tion was by a computerized system develo
at the Appalachian Fruit Research Stat
(Peterson et al., 1993).

In 1993, a randomized block design w
eight replicates was established with five-tr
plots of 9-year-old ‘Loring’ peach. The trea
ments were 1) no thinning; 2) hand thinning
DAFB; 3) thinning 53 DAFB using the spiked
drum shaker at a 0.5-km/h ground speed an
Hz shaking frequency; 4) thinning 53 DAF
using the spiked-drum shaker at 2.0-km
ground speed and 6-Hz shaking frequen
The hand-thinning treatment spaced fruit 10
15 cm on the shoot. The trunk diameter w
measured 30 cm above the soil, and the X
was calculated. Six fruit-bearing shoots 
each of three trees per plot were tagged, 
the number of fruit was counted before a
after mechanical thinning to calculate remo
r
it

it
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percentage. Three shoots were selected on
outer perimeter of the Y-arm and on the insid
of the Y-arm. In each group of three shoot
two were horizontally oriented and one vert
cally. Following thinning, 30 fruit per plot
were collected from the ground and their d
ameter measured. Fruit were harvested in t
five-tree plots on three pickings and graded b
weight on a Durand Wayland sorting line. Th
number of broken branches per tree wa
counted 3 days after mechanical thinning.

Fruit size data in 1992 and 1993 wer
tested using analysis of covariance with tot
number of fruit per XSA as the covariant. Thi
covariant reflected the tree size and potent
crop load capacity. Removal data expressed
percentages were square root-transformed b
fore analysis of variance.

Results and Discussion

The orientation of shoots in canopies of Y
trained peach trees significantly affected m
chanical peach-thinning efficiency in 1991
and 1993 when the spiked-drum shaker w
used (Tables 1 and 2). Shoots oriented ver
cally, either up or down, had fewer fruit re
moved than did horizontal shoots based o
linear contrasts, presumably because of t
long contact period between the horizont
shoot and the rolling spiked-drum. The spiked
drum shaker did not selectively remove eithe
large or small fruit since the change in fru
diameter following thinning was nonsignifi-
cant in 1991 (Table 1), nor the size of fru
removed in 1992 (hand-thinned; spiked-drum
851

Table 1. Effect of limb orientation [vertical (vert.)
vs. horizontal (horz.) vs. downward (down.)] on
fruit size and mechanical thinning efficiency
using a spiked-drum shaker 47 DAFB in 1991.

Change in
fruit diam

Limb Fruit size (mm) (mm)
orien- Before After following Removal
tation thinning thinning thinning (%)
Vert. 27.1 28.3 1.2 41 Bz

Horz. 26.2 26.9 0.7 53 A
Down. 25.8NS 6.9NS 1.1NS 35 B
zMean separation using Duncan’s multiple range
test (P ≤ 0.05).
NSNonsignificant.

Table 2. Effect of limb orientation [vertical (vert.)
vs. horizontal (horz.)] and canopy position on
thinning efficiency using a spiked-drum shaker
53 DAFB in 1993. Data are averaged over the
0.5- and 2-km/h ground speeds.

Limb
Limb position orientation Removal (%)
Outside perimeter Vert. 81 Az

Horz. 89 A
Inside perimeter Vert. 9 B

Horz. 19 B
Linear contrast

Horz. vs. vert.
orientation **

Outside vs. inside
canopy perimeter **

zMean separation using Duncan’s multiple range
test (P ≤ 0.05)
**Significant at P ≤ 0.05.
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Table 3. Effect on fruit size and limb breakage of bloom thinning and postbloom thinning using hand and
mechanical techniques.

Fruit wt (kg/tree)
Fruit diam Limb

Thinning >51 ≤ 76 mm >76 mm breakage
method Mean Adjustedz Mean Adjustedz (no./tree)

1992
Hand, bloom 24.8 22.0 14.4 19.3 Ay NDx

Hand, 51 DAFB 21.5 22.7 18.4 16.3 B ND
Impact shaker, 51 DAFB 21.4 22.7 16.4 14.3 B ND
Spiked-drum shaker,

51 DAFB 23.0 23.4NS 15.8 15.2 B ND

1993
None (control) 13.1 8.7 A 57.2 54.4 A ND
Hand 53 DAFB 2.7 2.0 B 55.0 54.6 A ND
Spiked-drum shaker,

at 0.5 km/h 53 DAFB 4.6 6.2 AB 34.2 37.0 B 0.8
Spiked-drum shaker,

at 2.0 km/h 53 DAFB 1.7 5.3 AB 35.1 35.6 B 1.6
zAdjusted means based on analysis of covariance using number of fruit per tree per trunk cross-sectional area;
P ≤ 0.10 for 1992, P ≤ 0.05 for 1993.
yMean separation based on Duncan’s multiple range test; P ≤ 0.10 for 1992, P ≤ 0.05 for 1993.
xNo data collected.
NSNonsignificant.
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Fig. 3. Typical limb response using impact shaker (A) acceleration and (B) displacement (showing one of
three impacts).
shaker at 0.5 and 2.0 km/h; 29.7, 30.9, and 3
mm, respectively). The spiked-drum shak
created a gradient of fruit removal with mo
removal occurring on the outside than on 
inside of the Y-shaped canopy (Table 2). T
1991 data collected from the interior of t
canopy (Table 1) represented an intermed
level of fruit removal. Operating the spike
drum shaker on both planes of the cano
would produce more uniform thinning throug
out the canopy.

In 1992, the effect of hand (bloom and 
DAFB) and mechanical thinning (tree shak
vs. spiked-drum shaker) 51 DAFB support
the conclusion that bloom thinning increas
fruit size more than postbloom thinning. T
weight of large fruit adjusted for tree size a
crop load was highest for bloom thinning a
less for the postbloom thinning treatmen
There was no significant effect of thinnin
method on fruit that attained 51 to 76 mm
diameter at harvest, even at P ≤ 0.10 (Table 3,
1992). The yield of fruit >76 mm in diamete
was significantly increased by hand bloo
thinning; however, no differences occurr
among the postbloom thinning treatments

The spiked-drum shaker removed mo
fruit from horizontal branches than vertic
branches, yet the two mechanical thinni
techniques were comparable to hand thinn
postbloom in their ability to thin peaches a
increase fruit size (Table 3). Each approa
exerts force on the tree to move the branc
and dislodge the fruit in a different manne
The impactor shakes the limbs (over a sh
time interval) three times, each time wi
greater force (Fig. 3) as described by Peter
and Miller (1989). The spiked-drum shak
has comparable limb displacement but m
cycles with a much lower acceleration than 
impactor (Fig. 4). The spiked-drum shak
may be a better thinning tool than the imp
shaker because it a) transfers less sha
energy to the fruit; b) does not contact t
trunk like the impactor, which may dama
the bark (Hancock et al., 1988); and c) could
used in high-density plantings.

Yield potential was higher in 1993 tha
in1992 due to favorable weather condition
consequently, little or no thinning was need
for maximum yield of fruit >76 mm in diam
eter (Table 3). The nonthinned control had 
highest yield of small fruit and the same yie
of fruit >76 mm in diameter as provided b
hand thinning. Hand thinning fruit to a 10- 
15-cm spacing resulted in the same adjus
yield of small fruit as the mechanical shak
Mechanical thinning using the spiked-dru
shaker at either 0.5 or 2.0 km/h overthinn
the trees and significantly reduced the yield
fruit >76 mm in diameter. We expected tha
faster ground speed would reduce the amo
of thinning when the shaking frequency w
constant at 6 Hz. We found no difference
final fruit size or in fruit removal percentag
(data not presented); however, limb breaka
appeared to increase due to the higher gro
speed (Table 3).

In summary, bloom thinning increased fru
size compared to postbloom thinning, a
postbloom mechanical thinning techniqu
HORTSCIENCE, VOL. 29(8), AUGUST 1994852
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Fig. 4. Typical limb response using spiked-drum shaker (A) acceleration and (B) displacement. G = force
of gravity.
were as effective as postbloom hand thinn
in 1 year but not in a second year of study. T
spiked-drum shaker is a potentially usef
postbloom mechanical thinner if trees a
trained to accommodate the equipment. T
method is applicable on any training syste
with a relatively flat production surface, suc
as the Italian palmetta or vertical hedge. A
plying the spiked-drum shaker to a narro
canopy system will require thinning on bo
HORTSCIENCE, VOL. 29(8), AUGUST 1994
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sides of the canopy and refinement of 
optimal shaking frequency and ground spe
for local conditions.
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