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Introduction

Damping-off of sugar beet seedlings is a condition apparently
caused by the action of certain organisms, resulting in the death of
the plants about the time that they emerge from the soil. It is a
source of loss well-known to beet growers throughout the world.

Losses from damping-cff generally occur when the beets are in the
seedling stage; sometimes before the seedlings are out of the ground,
generally before they have developed their first pair of true leaves,
but sometimes even after the crop has been blocked and thinned.

Demping-off has also been commonly called: black-root, black-rot,
black-leg, end root disease, descriptive of the appearance of the injury
wvhich 1t produces on the roots of the seedlings.

Damping-off varies from year to year, between localities, and
between fields in a given locality. Losses from it are unpredictable,
and may range from a trace up to the destruction of the entire crop in a
field. Meny experimenters think that the condition may be correlated
with unfavoreble growing conditions in the spring, such as heavy rein-
fall, long periods of rainfall, poor drainage, and low temperature. The
impression 1s that losses are usually greater on heavy soils.

During some seasons, it is quite general over a beet growing area.
In other years it may be confined to one or two factory districts in a
beet growing region. It may almost completely destroy o stand of beets
in one field, while an adjoining field mey be free from the condition.
Ir other ceses, it has been known to destroy parts of a field of beets,
killing the beets in one or more irregular patches in the field, or some-

times killing most of the beets up to some clearly defined line across the
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field and doing no damage in the remainder of the field. It has been
known to wive out a stand of beet seedlings, but the same land when
replanted showed no sign of damage from damping-off.

Damping-off is apparently caused by fungl organisms which are
present in varying numbers on beet seed and in all soils, but which do
not always affect the beet crop. Three organisms are responsible for
most of the losses from damping-off of sugar beet seedlings. They are:

Phoma betae, Phythium spp., and Rhizoctonla spp.

Phoma betae is always present on shipments of European-grown dbeet
seed, end is sometimes present on American-grown seed. This organiem
does not live over winter in the soil, except on beet refuse, so the
source of infection is always from the use of infected seed, providing

a normal crop rotation is followed. Species of Phythium and Rhizoctonia

are found living seprophyticelly in varying numbers in almost 211 soils.
Coons and Stewart (1) describe the effects of the above-mentioned
organisms on sugar beet seedlings as follows: With Phoma betae infection
the seedling shows a dbrowning and blackening of the hypocotyl and root.
The discoloration usually shows above the surface of the ground before
the seedling topnles over. The killing mey be fairly ranid or teke place
so slowly that the seedling seems almost ready to outgrow the disease.
Plants are frequently found with hypocotyl completely blackened as fer as
the cotyledon, which remains turzid and green. ZExamination of such plants
shows the vascular region as the only part not affected. The general
impression one has from the examination of such a seedling is that the
attack has been made by a moderately rapidly growing orgenism, which

produces a dry type of decay".
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Infection from Pythium syp. ceuses a2 type of disease "in which
rapid wilting occurs, usually unaccompanied by marked discoloration.
Such plants have a brown decayed region in the root, and tke central
vescular region is discolored far in advance of the externel lesions.
The lesions have a water-sosked appearence as compered with the dry,
black lesions characteristic of the Phoma type of attack. Twenty-four
hours after the first indications of wilting the seedling is almost
completely decayed."

With Rhlzoctonla infection, "which is not so distinctive in appear-
ence as the others, the color of the young leaves gives the first indi-
cetion of disease. The leaves may be merely deeper green in color, but
occasionzlly they are blue green. Associated with this sign, one finds
often a lemon-yellow color of the stem. The seedlings grow slowly and,
in general, show evidence of malnutrition. On removing the seedlings
from the soil, the tap-root is found deceyed at the tip and the rootlets
above the decayed reglon are developing, apparently attempting to replace
the primary root. No doubt, many of the seedlings taus affected develop
Into marketable msture beets, but of poor type.® This disease is
commonly known e&s "root rot® or "tep root tip rot". It is first noted
as a wilting of the leaves of certain plants in a field during the hot
days of mid-summer. If these plents are pulled up it is found that the
extreme ends of the tap-roots ere rotted off. Many of them have just
enouch root system to keep the plant alive during the growing season.
Such plants do not develop roots of marketatle size.

Nuchols and Tompkins (23) described healthy beet seedlings as having

erect straight petioles; while beets affected by damping-off organisms

had petioles which were distinctly bowed at the base, leaving the plant
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vith an open type of top which was vase-like in appeeresnce. Associated
with this was a pale leaf color of the diseased plants. They advocated
the educeting of beet workers to recognize the symptoms so thet they
could remove diseased plents and leave heelthy ones, et the time of
thinning.

Most of the experimenters workingz with this problem have attermpted
to control damping-off by the use of funglicidal dusts on the seed.
Results from this work have varied a great deal and usuvally no definite
conclusions were reached.

Some experimental workers have attempted to prove that good cultur-
al practices will reduce losses from damping-off. They have been some-
what successful in that any practice which will enable alr to get into
the so0il will make conditions more unfaevorable for the growth of damping-
off orgenisms. This is well demonstrated by ridge planting, which allows
a maximum of air to get into the surface of the soil.

There hes been an impressicn that legumes, such as alfalfa and
sweet clover maintain some of the damping-off orgenisms in the soil, and
that cultivated crops, especlally corn, present a condition which is not
so favorable for the maintenance of these organisms. A limited amount of
experimental work has shown this to be true. This fact may have some
prectical application in the planning of crop rotations which include
suzar beets.,

It has been noted that when beet seedlings were very thick in the
rows, it resulted in heavy losses of the plents. This suggested that
possibly overcrowding caused a weakening of the plents, and has resulted

in some experimental work with heavy rates of fertilization. The results
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from this work show, in general, that the use of fertilizers, especial-
ly those carrying sodium, results in a smaller percentage of loss from

damping-off.

Present Status of the Problem

Demping-off of sugar beet seedlings has been recognized for many
years as one of the factors which has retarded the development of the
suger beet industry. While considerable ressarch has been made on the
problem, many of the findings are contradictory, and as & result, no
definite control measures have been recommended.

It is quite generally agreed that the three organisms; Phoma betze,
Pythium spp., and Rhizoctonia spp. are responsible for most of the losses
from damping-off of sugar beet seedlings; the Phoma betae being carried

on the seed, while Pythium end Rhizoctonia are present in the soil.

Dusting of the seed with fungicldal dusts usually will cut down on
losses from Phoma betae, but will not eliminate these losses entirely.

Seed dusting apparently has little, 1f any, effect in controlling Pythium

and Rhizoctonlia.

Good cultural practices, meant to increzse zeration of the surface
soil, works out nicely in the armchair, but unfavofable weather conditions
may meke it impossible to carry out these plans in the field.

The problem seems to be one of making conditions as favorable es
possible for the germination and growth of the beet seedlings, and at the
same time making conditions unfavorasble for the development of the organ-

isms causing losses from damping-off.

Purpose of Problem

The purpose of this work was to attempt to find some control measure,

or measures, which a beet grower could apply as insurence that his sugar
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beet seedlings would not be destroyed by damping-off. No attempt was
made to isolate and study the fungl organisms which are ordinarily held

responsible for causing this diseass.

Review of Literature

Due to inaccessibility of many references, the following review of
literature made by Coons and Stewart (1) in 1927, is ziven.

"Root disease, black-rot, or black-leg has long been known as a
susar beet disease problem. In the old literature, insects and soll
factors were believed responsible. Hellriegel (7) first called attention
to the fungous and bacterial factors involved when by a 20-hour soaking
of the seed in one per cent carbdbolic acld solution he lessened the root-
rot. He attributed this effect to the disinfection of the seed ball,

T™e work of Wimmer (16), Wilfarth (17), and Karlson (9), substentiated
this viewpoint. Frank (6) and Kruger (10), later demonstrated the
seriousness of Phoma betae, dbut the tendency of nearly all of the older
research work was to look upon root disease as an indication of some
defect in cultural conditions rather than a parasitic relation influenced
by environmental conditions.

7

Duzser and Stewart (4) in 1901, proved that Corticlum vazum B. and

C. solani Burt. (called by them Riizoctonia) was capable of killing

sugar beet seedlings. Parmel (11), Selby (15), and Dugzgar (3) had prev-

iously reported Rhizoctonia as causing root-rot in fields of mature beets.
European literature for many years has had numerous, more or less

Intensive studies on sugar-beet root diseases czlled "Wurzeldbrand®. In a

series of reports between 1506 and 1911, Peters and his associates (12)

went over the volumlanous literature and from this and their own experi-

ments concluded that FYthium debaryanum Hesse, Phoma betrce (Oud.) Fr.,



Aphanonyces laevis de By. were the organisms concerned in the production
of seedling diseases of sugar beets in Germany. The Germen investigators

were unable to produce damping-off with Rhizoctonia violocea Tul.

In 1915, Edson (5) working at Madison, Wisconsin, found that Phoma

betae, Pythium debaryanum and Rhizoctonia spp. as well as an organism

which he later named Rheosporanzium aphanidermatuml, were the principal
orzanisms concerned in the seedling diseases of sugar beets in the United
States. Each organism produced a2 high percentage of diseased plants when
introduced into the seed bed. ZEdson also found Phoma betae present in
all lots of seed balls from Europe or America examined, thus confirming
the previous results of Peters.

Althouzh Phoma 1s constantly being introduced into sugar beet
fields, Pool and McKay (13) have shown that it does not live from year
to year in the soill except on fregments of sugar beet tissues. However,

Rhizoctonia, and the Phycomycetes, Pythium debaryanum, Aphanomyces laevis,

and Prthium sphanidermatum, are common soll organisms (Jensen (8);

Drechsler (2) widely distributed in nature,

The problem of controlling sugar beet seedlinz diseases is, there-
fore, concerned with the seed-borne funsus, Phoma betae, and the numerous
s§0il inhabiting fungi capable of attacking beets. It is obvious that
since non-infested soil cannot be found for use with disinfected seed,
seed treatment at best can be only partially effective.

Besides this difficulty, 1t has been found by several experimenters
that treatment of seed to eliminate Phoma betae was not possible. Edson

(5), in an attempt to free seeds from Phoma betze, tried three different

treatments: (a) stronz solution of hydrochloric acid, (b) concentrated

1. Now known as Pythium aphanidermatum (Edson) Fitp.
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sulphuric acid for one hour, end (¢) two per cent formaldehyde solution.
Bach treatment was used for periods sufficlent to injure the seedling
without materially reducing the subsequent development of Phoma.

However, Peters! method of pasteurization at 60°F, for ten minutes
on two successive days gave one Phoma-diseased plant in about three or
four hundred. Edson (5, p. 138) states that this method is not practical
for field use, as the germination is reduced. In 1924, Miss Rumbold (14)
reported favorable results in suger beet seed disinfection using formalde-
hyde and steam in a sort of combination pasteurization and disinfection
system. This method hzas not come into generzl use.m

Coons and Stewart (1) considered that damping-off was of importance
to the sugar beet industry in that 1t caused immediate loss of seedlings,
resulting in a reduced stand; and that it was the cause of root-rot
which appeared in partially grown beets later in the season. Their
investigations consisted of seed treatments with various materials. Wet
treatment of beet seed was considered impracticable from a commercial
standpoint, because of the impossibility of handling large quantities of
seed in this manner. Dusting of the seed, while entirely possible from
the handling standpoint, frequently was too expensive because of the lack
of assurance that treatment was always necessary to prevent damping-off.
Mercury dusts were considered to be especially expensive. They concluded
that a mixture of copper and mercury compounds would make a dust which
had feir fungicidal properties combined with low cost. They felt that
seed treatment misht have commercial possibilities after further investi-
gations.

LeClerg (21) found that beet seed treatment with Ceresan seed dis-

infectant ian Minnesota not only increased the number of seedlings per 100
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feet of row, but increased the percentage stand before hervest and the
finel yleld in tons.
Leech end Houston (20) state that soil-borne Pythium sp. and

Rhizoctonia golani are the most important orgaenisms causing damping-

off of sugar beets in Northern California, =and thet Phoma betae is
frequently destructive on seedlings from European grown seed, but has
not been observed on seedlings from domestically produced seed.

They found thet cuprous oxide is an effective seed treatment where
damping-off 1s caused by Pythium sp; dbut thet organic mercury compounds
(Ceresan and New Improved Ceresan) were more effective when Rhizoctonia
end Phoma are involved. This somewhat confirms the observations of Coons
and Stewart in 1927, when they recommended that e mixture of copper oxide

and the mercury compounds be used for cormercial beet seed treatments.

Influence of Cultural Practices

Coons and Kotila (19) made studies on the influence of preceding
crops on damping-off of sﬁgar beets. They found that the amount of
demning-off of a beet crop was greatly increesed when the beet crop was
immediately preceded by a crop of sweet clover or alfalfa.

The growing of corn before beets resulted in significantly less
damping-off of the following beet crop. A preceding crop of bveans did
not greatly alter the emount of damping-off. They concluded that
"errangement of crop rotations to avoid intensificetion of damping-off
by alfalfa or the clovers, and to take advantege of its' reduction by

corn should lead to improved sugar beet standsf,
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Influence of Fertilizers

A very limited amount of published material was found which stated
that certain fertilizing elements hed an effect on the emount of deamping-
off of sugor beet seedlings.,

One of these articles was published in "Facts About Sugar” (18)
from informetion given out by Dr. J. A. Brock snd Col. Gallegher of the
Continentel Suger Compeny. They stated that the addition of KaCl to
"diseased scils" resulted in a merlked decrease in the amount of damping-
off of suzar beet seedlings grown on that soil, and also gave increased
vields of teets. No explanation for the decrease in damping-off was
ziven,

1111, et al, (22) in experiments carried on in Mickigan, demonstrated
tkat the application of NaCl to beets resuvlted in larger numbers of com-
merciel roots per acre, larger ylelds, and more sugaer per ecre. Chemi;;1
enalyses of the rcots showed that the addition of salt to the soil gave
teets with a slightly hisher potash content. Considering the higher yield,
this resulted in a large increase in the amount of potash talzen from an
acre of soil. This is apparently true even when there is plenty of avail-
able potesh in the soil.

There 1s an impression emong some research workers that beet seed-
lings with a high potash content are more resistant to seedlins diseases

than those with a lover potash content.

Experimentel Results

Muntz Form - 1278

In this problem, the first attempt to control dampirg-off was made

during the summer of 1838 on the Muntz farm at Holgate, Chio. This was
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in a field whick hed been rented by the Farmers and Manufacturers Beet
Susar Assocliation for experimental and demonstrational purposes. One
part of the field had already been planted twice, and the stand was
destroyed both times by dampins-off. A third planting was made on
July 7, using untreated commerciel seed and using verious soil amend-
ments, as shown in the folloving outline.

Table 1 - Plot treatment and rate of application of Soil Amendments at
Muntz Farm in 1938.

2lot Fertilizer hote per Acre
1 Sodium Bicarbonate 700 1bs.
2 . Muriate of Potash 300 1los.
3 None (check) ———
4 Sodium Chloride 500 1ts.
5 Sodium Sulfate 600 1bs.
€ Di-calcium Phosphate 300 1ts,

The plots were £0 feet long and wide enough to accommodate 76 rows
of beets. Fertilizer was applied crosswise of the rows of beets, the
materials being broadcast on top of the ground after the seed bted had
been prepared end before the seed wes planted. None of the plots were
replicated.

A small emount of damping-off was noted, there being no outstaniing
differences in the amount of damping off with the different treatments.
The check plot wes just as good as those which had recelved fertilizer.
In all cases, plenty of hezalthy beets were present to leave a perfect
stand after blocking and thinning.

At harvest time, the fertilized plots yielded more than the check

rlot, even though the entire field had received a total of 585 1lbs. of
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complete fertilizer per acre in the previcus plantings.

Greenhouse Work - 13938-1939

In the late fall of 1928, surface soil from the previously described
plots at Holgate, Ohlo, was sacked and teken to East Lensing for green-
house work. This soil was selected because it was known to be thoroughly
infested with the organisms causirg damping-off.

In 211 greenbouse work, 10-inch pote were used. Xach pot was plant-
ed with 75 seed balls which had been graded to remove the small seed.

The first greenhouse experiment was en attempt to demonstrate the
effect of excess water on damning-off. Three pots of soil were mede up
from each of the previously menticned plots at Holgate. These 18 pots
were Civided into three series, each series containing one pot from
every plot. One of these series was kept excessively wet, esnother was
kept in a2 wetter than normal condition, and the third series wes kept
at about optimum. This erxperiment was repesated three times, using the
same s£oil. The following averages indicate the nunmber of plants which
had survived at the time the beets had developed the first pair of true
leaves,

Table 2 - The number of seedlings which reached the two-leaved stage
under three different moisture conditions.

Replication of Pots

Treatment 1 2 3 4 5 6 Averege
Cptimum Moisture| 91 | 89 | 72 |85 | 83 |77 83
Above Opt. n 89 | 82 ] 68 |63 |71 |62 73

Excessive oy 86 | 57 | 58 |40 | 56 | 55 59
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It is believed that this experiment demonstrates the value of
good drainege in attempting to obtain a satisfactory stand of sugar
beets.

In znother experiment, limed soil was compared with unlimed soil.
Soil from the Muntz ferm wes used in this experiment. The soil was
placed in 10" pots and 75 graded seed bells were planted in each. Nine
vots received calclium carbonate at the rete of 2,000 1lbs. per acre and
nine pots were untreated. The experiment was repeated on the same soil,
8o the averages shown below are for 18 pots of beets.

Table 3 - The average number of beets which reached the two-leaved
stage on limed vs. unlimed soil.

— S0l Treatment = Av. No, Tyo-leaved Beetg
2,000 1bs. CaCOz [ acre 97

No lime 29

It 1s possible that the amount of lime added to the soil was
sufficient to ralse the pH of the soil above the point which was
optimum for the development of the damping-off orgenisms.

An experiment was conducted, using lime and sodium sulfate in
verious combinations. The soil wes a unifornm mixture talzen from the
Muntz farm plots at Holgate, Ohio.

One hundred seed balls were planted per pot.

The following tables show the results of the experiment.
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Teble 4 - The effect of lime on total number of beets, total weight of
beets, and average weight of beets in a total of four pots.

Lime Application

Total Number

Total Welght

Average Veight

Pounds per acre of Beets (Grams) (Grems)
Yone 904 45,48 .0503
200 885 54,55 .0611
400 8§40 52.75 .0628
600 620 53.28 .0861

Table 5 - The effect of lime on totel number of beets, diseased beets,
end per cent of diseased beets in a total of four pots.

Lime Application Total Number Diseased Per Cent
Pounds per acre of Beets Beets Diseased
None 904 740 82
200 8¢5 396 44
400 840 441 53
600 620 110 18

Table 6 - The effect of sodium sulfate on total number of beets, total
weight of beets, and average weight of beets in a total of four pots.

Sodium Sulfate

Application Total Total Weight| Average Weight
Pounds per acre Beets (Grams) (Granms)
None 621 39,94 .0633
200 819 52.68 0643
400 892 58.40 .0655
600 917 55,24 .0602
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Table 7 - The effect of sodium sulfate on total number of beets,
diseased beets, and per cent of diseased beets in a total of four
pots.

Sodium Sulfate
Application Total Diseased Per cent
Pounds per acre Beets Beets Diseased
None 631 413 65
200 819 398 49
400 892 485 54
600 917 391 43

The results of thls experiment show that the addition of lime
was somevwhat more beneficlal in reducing damping-off than was the

ddition of the sodium sulfate.

As lime arplications increased, the total number of beets decreas-
ed, and the weight per beet increased. The higher average weight is
probably due to the fact that each beet had more plant food available
for its use.

As sodium sulfate epplicetions increased, the totel number of
beets elso increased. Thls would indicate that the sodium compounds
had probably reduced damping-off of the seedlings vhile they were yet
very small and enabled larzer numbers of them to survive.

An attemnpt to repeat this experiment on the same soil resulted in
no difrerences between treatments and since it could not be repeated,

the value of the results is not too great.

Holgate

An experiment, combining salt and lime, was carried out during the

season of 1939 in the Northwest Test farm of the Ohio Asricultural
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Experiment Station at Holgete, Ohio.

Four-row plots were used throughout the experiment. Salt and
lime were applied at the rates of 0, 300# and 600# per acre ia all
possible combinztions. This test was renlicated twice.

The second part of the test combined sodium sulfate and lime, the
sodium sulfate being substituted for salt end applied at the same rate
ver acre. This exveriment was also replicoted twice.

The following tables swamarize the results of the experiment.

Table 8 - Showing the stand after thinning on plots receiving salt
and lime treatments.

Salt Applications Lime Applications in Pounds
Per Acre er Acre Average
None 2004 600#
None 18277 19060 19908 19082
200# 19583 20104 18799 19495
6007 18669 20235 19844 19583
Average 18843 19800 19517 19387

Table 9 - Showing the stand after thinning on plots receiving sodium
sulfate and lime treatments.

Sodium Buifate
Applications Lime Applications in Pounds
Per Acre Per Acre Averagze
None 3004 690+
None 20431 18995 19647 19691
300# 15779 18473 20301 19518
6004 19126 20105 19648 19626

Averege 19779 19191 19865 19612
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Table 10 ~ Effect of salt and lime applicstions on the number of beets

lost between thinning time and harvest time.

Salt Applications Lime Applications in Pounds
Per Acre er Acre Average
None 300# 6004
None 9857 10183 11031 10357
3004 9008 7441 5418 7289
6007 5222 5940 7311 6158
Averagce 8029 7855 7920 7935

Salt applications significant to the 1% point with a difference of

1653 beets.

Lime applications not significant.

Table 11 - Effect of sodium sulfete and lime applicetions on the number

of beets lost between thinning time end harvest time.

Sodium Sulfate Lime Applications in Pounds
Applications Per Acre
_Per Acre None 2004 600# Averoce
None 10313 10052 8877 9748
300# 7768 8225 9139 8377
6007 8029 4896 6462 6462
Average 8703 7742 8159 8196

Sodium sulfate applicetions siznificant to the 5% point with a

difference of 1633 beets.

Lime applications not significant.
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Table 12 - Effect of salt and lime treatments on the number of marketeble
beets per acre at harvest time.

Selt Applicetions Lime Applicztions in Pounds
Per Acre Per Acre Average
None 2004 [Sleje}d
None 8420 8877 8877 8725
300# 10575 12663 13381 12206
6007 13447 14295 12533 13425
Averagze 10814 11945 11597 11452

Salt applications are significant to the 1% point with a differ-

ence of 806 beets.

Lime applications are not siznificant.

Table 13 - Effect of sodium sulfate and lime treatments on the number
of marketable beets per acre at harvest time.

Sodium Sulfate Lime Applications in Pounds

Applications Per Acre

Per Acre None 300% 6004 Average
None 10118 8943 10770 9943
3004 12011 10248 11162 11140
600# 11097 15209 13186 13164
Average 11075 11466 11706 11416

Sodium sulfate epplications are significant to the 5% point with

a difference of 1557 beets.

Lime applications are not significant.



Table 14 - Effect of salt and lime treatment on the tons of beets per

19.

acree.
Salt Applications Lime Aprlications in Pounds
Per Acre er Acre Average
None 3004 £003#
None E..50 1.66 1,83 1.66
3004 2638 3.43 3.62 3.14
600# 4,90 4,86 3.95 4,57
Average 2.93 3.32 3.13 3.13

Salt applications significant to the 1% point with a difference of

.27 tons.

Lime applicztions not significant.

Table 15 - Effect of sodium sulfate and lime treatments on the tons

of beets per acre.

Sodium Sulfate

Lime Applications in Pounds

Applications Per Acre

Per Acre None 3004 600# Average
None 2.77 1.99 2.28 2.35
300# 3.04 2.55 3,00 2.86
600# 2.90 4.54 4,47 3.97
Average 2.90 3.02 325 3.06

Sodium sulfate spplications significant to the 5% point with a

difference of .81 tons.

Lime applications not significant.
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Table 16 - Effect of salt end lime treatments on the sucrose percent-

age of the beets.

Salt Avplications Lime Applications in Pounds
Per Acre er Acre Average
None 300# 8004
None 14.61 14,88 14,86 14,78
300# 15.69 15,55 15.98 15,74
600# 16,08 17.00 16.56 16.55
Average 15,46 15.81 15.80 15,69

Salt applications significant to the 1% point with a difference

of 1.0%%.

Lime applications not significant,

Table 17 - Effect of sodium sulfate and lime treatments on the sucrose
percentage of the beets.

Sodium Sulfate

Lime Applications in Pounds

Applications Per Acre

Per Acre None 300# 6004 Average
None 15,35 14,58 14,74 14,89
3004 15.46 15.31 15,71 15.49
600 15,98 15.76 16.02 15,92

Average 15,60 15,22 15,49 15,43

Selt applications significant to the 5% point with a difference

of 1000%.

Lime applications not significant.
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Table 18 - Effect of salt and lime treatments on the purity coefficient

of extracted Julce of beets from the treated plots.

Salt Applications

Lime Applications in Pounds

Per Acre er Acre Average
None 3004 600%

None 88.57 87.53 87.08 87.72

200% 89.21 87.68 89,83 88.91

600# 88,79 88.97 87.79 88.52

Average 88.86 88.06 88.23 88.38

Salt applications not significant.

Lime applications not significant.

Table 19 - Effect of sodium sulfate and lime treatments on the purity
coefficient of extracted juice of beets from the treated plots.

Sodium Sulfate

Lime Applications in Pounds

Applications Per Acre

Per Acre None 300# 600# Averaze
None 87.63 87.15 86.97 87.25
300# 88,58 88.43 89.13 88.71
6004 €9.21 87.62 88.72 88.55

Average 88.50 87.73 88.27 88.17

Sodium sulfate epplications siznificent to the 5% point with a

difference of 1.54%.

Lime erplications not siznificent,

The above tables show that both salt and sodium sulfate gave more

beets per acre, hicher yields per acre, smaller losses of beets between
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thinninz time end harvest time and higher suger content. Only sodium
sulfate gave a higher purity coefficient of the semples taken et harvest

time. Salt did not lower the purity coefficient of the beets.
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Merrill Txperiment

A planting of "muck beets™ was made in 1939, on the Merrill farm
of the Lake Shore Sugar Comrany for the purvose of rroducing stecklings.

Permission was obtained to arply various soil amendments in en
attempt to find their value in reducing demning-off of the seedling beets.

The area planted consisted of twelve rows of beets, each one-half
mile lonz. They were planted in 24" rows on June 20, at the rate of
eishteen mounds of seed per acre.

Soil emendments were placed on top of the row after the beets were
planted. The materials were distributed as evenly as possible, but since
each row was a helf-mile long, & perfect job of distrilbution was not
accomplished.

After tle seedlings had reached the two-leaved staze, stand counts
vere made on them. In meking this count, a stake 42,5" long was placed
beside the row. The number of diseesed beets in this space was counted
2s well as the total number of beets. Ten counts were made at regiler
intervals in each row,

Table 20 gives an outline of the erxperiment, and shows the results
of thke stand counts.

Due to varietions in the application of the soil amendments, no
definite conclusions are drawn. It appears that the epplication of selt
reduced the amount of damping-off but slso reduced the number of seedlings
which emerged from the ground. This wes especlally true of the Z00#
application. If rainfall had been more plentiful at the time of germin-
2tion and emergence, it 1s possibtle that tle hezvy appvlications of salt
would have been diluted to the pcint wvhere they would not kave teen

injuricus.



Tatle 20 - Showing the soll amendments used, the rate of application,
totel number of beets in 425" of row, numter of diseased beets in
this erea, and per cent of disease.

Maznesium Per Cent
Row Lime Selt Sulfate Total | Diseased | Diseased
_Lbs. per Acre _Beets in 420" of roy
Buffer | 500 100 50 479 4 0.8
1 1500 0 0 322 32 S.¢
2 1000 100 0 3E8 21 8.7
3 1000 0 50 399 82 2.6
4 500 200 0 | 261 11 4.2
5 500 100 £0 f 219 49 15.4
6 500 0 100 293 80 0.4
7 0 200 0 “ 54 1 1.¢
8 o} 200 50 217 16 7.4
9 0 100 100 460 28 8.1
10 0 0 150 465 141 30.3
RBuffer 500 100 50 237 23 6.8




Results of Fertili-er and Seed Trestment Tricls -19239

A combination of fertilizer and seeld treatment trials were carried

cut on

1939.

e Experiment Statlion ferm at East Lensing durirng the summer of

Fifteen five-row plots, each 236 feet lonz, were laid out on soil

which had previously received e blanket appliceziion of 4007 of o 4-16-4

fertilizer per acre:i

These plots received additional fertilizer and seed treatments as

follows:

Table 21 - Outline of plots used for fertilizer and seed treatment work
et East Lansing in 1%3%.

Seed
Plot Treziment Fertilizer per Acre
1 Trected E0# Borax
2 n None
b4 n ]
4 " n
5 Not treated "
6 Treated 4C0# Murizte of Potash
7 " " " " " + EOO# Lime
8 " 500# Lime
9 " 4004 44% Super Phosphate
10 Not treated None
11 Treated 400# 44% Suver Phosphate + 500f
Lime
12 " 500# Lime
13 u 400# Muriate of Potash
14 " " " " " 4 500i Lime
15 Not treated None
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Each plot consisted of five rows, and with the exception of the
checks, (plots 5, 10 and 15) each individual row of the plot was planted
with seed which had been dusted with a different seed treatment accord-

inz to the following plean.

Seed Rate of Application
Trectment to Seed

Korth row Cuprocide 1:50

Second row Cormer carbonate 1:20

Middle row 25 Ceresan 1:50

Fourth row Vasco - 4 1:25

South row New Izproved Ceresan 1:100

The rate of application and sequence of seed treatments were
followed uniformly on all trezted plots.

A veriety of Danish seed was used on £ll plots 2t the rate of
fifteen pouncs per acre, end was planted on May 19.

The fertilizer was soplied on top of the row after the seed hed
been planted, the idea being to have a feirly hish concentration of
fertilizer near the seedlings at the time they emerged from the soil.
The purpose of this was to determine whether different fertilizers had
an effect on the amount of cdamping-off of the seedlings.

Stand counts were made on the seedlings s soon as it was thouzsht
they had ell emerged from the soil and also after dlocking end thinning.
A final stend count was made at harvest time. The figures from this
count were used tc comrute the numdber of beetes per acre as shown in
Table 3. While greater differences were shown in the orizinal stend
count, it was felt that the final stand count was the better measure

of the true worth of the various treatments.
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At harvest time, 211 the beets were weizhed to determine the exact
yield resulting from ecch of the various trestments.

Four samples, each consisting of fifteen averagze-sized beets, were
talzen from each row and analyzed in the laboratory for sugar and purity.

A summrry of the results is given in the following tables,
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The experimental data show that the following seed treatments
decreased disease losses at Ezst Lensing in 1939: Cuprocide (Red
Copper Oxide); 2 per cent Ceresan (orsanic mercury compcunds). Treet-
ment with Coprer Carbonste gave results intermedizte between those of
the above-mentioned seed treatments end the check. Vasco-4 (a zinc
compound) was ebout equal to the non-treated plots.

Plots receiving fertilizer in addition to the general application
wvere better than those which did not recelve the extra fertilizer.,
Borax appeared to give very good results under the conditions which
existed ot East Lansing. In combination with Vasco-4 it resulted in
almest twice as many beets per acre at harvest time as the plots treated
with Vasco-4 without the additional borax.

The addition of lime to plots fertilized with either potesh or
vhosphorus resulted in en increase in beets per acre and recoverable
sugzer over the plots which received potesh or phosvhorus slone.

Tonnage of beets and recoveratle sugar per acre were closely
correlzted.

The vercentage of sucrose eand per cent purity showed very slight
variations. The plots receiving feftilizer were slightly higher in

quzlity than those which received no fertilizer.



Sumnary

Some general conclusicns may be drawn from the experimental work
which was carried out on this problem.

The addition of sodium compounds (salt and sodium sulfate) to the
soil, in these experiments resulted in fewer seedlings being lost by
damping-0ff; and gave increased tonnzge and recoveratle sugar per acre
without a decrease in sucrose percentage or e decrease in the purlty
coefficient,

Seed treatments with copper and mercury compounds cut dcwn on
scedling losses at East Lanéing in 1¢39.

The epplication of borax to the soil 2t East Lansing indicates
that boron deficiency may reduce beet ylelds very materially on some
of our beet growving soils in the state.

Lime applications seemed to be slicshtly bereficial on soil from
Ohio which was used in the greenhouse. This seemed to hold true, even

thoveh the soil did not show an acid reaction.
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Conclusionsg

Exrerience has sliown experimental workers that there ig no
flcure-2ll" which will prevent the loss of beet-seedlings from damning-
cff. Control of the disease can apparently be accomplished by the
edoption of gocd cultural prectices.

Proner dralnage 1s one of the first essenticels. (Page 12).
Danmping-off organisms thrive under wet conditions, therefore it is
necessary thet the beet grower heve facilities for getting excess
water from his flelds &s scon as possible.

Crop rotation is another important fector. (Coons and Kotila,

Pzge 9). The rotation should be long enoush to allow sll beet refuse
to decay in the soil, since this refuse meay cerry the organlsms which
ceuse damping-off end other diseases. The recommended length of
rotation is from four to five years.

Fertilization is another essential (Brock and Gsllagher, Pagze 10;
Lill, et 21, Page 10). VWhile most beet soils are naturally fertile,
it is profitable to supplement this with additional fertilizing materilals,
Commercial fertilizers, bvarnyard mznure, green manure and the plowing
down of plant refuse are all valuable for adding plant-food elements
end humus to the soil. The addition of sodium compounds (Pege 14) helps
to reduce damping-off but seems to give best results when plenty of other
plant food elements are nresent.

Eerly cultivation, for the purpose of getting a2ir into the surface of
tke soil, is oftentimes very valusble in reducing losses from damping-off.

The dusting of seed probably should be regarded as a form of insur-

ance. As yet it cannot be recommended for ccmmercizl use, due to the greet
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variations in the results it has given.

Summarizing the above conclusions, we note that they are the
practices normally followed by good farmers. While these practices may
not glve ebsolute control of damping-off in 21l cases, yet they will
recduce it to 2 minimum. In addition, the adopting of these practices
will probably increase ylelds and net profits sufficlently to more than

pay for the exira labor which their adoption may require,
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