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Abstract
  Fungicides are commonly used for managing gray mold of raspberries (Rubus ideaus) caused by Botrytis cine-
rea. In 2006-07, we studied the efficacy of MilStop (potassium bicarbonate), Endorse (polyoxin D zinc salt), lime 
sulfur (calcium polysulfide), Phostrol (mono- and dibasic-sodium, potassium, and ammonium phosphates), and 
tank mixtures of Oxidate (hydrogen dioxide) and MilStop combined, Oxidate and Vigor Cal Phos (phosphorous 
salts of calcium and copper) combined and Shemer (Metschnikowia fruitcola) and MilStop combined (2007 only) 
for managing gray mold. Phostrol resulted in the highest phytotoxicity. Rotating Captan (captan) and Elevate 
(fenhexamid), a commercial standard, was the most effective for yield and in-season gray mold management. 
Generally no material was more effective for postharvest gray mold management than spraying water on the 
plants. Applying these treatments generally provided no yield benefit or control of gray mold. 

  Raspberries are an important cash crop 
in Pennsylvania. While initial investment in 
a planting is relatively high, good manage
ment skills are needed to produce a quality 
product and substantial labor is required, fi-
nancial returns generally outweigh costs (3). 
Most raspberry plantings do not reach their 
full productive potential due to disease. Gray 
mold caused by Botrytis cinerea is one of 
the most economically important diseases of 
raspberries (8). When conducive conditions 
exist, B. cinerea can cause over 90% infec-
tion of fruit (12). 
  Chemical controls are the most common 
method for gray mold management (8). In 
addition to traditional chemical products, 
many alternative products have become 
commercially available, including options 
allowable in organic farming. Plant-defense 
boosters such as nutritional supplements are 
also commercially marketed for disease man-
agement. The efficacy of many alternative 

products and nutritional supplements has not 
been established, yet they are aggressively 
advertised to growers as viable management 
options. The objective of this study was to 
determine the efficacy of several of these 
materials for managing gray mold. The basis 
of evaluation of these materials was disease 
suppression, fruit yield, postharvest losses 
and phytotoxic effects. 

Materials and Methods
Raspberry Planting

  This study was conducted in 2006-07 on 
a 2-year-old ‘Nova’ and ‘Prelude’ summer 
bearing red raspberry (Nourse Farms, South 
Deerfield, MA) plantings located at the Rus-
sell E. Larson Research and Education Cen-
ter, Rock Springs, PA (lat. 40°42’45.04”N, 
long 77° 57’12.44”W). Canes were support-
ed by an I trellis system (2). Overhead irri-
gation supplemented natural rainfall and was 
applied at a rate of 6.2 to 12.4 cm per week 
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during vegetative growth and 12.4 to 18.5 
cm per week during reproductive growth, 
following commercial recommendations (2). 
Overhead irrigation was used to facilitate 
Botrytis cinerea development by increas-
ing relative humidity levels within the plant 
canopy and replaced the more typically used 
drip irrigation. 

Treatments
  Seven treatments for managing gray mold 
were evaluated during the 2006 growing sea-
son. Eight treatments were evaluated in 2007. 
MilStop (BioWorks, Inc., Fairport, NY) can 
be used in organic farming and was applied 
at a rate of 4.2 kg·ha-1. A lime sulfur solu-
tion (Miller Chemical and Fertilizer Corp., 
Hanover, PA) was applied at a spray volume 
of 1%. Lime sulfur may be used at 10% spray 
volume during the dormant season (2). Its po-
tential for in-season gray mold management 
was tested. Phostrol (Nufarm Americas, Inc., 
Burr Ridge, IL) was applied at a rate of 5.9 
l·ha-1. Additionally, a combined MilStop and 
Oxidate (Biosafe Systems, Glastonbury, CT) 
tank mixture was used. MilStop was applied 
at a rate of 4.2 kg·ha-1 and Oxidate was ap-
plied at a spray volume of 1% for the first 
three applications and then at a 0.3% of spray 
solution volume for the remaining applica-
tions. A combined Oxidate and Vigor Cal 
Phos (Agro-K Corp., Minneapolis, MN) tank 
mixture was tested with Oxidate applied at 
a spray volume of 1% for the first three ap-
plications and then at 0.3% of spray solution 
volume for the remaining applications and 
Vigor Cal Phos applied at a rate of 9.3 l·ha-1. 
Oxidate is allowed in organic farming under 
the restricted category requiring documented 
need (1). Endorse (Arvesta Corp., San Fran-
cisco, CA) was applied at a rate of 2.0 kg·ha-1. 
Endorse is not currently labeled for raspber-
ries. However, its efficacy in managing B. 
cinerea in geraniums (13) and creeping bent-
grass in combination with Spectro (chloroth-
alonil plus thiophanate methyl) (7) has been 
established. In 2007 only, Shemer (Agro-
Green Minrav., Ashdod, Israel) and MilStop 

were applied as a tank mixture. Shemer was 
applied at a rate of 0.2% spray solution vol-
ume and MilStop was applied at a rate of 
0.1% spray solution volume. Company rep-
resentatives recommended applying Oxidate, 
Vigor Cal Phos and Shemer in combination 
with other materials. With the exception of 
lime sulfur, all chemical application rates 
were based on manufacturer recommenda-
tions for gray mold management. The lime 
sulfur rate was based on the recommendation 
of plant pathologist, J. Travis (personal com-
munication). The majority of the treatments 
were selected by an advisory board consist-
ing of bramble producers in the mid-Atlantic 
region. Endorse and Shemer were evaluated 
at the request of the United States Depart-
ment of Agriculture’s IR-4 program. 
  Two experimental controls were used: a 
water only spray, and a standard fungicide 
rotation of Elevate 50 Water Dispersible 
Granules (Arvesta Corp., San Francisco, CA) 
applied at a rate of 1.7 kg·ha-1 and Captan 50 
Wettable Powder (Arvesta Corp., San Fran-
cisco, CA) applied at a rate of 4.5 kg·ha-1. 
  Each plot was hand sprayed using three 
passes per application for maximum plant 
coverage: once on either side of the hedge-
row and once over the top. All chemical 
treatments were applied in a volume of water 
equivalent to 469 l·ha-1 using a compressed 
CO2 sprayer operated at 276 kPa. Chemical 
treatments were initiated at 10 to 15% bloom 
(early bloom). They were then applied twice 
more on 5- to 7-day intervals, corresponding 
to 45 to 50% bloom (mid bloom) and 75 to 
80% bloom (late bloom). Treatments were 
discontinued briefly and resumed when har-
vested fruit counts reached 10 to 15% (early 
harvest) and continued on 5- to 7-day inter-
vals corresponding to 45 to 50% fruit (mid 
harvest) and 75 to 80% fruit (late harvest). 

Data Collection
  Phytotoxicity symptoms in each plot were 
evaluated following each spray application. 
A visual rating scale of 0 to 100% using 10% 
increments was used. When less than 10% of 
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leaf area or canes were affected, a rating of 
5% was assigned. Ratings were taken week-
ly, with the final observations taken within 
one week after the last treatment application.
  Fruit was harvested by hand three times 
weekly from 22 June to 28 July 2006 and 22 
June 22 to 25 July 2007. Fruit were sorted 
into marketable and unmarketable catego-
ries. Unmarketable fruit displayed blemishes 
or disease. Most blemishes were due to insect 
and mechanical damage. A small amount of 
diseased fruit was also observed. Subsamples 
consisting of 25 random fruit and total fruit 
were weighed.
  Postharvest evaluations were performed 
on fruit collected on four harvest dates each 
season: 30 June, 3, 7 and 17 July 2006 and 
25 and 27 June, 3 and 6 July 2007. Following 
these harvests, 13 or 16 ripe fruit in 2006 and 
2007, respectively, were placed in 28-celled 
plastic trays (Gardner’s Candies, Tyrone, 
PA). Trays were then placed in moist cham-
bers consisting of 3.8 l plastic slider bags 
lined with two-layers of paper towels that 

were moistened with tap water. To facilitate 
gray mold incidence, in 2006, moist cham-
bers were stored at room temperature (21 to 
24 °C) for 4 days followed by 3 days at 4 
to 7 °C. In 2007, they were stored at 16 to 
18 °C for 4 days followed by 3 days at 4 to 
7 °C to slow disease development. Disease 
incidence was recorded daily for 1 week. 
Fruit were maintained for up to 2 months to 
verify disease-causing pathogens by analysis 
of morphological characteristics using a 30x 
dissecting microscope.

Statistical Design and Analysis
  Treatments were arranged in a 2 (cultivars: 
‘Nova’ and ‘Prelude’) x 9 or 10 (treatments 
and 2 controls in 2006 and 2007, respectively) 
factorial in a randomized complete block de-
sign with 4 replications. Numerical data were 
analyzed with General Linear Model Analysis 
of Variance. When differences were detected 
at P≤0.05, data were subjected to Duncan’s 
Multiple Range Test using Statistical Analysis 
System 9.1.3 (SAS Institute Inc., Cary, NC).

Field Grown Raspberries

Table 1. Percent phytotoxicity on Rubus ideaus, cultivars ‘Prelude’ and ‘Nova’, resulting from chemical 
treatments for gray mold (caused by Botrytis cinerea) in 2006-07.

Table 1.  Percent phytotoxicity on Rubus ideaus, cultivars Prelude and Nova, resulting 1 

from chemical treatments for gray mold (caused by Botrytis cinerea) in 2006-07. 2 

Phytotoxicity rating  

(% leaf tissue affected
y
 ) 

Cultivar Treatment 2006 2007 

Water only spray (control) 0.00 b
z
 0.00 b 

Captan and Elevate rotation (control) 0.00 b 0.00 b 

MilStop 3.50 b 1.00 b 

Endorse 0.00 b 0.00 b 

Lime Sulfur 0.00 b 0.00 b 

Phostrol        26.00 a       21.00 a 

Oxidate and MilStop 2.80 b 0.50 b 

‘Prelude' 

Oxidate and Vigor Cal Phos 0.75 b 0.00 b 

Water only spray (control) 0.00 d 0.00 c 

Captan and Elevate rotation (control) 0.00 d 0.00 c 

MilStop  9.80 bc 5.80 b 

Endorse  4.80 cd 1.00 c 

Lime Sulfur 0.00 d 1.00 c 

Phostrol        54.00 a       43.00 a 

Oxidate and MilStop        11.00 b 9.00 b 

‘Nova' 

Oxidate and Vigor Cal Phos     5.80 bcd 1.00 c 
y
Mean of weekly phytotoxicty ratings for four replications 3 

z
Letters indicate significant differences within a column at P≤0.05 4 

5 
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Results and Discussion
Phytotoxicity 

  In both years, ‘Nova’ was more suscep-
tible to phytotoxicity than ‘Prelude’. With 
‘Prelude’, in both years, applying Phostrol 
resulted in the highest percent phytotoxicity 
(Table 1). All other treatments with ‘Prelude’ 
resulted in negligible phytotoxity ratings 
similar to the water only spray. 
  With ‘Nova’, in both years, applying Phos-
trol resulted in the highest percent phytotox-
icity compared to all other treatments (Table 
1). Applying Captan and Elevate in rotation, 
Endorse, lime sulfur, and Oxidate/Vigor Cal 
Phos tank mixture resulted in a similar per-
cent phytotoxicity as the water only spray. 
Applying MilStop and the MilStop/Oxidate 
tank mixture resulted in similar and higher 
phytotoxicity ratings than the water only 
spray. 
  Applying Phostrol resulted in phytotoxic-
ity regardless of cultivar. Phytotoxic symp-
toms from Phostrol applications were a uni-
form marginal and veinal necrosis as reported 
previously (9, 10). On floricanes, symptom 
severity increased with each treatment ap-
plication. Primocanes outgrew phytotoxic 
symptoms as the leaves expanded and new 

ones emerged. Additionally, applying Mil-
Stop and the MilStop/Oxidate tank mixture, 
resulted in phytotoxicity on ‘Nova’. Gener-
ally, these ratings were similar, although 
lower than observed when applying Phostrol. 
Symptoms from these products were usually 
not prevalent throughout plots and consisted 
mainly of leaf chlorosis. Research has shown 
phytotoxic effects of leaf stunting and defor-
mation from MilStop application on hydran-
gea (5). Based on analysis of yield data, phy-
totoxicity as a result of applying any product 
was not statistically correlated with yields 
indicating plant compensation or that levels 
were not sufficient to affect yields.

Yields
  Throughout the study no treatment by cul-
tivar interactions existed. 
  In 2006, marketable and unmarketable 
yields and the percent of fruit infected with 
gray mold were not affected by treatment 
(Table 2). Using Captan and Elevate in rota-
tion resulted in the largest fruit. Water only 
sprays resulted in fruit similar in weight to 
those sprayed with the Oxidate /Vigor Cal 
Phos tank mixture, lime sulfur, Phostrol and 
Endorse. MilStop applications resulted in 

Table 2. Marketable and unmarketable yields of Rubus ideaus fruit treated with alternative options for 
managing gray mold (caused by Botrytis cinerea); 2006.
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Marketable 

yield
w
 

Marketable fruit 

wt 

Unmarketable 

yield 

Unmarketable fruit 

due to gray mold 

 

Treatment 

 (g·plot
-1x

)  (g·fruit
-1

)  (g·plot
-1

) (%) 

Water only spray (control) 2045 2.4 b 668 24 

Captan and Elevate 

rotation (control) 

2553 2.6 a 629 10 

Milstop 1600 2.2 c 534 20 

Endorse 1765 2.4 b 445 12 

Lime Sulfur 1998  2.4 b
y
 658 19 

Phostrol 1773 2.4 b 704 22 

Oxidate and Milstop 1264 2.1 d 426 18 

Oxidate and Vigor Cal 

Phos 

2225 2.4 b 654 21 

Significance
z 

NS * NS NS 
w
Mean of four replications and two cultivars: ‘Prelude’ and ‘Nova’ 295 

x
Plot size is 3.7 m by 0.61 m hedgerow 296 

y
Letters indicate significant differences within a column  297 

z
NS = not significant; * = significant at P≤0.05 298 

299 
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MilStop 1600 2.2 c 534 20 

Endorse 1765 2.4 b 445 12 

Lime Sulfur 1998  2.4 b
y
 658 19 

Phostrol 1773 2.4 b 704 22 

Oxidate and MilStop 1264 2.1 d 426 18 

Oxidate and Vigor Cal 

Phos 

2225 2.4 b 654 21 

Significance
z 

NS * NS NS 
w
Mean of four replications and two cultivars: ‘Prelude’ and ‘Nova’ 7 

x
Plot size is 3.7 m by 0.61 m hedgerow 8 

y
Letters indicate significant differences within a column 9 

z
NS = not significant; * = significant at P≤0.05 10 

11 
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smaller fruit than water only sprays. Oxidate/
MilStop tank mixture sprays resulted in the 
smallest fruit. ‘Nova’ plots had higher mar-
ketable and unmarketable yields and larger 
fruit than ‘Prelude’ (data not shown). How-
ever, no differences were detected between 
cultivars with respect to fruit infected with 
B. cinerea.
  In 2007, treatments did not influence mar-
ketable fruit weight or unmarketable yields 
(Table 3). The Captan and Elevate rotation 
resulted in the highest marketable yields. All 
remaining treatments, except the Oxidate/
MilStop tank mixture, resulted in market-
able yields not different from the water only 
sprays. MilStop/Oxidate tank mixture sprays 
resulted in marketable yields lower than 
from water only sprays, although similar 
in weight to those from plots sprayed with 
MilStop, lime sulfur, and the Shemer/Mil-
Stop tank mixture. MilStop and lime sulfur 
sprays resulted in more fruit infected with 
gray mold than the water only spray. Ap-
plications of Endorse, Phostrol and the tank 
mixtures of Oxidate/MilStop, Oxidate/Vigor 

Cal Phos and Shemer/MilStop resulted in a 
similar percentage of fruit infected with gray 
mold which was not different than the wa-
ter only spray. Applying Captan and Elevate 
in rotation resulted in fewer fruit infected 
with gray mold compared to the water only 
spray, although similar to plots sprayed with 
Endorse. ‘Nova’ plots had larger marketable 
yields than ‘Prelude’ (data not shown). ‘Pre-
lude’ plots had more fruit infected with gray 
mold than ‘Nova.’ However, no differences 
appeared between cultivars regarding mar-
ketable fruit weight and unmarketable yields.
In 2006, applying Captan and Elevate in rota-
tion resulted in the largest fruit and, in 2007, 
the highest yields. Captan and Elevate appli-
cations in rotation also resulted in the fewest 
fruit affected with gray mold in 2007. There 
were similar trends (P=0.0774) in 2006. 
None of the remaining treatments resulted in 
increased yields or decreased gray mold inci-
dence over the water only sprays. 
  The application of the Oxidate/MilStop 
tank mixture resulted in the smallest fruit in 
2006. In 2007 fruit weight was not affected 

Field Grown Raspberries

Table 3. Marketable and unmarketable yields of Rubus ideaus fruit treated with alternative options for 
managing gray mold (caused by Botrytis cinerea); 2007.
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Marketable 

yield
w 

Marketable 

fruit wt 

Unmarketable 

yield 

Unmarketable 

fruit due to 

gray mold 

 

 

Treatment 

 (g·plot
-1x

)  (g·fruit
-1

)  (g·plot
-1

) (%) 

Water only spray (control) 3791 b
y
 2.3 1265   13.0 bc 

Captan and Elevate 

rotation (control) 

5221 a 2.4 1347   8.4 d 

MilStop   2701 bc 2.2   983 18.0 a 

Endorse 3564 b 2.4 1099   10.0 cd 

Lime Sulfur    3100 bc
y
 2.3 1276 18.0 a 

Phostrol 3870 b 2.4 1307     14.0 abc 

Oxidate and MilStop 2240 c 2.2 1013     14.0 abc 

Oxidate and Vigor Cal 

Phos 

3817 b 2.4 1362   16.0 ab 

Shemer and MilStop 3424 b 2.4 1204   17.0 ab 

Significance
z 

* NS NS * 
w
Mean of four replications and two cultivars: ‘Prelude’ and ‘Nova’ 13 

x
Plot size is 3.7 m by 0.61 m hedgerow 14 

y
Letters indicate significant differences within a column  15 

z
NS = not significant; * = significant at P≤0.05 16 

17 
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by treatment; however, the application of the 
Oxidate/MilStop tank mixture also resulted 
in the lowest marketable yields in 2007. Oxi-
date and MilStop as a tank mixture does not 
appear to have been tested previously. How-
ever, applying Oxidate alone, using similar 
timings and rates, resulted in marketable 
yields of strawberries and gray mold inci-
dence that were not different than an untreat-
ed control (6). In another study, the applica-
tion of Kaligreen (same a.i. as MilStop), did 
not deter gray mold infection in strawberries 
when compared to an untreated control (11). 
In this study, the combination of Oxidate 
and MilStop resulted in reduced marketable 
yields in 2007 and fruit size in 2006 com-
pared to the water only sprays. The applica-
tion of MilStop alone was also ineffective, 
resulting in yields and fruit size similar to or 
smaller than the water only sprays. 
  Applying Captan and Elevate in rotation was 
the most effective treatment for plant produc-
tivity and managing gray mold. The applica-
tion of the alternative gray mold products pro-
vided no yield benefit or control of gray mold. 

Table 4. Postharvest infection of Rubus ideaus fruit treated with alternative options for managing gray 
mold (caused by Botrytis cinerea); 2006.
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Table 4.  Postharvest infection of Rubus ideaus ‘Nova’ fruit harvested 7 July 2006 305 

following in-season treatments for gray mold (caused by Botrytis cinerea) management. 306 

Days after harvest
w 

Pathogen identification on Sept. 1 

1 2 3 4 

Botrytis 

cinerea 

Penicillium 

expansum 

Rhizopus 

stolonifer Unidentifiable 

Treatment No. of infected fruit
x
 

Water only spray 

(control) 

  1.8 

a
y 

1.5 9.3 0.5 b   9.8 0.3 0.0 12.8 

Captan and Elevate 

rotation (control) 0.0 b 3.3 8.5 1.0 b   7.5 0.8 3.0 10.3 

Endorse 0.0 b 1.5 7.5 4.0 a 12.0 0.0 0.0 12.5 

Lime Sulfur   1.8 

ab 3.0 7.8 0.5 b 10.0 0.3 0.3 12.5 

Milstop   1.5 

ab 4.0 7.3 0.3 b 11.0 0.0 0.5 12.5 

Oxidate and Milstop   1.0 

ab 5.8 5.8 0.5 b   7.5 0.0 0.3 12.8 

Oxidate and Vigor 

Cal Phos 

  1.3 

ab 3.3 8.3 0.3 b 11.0 0.0 0.0 12.5 

Phostrol 0.0 b 1.0  12.0 0.3 b 11.0 0.0 0.0 11.7 

Significance
z 

* NS NS * NS NS NS NS 
w
newly infected fruit each day after harvest 307 

x
Mean infection of 13 ripe fruit and four replications 308 

y
Letters indicate significant differences within a column  309 

z
NS = not significant; * = significant at P≤0.05310 

 Postharvest Disease Incidence
  Predominant identifiable postharvest dis-
eases were gray mold, blue mold (caused 
by Penicillium expansum) and rhizopus rot 
(caused by Rhizopus stolonifer). All other 
diseases observed were unidentifiable. All 
fruit were generally diseased by four days 
after harvest. Data from each cultivar were 
analyzed separately because of different 
fruiting and chemical control spray sched-
ules. In general very few differences among 
treatments were observed; therefore, only 
data corresponding to the 7 July 2006 ‘Nova’ 
and 25 June 2007 ‘Prelude’ harvests are pre-
sented. 
  Disease incidence was not different re-
gardless of treatment on ‘Nova’ fruit on the 
second and third days after the 7 July 2006 
harvest (Table 4). One day after harvest, fruit 
sprayed with Captan and Elevate in rotation, 
Endorse or Phostrol displayed no disease 
symptoms. The remaining treatments result-
ed in disease incidence similar to the water 
only sprays. Four days after harvest, the ap-
plication of Endorse resulted in more dis-

 4 
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Days after harvest
w 

Pathogen identification on Sept. 1 

1 2 3 4 

Botrytis 

cinerea 

Penicillium 

expansum 

Rhizopus 

stolonifer Unidentifiable 

Treatment No. of infected fruit
x
 

Water only spray 

(control)   1.8 a
y 

1.5 9.3 0.5 b   9.8 0.3 0.0 12.8 

Captan and Elevate 

rotation (control) 0.0 b 3.3 8.5 1.0 b   7.5 0.8 3.0 10.3 

Endorse 0.0 b 1.5 7.5 4.0 a 12.0 0.0 0.0 12.5 

Lime Sulfur   1.8 ab 3.0 7.8 0.5 b 10.0 0.3 0.3 12.5 

Milstop   1.5 ab 4.0 7.3 0.3 b 11.0 0.0 0.5 12.5 

Oxidate and MilStop   1.0 ab 5.8 5.8 0.5 b   7.5 0.0 0.3 12.8 

Oxidate and Vigor 

Cal Phos   1.3 ab 3.3 8.3 0.3 b 11.0 0.0 0.0 12.5 

Phostrol 0.0 b 1.0  12.0 0.3 b 11.0 0.0 0.0 11.7 

Significance
z 

* NS NS * NS NS NS NS 
w
newly infected fruit each day after harvest 19 

x
Mean infection of 13 ripe fruit and four replications 20 

y
Letters indicate significant differences within a column  21 

     z
NS = not significant; * = significant at P≤0.0522 

MilStop
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eased fruit compared to all other treatments. 
Upon disease identification on 1 Sept., no 
differences were observed among treatments 
for the incidence of gray mold, blue mold, 
rhizopus rot or unidentifiable diseases. 
  Disease incidence of ‘Prelude’ fruit was 
not different, regardless of treatment after 
the 25 June 2007 harvest (Table 5). Upon dis-
ease identification on 7 Aug., no differences 
among treatments were observed regarding 
incidence of gray mold, blue mold or uniden-
tifiable diseases. Applying the Oxidate/Vigor 
Cal Phos tank mixture resulted in a slightly 
higher disease incidence of rhizopus rot com-
pared to all other treatments. 
  Generally none of the treatments were 
more effective for managing post harvest 
incidence of gray mold than the water only 
spray. Postharvest evaluation protocols were 
designed to favor gray mold development. 
Botrytis cinerea infection occurs prevalently 
when temperatures of 15 to 25 °C are main-
tained (14) and the postharvest storage tem-
peratures used were within this range. Also, 
high relative humidity was maintained be-
cause B. cinerea development favors levels 
around 94 percent (4). Rapid colonization of 

the fruit and evaluations occurring only once 
daily may have caused some differences be-
tween treatments to be missed. In future post-
harvest studies on gray mold, protocols ex-
tending the infection period or increasing the 
number of daily observations are suggested.
  The application of the standard rotation 
of Captan and Elevate in rotation gener-
ally resulted in larger yields and the fewest 
unmarketable fruit due to gray mold. None 
of the alternative treatments generally man-
aged gray mold more effectively than using 
Captan and Elevate in rotation or the water 
only spray. Environmental conditions in the 
field can change rapidly. As the season pro-
gressed, temperatures and humidity levels 
fluctuated and thus disease inoculum likely 
varied. Applications of alternative controls in 
tank mixtures and/or combined with cultural 
controls may act in synergy and are offered 
as an area for future research.
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Table 4.  Postharvest infection of Rubus ideaus ‘Nova’ fruit harvested 7 July 2006 305 

following in-season treatments for gray mold (caused by Botrytis cinerea) management. 306 

Days after harvest
w 

Pathogen identification on Sept. 1 

1 2 3 4 

Botrytis 

cinerea 

Penicillium 

expansum 

Rhizopus 

stolonifer Unidentifiable 

Treatment No. of infected fruit
x
 

Water only spray 

(control) 

  1.8 

a
y 

1.5 9.3 0.5 b   9.8 0.3 0.0 12.8 

Captan and Elevate 

rotation (control) 0.0 b 3.3 8.5 1.0 b   7.5 0.8 3.0 10.3 

Endorse 0.0 b 1.5 7.5 4.0 a 12.0 0.0 0.0 12.5 

Lime Sulfur   1.8 

ab 3.0 7.8 0.5 b 10.0 0.3 0.3 12.5 

Milstop   1.5 

ab 4.0 7.3 0.3 b 11.0 0.0 0.5 12.5 

Oxidate and Milstop   1.0 
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Cal Phos 
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Significance
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* NS NS * NS NS NS NS 
w
newly infected fruit each day after harvest 307 

x
Mean infection of 13 ripe fruit and four replications 308 

y
Letters indicate significant differences within a column  309 

z
NS = not significant; * = significant at P≤0.05310 
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Table 5.  Postharvest infection of Rubus ideaus ‘Prelude’ fruit harvested 25 June 2007 following 23 

treatments for gray mold (caused by Botrytis cinerea) management. 24 

Days after harvest
w 

Pathogen identification on Aug. 7 

1 2 3 4 

Botrytis 

cinerea 

Penicillium 

expansum 

Rhizopus 

stolonifer Unidentifiable 

Treatment No. of infected fruit
x
 

Water only spray 

(control) 2.00 4.5 6.5 3.0 4.8 0.00   0.3 b
y
 15.8 

Captan and Elevate  

Rotation (control) 0.00 3.5 6.5 6.0 3.0 0.50 0.0 b 16.0 

Endorse 0.75 4.5 4.8 6.0 4.3 1.30 0.3 b 16.0 

Lime Sulfur 2.50 4.0 8.0 1.5 4.8 0.50 0.0 b 15.8 

Milstop 2.50 7.0 3.5 3.0 5.3 0.25 0.0 b 16.0 

Oxidate and MilStop 1.80 6.5 5.8 2.0 4.3 0.25 0.0 b 16.0 

Oxidate and Vigor Cal 

Phos 2.30 3.3 6.0 4.5 3.0 0.50 0.8 a 15.8 

Phostrol 2.50 3.8 7.3 2.5 5.5 0.50 0.0 b 16.0 

Shemer and MilStop 2.00 3.5 8.0 2.5 3.8 0.25 0.0 b 16.0 

Significance
z 

NS NS NS NS NS NS * NS 
w
newly infected fruit each day after harvest 25 

x
Mean infection of 16 ripe fruit and four replications 26 

y
Letters indicate significant differences within a column  27 

z
NS = not significant; * = significant at P≤0.05 28 

MilStop
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Properties of Regional Portuguese Apple Cultivars
Produced in Conventional and Organic Modes

  The physical and chemical attributes of seven regional Portuguese apple cultivars, produced 
using either conventional or biological methods, were examined. The chemical properties: 
moisture content, total and reducing sugars, protein, and ash were influenced in different ways 
depending on the cultivar. For textural properties, the cultivar ‘Lila’ was the most similar one 
under the two production systems. The production method did not significantly impact on 
dietary fiber content. There was no consistent pattern amongst cultivars within the results and 
overall the differences were small between the two production methods. Paraphrased from  
R.P.F. Guiné et al., 2010. International Journal of Fruit Science 10(4): 416-424.
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