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Abstract

Argentina exported to Japan citrus fruits, mainly lemon, from northwestern citrus region between 2003 and 2007. The fruits traveled in containers and following a cold treatment protocol as required by Japanese authorities. At the arrival the fruits were inspected by Argentinean and Japanese sanitary authorities and the completion of the cold treatment was verified. Then the citrus fruits were transported and stored in warehouse until delivered to the markets. During all export seasons a monitor was conducted for lemon from harvest in Tucuman, Argentina, to storage at warehouses in Japan. A report of the conditions of the fruits at arrival after cold treatment as well as during storage in Japan is presented. 
Introduction
The opening of a new market for fresh agricultural products takes time and effort and usually different privates and governmental areas are involved and they support and enable the desire and need of citrus growers.

In 1995, phytosanitary authorities of Argentina, SENASA, have begun negotiation to open the Japanese market to Argentine citrus from northwestern citrus region. The Japanese market was finally opened in 2003. Several institutions worked to achieve this goal as AFINOA (Phytosanitary Association from Northwestern Argentina), ATC (Citrus Growers Association of Tucuman), Federcitrus (Citrus Growers Association of Argentina), Argentinean embassy, etc.

The technical development was conducted by the Entomology Department of the Obispo Colombres Experimental Station (EEAOC). They worked for four years in testing cold treatments to meet the requirements imposed by Japanese MAFF (Ministry of Agriculture Forestry and Fisheries).The subsequent export protocol was approved by Japan in 2000. This protocol requires the absence of living organisms and a cold treatment that guarantees no live fruit fly. The cold treatment should be fulfilled in transit with a temperature range in the pulp of the fruit of 1.9-2.3° C for grapefruit during 19 days, 1.9 - 2.2° C for lemons and oranges during 19 and 21 days respectively.
Before loading the containers 2% of the fruit is inspected at the Argentine port by SENASA and MAFF inspectors. If no living organisms are found the fruit is approved and loading of the containers is authorized.
At the arrival at Japanese port, inspectors from SENASA and MAFF verify temperature records in strict compliance with the cold treatment. If temperatures exceed the maximum value required, the fruit cannot enter Japan and should be forwarded to other country. If the cold treatment had been fulfilled the fruit is inspected for the presence of living organisms. In the absence of living organisms, the fruit is released to enter to the Japanese market, but if live insects are detected a fumigation treatment is required. 

In the period 2003 to 2007 citrus fruits mainly lemons from northwestern Argentina were sent to Japan. Most of the shipments fulfilled the cold quarantine treatment and no live organisms were detected at arrival. But shipments were canceled due to the significant cold damage and chilling injury to the fruit caused by the quarantine treatment.
The Argentinean experience with cold treatment in citrus fruits

A working group was established in 2003 with the technical managers of the export companies led by the Experimental Station. The group wrote a technical  protocol  and a guideline for handling and conditioning the lemons fruits for Japan and Mrs. Stein was responsible for the evaluation of the fruits  throughout the different steps of the export process in Argentina as well as at the arrival  and during storage in warehouses in  Japan.   
At the same time trials were performed in order to study the susceptibility to cold damage of different lemon scion and rootstock combinations, different types of waxes, effect of special bags, etc.
The preparation of the fruits for each shipment was discussed and agreed within the working group in terms of choosing the most suitable area for harvest and the handling of the fruit. The group monitored and inspected the packinghouse process of each shipment.
The lemon left Tucuman in refrigerated trucks and was stored in warehouses near the port until inspection. MAFF and SENASA inspectors inspected the fruit and the consolidations of containers were authorized if no problems were found. Later containers were transported by trucks to the port and they waited there until temperature for the beginning of the cold quarantine treatment was reached. Then the containers were loaded in the ship and the trip to Japan begun.
At the arrival the fruits were inspected at Japanese port, Yokohama , Kobe or Osaka, and a subsequent evaluation were conducted in storage in warehouse until the fruit was delivered to the market. 
Results
In the period 2003-2007 a total of 242 containers with citrus fruits were exported to Japan, 94 % of which were lemon (Table 1). The transit time by ship from Buenos Aires, Argentina to Japan was between 40 to 54 days (Table 2). There were differences in the transit time between shipping companies and also between containers loaded in the same ship as some of them were left in Korea and loaded in the next ship (Table 3). 
In the different export seasons to Japan around 10% of the containers failed to fulfill the cold treatment in transit and final destination were changed while in transit (Table 4). Although in 2007, 2 containers that failed to complete the cold treatment due to a sensor failure were unloaded and rejected in Japan. The failure of one of the three sensors was enough for the cold treatment to be considered incomplete.
Cold treatment in transit was not properly conducted in the different export seasons regardless the shipping company or the number of containers loaded in a same ship. Details of the temperature during cold treatment, temperature at arrival at final destination in Japan and cold damage to the lemon fruit are listed in Table 5.  Damage observed on the lemon fruit was the typical cold damage and chilling injury: rind breakdown expressed as large sunken lesions in the peel and browning, rind pitting, watery breakdown that can affect rind and flesh, which become soft, spongy and water soaked. Off flavor was also present and it was observed an increased rate of decay.  

The Japanese protocol requires for lemon 19 days under cold treatment temperatures. However the days that the lemon remained under cold treatment was variable in the different shipments and export seasons (Table 5 and Table 6).
Shipping companies changed temperature management of the cold treatment in transit for the export season of 2004 (Table 7) due to complains made by the export companies in 2003. However the cold damage of lemon was not improved. Furthermore and unexpectedly that season cold damage was observed in fruit subjected to temperature close to the quarantine treatment and no significant cold damage was observed in one container maintained at 0.55 – 0.75 °C for 24 days (Table 8). Cold damage was more severe in 2003 and for that year there was a close relationship between cold damage and low temperatures. 

The evaluations performed on the control checks that remained in Tucuman as well as different trials conducted in cold chambers simulating quarantine cold treatment in transit showed very low cold damage to the fruits although there were differences between the export companies (Table 9 a). Results on cold damage in the fruits obtained in different trials are shown in Table 9. 
The refrigeration units or equipments in the containers are not the same and/or they do not work in the same way so different temperature pattern during cold treatment is obtained. Thus, an equal temperature set up in different containers loaded in a same ship resulted in different fruit pulp temperature (Table 10).
Final considerations
Argentina did not have a good experience exporting lemon fruits to Japan in the period 2003 - 2007. Most of the fruit arrived with moderate to severe cold damage and chilling injury. Fruit was subjected unnecessarily to lower temperatures and for longer periods of time than required for the Japanese protocol. It is known that the severity of chilling injury is related to the temperature and duration of exposure. The absence or minimum cold damage in the fruits obtained in the control checks and different trials suggests that when quarantine temperatures were carefully managed and monitored as established in the Japanese protocol no damage to the fruits happen.
The refrigerating system of containers was irregular and there were failure in relation to temperature in the pulp and set up temperature.
There was a lack of a proper monitor of the temperature of the containers by the shipping companies as well as lack of communication with the export companies. If information about the progress of the temperatures in the containers in transit could have been given to the lemon companies, failures could have been solved and or pointed out during the trip.

Argentina has a long trip to rich overseas markets, 40-54 days and at least 15 – 20 days for harvest, packing, and transport by refrigerated truck to the port in Buenos Aires. Furthermore lemons fruits  are very sensitive to chilling injury and the lemon from northwestern Argentina have a particular characteristic due to the high juice content and a thin rind.
The reduction of chilling injury in shipments of citrus fruits with cold treatment in transit could be achieved by the joint work of researchers and lemon companies in the study and management of preharvest conditions and postharvest technologies but is it essential the work of the shipping companies as to the careful management of the cold treatment and adequate refrigeration units. 

Table1. Number of containers with citrus fruits exported to Japan (2003 -2007). 
	
	Number of container per citrus specie

	Year
	Lemon
	Grapefruit
	Orange
	Total

	2003
	35
	2
	4
	41

	2004
	109
	4
	0
	113

	2005
	41
	1
	0
	42

	2006
	18
	1
	0
	19

	2007
	24
	2 
	0
	27
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Table 2. Transit time (days) from Argentina to Japan in different export seasons
	Year
	Least transit time
	Longest transit time

	2003
	41
	54

	2004
	40
	47

	2006
	46
	54


Table 3. Transit time Argentina to Japan of two shipping companies, 2003 
Company A
	Ship
	
	Travel time (days)

	1
	
	41

	2
	
	42

	3
	3 containers
	41

	
	1 container
	48

	
	1 container
	49

	Average
	44.2


Company B

	Ship
	
	Travel time  

	1
	
	46

	2
	
	45

	3
	
	53

	4
	
	44

	5


	2 containers
	50

	
	2 containers
	54

	Average
	48.66


Table 4. Numbers of containers that failed to fulfill the cold treatment in transit
	Export season
	Containers approved that left Argentina
	Containers arrived to Japan
	Containers that failed to complete the cold treatment in transit
	%  containers that failed to complete the cold treatment

	2003
	41
	34
	7
	          17.0

	2004
	          113
	          106
	7
	 6.2

	2005
	42
	38
	4
	9.5

	2006
	19
	19
	0
	0.0

	2007
	27
	 20*
	 9*
	          33.3


 * 2 containers rejected at arrival due to sensor failure
Table 5. Cold treatment temperature, transit time minimum temperature, temperature at arrival to Japan and cold damage to lemon. Export season 2003.
	Shipping company/ containers
	Transit time (days)
	Cold damage
	Temperature at arrival (ºC)
	Temperature (ªC) during cold treatment
	Minimum temperature (ªC)
	Observations
	

	Ship A
	 
	 
	
	 
	 
	 
	

	Container 1
	41
	Total
	6
	1.0  – 1.5
	    0.38 
	3 days at 0.4 – 0.6
	

	Container 2
	41
	Very high
	6
	1.1 – 1.8
	    0.50 
	3 days at 0.5 – 0.6
	

	Container 3
	41
	Moderate
	6
	1.3 – 1.8
	    0.45 
	3 days at 0.4 – 0.5
	

	Ship B
	
	 
	
	 
	 
	 
	

	Container 1
	42 
	High  to very  high
	1.5 -1.7
	1.1 – 1.7
	    0.92 
	26 days at 1.1 – 1.4
	 

	Ship C
	
	 
	
	 
	 
	 
	

	Container 1
	46
	Very low
	6.2 – 6.7
	1.4 – 1.7
	    1.20 
	 
	

	Container 2
	46
	Very low
	6.5 - 7
	1.3 – 1.7
	    1.25 
	 
	

	Ship D
	
	 
	
	 
	 
	 
	

	Container 1
	45
	High  to very  high
	6 - 7
	1.1 – 1.8
	    0.90 
	6 extra days with cold treatment temperatures
	

	Container 2
	45
	High  to very  high
	6 - 7
	1.0 – 1.7
	    0.95 
	6 extra days with cold treatment temperatures
	

	Container 3
	45
	High  to very  high
	6 - 7
	1.1 – 1.7
	    1.10 
	6 extra days with cold treatment temperatures
	

	Container 4
	45
	High  to very  high
	6 - 7
	1.4 – 1.6
	    1.30 
	6 extra days with cold treatment temperatures
	

	Container 5
	45
	Moderate
	6 - 7
	1.2 – 1.6
	    1.20 
	6 extra days with cold treatment temperatures
	

	Ship E
	
	 
	
	 
	 
	6 extra days with cold treatment temperatures
	

	Container 1
	41
	High  to very  high
	6
	0.2 -1.4
	    0.06 
	17 days at 0.2 – 0.9
	 

	Container 2
	41
	High  to very  high
	6 - 7
	0.4 – 1.6
	    0.37 
	13 days at 0.4 – 0.9
	 

	Container 3
	41
	High  to very  high
	6 - 7
	0.4 – 1.6
	    0.27 
	14 days at 0.4 - 0.8
	 

	Container 4
	48
	Moderate
	6 – 6.4
	0.8 -1.6
	    0.75 
	30 days cold treat. temp.
	

	Ship F
	
	 
	
	 
	 
	
	

	Container 1
	53
	Moderate
	No data
	1.3 – 1.8
	    1.25 
	6 -7 °for 25 days then temp. drop to  2.4 – 3.0 and

1.9 – 2.7 respectively
	 

	Container 2
	53
	Moderate
	No data
	1.3 – 1.7
	1.25
	
	 

	
	
	
	
	
	
	
	


Table 6. Days under cold quarantine temperature treatment in transit. Export season 2006

	Ship
	Days with cold treatment temperature
	Temperature Set up ºC

	A
	25
	0.6    (12  days)

1.0    (15 days)

	B
	43
	 0.6   (2 days)

1.0   (41 days)

	C
	32
	1.0   (32 days)

	D
	27
	1.0     (2 days)

1.1   (25 days)

	E
	37
	1.1   (37 days)


All the fruits showed moderate to severe cold damage

Table 7.  Comparison between minimum temperature management in two export season ( 2003 and 2004). 
	
	% of containers

	Minimum temperatures in transit
	Export season 2003
	Export season 2004

	<  1 ºC
	47.07
	5.81

	1 - 1.2  ºC
	35.29
	26.75

	> 1.25 ºC
	17.64
	67.44


Table 8. Minimum temperature during cold treatment and cold damage on lemon. Export Season 2004
	Export company
	Minimum temperature
	Cold damage

	A
	1.45
	Severe

	B
	0.55

24 days at  0.55-0.75ºC
	Minimum

	C
	1.3
	No damage

	D
	1.25
	Minimum


Table 9. Results of different trials. Export season 2004 and 2005
a) Control check maintained in cold chamber. 
	Export company
	% of fruit with cold damage

	A
	0.62

	B
	0.79

	C
	11.48

	D
	2.12

	E
	3.04

	F
	1.04

	G
	4.71


b) Susceptibility to cold damage in different lemon scion/rootstock 
	Lemon scion  / Rootstock
	% fruit with cold damage

	Eureka /Cleopatra
	0.1

	Lisbon /Trifoliate orange
	0.2

	Limoneira / Troyer citrange
	0.4

	Genova / Troyer citrange
	0.6

	Lisbon / F.Dragon trifoliate
	1. 2


c) Different waxes
	Wax
	% fruit with cold damage

	A 12%
	0

	A 15%
	1.1

	A 18%
	3.3

	A 24 %
	0

	B 15%
	0

	B 24%
	0

	C
	0

	D 18%
	0

	E 18%
	0


Table 10. Fruit pulp temperature and temperature set up in different shipments. Export season 2006 
	Ship
	Set up temperature ºC 
	Container 1
	Container 2
	Container 3
	Container 4

	A
	0.6      (5 days)

0.8      (5 days)

1.0    (15 days)
	0.68* – 1.05

0.80 – 1.15

1.05 – 1.30
	0.74 – 1.05

0.80 – 1.22

1.22 – 1.40
	0.85 – 1.13

1.02 – 1.28 1.30 – 1.45
	

	B
	0.8        (1 day)

0.6     (0.7 days)

1.0     (41 days)
	0.45 – 1.59

1.07-1.47

1.35-1.70
	1.38 – 1.99

1.15 – 1.70

1.07 – 1.70


	0.58 – 1.80   

0.99 – 1.20

0.93 – 1.47
	1.21 – 1.48

0.96 – 1.25

1.15 – 2.50

	C
	1.0     (32 days)
	0.77 – 1.6
	0.64 – 1.70
	1.12 – 1.70
	1.12 – 1.66



	D
	1.0        (2 days)

1.1    (25 days)
	1.27 – 1.40

1.10 – 1.34
	
	1.38 – 1.80

1.31 – 1.80
	

	E
	1.1   (37 days)


	1.02 – 1.30


	1.03 – 1.70


	1.31 – 1.70
	1.34 – 2




*in bold letters minimum registered temperature
� Estación Experimental Agroindustrial O. Colombres. Av. William Cross 3150, 4101, Las Talitas, Tucumán, Argentina. �HYPERLINK "mailto:bstein@sinectis.com.ar"�bstein@sinectis.com.ar�


� Director de Certificación Fitosanitaria, Dirección Nacional de Protección Vegetal, Senasa. Av. Paseo Colón 315, 4º B. Buenos Aires, Argentina
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