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Influence of postharvest application rates of cyprodinil, treatment time, and temperature on residue levels and efficacy to control green mold on 'Valencia' oranges

Introduction

Cyprodinil, a fungicide belonging to the anilinopyrimidine class that includes pyrimethanil and mepanipyrin, was developed in the mid-1990s to control a broad range of fungal diseases of fruit, vegetables and ornamental crops [START_REF] Heye | CGA 219417 -a novel broad spectrum fungicide[END_REF][START_REF] Tomlin | The Pesticide Manual[END_REF]).

Cyprodinil inhibits excretion of hydrolytic enzymes and methionine biosynthesis in fungal cells [START_REF] Masner | Possible methionine biosynthesis inhibition by pyrimidinamine fungicides[END_REF][START_REF] Gullino | Use and challenges of novel compounds for plant disease control[END_REF][START_REF] Leroux | Modes d'action des produits phytosanitaires sur les organismes pathogèns des plantes[END_REF]. In viticulture cyprodinil is recommended for preventive use to reduce the risk of resistance development in Botrytis cinerea Pers. populations [START_REF] Rosslenbroich | Botrytis cinerea -history of chemical control and novel fungicides for its management[END_REF].

Cyprodinil was also found to be effective on apples, against isolates of P. expansum resistant to thiabendazole [START_REF] Errampalli | Control of blue mold caused by Penicillium expansum on apples 'Empire' with fludioxonil and cyprodinil[END_REF]. Studies on Empire and McIntosh apples have shown that decay reduction was positively correlated to cyprodinil concentration: at 40 mgl -1 it provided complete control of blue mold caused by both thiabendazole-sensitive and -resistant isolates of P. expansum during 30 days of storage at 4°C and subsequent 6 days of shelf life at 20°C (Errampalli and Brubacher 2006). [START_REF] Zhou | Interactions between Pseudomonas syringae MA-4 and cyprodinil in the control of blue mold and gray mold of apple[END_REF] reported studies on integrated control of postharvest blue mold in apple with Pseudomonas syringae and cyprodinil, showing that a reduced concentration of fungicide was needed to control both isolates of P. expansum. However, no papers we found in literature on residue levels and efficacy cyprodinil in inhibiting green mold caused by Penicillium digitatum (Pers.) Sacc., one of most important postharvest decay of citrus fruit [START_REF] Eckert | Postharvest disorders and diseases of citrus fruits[END_REF].In this study we investigated the possible relationships between residues and efficacy of cyprodinil to control green mold decay caused by Penicillium digitatum in 'Valencia' oranges, as a function of treatment time, temperature, and active ingredient (a.i.) concentration.

Materials and Methods

Fruit samples

Commercially mature 'Valencia' oranges [Citrus sinensis (L.) Osbek] were handharvested in an experimental orchard of the Institute of Sciences of Food Production in central-western Sardinia, Italy, managed under standard horticultural practices. Fruits were placed in plastic trays and delivered to the laboratory immediately after harvest.

Then, medium size fruits, free from rind defects were selected, returned to each box and left overnight at 20°C.

Treatment device

A tub fitted with 3.96 kW/h heating elements and an electronic recirculation pump ( 22L/min water flow) was used for treatments. Two hundred litres of water or fungicide mixtures were used for the treatments, dipping one box of fruit per run. Bath temperature was constantly maintained within ± 0.5°C of the set temperature by an electronic thermostat (OEM/HT, Carel, France) and probe (PTC 40,Carel,France).

Influence of treatments and storage conditions on cyprodinil residues

'Valencia' oranges were grouped into 24 treatment groups and subjected to dipping in water mixtures containing cyprodinil at: a) 150, 300, or 600 mgl -1 and 20°C for 30, 90, or and 55°C for 30 s; d) 50, 100, or 150 mgl -1 and 60°C for 15 s. Fruits were then stored at 20°C and 90% relative humidity (RH) (simulated shelf-life conditions). Analyses of cyprodinil were performed at time 0 (immediately after treatment) and after 20 days.

Cyprodinil analysis

Eight oranges per replication were weighed and their peel was removed. The peel was weighed and frozen at -18°C until cyprodinil analysis. Five g of minced and homogenized peel were weighed in a 40 ml screw-cap flask and 10 ml of acetone/hexane mixture (1/1, v/v) and 4 g of NaCl were added. For recovery assay samples of untreated orange peel were fortified with appropriate amount of standard stock solutions of cyprodinil to reach the concentrations of 0.1, 1.0, 5.0 mgkg -1 . The recovery ranged from 78% to 102%, with a maximum 9% coefficient of variation (CV). Good linearity was achieved in the 0.5-9.72 mgkg -1 range, with correlation coefficients between 0.9991 and 0.9995.

Apparatus. A TQ Trace gas chromatograph, coupled with a NPD 80 detector, a split/splitless injector, and an AS200 autosampler (TermoQuest, Milan, Italy) was used.

The column was a fused silica capillary DB 5 MS (30 m x 0.25 mm i.d.; 0.25 µm, J & W Scientific, Folsom, CA). The injector and detector temperatures were set at 200 and 300°C, respectively. The sample (2 µl) was injected in splitless mode (30 s). The oven temperature was programmed as follows: 110°C (1 min), raised to 310°C (at 20°Cmin -1 ).

Helium was the carrier gas and N 2 the make up at 1.1 and 15 mlmin -1 , respectively. NPD conditions were as follow: source current, 2.8; polarization voltage, 3.5. Oxygen and H 2 flows were at 60 and 2.3 mlmin -1 , respectively.

Fungal strains and growth conditions

The used isolate of P. digitatum was collected from decayed fruit from the Institute's experimental orchard, where occasionally only copper fungicides were used, and its conidia were not able to germinate in potato dextrose agar containing either TBZ or IMZ. The isolate was maintained in culture on potato dextrose agar (PDA), in Petri dishes at 4°C. Conidial suspension grown at 20°C for 7 days and adjusted at 10 6 conidia ml -1 was used as inoculum.

Assays with wounded and artificially inoculated fruit

Fruit were grouped into 30 treatment groups, disinfected by immersion for 30 s in 1% household bleach, rinsed with water and left to dry at ambient temperature. Each fruit was then wounded by 2 slits equatorially, at the two opposite sides with a 2-mm-wide and 2-mm-long stainless steel rod and inoculated by dipping fruits for one min in a 72-l, high density-polyethylene tank containing 50-l conidial suspension of P. digitatum (final concentration 1•10 5 conidia ml -1 ). After inoculation, fruit were incubated at 20°C and 90% RH for 20 h before treatment to simulate infection occurring at harvest either in the field or during transit. The same rod was used to wound the fruit that were not inoculated.

The experimental plan for assays with inoculated fruit included the 24 treatment regimes used for sound oranges to determine residue levels, and treatments with water alone at: a) 20 or 50°C for 30, 90 or 180 s; b) 55°C for 30 s; c) 60°C for 15 s. Fruit were then left to dry at room temperature and subsequently stored at 20°C at ca 90% RH. Fruit were evaluated for incidence of decay caused by green mold (percentage of fruit with decay lesions of any size compared to the total, within each replicate) after 7, 12, and 18 days. Each treatment was applied to four replicates of 40 fruit each.

Statistical analysis

Statistical analysis was performed by Statgraphics software (Statgraphics Centurion, version XV). Analysis of variance (one-way ANOVA) was carried out using a unifactorial complete randomized block design. Percentages were transformed in arcsin√x before ANOVA. Mean comparisons of the effects of treatments were calculated by Fisher's least significant difference test at P ≤ 0.05.

Results

Treatments with cyprodinil at 150 or 300 mgl -1 and 20°C were not affected by treatment time whereas cyprodinil at 600 mgl -1 for 90 or 180 s resulted in significantly higher residues than fruits treated for 30 s. (Table 1). When treatment was performed at 50°C, cyprodinil residues consistently increased by increasing treatment time. Treatment for 30 s did not produce significant differences due to application rate. Treatment with cyprodinil at 50 or 100 mg -1 for 90 s resulted in similar residues; significant increases in residues were recorded when the application rate of cyprodinil was increased to 150 mgl - 1 . When treatment time was extended to 180 s, the amount of residues was closely related to fungicide concentration.

After application at 55°C for 30 s, cyprodinil residues did not change significantly when fungicide concentration was increased from 50 to 100 mgl -1 , although residues increased when the application rate was 150 mgl -1 . Following treatment with cyprodinil at 50 mgl -1 and 60°C, residue concentration was 1.33 mgkg -1 . A double fungicide concentration (100 mgl -1 ) produced a significant increase in residue level compared to the treatment at 50 mgl -1 ; no significant increase in cyprodinil residues was recorded when the application rate was increased from 100 to 150 mgl -1 .

In comparison to treatments performed at 20°C, the application with heated cyprodinil mixture resulted in notably higher residues, their extent depending on temperature and treatment time (at 50°C). After treatment with cyprodinil at 150 mgl -1 and 50, 55, for 30 s or at 60°C for 15 s, residues were 4-5-fold higher than those left by treatments at 20°C. When cyprodinil at 50°C was applied for 90 or 180 min, residues were 7-8-and 12-fold higher. Residues of cyprodinil showed high persistence during 20 days' storage at 20°C. All treatments with cyprodinil reduced decay development, the extent depending on treatment time, temperature and fungicide dose (Table 2). After 7 days' incubation, green mold incidence was reduced from 53.8 to 6.7% by 30 s treatment with cyprodinil at 150 mgl -1 and 20°C. Higher fungicide dose or longer treatment time were equally effective in controlling green mold in most samples. After 18 days, treatment with cyprodinil at 150-300 mgl -1 for 30 s similarly reduced green mold, but was less effective than treatment with 600 mgl -1 , which reduced green mold from 100% (control) to 15.4%. When dip time was extended to 90 or 180 s, fungicide effectiveness increased gradually at increasing fungicide concentration. While green mold incidence was unaffected by 30-90 s, treatments with 50°C water, it was significantly reduced when dip time was extended to 180 s. When water at 50°C was combined with cyprodinil, treatment efficacy consistently increased, being generally unaffected by fungicide dose or treatment time. After 7 and 18 days, treatments with water at 55°C for 30 s were as effective as cyprodinil at 50-100 mgl -1 but less effective than at 150 mgl -1 . After 7 days, treatments at 60°C did not reveal any significant decay difference between control and cyprodinil treatments; after 18 days, treatment with cyprodinil at 150 mgl -1 was consistently more effective than at 50-100 mgl -1 and hot water alone.

Discussion

Previous investigations of citrus fruit have shown that post-treatment imazalil residue levels significantly increased by increasing treatment time [START_REF] Brown | Uptake of imazalil by citrus fruit after postharvest application and the effect of residue distribution on sporulation of Penicillium digitatum[END_REF][START_REF] Smilanick | Improved control of green mold of citrus fruit with imazalil with warm water compared with its use in wax[END_REF][START_REF] Cabras | Factors affecting imazalil and thiabendazole uptake and persistence in oranges following dip treatments[END_REF], whereas the residues of thiabendazole were not affected by length of treatment [START_REF] Cabras | Factors affecting imazalil and thiabendazole uptake and persistence in oranges following dip treatments[END_REF]. After dip treatment with fludioxonil at 20°C, residue levels in nectarines did not change significantly when dip treatments were increased from 1 to 3 min but almost doubled after 6 min. When fludioxonil was applied at 48°C, residues in nectarines increased significantly at increasing dip times (D 'Aquino et al. 2007). Results of this study show that when cyprodinil was applied at 600 mgl -1 and 20°C, residues were significantly affected by treatment time but were not when fruits were treated with 150-300 mgl -1 . When treatment was performed at 50°C, residues consistently increased at increasing treatment time. Differences in residue levels as a function of treatment time may thus be dependent on fungicide dose, temperature and the physico-chemical characteristics of the a.i. and formulation types. Cyprodinil had a great persistence, with residue levels in fruit after 21 days' storage being similar to those recorded just after treatment.

Cyprodinil is classified as reduced risk fungicide by the United States Environmental Protection Agency (USEPA, 1998) and was recently introduced for decay control of various horticultural crops. The maximum U.S. residue limit (MRL) depends on the commodity (MRL database 2008). For example, the MRL for strawberry, table grape, apple and pear is 5, 2, 0.1 and 0.1 mgkg -1 and 0.6 for citrus fruit.

The application of cyprodinil at 20°C effectively controlled decay and produced a long lasting effect. Given the tested temperature and a.i. rates, our data indicate that the best results were recorded at 600 mgl -1 and 20°C for 90 s. The extent of green mold incidence after 18 days was 5.13%; a.i. residues during fruit storage remained unchanged (1.04 vs 0.99 mgkg -1 ) and were higher than the U.S. MRL. Similar efficacy and residue levels were found when cyprodinil was applied at 600 mgl -1 at 20°C for 180 s. Decay was also efficiently controlled in tests carried out at 50°C with cyprodinil at 150 mgl -1 for 30 s or 90 s and at 50 mgl -1 for 180 s. Our findings indicate that in order to obtain samples with a.i. residues below the US MRL we should operate at 300 mgl -1 a.i. and 20°C for 90 s (0.45 mgkg -1 ), or 180 s (0.36 mgkg -1 ), conditions in which green mold should stay under 12.8%. On mouse the oral DL 50 for cyprodinil is 2000 mgkg -1 , the acceptable dose intake (ADI) is 0.03 mgkg -1 and the recommended food daily intake (FDI) for fruit approximately 0.5 kgday -1 . This means that the tolerable level (ADI/FDI) should be 0.06 mgkg -1 , or 4.2 mg for a person weighing 70 kg. Proper effectiveness requires the use of 150 mgl -1 cyprodinil at 50°C for 30 s. This would yield a residue level of about 1.5 mgkg - 1 , which is notably under the toxicological limit. Given the MRLs on other crops, the MRL for citrus should be increased according to the toxicological level. 

  b) 50, 100, or 150 mgl -1 and 50°C for 30, 90 or 180 s; c) 50, 100, or 150 mgl -1

  active ingredient; 0 = water. y Each value is the mean of 3 5 replicates (40 fruit per replicate, 2 wounds per fruit). Percentages were transformed in 6 arcsin√x before statistical analysis. Means in columns with unlike letters are significantly 7 different by Fisher's least significant difference (LSD) procedure, P ≤ 0.05. 8
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Table 1 .

 1 Influence of postharvest treatments on cyprodinil residues (mgkg -1 , on a 1 whole fruit basis), in 'Valencia' oranges after one-min dip treatment (time 0), 2 and after 20 days of storage at 20°C and 90% relative humidity. 3

		Cyprodinil	Treatment time	Cyprodinil residues (mgkg -1 ) y
		conc. (mgl -1 ) x	and temperature	Storage duration (days)
				0	20
		150	30 s at 20°C	0.45 il	0.42 no
		300		0.56 il	0.41 no
		600		0.72 i	0.59 mn
		150	90 s at 20°C	0.38 l	0.35o
		300		0.59 il	0.45 no
		600		1.04 h	0.99 hi
		150	180 s at 20°C	0.41 l	0.35 o
		300		0.57 il	0.36 o
		600		1.28 gh	0.79 l
		50	30 s at 50°C	1.36 g	0.70 lm
		100		1.31 gh	0.85 il
		150		1.58 fg	1.24 g
		50	90 s at 50°C	2.63 d	1.89 e
		100		2.81 d	2.29 d
		150		3.47 c	2.11 d
		50	180 s at 50°C	3.18 c	2.83 c
		100		5.10 b	3.83 a
		150		6.00 a	3.12 d
		50	30 sec at 55°C	1.53 g	1.03 hi
		100		1.41 g	1.24 g
		150		1.87 ef	1.30 g
		50	15 s at 60°C	1.33 gh	1.17 gh
		100		2.04 e	1.56 f
		150		1.98 e	1.57 f
	4	x Concentrations refer to active ingredient. y Means in columns followed by unlike
	5	letters differ significantly by Fisher's least significant difference (LSD)
	6	procedure, P ≤ 0.05.		

Table 2 .

 2 Influence of postharvest dip treatments to control green mold on 'Valencia' 1 oranges inoculated with (10 5 conidia ml -1 ) Penicillium digitatum. The percentage of lesions 2 caused by green mold was recorded after selected periods of incubation at 20°C and 90% 3

	4	relative humidity.			
		Cyprodinil	Treatment time	Green mold incidence (%)
		conc. (mgl -1 ) x	and temperature	Storage duration (days)
				7	12	18
		0	30 s at 20°C	53.8 a	87.2 a	100 a
		150		6.7 c-f	20.0 c-f	30.0 d-h
		300		7.7 c-g	28.2 c	48.7 cd
		600		5.6 f-g	10.3 c-i	15.4 f-m
		150	90 s at 20°C	3.3 d-g	13.3 c-h	23.3 e-i
		300		5.1 e-g	7.7 f-m	12.8 h-n
		600		2.6 f-g	2.6 i-m	5.13 m-o
		150	180 s at 20°C	5.0 c-g	13.3 c-h	21.7 e-l
		300		2.6 f-g	5.1 h-m	12.8 h-n
		600		0.0 g	2.6 i-m	5.12 i-o
		0	30 s at 50°C	56.4 a	74.4 ab	84.6 ab
		50		20.1 cd	25.6 c-e	30.8 d-h
		100		0.0 g	10.3 e-l	15.4 h-n
		150		0.0 g	5.1 g-m	5.1 m-o
		0	90 s at 50°C	33.3 ab	56.4 b	64.1 bc
		50		7.7 c-f	15.4 c-h	30.6 d-h
		100		2.6 fg	23.1 c-e	33.3 d-g
		150		0.0 g	2.6 i-m	7.7 i-o
		0	180 s at 50°C	15.4 bc	28.2 c	35.9 d-f
		50		0.0 g	0.0 m	2.6 o
		100		5.1 c-g	10.3 d-l	10.3 l-o
		150		7.7 c-f	12.8 c-h	12.8 h-n
		0	30 s at 55°C	6.7 c-f	18.3 c-g	21.
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