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Chapter 1 

Overview of the Project 

 

 

1.1 Introduction 

Insects, mites, nematodes, fungi, bacteria, viruses, MLOs and other organisms 

attack various crops of economic importance and affect the ecosystem severely. 

Invasion of these insects and pathogens results into severe quantitative losses and the 

quality of the products are also spoiled to a considerable extent. 

The introduction of invasive unknown pests into a country resulted in severe 

damage to the plants and ecosystem in the past. For example, the fungus Phytophthora 

infestans resulted into the disastrous famine in Ireland in the 1840s by destroying the 

Irish potato harvest, whereas the grape Phylloxera Daktulosphaira vitifoliae ruined the 

vineyards in Europe on a large scale in the second part of the 19th century (Schrader 

and Unger, 2003). Such incidents led to the development of plant quarantine measures 

and plant health services. Therefore the researches were carried out in the past to 

develop measures and protocols against invasive insects. Therefore the International 

Plant Protection Convention (IPPC) was established in the 1920s to harmonize the 

purpose of these measures, protecting plants, plant products, and other regulated 

articles against plant pests. The IPCC (1997) defined regulated articles as ‘any plant, 

plant product, storage place, packaging, conveyance, container, soil and any other 

organism, object or material capable of harboring or spreading pests, deemed to require 
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phytosanitary measures, particularly where international transportation is involved’. 

The IPPC is the umbrella for phytosanitary activities worldwide on a national, regional, 

and international level. In most countries, National Plant Protection Organizations 

(NPPOs) or plant health services, respectively, implement the IPPC following a 

hierarchical approach. It comprises prevention of the introduction of plant pests as the 

preferred measure, eradication at the earliest possible stage of spread of an introduction 

has already taken place, and -if the previous methods are not feasible -containment and 

other control measures. 

Commonly found insect pests in a country are not regulated and their presence 

to a certain level is permitted. However, quarantine pests are the invasive alien species 

as they are unknown to a specified region, and threaten ecosystems, habitats, or species 

(CBD, 2001). Thus usually the following types of invasive species are regulated by the 

countries: 

 Direct pests (pathogens, parasites, herbivores) of plants, plant products, or other 

regulated articles  

 Indirect pests like invasive plants competing for light, water, or minerals and 

injuring other plants indirectly by this (e.g. ‘weeds’ in agricultural crops)  

 Any other organisms affecting plants even more indirectly via other biotic 

factors (for example flatworm Arthurdendyus triangulatus, a predator on 

earthworm) 

Various methods of pest/disease control such as exclusion, eradication, 

protection, therapy, resistance, and biological control are deployed to enable the export 

and import of food materials. Exclusion or 'keeping out' is fundamental to the concept 

of plant quarantine while eradication methods (fumigation, chemical or physical 
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treatments) are employed to eliminate a newly established pest/pathogen. Plant 

quarantine may, therefore, be defined as Rules and regulations promulgated by 

governments to regulate the introduction of plants, planting materials, plant products, 

soil, living organisms, etc. with a view to prevent inadvertent introduction of exotic 

pests, weeds and pathogens harmful to the agriculture or the environment of a 

country/region, and if introduced, to prevent their establishment and further spread. 

Fumigation is one of the most effective ways of quarantine pest management 

for any fruits and vegetables. Several fumigants are used to kill the target pests. These 

include methyl bromide, phosphine, sulfur di oxide, etc.  The doses, duration of 

treatment, environmental conditions for fumigation, the effect of fumigant on quality 

and safety of the product to be treated, safety aspects in operation of fumigation, the 

effect of fumigation gases on environment etc. are considered to prepare the guidelines 

for the operation of fumigation chamber. 

Indian exporters of grapes are facing specific problems in exporting grapes in 

some countries. The demand of grapes in New Zealand is very high because of very 

low domestic production. Hence, there is a prospect for the export of Indian grapes to 

New Zealand market for increasing profit and to decrease the marketing related 

problems. Phytosanitary certificate is one of the most important criteria for export. As 

per phytosanitary requirements formulated by New Zealand, Drosophila suzukii has 

been considered as an invasion insect. Some reports are available on its presence in the 

temperate region of India viz. Kumaon and Jammu and Kashmir. However, no record 

is available regarding its presence in grape growing regions. Standardization of 

protocol for fumigation of grapes with CO2 and SO2 and protocol for fumigation of 

Indian grapes should be established. Hence, the APEDA funded this project to ICAR-
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CIPHET for establishment of a fumigation chamber and develop process protocols for 

treatment of grapes. The present project was taken up with the following objectives: 

1.2 Objectives 

1. To develop electronically controlled fumigation chamber for treatment of 

grapes.  

2. To optimize the dose and duration of fumigation treatments for grape.  

3. Field evaluation of developed system for treatment of grapes.  

1.3 Status of grapes market in India 

Grapes are considered as simple, unprocessed fresh produce, the market linkage 

and customer demand influence their production and distribution strongly. This has a 

direct impact on grape producers, especially smallholders, as quality required in post-

production system makes it difficult for smallholders to directly deal with high-value 

markets, despite being lower cost (Collins 2000). The value chain of Indian grapes 

involves following trade channels and use of the product (Fig. 1). 

 

 

 

 

 

 

Fig. 1. Grapes trade and utilization pattern in India (APEDA, 2016) 
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For export of grapes from India, the GlobalGAP practices have to be followed 

strictly (Amekawa 2009). The GlobalGAP system provides four options for 

certification: individual certification, group certification, benchmarked scheme 

certification for individual producers and GlobalGAP benchmarked scheme 

certification for producer groups (Amekawa 2009). In India, some exporting 

companies organize small growers under GlobalGAP group certification for quality 

exports, which are certified by a third party in which farmers pay the certification 

charges (Singh, 2013). 

The processes at the export pack house include receipt of raw material at pack 

house; weighing and acceptance of produce; trimming, sorting and grading; weighing, 

packing and coding; pre-cooling; sulfur dioxide padding; palletization; storage (cold 

stores); container loading; and transportation. In contrast, products destined for the 

domestic market is packed in crates and weighed on the farm after grading immediately 

post-harvest and dispatched to market in trucks. 

The quality parameters for the export of grapes include size of bunch and berry, 

colour, weight, shape, firmness, sugar content, acidity, absence of bruises or blemishes; 

flavour, odour, pesticide/chemical residue, stem colour, pest or chill damage, packing 

quality, and average check weight (Bhosale 2001; Roy and Thorat, 2008). The grape 

production network for export in India is shown in Fig. 2. 
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Fig. 2. Export grapes production network in India (Singh, 2013) 
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Insects/pests associated with grapes may be categorized into regulated and non-

regulated pests. Regulated pests (pathway dependent) are those pests for which 

phytosanitary actions would be undertaken if they are intercepted/detected. Quarantine 

pests (new organisms, non-plant pests, vectors of associated quarantine pests, virulent 

strains) are non-regulated pests and contaminants for which phytosanitary actions will 

not be undertaken if they are intercepted/detected and the product is not accepted by 

the importing country. These pests are of potential economic importance to the area 

endangered thereby and not yet present there, or present but not widely distributed and 

being officially controlled (IPCC, 1997) 

Quarantine pests for a country are those pests, which may occur (according to 

information received from the exporting country or from the literature) in the exporting 

country commodity to be exported (such as grapes) and are not known to occur in or 

are present in importing country but not widespread and are being officially controlled. 

In this context, Drosophila suzukii is a quarantine pest for New Zealand. 

The first report on the incidence of Drosophila suzukii as the potential 

commercial pest of grapes came from Japan, but details regarding the nature of damage 

were not available. In the USA, preliminary laboratory studies on grape susceptibility 

to D. suzukii showed very few eggs on grape berries and slower developmental rates 

relative to other small fruits. Survival at the adult stage was limited from 0 to 9% 

(Maiguashca et al. 2010). They did not observe significant differences in susceptibility 

among the three wine grape cultivars, ‘Early Campbell,’ ‘Merlot,’ and ‘Riesling’ of the 

USA.  Increased levels of Acetobacter spp. owing to D. suzukii activity alone or in 

combination with D. melanogaster undoubtedly negatively impact the quality of high-

value wines, as well as increase production costs. Fruit skin penetrating resistance has 
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been reported as a possible driver in host selection (Lee et al. 2011). Detailed studies 

on skin penetrating resistance of grape cultivars and the relationship to the 

susceptibility of wine grapes to spotted wing drosophila attack have not been reported.  

Drosophila suzukii is a global pest attacking to various berry crops. It lays eggs 

in damaged and intact wine grape berries of the most soft-skinned varieties. 

Oviposition increases with an increase in sugar content and a decrease in acidity levels. 

Also, oviposition increases with a decrease of penetration force. Penetration force, as 

a measure of skin hardness, is a critical component of host selection among the D. 

suzukii exposed cultivars. It has been demonstrated that incised berries are more 

favorable for D. suzukii oviposition as a nutrient substrate. Increased presence on wine 

grapes, as indicated by egg laying and increased longevity, was observed for flies that 

were exposed to incised berries as compared to fully intact berries. D. suzukii flies can 

be found feeding on damaged wine grapes during the harvest period, especially when 

the skins of berries are negatively impacted due to cracking, disease, hail injury, and 

bird damage. Such an increase of feeding and oviposition may increase the likelihood 

of spoilage bacteria vectoring due to D. suzukii (Ioriatti et al. 2015). 

1.5 Need of fumigation with SO2/CO2 

Drosophila suzukii is an emerging pest which has recently spread to the USA. In 

response to the US detection, MPI imposed emergency mitigation measures requiring 

cold treatment or methyl bromide fumigation of host fruit of D. suzukii exported from 

the USA to New Zealand in May-June 2010. These measures were based on initial risk 

analysis on stone fruit from the Pacific Northwest (USA) and table grapes from China. 

Cold treatment is another measure that may be suitable for managing the risk of D. 

suzukii infested fruit. Research conducted in Japan shows that mortality of eggs and 
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larvae can reach 100% after 96 h exposure to temperatures of 1.7–2.2°C (Kanzawa 

1939). However, replication levels in these trials were low. Later, the USA provided a 

report supporting a combination treatment of SO2/CO2 fumigation followed by a cold 

dis-infestation treatment as a measure to manage D. suzukii in fresh table grapes. The 

treatment proposed was; 6% carbon dioxide (CO2) and 1% sulfur dioxide (SO2) by 

volume for 30 min at a pulp temperature of 15.6°C or greater, followed by cold 

treatment for 6 days or more at a pulp temperature of -0.5±0.5°C. Various other risk 

management measures may be suitable to manage the risk of D. suzukii in the pathways 

associated with the import of host fruit into Australia. 

1.6 Effect of CO2/SO2 fumigation on insect control and grapes quality 

Fumigation is basically, releasing and dispersing a toxic chemical so that it reaches to 

the target organism in the gaseous state and kill the organism. Chemicals applied such 

as aerosols, smokes, mists, and fogs are suspensions of particulate matter in the air and 

are not fumigants. SO2 is widely used as a fumigating agent for table grapes to prevent 

decay during storage, by either initial fumigation of fruit from the field followed by 

weekly fumigation of storage rooms or slow release from in-package pads containing 

sodium metabisulfite (Palou et al., 2010). SO2 fumigation has also been evaluated for 

control of postharvest decay of fruits such as litchi, fig, banana, lemon, and apple 

(Sivakumar et al., 2010). Cantin et al. (2012) observed that SO2 fumigation followed 

by controlled atmosphere storage is a promising strategy for fresh blueberries to reduce 

decay, extend shelf life, and maintain high nutritional value. Rivera et al. (2013) 

reported that SO2 is an effective and practical technique for reducing the risk of 

blueberry gray mold decay during storage and could be used for the export market. 

Table grapes are routinely treated with sulfur dioxide (SO2) to reduce the incidence of 
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postharvest decay during storage and transportation; however SO2 treatment may cause 

damage to the grapes and result in sulfite residues which are unacceptable to some 

consumers. Application of ethanol to table grapes by dipping has been shown to 

effectively improve storage, mainly by limiting botrytis growth (Lichter et al., 2002; 

Karabulut et al., 2003). Gray mold and botrytis rot are reported to be controlled by 

fumigation with SO2 and CO2 in table grape (Mitcham and Leesch, 2004). The response 

to application of CO2 depends on the type of produce, CO2 concentration and time of 

application. Short-term applications have shown beneficial effects to many fruits 

during storage (Higashio et al., 1980 and Herner, 1987). Under high CO2 storage, the 

internal amount of succinic acid increases and respiration decreases. The activity of 

many enzymes is also reduced (Kader, 1986). Kubo et al. (1990) stated that high CO2 

storage decreases respiration only in climacteric fruits and vegetables. In non-

climacteric fruits and vegetables, including grapes, high CO2 had little effect on 

respiration. However, storage of grapes at 10-15 % CO2 can be done to control gray 

mold for 2-4 weeks depending on cultivars (Crisosto and Smilanick, 2007). Crisosto et 

al. (1998) stated that controlled atmosphere at a combination of 15% CO2 with 3-12% 

O2 is effective in decay control without detrimental effects on quality, especially for 

late harvested table grapes. Hriber et al. (1994) observed better fruit quality preserved 

by initial high CO2 treatments. Short exposure to high CO2 before storage at low 

temperatures has been shown to decrease the development of chilling injury in several 

commodities (Bertolini et al., 1991) and reduce the green color loss of apple under the 

controlled atmospheric environment (Hriber et al., 1994). 

Martinez-Romero et al. (2003) observed that grapes stored in non-perforated 

polypropylene packages at 1ºC for 53 days had the highest CO2 and lowest O2 contents 
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with reduced weight losses, increased berry and skin firmness and were effective in 

maintaining skin color. Treatment of grapes immediately after harvest for 24 h and at 

every 15 days intervals during cold storage with the application of 96-98% CO2 was 

found to be effective in transport and storage (Magomedov et al. 1998). Fumigation 

with SO2 has been used to control fruit decay organisms in grapes (Snowdon, 1990). 

Nelson and Richardson (1967) stated that SO2 is a very effective fumigation for 

retarding the spread of decay in table grapes caused by Botrytis vinerea. Marois et al. 

(1986) reported that 200 ppm of SO2 can stop the spread of disease, however, complete 

control can be obtained with 800 ppm dose with repeated fumigation (three 

times/week). Rossello et al. (1994) found that treated dried apricots with high SO2 at 

different temperatures or low SO2 concentration with refrigeration maintains the 

quality as per market requirements even up to 9 months of storage. Pretel et al. (2006) 

reported that a slightly CO2 enriched atmosphere along with SO2 fumigation can extend 

the storage life of late harvested ‘Aledo’ table grapes without relatively affecting its 

quality. 

Thus, practices such as post-harvest fumigation with sulfur dioxide (SO2) and 

carbon dioxide (CO2) have a beneficial effect in preserving quality attribute for table 

grapes (Mitcham and Leesch, 2004). 
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Chapter 2 

Design of Fumigation Chamber 

 

 

2.1 Basic elements  

The purpose of a fumigation chamber is to allow fumigations to be carried out 

efficiently, safely and economically. The basic elements for design and construction 

should be incorporated in all chambers with variations made to suit individual needs. 

An effective fumigation chamber must be: 

 Precise construction to make chamber gas tight; 

 Equipped with an efficient system for applying and distributing the 

fumigant; 

 It must have an efficient system for removing fumigant at the end of 

treatment; 

 Properly sited so as to handle infested goods conveniently; and; 

 Accurate operation system to prevent hazards to personnel working with or 

near the chamber. 

Many control systems and facilities are required for establishment of automated 

fumigation chamber for treatment of grapes or any other commodity. The fumigation 

system should include the following: 

 Stationary fumigation treatment chamber should have at least two portions 

(Treatment area and pretreatment/ entry area) 
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 Gas flushing and controlling system  

 Gas evacuating system 

 Gas diffusion and distribution system 

 Temperature and relative humidity (RH) controllers 

 See through monitoring window  

 Auto shut-off controllers  

2.2 Chamber construction  

2.2.1 Location: The fumigation chamber must be established in a grapes pack house 

having the facility of sorting, packaging, pre-cooling and cold storage. The safest 

location for fumigation chamber is outside of the main buildings, there may be 

circumstances in which it is safe to have it inside. The chamber should be approachable 

for the vehicle for loading and unloading materials.  In case the chamber is to be 

permanently fixed inside a building, it may incorporate a part of the floor, two existing 

walls, and even the ceiling. A generalized plan indicating some of the essential features 

of fumigation chamber must be prepared. 

2.2.2 Material: The most satisfactory type of chamber is likely to give the minimum 

of trouble from leakage. Small capacity chambers can be constructed with 

Polyurethane (PU) stuffed with polyurethane foam (PUF). For higher capacity 

chambers, concrete floor, brick walls and flat roof of reinforced concrete should be 

preferred. An impermeable flexible film lining on the inner surface may be provided if 

needed. The chamber can be provided with one or two doors, depending on its size and 

function. For larger chambers, the use of two doors allows the loading of untreated 

material from one end of the chamber with unloading after treatment from the opposite 
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end. Doors sliding on rails are better for installation on the outside of a building, where 

they can be rolled out of the way along an outside wall. An ordinary hinged door may 

be installed in a chamber of the materials to be treated can be moved in and out easily. 

Generally, the doors may be made of the same wood or metal materials, suitably 

finished, as recommended for the walls. 

2.2.3 Circulation, ventilation and gas evacuation: Proper circulation and post-

fumigation venting of the fumigant/air mixture is essential in fumigation chambers. 

Circulation and forced ventilation are essential in large fumigation chambers and 

advisable even for small ones. A variety of fan systems can be used to achieve adequate 

circulation or ventilation and their size and capacity are governed by the volume of the 

chamber and the flow rate required. 

Another way is to use a blower with a large inlet and outlet. By means of a 

suitable blast gate or valve operated from outside, the air can be recirculated throughout 

the chamber by means of ducts or blown out through the exhaust stack into the open 

air. If the ducts are used to draw the fumigant/air mixture from the bottom to the top of 

the chamber, the distribution will be greatly improved from the beginning of the 

treatment. 

2.2.4 Exhaust port: The exhaust port may be a small door in the wall of the chamber; 

it should be at the opposite end of the chamber from the door so that after treatment, 

during venting and unloading, fresh air is drawn into the chamber from the open door. 

This exhaust port may be slide open or move on hinges as a trap door. 

2.2.5 Lighting systems: Lighting inside the chamber is necessary since windows 

cannot be made in fumigation chamber. The lights should be arranged properly so that 
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the loading does not obscure them and they must be adequately protected against 

damage. Fitting of lights at the roof may be better option for small chambers whereas 

fitting of lights on the side walls may be done in large capacity chambers. 

2.2.6 Gas flushing and application equipment: Gaseous-type fumigants are 

introduced from outside the chamber through tubing with proper flow control valves 

to the desired level/ concentration. The sensors provided inside the chamber detect the 

concentration of fumigant and once the desired concentration is reached, the flow 

control valve is operated to control the flow of fumigant into the chamber. It should be 

controlled electronically for efficient and precise control of gases. 

2.2.7 Accessories: There are several items of equipment that contribute to safety or 

help to achieve good results in the use of a fumigation chamber. A small window should 

be provided to observe from the outside so that thermometers or other instruments can 

be read from the outside, particularly in mechanized systems. In case of microprocessor 

controlled chambers, the inspection window may not be essential. Digital 

thermometers and RH sensors should be essentially placed at appropriate locations to 

control the chamber environment accurately. These sensors should be controlled from 

outside of the chamber with a control panel. 

2.3 Fumigation chamber design  

The fumigation chamber in this project was established at M/s Sahyadri 

Farmers Producer Company Limited, Survey No. 314/1 & 314/2, A/P Mohadi, Nashik 

- 422206. The firm is a leading company in grapes export business. The firm has a 

well-equipped high quality pack house for grapes. The fumigation chamber was erected 

inside a building located at the rear end of the pack house. One side of the building, in 



17 

 

which fumigation chamber was established, is connected with the pack house through 

a door. The front side of the building is open area. The chamber was established inside 

the building and near to the open area side. 

The fumigation chamber was designed for treatment of 1500 kg grapes (one 

pellet) at a time. The fumigation treatment is to be done after completion of pack house 

operations (Receiving, weighing, sorting, punnet packaging, weighing, and filling in 

cartons). The basic data for the design of fumigation chamber were taken and design 

calculations were made. The details of design criteria are as below: 

 

A. Space requirement for loading of chamber 

1. Carton to be used for packing of grapes (to calculate the requirements) 

Size of Carton : 600 mm×400 mm×165 mm (L×W×H) 

Product mass in carton : 5 kg grapes 

2. Batch size for treatment : 1500 kg (one pellet) 

3. Empty space in chamber : 66% of total chamber volume 

4. Minimum total volume of chamber : 77 m3 

 

B. Carton dunnage / trolley 

Pallet material : Wood (used for placing cartons) 

Overall dimensions of pallet : 3000 mm×800 mm×250 mm (L×W×H) 

Number of pallet in the chamber : 5 

Number of cartons in each  

layer of pallet : 10 

Number of layers on each pallet : 6 
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Number of cartons on a pallet : 60 

Quantity of grape on a pallet : 250 kg  

 

C. Customized fumigation chamber  

Space required on entry gate side : 1000 mm 

Space required on rear wall side : 1000 mm 

Overhead space for light and  

other fittings : 1000 mm 

Overall dimensions of the chamber : 8300 mm×4800 mm×3300 mm (L×W×H) 

Wall and ceiling Insulation : 100 mm Thick PUF Panel (prefabricated, 

pre-engineered sandwich polyurethane foam (PUF) insulation panel) 

The fumigation chamber must be constructed in a separate room. The room 

should be well ventilated and fitted with exhaust fan. The isometric view of the 

conceptual fumigation chamber is shown in Fig. 3. 

 

 

 



19 

 

 

 

Fig. 3. Isometric view of the conceptual fumigation chamber 

 

D. Fittings in the chamber (minimum) 

Exhaust fans : 02 (for fresh air inlet and for evacuation) 

Lights in roof panel : 8 (40 watt each) 

Doors : 02  

Doors dimensions : 1200 mm × 2000 mm (W×H) 

Gas injection duct line : Fitted on the roof  

E. Heating system 

Heaters : 02 (1 kW each) 

Temperature sensor (Thermocouple) : 01 

Temperature indicator cum controller : 01 (outside the chamber on control panel) 
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F. Gas injection system 

SO2 cylinder : 01 (Outside the chamber in ante room) 

CO2 cylinder : 01 (Outside the chamber in ante room) 

Solenoid valve : 02 (One for CO2 and other for SO2) 

Gas regulator : 02 (one for each cylinder) 

Circulating fan : 03 (High capacity fans) 

SO2 sensor : 01 (Inside the chamber) 

CO2 sensor : 01 (Inside the chamber) 

Temperature sensor : 01 

Micro controllers for gas : 01 

Micro controllers for doors operation : 02 

Micro controllers for exhaust  

operation : 01 

Micro controllers for fresh air entry : 01 

Main switch : 01 

LED display screens : 01 

Indicators, cut-off switches,  

alarms etc. : 01 

Data acquisition and storage system : 01 

 The complete chamber is divided into two parts namely fumigation chamber 

and Ante room (small room for placing the gas cylinders and gas release system). The 

fumigation chamber and ante room are connected by an electronically controlled door. 

The drawing of the fumigation chamber and floor plan of the chamber are shown in 

Fig. 4, 5 and 6. 
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 The size of fumigation chamber depends upon the quantum of grapes to be 

treated at a time. The above design is suitable for 1500 kg grapes. The size of 

fumigation chamber will increase with increase in capacity. However, the size of 

ante room may be kept same for higher capacities. The capacity and number of 

circulating fans will increase as per chamber size. Sufficient pressure should be 

generated by the circulating fans so that the gas could enter in all the punnets and 

distribute uniformly.  

The walls and roof of the fumigation chamber were made from PUF panels. 

The panels join each other by meshing them. The joints of two panels are filled with 

high quality polyurethane sealant to make leak proof. About 75 mm wide 3M 

extreme sealing tape was also placed on the joints as additional protection against 

leakage. 

 There are two doors in the fumigation system. The first door connects 

fumigation chamber and ante room. The second door connects ante room to the 

outside area. Loading and unloading of the grapes is done from these doors. In case 

of chamber of high capacity, two doors may be provided in the fumigation chamber, 

one door for loading the grapes and the other door for unloading the grapes after 

treatment. In high capacity chambers, the size of door may be increased and fitting 

may be made in a way that a pallet can move inside the chamber with forklift. 

However, proper fitting of the door is necessary to make it leak proof during 

fumigation process.  

The doors are fitted with magnetic locks, which are operated by the control 

panel fitted outside the chamber. Both doors can be opened individually using the 

control panel. Once the grapes are loaded in the chamber, the door between chamber 

and ante room is closed and locked. Then the valves of the gases are opened and 

the outer door is closed and locked. The lock of doors are controlled in such a way 
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that the lock opens only when safe concentration limit of gases is achieved by 

flushing the chamber with fresh air. 

 There are two suction fans fitted in the fumigation chamber. The first fan is 

fitted near the roof at one corner of the fumigation chamber. This fan is for injecting 

fresh air inside the chamber. The second fan is fitted at the bottom of the chamber 

on the other opposite end of first fan to remove the air from the chamber. Both the 

fans are fitted with electronically controlled actuators, which keep the dampers 

closed when fumigation chamber is in operation. The dampers of both fans are 

opened by operating the actuators from control panel at the end of entire treatment 

process. This is done to flush the chamber with fresh air and remove the CO2 and 

SO2 gases to the desired concentration levels. The outlet of exhaust fan is connected 

with reinforced PVC pipe, which is dipped into water for absorption of SO2 gas. In 

high capacity chamber, the gases may be released in the environment using a 

chimney of at least 6 m height. 

 The floor of the fumigation chamber is covered by a 10 mm thick PVC 

sheet. The joints near the wall and on the floor are covered by 75 mm wide 3M™ 

Extreme Sealing Tape to avoid leakage of gases from the floor. 

 The CO2 and SO2 gases cylinders are placed in the ante room as shown in 

Fig 6. Each gas cylinder is fitted with gate valve, pressure regulator, and solenoid 

valve. The gas pipes, which are connected with solenoid valve, go inside the 

chamber from opening made near the roof. The openings for passing the gas pipes 

are sealed perfectly from both sides of the wall using sealants to avoid any leakage 

from the chamber to the ante room. The CO2 and SO2 gases are injected in the 

fumigation chamber through perforated pipes placed inside the chamber as shown 

in Fig. 4 above.  
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 A false roof panel is fitted at one wall of the fumigation chamber (Fig. 7). 

Heaters of 2 kW capacity are fitted on this panel. Three circulating fans are also 

placed on this panel. The heaters are usually operated only when temperature of the 

chamber goes below 16ºC. The temperature inside the chamber is monitored by a 

temperature sensor fitted inside the chamber and the heater operation is controlled 

by the control panel through temperature controller cum indicator. The circulating 

fans are operated by the control panel through on-off switch.  

 

Fig. 7. False roof panel for fitting heaters and circulating fans 

 A total six lights are fitted on the roof of the chamber, which are operated 

from the control panel. The electrical wiring going inside the chamber are 

connected using false plates and sealing properly. Therefore the chances of gas 

leakage from electrical wiring is negligible.  

Heaters 

False roof panel 

Circulating fan 
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 All the operations of the fumigation system are controlled from an electronic 

control panel, which is fitted outside the chamber. The gas concentration, 

temperature, operation time, operation of solenoid valves, status of doors, operation 

of exhaust fans, run time for each gas, etc. are displayed through LED displays and 

controlled by a BMCS (Building management and control system) program 

specifically prepared for this fumigation system. 

 Some of the views of complete fumigation system are shown in Figures 

below: 

 

 

Fig. 8. Gas cylinders placed in ante room and their fittings 
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Fig. 9. A view of actuator used to operate the opening or closing the exhaust 

damper 

 

Fig. 10. A view of sensors, gas release pipe and fresh air inlet placements in 

the chamber 

Gas release 

pipe 

SO2 Sensor 

CO2 Sensor 

Fresh air 

inlet fan 
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Fig. 11. Exhaust fan fitting for evacuating the chamber 

 

 

Fig. 12. Exhaust pipe for taking out the gases during evacuation process 
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Fig. 13. Fittings inside the control panel 

 

 

 

Fig. 14. Display unit and touch screen of control panel 
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Fig. 15. External view of door and control panel 
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2.4 Construction materials of fumigation system 

 The details of construction materials used in the fabrication of fumigation 

chamber and the system are listed below (Table 1): 

 

Table 1. Details of construction materials used for construction of fumigation 

chamber. 

Construction 

Materials/ Tools 

Description 

Walls and Roof Panels having PUF insulation of 60 mm thickness 

sandwiched between 0.4 mm PPGI (Pre-painted GI)  

Doors (02 nos.) Type:   Hinged type; 1200 × 2000 mm 

Door gasket:  Silicon rubber (Continuous) 

Controlled by magnetic actuators from control panel 

Sealant 3M, 500 series polyurethane construction sealant  

75 mm wide 3M™ Extreme Sealing Tape on the joints after 

filling with Polyurethane Sealant (PU) sealant 

Lights (06 nos.) LED lights of 20 W 

Fumigation pipe 

nozzles for CO2 and 

SO2 

Stainless steel (SS) made to inject the gases into chamber 

Total 48 nozzles connected with SS pipe to cylinders 

CO2 Cylinder (01) Capacity: 60 liters placed in Ante room 

Fitted with pressure regulator, gate valve and solenoid 

valve 

SO2 Cylinder (01) Capacity: 05 liters; placed in Ante room 

Fitted with pressure regulator, gate valve and solenoid 

valve 
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Pressure regulator 

valves 

Separate for CO2 and SO2 fitted with control valves 

Fresh air supply fan 

(01) 

Fan with damper; placed near the roof at one end 

Exhaust fan  Fan with damper placed near bottom on other end 

Gas circulating fans 

(03 nos) 

High capacity fans 

Fitted on separate roof panel inside the chamber 

Heating system 2 kW heater; strip type (to maintain temperature above 

16ºC 

Chambers (02) Fumigation chamber (5 m × 3 m) for fumigation 

Ante Room (1.8 m × 3 m) for gas cylinders and safety area 

Sensor of CO2  Range: 0-60,000 ppm; least count: 100 ppm 

Placed inside the chamber 

Sensor of SO2 Range: 0-10,000 ppm; least count: 1 ppm 

Placed inside the chamber 

CO2 Regulator Flow rate up to 40 cfm 

SO2 Regulator Flow rate up to 40 cfm 

BMCS (Building 

management and 

control system) 

Control panel; To control all parameters (Temperature; gas 

flow rate; regulators; doors opening and closing; fans; 

heaters; circulating and exhaust fans; fresh air supply fan; 

Nozzles) 

Fitted outside the chamber near entry gate 
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2.5 Testing and calibration certificates obtained from the supplier and 3rd 

party for the sensors 
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2.6 Pressure leakage test 

Atmospheric chambers must retain the fumigant during the exposure period 

without appreciable loss through leakage to the surrounding atmosphere. The gas 

tightness of such chambers should be checked by a simple test where a positive air 

pressure is created and maintained in the chamber for a set length of time. An 

opening should be provided in the chamber to use a blower or other means to 

introduce air for creating the positive pressure. This pressure can be measured with 

an open-arm manometer filled with kerosene, which records the difference in 

kerosene levels in the two arms of the manometer. Inability to develop or maintain 

adequate pressure indicates considerable leakage and the chamber should be 

checked for leaks at seams, gaskets and other points. 

            The present fumigation system established in M/s Sahyadri Farm, Mohadi, 

Nasik, was electronically controlled and operated from outside of the chamber after 

loading the grapes into the chamber. The fumigation space (inner chamber) is 

covered from five sides. One side of the inner chamber is provided with hinge door, 

which is opened or closed from control panel placed outside the structure. The 

workers need not go inside the chamber after loading the grape pallets into the inner 

chamber. The workers has to go inside the chamber only after completion of 

fumigation and flushing of the chamber with fresh air and concentration of 

fumigants is below the safe limits. All the doors are controlled automatically from 

control panel so that the chances of health hazards may be avoided. 

 Leakage test of this fumigation chamber was conducted by a highly 

sophisticated and advanced technology. Pressurized helium leak testing of 

fumigation chamber was done to ensure that the chamber is leak proof. The leak 

test requires identifications of possible leak points, preparations for the test, 

maintain requisite pressure during test and monitoring helium concentration during 
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the operation time. A view of preparation of chamber for leakage test is shown in 

Fig. 16. 

 

 

Fig. 16. View of preparing chamber for leakage test and monitoring helium 

concentration 

Invariably the fumigation chamber was found to be leak proof for the entire 

operation period. The chamber was found safe for fumigation operation and leakage 

was within the safe limits.  
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Leakage test report 
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Chapter 3 

Operation of the Fumigation Chamber 

 

 

 

The control panel of fumigation system is placed outside the chamber. The 

control panel is operated by a touch screen. Before start of operation, the operation 

of each component is tested for their proper operation. Then the packed grapes are 

loaded into the chamber and inner door is closed. The regulators of both gas 

cylinders placed in ante room are opened and the outer door is closed. The 

circulating fans are then put into operation. All the parameters, such as temperature, 

CO2/SO2 levels and time of fumigation, tolerance limits of gases, fan operations, 

door conditions, etc. are fed into the software using touch screen. Then the system 

is put into operation. The software locks the doors initially and then dampers of 

fresh air inlet and evacuating outlet fans are closed. Then heaters operate to 

maintain the set temperature.  The CO2 is released in the chamber because the 

solenoid valves are actuated by the control panel. Once the requisite gas 

concentration is reached, the system starts monitoring the treatment time. In case 

the concentration of gas goes down below the tolerance limit, the solenoid valve 

are actuated and gas is released to maintain the concentration. After completion of 

preset treatment time with CO2, the solenoid valves of SO2 is actuated 

automatically and the gas is released in the chamber. The control system starts 

monitoring the treatment time as the requisite gas concentration is reached. After 

completion of the treatment time, the SO2 line solenoid valve is closed. Thereafter 

the control system actuates the dampers of the fresh air and exhaust to open the 
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gates and fans starts operating simultaneously. The fans continue to operate till CO2 

concentration reaches to less than 1000 ppm and SO2 concentration level below 5 

ppm. Thereafter the doors are unlocked by the control system and workers may 

enter into the ante room. The mandatory requirement at this point is that the 

regulators of both gas cylinders must be closed before opening the door of chamber. 

Then the chamber should be opened and grape cartons can be taken immediately 

for pre-cooling. 

The complete fumigation system is electronically controlled, operated by 

touch screen panel and treatment parameters can be set as per the requirement. The 

fumigation system may also be operated in manual mode also, if required for some 

specific purpose. The operating system is equipped with emergency stop switch.  

The complete operation procedure along with safety measures are given 

here. The fumigation system is provided with gas masks for CO2/SO2, aprons, fire 

extinguisher, and other safety devices as per protocol.  

3.1 Operation procedure for fumigation chamber 

1. Do’s and Don’ts: 

 Before starting the fumigation, please ensure the opening valves and 

regulators of gas cylinders are open 

 Turn the ball valves of both injection pipelines on before starting the 

treatment. 

 Ensure that there is no leakage at stem of cylinders or near joints in gas 

pipe in Ante-room. Use soap water/bubble test to ensure there is no 

leakage  

 Always wear Gas Mask while opening or closing the SO2 cylinders. 
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 Strictly ensure that both the doors of fumigation chamber are closed before 

starting the treatment process. 

 Do not open the doors of chamber while the treatment process is on. If 

there is a need, flush the fumigation chamber to permissible gas limits by 

opening the exhaust system (dampers and exhaust fans) using manual 

mode on HMI panel. 

 Ensure the level of SO2 is below 5 ppm before opening the doors of 

chamber for loading or unloading of grapes. 

 Always submerge the exhaust pipe in a water filled drum while treatment 

process is on and also during the flushing out process. 

 Never leave the fumigation chamber unflushed after treatment process. 

Always ensure that SO2 and CO2 levels are in permissible range before 

shutting down the system 

 Store the SO2 cylinders at safe place under lock and key. Handle with care. 

Always use gas masks while handling the cylinders. 

2. LOGIN :-  

 For operating sections under Parameters, Manual Operation, Alarms 

the User ID is “User1” and the Password is “111111”. The same ID and 

Password is used while inserting the set points of the temperature, CO2, 

SO2 

 For operating sections under Settings and User Privilege the User ID is 

“Admin” and the Password is “8888888”. 
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3. SET POINT :- 

 For setting the set point of the temperature, select the value which appears 

in green under the temperature column and set the desired temperature. 

Once the temperature drops below a certain limit the heaters will turn on 

giving rise in the temperature. 

 For setting the set point of the CO2, select the value which appears in green 

under the CO2 column and set the desired PPM value. If the CO2 level is 

less than the set value, the CO2 solenoid valve will open and the gas will 

be dispensed in the room. Once the level goes above the set value, the 

valve will be closed and the exhaust fans and dampers will turn on. 

 For setting the set point of the SO2, select the value which appears in green 

under the SO2 column and set the desired PPM value. If the SO2 level is 

less than the set value, the SO2 solenoid valve will open and the gas will 

be dispensed in the room. Once the level goes above the set value, the 

valve will be closed and the exhaust fans and dampers will turn on. 

4. PARAMETERS :- 

 CO2 Treatment Time- In This Parameter when the Level of CO2 reaches 

the set value, the CO2 treatment will be continued for the following time 

interval. For example :- If user sets the value for 20 minutes, the CO2 valve 

will Control the CO2 level for 20 minutes after achieving the set value. 

 SO2 Treatment Time- In This Parameter when the Level of SO2 reaches 

the set value, the SO2 treatment will be continued for the following time 

interval. For example :- If user sets the value for 20 minutes, the SO2 valve 

will Control the SO2 level for 20 minutes after achieving the set value. 
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 Exhaust off at SO2 low level- After the completion of Treatment When 

SO2 level will reach the low value set in this parameter the exhaust Fans 

will turn off and Dampers will close. 

 Door Open Exhaust On Time- When user sets this parameter for a certain 

interval, the door will remain closed for that certain interval after the 

completion of the process. 

 Damper On Delay- When this parameter is set the damper will open after 

a certain delay. For example :- If this value is set for 10 seconds, then the 

dampers will turn on after 10 seconds when the level of CO2 and SO2 value 

achieves the set point. 

5. MANUAL OPERATION: - In this Section you can manually turn ON/OFF 

dampers, Solenoid valves, Exhaust Fans, Heater and Circulatory Fans. 

 

6. ALARMS- In this Section you get all the events occurring during the Process. 

For example: - When the Process starts, the message in the Alarms section 

will display as “CO2 Treatment On”. Similarly, if there is any fault such as 

CO2 sensor failure then it will display “CO2 Sensor Fault’’.  
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3.2 Fumigation procedure 

 

i. After loading the desired quantity of grapes in fumigation chamber and 

closing the doors, switch ‘On’ the system and log in with User1 ID and 

111111 as password. 

ii. Reset the CO2 sensor fault by clicking on ‘Alarms’ tab 

iii. Set the CO2 dosage levels to desired levels (6% or 60000 ppm) on 

dashboard under green digits tab 

iv. Set a tolerance limit of 0.1% or 600 ppm in ‘Parameters’ tab on HMI 

dashboard as shown above for CO2 treatment. 

v. Set Time as 30 min or as desired for CO2 treatment in Parameters tab 

vi. Set SO2 dosage for SO2 treatment as 1% or 10000 ppm 

vii. The tolerance limit for SO2 treatment should be set as 0.1% or 100 ppm  
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viii. The SO2 treatment time should also be set as 30 min or as desired in 

Parameters tab 

ix. After setting the desired points under Parameters tab, click on ‘Start’ tab. 

The treatment or fumigation will start.  

x. Once desired concentration levels are reached, the system will start 

counting the treatment time as per given logarithm. And the time elapsed 

will reflect on dashboard. 

xi. Once treatment times are over, the exhaust/ventilation system will open 

and flush out the gases.  

xii. After the completion of Treatment When SO2 level will reach the low 

value set in this parameter the exhaust Fans will turn off and Dampers 

will close. 

xiii. After CO2 and SO2 concentrations are under permissible limits (1500 

ppm for CO2 and 5 ppm for SO2), the doors can be opened and treated 

grapes taken out for further processing or packing. This would complete 

cycle of fumigation for a batch of grapes. 
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Chapter 4 

Effect of Fumigation on Fruit Fly 

 

 

 

The fumigation treatment of grapes is one unit operation adopted as a 

curative measure in the complete process protocol for export of grapes. The grape 

bunches are collected into CFB boxes after harvesting from the field and brought 

to the pack house immediately. Then sorting, and trimming operations are 

performed as per the recommended practices for export of grapes. Thereafter the 

grapes bunches are packed into plastic punnets specifically made for grapes 

packaging. The punnets have openings for exchange of air for cooling. Each punnet 

contain 500 g grapes. Thereafter 10 punnets are placed into CFB boxes especially 

prepared for packaging of grapes for export. The boxes have opening for aeration. 

Thus, each CFB box contain 5 kg grapes. All these packaging operations are done 

at 15ºC and completed within 2-3 hours after receipt in the pack-house. Once 

packaging in CFB boxes is complete, the sequence of fumigation operations was 

done as per the following process: 

 Loading grape boxes on the pallets placed into the inner fumigation 

chamber. 

 Closing the door of inner chamber. 

 Opening the gate valves of both gas cylinders. 

 Closing the outer door of the fumigation chamber. 
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 Temperature management (15.8°C or above of grape berries), by operating 

the heaters. 

 Setting the program as per protocol (6% CO2 for 30 min followed by 1% 

SO2 for 30 min).  

 Closing the fresh air inlet and exhaust dampers. 

 Release of CO2 gas into the inner chamber. The timer starts when CO2 gas 

concentration of 6% inside the chamber is achieved. Maintaining the CO2 

gas level to 6% for 30 min. 

 Release of SO2 gas into the inner chamber.  The timer starts when SO2 gas 

concentration of 1% inside the chamber is achieved. Maintaining the SO2 

gas level to 1% for 30 min. 

 Opening the dampers of fresh air and exhaust fans and operating the fans. 

 Flushing chamber with fresh air till the SO2 gas concentration reaches to 5 

ppm in the inner chamber. The doors are now unlocked 

 Opening the door of outer chamber and closing the gate valves of gas 

cylinders. 

 Opening the inner door and waiting till SO2 gas concentration reaches to 2 

ppm in the inner chamber. 

 Unloading the grape boxes and sending to packaging room. 

 Placing SO2 pads inside the boxes and sealing the boxes. 

 Palletization and pre-cooling of the pallets. 

 Transferring into cold storage. 

 Shipment as per standard protocol. 
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4.1 Fumigation process protocol 

 

Fig. 17. Process flowchart 
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The total fumigation process is completed in 90 min. excluding the loading 

and unloading time. This time may be reduced when the gases will be released in 

the atmosphere through a chimney, which may be used in high capacity chambers.  

The pack house unit operations protocol in which fumigation becomes one 

of the unit operations of the pack house are shown in Fig. 18. 

 

Fig. 18. Flow chart of pack house operations protocol of grapes for export 
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Chapter 5 

Evaluation of Fumigation Chamber for Treatment of 

Grapes and Development of Treatment Protocol 

 

 

The fumigation system was evaluated for its effectiveness on the mortality 

of the fruit fly. The survey of vineyards of Nasik region showed that none of the 

vineyards were infested by the fruit fly Drosophila suzuki. There was a chance that 

Drosophila suzuki may spread in the Nasik region when the artificial infestation of 

grape fields is done. Such situation may be a threat for the farmers in the future. 

Therefore the in-situ artificial infestation of any vineyard was not done. 

5.1 Experimental procedure 

In order to evaluate the effectiveness of the fumigation system, a vineyard 

in the Nasik region was selected in which attack of another fruit fly (specimens 

have been given to the ICAR-NBAIR, Bengaluru for identification by ICAR-NRC 

on Grapes, Pune. No information received so far) was observed. The infested grapes 

(variety Sharad Seedless) were harvested from a vineyard at Bori, Baramati 

(Maharashtra).  

The grapes were sorted, graded and packed in punnets of 500 g each as per 

the standard packaging protocol shown in Fig. 16. Thereafter the punnets were 

placed in the CFB boxes. In each CFB box, 5 punnets of fruit fly infested grapes 

and five punnets of healthy grapes were kept. Thus the each box contained 10 

punnets. A total 24+4 (treatments + control) such boxes were prepared. The boxes 
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were covered with muslin cloth and the joints were sealed using cello tape so that 

fruit fly adults could not escape from the boxes. The treatments planned for the 

study are given in Table 2.  

 

Table 2. Treatment details of the fumigation study. 

 

Treatment 

Number 

Treatment Names 

T1 No fumigation + Precooling to 1ºC  

T2 No fumigation + Precooling to 1ºC + Cold storage at 1ºC for 6 

days 

T3 No fumigation, Precooling to 1ºC + Cold storage at 1ºC for 12 

days 

T4 Fumigation + Precooling to 1ºC  

T5 Fumigation + Precooling to 1ºC + Cold storage at 1ºC for 6 days 

T6 Fumigation + Precooling to 1ºC + Cold storage at 1ºC for 12 days 

T7 No fumigation + No precooling (Control) 

 

The life cycle of the insect observed in the grapes is of 15 days. The 

mortality of the adult insects may take place due to fumigation or cold treatment 

(precooling and cold storage). However, the maggots may survive the fumigation 

treatment because the maggots are present inside the berries. The fumigation is a 

surface and environmental treatment and hence the insect adults or maggots present 

at the surface of berries or in the environment will be affected. The gases used for 

fumigation treatment cannot enter inside the berries. Therefore, there are chances 

of survival of maggots. In order to ensure the 100% death of adults and maggots, 

the experiment was designed as combination of fumigation and cold treatment.  
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The fumigation of the grapes packed into CFB boxes was done as per the 

fumigation process protocol developed in this study. The floor plan of boxes for 

fumigation is shown in Fig. 19. 

 

 

 

 

Fig. 19. Stacking arrangement of CFB grape boxes inside the fumigation 

chamber for fumigation treatment. 

 

After fumigation, the boxes were taken out and precooled immediately as 

per the pack-house protocol steps after fumigation step as given in Fig. 17. The 
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other treatments were done as per the pack-house protocol given in Fig. 18 except 

fumigation step.  

5.2 Observations recorded 

The growth of maggots usually takes place at normal environmental 

conditions whereas cold conditions inhibit the growth of maggots. Therefore, after 

completion of the treatments, the grapes boxes were kept at normal room 

temperature so that presence of even a single maggot after treatment can be 

identified. The number of live maggots, number of live adults and number of dead 

adults were observed after 5, 10, 15 and 25 days of storage at room temperature 

after the treatments. For each treatment, 4 boxes of grapes were taken to record the 

observations. One box of each treatment was opened after every 5, 10, 15 and 25 

days of storage at room temperature after the treatments. All the punnets of each 

box were examined for the following observations after each storage period: 

 Number of live adults per box 

 Number of dead adults per box 

 Number of live maggots per berry (total 5 infested berries per punnet) in 

infested punnets 

 Number of live maggots per berry (total 5 infested berries per punnet) in 

healthy punnets 

The number of live maggots were counted on five infested and five healthy 

berries per replication under the microscope. 

 

5.3 Effect of fumigation and other treatments on mortality of insects and 

maggots 

The incidence of even single adult insect or maggot was taken as failure of 

the treatment for 100% insect free grapes for export.  
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The effect of each treatment on adult insects and maggots are reported in 

Table 3 and 4, respectively. 

 

Table 3.  Efficacy of fumigation and cold treatment on fruit fly adults in grapes. 

Treatment Number of adults in CFB box after storage at normal 

conditions 

5 days 10  days 15  days 25 days 

Live  Dead Live Dead Live Dead Live Dead 

T1 11 6 19 13 23 8 0 17 

T2 0 10 0 4 0 7 0 4 

T3 0 5 0 10 0 8 0 3 

T4 4 6 57 23 11 13 0 8 

T5 0 4 0 8 0 3 0 7 

T6 0 3 0 3 0 8 0 3 

T7 17 11 72 38 116 56 0 23 

 

T1 No fumigation + Precooling  

T2 No fumigation + Precooling + Cold storage for 6 days 

T3 No fumigation + Precooling + Cold storage for 12 days 

T4 Fumigation + Precooling  

T5 Fumigation + Precooling + Cold storage for 6 days 

T6 Fumigation + Precooling + Cold storage for 12 days 

T7 No fumigation + No precooling (Control) 

 

Table 4.  Efficacy of fumigation and cold treatment on fruit fly maggots in 

grapes. 

 

Treatment Number of live maggots per berry after storage at normal conditions 

5 days 10  days 15 days 25 days 
Infested 

berries 

Healthy 

berries 

Infested 

berries 

Healthy 

berries 

Infested 

berries 

Healthy 

berries 

Infested 

berries 

Healthy 

berries 

T1 4.20b 0.60a 5.88b 0.00b 1.76b 0.00b 0.00 0.00 

T2 0.53c 0.00a 0.00c 0.00b 0.00c 0.00b 0.00 0.00 

T3 0.00c  0.00a 0.00c 0.00b 0.00c 0.00b 0.00 0.00 
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T4 2.28bc 0.00a 13.04a 0.00b 1.52b 0.00b 0.00 0.00 

T5 0.00c 0.00a 0.00c 0.00b 0.00c 0.00b 0.00 0.00 

T6 0.00c  0.00a 0.00c 0.00b 0.00c 0.00b 0.00 0.00 

T7 8.28a 0.40a 2.16c 0.44a 3.12a 1.48a 0.00 0.00 

 14.05 1.28 35.66 2.37 27.21 4.04 . . 

 <.0001 0.298 <.0001 0.056 <.0001 0.005 . . 

 6, 28 6, 28 6, 28 6, 28 6, 28 6, 28 6, 28 6, 28 
 

T1 No fumigation + Precooling  

T2 No fumigation + Precooling + Cold storage for 6 days 

T3 No fumigation + Precooling + Cold storage for 12 days 

T4 Fumigation + Precooling  

T5 Fumigation + Precooling + Cold storage for 6 days 

T6 Fumigation + Precooling + Cold storage for 12 days 

T7 No fumigation + No precooling (Control) 

 

No live adult insect was found immediately after fumigation treatment. The 

samples stored up to 25 days after treatment were spoiled due to rotting and 

therefore live insects or maggots were not observed. It may be observed from Table 

3 and 4 that the live adult insects and maggots population was observed in control 

samples, which shows the serious need of treatment. Presence of live adults and 

maggots in T1 up to 15 days storage clearly indicates that only precooling is not 

effective. Healthy berries were also infested when no treatments was given or only 

precooling was done. Presence of live maggots in T2 shows that precooling along 

with cold storage for 6 days is not effective. Absence of live maggots and adults in 

T3 shows that precooling coupled with 12 days cold storage ensured 100% 

mortality, however, any failure in cold chain may result into chances of live maggot, 

which is not desirable for export. Presence of live adults and maggots in T4 showed 

that fumigation and precooling only is not effective. There were no live maggots 

and adults in treatments T5 and T6 (Table 3 and 4). Thus, the fumigation followed 

by immediate precooling and cold storage for 6-12 days is the best treatment to 

ensure 100% mortality of insects and maggots and safe for export.  
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 After fumigation treatment, the sulfur di oxide pads are placed into the 

boxes as a precautionary measure to avoid invasion during handling, transport, and 

distribution. Then the boxes are packed, palletized and send for precooling 

immediately. After precooling, the grape boxes are stored into cold storage at 

requisite temperature. The cold containers for export of grapes to Australia and New 

Zealand may be loaded after 1-2 days of cold storage. A temperature of 0.5-1ºC 

should be maintained during transport of the grapes. The complete process protocol 

must be followed strictly to ensure 100% insect free export of grapes. 

The pressure leakage test of the fumigation chamber is recommended to be 

done every year before start of the operation. The gas masks, fire extinguisher and 

first-aid kit should be kept near the chamber at the time of operation.  

The pH of water, in which the SO2 was dissolved, reaches to 6 in one cycle 

of operation, which is slightly acidic and may be disposed in sewer line after one 

fumigation treatment. Using same water for the second operation results into slow 

evacuation of SO2 and operation time is increased.  
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Chapter 6 

Summary and Conclusions 

 

  

 

The export of grapes from India to the Australia and New Zealand is limited 

due to strict phytosanitary requirements of these countries. Drosophila suzukii has 

been considered as an invasion insect in these countries. Therefore these countries 

demand for fumigation of grapes with CO2 and SO2 at specified concentration for 

certain period besides the other pack-house protocols and export standards. 

Fumigation of any food material at large scale with such hazardous gases demands 

a leak-proof electronically operated fumigation chamber in present scenario. In 

view of the challenge to establish a sophisticated fumigation system, the APEDA 

funded a project to ICAR-CIPHET to establish a fumigation chamber and develop 

process protocols for treatment of grapes. The project was focused to develop and 

establish an electronically controlled fumigation chamber for treatment of grapes in 

the grapes producing region and develop protocol for fumigation treatments. 

The fumigation chamber was designed and then constructed at M/s Sahyadri 

Farmers Producer Company Limited, Survey No. 314/1 & 314/2, A/P Mohadi, 

Nashik – 422206, which is a leading company in grapes export business. The 

chamber has capacity for treatment of one pallet (1500 kg) grapes at a time. The 

walls and roof of the fumigation chamber are made from PUF panels and joints are 

leak-proof. The chamber has two sections, one for treatment and the other for 

placing the cylinders and release system. The fumigation operation is controlled 
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from outside using electronic control panel. The gas injection and evacuation 

systems are electronically operated and the levels can be varied according to the 

requirement. Heaters of 2 kW are fitted inside the chamber to maintain the treatment 

temperature above 16ºC. All the operations of the fumigation system are controlled 

by a BMCS (Building management and control system) program specifically 

prepared for this fumigation system, which is touch screen operated. The details of 

construction material is given and some guidelines for fabrication of higher capacity 

chambers is also included in the report.  

 Pressurized helium leak testing of fumigation chamber was done and found 

leak-proof and safe for fumigation operation. An operation manual along with 

safety measures was prepared. The operation protocol was developed.  Temperature 

inside the chamber can be maintained above ambient. The CO2 and SO2 gas 

concentrations can be maintained between 600-60000±100 ppm and 10-10000±2 

ppm, respectively for 1-90 min. The pack house unit operations protocol was also 

prepared. The fumigation of grapes (packed into punnets and place in CFB boxes) 

with 6% CO2 for 30 min followed by fumigation with 1% SO2 for 30 min ensured 

100% mortality of the adult insects. Fumigation followed by immediate precooling 

and cold storage for 6-12 days ensured 100% mortality of insects and maggots and 

safe for export.  

 This fumigation chamber can be constructed in higher capacities also with 

technical guidance. All the facilities, tools, materials, equipment, sensors, software 

and trained man-power are available in India. This chamber may also be used for 

fumigation treatment of other fruits, vegetables, nuts, etc. as per the time and 

concentration of gases required for the 100% mortality of target pests. However, 

the protocol for such treatments should be developed and effect of the gases on the 

quality of the products must be studied to ensure food safety.  



63 

 

References 

 

Amekawa, Y. (2009). Reflections of the growing influence of good agricultural 

practices in the global south. Journal of Agricultural and Environmental Ethics, 

22(6), 531-557. 

APEDA (2016). Agricultural and Processed Food Products Export Development 

Authority, Ministry of Commerce and Industry, Government of India. 

www.apeda.gov.in, visited in June 2016. 

Bertolini, P., Lenza, G. and Tonini, G. (1991). Effects of pre-storage carbon dioxide 

treatments and storage temperatures on membranosis of ‘Femminello comune’ 

lemons, Scientica Horticulture, 6, 89-95. 

Bhosale, S. (2001). Diagnostic study - SME grape cluster Nasik (Maharashtra). 

Ahmedabad, UNIDO/EDII. 

Cantín, C.M., Minasa, I.S., Goulas, V., Jiménez, M., Manganaris, G.A., 

Michailides, T.J. and Crisosto, C.H. (2012). Sulfur dioxide fumigation alone or 

in combination with CO2-enriched atmosphere extends the market life of high 

bush blueberry fruit. Postharvest Biology and Technology, 67, 84-91. 

CBD (2001) SBSTTA 6, Recommendation VI/4: Alien Species That Threaten 

Ecosystems, Habitats or Species, Annex: Interim Guiding Principles for the 

Prevention, Introduction and Mitigation of Impacts of Alien Species. 

Collins, J.L. (2000). Tracing social relations in commodity chains: The case of 

grapes in Brazil. In Haugerud, A., Stone, M.P. and Little, P.D. (eds), 

Commodities and Globalisation-Anthropological Perspectives. New York: 

Rowman & Littlefield. 

Crisosto, C.H. and Smilanick, J.L. (2007). Table Grapes Postharvest Quality 

Maintenance Guidelines, University of California Davis, USA. 



64 

 

Crisosto, C.H., Garner, D. and Crisosto, G. (1998). Developing optimal controlled 

atmosphere conditions for "Thompson Seedless" table grapes, International 

society for Horticulture science. VIII International Controlled Atmosphere 

Research Conference. 

Herner, R.C. (1987). High CO2 effects on plant origin, In: Postharvest Physiology 

of Vegetable (ed.) J. Weichmen, Marcel Dekker, New York, pp: 239-253. 

Higashio, H., Minamide, T. and Ogata, K. (1980). Effect of short-term high CO2 

treatment on freshness of fruit and vegetable (in Japanese with English 

summary), Nippon Shokuhin Kogyo Gakaishi, 27, 192-198. 

Hribar, J., Plestenjak, A., Vidrih, R. and Simcic, M. (1994). Influence of CO2 shock 

treatment and ULO storage on apple quality, Acta Horticulture, 368, 634-640. 

Ioriatti, C., Walton, V., Dalton, D., Anfora, G., Grassi, A., Maistri, S. and Mazzoni, 

V. (2015). Drosophila suzukii (Diptera: Drosophilidae) and its potential impact 

to wine grapes during harvest in two cool climate wine grape production 

regions. Journal of Economics and Entomology, DOI: 10.1093/jee/tov042. 

IPPC (1997) International Plant Protection Convention, new revised text. FAO, 

Rome. 

Kader, A.A. (1986). Biochemical a physiological effects of controlled and modified 

atmosphere on fruit and vegetables. Food Technology, 40, 99-100. 

Kanzawa, T. (1939). Studies on Drosophila suzukii Mats. Kofu, Yamanashi 

Agricultural Experimental Station. 49 pp. (Abstract). 

Karabulut, O.A., Smilanick, J.L., Gabler, F.M., Mansour, M. and Droby, S. (2003). 

Near harvest applications of Metschnikowia fructicola, ethanol, and sodium 

bicarbonate to control postharvest diseases of grape in central California. Plant 

Disease, 87, 1384-1389. 



65 

 

Kubo, Y., Inaba, A. and Nakamura, R. (1990), Respiration and C2H2 production in 

various harvested crops held in CO2-enriched atmospheres, Journal of 

American Society of Horticultural Sciences, 115, 975-978. 

Lee, J.C., Bruck, D.J., Curry, H., Edwards, D., Haviland, D.R., Van Steenwyk, R.A. 

and Yorgey, B.M. (2011). The susceptibility of small fruits and cherries to the 

spotted-wing drosophila, Drosophila suzukii. Pest Management Science. 

Webpage: http://www.ipm.ucdavis.edu/ PDF/ PMG/ susceptibility_to_swd.pdf. 

Accessed May 2016. 

Lichter, A., Zutkhy, Y., Sonego L., Dvir O., Kaplunov T., Sarig P. and Ben-Arie R. 

(2002). Ethanol controls postharvest decay of table grapes. Postharvest Biology 

and Technology, 24, 301-308. 

Magomedov, M.G., Alieva, A.N. and Samanov, M.M. (1998). Accomplishments in 

the technology of grapes transport and storage, Russia, 2, 5-7. 

Maiguashca, F., Ferguson, H., Bahder, B., Brooks, T., O‟ Neal, S. and Walsh, D. 

(2010). Spotted Wing Drosophila, 4 October 2010 Grape Update: Injured and 

ripening fruit may become more attractive: Monitoring strongly recommended. 

Washington State University Extension. 

Marois, J.J., Bledsoe, A. M., Gubler, W.D. and Luvisi, D.A. (1986). Control of 

Botrytis cinerea on grape berries during postharvest storage with reduced levels 

of sulfur dioxide, Plant Disease, 70, 1050-1051. 

Martinez-Romero, F. Guillen, S., Castillo, D. and Serraano, M. (2003). Modified 

atmosphere packing maintains quality of table grapes. Journal of Food Science, 

68(5),1838- 1843. 

Mitcham, E. and Leesch, J.G. (2004). Quality of "Thompson seedless" table grapes 

fumigated with CO2+SO2 and methyl bromide, Proceedings, November 10-12, 

2004, Symposium, Sydney, Australia. 



66 

 

Nelson, K.E. and Richardson, H.B. (1967). Storage temperature and sulfur dioxide 

treatment in relation to decay and bleaching of stored table grapes, 

Phytopathology, 57, 950-955. 

Palou, L., Serrano, M., Martinez-Romero, D. and Valero, D. (2010). New 

approaches for postharvest quality retention of table grapes. Fresh Produce, 4, 

103-110. 

Pretel, M.T., Martinez-Madrid, M.C., Martinez, J.R., Carreno, J.C. and Romojaro, 

F. (2006). Prolonged storage of 'Aledo' table grapes in a slightly CO2-enriched 

atmospheres in combination with generators of SO2. LWT-Food Science and 

Technology, 39(10), 1109-1116. 

Rivera, S.A., Zoffoli, J.P. and Latorre, B.A. (2013). Determination of optimal sulfur 

dioxide time and concentration product for postharvest control of gray mold of 

blueberry fruit. Postharvest Biology and Technology, 83, 40-46. 

Rossello, C., Mult, A. Simal, S., Torres, A. and Canellas, J. (1994). Quality of dry 

apricots: effect of storage temperature, light and SO2 content. Journal of the 

Science in Food and Agriculture, 65, 121-124. 

Roy, D. and Thorat, A. (2008). Success in high value horticultural export markets 

for the small farmers: The case of Mahagrapes in India. World Development, 

36(10), 1874-1890. 

Schrader, G. and Unger, G. (2003). Plant quarantine as a measure against invasive 

alien species: the framework of the International Plant Protection Convention 

and the plant health regulations in the European Union. Biological Invasions, 5, 

357-364. 

Singh, S. (2013). Governance and upgrading in export grape global production 

networks in India. Working Paper Capturing the Gains 2013-33. Indian Institute 

of Management, Ahmedabad, India. 



67 

 

Sivakumar, D., Terry, L.A. and Korsten L. (2010). An overview on litchi fruit 

quality and alternative post-harvest treatments to replace sulfur dioxide 

fumigation. Food Reviews International, 26, 162-188. 

Snowdon, A.L. (1990). A color atlas of post-harvest diseases & disorders of fruit 

and vegetables. CRC press, Inc. Boca Raton, Florida. USA. 

 

 

 

 

 

 

 

 

 

 

 

 



ICAR-CIPHET
 

ProsperProcessProduce

Estd. 1989


	report
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

	Binder5
	1
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

	APEDA FINAL
	report
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

	corrected report 2 color final

	L
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11





