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OPTIMUM AND CRITICAL CONCENTRATIONS OF
BORON IN OREGON SOILS

INTRODUCTION

The need of boron as a fertilizer constituent for
certain Oregon soils was indicated two decades ago dﬁring
plant-house experiments. Its economic value in improving
yields and guality of alfalfa, beets, celery and other
erops 13 the state was established approximately ten years
ago. Boron deficiency in Oregon soils has developed in
the more humid areas of the state, notably in the lighter
textured soils lying west of the Cascade Range. This
area is subject to heavy rainfall and leaching. Boron
deficiency in these soils has been further aggravated by
the use of modern commercial fertilizers, relatively free
from impurities which previously contained small amounts
of boron. Increasing mechanization of farming mfthods
has also been responsible for reducing an important
source of boron fertilization by natural manures.

Abnormal accumulations of boron have developed
loeally in those alkaline soil areas of Bastern Oregon.
These solls are not subject to leaching and the boron is
present with the unleached salts. Low lying recent soils
with poor drainage as typified by Klamath peat and soils
of the Silvies Valley have been subjected to seasonal
flooding for generations which has resulted in alkali and
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boron accumulation.

The objeet of this investigation was to establish
an approximate optimum range of concentration for avail-
eble boron in Oregon soils and to prepare an availability
map for the state showing the low, optimum and high
available boron zones. During the course of this study
the soils and plant material were utilized to determine
the effect of soil type on germination at different con-
centrations of boron and to determine the effect of boron

on nitrogen content of plants.

FORMS OF BORON IN SOILS. Although boron is rarely
found to occur naturally in soils in sufficient quantity
to injure even sensitive plants, it is believed to be
present in some concentration in all soils. much of the
total boron of soils occurs in the form of ygrosilzoates
and other resistant boron minerals, such as tourmaline,
that have been transported and laid down during soil
formation. In addition, boron often occurs in the soil
as an impurity in other relatively insoluble minerals
{Schaller, 1929). Soluble sources of boron are sodium
tetraborate, NagB,0,; borax, Nag0°*2B,05°10Hp0; boric acid,
HzBOg3 caleium borate; kernite, xaze-aazos*ﬁﬁaa; colema~-
nite, 20a0*3B,0,°5Hg0 and ulexite, Nag0+2Ca0+5Bg03*16H0.




R

According to Hasler (1942), Jurassic marl and marly
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clay have the greatest content of water soluble and avail-
able boron. BEruptive and metamorphic rocks cannot be used
as sources of boron for plants.

Berger and Truog (1940) divide the boron present in
soils into three categories, namely total boron, acid-
soluble boron and water-soluble boron. Thelr analyses
show that the total boron content of a soil is not a
-reliable indicator of the need for bbron fertilization,
because, generally, less than 5 per cent of the total
boron is in available form. The unavailable, or better,
difficultly available, form is often present as tourma-
line.

MAPPING BORON AVAILABILITY. The recent increase in
jnterest in the distribution of mutritional troubles in
plants is a natural sequence to earlier work of diagnos-
ing and classifying these defects and their various
gsymptoms. Investigators are interested now in more than
a mere description of the disorders observed and fre-
quently wish to visualize the geographic extent of
nutritional problems. This is heét accomplished by
reference to a map.

Exploratory field trials and several hundred
laboratory determinations of boron in Oregon soils and




in the various parts of indicator plants grown thereon
have developed information as to boron needs of Oregon
goils. A preliminary availability map of the state has
been prepared.

MICROBIOLOGICAL RELATIONSHIP OF BORON. The study of
the functional effeets'of boron in the nutrition of miero-
organisms appears to rest in a stage similar to that
period before Agulhon (1910) found boron to be an essen-
tial nutrient of higher plants. Boseken and Waterman
(1912) report that the depressing influence on the growth
of Penicillium glaucum and Aspergillus niger depended
in part on the nature of the nutritive medium. AT 21°C.
pure cultures of Penieillium glaucum grown from conidia
were clearly depressed by 0.06% boric acid, while under
like conditions, 0.5 - 1% boric acid was required to check
the development of Aspergillus niger. Brenchley and
Thornton (1925) and Dufrenoy (1940) report that boron is
essential to the development of vascular strands in root
nodules of Vicia faba so that normal nitrogen fixation
is contingent on an adequate boron supply. Lebedev
(1940) found that boron stimulated development of the
lupin nodules and alded the growth of hemp when grown
with lupins.

Evidence that borax increased microbiological




activity at pH 5.1-7.7 was demonstrated by Hanna and
Purvis (1941) who measured carbon dioxide evolution.
Their plate counts showed a greater stimulation of fungi
growth over that of bacteria. They suggest the Tricho-
derma species may be of value as a test for boron
deficiency and that the fixation of borén in limed soils
may bé due in part to the inereased activity of soil
microorganisms. Tyner (1944) reports a similar stimu-
lation of fungl and suppression of bacteria in using
boriec ecid treatments when using potato dextrose agar or
synthetic media.

_ Herzinger (1940) reported the growth of Azotobacter
ghroogoccum in soil And culture solution at pH 6.8 to be
noticeably better at a concentration of 0.00001 M boric
acid and reached an optimum at 0.000005 M boric acid.

BORON IN ANIMAL NUTRITION. The relatively few
publications on this subﬁeot indicate that boron is
present in animal tissue but does not appear to be an
essential nutrient for normal life. Bertrand and Agulhon
(1912) and (1913) report finding small amounts of boron
in the hair, bones, horn, liver and muscles of 27 species
of animals but was more common in species of marine
origin. In a further paper the same authors {1213)
report finding 0.08, 0.1 and 0.2 milligrams of boron per




litre in the milk of humans, asses and cows. Fowl, turkey
and goose eggs contained 1 milligram per kilogram of

dried material. Bertrand (1938) states that boron exists
in very small guantities in all plents and animals and

the amount present in plants is 100 to 200 times greater
than in animals. Hove and co-workers (1939) at Wisconsin
found no significant difference in boron content of milk
between cows of different breeds nor for different periods
of the lactation cycle.

They report it is possible to inerease the boron
concentration of thé milk tenfold in the first 24 hours
after feeding 13 grams of borie acid. Normal egg white
contains 8 to 10 times more boron than egg yolk, and this
ratio is not altered significantly when the fowls are fed
a high boron diet. The seme investigators found that
pboric acid fed to rats is eliminated rapidly and the
addition of 0.8 micrograms of boren per day per rat does
not result in better growth. The studies of Orent-
Kelles (1940) corroborated the conclusion of Hove and
associates that boron is not essential in the nutrition
of the rat. Teresi, Hove and assoclates (1944) further
report that rats receiving a retion containing 0.6
mierograms per day satisfied their requirements while

155 micrograms per kilogram of basal ration did not
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improve the ability of rats to nurse their young. Owen
(1944), investigating the effects of a high boron ration
for feeding dairy cows reported there was no diuretic
effect, loss of weight or any other ill eft#ot. However,
he suggests there may be a risk to subsequent plant
growth from the use of manure from animals fed too much

borax.




HISTORICAL

EARLY WORK. Boron was found to be a constituent of
plant tissue by Wittstein and Apoiger (1857) who found
boric acid in the seed of Maesa picta. The importance

of this discovery was not apparent until years later when
Baumert (1888) detected boron in wines, and Crampton
(1889) and Callison (1890) found boron in various frults
and pradietad that the occurrence of boron in the plant
kingdom would be far more general than previously sup-
posed. This prediction received further support when
Hotter (1890) found boron not only in the fruilts of many
species but also in the leaves and tissues of a great
variety of plants. Jay (1895) finally suggested’that
voron might be universally distributed throughout the
plant kingdom.

Bertrand (1903) recommended the use of boron in
commercial fertilizers. Agulhon (1910) found that appli-~
cations of boron increased the dry weight of plants.
Perhaps the outstanding publications of this period were
those of Bertrand (1912) and Maze (1914), who discovered
the essential nature of boron in plant life.

Cook (1916) discovered the toxic effects to larvae,
of boron added to manures. He noted the beneficial

| effects of the element when applied to peach trees, and
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obtained large incresses in the yield of potatoes. The
toxic effects of boron received attention during World
War I, when substitutes for German potash were used.
Connor and Fergus (1920) found that potash derived from
western salines contained sufficient boron to be toxie
when spplied to crops. |

ESSENTIAL NAIURE OF BORON. Brenchley and Warring-
ton (1921) reported that varieua legumes could not be
grown to maturity in the abaon#e of boron. This element
was found to be essential for the translocation of
nutrients throughout plant tissue by Johnson and Dore
(1928), which function was substantiated by Dennis and
O'Brien (1937).

| Schmucker (1935) discovered that boren played an
essential role in pollenation, by preventing excessive
swelling and bursting of pollen tubes. He further sug-
gested that it may play some part in the formation of
peetin. Hughes and McLean (1936) recognized that boron
lessened the effects of drouth and served to improve the
keeping quality of fruit, since it controlled respiration.
powers (1959) reported hhat.barcn applications to the soil
inereased the boron content and longevity of alfaelfa.
Plants adequately supplied with boron had a pigher
protein, chlorophyl and vitamin A content than boron

BRSO DT e e




deficient plants.

Baton (1940) reported boron to be essential in the
production of auxins. This author (1944) studied the sen-
sitivity of 72 crops to boron and divided them into 3

groups: tolerant, semi-tolerant and intolerant to boron.

/

BORON RELATIONSHIP IN PLANTS. In recent years, in-
vestigators have been studying the relatioﬁship between
boron and plant nutrient assimilation and plant composi-
tion. Warrington (1934) found evidence of a boron and
calcium association. Foote and MeElhiney (1937) working
with lemon trees reported that available nitrogen present
as nitrate in the soil influences rate of boron intake
in lemon lcaves. When nitrate is deficient, boron accum-
ulates in the leaves faster than if growth is not retarded
by a nitrate deficiency. Drake et al (1941) studying
tobaceo growth on Indiana soils reported normal growth
when ealeium/boron ratioc in the plants did not exceed
1340: 1, while a ratio 1500: 1 was correlated with severe
boron starvation. Lorenz (1941) in his study of garden
beets reports that boron wﬁs more efficient in inereas-

ing growth at low then at high levels of Ca supply and

' poron appeared to improve utilization rather than absorp-
tion of caleium. Lowenhaupt (1942) studying the nutri-
tional effeets of boron on the growth of sunflowers
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found that boron-deficient plants contained less calcium
than normel plants, supporting the hypothesis that boron
regulates the nutrient trenslocation throughout the
plant. Scharrer and Schreiber (1942) working with corn
growing in sand cultures report that the addition of boron
alone had little effeet on yield but the absorption of
magnesium is enhanced by the presence of boron. Potas-
sium-boron relationship in plants was studied by Keene
and Shive (1943) using sand cultures. They found that
the rate of boron absorption by both corn and tomato
plants increases as the concentration of potassium in
the substrate is inoreased. The same authors (1944)
report that>boron toxicity at high boron levels decreases
markedly as the caleium concentration increases. In
this respect they found the influence of calcium to be
opposite the accentuating effect of potassium. Haddock
and Vandecaveye (1945) report that under their experi-
mental conditions with alfalfa, oritical potassium/
boron end caleium/boron ratios were above 50 and 180

respectively.

ECONOMIC IMPORTANGE OF BORON. The economic im-
portance of boron was jnvestigated and calculated for
alfalfa by Powers (1939) and Dregne and Powers (1942);
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beets by Powers and Bouquet (1941) and celery by Bougquet
end Powers (1939). Canneries reported that the daily
pack beets was increased 75 per cent due to the lessened
blackening of the roots and the reduced handling of in-
fected beets. Powers (1947) has estimated that 1if boron
was supplied to the present acreage of six responsive
erops from lower Hood River Valley to Coos Bay, orop
value would be increased by over one million dollars.
8ince maximum economic returns are dependent in the
case of boron, on the narrow optimum range of avallable
soll boron it is desirable to determine a fairly accurate

range between the low and high eritical concentrations.




EXPERIMENTAL

The problem was studied through the media of green-
house and field experiments. The principal indicator
plant for the greenhouse trials was the Bountiful bean,
chosen because of its rapid growth and semi-tolerance
toward boron. Sweet corn end tomatoes comprise the
field crops.

The effeect of soil boron content on the nitrogen
assimilation by the plant is included and also its effect
on seed germinatipn in soils of varied textures.

The second part of the problem, a soil boron~-avail-
ability map of the state, is presented. This map is not
complete but covers the available boron status of Oregon
soils in a general manner so as to permit zoning agri-

cultural areas into lowy optimum and high boron supply.

DESCRIPTION OF SOILS. The soils used in the field
and greenhouse trials were Chehalils, Melbourne, Newberg,
Gamas and Klamath peat.

The Chehalis series is a recent alluvial soil repre-
senting a second-bottom soil laid down in backwater as
from the Willamette River and has a less youthful profile
with heavier subsoil. The color is brown on finer,

mellow yellow-bromn subsoil. The pH is 6.1 and the base
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exchange capacity is 14.7 milliequivalents per 100 grams.

The Melbourne series is a residual soil derived from
sedimentary rocks. The color is brown on a yellowish
mottled subsoil. Surface drainage is good and internal
drainsge fair. The pH is about 6.0 and the base exchange
capacity, 28.3 milliequivalents per 100 grams.

The Newberg series is a recent alluvial soil and has
a brown surface and yellow-brown subsoil with a friable
profile. It is a first-bottom soil lald down in swift
water, giving it coarser subseoil. The reaction is pH

6.0 and the base exchange capacity is 13.7 milliequi-

*yalents per 100 grams.

The Camas series is a recent alluvial soil with a
gravelly subsoil. ¥he color is a brown surface on a
lighter brown subsoil. Drainage is good. Reaction is
about pH 6.0 and the base exchange capacity 12.2 milli-
equivalents per 100 grams.

The Klamath peat has a dark gray to black surface
and a light gray subsoil. It contains fresh water shells
and is high in salt content. The pH of the soil used is
9.5 and the base exchange capacity, 756 millieguivalents

per 100 grams.

ANALYTICAL PROCEDURES. Plant samples were dried at
60°C. and were ground in a Wiley mill to pess a 100-mesh




sieve, after which representative portions were taken
for analysis.

So0il samples were air-dried and clods and gravel
removed by screening through a 20-mesh sieve.

Plant material was analysed for total boron, and
soil samples for available boton by the colorimetric
method of Berger and Truog (1940), using quinalizarin
as the color developer. The color developed in the
golution from the samples was compared with color stand-
ards. In this procedure, the addition of borie aecid to
quinalizarin (1, 2, 5, 8-tetrahydroxyanthrogquinone) in
concentrated sulfuric acid causes a color change whichA
can be used for the determination of boron.

Soil reaction was measured with a standardized Beck-
man pH meter using 50 gram semples moistened uniformly
to moisture capacity. '

Base exchange capacities of the five soil types were
determined using the modified Parker Method (Wright, 1939).
In this proaeéure‘tha soils are leached with barium
chloride, the excess being removed with neutral ethanbl.
The barium is then replaced with the ammonium ion by
leaching with ammonium acetate. Barium from the exchange
complex is determined gravimetrically as barium sulfate.

FIELD EXPERIMENTS. The field experiments were con-

ducted on Chehalis silty clay loam at the Horticulture
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Farm where plots were made availsble by the Soils Depart-
ment. Tomatoes and sweet corn were seeded in the spring
of 1945, fertilized with borax and harvested in September.
The rates of borax varied from 0-520 pounds per acre and

| % methods of application were used, namely broadeast,
side-drill and spray.

In order to determine thé optimum and critical
concentrations of boron in Chehalis silty clay loam, the
available boron in the soil under the different treat-
ments was determined. Boron analyses of the different
plant parts were conducted to establish which part of the
plant would serve best as a eriterion for determining
toxicity or deficiency. The plant parts here are steums,
fruit and first mature leaf.

TABLE I. The data indicates that Chehalis silty
¢lay loam at the Horticulture Farm is normally deficlent
in available boron insofar as the growth of tomatoes and
sweet corn ave concerned. The low critical concentration
is 0.5 ppm. Yields attain a maximum of 133 pounds of
tomatoes and 96 pounds of sweet corm per square rbd at
0.85 ppm. and 0.80 ppm. available boron respectively.
Available boron values above 0.85 ppm. gave somewhat de~
pressed yields which, however, gxceeded yields from the

check plots.
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TABLE I. OPTIMUM AND CRITICAL BORON CONCENTRATIONS IN CHEHALIS SILTY CLAY LOAM
Tomatoes and Sweet Corn

CROP  BORAX APPLICATION AVAIL, SOIL B. BORON IN PLANT PARTS YISLDS FRUITS CRACKED
= METHGD — BAIE TG-22=10 [EAVES FRUII b g -y
ib/acre Ppm,. Ppm. Ppm. ppm. 1b/sq.rod per cent
Tomatoes broadcast 40 0.kLo 30 8o 10 59.8 45.9
" 80 0.50 3 80 10 69.4 33.2
" 160 0.80 35 200 15 133.2 30.2
" 320 1.15 35 500 15 106.0 23.2
drill Lo 0.85 30 100 10 11h4.2 25.5
" 80 1.00 30 80 8 91.1 25.3
¢heck 0 0.30 25 20 6 62.6 34.8
spray 20 0.40 25 ko 10 S1.4 bhk.1
Corn broadcast W 0.40 8 8 8 38.7
" 80 0.50 10 10 10 55.8
" 160 0.80 10 25 10. 96.0
" 320 1.25 25 100 10 L8.1
drill Lo 0.85 b 8 k bk.9
" 80 1.20 k 5 37.2
check 0 0.30 3 8 L 29.L
spray 20 0.40 L 8 L 6.5

i1



i8

The data show that for Chehalls soil of moderate
texture the optimum range for available boron, using
sweet corn and field tomatoes as indicator plants, is
approximately 0.5 to 0.8 ppm.

From the data showling the analyses of plant parts
it is evident that boron tends to accumuilate mostly in
the leaves, secondly in the stems and least in the fruit.
The leaves offer a more satisfactory criteria as an in-
dication of optimum, toxic or deficient boron supply.

For example, the availahle boron in the soil between
0.,40 and 1.15 ppm. resulted in leaf boron accumulations
of 80 to 500 ppm. but only a difference between 30 to 35
ppm. in the stem boron and 10 to 15 ppm. in the fruit
boron of the tomato plant.

The yield of tomatoes from the plot receiving 80
pounds of borax per acre is low at 69.4 pounds since the
leaf boron is 80 ppm. while the yield from the plot re-
ceiving 80 pounds of borax per acre by side-drill is 9l.1
pounds of tomatoes. This may be explained by the higher
percentage of cracked fruits in the former case, suggest-
ing that other factors may be responsible for the discrep-
aney.

Data from the corn plot show a fairly consistent
agreement between the 0.5 to 1.0 ppm. range set for the
optimum limits of soil available boron, leaf boron analy-
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gis and yield. Comparison of the leaf boron analyses

between the two crops shows that the tomato plant iither
requires more boron for its development or that the corn
plant is more tolerant to the same soil concentration of

boron.

GREENHOUSE EXPERIMENTS. - Melbourne S8ilty Clay
Loam. In March, 1945, a series of 1/2 gallon pote of
Melbourne silty clay loam was setb upl. This soil, from
the Camp Adair area, 10 miles north of Corvallis, had
formerly been treated with exceaaiv@ amounts of borax
in an attempt to eradicate poison oak. Kour treatments
were applied in triplicate and distilled water added in
an attempt to launder out the borax. Leachate from each
pot was collected by gravity flow. The treatments were
oropped and leached for two years. Sunflowers, alsike
elover and bountiful beans were used as indicator plants.
Beans were later selected as the most sultable crop and
were grown to the flowering stage before harvesting for
yield.

TABLE II. The most effective treatment for re-
moving excess boron from the Melbourne soil was oak

1., Mr. G. Schirk assisted in initlating these trials.
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¥IG. 1. Boron injury to oak leaves and roots (left)
and to maple leaf (upper right) on Melbourne
soil at Camp Adair.

-

FIG. 2. Leaching excess boron from Melbourne goil.
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FIG. 3. Bountiful beans on Melbourne silty clay loam;
l-check; 6-manure, sulfur and lime; 8-manure
and gypsum; ll-manure; l4-oak litter.

FIG. 4. Bountiful beans on Newberg sandy loam.
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TABLE 2. EXCESS BORON REMOVAL BY SOIL TREATMENT & LEACHING
Melbourne silty clay loam g
Average Average Available
Period Treatment Rate Leachate Yields Soil Boron
ae ml green dry ppm.

gm
Sunflowers i?
Mareh to checks - 455 none( 200
October, M-Sl (1) 30-3-4 280 " 200
1945 u-G(2) -3 235 " 200
M (3) 30 345 " 200
OL 20 660 ® 16
Alsike & Bountiful Beans
October checks - 490 » 180
to M-S~L 30=3-4 320 * 160
December, M-G 30-3 300 - 175
1945 M 30 400 » 180
OL 20 770 - 14
Bountiful Beans (5)
December OL 10 760 none 55
to H-8-1~0L 30-3-~4 = 465 ” 40
Marech, M-G-0OL 30-3 - 390 " 43
1946 M-0L 30 490 b 185
OL 30 875 20.5 6.9 8
Bountiful Beans
March oL 10 640 25.8 11.2 40
to M-S-L-0L 30-3-4-10 545 34.8 16.0 25
ay, M-G-~0L 30-3-10 860 32.8 %5 + 0 o2
e K B B i
Bountiful Beasns
Ey 6% 10 730 35.2 16.3 17
to -83-L-0L 30-3-4-10 690 41.7 24.7 13
September, M-G=0L 30-3-10 780 36.5 ?OIB 12
1946 M- < 80 575 none! 4/ 81
930 45.2 29.9 2.8
6 33 .4 18.0 o0
: Pt EE
s 60 575 none(4) 65
OL - 30 935 48.5 32.5 14D
Bountiful Beans
December oL 10 680 04 .2 18.5 9,0
to M-8-1-0L 60-6-8-30 870 35.8 20.1 7.5
Mareh, M-G-0L 60-6-20 910 40.6 %4 3 4.0
1947 M 60 515 poneld) 50
OL 30 980 52.7 36.0 ¥ 5
{(1)M-manure; S-sulphur; L-lime. (2) G-gypsum. ) OL-oak
litter. (4) sprouts died sfter germination. (5) some leaf

development.
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litter. Between Mareh and October, 1945, the avallable
boron cangentration was reduced from 200 ppm. to 16 ppm.
under that treatment. Thereafter further removals were
slower, which seems logical due to the decreased conecen-
tration. The least effective in removing excess boron
was the manure treatment. In the 2 year period beﬁwman
March, 1945, and March, 1947, the available boron was
reduced only from 200 ppm. to 50 ppm. The effectiveness
of the oak litter was further demonstrated during the
period December to March, 1946, when oak litter was
added to the checks. This was done to improve the
physical condition of the soil in the check pots since
it was very evident that eamentation'and channelling
prevented an effective leacking process. The former
check pots were reduced from 180 ppu. to 65 ppm. in the
4 month period. The manure-sulphur-lime and manure-
gypsum combinations were not very effective in the 9
month period from Merch to December, 1945. Oak litter
added to these treatments caused a greatly increased
lsundering effect.

The same amount of distilled water was added to
each pot and the amount of leachate collected in each
period is an indication of the porosity of the soil under
each treatment. An exception o this is to be noted in
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the case of the original check pots in which the soil was
continually hard and orackaﬁxbo that channelling was
difficult to avoid. Water was usually added every second
day and any that did not infiltrate through the soil or
used by the plant merely evaporated. The oak litter
treatment imparted to the soll the greatest infiltration
capacity. Manure was least effective in this respect.

Sunflower, alsike clover and Bountiful bean sceds
all germinated in the highest available boron concentra-
tion of 200 ppm. - In every case the sprouts yellowed e
and withered. A bean plant crop showing marked boron
toxicity was obtained when the soll contained 40 ppm. of
available boron. The leaves were yellow, the tissue
brittle and stems very slender. Some faint toxicity
symptoms were still evident when the soil showed 1.5 ppm..
of available boron.

During the two year period of leaching approximately
6 litres of leachale were obtained from éots receiving
oak litter only. The available boron was reduced to l.l
ppm. The manure-gypsum-oak litter treatment at this time
still contained 4.0 ppm. availeble boron. uore than
4.1 liters of leachate were obtained therefrom. Leach-
ate totals from other treatments were: checks, 4.4
litres; manure-sulfur-lime treatment, 3.9 litres; manure-

gypsum treatment, 4.1 litres and manure treatment, 3.4
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litres.

Beans grown on the oak litter treatment in the final
trial showed signs of boron toxieity. Hence 1.1 ppm.
available boron 1is above the maximum critieal concentra-

tion.

Klamath Peat. Mid-November, 1945, a number of
treatments were started in th§ greenhouse on Klamath Peat
from the Experimental Station near Klamath Falls. This
is an slkali peat conteining toxic amounts of avallable
boron. Series of 5-gallon jars were set up in such a way
that leachate could be collected from a&eh jar. All jJars
were first irrigated with an N-P-K solution. There were
% treatments of 6 replicates each and 4:treatments of 4
replicates each.

Phe purpose of the experiment was to determine
suiteble methed for laundering excessive boron from this
soll. Following the treatments the jars were left to
incubate for a 6-week period, then seeded to alsike olovdr
end Banner oats. The clover yields are disregarded, since
the growth was erratic in all treatments, and following
the harvest of the more rapidly maturing ocats as hay,
the jars were continually infested with red spider and
white fly. '

Bountiful beans were grown later as an indicator
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erop for available boron levels in the various treat-
ments. Composite soil samples were taken from each set
of treatments for determining available soil boron when

the beans were harvested.

TABLE III. The yield of Banner oat hay was doubled
on the limed peat. The average yield per replicate from
the lime and the sulphur treatments was 50.1 grams and
44.3 grems respectively in comparison to 24.5 grams from
the check pots. The manure-lime combination was lower
with 39.1 grams. The replicates treated with 180 pounds
per aere of borax yielded 22.9 grams, slightly lower than
the checks. ‘The manure-sulphur combination was not as
effective in raising the yield as were the manure and
sulphur treatments individually.

Approximately 5.5 litres of leachate were collected
from each replicate. The manure and sulphur treatments
were most effective in reducing the initial pH of the
peat from 9.05 teo 7.29 and 7.75 respectively. Leaching
the checks reduced the soil pH to 8.30.

There were 20 ppm. of available boron in the peat
soil. The leaching process alone and leaching under the
various treatments reduced the amounts of available boron
in the peat. 'The most effective treatment was liming
which tended to tie up part of the boron in unavailable




TABLE III. BORON REMOVAL BY SOIL TREATMENT AND LEACHING

Klamath Peat
PERICD
Nov, 1945 to May, 19L6 May to July, 1946
Ave. Qat Soil Available  Average () Soil Avail,
Treatment Hay Yield leachate pH Soil Boron Bean Yield lLeachate pH Soil Baron
Tons/acre grams litres (5) ppm(®) grams litres ppm.
checks 2h.5 5.5 8.30 13 30.3 2.3 8.30 10
30-manure (1) 38.0 5,9 3,2 §8 35.1 2.0  7.27 3
jo-mmmme ™  32.8 5.6 7.98 8 38.L 2.5 7.9 5
l-aulp?us _
39.1 5.5 8.33 8 29.1 2.0 8.30 6
l=lime (2)
S-apann' 37.2 -3) g2 1 39.7 2.2 8.7 6
2
2—].i.ne( ) 50.1 5.5 8415 L.S - b9 2.3 8.13 2.5
100 1. dorat’) M) 56 830 16 2.9 2.2 8.20 1

(1) 6 replications; (2) L replications; (3) 2 leachate Jars leaked; (L) green weight of 7
bean plants; (5) average pH of each replicate; (6) determination on composite soil samples

from each treatment.
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form, thereby reducing the available boron to 4.5 ppm. at
the end of May. Manuring proved effective in reducing
the amount to 5.5 ppm. Manure-lime and manure-sulphur
combinations reduced the available boron to 8 ppm. in
both cases. Sulphur and gypsum treatments were least
effective over the six months period in eliminating
excess boron.

During the period May to July, 1946, the heaviest
green growth of beans was obtained on the lime, gypsum
and sulphur treatments with 44.9 grams, 39.7 grams and
39.4 grams respectively. Check growth was 30.3 grams.
Yields from the manure-sulphur and manure-lime treat-
ments were 35.4 and 29.1 grams respactively.-

Approximately 2.2 litres of leachate were collected
from each replicate. The manure and sulphur treatments
were still the most effective in reducing the soil pH
from 9.03 to 7.27 and 7.50 respectively.

Available boron was further reduced under the leach-
ing process. Over the nine month period, available boron
was reduced to 2.5 ppm. and 3 ppm. under the lime and
manure treatments.

Boron toxicity symptoms were not evident in bean
plants grown on the peat which had 2.5 and 3 ppm. avail-

able boron. Leaves of plants grown on all other jars
econtaining higher amounts of available boron were Writtle.
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Newberg Sandy Loam. In November, 1945, a series of
one-gallon jars containing Newberg sandy loam was set up
in sueh a manner that the leachate from each replicate
could be collected. The treatments comprised various
rates of boron and the use of lime and sulphur to reduce
and inerease respectively, boron availability. There
were 6 replicates of each treatment and Bountiful beans
were grown as the 1ndicate: plant. All treatments re-
ceived an initial irrigation with an N-P-K solution.
Following application of the treatments the Jjars were
jnecubated for 4 weeks before seeding.

TABLE IV. Boron deficiency symptoms were not evident
in the bean plants grown on untreated Newberg sandy loam.
This soil contains 0.4 ppm. of available boron. An
application of 20 pounds per acre of boron "as boric aecid
increased the available boron %o 0.9 ppm. and proved to -
be excessive. The plants were stunted and the leaf
petioles brittle, - Heavier applications of 80 and 160
pounds per acre of boron inereased the available boron
to 1.2 énd,l.a ppm. which caused even more marked toxi-
city symptoms. However, the application of 2 tons per
acre of lime with 20 pounds per acre of boron resulted
in the soil having 0.5 ppm. of available boron. Flant
yield on this treatment increased to 40.5 grams green



TABLE IV. OPTIMUM AVAIIABLE BORON RANGE IN NEWBERG SANDY LOAM

Soil Available (1) Average Aver. Yields leaf

Treatment pH Soil Boron leachate Green W%.ES ﬁ Et. Boron

per acre ppi, litres grans gramns ppm.
checks 5.9 Ooh 1.0 32.6 1109 32
20 lbs. boron 5.9 0.9 1.1 15.6 1l.1 120
2 tons lime 6.1 0.kL 1.0 30.6 10.6 27
2 tons sulfur 5.9 OOh i 1% : 33-5 12.6 35
20 1bs boron 6.1 0.5 1.2 L0.5 19.7 Lo
2 tons lime
20 1lbs boron 5.8 1.0 o Rl 13.0 8.9 130
2 tons sulfur

(1) Determinations made on composite samples from each treatment.
(2) 5 plants per replicate.




weight compared to 32.6 grams from the check pots.

The sulphur treatment failed to increase the avail-
able boron above 0.4 ppm., the same value obtained for
the untreated soil. Since the treatment only lasted
three months it is quite possible that this period was
too short to permit complete oxidation of the sulphur to
sulphuric acid or that the treatment was too small to
permit an effective increase in acidity. Plant yleld fram
this treatment was 33.5 grams green weight which is com-
paratively the same as 32,6 grams obtained from the check
pots.

The boron-sulphur treatment resulted in an increase
of 0.1 pH and the available boron was 1.0 ppm. compared
to 0.9 ppm. when the same application of boron, 20 pounds
per acre, was alone added.

Leaf boron analyses of the bean pianta reflect the
available soil boron analyses. Rapid increases in boron
gooumnulation in the leaves are shown with small increases

in available soil boron.

The lower critical concentration of available boron
i{s about 0.5 ppm. The upper limit is below 0.9 ppm. in
this soil ﬁsing the Bountiful bean as an indicator plant.

Camas Gravelly Loam. In March, 1946, a series of
S-gallon pots were set up in the greenhouse containing
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Camas gravelly loam from the Horticulture Farm. This soil
was first soreened through a S-mesh sieve to remove the
goarse gravel. After irrigating the soll with an N-P-K
gsolution various treatments were applied to determine the
optimum aveilable boron concentration for Camas gravelly
loam. Bountiful bean plants grown to the flowering stage
were used as a plant indicator. The treatments included
lime and sulphur to decrease and inerease the available
boron supply. There were 4 replicates in each treatment.
Following the application of the treatments the pots

were ineubated for 4 weeks before seeding. Leachate was
not collected but the soil was kept moist regularly by
additions of distilled water.

PABLE V. Bean plants grown on the check pots did
not show any foliar evidence of a boron deficiency. The
yield was 30.1 grams, green weight., An application of
10 pounds of boron per acre incoreased the plant growth
to 47.3 grams, green weight. Avallable boron was in-
ereased from 0.3 ppm. in the untreated soil to 0.5 PDM.
When the boron applications were imereased to 20 and 40
pounds per acre the yields were depressed to 25.2 and
19.0 grams, green welght, respectively, and the plants
showed marked& foliar evidence of boron toxicity. Avail-
able soil boron in these two treatments Was 0.9 and 1.2




TABLE V. OPTIMUM AND AVAITABLE BORON RANGE IN CAMAS GRAVELLY LOAM

SOIL  Available ), Average Yields (2) Leaf

Treatment pH Soil Boron Green Wi. Wt Boron
per acre ppm. grams grams ppm.
checks 6.0 0.3 30.1 10.5 25
10 1bs baren'?) 6.0 0.5 L7.3 22.9 L0
20 lbs boron 6.0 0.9 25.2 9.2 130
LO 1bs boron 6.0 W 19.0 8.3 220
80 1bs boron 6.0 1.6 — - —
160 1bs boron 6.0 2.0 ——— ——— ———
20 lbs boron 6.1 0.7 L0.5 16.1 80

2 tons linme

20 1bs boron 6.0 0.9 26.5 9.3 140

2 tons sulfur

(1) Determinations made on composite samples from each treatuent.
(2) Average of 7 plants per replicate.
(3) Boron applied as boric acid,
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ppm. in that order. There was no plant development on
the soils receiving 80 and 160 pounds of boron per acre.

Pwo tons of lime applied with 20 pounds per acre of
boron reduced the available boron to a safe concentration.
Plant growth on this treatment was 40,5 grams, green
weight, and the available soil boron 0.7 ppm. The foli-
age showed no sign of boron toxieity. The effect of add-
ihs 2 tons per aere of sulphur with 20 pounds of boron
was not detectable in the soll or plant analyses. The
4 month period was not long enough for the sulphur to
undergo oxidation to any effective degree.

Boron accumulations in the plant leaf inereased from
26 ppm. for plants grown in soil with 0.3 ppm. available
boron to 220 ppm. for plants grown in soil with 1.2 ppm.

Camas gravelly loam is low in available boron and
the indieator plant responded significantly to an appli-
cation of 10 pounds per acre of boron. Available soil
boron was increased from 0.3 to 0.5 ppm. At 0.7 pme the
green weight was slightly lower at 40.5 grams and at 0.9
ppm. marked toxicity was indicated. The optimum range
for available boron in this soll appears to be from
approximately 0.5 to 0.7 ppm.

Chehalis Silty Clay Loam. In March, 1946, a series

of gallon jers was set up in the greenhouse containing
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Chehalis silty clay loam from the Horticulture Farm. The
soil was irrigated with an N-P-K solution before treat-
ments were applied to determine the optimum available |
boron coneentration for Chehalis silty clay loam. Bounti-
ful bean plants were grown to the flowering stage as a
plant 1ndicato:. The traétmonts included boriec acid, |
lime, sulphur and ammonium nitrate. The latter salt was
tried to determine the effect of nitrogen on reducing
boron toxicity. There were 5 replicates in each treat-
ment. Following the application of the treatments the
jars were 1neubéteégﬁar 4 weeks before aeeding.3 o
leachate was colleetéd but the soil was kept moist resgul-
arly by additions of distilled water.

TABLE VI. Available boron in the untreated soil
was 0.4 ppm.' The yield of bean plants from this soil
was 40.2 grams green weight. Applications of 5 and 10
pounds per acre of boron as boric acid increased the
available soil boron to 0.6 and 0.7 ppm. and the green
weight to 53.1 grems and 49.1 grams respectively. Bean
plants produced on soil receiving 20 pounds per acre of
boron showed toxicity symptoms and the green weight of
plants dropped to 35.5 grams. The available boron of
the latter soil was determined as 0.9 ppm. An applica-
tion of 40 pounds per eore increased the available soll




TABLE VI. OPTIMUM AVAILABLE BORON RANGE IN CHEHALIS SILTY CLAY LOAM.

Treatment

per acre

checks

5 1bs boron(3 )
10 1bs boron
20 155 boron
kG 1bs boren

10 lbs boron
2 tons lime
10 lbs boron
2 tons sulfur
20 1bs boron
100 lbs ammonium
nitrate

(1) Determinations made on composite samples from each treatment.

Soll Available ;)  AVERAGE YIELDS(2) Leaf
pH Soil MOX(A Green Wi. Dry Wt. Boron
Ppm. grams grams ppu.
6.2 0.h 40.2 11.2 30
6.2 0.6 53.1 16.3 50
6.2 0.7 L9.1 13.3 60
6.2 0.9 33.5 10.9 130
6.2 1.7 e — i
6.3 Ouk 3%.6 0.9 35
6.2 0.7 18.2 11.9 65
6.1 0.9 L6.5 21.1 110

(2) Average of 7 plants per replicate.

(3) Boron applied as boric acid,

LE
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boron to 1.7 ppm. which proved too toxic for plant growth.
Phe sprouts from the germinated gaeds yellowed and died.

Lime applied with boron apparently reduced the avail-
able boron below the critiecal comncentration to 0.4 ppm.
The green weight yield from this dreatment drﬂppod to
%6.6 grams. Sulphur was not effective in increasing
available soil boron over the 4 month period. This 1s
evident from a comparison of the soil and plant analyses
from the 2 treatments, using 10 pounds of boron and 10
pounds of boron with 2 toms of sulphur per acre.

The data from the treatment using ammonium nitrate
to reduce boron toxieity is not comclusive since only
the one trial was run. Thia trial in which 100 pounds
of ammonium nitrate and 20 pounds of boron per acre were
applied seemed to offset the toxic effect of 0.9 ppm.
of available boron. The plant green weight yield was
46.5 grams compared with 33.5 grams from the treatment
involving the addition of 20 pounds of boron alone.
There was no sign of toxiecity in the plants from the
treatment.

S8oil reaction wes pH 6.2 in all treatments except
where lime was added, causing an inerease to 6.3, and

where ammonium nitrate was added causing a decrease in

pu to 6.1‘»
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Leaf concentrations of boron in the indicator plants
inereased with the rise in available soil boron.

Yhe optimum range of available boron in this soil-
is probably between 0.5 and 0.8 ppm.

GERMINATION TESTS. The relationship between boron
concentration and germination in media of high, moderate
and extremely low base exchange capacity was studied.
High test seed samples of field peas, Hénnachen barley,
Banner oats, sunflowers, sweet corn, alsike clover,
Bountiful beans and Grimm alfalfa were used. Three
hundred seeds were used for each determination. Pure
sand of extremely low base exchange capacity, Chehalis
silty clay loam of moderate exchange capacity and Kla-
math peat of high exchange capacity were air-dried and
weighed out into porcelain dishes to serve as germination
beds. The beds were then brought up to a definite weight
by the addition of a boric acid solution of such concen-
tration to provide the required amount of boron and suf-
ficient liguid to thoroughly saturate the soll. The
presence of free liquid was avolded. The seeds were im-
bedded in the soil and the dishes placed in a thermostat
controlled chamber with a glass top. The temperature
was maintained at 30°C. and the atmosphere of the chamber
kept saturated by pans of water below the germination
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beds in order to minimize evaporation. At the end of 24
hours each dish was weighed to determine whether any
evaporation had taken place which would alter the boron
concentration. When necessary, distilled water wﬁs added
as a fine spray over the soil to recover the required
weight.

Bach test lasted 48 hours, then the seeds removed
by hand or the dishes flushed with water to float the
seeds. Germinated seeds were counted from which was com=-
puted the percentage germination for each test. The
results of the tests are presented in Table 7 and Pigure 5.

PABLE VII. Germination did not inecrease with in-
¢rease in boron in any concentration with the eight kinds
of seed and the three types of soil media used in the ex~
periment. The base exchange capaclity of pure gand is
practically nil and the percentage germination of two
erops, barley and oats, dropped to 72 and 88 per cent
respectively on addition of 5 ppm. of boron. The other
erops were relatively unaffected at this concentration,
but all fell below 90 per cent at 20 ppm.

The base exchange capacity of Chehalis silty clay
loam is 14.7 milliequivalents per 100 grams. ‘The total

boron concentrations could be effectively increased be-

fore seriously reducing germination. Thus at 30 ppm.

B




TABLE VII. RELATION OF TOTAL BORON TO GERMINATION IN THREE MEDIA

BOIL Per Cent Germination at 48 Hours
Boron Added Peas _Barley _Oats Sunflowers Corn _Alsika Beans _Alfalfa _Average
1bs./acre ppm.

Pure 0 0 95% 93 Sl 96 95 96 95 95 95

sand 10 5 95% 72w 88 ok 96% 95% 95 96# 91

20 10 92 55 80 90 8L 80 87 95 83

Lo 20 81 31 Ls 65 71 75 80 88 67

60 36 8 30 52 52 60 70 82 62

80 Lo 62 32 30 h2 52 7h L9

100 50 32 28 35, 53 37

Chehalis 0 0 95 95 95 9l 95 98 95% 97 95

silty clay 10 5 96%  9o% 92 96 95 97 9% 96 95

loam 20 10 95 96 oL 95 96 95 96% 97 95

Lo 20 95 91 90 92 ol 96 95 oL 9k

60 30 96 85 85 90 90 96 95 95 92

80 ko 95 L2 62 81 8L 95 9L 93 81

100 50 53 36 L5 72 70 95 90 82 68

s 140 70 38 L8 L2 85 76 70 60

Klamath 0 0 95 95% 95 96 95 95 96 95# 95

peat 80 8o 95 96# 96# 96 95 95 9k 9% 95

160 160 86 88 85 88 9k 92 95 95 90

320 320 8L 8o 82 8o 82 95 90 9k 86

L8o L8o 82 71 68 72 70 8L 79 82 76

600 é00 70 43 50 58 sk 73 71 72 61

#verage of 5 replicaticns.



Fig. 5. EFFECT OF BORON CONCENTRATION ON GERMINATION IN THREE MEDIA.
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only oats and barley had dropped below 90 per cent to 85
per cent germination. The other seven crops remained
at 90 per cent or above. Alsike clover was able to main-
tain a fairly high germination rate, 85 per cent after
the addition of 70 ppm. of boron.

Klamath peat has a relatively high base exchange
capaoity of 75 milliequivalents per 100 grams. with
the addition er5éo ppm. of boron, the pereentage-goﬁmp
ination rox all eight crops varied between 94 to 96 per
cent. At 320 ppm. of boron, alsike, beans and alfalfa
remained at 90 per cent germination or better.

0f the eight crops the legumes, peas, alsike, beans
and alfalfa were most persistent in germination at highr
total boron concentrations. Sunflowers and corn were
next, followed by oats and barley. |

The data indicate that Elamath'peaz possesses a
higher optimum and eritical boron concentration range
than do the lighter soils. 8imilarly Chehalis silty clay
loam has a higher range than the sandy soils.

EFFECT OF AVAILABLE SOIL BORON ON THE NITROGEN
CONTERT OF PLANTS. Considerable plant material was
saved from the preceding experiments in field and green-

house already deseribed earlier in this paper. The
plant parts were subjected to Kjeldahl determinations
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for nitrogen content to learn what effect the available
soil boron concentrations had on the nitrogen content of
plant tissue.

Tomatoes and sweet corn grown on the boron plots at
the Horticultural Ferm were sampled. The plant parts,
pnamely stems, leaves and fruits, were sampled from each
treatment, dried at 500C. and ground to pass a 100-mesh
sieve. Nitrogen determinations were then run in dﬁplioata
on each sample. These data are recorded in Table 8.

Bean plants harvested from greenhouse experiments
were similarly prepared. Nitrogen determinations were
made on leaf tissue only. Thése data are recorded in
Table 9.

TABLE VIII. Stems, leaves and fruit of tomato
plants grown on check plots of Chehalis silty clay loam
contain less nitrogen with one exception than those plants
grown on the plots treated with borax applied by broad-
casting. There is a cunaistonﬁ inerease in the nitrogen
 eontent of the stems as the rate of borax applied by
broadeast was increased. Nitrogen content of leaves
end fruit show no consistent rise in this case. Stems,
leaves and fruit of plants fertilized with 80 pounds of
borax applied by drill contain more nitrogen than those
plants grown on the plot fertilized with 40 pounds of




TARLE VIIL.

RELATION OF AVAILADLE SOIL BORON AND PLANT NITROGEN.
Field Study on Chehalis Silty Clay Loam

Soil Seil
Treatwent Avail.B.
Borax pres.

1b./acre

Lo=broadcast  0.40

80~ ® 0,50
160~ " 0.80
320~ *» 1.15

Lo=drilled 0.85
80=drilled 1.00

20=gpray 0. k0
check 0.30
Lio=broadecast  O.LO
80- ® 0.50
160~ » 0.80
320~ » 1.15
Li=drilied 0.85
B0 m 1,00
2G=-spray 0.40
ehack 0.30

(1) Kernels only.

Boron and Hitrogen in Plant Parts

Stens
pps.  per ceat
TOMATOES
30 1.97
35 2.02
35 2,11
35 1.8
30 1.99%
25 1.8
25 1.97
SWEET CORM
8 0.80
10 0,86
io o.82
25 0.87
k 0.85
h 0.90
4 .80
3 0.76

pseiB8se

o

10

1

2.50

2.55
2.53
2,59
2,73
2,65
2,48
1.91

o8 BEKRES

(1)

3419

3439

3.51
3.72
3.19
3.2k

3.05



borax applied in the same manner, however, the latter
plants contain less nitrogen than those grown on the
check plots even though the avalleble solil boron was
greater gt the locations of sampling. The spray, drill
and broadcast methods are not comparable in available
gsoil boron or plant nitrogen.

Nitrogen content of the sweet corn stems, leaves
and fruits are consistently higher on all the borax
treated plots whether fertilized by broadcast, drill or
spray. However, the nitrogen content of the plant parts
do not inerease consistently as the avallable soil boron
and tissue boron inereases. Nevertheless, in all cases
the plent parts produced on the plot treated with 320
pounds of borax applied by broadcast contain more nitro-
gen than do those grown on the 40 pound plot treated in
the same manner. The available soil boron in these plots

is 0,40 and 1.15 ppm. respectively.

TABLE IX. Bountiful beans were grown to the flow-
ering stage only, under greenhouse conditions on Chehalis
silty clay loam and Camas gravelly loam. These analyses
show a consistent rise in leaf nitrogen and leaf boron
as available éoil boron inereased. The regularity of
these results over the inconsistent results in Table 8

may be due to the time of sampling the plant parts or to
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the difference in growth conditions between outdoor and
greenhouse or both,

TABLE IX, REIATION OF AVATIAELE SOIL BORON AND PLANT NITROGEN.
Greenhouse Study '

Soil Chehalis silty clay loam Camas gravelly loam
Treatment Available Bean Leaf Available Bean lsaf
30il Boron @ B. N. S0il Boren B. N.
1bs./acre pom, ppm. per cent Pom. ppm. per cent
checks 0.4 30 2.9 0.3 25 2.92
S-boron*) 0.6 50 3.27
10~boren 0.7 60 3.64 0.5 Lo 2.94

BORON AVAILABILITY MAP OF OREGON SOILS. Approxi-
mately 150 soil samples from various agricultural areas
in the state were analyzed for available boron, Official
samples were used mostly in this survef. Some of these
soils are from sectiona of the state yet to be mapped and
the soils elassified. In such cases there is no soil
name., Many of the samples from any one location are
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availeble to varying depths and the asvailable boron de~
termination has been run on these samples. However, only
the available boron of the soil surface usually to plow
depth was used in the zoning of the state as to its
available boron content.

The results of these analyses are summarized on the
map depicted in Figure 6. A complete list of all determi-
nations is appended in the Appendix at the end of this

paper.




FIG. 6

AVAILABLE BORON IN OREGON SOILS

w VALues Represent pem. oF AvaiLABLe Boron IN SumFAce SoiL
Zoes: Low--0-0.25 ¢ 025-0.50; OPTINUN --0.50-075; Hion--0.78+

8%




DISCUSSION

LOW, OPTIMUM AND HIGH CONCENTRATIONS. Field and
greenhouse experiments indicate that three typicéal Western
Oregon soils may be slightly deficient in available boron.
These solls, Chehalis silty clay loam, Camas gravelly
loam and Newberg sandy loam produced no boron deficiency
symptoms in the indicator plants grown thereon but great-
er growth was obtained when the available boron was
increased to 0.5 ppm. This was set as the dividing line
between boron-deficient and boron-adequate soils. VWood~
bridge (1940) reported that soils should contain 0.5 ppm.
of available boron to satisfy normal crop requirements.
However Reeve et al (1944) set 0,350 ppm. as the lower
division point on the basis of field and greenhouse tests
using the turnip as an indicator plant. Piland et al
(1944) investigating boron deficienecy in sandy North
Carolina soils found the average available soil boron
concentration to be 0.24 to 0.35 ppn.

There can be no arbitrary range for available boron
concentration due to variations in tolerance to, and re-
quirements for boron by different types of plants. This
was substantiated by Eaton and Wilcox (1939) who state
that concentrations of available boron insufficient to
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support normal plant growth are usually below 0,1 to 0.5
ppm. -The meximum optimum concentration for the three
Oregon soils ls about 0.75 ppm. Between 0.7 to 0.9 ppm.
and higher, bean plants showed evidence of injury. Eaton
and Wileox report that concentrations of available boron
likely to cause injury are usually in excess of 0.5 to
5.0 ppm. Bean plants grown on Melbourne silty clay loam
having 1.1 ppm. of available boron showed marked foliar
injury.

Another factor to be éansi&ered in establishing
deficient, optimum and toxic concentrations is soill type.
For example, Klamath peat having an available boron
content of 2.5 ppm. produced bean plants normal in appear-
ance and with no evidence of injury. This organie soil,
because of its relatively high pH, base exchange capaeity
and colloid content, has a higher available boron range
within which beans were not injured. On the other hand,
lighter textured soils have a lower optimum range. Boron
injury is more likely to occur with sandy soils, than
with loams and clay loams in that order. Hanna and Pur-
vis (1988) wreport that the tolerance of soils to various
rates of borax treatment is correlated with the exchange
capacity of the soil and with the amount of available

boron present.
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REMOVAL OF EXCESS BORON. Heavy spplications of
borax on Melbourne silty clay loam at Camp Adair caused
widespread injury to all vegetation. Available boron
in this soil was 20 ppm. Greenhouse tests revealed that
heavy applications of oak litter to the soil which was
subjected to constant 1Qaeh1ng made possible a fairly
rapld removal of excess boron. MNanure treatments wur@
not arfeative‘but rather asppeared to retain the boron
like a sponge. Lime, sulfur and gypsum were leéss effec~
tive than oak litter.

Greenhouse experiments demonstrated that lime re-
duced the available boron concentration. There is dis=-
agreement in the literature regarding the reason for this
reaction. Ferguson and Wright (1940) pointed out that
the fixation of boron may happen in one of three ways,
namely, lime may fix boron into some insoluble or slight-
1y soluble form; lime increases the soil pH and thereby
may reduce the ability of the root to absorb boron; lime
may stimulete the growth of soil mieroorganisms until
there is competition between them and the plant for soil
boron. Naftel (1937) has reported that boron fixation
is due to the stimulation of growth of soil microorganisms
ré&ulting,in the available boron being largely used in
. the metabolism of the orgenisms. Midgely and Dunklee
(1940) on the other hand report that the fixation is
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chemical rather than blological.

Leaching proved to be a slower but nevertheless
effective method of laundering excess boron from the
soil. Purvis and Hanna (1938) studying the residual
effects of borax applied to field plots indicated thgt
it was readily removed by leaching, from Norfolk sandy

loam.

FACTORS EFFECTING GERMINATION. Germination tests
in various media indicated that soil type was an import-
ant factor in establishing toxic boron concentrations.
Borie acid applications did not inorease the gormination
but rather decreased it. The concentration at which
na jor decreases set in depended on the goil type. ©Sand,
having no bese exchange capacity or colloid content had
the lowest toxic concentration value, namely, 10 ppm. |
Ghehalis silty clay loam was next with 20 to 30 ppm. and
Klamath jaat the highest with moré than 80 ppm.

This is explained as being due to their respective
fixing power of boron from boric acid solutions. This
phenomenon of fixing reduces the available boron con-
centrations. Reeve et al (1944) report that loam and
silt loam soils were able to fix a great deal more boron
than the sands and sandy loams.

High test seed should contain adequate amounts of
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boron for normal germination. Piland and Ireland (1941)
report that alfelfa grown on a deficient soll containing
only 0.19 ppm. available boron produced poor seed yields.
An spplication of 20 pounds per acre of borax corrected
this condition and normal seed production followed.
Therefore it is not surprising that boriec acid did not
inerease percentage germination of normal sged. An
early publication by Morel (1910} reported that the ger-
mination of corn and wheat kernels soesked in weak solu-
tions of boric acid and borax was actually retarded in
soil and sand. The effects were in proportion to strength
of solution and length of time of soaking.

EFFECT OF AVAILABLE BORON ON PLANT NITROGEN.
Anglysés of stem, leaf and fruit parts of sweet corn and
tamatgés grown on Chehalis silty clay loam in the field
indicate that the nitrogen content of those parts is
higher at toxie accumulations of boron than in those
perts containing normal concentrations of borom. Green-
house tests under controlled conditions using the bean
plant revealed a consistent increase in leaf nitrogen
with inereased leaf boron content. However, the data
do not show any evidence of a total nitrogen/boron ratio
in the leaf. Senders (1944) reported that increased
boron content of alfalfa hay in the field sometimes
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inereased and sometimes decresased the nitrogen content

of the bay. Sand culture studies at the Keantucky Experi-
ment Station {1945) indicated that the insoluble or
protein nitrogen of spinach increased in a regular
fashion as the boron concentration in the nuirient solu-

tion was increased.

AVAILABLE BORON OF OREGON SOILS. During the past
few years investigators have adopted the practice of pre-
senting minor element deficiency data direetly on state
or county maps. Publications by Colwell and Baker (1939),
Reeve et al (1944) and Coleman (1945) are only three ex-
amples of this practice found in the literature. Beeson
(1945) has summarized all known areas in the United
States where minor element deficiencies including boron
have beeh reported.

Dregne and Powers (1942) presented an outline map
of Oregon showing areas where boron deficiency has been
recognized. Since then the author has extended this
survey of available boron in Oregon soils. Over 200 soils
from agricultural areas of the state have been analyzed
for available boron. On the basis of fixed and green-
house studies approximate minimum and maximum eritical
boron concentrations for soils have been established at

0.5 ppm. and 0.75 ppm. respectively with the optimum
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range between those values. As already discussed, the
optimum range cannot be fixed since it is dependent on
soil type and plant tolerance to boron. However the
0.5-0.75 ppm. range seems to be optimum for medium tex-
tured soils which prgvail in the state. On this basis
the availability map has been zoned into low, optimum
and high regions so far as soil available boron is con-
cerned. Low availability areas may or may not be de-
ficient in boron, similarly high availability does not
necessarily imply that those areas are toxic. The plant
is the best indicator for determining deficient and
toxie concentrations and more extemsive field tests will
add greatly to the information alreadyaccumulated on this
subject.

A study of the availability map reveals that boron
deficiency is prevalent in the humid north-west part of
Oregon. Leaching, the use of highly refined commercial
fertilizers and cultivation have brought about this con-
dition. The soils of Eastern Oregon are generally less )
subject to leaching. Analyses of many of these soils
indicate a relatively high content of available boron
prevails. Apparently the boron is present with the
unlesched tetraborate. A few pedalfers and leached
sandy soils of basaltic origin that have been copiously

jrrigated from six to eight decades show crop response to




applications of boric acid or borax.




FIG. 7. Boromn injury to ocak trees
on Melbourne soil at
Camp Adair

FIG. 8. Boron injury to sweet corn
on lewberg sandy loam at
the Horticulture Farm.
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FIG. 9. Alfalfa seedlings on Camas
gravelly loam; x-check,
Ex. B. - 40 pounds boron per acre.

FIG. 10. Borom plots at Horticulture Farm.
Front row- tomatoes, second row-sweet corm.
Left, 160 pounds borax per acre {broadcast);
centre 360 pounds borax per acre (broa&cast;;
right, 40 pounds borax per acre (side-drill).
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SUMMARY

A review of the literature summarizes the compounds
and availability of soil boron; the role of boron in
animal and microbiological nutrition; the historical
background of boron jnvestigations and the essential
nature of boron in plant nutrition.

Field and greenhouse investigations indicate the
low and high optimum available boron concentrations in
mediumptexturad soils to be 0.50 ppm, and 0.75 ppm.
respectively.

Sandy soils have a lower optimum range of concentra-
tion for available boron than medium-textured soils, while
those having a heavier texture, high colloid content and
base exchange capaeity have a higher optimum available
boron range.

‘Bountiful beans grown to the flowering stage proved
to be excellent indicator plents. Growth was rapid and
the broad leaves readily revealed any deficiency or tox-
icity symptoms.

The determination of leaf boron is the best criterion
for establishing deficient, optimum and toxic boron
supply. Slight differences in available soil boron effect
the amount of leaf boron to a marked degree whereas the
stem and fruit tissues are less subject to boron accumui~

lation.
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Toxic concentrations of boron were most readily re-~
moved from Melbourne silty c¢lay loam by the use of oak
litter and continuous leaching. Manure treatments were
least effective under leaching. Excess available boron
in Klamath peat was best reduced by the use of lime.
Manure, with leaching was only slightly less effective in
laundering out the borbn. Leaching the untreated soils |
with water removed a considerable part of the available
boron. 4

Germination tests with eight different crops and
three different media, sand, silty clay loam and peat
with varying concentrations of borbm revealed that sand
was least effective in fixing soluble boron and the peat
most effective. Legumes were more tolerant to high boron
concentrations than sunflowers, corn, oats and barley in
that order. |

Nitrogen content of plant parts grown under field
and greenhouse conditions was slightly higher than that
of plant parts from soil receiving no added borax. Hean
leaves from plants grown on soil treated with increasing
amounts of borax contained increasing amounts of boron
and nitrogen. However there was no evidence of a boron-
nitrogen ratio.

over 200 soils from various agricultural areas in

Oregon were analyzed for available boron. The results




were mapped and the state zoned into low, optimum and

high available boron areas.
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APPENDIX
AVAILABLE BORON IN OREGON SOIL GROUPS AND TYPES
SOIL GROUP AVAIL.
LOCATION POSITION AND TYPE _ DEPTH BORON.

inches ppm.

Western Oregon
1l mi 8. of Astoria Residual Astoria L. 0-8 0.40

Clatsop Co. 8-20 0.60

gmm, Columbia " Cascade Sil. 0-8 0.65

10 3% ;

Trenholm, Colum- " Alken SiL 0-8 0.35

bia Co.

Mist . Holcomb CL 0-8 0.20

Necanicum, Clat- " Carlton SiL. 0-8 0.40

sop Co.

Edy's Farm, Lacomb ™ Olympic CL 0-6 1.2

Lm GO- 6"‘12 1-9 .

Yagelski's Farm, " Melbourne CL 0-6 1.2

Jefferson, Marion 6-12 1.0

Co. _

Oregon Sta. Irriga- 0.V.F. Willamette 0=7 0.30

tion Plots Sicl 7-20 0.45
20-40 0.45

Berger Farm - ud 0=7 0.45

7-20 0.35

20-40 0.38

40-50

0.30
Haag Bros. Farm - " 0-7 0.68
0.40

0.35

40-50




Tweed Farm, N.E.
of Salem, Marion
Co.

Davis Farm, Suver
Polk Co.

Belton Farm, New
Era, ;Olaﬁk. Co.

0.V.F.

1 mi W. of St.Helens"

Columbia Co.

1l mi N of St Helens,"

Columbia Co.

Nibblers Farm, Wood-"

burn, Marion Co.
. Sand Ridge

Peterson Butte‘

Fritz Farm, Gresh-
am, Mult. Co.

Chas. Edwards Farm,
T9S, R4W, Sec.
36, Marion Co.

John Crpig Farm, T
9 8, R4 W, Sec.
23, Marion Co.

Husem Farm, Clats-
kanie, Columbia Co.

Recent

Scappoose, Columbia "

Co.

Veronica, Columbia
Co.

Willamette L 0=-7

Amity SiCl 0=-7
7-20

20-40

40-50

Willamette Oé?
SiL 7-18
18~55

Willamette  0-8
8iL |

Willamette L 0-8

Amity Sil C=6
6-12

Salkum CL 0=7
7-18

Salkum CL 0=6

Powell SilL 0=6
6-=12

Chehalis L 0=-8

Chehalis CL Q=8

Clatskanie 0=6
Muck 6~12
Sauvie L 0=-8

‘Wapato SiCL 0=-8

69

0.40

cs&i"
(3
mmgo

5

Qup

? OO0 COoO00
»

&

0.40




1 mi W of Veronica Recent

6 mi N of Seaside n
Clatsop Co.

Warrenton "
Clatsop Co.

lmisS of Westport ™
Clatsop Co. :

Eastern Oregon

7 mi E of Mitchell, Residual
Wheeler Co.

% mi SW of Cab- "
bage Hill School

2% mi SE of Basket *
Mt. School

1l mi W of Redmond, 0.V.F.
Deschutes Co.

4 mi W of Terre- "
bonne, Deschutes Co.

Redmond, Deschutes "
Co.

Redmond, Deschutes "
Co.

4 mi NW of Culver, "
Jefferson Co.

1 mi E of Culver, "
Jefferson Co.

Sires Farm »

70

Nehalem SiL. 0-8 Q.45
Geathart F 0-8 0,35
. Sal 8-11 0.50
11-17 0.50
Warrenton 0-8 0.60
LF3a 8-11 0.40
11-16 0.40
Westport 0-8 0.30
FSa 8-12 0.50
12-16 0.60
Waha L 0-10 0.80
Underwood 0-8 0.45
- SiL
Helmer VFSal. 0-8 0.40
8-18 0.50
Deschutes 0-8 0.40
Sal 8-24 0.40
Terrebonne 0-12 0.80
Sal 12-244 0.60
Redmond SsL 0-12 0.50
Milwaukee 0=12 0.30
Muck
Madras Sal. 0«12 0.60
Era L 0"12 0;60
Sisters L 0-10 0.80




1l mi E of Iowa
School, Union Co

Lagrande, Union Co
Lagrande, Union Co
Cove, Union Co.
3% mi SE of lLa-

grande, Union Co.

3/4 mi E of Iowa
Sehool, Union Co

4 mi SW of Summer-
ville, Union Co.

300; 2?, T 55’ R
39 E, Union Co.

4 mi W of Summer-
ville, Union Co.

Sec. 19, T 8 8,
R 40 E, Baker Co.
Sec. 10, T 9 S,
R 40 E, Baker Co.
Sec. 11, T 9 8,
R 40 E, Baker Co.
Ses. 10, T 9 8,
R 39 E, Baker Co.

Sec. 34, T 8 8,
R 39 E, Baker Co.

Keating, Baker Co.

0.V.F

Alicel L 0=7
724

Springdale 0-8
Sal

Lagrande SiCL 0-7
7-24

Hyrum stony € o-%7

724

Gooeh SiCL O=7
7-18

Gooch SiL 0-7
7-18

Conley SiCL 0-7
: 7-20

Klamath SiCL 0-7
724

Catherine 0=-7
SiL » 7-24

Hamas SilL 0=-3
3-10
10-20

Bardock 5il 0-8
8~30
Baker L 0-15
15~-30
30=-38
Hibbard 8iL. 0-10
10-15

Wingville 8iL 0-10

Keating CL 0-10

0.65
0.75
0.90
0.80

1.55
1.50

1.40
1.40

0.80
0.85

1.10
1.30
0.80
0.95

0.75
0.75
0.70
0.80
0.75

0.75
0.80
0.75

0.80
0.80

0.90

0.80
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4 mi NE of Lawen, O0.V.F. Fiander C 0-4 1.0
Harney Co. 4-12 1.8
12-24 2.0
Grange Hall, Burns " Umapine € 0-3 11.8
Harney Co. 3-14 2.5
14-30 2.5
4 mi NE of Burns, " Wwingville 0-8 0,90
| Harney Cc. 8iL 8-16 1.50
‘ 16-26 1.0
Harney Co. » Klamath Peaty 0-12 080
24-36 0.90
Indian Colony, " Catherine ¢ 0-8 0.70
‘Harney Co 8-20 0.70
20~-42 0,60
Belle A Ranch - Silvies L 0-10 0.65
10-20 0.80
Haney Lane, 8. of " Gooche C 2 42 0.90
Burns, Haney Co 12-26 1.0
Langell Valley " Gooeh SiCL  0-12 1.0
Klamath Co 12-24¢ 1.0
24-36 1.0
36-60 1.0
60-72 1,5
Tulana Farms, lst " Klamath CL 0-7 0.85
eross dyke, Kla- 7-20 0.90
math Co 20-83 1.0
Tulana Farms, 2nd " Klamath Peat 0-7 0.45
¢ ross dyke, Kla- ; 7-18 0.40
math Co 18-37 0.40
Tulana Farms, 5th " Klamath Peat 0-7 0.45
eross dyke road 7-18 0.50
Klamath County 18-37 0.50
Tulana Farms, & mi " Klamath peat 0-7 0.85
E of main diteh 7-18 O,g
0.5

Klamath County 18-30

R RN R e IR S e,




Tulena Farms, 13 mi 0.V.F.
E of main diteh, Kla-
math Co

Tulana Farms, 2& mi *
E of main diteh,
Klamath Co

Scott Warren,
Algoma, Klamath Co "

5 mi E of Hatfield
on California side
Klamath Co

6 mi E of Hatfield "
on California side
Klamath Co :

Sec. 33, T 1 N,
R 32 B, Umatilla
Co

7 mi 8 of Pendleton ™
Umatilla Co

1l mi 8 of Hermiston "
Umatilla Co

2% mi NE of Stanfield "
Umatilla Co

Recent

Freewater, Umatilla "
Co
Milton, Umatilla Co "

24 mi W of Stanfield "
Umatilla Co

74 mi S of Echo "
Umatilla Co

gadleton, Umatilla Eolian

Klamath Peat 0-7
?‘
" 0=7
7-24
24-30
" 0=8
8-20
2040
Hatfield 0=7
SiL 7-20
20=33
" 0=8
8-20
20-40
Pilot Rock 0=-8
SiL
McKay Sil 0=8
Ephrata FSal. 0-8
. B-21
" 0-8
Stanfield 1. 0-10
10-20
20=36
Yakima SiL 0-8
Headows SiL 0-8
Stanfield 0=8
VFSal,

Ritzville Sal 0«10
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0.60

0.90
0.85
0.85

0.15
0410
0.10

0.80
0.85

0.85

0.85
0.80
0.75

0.45

0.55 .
0.75
0.80
0.70
0.50
0.60
0.60
0.80
0.65

0.45

1.20




3 mi N of Hermiston [Eolian Rupert 1Sa -8

Umatilla Co
% mi NE of Saxe »
Umatilla Co
15 mi SW of Athena "
Umatilla Co
3 mi HE of Nolin -
Umatilla Co
13 mi E of Athena o
Unmatilla Co
1l mi N of Hyrick "
Umatills Co
1l mi § of Holdman "
Umatills Co

Crabtree Farm, Wasco "
€o., Sec. 23, T 4 S
R13 E

0lds Farm, Sec. 6 »
TS5S8S,R12 B
Wasco Co

Corum Farm, Sec. 24,
T 28 S, R 14 E, Lake Co

Perry Farm, Sec. 26,
T 58 8, R 19 E, Lake Co

Travis Farm, Seec. 17,
T 40 8, R 19 E, Lake Co

Warner Valley, Sec. 14,
T 38 8, R 24 E, Lake Co

wWarner Valley, 3ec. 10
T 36 S, R 24 E, Lake Co

Adams VFSal 0-8
Adams SiL 0-8
8-16

Ritzville 0-8
SiL

Athena SilL 0=-16

Walla VWalla 0=8

SiL
Walla Walla 0=-8
VFSal
Alicel L 0=-7
7-24
Condon L 0-10
Wamic L 0-10
Unclassified 0-10
10-17
o 0-7
7-16
» 0~7
7-14
. - 0=-12
12-18
18-36
" 0-12

74

0.60

0.70

0.75

0.80
0.60

0.75

0.80

0.75

0.80

0.85
.80

C.70

C.60
.65

C.70
C.75

C.70
C.70

C.80
0.80
0.90

0.90
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Alkali Lend, Prineville, Unclassified 0=12 0.95
Crook Co
4 mi S of Malheur Sta- " 0=12 0.75
tion, Malheur Co :
McCarty Farm, 5 mi SW * 0-10 0.80
of Ontario, Mahleur Co 10-27 0.85
| MCCarty Farm, Upper bench " 0-18 0.80
Malheur Co 18-24 0.85
Mallet Farm, between On- " 0-8 0.75
| tario and Vale, 1881 8-20 0.75
Waterright, Malheur Co 20-36 0.80
Mallet FParm, Sagebrush " 0-8 0.90
land, Malheur Co 8-20 0.85
20«36 0.85
Earl Weaver, Ontario, *
Malheur Co 0=-10 0.70
: 10=20 0.75
20-36 0.80
Airport, Ontario " 0-10 0.80
Malheur Co 10-20 0.80
20~36 0.90
Mitchell Farm N of » 0-8 0.70
Mitchell Butte, Owyhee
Malheur Co
Vale Check Plots " 0-6 0.90
Malheur Co 6-20 0,95
20-40 1.00
Bully Creek, 17 mi * . 0-7 0.90
W of Harper 7-18 1.50
18-30 1.50

Southern Oregon

Sec. 31, T 34 S, Residual Aiken CL 0-12 0,50
R 5 W, Josephine Co 12-36 0.40

TR R




Sec. 16, T 36 8, Residual Olympic L 0=-12

R 5 W, Josephine Co

S8ec. 10, T34 8, R *
6 W, Josephine Co

S8ec, 36, T 356 3, R *
6 W, Josephine Co

Sec. 14, T35 8, R *
6 W, Josephine Co

Sec. 1, T 36 8, R7T "
W, Josephine Co

Sec. 3, T34 8, R6 W "
Josephine Co

Sunnyhill School
Josephine Co.

Sec. 30, T 36 S, 0.V.F.
R 6 W, Josephine Co

Sec. 27, T 36 8, R "
6 W, Josephine Co

Talent Exp Sta. "
Jackson Co

Cote Orchard, Med- "
ford, Josephine Co

N end Roseburg Falr-"
grounds, Douglas Co

Se0. 36, T30 8, R7 W *
Douglas Co

Wilbur, Douglas Co "

12-36
Hugo L 0=-10
10-36
Holland Sal 0-12
12-36

~ Siskiyou Sal. 0-12

12-36
Sites GrCL  0-12

12-36
Sites CL 0=-12
12-36
Riverton L O=-7
7«18
18--36
Jerome FSal. 0-12
12-36
Barron Sal 20-12
g 12-36
Agate CL 0=10
10~-30
Coker C O0=6
Cove C 0=8
Kerby CL 0-12
12-36

Dayton SiL 0-8
(dark surface)

Plantation Inn, Residual Melbourne SiL 0-12

N of Dillars
Douglas Co

12-24
3141

0.75
0.60

0.60
0.50

0.20
0.20
0.25
0.40
0.40
0.25
0.30

0.35
0.40

0.25

0.50
0.50
0.50
0.35
0.40

ﬂqy.'
0445
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Ford, Garden Valley Recent Roseburg Sil. 0-12 0.50

Douglas Co 12-24 0.50
24-36 0.60
Moyers Hursery " Umpgua Sil. 0-12 0.35
Douglas County 12-24 0.40
24"55 0.40

2 mi S Yoncalla Residual Melbourne Sil 0-6 0.40
Douglas County , 6-14 0.40

Lighthouse, Coos Co Recent Empire LSa 0«7 0.15

7-15 0.10
1 mi £ of Bandon » Empire CL 0=-7 0.20
Coos Co ! : 7-15 0.20
' 24-40 0.15
lmi W of Coguille " Coquille 0-7 0.15
Coos Co SicCL 7-18 0.10
18-40 0.10
Sec. 16, T 36 8, - : Columbia L @ 0-12 0.45
R 6 W, Josephine Co 12-36 0.40
4 mi W of Grants " Columbia 0-12 0.50
Pass, Josephine Co GrSalL
6 mi N of Florence " Blacklock L 0-5 0.20
Lake Co 5-15 0.20

15-18 0.10



