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. : Inall i , both land
Applying Soybean Oil to Dormant Soybean oi Sprays were apphed unti runof
with ahandgun. During application, neighbor-

P eaC h Tre eS T h | n S F | Owe r B u d S ing trees were shielded with plastic tarpaulins.

Alltrees were trained to the open-vase system,

Renae E. Moran, Dennis E. Deytoh Carl E. Sams, and and spaced 4.3 o 4.5 m between trees and 5.5
John C. Cummins m between rows. Crude soybean 0|I_ was used

. . . . in lﬁgt.l and degummed soybean oil (slightly
Department of Plantand Soil Sciences, The University of Tennessee, Knox¥fled to remove gums) was used in Expts. 2—
TN 37901-1071 5. Degummed soybean oil is more uniform
. . . . . o . and more stable in storage than is crude oil
Addl_tlonal index wordschemical thinner, dormant oil, fruit siZzéfunus persicaflower bud (personal communication with Central Soya,
hardiness Fort Wayne, Ind.).

Expts. 1-3 The methods of Expts. 1-3
have been previously described (Myers et al.,
1996) and will be summarized here. Soybean
oil emulsified with Triton AG-44 or Latron
AG-44 adjuvants (Rohm and Haas Co.,
Philadelphia) was applied in early February to
&lormant bearing trees (3- to 6-year-old) in

Abstract Applications of soybean oil to dormant peachBrunus persicaL.) Batsch] trees
were tested for prebloom thinning of flower buds in five separate experiments. Data were
combined from experiments in which 2.5% to 20% emulsified soybean oil was sprayed on
‘Belle of Georgia’ or ‘Redhaven’ trees. The number of dead flower buds was concentra-
tion-dependent with maximum bud kill of 53% occurring with application of 12% soybean
oil. The amount of thinning was fairly consistent from year to year, ranging from 34% to
51% when 10% soybean oil was applied, but was less consistent when 5% was applied, ; o 2 A
ranging from 6% to 40%. Overthinning by midwinter applications of soybean oil occurred concentrations from 2'5_/0 to 20%. Six, SIX,
in one experiment when bud mortality on nontreated trees was 40% due to natural causes 2nd four single-tree replications were used in
Mild to moderate spring freezes occurred in three experiments, but did not reduce yield EXPtS: 1. 2, and 3, respectively. Percentage of
more in soybean oil-thinned than in nontreated trees. Flower bud survival was improved flower buds thinned was determined by count-
when trees were sprayed with 10% or 12% soybean oil prior to a —2C spring frost. g the number of flower buds on 8 or 10
Applications of soybean oil to dormant trees thinned flower buds, reduced the amount of 299€d shoots near the time of spraying and

hand thinning required, and hastened fruit maturity. ag"’g?;? g?ﬁiséggegg%igg%n was sprayed

to runoff on 4-year-old ‘Redhaven’ trees on
Lovell rootstock located at the Knoxville

Overcropping of peaches results in underthinners are inconsistent in effect and thereexperiment Station (KES) at the Univ. of
sized fruit, limb breakage, reduced tree colébre not commercially acceptable (Byers and’ennessee. Sprays of 0% (water control), 5%,
hardiness, less return bloom, and delayedyons, 1985; Fallahi, 1997; Myers etal., 1993pr 10% soybean oil were applied on 25 Feb.
fruit maturity (Blanco et al., 1995; Byers andSouthwick et al., 1996), and many are noThe adjuvant Latron B-1956 was premixed
Marini, 1994; Dorsey and McMunn, 1928;registered for commercial use. Alternativesvith soybean oil, prior to adding to spray
Johnson and Handley, 1989; Tukey anthat are inexpensive, safe, and consistent aneater, at rates of 10% of the oil treatment.
Einset, 1939). Small fruit size results fromstill being sought. Soybean oil is exemptedrlower buds were counted on 10 tagged shoots
competition for limited assimilates and de<from normal Environmental Protection Agencyper tree on 23 Feb., and again on 28 Mar. (first
pleted carbohydrate reserves (Grossman afiPA) registration because it is a relativelyopen bloom), 1 month after treatment. Trees
DeJong, 1995). Reducing shoot growth andontoxic, common food constituent, not perwere harvested twice, the first time from 30
floral bud initiation limits return bloom (Byers sistent in the environment, and has no signifiJune to 7 July and the second time on 13 July.
etal., 1990). Crop load is managed commecant adverse effects on the environment (U.S.otal number of fruit per tree and fruit weight
cially by manual fruit removal (thinning) to Congress, 1996). Furthermore, it is relativelyvere recorded. The treatments were arranged
overcome these problems and to increase tiveexpensive. When applied to dormant peacim a randomized complete-block design with
economic value of the crop. trees, it thins flower buds in a concentrationfive single-tree replications.

Hand thinning peach fruit is one of thedependent manner (Myers et al., 1996). Expt. 5.Sprays of 0% (water control), 6%,
most expensive production practices, but fewlowever, how consistently it will thin fruit 8%, 10%, or 12% soybean oil were applied on
alternatives to hand thinning are availablefrom year to year is not known. 30Jan. 1997 to 6-year-old ‘Redhaven’ trees on
Mechanical thinning methods have been de- The effects of thinning on fruit size and‘Lovell’ rootstock located at the KES. Latron
veloped but result in uneven fruit spacing andhaturity decrease with time of applicationB-1956 was premixed with soybean oil at a
require special equipment (Baugher et al(Byers and Lyons, 1985; Havis, 1962;rate of 10% of the oil, before adding to the
1991; Glenn et al., 1994). Caustic bloomWeinberger, 1941). Petroleum oil applicaspray water. The study was a randomized

tions to dormant peach trees can reduce crapmplete-block design with sevenreplications

load by killing flower buds before bloom for a total of 35 trees.
—_— Call and Seeley, 1989; Deyton et al., 1992; Oil residue was measured on four shoots
Ejgﬁé\;zgrflornggécftggggA&;él?r?:hlfctﬁzptjgigngurner and Gianfagna, 1992), but little dataper tree 1 d after application. Shoots were cut
Soybean Board, the Tennessee Soybean Promotigfe available on the thinning ability of soy-into 6-cm sections and dipped in 10 mL of
Board, and the Tennessee Agriculture Experimef@€an oil (Myers et al., 1996). However, achloroform for 30 s. This was repeated for a
Station for providing financial support for this study.major concern of peach growers is thinningotal of three times or 30 mL. The chloroform
Mention of a trademark, proprietary product, obefore the danger of frostis over. Soybean oénd oil mixture was filtered through cheese-
vendor does not constitute a guarantee or warrangelays bloom of peach (Myers et al., 1996)¢loth to remove debris and then was evapo-
of the product and does notimply its approval to thgyt how it affects flower survival during arated to dryness by passing a stream of air over
E)e(CISLl{ISitIgglgf(?Ifﬁgrcgstdgf;:)su%ﬁi\fsi?r?;rt?\itgitaﬂz(l? "feeze is unknown. The objectives of thishe surface. The weight of control residues
defrayed in part by the payment of page Charggggsearch were to determine: 1) if the thinningvas used as an estimate of surface wax, and
Under postal regulations, this paper therefore mu&ffect of soybean oil is consistent from yeawas subtracted from the oil and wax weights of
be hereby markeddvertisemensolely to indicate 0 Year; 2) if it reduces or eliminates the neethe treatments to estimate the weight of oil

this fact. for hand thinning; and 3) how it affects flowerresidue. Data were expressed as oil residue per
To whom reprint requests should be addressebud cold hardiness, fruit quality, yield, andcn? of shoot surface area, which was calcu-
E-mail address: deytond@utk.edu fruit maturity. lated by assuming the shoot was a cylinder and
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using the formula [surface area = 3.14 (shogtsulted in bud los853%. However, in 1993 soybean oil killed=50% of the flower buds
diameter) (shoot length)]. at the KES, bud death was 42% on untreatdzefore bloom, the remaining buds were har-
Percentage of flowers thinned by soybeatrees, and bud loss with soybean oil thinningier than those from control trees (Fig. 3B).
oilwas measured as the number of flower budsas as high as 92%. Flower bud death due the survival of remaining buds increaségh
on two or three shoots per tree on 7 Mar. (50%he soybean oil alone was concentratiomificantly (P < 0.05)with increasing soybean
open bloom of unsprayed trees), 37 d aftatependent (Fig. 2), and increased asymptotdil, and more than 95% of remaining flowers
application (DAFB). Afreeze of =€ occurred cally with concentration. Spraying with 10%or flower buds survived the freeze. In contrast,
16 Mar. when trees were at petal fall. Tail killed 34% to 51% of the buds in the five only about 65% of flowers or flower buds on
determine the effects of oil on bud survivalgxperiments. Leaf buds were not evaluated isampled shoots from unsprayed trees survived.
two shoots per tree were cut on 16 Mar. anthe trials but soybean oil caused no appareAithough frosts also occurred in the other
taken to the laboratory where they were keptidamage to them at these concentrations. trials, injury was not recorded after the frost.
water and held atroom temperature(@ 1) In 1997, a mild freeze (£ ) occurred 16 In Expt. 5, the time required for follow-up
for 1 d. The flowers and flower buds wereMar., whenunsprayed trees in Expt. 5 were ahand thinning was significantly reducée<
dissected to examine pistils for browning as apetal fall and trees sprayed with 10% or 12%.05) by soybean oil application (Fig. 3A).
indication of cold damage. To determine thesoybean oil had80% to 90% flowers open or Soybean oil at 10% or 12% required little or no
time required to hand-thin excessive fruit, that petal fall. Although spraying 10% and 12%ollow-up hand thinning, indicating that it can
trees were hand thinned between 11 and 18
June to about one fruit per 15 cm of shoot
length and the labor time was recorded. Fruit
growth was measured by collecting five fruit -~ 0 8 i y= 1.5 (1 -e -0.05x R r2 =0.92 .
pertree 37, 43,53, 62, 76, 98, and 112 DAFB. ) *
The fruit were dried at 88C for 1 week and
weighed. Trees were harvested the first time
from 30 June (107 DAFB) to 2 July and then
asecond time from 10to 11 July. All fruit were
counted and weighed, and a random sample of
20 fruit per tree was collected for fruit quality
analysis. Since fruit maturity varied with treat-
ment, the samples were collected during the
larger of the two harvests. Fruit samples were
collected for 8%, 10%, or 12% soybean oil-
treated trees during the first harvest and for
untreated trees and trees sprayed with 6%
soybean oil during the second harvest. Fruit
surface (exocarp) color was estimated using
Clemson Color chips on five fruit per tree 112
DAFB. The same fruit (endocarp) were exam-
ined for split pit. Fruit fi(rmness vsgls measured 0 2 4 6 8 10 12
by removing exocarp sections on two oppos- . .
ing sides of each fruit and puncturing the SOybean Oll concentration (0/0)
mesocarp with a FT 327 Effegi firmness tester
(Effeqi, Alfonsine, Italy) with a 7.9-mm tip. Fig. 1. The effect of soybean oil concentration on oil residue on ‘Redhaven’ peach shoots in 1997. Soybean
Fruit were ground in a food processor, the oilresidue was measured the day of application and is expressed on a shoot surface area basis. Each point
juice was filtered through Whatman #1 paper, is the mean of seven replicates.
and soluble solids were measured with a hand-
held refractometer (Atago, Tokyo; 0% to 32%).
Data for thinning were adjusted for bud
death unrelated to soybean oil sprays. To de-
termine the effects of soybean oil alone, per-
centage of bud loss of controls was subtracted
from that of soybean oil-treated trees. Data
from all five experiments were pooled for
regression analysis with soybean oil concen-
tration as the independent variable and bud
death as the dependent variable. Statistical
Analysis Systems software (SAS Inst., Cary,
N.C.) was used to perform regressions and
analysis of variance.
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Results

Flower buds killed (%)
=

Soybean oil residue that remained on
dormant shoots after spraying in Expt. 5

increased asymptoticallyP < 0.05) with 0 5 10 15 20

increasing soybean oil concentration (Fig. 1).

Soybean oil thinned fruit buds in all five Soybean 011 Concentration (0/0)
experiments. Year-to-year variability occurred

In the amount of bud thinning and was ParFig. 2. The effect of soybean oil concentration on flower bud mortality due to soybean oil (number of dead
tially due to factors other than soybean oil, ~buds on unsprayed trees subtracted out) in five experiments involving ‘Belle of Georgia’ trees in 1992
such as cold injury. In 1992, bud death on at Lenoir City @ ); and ‘Redhaven’ trees at Middle Tennessee Experiment Statjon {993; and at
untreated trees was negligible so soybean oil Knoxville (a) in 1995 (J) and 1997 (). Each point is the mean of four to seven replicates.
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eliminate the need for hand thinning in someadditional fruit thinning by soybean oil resultedshown). In Expt. 5, the freeze during bloom
instances. However, when a significant numben a more intense yellow skin (Table 1), but diq—4°C) was not severe enough to limit yield or
of flower buds has been damaged by a prewiot affect flesh firmness or soluble solids (dateeduce flower density to below the desired
ous freeze, spraying 10% or 12% oil mayot shown). level (Table 1). Total number of fruit, or the
overthin the fruit. In Expt. 1, the crop was destroyed by aum of both harvests, was significantly re-
In Expt. 5, fruits were hand-thinned in Junesevere freeze at bloom (26 on 3 Apr.). Crop duced by soybean oil. At harvest, control trees
primarily to determine the time required toyield data from Expts. 2 and 3 have beeand those treated with 6% or 8% oil obviously
thin. The untreated trees were hand-thinnegublished elsewhere (Myers et al., 1996). llhad not been sufficiently hand-thinned. The
later than is normal in commercial operationsExpt. 4, a freeze at bloom (26 on 23 Mar.) trees had not been irrigated and were mois-
Control (no thinning) or early hand-thinningreduced yield, resulting in no differenceture-stressed, which also reduced fruit size.
treatments were not included in the trial. Théetween controls and treated trees (data not Soybean oil application affected the pro-
portion of fruit that was harvested early (Table
1). Trees sprayed with soybean oil had a greater

7% ' o ) :
A y= 17.8 + 0.12x - 0.13x; r = 0.91 proportion of fruit in the first harvest than did

18 the control, and this increased linearly with
increasing soybean oil concentration. The re-
=T} verse occurred in the second harvest; control
.ﬂ Py 15 trees had a greater proportion of the total
a L harvest in the second harvest than did trees
(< 8 12t treated with soybean oil.
:_a - In Expt. 5, mean fruit fresh weight in-
= \, 9 | creased linearly with increasing soybean oil
o) (o concentration (Table 1). In this experiment,
c é follow-up hand thinning was performed too
31 R 6 i late in the season to have an effect on fruit size,
m and control trees were overcropped.
3 The spraying of 10% and 12% soybean oil
increased the incidence of split pit in Expt. 5
0 (Table 1).Overthinning can increase the oc-

currence of split pit (Childers et al., 1995),
thus increased fruit thinning may have caused
the increase in split pits. No fruit with split pits
were found on trees sprayed with 6% or 8%
soybean oil.

Fruit growth was measured periodically in
Expt. 5 from 37 to 112 DAFB. Wintertime
sprays of soybean oil increased mean fruit dry
weight as early as 37 DAFB £ 0.01) and this
trend continued till harvest (Fig. 4). Relative
growth rate was not affected by fruit thinning
(data not shown), but may have been measured
too late in the season since the first measure-
ment was 37 DAFB.
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Flower survival (%)

Discussion
0 2 4 6 8 10 12
Wintertime soybean oil applications re-

Soybean oil concentration (0/0) duced fruit number per tree and the need for
follow-up hand thinning. The time required

Fig. 3. The effect of soybean oil concentration&ptime required for hand-thinning ‘Redhaven’ peachefP" hand thinning was reduced 40% to 80% by
and @) flower survival of a freeze (=€) on 16 Mar. 1997. Flower survival data were arcsin transform&i applications of 8% to 12%. This reduction
for analysis, but the actual means are presented. Trees were hand-thirineditger 15 cm of shoot Was similar to that obtained with other thin-
length. Each value is the mean for seven replicates. ning agents, such as rope thinning (Baugher et

Table 1. Fruit quality, crop load, and fruit size of ‘Redhaven’ peach following dormant application of soybean oil in 1997.

Fruit yield’ Yield distributiorf (%)
Soybean oil (%) Fruit ground cofor No. tree kgltree 1st harvest 2nd harvest Fruit wt (g) Split pits (%)
0 2.9 1366 88 26 74 64 0
6 45 1206 90 46 54 79 0
8 3.9 1080 94 54 46 92 0
10 4.4 646 67 69 31 112 17
12 5.1 378 41 76 24 115 20
Llnear trend *k *kk *kk *kk *kk *kk *
Quadratic trend NS kid rkk NS NS NS NS
SE 0.3 101 6 4.7 4.7 5 6

ZFruit ground color was rated on a scale of 1 to 6, with 1 being green and 6 being yellow.

YEach value is a mean of seven replications. Fruit were hand-thinned from 11-18 June.

*Yield distribution and split pit data were arcsin transformed for analysis. Nontransformed means are presented.
v Nonsignificant or significant @ < 0.05, 0.01, or 0.001, respectively.
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16 F trees sprayed with 6% or 8%, 10%, and 12%
oil were 97%, 87%, and 92%, respectively.
14 } When trees were sprayed with 6% or 8% oil,
there was no increase in flower survival,
possibly due to insufficient bloom delay in
12 these treatments.
The effects of soybean oil on fruit quality
10 were similar to the effect of bloom thinning.

Bloom thinning increases fruit size, hastens
maturity, and increases shoot growth com-
pared with thinning after bloom (Glenn et al.,

1994; Grossman and DeJong, 1995; Tukey
and Einset, 1939; Weinberger, 1941). Fruit
size in Expt. 5 was greater with soybean oil
treatments than with hand thinning, but this
effect may have been greater than would nor-
mally occur because of late hand thinning and
overcropping of control trees. Reducing

interfruit competition at bloom increases the

supply of assimilates for the remaining fruit at

[ . R . ) R 2 ) 2 an earliertime intheir development (Grossman
and DeJong, 1995). This effect on fruit size

40 50 60 70 80 90 100 110 was evident as early as 37 DAFB when fruit

dry weight was greater in soybean oil-thinned
trees. Thinning before bloom with soybean oil
Days after fllll bloom caused a greater increase in size because thin-
ning was earlier. Although the number of fruit
Fig. 4. The effect of dormant sprays of 086(6% (1), 8% (a), 10% (1), or 12% @) soybean oil on Was reduced by 8% soybean oil, the increase in
‘Redhaven’ peach fruit dry weight from 37 to 112 d after full bloom in 1997. Each point is the meaifféit Size compensated for the reduction in the
seven replicates; bars represesn, o number of fruit, as indicated by the lack of
reduction in total yield/tree with this treat-
ment. In addition to the effects on fruit size,
al., 1988, 1991), gibberellin applicationswas not tested in this study, so our results agdybean oil also hastened maturity, as do other
(Edgerton, 1966; Gur et al., 1993; Southwickimited to the two cultivars that were tested. bloom thinning methods (Havis, 1962; Tukey
et al., 1995), or caustic bloom thinners An additional trait that is desired in thin-and Einset, 1939; Weinberger, 1941). Thin-
(Southwick et al., 1996). The advantages afing agents is an even distribution of fruithing with soybean oil hastened maturity in
soybean oil are similar to those for gibberelwithin the tree canopy. Clustering (close spact997. In the first harvest, 26% of the total crop
lins (Edgerton, 1966; Gur et al., 1993;ing) of fruit is undesirable since it can reducen control trees was harvested, but 46% to
Southwick et al., 1996), which include a widefruit size and increase the incidence of diseas®% was harvested from soybean oil-thinned
window of timing, bloom delay, minimal tox- (Southwick et al., 1995). Clustering was obtrees. However, the effect on maturity cannot
icity to mammals, no fruit phytotoxicity or served to be greatest in untreated trees ané entirely attributed to the earliness of thin-
fruit blemishes, low cost, and earlier fruitdecreased with the degree of thinning. Thiging, since crop load at harvest differed for
maturity. Bloom thinners, such as Armothin suggests that soybean oil thins fairly evenlgontrol vs. soybean oil-thinned trees. Disor-
{[ N,N-bis 2-(omega-hydroxpolyoxyethylene/within shoots, as previously reported (Myersiers common to other thinning methods may
polyoxypropylene) ethyl alkylamine]; AKZO- et al., 1996). Fruit distribution within the also occur with soybean oil thinning, since
Nobel, Chicago} (Southwick et al., 1998),canopy did notappear to differ from the controlsplit pits occurred more frequently in trees that
have a narrow time in which they can be used, Overthinning is another concern with thewere heavily thinned in Expt. 5. Soybean oil
unlike soybean oil which can be applied duruse of thinning agents, especially in the case @aused no fruit marks or blemishes.
ing a period of several weeks. The earliest od spring freeze. Overthinning was partially Thinning peach trees with soybean oil
application date was 30 Jan. and the latest waspendent on the amount of bud kill due teluring dormancy was consistent from year to
25 Feb., indicating a period of several weeks ifactors other than the soybean oil. This was thgear. However, concentrationsdf0% caused
which it may be effective, but we do not knowcase in years in which unexplained bud deaitwverthinning in years when bud death prior to
if application time can be extended beyonavas >10% in control trees. Clearly, variabilityapplication was >10%. Spring freezes did in-
these dates. Experiments are being conductedbud death due to other causes such as c@kase losses in trees thinned with soybean oil
to determine this. injury should be considered when determinings. control trees, and spring freeze survival
An important trait of thinning agents isthe concentration needed. Overthinning witlivas increased by soybean oil application.
year-to-year consistency in the amount ofoybean oil can be avoided by selecting Bormant applications of soybean oil may al-
thinning thatresults. However, freezes at bloorooncentration based on bud kill at the time ofow growers in areas that are prone to spring
made year-to-year crop load comparisons digpplication. When mild freezes occur, soyfreezes (i.e., southeastern United States) to
ficult, so in this study, evaluation of consis-bean oil may not result in greater losses, aake advantage of prebloom thinning and sig-
tency was based on flower bud thinning. Théndicated by the greater bud hardiness in Exptificantly reduce the costs of hand thinning.
amount of thinning was fairly consistent from5. Dormant petroleum or soybean oil applica-
year-to-year (34% to 51%) when 10% soybeation retarded bloom and increased cold toler- Literature Cited
oil was applied, but was less consistent (6% tance of peach in previous studies (Call and )
40%) when 5% was applied. Thus, soybean dieeley, 1989; Myers et al., 1996) and delaye@pugher, T.A., K.C. Elliot, D.W. Leach, B.D. Horton,
shows promise as a reliable thinning agenbloom in this one, as well (data not shown). 2and S.S. Miller. 1991. Improved methods of
. . . . i mechanically thinning peaches at full bloom. J.
S_oybez_in o_|I was not c_ompared to petr_oleur?ﬁhls may have_ resulted in the increase in Amer. Soc. Hort. Sci. 116:766-769.
oilin thls_trlal, but ppnfllctlng reports exist asfreeze sur\{lval in trees with 10% and 120/‘Baugher,T.A.,K.C. Elliot, S.H. Blizzard, S.I. Walter,
to the thinning ability of petroleum oil (Call soybean oil. At the time of the freeze, all gnq T.A. Keiser. 1988. Mechanical bloom thin-
and Seeley, 1989; Deyton et al., 1992; Myerlowers on control trees were open or at petal ning of peach. HortScience 23:981-983.
etal., 1996). The extent of cultivar variabilityfall, while percentages of open flowers orBlanco, A., A. Pequerul, J. Val, E. Monge, and J.

Fruit dry weight (g)
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