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501l acidity, with its assocliated im toxicity, and nitrogen

Abstract approved:

and boron nutrition have been identifiled as important soil fertility
and plant nutrition factors affecting the yield and quality of table

beets (Beta vulparis L;) in the Willamette Valley of iestern Uregon.

4 survey of soil and plant samples from growers' fields during 1974
confirmed a wide range in soil pi, plant in levels, and rates of U
fertilization that might be assoclated with variation in heet yields.

ield experiments were established during 197 and 1975 to
evaluate effects of i, 5 and lime on yield, occurrence of caunker and
nutrient uptake by table beets. Helationships hetween vplant nutrient
concentration, beet yield and response from lime and fertilizer
treatments were also evaluated.

The main treatments were lime, :» and B on two experiments with
w and B varlables on the third experiment. Iiitrogen was broadcast

as N, NO, with 8 sprayed on the soil as solubor. rhosphorus and K
v



were banded on specific treatments. Lime and fertilizer treatment
effects were measured by the use of plant and soil analyses. IYlant
gsammles were taken at different stages of table beet growth.

Beets were harvested 16 weeks after planting in 1974 while,
because of noor stands on the first seeding, later plantings in
1975 were harvested after an 11 week growing season. {ooler than
nornal summer temnerstures were also responslble for low 1975
yields.

In the 1974 lime exveriment, lime and I interacted to sipgnifi-
cantly increase beet ylelds. The larzest economic metum resulted
from 250 1b /A plus & T lime/A (soil pil = 6.6) treatments due to
the inerease in 1 - 2" =ize beets. The 1975 lime exneriment showed
that root weirhts consistently increased as surface soil mi (0 - 6")
was increased with addition of lime from 5.4 to 7.2. Significant
increase in yield was observed with the addition of 150 1b U/A.
seet tov yleld from the 1975 nitrogen experiment sismificantly in-
creased from the addition of 30 1b 1./i up to 250 1b . /4. However,
increase in root yleld was only significant up to 150 1b S/A.

soth 1974 and 1975 linme experiments demonstrated that the
addition of lime to acld solls will reduce availakle ¥n and result
in lower wlant I'n contents. In 1974, lime treatmente of 0, 4 and
8 7 lime/A raised the soil pd from 5.8 up to 6.3 and 6.6 and in
doing so, reduced leaf im content from 1010 down to 495 and 310 pom,
respectively. sxcessive lm levels (800 ppm) in the plant negate
positive effects of I} aad other nutrients. The application of lime

significantly increased P content or table beet leaves.



root canker (boron deficiency) was controlled by two fertility
factors: B directly and I indirectly. Deets responded to B fertili-
zation with a reduction in percent canker. In the 1974 lime experi-
ment where no 3 had been anplied, the addition of either lime or .
decreased the B content of beet leaves due to increased vegetative
growth and yield. idowever, apnlication of lime plus ¢ did not
increase the occurrence of canker. #ith 3 and 6 1b B/A treatments,

. addition (from 150 to 250 1b 1i/A) significantly increased B content
in the leaf from 35.6 to 42.2 and from 40.2 to 52.6 ppm. Jfeduction
in canker was assoclated with this enhancement of I content by L.

The 1975 lire experiment showed similar effect, but no canker was
observed due to small production of larse beets.

Table heets are very sensitive to soil acidity and its related
nutritional effects. Boron deficiency {canker) nay be alleviated
better by I plus 3 treatments., A lonfer growing season in 1975
would have substantiated whether high ! rates would have increased

dollar retum.
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NITROGEN~BORON-LIME INTERACTIONS AFFECTING
PRODUCTION OF TABLE BEETS

INTRODUCTION

The Willamette Valley in Oregon is one of the three major areas
in the United States that produces a substantial acreage of table

beets (Beta vulagris L.) for processing.

Fleld experiments at the North Willamette Experiment Station
in 1973 showed marked responses from application of lime for the
production of table beets grown on an acid soil. Increases in yield
and P content along with a reduction in Mn content in the leaf
samples were observed. These applications of lime also reduced
leaf B content, but did not increase incidence of canker (voron
deficiency) in the root.

Subsequently in 1974, a survey of numerous beet fields in the

Willamette Valley was initlated for two reasons:

1. To ldentify levels of moil acldity on growers' fields.

2. To identify levels of Mn and P in beet tops during seedling
stages of growth that might be assoclated with different
levels of soil acidity.

Table 1 summarizes a portion of the data obtained from this

survey.,



TABLE 1. 1974 TABLE BEET SURVEY

.75" Root™* 2" Root Stand  Length of

R A -
_ppm % weeks
5.2 390 1.80 16 12.0 11.4 686
5.3 760 - 22 15.0 15.3 932
5.3 860 1.22 7 16.5 24,0 -
5.6° 310 -- Iy 17.5 23.0 1542
5.6 350 1,54 32 13.0 15.0 967
5.7% 290 1.15 40 13.0 20.0 1210
570 380 1.27 23 17.5 11.5 719
5.8 80 1.79 26 16.8 16.5 1037
6.2" 276 1.72 29 12.8 9.2 566
5.0 510 1.79 25 15.1 13.5 8u46
5. 840 1.41 28 12.9 15.9 939
5.6 600 - 30 17.5 19.5 1%
5. 350 1.84 36 13.5 21.9 1195
5.6 400 1.95 29 16.8 15.7 895
5.6 2l 1.42 2l 14,1 17.4 1025

*Addition of 1.5 T Lime/A in spring.

**leaf samples were taken when beet root was .75" and 2" in diameter.
Thls survey showed that beets are produced on fields with a

wide range in soll pH that in time results in beet leaves and petioles

having a wide range of Mn contént. The amount, form, time and place-

ment of N fertiliger are all important in producing optimum yield.
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Other factors to be considered in yield evaluation are the duration

of time between planting and haxrvesting, irrigation practices and
the number of marketable beets per foot of row at harvest. Table
beets also have a high requirement for B which usually affects the
quallty of the beet more than it does the gross yield.
One experiment in 1974 and two experiments in 1975 were
established with the following objectives:
1. Evaluate the effects of N, B and lime on the yleld and
occurrence of canker in the table beet.
2. Evaluate the effects of fertilizer and lime treatments
on changes in concentration and nutrient uptake by
table beets.
3. Evaluate the relationships between nutrient concentration
of plants, beet yleld and response from lime and fertiliger

treatments.



REVIEW OF LITERATURE

501l acidity has numerous effects on the reactions in the soil
ultimately affecting plant growth. Toxicities due to Al and Mn are
often encountered umier acid conditions. The availability of
vhosphates usually increases when acid =oils are limed. The avail-
abllity of micronutrients such as B, Cu, Fe and Zn usually decreases
with liming while Mo increases. The activity of microorganisms and
N transformation are known to be affected by the relative aclidity
of the system. Attempting to pinpoint specific reasons for altered
behavior in plants when soils are subjected to changes in acidity
is difficult. One must taken into account the large number of soil
characteristics and interactlions that are altered simultaneocusly.

Flant sensitivity to such alterations is exceedingly diverse.
Depression of the soll pH by the greater absorption of cations than
anions by the plant, physiological acidity, would be likely to increase
the amount of nutrient elements B, Fe, Zn, Mn, Cu brought into solution
and to decrease that of Mo (Black, 1968). The reader is referred to

a comprehensive review on the subject of soill acidity and liming
(Jackson, 1967; Coleman and Thomas, 1967).

fon Interactions in Acid Soils

Antagonisms between ions during uptake may occur as a direct
competition. In acid soils, the H' ion may directly compete with
the other cations during transport processes. Specifically Jacobson,

Moore and Hannapel (1960) concluded that H' was antagonistic toward



5
K absorption. The presence of Ca in the medium seemed to relieve

this antagonism. Their explanation was that Ca blocked H' from
directly competing by decreasing the presence of H¥ at the binding
site. Thelr work seems to support Viets' (1944) studies on the
enhancenent induced by Ca in the accumulation of monovalent cations
and anions. Jacobson, Moore and Hannapel (1960) also observed that
at pH values above neutrality, the Ca stimulation was absent whlch
supports the conclusion that Cs is specifically interacting with H'.
Moore, Overstreet and Jacobson (1961) investigated the uptake
of Mg and its interaction with Ca in excised barley roots. The results
showed an effaective block of Mg absorptlion by small amounts of Ca.
Moore (1964) discussed the interactions in the absorption process
and noted that Ca most often plays the regulatory role. The addition
of Ca specifically enhanced absoxptlion of K in acidic conditions.
Milliken (1950) reported that toxic effects of Mn on flax were
not as pronounced when HHuf instead of NOB' form of N was used.
This can be explained by the direct effect of NHuf ions on Mn uptake.
Similarly, Vliamis and Williams (1962) showed in their experiments
to which acidity was carefully controlled, that NH4+ ions exerted
a direct inhibvitory effect on Mn uptake by barley. A reduction in
Mn toxicity symptoms on beans from the presence of KH4+ ions in the

nutrient solutions was observed by Lohnis (1951).

Nitrogen Effect on Soil Acidity

The silgnificant increases in the use of N fertiligers in recent
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years has caused renewed interest in the effects of N fertilizers
on soil acidity. Although the fact that certain N fertilizers affect
soll acldity has been recognized for many years, the amount of acidity
found to be developed per kilogram of N has been rather inconsistent.
The varlations are partly due to experimental difficulties in measur-
ing these effects. These variations in acldity may be due in part to
g0l and crop factors that are not known. The excess base
[(Ca+Mg+K+Na) -(Cl+8S+P+ NOB-N)] meq/100g and N content
of the crops harvested and the recovery of fertilizer N in the crop
affect the amount of acldity produced per kilogram of N (Pierce,
Meisinger and Birchett, 1970). The percentage recovery of fertilizer
N in the crop is affected, not only by the kind of crop grown, but
also by the amount of fertilizer used in relation to the needs of
the crop. With most crops the lower the percentage of N removed by
the crop and the higher the amount nitrified and either left in the
soll or lost be leaching, the greater the amount of acidity that
should be produced per unit of N applied. Pierre, Webb and Shrader
(1971) reported the effect of NHuNO3 in a continuous com cropping
system on fairly acid soils. The total amount of acidity developed
averaged 35% of the theoretical in the plots that received N ranging
from s total of 1,525 to 2,626 kg N/ha over 13 to 15 years. The
acidity devéloped in the experiment receiving 1,120 kg N/ha annually
was 60% of the theoretical. The difference is explained by the
fact that the crop recelving excessive N applications annually
recovered a lower percentage of fertilizer N and the higher percent-

age remained in the soll or leached as nitrate.
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Abruna, Pearson and Flkins (1958) reported that the amount of
acidity that will develop from each pound of N will also be affected
by the rate of N fertilizer. The acidity per pound of N from NH4N03
applied to coastal bermuda grass soil was equivalent to .32 pounds
at 237 1b N/A.

3
Nitrogen sources can indirectly affect micronutrient avail-

of CaCO, at 950 1b N/A as compared to .25 1b of CaCO

ability because of changes in pH. Broadcast applications of (NHu)ZSOu
increased Zn uptake as compared to Ca(N03)2 by grain sorghum and
potatoes on a slightly alkaline soils: pH = 7.3 (Boawn et al., 1960).
Where the N carrler effect was observed, it was found to be closely
correlated with changes 1n soil pH with Zn uptake increasing as the
s01l becomes more acid and vice versa.

Jackson and Carter (1976) evaluated the effects of band and
broadcast applications of (Nuu)zsou and Ca(HzPou)z on yleld and uptake
of P, Zn, and Mn by Russet Burbank potatoes. The crop was grown on
calcareous minersl soll deficlent in N, P, Zn and Mn. Their findings
ghowed that the potato petlole concentration and plant uptake of
both Zn and Mn were higher when (m{u)zso4 was banded than when broad-
cast, regardless of whether Zn and Mn had been applied. Thus, there
is a significantveffect of an acidifying N fertilizer on micronutrient
uptake. Absorption of nitrate by plants usually has the effect of
causing an increase in the pH of the surrounding medium whereas
absorption of ammonium incressed the ambient acidity. Nightingale
(1934) demonstrated this by exposing apple trees to various nutrient
solutions. Solubllities of various soll components closely adjacent

to the root may thereby be affected.



Manganese in the Plant and Soil

The extent to which some elements are maintained in relatively
immoblle and nonutilizable states within the plant tissue influences
the degree of sensitivity to low or excess supplles of mineral elements.
Prausse, Schmidt and Bergmann (1972) reported that potato ylelds
declined markedly only if leaves contained more than 900 ppm Mn, while
barley yields dropped if ¥n concentration in the plant was greater
than 140 - 200 ppm. Burley tobacco grown in solution culture began
showing typical Mn toxicity symptom at tissue concentration of 3000 ppm
(Hiatt and Ragland, 1963). Tolerance to high substrate Mn may be a
result of low adsorption capacities or, altematively, of the ability
to induce large accumulations of Mn in the tissue without detrimental
effects on growth processes (Morris and Plerce, 1949; Hewitt, 1948;
and Lohnis, 1951).

A number of catlions have been shown to interfere with Mn uptake
in short-term experiments. Maas, Moore and Mason (1969) reported
that Mg decreased the absorption of Mn by excised barley roots but
that Ca by itself did not. When Ca and Mg were both present, increas-
ing either cation sharply reduced Mn absorption. On the other hand,
Mn uptake'by isolated tobacco leaf cells was shown to be inhibited
by Ca alone (Kannan, 1969).

Munns, Johnson and Jacobson (1963) found that differences in
Mn uptake among oat varieties persisted under variable substrate
conditions such as pH, Ca concentration, Fe supply, N source and

Mn concentration. Heductive capacity at the root may be a factor
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controlling translocation of Mn somewhat comparable to that of Fe.
In general, any process which causes reducing conditions increases
avallability of Mn and vice versa (Piper, 1931).

Berger and Gerloff (1947) reported in some greenhouse studies
that fertilizer treatments which lowered the soil pH always increased
the uptake of Mn by plants and in some cases caused Mn toxicity. In
their experiment, factors such as soil acidity, soluble Al, or a
deficiency of Ca, Mg or Fe, did not contribute to the observed effect.
The addition of (NHh)zsou and NHuNOB, both acidic forming fertilizers,
increased available soil Mn and subsequent Mn content found in plants
(Funchess, 1918; Lingle and Wight, 1961; Cantiliffe and Coodwin, 1974).
From their data, White, Doll and Melton (1970), concluded that the
uptake of Mn by plants was related to the acidity of the entire soil
rather than to Mn dissolved by the acid solutions diffusing from the
fertilizer bands.

Funchess (1918) also reported that the addition of elemental S
invariably increased the amount of soluble Mn in the soil.

Halide Salt Effect

Studies have been made as to the effect of halide salts on the
uptake of Mn. York, Bradfield and Peech (1954) found that the
application of 400 pounds of KCl or NaCl increased Mn’eontent in
an unlimed soll by approximately 200%. A significantly greater
amount of Mn was taken up by oats when a Cl salt was added to either
(NHQ)HZPOQ or Ga(HzPOQ)z (Hamilton, 1966). Responses similar to this

were obtained from either KCl or NHuCI on this neutral soil. Jackson,
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Westermann and Moore (1966) have reported that the application of

€1 from KC1 or CaCl, on an acid soil (pH 4.9) increased the Mn uptake

2
by bush beans and Mn toxicity symptoms resulted. Westermann, Jackson
and Moore (1971) have also found that K salts increased extractable
801l Mn in the order of KBr > XCl > KNO3 > Kzsou. Soil acldity

changes accounted for the KNO. and KZSOQ effect. The other two

3
salts, KBr and K(Gl, cannot be explained by this same reasoning. The
authors hypotheslzed that certain oxidation-reduction reactlions in
which halide ions play a functlonal role could explain the effects

observed.

The Lime Response

Plant response to application of lime is sometimes difficult
to 1solate due to the many interactlions that take place when lime
is applied. The effect of lime on Ca as a plant nutrient iz seldom
observed. Generally the application of lime to an acld soll increases
the so0il pH and subsequently increases the avallabllity of P and Mo
enhances microblological activity increasing the N, S and P released
from soil organic matter; and the increase in soil pH decreases
solubility of Mn and Al and their toxiclty.

In the Southern USA, research on P avallability has been
primarily concemed with the formation of the Al and Fe phosphates
in acid soils (Pearson, 1958). Robertson, Neller and Bartlett (1954)
found that liming Florida solls high in sesquioxides increased P
avallabllity, whereas liming solls low in sesquioxides had no effect
on P availability. Singh and Seatz (1961) reported that liming
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strongly acid solls Increased the avallabllity of the P that was
added after liming, but had little effect on the availabllity of
the P that was added while the soil was very acld.

Increased uptake of P by legumes following application of lime
on 80ils that are relatively high in hydrous oxides of Fe and Al
was investigated by Jackson, et al. (1964). They reported in one
series of experiments that response from application of P on alfalfa,
grown west of the Cascades on a reddish-brown Lateritic soll, could
be as closely related to soil pH as to specific P solil test measure-
ments. Janghorbeni, Roberts and Jackson (1975) showed that lime
application on alfalfa increased plant concentrations of Ca and P,
while decreasing Al and Mn. They concluded that a good indicator
of potential yleld response to lime was the presence of exchange
acldity and Al in the soil.

Very acid soils that are somewhat poorly drained may contain
toxic quantities of Mn and one of the purposes of liming is to lower
the solubility of Mn and presumably bring Mn and Fe into better
balance in relation to plant needs. Wallace, Hewlitt and Nicholas
(1945) suggested that low Ca-Mn ratios in plants might be better
correlated with low ylelds on acid solls rather than the absolute
amount of Mn in plants. The beneficlal effect to plant growth from
lime application on acid solls containing high amounts of Hzo-soluble
Mn was due, at least in part, to the reduction of soluble Mn in the
soll brought about by the increase in pH (Morris, 1948). Thus, one
effect of liming an acid soll is to reduce the uptake of Mn by the

plant (Helyar and Anderson, 19743 Jackson, Westermann and Moore,
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19663 White, Doll and Melton, 1970).

Tied jens (1948) questions the causes of overliming injury and
suggested that greater amounts of the different trace elements are
required because of the increased growth of crops on limed soils
rather than because of any direct effect of the added lime on the
solubllity of the trace elements in the soil. Helyar and Anderson
(1974) concluded from their experiments that the dominant effect of
liming acid soils on plant growth was through alleviation of Al and
Mn toxlecity and that P deficiency can be accentuated if soil pH

values are raised above neutrslity.

Iime Effect on Boron

Parks and Shaw (1941) reported that B fixation was found to
be favored by reactions above neutrality, by drying and by the
presence of cations in mixtures being precipitated, Eaton and Willcox
(1939) show that B was chemically fixed in soils and concluded that
anion exchange, molecular adsorption, and chemlical precipitation may
be causal mechanlsms. ILiming may increase retention of B in solls
by increasing adsorption of borate anlons on recently precipitated
Al and Fe hydroxides. Olson and Berger (1946) experimented with
B on a silt loam surface soll. The fixation of B, due to making
acid solls alkaline with Ca(OH),, was found to be released upon
lowering the pH of the soll to its original level with HCl, indicating
that fixation 1s a rapld reversidle process.

Wolf (1940) has shown that when the pH value and Ca or Mg

concentration are mised simultaneously, thexre is a greater reduction
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in B absorption than when either factor is increased separately.
Naftel reported “overliming" of crops to be due to a deflelency
of avallable B in the soil, and found that liming decreased the

Hzo—soluble B content of =oils.

Calec 1Bo tio

Although B avallability in the soill is decreased somewhat by
liming, the Ca:B in the plant is a better measure of probable
nutritional disorder (Maxsh and Shine, 1941; Jones and Scarseth,
1944). Drake, Sterling and Scarseth (1941) concluded that B is not
absorbed by the clay or humus complexes, or made insoluble with Ca,
but that B deficlency symptoms are a result of lack of balance of the
CaiB ratlo. Work done by Gupta and Cutcliffe (1972) showed that brown
heart in rutabaga was more sevexe at high pH than at low pH when B
was deficient. The effect of lime on the appearance of B deficlency
symptoms was a physlological effect in the plant rather than a chem-
ical reaction in the soil.

The plant will make normal growth only when a certaln balance
in the uptake of Ca and B exists, The equivalent weight Ca:B ratlo
in tobacco was 1200:1 while in sugar beets it was 100:1 (Jones and
Scarseth, 1944), If the balance is upset, such as occurs in acid
solls, the plant will have a very low tolerance for B and injury
may occur quite easily.

High B levels in Peruvian calcareous solls did not seem to
injure alfalfa and cotton (Fox, 1968). In his nutrient solution
studles, Fox found that either high Ca concentratlon or high pH
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studled separately, had little effect on decreasing the B adsorption
rate. However, a pH of 7.5 accompanied with high Ca concentrations
resulted in a 50% reduction in the uptake of B by cotton. He con-
cluded that the B adsorption mechanism was influenced by high Cat™
and OH™ concentrations, or was affected by root secretion of wt

or 002.

Potassium-Calcium-Boron Interaction

The external symptoms of B toxlcity at high 3B levels, like
deficliency symptoms atAlow B levels, are progressively accentuated
with increasing K concentration in the nutrient substrate (Reeve
and Shive, 1944). At any given B level in the substrate there was
a progressive increase in B content of tomato plants as K concentra-
tion increased, especially at high 3B levels.

Calcium and X are very similar in thelir capacity to accentuate
symptoms of B deficlency with increasing concentration of these
cations in nutrilent substrate. Boron toxicity however, at high B
levels, decreases markedly with increasing Ca concentration. In
this respect, the influence of Ca is oppposite to the accentuating
affect of K. At any given Ca and B level within limits, the Ca:B
ratio decreases markedly with increase in K concentration of nutrient
substrate. Thus, K appears to influence the response of the plant
to B indirectly through its determinative effect upon the processes
involved in the absorption and accumulation of Ca (Reeve and Shive,
1944). Hadas and Hagin (1972) concluded that deficlency of 3B,

caused by X application to soils poor in B, was attributed to
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physiological interaction.,

Varietal Susceptibllity to Boron Deficiency

Plants vary greatly in thelr requirement for B and in theilr
susceptlbllity to injury by hlgh B concentration. A study by Powers
and Jordan (1950) of optimum and critical B concentrations with
different solls and crops shows that alfalfa, table beets, carrots
and sunflowers are very tolerant to B, whereas beans and tomatoes
are very sensitive.

Table beef varieties and strains have been shown to vary con-
siderably in susceptibility to B deficiency (Walker, Jolivette and
Hare, 1945). They found in fleld studies that Ferry's Strain of
Detroit Daxk Red was more tolerant to low B levels than Morse's
Strxain of Detroit Dark Red. Kelley and Gabelman (1960 a) in testing
67 different varieties and strains of beets found the percentage of
roots showing B deficliency varied from O to 76 depending on the strain.
They (1960 b) also reported that at least two types of tolerance to
low levels of B are evident in beets., One of these exlsts in plants
which accumulate a low level of Ca and Mg and the other is present

in plants which absorb high concentrations of these divalent cations.

Boron Deficlency in Table Beets

Boron deficlency 1s most likely to result in internal breakdown
of beets grown in soils of the eastern U.S. where the disorder is
referred to as heartrot, blackspot or internal discoloration (Raleigh

and Raymond, 19371 Lorenz, 1941). In Oregon, Mack (1965) xeported
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that B deficlency symptoms are more llkely to occur near the surface
of the root and the disorder is usually referred to as canker,
Powers and Bouquet (1941) identified B as a means of correcting
canker in table beets. Canker symptoms are more likely to occur
on large rather than small roots and roots seldom show symptoms
before they reach one inch in diameter (Mack, 1965). Mack (1966)
reported that B rates of 0 - 32 1b/A seemed to have no marked
influence on the yleld of table beets. However, the B content of
the leaves was increased and the incldence of canker was reduced

as B rates increased.

Effects of Solil Molsture on Boron Availability

While the total B may be concentrated in elther the surface
or subsurface horizons of the solil, HZO soluble B is almost invari-
ably concentrated in the surface horizons of well dralned soils.
Thus, when the soll 1s dry and nutxrlent uptake from the surface
horigzon is restricted, 1t is frequently found that the plants are
unable to absorb sufficient B from the lower soll horlzons and so
become more deficlent.

Boron deflelency symptoms may be aggravated by drought con-
ditions (Walker, Jolivette and Mclean, 1943). In fact, before a
lack of B was found to be the cause, heartrot and canker were often
attributed to a lack of molsture (Raleigh and Raymond, 1937). It
was possible to obtain a response from B only during a dry season
in Connecticut (Brown, 1940). In many areas B deficient alfalfa is

observed only in dry seasons or in late summer when soil moisture 1is
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low. Hobbs and Bertramson (1949) reported that B levels decrease
with depth and that plants absorb B poorly from dry soil horizons.
They observed that B defilciency symptoms on alfalfa resulted from
a deficient supply of moisture in the so0ll and not from a deficlent

supply of B.

Boron-Nitrogen Interxaction

There is conslderable disagreemsnt in the literature regarding
the interaction of B and N fertilizers. In one instance extra N has
intensified B deflciency probably because it increased the rate of
growth and the sigze of the beet (Baeyena and Deckterloff, 1938).

Gupta, Sterling and Nass (1973) reported that B toxicity in
wheat and barley was dependent on the amount of N used in combinatlon
wilth compost. At high rates of compost, symptoms of B toxicity were
moderate to severe while additlion of N decreased severity. At low
rates of N, increased application of compost resulted in greater
B concentration.

Other research workers have been able to better alleviate B
deficlency by applying N and B, rather than applying B alone (iiack,
1965). Powers and Bouquet (1941) reported that analysis of plants
grown under controlled conditions in the greenhouse revealed con-

sistent incresse in leaf N with increase in leaf B.

gffect of Nitrogen on Table Beet

Table beet (Beta vulgaris QL) yields were generally increased

by the addition of N fertilizers up to about 225 kb N/ha {(Cantliffe
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and Goodwin, 19743 Peck et al., 1971; Peck et al.,, 1974; Shannon,
Becker and Boume, 1967),

Shannon, Becker and Bourne (1967) reported an economical
increase in table beets with N rates up to 168 kg/ha based on
prices of N and beets in 1966, Both Shannon, Becker and Boume
(1967) and Peck et al. (1971) demonstrated that N tended to decrease
the yield of small roots, while increasing the yleld of large roots.
This increase in percentage of large roots was partially due to
the effect of the N fertilizer decreasing the stand of table beet
seedlings. Nitrogen had the greatest single influence on N03~N
accunulation in the table beet (Cantliffe and Goodwin, 1974; Peck

et al., 1971} Peck et al., 1974; Cantliffe, 1973).
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MATERIALS AND METHODS

Three experiments were established in 1974 and 1975 to evalu-
ate the effects of N, B and lime on the production and nutrient
uptake of table beets in the Willamette Valley. Phosphorus and K
were banded on specified treatments to measure their availability
and iInfluence on other ions under fleld conditions.

Morse Strailn-Detroit Daxrk Red Beets, which are fairly suscept-
ible to B deflciency, were planted in these experiments.

Chemical analysis of plant samples was used to identify the
nutrient status of the beets at different stages of plant growth,

Experiments were conducted at the North Willamette Experiment
Statlion in Clackamas County, where the soll is classified as
Willamette series which 1s in the fine-silty, mixed, mesic family
of ultic argixerolls and at the OSU Vegetable Research Farm near
Corvallis where the soll is classifled as Cloquato series which
is in the coarse-silty, mixed, mesic family of cumulic ultic
haploxerolls. Analyses of so0ll samples from the three experimental
sites were analyzed by the Oregon State soll testing laboratory

following procedures by Roberts et al. (1971).

1974 lime Experiment

In the winter of 1969 agricultural grade CaCO., lime from

3
Oregon Portland Cement Company was applied at rates of 0, & and
8 T/A. After the single application of lime, the soil was disced,

plowed and cropped each year so that by 1974 1t had become mixed
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throughout the surface foot of soil. 3Soil analyses for samples

taken in 1973 are given in Table 2.

TABLE 2, EFITCTS OF LW O SOIL ARALYSIS
HORTH WILLARMTTT FAPERLIMENT STATION 1974

--meq/100g-- = —=mmme-m PpM ==——=——
Lime pi Ca lig P K 3
T/A
0 5.8 5.7 1.3 72 215 .29
b 6.3 9.3 1.3 70 239 .36
& 6.6 12.5 1.2 74 229 L0

rertilizer treatments were established using three replications
in a split plot randomized block design. Lime and B in different
combinations made up the main plots with two Ii treatments split
on each plot. Boron was applied as solubor spray before planting
at the rates of 0, 3 and 6 1b B/A. The beets were vplanted on hay 10
in four rows spaced 18" apart; a standard plot being 6°' x 20'., All
plots received a band application of 64 1b i/A, 80 1b P205/A and
56 1b 3/A as 16-20-0-14 ammonium phosphate sulfate at planting.
Present soil analyses and previous fertilizer application insured
that other nutrients were not limiting. Ammonium nitrate was broad-

cast at the rates of 86 and 186 1b /A after seeding.



1975 Lime Vixneriment

The lime treatments on this experiment on the iorth Willamette
Txperiment Station were established in the summer of 1974, Agri-
cultural grade CaGO3 lime from Oregson Fortland Cement Company was
applied at rates of 0, 4 and & T/A. Zlemental 5 was applied at
1 T/A to lower the ni{ for the fourth treatment., Application of
the lime and 5 were split in half to facilitate good mixing in
the surface foot of soil. The soll was disced and plowed 10 - 12"
deep after half of the materials were applied. Following this, the
second half of lime and 5 was added and the experimental area was
disced. Uoil samples were taken in the spring of 1975 and the
experiment was planted lay 13. The results of the soil test are

given in Table 3.

TACLE 3. FUTRCTS OF LIFR Oh 50IL ANALYSIS
HORTH JILLAMFETTY BAPERINENT STATION 1975

--meq/100g-- = —eemeee PPM—— e

Lime pH Ca g ¥ X B
_T/A — — —
):‘)1 5.";’ &09 090 10)2“1' 293 051
0 5.8 5.0 .95 143 301 A6

L 6.6 8.7 W92 123 286 49
& 7.2 10.5 £1 122 282 A5

Fertilizer treatments were established using four replications

11 a randomized split plot design. Fach block was split by four
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levels of lime, two rates of B and again by three i rates. BSolubor
was applied as a soil spray before planting at the rates of 1 and
L 1b B/A. Three rows of beets spaced 20" apart comprised a standard
plot measurement of 5' x 22.5'. An application of 50 1b i/A as
(s 4)2"304 with a P variable of 0 or 120 1b PZOS/A as Ga(HZPOa)Z
was banded at seeding.

Due to low temperature, low light intensity and high soil
moisture, the germinating beets were infected by "damping off"
fungus and a poor stand resulted. A second planting was made on
the 3rd of June which also resulted in a poor stand due to “damping
of" and compaction. A third and final planting on June 18 still
did not produce a good stand in places. Three weeks later the
afldition of 100 and 200 1b /A as hHMLOB was broadcast on the specified
plots.

On August 14, the first sampling of beet tops was taken as
the largest root had reached .75" in diameter. The plants on some

of the 5 treated plots were so small that adequate sample sizes

could not be taken.

1975 Litrogen “xperiment

Analyses of soil samples from this experiment at the Vegetable

Hesearch farm are given in Table 4.
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TASLE 4, ANALYSES Op SUIL SAMPLES FRCE THD
Ol VEGETABL HUSBARCH FARN LOCATION 1975

--neq/100g-~ ----- Dpi-==--~ b
i Ca l'g Y 4 B Total i
6.3 15,1 5.2 BB 352 .52 15

fertilizer treatments were established using six replications
in a randomized split plot design. BSlocks were first split by
two 3 rates and split again with four il rates. Varlables of ¥ and
¥ wore included as extra treatments. 5olubor was sprayed on the
s0il before planting at rates of 1 and 4 1b B/A. The beets were
planted on Fay 20, but again a poor stand developed. The seconcd
planting was on June 10 with three rows of beets spaced 20" avart;
a, standard »lot beinz 5' x 20'., The band application was drilled
at planting with all nlots receiving 50 1b i/A as (Nﬁa)zsou. Also
ca(ﬁzpou)z, K50, and EC1 were banded on specified plots. The
addition of 100 and 200 1b /A as hﬁuﬁOB was broadcast after planting
with the third 100 1b /A increment broaicast after the beet roots

grew to 75" in diameter., Table 5 gives all of the treatments.
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TABLE 5. OoU VHEILALL WioialCd Al OaTILIS N TEAT TS

i i i P i B i +
1. 1 1 2 1. 3 1 ko 2
2. 1 2 2 12, 3 2 0

4 2 1 }\2;3014’ 2 14, 3 2 2
5 2 1 wa 2 15. 4 1 RO 2
5. 2 2 0 16. b 1 L?ub, 2
7 2 2 1 17, 4 1 KC1 2
8 2 2 2 18, L 2 0
D 3 1 fo 2 19. L 2 1
10. 3 1 32504 2 20, L < 2

50, 150, 250, 350 1b /4

?' T —-—

‘ 1) -"2! - 3’ ’!J, =

EAPE = 1, »1b /4
Epaly, KC = 60 1b £0/4

™ o - A D 5
11, Lz = o0, 120 1b ‘2b5/d

Flant Sampling

In the 1974 linme experiment, petlole and leaf samples were
taken at three stages of growth; pre-buldb, .75" beet root and 2"
beet root. Both 1975 exneriments were sampled when beet roots were
75" and 2" in size. Fifteen to twenty petioles and leaves were

randonly selected from throughout each plot. ieaf samples consisted
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of a recent fully expanded leaf with the petiole removed. After
the 1974 data showed 20 to 40 differences in Fn concentrations
in the leaves, the midrib was taken out of each leaf sample in 1975
to reduce variability in ulant naterisl being analyzed. Hifteen
whole plant and root samples from both 1975 experinments were taken
at harvest for uptake measurements., A vertical center slice was cut
Troa each bhest root witnh a stainless steel Hobart slicer and then

treated 1like other plant samples.

rlant Analysis

All leaf, petiole and root samvles were dried at 700 Cin a
forced draft oven. Samples were then ground through a small stain-
less steel .lley [.ill with a 20-mesh screen and stored in manila
anvelones, (ne gram samples weireo Jdigested witia nitxic acid followed
by perchloric acid, heated, diluted, filtered and then brought to
volums with distilled water for chemical analyses. Calcium, lig, K,
i and In were measured by a Perkin “lmer liodel 306 atomic absorption

spectrophotometer following procedures outlined in the 1971 rerkin

Hlmer manual, Analytical Methods for Atomic Absorption Smectrovhoto-

metry. rhosphorus was determined with the vanadomolybdophosphoric
acid colorimetric method (Jackson, 1953). litrate-l was measured
on selected petiole samples by vevaria's alloy distillation procedure
{(Bremner and Keeney, 1965). Total . was detemined using a modified
nicro-kjeldahl vprocedure. BDoron was measured following procedures

outlined by ibble, Turog and Berger (1954).



Harvest

The 1974 beets were harvested 16 weeks after planting while
both 1975 experiments wers harvested 11 weeks after planting. In
1974, heet roots from the middle 10 Ffeet of the two center rows were
mulled and weighed for yield. The roots were graded into the follow-
ing sizges: less than 1", 1 - 2", 2 - 2.5", and greater than 2.5".
Ganker readings from B deficiency were restricted to the larger
beets since there was essentially no canker on the 1 - 2" roots.

The 1975 lime experiment had such a poor stand that only the
larzest 15 beet roots in cach plot were pulled and weighed to measure
relative differences. DBeets from the 1975 Vegatable Research Famm
were pulled from two middle 10' strips of each plot and welighed for
vield and graced in the same sizes 2s the 1974 plots. There were
no visible signs of canker extemally or intemally on the larger

beets from hoth 1975 experiments.

otatistical Analysis

Results from each treatment was tested for significance at
the 1 and 5 percent levels using ' tests in the analysis of variance.
Linear regression analysis was carried out to obtain functional

relationships of the variables of interest.,
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1974 Lime “xperiment

The 16 week growing season for the 1970 experiment was adequate
to obtzain a reasonable evalnation of table beet yields in the
Aillamette Valley. The largest yield increase was observed from
application of both lime and ;. The interaction of X and lime

significantly (.01) increased the yield of heets at the 3 1b 2

rate as shown in Table 5.

TAGLE Oy DAY SN0 OF LAk | ™YL L O% TADLSY 0705
LS TILLALTTTY R STACIOS 1974
Lime 301l Litrogen Applied 1b/a
/4 il 150 250
o o
/A of Leets
O 50" {}‘01 1”)0"
b 6.3 1.0 22.1
& 5.6 12.9 21.9

stde Trror = W4
at 3 1b 3/A.

where no lime had bheen anplied, vield was increased from &.1 to 13.85
T/A with an additional 100 1h L/A. inowever, on treatments receiving
L 1 lime/a, the yield was increased from 11.8 to 22.1 T/ with a

sinilar yileld increase measured on treatments receiving & 7 lime/A.

This is in general agreement with previous observations in which table



beet yield increased from the addition of & up to about 225 kg u/ha
(Cantliffe and Goodwin, 1974; reck et al., 1974; Shannon, lecker
and gourne, 1947).

Analysis of netioles samnled when the beet root was 2" in
diameter shows that total ¥ coatent in zlants veceiving 150 1b i/4
was nrobably lower than needed for optimum yleld. ['itrogen applied
at 150 1b/A resulted in 1.3J total ' content while an additional
100 1b ../a increased the content to 2.1.% The 2.17% total ' could
posslbly be lower than the critical level. This will be discussed
further in the section on quality and pgrading =ize of heets,

The addition of 4 T lime/A raised the pid of the soil from
5.2 to 6.3 which is much more favorable for beet production. This

-

ncreasec the yield at both rates of .., especlally vher 250 1b i /a

rate

had been added. Decreasine soll acidity enhances microblal sctivity
and zenerally creates a better environment for root zrowth and uptake
of nutrients.

Another posltive influence that lime has on nlant gzrowth is
the reduction of soluble I'n in the soil due to an increase in =i
(lrorris, 194¢; rrausse, Schmidt and Bergman, 1972). :irevious exper-
iments have shown that table beets are verv sensitive to =01l acidity.
This 1is generally expressed hy marked increasses in the untake of I'n
by the leaves, Table 7 shows the affect that lime has on decreasing

rn concentration in table beet plants.,



TABLE 7. Tl T Moiin SORCTRTRATION I
WTIOLE ALD IVAr. O T W ILLARY Tm* FATRRIEIET STATIO: 197&

Lime Soil Yetiole ieaf
T/A i pom i'n’
0 58 215 1010
L 6.3 121 495
a 6.6 22 310
btd.'“rror 1.5 52.7

"ilants sanpled when beets 75" in dlameter.

The addition of & T lime/A significantly (.01) decreased the
concentration of in in both the petiole and leaf at an important
stage of c¢rowth wher aet roots are 75" in diametesr. .n additional
L v lime/a reduced Fn content even further.

The amount of PHQEU avplied also affected ln concentrations
in the plant. "he increase in bn content from adding 150 to 250 1b

»/A is illustrated in Tawle O,

TABLF H,  THE WF9R0T ‘T HoOn Mn COBCTRTRATION I W oTI0LT
AND LUHAK, U{Td LLLATHEDTT AL RIIWTWT STATION 1374

i retiole Lent
1b/A Tk bt

150 114 487
250 184 7
Std. frror 7.6 35.6

*Plants sampled when beets .75" in diameter.
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These data support conclusions by Lingle and Wight (1961) who
showed that acid forming fertiligzers increased avallable soil Mn and
subsequent Mn content found in the plants. Cantliffe and Goodwin
(1974) specifically illustrated this effect on table beets. Thus,
N sources can indirectly affect micronutrient availability because
of changes in ambient soil pH.

Interpretation of data relating plant Mn contents to table
beet ylelds presents a dilemma. Manganese concentrations in the
leaf were increased from 850 to 1170 ppm with a N increase from
150 to 250 1b/A on the 0 lime treatment. The corresponding yleld
increase from the second addition of N was only 5.3 T/A. In this
case high concentrations of Mn seem to be inhibiting the positive
effect of N. Comparing these observations with the 4 T lime treat-
ment show that an initlally lower level of Mn was increased by N
from 330 to 660 ppm and was associated with a 10.3 T/A yleld increase.
With this lime treatment, N is increasing the yleld without compli-
cations from high Mn levels. Whether the high level of Mn was toxic
or not, it does indicate the relative acidity surrounding the plant
roots. In experiments with potatoes, White, Doll and Melton (1970)
concluded that the uptake of Mn by plants was related more to the
acidity of the entlre soll rather than to the Mn dissolved by the
acid solutlons diffusing from the fertiliszer bands. They found that
when the soll was limed to a pH of 6.5, Mn levels in the potato plant
were markedly reduced. The addition of Al to the fertilizer band
maxkedly lowered the band pH, btut had little effect on plant Mn content.,

However, the Al damage to the root was probably more of a factor
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inhibiting increased Mn uptake.

Phosphorus is a very critical element for table beets at seed-
ling stages of growth. Phosphorus solubility in acid solle may be
limited by Fe and Al phosphate formation which renders it relatively
less avallable for plant uptake and utilization. Liming acid solls
with subsequent increase in pH has been shown to increase P avall-
ability and uptake by the plant. In the 1974 experiment, application
of lime significantly (.05) increased P content of table beet plants
as shown in Table 9. Phosphorus content was an average of béth N

treatmente.

TABIE 9. THE EFFECT OF LIME ON P CONTENT OF TABLE BEET LEAVES
NORTH WILLAMETTE EXPERIMENT STATION 1974

Lime Soil

T/A pH % P*
0 5.8 52
4 6.3 '62
8 6.6 74
Std. Exror .03

*Plants sampled when beets .75" in diameter.

Working with alfalfa, Singh and Seatz (1961) reported that
1liming strongly ‘acid soils increased avallability of P that was
added after liming, but lime had little effect on availability of
P added while the soll was strongly acid. These results point out

that even though a P compound of a given solubility will form in
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2 80il of a given pH when equilibrium is established, such equili-
brium is evidently established quite slowly.

Phosphorus contents in leaves from 1 50 and 250 1b N/A treatments
were .79 and .46 ppm, respectively. This significant (.01) reduction
with an additional 100 1b N/A is probebly due to increased vegetative
growth, thus diluting P concentration in the leaf.

Leaves from O, 4 and 8 T 1ime/A treatments had concentrations
of 6.0, 6.4 and 7,1% K respectively. Samples were taken when the
beet root was 2" in dlameter. Jacobson, Moore and Hannapel (1960)
reported that K absorption was stimulated by Ca at low pH. Increas-
ing pH also enhanced K absorption.

Beet yleld was inoreased about 4 T/A with application of 3 1b
B/A on the 4 T lime plot. This yield response was probably due to
an initlally low soll test value of .36 ppm B. A slight decrcase
in yleld occurred on both lime treatments az the B rate was increased
from 3 to 6 1b/A. Mack (1965) obsexved a 4 T/A yleld increase in table
beets with the addition of 10 1b B/A; however; leaf B concentrations
were not measured in this study.

An interesting effect of lime and N on the B content of table
beet leaves was observed. Where no B was applied, the addition of
elther lime or N decreased the B content of beet leaves (Table 10).
This decrease in B content was probably due to dilution from the

marked increase in vegetative growth from the application of N.
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TABIE 10. THE EFFECT OF LIME AND N ON B CONTENT OF TABLE
BEET LEAVES. NORTH WILLAMETTE EXPERIMENT STATION 1974

Line Soil --Nitrogsn Applied 1b/A--

T/A pH 150 230
ppm B*

4 6.3 20 13

8 6.6 17 11

*Plants led when beets 2% in diameter,
at 0 1b B/A.

Averaging all B and N levels, a comparison of 4 T lime/A versus
8 T lime/A showed a significant reduction in leaf B content from
36 ppm to 31 ppm respectively. This high rate of lime could possibly
have reduced the uptake of B in the plant. It is difficult to say
whether this is due to a chemical reaction in the soil or a physiolog-
ical effect in the plant. Since B was soil applied, lime effects
may have contributed to this reduction.

After B had been applied, N significantly (.05) increased B
content in the leaf (Table i1). These B levels are averages of the
L and 8 T lime treatments.
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TABIE 11, THE EFFECT OF N AND B ON THE B CONTENT OF TABLE
BEET LEAVES. NORTH WILLAMETTE EXPERIMENT STATION 1974

N e=w~=-Boron Applied 1b/A-wee-e
1b/A LA -
*
ppa B
150 18.3 35.6 40,2
250 11.8 42,2 52.6

Std. Exvor = 2,0
*Plants sampled when beets 2" in diameter.

Boron deficlency in table beets results in tissue breakdown
known as canker which affects the quality of marketable beets.
Visible signs of external tissue breakdown (decayed black spots)
reduces beet value, Canker is most likely to oceur in laxger roots
rather than smaller cnes (Mack, 1965). At times when water soluble
soll B is low, rapid expansion of large roots will not have adeguate
B for normal growth. Table 12 gives canker readings that were taken
from 2 - 2.5" size roots. There was essentially no canker on the

1 - 2" root.
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TABIE 12. THE EFFECT OF N AND B ON CANKER IN TABILE BEETS
NORTH WILLAMETTE EXPERIMENT STATION 1974

N wmeme=Boron Applied 1b/Aemme-
1v/A o 3 6
% Canker"
150 57 3 16
250 37 8 "

*Average of 4 and 8 T lime/A.

A comparison of data in Table 11 with data in Table 12 shows
that B 1s regulating the incidence of canker in beet roots. At
the 3 and 6 1b B/A rate, the addition of 250 1b N/A increased the
B oontent in the leaf and subsequently reduced the percent canker
in the root, This supports data summarized by Mack (1965) in
which the same relationship was observed. Boron deficlency was
reduced more by applying N and B than by applying B alone.

Foliar sprays of B would probably have reduced ocanker readings
even further, but that was not the objective of this study. Boron
was soll applied to evaluate the effect of lime on B taken up from
the s80ll and the effect that this would have on the appearance of
canker in the beet root. As previously stated, the 8 T lime treat-
ment decreased the B content in the leaf from 36 ppm on the 4 T
lime treatment to 31 ppm. This was an avexrage of all N é,nd B
rates. Severe cankex occurred where B was not applied and addition
of lime accentuated the canker, However, application of lime plus

B did not increase the occurvence of canker. Thus, if an adequate
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B program is followed, application of lime would not accentuate
beet canker.

Other factors contributing to B deficlency and subsequent
canker are low soil moisture and hot days that increase growth
rates. Hot summer weather in 1974 may have contributed indirectly
to B avallability. Average July and August temperatures were 17.5
and 19.7° G, respectively.

The effect that lime and N had on the size grade of table beets
at harvest 1s shown in Table 13, Highest prices are paid foxr beets
within a 1 - 2" size with decreasing value for 2 - 2.5" beets, and
even less for thosé beets greater than 2.5"., Nitrogen fertilizer
had a marked effect on increasing beet size. The 250 1b N rate con-
sistently increased the percent of beets larger than 2" as compared
to the 150 1b N rate. This supports table bset research conducted
by both Shannon, Becker and Bourne (1967) and Peck et al. (1971).
Peck and colleagues speculate that this effect of fertilizer N on
increased percentage of large roots is partially due to the effect
of N fertillizer on decreased stand of table beet seedlings. If
the initial stand 1s slightly decreased, there is a reduction in

space competition and surviving beets can take up more N.
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TABLE 13, THE EFFECT OF LIME AND N ON THE GRADE AND YIFLD OF
TABLE BEETS. NORTH WILLAMETTE EXPERIMENT STATION 1974

. ~me==-Grade -- % of Total Yielde-=---

;222_ _;g/A Y%;id 1" 1 - 2" 2 - 2.5" 2.5"
0 150 8.1 10 - 80 10 -
0 250 13.8 3 57 25 15
4 150 11.8 5 75 18 2
L 250 22.1 2 W 28 36
8 150 12.9 3 66 27 1
8 250 21.9 3 Ly 34 19

*at 3 1b B/A.

However, the combination of N and lime apparently increased
the total number of beets that developed to a size in excess of 1"
so that the maximum yleld of beets in the 1 - 2" category was achieved
with the high rates of N and lime. In fact, 8 T of lime with 250 1b
N and 3 1b B/A produced more 1 - 2" beets than was measured for all

sizes combined with O lime and 150 1b N/A.



1975 lime Experiment

Numerous difficulties in emergence wexe encountered in 1975
and the stand of beets was not adequate for gross yleld measure-
ments. A late third planting and relatively early harvest left a
growing season of 11 weeks which contributed to low ylelds measured.
Nevertheless, subsample beet welghts were taken to evaluate relation-
ships with fertilizer treatments.

The addition of lime and N again significantly (.05) increased

the growth of table beet roots as is shown in Table 14.

TABIE 14, THE EFFECT OF LIME AND N ON THE YIEID OF TABIE BEETS
NORTH WILLAMETTE EXPERIMENT STATION 1975

Lime Soil ---~- Nitrogen Applied 1b/A --e--
T/A pH 50 150 250
*1b - 15 roots
S Sl 0.94 1.88 1.56
0 5.8 1.35 2.21 2.15
4 6.6 1.81 2.5 2.64
8 7.2 2.48 2.89 2.75

Std. Error = ,27
*Average of 1 and 4 1b B/A,

The addition of lime almost tripled root weight at 50 1b N/A,
Lime also improved root weight with the 150 and 250 1b N treatments.
Increasing N applied from 50 to 150 1b/A gave the greatest increase

in root weight at all lime treatments. Analyses of plant tops at
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harvest showed that % total N was also significantly (.01) increased.
Plants fertilized with 50 1b N/A contained 3.06% total N at harvest
while those fertilized with 150 1b N/A contained 3.3% total N.

Table bests growing in soil with a pH of 5.4 show visible signs
of being very sensitive to acidity. Production of plant tops was
retarded and subsequent enlargement of roots was poor. Past research
has shown that table beets are sensitive to soll acidity and Mn level
in the plant 1s an indication of relative acidity in the soil. Again,
as in 1974, the addition of lime on thie acid soil significantly (.01)

decreased plant Mn content as shown in Table 15.

TABLE 15. THE EFFECT OF LIME ON Mn CONTENT IN THE TABIE
BEET IEAF. NORTH WILLAMETTE EXPERIMENT STATION 1975

Line Soil
T/a__ —DH _ppm Mn*
S 5.4 685
0 5.8 329
4 6.6 137
8 7.2 111
£Std. Prror 30

Plants sampled when beets 2" in diameter.

With reference to 1974 data, the Mn level of leaves sampled
when beets were 2" in diameter are probably less than what would be

found in leaf samples taken earlier in the growing season when roots
were .75" in dismeter. Dus to poor top growth on the S treated plots,
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propexr samples could not be taken when beets were .75" in diameter.

In the 1974 lime experiment, N fertilizer as NHANO3 was shown
to significantly increase Mn content in the plant. Data from the
1975 1lime experiment showed a slight reduction in leaf Mn with
increasing levels of N fertilizer. Apparently acidifying effects
of NHAEO3 vere not as prevalent with the replanting at a later
date. No other specific explanation for this effect can be con-
cluded from the data.

Iiming significantly (.01) increased the P content in beet
leaves supporting the data recorded in the 1974 lime experiment.

These results are shown in Table 16.

TABIE 16. THE EFFECT OF LIME ON P CONTENT IN TABLE BEFT LEAVES
NORTH WILLAMETTE EXPERIMENT STATION 1975

Iine Soil *
T/A pH : % P
S 51“’ '33
0 5.8 .37
4L 6.6 b1
8 7.2 .38
5td. Error 01

*Plants sampled when beets were 2" in diameter,

Boron was not a significant factor in affecting the yield or
quality of beets. Deficlency of B in the plant and root were not

observed during the growing season or at harvest. A logical explan-
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ation might be due to cool weather, adequate molsture and short grow-
ing season. Average July and August temperatures were 17.7 and 17.3°
C, respectively. The B added plus residual soll B were readily avall-
able to the plant and met the plant's nutritional needs. During
hot dry weather when soil moisture is low, B deficlency symptonms
might oceur with comparable B additions to the soil.

Interesting B relationships were observed in this experiment.
The B level of the leaf was significently (.01) influenced by lime,

N and B treatments. Table 17 1llustrates this interaction.

TABLE 17. THE EFFECT OF LIME, N AND B ON B CONTENT IN THE TABIE
BEET LEAF. NORTH WILLAMETTE EXPERIMENT STATION 1975

--~-1b/A~-~- S O 8
N B *B ppm

50 1 36 28 28
50 L L6 3 31
150 1 39 32 28
150 b 57 L6 33
250 1 35 W 28
250 L 33 42 3

Std. Error = 1.4
*Plants sampled when beets were 2" in diameter.

The 4 1b B/A rate consistently increased B content in the leaf
compared to 1 1b B/A except at the S - 250 1b N/A treatment. The
average B content in plants growing on the 8 T lime treatment was

less than those growing in the 5 treatments or 0 T lime treatments.
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The 8 T 1lime treatments also showed the least amount of leaf B
increase from addition of 1 to 4 1b B/A. Poassibly high lime appli-
cations might be affecting soil B availability and subsequent uptake
as concluded by Naftel (1937). Another reason for slight decrease
in B content on the 8 T lime treatments may be due to increased veg-
etative growth from lime addition and thus a dilution of B concen-
tration. It 1s difficult to assess the B critical level in this
experiment since there was no deficiency symptoms present.

The 150 1b N/A treatment increased leaf B content on S treated
and 0 lime treatments. Thls enhancement effect of N on B was also

observed in the 1974 lime experiment.
i Nitrogen Experiment

The table beets in this experiment were grown on a slightly
acid soil of pH 6.3, Relative yleld figures from this experiment
should correlate fairly well with fertlliger treatments since plant
populations were adequate. However, the gross yleld figures are
less than 1974 due to shorter growing season and cool weather.

Since the growing season was limited to 11 weeks, N had a
more pronounced effect on top growth than on root growth as shown
in Table 18,
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TABIE 18, THE EFFECT OF N ON TABLE BEET TOP AND ROOT GROWTH
OSU VEGETABIE RESEARCH FARM 1975

N Tops Roots
1b/a ib/plot ~
50 9.4 59.3
150 10.8 68.6
250 12.7 69.0%
350 13.5 62.8
5td., Error L2 1. 9

*69 1b/plot corresponds to 15 T/A.

There is a significant (.01) increase in plant tops with each

additional increment of N. Corresponding NO,.-N values at 50, 150,

3
250 and 350 1be N/A were 0.54, 1.00, 1.67 and 1.82% NOB-N. respective-
ly with a standaxd error of .36, These petiole samples were taken
vhen beet roots were 2" in diameter.

Simple linear regression analysis shows that N fertiliger
treatments accounted for 51% of the variation in top yleld and 76%
N,

3
These data raise the question of whether N was utilized only by

of the variation in % NO

the beet tops or whether the beet root benefited from additional N

in this experiment. Examination of root ylelds shows that maximum
yield was obtained with 150 1b N/A. A 250 1b N rate did not increase
root yleld and the 350 1b N rate decreased yleld slightly. Average
slze grades were: less than {.5" - 23%, 1.5 - 2.5" - 65% and greater
than 2,5" - 12%. The percentage of beets less than 1.5" is quite



high and the percentage of beets greater than 2.5" is low. A
logical explanation of this data might be that due to the short
cool growing season, photosynthetlc material produced in the tops
did not have adequate time and proper growth conditions to trans-
locate these carbohydrates to the root. Regression analyses shows
that the N treatments dild not significantly affect root ylelds.
The yleld of table beets fertiliszed with 350 1lb N/A was less than
smaller rates of N at both rates of B. An explanation cannot
be given for this effect. Results from the 1974 experiment support
that Mn content might be playing a role, especially with a high rate
of acldifying fextllizer like NHuNOB. However, Mn levels in the
leavee remained relatively conetant even at the high N rate.

Boron additions did not affect top growth. An interesting
N x B relationship was observed. The 4 1b B/A significantly (.01)

decreased the NO.-N content of the table beet petiole from 1.39 to

3
1.13% at a time when the beet root was 2" in diameter. 4 logical
explanation for this effect is not avallable.

Table 19 shows the effect of N on concentratians and uptake of

K, B and N.
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TABLE 19. THE EFFECT OF N ON K, B AND N CONCENTRATION AND UPTAKE
OF THE TABLE BEET TOPS. OSU VEGETABLE RESEARCH FARM 1975

Treat. Total N
N X uptake B uptake uptake
1b/A %K 1b/A ppm B 1b/A % total N 1b/A
50 6.9 281 32 129 2.29 93.6
150 5.9 276 30 142 2.93 137.7
250 6.2 W3 30 170 3.36 186.3
350 - 5.6 334 29 171 3.42 201.0
Std. Error .27 18 .007 Ol 5.2

Nitrogen significantly (.05) reduced K content in plant tops,
but total uptake of K at harvest was increased due to increase in
top growth. Reeve and Shive (1944) reported that K had an effect
on B accunulation in the tissue of tomato. At any given B level,
there was a progressive increase in B content of plants as K con-
centration increased. This K effect is not evident in the 1975
nitrogen experiment. Applied K did not alter B uptake in the table
beet. Also, with no visible canker at harvest K could not be related
to B deficlency. However, applied K as KCl conaistently increased
leaf Mn levels which supports numerxous publications concerning this
phenomenon (York, Bradfield and Peech, 1954; Jackson, Westermann
and Moore, 1966). A relatively high K soil analysis value of 350
ppa probably explains the lack of K response at this yleld level
associated with the short growing season.

Nitrogen applicatlon did not increase B concentrations as it
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did 1in previous experiments. Boron content was relatively constant
in the table beet top at harvest, but the uptake of B was signifi-
cantly (.01) greater at higher N rates due to increased vegetative
growth., There was no evidence of canker so it is difficult to
assess critical level.

Total N analyses at harvest showed a significant (.01) increase
in N with increased N rates. Relating this to vegetative growth
shows that high rates of N were not efficiently taken up by the
plant. For example, the additional 100 1b N increment added after
the 250 1b N rate resulted in the plant taking up only 15 of the
100 1b of N. This 350 1b N/A rate seems to have only increased top
growth with a slight decrease in root growth.
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SUMMARY

The effects of lime and fertilizer treatments on yield, size
grade, and boron deficiency in table beets were evaluated in three
field experiments during 1974 and 1975. Higher ylelds in 1974
were assoclated with a longer growing season and higher temper-
atures. Beets were harvested 16 weeks after planting in 1974 while,
because of poor stands on the first seeding date, later plantings
in 1975 were harvested after an 11 week growing season. The
shorter growing season in 1975 was assoclated with average July
and August temperatures of 17.7 and 17.3° C respectively compared
with 17.5 and 19.7° C average July and August temperatures in 197%4.
A small percent of large size beets that are more susceptidble to
canker were produced in 1975.

In the 1974 experiment N and lime interacted to significantly
increase the yleld of table beets. The 250 1b N rate increased
Yield at all levels of lime. The maximum yield was with 250 1b N
plus 4 T 1ime/A (pH = 6.3) treatments. However, highest dollar
value resulted from 250 1b N plus 8 T lime/A (pH = 6.6) treatments
due to the increase in 1 - 2" sige roots. In fact, 8 T lime and
250 1b N treatments produced a higher tonnage of 1 ~ 2" roots than
all sizes combined with O lime and 150 1b N treatments.

Root welghts from the 1975 lime experiment showed significant
increases with lime additions supporting the fact that beets are
extremely sensltive to s0ll acidity. Beet weilghts were consistently

increased as surface soil pH (0 - 6%) was increased from 5.4 to
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7.2, The yleld was increased significantly as N was increased
from 50 to 150 1b/A but further increases were not observed with
250 1b N treatments. This might be related to lower than nommal
temperatures and short growlng season.

Yield of beet tops from the 1975 nitrogen experiment (soil
pH = 6.3) showed a significant increase from 50 up to 350 1b N/A.
However, increase in root yleld was only significant up to 150 1b
N/A. A decrease in yleld was assoclated with 350 1b N treatment.
A longer growing season might have substantiated whether higher N
rates would have increased dollar returms from this crop.

Both 1974 and 1975 lime experiments demonstrated that addition
of lime to acid solls will reduce avallable Mn and subsequently
lower plant concentrations. In 1974, lime treatments of 0, 4 and
8 T 1ime/A ralsed the soll pH from 5.8 up to 6.3 and 6.6 and in
doing so, reduced leaf Mn content from 1010 down to 495 and 310
prm, respectively. Excessive Mn levels (800 ppm) in the plant
may negate positive effects of N and other nutrients. The appli-
cation of lime significantly increased F content of table beet
plants. Thus, liming acid solls generally creates a better environ-
ment for table heet production.

Boron deficiency was controlled by two fertility factors
in these experiments: B directly and N indirectly. Cankex is
a visible sign of B deficliency. Large roots (+ 2.5") possess a
greater tendency to have canker due to rapid expansion and
increased demand. Adequate B fertiligzation and proper water

management will meet this nutritional need of table beets. In
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1974, beets responded to B addition with a reduction in percent
canker, lLeaf B levels were a good 1ndica£or of B nutritional status
of beets., In the 1974 lime experiment, with 3 and 6 1b B/A treat~
ments, N addition (from 150 to 250 1b N/A) significantly increased
B content in the leaf. Reduction in canker was assoclated with
this enhancement of B content by N, The 1975 lime experiment
showed a similar effect, but at harvest time there was no canker.
Thus, it was impossible to correlate N enhancement of B with
decreasing incidence of canker. Production of very few large
beets ie one reason why incidence of canker in 1975 was not observed.
However, boron deficiency may be alleviated better by N plus B
treatments.

In 1974, increasing N rates increased percentage of beets
larger than 2.5" in dlameter and subsequently increased yleld.
Market prices are substantially reduced for these larxge beets.

Thus, a decision must be made on the amount of N used along with
seeding rate, to produce optimun yleld of 1 ~ 2" size beets and

maxinum gross retum.
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The effect of lime, N and B treatments on leaf and
petiole calcium, magnesium and potassium analyses
of table beets sampled at different stages of
growth. 1974 Lime Experiment.

T/A -1bfA=  -z-- % C8%eeme  —mmf Mg®emm- conf KO
Idme N B 1 2 L 1 2 N 1 2 4
Petiole Analysis
1 0 15 3 t.40 1.16 0.85 0.30 0.61 0.44 11.3 11.1 10.3
2 0 250 3 - 1.29 1.25 -~ 0.73 0.55 --  11.7 12.2
3 4 15 0 1.95 1.57 0.74% 0.36 O.41 0.28 9.3 9.9 10.0
L 4 25 O -- 1.42 0.93 -- 0,73 0.46 -~ 11.2 6.9
5 4 150 3 2.144 1.47 0.91 0.28 0.40 0.31 9.9 7.8 9.7
6 4 25 3 -~ 1.20 1.19 -~ 0.68 0.50 -- 13.4 10.0
7 u 150 6 hadad 1043 0086 - 0.57 003[" - 702 1109
8 u’ 250 6 - 1025 1008 bt 0062 00“9 - 9.6 602
9 8 15 0 2.25 1.81 1.43 0.26 0.38 0.26 9.2 10.9 13.1
10 8 250 0 - 1033 1-03 haded 0073 003[" hadd 1002 808
11 8 150 3 1062 10’4’3 1001 0026 0036 0.23 - 1201 1307
12 8 250 3 - 1.38 1.04 -~  0.46 0.39 -~ 11.8 7.4
13 8 150 & 1.79 1.46 1.03 0.26 0.4 0.26 11.6 8.2 14.3
iu‘ 8 250 6 hatind 10’4’7 1032 hatd 0060 -0045 —— 7.6 801
leaf Analysls
1 0 15 3 2,0 2.28 1.89 1.14 1.25 1.15 5.3 6.4 7.4
2 0 250 3 hudad 2052 2022 - 1052 1031 - 507 5.9
3 4 150 0 2.3 2.51 1.76 1.13 1.17 0.92 4.8 6.6 7.8
4 4 25 0 -- 2.62 2.12 --  1.43 1.29 -- 5.0 5.1
5 4 150 3 2.4 1,97 1.87 1.02 0.86 0.92 5.6 6.7 8.0
6 u 250 3 - 2025 2-09 o= 1.“‘0 1023 haad 601 6.0
7 4 150 6 - 2.l¥0 1091 - 1-25 1.02 - 601'" 7.7
8 l& 250 6 - 20% 2012 - 1-35 1.35 - 5.’4’ 5.8
9 8 15 O 2.5 2.55 2.38 0.72 0.89 0.9 5.1 7.1 7.9
10 8 250 O -~ 2.75 2.36 -- 1.52 1.26 -- 6.0 6.3
11 8 150 3 2.8 2.52 2.05 0.26 0.36 0.23 5.2 7.5 8.7
12 8 25 3 -~ 2.52 2.2 -- 1.07 1.12 -~ 6.6 6.2
13 8 150 6 2.7 2.67 2.00 0.90 1.02 0.86 L.t 6.6 8.3
14 8 250 6 b 2053 2035 g 102&‘ 1.15 - 6.0 5.7

fSample dates: 1 - pre-bulb, 2 - 3/4" beet root, 4 - 2" beet root.
@hyerage of three replications.
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Appendix Table 2. The effect of lime, N and B treatments on leaf and
or petlole manganese, phosphorus, boron and total
nitrogen analyses sampled at different stages of
growth., 1974 Lime Experiment.

/A  -1b/A- ~=~ppm Mn®-e —— P e % Total N®
Treat. Idme N B 1 2 b 1 2 4 P) n

Petliole Analysis

2 0 25 3 -~ 258 218 -- JA4 14 2.83 2.10
3 L 150 0 128 100 84 .22 .21 .24 2.41 146
L 4 25 0 -- 193 153 -~ L7 48 2,92 2.07
5 4 150 3 84 91 7+ .24 .21 .21 1.85 1.37
6 4 250 3 - 151 112 - 019 021 3026 2.“’5
7 4 150 6 bt 119 95 - 027 02“ 2.12 1035
8 I-b 250 6 hid 13? 135 — 019 016 208“ 2-36
9 8 150 O 67 83 b7 .31 .22 .23 1.96 1.28
10 8 25 0 -~ 145 81 -- W21 .23 340 1.69
11 8 150 3 76 76 b .26 .23 .27 1.72 1.30
12 8 250 3 - 92 75 -- W21 .20 2.77 1.74
13 8 150 6 79 73 55 .27 .20 .26 1.22 1.30
1"& 8 250 6 - 1“’5 108 haand 121 -21 2090 2.12
Leaf Analysis
- B@-.
1 0 15 3 38 848 813 A48 .69 .65 5 38
2 0 250 3 hatnd 11’45 1173 - 136 1314" L&? 48
3 b 150 0 160 319 355 44 .76 1.14 28 20
L 4 250 0 -- 850 760 -=  JA4 45 22 13
5 L 150 3 156 330 281 .53 .81 1.08 Ly 39
6 L 250 3 -- 660 467 - W42 W 40 L2
7 4 150 6 - ’-"83 393 —— 085 1 -18 % L&?
8 L" 250 6 - 6“"7 637 bk 045 .M 56 51&
9 8 is0 O 92 351 260 .54 .79 1.13 26 17
10 8 250 O -- 603 453 -~ .53 .63 18 11
11 8 150 3 156 279 195 .55 .88 1.26 35 32
12 8 250 3 -~ 337 390 -- .59 .63 51 43
13 8 150 6 150 253 260 .48 .78 1.14 Lo 33
14 8 250 6 -~ 617 470 -~ .55 M8 56 51

*
Sample dates: 1 ~ pre-bulb, 2 - 3/4" beet root, 4 - 2" beet rToot.
@Average of three replications.
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Appendix Table 3., The effect of lime, N, B and P treatments on leaf
calcium, magnesium and potassium analysis of table
beets sampled at different stages of growth, 1975
Lime Experiment.,

T/A  ~emelb/Ammn-= --% Ca®- % Mg%- - KO-
Treat, Iime N B P > 4 2 L 2 L
*4
1 s1 5 1 120 -~ 1.83 - 0,99 -= 5.95
2 st 5 4 120 -- 1.85 - 0.89 -~ 5,58
3 81 150 1 0 - - - - - -
L s1 150 4 0 B, - - - -
5 s1 150 1 120 1.68 2.05 1.31 1.29 5.2 5.58
6 St 150 &4 120 1.86 2.11 1.35 1.26 4.8 5.63
7 81 250 1 120 - 1.77 - 1,13 -~ 5.58
8 s1 250 4 120 1.78 1.69 1.19 0.98 5.3 5.63
9 0 50 1 120 1.88 1.68 1.10 0.92 4.6 6.37
10 0 50 4 120 1.86 1.66 1.08 0.86 5.2 6.68
11 0 15 1 0 - -- - - -— -
12 0 150 & o0 - - — - - -
13 0 15 1 120 1.92 1.78 1.32 1.3% 5.8 6.55
14 0 150 &4 120 1.90 1.93 1.40 1.28 5.9 6.43
15 0 25 1 120 1,91 1.73 1.37 .11 5.2 6.28
16 0 25 &4 120 1,92 1.56 1.25 1.15 5.8 6.08
17 L" 50 1 120 hatad 1 085 hutnd 0091 hbad 6065
18 L" 50 4 120 - 2'12 hadad 0099 aiead 6028
19 L 150 1 0 - - - .- - -
20 4 150 4 o© - - - - — -
21 L 150 1 120 - 1.97 -~  1.12 -- 6.15
22 4L 150 &4 120 - 2,02 -~ 1.23 - 6.18
23 L 25 1 120 - 1.97 -~ 1,01 - 6,63
24 4L 250 4 120 -~ 1,92 - 0.96 - 6.63
25 8 5 1 120 2.04 1.86 1,06 0.92 5.5 6.35
26 8 50 4 120 2,02 1.83 1.04 0.97 5.9 6.23
27 8 150 1 0 - - -- - -
28 8 15 4 0 - - — e -— -
29 8 150 1t 120 2,41 2,06 1,16 1.14 6.2 5,97
30 8 150 & 120 2.11 1.87 1.06 1,07 6.2 6.15
31 8 250 1t 120 2,16 2,07 1.01 1.1% 9.5 6.20
32 8 25 4 420 2,05 2,04 0,97 1.05 6.0 6.13

Sample dates: 2 - 3/4" beet root, 4 - 2" beet root.
Awerage of four replications.
**applied 1 T/A elemental sulfur.
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The effect of lime, N, B and P treatments on leaf

phosphorus, manganese and boron analysls of table

beets sampled at different stages of growth. 1975
Iime Experiment.

T/A  ~eeelb/Awem- -3 POan -ppm Mn®- -ppm B%-

Treat, Iime N B P 2 4 2 2 4
1 st™ 50 1 120 e - 675 721 6 33
2 s1 50 4 120 -~ .40 b2s 745 59 U6
3 s1 150 1 0 -~ .29 433 491 - -
L st 150 &4 0 35 .37 43t 422 L3 JE—
5 s1 150 1 120 -~ W33 402 696 69 35
6 S1 150 4 120 33 .30 635 629 68 57
7 s1 250 1 120 - em 800 600 59 35
8 51 250 4 120 38 3t 525 720 - 33
9 0 5 1 120 T - 351 435 % 28
10 0 5 4 120 - 42 310 356 bz 3t
11 0 15 1 0 -— .36 268 221 e
12 O 150 L" 0 .40 L] 37 232 225 — et
13 0 150 1 120 - -- 297 36 B 32
14 0 150 &4 120 37 Wt 377 359 e U6
15 0 25 1 120 - - 292 258 33 W
16 0 250 &4 120 T, R 230 250 by 42
17 4 5 1 120 57 - 147 14 -— -—
18 4 5 4 120 - 47 184 170 - -
19 4L 150 1 0 - .38 107 104 -
20 L 150 4 0 37 3B 133 118 - -
21 L 150 1 120 - .- 183 129 B
22 L 150 4 120 A3 .38 166 164 -~ .-
23 L 250 1 120 S - 140 89 . e
b 4 250 4 120 A5 40 - 132 - -
25 8 50 1 120 - - 165 122 33 28
26 8 50 4 120 A9 .37 140 114 37 3
27 8 150 1 O - 39 107 82 - -
28 8 150 4 0 A48 .38 95 79 -— -
29 8 150 1 120 - - 102 102 29 28
30 8 150 4 120 A8 L3 119 100 36 33
31 8 250 1 120 S 95 98 29 28
32 8 250 4 120 A4 .35 120 133 35 M

*Sample dates: 2 - 3/4"™ beet root, 4 - 2" beet root.
@Average of four replications.
**spplied 1 T/A elemental sulfur,
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Appendix Table 5. The effect of lime, N, B and P treatments on
calcium, magnesium, potassium, total nitrogen,
phosphorus, manganese and boron analyses of table
beet tops at harvest. 1975 Lime Experiment.

T/A  -=-1bfA--=  -=g-- o - -pm®-

Treat. Idme N B P Ca Mg K Total-N P Mp__ B
1 st™ 50 1 120 2,06 1.13 7.0 3.05 -- 566 28
2 S1 5 4 120 1.93 1.01 6.4 3,18 +38 595 32
3 51 150 1 O 1.99 1.26 7.0 - - 478 32
L" Sl 150 L" 0 1076 1022 ?'8 bt 030 MJ—O 3“'
5 S1 150 1 120 1.71 1.23 7.0 3.39 - L6o 28
6 st 150 4 120 1.84 1.32 6.4 3.28 .29 643 33
7 Si 250 1 1 20 1 '85 1 L] 30 6 06 bt - 570 29
8 81 250 4 120 2.03 1.22 6.4 - %) | 545 35
9 0 50 1 120 1.88 1.07 7.2 2.89 -- 387 28
10 0 5 4 120 1.86 1.00 6.8 3.11 u2 386 3
11 0 150 1 O 1.65 1.25 6.8 - - 219 25
13 0 150 1 120 1.75 1.37 8.0 3.35 - 316 27
14 0 150 4 120 1.79 1.37 7.2 3.36 ¢33 346 40
15 O 250 1 120 1.75 1034 608 hatad hadad 2?8 30
17 L 5 1 120 1.96 1.02 7.8 3.05 - 147 23
18 L 5 4 120 1.98 0.92 7.0 2.89 M5 180 28
19 L 150 1 O 2.25 1.16 7.8 ~— | - 132 31
21 bL 150 1 120 1.52 1.39 8.0 3.24 - 184 31
22 L 150 4 120 2.20 1.39 8.2 3.18 <37 168 W1
23 L 250 1 120 2.18 1.29 7.4 - - 150 30
2l L 250 4 120 2,20 1.19 7.8 - A1 143 34
25 8 50 1 120 2.44 1.17 8.0 3.13 - 166 29
26 8 50 4 120 2.33 1.17 7.8 3.21 40 133 29
27 8 150 1 0 2,38 1.21 7.6 ~ - 121 29
29 8 150 1 120 2.88 1.4 7.6 3.30 - 132 26
30 8 150 4 120 2.29 1.36 8.0 3.32 .36 143 30
31 8 250 1 120 2.47 1.25 7.6 - - 112 27
32 8 250 4 120 2.37 1.43 7.4 - .38 132 32

*Sa.mple dates: 2 - 3/4" beet root, 4 - 2" beet root.
@sverage of four replications.
**applied 1 T/A elemental sulfur,
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Appendix Table 6. The effect of lime, N, B and P treatments on calcium,
magnesium, potassium, total nitrogen, phosphorus
and manganese analyses of table beet roots at
harvest. 1975 Lime Experiment.

T/A  --~1b/A--- % pon®

Treat, Iime N B P ca* Mg K___ Total-N P Mn
1 s1* 50 1 120 46 A7 1.5 -- - 6
2 81 5 4 120 .15 .18 1.3 2.33 1 84
3 81 150 1 0 016 ni? 104 - - ?6
4 81 150 4 0 17 .17 1.5 - <38 63
5 st 150 1 120 .17 A7 1.4 - - 53
6 Si 150 4 120 .16 .18 1.4  2.79 .36 72
7 s1 250 1 120 .15 .16 1.4 - -- 83
8 S1 250 4 120 .15 17 1.5 2.70 A1 ol
9 0 50 1 120 016 016 1 -5 - —— 75
10 0 50 4 120 .17 .16 1.4 2.32 47 61
11 0 150 1 0 16 17 1.4 - - 56
12 O 150 4 0 016 n18 106 - .U38 1#5
13 0 150 1 120 .18 15 1.6 -— - b2
14 0 150 & 120 .16 A6 1.7 3,11 MO 52
15 0 250 1 120 .16 A6 1.7 - - 52
16 0 250 4 120 .15 A7 1.6 2.71 38 L9
17 4 5 1 120 .17 A7 1.7 - - 32
18 L4 5 4 120 .16 16 1.3 2.15 A48 30
19 L 150 1 O 17 17 1.8 - -- 31
20 L 15 4 o 16 15 1.7 - A6 29
21 4 150 1 120 .16 .18 1.4 - -- 28
22 L 150 4 120 .15 .19 1.5 3.19 - 32
23 L 250 1 120 .16 .18 1.8 2.28 - 27
24 L 250 4 120 .18 17 1.7 3.15 48 34
25 8 5 1 120 .18 A7 1.7 - - 31
26 8 50 4 120 .17 17 1.8 2.73 M7 28
27 8 150 1 0 .19 15 1.8 - - 26
28 8 150 l" 0 .20 016 108 - 043 25
29 8 150 1 120 .17 17 1.8 -- - 24
30 8 150 4 120 .16 .17 1.9 3.07 A48 3
31 8 250 i 120 017 018 1 07 - - 27
32 8 250 4 120 .18 .16 1.7 2.92 A6 32

*Samyle datess 2 - 3/4" beet root, 4 - 2" beet root.
@sverage of four replications.
**Applied 1 T/A elemental sulfur.
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Appendix Table 7. The effeect of N, B, P and K treatments on
manganese, calcium, magnesium and potassium
analyses of table beet leaves at different stages
of growth. 1975 Nitrogen Experiment.

“==1b/A «-- -Mn® ppn-  --% Ca®-- =% Mg®-- % KO-
Treagt, N B P 2 2 4 2 b 2 4
1 50 1 120 530 294 1.48 1.29 1.33 1.06 5.8 5.0
2 50 4 120 k27 371 1.31 1.24 1.14 1,02 5.3 4.9
3 150 1 120 388 308 1.51 1.30 1.46 1.26 5.4 4.7
L 150 1 120"™Kke 430 358 1.80 1.40 1.70 1.37 5.6 5.0
5 150 1 120 KC1 524 452 1.68 1.51 1.52 1.25 5.8 5.0
6 150 4 o Bl 359 - - — - — -
7 150 4 60 429 3 - - -— - - -
8 150 4 120 468 365 1.76 1.31  1.62 1.20 5.5 4.7
9 25 1 120 W7 253 1.55 1.27 1.50 1.14 5.2 4.4
10 250 1 120 Ks 342 280 1.51 1.3% 1.45 1.31 5.2 4.7
11 250 1 120 KC1 448 276 1.53 1.38 1.44 1.3t 5.4 4.9
12 250 4 0 380 228 - -- — - — -
13 250 4 60 350 239 -- == - e -
14 250 4 120 356 268 1.57 1.28 1.55 1.25 4.9 4.3
15 350 1 120 - 227 ee 1,36 e= 1,36 - 4.2
16 350 1 120 Ks - 2”2 - 1 40 - 1. 3“’ - 4,2
17 350 1 120KClL == 235 == 1.29 == 140 -~ 4.4
18 1350 4 O - 272 e= 1,55 == 1,67 == 4,2
19 350 4 60 - 2l em - -— - — -
20 350 4 120 - 259 ae  -- e — -

*Samplings date: 2 - beet root 3/4", 4 - beet root 2".
@Average of four replications.
e - K,S0, at 60 1b KZO/A. KC1 = KC1 at 60 1b K20/A.
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Appendix Table 8. The effect of N, B, P and K treatments on nitrate
nitrogen, total nitrogen, phosphorus and boron
analyses of table beet petiole or leaves at diffexent
stages of growth. 1975 Nitrogen Experiment.

% NO-N° % Total N® % @ ppm B®

maelb/Anmn Petidle Petiole Leaf Leaf
Treat, N B P 2* b 2 & 2 &4 2 4
1 5 1 120 1.19 0.63 2.4 2,0 — e= W 32
2 50 4 120 0.93 0.44 2.4 1.7 - == 35 33
3 150 1 120 1.89 1.24 2.7 2.4 - == 35 33
4 150 1 120Ks  --  -- — - = 36 35
5 150 1 120 KC1 - - — .- - - L1 B
6 15 4 o0 -— - -— == W37 35 - -
7 150 4 60 -— - — e 439 W35 em -
8 150 4 120 1.86 0.77 2.7 1.9 43 .43 38 38
9 250 1 120 2,15 1.73 2.8 2.5 .~ = 36 32
10 250 1 120 Ks 2,30 1.76 2.8 2.6 — -= 36 29
11 250 1 120KC1 2,02 1.61 2.9 2.5 - - 3B 29
12 25 &4 © — - T . S B
13 250 & 60 -~ - - == W37 33 e -
14 250 4 120 2,11 1.53 2.8 1.8 .37 .33 ¥ 32
15 350 1 120 -~ 1.95 -~ 2.6 - ee = 29
16 35 1 120 Ks -— .- o -— e e 27
17 35 1 120K -~  -- - e e em e 27
18 35 4 0 —-— - S — 1+ N
19 35 & 60 — - . | B
20 350 b 120 - 1 -69 hadad 2-8 - [} 3@ hatnd 28

*Samplings date: 2 - best root 3/4", 4 - beet root 2".
‘ **AVerage of four replications.
Ks = K S0, at 60 1b Kzo/A, KCl = KOl at 60 1b Kzo/A.
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Appendix Taeble 9, The effect of N, B, P and K treatments on calciunm,

magnesium, potassium, total nitrogen, phosphorus,

and manganese analyses of table beet roots at

harvest., 1975 Nitrogen Experiment.
wm-1b/Ammm ppu®
Treat. N B P Ca. Mg K Total-N P Mn
1 50 1 120 46 18 1.6 - - 70
2 50 b‘ 120 015 l19 1.“‘ 2020 hatand 61
3 150 1 120* 016 016 108 - bk 72
L 150 1 1207Ks 16 17 -~ - - -
5 150 1 120 KCl1 17 17 1.8 - - 73
6 150 4 0 .16 .18 1.4 - 3.6 67
7 150 L" 60 L] 16 . 18 — L - -
8 150 4 120 17 .18 1. 2.78 4,2 77
9 25 1 120 W15 17 1.7 - -— 65
10 250 1 120 K= .16 .16 - —— - -
11 250 1 120 KCl 015 017 1c9 hadad -~ 65
12 250 4 O W14 .18 1.8 - 3.8 65
13 250 4 60 16 .15 - -— - -
14 250 4 120 .15 .16 1.5 3.04 h,2 7
15 350 1 120 A4 17 2.3 - - 73
16 350 1 120 Ks 15 .18 1.4 —~ - 79
17 350 1 1 20 KCl L3 16 . 17 2: 0 - - 7?
18 350 u’ 0 '15 017 108 - 3.8 63
19 350 4 60 A4 .16 - — - -
20 350 4 120 W16 17 - - - —
@

Average of four replications.

*Ks = K,50,, at 60 1b K,0/4, KC1 = KC1 at 60 1b K,0/A.
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Appendix 10. The effect of N, B, P and K treatments on calcium and
magnesium content and uptake of table beet tops at
harvest. 1975 Nitrogen Experiment.

waelb/Amne Content Uptake Content Uptake
Treat, N B P % 1b/A % 1b/A
1 50 1 120 1.30 51.0 1.01 39.6
2 50 4 120 1.23 52.5 0.96 L1.0
3 150 1 120, 1.28 59.1 1.14 52.6
b 150 1 120 Ks - — - -
5 150 1 120 KC1 1.43 71.0 1.15 57.1
6 150 4 0 1.26 53.8 1.26 53.8
7 150 4 60 - - - -
8 150 4 120 1.36 65.2 1.39 66.6
9 250 1 120 1.24 67.0 1.25 67.5
10 250 1 120 Ks - - - -
11 250 1 120 KC1 1.25 63.2 1.25 63.2
12 250 4 0 1.3 68.5 1.21 62.7
13 250 4 60 - - - -
14 250 4 120 1.21 68.5 1.15 65.1
15 350 1 120 1.27 76.3 1.29 77.5
16 350 1 120 Ks - - - _—
17 350 1 120 KC1 1.25 65.3 1.39 72.7
18 350 4 0 1.29 62.9 1.37 66.8
19 350 L4 60 - e — --
20 350 4 120 1.32 75.9 1,37 78.8

@Average of six replications.
*s = K 80, at 60 1b xzo/A, KC1 = KC1 at 60 1b xzo/A.
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Appendix Table 11, The effect of N, B, P and K treatments on
manganese and potassium content and uptake of
table beet tops at harvest. 1975 Nitrogen

Experiment.
M@eceeee e
—eelb/A~ew Content Uptake Content Uptake
Treat, N B P ppM 1b/A % 1b/A
1 50 1 120 356 1.4 7.1 278.3
2 50 4 120 340 1.5 6.8 290.3
3 150 1 120 308 1.4 6.1 281.7
L 150 1 120* Ks e - - -
5 150 1 120 KC1 352 1.7 7.1 352.6
6 150 4 0 366 1.6 5.7 243.3
7 150 4 60 - - - -
8 150 4 120 355 1.7 5.7 273.1
9 250 1 120 232 1.3 6.1 329.5
10 250 1 120 Ks - - - -
11 250 1 120 KC1 270 1.4 6.2 313.3
12 25 4 0 27 1.4 6.4 33%.5
13 250 4 60 - - - -
14 250 4 120 242 1.4 6.3 356,8
15 35 1 120 219 1.3 5.6 336.6
16 35 1 120 Ke - - - -
17 350 1 120 KC1 210 1.1 6.1 318.9
18 350 4 0 213 1.0 5.9 287.8
19 350 4 60 - - - -
20 350 4 120 248 1.4 5,7 327.7

@Average of six replications.
*e = K,50, at €0 1b KZO/A, KCl = KC1 at 60 1b KZO/A.
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Appendix Table 12. The effect of N, B, P and K on total nitrogen,
phosphorus and boron content and uptake of table
beet tops at harvest. 1975 Nitrogen Experiment.

-==1b/A--- -—--Total N@-—- ~ -Boron@-.--
N B P Content Uptake Content Uptake Content Uptake
% 1b/A % 1b/A ppm 1b/A
1 5 1 120 2:.31 90.6 - - 32 125
2 50 4 120 2.26 96.5 -- -— 32 137
3 150 1 120 2083 hadnd haind bt 31 ] 1“3
L 150 1 120" Ks = -- - - - - -
5 150 1 120 KC1  2.60 129.1 - - 32 160
6 150 4 0 2.80 119.5 33 14,1 30 .128
7 150 4 60 - - - - - -
8 150 4 120 3.01 44,2 .38 18.2 30 § L
9 250 1 120 3.34 180.4 - - 29 o157
10 250 1 120 Ks - - - - - -
11 250 1t 120 KC1 3.20 161.7 —— - 32 162
12 25 4 0 3.20 167.3 «33 17.2 30 157
13 250 & 60 - - - - - -~
14 250 4 120 3.40 192.5 «38 21.5 32 .181
15 350 1 120 30“3 20602 -~ - 29 017“
16 350 1 120 Ks -- - - - - --
17 350 1 120 KCl 3-58 18701 i - 28 011"’6
18 35 4 0 3ok -- 31 15.1 30 146
19 350 & 60 - - - - - -
20 350 4 120 3.38 194.3 o34 19.5 30 172

@Ave:age of six replications.

*Ks = K50, at 60 1b K,0/A, KC1 = KC1 at 60 1b K,0/A.



