
Diphenylamine (DPA) has been used for more than 50 years to 
control the physiological disorder of apples known as stor-
age scald or superficial scald.  It also controls external CO2 

injury.  DPA has traditionally been applied by drenching fruit imme-
diately after harvest 
with a recycling so-
lution that contains 
DPA. Fungicides 
have been applied 
with DPA in drench 
solutions to control 
blue mold caused by 
Penicillium expan-
sum and gray mold 
caused by Botrytis 
cinerea. Postharvest 
drenches are still 
effective for con-
trolling scald, CO2 
injury, and post-
harvest decays, but 
recycling drenches 
are increasingly 
viewed as posing 

food safety concerns because human pathogens introduced into 
the solution could be recycled over thousands of bushels of apples. 
Biocides such as chlorine cannot be used in combination with DPA 
because DPA is an antioxidant whereas most biocides are strong 
oxidizers. Combining the two in a single tank or even in successive 
treatments would inactivate either DPA or the sanitizer, or perhaps 
both.

Table	1.	Summary	of	trials	designed	to	evaluate	effectiveness	of	non-recycling	drench	(NRD)	treatments:
	 	 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	 	 	 Inoculum	(estimated
	 	 	 	 	 	 Volume	of	 	 	 	 no.	of	P. expansum
	 Trial	 	 	 Date	of:	 	 solution	 Maturity	indices	for	test	fruit	 spores	misted	on	
	 	 	 	 	 	 used	for	NRD	 	 Soluble	 Starch	 fruit	in	each	minibin
No.	 Objective	 Cultivar	used	 Harvest	 Treatment	 Evaluation	 treatmentsx	 Firmness	 Solids	 Index	 	in	millions)

1.  Scald control Cortland 21 Sep 09 23 Sep 09 1 Feb 10 4.3 qt 14.9 --y 3.0 --
2. Scald control Redcort 9 Sep 10 10 Sep 10 11 Mar 11 2.5 qt -- -- 2.3z --
3. Decay control Cortland 21 Sep 09 22 Sep 09 12 Nov 09 4.3 qt 14.9 -- 3.0 340
4. Decay control Empire 21 Sep 10 23 Sep 10 17 Nov 10 2.5 qt 17.6 12.9 3.8 226
5. Decay control Macoun 16 Sep 10 6 Oct 10 22 Nov 10 2.5 to16 qt 16.1 14.1 6.8 173
6. Fruit coverage Golden Del. 5 Oct 09 16 Feb 10 17 Feb 10 4.3 qt -- -- -- --

	x	Expressed	as	the	volume	per	full-size	commercial	apple	bin.
	y	Information	was	not	collected	or	is	not	relevant.
	z	Estimate	based	on	maturity	evaluations	from	other	Cortland	blocks	in	the	region	as	reported	by	Mike	Fargione.

 One way to bypass postharvest drenches is to apply DPA as a 
fog after storage rooms are filled. However, several packinghouse 
operators in New York devised a different approach for eliminating 
recycling drenches. They mixed up the same concentration of DPA 
that would be used for postharvest drenching and then sprayed 2.5 
qt of the DPA solution over the top of each filled bin of apples as 
the bins were being moved into storage. This low volume applica-
tion resulted in little if any run-off from the bottom of the bins, but 
it reportedly controlled storage scald and CO2 injury. However, 
questions remained about whether this application method was 
really controlling scald and CO2 injury or whether the treated fruit 
would have escaped these disorders even if no treatment had been 
applied.

Research on Non-Recycling Drenches
Tests were conducted using specially constructed plywood minibins 
that were 15 inches square (interior measurement) by 36 inches high 
that contained columns of fruit equal in depth to those in full-size 
commercial storage bins. Each minibin held roughly 2.4 bushels of 
fruit and had an interior footprint area equal to 12% of that found 
in a MacroPlastic model 32FV bin. The objectives, cultivars, and 
general procedures for each trial are summarized in Table 1.
 For recycling drenches (RD), we placed minibins in a fiberglass 
catch basin that had a large drain hole in one corner. Treatment 
solutions were mixed in a volume of 9 gal of water held in a 10-gal 
plastic garbage pail. The pail containing treatment solutions was 
placed beneath the catch basin drain (Figure 1). A sump pump in 
the garbage pail delivered 48 gal/min through a flexible hose, and 
the flow from the hose was directed over the tops of the minibins 
for 30 sec.  Solution that ran through the minibins recirculated 
back to the sump pump via the drain in the catch basin. The same 

As an alternative to using recycling drenches of DPA, some growers are 
spraying a low volume of DPA solution over the top of each filled bin as 
the apples are being moved into storage. This low-volume application 
results in minimal run-off from the treated fruit. We found that DPA 
applied using this method controlled scald just as well as DPA applied in 
a recycling drench. Although fungicides applied via bin-top sprays failed 
to control decays in the middles and bottoms of bins in our trials, decay 
risks can be minimized by sanitizing storage rooms during summer.

NEW YORK FRUIT QUARTERLY .  VOLUME 19  .  NUMBER 2 .  SUMMER 2011 21

Controlling Postharvest Diseases and Disorders 
of Apples with Non-Recycling Drenches
David A. Rosenberger
Dept.	of	Plant	Pathology	and	Plant-Microbe	Biology
Hudson	Valley	Lab,	NYSAES,	Cornell	University
Highland,	NY

“As an alternative to using recycling 
drenches of DPA, some growers are 
spraying a low volume of DPA solution over 
the top of each filled bin as the apples are 
being moved into storage. This low-volume 
application results in minimal run-off 
from the treated fruit. We found that DPA 
applied using this method controlled scald 
just as well as DPA applied in a recycling 
drench. Although fungicides applied via 
bin-top sprays failed to control decays in 
the middles and bottoms of bins in our 
trials, decay risks can be minimized by 
sanitizing storage rooms during summer.”

 This project was partially funded by the NY Apple Research and Development Program.



treatment solution was used for treating four replicate bins for each 
treatment. The pump and catch basin were rinsed with clean water 
between treatments.
 For non-recycling drenches (NRD), products were used at the same 
concentrations as those used for the recycling drenches. Solution that 
drained from the bottoms of the minibins was recaptured and measured 
to determine how much of the solution was retained by the fruit and 
bin surfaces. Results verified the previous reports from packinghouse 
operators that only 2.5 qt of solution would be retained per full-size 
bin. 
 Products included in these trials were No-Scald DPA (Decco), 
Scholar 1.92SC (Syngenta), Penbotec 3.34SC (Pace International), and 
Captan 80WDG.

Scald Control Experiments 
Scald control experiments were conducted using Cortland fruit 
harvested in the early part of the harvest window and then held for 
24 to 48 hours in the shade so as to increase the potential severity of 
superficial scald. 
 Each bin was filled by placing 50 Cortland “data fruit” in the 
bottom, 25 in the mid-height part of the bin, and 25 at the top of the 
bin. The intervening spaces were filled with Golden Delicious fruit so 
that we could quickly separate data fruit from filler fruit when experiments were 
evaluated. The following treatments were applied in fall of 2009: water control via 
NRD; 1500 ppm DPA via NRD; and 1500 ppm DPA via RD. The fungicides Scholar 
and Captan were included with the DPA treatments because we were uncertain if 
the wetting agents from fungicides might affect distribution of the solution over 
fruit surfaces in the NRD treatment, and our initial assumption was that fungicides 
would probably be needed any time that DPA solutions were applied to fruit. The 
12 minibins used for the 2009 trial were enclosed in large plastic bags and moved 
into a 36° F cold room within an hour after treatments had been applied and while 
fruit were still wet. 
 In fall of 2010, the 2009 treatments were repeated using eight minibins per 
treatment, of which only four were enclosed in poly bags following treatment 
whereas the other four replicates were stored without bagging. The objective was 
to determine if scald would still be controlled with NRD treatments in situations 
where only a small amount of fruit in a large storage room was treated with DPA.
 In both years, scald developed on more than 60% of control fruit that were 
treated only with water using the NRD method. In the 2009-10 trial, the DPA treat-
ments allowed no more than 2.2% of fruit to develop scald, and the NRD and RD 
application methods were equally effective (Figure. 2).  In the 2010-11 trial, both 
treatment methods again produced comparable results (Figure. 2). There was more 
scald in fruit stored without bags than in bagged fruit, indicating that effectiveness 
of DPA was reduced when the DPA volatiles were not contained within poly bags. 
However, that reduction was evident for both NRD and RD treatments.

Decay Control Experiments 
Decay control experiments were conducted using apples that were uniformly 
wounded by using a large cork fitted with three finishing nails to produce wounds 
that were 3 mm deep and 2 mm in diameter. Each apple was wounded on three 
faces, thereby producing nine wounds per fruit. Groups of 25 wounded fruit were 
held in plastic half-bushel bags until they could be placed in bins. Fifty wounded 
data fruit (2 bags) were placed in the bottom of each minibin, Golden Delicious 
were added to fill bins to the midway point, 25 more data fruit were added, followed 
by more Golden Delicious fruit, and finally another bag of 25 wounded fruit were 
added at the top of the each bin. Each bag of wounded fruit was misted with one 
squirt of a spore suspension of P. expansum before the bag was emptied into the 
minibin, and the fruit from each bag received a second squirt of spore suspension 
after they were placed in the minibins and before any additional fruit or treat-
ments were added. The estimated numbers of spores per minibin were calculated 
based on the total volume of spore suspension utilized and the spore density of 
the inoculum suspension as determined with a hemacytometer. Each treatment 
was replicated in four minibins. 

Figure	2.		 Effects	of	DPA	treatments	on	the	incidence	of	su-
perficial	scald	on	Cortland	apples	following	treat-
ments	applied	via	either	non-recycling	drenches	
(NRD)	or	traditional	high-volume	recycling	drench-
es	(RD).	Letters	above	the	bars	indicate	significant	
differences	(P≤0.05)	among	the	six	treatments.	

Figure	1.		 Left:	Filling	minibins	with	alternating	layers	of	Cortland	data	
fruit	 and	 Golden	 Delicious	 filler	 fruit	 in	 2009.	 Although	 bins	
were	36	 inches	deep,	six	 inches	of	headspace	was	 left	at	the	
top	to	minimize	splashing	of		treatment	solutions.	The	full-size	
field	bin	in	the	rear	was	elevated	on	cement	blocks	for	easier	
access	to	fruit.	Right:	A	high-volume	recycling	drench	is	applied	
to	fruit	in	a	filled	minibin	while	an	assistant	tracks	time	for	the	
30-second	drench	treatment.

 In our 2009 decay control trial (Trial 3 in Table 
1), the NRD treatments were applied using a volume 
equivalent to 4.3 qt of solution per full-size bin. Three 
treatments were applied via both NRD and RD, with 
fungicide rates expressed as amounts of formulated 
product per 100 gallons of solution:
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Figure	3.		 Effects	of	treatments	and	locations	within	minibins	
on	 the	 incidence	 of	 wounds	 with	 decay	 follow-
ing	 treatments	 applied	 via	 either	 non-recycling	
drenches	(NRD)	or	traditional	high-volume	recy-
cling	drenches	(RD).	All	of	the	Macoun	treatments	
in	2010	were	applied	via	NRD.	Letters	above	the		
among	 treatments	 for	 locations	 within	 the	 bin,	
with	difference	among	grand	means	for	all	posi-
tions	shown	on	the	right.	Where	no	bars	are	visible	
below	 letters	 used	 to	 denote	 statistical	 separa-
tions,	the	means	were	either	zero	or	near	zero.

1. Water control.
2. DPA 1500 ppm plus Scholar 10 fl oz plus Captan 1.25 lb.
3. DPA 1500 ppm plus Penbotec 16 fl oz plus Captan 1.25 lb.

 In the first of two decay-control trials in 2010, three different treatments were 
compared using both NRD and RD applications. Our objective was to determine 
if decay control with the NRD treatment could be improved by adding more 
surfactant (i.e., Tween-20). Treatments applied to Empire fruit were as follows:

1. Control: DPA 1000 ppm
2. Scholar 8 fl oz + DPA 1000 ppm
3. Scholar 8 fl oz plus Tween-20 1.28 fl oz + DPA 1000 ppm

 In the second decay-control trial in 2010, treatments were designed to com-
pare effectiveness of Scholar and Penbotec and also to determine if increasing the 
volume of solution dispensed over each bin would allow better decay control in 
NRD treatments. The following NRD treatments were applied to Macoun fruit, 
with treatment volumes expressed as the volume equivalents required for full-
size bins: 

1. Control: DPA 1000 ppm; 2 gal/bin.
2. Scholar 8 fl oz + DPA 1000 ppm; 2.5 qt/bin.
3. Scholar 8 fl oz + DPA 1000 ppm; 2 gal/bin.
4. Scholar 4 fl oz + DPA 1000 ppm; 4 gal/bin.
5. Penbotec 16 fl oz + DPA 1000 ppm; 2 gal/bin.

 Treatment 3 represents the maximum amount of Scholar per bin that the 
registrant indicated might receive EPA approval for this use. Therefore, the con-
centration of the solution applied in treatment 4 was reduced to compensate for 
the higher volume of solution that was applied. 
 In the 2009 trial, fruit in the RD water control developed decay at 69% of the 
wounds whereas fruit in the NRD water control developed decay at only 24% of 
the wounds (Figure. 2). The recycling water in the RD treatment picked up the 
spores that we had misted over the Cortland fruit and effectively carried those 
spores into wounds whereas that occurred to a much lesser extent in the NRD 
treatment. When results for other treatments were converted to percent control 
using RD-control as the basis for the maximum infection rate, we found that 
Scholar and Penbotec applied as RD treatments provided greater than 99% con-
trol of blue mold whereas they only provided 86% and 92% control, respectively, 
when applied as NRD treatments. In a separate trial (Trial 6 in Table 1), we added 
a fluorescent dye to the DPA solution and found that only about 40% of the fruit 
surfaces in the minibins were contacted by the DPA solutions when fruit were 
treated via the NRD system. Therefore, the reduced effectiveness of fungicides 
applied via NRD is presumably attributable to the fact that the fungicide solution 
never reached many of the wounds in the lower half of the bins.
 In the 2010 trial with Empire, the differences between decay incidence in 
the NRD and RD controls were the reverse of what occurred in 2009, with decay 
incidence in the NRD control being more than twice as great as for the RD con-
trol (Figure. 3, center). The reasons for this reversal are not known but may have 
resulted from differences in fruit cultivar, in fruit maturity, or the fact that the 
controls were treated with water alone in 2009 whereas they were treated with 
DPA in the 2010 trial. The surfactant in the DPA solution may have changed the 
way that the recycling solutions redistributed spores to fruit wounds in 2010 as 
compared to the effects of using water alone in 2009.
 In the 2009 trial, the NRD and RD treatments involving Scholar and Penbotec 
were equally effective for fruit in the tops of the bins, but RD treatments were 
consistently more effective for fruit in the middle and bottoms of the bins. In the 
2010 Empire trial, the RD fungicide treatments provided slightly better control 
than the NRD treatments even in the tops of the bins, but decay incidence at the 
top of the bin was still less than 2% in the NRD treatment. Again, decay control 
via NRD treatment was less satisfactory for fruit in the middle and the bottom 
of the bins. The fact that NRD treatments controlled decay at the tops of the bins 
shows that the fungicides were effective so long as they reached their target sites. 
However, the NRD treatments resulted in incomplete coverage of the fruit. The 
addition of Tween did not improve the decay control achieved with the NRD 
treatments.
 In the 2010 Macoun trial, all of the fungicide treatments provided excellent 
decay control in the tops of the bins but were less effective in the middle and 

bottoms of the bins. The volume of water used to apply 
Scholar had little impact on the final outcome. Penbotec 
provided slightly better decay control than Scholar for 
fruit in the middle and bottoms of bins, perhaps because 
it is somewhat more volatile than Scholar.

Conclusions
DPA applied via the NRD method was just as effective for 
controlling scald as DPA applied in a recycling drench 
even though the NRD treatments resulted in incomplete 
coverage of fruit with treatment solutions. Vapor action 
of DPA is apparently sufficient to suppress scald on the 
portions of fruit not contacted directly by the DPA solu-
tion. Results from the 2010 trial suggest that the NRD 
treatment method should provide acceptable control of 
scald in any situation where recycling drenches of DPA 
would be expected to provide protection, including situ-
ations where only selected lots of fruit in large storage 
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rooms are treated with DPA. Fruit in these trials did not develop any 
external CO2 injury, so we were unable to determine if DPA applied 
via NRD will provide consistent control of CO2 injury.  However, 
we suspect that CO2 injury will be controlled in any situation where 
DPA treatments provide effective scald control.
 None of the fungicides applied via NRD provided acceptable 
decay control for fruit in the middle and bottoms of bins in our tri-
als. However, our experimental design was intended to maximize 
our ability to detect treatment differences and does not mimic what 
occurs in commercial storages where bins contain relatively few 
wounded fruit and where densities of airborne inoculum should be 
quite low. Fruit coming from the field rarely carry more than 30,000 
P. expansum spores per commercial-size bin whereas we misted fruit 
with the equivalent of 1.4 to 2.8 billion spores per full-size bin in our 
decay-control trials. Other factors in our methodology that favored 
disease development included having nine wounds per fruit and the 
100% relative humidity during storage that resulted when we bagged 
minibins while fruit were still wet fruit following treatment. 
 Is a fungicide really needed in treatment solutions when DPA is 
applied as an NRD treatment? Our results are inconclusive because 
the answer will largely depend on how much inoculum is present 
on fruit surfaces and bins that are being stored. Even the small 
amount of DPA solution that is applied in the NRD treatment will 
carry spores into wounds if there is an abundance of spores on the 
top layer of fruit. The upper layer of fruit is also likely to have the 
greatest exposure to airborne spores as filled bins are moved into 
storages, so including a fungicide could be beneficial for protecting 
at least those highly-exposed fruit. Nevertheless, we suspect that 
growers who sanitize their storage room floors will probably find 
only a minimal benefit from including a fungicide when DPA is ap-
plied as a non-recycling drench.
 Based on other spore trapping and spore monitoring studies 
that we have completed, we know that, under New York conditions, 
high levels of inoculum can persist on contaminated bins and on 
storage room floors whereas relatively little inoculum is brought into 
storage from other sources. The inoculum on bins creates problems 
when filled bins are subjected to recycling drenches because the 
drenches wash spores from the bins and transfer the inoculum to 
wounded fruit. However, most of the inoculum on contaminated bins 
is presumably on the insides of the filled bins where decayed fruit 
contacted the bin surfaces the previous year. That inoculum is not 
likely to become airborne because the apples in filled bins prevent 
rapid air movement that would dislodge the spores from the inner 
bin surfaces. 
 The most likely source of airborne inoculum is from spores left 
on the storage room floors from the previous year. If floors are not 
sanitized after rooms are emptied, forklift traffic and the cooling fans 
will resuspend the inoculum so that it can be deposited on apples 
as they are transported into the room. This source of inoculum can 
easily be eliminated by sanitizing floors of empty storage rooms with 
a quaternary ammonium sanitizer before harvest begins. Storage 
operators who opt to apply DPA either via fogging or as a non-
recycling drench should be certain that storage rooms are sanitized 
before they are refilled in the fall.
 The greatest risk from decay where DPA is applied via NRD 
comes from gray mold. Some of the gray mold decay in stored fruit 
results from quiescent infections that become established during 
late bloom and petal fall when B. cinerea can infect dying petals and 
then move into the flower sepals. Those sepals become part of the 
fruit calyx, and the infections on the calyx can move into fruit and 
cause fruit decays during long-term CA storage. Mertect, Scholar, 
and Penbotec will deactivate these quiescent infections when these 
products are applied as high-volume recycling drenches. Our work 

has clearly shown that fungicides applied via NRD will not adequately 
protect fruit in the center and bottoms of bins, so gray mold could 
cause losses in NRD-treated fruit in years when wet weather during 
late bloom and petal fall favor infection by B. cinerea. 
 Although Penbotec was slightly more effective than Scholar 
for controlling blue mold in the middles and bottoms of bins in 
our trials, repeated use of Penbotec will result in rapid selection of 
Penbotec-resistant isolates of P. expansum, as has already occurred in 
Washington. Using one fungicide in one year and a different fungicide 
the next year is strongly recommended to prevent development of 
fungicide resistance. This alternation of postharvest fungicides is 
essential regardless of the treatment method that is employed.
 Storage operators who wish to apply calcium to fruit after har-
vest should not attempt to do so using the NRD approach. Benefits 
from postharvest calcium treatments are dependent on complete 
coverage of the fruit, and the uneven distribution of the NRD solu-
tion increases the risks that the calcium solution might burn fruit 
where solutions are unevenly distributed.  
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