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“We expect this project to lead to 
increased commercial organic apple 
production in New York State, to 
meet the demand of a segment of NY 
consumers who want locally produced 
organic apples.”

Organic apple production in the Eastern US is small, and is 
mostly based on existing varieties, which are susceptible 
to scab, and rootstocks, which are susceptible to fire 

blight. This re-
quires numerous 
sprays per year 
of various pesti-
cides to produce 
acceptable fruit. 
The incorpora-
tion of disease-
resistant variet-
ies and rootstocks 

would greatly reduce the number of sprays required to produce 
high quality apples. To be profitable, new organic orchards 
should use the latest technology in high density orchards, which 
begin production in the second or third leaf and can achieve 
50% higher yields than traditional orchards (Robinson 2008). 
Our intention was to use a newly planted high-density organic 
apple orchard of the most promising disease-resistant varieties 
to evaluate and demonstrate the most advanced and effective 
tactics available to the NY fruit industry for fruit production 
and organically acceptable management of arthropod and dis-
ease pests, as well as to evaluate chemical and mechanical weed 
control measures and their effects on tree growth. Overall, we 
expect this project to lead to increased commercial organic 
apple production in New York State, to meet the demand of a 
segment of NY consumers who want locally produced organic 
apples. This work should help make this economic opportunity 
accessible to a wider group of NY apple growers.
 Substantial disease and arthropod problems pose barriers 
to the adoption of organic apple production in NY, and have 
discouraged commercial apple growers from accessing these 
potentially lucrative alternative markets, except in niche 
market situations such as roadside and farmers’ markets (Peck 
et al. 2010). However, advanced integrated pest management 
and more effective biological control tactics have been used 
recently in the northeastern US, and new formulations of 
biopesticides, biological control agents, insect viruses, and 
pheromone disruption have become available, but are not well 
understood by most growers. Similarly, there are a number of 
new scab-resistant varieties that have high fruit quality but are 
new to NY apple growers. The incorporation of scab-resistant 
varieties and fire blight-resistant rootstocks would greatly 
reduce the number of sprays required to produce high quality 
organic apples. Advances have also been made in weed mulches 
and suppression techniques, chemical thinning strategies, and 
foliar nutrient formulations. The confluence of these factors 

could increase the potential for organic apple production in 
NY.

Materials and Methods
 Plot Layout – Insect, disease, and weed management 
programs were compared over two growing seasons in a 
dedicated organic apple research orchard at Cornell’s Geneva 
Experiment Station. The orchard was planted in the spring 
of 2012 and consists of a 2.4-acre (2,400 trees) organic apple 
orchard containing replicated plots of nine disease-resistant 
varieties on two disease-resistant Geneva® rootstocks: Pristine, 
Williams Pride, NovaEasygro, Crimson Crisp, Juliet, Modi, 
Topaz, Goldrush, NY-13 and NY-1211; the rootstocks used 

Figures.	 1-2.	 	The	 organic	 apple	 research	 orchard	 at	 the	 NYSAES	 Loomis	
Farm,	currently	in	its	4th	leaf.
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are G.202 and G.935. The plot was planted in a modern high-
density tall spindle orchard system at a spacing of 3’ x 12’, giving 
a planting density of 1210 trees/acre (Figures. 1-2). Trees have 
been trained as a slender fruiting wall. The plot has 3 replications 
with varieties in whole rows of 62 trees of each variety in each 
rep. Different arthropod and disease management regimens 
compared 3 treatment levels, set up in 3 replicates of 3-row plots 
(Figure 3): 

• Advanced Organic, using the most efficacious options 
available; e.g., for arthropod pests, predatory mites, 
entomopathogenic nematodes (EPNs), neem oil, Entrust 
(spinosad), Surround (kaolin clay); and for diseases, Badge 
(copper oxychloride+copper hydroxide). 

•  Minimal Organic, employing tactics that technically meet 
most common certification standards, but with a greater 
reliance on options that are more commercially available, 
less expensive and easier to implement, although possibly 
less efficacious; e.g., Dipel (B.t.), Pyganic (pyrethrin), Aza-
Direct (azadirachtin); and for diseases, Microthiol Disperss 
(sulfur), Cueva (fixed copper), Double Nickel (Bacillus 
amyloliquefaciens).

•  Untreated Control. 

Arthropod Management
 A season-long spray program was maintained, with 
applications starting at bloom (2014) or tight cluster (2015) 
(Table 1), and proceeding through August. Pheromone traps 
were deployed to track flights of the major moth pest species, and 
fruit and foliar samples were taken at regular timings to evaluate 
insect pest presence and damage in the different treatments, 
including overwintering and summer broods of obliquebanded 
leafroller (OBLR); internal feeding leps such as codling moth 
and lesser appleworm; green aphid and potato leafhopper foliar 
infestations; and pre-harvest fruit insect damage.

Disease Management
 Trials were conducted to evaluate the effectiveness of 
organic fungicides and bactericides for flyspeck & sooty blotch 
(2014 & 2015), cedar apple rust (2015), and fire blight (2015) 
management (Table 1). Fungicide treatments were applied using 
an airblast sprayer at typical cover spray timings of 14 to 21-

Figure	3.		 Treatments	 and	 plot	 layout	 of	 arthropod	 and	 disease	
management	regimens.

day intervals during the timings for late season diseases (mid-
July to mid-September). The management program for early 
season diseases (2nd cover and prior) consisted of applications 
of micronized wettable sulfur at 21-day intervals from green tip 
to 2nd cover. Fire blight treatments were applied dilute to runoff 
using a gas-powered backpack sprayer at 80% bloom in the Topaz 
blocks. Topaz was chosen for its susceptibility to fire blight. Trees 
were inoculated at full bloom with Erwinia amylovora strain Ea 
273 at 1x104 CFUml-1 using a backpack sprayer. The incidence 
of flyspeck and sooty blotch symptoms was assessed for mature 
fruit at harvest. Blossom blight and shoot blight symptoms were 
assessed on blossom clusters and terminal shoots in June. The 
incidence of cedar apple rust symptoms on terminal leaves was 
calculated from the number of terminal leaves with cedar apple 
rust lesions with pycnidia out of eight fully expanded leaves from 
the distal end of the shoot.

Weed Management
 We conducted season-long weed control evaluations 
comparing six treatments applied to 9 scab-resistant varieties 
with 3 replications. The weed control treatments were: 1) 

Figure	4.		 Demonstration	of	propane	burner	for	weed	management.	

	Figure	5.		 Numbers	per	leaf	of	European	red	mite	motile	forms	and	eggs,	
and	predator	mites	in	different	organic	treatment	plots,	2015.
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	Table	1.	Loomis	Organic	Apples	-	Spray	Program,	2015

Material	&	Rate/A Units/

Target Timing Advanced Minimal Amt 100	gal/A

Mites Tight Cluster Stylet Oil Stylet Oil 2 gal

OBLR Bloom Dipel 1 lb

Bloom Dipel 1 lb

Codling Petal Fall Entrust 6 fl oz

moth Petal Fall Dipel 1 lb

3rd Cover Entrust 6 fl oz

3rd Cover Dipel 1 lb

5th Cover Entrust 6 fl oz

5th Cover Dipel 1 lb

Plum Petal Fall Surround 50 lb

curculio Petal Fall Pyganic 4 pt

1st Cover Surround 50 lb

1st Cover Pyganic 4 pt

2nd Cover Surround 50 lb

2nd Cover Pyganic 4 pt

Aphids,	PLH 4th Cover 100% Neem oil 1 gal

& Ecover detergent 1 pt

4th Cover Aza-Direct 20 fl oz

Apple 6th Cover Entrust 6 fl oz

maggot 6th Cover Pyganic 4 pt

Early	disease	+ Green tip Cueva 3 qt

Sooty	blotch/ Badge x2 5 lb

Flyspeck Early Bloom Cueva 2 qt

Badge x2 1.25 lb

Mid Bloom Cueva 2 qt

Badge x2 1.25 lb

Late Bloom/ Cueva 2 qt

Petal Fall Double Nickel 1 qt

Badge x2 1.25 lb

Petal Fall/ Cueva 2 qt

1st Cover Double Nickel 1 qt

Microthiol Disperss 15 lb

2nd Cover Cueva 2 qt

Double Nickel 1 qt

Microthiol Disperss 15 lb

3rd Cover Cueva 2 qt

Double Nickel 1 qt

Microthiol Disperss 15 lb

4th Cover Cueva 2 qt

Double Nickel 1 qt

Microthiol Disperss 15 lb

5th Cover Cueva 2 qt

Double Nickel 1 qt

Microthiol Disperss 15 lb

OBLR, obliquebanded leafroller; PLH, potato leafhopper

Mechanical cultivation on each side 
of the tree using a “Wonder Weeder”® 
cultivator; 2) Flame weeding along 
each side of the tree using a propane 
flame machine (Figure 4); 3) Bark chip 
mulch 20 cm deep along the tree row; 
4) Organic acetic acid (Weed Pharm, 
2014) or caprylic acid (Suppress, 
2015); 5) Organic soap (Final-San-O); 
6) Organic limonene (Avenger). Each 
of the treatments was applied every 
3 weeks during the season starting 
in late May (a total of 5 applications). 
Weed control was assessed at two 
times during the season, August 11 
and October 1. After the first weed 
control assessment in August, all 
the plots were hand weeded, then 
a second round of treatments was 
applied in August and September and 
re-assessed on October 1. In October, 
tree growth was measured and fruit 
yield was recorded.

Results
 Foliar Insects – From the results 
of the in-season sampling sessions, it 
can be seen that in 2014, the Advanced 
Organic treatment was generally more 
effective in managing OBLR and CM 
populations than the Minimal Organic 
treatment, and that either treatment 
usually (although not always) 
maintained these populations at lower 
levels than were seen in the Untreated 
Control (Table 2). Conversely, the 
Advanced treatment performed no 
better than the Minimal treatment in 
preventing terminal infestations of 
green aphids (Table 3). In 2015, both 
organic regimens provided fairly good 
control of leaf-feeding insects (Table 
4), as there were no real differences 
between the Advanced and the 
Minimal treatments. Possibly, earlier 
initiation of treatments could have 
improved overall management, before 
the natural later season population 
decline. The foliar mite sample on 
11 Aug 2015 (Figure 5) showed 
below-threshold European red mite 
populations in both organic treatment 
regimens by the end of the season 
(August threshold = 7.5 mites/leaf ), 
but the numbers in the Advanced 
plots, as well as in the Untreated 
check, were lower. Predator mite 
levels were optimal and comparable in 
both treatments, although marginally 
higher in the Untreated check.
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Table	2.		Obliquebanded	leafroller	(OBLR)	and	Codling	moth	(CM)	
infestation	and	damage	samples,	2014.

Obliquebanded	Leafroller OBLR	&	CM

Treatment
%	trees	w/	larvae	

present

%	
terminal	
damage

%	
terminal	

infestation
%	fruit	

damage

5/22 6/4 7/9 7/16 7/23

Advanced 
Organic 40.0 6.7 10.6 0.2 1.2

Minimal Organic 35.6 12.2 12.6 0.4 2.8

Untreated 46.7 12.2 15.2 0.4 4.4

 Fruit Insect Evaluations – In terms of overall fruit 
insect damage present at harvest, the mean damage ratings 
were somewhat variable according to variety, but the greatest 
damage was seen in the categories of plum curculio oviposition 
and feeding, and internal Lepidoptera (mainly codling moth) 
infestation and obliquebanded leafroller feeding (Table 5). The 
Advanced Organic treatment resulted in higher overall levels 
of clean fruit in the varieties Crimson Crisp, Modi, Topaz, and 
Goldrush; however, the Minimal Organic clean fruit levels 
were higher in Pristine, Nova Easygro and Juliet. The Advanced 

Table	3.		Green	aphid	terminal	infestation	samples,	2014

Treatment %	terminal	infestations

6/24 7/2 7/16 7/23

Advanced Organic 6.7 9.3 2.6 5.9

Minimal Organic 3.3 8.5 2.6 3.3

Untreated 7.4 5.6 7.8 6.3

Treatment
%	PLH	

infestations	 %	aphid	infestations

6/30 6/30 7/16 7/22 8/11

Advanced 
Organic 25.6 0.7 1.9 2.6 5.9

Minimal Organic 21.1 1.1 4.8 3.7 7.8

Untreated 22.6 1.1 2.4 1.8 7.3

Table	4.	 Green	 aphid	 and	 potato	 leafhopper	 (PLH)	 terminal	 infestation	
samples,	2015

Table	5.		Percent	fruit	insect	damage	at	harvest,	2014-2015.

Year	/ PC PC
Internal	

Leps TPB RAA

Early Late

SJS

Clean

Treatment Ovip Feeding OBLR OBLR Fruit

2014                  

Advanced 13.8a 10.0a 0.8a 3.2a 1.7a   9.2a   62.6a

Minimal 12.5a 8.0a 0.9a 3.1a 1.3a   16.1ab   59.7a

Check 13.6a 7.6a 4.0a 2.5a 1.7a   22.8b   51.5a

2015                  

Advanced 8.4a 3.9a 8.4a 9.6a 4.2a 0.4a 4.8a 2.6a 60.8a

Minimal 20.8ab 3.7a 19.8b 9.0a 0.7b 0.6a 6.6a 0.6a 44.3b

Check 26.9b 2.8a 13.9ab 9.3a 2.4ab 2.8b 8.1a 2.3a 42.4b

PC, plum curculio; Ovip, oviposition; Leps, Lepidoptera; TPB, tarnished plant bug; RAA, rosy apple aphid; OBLR, 
obliquebanded leafroller; SJS, San Jose scale 
Within a year, percent fruit levels within a pest category followed by the same letter not significantly different, P 
< 0.05, Student’s t-test.

program was generally more effective than the Minimal program 
in the category of internal Lep/OBLR damage, and less effective 
than the Minimal program against plum curculio oviposition.

Diseases
 In 2014, across all cultivars, the incidence of sooty blotch 
and flyspeck ranged from 2–81% and 0–40%, respectively (Table 
6). With the exception of both programs on the cultivar CC1009 
and Microthiol Disperss on Goldrush, both organic programs 
had considerably lower incidences of sooty blotch compared with 
the untreated check. The two organic programs usually provided 
a statistically equivalent level of sooty blotch control except on 
Goldrush, where the Cueva + Double Nickel LC program had 
a considerably lower incidence. Against flyspeck, both organic 
programs provided a statistically equivalent level of control. In 
many instances, the Cueva/Double Nickel LC program provided 
complete control of symptoms.
 In 2015, across all cultivars, the incidence of sooty blotch on 
mature fruit ranged from 0–100% (Table 7). With the exception 
of the Cueva program (MIN) on Pristine, both organic programs 
had considerably lower incidences of sooty blotch compared with 
the untreated check. The two organic programs usually provided 
a statistically equivalent level of sooty blotch control except on 
three cultivars: Goldrush, Nova Easy Gro, and Topaz, where the 
Microthiol summer program (ADV) had a significantly lower 
incidence. The incidence of cedar apple rust ranged from 0.0–
77% across all cultivars and treatments. Cultivars CC1009, Modi, 
Nova Easy Gro, and Williams Pride appeared to have a high 
level of resistance to cedar apple rust, as observed by the 0–0.7% 
incidence of cedar apple rust on terminal leaves for the untreated 
program. The two organic programs provided statistically 
equivalent levels of control against cedar apple rust across all 
cultivars. While the incidence of blossom blight was generally 
low in the untreated program, both the Cueva + Double Nickel 
LC program and the Badge X2 program provided statistically 
equivalent levels of control, and blossom blight incidence was 
lower in in both programs compared to the untreated (CHK) 
program. 

Weeds
 In 2014, among the weed control treatments we evaluated, 
the wood chips, the soap spray and the limonene spray gave 

the best early season weed control 
(Figure 6). However, in the part of 
the field where Canadian thistle was 
a problem, even the wood chip mulch 
was not enough to prevent growth 
of this weed. The monthly sprays 
of an organic soap and the organic 
limonene product gave excellent weed 
control. Monthly mechanical tillage 
or monthly flaming provided good 
weed control, but left a 10-inch wide 
strip along the row, which caused 
significantly poorer tree growth. 
Monthly sprays of an organic vinegar 
product gave poor weed control 
efficacy in the early season but better 
weed control in the late season.
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Table	6.		Sooty	blotch	and	flyspeck	levels	in	selected	cultivars	under	
Advanced	(ADV)	or	Minimal	(MIN)	organic	management	programs,	2014.

Trt
Summer	treatment	
programs	(amt./A) Timing*

	CC1009
Sooty	blotch	

(%)**

CC1009
Flyspeck	

(%)**

CHK Untreated 1-4 64.0 ± 9.2 a 33.6 ± 8.6 a

MIN Microthiol Disperss 15 lbs 1-4 58.7 ± 7.5 ab 1.3 ± 0.7 b

ADV
Cueva 2 qts + Double Nickel 
LC 1 qt 1-4 42.7 ± 4.7 b 0.0 ± 0.0 b

Trt
Summer	treatment	
programs	(amt./A) Timing*

Crimson	
Crisp

Sooty	blotch	
(%)**

Crimson	
Crisp

Flyspeck	
(%)**

CHK Untreated 1-4 44.0 ± 4.2 a 11.3 ± 2.7 a

MIN Microthiol Disperss 15 lbs 1-4 11.3 ± 2.4 b 0.0 ± 0.0 b

ADV
Cueva 2 qts + Double Nickel 
LC 1 qt 1-4 19.7 ± 2.7 b 0.0 ± 0.0 b

Trt
Summer	treatment	
programs	(amt./A) Timing*

Goldrush
Sooty	blotch	

(%)**

Goldrush
Flyspeck	

(%)**

CHK Untreated 1-4 76.7 ± 7.7 a 13.3 ± 2.4 a

MIN Microthiol Disperss 15 lbs 1-4 27.6 ± 4.6 b 1.3 ± 0.7 b

ADV
Cueva 2 qts + Double Nickel 
LC 1 qt 1-4 2.0 ± 1.2 c 0.0 ± 0.0 b

Trt
Summer	treatment	
programs	(amt./A) Timing*

Juliet
Sooty	blotch	

(%)**

Juliet
Flyspeck	

(%)**

CHK Untreated 1-4 59.3 ± 0.0 a 40.0 ± 5.0 a

MIN Microthiol Disperss 15 lbs 1-4 7.3 ± 0.0 b 0.7 ± 0.7 b

ADV
Cueva 2 qts + Double Nickel 
LC 1 qt 1-4 8.0 ± 0.0 b 0.0 ± 0.0 b

Trt
Summer	treatment	
programs	(amt./A) Timing*

Modi
Sooty	blotch	

(%)**

Modi
Flyspeck	

(%)**

CHK Untreated 1-4 46.7 ± 5.5 a 8.7 ± 1.8 a

MIN Microthiol Disperss 15 lbs 1-4 8.8 ± 1.9 b 0.7 ± 0.7 b

ADV
Cueva 2 qts + Double Nickel 
LC 1 qt 1-4 7.5 ± 2.6 b 0.0 ± 0.0 b

Trt
Summer	treatment	
programs	(amt./A) Timing*

Topaz
Sooty	blotch	

(%)**

Topaz
Flyspeck	

(%)**

CHK Untreated 1-4 81.3 ± 6.6 a 7.3 ± 1.7 a

MIN Microthiol Disperss 15 lbs 1-4 6.7 ± 4.1 b 0.0 ± 0.0 b

ADV
Cueva 2 qts + Double Nickel 
LC 1 qt 1-4 8.7 ± 4.7 b 0.0 ± 0.0 b

*Treatments timings were: 1, 17 Jul–3rd cover; 2, 6 Aug–4th cover; 3, 22 Aug-
5th cover; 4, 15 Sep–6th cover.
**All values represent the means and standard errors of five fruit from at least 
10 fruit collections across 4-8 replicate trees.  Values within columns followed 
by the same letter are not significantly different (P < 0.05) according to the 
LSMEANS procedure in SAS 9.4 with an adjustment for Tukey’s HSD to control 
for family-wise error.

 Tree growth was best in the wood chips treatment, and in 
the soap spray and the limonene spray treatments (Figure 7). The 
flame weeding, the mechanical weed control, and the vinegar 
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sprays resulted in significantly poorer tree growth. Yields varied 
among cultivars with the numbered selection from Geneva 
(CC1009) having the highest yield, followed by Goldrush, 
Williams Pride, Juliet, Topaz, Modi, Pristine, Crimson Crisp and 
Nova EasyGro, respectively. The trees treated with the limonene 
sprays and the soap sprays had the highest yields, followed by 
the vinegar and the wood chips treatments (Figure 8). The 
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Figure	6.		 Effect	 of	 various	 organic	 weed	 control	 methods	 on	 the	
proportion	of	weed-free	area	along	the	tree	row,	2014.

Figure.	7.		 Effect	of	various	organic	weed	control	methods	on	tree	growth	
of	 9	 scab-resistant	 apple	 varieties	 on	 G.935	 disease-resistant	
rootstock,	2014.

Figure	8.		 Effect	 of	 various	 organic	 weed	 control	 methods	 on	 yield	 of	
9	 scab	 resistant	 apple	 varieties	 on	 G.935	 disease	 resistant	
rootstock,	2014.
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Trt

Treatment	
programs	
(amt./A) Timing*

	CC1009-13
Sooty	blotch	

(%)**

CC1009-13
Cedar	apple	

rust	(%)**

CC1009-13
Fire	blight	

(%)**

CHK Untreated 1-4 84.7 ± 8.4 a 0.0 ± 0.0 -

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 32.0 ± 5.8 b 0.0 ± 0.0 -

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 32.0 ± 7.2 b 0.0 ± 0.0 -

Trt

Treatment	
programs	
(amt./A) Timing*

Crimson	
Crisp

Sooty	blotch	
(%)**

Crimson	
Crisp

Cedar	apple	
rust(	%)**

Crimson	
Crisp

Fire	blight	
(%)**

CHK Untreated 1-4 62.7 ± 9.7 a 77.3 ± 3.3 a -

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 4.0 ± 2.3 b 19.3 ± 0.7 b -

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 9.3 ± 2.7 b 17.3 ± 11.6 b -

Trt

Treatment	
programs	
(amt./A) Timing*

Goldrush
Sooty	blotch	

(%)**

Goldrush
Cedar	apple	

rust	(%)**

Goldrush
Fire	blight	

(%)**

CHK Untreated 1-4 100.0 ± 0.0 a 72.7 ± 3.3 a 7.3 ± 0.5 a

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 47.3 ± 3.5 b 20.7 ± 3.7 b 0.0 ± 0.0 b

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 6.7 ± 1.8 c 22.7 ± 4.8 b 1.0 ± 0.4 b

Trt

Treatment	
programs	
(amt./A) Timing*

Juliet
Sooty	blotch	

(%)**

Juliet
Cedar	apple	

rust	(%)**

Juliet
Fire	blight	

(%)**

CHK Untreated 1-4 80.0 ± 4.6 a 38.0 ± 3.1 a -

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 15.3 ± 2.9 b 13.3 ± 5.3 b -

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 8.7 ± 2.9 b 8.7 ± 2.7 b -

Trt

Treatment	
programs	
(amt./A) Timing*

Modi
Sooty	blotch	

(%)**

Modi
Cedar	apple	

rust	(%)**

Modi
Fire	blight	

(%)**

CHK Untreated 1-4 83.3 ± 1.8 a 0.0 ± 0.0 a 3.4 ± 0.5 a

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 14.0 ± 3.1 b 0.0 ± 0.0 a 1.0 ± 0.7 b

ADV
Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 8.7 ± 5.9 b 0.0 ± 0.0 a 0.0 ± 0.0 b

Trt

Treatment	
programs	
(amt./A) Timing*

Nova	Easy	
Gro

Sooty	blotch	
(%)**

Nova	Easy	
Gro

Cedar	apple	
rust	(%)**

Nova	Easy	
Gro

Fire	blight	
(%)**

CHK Untreated 1-4 52.0 ± 5.8 a 0.0 ± 0.0 a -

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 11.3 ± 4.4 b 1.3 ± 1.3 a -

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 2.0 ± 1.2 c 0.0 ± 0.0  a -

Trt
Treatment 
programs (amt./A) Timing*

Pristine
Sooty blotch 

(%)**

Pristine
Cedar apple 

rust (%)**

Pristine
Fire blight 

(%)**

CHK Untreated 1-4 0.0 ± 0.0 b 26.7 ± 4.8 a -

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 2.7 ± 1.3 a 6.7 ± 2.9 b -

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 0.0 ± 0.0 b 0.7 ± 0.7 b -

Trt

Treatment	
programs	
(amt./A) Timing*

Topaz
Sooty	blotch	

(%)**

Topaz
Cedar	apple	

rust	(%)**

Topaz
Fire	blight	

(%)**

CHK Untreated 1-4 100.0 ± 0.0 a 64.0 ± 1.2 a 5.6 ± 1.0 a

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 44.0 ± 4.0 b 18.0 ± 2.0 b 1.8 ± 0.5 b

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 14.7 ± 1.8 c 15.3 ± 5.5 b 0.5 ± 0.5 b

Trt

Treatment	
programs	
(amt./A) Timing*

Williams	
Pride

Sooty	blotch	
(%)**

Williams	
Pride

Cedar	apple	
rust	(%)**

Williams	
Pride

Fire	blight	
(%)**

CHK Untreated 1-4 68.7 ± 6.8 a 0.7 ± 0.7 a -

MIN

Cueva 3 qts
Cueva 2 qts + 
Double Nickel LC 
1 qt

1,2
3-9 0.0 ± 0.0 b 0.0 ± 0.0 a -

ADV

Badge X2 5 lbs
Badge X2 1.25 lbs
Microthiol 
Disperss 15 lbs

1
2-4
5-9 0.0 ± 0.0 b 0.0 ± 0.0 a -

*Treatments timings were: 1, 22 Apr-quarter inch green; 2, 8 May-pink; 3, 12 
May-80% bloom; 4, 15 May-late bloom; 5, 28 May-1st cover; 6, 6 Jun-2nd cover; 
7, 25 Jun-3rd cover; 8, 17 Jul-4th cover; and 9, 5 Aug-5th cover.
**All values represent the means and standard errors of 10 leaf or fruit 
collections, or 20 blossom cluster collections across 3 replicates of 15 trees 
per treatment.  Values within columns followed by the same letter are not 
significantly different (P < 0.05) according to the LSMEANS procedure in SAS 
9.4.

Table	 7.	 	 Sooty	 blotch,	 cedar	 apple	 rust,	 and	 fire	 blight	 levels	 in	 selected	
cultivars	 under	 Advanced	 (ADV)	 or	 Minimal	 (MIN)	 organic	 management	
programs,	2015.

Table	7,	cont.
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mechanical and flame weed control treatments had significantly 
lower yields. 
 In 2015, Higher yields were observed for CC1009-13 and 
Modi, followed by Goldrush, Juliet, Pristine and Williams Pride 
(Figure 9). Crimson Crisp and Topaz had the lowest yields. The 
trees treated with limonene sprays and the soap had the highest 
yields, followed by the caprylic acic and wood chips treatments 
(Figure 10). The mechanical and flame weed control treatments 
had significantly lower yields.
 The weed control results in 2015 indicated that the 
mechanical and flame weed control strategies do not control 
weeds along the tree row, which grow to 3 ft. tall by mid-July 

Figure	12.		 Effect	of	various	organic	weed	control	methods	on	fruit	quality	
(firmness,	brix	and	color),		2015
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Figure.	9.		 Yield	 of	 9	 scab	 resistant	 apple	 varieties	 on	 G.935	 disease	
resistant	rootstock,	2015.

Figure	10.		 Effect	 of	 various	 weed	 control	 methods	 on	 yield	 of	 9	 scab-
resistant	apple	varieties	on	G.935	disease	resistant	rootstock,	
2015.

Figure	11.		 Effect	 of	 various	 organic	 weed	 control	 methods	 on	 the	
production	of	weed	free	area	along	the	tree	row,	2015.

and cause serious competition for the trees (Figure 11). We also 
noted that the wood chips treatment gave good weed control 
but maintained an excessively high level of soil moisture, which 
hampered tree yield (Figure 10). Also, the limonene and caprylic 
acid resulted in more than half of the area remaining free of weeds, 
while for the soap it was around 50%. More frequent sprays might 
have increased the effectiveness of the limonene, caprylic acid and 
soap treatments. Overall, the best weed control resulted in the 
best tree yield during the 4th year. No significant differences were 
observed regarding fruit quality from the weed control method 
used (Figure 12).

Program Costs
 Records were kept of the per-acre costs associated with each 
of the spray materials applied each year. In 2014, the cost of the 
Advanced Organic insect management program ($472/acre) 
was only 7.7% higher than that of the Minimal Organic program 
($438/acre). The Advanced Organic disease management 
program ($226/acre) was nearly 49% more expensive than the 
Minimal Organic program ($152/acre). The overall cost of these 
combined Advanced programs ($698/acre) was 18% higher 
than the combined cost of the Minimal programs ($590/ acre). 
In 2015, the cost of the Advanced Organic insect management 
program ($544/acre) was 14% higher than that of the Minimal 
Organic program ($476/acre). The Advanced Organic disease 
management program ($418/acre) was twice as expensive as the 
Minimal Organic program ($208/acre). The overall cost of these 
combined Advanced programs ($961/acre) was 29% higher than 
the combined cost of the Minimal programs ($683/acre). These 
costs are actually fairly comparable to those incurred in orchards 
under conventional production; a 2014 Cornell Farm Business 
Survey gives the average pesticide cost (including insecticides, 
fungicides, PGRs, foliar nutrients and adjuvants) as $793/acre 
(range, $534-$1279/acre). However, depending on the intended 
market for the fruit, there was likely still more than an acceptable 
level of fruit damage in most of the varieties, especially in 
consideration of the associated control costs and increased labor. 

Observations 
 Because this orchard has been under organic management 
practices for only a few years, it is certain that we have not yet 
encountered all of the possible challenges inherent in organic 
apple production. For instance, we have observed good weed 
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control from the wood chips treatment and the other soap 
sprays. One concern is how long wood chips will keep this high 
pressure area weed free, and whether repetitive sprays could 
cause some resistance or weed selection over the years. Insect 
populations can be expected to continue to develop and new 
species and infestation patterns will likely necessitate additional 
measures, such as pheromone mating disruption or insect 
virus for internal fruit-feeding worms, plus specialized trunk 
treatments for apple boring beetles. Fungal disease pressure at 
moderate levels is manageable, but copper is needed. However, 
it is possible to use safer, lower MCE copper formulations 
that are environmentally more responsible. In this capacity, 
recommendations for organic disease management will focus 
on precision copper use in combination with biologicals.

Future Impacts
 This project is ongoing, so the results of this project should 
primarily benefit organic apple growers in New York and the 
Eastern US, but some findings will also benefit conventional 
farmers. It will also help ensure the production of local organic 
apples for consumers in the Eastern US. There are currently 
an estimated 77 farm operations that include organic apple 
production in NYS, comprising a total of only some 644 acres 
(NASS 2011). This compares with nearly 700 farms growing 
conventional apples on some 40,000 acres (USDA 2015). 
However, many of the approaches and techniques evaluated in 
the course of this research could be of added value to this latter 
group of conventional growers, as they represent some of the 
more innovative and cutting-edge practices being investigated 
for tree and pest management.
 From the research conducted in this project and our 
collective experience with organic systems over the past 
several decades, we would hope to assemble a complete 
production system for organic apples in NY that combines 
sound horticultural practices (use of modern high-density 
orchards with disease-resistant rootstocks to obtain high 
yields and profitability), promising new disease-resistant apple 
cultivars that have excellent market potential, advanced insect 
and disease management tactics, and sustainable weed and 
nutrient management strategies. Within the overall system, we 
expect to develop specific rootstock recommendations, specific 
cultivar recommendations, specific planting and management 
recommendations for the first five years of the new organic 
apple orchard, specific insect management tactics, specific 
disease management tactics and specific nutrient management 
protocols for sustainable production.
 The intention is for growers to understand how the 
transition to organic apple production in the northeast might 
impact farm profitability. This should result in increased 
production of organic apples in New York State and other 
eastern US production regions. Our goal is to ultimately 
increase the number of commercial producers from the 9 or 10 
that are primarily organic orchard operations, up to possibly as 
many as 100 producers of organic apples in NY. This will result 
in more sustainable apple production and safe and healthy food 
for consumers at a reasonable cost. This project will also help 
ensure the production of local organic apples for consumers, 
and benefit the rural economy of apple producing counties in 
the Eastern US, by promoting profitable agricultural enterprises 
in rural counties.
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