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BOÑ)N IN RELATION TO GROYH AND coMosI'rIoN 
O? TABL (ITA VULGAIS L.) 

INTRODUCTION 

The improved method of produc1n comr erc1r1 fer- 
tillzers relatively free from iinpurities which previously 
often contu1ned small amounts of various minor elements 

has served to arvate deficiencies of these eletents. 
It is generally accepted that ornic manures contain 
small amounts of boron, manganese, copper, and other 
trace nutrients, and during the past few years the use 

of these manures has greatly decreased due to mechanized 

far'rn1n and increased app1ic*tion of cornmercisl fertili- 
zr8, all of whicr may cortribute to the occurrence of 

deficiency symptoms. \Then a soil is 1sckin' in boron, 

various physiological disorders or nutritional distur- 
bances may appear in the plants, thereby inducing char- 

acterletic deficiency symptoms. 

Canker of table beets in Oregon was recognized, 
thotographed, and described by Bouquet in 1933, and grecn- 

house experiments were made by owers in 1937 to determine 
the cause of the trouble. As a result of these investiga- 
tions, whic} showed, perhaps for the first time, that ap- 

plications of borax would correct the canker, good oonuer- 

ciel control was secured in the field the following year. 
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Losss re still recurring, however, nd the purpose of 

this study was to learn further details of the relation 

of boron to the eamposition and quality of beets. 

Identification ofBeet Canker 

beet canker, or blackheart, upon which this study 

has beer centered, appears as a dark spot on the root, 

usually on the part of the greatest circumference of the 

beet. Some roots may be very slightly affected with but 

one small spot of one-hilf to one inch in size, while 

other roots zay have several spots to a degree where nòst 

of the root is blackened. Sornetines the canker or black- 

ening may not be visible in the surface, but when the beet 

is sectioned the pithy areas are plainly seen extending 

into the fleshy part of the root from depths varying from 

one-eighth to one-quarter of an inch. As affected roots 

increase in size, the blacic spots frequently develop into 

Trowth cracks and large open carikers which may become in- 

fected or extend, in extreme cases, into a oo:plete girdle 

of the root. The spots generally survive the cmning pro- 

cess unless removed by hand and present an unsightly ap- 

pearance in the sliced beets. 
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Leaf Symptoms 

Leaf symptoms are often the best rreans of detect- 

ing the disease in the field. There is a fairly close 

correlation between the top symptoms and internal black 

spot. The youngest leaves and terminal buds show nalnu- 

trltion symptoms first. They are distorted, often one- 

sided, and are commonly longer than normal leaves. The 

affected leaves die early end drop off, while new loaves 

develop the same symptoms and finally die. In extreme 

cases the result is a rosette appearance with the tips 

of the small leaves dying back. 

i-revious .ork 

Interest in boron in griculture may be grouped 

by Naftol (l38) into six periods from the time of the 

discovery of this element In seeds by Wittstein and 

(1337) to the present. (1) From 1336 to 1900, 

in which only eighteen papers were reported and the period 

marked chiefly by the detection of boron in plants. 

(2) From 190<) to 1915 Is the most important period since 

it includes the discovery of the esser .. tial nature of boron 

by Maze (1914). (3) From 1915 to 1925 marked a notable 

period when much interest was shown in this country. Dur- 

Ing the World War, American potash salts were first used 

on a large scale and It was soon discovered that toxic 
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amounts of borax were be1n cdded along with the potas- 
aiu. The chemist soOr overcame this difficulty by re- 
moving the borax from the potash salts, but, averi so, 

boron in this country received unfavorable interest and 

roeognit1on of the true value of the element was delayed 

several years. (4) From 1925 to 1930 further proof of 
the necessity of boron in normal plant growth was obtained 
but interest was not as great as that shown in Injury dur- 
Ing the preceding period. (b) Interest suddenly rose in 
the next period, 1930 to 1936, when there were approxi- 
mately 100 papers reported on boron, most of which were 

stimulated by the work of Brandenburg (1931), who reported 
that heart rot of uar beets was caused by boron defi- 
ciency rather than by an organism. (3) The present peri- 
od, beginning in 193G, may be characterized by the recog- 
nition of the fertilizer value of boron and a multitude 
of papers have been written on various phases of boron in 
relation to plant nutrition. 

gulhon (1910) reported that small amounts of 
boron had a beneficial effect upon the growth of higher 
plants, an observation later corroborated by the work of 
Brenebley (114), Sommer and Sorokin (1928), Haas (1929), 

and, others. Brandenburg's discovery (1931) that the heart 
rot of sugar beets, which was becoming prevalentin certain 



German fields, was due to s deficiency of boron in the 

soil was soon confirmed by workers in several other 

countries. 

Small applicetions of borax or boric acid have 

proved to be highly beneficial in areas where no plant 

symptoms of the trouble have been observed. Areas of 

limited deficiency are probably large and of greater oc- 

onornic importance than are areas where the deficiency has 

become so acute as to produce definite symptoms of malnu- 

trition in plants. 
Perhaps the first reference to the effect of 

boron on teble beèts was made by Eoas (i934) when he 

showed that borates and borie acid lessened the deleter- 

ious effect of drought. Raleigh and Raymond (1937) found 

that soils treated with borax produced fewer beets affeet- 

ed with internal breakdown and those showing symptoms were 

only slightly injured. An attempt to correlate available 
boron in soils with canker of table beets was made by Ber- 

gar and Truog (1939). They learned that beets grown in a 

soil low in available boron contained only 14.5 p.p.rn. ' 

boron, while beets grown on the same soil fertilized with 

boron contained 24 p.p.rn. of that element. The arnourt of 

available boron in soils was dIscovered to be rather well 

correlated with the incidence of blackheart in red beets. 
As a result of water culture experiments, Tuoka and 



Morooka (i39). concluded that 0.01 p1p.m. of boron gave 

the maximum yield and incres and that 5.0 p.p.rn. mar- 

kedly decreased the yield. 

Beets fertilized with 20 pounds of borax per 

acre were as free from canker and blackheert as those 

treated with 30 pounds of borax, according to Bouquet 

(1940). Purvis snd Hanna (1940) found that table beets 

had deficiency symptoms with 30 pounds of borax per acre 

but that the extent of the injury was much lees than in 

the untreated plots. Working with a sandy loam soil, 

Cook arid Millar (1940) recommended that 10 to 30 tound 

of borax per acre be epolied to control the canker of 

table beets. Hornbur and Truog(1940) ran fertilizer 

trials which gsve a 30 per cent mereces in beet yield 

when 40 pounds of borax per acre were used alone and nearly 

eliminated blackheert. Borax with a corrplete fertilizer 

rised the yields to66 per cent over the check plots. 

Truog (1940)reported that if boron is needed on beets, 

it should be applied at the rate of 30 to 50 pounds in 

borax per acre and not in direct contact with the seed. 

Boron deficiency in certain Wisconsin soils, according 

to alker (1940), is the causeS of black spot in table 

beets. The injury is worse after a drought followed by 

wet weather with rapid growth but can usually be corrected 

by the addition to the soil of 50 pounds of borax per acre. 
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Experiments in New York by Raleigh, Lorenz, and Sayre 

(1941) indicate that 50 pounds of borax per acre will 
give conm'ercial control of canker. Harmer (1941) rec- 
orrnended that 25 pounds of borax per acre should he 

applied on acid mucks and loo pounds per acre on alka- 
line ueks to prevent the incidence of canker. 

A review of literature fails to r eveal defi- 
nite evidence of the optimum or critical concentration 
of boron for different conditions. Observations indicath 
a difference in susceptibility of different strains of 
beets to canker. Seasonal end moisture conditions are 
also found to need further study. The value of leaf and 

plant analyses and the boron content of normal beets have 

not been fully investigated. 
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Description of Soils 

The soils used to row beets were Newberg, 

Cheheiis, Amity, and Lake Labish peat. 

The Newbert series is recent alluvial soli and 

has a brown surftce and yellow-brown subsoil with a fn- 

able profile. It is a first-bottom soil laid down in 

swift water, giving it coarser subsoil. The reaction is 

approximately pH 6.0. 

The Chehalis series is also a recent alluvial 

soil hut represents the second-bottom soil laid dov:n in 

backwater and has a less youthful profile with heavier 

subsoIl. The pH is around 5.9 and the color is brown on 

finer, mellow yellow-brown subsoil. 

The Amity series falls in the old valLey fill 

group h8ving poor or Impedod drainage and a mottled sub- 

soil, The pH is about 5.3 and the color is gray-brown 

on drab mottled subsoil. 

The Lake Labish peat is well-decomposed willow 

sedge peat with a pH of 5.5 and nearly black color. It 

is 60 to 90 per cent orenic matter. 
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Analytical Procedure 

The rresh plant samples were dried at 600 to 

700 C. and were ground in a Wiley mill to pass through 

a 100-mesh sieve, after which representetive aliquots 

were taken for analysis. 

The method used to analyze the plant material 

wan' the colorimetric one of Berger and Truog (1940) 

using quinalizarin as the color developer and comparing 

the unknown samples with prepared standards. The reac- 
tiori depends ori the fact that the addition of boron to 

quinalizarin (1, 2, 5, '3-tetrahydroxyanthroquinone) in 

concentrated sulfuric acid will cause a color change 

which can he used for the dtcruination of boron. Fluo- 

rides, nitrates, dichromates, and other oxidizing cois- 

pounds iterfere with the test by turning, the solution 

colorless and must, therefore, be removed before adc3ing 

the quinalizarin. 

Greenhouse Yxperiments 

In the Fall of 1940, an experiment Was started 
to deteriine the susceptibility of three different strains 
of Letroit dark red beets to app11cìtions of borax, using 

Newberg, Chehalis, and Amity soils. The strains tested 

were Ferry-Morse, a1do Rohnert, and Associated. The 

rates of borax applied varied from O-120 pounds per acre, 
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in increments of 30 mounds. A cornplete fertilizer was 

applied to all the soils to insure that iajor elements 

would not be limiting Thctors. 

The beets were allowed to grow five months and 

were then harvested, green weights of the roots and leaves 

taken, and the plants dried nd ground for analysis. The 

results are found in Tables 1, 2, and 3. 

A second trial was started in the late fell of 

1941 and was harvested in aprii, 1942. The soils used 

were Willamette silt loa and Newberg sandy loam and the 

beets were Detroit dark red, Ferry-Morse strain. The 

rates of borax were the saLie as above and a complete fer- 

tilizer was also applied. The yield data are found in 

Table 4 as green weight of the roots and leaves. 

Table 1 

Insofar as yields and rates of application are 

concerned, the addition of borax gave increases over the 

untreated olots but there is little or no agreement be- 

tween the amount applied and the yield. In no case did 

the hihest rate of borax give the greatest growth and 

in two instances it actually depressed the yield beneath 

that of the check j rs. 
The :aldo Rohnert strain of Detroit dark red 

beets had slightly heavier growth than the other two, 



10e. 

Table L Yield of Table Boots 
'rom Greenhouse Trials, 1914 

Yield 
freatment in pounds per acre 

Strain of Chock Borax Borax Borax Borax 
Soil Beets 30 60 90 120 

grams rams grams crams grams 

Newberg Ferry-Morse 8.Oti. 7.90 6.67 10.66 6.95 
sandy lo&n Waldo Rohnert 7.50 11.14.0 9.59 7.L.5 6.8L 

Associated 6.95 io.ot. 9.05 7.67 8.82 

Chohal is 
silt loam Ferry-Morse 7.65 12.Ob 19.10 11.37 12.0L. 

Amity silty 
clay loam Ferry-Morse 13.37 19.06 17.00 23.6b i666 
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hut the increase is hardly significant and does not allow 

the drawing of any conclusions. 

Table 2 

Analyses of the soils used in this experiment 

show that the Amity has the largest amount of available 

boron in the original state, followed by Chebalis and 

Newberg. This agrees with the field observation that 
the Chehalis and Newberg are likely to be deficient in 

boron somier than the old valley fill soils. 
Addition of varying amounts of borax increased 

the available boron content progressively in ali cases 

hut not in any definite ratio. The 30-pound appliction 
raised the boron content markedly above that of the un- 

treated. soils, whereas the larger amounts of boron were 

not nearly so significant in their effect. 

Table 3 

Plant analyses failed to show any definite 
agreement between boron content of either roots or leaves 

and the applications of borax. The average boron in the 

borated plants was considerably higher than that found 

in the untreated plants but there were uneven fluctuations 
t the different levels of application and the correla- 

tion was not significant in most cases. 
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Table 2. Boron Content of reenaouse Soils 

Boron 

Description of Sample Rate per acre Content 
lbs, p.p.rn. 

Amity silty clay loam untreated 0.60 
borax, 30 0.93 

borax, 6o 1.08 
borax, 90 1.33 
borax 120 1.143 

Chehalis silt loam untreated 0.148 

borax, 30 0.83 
borax, 60 0.98 

borax, 90 i.OLi. 

borax, 120 1.19 

Newberg sandy loam untreated 0.143 

borax, 30 0.79 
borax, 60 0.95 
borax, 90 1.13 
borax, 120 1.28 
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Table 3. Boron Content of Table Beets 

From reenhouse Trials 

Soil and Treatment and Boron Content 
Strain of Beets kate per acre leaves roots 

lbs. p.p.s'i. p.p.n1, 

owberg sandy loam untreated 53.0 19.0 
borax 30 56.0 18.0 

Perry-Morse 
borax, 60 59.0 22.0 
borax, 90 55.0 22.0 
borax1 123 566 25.0 

Waldo Rohnert untreated 56.0 16.6 
borax, 30 63.0 19.L. 

borax, 63 63.0 19.0 
borax, 90 67.0 20.0 
borax. 120 66.0 19.14 

Associated untreated 57.3 17.0 
borax, 30 56.0 20.0 
borax, 60 6.0 i7.t. 

borax, 90 61.0 18.0 
borax, 120 65.0 19.0 

Chehalis silt loam untreated 143.0 15.0 
borax, 30 55.1. 18.0 

Ferry-Morse 
borax, 60 Li7.0 17.0 
borax, 90 52.6 214.0 

borax, 120 63.0 22.0 

Amity silty clay loam untreated 514.0 19.14 

Ferry-Morse borax, 30 58.0 22.0 
borax. 60 59.0 23.0 
borax, 90 63.14 26.6 
borax, 120 66.0 25.0 
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One thing indicated is that the leaves offer a 

much better criterion of the boron content of the sub- 
strate than do the roots. 

Table 4 

The Willamette soil was definitely a better 
medium f9r beet rowth than the Newberg and the increased 
rates of borax had a beneficial effect except in the case 
or the 20-pound application on the Willamette soil. There 
was rio evidence of toxicity at 120 pounds, even though the 
plant prowth in the experiment was rather slow. The in- 
crease is significant With regard to the untreated jars 
but does not follow the rate of applieetion. 

Field iperiments 

The field experiments were conducted in coopera- 
tion with the soils department as a part of its soil fer- 
tility program and the data included in the tales are 
taken from trials In 1941. The becta were grown on Che- 

halls silty clay loam at the Horticulture Farm and on 
Lake Labish peat at the Hayes Farm. The soils were fer- 
tilized i the sprIng of 1941 and the crops were harvested 
in July. Canker counts vere made by cutting twenty-five 
bets from each plot. 
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Table 14. Yield of Beets 

Grown in Greenhouse TrIal. 19142 

Yield 
rïEment In pounü pere 

i]rax BoraxBora: 
Soil 30 60 90120 

grams grams grams grams grams 

Willamette silt loani 13.6 12.1 16.6 16.1 18.3 

Newherg sandy loam 14.3 6.3 6.2 7.3 7.25 
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Table 5 

The per o3rit of' cankered beets was found to be 

higher in the case of the -pound app1ict1ons of borax 

on the Method of Appi1ct1on experiiient, both broadcast 

arid drilled, but otherwise inereìs1ng the boror appliea- 

tions decreed the per cent of canker progressively. 

On the Latin squire experiment, the addition or boron 

eBused a marked drop in the incidence of canker from 34 

per cent on the untreated plots to 7 per cent on the 

boron plots. jth the Lake Libish tr1rl there is a great 

fluctuation in the per cent of canker and no agreement 

between rate of app1iction and prevalence of.canker. 

The yield data from the Method of Apliction 

experiment show again that the results with the 20-pound 

applications of borax are at variance with the others 

and the yields on those plots are less than on the un 

treated plots. The yield from the other plots is con- 

sistently higher than the untreated one but does not 

follow the rate of appllestion. The 40 pounds of borax 

applied in solution gave the highest yield, but the BO 

pounds sprayed on did not do as well as the 80 pounds 

broadcast, which may indicate that there ns slight tox- 

icity at that concentration. The 160 pounds shored the 

lowest yield outside of the checks and the 20 pounds 

and may also indicate a definite toxicity. 
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Table 5. Per Cent of Canker and Yield 

of Table Beets vith Different Fertilizer Treatments 

Treatment and Yo1d per 
Location Rato per acre Canker acre 

lbs. per cent tons 

0.SOC. Horticul- untreated 12 1.37 
turo Farm borax, 20 broadcast 16 1.35 

borax, L.0 broad3ast 8 1.72 
borax, 80 brodoast 7 1.83 
borax, i6ü broadcast O 1.62 
borax, LtO sprayed 8 1.95 
boi'ax, 80 sprayed L. 1.76 
borax, 20 drilled 2L 1.05 

Haves Farm, imtreated 37 19.63 
Take Labish borax, 20 broadcast 36 20.27 

borax, 4.0 broadcast 16 2L.L.3 

bordo acid, 

514 broadcast 12 25.23 
borax, 80 broadcast 28 25.23 
borax, 120 broadcast 214 22.72 
borax, io sprayed 16 23.52 
borax, 80 sprayed 23.6e 
borax, 20 drilled 214 20.96 
borax, Lü drilled 214 19.20 

0.S(. Horticul- untreated 314 3.55 
ture Farm NPK check 36 3.93 

boron 7 14.35 
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ith the Lt1n square trial at the Iortieu1ture 

Farm, boron sirnificnt1y ncresed the yield over both 

the untreated check and the check with complete terti1 

i zer. 

The best agreement between îie1d and rate of ap- 

plication was found in the peat experiment on Lake Labish, 

where the only discordant results were with the 40 pounds 

of borax drilled in next to the aced and the 120 pounds 

broadcast. The 20 pounds broodcast gave a yield slightly 

les than the 20 pounds drilled; the 40 pounds broadcast 

was better than the 40 pounds sprayed or drilled; and the 

80 pounds broadcast wìs better than the 80 pounds drilled 

but the same as the 54 pounds of' boric acid, which would 

be equivalent to 80 pounds of borax. The 120-pound appli- 

cation rroved to be too much and depressed the yield ap- 

precinbly when copared to the BO-pound apnlictions. 

Table 6 

There is good agreement between the rate of ap- 

plication and the boron content of' the surface soil in all 

cases and the table shows that the boron has penetrated 

only a short distance beneath the 1ow layer. The peat 

soil had an average of 0.65 p.p.n. of available boron In 

the 20 - 40 inches, whereas the Ohehalis soil had only 

0.4 p.p.m. at the same depth. Little difference was 



Table 6. Boron Content of Sons Oregon Soils 

Description of Sample 
Tre&ment and 
Rato per a3re 0-7 

Boron Content of Soil 
Dth in inches 
7-20 20-LO LjO-50 

1b. p.p.m. p.p.m. p.p.m. 
Horticulture Farm, untreated oi4. 0.14 0.L.2 0.25 
Chehalis silty borax, 20 broadcast 1.10 0.55 O.t4.3 O.L5 
clay loam borax, Lo broadcast 1.15 0.60 0.L.3 o.LØ 

borax, 80 broadcast 1.23 0.61 0.L5 
borax, 160 broadcast 1.30 o.L5 0.35 0.35 

borax, ho sprayed 1.05 0.50 o.b5 0.L3 
borax, 80 sprayed 1.18 0,60 O.I.O 0.bO 

borax, 20 drilled 0.95 0,55 0.Li3 0.133 

Horticulture Farm, untreated 0.138 o135 0.36 0.130 

Chehalic s:1ty 0.90 .9O 0.55 o.b5 0.35 
clay loam 

Lake Labish Peat untreated 0.53 0.55 0.55 
borax, 20 broadcast 0.98 0.73 0.78 
borax, ho broadcast 1.15 0.82 0.60 
borax, 80 broadcast 1. 0.77 0,69 
borax, 120 broadcast 1.26 0.90 0,75 

borax, LO sprayed 1.18 0.55 0.58 
borax, 60 sprayed 1.20 0.82 0.63 

borax, 20 drilled 0.68 0.50 0,58 
borax, ho drilled 1.09 0.73 0.72 
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found between the same amounts of borax pp1ied In vsrious 

ways and the boron content of the soil. 

. 

Psble7 

As was tho case with the greenhouse experiments, 

there is little correlation between the boron content of 

the soil and that of the roots of the beets, but the 

leaves seem to be a fairly good indicator of the amount 

of available boron in the substrate. In only two in- 

stances did the leaf analyses show that an untreated plot 

had more boron than treated plots and that was with a 20 

pound application. All other times the leaf content 

followed the soil content quite closely. 
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Table 7. Boron Analysis of Table Beets 

Description Treatment and Boron content 

of Sample Rate per acre Leaves Roots 
- lbs. pp.m. p.p.m. 

Lake Labish Peat untroated 5L.5 15.5 
borax, 20 broadcast 58J.. 18.3 

borax, LO broadcast 57.6 18.7 

boric acid, 
5)4 broadcast 60.0 16.0 

borax, 80 broadcast 6L.0 22.0 
borax, 120 broadcast 68.0 21.5 

borax, )-i-3 sprayed 62.0 19.0 

borax, 80 sprayed 67.0 21.5 

borax, 20 trilled 6o.o 19.3 

borax, 140 drilled 58.0 18.5 

Ohehalis Loam, untreated 53.8 21.0 

o.s.c. East Farm borax, 20 52.0 20.0 

borax, 140 57.8 22.0 

borax, 60 6i.L. 19.0 

borax, 80 6t.o 30.0 

Chehalis i1ty untreatod 58.L. 

Clay Loam borax, 20 broadcast 58.2 23.14 

0.S.C. Hortioul borax, 140 broadcast 5q.8 21.6 

ture Farm borax, 80 broadcast 62.6 22.2 

borax. 160 broadcast 66.0 29.8 

Method of Appli- borax, L.c sprayed 61.0 21.14 

cation Trial borax, 80 sprayed 67.2 25.6 

borax, 20 drilled 59.0 22.8 

Canned beets untreated 15.6 
boron 18.14 

Latin square untreated 57.0 15.0 
1PK check 58.0 16.0 

boron 65.0 23.0 
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DI SCUS3ION 

Determinations of the boron content of the roots 

nd leaves of beets grown with dltferent amounts of borax 

applied s fertilizer show that the prrts per million of 

boron in the leaves follows fairly well the ineresed 

supply of boron in the o1i, wherea8 there Islittle or 

no correlation between the field application and the boron 

content of the roots. These rsu1ts aro in conformity 

with other e,periments which indicate that analysic of 

the leaves of 1ants preaent a much better criterion of 

soil. corditions of availability and absorption than does 

mna1ysis of the roots of the same plants. The leaves 

are the center of active metabolism of plants and any 

chango that Is made in the nutrient or phyalcel substrate 

will be reflected first In that region, as is wel1-Illu 

trated in the csse of deficiency or toxicity symptoms, 

which are almost always most pronounced in the leaves. 

The data show that soil appliotions of borax at 

40 pounds per acre or less have little effect on the boron 

content of the leaves although even 20 pounds or borax may 

be quite sufficient in some years to give commercial con- 

trol of beet canker. This would seem to indicate that the 

amount of boron which Is required by the plant to maintain 

Its normal healthy condition, free from canker, is not 
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psrtiu1ar1y large as eapared to the supply fourd in a 

cankered beet and that an increase of only a few parts 

ter million of boron may be sufficient to overcorie a 

deficiency. 

Water-culture experiments have demonatrted 

clearly that the range between deficiency, optimum, and 

toxicity is very small, a fact that would explain the In- 

ability to correlate closely canker with boron content. 

Ari aplicstton of 160 pounds per acre of borax gave a 

boron content in the leìves of 66 p.p.m. and entirely 

controlled canker, but a 20-pound rate showed less boron 

and more canker than ifl the untreated plota In 1941, 

whereas in otheD triais, 20 to 30 pounds is reported to 

have controlled the malnutrition troubles, 

Analyses of the leaves of becta canbo used as 

an estimate of the available boron content of the soil 

under the conditions which prevail at the time of sampling. 

From these figures, one can determine the boron require- 

ment of the soll In relation to the growth of table beets 

and If the resu1t show thet the boron content of the 

pltmts 18 aporoaching, a level which is close to the range 

of deficiency, a boron carrier should be applied. 

While it Is impossible to say that deficIency 

begins at a certain point, a range can he established 

which would provide an indication of the amount of boron 
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that should be present 1r the plants In order to give a 

margin of safety. In the case of beets, this range would 
be in the order of 60 p.p.m. of boron in the leaves, and 

ra1vses which showed a concentration below that amount 

would indicte that it would be advisable to apply a 

boron fertilizer in order to sefeguard against possible 
def io leney. 

___ F Affect1nOronAva1labil 
Old soils, leached soils, and those derived from 

basaltic rocks were noticed by Powers (1939) to be espec- 
muy acute in their deficiency in boron. This observa- 
tien was confirmed by Cox (1940) insofar as the leached 

soi1 were concerned, when he reoved added borax from 

soils b' leaching with distilled water even a year after 
the borax was applied. Drying, followed by rwetting, 
substantially increased boron fixation. 

Less boron deficiency was found by Schuster and 

:tephenson (1940) in the upper three feet of soil where 

the greatest portIon of the humus was concentrated. Huiius 

depletion seemed to aggravate the boron deficiency, which 

could be relieved by addition of sufficient co!ipost to the 

The total boron content of the soil iS not a re- 
liable indication of the need for boron fertilization 



19 

hecRuse, enerally, less than five per cent of the total 

boron is in an available form, according to Berger and 

Truog (19$9). 

Anion exchange, molecular adsorption, and chem- 

icRi precipittiori may all take dace in soils is the 

belief of Eaton and Wilcox (l93), but it has not been 

possible to designate which one, to the exclusion of the 

others, is operative in any given case. 

Drought was found to incre.se boron deficiency, 

probably by decreasing its availability, according to 

Burrell (i938). Open, droughty soils, especially on 

southerly eroded areas, were reported b Baker (1941) to 

show greater boron defIciency than other soils. In the 

case of old cultivated soils, Brown and King (1939) found 

that alfalfa that had been fertilized with boron was not 

affected by drought, whereas check plots showed yellow 

top 

Soil reaction plays an important role 1r the 

aveilability of boron, as indicated by the statement of 

Midgicy and Dunklee (1940) that the amount of fixation 

of boron depends on the degree of original acidity and 

the extent of subsequent lin:in. Liming acid soils fixed 

largo amounts of borax, which would lead one to think 

that fixation in soils is chemical rather than biological. 

Powers (1939) found that in some cases where lime had been 
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used in grecnhouse experiments, boron was less effective, 

while sulphur 1e8ened injury 1r field trials. Analysis 

of limed and urlimed soils for available boron in re1tion 

to boron deficiency symptoms b' Ferguson and right ( i9O) 

showed a higher water-soluble boron content on the limed 

soils but also a greater evidence or boron deficiency 

sI:ptOm5. alsing the soil reietion by iimin was sup- 

posed by Neftel (1938) to increse the population of micro- 

organisms and to thus initiete boron deficiency by biolog- 

ic&l absorption. As a result, higher plants cennot corn- 

pete successfully for sufficient boron for normal plant 

growth. The addition of sulphur to alkaline mucks over- 

came boron deficiency of celery in experiments conducted 

by Flarmer (1940). The discovery that boron deficiency 

smptoms occurred at p11 levels approaching 7.0 and became 

increasingly severe at hi.her values was cade b \olf 

(1939). 

That the high boron requirement of beets, alkaline 

soil reaction, use of little or no manure, and deficiency 

of soil moisture are the factors that cause boron delici- 

ency in beets was the conclsion of ia1eigh, Lorenz, and 

Sayre (1941). 

The opinion that the orig±nal boron content of 

the soil forming minerals end the boron losses due to crop 

removal and leaching arc apparently among the controlling 
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factors ir determining the avai1ib1e boron content of 

soils ws put forth by Purvis and HBnrìa (1940). 

Data showing corre1tion between boron deficiency 

srmptoms and active e1cium content of the soil were pre- 

sented by Cook and Mjller (1939). They also believe that 

excessive leaching, 8s occurs on hill tops and in areas 

where there is a sandy subsoil horizon, is conducive to 

boron deficiency. Active calcium, organic iatter, and 

clay content of soils were s'id by uhr (1940) to play 

a part in determining boron availability. 

In the present study, the relation of ioisture 

to the incidence of boron deficiency s;rrptotis has been 

amply borne out by observntons made in wet and dry yeara. 

ithen there was a good supply of water available to the 

growing plants the amount of canker was much less than 

when the moisture supply was limited. The mecbanisn of 

this decrease ±n deficiency is quite iik1y depend3nt upon 

the increased amount of available boron brought into solu- 
tiori b the water since the total boron content remains 

essentially the same. The application of relatively 

large amounts of boron may be necessary during dry periods 

if canker is to he controlled, whereas a rlative1y small 

application may be entirely adequate under ioist condi- 

tions. The danger of using too much boron is iinimized 

in the case of beets because they have been shown to be 
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quite to1rant to heavy pp1ictions. 

Leached soils, sucl as Newberg, Chehalis, and 

peats, respond better to boron additions than do the 

hev1er valley 80113, SUCh as Willamette and Àiiiity, al-. 

though in dry years the latter will also need fairly 

large applications in order to eorrect a defieieney. 

The vex1y fact that the beets produced in the Vi1l1iett 

Valley ere usually grown on one of the first-mentioned 

si1s indicates the necessity for a cankereontro1 program. 

The boron analyses bear out the contention that 

more of the available boron is found in the upper layers 

than in the lower. In the case of the peat soil, the 

boron content was the same at all depths, whIch would be 

expected if the available boron were related to humus, as 

is believed by a number of Investigatora. 

A mineral soil having as much available boron as 

the subsoil of the Lake Labish peat contains would be well 

off as regards boron, sine the figure nearly equals that 

found With the 20-pound application of borax on the Che- 

halls silty clay loam. The Newberg and Chehalis soils 

have only slightly less available boron than the ity, 

but deficiency symptons appear sooner and are more severe 

on the first two soils than on the last, partly due to the 

higher soil reaction on the Newberg and Ohehalis, perhaps. 
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k-erhaps the most import8nt of the previously- 
named fcctors from the stndpo1nt of' the interest it has 

sroused is that concerning the influence of 1iing upon 

toron av8ilability. Although it is gei-era11y agreed that 
1ining otter produces a boron deficiency in soils, there 
is a difference of opinion as to the mechanisi by which 

the deficiency is produced. Midgley and Dunklee have 

presented strong evdenoe n support of the theory that 
liming causes borate fixation and have introduced a new 

idea in attrIbuting to the organic lignin fraction of 

the soil an important role In this fixation. Others at- 
tribute the loss of available boron In 11ned soils to the 

increased actIvity of the soli microbes, believing that 
the organisms themselves aro capable of utilizing the 

pound or two of boron available in most soils. Possibly 
both are rIght, the borate beIng, absorbed by the organic 

fraction, released as this fraction Is decomposed, and 

then utilized b the microbes. 

There is stili another explanation of the influ- 
ence of lime in oroducing boron defIciency. An environ- 
mental change hich causes an increased rate of plant 
growth may dplete the soil of ny available nutrient to 

such. an extent that a thflciency of this nutrient is prO- 

duced. This would be especially true of boron since the 

range between the optimum and the toxic concentrations ' 
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this element in the soil solution is ao narrow. Those 

who support this hypothesis point to the fact that a 

majority of the known boron-deficient areas in this 

country occur in regions of acid soils. Since these 

soils are believed to have been originally low in boron 

content and are known to respond to lime, this exp1na- 

tian seems t least logical. 

The conditions under which soils are formed are 

also believed to influence the content and availability 

of boron. Although comparatively little data are avail- 

able at present on this subject, that which we do have 

is of considerable interest. Results of chemical analysis 

show that chernozem, desert, and prairie plains arid the 

podzol soils are low. 

The variation in total boron content of soils, 

mentione by Dr. ?owers, must of necessity have some in- 

fluence upon the available boron content although it has 

been found to be undependable by several workers. Berga' 

and Pruo found that less than five per cent of the total 

boron in soils is usually available to plants, and since 

this percentage varies with different soils, they consider 

extraction with boilinF. water a better method for arriving 

at the available boron content. 

The tolerance of soils to applications of borax 

had been found to eorrelate fairly well with orranic 
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rattr content nd exohìnge capacIty. Working with soUs 

from several states, Purvis hs found that ten potmds of 

borax was sufficient to produce injury to snap beans on 

sandy loam having an organic cnrbon content of 0.6]. p 

cent and an exchange capcity of 4.1 m.e. per 100 grams 

of sil, while 100 pounds of borax per acre produced only 

slight injury on a fine sandy loam having an organic car- 

bon content of 4.33 per cent and exchange capclty of 

15.2 m.e. per 100 grams of soil. This differerTee may 

have been due to organic fixation or to high acidity. 

The frequent occurrence of boron deficiency in 

the light sandy soils of the Atlantic Coastal £1ain is 

no doubt accounted for by the low original boron content 

of these soils and by the Intensive cropping syatems to 

which many of them have been subjected. The use of syn- 

thetic fertilizers may also have olayed a part, hut hardly 

an important one. A'though the vrious fertilizer salts 

may contain some boron ac shown by analy-8e8, with the ex- 

ception of the unrefined American potash salts used in 

this country during the ?or1d War, it is doubtful if any 

nstural fertIlizer materi1 in the qua'tities ordinarily 

used supplies as much boron to the soil as Is removed by 

crops. OnO experimenter mentioned that manure even in 

excess of ten tons per acre did not prevent the apoearance 

of boron deficiency with alfalfa in Connecticut. 
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Thr. I another Thctor which tay be of' very 

great importance, both from the standpoint of its in- 

f1uece upon the eve1oprnent of boron deficiency and 

upon the results of certain fertilizer experiironts of' 

the past. As mentioned in the discussion of lirting, any 

environmental chance h1ch brings bout an increased 

rate of growth is conducive to the development of boron 

deficiency. In other words, the available boron content 

of a soil must be kept in the proper ratio with the avail- 

able supply of other nutrients for optimum plant growth. 

Forced boron deficiencies caused by the apo1iction of 

quick-acting fertilizers, or by rains after periods of 
rought, have beer noted in the field b' a number of 

workers. 

Functions of Boron in the Plant 

Boron deficiency causes a ro.rassive increase 

in acidity and ammonium nitrogen in scattered perenchyma 

cells of the stem tips of cotton, according to Wadloigh 

and Shive (1939). A correspondim- degneretion of the pro- 

toplasm may b due to the altering of the normel course 

of protein synthesis. 

Boron aecelertes the absorption of ctions and 

inhibits the take-up of anions, according to Rehm (1937). 

This may he brought about by a displacement of the iso- 

electric point of certaIn niasma collids toward the acid 
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side through the forrnstion of complex boric Rcid compounds. 

A higher rate of carbon dioxide output is assoc- 

lated with either high or low concentrations of boron in 

the nutrient media than plants treated with the optimum 

boron content in experiments conducted by Phillips (1938). 

The importanôe of a proper celcium-boron rtio 

in 1ants ws emphasized by Drake, et al. (1941) when they 

found that a ratio of 1,340:1 in tobacco plants rave norn- 

al growth, whereas a 1,500:1 ratio was correlated with 
severe boron starvation symptoms. Following this same line 
of investigation, Shive (1941) found that there was almost 
perfect correlation between the boron of the tissues of 
corn and the soluble calcium content of the tissues. 

Th.e ftct thqt boron also affected the pectin 

and fat content of the cells was noted by Thive. Low 

boron meant much pectin and no fat, high boron meant nuch 

fat and no pectin, and o tiniuri boron meant both pectin 

nd fat could be foud in the plant. 

B0ron appears to give elasticity to cell mem- 

branes and to aid celi division (Johnston and Dore, 1929), 
prevents srellin and blocking of roots (Sommer and Soro- 

kin, 1928), is important in nitrogen metabolism and aids 

development of nodules and nodule bacteria (Brenchley and 

Thornton, 1925), lessens the effect of drought and imprres 
the keoping. quality of fruit (McThorter, 1938). arrington 
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(192G) found that boron prevnt the breakdowfl of cori- 

duct1n tissues, ard Johnston and Dore (1929) 1erned 
that lt affecte crbohydrat translocatlon and pectin 
formation arid the ount of calcium in tissues. Obser- 

vatiori by P0wers (1936) showed that horor pro:iotes 

hrer ching rnd b1oonlng and aids 1ngevlty of 1fa1fa, 
while i; ' ton (1940) reported that boxon is esentia1 fon 

auxin formation Iriplants. Pollenlzation (Vei1'ev, 
1937) and seed production (Piland and Ireland, 1941) 

may be helped by boron. McLean and Hughes (1936) con- 

sidered that the role of boron in the plant was that 
of a regulator or activator of metho1ic processes. 
Carotene in alfaifs was increased 30 per cent and chlor- 

ophyll 50 per cent in Oregon studies (iowers, 1939). 

With beets, a deficiency has been seen to cause an influx 
of red coloring pigments (the anthocyanins) Into the 
leaves. 

Boron and Canker 

The means by which boron serves to prevent zot 
canker of beets is not thoroughly undrstood but It is 
probably related to the nbllity of boron to give elastic- 
ity to cell membranes which, in turr;, prevents the char- 
acterlstdic disintegration arid ultimate breakdown of the 
t1ssies. While the beet is growing rather slowly, a 
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fiir1y smsll rnount of boron is sufficient for its needs, 

but when the rowtb Is rapid on soils low In boron, the 

plant cannot absorb qu&ntitles 1are enough to fulfill 

all its requirerents arid breakdown SOOfl follows. This 

is brought out in the observtion that boron deficiency 

symptoms are more ronounced when a wet period with 

rapid growth fol1ow a droughty period. It is further 

bstantiated by experiments showing that the addition 
of boron to a nutrient solution that has not proviously 
contnind boron and In which the Dienta have shown cell 
disintegration will cause an almost complete recovery of 
the plant, with the exception of th cankered area. 

tudIes of the snetorrica1 structure hRve shown 
that dents rowì in nutrient solutions entirely devoId 

of boron exhibit frequent disInteration of hloem and 

ground parenchyme, poor dc;velopment of the xylem, hyper- 
trophy, discoloration, and disintegration of cìmbIai 

ceii, ana, occasionally, complete breakdown of conduct- 

ing tissue. Boron deficiency symptoms are usually seen 

in the meristematic region of the plant where a fresh 
supply of the element Is constantly being required. 

Boron and Yield 

ßxperiients conducted by the soils department 

have given yield increases of beets with boron fertilizers 
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up to 80 pounds of borax per acre, while with greate 
po1ictions there is i s1itht drop. This greater ton- 

nFge would indicate that additions of boron above that 
necessary for control of canker are economically justi- 
fled, ut to a certRtn point, although the data t hand 

is not inclusive enough to allow any thfinite statement 
one way or another. One thing is certain, that the adage 
Ujf a little is good, a lot is better does not apply 

to boron, as has been brought out in numerous instances 

where toxicity has resulted from over-zealous applica- 
tiens. 

Beet growers have recognized the quality of 

beets in Oregon is dependent upon the fertilization of 

fields with borax or boric acid and that. an epidemic of 
canker can ruin a season's crop. 

Use of Boron in the Control of Beet Canker 

The chief boron carriers are borax and boric 
acid. The former contiins approximately two-thirds as 

rauch boron as the latter but IS usually cheaper and more 

redily applied because of its granular physicol condi- 

tion. The recommended rate of borsx applicetion is 50 

pounds per acre broadcast and somewhat less when drilled. 

Borax ay be ap lied alone bi means of a cyclone- 

type grass seeder, it may be evenly mixed with another 
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fertilizer LEwd broIdc9st before seodirig, or lt nay be 

Included In a fertilizer applied s a side dressing 
after the plants are seen in the row. 

The duration of the treatment will vary with 
the climate, soil, croe yield, rate, and method of ap- 
pllc'tion, and other factors. The apr1ied boron may 

be: (1) removed by the plant; (2) fixed by the soil 
in unavailable fort; (3) taken up by the plant; or, 
(4) leached away. Â 50-pound application when hroadcat 
will last about two years. 
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SUMMM3t 

Greenhouse and field experiments were conducted 
to determine the effect of boron on the incidence of 
canker and yield of tble beets. Various strains of 
table beets were grown to detect differences ifl suscep- 

tibility to canker and effect of boron. Plants and soils 
wore analyzed to see if there were any correlation between 

boron content and the prevalence of canker, as well as the 
growth of beets. 

Boron applictians proved effective in control- 
1g beet canker although the extent of the control was 

rot proportional to the rate of application of the boron 
fertilizer. Yields were increased with increasing rates 
of aptliction up to 80 pounds of borax er acre, after 
which there was a drop in yield. 

Plant analyses, when compared to per cent canker 
and yield, indicate that 60 p.p.m. of boron in leaves is 
the dividing point between deficiency and optimum boron 

content. The leaves seem to offer a much better crter- 
ion of available boron in the soil than the roots. The 

various ways by which boron influences the anatomy and 

metabolism of the plant are reviewed and elaborated upon 

with reference to the causes of beet canker. 
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Soil analyses show that there is a good agree- 

ment between rate of boron application and the available 

boron in the soil. Lake Labish peat and Amity silty 

clay loam contaIn more available boron than the Chehalis 

and Newberg soils used. The factors thought to deter- 

mine the availability of boron in the soil *re considered 

in the light of conditions in Oregon. 

Time, rate, form, method, and duration of appli- 

cation are mentioned. 
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