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OP2IIJM AND CRITICAL CONCiNT TIONß OF 
BORON IN ORJGON SOILS 

IiROIJJCTIQN 

rrhe need or boron as a fertii1or oonstltuent for 

certain Oregon uoils wa Indicated two decde a10 during 

plant-houso experimente. Its economic value in iinprovin 

yields and quality of alfalfa, beets, celery and other 

crops in the state wa etab1ished aroxiniate1y ten years 

aso. Boron deficiency in Oron soils has developed in 

the more humid areus of the stato, notably in the 1ihtor 

textured soils lying west of the Cascade Rang . e. 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 

front impurities which previously contained small amounts 

of borona Increasing mechanization of farming methods 

has also been responsible for reducing an important 

source of boron fertilization by natural manures. 

Abnormal sccurnulations of boron have developed 

locally in those alkaline soil areas of 1!astern Oregon. 

These soils are not subject to leaching and the boron is 

present with the unleached salts. ow lying recent soils 

with poor drainae as tyjified by iUainath peat and soils 

of the Silvjes Valley bave boon subjected to seasonal 

flooding for generations which has resulted in alkali and 
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boron accumulation. 

The object of this inveat1at1on was to establish 

an approximito optimum rango or concentration for avail- 

able boron in Oregon soils and to prepare an availability 

map for the state showin the low, optimum and high 

available boron zones. Durin: the course of this study 

the soils and plant material were utilized to determine 

the effect of soil type on germination at different cou- 

contrations of boron and to determino the effect of boron 

on n1troen content of plants. 

FORI IS OF BORON IN SOIL3. Uthouh 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 borosilicates 

and other resistant boron minorais, such as tourmaline, 

that hìave been transported and laid down during soil 

forrriation. In addition, boron often occurs in the soil 

as an impurity in other relatively insoluble minerals 

(cha1ler, 1929). Soluble sources of boron aro sodium 

tetraborate, Ia2B4O7; borax, Na2O2BO3lOff2O; boric acid, 

k13BO3; calcium borate; kernite, r4a20'2B2034U20; colema- 

nite, 2CaO'3B2O5H2O and ulexite, NaO2CaO5B2O3l6kI2O. 
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According to Hasler (1942), Jurassic marl and many 

clay have the greatest content of water solable and avail- 

able borona Eruptive and metsmorphic 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 vtater-so1ubie boron. Their analyses 

show that the total boron content of a soil is not a 

reliable indiostor of the need for boron fertilization, 

because, generally, less than 5 per cent or the total 

boron is in available form. The unavailable, or better, 

difficultly available, form is often present as tourna- 

lino. 

MAPFING J3OHON AViILABILITY. The recent increase in 

interest in the distribution of nutritional troubles in 

plants is a natural sequence to earlier work of diagnos- 

ing and classifying theec defects ano their various 

symptoms. Investigators are interested now in more than 

a mere description of the disorders observed and fre- 

quently wish to visualizo the georphic extent of 

nutritional problems. This is best 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 mf ormation as to boron needs of Oregon 

soils. A preliminary availability map of the state has 

been prepared. 

MICROBIOLOGICAL REiJTION8UIk' ' OF BORON. The study of 

the functional effects of boron in the nutrition of micro.- 

or;anisms appears to rest In a stage similar to that 

period before ;ulhon (1910) found boron to be an essen- 

tial nutrient of hither plants . Jiosoken and 

(1912) report that the depressing influence on 

of Penicillium glaucum and sporgiUus niger depended 

part on the nature of the nutritive medium. At 21°C. 

pure cultures of Penic.lium 1auoum grown from conidia 

wore clearly depressed by O.O6 borie acid, while under 

like conditions, 0.5 - 1% boric acid was required to check 

the developrrient of Aseil1us r4or. J3renchley and 

Thornton (1925) and Dufrenoy (1940) report that boron is 

essential to the development of vascular strands in root 

nodules of Viola faba so that normal nItroen fixation 

is contingent on an adequate boron supply. Lebedev 

( 1940 ) found that boron stlri1ulated development of the 

lupin nodules and aided the growth of hemp when grown 

with lupins. 

Evidence that borax increased microbio1oical 
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activity at pli b.1-7.7 wa deiionstrated by lianna and 

Purvis (1941) who measured carbon dioxide evolution. 

Their plate counts showed a greater itirnu1ation of fun3i 

growth over that of bacteria. They suest the Trîcho- 

derma $peoies :Irla3r be or value as a test for boron 

deficiency and that the fixation of boron in limed soils 

may bG duo in part to the increased activity of soil 

microorganisms. Tyner (1944) reports a siriiilar stima- 

lation Of fungi and suppression of bacteria in using 

borie acid treatments when using potato dextrose asar or 

synthetic media. 

Uerziner (1940) reported the growth of Ázotobacter 

chroococcum In soil and culture solution at pii 6.8 to be 

noticeably better at a concentration of 0.00001 M boric 

acid arid reached an optimum at 0.000005 M boric acid. 

BORON IN ANIMAL UTR:Ei1IoN. The relatively few 

publications on this subject indicate that boron is 

present in animal tissue but does not appear to be an 

essential nutrient for normai life. Bertrand and Àu1hon 

(1912) and (1913 J report f indin small amounts of boron 

in the hair, bonos, horn, livor and muscles of 27 species 

of animals but was niore common In species of marino 

oriin. In a further paper the same authors (1913) 

report fIndIn; 0.08, 0.1 and 0.2 milligrams of boron per 
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litre in the milk of hwnans, asses and cows. Fowl, turkey 

and ooe eggs contained 3. milh1ram per ki1orani of 

dried material. bertrand (1938) itates that boron exists 

in very small quantitie3 in all plants and animals and 

the amount present in plants is 100 to 200 timos reater 

than iAl animals. Hove and co-workers (1939) at Wisconsin 

round no siniricant difference in boron content of milk 

between cows of different breeds nor for different periods 

of the lactation cycle. 

They report i is possible to increase the boron 

concentration of the milk tenfold in the first 24 hours 

after feedin Li grams of boric acid. N ormai egg white 

contains U to 10 times more boron than egg yolk, and this 

ratio is not altered significantly when the fowls are fed 

a hiì boron diet. The same investigators found that 

boric acid fed to rats is eliminated rapidly and the 

addition of 0.8 microraraz of boron per clay per rat does 

not rosult in bettor ;;rowth. The studies of Orent- 

Keiles (1940) corroborated the conclusion of Hove and 

ssociates that boron is not essential in the nutrition 

of the rat. Teresi, Hove and associates (l94) further 

report that rats receiving a ration containIng 0.6 

niicrograxns per day satisfied their requireraents while 

lbb micrograxn. 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 hiíh boron ration 

for feeding dairy cows roortod there was no diuretic 

offect, loss of weight or any other ill effect. However, 

he suggests there may be a risk to subsequent plant 

growth from the use of xsnure from animals fed too rauch 

borax. 



HISTORICAL 

EARLY WORK. Boron was found to be a constituent of 

plant tissue by Wittstein and Apoier (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 fruits 

and predicted that the occurrence of boron in the plant 

kingdom would be far more Leneral than previously sup- 

posed. This prediction received further support when 

flotter (1890) found boron not only in the fruits of many 

species but also in the leaves and tissues of a reat 

variety of plants. Jay (1895) finally suggested that 

boron might be universally distributed throughout the 

plant kingdom. 

Bertrand (1903) recommended the use of boron in 

coaoroial fertilizers. gu1hon (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 cloutent when applied to peach trees, and 



obtained large increases in the yield or potatoes. The 

toxic effects or boron received attention during World 

ar I, when substitutos for German potash were used. 

Connor and Feraus (1920) found that potash derived from 

western salinos contained sufficient boroiì to be tocic 

when applied to crops. 

&33ThTTIiL NA1URE OF B0i0}! . Brenchley and jarring- 

ton (1921) reported that various legumes could not he 

:rOWfl to niaturity in the absence of boron. This oloment 

was found to be essential for the transiocation of 

nutrients throuhout plant tissue by Johnson and Doro 

(1928), INhICh function was substantiated by Dennis and 

O'Brien (1037). 

Schrnucker (1935) discovered that boron played an 

essential role in pollonation, by preventing excessive 

swol1in and bursting of pollen tubes. He further su- 

gested that it may play some part in the formation of 

pectin. Hughes and McLean (1936) recoizod that boron 

lessened the effects of drouth and served to improve the 

keeping quality of fruit, since it controlled respiration. 

powers (1939) reported that boron applications bo the soU 

increased the boron content and longevity of alfalfa. 

Plants adequately supplied with boron had a hirher 

protein, ohiorophyl and vitaiuin A con bent than boron 
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deficient plants. 
aton (1940) reported boron to be essential in the 

production or auxins. This author (1944) studied the sen- 

sitivity of 72 crops to boron and divided them into 3 

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

ßORON R'LATIOHIP D PLANTS. In recent years, in- 

vestigators have been studying the relationship between 

boron and plant nutrient assimilation and plant composi- 

tion. Warrington (194) found evidence of a boron and 

calcium asiociat1on. Foote and McJi1biney (1937) working 

with lemon trees reported that available nitrogen present 

as nitrate In the soil influences rate of boron intake 

in lemon laves. hen nitrate is deficient, boron accwu- 

ulates in the leaves faster than 1f growti Is riot retarded 

by a nitrate deficiency. Urake et al (1941) studying 

tobacco growth on Indiana soils reported normal growth 

when calcimJboron ratio 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 gardon 

beets reports that boron was more efficient in. increas- 

Ing growth at low than at high levels of Ca suply and 

boron appeared to improve rather than absorp- 

tion of calcium. Lowenhaupt (1942) studying the nutri- 

tional effects of boron on the growth of sunflowers 
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round that boron-deficient plants contained less calcium 

than normal plants , supportin the hypothesis that boron 

regulates the nutrient trrislocation throughout the 

plant. ¿charrer and 3ohreibor (1942) working with corn 

rowin in sand cultures report that th addition of boron 

alone had little effect on yield but the absorption of 

magnesium i enhanced by the presence of boron. Potas- 

slum-boron relationship in plants was studied by eene 

and Shivo (1943) using sand cultures. They found that 

the rato of boron absorption br both corn and tornato 

plante increases as the concentration of potassium in 

the substrato is increased. The same authors (1944) 

report that boron toxicity at high boron levels decreases 

markedly as the calcium concentration increases. In 

this respect they round the influence of calcium to be 

opposite the accentuating effect of potassium. Haddock 

and Vandeoavoye (1945) report that under their experi- 

mental oonditïons with alfalfa, critical potassium! 

boron and calcium/boron ratios wore above 0 and 180 

respectively. 

O0N0ì1IC I14PORTANO. 0F B0R0. The economic 1m- 

portance of boron was investl.;ated and calculated for 

alfalfa by Powers (1939) and Drene and Powers (1942); 
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beets bi Powors and Bouquot (1941) and celery by Bouquet 

and Powers (1939). Canner10 reported that the daily 

pack beets was increased 75 per cent due to the lessened 

blackening of the roots and the reduced handlin. 
of in- 

fected beets. t owors (1947) has eßtinated that if boron 

wa supplied to the present aoreae of six responsive 

crops from lower Hood River Valley to Coos Bay, crop 

value would be increased by over one million dollars. 

since maxiìm economic returns are dependent in the 

case of boron, on the narrow optimum range of available 

soil boron it is desirable to deteìiine a fairly 
accurate 

rance between the low and h1h critical concentrations. 
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JPJRIMENTAL 

The problem was studied through the media of green- 

house and field experiments. The principal indicator 

:lant for the 'reenhouse trials was the bountiful bean, 

chosen because of its rapid growth and semi-tolerance 

toward boron. weot corn and tomatoes comprise the 

field crops. 

The effect of soil boron content on the nitrogen 

assimilation by the plant is included and also its effect 

on seed germination 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 IOWT optimum and high boron supply. 

DCRIPTIOI OF OIL3. The soils used in the field 

and gxeenhouse trials were Chehalis, Melbourne, Newberg, 

OalUaS and Klamath peat. 

The Ohehalis series is a recent alluvial soil repre- 

senting a second-bottom soil laid down in backwater 
as 

from the Villaraette River and has a less youthful profile 

with heavier subsoil. The color is bro on finer, 

mellow yeliow-bronn subsoil. The pli is 6.1 and the baso 
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exchange oaaolty Is 14.7 m.Illlequivalents per loo rarns. 

The Melbourne serios is a residual soll derived from 

sedimentary rocks. The color is brown on a yellowish 

mottled subsoil. urfaco drainage is good and internal 
drajnare fair. The pli Is about 6.0 and the base exchange 

capacity, 28.3 inililequivalents por 100 grama. 

The Newborg serles is a recent alluvial soil and has 

a brown surface and yellow-brown subsoil with a friable 
profile. It is a first-bottom soil laid down In swift 

water, giving lt coarser subsoil. The reaction is pli 

6.0 and the base exchange capacity is 13.7 mllliequl- 

valents por 100 grains. 

The Camas series Is a recent alluvial soil with a 

gravelly subsoil. The color is a brown surface on a 

lighter bro.in subsoil. Drainage is good. Reaction is 
about pii 6.0 and the base exchange capacity 12.2 mliii- 
ouiva1ents 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 pff of the soil used is 

9.5 and the base exchange capacity, 75 rn.11liequlvaionts 

por 100 grams. 

ANALYTICAL PROCEDURES. Plant samples were dried at 

60°C. and were ground in a Vdiley mill to pass a 100-mesh 
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sieve, after which representative portions were taken 

for analysis. 
soil samples were air-dried and clods and gravel 

removed by sereenin through a 20-mesh sieve. 

Plant rnaterial was analysed for total boron, and 

soil samples for available boron by the colorimetric 

method of terger and Tru.oß (1940), using quinalizarin 

as the color developer. The color developed in the 

solution from the samples was compared with color stand- 

arde. In this procedure, the addition of boric acid to 

cjuinalizarin (1, 2, 5, 8-tetrahydroxyanthroquinone) in 

concentrated sulfuric acid causes a color change hich 

can be used for the determination of boron. 

soil reaction was measured with a standardized neck- 

man pH meter using 50 gram samples moistened uniformly 

to moisture capacity 

Base exchange capacities of the five soil types were 

determined using the modified Parker Method (Wright, 1939). 

In this procedure the soils are leached with barium 

chloride, the excess being removed with neutral ethanol. 

The barium is then replaced with the ammonium ion by 

leaching with axamoniwu acetate. Barium troni the exchange 

complex is determined ravimetrically as barium sulfato. 

FIELD E RILLNT. The field experiments were con- 

ducted on Chehalis silty clay loam at the Horticulture 
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Fazn where plots wore made available by the soils Depart 

ment. Tomatoes and oweot corri were seeded in the spring 

of 1Y45, fertilized with borax and harvested in september. 

'rhe rates of borax varied from O-320 pounds por acre and 

5 methods of ap:lieation were used, namely broadcast, 

side-drill and spray. 

In order to determine the optimum and critical 

concentrations of boron in hehalis silty clay loam, the 

available boron in the soil under the different treat- 

ments was determined. Boron analyses ol' the different 

plant parts were conducted to establish which part of the 

plant would serve best as a criterion for determining 

toxicity or deficiency. The plant parts here are steus, 

fruit and first maturo leaf. 

TJLBLE I. The data indicates that Chehalis silty 

clay loani at the Horticulture Farm is normally deficient 

in available boron insofar as the growth of tomatoes and 

sweet corn are concerned. mo low critical concentration 

j_s 0.5 ppm. Yields nttain a maximum of 133 pounds of 

tomatoes and 96 pounds of sweet corn per scuare rod at 

0.8 ppm. and 0.60 ppm. available boron respectively. 

Available boron values above 0.85 ppm. gave somewhat de- 

pressed yields which, however, exceeded yields from the 

check plots. 



TABLJ I. OFIM1JM AND CRITICAL BORON CONCENTRATIONS IN CHEHALIS aLLTY CLAY L0AY 

Tomatoes and Sweet Corn 

CROP BORAX AIT LIGATION AVAIL. SOIL B. BORON IN PLANT PARTS uILiJS FRUITS CRACKED 

METHOD RATE 9-22-Ló - 3TEIL IAVE3 FRUITS 13! RAIN 

lb/acre ppm. ppm. ppm. ppm. lb/sq.rod per cent 

Torìatoes broadcast IO O.O 30 80 10 59.5 )45.9 

30 0.50 35 30 10 69.14 32.2 

160 0.80 35 200 15 133.2 30.2 

320 1.15 35 500 15 106.0 23.2 

drill 140 0.85 30 100 10 1114.2 25.5 

80 1.00 30 80 8 91.1 25.3 

check 0 0.30 25 20 6 62.6 314.8 

spray 20 0.140 25 140 10 51.14 1414.1 

Corn broadcast 140 0.140 8 8 8 38.7 

80 0.50 10 10 10 55.8 

160 0.80 10 2 10 96.0 

320 1.25 25 100 10 148.1 

drill 14o 0.85 14 8 14 144.9 

80 1.20 14 15 S 37.2 

check 0 0.30 3 8 14 29.14 

spray 20 0.140 14 3 14 146.5 

H 
-J 
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The data show that for Chehalis soil of rioderate 

texture the optimum range for available boron, uslnß 

sweet corn and field tomatoes as indicator p1ants is 

proxirnately 0.5 to 0.8 ppm. 

i'rom the data showing the analyses of plant parts 

it is evident that boron tends to accumulate mostly in 

the leaves, secondly in the steins and least in the fruit. 

The leaves offer a more satisfactory criteria as an in-. 

dication of optimum, toxic or deficient buron supply. 

For exaraple, the availahie 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 ide-dri11 is 91.1 

pounds of tomatoes. This may be explained by the higher 

percontae of cracked fruits in the former case, sugg . est- 

in that other factors may be responsible for the disorep 

axlcy. 

Data from the corn plot show a fairly consistent 

agreement between the 0.5 to 1.0 ppui. range set for the 

optimum limits of soil available boron, loaf boron analy- 



sis and. yield. Comparison of the leaf boron analyses 

between the two crops shows that the tomato plant either 

roqaires more boron for its development or that the corn 

plant is more tolerant to the same soil concentration of 

boron. 

GRN11OUìE JXPERThNT3. - Melbourne silty Clay 

Loan. In March, 1945, a series of 1/2 gallon pots of 

Le1bourno silty clay loam was set up. This soil, from 

the Camp Adair area, 10 miles north of Corvallis, had. 

formerly been treated vith excessive axnunts of borax 

in an attempt to eradicate poison oak. tour treatments 

were applied in triplicate and distilled water added in 

an attempt to launder out the borax. Leachato from each 

pot was O1ieCted by gravity flow. The treatments were 

cropped and leached for two years. 3unfloviers, als ike 

clover and bountiful beans were used as indicator 
plants. 

Boan$ were later selected as the most suitable 
crop and. 

were grown to the flowering stage before 
harvestin for 

yield. 

TABLE II. The most effective treatment for re- 

moving excess boron from the Melbourne soil 
was oak 

1. Mr. G. 3chirk assisted in initiating these trials. 



FiG. 1. Boron injury to oak leaves and roots (left) 

and to maple leaf (upper right) on ìIelbourne 
soil at Camp Adair. 

FIG. 2. Leachin: excess boron from Melbourne Soi?. 



FIG. 3. Bountiful beans on Melbourne silty clay loani; 
l-check; 6-manure, sulfur and lime; 8-manure 
and gypsum; 11-manure; 14-oak litter. 

FIG. 4. Bountiful beans on Newberg sandy loam. 



TABLE 2. EXCE&S BORON R1M0VAL BY 3OI 
___________ MQlrne_siltq Average 
Period Treatment Rate Leachate 

T/ao ml 

$unf lowers 
March to checks - 
October, M-S-L(1) 30-3-4 
1945 M-G2 30-3 

20 
Alsike & Bountiful Beans 
Octo checks - 

to M-S--L 30-3-4 
jieceniber, M--( 30-3 
1945 M 30 

OL 20 
Bountiful Beans 
December OL 10 
to M-S-L-OL 30-3-4 
i?Iarch, M-G-OL 30-3 
1946 M-OL 30 

OL $0 
Bountiful t3eans 
Märoh OL 
to M-S-L-OL 
May, M-G-OL 
1946 M 

Bountiful B'ns 
to M-S-L-OL 
September, M-G-OL 
1946 M - 

OL 
Bountiful Beans 
September OL 
to lvi-S-L-OL 
Dec mber, MGOL 
1946 

OL 
Bountiful Beans 
December OL 
to M-S-L-OL 
March, M-G-OL 
1947 M 

OL 
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L4 TRiATìENT & LLtCH1NG 
loam ________________ 

average Available 
Yields Soil Boron 
green dry' ppm. 

gin gin 

455 none 200 
280 200 
235 200 
345 H 200 
650 10 

490 180 
320 t' 160 
300 Cl 175 
400 " 130 
770 " 14 

none 55 
465 40 
390 43 
490 185 
875 20.5 6.9 8 

10 640 25.8 11.2 40 
30-3-4-10 545 34.8 16.0 25 
30-3-10 650 32.8 5.0 32 
30 495 oii(4) loo 
30 925 40.6 24.3 6.5 
10 730 35.2 16.3 17 
30-3--4-10 690 41.7 24.7 13 
30-3-10 780 36.5 20,8 12 
30 575 none4 83. 
30 930 45.2 29.7 28 
10 620 33.4 18.0 12.5 
60-6-8-20 825 37.0 19.2 9.5 
60-6-20 875 37.6 22.2 7.0 
60 575 none(4) 65 
30 935 48.5 32.5 1.5 

10 
60-6-8-20 
60-6-20 
60 
30 

(l)M-imure S-sulphur; L-lime. 
litter. (4) sprouts died after 
development. 

680 34.2 19.5 9.0 
870 35.8 20.1 7.5 
910 40.6 24.3 4.0 
515 50 
980 52.'? 36.0 1.1 

(2) G-'ypsam. (3)OL-oak 
erxninaion. (5) some leaf 
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litter. J3etween Mareh and October, 194b, the available 

boron concentration was reduced from 200 ppm. to 16 ppm. 

under that treatment . Thereafter further removals were 

slower, which ;eerns lo4cal duo to the decreased caneen- 

tration. The least el1fective in rernovin excess boron 

was the nianuro treatment. In tue 2 year period between 

March, 1945, and March, 1947, the available boron was 

reduced only fron 200 ppm. to 5O ppm. The effectiveness 

of the oak litter was further deraonstrated during tuo 

period 1)ecertibcr to March, 1946, when oak litter was 

added to the checks . Thic was done to improve the 

physical condition or the soil in the check pote since 

it was very evident that cementation and channelling 

2revented an effective leaching processi. The former 

cheek pots were reduced from 180 ppm. to §5 ppm. in the 

4 month period. The nianure-sulphur-liiie and manure- 

ypsuirt combinations were not very erfective in the 9 

xrionth perioi from March to December, 1945. Oak litter 
added to these treatw.ents caused a greatly increased 

laundering eff cet. 

The seme amount or 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. ui excetion to this is to be noted in 
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the caso of the ori1na1 check pots in which the soil was 

continually hard and cracked so that ohannelling was 

difficult to avoid. Water was usually added every second 

day and any that did not infiltrate throuh the soil or 

used by the plant merely evaorated.. The oak litter 

treatment imparted to the soil tho reatest infiltration 

capoity. Manure was least effective in this respect. 

Sunflower, alsike clover and Bountiful bean seeds 

all germinated in the higI]est available boron concentra- 

tion of 200 ppm. In every case the sprouts yellowed 

and withered. A bean plant crop showing marked boron 

toxicity was obtained when the soil contained 40 ppm. ot 

available boron. The leaves were yellow, the tissue 

brittle and stems very slender. Joc faint toxicity 

symptoms were still evident when the soil showed l.b ppm.. 

of available boron. 

During the two year period of leaching approximately 

o litres of leaohate were obtained from pots receiving 

oak litter only. The available boron wa reduced to 1.1 

ppm. The manure-gypsum-oak litter treatment at this time 

still contained 4.0 ppsa. available boron. ore than 

4.1 liters of leachate were obtained therefrom. Leach- 

ato totals from other treatments were: cheeks, 4.4 

litres; manure-sulfur-lime treatment, 3.9 litres; manure- 

ypzum 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 sins of boron toxicity. hence 1.1 ppm. 

available boron is above the maximum critical concentra- 

tian. 

Kiamath Peat. Mid-November, 1945, a number of 

treatments were started in the ;roexthouse on Kiamath Peat 

from the Experimental Station near Klamath Falls. This 

is an alkali peat containing toxic amounts of available 

boron. 3eries of 5-gallon jars were set up in such a way 

that leachate could be collected from each sar. All jars 

were first irrigated with an N-P-IC solution. There were 

3 treatments of 6 replicates each and 4 treatments of 4 

replicates euch. 

The purpose of the experiment was to determine 

suitable method for laundering excessive boron from this 

coil. Pollowin the treatments the jars were left to 

incubate for a 6-week period, then seeded to alsike clover 

and Banner oats. The clover yields are disregarded, since 

the growth was erratic in all treatments, and f ollowin 

the harvest of the more rapidly rnaturin oats as hay, 

the jars were continually infested with red spider and 

vchite fly. 

Bountiful beans were rown later as sii indic tor 
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crop 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 ere harvested. 

TABLE III. The yield of Banner oat hay was doubled 

on the lined peat. The average yield per replicate from 

the lime an the sulphur treatments was bO.l grame and 

44.3 grams rospectivelr in comparison to 24.5 crams from 

the check pots. The manure-lime combination was lower 

with 39.1 grams. The replicates treated with 180 pounds 

or acre of borax yielded 22.9 grams, sli,htly lower than 

the checks. The manure-sulphur combination was not as 

effective in raisin the yield as wore the manure and 

sulphur treatments individually. 

Approximately 5." litres of leachate were collected 

f ron each rel1oate. The manure and sulphur treatments 

viere most effective in reducing the Initial pli of the 

peat from 9.03 to 7.29 and 7.75 respectively. Leaching 

the checks reduced the soil pli 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 unavailsble 



TLBLE III. BORO REMOVAL BY SOIL TREATWNT LNI) LIÄCIiING 
K1aiiath Pe at 

PíRI OD 

,Nov. 1 to ?ay, 19I6 

Àv. Oat Soil 'vai1ab1e 
Treatnnt Hay Yield Leachate Soil Boron 

Tons/acre grams litres () 

checks 21.S S. 8.30 13 

3Orrianure1) 35.0 5.7 7.29 

3_nanure(1) 32.8 .6 7.98 8 
1-su1hur 

3O-anure(1) 39.]. .33 8 
1-1ine 

1-s1phur2 5. 7.7! 1 

2-gypsuin2 37.2 8.20 11 

(2) 
2-lime 50.1 .iS L.S 

180 lbs. bora2 22.9 5.6 8.30 16 

1ay to July, 191.6 

Average (j.) Soil Avail. 
1an Yield Leachat.e pH Soil 1ron 

;ra litres ppm. 

30.3 2.3 0.30 10 

35.1 2.0 7.27 3 

35.1 2.5 7.96 5 

29.1 2.0 3.30 6 

39J. 2.0 7.50 9 

39.7 2.2 8.17 6 

2.3 8.13 2.5 

26.9 2.2 8.20 12 

(1) 6 replications; (2) 1 replication8; (3) 2 leachate jars le&ced; (Li) green weight of 7 

bean plants; (5) average pH of each rep1icte; (6) determination on composite soi.? samples 

from each treatment. 
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form, thereby roducin 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 

coabinations reduced the available boron to 8 ppm. in 

both oases. sulphur and gypsum treatments were least 

effective over the six months period in eliminating 

excess boron. 

Iuring the poriod May to July, 1946, the heaviest 

green growth of beans was obtained on the lime, gypsum 

and sulphur treatments with 44.9 grams, 39.? grams and 

39.4 grams respectively. Check growth was 30.3 grains. 

Yields from the manure-sulphur and manure-lime treat- 

ments were b.4 nd 29.1 grains respectively. 

)proxiIrtstely 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 7.2? 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 sia 

manure treatments. 

Boron toxicity symptoms wore 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 

containing higher amounts of available boron were 'ittle. 
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Newber k3andy Loam. In November, 1945, a serios of 

one-fa11orî jars containing Newber sandy loam was sot up 

in such a manner that the leachate from each rep1icLte 

could be collected. The treatnionts comprised various 

rates of boron and the uso of lime and suiphir to reduce 

and increase resectiveiy, boron availability. There 

were O replicates of each treatment anl Bountiful beans 

wore crown as the indicator plant. All treatments ro- 

ceived an initial irriation with an N-P-K solution. 

Following application of the treatments the jars were 

Incubated for 4 weeks before seeding. 

TABLE IV. Boron deficiency symptoms were not evident 

in the bean plants grown on untreated Newborg sandy loam. 

This soll contains 0.4 ppm. of available boron. An 

application of 20 pounds per acre of boron as boric acid 

increased the available boron to 0.9 ppm. and proved to 

be excessive. The plants were stunted and the leaf 

potioles brittle, Heavier applications of 30 and 160 

pounds per acre of boron Increased the available boron 

to 1.2 and 1.3 ppm. which caused even more marked toxi-. 

city symptoms. However, the application of 2 tons per 

aore of lime wIth 20 pounds per acre of boron resulted 

in the soil having 0.5 ppm. of available boron. k?lant 

yield on this treatment increased to 40.5 rarns creen 



TABLE IV. OPTIMUM AVAIlABLE BORON RANGE IN NEWBERG SANDY LOAM 

Soil Available verage Average i1e1da Leaf 
Treatment pH Soil Boron' Leachate Oreent.) ?it. Boron 

Der acre pni. litres ans gr&ns ppni. 

checks L9 O.Lj 1,0 32.6 11.9 32 

20 1b. boron .9 0.9 1.1 1.6 11.1 120 

60 lbs boron .9 1,2 1.]. 11.0 ¡.6 270 

160 lbs boron .9 1.8 1.0 6.3 L.8 OO 

2 tons lime 6,1 O.Li 1.0 30.6 10.6 27 

2 tons sulfur .9 O.1. 1.1 33. 12.6 3S 

20 lbs boron 6.1 O. 1.2 19.7 140 

2 tons lime 
20 lbs boron 5.8 1,0 1.0 13,0 3.9 130 
2 tons sulfur 

(1) Deteririinations ìiade on Composite samples £rom each treatment. 

(2) 5 planta per replicate. 
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wei&1it compared to 2.8 grams from the chock pots e 

The sulphur treatment failed to increase the avail- 

able boron above 0.4 ppm., the same value obtained for 

the untreated soil. $ince the treatment only lasted 

three months it is ouito possible that this period was 

too short to permit coni: jlote oxidation of the sulphur to 

sulphuric acid or that the treatment was too smaLl to 

permit an effective increase in acidity. Plant yield fr 

this treatment was 3,5 grams eeri wei:ht which is corn- 

paratively the same as 32.6 grams obtained from the check 

pote. 

The boron-sulphur treatment resulted in en increase 

of 0.1 pli and the available boron was 1.0 ppu. conipared 

to 0.9 ppxa. when the srnne application of boron, 20 pounds 

per acre, was alone added. 

Loaf boron analyses of the bean plants reflect the 

available soil boron analyses. Rapid increases in boron 

accumulation in the leaves are shown with smafl increases 

jn available soil boron. 

The lower critical concentration of available boron 

is about 0.5 ppm. The upper lirait is below 0.9 ppm. in 

this soil using the Bountiful bean as an indicator plant. 

Canias Gravelly Loam. In March, 1946, a series of 

5-Lallon pots were set up in the greenhouse 
containing 
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Cwnaß rave11y loam froni the Horticulture Farm. This soi]. 

was first screened throuh a 5-mesh sieve to remove the 

coarse ravoi. After irriatixì the soil with an N-P-K 

solution various treatments viere applied to deterriiine the 

optimum available boron concentration for Camas rave11y 

loam. Bountiful bean plants ro to the £1ovierin stage 

were used as a plant indicator. The treatments included 

lime and sulphur to decrease and increase the available 

boron supply. There were 4 replicates in each treatment. 

following the appllcition of the treatments the pots 

were incubated for 4 weeks before seedin. Leachate was 

not collected but the soll was kept moist regularly by 

additions of distilled water0 

TABLE V Bean plants crown on the cheek pots did 

not show any foliar evidence of a boron deficiency. The 

yield was 30.1 grams, green weiht. An application of 

lo pounds of boron per acre Increased the plant ¿rowth 

to 47.3 grams, green weight. .vailable boron was in- 

creased from 0.3 ppm. in the untreated. soil to O. ppm. 

then the boron apilcations were increased to 20 and 40 

pounds per acre the yields were depressed to 25.2 and 

19.0 grams, groen weight, respectively, and the plants 

showed marked foliar evidence of boron toxicity. Avail- 

able soil boron in these two treatments as 0.9 and 1.2 



TABL v._;2!rIwJM AND AVAIIAI3LE ORON RttNGE Th CAMAS GiIAVELLY LOAM 

301L Available , Average Yields 
(2 ) 

Treatment pli Soil J3oron Green Wt. Dry t. Boron 

per acre pPfl. rar grarn.s 

checks 6.0 0.3 30.]. 10.5 2 

)O lbs boron 6.0 O. L7.3 22.9 

20 lbs boron 6.0 0.9 2S2 9.2 130 

ho lbs boron 6.0 1.2 19.0 8.3 220 

ao lbs boron 6.0 1.6 - -- 

160 lbs boron 6.0 2.0 

20 lbs boron 6.1 0.7 bO.5 16.1 80 

2 tone lime 
20 lbs boron 6.0 0.9 26.5 9.3 ibO 

2 tOn3 sulfur 

(1) D.terminations made on composite sa1np18 from oath treatcnt. 

(2) Average of 7 plants per replicate. 

(3) Boron applied as boric acid. 
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ppm. In that order. There wa no plant iovelopinent on 

the soils receivin 80 and 160 pounds of boron per acre. 

Two 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 ranis, green 

weigtit, and the available soil boron 0.7 ppm. The foil- 

ae showed no sian of boron toxicity. The effect of add- 

in 2 tons per acre of sulphur with 20 pounds of boron 

was not detectable in the soil or plant analyses. The 

4 month period was not long enough for the sulphur 
to 

undergo oxidation to any effective deroe, 

Boron accumulations in the plant leaf increased from 

25 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 indicator 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. t 0.? ppm. the 

green weight was slightly lower at 40. grams and at 0.9 

ppm. marked toxicity was indicated. 
r2hc optimum rane 

for available boron in this soil appears 
to be from 

approximately 0.5 to 0.7 ppm. 

Chebalis Silty Clay Loam. lu March, 1946, a serios 

of gallon jars was set up in the greenhouse 
containing 
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Chehalls silty clay bara from the Horticulture .Faria. The 

soil was irriated with an a-P-K solution before treat- 

ments were applied to determine the optiinuri available 

boron concentration for uhehal1 silty clay loam. Tsounti- 

fui bean plants were grown to the flowerin; stase as a 

plant indicator. The treatments included boric acid, 

lime, sulphur and wmuoniurn flitratee The latter salt was 

tried to aetermine the effect of nitrogen on rethicin 

boron toxicity. There were replicates in each treat- 

ment. Following the application of the treataents the 

jars were incubated for 4 weeka before seeding. 4o 

loachate was collected but the soil was kept moist reul- 

any by athiltions of distilled water. 

ThJ3LE VI. Available boron in the untreated soil 

was 0.4 ppm. The yield of bean plants from this soil 

was 40.2 crams green weight. Applications of 5 and 10 

I)OUfldS per acre of boron as boric acid Increased the 

available soil boron to 0,6 and 0.7 ppm. and the reen 

weight to b3.1 grams and. 49.1 rainz respectively. Bean 

plants produced on soil ree elvin..; 20 pounds por acre of 

boron showed toxicity symptoms and the reen weiht of 

plants dropped to 33.5 crams. The available boron of 

the latter soil was determined as 0.9 ppm. An applica- 

tion of 40 pounds por acre increased the available soil 



TAILS VI. OF1IiUM AVAIIAliU BORON RANGE Th CHEHPLI3 SILTY CLAY LOAL 

Soil ¡tV8i1&O1(1) AVfiA.GI flLDS2) Leat' 

Treatment pH Soil Boroz Green Wt. Dry 't. Boron 

per acre ppm. grams grains pni. 

checks 6.2 O.1. LO.2 11.2 30 

1b borori 6.2 (..6 53.1 16.3 

10 lbs boron 6.2 0.7 I9.1 13.3 60 

20 lbs boron 6.2 33.5 10.9 130 

ho lbs boron 6.2 1.7 -- 

10 lbs boron 6.3 o.L 36.6 10.9 35 
2 tond 1in 

10 lbs boron 6.2 0.7 b.2 11.9 6S 

2 tons sulfur 
2t. lbs boron 6.1 0.9 L6.5 21.1 110 

100 lbs ammonium 
nitrate 

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

(2) Average of 7 p1ant per rep1icte. 

(3) Boron applied as boric acid. 

-3 
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boron to 1.7 ppm. which proved too toxic for plant growth. 

The sprouts from the germinated seeãs yellowed and died. 

Lime applied with boron ap»arently reduced the avail- 

able boron below the critiel concentration to 0.4 ppm. 

The :reen viht yield fr this treatment dropped to 

6.6 drains. Sulphur was not effective in increasing 

available soil boron over the 4 month period. This is 

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 tons of sulphur per acre. 

The data from the treatment using arniaonium nitrate 

to reduce boron toxicity is not conclusive since only 

the one trial was run. This tria 1 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 grains oompared with 33.5 grams from the treatment 

involving the addition of 20 pounds of boron alone. 

There was no sign of toxicity in the plants from the 

treatment. 

Soil reaction was pH 6.2 in all treatments except 

where lime was adued, causing an increase to 6.3, and 

where ammonium nitrate was added causing a decrease in 

pff to 6.1. 
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Leat eonoentrations of boron in the indicator plante 

inoreaseu with the rise in available soil boron. 

ihe optiixium raníe of available boron in this soil 

is probably between 0.5 and o.e ppm. 

iRMINATION TESTS. The relationship between boron 

concentration and germination in media of high, moderate 

and extreiely low baso exchan.e capacity was studied. 

High test seed sanpios of field peas, ziannschen barley, 

Banner o:&t, sunflowers, sweet corn, alsike clover, 

Bountiful beans and. Grinra alfalfa were used. Three 

hundred seeds were used for each deteiaination. Puro 

sand of extremely low base exchange capacity, Ohehalis 

;ilty clay loam of moderate exchange capacity and Kia- 

iath peat of high exohane capacity were air-dried and 

weihed out into porcelain dishes to serve as erinination 

beds. The beds were then brought tip to a definite weight 

by the addition of a b cric acid solution of such concen- 

tration to provide the reiuired amount of boron and auf- 

ficient liquid to thoroughly saturate the soil. The 

presence of free li1uId was avoided. The seeds were im- 

bedded In the soil and the dishes placed in a thermostat 

controlled chamber with a glass top. The teniperature 

was maintained at 3000. and the atmosphere of the chamber 

kept saturated by pans of water below the germination 



beds in order to minimize evaporation. At the end of 24 

hours each dish was weihed to determine whether any 

evaporation had taken place which would alter the boron 

concentration. When necessary, distilled water was added 

as a fine spray over the soil to recover the required 

weicht. 
Each test lasted 48 hours, then the seeds removed 

by hand or the dishes flused with water to float the 

seeds. Germinated seeds were counted from which was corn- 

puted the percentage ermination for each, test, The 

results of the tests are presented in Table 7 and Figure 5. 

TABLE VII. Germination did not increase with in- 

crease in boron in any corLeentratiorl with the eight kinds 

of seed and the three types of soil media used in the ex- 

porirnent . The baso exchange capacity of puro sand is 

practically nil and the ieroontago germination of two 

crops, barley ¿md oats, dropped to 72 and 88 per cent 

respectively on addition of 5 ppm. of boron. The other 

crops were relatively unaffected at this concentration, 

but all fell below 90 per cent at 20 ppm. 

The base exchange capscity of Chehalis silty clay 

loam is 14.7 niilliequivalents per 100 
grams. The total 

boron concentrations could be effectively increased be- 

fore seriously reducing germination. 
Thus at 30 ppm. 



- _ TABLE VII. FthIÁTION OF TOTAL BORON TO CzßRM.LNATION IN THR1S MBDIA 

BOIL Per Cent Germination at 148 Hours 

Boron Added Ptas Bar1e Gata sunflowers Corn Lsika &anz Alfalfa Averace 

lb./acre ppm. 

Pure o o 95* 93 914* 96 9 96 9 9 
sand 10 5 95* 72* 86* 914 96* 9;* 9; 96* 91 

20 10 92 % 80 90 814 80 87 9 83 

140 20 8]. 31 14 65 71 iS 8o 88 67 
60 30 89 30 S2 2 60 70 82 62 

80 140 62 32 30 142 2 714 149 

loo O 32 28 3 53 37 
Chohalis O O 9 9 914* 9 98 95* 97 9 

silty clay 10 5 96* 9* 92 96* 9 97 96* 96 9 

loam 20 10 9S 96* 9J 9 96 9 96* 97 95 
14o 20 95 91 90 92 914 96 95 914 914 

60 30 96 8S 85 90 90 96 95 95 92 
ho 95 142 62 Ba. 814 95 914 93 8]. 

100 50 53 36 145 72 70 95 90 82 68 
1140 70 38 148 142 85 76 70 60 

Kiarnath C) 0 95 95* 95* 96 95 95 96 95* 95 
peat 60 80 95 96* 9611 96 95 95 914 96* 95 

160 160 86 88 85 88 914 92 95 95 90 
320 320 814 80 82 80 82 95 90 914 66 

1480 hOc 82 71 68 72 70 814 79 82 76 
600 600 70 143 50 58 514. 73 7]. 72 61 

*Average of 5 replications. 
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oiily oats and barley had dropped below 90 per cent to *35 

por cent gerinination The other seven crops remained 

at 90 por cent or above, Alsike clover was able to main- 

tain a fairly hi1i germination rate, 85 per cent after 

the adlition of 70 ppi. of boron. 

lUamath peat has a relatively high base exchange 

capacity of 75 milliequivalents per 100 grem. With 

the addition of 80 ppm. of boron, the percentage ßerm 

ination for 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, alsiko, beans 

and alfalfa were most persistent in germination at high 

total boron concentrations. unÍlowors and corn wore 

next, followed by oats and barley. 

The data indicate that Klamath peat possesses a 

higher optimum and critical boron concentration range 

than do the lighter soils,. Similarly Chehalis silty clay 

lo has a hiher range than the sandy soils. 

£TECT 0F AVEILABLE SOIL BORON ON TKï' .NITR0G 

CONTFNT OF PLANTS. Considerable plant material was 

saved from the precedin experiments in field and green- 

house already described earlier in this paper. The 

plant parts were subjected to Kjeldahl determinations 
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for nitroen content to learn what effect the available 

soil boron concentrations hd on the nitrogen content of 

plant tissue. 

Tomatoes and sweet corn grown on the boron plots at 

the Horticultural ifarni were sanipled. The plant parts, 

nanielï sterns, leaves and fruits, were sampled from each 

treatment, dried at 5000. and ground to pass a 100-mesh 

sieve. Nitrogen determinations were then run in duplicate 

on each sample. These data are recorded in Table B. 

Bean plants harvested from greenhouse experiments 

were similarly prepared. Nitrogen determinations were 

maùc on loaf tissue only. Thóse data are recorded in 

Table 9. 

TABLE VIII. 3tems, leaves and fruit or 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 consistent increase in the nitrogen 

content of the stems as the rate of borax applied by 

broadcast was increased. Nitrogen content of leaves 

and fruit show no consistent rise in this caso. 

loaves and fruit of plants f ertilizoà with 80 pounds of 

borax applied by drill contain more nitrogen than those 

plants crown on the plot fertilized with 40 pounds 
of 



VIII. ELION OX" ¡JIL&L3L OiL )i AI4D PWft TRO. 

?taid Stxiy on Ckieha1i Silty C1r Loati 

,ron nd Nitro&en in th&ut 

Soil 3Oi1 Fruit 

Treatment vi1. B. 

-;;:- 

a & » 

- 

ti 

orax cent p pm: pr cent 
lb. lacre 

1O-broaicaat O.1O 30 1.9? 80 L22 10 2.26 

8 ' O.O 35 2.02 tO !,26 10 2.30 

i6ø " oo 2.0e 200 2.29 

320- " 1.3$ 35 2,12. 500 i.26 2.26 

35 1.81 100 IO 2.21 

&Q-drilled 1.00 30 1.99 80 I,08 8 2.50 

20-.iipray O.LO i86 i0 .26 10 2.17 

0.30 25 1.97 20 h.20 6 221 

WEE? C0* 

t4broadea3t o.o 8 0.80 2.O 8' 
80- " 0.50 10 o.S6 10 2.5 10 3.39 

160- " Q.80 IO 0.82 25 2.!3 10 

320- ' 1.15 25 0.87 100 2.9 IO 3.72 

0,85 0.85 8 2.73 3.19 

So- 1,00 0.90 15 2.65 5 3.21k 

2O-pry 0.0 b 0.80 2.b8 b 3.13 

ctsck 0.30 3 0.78 8 1.91 b 3.05 

(i) Xerne1 only. 
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borax applied in the saine manner, however, the latter 

plants contain less nitrogen than those rown on the 

check plots even thou,h the available soil boron was 

.reater at the locations of sampling. The spray, drill 

and broadcast methods are not comparable in available 

soil boron or plant nitroea. 

Nitrogen content of the sweet corn atoms, leaves 

and fruits are consistently hiher on all the borax 

treated plots whether fertilized by broadcast, drill or 

spray. However, the nitrogen content of the plant parts 

do not increase consistently as the available soil boron 

and tissue boron increases. Nevertheless, in all eases 

the plant parts produced on the plot treated with 320 

pounds of borax applied by broadcast contain more nitro- 

gen than do those crown 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 vrere grown to tile flow- 

ering stage only, under greenhouse conditions on Cheb.alis 

silty clay loam and Camas gravelly loam. These analyses 

show a consistent rise in leaf nitrogen and leaf boron 

as available soil boron increased. 
rthe regularity of 

these results over the inconsistent results in Table 8 

may be duo to the time of sampling the plant parts or 
to 
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the difference in growth conditions bctieen outdoor and 

greenhouse or both, 

TABLE IX. RSIATION OF AVAILABLE SOIL BORON AND FIANT NITROGEN. 

Greenhouse Study 

Chehalis silty clay loam Camas gravelly loam 
boi.I. 

Treatment Available Bean Leaf: Available Ian leal' 
_________ Soil Boron B. N. Soil Boron B. N. 

lbs ./acre ppm. ppm. per cent ppm. ppm. per cent 

checks o.h 30 2.97 0.3 25 2.92 

5-boron 0.6 5e 3.27 

10-boron 0.7 60 3.61 0.5 ¿iO 2.9b 

20-boron 0.9 130 3.19 

I0-boron 1.2 220 L.214 

(1) as boric acid. 

BORON AVAILABILITY MAP OF 0iiïG0N SOILS. Approxi- 

inatoly 10 soil samples from various agricultural areas 

in the state were analyzed for available boron. Official 

samples were used mostly in this survey. sorne of those 

soils are from aectiona of the state yet to be mapped and 

the soils classified. In such cases there is no soi]. 

naine. any of the saraples from any one location are 
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available to varyin3 depths end the available boron do- 

terminstion has been run on these samples. However, only 

the available boron of the soil surface usually to 210w 

depth was used in the zon1nr of the state as to its 

available boron content. 

The results of these analyses are summarized on the 

map depicted in Figure 6. A completo list of all dotorial- 

nations is appended in the Appendix at the end of this 

paper. 



FIG. 6 

OD 



DISCUSSION 

LOW, OTLvUM iND HIGH CONCENTRATIONS . Field and 

greenhouse experixaents Indicate that three typical v;esterxi 

Ore;on soils xry be s1iht1y deficient in available boron. 

The2e soils, Chehall$ silty clay loam, Camas gravelly 

loam and Newber sandy bara produced no boron deficiency 

3ymptoms in the indicator plants rown thereon but great- 

er growth was obtaineã when the available boron was 

Increased to 0.5 ppm. This was et as the dividing lino 

between boron-deficient and boron-adeauate soils. hood- 

bridge (1940) reported that soils should contain 0.5 ppm. 

of available boron to satisfy nornial ciop requirements. 

However Reeve et al (1944) set O.5bO ppm. as the lower 

divizion point on the basis or field and greenhouse tests 

using the turnip as an indicator plant. Piland et al 

(1944) invostiating boron deficiency In sandy North 

Carolina soils found the averae available soil boron 

concentration to be 0.24 to 0.35 ppm. 

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 Jaton and Wilcox (1939) who state 

that concentrations of available boron insufficient to 
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support normal plant growth are ustia11y below 0,1 to O5 

ppm. The ivaxirnum optimum concentration for the three 

Oregon soils is about 0.75 ppm. Between O.'? to 0.9 ppm. 

and hiher, bean plants showed evidence of injury. aton 

and a1icox report that conoontratlons oÍ available boron 

likely to oaue injury are uual1y in exoes of O.5 to 

5.0 ppm. Bean plants rovn on Melbourne silty clay loam 

havin 1.1 ppm. of available boron showed marked foliar 

injury. 

Another factor to be considered in eatablishmn, 

deficient, optlnuri. and toxic concentrationâ is soil type. 

jor exsxiple, 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 organic soil, 

because of Its relatively high pH, base exehange capacity 

and collold content, has a higher available boron range 

within which beans viere not injured. On the other hand, 

lighter textured soils have a lower optimum rance. Boron 

injury is more likely to occur with sandy soils, than 

with bains and clay bains in that order. Harina and Pur- 

vis (1938) report 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. 



51 

ROVAL O K(CESi BORON heavy applications of 

borax on Melbourne silty clay loam at axnp Adair caused 

widespread Injury to ali vegetation. va11ab1e boron 

in this soil was 20 ppm. Greerthouse tests revealed that 

heavy apulloationo of oak litter to the soil which was 

subjected to constant 1eaohin made posib1e a fairly 
ra)id removal of excess boron Manure treatments were 

not effective but rather ap eared to retain the boron 

like a sponge. Lime, sulfur and ypsuia were less off oc- 

tive than oak litter. 
Greenhouse experiments demonstrated that lime re- 

du.cod the available boron concentration. There is ais- 
agreement in the literature reardin.g 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 slit- 
ly soluble form; line increases the soil pli and thereby 

may reduce the ability of the root to absorb boron; limo 

may stimulate the growth of soil raicroorganisim9 autil 

there is competition between thorn and the plant for soil 

boron. Naftol (1j37) has reported that boron fixation 

is uue to the stimulation of growth of soil microorganisxnz 

resu1tìn in the available boron being lare1y used in 

the metabolism of the organisms. Midgely and Dunklee 

(1940) on the other hand report that the firttion is 
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chemical rather than biological. 

Leaching proved to be a slower but nevertheless 

effective iiethod of laundering excess boron from the 

soil. Purvis and Hanna (1938) studying the residual 

effects of borax applied to field plots indicated that 

it w.s readily- removed by leachin., from Norfolk sandy 

loam. 

FACTOR3 CTIN GEEINATIO1 . Germination tests 

in various media indicated that soil type was an import- 

ant factor in estab1îsÌLin: toxic boron concentrations. 

Boric acid applications dICI not increase the germination 

but rather decreased ft. The concentration at which 

u2.jor decreases set in depended. on the 5011 type. Sand, 

havin no base exchange capìcity or colloid content had 

the lowest toxic concentration value, namely, 10 ppm. 

hehalis silty clay- loam was next with 20 to 30 ppm. and 

Kianiath peat the hihest with more than 80 ppm. 

This is explained as being due to their respectivo 

fixing power of boron from boric 

phenomonon of f ixin reduces tho 

centrations. Reeve et a]. (1944) 

silt loam soils ere able to fix 

than the sands and sandy barns. 

High test seed should conta 

acid solutions. This 

availablo boron con- 

report that loam and 

a great deal more boron 

Ln adequate amounts of 
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boron for norma). erxdriatîon. Piland and Ireland ( 1941) 

ro.ort that a1fi1f crown on a deficient soll containjn 

Only 0.19 ppm. available boron produced poor seed yields. 

An app1iction of 20 pounds per acre of borax corrected 

this condition and norial seed production followed. 

Therefore it is not surpri3in that boric c1d did not 

inorertse percentLe errsination of normal 3eed. ¡j 

e.rly pub11ct1on by Morel (1910) reported that the ger- 

mination of corn aiid wheat kernels soaked in weak solu- 

tion of boric acid and borax was actually retarded in 

soil and sand, The effects were in proportion to itrenth 

of solution and len3th of time of oakiri. 

EFFJCT OF AVILABLE BORON ON PLANT NIPROGEN. 

Analysès of stem, leaf and fruit parts of sweet corn and 

tomztOos rown on Chehalis silty clay loam in the field 

indiot tbat the nitroen content of those parts is 

hither at toxic uocwnulations of boron than in those 

parts containing' normal conccntration of boron. Green- 

hou3e tCStC undei controlled conditions usini the bean 

plant reve tied u consistent increase in leaf nitrogen 

with increased leaf boron content. ifowever, the data 

do not show any evidence of a total nitrogen/boron ratio 

in the leaf. Sanders (1944) reported that increased 

boron content of a1fi1fa hay in the field sometimes 
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Increased and sometlnies decrea3ed the nitrogen content 

of the hay. 3and culture studies at the Lentucky Experi- 

ruent Station (1945) indicated that the insoluble or 

protein nitrogen of spinach increased ïn a reular 

fashion s the boron concentration in the nutrient coLi- 

tion vtas increased. 

AVAILABLE BORON OF OR1GON SOILS . 1)urin the rast 

few years investigators have tdopted the practice of pro- 

senting minor element deficiency data directly on state 

or county rna!s. Publications by Coiwell and k3aker (1939), 

Reeve et al (1944) and Coleman (1945) are only three ex- 

ailes of this practice found in the literature. Beeson 

(1945) hs summarized all known areas in the United 

States víhere minor element deficiencies including boron 

have been reported. 

Dregne and Powers (1942) presented an outline map 

of Oreon showIn areas where boron deficiency has been 

recognized. Since then the author lis extended this 

survey of available boron in Oregon soi1. Over 200 coils 

from agricultural areas of the state have been analyzed 

for available boron. on the basis of fixed and creen- 

house studies approximate miniirn and mairnuu critical 

boron concentratIo:s for soils have been established at 

O.5 ppia and O.?5 rpni. respectively with the optimum 
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rance between those values. As already discussed, the 

optimum range cannot be fixed since it is dependent on 

soil type arid plant tolerance to boron. liowever the 

O.t5-O.7b ppm. range seems to be optimum ror raedlum tex- 

turect soils which prevali in the state. On tuis basis 

the avaiibi1ity map has been zoned into low, optimum 

and high regions so l'ar as soil available boron is con- 

cerned. Low av&tiability areas may or may not be e- 

£icent in boron, similarly high availability does not 

necessarily imply that those areas are toxic. The plant 

is the best indicator for determining deficient and 

toxic conceritrations and more extensive field tests will 

acid greatly to the inrormation aireadyaccurnulated Ofl this 

subject. 

A study or 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- 

ditlon. The soils of astern Oregon are Senerally less 

subject to leaching. Analyses of many of these soi.ls 

indicate a relatively high content of available boron 

revails. Apparently the boron is present with the 

unleached etraborate. A few pedaifers and leached 

sandy soils of basaltic origin thst have been 
copiously 

irrigated from six to eight decades show crop response 
to 



applications of boric acid or borax. 



7 boron injury to oak trees 
on Melbourne soil at 

Camp Adair 

FIG. O. Boron injury to sweet corn 
on iewborg sandy loam at 
the Horticulture Farm. 



FIG. 9. Alfalfa seed1ins on tanias 
ravelìy loam; x-check, 

Ex. B. - 40 pounds boron per acre. 

FIG. 10. Boron plots at ñorticuituro iara. 

Front row- tomatoes, secona row-sweet corn. 

Left, 160 pounds borax per acre (broadcast); 

centre 360 pounds borax per acre (broadcast); 

rl&t, 40 pounds borax per acre (side-drill). 



59 

SUMMARY 

A review of the literature sunrniarizes the compounds 

and availability of soll boron; the role of boron in 

animal and microbiologIcal nutrition; the historical 

background of boron investiations and the esentia1 

nature of boron in plant nutrition. 

Field and greenhouse investi.ations indicate the 

low and high otimani available boron concentrations in 

medium-textured 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 coiloid content 
and 

base exchange capacity have a higher optimum available 

boron range. 

Bountiful beans grown to the flowering stage proved 

to be excellent indicator plants. 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, o»tiiuuin and toxic boron 

supply. Slight differences in available soil bOron 
effect 

the amount of leaf boron to a marked degree 
whereas the 

stein and fruit tissues are less subject 
to boron accuinu- 

lation. 



Toxic concentrations of boron were most readily re- 

moved from Melbourne silty clay loam by the use of oak 

litter and continuous leaching. Manure treatments were 

least effective under leaching. ixcess available boron 

in Klaxaath peat was best reduced by the use of lime. 

Manure, with leaching was only slightly less effective in 

laundering out the boron. Leaching the untreated soils 

with water removed a considerable part of the available 

boron. 

Germination tests with eight different crops and 

three different media, sand, silty clay loam and peat 

with varying concentrations of borón revealed that sand 

was least effective in fixing soluble boron and the peat 

most effective. Legumes were more tolerant to high boron 

concentratiQns 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. Bean 

leaves frein plants grown on soil treated with increasing 

amounts al' 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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APPEIDIX 

AVAILABLE BORON IN OREGON $OIL GR(XJP AND TYPES 

SOIL GROUP AVAILS 
LOCATION POSITION AND TYPE DKETh BORON. 

inches ppni. 

Western Oregon 

I mi S. of A$torìa Residual Astoria L. O-8 0.40 
Clatsop Co. 8-20 0.60 

Warren Columbia f' Cascade 1L 0-8 0.65 
Co. 

TrenhoLri, Colum- " Aiken SIL 08 0.35 
bia Co. 

Mist t Holcoxnb CL O-8 0.20 

Necanicura, Clat- Canton SIL 0-8 0.40 
soi:) Co. 

Edy's Fari, Lacomb " Olympic CL 0-6 1.2 
Linn Co. 6-12 1.0 

Yage1ski'.i i?arrn, ' e1bouriio CL 0-6 1.2 
Jefferson, £iarion 6-12 1.0 
Co. 

Oregon Sta. Irr1a- 0.V.F. WiIIam.ette 0-'? 0.30 
tion Plots 5101 7-20 0.45 

20-40 0.45 

Borner Farm. " 
" 0-7 0.45 

7-20 0.35 
2J-.4O 0.38 
40-50 0.30 

Haag Bros. Farm " 0-7 0.65 

Reedville, 'Jash. Co. 7--20 0.40 
20-40 040 
40-50 0.35 



Tweed Farm, NE. 
of Salem, Marion 
Co. 

Davis Farm, Suver 
kolk Co. 

Belton Farm, New 
Era, Clack. Co. 

:4!] 

0.V.F. Jillamette L 0-7 0.40 

n 

w 

Amity 51Cl 

Willaraette 
SIL 

0-? 0.50 
7-20 0.40 

20-40 0.45 
40-50 0.35 

0-7 0.25 
7-18 0.30 

18-36 0.30 

i ml i. of St.Helens" Willamette 0-8 0.40 
Columbia Co. SIL 

1 mi N of St Helens,t' Willam.ette L 0-8 0.35 
Columbia Co. 

Nibblers Farm, Wood-a .mity iL 
burn, Marion Co. 

Sand Ridge Salkum CL 

Peterson Butte " Salku.m CL 

Fritz Farm, Gresh- " Powell SIL 
am, Mult. Co. 

Chas. Edwards Farm, " Chehalis L 
T 9 5, R 4 W, Sec. 
36, 'iarlon Co. 

0-6 0.50 
6-12 0.40 

0-? 0.35 
'7-18 0.35 

0-6 0.40 

0-6 0.50 
6-12 0.70 

0-8 0.40 

John Craig Farm, T ' Chenalis CL 0-8 0.40 
9 S, R 4 W, Sec. 
23, uarion Co. 

Nusem Farm, Clats- Recent Clatskanìe 0-6 0.15 
kanie, Columbia Co. iìiuck 6-12 0.20 

Scappoose, Columbia " Sauvie L 0-8 0.45 

Co. 

Veronica, Columbia " apato SiCL 0-8 0.65 
Co. 
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I mi W of Veronica Recent Nehalern. SiL O-8 0.45 

6 mi N of Seaside Geathart F 0-8 0.35 
Clatsop Co. SaL 8-11 0.50 

11-1? 0.50 

Warrenton Warrenton 0-8 0.60 
Clatsop Co. 125a 8-11 0.40 

11-16 0.40 

1 ml S of Westport " Westport 0-8 0.30 
Clatsop Oo FSa 8-12 0.50 

12-16 0.60 

Eastern Or 

7 mi E of Mitche11,Residua1 Waha L O-10 0.80 
Wheeler Co. 

. 
mi SW of Cab- " Underwood O-8 0.45 

bage Hill School SIL 

2 mi s: of Basket ' Helmer VPSaL 0-8 0.40 
Mt. School 8-18 0.50 

i mi Vi of Redmond, O.V.F. Deschutes O-8 0.40 
Descliutes Co. SaL 8-24 0.40 

* mi W of Terre- Tarrebonne 0-12 0.80 
bonne. Deschu.tes Co. S,L 12-244 0.60 

Redrnond, Desobutes Redmond SaL 0-12 0.50 
Co. 

Redmond, Deschutes Milwaukee 0-12 0.30 
Co. Muck 

mi NW of Culver, " Madras SaL O-12 0.60 
Jeffersort Co. 

I mi E of Culver, " Era L 0-12 0.60 
Jefferson Co. 

Sires Farm 0 Sisters O-10 0.80 



3. ini E of Iowa 0.VJ 
School, Union Co 

Lagrartde, Union Co 

Lagrande, Union Co ti 

Cove, Union Co. 

3- mi SE of La- 
grande, Union Co 

3/4 nil E of Iowa 
School, Union Co 

4 mi SW of Suiiuner- 
ville, Union Co. 

Sec. 27, T 35, R 
39 E, Union Co. 

ml Y of Summer- " 

ville, Union Co. 

SeC. 19, T 8 S, 
R 40 E, Baker Co. 

Sec. 10, T 9 3, 
R 40 E, Baker Co. 

Sec. 11, T 9 3, if 
R 40 E, Baker Co. 

3es. 3.0, T 9 S, 
R 39 E, Baker CC). 

Sec. 34, T 8 3, 
R $9 E, Baker Co. 

9]. 

Alice]. L 0-7 0.80 
'79A ( 
I i 

Springdale 0-8 0.80 

Lagrande 31CL 0-7 0.65 
7-24 0.75 

U3rrum stony C o-7 0.90 
7-24 0.80 

Gooch 51CL 0-7 1.55 
7-18 1.50 

Gooch SiL 0-7 1.40 
7-18 1.40 

Conley 31CL 0-7 0.80 
r 9(\ 
I .$'J 

(-\ 
%./ 0 

Klaniath 31CL 0-9 1.10 
7-24 1.30 

Catherine 0-7 0.80 
SIL 7-24 0.95 

llamas SiL 0-3 0.75 
3-10 0.75 

10-20 0.70 

I3ardock SIL 0-8 0.80 
8-30 0.75 

Baker L 0-15 0.75 
15-30 0.80 
3u-.8 0.75 

Hibbard SIL 0-10 0.80 
10-15 0.80 

Winvil1e siL 0-10 0.90 

KeatIn, Baker Co. " Keatin CL 0-10 0.80 



4 mi NE of Lawen, OIV.JY. 

Harne3r Jo. 

Grange klafl, Burns 
Harney Co. 

DLI NE of Burns, 
Harney u o 

Harney Co. 

Indian Colony, 
M.urney Co 

Belle A RflC1 n 

Haney Lane, S. of " 

Burns, Haney ciPo 

Langeli Valley 
Kiamath Co 

Tulana Farms, ist 
cross dyke, Kia- 
math Co 

Tulana Farms, 2nd. 

o roas uylce, Kia- 
math Co 

Tulana Farms, 5th 
cross dyke road 
Klataath County 

Tulana Farms, mi 
E of main ditch 
Kiamath County 
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Fiander C O-4 1.0 
4-12 1.8 

12-24 2.0 

Umapine C 0-3 11.6 
3-14 2.5 

14-30 2.5 

Wingville 0-8 0.90 
SIL 8-16 1.50 

16-26 1.0 

Kiam:; 
Peaty0-12 0J30 

24-36 0.90 

Catherine O 0-8 0.70 
8-.20 070 
20-42 0.60 

Silvies L O-10 0.65 
10-20 0.60 

Gooche C 2 -12 0.90 
12-26 1.0 

ooch 51CL 0-12 1.0 
12-24 1.0 
24-36 1.0 
36-60 1.0 
60-72 1.5 

Kiania th CL 0-7 0.85 
7-20 0.90 

20-33 1.0 

Kiamath Peat 0-7 .45 
7-13 0.40 

18-37 0.40 

Kianiath eat 0-7 0.45 
7-16 0.50 
18-7 0.50 

Kiamath peat O-7 0.65 
7-18 0.50 

18-30 0.50 



Tulana Farm$, i mi O.VIF. 
E of main ditch, Kia- 
riath Co 

Tulana iiarns, 2 ini 

E of main ditch, 
Klainath Co 

Soott arren, 
Algoma, Klwuath Co 

5 mi E of Hatfield '? 

on California side 
Klainath Co 

6 mi E of Hatfield 
on California side 
Kiamath Co 

Sec. 33, T i N, Recent 
R 32 E, Uiaatilla 
Co 

7 mi S of Pend.leton 
Uxnatilla Co 

i mi S of ifermiston t? 

tJmntilla Co 

2 mi NE 01' Stanfield 
Umatills. Co 

Freewater, Umatilla 
Co 

ríiilton, umatI:Lla Co 

2 in! V of Stanfield 
Urn.atilla Co 

7j-mISofEcho 
Umatilla Co 

pendleton, Umatilla Eolian 
Co 
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Kiarnath Peat 0-7 0.60 
7- 

0-7 0.90 
7-24 0.85 

24-30 0.85 

t? 0-8 0.15 
8-20 0110 

20-40 0.10 

Hatfield 0-? 0.80 
7-20 0.85 

20-33 0.85 

0-8 0.85 
8-20 0.80 
20-40 0.75 

Pilot Rock 0-8 0.45 
SiL 

McKay SIL 0-8 0.55 

Ephrata 1SaL 

0-8 0.70 

Stanfield L 

Yakiina SIL 

Headows SiL 

0-10 0.50 
10-20 0.60 
2u-36 0.60 

0-8 0.80 

0-8 0.65 

Stanl'Ield 0-8 
VFSaL 

Ritzviile SaL o..10 

o 45 

i 20 
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3 mj N of flermiston Eoliaxi Rupert LSa O-8 0.60 
Urnatil].a Co 

mi. 1 
fb 3 't .dams VF3aL O-5 0.70 

Umatifla Co 

1j; uil SW Ot Athena ' Athuis SiL O-8 0.75 
Urnatilla Co 6-16 0.80 

3 mi N of Noun Ritzville 0.-8 0.60 
Umatilla Co SiL 

1* liLi E of Athena ' Ath6n& 3iL 0-16 0.75 
Um.atilla Co 

:i. mi N of iyriok " Walla a11a 0-8 0.80 
thnatilla Co SIL 

]_ mi N of Io1d.inan " Walla Wafla 0-8 0.75 
Umatlila Co VFSaL 

9 AliCe? L 0-7 0.80 
7-24 0.85 

Orabtree Farm, Wasoo " Condon L 0-10 0.80 
co.., $ec. 23, T 4 8 
R131 

Olds Farm, Sec. 6 Wdc L 0-10 0.70 
T 5 S, R 12 
V?asco Co 

Corum Farm, Seo. 24, UnclassIfied 0-10 C.60 
T 28 8, R 14 E, Lake Co 10-1? 0.65 

Perry Farm, Sec. 26, 0-7 0.70 
T i8 S, R 19 E, Lake Co 7-16 0.75 

Travis Fami, Sec. 17, 0-7 0.70 
T 40 8, R 19 E, Lake Co 9-14 0.70 

Warner Valley, Jec. 14, " 0-12 0.80 
T 38 8, R 24 E, Lake Co 12-18 0.80 

18-36 0.90 

amner Valley, Sec. 10 t 0-12 0.90 
T368, R 24E, Lake Co 
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Alkali Land, Prineville, Unclaairied O-12 0.95 
Crook Co 

. 

itil S of Malheur Sta- 0-12 0.75 
tion, Malheur Co 

McCarty Farm, 5 mi SW " O-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 
t3rio and Vale, 1881 8-20 0.75 
Waterright, Malheur Co 20-36 0.80 

Mallet Farra, Sagebrush 0-8 0.90 
land, Malheur Co 8-20 0.85 

20-36 0.85 
Earl Weaver, Ontario, 
Malheur Co O-lO 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 

ritchel1 Farm N of n 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 rai " 0-7 0.90 
W of Harper 7-18 1.50 

18-30 1.50 

Southern Oregon 

Sec. 31, T 34 5, Residual iken CL O-12 0.50 

R 5 w, osephine Co 12-36 0.40 
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Secs 16, T 36 3, Residual Olynxplc L O-12 0.65 
R 5 W, Josephlne Co 12-36 0.60 

sec. 10, T 34 S, R " Huso L O-10 0.55 
6 W, Josephine Co 10-36 0.50 

Sec. 36, T 36 3, R " Holland aL 0-12 0.60 
6 W, 3osephine Co 12-56 0.65 

3ec. 14, T 35 3, R ' Slsklyou SaL 0-12 0.45 
6 W, Josephine Co 12-36 0.45 

Sec. 1, T 36 S, R '7 
' Sites UrCL O-12 0.75 

w, Josephine Co 12-36 0.60 

Sec. 5, T 34 S, R 6 W " 3ites CL 0-12 0.60 
Josephine Co 12-36 0.50 

Sunnyhill School if Riverton L O-7 0.20 
Josephine Co. 7-18 0.20 

18-36 0.25 
sec. 30, T 36 S, 0.V.F. Jerome F3aL 0-12 0.40 
R 6 W, Joephine Co 12-36 0.40 

Sec. 2?, T 36 5, R ' l3arron SaL .0-12 0.25 
6 , Josephine Co 12-36 0.30 

Talent Exp Sta. Agate CL 0-10 0.55 
Jackson Co 10-30 0.40 

Coto Orchard, Mod- " Coker C 0-6 0.25 
ford, Josephine Co 

N end Roseburg Fair-" Cove 0 0-8 0.50 
rounds, Douglas Co 

Sec. 35, T 30 S, R 7 W " Kerby CL 0-12 0.50 
Douglas Co 12-36 0.50 

Wilbur, Douglas Co " Dayton SIL 0-8 0.35 
(dark surface) 

Plantation Inn, Residual Melbourne SIL 0-12 0.40 
N of DIllars 12-24 0.45 
Douglas Co 31-41 0.45 



Ford, Garden Valley Recent 
Douglas Co 

Moyers Nursery 0 

Douglas County 

2 mi S Yonoalla Residual 
Douglas County 

Lighthouse, Coos Co Recent 

i ini of Banden 
Coos Co 

I nil W of Coquille 
Coos Co 

Sec. 16, T 36 5, 
R 6 W, Josephine Co 

mi W of Grants 0 

Pass, Josephine Co 

6 mi N of Florence " 

Lake Co 

7? 

Roseburg SIL O-12 0.50 
12-24 0.50 
24-36 0.60 

Uxnpcjua SIL 0-12 0.35 
12-24 0.40 
24-36 0.40 

M;olboune SIL 0-6 0.40 
6-14 0.40 

uipire Ia 0-7 0.15 
7-15 0.10 

iìpire CL 0-7 0.20 
7-13 0.20 

24-40 0.15 

Coquille 0-7 0.15 
51CL 7-18 0.10 

18-40 0.10 

Columbia L 0-12 0.45 
12-36 0.40 

Columbia 0-12 0.50 
GrSaL 

Blacklock L 0-5 0.20 
5-15 0.20 

15-18 0.10 


