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INTRODUCTION

In 1941, there were 2,182 acres, principally on the
west coast, devoted to the production of 80€,5€4 pounds
of gerden beet seed. Due to war time restrictions on
tne Importation of European seed and to the poor crop in
1941, the 1942 crop has been increased to 4,442 acres
with an estimated production of 2,911,600 pounds of seed.

For many years, some of the seed companies in the
Fortheast have been growing their own beet seed. This
enables them to maintain lines which are carefully
selected from a greaster number of roots than would be
practicable 1f they grew them only for stock seed pur-
posés and had the main crop grown elsewhere. It also
enables them to see that these lines are properly
isolated and kept free from crossings with inferior lines.

The war has changed the United Staetes from a seed
importing nation to a seed exporting nation., Whereas we
formerly obtained beet seed from Europe, we may now expect
to ship seed to them., With this greater demand for beet
seed, it would be poor policy to raise all our seed in one
section of the country where adverse weather conditions
might greatly reduce the seed crop. Since the trans-
portation system of the country 1s overtaxed, it is even
more important that an effort be made to keep up and
perhaps increase the supply of garden beet seed grown in
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the East.

In the production of beet seed inthe East, it is
customary to grow the mother teets one year, store them
in outdoor pits or root cellars during the winter, and
plant them out for flowering and seed production the
following spring. During the storage period, many roots
are lost from overheating, freezing, and to some extent,
shriveling. It is the general opinlion that storage

conditions exert an important influence on seed production.



REVIEW OI" LITERATURE

Data on actual experiments on the storace of garden
beets for seed production are very limited.

Gasklll and Brewbaker stored sugar beets for seed for
125 days at 35.9° F. and 96.57 relative humidity with good
results. The mean outside temperature for the storage
period was 26.80 F. (4)

Wright, in storing beets for table use, recommended a
temperature of 320 F, at a relative humidity of 95-98%.
Beets may be expected to store satisfactorily under these
conditions for one to three months. The freezing tempera-
ture of beets was given as 26.9° F., while 45° F., was the
highest temperature at which beets could be safely stored.
(5)

Chroboczek, in growing beet seed in a greenhouse, re-
ported that freezing injury to the beet resulted in delayed
seed stalk development. In a limited histological study,
he found that seed stalk primordia grew abnormally &at high
temperatures. (2)

Vincent and Longley, in the Falouse section of Idaho,
recommended storing garden beets for seed one half to one
and one half inches in diameter., They recoruended outdoor
pits four to six feet wide, one to one and a half feet
below the soil level, two feet above the soil level, and
as long as necessary. A heavy covering of straw and up to
30 inches of soil were advised as protection against
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freezing. DBottomless boxes, 12 to 18 inches square, set
at ;ntervals along the top of the pit, were suggested for
ventilation. To prevent shriveling, they suggested alter-
nating layers of soil withthe beets. (€)

Cox and Starr advised a pit very similar in shape to
the one recommended by Vincent and Longley. A six inch
sand covering topped with a layer of strawy litter was
thought best for covering, Sifting sand between the beets
was advised. The storing of mother beets in cellar bins,
similar to those used for storing potatoes, was thought
to be inferior to the outdoor pit. No actual experimen-
tation was mentioned or discussed. (3)

Incomplete field records kept ty the Joserh Harris
Company show that spoilage (no mention of type) has
occurred in pits with and without soil.

Burrows, a grower for the Joseph Harris Company, reports
good results for a period of six years with beets stored

above soll level without soil gbout the roots. (1)



OEJECTIVES

The prime object of this investigation is to determine

the maximum, minimum, and optimum storage temperatures at

which garden beets may be stored for seed production

purposes. It 1s hoped thst this object may be attained by

comparing the percent of beets suitable for planting and

the seed ylelds from beets stored as follows:

1.

In a commercial cold storage room,

In a root cellar,

In outdoor pits having varying amounts of covering,

In outdoor pits having varying amounts of ventilation,
In outdoor pits with and without soil about and over
the beets.

A secondary object is to determine whether setisfac-

tory yields of seed may be grown from srmall beets stored

in cold storarge.



IFATERTALS AND MNETHODS

Using mother beets grown for seed production purposes
in lionroe County, lNew York, several types of pit storage,
root cellar storage, and commercial cold storage were
tried during the fall and winter of 1941 and 1942.

All mother beets used were field run, fall grown beets.
They were planted about July 1, 1241, and grown in much the
same manner &as beets for the cannery. They ranged in size
from one to six inches; most of them were two and one
quarter to three inches in diameter. They were pulled and
toppred, 1.e., all leaves cut off about two inches from the
crown, by hand and placed in storage on October 28, November
1, and November 2., There had been no heavy frosts up to
that time. The variety used was Detroit Dark Red.

Six bushels were stored in a commercial cold storage
room in which the temperature was kept at 330-350 T, and
the relative humidity at 85-90%. All were stored in open
slat crates whose sides had been lined with light welght
cardboard., Four bushels had sand around and over the beets,
one bushel had peat moss around and over the beets, and one
bushel had nothing over and around the beets., These beets
remained undisturbed in storage until the day btefore plant-
ing on April 1.

Seven bushiels of mother beets were stored in a root
cellar commonly used for the storing of Erussels sprouts.
The root cellar dimensions were as follows: 40 feet long,

6



7
20 feet wide, approximately 15 feet high at the center, and
8 feet high at the eaves, It was all above soll level, but
soil had been thrown up against i1ts side walls as high as
the eaves, The root cellar was ventilated by a set of dou-
tle doors on thie north end, a set of double windows on the
south end, four side wall ventilators, and one roof venti-
lator, The beets were stored on its sandy floor in a
pile approximately the same size and shape as the outdoor
pit dexcribed below. (See figures 1 and 2.) Soil was
thrown between and over the beets. The only covering used
was one Iinch of soil, Temperatures in the root cellar were
taken with a Taylor maximum-minimum thermometer. Tempera-
tures within the pile of beets were taken with thermocouples
and a galvanometer., (Details described below.) The place-
ment of the thermocouples in the beet pile was approximately
the same as the placement of those in the c heck outdoor pit.
(See figure 1.)

To serve as a check for other outdoor pit experiments
and for use in comparing pit storage with root cellar and
cold storage, seven btushels of mother beets were pitted in
the manner usually employed by the Joseph llarris Company
of Coldwater, New York, i.e., the beets were piltted with
soil around them and covered with eight to ten inches of
straw applied MNovember 21, six inches of soll applied
November 25, and eight t§ ten inches of horse manure
applied December 17. Figures 1 and 2 give the pit dimen-

sions as well as the placement of the thermocouples in the
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FIGURE 1. Long. crossection of the check pit. X denotes
placement of the thermocouples.
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FIGUKE 2., Transverse crossection of the check pit. X
denotes placement of the center thermocouple.
check pit.

Two outdoor pits in addition to the check pit were
constructed with the object of determining the approximate
amount of covering necessary. As far as possible, these
pits were constructed the ssme as the check. The size
and shape and the placement of the thermocouples were the
same as is shown in figures 1 and 2 above., One pit had
one half the covering of the check, i.e., four to five

inches of straw, four inches of soil, and four inches of



9
manure, while the other had one fourth the covering of the
check, i.e., two inches of straw, two inches of soil, and
two inches of manure. The covering materials were applied
the same times as those of the check, o ventilator was
put 1In the pit with only one fourth the covering of the
check.

One outdoor pit in addition to the check was construct-
ed with the object of determining the need for soil about
the beets, This pit was constructed and c overed the same
as the check in all details except that no soil was placed
with the beets.

Two outdoor pits in addition to the c heck were con-
structed with the object of determining the amount of
ventilation needed in pits. These pits were constructed
and covered very much like the check except for the venti-
lators. Both pits had ventllators set seven feet apart
and running down both sides. In addition to the side venti-
lators, one pit had a ventilator shaft at the bottom of the
pit. This ventilator shaft was not only connected with the
side ventilators, but with an intaeke ventilator running
under the pit to the outside. All ventilators were made
of two and one half inch drain tiles. The ventilator shaft
was made of chicken wire stretched over a rectangular frame-
work of "one by twos". Tigures 3 and 4 give dimensions and
shape of the latter pit, and figures 5 and € give size and
shape of the other pit. It may be noted that these pits

were separated from the check by about thirty feet of pit
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11
and that they had no ends, i.e., beets were pitted contin-
uously on both ends. They were separated from each other
by about ten feet of pit.

In addition to the above pits, temperatures were
taken and observations made on tiie recular pits of the
coseph Harris Company. The pits were rmuch longer than the
experimental pits, but otherwise were the same dimensions.
Thermocouples were placed at about 20 foot intervals in the
pits, and at ground level. Covering and construction were
the same as the check pit,

For taking soil temperatures, a thermocouple was
placed six inches in the soil adjacent to the check pit.

All pits had five thermocouples which were placed as
is shown in figures 1 and 2. The thermocouples were made
by connecting a four foot number 18 copper wire to a four
foot number 20 advance wire., The junction was enclosed
in a test tube and the wires insulated with rubber tubing.
All pit temperatures were taken on a Weston Galvanometer
(model 440) previously calibrated to read in degrees Tah-
renheit above or below 32° F., i.e., the temperature of
melting ice in which the check thermocouple was inserted.
The check thermocouple was placed in a test tube filled
with fine copper filings. This test tube weas then
inserted in a thermos bottle in which ice was melting.
I'requent checks on the temperature of the check thermo-
couple were made withh a regular laboratory thermometer.

Figure 8 shows the set up of the galvanémeter and check
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thermocouple connected to a pit thermocouple. Below 1s a
picture of the galvanometer in position for temperature

taking on one of the pits.

FIGURE 7. Galvanometer on pit.

______ 5 Points on GarLvanomeTer EquarLs &° F.

b el -1 Point on GarLvanomeTER EquarLs 1.2°F,

Thermos Bortre
\| MerLTine lce (32°F)

| _CHeEck THERMOCOUPLE

Jt-CHECK THERMocCOUPLE  TesT TusE
ConTaINING CoprPER FiLinGS

___Test Tuse CoNTAINING THERMOcOUPLE N P+

FIGURE 8., Diagram of galvanometer and thermocouples.
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Temperatures in the pits were taken dally from pitting
until December 21, thereafter they were taken weekly until
April 5, when they were talen twice each week until
planting.

The mother beets were removed from the pits in layers
as is shown in figure 9. As the beets from each zone wecre
removed, they were sorted into those suitable and those
unsuitable for planting. These were then counted or
measured as the case required, and the percentage of beets
suitable for planting, calculated. All small and extra

large beets were sorted out of those suitable for planting.

Zo:s I
p /’F\\\
N\ /
// \ /{-8'
/ ! ‘<
/ \
/ X \
/ Zone IL \
/
k -zi------_-i
1 X x Soi. Levec
Z ONE I[[ Ln
X -——1-

FIGURE 9. Crossection of pit showing zones used in
removing beets from the pits. X denotes
placement of thermocouples,

A two and one half bushel sample taken proportion-
ally from each zone from each pit (except the pit venti-
lated in the sides only) was planted in €50 foot rows,

along with comparable samples of beets stored in the root

cellar and in cold storage 1n sand. Shorter rows of beets



14
which had been stored in cold storage in peat moss, in
cold storage without any covering, and of small beets
(size) sorted out of those stored in cold storace in
sand were planted adjacent to the regular planting. The
beets were planted two feet apart in three foot rows by
a transplanter simllar to those used in transplanting
tomato or cabbage plants,

Notes were taken on the height of leaves or seed
stalks three times, i.e., 17, 31, and 79 days after plant-
ing. Stand counts were taken four weexs after planting.

Seed was harvested from a total of 250 feet of each
of the 650 feet rows. One half of the 250 feet was at
tne north end of the rows, while the other half was near
the middle of the rows, All the seed was harvested from
the 161 foot row planted from beets stored in cold stor-
age 1In peat moss; the €9 foot row planted from.beets
stored in cold storage without any covering; and from the
135 foot row, planted from the small beets sorted from
those stored in cold storage in sand. The seed stalks in
each section were counted, cut, and allowed to dry on
wire screens in the field., After about a week of drying,
the seed was flalled by hand and the sticks and small and
light seed removed on a small seed mill. All lots of
seed were milled as nearly elike as possible. Cermination
tests of 100 seeds of both large and small seeds from each

lot of seed were run and the viable seeds counted. If the
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small seed germinated 50 or more after remilling, it was
added to the largce seed. The germination tests were run
on standard blotting paper in a regular seed gerninator at
800 F, Counts were made at three and ten days after tests

were placed in the germinator,



PRZSEXTATICY OF TEI'PERATURE DATA

The mean and normal outdoor temperatures for the months
in which beets were stored are given in table 1,
TAZIE 1. l'ean and normal outdoor temperatures for the

storage period. (U.S. Weather Bureau records
for Rochester, N.Y.)

Nov. Dec. Jan. TFeb, liarch April
l'ean 1941-1942 43,0 31.€ 24.4 20.4 35.6 80.2

Normal 38.7 29.4 24.€ 24.7 31.8 44,9

The total precipitation, the normal precipitation,
the total snowfall, and the normal snowfall for the months
in which beets were stored, are given in table 2.

TARLE 2., Total and normal precipitation and snowfall for
the storage period.

lov. Dec. Jan. Feb. llarch April
Total Fpt. 1.05 2.24 1.28 4.51 5.24 2.6

Normal Fpt. 2.54 2.27 2.89 2.€9 2.76 2.

W\

S

Total Snowfall 0.2 5.9 5.0 31.5 1€, 4

(&)

5
Yormal Snowfall 6.4 16.9 19.5 1€.6 12,9 3.

©

The average weekly temperaturcs and the maximum and
minimum temperatures are shown in figure 10,

The lowest temperature observed during the storage
perlod was -10° F, on January &. During this cold spell,
which lasted from January & to January 12, the tempecra-

ture went below zero four times. Two less severe and
1¢
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shorter cold spells occurred in February with temperatures
coing to 4° F., on February 3, and to 1° F. on February
ninth and tenth.

The highest temperature observed during the storace
period was €4° F. on April 26. The hizh during the fall
rnonths was 73° I'. on November 12th., An abnormally warn
period occurred during the first week in December, during
which the temperature reached a high of €€° F. on December
fourth.

The average weekly soil temperatures are shown in
figure 1l.

In comparing temperatures of mother beets held in
cold storage, root cellar, and pit storage, the cold
storage beets with a constant temperature of 33°-350 F,
averaged riuch lower than the root cellar with an averaje
of 38,790 F., or the check pit with an averace of 40,500 F,
The temperatures of mother beets stored in the root cellar
and the check pit are shown in figure 12, Except for two
weeks in Yovember and four weeks in lMNarch, the root cellar
teriperatures were below those observed in the check pit.
Faulty management of the root cellar was probably respon-
sible for the high temperatures there during Novenber.
Following covering of the check pit with straw and soil
on November 21 and 25, it may be noted tliat temperatures
of the root cellar beets dropped, while those of the check
pit rose. Thereafter, until Ilarch 15, the root cellar
pit temperatures remained one to five decrees below those

of the check pit., Temperatures in the root cellar pit
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started to rise earlier, but less rapidly than any of the
outdoor pits, The check in the rise in temperatures in
the root cellar pit which occurred from April 5 to April
19, might glve evidence that terperatures in a root
cellar may be controlled more ecasily than those in pit
storage.

The averace temperatures for the storarse period of
the check pit, the pit with one half the covering of the
check, and the pit with one quarter the covering of the
check were 40.5° F., 38,2° F., and 38.3° F., respectively.
The average weekly temperatures of these pits are shown
in figure 13. The temperatures in these pits were very
rmuch the same until November 21 and 25, when straw and
8oll covering were added., The differences in tempera-
tures observed following the straw and soll covering
became still greater when manure was added on December 18,
It may be noticed (see figure 13) that the check »it
temperatures continued to rise on December 6, while those
of the other two pits showed a decrease, similar to that
but not as great, as the one observed in the root cellar
during this period. (See ficure 12) Until March &,
the pit temperatures fluctuated quite uniformly together.,
During this period, the pit with one quarter the covering
of the check always had the lowest temperatures. On
January 18, a low of 26° F. was observed and on February
15, a low of 27° F, was observed in the top section of

this pit. It may be assumed that temperatures of 26°-270 F,
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lasted for two weeks or more in this pit. The lowest
tempefatures observed in the pit with half the covering
of the check were 290 I"', on January 19 and February 15.
These temperatures were observed in the top section of
the pit. Io freezing tenperatures were observed in the
check pit. During the week of lMarch 8-15, the temperatures
in the pit with one quarter the covering of the check
began to rise more rapidly than in either of the other
pits. This rise, which was mnore rapld than than the outside
temperature during this period, continued until April 5,
when a temperature of 50° F, was observed in the top of
tﬁe pit. The drop in temperatures in the top of this pit
(see figure 14) from April 5 to April 12, was also out of
line with the outside temperatures. The rise in tempera-
tures of the other two pits during this period was much
the same except that the check pit rose more slowly at
first and more rapidly durling the latter part of the
storage period.

The average weekly temperatures observed in the
check pit and the solless pit are shown in figure 15,
while those observea in the top and bottom sections of
the soiless pit are shown in figure 16. It may be noted
that the temperatures observed 1n»the soiless pit viere
below those of the check pit. The lowest temperature
observed in the soiless it was 30.4° F. in the top section
of the pit. It 1s doubtful whether this temperature lasted

over three or four days as the temperatures of the week
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before and following were well above this low temperature.
The temperstures observed in the solless pit during April
were nearly the same as those ovserved 1In the check. The
averace temperature for the storage period in the soiless
pit was 39.080 F,

The average weekly temperatures observed in the
check pit and the two ventilated pits are shown in fipgure
17. It may be noted that during November and December,
when the ventilators in the ventilated pits were opened
during cold weather and closed during warm weather, that
the temperatures in the pit ventilated on both sides and
bottom were somewhat below those of the check pit. The
temperatures in the pit ventilated on the sides alone
were about the same as those in the check during this
period. It may be noted also that the temperatures in
the pit ventilated on both sides and bottom showed a
decrease, similar to tne decrease mentioned above in the
two covering pits and the root cellar, on December 6,
while the check pit and the pit ventlilated on the sides
only showed an incrcase. Following plugzsing of the
ventilators for the winter on December 17, the tempera-
tures in the pit ventilated on both sides and bottom rose
to temperatures aprroximating those of the check, while
the temperatures of the pit ventilated on the sides rose
above those of the check pit. The temperature in the pit
ventilated on the sides only began to rise earlier and

more rapidly than either the check or the other ventilated
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pit. For the last two and one half weexks of the storaye
period, this pit had temperatures above 45° F. The
avereage temperature for the storage period was 40.&° F,
in the pit ventilated in both sides and bottom, 42.€C F,
in the pit ventilated in sides alone, and 4C.5° F. in
the check. The two west thermocouples in the pit with
ventilation in sides only averaced 1.2° F, higher than
the two east thermocouples.

Figure 18 shows a comparison of temperatures of
beets pitted immediately surrounding the two ventilated
pits and temperatures of beets pitted immediately sur-
rounding the check pit. It may be ncted that the pits
surrounding the ventilated pits had hicher temperatures
throuchout most of the storage period and that they
showed an earlier and ricre rapid rise in temperatures

than did the ventilated pits.



PRESENTATICN OF STOKRACE DATA

All beets stored in cold storage, the root cellar,
and the check pit, were suitable for planting.

llother beets stored in cold storage in sand were
entirely dormant. They had no root hairs or sprout growth,
other than that which they had when stored. Except for a
few on top of the crates which were not completely covered
by the sand, they were all firm fleshed. Figure 19 shows

three typical beets stored in sand in cold storage.

FIGUKE 19. Three typlical beets after removal from cold
storage.

31
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Beets stored in cold storage in peat moss were very
much the same as those stored in sand. The beets stored
without sand or peat moss about them were slightly
shriveled but otherwise the same as those stored in peat
moss and sand.

Beets stored in the root cellar had longer sprouts
and more root hairs than beets stored under any other
condition. They were all firm., Figure 20 shows three

typical beets stored in the root cellar,

T

FIGURE 20. Three tyrical beets after removal from the
root cellar.
Beets stored in the check pit had an abundance of root
hairs and fairly long sprout growth. The beets from all

sections of the pit were nearly alike, There was no
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indication of frost, overheating, or drying out injury in
this pit.

The percentace of beets suitsasble for planting from
the pits with different amounts of covering are given in
table 3.

TAZIZ 3. The percentage of beets suitable for planting
from two covering pits and the check.

Zone 1% Zone 2% Zone 3%
Check 100 ¢ 1007 1007
5 Covering of 93.1% 1009 100%
Check
L Covering of 509 g2, 3 10077
Check

% See fizure 9 for explanation of zones

The plt with one half the covering of the check
showed six and nine tenths per cent of the beets with
freezing injury in zone one. This frost injury wes
confined to the crown of the beet. The beets in zones two
and three were much the same as those of the check pit.

The beets stored in the pit with one quarter the
covering of the check showed considerable frost damage
in both top zones, i.e., zones one and two. The frost
damare in zone one was very severe, i.,e., the entire beet
was rotted at the time of removal, while the frost damage
in zone two was less severe and consisted mainly of rotted

crowns. Fourteen per cent of the beets in zone two and
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eighteen per cent of the beets in zone three and a slight
rotting of the tap root, but were considered suitable for
planting.

All beets stored in the pit without soil about them
were classed as suitable for planting in spite of the fact
that nearly all showed some rdtting of the tap root. On
some beets, just the tip of the tap root was affected,
while in others, the rotting extended into the beet proper
as much as one half an inch. The most severe injury oc-
curred in the top of the pit (zone one) where 46 per cent
of the beets showed severe injury. The center of tlie pit
was less affected with 33 per cent showing severe injury,
and the bottom of the pit (zone three) was least affected,
with 23 pér cent showing severe injury. Figure 21 shows

three severely injured beets. The dry brown rotting

|
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FIGURE 21. Three severely injured beets from the soiless
pit.
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seemed to start at the tip of the tap root and worked
towards the beet proper. In many cases, the tap root
seemed normal, but a slight jar or pull would break it off,
The sprout growth on all beets in this pit was nmuch shorter
than in any of the othef pits. The only good vigorous root
hair growth observed was in beets which were in contact
with the soil at the bottom of the pit.

The percentage of beets suitable for planting from
the two ventilated pits and the check are given in table 4.

TABLE 4. Percentage of beets suitable for planting from
the ventilated pits and the check pit.

Zone 1 Zone 2 Zone 3
Check 1007, 1007 1009
Vent, Sides and Eottom 1007 1007 1007
Vent. Sides Only £3.17 94,57 69. 57/

The beets stored in the pit ventilated on both sides
and bottom were very much the same as those stored in the
check pit. Sprouts were longer and root hairs more
numerous around the ventilators. FIigure 22 is a picture
of three typical beets from this pit.

The beets stored in the pit ventilated on the sides
only showed injury which was probably due to overheating.
The most common injury was to the sprout and crown and the
area around the crown. In severe cases, the whole sprout

was jet black and brittle, while the crown and the top half
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FIGURE 22. Three typical beets stored in the pit venti-
lated on both sides and bottom.
of the beet was covered with a watersoasked rotting which
scuffed off when rubbed. In less severe cases, only the
tips of the sprouts and the old leaf petioles were black
and cifcular water soaked areas appeared on the shoulder
of the beets. In crossection, these water soaked areas
were black and confined to the surface of the beet. Over-
heating damage was evident to some extent in all parts of
the pit, but it was most severe in zone three and the lower
parts of zone one. Figure 23 shows how the covering mat-
erial slid to the base of the pit, covering the areas
where heat injury occurred with an excessive amount of

covering material., It was also noticed that more severe
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FICURE 23. Relation of cover at end of storage period to
heat injury.

injury occurred near the west ventilator than around the
east ventilator, so counts were taken in four sections
(see figure 5) as well as in zones. Starting with section
one, i.,e., the section adjacent to the west ventilator,
the percentages of beets suitable for planting were 97.57,
83.0%, 65.07, and 72.09 respectively. Section one con-
tained the east thermocouples and section four, the west
thermocouples.

The beets iIn the pits on either side and between
these two ventilated pits had up to 50 per cent severe

injury from overheating.



PRESENTATION OF SELD FRODUCTION DATA

The spring and summér of 1942 were ideal for beet seed
production., Warmn wecather during the early spring made it
possible to plant the beets carly. hkainfall was sbuncdant
and well distributed throughout the growing period.

Table & gives the per cent stand and the average length
of leaves or seed stalks at 15, 31, and 79 days after
planting. The seed stalks were just beginning to appear
TABLE 5., The per cent stand 15 days after planting, the

average height in inches 15, 31, and 79 days after

planting, and the per cent rosette seed stalks.
Data on 550 feet of row.

TYPES OF STOKAGE 9 STAND AVERAGE YEIGHT IN Ii. ¢ ROSETTE
15 31 79 days  SLEED STALKS

Cold Storare, 9€.¢ 3.4 9.4 41.2 5
Sand

Cold Storage, - -—:t 9.0 41.3 4
Feat lioss

Cold Storage, -——— -2 8.4 44,5 0
o Covering

Cold Storsge, - 2.1 7.1 38,7 6
Snmall

Root Cellar 91.2 2.8 7.9 40.5 11
Fit-} Covering g2.4 2.3 7.0 38.7 29
of Check

Fit-1 Covering 75.1 1.8 5.7 42,0 28
of Check

Pit-Check 83.7 2.3 7.6 37.6 29
Pit-Sciless 76.1 2.2 7.5 40.0 25
Pit-Vent, Sides £6.7 2.€ 8.3 40.9 24
and Bottom

s+ Data not collected
38
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at the first measurerent, just above the leaves at the
second measurement, and were in full bloom and at their
maximum height for the third measurement., It may be noted
that tlie beets stored iIn cold storage and the root cellar
made much the better stand and early growth, but that as
the seed stalks matured, the beets stored in pits caught
up to and in one case, i.e., the pit with one fourth the
covering of the check, exceeded the height attalned by
them., It was noted, during the growing period, that the
seed stalks produced by beets stored in cold storage were
nore uniform in height than the seed stalks produced from
beets from the other storare treatments.

It was noticed that many of the beets stored in the
outdoor pits produced seed stalks with no main stem, but
instead, a rosette of several lesser stems, These stems,
unlike the more common main stems which grew from the
single crown of the beet, grew from the shoulder of the
beet. The percentage of beets procducing seed-stalks with
the rosette growth hablt 1s given in table 6>above.

The yleld in pounds per acre from the two plots of
each storage treatment are given in table €, along with
the germination of each lot of seed and the calculated
yield in pounds per acre and pounds per plant at 807
germination. Since there were quite large differences in
the germination of the various lots of seed, 1t was thought
advisable to convert the yields to pounds of seed per acre

on the tasis of 80% germination.
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TAZLE €.

pounds per plant on the basis of 807 germination.

Yield in pounds per acre, germination, and yield in pounds per acre and

CALCULATED CAICULATLD
TYPES OF STORAGL RIEFII- GEKWLI- YIELD LDS. YIELD LES. Al YIELD PLR TEAT
CATE  NATION PLEk ACEE FER ACHE AT PLATT I LS.
i 207, GEKII. £07 GERI..
Cold Storage, A 75 1379.38 1310.41 1339.5 .194 .191
Sand B €9 1539.16 1369, 85 . 167
Root Cellar A ee 1375,77 1403.28 1254.5 .224 . 197
D 79 1116,04 1106.€6 .170
Pit-Vent. Sides A 72 8e€z.12 793,15 €27.5 .129 . 139
and Bottom )5 75 936,84 842,869 .148
Pit-% Covering A 77 822,19 797.53 771.5 .156 .145
of Check B 77 724,08 746,50 134
Fit-Check A gl £696,96 703,92 707.5 .132 133
3 80 711,48 711.46 .133
Pit-Soiless A €4 726,00 €24, 36 €43.0 .138 .131
B 73 711,48 €EL,EE . 124
Pit-1 Covering A 75 €49,77 €17.25 561,0 133 . 137
of Check B 80 504,62 504.62 . 140
Cold Storage-Small 74 1330.,31 1280.80 .175
Cold Storare-Peat loss 73 1092.00 1015.¢56 .175
Cold Storage-lo Covering g6 1121.25 11€8.52 -——

i

%+ Data Missing
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TABLE 7. The number of seed stalks per acre at harvest. (100% stand = 7260 seed
stalks per acre)

COLD ROOT PITS
STORAGE CELLAR VENT. z COVER. CHECK SOILESS # COVER.
OF CHECK OF CIECK
KEeplicate A 6795 6272 6156 5111 5343 30 4€4"7
Replicate B 7260 6506 5691 876 5343 5343 3600
Average 7028 €389 5024 5344 8343 4937 4124

TABLE 8. Analysis of variances and covariance of the stand and yield data.

Stands = x -Xy Yields = y Errors of Estimate
Source of D. Sum of Mean Sum of Sum of
Variation F.] Squares Square Products Squares
Total 13} 12,319,060 3,296,762 |1 1,164,666 282,452(12
Between Treat-
ment Means 6/11,031,110(1,838,517}|13,263,159 |} 1,109,489{184,915
Error 7 1,287,950 183,993 53,603 55,177 qummmt 54,300 6] 92,050
Treatment 6 228,152 €]38,025
4

b from the error line is 0.02609; b from treatment plus error is 0.2676
= 9,050 = 95.13
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The stand at harvest in seed stalks per acre, for the
various treatments is given in tabtle 7,

Table & contains the analysis of varlance and covari-
ance of the numbers of beets per acre and the pounds of
seeds produced per acre. On examining the F value per-
taining to stands or numbers of beets per acre, namely;

1,838,517
F oo« — = 9.99,
* 183,993
it is seen that there are significant differences between
the stand averages. This shows that the treatments caused
sisnificant differences in the numbers of beets to survive,
grow, and produce seeds.

On examining the F value pertaining to ylelds per acre,

namely;
184,915
P, g — = 23.5,
J 7,882
it 1s seen that there are highly significant differences
between yield means., One of the reasons why the yield
means are significant is because of the differences in stands
and these differences are no doubt trought about by differ-
ences in treatments,
The slopes of the regression lines pertaining to error

and treatment plus error are respectively &s follows:

b = ,02e02

b . 267€
These slopes differ significantly from each other. The first

slope indicates that there is not a great deal of dependence
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latter indicates that there
stands. The last three
analysis after adjusting for

to ylelds adjusted for stands,

et the 57 level. This

the mean ylelds after

for stands are significantly different from others,

The averages of the yields

before and alfter adjusting for stand are given in table 10.

TARLE 10. Yields of seeds per acre before and after ad-
justing for stands.
COLD ROOT PITS
STOR-| CELLAR | VEIl. | & COV,. |CHECK |SOIL- | COV.
ACE CHECK ESS CHECK
Av. before
adj. for 1340 1205 818 773 708 €43 c€l
stands
Av. after
adj. for 1302 1234 €09 779 714 €60 584
stands

Differences in means to be significant
and 353 at the 17 level.

232 at 57 level

Clearly the adjustment yield means for the cold storage

and the root cellar treatments are significantly largcer

than the other treatment yleld means.

There is no signifi-

cant difference between the adjusted yleld means of th

cold storage and the root cellar treatments and no signifi-
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cant differcnces between the adjusted yield means of the
other treatments.

Table 11 contains the analysis of variance of the
yields per plant. (See tavle €) The value of I' from tlis
table, namely;.

.009,586

' s —— = 5.22,
.002,028

TACLE 11. Analysis of variance of the yields per plant.

SCURCE OF SULT CF I'EAN
VARIATION D.F. S¢(UARES SLUARE
Total 13 .011,€14

Between Treatment 6 .009,5¢€€ .001,514%
'eans

Error 7 .002,028  .000,29

v Significant at the £ level. = ,017

sugrests that there are significant differences between
treatment means. On testing for significance, it is found
that tne difference between yield per plant averages to ve
significant is .042 pounds at the E7 level and .052 pounds
at the 17 level, The means of the cold storage and the
root cellar treatments are significantly larcer than the
means of the other treatments. There are no significant

differences between the other treatment averar-es.



DISCUSSICK ALD COIICLUSIONS

In attempting to draw conclusions from the above data,
it must be borne in mind that they are the results of but
one years's work and thus cannot be taken as wholly con-
clusive.

The use of thermocouples and a galvanometer for taking
temperatures in pits proved to be a very laborious and time
consuming operation., It proved very difficult to take
temperatures in mid-winter when snow, ice, and cold weather
made handling the thermocouple wires a painful and at times
an impossible task., From the above data, the author thinks
it can be safely assumed that in &all but the scantily
covered pits, the critical months of storage vere liovember,
December, larch, and April. During these rionths, tempera-
ture readings can easlily be taken with the galvanometer
and thermocouples. The use of tﬁermocouples and a galvano-
neter in taking tenperatures in tiie root cellar proved to
be much easier and could be used to good advantage in
taking temperatures there in either bins or pits.

The fact that some t eet crowns froze at approximately
300 F, in the pit with one half the covering of the check
seems to indicate that any temperature below freezing for
any length of time 1s dangerous in storing mother uLeets for
seed purposes., Since no tissue damare from freezing was ob-
served in this pit at this temperature, it ﬁay be assumed
that tissue damare from freezing takes place at tempera-

45
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tures between 27° F., i.e., the lowest temperature observed
in the pit with one fourth the covering of the check wiich
showed severe freezing injury, and 30° F., These deductions
are in line with the 26.9° F. freezing point for bLeets
given by Wright. (5) Since a beet is of no value for seed
purposes 1if its crown is frozen, we may say that storage
temperatures as low as 30° F, should be avoided.

To determine from the above data the t emperatures
which will cause heat injury is difficult 1f not impossible.
Since temperature readings were not taken daily during the
last three weeks of the storage, and due to the fact that
some of the beets remalned in the resular pits as long as
ten days after the last temperature observations were made
on April 26, 1t 1is difficult to state the exact number of
days during wiich the pits were above a set teuperature,
i.e., any erbitrarily picked temperature at which heat
injury was thought likely to appear. ilowever, through
interpelation of tiie temperature data an hand, the follow-
ing table was constructed, (table 12) giving the approxi-
mate number of days during wiaich the beets surrounding each
of the thermocouples were above 450, 480, and 50° F,.

In selecting the thermocouples for table 12, only
borderline cases, 1.e., those which showed no heat injury
but which had relatively high temperatures, and those which
showed varying dégrees of heat injury were used. It may be
gathered from this table that beets may be stored without

serious decay for approximately 68 days at temperatures of



47

TABLE 12, The relationship of heat injury to the number
of days in which tenmperatures of beets sur-
rounding selected thermocouples were above
459, 48°, and 500 F,

o IEAT APP.IT0.DAYS ABOVE

PIT THERIOCOUFLE INJURY 459 - 489 - 500 .
Vent., Sides Center 0 32 26 20
and Eottom
Regular 20' E. of Center 0] €8 32 16
Regular® 3' from V. End 1% 50 9 0
Vent., Sides East, Soil Level 107 56 32 20
Only
Regular® Center 15¢! €9 49 21
Vent., Sides West, Soil Level 289 68 49 29
Only
Rezular® 20' from W. End 27.7% el 54 33

> Regular pit refers to pits constructed by Joseph liarris
Company for storing thelr main crop of beets.,

45° F, or over, proviaing not more than 32 of these days
have teriperatures of 48° F. or over, or more than 20 of
these days have temperatures of £0C F, or over. Yo other
thermocouple with surrounding beets showing heat injury
failed to have less‘than 66 days at 45° F. or over, or
less than 32 days at 48° F. or over, or less than 20 days
at 50° F, or over., UNo other thermocouple which showed no
heat injury had more than €8 days at 45° F. or over, or
niore than 32 days at 489 F. or over, or more than 20 days
at 50° F. or over.

The averare temperatures for the storage period, the
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TALLE 13.
reriod,

The averapge storage temperature, the time,

in per cent of the storage
in which the teriperatures of the various treatments were velow 32

F., between 32-40° F., and above 400 FI.,, and the nmean seed yields per
plant and per acre of the various treatments.,

AV. STORAGE PER CEI'T OF STORAGE PERIOD IZAY SEED YIELD (GER.80)
TYPES OF STORACE TENPERATURE WITH TENPLERATURES I ounds Pounds
Derrees F. BRelow 320 32-40° Over 40° Fer Plant Fer Acre
Cold Storage, 33 0 100 0 .191 13329
Sand
Root Cellar 36.8 4 56 40 . 107 1245
Pit-Vent. Sides 40.8 0 54 46 <139 g7
and Cottom
Pit-Check 40.5 0 46 54 «133 707
Pit-% Covering 38.3 12 £4 34 .145 771
of Check
Pit-Soiless 39.1 0 46 &4 .131 €43
Fit-* Covering 38,2 15 43 50 .137 561
of Check

Yield differences of

.042 pounds per plant and 232 pounds per acre are significant,
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per cent of the storare period during whichthe tempera-
tures of the various storace treatments were telow 320 TI.,
between 32-40°0 F., and sbove 400 F,, and the mean yields
of the various storage treatments are given in table 13,

It may be noted that the mean yields decreased as the
averare storage tenperatures and the per cent of the stor-
aze period above 40° F, increased, if the temperatures of
the pits with one quarter and one half the covering of the
check and the soiless pit are not considered. TFreezing
temperatures were observed in these two covering pits for
15 and 12 per cent of thne storare period resnectively.
These low temperatures not only lowered the avera e stor-
ace teriperatures of these pits, but caused the obvious
freezing injury discussed above. It would seem logical to
asswie that the low yield per plant, tne poor stands, and
the low yield per acre from beets stored in these pits,

may have been due to unarparent injury due to freezing,
Thiis assumption is.supported by tne findings of Chroboc-
zek, (2) who reported tnat freezing injury to beets growing
in a greenhouse delayed seed stalk development., Low yields
from beets stored in the soiless pit can be attributed to
the serious tap root rotting observed in that pit.

Since Wright (5) found that table beets gave off 357
and 3007) more heat (which he assumed was due to respiration
of hexose sugars) at 400 I, and €0° I'. respectively than
at 320 F., it seems logical to assume that the beets stored

at the higher temperatures, i.e., those stored in the out-
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door pits which showed no storeg: injury in thils investi-
cation, lost more sugars than those stored at the lower
tempersatures i.e., the cold storare and root cellar stor-
ace, Tlils leads to the conclusion that greater sugar losses
may be responsible for the poorer stands, the lower jyields
per plant, and the lower yields per acre obtained from the
beets stored at the higher pit temperatures, Other storage
conditions such as ventilation, moisture, etc., may have
helped cause the low ylelds from the teets stored in the
outdoor pits.

The cause of the rosette seed stalk growth is diffi-
cult to explain with the limited data obtained. It may
be noticed in table € that there were a g reater percentare
of rosette seed stalks produced by beets stored in outdoor
pits than were produced by beets stored in the root cellar
or in cold storage. The nigner storare temperatures
observed in the outdoor pits may have been the cause.
This reasoning 1s in line with the finding of Chroboczek.
(2) In conducting an investigation to determine the cause
of bolting in bLeets, he found tiiat tewperature had a
marked influence on the formation and growth of seed stalk
primordia., Further investigation would be necessary to
determine whetner this or other storace or field conditions
caused thiis abnormal seed stalk growth, Althougch no yield
data was obtained on individual rosette seed stalks, the

r

lower yields per plant obtalned from the outdoor pits would



indicate that their yield per plant was less than that
obtained from normal seed stalks.

In this investigation, it was possible to get the land
fitted and the beets planted et a fairly early date. In
apite of this, many beets were lost in the outdoor pits,
i.e., in the pit with ventilation on sides only, and the
regular pits surrounding i1t, because of Ligh tenperatures.
Under less favorable field conditions, the differences
between the yields obtained from beets stored in the root
cellar and outdoor pits, where tlhie storage temperature
depends largely on the outdoor temperatures, and the beets
stored in cold storage, where the storace temperature can
be kept constant, may be even greater than the differences
observed above, If this investigatlion were conducted during
a year in which field conditions were unfavoreble for early
planting, differences between yields from beets stored in
a root cellar, where storare termperatures can only parfi-
ally be controled, and the outdoor pits might be consider-
ably less.,

Although the econoniic aspects of storing beets for
seed production purposes were not considered in this inves-
tigation, it rmust be borne in mind that a storage method
to be practical must be economical, Further investigation
would be necessary to determine the costs of the various
methods of storage. When the labor costs of constructing

pits and removing beets from them are carefully considered,
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it is believed thet they will be found to be higher per
pound of seed produced than the costs per pound of seed
produced from beets stored in tiie root cellar and cold

storace.

The above data and discussion would, in the opinion
of the author, eliminate outdoor vits as a method of storing
beets for seed purposes if cold storage or root cellar
storage were available, If 1t were necessary to use »it
storage, the somewhat larger (not significant) yilelds
obtained from beets stored in the pit ventilated in sides
and tottom and from the pit with one half the covering of
the check would indicate that pits should be well venti-
lated and not overcovered. The amount of covering would
necessarily vary with the outdoor winter temperatures of
the locality. Since the yield from beets stored in the
soiless »it was less than the yield obtalined from thoée
stored in the cneck, the use of soil about beets in pits
is considered advissable,

The secondary object of this problem was to determine
whether small beets stored in cold storage would produce as
much seed per plant and per acre as the larger beets., The
data presented would indicate tinis to te true, although
only a limlited number of beets were used., As three t imes
as many small beets can be stored in the space required
for the larger beets, the storing of smail beets in cold

storage would materially reduce the storage costs,
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Because of the limited amount of beets stored in cold
storage with peat moss covering or with no covering, no
conclusive data wes obtained, A lighter covering material
for storing beets in cold storage would facilitate hand-
ling.

Yo attempt was made, in this investigation, to over-
winter beets in the field. Later investigations may prove

this possible in certain select localities in the Northeast.



SUITARY

During the fall and winter of 1941 and 1942, fall
grown Detroit Dark Red garden beets were stored in cold
storase, a root cellar, and in outdoor pits with varying
amounts of covering; ventilation, and soil surrounding the
beets. Storage temperégires in the outdoor pits and the
root cellar were taxen with a galvanometer and thermocou-
ples. The beets were taken from the pits in the soring
and graded and planted. TI'ield notes and seed ylelds re-
cords were taken during the suwmmer of 1041. »Sced yield
and stand data were analysed by analysis of variance and
covariance to determine the significance of the data ob-
tained.

The use of the galvanometer and thermocouples for
taking temperatures in outdoor pits and root cellars was
found practical in good weeather,

Freezling injury of beet crowns was observed in out-
door pits whose lowest temperature was 30° F. Freezing
injury to beet tissue was observed in outdoor pits whose
lowest storace temperatures were 26-27° F, These temper-
atures lasted approximately three weeks.

ileat injury occurred in outdoor pits whose storace
teriperatures were above 450 F, for approximately two months.

Dry rot was observed on the tap roots of bLeels stored
in the pit with no soil avbout them.

BEetter stands, more vigorous seed stalks, and more

o4



uniform growth were made ty beets stored at 33° F. in cold
storace and at 38.8° F. in the root cellar,

Significantly better stands and yields per plant and
per acre were obtained from beets stored in the root cellar
and cold storage.

A greater per cent of rosette seed stalk growth, i.e.,
seed stalks which had several equal stems instead of a
single main stem, was produced by beets stored in outdoor
pits. This was thought to be due to thie higher storace
temperatures observed in the outdoor pits.

o significant seed yield differences were found
btetween beets stored in thie root cellar and cold storare,
or between the seed ylelds of beets from the various pits.

Seed ylelds decreased as the storage temperature
increased when the data from pits showing no storage injury
were not considered. ILetter yields (differences not statis-
tically significant) were obtained from beets stored in
moderately covered and well ventilated pits,

Satisfactory yields were obtained from small beets,
averaging 1.8 inches in diameter, stored in cold storage,

indicating that further investigation may prove them suit-

able for seed production purposes.
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