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HOTBEDS AND COLD FRAMES

C. H. MAHONEY AND O. E. ROBEY

There are certain vegetable crops which are grown most success-
fully when the seeds are sown under glass and the transplants set out
in the garden. This method is also used with other vegetables to get
earlier crops than could be obtained by sowing seed directly in the
field. There are, in addition, some cool season crops, such as head
lettuce and cauliffower, which are seriously injured by hot weather.
These crops, when grown as a late spring or early summer crop, are
usually started under glass and the transplants set out comparatively
early. There are long season hot weather crops, such as tomatoes,
eggplants, and peppers which should be started and transplanted once
under glass before setting out in the field in warm weather.

The use of sash and cloth covered frames will lengthen the season
in southern Michigan for many of our vegetable crops. In some of
the northern parts of the State, the length of the growing season is
often too short for many of the tender vegetables if ordinary cultural
practices are used. However, these crops may often be grown fairly
successfully by the proper use of hotbeds and sash and cloth covered
frames. It is in this section that hotbeds and cold frames should be
used more extensively than they are at the present.

Crops Started Under Glass—In Table 1, data are given for growing
transplants of a number of crops usually started under glass. The
planting dates will vary in different sections of the State and the sug-
gested planting dates given in the table are averages for the southern
part of lower Michigan having an average date of last killing frost in
the spring between May 2 and May 10.

Seed and Seed Treatment—Cheap seed is very poor economy, and
only the best possible seed that will produce uniform plants true to
type should be used. Only small quantities of seed are required for
starting plants under glass and, in most cases, the cost of seed is only
a minor item in the cost of production. However, it is usually more
economical to buy larger quantities of seed and use it for several years.

Seed of the vegetable plants which are usually started under glass
may be divided into four arbitrary groups based upon the length of
time that the seed remain commercially viable if properly stored.
Group one, onion and pepper seed viable for two years; group two,
celery and tomato seed viable for three years; group three, cabbage,
cauliflower, broccoli, and radish seed viable for four years; group four,
cucumber, eggplant, muskmelon, and watermelon seed are viable for
five or more years.

There are many diseases of vegetables which are seed borne. Some
are carried on the outside of the seed coat whereas others are carried




HOTBEDS AND COLD FRAMES

1§3010UI0] ‘IPMOPTNED ‘eSeqqed Jo ‘oul Jad spess Z1 0} 0T pue Jude sayoul g SMOI Ul UMOS S[ Pad
*SOENBD ENOILA 03 oNp §
*§59] JEIMaUI0s aq [[IM ISQUINI 2yl PIsn ale s1ef JI '8

“jue[dEse pue siedded

§ uayM STUIpPaes 000'T 03 008 9onpoxd [[IA JeP PIBPUBIS Ve

ass0] 10} Io sjueld Jood Jo uO[Dalal I0] pRUL 20UBMO[[R ON;
1q poos 10 (108 U} Auimold sjue(d nodn pesed:

: 6°1 | I LES ¥ | M X6
1 Aep €3 | ST 089 ‘[dsusi) J0N | s R et o
0} ¢1 ady spuug I'g 888 _ £ X,8 S 688 spusg _ L XL FUOBULIZIE A,
¥ g1 _ 811'G SX T
- 801 | Nmm.m FX P
I -dy 6°% ¥06°'S | S XLE
03 ST “Ivy ¥e=.£X.,E vee cot T ELF 0g9°E 01-8 7 RS ] = i T e §20BII0.T,
|
1 cady g'11 093 L _ HTX,E ;
03} ST 1B ¥e ¢1 879 P o4 089" 6 01-8 IR S i el S R siaddag
| spusg 211 H8T " 8 X,8 F : F X9 BTttt EISqUINONG
1 .».amﬁ |dsued) j0N pue
0} 1z “1dy spueg gL 291 M spueg] _ Ok 20 RN (S R e SUOTRIY
| ==
1 ady {15 % M
0} 03 IRy 96 ¥01 0211 _ 211 0¥0' 62 It #B1 X,81 aoney
1
T ady |
0} ¢ 1IN ¥z 891 88% [0 3 <8 0¥8'¥% 01-8 TR i RHE A S e JundSSE
¥'9 _ _ 09z 4 [ rex.e
9’8 _ 089°6 ALY R [ i 20 Tt o201
o1 "qad ¥°01 . ) 919° 11 A9 X8 3 puu
0} ¢g -uep 96 492 0g11 ST XTI ¥ov' Ll 19 A 2 P HERERER ai, adeqqeDd
01 ‘994 =2 e <
03 ¢z ‘uef 96 492 01T _ SATX AT 09g'e¥ FI-01 e e R T e i e L) SRR
uedigoIN _ _
a2 el LT X BI X §g) aIoe T 10} L9xg S EXaam
1Ay Inos 18g piepuels | sjueidsuei) yses Iod SR 1Y a1oe 1ad ‘pajueid
ul s5uj|paes b, | b e 4 aouujsip pasmbar | T S Suouds pratg do1d
17815 01 S1BD | _giony hacle o o S Jo | Supueidsusay, | s3uBid ON | -mors 01 ot

ayeunxoxddy

|

-SUBl} JO "ON

SUE JO "ON

“ON [ENIOY

*M013 0] aulll, |
|

‘sjuejdsues; s[qeiadaa Suimoas uo ejep [eIauan)—'[ IqE]




MICHIGAN EXTENSION BULLETIN NO. 20

*4SNp 86N TWOT[}

I9jBA
Tes 52 up ‘zo [

jodg yeoT

ysenbg

“If uwsewrey | pue pees Liq ‘Sul sanuyw ¢ g ]
-jue[d a10J8q Yoam I i a..anﬂrc%%ﬂohwoboo IB[NSuY 950UIBIIUY pue supyduing
5 I9jEM
180P 98N ULy} s o 1 !
ar wssuos | pre o ot "3 sonaa | v esdt Y | o
=3ue[d 810]9q JaM T SJBUINQNY SAJSOLIOD)
Iajem
*4snp 98N uaY} 1 3
“Ip uvsowag | pue pess LI -Suj sonuII o] ¢ _awowwmlﬁ 20k ooy e wmoﬁ%ammmwm Isqunons)
-jue]d a10joq Hoom T 2)BUIQNS PA[SOLION R T
% urs: I9)BM
*£1p 10U O J T L ur 'zo T
1SN 9pAyeplEuLIof -owpy Supueld 3y sejnuIuI g1 01 000T=1) SNy swdomord Jueid3sy
IVUITNE SAISOLIOD)
- Iojum
0] uns " -
1EN( SPAYEPIRIIIO] ur ing ‘dupueid S2NuUIL 1 . jow...xwmlﬁ_ 208k j0dg [vnaelong laddag
alojaq sxoom g-1 BIBUIINS SAISOLI0N)
§ Roas JO "A1p 03 una * 183 §{gg ur "zo 1 Healls oFwasI(]
“:.a.m.uczmw_.m,ﬂ q_nh_.m E%wo.won. wﬁhﬁﬁm; [ sajnuu g1 ¢ _ ao_cnz:. spidey puesn (L0 N
ddod ejeipigouo]y __ RESIIE IR0 IIE I PDIODUD]OS
_ ‘fipoyuns | Injem
ueseweg | uring ‘Supuerd | sojnuur o1 0g suoqred 5{L uj ‘2o 1 usipeyg
2I0Jeq oM £-1 _ QPIIO[D JLINOIA N
m
3 | ol I9}J8 Poas IS0 synoadg S[esSIIE
uesomag | U ﬁ:b ﬁmﬁm |£mEnosons L1p puv m,_. (Suyfioq jou) 10U el DMOBIINT)
< .
9I10J0q S}oaM £-T I9jBAL P[0O UT ASUTY 0z m.w“m%cwﬁw_w ww.mm _ ] Howid qqed
| epadafionid)

po-Surdme( Jusiarg
pue puw}g esealou]
0] jusuIleaLy, 18n(

poeag 1mady,
0% 1891 JO SUILT,

juejroduy
JRIBA UEOLT Ul USBM
03 oLy, JO 1j8ue]

BOINUTJA] ‘jUatIjeaL],
10} ULy, Jo U3dua]

a5BasI(T 10}
JUAUI}ERL], POOS

aswas[(] PUI0E peag

doxp puw Lpmeg

‘sdotd 3[qe1aSoA 10j POpPUIWIUOIII SJUSIWIERL} PIag—'Z Qqel




HOTBEDS AND COLD FRAMES 2

on the inside as well. These diseases can largely be eliminated by
various seed treatments. These treatments are given in Table 2. 1t
is important that the seed be washed thoroughly in fresh running water
after seed treatment or the seed will not germinate. The dust treat-
ments listed in the last column should be given in addition to the liquid
treatments. They have been found to be very efficient in increasing
the stand by prevention of losses due to “damping-off” fungi.

Soils and Soil Sterilization—Those growers investing money in glass
for plant growing should have an abundant supply of compost. One
of the most satisfactory types of compost for the smaller grower is
the soil compost. Soil compost can be prepared by piling alternate
layers of manure and garden loam in piles about four feet high and
about eight feet wide and any length. This pile can be made during
the late winter or early spring and enough water should be added to
prevent “fire-fanging”. Three or four weeks after starting the compost
the pile should be turned and if water is necessary it should be added.
The pile should be turned five or six times during the rest of the year
and usually good compost will be available for the following springs
work. Good compost is essential for producing tomato or pepper plants
by the “blocking” method, and also for use in plant bands. A one to
two proportion of this compost and sandy loam soil will make ideal
mixture for seed flats.

The benefits of seed treatment will be lost if seed is planted in dis-
eased soil. “Damping-off” fungi, blackleg, black-rot of cabbage and
related crops, tomato blights, and nematodes which cause root-knot, live
over in the soil from year to year. With movable frames, it is advis-
able to change the location each year. The frame walls should be thor-
oughly disinfected with a solution of corrosive sublimate, one ounce
in seven and one-half gallons of water. Changing soils is also used
extensively in the smaller permanent frames but this is an expensive
and laborious task and does not always accomplish its purpose. Too
often some of the contaminated soil is left in the frame and soon the
new soil is filled with the disease.

Steam-sterilization—This is one of the most satisfactory methods of
handling disease infested soils. Steam sterilization, either by means
of tile laid under the frames or by sterilization of flats of soil or soil
itself in an especially constructed box is by far the most satisfactory
method. This method is usually limited to the larger growers who
have steam heat, but could be used by the smaller grower if a source
of steam is available. For full details on steam sterilization of hotbeds
see section on “Hotbeds”.

Formaldehyde—For the grower who does not have steam and has
fairly large frames to sterilize, the formaldehyde treatment is prob-
ably the most practical. Four pounds or pints, one-half gallon, of 40
per cent formaldehyde are added to 50 gallons of water and the solu-
tion is applied to the soil at the rate of one gallon to each square foot
of soil. This amount is necessary to penetrate six to eight inches. The
soil should be loosened before this application, The soil should be
covered with paper or burlap for 48 hours in order to confine the gas
in the soil. The cover is then removed and the soil aerated for two
weeks, after which the seed may be planted.




6 MICHIGAN EXTENSION BULLETIN NO. 20

For a limited number of seed flats the 6 or 8 per cent formaldehyde
dust is the simplest method of sterilization. The dust is used at the
rate of one and one-half ounces per square foot, two ounces per stand-
ard 3” x 12” x 18” flat worked into the soil to a depth of three inches.
Seed, except celery, may be planted immediately but transplants and
celery seed should not be planted until the flat has been aerated for 72
hours. This dust method is also applicable to small frames when the
necessary two weeks of aeration required in the liquid treatment are
for some reason not available. Never plant seed or transplants in flats
or frames in which the soil was diseased the previous year without us-

ing one of the above methods of sterilization.

HOTBEDS
Surface Hotbed—The surface hotbed is temporary, is heated by

manure and can be used later in the season as a cold frame. This
type of hotbed is similar to the knock-down cold frame in construction.
Details of construction of this five sash cold frame are shown in Fig.
6. In preparing the surface hotbed, manure is hauled, piled, watered,
and allowed to ferment for about 10 days, turning it several times to
start fermentation. After fermentation has begun, the pile is leveled
off to about 16 to 18 inches deep, the frame set on top of it, the manure
banked up against the side boards, and the sash put on. As soon as
the manure has begun to heat again, the previously prepared soil com-
post is put into the frame on top of the manure to a depth of six inches.
The composted soil will usually heat up for several days to rather high
temperatures, but seed may be planted when the soil temperature has
dropped to 90 degrees. This type of hotbed is quite satisfactory for
starting a limited number of plants. Bottom heat hotbeds are not as
satisfactory as surface heated beds for the decidedly cool season crops
such as lettuce, cauliflower, early cabbage and other related crops.

ELECTRIC HOTBEDS

Hotbeds, heated with electricity, are very convenient and when
properly constructed are fairly economical to operate. The construc-
tion of the frame of the hotbed can be very similar to the one shown
in Fig. 6. There are, however, some additional details which should
be observed. These are pointed out in Fig. 1. Considerable electricity
can be saved by paying particular attention to insulation and the
elimination of cracks between the sash and the hotbed frame and at
the corners.

A layer of insulating board that has first been treated with asphalt
paint can be used on the inside of the frame. Pieces of insulating board,
mats or canvas can be used to lay over the sash on cold nights and dark
cold days. A layer of sand or cinders placed under the hotbed soil
tends to prevent the heat from being lost downward. The frame should
also be banked around the outside with cinders or strawy manure,.

A number of methods of heating have been developed. The electric
current is usually controlled by a thermostat. The thermostat gives a
more uniform temperature and is more economical in the use of cur-
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Fig. 1.—The electric hotbed should be protected against heat losses.
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Fig. 2—Electrically heated hotbed with heating cable below the surface.

rent. When a thermostat is used, it should be one that is thoroughly
reliable.

Methods of Heating:

1. Lead sheathed heating cable can be placed about six inches be-
low the surface. Of the cable now on the market, it requires 60 feet
to heat a two-sash bed six feet by six feet, when 110 volt current is
used. The cable can be arranged as illustrated in Fig. 2. One end of
the cable is connected directly to the source of power, the other end to
the thermostat. The wiring diagram is shown in Fig. 3.

2. Recent experiments' indicate that surface heating of hotbeds

Kable, G. W., and A. V. Krewatch—1932, Electric Soil Heating, Nat. Rural Elec-
tric Project Mimeo. Report No. 10, College Park, Md.
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WIRING DIAGRAM
SUB-SURFACE HEATING

Fig. 3—Diagram showing method of connecting cable to current supply line.

SURFACE HEATING

Fig. 4—Heating cable may be placed above ground for some plants.

results in a considerable saving of current and a more vigorous growth
of the plants. In this method of heating, the lead sheathed cable re-
ferred to above, is laid on the surface of the soil and spaced as shown
in Fig. 4. The experiments at Maryland show that a saving of over 50
per cent of the current may be effected by the use of surface heat in-
stead of under-surface heat. This method of heating is suitable for
peppers, tomatoes, eggplant, but not for spinach or lettuce.
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3. TFor cool season crops, the heating cable may be attached to the
inside of the hotbed frame, as shown in Fig, 5. The cable is usually
attached by means of wiring knobs or cleats spaced about three feet
apart. Since 60 feet of cable is required to heat a bed six feet by six
feet, it is necessary to arrange the cable so that the heat will be as
evenly distributed as possible. Suggested arrangements for both large
and small beds are given in Figs. 7 and 8. This method of heating is
suitable for caulifiower, cabbage, lettuce, beets, and broccoli.

Electrical Details—Several beds may be operated by one thermo-
stat with the addition of a relay. When a relay is used, the thermostat
handles only sufficient current to operate the coil of the relay. When
the thermostat closes the circuit, it energizes the coil of the relay which
closes the switch and turns on the heaters in several beds at once.

Fig. 5.—The heating cable is sometimes placed around the walls of the hotbed.

When heating with lead sheathed cable, the amount of cable recom-
mended by the manufacturers' should be used. It requires 400 watts
to heat a six foot by six foot hotbed. Increasing the length of cable
decreases the amount of heat. The length of the cable should not be
decreased materially as this will increase the temperature of the cable
beyond the point which it will stand.

The cost of operating an electric hothed will depend upon its con-
struction, the outside temperature and the cost of current. Maryland®
experiments show that a saving of about 35 per cent of the current
was made by putting eight inches of cinders under the bed and 10
inches of cinders around the outside and stripping around the sash to
prevent air leakage. Experiments conducted at the Minnesota® Station
indicate that a six foot by six foot hotbed requires about one kilowatt
of current per week for each degree difference of temperature be-
tween inside and outside. Thus, if the inside temperature averaged 55
degrees and the outside 20 degrees, the difference would be 35 degrees
and would require 35 kilowatts per week.

Cable is manufactured by the General Electric Company, Schenectady, New
York and the General Cable Corporation, New York City.

*Kable, G. W., and A. V. Krewatch—1932, Electric Soil Heating, Nat. Rural Elec-
tric Project Mimeo. Report No. 10, College Park, Md.

sCurrence, T. M.—1932, Methods of Supplying Electric Heat to Hotbeds. Minn.
Exp. Sta. Bul. 289.
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WIRING DIAGRAM — 4 SASH BED

Fig. 7.—Wiring diagram for a four-sash bed where the cable is arranged
around the frame. The thermostat is shown outside the bed for diagrammatic
purposes only.

WIRING DIAGRAM - 8 SASH BED

Fig. 8.—In wiring an eight-sash bed a thermostat and relay should be used
for controlling the current.

The average cost of operating six foot by six foot hotbeds with cur-
rent at three cents per kilowatt in some experimental work has been:

Minnesota—Five week period. Avg. outside temp. 19.7 degrees—cost
$1.50 per week.

Maryland—Twenty-four day period. Outside temp. 28-79 degrees—
cost $.43 per week.

STEAM AND HOT WATER HEATED HOTBEDS

Steam or hot water may be used for heating hotbeds. Where the
beds are located adjacent to a sash house heated by steam or hot
water, this method of heating is convenient and economical.
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The heating pipes are usually run along both sides of the bed frame
as near the top as possible. The feed pipe is placed on the north or
high side of the bed and the return on the low side. This arrange-
ment permits of a small amount of fall in the lines.

In order to maintain 50 to 55 degrees in sub-zero weather, about
three and one-half feet of steam radiation is required for each sash; for
hot water about six feet of radiation per sash is required. For steam,
a two-inch feed line should be used and a one and one-fourth inch
return is necessary.

Fig. 9 shows a more substantial type of construction for a hotbed.
The walls are made of concrete. When concrete construction is used,
footings should be provided as shown. Since concrete is a rather poor
insulator, either cinders or strawy manure should be banked around
the outside.

This type of hotbed is the most practical for the commercial grower
having a steam boiler. The bed is wide enough to accommodate two
standard sash or 12 feet in width. Since this is a permanent bed tile
has been laid for steam sterilization, details of which are given in
Figs. 9 and 10. This type of bed can also be used for growing to ma-
turity certain crops such as winter parsley, early radishes, green
onions, and spinach. Some growers have used this type of bed for
growing early head lettuce.

2" PIPE HEADER

6" CONCRETE

24" SASH RAIL

2': 4"

RIDGE DETAIL

Fig. 9—A permanent type of hotbed built of concrete with steam or hot
water heat and with tile for sterilization,
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Fig. 10—Header pipe used for conducting steam into tile lines,

When this type of bed is sterilized a temperature of approximately
182 degrees F. should be maintained for at least one hour, but it will
usually require four to 10 hours to heat all the soil in the bed to this
temperature, depending upon the steam pressure. This temperature
according to work done in Ohio' is necessary to kill nematodes and
organisms causing fusarium wilts. A soil thermometer should be used
in order to determine the exact soil temperature.

The method of arranging the tile for sterilization purposes is shown
in Fig. 9. The tile are usually laid about 18 inches apart and 16 inches
deep to the bottom of the tile. Three or four inch tile are used for
this purpose. The steam is allowed to enter the tile through a two-inch
pipe header as shown in Fig. 10. The header is drilled with nine-six-
teenths inch holes and tapped for three-eighths inch pipe. Pieces of
three-eighths inch pipe about six inches long are screwed into the holes.
The pipes are inserted in the tile lines and the end of the tile closed with
concrete,

The tile lines are tied together with a header made of tile at the
other end of the bed from which the steam enters, as shown at A in
Fig. 9. The tile lines should be laid with a fall of one-inch per 100
feet away from the steam inlet.

Both low and high pressure steam can be used for sterilization, but
owing to the fact that low pressure steam does not carry as many
heat units, it will be necessary to leave the steam on for a longer time
in order to produce the same results. For instance steam of 10 pounds
pressure will require about three and one-half times as long to heat up
a given amount of soil as steam of 80 pounds pressure. While the
boiler used for heating can also be used for sterilizing, it requires a
great deal more capacity to sterilize a given area than to heat it. For
instance, to sterilize a two sash bed (6' x 6') requires a four-horse
power boiler if the work is done in one hour. This same sized boiler
would heat a bed about 20 times this size, but the boiler used for heat-
ing a given bed will be large enough to sterilize one-half of the same

'Newhall, A. G.—1930, Control of Root-knot Nematode in Greenhouses. Ohio
Exp. Sta. Bul. 451,
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bed if the steam is applied for 10 to 12 hours. Tile lines may be as long
as 150 feet, but if only a small capacity boiler is available headers must
be put in so that an area within the capacity of the boiler can be ster-
ilized at one time. This can be accomplished by putting a header and
a temporary partition across the bed and sterilizing these sections one
at a time. For example, if a ten-liorse power boiler is used, it will be
necessary to sterilize the hotbed in 5-sash sections (15" x 6'). The bed
should be covered over with matting or canvas to prevent the loss
of heat.

In working with high pressure steam, long tile lines are desirable
to prevent blowouts. Also considerable saving in heat can be made if
the ground is sterilized when comparatively dry. It requires a great
deal of steam to heat up the water in the soil.

The most difficult portion of the bed to sterilize is directly above
the header where the steam enters. This portion of the bed can usually
be effectively treated by continuing the sterilization for a longer period
of time or by providing some means of injecting steam into the soil
at this point.

Table 3.—Showing capacity of boilers for heating and sterilization of hotbeds.

Heating Number | Area u.;h ich
Size of boiler in terms of “'horse power" c“‘;&f_?w 3"‘;3];?:"]:35(111 st e{l"iilllilzeﬁ T
radiation heated 10 hours

L.. e ik 100 28 1 sash
FE RS e o 300 50 3 sash
b 500 140 5 sash
10. . R ETPRTAL A 1000 280 10 sash
15. . A 1500 420 15 sash
N s ey A o WS T ¥ s PR AT ) ALt B b a5 Vi 3 2500 700 25 sash
50. . 5000 1400 50 sash

COLD FRAMES

Cold frames are used, and should be used, as a supplement to the
hotbed or sash house. Their greatest use is to furnish space for plants
moved from the hotbed to make way for starting other plants. This
is very important for the gardener growing several different crops and
allows him to get the maximum use of space under heated glass
frames. Cold frames are also used to accustom early plants, which
have been grown in a heated frame, to outdoor conditions preparatory
to field setting. They are also used to start plants in containers, such
as melons and early cucumbers, in order to get an earlier crop.

Standard hotbed sash are used on cold frames, and, early in the
season, mats or additional covering may be required at night. It is
not necessary to have sash for all the cold frames. Many of the earlier
cool season crops can be carried under muslin covers towards the end
of their stay in the frames, and this allows the use of the sash on frames
to carry the crops planted later. By careful planning a few sash may
be made to cover a large number of plants.

Details for the construction of a five-sash knock-down cold frame
are given. The sides and ends may be banked with strawy manure
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for additional insulation. Efficient inexpensive mats may be made from
fertilizer sacks which have been ripped open, washed, sewed together,
and dipped in raw linseed oil. Burlap or canvas when dipped in a watet-
proofing mixture and doubled also make good mats.

Large cloth covered cold frames 12 to 18 feet in width and any
length could be used on especially prepared rich soil for the produc-
tion of early crops of peppers, eggplants and head lettuce. Irrigation
is required for this special type of production. Heavy waterproofed
canvas is tacked on the north side and a two by four is used for a
roller on the south side. Narrow strips are placed across the frames
to support the canvas, which is used on cold days and at night in the
early part of the season.

Transplanting—A standard flat (3” x 12” x 18”) will usually grow
800 to 1,000 seedlings when seed is sown in rows two inches apart
and 10 to 12 seed per inch. These seedlings must be transplanted as
soon as the first true leaves appear. Otherwise the seedlings will be
stunted and much of the advantage of starting the plants early will
be lost. It is also just as important to give the plants proper spacing
in the hotbed or cold frame. It is very poor economy to crowd plants
too closely at transplanting time as they must be transplanted again
or be stunted due to crowding. More than one transplanting is not
necessary if proper spacing is allowed. Plants that have never been
transplanted make more rapid growth than ones that have been, but
proper hotbed management almost requires one transplanting. The
proper “spotting” distances are given in Table 1. There are some
vegetables which are never transplanted, such as muskmelons, squash,
and watermelons. The seed of these crops is planted in the container
in which the plant grows until field setting time. One of the most
popular containers is wood veneer bands. These bands are four inches
deep, are square in shape, and are made in different sizes. They have
neither top nor bottom and the band is taken off when the plants are
set in the field.

Hardening-off —The purpose of hardening-off of plants is to produce
sturdy and stocky plants that can withstand the hot sun, drying winds,
droughts, and cold weather. Hardening-off will not make tender plants,
such as peppers, eggplants, and muskmelons, resistant to frost nor even
to cold weather but plants so treated will usually survive field condi-
tions when untreated plants are seriously damaged. Cool season crops,
such as cabbage and cauliflower, may be hardened so that they will
withstand frosts.

The most efficient method of hardening plants is by withholding
moisture or watering only sparingly for a week or 10 days before the
plants are transferred to the field. This method is just as efficient as
subjecting the plants to lower and lower temperatures, and for crops
such as celery and beets, will not cause “bolting” to seed. Increased
ventilation along with a decreased water supply is also beneficial, but
it is not necessary to subject plants to cold night temperatures and it
is often dangerous.

Bulletins on growing the special crops such as tomatoes and melons
will be sent upon request. These bulletins give full particulars on plant
production for these crops.




