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Figure 5. Eff ect of bloom and post bloom thinning treatments in 2003 on re-

turn bloom of Honeycrisp apples in 2004 at Geneva, NY.

Figure 6. Eff ect of post bloom thinning treatments in 2005 on return bloom 

of Honeycrisp apples in 2006 at Geneva, NY. (Vertical arrow indicates 

least signifi cant diff erence)

Figure 7. Eff ect of bloom and post bloom thinning treatments in 2006 on re-

turn bloom of Honeycrisp apples in 2007 at Geneva, NY. (Vertical ar-

row indicates least signifi cant diff erence)

timing (petal fall) and declined as thinning was delayed later in 

the season (Figure 4). Th e study also examined whether spur 

occupancy had an impact on return bloom. When each spur 

had one fruit, return bloom was less than when every other 

spur had a fruit. Th e best return bloom was when every fourth 

spur had two fruits. Th is indicates that having some spurs with 

not fruits each year will give the best return bloom even if the 

other spurs have more than one fruit.

Chemical Thinning Studies to Improve Return Bloom 
From 2004-2008 we conducted a series of chemical thinning 

studies with Honeycrisp to reducing biennial bearing. In 2004 

we evaluated both blossom and post bloom thinning treatments. 

Return bloom was signifi cantly improved by blossom applica-

tions of Ammonium Th iosulphate (ATS) (Figure 5). When an 

application of ATS at full bloom was combined with an appli-

cation of a low dose of Maxcel plus Carbaryl (Sevin) at 10mm 

fruit size, return bloom the next year was greatest. Th us, early 

thinning at bloom appears to be important for return bloom 

of Honeycrisp

 In 2005 we evaluated several petal fall thinning treatments 

for their eff ects on return bloom. A combination of NAA plus 

Sevin applied at petal fall was more eff ective than lime sulfur 

plus fi sh oil but either petal fall treatment alone gave only a small 

increase in return bloom (Figure 6). If either petal fall treatment 

was combined with a 10mm fruit size spray of Maxcel plus 

Sevin or a NAA plus Sevin spray, return bloom was increased 

signifi cantly compared to the untreated control.

 In 2006 we again evaluated the combination of bloom, petal 

fall and post bloom thinning treatments. Single sprays of either 

NAA plus Sevin or Maxcel plus Sevin at 10 mm fruit size or the 

combination of bloom plus 10 mm sprays were ineff ective at 

improving return bloom (Figure. 7). However, the three-spray 

combination of ATS at full bloom, Sevin at Petal Fall and either 

NAA plus Sevin or Maxcel plus Sevin at 10 mm fruit size sig-

nifi cantly improved return bloom compared to the unthinned 

controls. 

 In 2007 we evaluated a broad range of, petal fall and post 

bloom thinning treatments at Chazy Orchards in the Champlain 

Valley with the help of Tré Green and Gary Moore. In 2007 

there was a snowball bloom in the test orchard and the thin-

ning treatments were only partially eff ective in reducing crop 

load in 2007. As a consequence return bloom was very low in 

2008 and none of the thinning treatments from 2007 resulted 

in a signifi cant improvement in return bloom in 2008 (Figure 

8). Th e only exception was an aggressive treatment at petal fall 

of 10ppm NAA plus Sevin combined with a moderate treat-

ment of 5ppm NAA plus Sevin at the 10mm stage. Th us, early 

aggressive thinning appears to be important for return bloom 

of Honeycrisp.

Summer PGR’s to Improve Return Bloom 
From 2004-2008 we conducted a series of fi eld studies with 

Honeycrisp of the eff ect of summer plant growth regulator 

sprays (PGR’s) on return bloom. Th ese included summer sprays 

of either NAA (5ppm) or Ethrel (150ppm). In 2004 we evalu-

ated a single spray or a series of three weekly sprays of NAA or 

Ethrel applied beginning in late June on return bloom in 2005. 

Th e trees were thinned at the 10mm fruit stage with either 5ppm 

NAA plus Carbaryl or 50ppm Maxcel plus Carbaryl. Neither 
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Mechanically Applied Pheromone 

Products for Mating Disruption of 

Codling Moth and Oriental Fruit 

Moth in Apples
Arthur M. Agnello and Harvey Reissig

Department of Entomology, NYSAES, Cornell University
Geneva, NY

“Codling moth and the oriental fruit 

moth have developed into the most 

serious pests of eastern tree fruits, 

resulting in numerous loads of apples 

being rejected at NY processing plants 

since 2001. We tested the use of 

several formulations of pheromones 

for mating disruption along with 

standard insecticides. The pheromone 

treatments tested improved the overall 

control of the codling moth and the 

oriental fruit moth but in some cases, 

control was not perfect possibly due to 

small plot sizes. Nevertheless, the SPLAT 

technology of applying pheromones 

appears promising and off ers great 

promise as a convenient and eff ective 

method of pheromone application over 

large areas.”

T
he codling moth (CM), Cydia pomonella, and the orien-

tal fruit moth (OFM), Grapholita molesta, are two inter-

nal-feeding lepidopteran (“worm”) pests that in the past 

7-8 years have 

developed into 

the most serious 

pests of eastern 

tree fruits, in-

cluding those 

in New York. 

Since 2001, nu-

merous loads of 

apples have been 

rejected at NY 

processing plants 

because of unac-

ceptable infesta-

tions by larvae of 

OFM and CM, as 

well as lesser ap-

pleworm (LAW), 

G. prunivora, a 

species related to 

OFM that is also 

capable of incur-

ring fruit damage 

(Reissig 2003). 

Because there is 

a “zero tolerance” 

for these larvae in most fruit markets, detection of one larva in a 

load of processing fruit can result in a downgrading of the entire 

load to juice quality, which reduces its value by 59%. In response 

to the high economic risk of minimal fruit infestation, growers 

tend to revert to the old approach of applying preventive cover 

sprays at 10-day intervals. Th is is counter to IPM principles, but 

a justifi able response for growers who feel there is no other ad-

equate recourse for avoiding this risk.

Th e use of pheromones for mating disruption is one tactic 

that has generated substantial interest and shown some promise, 

but recommendations on their use have been hampered by the 

lack of experience with this approach in NY. Over the past seven 

years, we have conducted a number of assessments of diff er-

ent pheromone dispensing technologies available, to determine 

their potential usefulness as supplements to grower insecticide 

programs in controlling internal-feeding worms in NY apple 

orchards. We have generally found that hand-applied dispens-

ers such as polyethylene 

ties or controlled release 

membranes are very eff ec-

tive in suppressing moth 

catches and lowering fruit 

damage, but the econom-

ics of implementing these 

approaches are not fa-

vorable on an individual 

Figure 1. Isomate CM/OFM Twin-Tube tie 

dispenser

block scale (Agnello et al. 2006). 

 Th e improved effi  cacy of mating disruption when applied 

on an area-wide basis against these pests has been demonstrat-

ed in the Northwestern US, as well as in Michigan and Penn-

sylvania (Brunner et al. 2001; Calkins & Faust 2003; Epstein et 

al. 2007; Hull et al. 2008). Th e unique landscape of eastern or-

chards, in which a mosaic of tree fruits is planted in small blocks 

interspersed among a diversity of managed and non-managed 

habitats, is not conducive to the area-wide approach as con-

ceived in the Northwestern US. However, whole-farm mating 

disruption that targets localized or interbreeding pest popula-

tions should have the same suppressive eff ect. To circumvent 

the labor-intensive aspects of hand-applied pheromones and 

help promote greater effi  ciency over larger orchard areas, we 

conducted trials during 2007–08 to assess the eff ect on CM and 

OFM management programs of incorporating the use of two 

diff erent mechanically applied products.

2007 Trials
In 2007, three pheromone dispensing technologies were tested 

in three “low-” to “high-risk” commercial orchards. Th e phero-

mone treatments, all applied between 9–11 May, were: 1. Iso-

mate CM/OFM Twin Tube ties (CBC America Corp., Com-

mack, NY; Figure 1); 2. Checkmate CM-OFM Duel membranes 

(Suterra LLC, Bend, OR; Figure 2); and 3. Suterra CM/OFM 

Puff ers (Suterra, Figure 3), each applied against all seasonal 

generations of CM and OFM. Th e OFM pheromones were di-

rected additionally against LAW, as these two species have simi-

lar pheromone blends. In all cases, growers used their normal 

pesticide programs against major insect pests in these blocks, 

and the pheromone treatments were applied as supplements to 

help in the management of internal-feeding caterpillars.

 Th e Checkmate Puff er pheromone dispenser consists of 

a plastic cabinet enclosing an aerosol canister containing CM 

and OFM pheromone blends (Figure 4). Every 15 min between 

5:00 pm and 5:00 am each day, a battery-powered timer acti-

vated a plunger, releasing a 40-mg puff  of the combined phero-
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mone blends into the orchard. Puff er cabinets were suspended in 

the upper one-third of the tree canopies at a rate of 1 per acre, 

starting along the inside of the windward border edge and spaced 

approximately 132 ft apart, with the remaining cabinets deployed 

in a regular grid pattern in the orchard interior. Th e Isomate and 

Duel plots were all approximately 5 acres in size, and the Puff er 

plots were 7.3–10 acres in size. Because the puff ers are recom-

mended for use in plantings of 40 acres or more, these plots were 

additionally ringed with Checkmate CM membrane dispensers 

applied one per tree in every tree of the fi rst two border rows 

(and row ends) of each plot, to compensate for any potential edge 

eff ects of the smaller-size plots.

 Th e amount of time required for application of each type of 

pheromone dispenser was: Isomate CM/OFM, 40 min/A/person; 

Duel CM-OFM, 43 min/A/person; Puff er, 5 min/A (although plot 

measurement and setup for the Puff ers took 2-3 hours).

 Pheromone treatment effi  cacy in depressing male moth catch-

es in the traps was monitored by using nine large Delta-style traps 

per plot (three each for CM, OFM, and LAW, located at either end 

plus the center of a middle row), each baited with a standard 1X 

rubber septum lure, and checked weekly from 7 May to 28 August. 

A similar group of nine traps in a non-disrupted check plot nearby 

was monitored at each farm as well to maintain information on 

background levels of each of these species and for purposes of fruit 

injury comparison at harvest. Lures in all traps were changed at 

the end of June, and again for CM during the last week of July.

 A fruit sampling protocol, consisting of weekly on-tree fruit 

inspections, was conducted from 9 July to 13 August, comprising 

300 fruits per plot (20 on each of 15 trees) during the fi rst week 

and 100 fruits per plot (10 on each of 10 trees) on subsequent 

weeks, to detect the initial occurrence of any larval fruit damage 

in time to curtail further infestation. An evaluation of larval fruit-

feeding damage at harvest was made by taking random samples of 

500 fruits from each plot (20 from each of fi ve trees along each plot 

edge, and 20 from each of fi ve trees distributed throughout the 

plot interior) and examining them for internal and surface injury. 

Pre-harvest samples were taken between 12–18 Sept.

2007 Results
Trap catches of adults were generally suppressed to low levels in 

all pheromone treatment plots during the mid- and late summer, 

Figure 2. Checkmate CM-OFM Duel-membrane dispenser Figure 3. Suterra CM/OFM Puff er

Figure 4. Interior of Suterra CM/OFM 

Puff er cabinet

although some breakthrough 

captures did occur, particu-

larly for codling moth. Th ere-

fore, trap shutdown was not 

absolute in all cases (Figures 

5-7). Two sites with notable 

CM catches were Ridgeway 

and Newfi eld, where large 

numbers of moths were 

caught in the nondisrupted 

Grower Standard plots dur-

ing the last week of June. At 

Ridgeway, CM catch was ef-

fectively suppressed in all the 

pheromone treatments for 

the entire season; at New-

fi eld there was a slight break-

through in the Isomate and 

Puff er plots during this June 

peak. CM pressure was not 

as severe at Eagle Harbor, and 

minor breakthrough catches 

occurred in all pheromone 

treatments during the last 

half of June. For these trials, all CM traps were attached to bamboo 

poles and hung in the upper third of the tree canopies. Inasmuch 

as fl ight activity in this species tends to be concentrated near the 

tree tops, trap placement could have been a major factor contrib-

uting to the number of moths caught in the pheromone-disrupted 

plots. Oriental fruit moth pressure was considerable at Eagle Har-

bor, but all treatments showed low trap numbers at all three sites 

throughout the season. Lesser appleworm was very numerous at 

Newfi eld, but the respective OFM pheromone treatments eff ec-

tively depressed these trap numbers at all three sites as well.

 Th e fruit sampling procedure was simple and convenient to 

implement, requiring 10–15 min per plot, and appeared to ef-

fectively allow detection of low-level infestations at a very early 

stage, so that the growers could be notifi ed of any extra needed 

control measures in a timely fashion. Incidence of fruit injury was 

extremely low all season in all blocks until August, when damage 
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on return bloom the following year; it appeared however that with 

increasing age of the tree the relationship was not quite so nega-

tive (Figure 1). In 2005 following the fi rst cropping year (2004) a 

return bloom of 50% of the spurs fl owering required relatively low 

crop loads of 4 fruits/cm2 TCA. In 2006, 50% return bloom was 

achieved following a crop load of 5 the previous year and in 2007 a 

50% return bloom was achieved following a crop load of 10 fruits/

cm2 TCA. Th us, it appears that with more mature trees it is pos-

sible to carry heavier crops and achieve a moderate return bloom. 

With most varieties it is desirable to have more than 50% return 

bloom but with Honeycrisp having 40-50% of the spurs fl owering 

is probably preferable to having every spur on the tree fl owering 

(snowball bloom indicated by points in the upper left hand side of 

Figure 1) because such high fl owering is almost always followed 

by no fl owers the following year. 

 We also evaluated return set (second year crop load) as a func-

tion of diff erent levels of return bloom (Figure 2). As return bloom 

increased return set also increased. However, the relationship indi-

cated that to achieve a return set of 10 fruits/cm2 TCA (suffi  cient 

for a good commercial crop) required only a return bloom of 30% 

in 2005 and 40% in 2006. Th us, with relatively low return bloom, 

Honeycrisp can still have a good commercial crop load because of 

high return set.

 Lastly we evaluated the eff ect of crop load on the variation in 

yield from one year to the next (bienniality). Following low crop 

loads in year one there was a large positive variation in second 

year yield (strong bienniality) while with very high crop loads in 

year one there was a strong negative variation in second year yield 

(strong bienniality). With intermediate crop loads of 8-10 there 

was little variation in yield between the two years (Figure 3). Th us 

for growers to achieve the same yield every year, crop load should 

be kept at ~8 fruits/cm2 TCA. In our study this crop load resulted 

in signifi cant variation in return bloom from one year to the next, 

but the return yield varied little since even with a low return bloom, 

Honeycrisp can set a good commercial crop. 

 In another study Gabino Reginato, a visiting scientist from 

Chile, hand thinned Honeycrisp trees at various times throughout 

the season of 2006. Th e next season, return bloom was greatest 

when hand thinning the previous season was done at the earliest 
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Figure 1. Eff ect of crop load in 2004, 2005 and 2006 on return bloom of Hon-

eycrisp apples in 2005, 2006 and 2007 following early hand thinning 

(early June) at Geneva NY.

Figure 2. Eff ect of return bloom on return set of Honeycrisp apples at Geneva, 

NY.

Figure 3. Eff ect of crop load in year one on the diff erence between crop load 

of year one and crop load of year two of Honeycrisp apples at Ge-

neva, NY.

Figure 4. Eff ect of time and severity of hand thinning in 2006 on return bloom 

of Honeycrisp apples in 2007 at Ithaca, NY.
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was found in all plots at the Newfi eld site, including two consecu-

tive weeks in the Puff er treatment. 

 Fruit damage at harvest caused by internal-feeding Lepi-

doptera at harvest was very low in all treatments (Table 1). At 

Ridgeway there was no statistical diff erence between the phero-

mone plots and the Nondisrupted Grower Standard; it should be 

noted that this farm received the most aggressive insecticide pro-

gram. At Eagle Harbor, there was signifi cantly higher damage in 

the Nondisrupted Grower Standard than in the Duel plot, and at 

Figure 5. Codling moths caught in pheromone 

traps in three orchards treated with mat-

ing disruption products, 2007 (solid lines, 

Ridgeway; dashed lines, Eagle Harbor; 

solid lines with fi lled circle markers, New-

fi eld).

Figure 6. Oriental fruit moths caught in phero-

mone traps in three orchards treated with 

mating disruption products, 2007 (solid 

lines, Ridgeway; dashed lines, Eagle Har-

bor; solid lines with fi lled circle markers, 

Newfi eld).

Figure 7.  Lesser appleworm moths caught in pher-

omone traps in three orchards treated 

with mating disruption products, 2007 

(solid lines, Ridgeway; dashed lines, Eagle 

Harbor; solid lines with fi lled circle mark-

ers, Newfi eld).

Table 1.  Percent deep (internal) and sting (surface) fruit injury1 at harvest in phero-

mone-treated plots, 2007-08.      
 

Year/Site Treatment Sting Deep Total Clean

2007      

Ridgeway Isomate CM/OFM TT 0.0a 0.0a 0.0a 100.0a 
 Checkmate CM/OFM Duel 0.2a 0.0a 0.2a 99.8a
 Puff er CM/OFM 0.2a 0.0a 0.2a 99.8a
 Nondisrupted Grower Standard 0.0a 0.0a 0.0a 100.0a

Eagle Harbor Isomate CM/OFM TT 0.0a 0.6a 0.6ab 99.4a
 Checkmate CM/OFM Duel 0.0a 0.2a 0.2a 99.8a
 Puff er CM/OFM 0.0a 0.6a 0.6ab 99.4a
 Nondisrupted Grower Standard 0.6b 1.6a 2.2b 97.8a

Newfi eld Isomate CM/OFM TT 0.2a 0.8a 1.0a 99a
 Checkmate CM/OFM Duel 0.8ab 1.2a 2.0a 98a
 Puff er CM/OFM 2.4bc 4.6b 7.0b 93b
 Nondisrupted Grower Standard 3.2c 5.2b 8.4b 91.6b

2008       

Lake Rd SPLAT OFM 30M-1 plus Cydia 1.2 a 0.3 a 1.5 a 98.5 a
 SPLAT OFM 30M-1 plus Cydia v.  0.7 a 0.1 a 0.8 a 99.2 a
 Nondisrupted Grower Standard 0.4 a 0.0a 0.4 a 99.6 a
 Untreated Check 1.0 a 14.4 b 15.4 b 84.6 b

Wolcott SPLAT Cydia 0.4 a 0.3 a 0.7 a 99.3 a
 SPLAT Cydia v. 3.38 1.0 a 0.9 a 1.9 a 98.1 a
 Nondisrupted Grower Standard 4.6 b 1.8 a 6.4 b 93.6 b

Newfi eld Puff er (CM plus OFM) 0.1 a 0.5 a 0.6 a 99.4 a
 Nondisrupted Grower Standard 1.6 a 4.8 b 6.4 b 93.6 b

  Damaged Clean

Sodus SPLAT OBLR 0.4 a 99.6 a
 Nondisrupted Grower Standard 2.2 b 97.8 b
    
1Within a site for each year, values in the same column followed by the same letter are not  
 signifi cantly diff erent at P=0.05 level (Fisher’s protected lsd test). 

tree canopy, Figure 8) and into the hub of a centrifugal spin-

ning emitter, which dispersed 0.25-g droplets into the canopy 

at a rate of ~6–10 droplets per tree or ~3000 droplets/A. Th e 

application unit was mounted on a tractor that was driven 

through the orchard at 3–5 mph to apply the products. Th e 

SPLAT formulations tested were:

• SPLAT OFM 30M-1, containing 3% a.i. OFM pheromone.

• SPLAT Cydia, containing 10% a.i. CM pheromone.

• SPLAT Cydia ver. 3.38, an experimental formulation con-

Newfi eld, the Duel and Isomate plots had less damage 

than both the Standard and Puff er plots. Th e Newfi eld 

site received no insecticide sprays after May, so these 

results are actually indicative of how eff ectively the 

pheromone treatments performed under relatively high 

codling moth pressure.

2008 Trials
Plots were set up in mixed plantings of fresh and pro-

cessing apples on fi ve commercial farms in Wayne, 

Orleans and Tompkins Counties, NY. A low-density 

automated aerosol spray dispenser and a fl owable 

wax emulsion were compared for effi  cacy in man-

aging three internal-feeding Lepidoptera species, 

codling moth (CM); oriental fruit moth (OFM); and 

lesser appleworm (LAW), (when applied against all 

generations of these pests) and the summer genera-

tion obliquebanded leafroller (OBLR), Choristoneura 

rosaceana.

Th e pheromone products assessed were: 

1. Checkmate Puff ers. In 2008, the cabinets were dis-

tributed in a regular grid pattern throughout the 

orchard interior, spaced approximately 132 ft apart 

and keeping roughly half that distance between 

the orchard edge and the nearest puff er unit. As in 

2007, every tree in the perimeter two rows (or two 

row-end trees) additionally received a Checkmate 

CM-OFM Duel membrane dispenser.

2. SPLAT (ISCA Technologies, Inc, Riverside, CA), a 

formulation consisting of target pest pheromones 

in a fl owable wax emulsion delivered via a piston 

pump, through an extension arm (held above the 
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HOW DO YOU LIKE THEM APPLES?

S T O R A G E  C O N T R O L  S Y S T E M S
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Figure 1: Antioxidant capacity of common fruits and vegetables based on the VCE assay (Kim et al. 2002; Chun 
et al. 2003, 2004, 2005).
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Table 2. Comparison of Anthocyanin contents measured by spectrophoto-

metric methods and RP-HPLC-DAD  from 12 Cultivars of Raspber-

riesa

  Anthocyanin 

  pH-diff erentialb Anthocyanin HPLC 

Raspberry variety Color (mg CGE/100 mg) (mg of CyE/100g)

Encore red 41.1 ± 2.3  36.2 ± 0,5
Yellow yellow 1.8 ± 0.5  6.9 ± 2.3
Allen black 367.9 ± 20.3  337.6 ± 26.0
Black Hawk black 315.9 ± 14.9  262.0 ± 10.1
Black Knight black 335.6 ± 8.7  259.7 ± 34.9
Hanover black 375.9 ± 12.8 326.7 ± 22.5
Huron black 379.1 ± 19.7 346.4 ± 27.0
Jewel black 446.7 ± 14.8  356.2 ± 23.2
Mac Black black 458.7 ± 26.5  385.8 ± 31.9
Munger black 393.5 ± 9.9  310.2 ± 39.9
New Logan black 323.7 ± 16.8  279.8 ± 15.2
Plum Farmer black 451.2 ± 14.6  396.4 ± 24.4

a The data are presented with mean ± standard deviation on fresh weight basis 
of at least four replications. CGE, Cyanidin-3-glucose equivalent; CyE. Cyanidin 
equivalent. 

showed an anthocyanin content 

of 41.1mg/100g fwt. The total 

monomeric anthocyanin content 

in descending order was Mac 

Black > Munger > Plum Farmer > 

Hanover > Jewel > Huron > Allen 

> Black Knight > New Logan > 

Black Hawk > Encore > Yellow.

 Relationship between phy-

tochemical contents and their 

total antioxidant activity.  Th e 

total antioxidant capacity was 

highly correlated with total phe-

nolics (Pearson’s correlation 

coeffi  cient r2=0.96) and fl avonoid 

contents (r2=0.98). Th ese results 

imply that polyphenolics and 

fl avonoids may play an impor-

tant role in free radical scavenging activity of raspberries. Total 

fl avonoid content showed a better correlation than total antho-

cyanins (r2=0.77 and r2= 0.80, respectively for measurement of 

anthocyanins with the pH shift method and the HPLC method) 

with the free radical scavenging activity measured by the ABTS 

discoloration assay, in large part because the yellow accession 

has essentially no anthocyanins but is still high in phenolic con-

tent.

Discussion
Considerable variation in total phenolics, fl avonoids, anthocya-

nins and antioxidant capacity was found between black, yellow, 

and red raspberries, as well as within the Rubus occidentalis cul-

tivars tested. Black raspberries had the highest levels among the 

cultivars tested in all assays. It has been frequently reported that 

darker colored raspberries contain higher total phenolic content 

and stronger antioxidant activities. It has also been reported that 

yellow and amber types still produce high levels of phenolics and 

antioxidant capacity (Liu et al., 2002). Th is study confi rmed that 

the yellow raspberry cultivars can exhibit remarkable antioxidant 

activities and high levels of total phenolics and fl avonoids, while 

being low in anthocyanins. Th ere was a strong linear relationship 

found between either total phenolic, fl avonoid and anthocyanin 

(when present) contents and antioxidant capacity (VCEAC).

 All of the pigmented raspberry cultivars tested exhibited 

relatively high anthocyanin contents, which are known to be very 

strong antioxidants. Cyanidin was found to be the major pigment 

of all raspberries, which possesses stronger antioxidant activity 

than vitamin E and C or quercetin (Rice-Evans et al., 1995; Meyer 

et al., 1998; Wang, 2003). Th is comprehensive study clearly dem-

onstrates the variability among Rubus occidentalis cultivars for 

total phenolic, fl avonoid and anthocyanin content, which is also 

refl ected in their antioxidant activities. Th e results of this study 

were in good agreement with previous reports of various scien-

tists. In general, this study suggests that black raspberries are an 

excellent source of antioxidants as health-improving compounds 

in human diet. With 10 or more times the antioxidant capacity 

of apples, grapes, oranges, broccoli, spinach, sweet potatoes and 

many other fruits and vegetables, even a small quantity of black 

raspberries added to the diet can signifi cantly increase total 

antioxidant consumption. As few as four average sized berries 

(2.5 g each) has a greater antioxidant capacity than 100g (3.5 

oz.) of many fruits and vegetables. With this level of antioxidant 

power, black raspberries can be an aff ordable, low-calorie source 

of antioxidant in anyone’s diet.
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taining 6% a.i. CM pheromone plus apple secondary plant 

compounds.

• SPLAT OBLR, an experimental formulation containing an 

undisclosed amount of OBLR pheromone.

 Th e pheromone treatments against the internal-feeding spe-

cies were all applied slightly before or coincident with the fi rst 

fl ights of the respective target species, except for the SPLAT OBLR 

at the Sodus site, which was delayed approximately three wk past 

the fi rst adult catch because of a miscommunication between the 

manufacturer and the distributor: 

• Lake Rd North, (10A): SPLAT OFM, 8 May; SPLAT Cydia, 

25 May

• Lake Rd South, (5A): SPLAT OFM, 8 May; SPLAT Cydia  ver. 

3.38, 25 May

• Lake Rd Peaches, (20A): SPLAT OFM, 8 May

• Wolcott North, (20A): SPLAT Cydia, 2 June

• Wolcott South, (18A): SPLAT Cydia ver. 3.38, 2 June

• Sodus Farm, (20A): SPLAT OBLR, 1 July

• Newfi eld (23A): Puff er CM/OFM, 7 May

• Lyndonville (9A): Puff er CM/OFM, 13 May

 Pheromone product effi  cacy in depressing adult male trap 

catch was monitored as in 2007 using 5–6 Delta-style traps per 

plot for each target species. Traps were located at least 3-5 trees/

rows interior to the orchard edges at each corner, plus in center 

locations as appropriate, according to the specifi c orchard dimen-

sions. Again, a similar grouping of traps in a non-disrupted check 

plot nearby was also monitored at each farm. 

2008 Results
Trap catches of adults were generally suppressed to low levels in 

all pheromone treatment plots during the mid- and late summer, 

although some breakthrough captures did occur, particularly for 

codling moth, so trap shutdown again was not absolute in all cases 

(Figures 10-12). Two SPLAT sites with notable CM catches were 

the Lake Rd. and Wolcott plots, where dissimilar trends were noted 

for the standard SPLAT Cydia vs. the experimental Cydia ver. 3.38 

formulations. At Lake Rd., CM adult catches were almost com-

pletely suppressed throughout the season in the Cydia ver. 3.38 

plot, while in the standard SPLAT Cydia plot, CM were frequently 

caught at rates of between 5–12 adults per trap per week starting 

in early June (Figure 10). Conversely, at Wolcott, CM catches in 

the standard SPLAT Cydia plots generally remained in the range 

of 0–4 adults per trap while those in the Cydia ver 3.38 plot several 

times peaked at more than twice those levels (Figure 11). It is not 

known what factors may have been responsible for these results, 

although the CM pressure at both of these sites was quite high, 

so in relative terms the proportional trap shutdown was still fairly 

good. 

 Th e trap shutdown of OFM captures in the SPLAT OFM traps 

was generally adequate under the high pressure situation existing 

at the Lake Rd. peach site, with catches remaining below 5 adults 

per trap per week throughout the season. Th e fruit on these pro-

cessing trees was thinned off  shortly after bloom, due to the lack 

of an acceptable market outlet. At the Sodus Farm, the appropri-

ate SPLAT OBLR application timing was missed because of a de-

lay in the product’s shipment from the factory, so the bulk of the 

OBLR fl ight had already taken place by the time the treatment was 

applied. No diff erence in trap numbers was evident between the 

disrupted and non-disrupted plots until the second fl ight began in 

early August.

 Incidence of fruit injury detected during the fruit sampling 

procedure was extremely low all season in all blocks until late July, 

when damage began to show up in the Wolcott SPLAT plots, which 

persisted through most of the August sample dates. Relatively low 

amounts of fruit damage were seen in the Lake Rd. and Newfi eld 

disrupted plots; pressure in the nondisrupted plots was consider-

able. Likewise, very little OBLR damage was detected in the Sodus 

Farm SPLAT plot.

 Fruit damage at harvest caused by internal-feeding Lepi-

doptera at harvest was very low in all the disruption treatments, 

and almost always signifi cantly diff erent from the nondisrupted 

Check plots (Table 1). Levels of total damage (stings plus internal 

tunneling) at Lake Rd. averaged 0.8–1.5% in the diff erent SPLAT 

plots, compared with 0.4% in the nondisrupted grower standard, 

and 15.4% in an adjacent untreated check block. At the Wolcott 

farm, total damage averaged 0.7–1.9% in the SPLAT plots, and 

6.4% in the nondisrupted grower standard. Th e Newfi eld Puff er 

plot had 0.6% total fruit damage, compared with 6.4% in the non-

disrupted check. Mating disruption has been in use for three years 

on this farm, and the overall level of damage has progressively di-

minished each year. No fruit damage occurred at the Lyndonville 

Puff er site, compared with just 0.2% in the nondisrupted grower 

standard block. Finally, the OBLR larval damage to fruit at So-

dus Farm was 0.4% in the SPLAT plot, compared with 2.2% in the 

nondisrupted standard. As the product was not applied until after 

much of the fi rst generation mating would have likely taken place, 

it may be inferred that any treatment diff erences would have been 

a result of its impact on the second summer generation’s mating 

period.

Conclusions
Th e pheromone treatments tested improved the overall control 

of the lepidopteran management programs in these orchards, but 

some factors can be identifi ed as potential contributors to having 

achieved less than perfect control: 

1. Although an eff ort was made to establish larger plots during 

the 2008 trials, plot size still may not have been large enough 

to overcome the possibility of immigration by mated females. 

While this applies to all types of dispenser technology evalu-

ated, it is probably more critical in the case of the Puff ers, which 

are deployed at such low densities that a large number of them 

(over a correspondingly large area) are required to produce a 

Figure 8. Application process of fl owable SPLAT pheromone, (inset) Droplet 

of SPLAT formulation showing relative size.
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Figure 12. Pheromone trap catches of codling 

moth, oriental fruit moth, and lesser 

appleworm in SPLAT-treated orchards, 

Lake Rd. (Wayne Co.), 2008.

Figure 11. Pheromone trap catches of codling moth 

and oriental fruit moth in SPLAT-treated 

orchards, Wolcott, 2008.

Figure 10. Pheromone trap catches of codling moth, 

oriental fruit moth, and lesser appleworm 

in SPLAT-treated orchards, Lake Rd (Wayne 

Co.), 2008.

comprehensively permeated region of orchard canopy space. 

Th e results of this year’s trials underscores the implication, re-

fl ected in the product’s label instructions, that the best effi  cacy 

using Puff ers for mating disruption will be obtained in uses over 

larger areas (e.g., optimally 40A or greater).

2. Operational diffi  culties in the application and maintenance of 

the pheromone treatments need to be addressed. Th e Puff er 

units are relatively heavy and complex, which means that care 

must be taken in locating them on tree branches capable of sup-

porting their weight over the entire season, and they should 

be checked periodically to ensure they are operating properly. 

Because there are so few deployed per unit area, less than op-

timum performance in just one unit can have a major eff ect 

on the treatment’s effi  cacy. Th e SPLAT technology off ers great 

promise as a convenient and eff ective method of pheromone 

application over large areas. However, because the customized 

application equipment is complex and diffi  cult to use, it may 

not be easy to promote widespread adoption of this technique 

by growers until some improvements are made.

3. Th e population pressure may sometimes be too high to be com-

pletely disrupted by the pheromone treatments. Depending on 

the success in addressing the fi rst two points noted, there will be 

the potential for incomplete mating disruption in situations of 

severe population pressure, so these methods will usually need 

to be supplemented with at least some form of insecticide ap-

plication, particularly in the case of diffi  cult to control species 

such as CM and OBLR.

4. Th e in-season fruit inspection regimen continues to be eff ective 

and reliable, but there remains a diffi  culty in convincing grow-

ers to wait for evidence of even a low level of damage in their 

orchards before applying a special spray against these pests. 

    In general, considering the overall levels of pest pressure oc-

curring in these orchards, and the economics (considering both 

materials and labor) of implementing such pheromone treat-

ments, it is possible that many lepidopteran pest problems in 

NY orchards could be adequately and economically addressed 

by adjusting pesticide spray schedules—and particularly, cover-

age—or with the use of selective products in a smaller number 

of designated sprays. 
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absent, so the fl avonoid composition is altered. Absorbance was 

measured at 510 nm against the prepared blank and catechin (CE), 

a mid-point compound in the fl avonoid biosynthesis pathway, as 

the standard. 

 Total anthocyanin extraction was done with acidified 

methanol following the method by Durst and Wrolstad (2001), 

with slight modifi cations. Th e obtained anthocyanin extract was 

further purifi ed and hydrolyzed and then injected into a HPLC 

system. Th e concentration of total anthocyanins in the extracts 

was determined by using the pH diff erential spectrophotometric 

method. Diluted anthocyanin extract (0.2 ml) was mixed with 3.8 

ml of 0.025 M potassium chloride buff er (pH 1.0). Another sample 

was diluted with 3.8 ml of 0.4 M sodium acetate buff er (pH 4.5). 

After equilibration at room temperature for 15 min, the absor-

bance at 510 nm and 700 nm was measured. Th e anthocyanin 

content was calculated by using the literature molar extinction 

coeffi  cient of 29,600 [L•cm-1•mol-1] and the molecular weight 

of 449.2 [g•mol-1] for cyanidin-3-glucoside. Results were ex-

pressed as mg cyanidin-3-glucoside equivalents (CGE)/100g of 

fresh weight. Th e anthocyanin composition of the hydrolyzed 

anthocyanin extract was determined by RP-HPLC following the 

procedure with slight modifi cations of Lee (2002). Ultraviolet-

visible (UV-Vis) absorption spectra (200-600 nm) were collected 

for all peaks, which were then compared to known peaks for 

various anthocyanins.

 Antioxidant Capacity was estimated and calculated as Vi-

tamin C equivalent antioxidant capacity (VCEAC) using the 

method developed by Kim et al. (2002). Th is assay is based on 

a chemical reaction (decolorization) by using blue-green ABTS 

radicals, which may be scavenged by polyphenolics with antioxi-

dant activity. Twenty microlitres of the properly diluted sample 

were mixed with 980 μL of ABTS radical solution and incubated 

in a 37° C water bath for ten minutes. Th e reduction of absorbance 

was measured at 734 nm. Th is is compared to a standard curve 

developed using Vitamin C in the same assay to calculate the 

VCEAC of each sample.

Results
Total phenolics. Th e total phenolic content of the tested rasp-

berry cultivars ranged from 342.0 to 875.3 mg of GAE/100g of 

fresh weight (Table 1). ‘Hanover’ contained the highest total 

phenolic content, followed by ‘Plum Farmer’ (805.9 ± 23.0 GAE 

mg/100g) and Munger (791.1 ± 8.8 GAE mg/100g), while ‘Black 

Hawk’ (489.3 ± 38.9 GAE mg/100g) had the lowest content. In 

black raspberries, the average total phenolic content was about 

670.4 GAE mg/100g. Th e total phenolic values for black raspber-

ries were found to be about 1.4 to 2.5 fold higher, when compared 

to red raspberry (342.0 mg of GAE/100g). Th e phenolic content 

for the yellow raspberry was 425.6 ± 24.9 mg/100g, which is about 

20% higher than that of the red variety. In increasing amounts, 

the order was Encore < Yellow < Black Hawk < Huron < New 

Logan < Allen < Black Knight < Jewel < Mac Black < Munger < 

Plum Farmer < Hanover.

 Total fl avonoid. Th e range of total fl avonoids in all tested 

raspberries varied between 43.8 and 250.5 mg of CE/100g of 

fresh weight (Table 1). Th e average total fl avonoid content among 

the black raspberry cultivars was 196 mg of CE/100g of fresh 

weight, with a ratio between 0.27 and 0.30. Th e yellow and the 

red raspberry had the lowest total fl avonoid contents among all 

12 raspberry cultivars tested, with a ratio of fl avonoids to pheno-

Table 1. Comparison of the Levels of Total Phenolics and Total Flavonoids 

and Vitamin C Equivalent Antioxidant Capacity (VCEAC) from 12 

Cultivars of Raspberries a

Raspberry  Color Total phenolicsb Total fl avonoidsb VCEACb

variety  (mg of GAE/100g) (mg of CE/100g) (mg of VCE/100g)

Encore Red 342.0 ± 36.5  43.8 ± 4.2  714.8 ± 30.5 

Yellow yellow 425,6 ± 24.9  120.7 ± 5.3  1440.4 ± 88.6

Allen black 592.6 ± 23.2  162.3 ± 11.0  1867.6 ± 44.2 
Black Hawk  489.3 ± 38.9  150.3 ± 6.5 f 1750.1 ± 71.1 
Black Knight  661.0 ± 10.8  196.6 ± 13.5  2247.3 ± 96.3 
Hanover  875.3 ± 33.1  250.5 ± 10.4  2829.3 ± 92.4 
Huron  544.3 ± 22.9  163.4 ± 8.7  1828.3 ± 38.6 
Jewel  658.5 ± 25.1  190.5 ± 10.3  2172.9 ± 49.1 
Mac Black  698.8 ± 26.4  203.4 ± 9.8  2402.7 ± 83.1 
Munger  791.1 ± 8.8  221.1 ± 9.0  2457.6 ± 43.1 
New Logan  586.9 ± 43.0  164.6 ± 13.1  2019.2 ± 53.2 
Plum Farmer  805.4 ± 23.0  249.1 ± 4.1  2508.8 ± 81.3 

a The data are presented with mean ± standard deviation on fresh weight basis 
of at least four replications. GAE, gallic acid equivalent; CE, catechin equivalent; 
VCE, Vitamin C equivalent.

lics of 0.13 and 0.27, respectively. Th e highest ratio of fl avonoids 

to phenolic was found in black raspberries, resulting from their 

high anthocyanin levels. Th e total fl avonoid values of the black 

raspberries were around 3 to 5.7 times higher than that of the red 

raspberry. Th e total fl avonoid content of the yellow genotype was 

approximately 2.8-fold higher than ‘Encore’. Th e fl avonoid content 

in descending order was Hanover > Plum Farmer > Munger > 

Mac Black > Black Knight > Jewel > New Logan > Huron > Allen 

> Black Hawk > Yellow > Encore.

 Antioxidant capacity (VCEAC). Th e extracts of freeze-dried 

raspberries possessed total antioxidant capacities ranging from 

714.8 to 2829.3 mg/100g of VCEAC (Table 1). Th e black rasp-

berry, with an average of 2208 mg VCE/100g, had signifi cantly 

higher antioxidant capacities, than the red raspberry. ‘Hanover’ 

was found to possess the highest antioxidant activity, while ‘Black 

Hawk’ (1750.1 mg/100g) showed the lowest VCEAC level among 

all black raspberry cultivars tested. Th e yellow-fruited black rasp-

berry exhibited a relatively high VCEAC level of 1440.4 mg/100g 

even though it has nearly zero anthocyanin content. Th e red 

raspberry ‘Encore’ had the lowest antioxidant capacity among 

all cultivars tested, with an average of 714.8 VCE mg/100g. Th is 

level was 3-times lower than the average antioxidant value of the 

black cultivars. Th e VCEAC in descending order was Hanover 

> Plum Farmer > Munger > Mac Black > Black Knight > Jewel > 

New Logan > Allen > Huron > Black Hawk > Yellow > Encore.

 Th e black raspberry cultivars exhibited relatively high con-

tents in total phenolics and fl avonoids, what is also refl ected in 

their antioxidant potential (Figure 1).

 Anthocyanin content. Th e total monomeric anthocyanin 

content was measured by the UV-Visible spectroscopy method 

reported by Giusti and Wrolstad (2001). Considerable variation 

in anthocyanin content was found not only between black, yel-

low and red cultivars, but also within the ten Rubus occidentalis 

cultivars. Th e measured anthocyanin contents are presented in 

Table 2. Total anthocyanin levels of all varieties, were between 1.8 

mg/100g (yellow) and 458.7 mg/100g (‘Mac Black’) expressed as 

cyanidin-3-glucoside equivalents (CGE) based on fresh weight. 

Black raspberries showed anthocyanin contents ranging from 

315.9 to 458.7 mg CGE/100g, with an average of 385 ± 53 mg 

CGE/100g. As expected, there was no signifi cant amount of 

anthocyanins found in the yellow raspberry. Th e red raspberry 




