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FOREWORD

For some time I have felt that there was a need to have an 
in-depth discussion about the do's and don'ts in the management of 
vegetable storages.

There are approximately 200 storage buildings of various 
sizes in the Bradford and district marshes.

Some of these have been built recently, others are 15 years 
old, and require up-dating.,

Recent technological advances in the field of insulation 
materials are being applied in the construction of refrigerated 
storages.

Growers with common storage facilities should make use 
of these improvements to convert to refrigeration, and in so doing 
extend the market period for their products further. z

I am sure you will find the following pages interesting and 
worthwhile filing material for future reference.

Matthew Valk, P. Ag., 
Extension Horticulturist (Muck Crops) 
Ontario Department of Agriculture and 
Food, Newmarket, Ontario.

Acknowledgement
A special thanks to Mr. Ralph Elliott, Engineering Assistant, 

Ontario Department of Agriculture and Food, Newmarket for designing 
the cover and for the preparation of drawings and tables in this report.
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Welcome Address
We at the Muck Research Station are very pleased to welcome 

you at our new facilities.
Research with vegetables crops on muck soils has been 

conducted here since 1947.
In 1971, a new building was built on the site including 

fully automated greenhouses and storage facilities.
The greenhouses will enable us to carry out research work 

on crops commonly grown under glass on muck soils. This work will 
include crops such as tomatoes, long-type cucumbers and lettuce.

Field experiments will now be carried through the total 
storage period since modern storage rooms are available for research 
work at the Station.

Anyone interested in all phases of research in vegetable 
crops on muck soils is always welcome to come and visit 'the Muck 
Research Station, just off highway 400 in the Holland Marsh.

C. C. Filman, P. Ag., 
Research Scientist, 
Muck Research Station, 
Bradford, Ontario.
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FACTS AND FIGURES

Many growers in the Holland Marsh and district have built 
some type of storage building in recent years.

Do growers use these storages efficiently and are these 
facilities performing as well as possible?

A storage building can be a liability rather than an asset 
if the principles of good storage management are not understood.

The product going into storage must be. handled carefully; 
free from bruises and diseases, protected from overexposure to sun, 
wind and extreme temperatures and it must be mature at harvest time..

Vegetables and fruit are stored in order to extend the 
marketing period.

Export markets have been lost during recent months. The 
10% surcharge on imports into the United States is causing a backup 
of carrots in this area due to slower sales in the U.S.A.

The decision of Great Britain to join the European Common 
Market will soon have repercussions in the orderly movement to market 
of onions.

The threat of losing traditional export markets forces 
growers to have a better look at the domestic market. Can we extend 
the marketing period of carrots and onions so that these could perhaps 
be sold all year round?

Other producing areas, notably Great Britain have made 
great strides in the construction of storage and proper curing 
facilities for onions during the last three years.

An article published in the Fruit Trades Journal published 
in London, England, dated 12 November, 1971, points to this fact 
and I quote:

Headline: "Quiet Revolution Brings Quality of U.K. Onions 
Up to Competitive Standards"

"For many years the overall reputation of the English onion has been 
a salesman's nightmare. Quality has been poor and demand has been 
limited because of the very poor image the bulbs had with retailers 
and wholesalers alike.

However, over the past three years a quiet revolution has 
been going on in the English onion growing world which has meant that 
many growers feel there is now little difference in quality between 
best English bulbs and imported samples, notably those from Holland.



"In fact growers now claim that providing weather conditions 
are average they can produce a perfect onion — something that was 
unheard of before 1969. 
Storage Improves

The reason for this has been the realisation among growers 
that storage and proper curing facilities are vital to the success of 
the crop."

The article goes further to say:"With a possible oversupply 
situation developing in the overall onion trade, planned marketing 
is going to become even more important. The main instrument in 
professional marketing is storage".

The above article does explain in part why the English 
market is not like it used to be.

The Bradford and district production of carrots and onions 
in 1971 is as follows:

PRODUCTION
50 lb. bushels Acres
1,605,800 ONIONS 2,294
2,871,000 CARROTS 2,871
4,476,800 TOTAL 5,165
TOTAL STORAGE CAPACITY 3,841,550 bushels

The storage capacity in the district is 85% of total
annual production.

It may be interesting to know the average size of storage 
buildings in the Bradford district.

TABLE I shows that 35.2% of the owners of storage buildings 
have less than 10,000 bushels of storage space each and have only 7.6% 
of the total storage capacity in the area.

Approximately 63% of the owners have less than 20,000 bushels 
of storage space each and own a total of 660,000 bushels of storage 
capacity or own approximately 25% of the total capacity in the area.

- 5



BRADFORD AND DISTRICT MARSHES 
STORAGE CAPACITY

BUSHELS OWNERS CAPACITY
IN ,000 BUS. NUMBERS % TOTAL BUS. %

1 -1.9 60 35.2 290,000 7.6

10 - 19.9 49 28.1 660,000 17.2

20 - 29.9 22 13.0 490,000 12.8

30 - 39.9 16 9.4 520,000 13.6

40 - 49.9 2 1.1 8 5, 000 2.2

50 - 59.9 9 5.4 405,000 10.5

60- 74.9 4 2.4 250,000 6.5

75- 99.9 4 2.4 330,000 8.6

100- 249.9 4 2.4 450,000 11.6

250- 400 1 0.6 360,000 9.4

TOTALS- 171 100.0 3,840,000 100.0
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REFRIGERATED STORAGE FOR CARROTS
For ideal harvest conditions in the Holland Marsh it is 

desirable to have day time temperatures in the 60 ’ s with night 
temperatures down close to freezing. This allows cool air to be 
drawn into the storage overnight which helps cool the carrot crop. 
By keeping the building closed as much as possible during the day 
this cooler temperature may be maintained. However, there are some 
years as we had in 1971, where the day time harvesting temperature 
was in the 70's with the night temperature in the high 40's which 
has made it rather difficult to manage the vegetable storage at 
this critical stage. As a result, lack of control of good storage 
environment at harvest time may cause a reduced storage life for- 
the carrots.

Before making a recommendation as to how the situation 
may be corrected, one should first examine the present facilities 
with regard to storage in the Holland Marsh. It has been calculated 
that about 80% of the vegetable crop produced each year is placed 
in some form of common storage. Most of these storages will have 
either a 15 or a 17 ft. ceiling. The structures will have 4 or 5 
pallet bins placed in them vertically depending on the height of 
the ceiling. Although the recommendation of the Ontario Department 
of Agriculture and Food states that there should be a 6' clearance 
between the pallet bins and the ceiling, we find that in common 
practice this distance is only 2 to 3 feet.

For this discussion, let us take an example of a farm with 
11 acres of carrots at 1000 bushels per acre. This will require 
approximately 500 pallet bins in order to handle the crop. The 
floor plan of this storage should be 40' x 70' and as is shown in 
figure "A" of the attached diagram. It should also be noted that an 
area 40' x 50’ is required to provide sufficient capacity for a 
refrigerated storage section. In our example we have chosen a 17’ 
ceiling height and have allowed pallet bins to be stacked 5 high.

Although we assumed that the 40’ x 50’ section Within the 
building is to be converted to a refrigerated section, there are 
really two things which we should consider before making such a change. 
First, if inadequate storage prevails for the crop, then it is 
recommended that a new storage be either added to the present building 
or located separately from the common storage.



If, however, adequate storage is presently on the farm, 
some consideration should be given to remodelling part of this 
storage for refrigeration, (32°F.).

The critical item concerning this conversion is the 
location of the vapour barrier. Vapour barriers should always be 
placed on the warm side. In a new refrigerated storage the vapour 
barrier then will be located on the outside of the wall, whereas 
with the common storage it is located on the inside on the wall- 

On figures "B" and "C" of the enclosed diagram are shown 
two different applications of insulation placed on the inside wall 
of a common storage. Because the vapour barrier is not removed it 
is now located in the centre of the wall. With this arrangement 
the following may happen. Moisture will move through the outside 
wall and have a tendency to soak the 6" insulation which was used 
effectively for the common storage. With moisture in this insulation 
the resistance to heat flow will be reduced to the point where it is 
equivalent to only one or two inches of insulation. By applying 3” 
of rigid polystyrene or 2" of spray-on polyurethane to the inside 
wall,the insulation value then becomes adequate for refrigerated 
storage of vegetables down to 32°F. Because rigid insulation will 
take on some moisture it is important that the structure be allowed 
to dry out for at least three months during the late summer. This 
would mean that a converted storage may only be refrigerated from 
October to June.

In figure ”B” of the diagram, the use of 2" of spray-on 
polyurethane is shown attached directly to the original plywood. 
For this type of insulation to adhere adequately, the wall must be 
dry and free of waxy material at the time of application. The cost 
of the polyurethane application of 2” on to the wall will vary 
between 55 and 65 cents per sq. ft. Based on the above storage 
in figure "A" @ 65₵ per sq. ft., the cost will be approximately 
$3300.00.

In figure "C" of the diagram the use of 2 layers of 1 1/2" 
4' x 8' sheets of polystyrene is shown. The first layer of rigid 
insulation is placed on horizontally and held by large headed nails. 
Adhesive material is then applied in a 4"strip around the perimeter 
and down the centre of the outer insulation sheets. This may be 
spread out with a floor tile cement spreader. One gallon should be 
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adequate for eight 4' x 8’ sheets of insulation and will add a cost 
of 4₵ per sq. ft. to the wall construction. This adhesive will 
prove quite adequate in making a second layer of insulation adhere to 
the first layer. This inner layer of insulation is placed vertically 
with all joints off centre from the first layer of insulation. It is 
desirable that the vertical joints of this second layer be located 
opposite the wall stud so that pre-drilled 2" x 4" battens may be 
nailed over the vertical joints. Bumper rails are then placed 
horizontally at required locations. This latter arrangement is good 
because an air space is provided between the pallet bins and the wall. 
If spray-on polyurethane is used, caution must be taken to ensure 
that an air space is present for air movement.

The cost of the material for the 3" of polystyrene, glue and 
battens as is shown in figure ”C" is approximately 33₵ per sq. ft. 
If the farmer is doing the work himself, the total cost, without 
labour, for the above mentioned building will be approximately $1600.00.

In summary, the material cost of polystyrene is about half 
that of spray-on polyurethane. However, if the farmer must hire his 
labour to apply the polystyrene then the cost approaches that of the 
spray-on polyurethane. Under these conditions it would be recommended 
that the spray-on polyurethane be used as it provides more rigidity 
to the building, making it more airtight and water resistant than 
other kinds of insulation.

In addition, some farmers may wish only to refrigerate one-half 
of the carrot crop, placing the remaining crop in a common storage. 
Each section may be loaded simultaneously during harvest; this arrange
ment also allows marketing of the vegetables from the common storage 
first, leaving the refrigerated storage to be shipped later the following 
year.

Cost of refrigeration units vary, however, a thumb rule 
states that one ton of refrigeration is required for every 1000 bushels 
of vegetables under certain specified conditions. For a carrot 
refrigeration installation, the cost will average about $900.00 per 
ton of refrigeration (1000 bushels of carrots).

R. G. Gregg, P. Eng.
Agricultural Engineer.
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CURING AND STORING ONIONS

Everyone agrees that properly matured and well cured onions 
usually store without trouble and pack out with few culls. The secret 
for success is to have a well cured onion for storage.

Bradford Marsh growers traditionally field cure onions before 
storing and results have been variable. In years when the onions are 
properly matured at harvest and the weather is favourable for curing, 
the bulbs go into storage in fairly good condition, although bulbs in 
the centre of pallet bins may not be fully dry.

In other years growth may be delayed by abnormal rain or cool 
weather resulting in many immature bulbs at harvest. Added to this 
the weather may be unfavourable for curing. Finally the onions have 
to go into storage neither dry nor properly cured. It is apparent 
that attempting to dry and cure the onions in storage will be very 
difficult unless the room is properly equipped with artificial heat 
and ventilation systems.

Experimental evidence and practice in some areas (Quebec and N.Y. 
State) have proven that artificially curing onions with heat is a 
much better method than leaving them in pallet boxes in the field. 
It is a reliable method which entirely eliminates the uncertainty 
of results associated with field curing. The onions have a better 
colour, are less subject to rotting and store much better. Artificial 
curing requires a specially designed drying or storage room which is 
equipped with a heating system and electric fans and air ducts for 
forcing warm air through the stacks. Plan are available for 
constructing these specially designed storages for handling onions 
either in bulk or in pallet bins.

E. W. Franklin
Dept, of Horticulture 
University of Guelph
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HOW TO CALCULATE IF OUTSIDE AIR CAN BE USED 

FOR DRYING ONIONS IN STORAGE

1. Measure storage temperature. Onions will likely be the same. From 
the Table determine the saturation vapour pressure (V.P.) for that 
temperature. (see page 14)
E. G. Onions @ 50°F. V.P. = 9.20.

2. Using the sling psychrometer* determine the dry-and-wet bulb 
temperatures of outside air. Subtract the wet bulb temperature from 
that of the dry bulb and use Table to determine the relative 
humidity (RH). (see page 13)
Calculate the V.P. of outside air from the % RH.
E.g. Dry Bulb 60°F., wet bulb 51°F. (i.e. 9° lower than dry bulb). 
From Table RH= 53%. At 60°F., saturation V.P. = 13.25 (from 
Table on page 14). But actual V.P. = 53/100 X 13.25 = 7.02

3. Compare V.P. onions = 9.20 with V.P. of outside air = 7.02. Vapour 
pressure difference (VPD) = 2.18 and the outside being lower it 
will be useful to turn on fans for drying.
NOTE: Suppose in (2) above the dry bulb was 70 °F, wet bulb 61 °F.

From Table RH = 59%. At 70 °F, saturation V.P. = 18.77.
Actual V.P. =59/100 x 18.77 = 11.07. From Table it is
apparent that the Dew Point Temperature (condensing point) 
of this water vapour is 55°F. Since onions are at 50°F 
don't ventilate or onions will become wet with condensed 
moisture.
From the above it should be apparent that the V.P. of the 
outside air must be lower than the V.P. of the onions if 
drying is to result.

Adding Heat Hastens Drying

Heat raises the temperature of the onions thereby increasing 
the V.P. of the water within the onions. This speeds up evapora
tion of the water from the onions. Also, the RH of the air around 
the onions is decreased and its moisture holding capacity increased. 
For rapid drying and curing, heat the storage air to 80°F. and 
regulate the RH at 60 to 70 percent by ventilation.

*A sling psychrometer may be purchased from any supplier of 
scientific instruments, e.g. Fisher Scientific Co. Ltd., 
184 Railside Road, Don Mills, Ont.

E. W. Franklin
Dept, of Hort. Science 
University of Guelph
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Deg» Fil 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
30 . 89 78 67 56 46 36 26 16 631 89 78 68 58 47 ■ 37 28 18 832 89 79 69 59 19 39 30 20 11 233 90 80 70 60 51 41 32 23 14 534 90 81 71 62 52 43 34 25 16 835 91 81 72 63 54 45 36 27 19 10 236 91 82 73 64 55 46 38 29 21 13 537 91 83 74 65 57 48 40 31 23 15 738 91 83 75 66 58 50 42 33 25 17 10 239 92 83 75 67 59 51 43 35 27 20 12 540 92 83 75 68 60 52 45 37 29 22 15 741 92 84 76 69 61 54 46 39 31 24 17 10 342 92 85 77 69 62 55 47 40 33 26 19 12 543 92 85 77 70 63 55 48 42 35 28 21 14 8 144 93 85 78 71 63 56 49 43 36 30 23 16 10 445 93 86 78 71 64 57 51 44 38 31 25 18 12 646 93 86 79 72 65 58 52 45 39 32 26 20 14 8 247 93 86 79 72 66 59 53 46 40 34 28 22 16 10 5
48 93 86 79 73 66 60 54 4 7 41 35 29 23 18 12 7 149 93 86 80 73 67 61 54 48 42 36 31 25 19 14 9 350 93 87 80 74 67 61 55 49 43 38 32 27 21 16 10 551 94 87 81 75 68 62 56 50 45 39 34 28 23 17 12 7 252 94 87 81 75 69 63 57 51 46 40 35 29 24 19 14 9 453 94 87 81 75 69 63 58 52 47 41 36 31 26 20 16 10 654 94 88 82 76 70 64 59 53 48 42 37 32 27 22 17 12 855 94 88 82 76 70 65 59 54 49 43 38 33 28 23 19 14 956 94 88 82 76 71 65 60 55 50 44 39 34 30 25 20 16 1157 94 88 82 77 71 66 61 55 50 45 40 35 31 26 22 17 1358 94 88 83 77 72 66 61 56 51 46 41 37 32 27 23 18 1459 94 89 83 78 72 67 62 57 52 47 42 38 33 29 24 20 1660 94 89 83 78 73 68 63 58 53 48 43 39 34 30 26 21 1761 94 89 84 78 73 68 63 58 54 49 44 40 35 31 27 22 1862 94 89 84 79 74 69 64 59 54 50 45 41 36 32 28 24 2063 95 89 84 79 74 69 64 60 55 50 46 42 37 33 29 25 2164 95 90 84 79 74 70 65 60 56 51 47 43 38 34 30 26 2265 95 90 85 80 75 70 66 61 56 52 48 44 39 35 31 27 2466 95 90 85 80 75 71 66 61 57 53 48 44 40 36 32 29 2567 95 90 85 80 75 71 66 62 58 53 49 45 4 1 37 33 30 2668 95 90 85 80 76 71 67 62 58 54 50 46 42 38 34 31 2769 95 90 85 81 76 72 67 63 59 55 51 47 43 39 35 32 2870 95 90 86 81 77 72 68 64 59 55 51 48 44 40 36 33 2971 95 ' 90 86 81 7 7 72 68 64 60 56 52 48 45 41 37 33 3072 95 91 86 82 77 73 69 65 61 57 5 3 49 45 42 38 34 3173 95 91 86 82 78 73 69 65 61 57 53 50 46 42 39 35 3274 95 91 86 82 78 74 69 65 61 58 54 50 47 43 39 36 3375 96 91 86 82 78 74 7 0 66 62 58 54 51 47 44 40 37 34
76 96 91 87 82 78 74 70 66 62 59 55 51 48 44 41 38 3477 96 91 87 83 79 74 71 67 63 59 56 52 48 45 42 39 3578 96 91 87 83 79 75 71 67 63 60 56 53 49 46 43 39 3679 96 91 87 83 79 75 71 68 64 60 57 53 50 46 43 40 37
80 96 91 87 83 79 75 72 68 64 61 57 54 50 47 44 41 3882 96 92 88 84 80 76 72 69 65 61 58 55 51 48 45 42 3984 96 92 88 84 80 76 73 69 66 62 59 56 52 49 46 43 4086 96 92 88 84 81 77 73 70 66 63 60 57 53 50 4 7 44 4288 96 92 88 85 81 77 74 70 67 64 61 57 54 51 48 46 43

RELATIVE HUMIDITY IN PERCENT, (To nearest Percent)
Wet-bulb Depression in Degrees (Difference in
_____ Dry and Wet-Bulb Thermometer Readings)

Dry 
Bulb
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SATURATION VAPOUR PRESSURES. OF WATER

Temp. 
°F.

V.P. Temp.
mm Hg oF

V.P.
mm Hg

Temp. 
°F

V.P.
mm Hg

Temp. 
°F

V.P.
mm Hg

32 4.58 49 8.87 66 16.36 83 28.90
:33 4.77 50 9.20 67 16.94 84 29.85
34 4.96 51 9.55 68 17.53 85 30.82
35 5.17 52 9.91 69 18.14 86 31.82
36 5.38 53 10.28 70 18.77 87 32.85
37 5.60 54 10.67 71 19.42 88 33.91
38 5.82 55 11.07 72 20.09 89 35.00
39 6.05 56 11.47 73 20.78 90 36.12
40 6.29 57 11.90 74 21.49 91 37.26
41 6.54 58 12.33 75 22.22 92 38.44
42 6.82 59 12.78 76 22.98 93 39.65
43 7.06 | 60 13.25 77 23.75 94 40.90
44 7.34 61 13.73 78 24.55 95 42.18
45 7.63 62 14.22 79 25.37 96 43.50
46 7.92 63 14.73 80 26.22 97 44.84
47 8.23 64 15.26 81 27.09 98 46.23
48 8.54 65 15.80 82 27.98 99 47.65

100 49.11

SATURATION VAPOUR PRESSURES OF WATER

-10 .55 0 .95 10 1.59 21 2.73
- 9 .59 1 1.00 11 1.67 22 2.87
- 8 .62 2 1.06 12 1.76 23 3.01
- 7 .65 3 1.11 13 1.85 24 3.15
- 6 .69 4 1.17 14 1.94 25 3.31
- 5 .73 5 1.23 15 2.04 26 3.46
- 4 .77 6 1.30 16 2.14 27 3.63
- 3 .81 7 1.37 17 2.25 28 3.80
- 2 .86 8 1.44 18 2.36 29 3.99
- 1 .90 9 1.51 19 2.48 30 4.17

20 2.60 31 4.37



Fig.l PALLET BOX ONION CURING AND STORAGE. 
PLAN 6112 CANADIAN FARM BUILDING PLAN 

SERVICE

Figure 1 above and Figures 2-5 (see pages 16, 17, 18, 19) are 
schematic drawings of several types of Onion Curing and Storage 
buildings.

Similar plans of these structures are available from your 
nearest office of the Ontario Department of Agriculture & Food. 
Figure 1 (Plan 6112)

This storage building is designed for use with pallet boxes. 
The fan may draw outside air into the building or the air may be 
recirculated within the building. The air movement is mainly 
around the boxes and is not forced through the boxes.
Figure 2 (see page 16)

Specially constructed pallet boxes and a hollow wall construc
tion with wall slots enables one to force air up and down through 
the onions in the box.

This storage design offers the advantage of curing and drying 
onions indoors., Heat can be applied by adding an oil or gas burner 
near the intake of the fan.



Fig.2 AIR CIRCULATION ALONG HOLLOW WALL,THROUGH 
WALL SLOTS AND UP AND DOWN THROUGH PALLET BOXES.



Fig. 3. BULK ONION CURING AND STORAGE. PLAN 
6111 CANADIAN FARM BUILDING PLAN SERVICE.
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Figure 3 (see page 17) Plan 6111
Forced air drying system
Wooden or metal cross tunnels are placed on the floor. Air 

from fans placed along either side of the building is forced 
through a bulk pile of onions.

Heat from various sources may be used in the fan chambers 
in order to cure and dry onions artificially. 
Figure 4 (see this page)

Forced air drying system
The design is similar to figure 3. The plenum chamber is a 

v-shaped tunnel 'placed in the center of the building. Cross ducts 
are placed on the floor connected to the cater duct at regular 
intervals. Air can be introduced from outside or may be re
circulated within the building. 
Figure 5 (see page 19)

Similar to figure 4 - Plan view.

Fig.4. HORLINGS' BULK ONION STORAGE WITH 
FORCED AIR DRYING SYSTEM.



Fig.5. HORLINGS BULK ONION STORAGE WITH 
FORCED AIR DRYING SYSTEM.
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Diseases of Vegetables in Storage

There are many types of rots, which may be found on 
stored vegetables.

These rots, often referred to as storage diseases, are in 
many cases stored diseases or in other words, most diseases 
found in storages started while the crop- in question was still 
in the field.,

Some of the most common diseases found in storages are: 
1) Sclerotinia ci

A very destructive disease of many plants throughout the 
world., The fungus attacks nearly all kinds of succulent plants, 
including flowers, shrubbery, weeds and nearly every kind of 
vegetable grown.

The rots are found not only in the field but may be especially 
prevalent in storage and during shipment.

The common names of the disease for some vegetables are: 
Asparagus (stalk rot); beans (white mold, timber rot, cottony 
soft rot, nestiness); beets, broccoli, brussels sprouts, cabbage, 
(drop, watery soft rot); cauliflower, celery (pink rot, damping 
off, sclerotiniose); cucumber (timber rot, watery soft rot); endive, 
kale, lettuce (drop, collar rot);carrots (watery soft rot, cottony 
rot) .

The most susceptible crops are: cole crops, celery, carrots, 
beans, artichoke and lettuce.

Under moist conditions, Sclerotinia produces a snowy white 
weft over the entire plant. In this weft, numerous, black, 
variously shaped, but not flat sclerotia develop. They may be 
as small as a mustard seed or as large as a bean.

The presence of the white mass and the black sclerotia are 
signs that differentiate this problem from other diseases.

The fungus lives from season to season as active mycelium 
in either living or dead plants, but especially in the form of 
the hard black sclerotia.

If the sclerotia are dry,they may remain alive as long as 
7 years.

When the sclerotia are subjected to wet conditions they decay 
readily and may be destroyed in less than a year.
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Control

There is no wholly satisfactory control for diseases 
caused by Sclerotinia.

The following practices may help to reduce losses caused 
by this fungus.

a) Choose a friable soil that drains well.
b) Practice long rotations with resistant or immune 

crops, e.g. rotate lettuce, carrots, beans or celery 
with two years of crops such as beets, onions, spinach, 
corn, small cereals or grasses.

c) Sanitation is important where long rotations are not 
possible. Lettuce growers have obtained excellent 
results by raking up all plant refuse immediately 
after harvest and hauling it away to a compost heap.

d) Flooding has been used to control the disease. The 
sclerotia are destroyed when left under water for 
23 to 45 days.

e) To reduce storage losses, place the crop in storage 
immediately after harvest without exposure to sun or 
rain and precool as quickly as possible.

f) Handle the crop carefully during harvesting, avoid 
bruising.

2) Bacterial Soft-Rot (Erwinia Spp.)
Possibly no other vegetable disease causes a greater loss 

than bacterial soft rot. It is a world-wide problem.
It attacks practically every known vegetable and fruit.
The symptoms on all crops are much alike. At first a small 

water soaked lesion appears, which, rapidly grows wider and deeper, 
the tissue becomes soft and mushy.

Within a few days the whole fruit, root or tuber may collapse.
An offensive odor is usually present.
When the disease appears in the field carrot and parsnips 

tops may turn yellow or wilt and later die.
Usually the soft rot bacteria enter only where the skin of 

the fruit, root or tuber has been broken or punctured in some 
way.
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Control

a) Disinfect all storage walls and floors where 
diseased material has been stored previously. 
Spray with: 1) Formaldehyde solution (1 pint in 10 
gallons of water) 2) Copper sulfate solution ( 1 lb. 
in 50 gallons)

b) Avoid bruising and rough handling of products to 
be stored.

c) A healthy crop stored below 39°F and kept as dry as 
the roots, tubers or fruit will stand without 
shriveling will be almost free from any effect of 
soft rot.

3) Fusarium and Rhizoctonia
These two organisms often resemble each other in their 

symptoms.
In carrots, Fusarium starts at the crown and penetrates 

slightly,or where the root has been bruised on the side.
The dry, limited area of invasion and the sparse white 

mycelial growth resembles Rhizoctonia canker.
Control

a) Avoid bruising at harvest time.
b) Remove the harvested crop from the field as 

quickly as possible.
c) After removal of the crop from storage, clean up old 

refuge and disinfect walls, floors and ceilings.
d) Keep storage temperatures as nearly as possible at 

32°F and adjust the humidity level to avoid 
shriveling of the roots or tubers.

4) Neck Rot (Onions) Botrytis 'Species
Neck rot is almost always present where onions are stored.
The disease seldom occurs on the bulbs while they are in the 

ground.
The lesions, which finally can involve the whole bulb, appear 

first as sunken, dried out places about the neck. The scales when 
observed in cross-section appear as if they have been cooked. 
The tissue is soft and of a brownish color. Between the scales 
is a gray mass of mycelium, and on the dried parts of the scales 
small black sclerotia begin to form. On the outside, particularly 
about the neck, the sclerotia may form in a solid crust.



The roots may also be included in the decayed area, 
and the disease is then called Botrytis basal rot.

Botrytis cannot penetrate a perfectly healthy onion. The 
fungus enters through wounds or in very wet weather through the 
dead outer scales or through the roots that have been affected 
by pink root or some other disease.

The chief point of entrance, however, is through the 
trimmed tops after harvest if the cut portion is still succulent 
or has not been dried properly.
Control

Well dried, well stored onions are seldom affected by 
neck rot.

a) Avoid late maturing onions.
b) Avoid late applications of Nitrogen which tends to 

produce a soft onion.
c) At harvest time the tops should be cut fairly close 

and every attempt should be made to dry the stubs 
before the crop is placed into storage.

d) Artificial drying in storage is an advantage over 
the field drying system as long as the storage, fan 
capacity and heating capacity is properly designed 
to do the job efficiently.

5) Fusarium Rot (Onions)
The decay occurs both in the field and in storage.
In most instances it begins at injured or diseased roots 

or foliage, or through cuts when harvested onions are freshly 
topped.

The disease may not always be detectable on the outside of 
the bulb.

If infection takes place during or following harvest, the 
cut tops yield a few drops of brown juice, when squeezed, hence 
the name "bloody nose".

The decay usually progresses very slowly and may not show 
until the onions have been in storage for some time.
Control

Long rotations, well drained soils, freedom from fertilizer 
injury, healthy sets, freedom from insect injury, control of leaf 
disease are all important steps in a control program.
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Onions should be harvested without bruising, during dry 
warm weather.

Onions must be properly cured before going into storage or 
must be dried with heat in a properly designed bulk storage.
6) Parsnips Cankerand Leaf Spot

This disease is caused by a fungus called Itersonilia 
perplexans.(Derx)

It occurs naturally in parsnip, wild parsnip, sunflower 
and hollyhock and has been found in many countries on a number 
of crops and weeds.

The canker begins at the tip of the fine rootlets and enters 
through wounds and injuries caused by insects such as the carrot 
rust' fly maggot.

The brown to reddish roughened surface that often shows 
first at the root shoulder frequently is named rust. Later 
the color may turn black.

The same fungus causes also a leaf spot or blight.
Spores produced on the foliage fall to the ground where they 

come in touch with the roots or are blown to other plants in 
distant fields.

The fungus overwinters probably mostly in wild parsnips 
or in cultivated ones, both in the field and in storage. 
Control

a) Good drainage and long rotations are good 
general control recommendations.

b) Eradicate weeds, especially wild carrot and 
parsnip.

c) Apply fungicides regularly, especially during 
wet seasons. Begin early in August. Copper 
has proved the best fungicide.

d) Gradual hilling of rows so that the roots 
are well covered with soil is beneficial.
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Summary

a) Most storage diseases have their beginning in the field.
b) The crop must be handled carefully, especially during 

harvesting operations.
c) Onions require proper curing before any long period 

of storage.
d) The crops must be brought into storage quickly (carrots, 

parsnips, beets, etc.) and cooled down as quickly as possible 
to 32°F.

e) The moisture in the storage must be controlled. It should 
neither be too dry nor too wet.

f) Clean up the storage after removal of the crop.
g) Disinfect walls, ceiling and floors with formaldehyde 

or copper sulfate solutions.
h> Do not dump culls and decayed material back on your land, 

or near a water course.

C. B. Kelly, 
Dept, of Environmental 
Biology, 
University of Guelph.
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