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EXECUTIVEi SUMMARY
 

The U.S. Agency for International Development Mission in Tegucigalpa, Honduras
 

requested (cable Tegucigalpa 14305) that the Postharvest Institute for
 

Perishables provide short term assistance on ways to improve onion production, 

cultural practices, harvesting and storage in Honduras. In response to the 

request, a private consultant, Mr. A. M. Dessert, spent the period 5 to '16 

February 1985 in Honduras reviewing all of the onion management practices and 

preparing recommendations for their improvement. 

The onion production in Honduras is low, both in terms of acres in production
 

and yields per acre. Both could be increased significantly. There are 

several areas in the country where this could be accomplished, viz., 

Choluteca, Comayagua, Santa Rose de Capon, Ocatepeque Valley and San Pedro 

Sula.
 

There are numerous varieties of onions that should be tested in Honduras for 

improved yields and storage qualities, as well as offering potentials for 

different markets, both domestic and export. Those varieties are disc,,ssed in 

the report. 

Also recommended and discussed are improved management of planting dates, 

planting systems, land preparation, fertilization practices, irrigation 

practices, weed control measures, harvesting methods, storage systems, and 

marketing systems for onions in Honduras. 

A recommendation is made also that a few appropriate people from Honduras 

study onion production in the U.S. in order to form the nucleus of an 

extension system. 



•RECO,'MENDATIONS FOR ONION PRODUCTION, CULTURAL PRACTICES,
 

HARVESTING, & STORAGE IN HONDURAS
 

INTRODUCTION
 

Onions are one of the most important vegetables in the diets of almost all
 
people. They are cooked in many different ways. They can be eaten raw, or
 
mixed with other vegetables to make sauces. There are many publications about
 
the value of onions, and as the cultural practices improve throughout the 
world, the total consumption of onion is constantly increasing. The onion
 

used as a spice in dishes can add zest to a very bland diet. If produced 
properly, it can be a very inexpensive food.
 

Onions are classified into two major groups, short-day varieties and
 
long-day varieties. There are some varieties that will fit in between these 

two which are called intermediate, however, they are not a large class. In 
Honduras the short-day variety is grown almost exclusively. They should try 
some of the earlier of the intermediate varieties as they will store longer. 
In general, the short-day varieties are very sweet or low in solids and do not 
store well. There are some exceptions to these, namely the Creole class and 
Creole type hybrids that are high in solids and will store quite a while under 

proper conditions.
 

In Honduras the number of acres grown per the population is very low, and 
there should be considerably more onions produced for the number of people in 
this country. The production per acre at this time is also very low, which 
could be changed immensely in a very short time. This could be brought about 

by improved cultural practices. 

I will be reporting on the different areas that I think could grow onions,
 
the uses and names of new varieties to be tried, a trial method, and then 
suggested production changes which will be a must if Honduras is going to be 
successful in producing a fair yield per acre, supplying its interndl needs, 
and then looking towards the export of onions. We will also touch on storage, 
a little bit on the marketing, and the need for a great deal of extension work.
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The trip to Honduras was my first visit, and it was a very interesting and 
enlightening two weeks, It would not have been possible without the helD of 
Julio Barahona who works for the Extension', Service In the ,Department",of! 

Natural Resources. 

DESCRIPTION OF AREAS AND GROWING CONDITIONS
 

During the week of traveling throughout Honduras we visited most of the
 
areas where they grow 'onions. It is my opinion that they could grow a 
successful crop of onions in:almost any area that we visited.
 

South Coast Area. I visited down through Choluteca and stopped off in an area
 
called Nacuone on 
the way down there. Here was the largest single planting of
 
onions that I saw in Honduras. It was on fairly good soil, and it looked like
 
an excellent crop of onions could be grown there. 
 They were a little bit late
 
this year, as the grower obtained the ground late and it had been in cottoli. 

had the feeling that everybody thought that this area was too hot to grow 
onions. Nevertheless, I believe that onions can 
be grown anywhere cantaloupes
 
and similar crops can be produced. This would be a very good area to produce
 
onions if they put their seed beds 
 in early and grow some of the
 
longer-growing varieties that would mature into larger bulbs and could be
 
dried down, topped, and put in sacks.
 

The area around the Escuela Agricola Panamericana (E.A.P.) in Zamorano is 
another area where they can grow good onions. Dr. Alfredo Montes had 
some
 
good trials growing on beds at the University. Further on, about another hour
 
and a half, around the area called Jamastran, is an area where onions can be 
grown, as they are growing tobacco and other crops. It looked to me like it 
would be a natural area for good onion production.
 

Comayaqua Valley. This is an excellent area for onions, and in total there
 
are 
probably more onions growing in this area but by very small farmers. This
 
would be an excellent area 
to put in the project, as the Experimental Station 
is there. The people who are interested in onions could help with the 
extension work and get the onions grown in the proper cultural condition for 
storage.
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Santa Rosa de Capon. This area 
is another area that is high in the mountains
 
and could grow gooo onions. I definitely think that here there is 
a need'to 
select the right variety to get the maximum yield. Here again there1 is an
 
experimental station that is interested in doing a variety of trial work.
 

Ocatepeque Valley. This is right the El
area near Salvador borderand. had
 
some very fine land. It appeared to be ideal growing conditions for onions,
 
and they had enough water that they could set up to increase the acreage of'
 

onions considerably.
 

San Pedro Sula. This is another area that I think could grow a lot of
 
onions. There is a great deal 
of land there that is good deep land, and there
 
is more machinery around that 
could work the ground properly. This area has
 
not grown too many onions, as they think it is too wet. 
 I think there could
 
be a large production of onions in this area if the plants could get started
 
during the wet season and transplanted as soon as the dry season starts. The
 
amount of land available to grow vegetable crops in this area could be
 
expanded immensely, rotated, and not have to be growing onions after onions
 

year after year.
 

VARIETIES IN USE AND NEED FOR TRIAL WORK
 

There are basically four varieties used in Honduras today. The largest
 
varieties being used are Red Creole, Grano 
502 PRR, Yellow Granex PRR, and
 
Crystal Wax. I would suggest the following be used to replace these varieties
 
or trials put out to see how they would do.
 

Red 	Creole
 

1. 	Red Creole PRR. This is
a larger, darker color, more resistant onion.
 

2. 	Red Grano PRR. Larger and 
a little earlier than the Red Creole.and should
 
increase the yield immensely. it is not a storage onion.
 

3. 	F-i Tropicana. Half Red Creole, and it is definitely larger, earlier,:.
 

more resistant, and is a pretty good oni'on tostore.
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4. 	Red Ace. A very early onion. Plants would have to be started early. It 
is not very large, but is larger than Red Creole. It has very dark color 
and is quite hard and could be stored a little while, but since it is'so 
early it should not be grown to go into storage. 

5. 	Red Granex. Considerably larger than the Red Creole,will bulbdown very
 
nicely, is darker color, and stores prettywell.
 

6. 	Hybrid Red Commander. Quite large and could:be a very; good, onon ifgrown; 
to proper size. It might be shipped to the. American market during 'tei 
months of January, February and March.
 

7. Red Burgundy PRR. This is very large, semi-flat, and dark color. This is
 
one that could increase the yield but should not be grown for storage.
 

8. 	Regal. This is another early intermediate red that might store well. It
 
could have high production, but for later harvest just before the rainy
 

season starts.
 

Yellow Granex PRR
 

1. 	Texstar. Thin is earlier and is a very productive onion. It would be
 
good for the main crop season for getting good bulb size and, shipping
 

within the interior of the country.
 

2. Special 38. This is quite a bit larger, quite early, and would Tbea good
 
storage onion if it will mature in late April.
 

3. 	F-1 Hybrid Goldrush. Quite a bit earlier than Yellow Granex, the same
 

size, and would be planted for the very first part of the harvest.
 

4. 	F-1 Granex 33. Earlier, a little smaller than the regular Yellow Granex,
 

but has had good performance records all through Central America.
 

5. 	Y1O00. This is a newopen pollinated variety that is early, makes,a large
 

round bulb, and could prove to be a very good,onion for Honduras,
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Crystal Wax and White Granex
 

1. 	Robust. Earlier, larger, and more disease resistant. Could produce good 

large white onions for early harvest in Honduras and for export to the 
U.S. during the months of January andFebruary.
 

2. 	F-i Hybrid Early Supreme. It is even larger and firmer than the Robust. 
It is another one that has done very well in Mexico and could be
 
exported. It is exported to the United- States from Mexico 
during the
 

months of January and February.
 

3. 	Majestic. About the same size as Crystal Wax but a little deeper. It has
 
much more foliar resistance and would probably come off a little earlier.
 
It would be good for early.white onions for consumption within the country.
 

4. 	F-i Tampico. This is very early. The season could be started with this
 
one because it should be earlier than anything else except for White
 

Express.
 

5. 	 White Express. Very similar to Tampico but a little firmer and maybe a 

few 	days earlier.
 

6. 	 White Grano, Open Pollinated PRR. This is a large open pollinated PRR 
variety. It is about twice the 	size of Crystal Wax and could increase
 

yields immensely for the white consumption. It should not be considered 
for 	export.
 

7. 	Paradise. An early intermediate white; however, it has high solids and it
 

might store better and be used for production at the tail end of the 
season to put in storage.
 

502 	Grano PRR Group
 

1. 	Colossal. This is a very large 502 Grano type, a little later in 
maturing, and could be used as one of the main onions for 	harvest in late 
March and April.
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2. 	Texas 1015. It is very similar to Colossal, might store a little better,
 

and could be a good one for the main crop.
 

3. 	 Clory PRR. This is an early intermediate type,' but it is larger and 

later. It should make a bulb in Honduras, and if it does, i t woulsdstore
better than any of the above. 

4. Yellow Creole. This is like Red Creole but yellow. It is one of the 

hardest and highest solid onions in the short-day classes. It will be 

larger than the Red Creole and could be stored a considerable length of 

time. 

5. 	F-1 Golden. This is a half Yellow Creole hybrid, earlier than Creole, but
 

makes a larger bulb. It has a very beautiful skin color and a thicker
 

skin than anything else in these classes.
 

NEED FOR TRIALS AND NEW VARIETIES
 

During my travels throughout Honduras I did not find in any area any
 

onions that I would call well matured and well cured. That is why we have to
 

do immense trial work in search for the right varieties for the right time of
 

harvest during the year. What we have to try to do is to get an earlier
 

vari.r:ty so we can start harvesting in November. If we can plant in the rainy
 

season, the plants will not be affected as much by leaf or foliar diseases
 

when they are small as when they get older. On the other end of the growing
 

cycle we have to see if we can get onions that we can mature right before the
 

real heavy rainy season starts. This part of the onion crop could be grown to
 

full maturity. That is,we should make sure the bulbs are well cured and have
 

some dry skin on the outside, and then these should be put in storage. There
 

is a possibility that we can grow some varieties right through the rainy 
period and sell them fresh, as they are selling them now with the tops on. 
This way we would then have a harvest period stretching from November through 

June, and we would only have to store through July, August, September, and 

October. This is why the trials are so important, and someone in Honduras has 

to follow through, after we send all the seed samples down there, to make sure 

that the different people in the different areas are getting them tried at the 
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different times throughout the year.
 

SUGGESTED PRODUCTION CHANGES IN GROWING OF ONIONS
 

A. Seed Beds. There should be a great deal of work done on learning how to
 
grow good seed beds. They are doing a good job at the present time,
 
however, where the work needs to 
be done is a method of sheltering the
 
seed bed from the heavy rains. Get them started during the rainy season
 
so that there are plants to transplant early, such as August and September
 
and then again in October. This could be done under some type of shade,
 
using banana leaves or something similar to protect the seed bed from the
 
real heavy rains until they are established.
 

B. Land Work. In almost every location I did not feel the land was being
 
worked deep enough to start. The land should be worked by being plowed,
 
chiseled, or subsoiled 
at least 12-14 inches deep. It should then be
 
disced a couple of times, landplaned or smoothed out as much as possible,
 
and then some preplant fertilizer applied and some beds made. 
 We will go
 
into the bed making a little later.
 

Onions are considered a shallow root crop, however, they will go down
 
24-30 inches if there is moisture that deep. In the early stage it is
 
advisable to let them reach down. Almost in all 
cases where onions are
 
growing in Honduras they are on a flat surface and the roots are not more
 
than two, or possibly three inches deep. 
 In a good crop of onions it
 
should not be possible to pull the onion out without breaking 
it off.
 
That is how strong the root system should be. This was not seen in
 
Honduras in any area. 
The roots were all just parallel with the ground.
 

C. Fertilization. I really believe that the fertilizer should be applied 
before the beds are made. Then when the beds are made most of the 
fertilizer is folded right into the bed. It has been recommended before 
to use 
a three way mixture, such as 15-15-15, about 300 pounds per acre,
 
and I would recommend this. I think we might be better off with a little
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higher mixture of phosphate and eliminating any additional phosphate in
 
the sidedressings. I would suggest that all land be tested to if
see 

potash is needed because, as one person in my tour told me that he is
 
finding that there was plenty of available potash in the soil when it 
was
 
tested. They have a good set up for testing soil for available
 
fertilizer, both at the university and at the experimental station at San
 

Pedro Sula.
 

It is very important that pre-fertilizer is applied, so that when the
 
transplants are put in there is some available nitrogen, potash, and 
phosphate for these plants to start as early and vigorously as possible. 
They would probably be sidedressed again in about three to five weeks and 
then sometime between the seventh and the tenth week, mostly with
 
nitrate, it is very important when sidedressing that it be put off to the
 
side of the row of plants but down into the soil. Do not just spread it
 
in the middle of the furrow, particularly if using urea because in 24
 
hours the sunlight can destroy about 50% of the urea. It has to be
 
covered, and to make a large onion, I would suggest that between 60 and 75
 
units of nitrate be applied at each sidedressing.
 

It is important, if the soil has been tested and 
found to be short of
 
potash, that potash 
be applied and also maybe a little additional in the
 
initial fertilization before seeding. If it is short, it is a good
 
practice to apply a little extra 
potash in the last sidedressing, as this
 
seems to make onions firm up, store and ship better. This would be
 
extremely important on the onions for storage.
 

D. Installing Beds. It is very important that beds are installed so as to 
get the onions out of the water and be irrigating down a furrow. Beds can
 
be made in unison, two plows, three plows, four plows, or five plows, and
 

should be uniform.
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I am enclosing pictures of our bed making machine, or what we 
call the
 
lister, our bed shapers after the beds 
are made, and our sled or planters
 
that go over the beds after they are shaped with the planter on It.
 

It would be a great advantage if one of the natural resource organizations
 
could purchase some equipment and in one area do some of the basic ground
 
work, such as making the beds, shaping the beds, and then eventually
 
having as 
a planter that could be used later for direct seeding. I would
 
probably think that the Comayagua Valley would be the place to start.
 

Once people see what they could do by getting their onions on beds, I
 
think everybody in the country would eventually switch over. Some of the
 
advantages of having onions on beds there is more
is that air movement
 
than trying to have a six to eight foot wide planting of onions every four
 
inches. The farmers will also definitely get a larger size in a more
 
mature onion, better quality, and easier to irrigate once the crop is set
 
up. It is also easier for weed control. Enclosed are some pictures of
 
the lister that makes the beds.
 

The beds could be so advantageous that after a few years the people will
 
be wanting to direct seed. This has been worked out in Mexico where they
 
were always transplanting and now they are direct seeding. Larger yields
 
are achieved with direct seeding, and it is an earlier and less expensive
 

crop.
 

E. Weed Control. In the last few years many chemicals have come out that are
 
really helping in weed control in onions. I know labor is very
 
inexpensive there, however, some these controls can used
of that be are
 
fairly inexpensive. Here again there 
can be a larger crop with actually
 
less expense in it if some type of weed control is used, particularly in
 
the early stage. If farmers are working their ground, putting in beds,
 
and planning to transplant, they could spread Treflan or some similar
 
chemical in top of the ground. List the ground up 
or make the beds and
 
spray the Treflan working it in with the lilliston.
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This will provide good weed control for the transplants in the early 
stage. Treflan is a very inexpensive !herbicide used in cotton and 
soybeans. 

Dacthal also is a very 
good herbicide on onions and can used
be 

particularly for direct seeding, 
even in a seed bed. Seed can be planted,
 
sprayed over with Dacthal, then watered. It does 
not have to be* worked
 
into the ground. It is a little more expensive, but it does stop most of
 
the weeds; 
and might be used in the seed beds or starting to grow onions
 
from direct seeding. The seed should be planted, the beds sprayed with
 
Dacthal, and then the soil should be 
sub--irrigated. This will give very
 
good weed control.
 

Two very good herbicides 
that have come out in the last few years for
 
grass control are Post and Fusilade. They can be applied after the grass
 
has come up. It will 
take about four weeks for complete kill of all the
 
existing grass, however, they work very well most
on grasses. They are
 
not very effective on nutgrass. There has been 
some work done on nutgrass
 
in Mexico with the use of 
Bueno 6 or MSMA. It will kill the nutgrass if
 
sprayed right on the bad 
patches without a wetting agent, and it doesn't
 
seem to hurt the onions. The temperature has to be around 800 in the
 
daytime to have this work fairly well.
 

Another good herbicide is Goal. It does a good job 'on 
a lot of
 
broadleaves and will kill 
some grasses in the early stage. 
 It also lasts
 
for quite a while after it is applied. In other words, it will kill some
 
of the existing weeds that are 
up and will not allow new ones to sprout
 
for about six to eight weeks. Goal can not be used on onions until they
 
are about six 
to eight weeks old, until they get a little wax on their
 
leaves so it doesn't adhere to the onions when it is sprayed on.
 

There has been a great deal of work done and written on weed control for 
onions. This weed control 
work should be demonstrated to the growers at
 
the different experiment stations along with the variety trials.
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F. Irrigation. Irrigation is applying the correct amount of water on 
a crop
 
at the right time. If the ground is worked deeper and the crop is on
 
beds, quite a bit less water will be needed. In the first transplanting,
 
if the crop is on a bed, it can be sub-irrigated until it gets wet to the
 
middle of the bed, whether on 20-inch or 40-inch beds with double 
lines.
 
Get it wet and then leave it alone from two to five weeks, depending on
 
how much moisture the soil will hold. 
 The soil will be in good shape, it
 
won't crack or dry, there is a lot of moisture for the onion plant, and it
 
will make the roots go down with the moisture.
 

In the early stage, onions do not need very much water, as they do not 
have much of , top to evaporate the moisture. As the crop gets big and 
the tops, get tall, they have to be irrigated more frequently; however,
 
never get them too wet. Keep them growing at all times and make sure that
 
the roots are in good condition.
 

G. Harvesting. Harvesting for onions that will 
be put in a sack or storage
 
should be done after the tops have ;started to go down about 50%. This
 
won't always hold true, as there' might be a shortage for the very first
 
onions, and people will 
be taking them a little earlier.
 

One of the best things to do when harvesting the short-day onions is
 
windrow them and let them sit in the field before the tops are cut off.
 
This is just simply laying down rows of onions, one on top of the other so
 
that the tops shade the bulbs, and leaving them there six to ten days.
 
This helps the onion to perfect its outer skin, which is one of the best
 
storage mechanisms. It will also fill out any irregular hollows, or bumps,
 
i.e. smooth them out, and they get a very good shine.
 

Harvesting will be done in one or two ways. Either bring the onions in to 
storage with the tops, string them up, and let them store; or cut the tops 
and roots off, put them in burlap bags, let them sit another four or five 
days in the field, (as long as there is: no. threat of rain) cure down, and, 
then-take them to storage.
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If thinking of the American or, export market there should be some type of
 
onion grading equipment so that sizing is done very accurately. Onions
 
for export are usually sized in about four or five groups., Usually from 2
 
to 2 7/8 inches, 3 to 3 1/2 inches, 3 1/2 to 4 inches, 4 to 5 inches, and
 
then anything over 5 inches in diameter.
 

There is also a good market in the United States which could stand the
 
additional transportation costs of Honduras' onions for onions.
boiler 

These would 
be white onions that are planted closer together, still in
 
rows, 
on beds, and only making about an Inch in diameter.
 

H. 	Storage. There are many ways to' store onions. I will enclose some
 
information on how to build drying equipment 
and refrigerated storage,
 
however, I think it will be a long time before we get 
to refrigerated
 
storage in Honduras. I would suggest, at this time, that we use the local
 
buildings in the areas onions are grown. 
 Hang them from the tops, just
 
about the way tobacco is cured. I think they will store three months this
 

way.
 

There is a lot 
of work being done on how to make simple storage in
 
Panama. When it is finished and tried we should make sure copies get sent
 
to Honduras. There is no sense redoing this work. These are simple sheds
 
with sun collectors, dryers, and 
other items that Dr. Mark Gaskill is
 

working on.
 

If, in a couple of years, the production of onions is a good enough state
 
of art in Honduras to try to ship to other countries, particularly the
 
United States, the product will have to be a very well cured, dry onion
 
for shipment. The onion will have to be free from roots, have a small
 
neck, and no flat spots on it larger than a quarter. In other words, do
 
not 	grow them too close together and have flat sides. The onions also
 
should have a dry outside skin, with some of the skin breaking off and
 
shedding during transit.
 

-12



In tropical areas this onion would probably have to go over some type of
 

dryer during periods of unexpected rain. If the weather is hot and dry
 

the dryer will not be needed, but inthe raIny areas there should probably
 

be one dryer set up to handle a thousand or so bags a day of onions coming
 
out of the field. There will be some drawings of these dryers enclosed.
 
They are in constant use in Texas during their early season, particularly
 
ifthere isan unexpected rain.
 

I. Marketing. The marketing of onions in Honduras is mostly done along the
 

roadsides and in the major markets. If onions are grown that can be
 
stored, itwill be necessary to have some type of a central marketing set
 

up so that the supermarkets and people who sell onions and other goods in
 
the markets can buy them.
 

If we are successful inproducing good yields of onions per acre, itwill
 
be necessary to be careful of not bankrupting the little farmer who is
 
only growing a hectare or less of onions and trying to make a living.
 
Onions are basically too expensive at this time in Honduras for the
 
average person. They need to be put on the market at a less expensive
 
price so more consumption will take place. I would caution about trying
 

to go into the production of too many onions inthe first few years so as
 

not to disrupt a social life style.
 

EXTENSION WORK
 

All through this report I have mentioned that there i's not a good set up
 

for experimental stations, universities and private sectors inthe country. I
 
think these people have tj be coordinated and get a big job done in a
 

relatively short time. Itwill be necessary for them to prove to the farmers
 
in the country that they can grown onions if they use a new system and grow
 
good quality onions.
 

Here again, I highly recommend sending one or two people from Honduras to
 



I 

see how onions are harvested, how they are grown, and what they can expect. 
The best time would be, as I stated before, around the first of May. I think
 

what they could learn in a week's time would benefit their entire country.
 

also believe that if we could get a couple of their people will versed 
in how the onions are grown and what to expect, that it would be better than 

sending experts down there. 

0053r
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The storage and handling of onions
 

APPENDIX I
 

INTRODUCTION 

Common name Onion 

Botanical name Allium cepa L. 

Family Alliaceae 

Other names Bulb onion, Cebolla, Cebolla cabezona, Cebolla hiievo, Oignon 

The edible portion of the onion is the bulb which consists of fleshy swollen leaf 
bases on asmall flattened basal stem. It has a natural period of dormancy, which 
varies with cultivar and storage conditions, but it will eventually produce roots, leaves 
and flowers. 

HARVESTING 

For long-term storage bulbs should be allowed to mature fully in the field. Maturity 
is judged to be when the junction between the bulbs and the green leaves becomes 
soft and the tops bend over. Storage losses of the bulbs at this maturity are normally 
lower than those harvested before the tops collapse (Stow, 1975). Hand-harvesting 
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tile lops by hand. 

Mechanical harvesting is commonly used and a variety of machines is available. 

Potato digging machines can be used which cut the roots just below the bulbs and 

pick them up on a chain conveyor (Plate 1). Other machines are available which can 

dig the plants from the ground, cut off the leaves and load the bulbs into a trailer. 

FIELD HANDLING 

Traditionally onions are dried by leaving them in rows in the field directly after 

harvesting. This is called 'windrowing', and they are laid out in such a way that the 
This is especiallyleaves of one row of onions cover the bulbs of the next row. 


important in the tropics where direct exposure of the bulbs to the sun will damage
 

them. With this method there must be a rain-free period to dry the bulbs. Skin 

staining can occur during field drying which may reduce the marketable grade of the 

bulbs. Onions may also be harvested into shallow trays which are then stacked at 

the side of the field to dry (Plate 2). In certain countries the bulbs are tied together 

in groups by plaiting the tops, which are then hung over poles in sheds to dry. 
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flulbs may be stacked in t~ays to dry in the field in Britain. The top tray is usually covtered with a waterproof 

sheet 



The purpose of drying isto remove excess moisture from the outer skin and neck of 
the bulb. This is normally achieved with weight losses of 3--5% (Thompson et al., 
1972). If carried out correctly it helps reduce infection by diseases and organisms; 
and minimises shrinkage caused by removing moisture from the interior of the bulb. 
This can be achieved naturally, as described in the previous section, by field drying. 
In countries where field drying is a problem, bulbs may be artificially dried either 
in a special drier or when they are loaded into the store. This method is commonly 
used where crops are bulk stored but it can also he appliud to bulk bins, bags or 
boxes. The method is to pass air rapidly through the mass of bulbs until the outer 
scales are dry and the necks are dry and tight. In Britain, commercial drying is 
carried out at 30-35°C, and less than 75% relative humidity (r.h.), with an air flow 
of 7m3/tonne/minute (Shipway, 1978). Other recommendations used, based on 
experimental, or semi-commercial observations, are for 46'C and 70-80% r.h. for 
16 hours (Thompson etal., 1972); or 70-80% r.h. with air at 15'C for 4 days 
then 27°C for about 10 days (Whitwell, 1970). If the relative humidity falls below 
60%, excessive water loss can occur and the outer scales will split (Bleasdaleetal., 
1969). 

STORAGE 

Various simple methods of storage are used. These may date back for generations 
and have been developed and refined. Examples of these include mud or straw 
cottages in the Sudan (Plates 3 and 4). These have a latted wooden stage inside on 
which the bulbs are piled up to about 1 m deep (Plate 5). They are constructed in 
such a way that they are ventilated by the prevailing wind passing through them. 
After 4 or 5 months storage by this method only 50-60% of the bulbs were 
marketable (Musa et aL, 1973). In Britain, windbreaks are still used to a small 
extent for onion storage (Plate 6). These are made in the field from a wooden base 
which allows a space below the onion stack. Stakes are driven into the ground 
around the wooden base and chicken wire is stretched between the stakes to a 
height of 1-1.5 m. Onions are placed within this cage, topped with loose straw and 
then covered with polyethylene sheets, which are tied down and weighted with bricks. 
The windbreak should be built with its longest axis at right angles to the prevailing 
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Plate 3 
Onion stot -n.id froma dun',; mud" io i ttaS60.111 "sir 
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For large-scale commercial storage onions are usually stored under refrigeratirn, the 
most commonly recommended conditions being 00C with 70-75% r.h. High 
humidities will cause development of roots in storage and promote rotting. Higher 
temperatures will rvsult in sprouting and encourage Botrytis rots. Other 
recommendations have been published, as follows: 

i)-3*0 C and 85-90% r.h. for 5-7 months (Wardlaw, 1937; Fedyuk, 1977).
 
0ii) -2 to -0.6'C and 75-80% r.h. for 6 months (Superba) (Udry, 1972).
 
(iii)-3 to 06Cand 70-75% r.h. for 6 months (Anon, 1967). 
(iv)-0.6'C and 78-81 % r.h. for 6-7 months (Wardlaw, 1937). 
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Plata 5 
inside view of Sudanese onion store showing bulbs stacked on asimple bamboo structure 
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PltIt) 6 
Windbrake' oati~in stor. u id occasionally in Britain 

(v) -'C 'arid 75-85 r.h. for 6 months (Shipway, 1978).

NOi O"C and 65--70% r.h. for 6-P. months (Globe), 1-2 months (Bermuda)


(Lutz and Hardenibury, 19683).(vii) 0. ad 70-75?%r.h 20-24.forweeks with 16.3% loss (red) (Pantastico, 1975).
(viii) V0Cand 87%/' r.h. (WhitwL'lI, 1969).

(Ox) 1.1C and 70-75',, r.h. for 16--2Oweeks with 14.2%0 loss (white) (Pantastico, 1975). 

Somte of thim'je are thi restil [-; of rv-qwrimnents desirinrd to te~st thli ex tremeiis of
conlditions which call I),.- tolerat:i~f by onions whilst otlhers may apply to virioties 
pec.l iir to cfrrtain locili tif-.. 
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Plate 7
 
Bulbs stacked inshallow trays in a refrigerated store
 

Bulbs freeze below -30C (Kolesnik and Ogneva, 1969). Storage at temperatures
between1C and about 25C resulted in sprouting (Stow, 1975). High temperature 
storage in the order of 20-30- Chas been studied but the high level of desiccation 
and rots suffered by the bulbs, mclans it Would probably be uneconomic for long
periods (Musa et a/, 1973; Stow, 1975). Bulbs are stored either in boxes (plate 7)
net bags (Plate 8), bulk bins (Plate 9) or loose bulk (Plate 10). The problem with
the first three types of container is that if they are too large, air tends to circulate 
around rather than through them and the respiration of the bulbs rcsults in a warm, 
humid environment in the centre of the container, giving rise to decay or sprouting.
Also, in large stores the capital investment in boxes may be very high. In bulk storage
the bulbs are stacked directly onto the store floor to adepth of about 3 in. Air is 
forced through the stack either from ducts set in the floor of the store (Plate 10). or,
where these are not available, through ducting- laid on the floor of the store (Plate 11). 
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Plate 8
 
Bulbs packed innet bags for marketing
 

The ducts may be made of welded steel mesh or wood and Pre spaced at about
 
1 m between centres. Air is passed throuh these ducts at abot 2-3 m/tonne/
 
minute. 

Air ventilatcd stores have been tried experi"ntily. These. involve a differential 
thermostat which switches on the fan to blow air into the store when the outside 
temperature is lower than the store tenprat.r.... Thee can h us.d in place of, 
or as aSupplement to, mechanicil refrigeratiori diipending on thp amibiont climate. 

In the fie•l the bulbs can be transferrr.'I in 100nJ. ul"'< dirr';I y fromu th." c'anicaln 
hairvestt.r to a tra iler runing alou lj-kV! it (Pki 1) in vihich ti uey dru then ta!<on to the 
store en trance and tipdin to a li *r. They in! quafiy U/r~ided ias the', J).is along 
conveyor bilts from tht! hoppr-i (ri.;*, 12) to 7!ri !!1,.! 'or wh ich staicks them directly
on to the floor of Cl stor.r (P. 10). Bu" .; .11"!! 1 .1y adrop of 30 cm onto 
a hard surface (s.r.b.iq, 1905) • rr r- ,it h. to rc:tri-t th . h ei -ht 
of fajll during 1ll the h-in dhirinqi(.t~I 
8 
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Plate 9 
Bulbs in pallet boxes ina refrigerated store 

CULTIVARS 

The various cultivars tend to assume the same relative position for storage quality
regardless of storage conditions. Poor keeping cultivars generally have a low dry 
matter content, low soluble solids, low pungency and a high rate of water loss 
especially in the period immediately after harvest (Thompson et al., 1972). This 
results in softening and shrivelling. Such cultivars are frequently more susceptible 
to storage rots (Magrudereta/L, 1941). Examples of cuitivars which show high 
storage losses are lt.ilian Red and the various Early Grano types. Cultivars which 
store well include the Creole types, Australian Brown, Pukekol-e Langkeeper, Mako, 
Southport Globe types, and many Denvers cultivars. Giza 6 was developed in Egypt
to produce well under hot 6ry conditions and to withstand rough handling and long
distance shipinnt. In the Sudan the cultivar Wad Rainli is stored fu.r several months 
in hot ambient conditions (Musa et aL, 1973). 
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Plato 10 

EBulbi being loadtd into a bulk onion store 

SPROUT SUPPRESSION 

Various chemicals and gamma irridiation have been shown to prevent sprouting of 
onions during storage (Thompson tot al., 1972). The most commonly used chemical
is maleic hydrazide (MH), which is -ipplied to the onions as a foliar spray in the field
before harvest. It may be applie~d at the rate of 5.4 litres of 36%X active ingredient
preparation in about 600 litres of water per hectare (Thompson et al., 1972). This is
generally done when 30-50%1' of the topi have fallen over, but in any particular
situation the exact time and rate of application shouLldr be strictly in accordance with
the mianufacturer's recommiendation. The use of NIH isgoverned by legislation in
several countries and this must be consulted before it isused. 

PACKING 

The conventional package for onions is a net bag, typically 750 mnm long and 500 mm
wirlt holding 25 kg (Plate 8). Mu:;t nets are produced by knitting' to'jeth- r one of
the pri ci pal yarni (cotton or pol ~otliylone! tape). The kniit ta Itfabric nmay be 
forri, 9d into a ha'j is pairt of the~ knitting process or by seaming i-in-j rolled seams and 

0thI-iewi ijusuially a dr.1w. stri ik inicorpora ted at the mouth of the bag to 
10'7 
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Plate 11 
Typical layout for on-floor d~ier and store for onions 

facilitate closure. Bags can also be made from tubular extruded plastic net, normally 
of high density polyethylene, or from a light-weight hessian fabric. Red or orange 
fabrics are customary to enhance the appearance of the onions, A printed label may 
be bonded around the middle of the bag to enable brand identification and other 
information to be attached. Net and jute sacks are light-weight and allow good 
ventilation. 

DISEASES 

Neck rot/Grey mould: 8otrytis ali Munn (also S. byssoidea Walker and B. squamose 
Walker) 

The disease may develop at any point of the bulb, but it ismost common on the 
damaged neck tissues. Affected areas develop a brown soft rot followed by a dense 
cover of grey/green powdery spores. 

This storage disctse iswidespread where onions are grown. The infection is seed
borne and evidnce suggests theie is no bUlb to bulb transinission during storage 
(Maude and Presley, 1977). Good control of the diseasehas been achieved by 
dusting seeds before planting with benoyl at a rate of 1 g active material per 
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conveyor which separates out dirt and undersized bulbs, then along a conveyor to the elevator shown in Plate 10. 

kg of seed. This seed treatment should preferably be carried out by the seed
merchant as soon as possible after harvesting. 

B!3sal bulb rot: Fusarium oxysporum Schlecht ex Fr. 
This isasoil-borne disease which can affect onions at any stage of development and 
causes death of seedlings (Walker and Tims, 1924). It isessentially adisease of warm
climates. If the roots and basal plate of the growing bulbs become affected at a latestage of development, infected bulbs which show no external symptoms may be put
into store. Where they are stored at ambient temperatures, bulbs will quickly develop
apoft semi-watery rot and event~lally become desiccated empty shells. 

An effective field treatment to control this disease has not been devised.
Experimentally, dipping the seeds in asuspension of benomyl (1000 ppm) for 15
minultes has given adegree of control. The fungus isbelieved to survive from season 
to season in the field on weed hosts. Holding the bulbs under refrigeration at 0-10 C
inhibits the development of basal rot in storage. 

Bl~ck mould: Aspergillus niger Van Tiegh 
This diinri 1! isclxirn'cterizted by the appearanco;, during storage, of black powdery
spor? nmis; on the outer scales of the bulb[S, Cef)wAilly along the vascular strands of 
veins. 

Althoughi the di.-ease may be severe locally it isnot generally devastatinig enough to 
warrant sp..ciall conitrol mea,,sures. White onions are somewhat less susceptible thanl
colourorl variaties and tho dilniease iscontrolled whe.n onions are kept in cold storage
at 0 -i"C. 
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APPFNDIX II 

INFORMACION DE INTERES CON RELACION AL SECADO DE LA.CEBOLLA
 

Esta informacion se refiere a las facilidades (construcciones) requer.i

das para el secado, almacenaje y clasrficaci6n de las cebollas. Tradicio

nalmente, la cebolla. se deposita en edificias con ventilacl6n adecuada y,tdeposita 4 A sbre una tarima ent .vliillada sabre el pisoycbertizo aber.to 

al frente,
 

Otra forma de secado consiste en dejar secar la cebolla en estantes pro" 

tegidos de )a Illuvia y a travgs de los cuales el aire pueda soplar, y circular 

libremente. 

Los m~todOs modernos de cultivos y cosecha,, con frecuencla a gran-escala 

requieren diferemtes formas de secado. 

Las cebollas cosechadas son 
trardas dentro de los almacenes oedificlos 

despues de estar alg6n tiempo puestos ,a secarenrmontones ohileras en el cam

p0. 

El espacio de tiempo que sigue a la cosecha variara de acuerdo a varios
 

factores .:.no son: ]as condiciones de la propia cosecha4poca tiempo de le

vantada y otros, pero es importante que la cosecha entre tan limpia y sana
 

crn-o sea posible,,
 

Antes que cualquier forma de almacenaje sea intentada, la cebolla debe ser
 

secada y para eso ia ventilaci6n forzada serS necesaria. Los principios del
 

secado estan descritos e ilustrados conjuntamente con algunas alternativas en
 

los pianos en uso actualmente.
 

En la mayorla de los casos, el almacenaje contina en-el mismo lugar donde i1 



la cosecha ha sido secada sin futuro mOvimiento hasta el-momento delsu venta.
 

En otros casos no obstante,.se puede proveer almacenaje aparte siesta con

dici6n existe.
 

Atn cuando se 
ilustran varios disefios de construcciones para almacenaje,
 
recor c es 
 ..
debe/ 
 que el metodo seleccionado: 
deberg estar relacionado con el
 

sistena de secado empleadoi, el 
per'odo de tiempo en que la cosecha es mante

nida en la finca el 
nmero de lotes diferentes .ymrntodos de distribuc6n.
 

Los edificios para prop6sitos separidos de secado y almacenaje son tra
tados individualmentepar razones de claridad y se yen algunos ejemplos de
 
pianos conpletos en relaci6n con 
la materia de clasificaci6n y despacho. 
Va6
rias alternativas se dan a los dlsefnadores y pueden ser modificados o selec-
Con v i9,enl/C1. . 
cionados a
 

El 
aspecto econ6mico de los ediflcios o facilidades para Ia cebolla no se
 
discute en esta 
informaci6n pues se asume que antes que se tome una decisi6n para
 
su construcci6n 
se haga un estudlo de factibilidad previo para asegurar el mejor
 

uso de troos los recursos.
 

Secado: Esta bien establecido que si 
las cebollas se han secado bien en 
el
 
campo, antes de depositaria en el edificio, el proceso inicial de secado puede
 

ser completado en tres dfas ventilando la cosecha a raz6n de 250 pies c~bicos cle
 

por minuto por tonelada, tomando mis tlempo cuando la cosecha es 
humeda. Du
rante el 
secado sera normalmente necesario calentar el aire ventilado y en 
fa

ses posteriores )a recirculaci6nes/tambien necesaria.
 

Secado a granel:
 

Se pueden describir 3 mentodos que se 
ilustran:
 

http:obstante,.se


-----------------------

tJcnde 
Ia clasificaci6n se 
lieva acabo enel mismo edifico del almracenae. pero ambas 

situaciones se encuentranen Ia practjca. Si Cebolla es emoaidR A1_n S., a 

:7ala y se va a mantener Un t empo largo en el local, los sacos oueden coincarse en 

]a parte atris del, mismo,.yyen.lugar ventilado para mantener Ia cebol Ia. en buenas con

diciones. 

Cuando los operadores u obreros estan trabajando es importante porveer condiclo

res confortables lo cual envuelve el hecho de que los locales deben estar alslados y
 

irescos. Las fig. 10 ylI ilustran lo que podria ser un 
local ideal para las operaclo

nes aunqu. 
se pueden hacer cambios para adaptarlos a las condiciones locales.
 

Datos de interes-


I La cebolla seca cupa un volumen de 70 pies cubicos (2 M3 aproximadamente) 

por tonelada. 

L.- a hurmeda:con: la coronil la ocuoPa un ,volumen de110 piescbcosLa cabol 


(3.1 M3 'aproximadamente),.port onel ada, 

3.- La maxima aItura, a que s puede apilar 0amontontnar-a lcebola es:de 10 

pies (3.M..aproximadamente). '
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APPENDIX III
 

PICTURES OF DRYERS AND SOME OF THE EQUIPMENT USED IN ;THE 
DRYERS IN TEXAS.
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"1117 UMMERUNIT 
APPEN)TXIDAPTS -3 AY 

.::NDABLE PRODUCTS THROUGH RESEARCH \ II'M *-AN TNIT 

.urnor Units come in "24" *jnd 26" -imeters. Epecial adapters for other aiameters of Dryer Housings. 

SULLY AUTOAATIC 

I3 

":' 

"' 
 ,-

W,,
 

1'0 ,qe"avv :;ae -ii !4ia 'ousing 

.,w :rocess znamei coating ::r . 3nnq ....
 
-.aiC:3 ::t rher Iha Gunl,/pe w:..ir ar, .in-r/pe a.th
Sun.Steel Flame S'preaaer 
:maerature compensated ',utomanlc .,aTmr ntrol svsrem with 3lectranic burner ignition. 

~IcesDevi 

-r,,wch.oaisconnect power to t.urner cn-. s autonai C irontinuous electronic ignition forjLXi-I em" inurn cietv ind ccnvenlence.
 
llmilts,,nt 
 rwitch to provide rither . iutom.,tic - IYN t-!rnocrature flame rod* ... .mr'.,rnmntron. to scn,.e flame-.fl no

' :ressure rqrulator r -nre .-:,..te'.uia[non. j the tanirpr-rature romoensated time delay iwitch . fo:cj valve (5year coil iuaranteel .*no rjula. .i.s'.vo TUrncIrons:* ,r -:esignecl :- operate ,- tink . ::ssures"':ereov>.,n,,i. rliminati mnairtl tir,ng switch. 
•s:r ".iereon :e rei :;r 3 ?ank 3. :ot ausein o' , 5m .D)I shut (,own trurner control sys!erril !er line. ,n
nrse or turner misfire.i-"l ".Set ,:::M :mit 'wilc* ") "nlJt :vS-- '-,.,vn 

.e :-.crs nccks a :;cver ")r n.,ater is connected o motor side or- n .'-ke :,,),r .:se of .'.Ontir .virc :ch insure burner -r.,jt down IutO
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Electric I t coils art Humidistat con

,olled to add a few degrees of heat 

"' ;)nlv mlen nuaor Relative Humidity 
,iucn "tho "!" M0 m 

:":4 " i ir. Now you can N/atural ,Air Dry 

-+., , "'+/" . grain %,ndferauverse w:Ie ~ dhu 

ECONOMICALLY! 

.. 1iivier JrVI90'An = Volt Hearing Elements 

:.cctr:c f:,:at Dryinf, Wciers ttr. a . ;, ot oilling the bill 
.t; .us ',:,01 . ler withoutl rtz; . : ,, ,;rewous .. rain 

n *r- oin m+'ing (Irved. ',Nill riot ovr .,- , '; .,/r 
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" Units of l all sije$ for" 
.4 I centrifugal jopfica. 

lions? E) Z j :A3J2Cr anufacturing Co. Inc. 
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4AXIAL FANS 

1750 RPM FANS
 

LIST

MODEL PART NO PRICE HP :DIA PHASE VOLT WT,
 

*TF16-1.5-1 174-1-0022 
 507.15 1.5 16". 230
1 50

*TF16-1.5-3 174-1-0023 502.95 16"1.5 3 230/460 63
 

*TF1-3-1 174-1-0024 675.15 3 1 145
18" 230 

*TF18-3-3 174-1-0025 656.25 3 
 18" 3 230/460 150
 

A*TF38-7.5-3 100-1-0193 
 21'59.00 7.5 3
38"- 230/460 250

**'ry38-15-3 100-1-0194 3115.00 
 15 38". 3 230/460 285
 

,*'T38?-0o-3 100-1-0195 
 3342.00 20 38" 3 230/460 313

N*TF3-25-3 100-1-0196 3592.00 25 38"' 3 230/460 
 413
 

alnits include: Heav -auge steel housing with angle ring both ends, cast
 
liuminum olade, tocailly enclosed motor, heavy steel 
screen guard and
 
:apered bushing.
 

**Same as * except has open-drip oroof motor. 
Also includes magnetic starter
 
uith electric line heater strips pre-wired at factory. Motors have internal
 
thermal protection.
 

All units eiamel painted. 
 Available in hot-dipped galvanized. Contact
 
Middle State Manufacturing for galvanized prices.
 

All fans are factory tested under static pressure and inspected for correct!
 
=perage draw and proper blade balance.
 

All units shipped in cartons.
 

'-3
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GAS FIRED FOR AXIAL FANS
 
LIST 1 

-MODEL PART NO 
 PRICE DIA FUEL"' 'BTU- WT 
-

HTFG-IV-24 
 104-1-0149 
 829.05 
 24" Liq. Prop. 500.000-2,000,000 85
HTFG-VP-24 
 104-1-0228 
 540.75 24" Vap. Prop. 
 500,000-2,000.000 
 ?0
HTFG-IV-MV-24 
 104-1-0153 1072.65 
 24" 1,1q. Prop. 500,000-2,000,000 90

$TTC-VP-MV-24 104-1-0230 784.35 24" Vap. Prop. 
 500,000-2,000,000 
 75
HTFG-NG-24 
 104-1-0150 624.75 
 24" Nat. Gas 500,000-1,500,000 
 70
HTFG-NG-MV-24 104-1-0154 .868.35 
 24" "Nat. Gas 500,000-1,500,000 
 75

HTFG-IV-26 
 104-1-0151 
 941.25 
 26" Liq. Prop. 500,000-2,000,000 
 90
tTFG-VP-26 
 104-1-0229 
 575.40 
 26" Vap. Prop. 500,000-2,000,000 75
HTFG-IV-HV-26 104-1-0155 1185.45 
 26" Liq. Prop. 500,000-2,000,000 
 95
HTFG-VP-MV-26 
 104-1-0231 819.90 26" 
 Vap. Prop. 500,000-2,000,000 
 80
HTFG-NG-26 
 104-1-0152 
 653.10 26" 
 Nat. Gas 500,000-1,700,000 
 75
HTFG-NC-MV-26 
 104-1-0156 896.00 26" 
 Nat. Gas 500,000-1,700,000 
 80
 
.HTFC-IV-MV-38 
 104-1-0001 
 1009.00. 
38" Liq. Prop. 500,000-2,000,000 
 100
HTFG-NG-MV-38 
 104-1-0002 1309.00 38" 
 Nat. Gas 500,000-1,700,000 
 10
 

Units include: 
 Heavy gauge steel housing, angle ring on each end, gun burner with
t
ccbuscicn air tubes, 
1/2" ?iumbing, 17" 
target, air straighteners, propane 5/32
irfice (jaditlonai 3rifice sizes are 
available), pressure regulator, pressure
zsue, ;oienold valve, 
'lame 3ensor, air switch, gas strainer, and test light.
 

:nics enamel painted. 
 Available in hot dipped galvanized. Contact Middle State
Manufaccuring for galvanizea prices.
 

115 Volt heater controls must be interlocked to the fan through the fan's magnetic

starter.
 

IV models include liquid and vapor 3olenoid valve. plus liquid propane vaporizer.
 
rl models include factory installed modulatingRvalve.
 

NG burners require an 
upstream regulator (supplied by gas company) installed within
 
10' 
of the burner and 3 lbs. continuous ininimum gas pressure.
 
.:wnstream high limit 
(manual reset) is supplied with all burners. Instructions
fcr installation are 
in the Instruction Manual suplied with the burner.
 

*Al: units shipped in cartons.
 

:All gas heaters are factory tested to assure 
field performance.
 

Effs .6-83
 



_ _ _ _ _ 

1l/_ 

IMI 

~T tr~uI i-ll r1-il ihi~-i~hr-ihr-iI'V ~z~ _ _ _ _ _ _ _ _ ......... _ 


oo 
I~IiJ~LiLL~ 



i be 

.D . o.:,. c .L.' T. :.,'-:v 

I --



JChN CALANDRI FARMS APPNDIX VI
 
42016 IVESGROVE DRIVE
 
LtANCASTER, CA 93534
 

March 07," 1984 -

Archie Desert
 
Arco Seed Company
 
P. 0. Box 181
 
El Centro, CA 92244-0181
 

Dear Archie,
 

Art Caston asked me to prepare some photos for your 'trip to 
Panama
 

We also hope you are enjoying your
and I hope these will be adequate. 

visit and are learning muoh.
 

To begin with the secret to storing onions is the quality that 
goes
 

If bad onions go in, poor quality onions come
 into the storage facility. 

Sorting is of the utmost importance.
cut. 


Next we feel temperature and relative humidity must be controlled
 
Also air movement must always
 very closely. (see additional articles). 


ze maintained to circulate cold air into potential "hot" 
spots.
 

There are 6 per 10,000 sq.
(#I).
:he inclosed photos snow our coils 

There are many other types and
.et, :isolar.in e32,000 B.T.U.'s per hour. 


I might add there
:ch operator needs to know his specific needs.
_:s. ..

re ot.ner types or cooling systems used throughout the United 

States and
 

Canada, but I'm sorry to say i'm not familiar with them. The Department of
 

I believe the Directors name is
 Agrict'lture in Canada could assist you. 


-at Val!. Each area must nvestigate tie hiost economical methods. 

Photo #2 sha.,s how we "rack" the onions. You can see they are all
 
Some parts of the
palletized anywhere from j6 to 40 sacks per pallet. 


Both of these
United States store onions in bins :ind some in bulk piles. 

the onions are to be regraded. It


:eeahods are successful. Especiall, LZ 
Note there
isa nrcn less expensive method. We -tack ours 3 tiers high. 


are air aisles between each pallet.
 

Photo
Pictures 3 thru 7 are just ctner views of product in racks. 

Coils are well above product to
48 is a top view looking over total room. 


prevent freezer burn and promote air circulation.
 

Hope these help you out. Enjoy your stay.
 

Sincerely,


59 a.0A4& 
66ohn A. Calandri
 

-47
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23-10 SECTION l. REFRIGERATED WAREHOUSE PRACTICE 

itv of strawberry plants. bare-root rose bushes and 
,'trtiii other uiuriery stoc:k in stornge. Strawberry 
plawts can be stored up to Ii months in polyethylh~ne-
lined crates, 

NUTS 

See Chapter 27. 

Nmuch 

A comparatively low elative humidity is essential 
in the successful storage of onions. At higher humidi-
ties in which most other vegetables keep best, onions 
are disposed to root growth and decay asid at too 
high a temperature sprouting is encouraged. There-
fore, a storage temperature of 32 F with a relative 
humidity of 70-75% is recommended to keep them 
dormant. Onions in cold storage are usually held in 
50 lb mesh sacks which are best piled in pairs laid 
crosswise of each other in s.acks five or six sacks high. 
passage are setandonspaceddunnage strips to allow airbeneathThe stacks a few incies apart o 

allow further air circulati)n. Onzon .sets require prac-
ticallv the same temperature and humidity conditions 
as onions, but since they are smaller in size they tend-i nonbtsic he r malrinsz he ed 

to pack more solidly. They are handled in approxi-matelyv 25 lb bags and shouid be stacked to allow the 
maximum of air circulation. 

.. ORANGES 

PAPAYAS 

Papayas should be ripened at 78-86 F to a firm ripe 
condition before shipment or storage. This usually 
requires one to six days. The best shipping or storage 
temperature is 45 F and tii,: fruit .iiouhl keep for two 
1o three weeks without unnue decay. ,Inthracnose is 
:.e ,)rir ipal ,chcav ol stored papiyas. 

PEACHES 

Peaches can be stored for onl %siort rcriods. How-
ever, if well matured but not ovcrr-,e. they can be 
held at 31 to 32 F for two to four i vets. Deterioration 
is marked by loss of flavor and hriwht natural color 
and by browing of the flesh, esr,c:iallv around the 
pit. This deterioration occurs mucii more ratoidly at 
36 to 40 F than at 31 or 32 F. 

PEARS 


See Chapter 24. 


POPCORN 
at 32-40 F and at a rela-Popcorn should lie storedSsfc'r 

tive humidity of about 85r. For oltiinm Ipping 
cnnditioii a moisture content of about 13.5:,) is de-
sirable. The above relative humnclitv ,Iiould maintain 
.diout this amount of moisture, 

PLUMS AND FRESH PRUNES 

Plums and fresh prunes are not stored extensively 
and are not adapted to long storage. Abundance, Wild 

Goose, and varieties of the Damson type store I 
than the softer-fleshed plums. such as Santa 
Bcauty, Wickson and Duarte. If held longer 
about three to four weeks, even at 32 F all var, 
become too ripe for commercial handling and 
somewhat in flavor. Italian prunes, if held It 

than about three weeks, are likely to develop into 
breakdown as well as abnormal odor and flavor. 

confidence should not be placed on the apl 
ance and condition of the fruit while it is in stoi 
as more deterioration, decay, shriveling, and int 
browning may take place within three days . 
removal from storage than during the, whole sto 
period. 

POTATOES
 
Early crop potatoes are usually not stored ex,
 

during congested periods. They should be conid, 
as perishable and not be expected to keep as we, 
as long as late crop tubers. Refrigerated storapi
50 F following a curing period of a few days at 

80 F is recommended. If early crop potatoes ar, 
be used fr chipping or french fying a storage ,
perature of 70 F is recommended.Late crop potatoes should keep in sound dorm 

Lateo atoe so ein ond domcondition at 40 F for five to eight months. A tempt 
ture below this is not desirable except for seed st, 
for late planting. For this purpose 38 F is best. 
40 F or below Irish potatoes tend to become sw 
For-ordinary table use potatoes from 40 F are sa" 
factory but they probably will be unsatisfactory 
chipping or french frying without being desugared 
conditioned at about 70 F for one to three wet 
previous to use. Potatoes will remain dormant at 51 
for from two to four months, and since tubers fro 
this temperature are more desirable for both table t 
and processing than those from 40 F it is reci 
mended that late crop potatoes for use within Io 
months be stored at 50 F and those for later use 

40 F. All potatoes should be stored in the dark. Tb 
should not be kept in the same room with fruits, nu! 
eggs or dairy products because of the objection 
flavor they may impart. 

POULTRY 
Frozen poultry should be stored at 0 F to -I1 

with the temperature maintained as constant a 
possible. Temperatures of from -20 to -40 F s, 
desirable for the actual freezing operation. UTnd' 
optimum conditions, broilers. fryers and ro.0tr" 
(New York dressed) can be held without apprcciN 
deterioratinn for six to nine months. Read.-to-co 
chickens packed in institutional packs with From 
qu.Llity liners should remain in satisfactory cnndit$M 

9-10 months, and similar classes of hird, in,"
veiru'lly wrapped in film should hold up in 
for 12-1 months. Improper handling during $: 
of the processing operations could materially irdbV 
these safe storage times. 

When frozen poultry is held under severel" IIuc 
ating temperatures, evaporation of moisture fIrom tl 

skin may be so great that it causes light O4 
pockmarks to apoear. Such a condition is Ct'W 
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rage Specific Specific La 

Commodity 
Storage 
Temp, 
F 

Relative 
Humidity, 

% 

Approximate 
Storage 

Life 

Water 
Content, 

% 

FAez-
rig 

Point,
F 

Heat 
Above 

Freezing' 

Heatef 
Below 

Freezing, 
(cut. 

Bae 

Lamb-Fresh 
Frozen 

Livers-Frozen 
Pork-Fresh 

Frozen 
Smoked Sausage 
Sausage Casings 
Veal 

Mangoes 

32-34 
-10- 0 
-10- 0 
32-34 

-10- 0 
40-45 
40-45 
32-34 

50 

85-90 
90-95 
90-95 
85-90% 
90-95 

85-90 
85-90 
90-95 

85-90 

5-12 days 
8-10 months 
3- 4 months 
3- 7 days 
4- 6 months 

-
-

5-10 days 

2- 3 weeks 

60-70 
-

70.0 
35-42 

-

70-80 

81.4 

28-29 
-

-
28-29 

-

---

28-29 

29.4 

0.68-0.76 

-

0.48-0.54 
-

0.76-0.84 

0.85 

0.38-0.51 

-

0.30-0.32 

__ 

0.42-0.51 

0.44 
I 

86. 

5(k 

100-1 

111 

Melons 
Cantaloupe and Persian 

Honey Dew and Iloney Ball 

Casaba 
Watermeluns 

Milk. powdered 

Mushrooms' 

45-50 
45-50 
45-50 
3&-40 
32-40 

32-35 

85-90 
85-90 
85-90 
85-90 

Moibturcprool 
containers 

85-90 

1- 2 weeks 
2- 4 weeks 
4- 6 weeks 
2- 3 weeks 

several weeks 

3- S days 

92.7 
92.6 
92.7 
92.1 

-

91.1 

29.9 
29.8 
29.9 
30.6 

-

30.0 

0.94 
0.94 
0.94 
0.97 

-

0.93 

0.48 
0.48 
0.48 
0.48 

-

0.47 

13. 
3.1 
132 
131 

iJ 

Mushroom spawn 
Manure spawn 
Grain spawn 

Nursery stock iTable 4) 
Nuts (Chap. 27) 
Oil (vegetable salad) 
Okra 
Oleomargarine 
Olives fresh -

Papayas 
Parsnips 
Peaches 
Pears (Chap. 24) 
Peas.green 
?eppers, 3weet 
Peppers, Chili (dry) 
Persimmons 

34 
32-40 
32-35 
32-501 
35 
50 
35 
45-50 

3232-34 

45 
32 
31-32 
29-31 
32 
45-50 
312-40 
30 

75-80 

75-90 
85-90 
65-75 

-
85-Q5 
60-70 
85-90 

7-75 
35-90 

85-90 
90-95 
85-90 
85-90 
85-90 
85-90 
65-75 
85-90 

8 

2 weeks 

3- 6 muntils 
8-12 months 
I year 
7-10 days 
1 year 
4- 6 weeks 

6- 8 months 
8-12 weeks 
2- 3 weeks 
2- 6 months 
2- 4 weeks 

._. 

1- 2 weeks 
8-10 days 
6- 9 months 
2 nonths 

.. 
3-6 

0 
89.8 
15.5 
75.2 

87.5 
87.2 
90.8 
78.6 
86.9 
82.7 
74.3 
92.4 
12.0 
78.2 

-

.... 
-- 0.22-0.25 

-
28.6 0.92 

- 0.32 
28.5 0.80 

30.1 0.90 
28.0 0.90 
30.1 0.82 

29.8 0.84 
29.6 0.90 
27.7 0.86 
30.1 0.79 
30.5 0.94 
30.9 0.30 

27.S 0.84 

0.21-0.22 

-
0.46 
0.25 
0.42 
0.46 

0.46 
0.47 
0.46 
0.46 
0.45 
0.42 
0.47 
0.24 
0.43 

4-4 

-
121 
2. 

10 
iU, 

174 
.R 
1:: 
12: 
it 
10€ 
13: 
1: 

iI: 

iature green 
Ripe 

Plums, including fresh prunes 

Pomegranates 
Popcorn. unpopped 
PotA-,ES 

Early crop 
Late crop 

Poultry (Chap. 2 and 16) 
Fresh 
Frozen. New Y4)rk dressed 
Frozen, eviscerated 

Pumpkins 
Quincs 

LS0-60. 
40-45 
31-12 
34-35 

j 2-41 

"-S5 
;3-S' 

2 
- If-0 
-10- 0 
50-55 
31-32 

85-90 
85-90 
80-85 
85-90 

85-90 
85-90 

-
-

-

")7 
z.5-ViJ 

3-4 week 
2- 4 wek. 
3- 4 weekst 

2- 4 months 
--

-

-_ 

I week 
6-9 months 
9-10 muiIs 
2- 6 months 
2- 3 months 

-. 

85.3 
85.7 
-
13.5 

-

77.8 

74.0 
-
-

90.5 
85.3 

1 
29.7 
28.7 
26.5 
-

30.0 
29.8 

27.0 
-
-

29.9 
28.1 

0.88 
0.88 
-
0.31 

-

0.82 

0.79 
-
-

0.92 
0.88 

0.45 
0.45 

-
0.24 

-

0.43 

-

0.37 
-

0.47 
0.45 

12. 
1V 
-
IV 

ItI 

1 

-

IX 
122 

Radishes-Spring, bunched or 
prepackaged 

Winter 

32 
32 

00-09 
'i0-J 

10 (lays 
2- 4 months 

93.6 
93.6 

30.1 
. -

0.95 
0.95 

0.48 
0.48 34 

Rabbits 
Fresh 
Frozen 

32-34 
-10- 0 

'0-95 
90-9S 

I- 5 days 
0- 6 months 

-
- -

-

-

-

-

Raspberries 
Black 
Red 
Froaen (red 

Rhubarb 
Rutabagas 
s.dsify 
Spinach 

or black) 

31-12 
31-i2 

-Inf 
- 0 

J1 
32 
32 
32 

85-90 
35-90 
-

90-95 
90-95 
90-95 
90-95 

7 (lays 
7 days 
year 

2- 3 weeks 
2- 4 months 
2- 4 months 

10-14 days 

80.6 
84.1 
-

94.9 
89.1 
79.1 
92.7 

29.4 
30.3 
-
29.9 
29.7 
29A 
31.3 

0.84 
0.87 
-
0.96 
0.91 
0.83 
0.94 

0.44 
0.45 

-

0.48 
0.47 
0.44 
0.48 

3:I 
-

a: 

13: 

Squasa 
Arorn 
.,n,.' 

45-50 
3'."--t. 

75-85 
: 

4- 5 weeks 
10-11 . .s 

.. I ,1 

-
'S 0 
. 

0.0 
30.4 
79.1 

fl94 
.A 3 .. 

-

. 
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CHAPTER 34 1978 Applicafions iandbook 

ris on the outer id leaves. but in severe cases 
allleaves. Conrr ,d:There is no known control 

.. ±J,bro'.n areas along the edges and tips of 
l! -;s is considered to be of field origin, but occa-

c ic%,erity of the disease increases after harvest. 
etp me affected stock well.cooled and market it 
ter ,iioading to avoid secondary bacterial rots. 
"pit ?o (see Table 4, Note 4). 

rate is hardly used for most kinds of melons except 
mporartly adverse market conditions. 'o avoid 

wlling, most melons are stored at 7 to 10"C with 85 

snouid keep at this temperature range for up to 
ioneyaews for two to three weeks; and casabas 
six weeks. It is reported that these melons will be 

njurcd in eight days at temperatures as low as O"C. 
are usually given an 18. to 24-h ethylcne treat-
mR/k?toobtain uniform ripening. Pulp tempera-
Sbe21"C or above during treatment. loneydews 


ature when harvested; immature melons fail to 
iftreated with ethylene. 
aDes
harvested at the hard stage (less than full slip) 
aoout 15 days at 2 to 4C. Lower temperatures 

cniiiing injury. Full-slip hard-ripe cantaloupes can 
a raimum of 10 to 14 days at 3 to 4'C. Canta-
precooled by hydrocouling or forced air cooling, 
ing, or by top-icing after loading in railcars or 


i 

ion5 are test stored at 4 to IOC and should keep 
!nr,.e'eeks. Watermelons decay less at OOC than 
n-y tend to become pitted and have an objec-

'r ,:ter one week at 04C. 
'a .,ot: Irregular. circular, brownish spots, 
wit concentric rings, later covered with black 

n tound on melons that have been chilled. Control: 
ing temperatures. II cold melons are to be held at 
erai.rc. trhev ,nouitd be costacked that condensed 
il e%i 'orate reaailv. MarKet melons oroinoilv. 


S; ',uiner, js -reenish.
L'.n~ero~rcnum : 
-!n ct:o.w enters. iater Sriuken aid covered 
:.ore masies. Control•" Apply recommended 

,or...urcs. 
,.miurv" Honeydew and honeyball melons stoted 
kor hongcr at temperatures of 0 to I C sOnlctiit" 
iire,4ular, water-soAked. sticky areas in the riin. 

re nicons at 7 to 10C. 

-,um Hot: Small black shallow spots later covered 

green mold. On cantaloupes, this rot is evident on 

allow areas at the stem ends. or at points of con-

n mehons, and can be rubbed off easily. Control.: 
i,.,i:.;ire t..e;me as for Alternuria rot, above, 

,.',: ruJn atcas on white melons, white or pink 
nde imie spots on green melons. Affected tissue is 
ill..ith white or pink mold. Control: Avoid 

iniuri ,. reducecarrying temperatures to 7'C. 
thimiRot" Brown. slightly sunken areas; later 
.',.!d covered with a wet, appressed. whitish 
"rt Cull out the atfeeted.fruits during packing. 

' tinr.raitures to 7'C. 
tlfit.rhe affected melon is sout. but not soupy 
.oin similar decay on other vegetables. Coarse 
. sjhe demonstraed in decayed tisue. (See 

e ti 
I of.:t n. fairly firm dccay usuallyIVgtlodtal: Hro 

start'.g at the stem end and affecting a large part of the 
watermelon. Black fruiting bodies develop later. Control: At 

the time of loading in cars, recut the stems and treat them with 
Bordeaux paste or another recommended fungicide. 

Mushrooms ((0 C and 900lo rh) 
Mushrooms are usually processed or sold in a retail market 

within 24 to 48 h after they are harvested. They keep in good 
salable condition at O°C for five days. at 4°C for two days. 
and at 10°C or above for about one day. A rh of 9019 is 
recommended during storage. While being transported or dis

played, for retail sale, mushrooms should be refrigerated. 
Deterioration is marked by brown discoloration of the sur-
faces, elongation of the stalks, and opening of the veils. Black 
stems and open veils are correlated with dehydration 

Controlled-atmosphere storage reportedly can prolong the 
shelf lif" of mushrooms held at 10°C. if the oxygen concen-
traton in the atmosphere is 9016 or the carbon dioxide con

0centration is 25 to 5tf .fso 
Mosture-retentive film overwraps of film caps usually are 

beneficial in reducing moisture loss. Treatment with a solu-
tion of salt and sodium bisulfite has been found effective in 

reducing discoloration. 
Mushroom spawn made with rye grain deteriorates in two 

to three days at 21'C after it is removed from the culture bat-
tIe for delivery to the grower. It will, however, keep in good 

condition for two weeks when stored in well-ventilated on:-..... 

tainers at temperatures of0 to 4'C
During the growing period, the temperature in mushroom 

houses must not exceed I S0C. For summer growing in eastern -l
 

Pennsylvania, about 35.2 KW of refrigeration capacity is 

required for each double house (with cinder block walls) con

taining 540 to 900 m.,of bed space. 

Okra (7 to 10°C and 90 to 950o rh) 
Okra deteriorates rapidly, and normally it is stored only 

brielly before marketing or processing. It has a very high 
respiration rate at warm temperatures. Okra in good con
dition can be kept satisfactorily for seven to 10 days at 7 to 
iO'C. A rh ot 90 to 95% is desirable to prevent wilting. At 
temocratures below 7°C. okra is subiect to chilling injury, 
,nich is manifest by surface discoloration, pitting, and decay. 
Hoiuingokru Ior three days at OC niay cause pitting. Contact 
.r top ice causes water spotting in two or three days at all 
I:'noeratures. 

:reh okra bruises easily: blackening of the damaged areas 
: ur wtitn a lew hoirs. A bkaliin&type of injury may 

also develop when okra isheld in hlimpers for more than 24h 
without rel'rigeraLt., 

Oniuin_.,oC n 65 lo 70o'7 rh) 

A compliaraively low rh is essential in the successful storage 
of dry unions However. humidities as high as 85%,' and 
forced air c-rculation have given satisfactory results. At 
higher humidities, at which most other vegetables keep best, 
onions are diSPosed to root growth and decay; at too high a 
temperature. sprouting is encouraged. Storage at tVC with a 
of 65 to 701l'o rh is recommiended to keep them dormant. 

Onions should he adequately cured either in the field, in 
. 6open sheds. or by art icial means before or in siorave.s 

I'!:e most common inclhod ot ciring in northern areas is by 
torced ventilation in iurage. Onions are considered cured 
.vhcri the nccks are tilt ard the outer scales are dried ntil 
thcy rustle. It not ut.iil. unions arc likely to decay in strag."e. 

Onions are stored in22.7 kg bags. in crates, in pallet bo.' 
that hold a~iiitI1 41 \1g 4il loose oniton . or in hulk hi;'"Ilags 
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Ies 
onionss. are frequently stored on pallets. Bagged 

sta~cKed to allow proper air circulation. Modern air-


-ra!es have forced ventilation systems. Air is in-


rough floor racks beneath the bins of onions. The 

bins are stored about

cated if necessary. Onions in% 

ep. Soft onions at the bottom of the bin might be 

in ihape when stored in this manner. Onions should 

0red with other products that tend to absorb odors. 
unions are removed from storage in warm weather, 

apt to sweat because of moisture condensation. This 

onions gradually should avoid 
or decay. Warming 
iculty. 

northern onion-growing st-tes, onions of the globe 

held in common storage, since average
e generally 

permit common 
temperatures are sufficiently low to 

. They should not be held after early March unless they 

en treated with malcic hydrazide in the field to reduce 

Cowth.01 
onions foris often used to hold 

ing late in the spring. Onions to be held in cold storage 
tem

gerated storage 

b placed there immediately after curing. A 

ec, OC wil keep oniuns dormant and reasonably frce 
sound and well- curedprovided the onions are a storageecay,,tored. Sprout growth indicates too high 

Root
poorly cured bulbs, or immature bulbs. 

ature.indicates the relative humidity is too high. 

be held for six to eight months at 0C. 
e onions can 

r iermuda types can usually be held at 0°C for only one 

months. Onions of the Spanish type are often stored; if 

turea. they can be held at 0C, at least until January or 

ry. in California, onions of the sweet Spanish type are 

until April or May.U eC twater-
iredamaged by freezing, which appears a 

.i te scales when cut after thawing. Onions that 

i ,htly frozen may recover with little perceptible 

to thaw slowly and without handling, 

s 

at a rcwed onets require practically the same temperature and 
smaller inity conditions as onions, but since they are 

,y tend to pack more solidly. They are handled in ap
should be stacked to allow the 

naty I 1.3-k bags ana 

urn air circulation. 
are usuallyen ,;nions iscailions) and green shallots 

stored three to't0 .:omptiy after harvest. rhy can oe 
Ciushed ice spread over the 

,.xi i tu C .,tn 95To rn. 

in suupiying moisture. Packaging in polyethyl-
.,,* ,, i 

also aid in preventing moisture loss. Storage liie 
-.ittII weeks ('vto 	eight in waxedbe 	extended en anions at d*C can 

them in per'foated polyethylent bags or 
gi:r 
is 	ind holding them in a controlled atmosphere ot I "a 

n win S%carbon dioxide.63 
it'mona Gus Ditcoloration: Exposure of onions to 

nia ina-3ir for 24 h causes the surface of yellow onin ti 

red onions to turn deep metallic black, and white 

siu turn greenish yellow. Control: Ventilate stwrage 

%As soon as possible atter exposure. 

tertui sult Rut: This decay often affects one or more 
more 

rown. 

) 	 In te interior of the bulb. Decayed tissue is 

.11ngray mold rot. (See Table 4, Note I.)v 
Black powdery spore masses on 

,A .old 	 (Aspergdlus): 
scale ur between outer scales. Control: Storeattermftt 


it .f 3C and at 6591* rh.
.isiatove 
a.

e:ne Itury: A Watcr-soaked. grayish yellow 

aze ut the eltire outer fleshy scales results froin a slihi 
'.nIury. All scales are affected and becoi r tlazbv 

appear in alicei I calcs.rtc injury. Opaque areas 
Miul'resent e posure to -14C temperature% : Ioer. 

I 	 /en union%am4"C.I, 

34.13 

Bulb Rot: Semiwacery to dry decay progressingFusarumt 
Decay usually is covered with 

up the scales from the base. 
dense. low-lying white to pinkish mold. Control: Do not store 

badly affected lots. Pull out infected bulbs in slightly affected 

lots. Store unions at OC. 

Gray&old Rot: This is thecommonest typeof oniondecay; 

it usually starts at the neck, affecting all scales equally. Decay 

often is pinkish. (See Table 4, Note 2.) Control: Cure onions 

thoroughly. Protect them from raise. Store them at just above 

00C. 
Smudge: Black blotches or aggregations of minute black or 

dark green dots on the outer drying scales of white onions. 
yellow spots develop on 

Under moist conditions, sunken 


fleshy scales. Control: Protect onions from rain after harvest.
 

Store them just above 0C.
 
three scales are gray

Translucent Scale: The outer two or 


and water-soaked; as in freezing. The entire scale may not be
 

is 	noticeable. Sometimes trans
discolored; no opaque area 

found in the field. Control: No control is 
lucent scale is 

known. Store onions at 0°C after curing.
 

Parsley ( 0C and 95 07a rh) 

Parsley should keep one to two months at OC and for a 

somewhat shorter period at 2 to 40C. High humidity is essen

tial to prevent desiccation. Package icing is often beneficial. 

Bacteria Soft Rot (see Table 4. Note I).
 

Watery Soft Rot (see Table 4, Note 4).
 

Parsnips (00 C and 98 to 100076 rh) 

Topped parsnips have similar storage requirements to 

topped carrots and should keep for two to six months at 0°C. 

Parsnips held at 0 to I°C for two weeks after harvest attain a 

sweetness and high quality equal to that of roots subjected to 

Ventilated polyethylenefor two months in the field.frosts 
preventing moisture loss. 

box or basket liners can aid in 
Parsnips are not injured by slight freezing while in storage. 

but they should be protected from hard freezing and should be 

Note I).
Bacteria Soft Rot(see Table 4 

al ,Nt )
BceilotRt(e 	 enters through fine
Canker ((tersonilia sp.): Organism 

rootlets and through injuries. The surface of the infected 

parsnip is first brown to reddish; later,, itil turnst black whereh r ckmm ctda -C t rnorned dih 
crop rotation.p rs s i is kf 
liceprogram. Prac 

Tale 4, Note 2).ep ed cspray 

Gray Mold Rot (rm. 

Tble 4, Note 4).


WatyrySoift Rot see 

Peas. Creen (0°C and 950%0 rh) 

Green peas lose part of their sugar rapidly if they are not 

refrigerated promptly after harvest. They should keep in 
" 

iaiable condition one to two weeks at 00 C. 2 6 Top icing is 

betticial in maintaining freshness. Peas keep better unshell

ed tnian shelled. 
flacteruISoft Rut (see Table 4, Note 1). 

Gru' ,tnld Rot (see Table 4, Note 2). 

Watery Soft Rnt (see Table 4, Note 4). 

Peppers Dry Chill or hot 

a moisture content of 10 to
C'ili peppers. after drying to 

I "'o, are %toredin nonrefrigerated warehouses for six to nine 
usually low enough to

;titiths. Ihe moisture content is 

prevent fungcus growth. A relative humidity of 60 to 7004 is 

desiralie. Polyethylene lined bags are recommended to pre

vent cnanges in inoistute content. Manulicturcrs of hili pcp
material in 

per product%hold part of their supply ol the raw 
but they prefer to gritid the pepperscold oolr.iee at i to 1i) 0 C, 

http:dioxide.63
http:Cowth.01
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42.3 
.m1m1nodity Storage Requireznen(s 

Trable 2 Sloruge Requirements und Properties ifPerishahie Products, 
Speifik Specific 

.iltent
Sloruae Relulive Approiximate Weiler Iligheal Above hielow 

Freeting reteiin Fretiov.4 lale,
Teip Ilumidit) Sluriwt Content 	 J/Lr •6C J,ke(\girmirdac Ci Life, 	 J/. 'C 

Vergetahles" 

lc 3alks 	 -0. 1.892 2s0.183.65195 2weeks 840 	 80 -2.5t 3.517 1.842 266.84¢rrl-iem 0 90t 95 5monhs 
3.952 2.005 310,202 95 2to 3weeks 93 -0.6~,dalaeu 0 to 

296.86cans	 7to 1Odays 89 -0.7 3.818 1.955"naoorGreen 4 to 7 .90(095 223.483.081 1.679
Oto 4 90to95 3toSdays 67 '36-0.6 	

- 1.206 0.97570 6to8months I IDried 10 	 .7 51.943 '.43.52ects 
3.785951 100 4to 6months 88 -0.90 

-95 10 to 14 days - -0.4!luncn 0 	 90 -0.6 3.852 1.968 300.20 
0 95 10 to 14 daysroccorr 	 3.684 1.905 283.523 to 5weeks 85 -0.8

russezls Sprouts 0 95 	 306.87-0.9 3.919 1.99395 to100 5to 6months 92 	 .943 293.52_3truis:abbJcIel 0 	 ' 

-1.4 3.785 .. 93.52Topped-immature 0 98to 1()0 4to6 weeks 88 -1.4 3.785 1.943 2-3.3298 to 100 to 9montnls 88Iuppeu.matutC 0 	 3.919 1.993 306.470 95 2to 4weeks 92 -0.8julI,
ower 	 1.943 .93.52-0.9 3.78595 to 100 3 to 4 months 88
cileriae 0 	 313.54-0.5 3.986 2.018I in2 months 94

:lerv 0 95 	
87 -0.8 3.751 1.9303 .90.19 

0 95 lon 14days"cllarJs 	 1.767 246.8395 4todays 74 -O.C, 3.316"0 	
14days 96 -0.3-......-4..053 2.043 - . 320.21.rnoecrs I0to 13 90i095 4Ot 


ie! 7w. 10 71o 1days -0.8 2.18I5 310.20
1 to 90to95 96 	 .95! 
2.005 310.2093 -0. 3.952

0 95 2to 3 weeks;::uivctciarolei 	 - 6to 12.month' rote, taoles -23 to -18 
;i,,. Jry 0 65t 70 6107 inluitlis ia l at 2 ,,XX t a.4-i 201 46 

2.LIO 311).'0
95 lOto 14days 93 -a).1 3.952 

"reens. Ical'y 0 	 -1., 3.349 1.779 250.16 
95 to 10x 1Oin 12months 75 - to 04crwierislh 

87 0 i 1.751 I.,ii0 21M. 19
95to 30 4 weeks 
95 14 weeks - I t) 3.852 1.96 34U.20ir.joi 0 	 o2 90 

1.95 283.5295 1to 3 monlhs 85 -0.7 3.684I i. if ecn 0 	 4.019 2.033 316.87
2 to 3weeks 95 -4).2

:ield 0 to I 95 to I00.-tu,¢, 	 1.980) 303.53
90 3to 4days 91 -03.9 3.885 

.U01rroms 00o 0 90.to9S 7o lOdays 90 -1.8 3.852 1.968 300.20 

296.86-0.9 3.818 1.955
95 3 to 4weeks 89 

3.7S 	 a 
651o75 1 ton inonths 88and'ionsets 283.523.684 1.94695 to 2 mrilns 85 -8.1 

-0.9 3.483 1.830 263.50 o I 4 to06 months 79 , S98 


-0.6 	 1.767 246.83Ito 3weeks 74 	 3.316St.'5 -- 1.239 0.988 
, )6 nonths 12to 8 

1.239 0.98
0(0 10 60to 70 6 months 12 -

Cd 	 306.8792 -0.7 3.919 1.993 
7 to to 90to 95 2to Jwcals 

- 81 -0.6 3.550 1.855 270.18 
.iia¢ lO 13 90 20.17-0.7 3.4503 1.817 
'nA t op 3 io 10 9 to 95 w8nont(n%5tO 78 230.153.148 1.704851090 40 ;mtanins 69 -!.3
'WCe'ln1S131 It 1616 701075. 2 to ; nonilis 91 -0.8 3.885 1.9.40 303.53168
 

iRad,,nc% 

2.031 316.8745 -0.7 4.019

0 95 3to4weeks 316.874.019 2.031
(,3,ner0 95toWI 2 to 4 nonths '1S -0.7 

2.031 316.87 
0 95 2to 4weeks 95 -10.9 4.019 

3.818 1.455 296.86 
0 9810 iiX) 4 to6monihs 89 -1.1 

1.830 263.50"M3 -I.I 3.48398to 10 2to4 months0 
7n IS - 1.206 0.976 036.09

0 10o 501065 10o 12 mortihs'dj .ceijbie 	 3101.20.-I33 3.952 2.0I5
95 10o 14 days 930 

---08 
71o 0 701u75 5 Io,Xweeks 

3.986 2.018 31).54
•M,,rnCr 	 0to (0 85l0s 5t 14d~iys ,) -0 5 

3.,84 1.905 283.52 
.'lte10 ( 13 70(075 4tob monlhs is -0. 

en .1 t Icc weeK, 	 3.952 2.0035 ]110.21:r ri,,n Ilh) 850 I3 93 -!l1 

-1l5 .996 2 OI3I 313 544iad1.0ij 94if,,reli 7 i) 10 85 Olv) 

*2 I I 3 909 1Il.I jiih."0l 
0 Yet it5 inonthi )9 

'90 -11- 3_452 I..,111 .dll11l0 95 10 o (4 0d. , ,. 
A i~f, la% 0 95 3 lo 4divi Y1 -to 3 0 2 -Sr 

7 . ' 
* 1(1 29 

SaIh 45101,45 1 olinintblii"4 -- 13(h I Wa 0, 6411 

is 



ILI 

-C~ tff:Z "-fV . x 

. -.-...... I 4, 

• .',*.r-t j •. '. .. i * 

445 

A. , . '- - r ,- - , ', .{ .- ":. 

;.. 
 A..
 

f..r . . .... '

_...%......
. . _. . .:1 .. 

r4!43
 

.l• ."-*. ..•. I •  m
. .. . . .- .. . :.f" - : 
. r., . .-s .. ' , I. * . .,1v-'. 

.... . . . -. .. . . ... _ . .!7w-:.. .
 C. -/
 

-
"'. 4 P:"I y':-.,.. " : " .'' .. .. 

",'. 


. "='- ,--....*_ - .- " ,-< " "" ", l, 
,
 

6.,<-d ia-* -*"':"&" ',.'-. -'- ."' 
. .... . •,'- -,t r-:'. ... .
.7 

.. ~~~~~~~~~ -:. ,,, . .. r.,.
 

..v .4,: .,'' ..-
" "IF ., 


' .- ::" . t "K '-;.h' "O.r



01C -10 

Es 7
 

~ 7 7
 

s~I ..- l-AIT 'N 

/ ," .-.- C. :' 



-
-

B
est A

valable D
ocum

nt
 
.'\IPPF.iLD IX

 
VTI 

'+ 
. 

C
IO

 
il, 

. 

IT
 

?
d .
_



r.~; 


.
° 

Io 
" 

, 
7. -- 'r 

. 
...-

o 
-


.

. 
; 

'~ 
!

* 
II 

"
.
 

\
'
 

-I 

' 
" 

".. 
i 

<
.
0
 

-
-


.
 
.
 
.
 .
 

. . .
 
.
 .
 
.
 
.
 
.
 

. 
.
 

- -
- - -

-
.1

"
-

-
-

-


.
.



H
,
 

.
.
 

-
" .
 

"
 

"I° 
.. 

.
..

* I 
i 

I;
," 

. 
. 

~
 

A
 

.*
t.4

 

,
,
c



:
0
.
r
 



.
-
'
* -
J
 
-
-
-
.
 

C
 

,*
 , 

. 
'*. 

*.d 
"": 

C
,
J



•
 t 

". 
*/ ,

~
 .

. 
.

\ 
, 

, "-.F
 

i 
; 

a 
1

1
 

, 
L 

. 
.1

 
. 

.-. 

|
 

~ 
~~I.

.
 

'
 

o
 
o
l

°
.
 
.
.
 
.
.
.
-

.
.
.
 



I
:
.
"
°
 



.,. 
. 

I, " 
'I

!j 
. 

... . . ... 
. ... 

.. , 

i. 
.. 

.. . . "
×

~ 

- . . . . . . . . . .i I 
I 

.
.
.
.
I
-
.
 
.
.
 

.



"
I
I
 

.
.
.
 

1
.
.
 



;



-
'
°
"
°
*
.
.
.
.
.



'
'
!
'
,
;
*
 



-55

1 



-~ZOCiMO'. .4 1511 

_ L L_ TI 1&." 

-. ~~~~~- . 1,D~~tV.~' 

C) *t . t 



-. 

~ r'..4

1. LISTER
 

This makes four beds at one
 

time, 40" from center of furrow
 

to next center. Notice the two
 

outside plows are only half
 

plows. Could make a two row
 

lister. Beds could be 20", 30",
 

or 40", whatever system that
 

could be worked out best. Also
 

see marker on the side.
 

2. LILLISTON
 

This can be used on the bed to
 

help break up clods, especially
 

if beds have been pre-irrigated.
 

This is done before shaping the
 

bed. It helps the herbicide to
 

be worked in the ground.
 

3. BED SHAPER 

These can come in two row sizes
 
and can run the planter over the
bed for bed shaping.
 



_ _ 

4. TWO ROW PLANTER
 

With 	junior seed planter

* 
 attached. These planters are
 

driven by ground wheel and
 
chain.
 

,.-..-..-,''
 

.... ... .': ':'i. ";' 	 j5. BACK SIDE OF PLANTER 

'14 

.the 	 Showing the drive mechanism and
adjustable planting shoes.
 

Wi . 
_ _ 	 _ _ __,_ _ _ 

6. 	SEED CULTIVATOR
 

Showing the cones to keep the
 

~ 	 1",, cultivator on line so that close 

workcanbe done. Also showing 
different bars that cultivating 

-, knives can be attached to. 
J':/ 



7. SMALL DISC
 

This can do a lot of ground work
 
with a small tractor.
 

Motu

/6 8 

40"
 

40" beds with two lines of onions on each side of bed on left bed. One line on
 
each side on right bed. This will make larger bulbs, 4" to 5" in diameter.
 

20" beds. Leftrow - 2 rows per bed. Right row row per bed.-1 


30" beds. Left row - 2 rows per bed. Right row.- 3 rows per bed., 


