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READILY AVAILABlE MANGANESE IN SOME OREGON 50113 AND 

ITS RElATION TO CERTAIN OTHER SOIL FACTORS 

INTRODUCTION 

With agriculture contirr.iin to play an ever.-sflCrea3iflg role 

In our modern economy, more and more attention is being directed 

toward the hitherto more or 1es8 neglected finer points of crop 

production. In the past it has been the tendency to concentrate 

research on tho factors which !yo8t obviously affect agricultural 

output, but in recent years we have begun to recognize and appre- 

elate those influences which are just a. important but considerably 

more subtle in their effects. Consequently, much greater emphasis 

is being placed on such factors as the role of minor elements in 

crop production, as result research along these lines ha 

become an integral part of our agricultural progress. 

Research during the past two decades has shown definitely 

that greater attention to the minor element needs of both soils and 

crops can, in sOme instances, result in higher production and 

better quality. Previous investigations of this problem on Oregon 

soils have provided a rather complete picture with regard to boron. 

The status of zinc has received considerable attention also, however 

these investigations have been limited to certain horticultural 

crops in a relatively limited area. Except for boron, little is 

known for most of the soils of Oregon concerning the levels of the 

minor elements in the soil and in the crops grown on the soil. 

Stimulated interest in these elements has resulted in the 

spreading of information of questionable accuracy regarding their 
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use and value. As a result needless applications are commonly made. 

On the other hand, there may be soils lacking in sufficient amounts 

of these elements and which would definitely benefit from their 

addition. 

Preliminary greenhouse and field trials have indicated that 

small applications of soluble manganese salts may result in 

increased yield and quality of small fruits, vegetables, and seed 

crops on some Oregon soils. These investigations, however, have 

been limited to a relatively few Western Oregon soil types. 

Nevertheless, it was felt that the8e results justified the further 

investigation of the status of available manganese for a wider range 

of soils, 

A fundamental approach to determining the need for further 

research of this kind on Oregon soils is an accurate and compre- 

hensive survey designed to point out those soils which may be 

considered as deficient or might possibly develop a deficiency, as 

well as those which indicate satisfactory levels. It was to 

accomplish a survey of this type and to determine, if possible, the 

relation between available manganese and certain other factors that 

this study was initiated. The results should help locate areas for 

further field-trial investigations. 
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REVIEW OF iì LITERATURE 

Manganese has long been known to be present in plants, but 

only in comparatively recent years has it been considered an 

essential nutrient for plant growth. As recently as 1914 the 

English investigator Brenchley (13) noted the stimulating effect of 

small amounts of manganese compounds on plants arid predicted that 

mangase would eventually "be proved essential to the economy of 

plant life." 

hi1e the emphasis on manganese research has been somewhat 

heavy during the past two decades, Investigators are as yet unsure 

of the exact role this element plays in plant growth. It has beer. 

said to act as a catalyst in the reduction of nitrate to amino 

compounds (29) and to be closely associated with the occurrence of 

certain vitamina in plant tissue (36). It has also been said to 

stimulate ammonification and nitrification in soils (14) . More 

recently, it has been shown to play an important role by maintain- 

ing the oxidation-reduction level necessary for the proper acti- 

vation of iron for its function in the synthesis of chlorophyll. 

Mangane in the Soil 

The amount of manganese necessary for the optimum growth of 

plants is small, yet its influence on the metabolic processes is so 

vital that unless it is present in sufficient quantities, however 

small, plant growth is seriously retarded. 

Instances of nutrient deficiency symptoms curable by the 
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addition of soluble manganese salts have been reported by many 

workers both in this country and abroad (1, 2, 3, 5, 7, 9, 15, 18, 

19, 21, 25, 28, 42, 43, 47, 49). Further investigations (16, 22, 

39, 50, 54, 56, 57, 60) concerning this problem have shown that in 

most cases the limiting factor has not been the supply of manganese 

in the affected soils but rather the degree of its availability to 

the plant. The result has been the segregation of the soil man- 

gansas into four categories (33, 57), three of which are distinctly 

separate. These four main categories are described as: 

1. water-soluble manganese-that bivalent portion 

of the soil supply which is soluble in water and 

which comprises only a small fraction of the 

total, 

2. exchangeable manganese-that portion of the total 

which enters into exchange reactions on the 

surface of the soil colloidal complex and which 

is comprised for the most part of the bivalent 

form, 

3. easily-reducible muanganic oxide--that portion, of 

valence 3 and 4, which is not immediately avail- 

able to the plant but which constitute8 a reserve 

supply of the bivalent form, becoming slowly 

reduced to that form over a long period of time, 

4. 'inavailable higher oxides-trze multivalent forms 

which remain highly unavailable because of their 
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extreme state of oxidation. 

The water.-oluble and exchangeable fractions are generally 

grouped as one and referred to as readily-available manganese. It 

is the status of this combined form in the soil which determines 

the supply of manganese available to the plant for its iiimediate 

needs. When this supply becomes insufficient for these needs 

plants begin to show definite symptoms and the soil is considered 

to be deficient in available manganese. 

Manganese Deficiencj 

The incidence of manganese deficiency is generally associa- 

ted with the soil reaction (16, 17, 22, 39, 58). Leeper (33, 34) 

has found manganese-deficiency disease to be confined to soils of 

pH 6.7 or more arid to occur especially on heavily limed sandy 

podzols. Conner (17) found manganese to be deficient in neutral 

or alkaline muck or dark sandy soils. Manganese chiorosis was 

found to be definitely connected with soil alkalinity by Gilbert 

(23, 24). 

In England, Heintze (28) found the deficiency to exist in 

the alkaline soils of the Romney Marsh area of Kent. Cowley (19) 

reported manganese deficiency occurring in fruit trees growing on 

calcareous alkaline soils in Australia. 

Chapman et al (15), in California found the deficiency in 

citrus growing on alkaline soils. In Michigan, Cook and Millar 

(18) have described manganese deficiency in oats and beans growing 



on neutral to alkaline anile. Manganese-deficient soils have also 

been reported along the atlantic coast and in Florida (1, 2, 3, 5, 

6, 9, 24). 

The excessive use of limbe on acid soils has often resulted 

in the development of manganese deficiency. In 1926 Gilbert et al 

(24) reported the appearance of chiorosis in plants grown on soils 

limed to neutrality. Investigation disclosed that the chiorosis 

was not due to iron deficiency. Applications of soluble manganese 

cured the chiorosis and plants resumed normal growth. Other sprays 

had no effect. In all cases where manganese was applied in rates 

up to eight pounds per acre on neutral or alkaline soils, yields 

and quality were increased. 

Subsequent investigations by other workers have shown levels 

of available manganese to be lower after lime applications. Mann 

(39) reported in 1930 that liming decreased the solubility of soil 

manganese at a rapid rate with applications of 1000 to 5000 pounds 

per acre and that manganese became relatively insoluble at rates 

above 5000 pounds per acre of lime. Albert (1, 2, 3) found that 

lime accentuated manganese deficiency in some South Carolina soils. 

In New Jersey (9) the manganese content of crops decreased with 

increase in the amount of lime applied to the soil. Sherman (55, 

60) has stated that liming acid soils to alkaline conditions Is the 

most common cause of manganese deficiencies. 

The residual effect of lime is described by Bonnet (ii). He 

found the decrease of available manganese in the soil due to liming 



a lateritic soil was significant twenty-three months after liming. 

The manganese-depressing effect of lime is well illustrated 

by the work of Albrecht and Smith (4). They found that if the 

liming material was uniformly mixed with the soil to full depth, 

to secure a uniform increase in pH throughout, the soil manganese 

was decreased in availability and less entered the plant. However, 

if the lime was applied only to the surface of the soli, the uptake 

of manganese from the soil was not decreased. 

&anganese Toxiciy 

The toxic effects of manganese, while perhaps not as wide- 

spread as those of deficiency, are nevertheless well known. In 

1911, an instance of grass poisoning due to excessive levels of 

soil manganese was reported in Australia (38). McQeorge (35), 

in 1923, noted what he described as an indirect effect of high 

concentrations of manganese in pineapple plants. In this case a 

chiorosis due to the inactivation of iron within the plant ras 

attributed to a high lime content in the plant tissue resulting 

from the presence of excess soil manganese. Bortner (12) has 

attributed the chiorosis in tobacco plants in acid Kentucky soils 

to excess levels of manganese. 

In Sweden (51), pasture herbage growing on certain acid 

soils ha been found to contain upwards of 700 ppm MnO. Horses 

fed on this forage developed a peculiar anemia believed due either 

directly or indirectly to the high manganese concentration. 



Manganese cium 

The influence of calcium upon the uptake of manganese by 

plants has generally been associated with the effect of Unie Bear 

and Toth (6) have suggested that liming acid soils to the point 

where virtually all the exchangeable hydrogen in the entire volume 

of plowed soil has been replaced by calcium tends to cause a 

deficiency of manganese in crops other than the deep rooted ones. 

Sherman (56) has stated that when calcium and phosphoris 

occur in soils in large amounts more manganese is taken up by 

plants. However, he also states that a high calcium content 

depresses manganese intake. Bishop (8) reported that calcium 

definitely counteracted manganese toxicity. 

Manganese Phosphorus 

The effect of phosphate is somewhat indeterminate. There 

have been instances where the addition of phosphate has alleviated 

the aynptoms of manganese toxicity (54). The application of phos- 

phate to the soil has also increased the uptake of manganese (4). 

Bortner (12) suggests the phosphate function in cases of relieving 

toxicity symptoms may be to precipitate manganese within the plant, 

thus rendering it harmless. 

Sherman and Fujimoto (56) have reported that the addition of 

phosphates to the highly manganiferous soils of Hawaii gave con- 

flicting results, in some cases increasing the uptake of manganese 

by pineapples and legumes and in others depressing it. 



Manganese and Organic Matter 

The influence of organic matter upon the status of manganese 

In soils has also received some attention. In Hawaii, Shernian and 

Fujimoto (56) investigated the effect of mulches upon the solubil- 

ity of soil manganese and found that the use of niulch decreased the 

amount of exchangeable manganese to about one-fifth of that present 

in the bare soil. Schollenberger and Dreibelbis (54), on the other 

hand, found that the addition of organic matter to peat soils 

favored the reduction of higher manganese oxides. The same results 

on some manganiferous soils of Hawaii have been reported by Sherman 

and Fujimoto (56) with the application of high carbon-nitrogen 

ratio organic matter. 

Burning organic soils with high lime content has resulted in 

cases of manganese deficiency in Florida (5). Sherman (55), in his 

review of the literature, also warns of this danger. 

Manganese in Plants 

Plants have been shown to differ in their requirements for 

manganese and also in their ability to extract it from the soil. 

Gilbert et al (24) found that healthy spinach plants contained 

60 ppm manganese in an investigation regarding the effects of a 

lime-induced chlorosis. They reported the manganese requirement 

for oats and spinach to be between 20 and 60 ppm on a dry matter 

basis. In a study of the mangarse.wdeficient soils of South 

Carolina, Albert (1) reported that normal oat leaves contained 
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12 ppm arid abnorwal leaves 5 ppm manganese. Toxicity ymptom in 

3weet clover and lespedeza which contained 'ore than 400 ppm 

manganeae were described by Morris (43). In California (15), 

analysis of citrus leaves showing manganese deficiency revealed a 

manganese content of 2.7 to 5 ppm while healthy leave8 had 14 to 

26 ppm. Robin8on and Edington (51), describing some accumulator 

plants, noted that tobacco leaves grown on certain Connecticut 

soils have shown as high as 2,262 ppm manganese and that hickory 

leaves have been shown to contain from 5,000 to 61,000 ppm MnO on 

an ash basis. Beesonts tables, however, show that ordinary crop 

plants contain but a few hundredths or even a few thousandths of 

1%. 

Sherman (55) states that oats have a lower manganese 

requirement than does alfalfa, but McHargue (37) states that legu- 

minous plante usually contain the least amount of manganese and 

grasses the most. 

The amount of manganese present in soils will, of course, 

vary as the soils themselves vary. The amounts actually taken up 

by plants however, are extremely small as compared to the other 

nutrient elements. Nevertheless, certain levels of soil manganese 

in both the readily-available and easily-reducible forms must be 

present if plants are to make their proper growth. Investigations 

designed to determine these critical levels have been carried out 

by some workers, notably Leeper, Sherman, and McHargue. 

In 1934, Leeper (34) publiohed the results of a study 
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regarding the relationship of soils to manganese deficiency of 

plants in which he determined the amounts of "activen }An02 zi 

several soils This was defined as the sum of the water-oluble 

p1118 exchangeable plus easily-reducible forms. He stated that the 

active manganese exceeds 100 ppm in healthy soils and is less than 

15 ppm in deficient oi1s, In a later paper (33), he suggests that 

2 to 3 ppm readily-available manganese may be considered sufficient 

in alkaline soils, expeciafly when 100 ppm of easily-reducible 

manganese is also present. 

Critical Levels of Soil Manganese 

Sherman armi Hariner (57) concluded that in any alkaline soil 

at least 3 ppm of exchangeable manganese must be present for satis- 

factory crop production and that in order to maintain this level 

there should be at least 100 ppm easily-reducible manganese They 

also stated that in acid soils the optimum level of exchangeable 

manganese can be much lower, with the amount depending on the degree 

of acidity. Sherman, McHargue and Hodgkiss (59) report that for 

soils slightly acid to alkaline in reaction less than 25 ppm man- 

ganese as easily-reducible °2 are deficient, while more than 100 

ppm are satisfactory. They predicted that strongly acid soils 

having less than 25 ppm manganese as easily-reducible Mn02 wUl be 

deficient when limed. 

Toxic limits would seem more dependent on the ability of the 

plant to withstand varying concentrations and are therefore more 
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difficult to determine. Bortner (12) described injury to plants 

growing in a culture solution which contained 15 ppm manganese. 

Sherman, McHargue, and Hageman (58) have suggested that the pres- 

ence of me than 3 ppm of water-aoluble manganese in soils may be 
toxic to plant growth. In Australia (38), bare patches were des- 

cribed in a lawn growing on a soil which contained 2460 rr" 203. 

Whether this fugure represents manganese as Mn203 or actual mangan- 

ese is not clearly indicated. 

Manganese in Oregon SoiLi 

Mangaxse research in Oregon has been generally confined to 

certain estern Oregon soils and peats. Powers (47) reported that 

Mn304 applicationa on a peat in 1929 gave 30% increase in yield of 

tomatoes and 15% increase in peas. In 1938 MnSO4 applications on 

an acid peat near Warrenton increased the yield of tomatoes 82% and 

doubled the yield of table beets on Labish peat. 

Marsh and Powers (42) studied the effect of manganese 

applications on several western Oregon soils. Except for a tempor- 

ary effect on one soil, no response was observed on the mineral 

soils which were comparatively rich in manganese originally. 

Certain peats, including Labish, Klamath, and C1atskanie, were 

found to have a high manganese-fixation capacity. Kiamath peat was 

found to be deficient in available manganese. Analysis of sugar 

beets showed healthy leaves to contain 100 ppm manganese while 

manganese deficiency symptoms appeared with less than 40 ppm. A 
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sanpie of Olympic clay loam from an orchard which showed peculiar 

symptoms was found to contain very high concentrations of manganese 

(9.2 ppm water-soluble, 115 ppm exchangeable, 1202 ppm easily- 

reducible) and it was thought possible that manganese toxicity was 

beginning to occur. 

Powers and Wood (49) described a bronzing ami scorching of 

cane fruits growing on acid red bill soils. Analysis showed the 

leaves to contain excessive amounts of manganese and low amounts of 

potassium. The condition was cured by the application of lime and 

potash ami yields were increased. 

Marsh and Bollen (41) conducted studies on the effect of 

manganese on the microflora and respiration of some Western Oregon 

mineral soils and peats. Mn304 was added at rates equivalent to 

40 and 100 pounds per acre. Mold and bacteria counts were gener- 

ally increased. Repiration was increased on two soils both origin- 

ally low in manganese but was apparently unaffected in the other 

soils. 

There has been little or no work relative to the manganese 

status of other soils of the state. 
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EERIA1EÌäTAL YET}IOD 

The survey wa designed to include those soils which are of 

major agricultural importance. Because of the lack of accurate 

soil survey data In many areas it was felt that the familiarity of 

county agents and branch station personnel with local conditions 

would be of considerable value in locating saling sites. Conse- 

queritly, their aid was enlisted in detenniriing those sites which 

best represented the soil types under consideration. 

Samples were taken during the summers of 1951 and 1952. 

Counties included In the survey were: Baker, Clackamas, Clatsop, 

Columbia, Crook, Deschutes, Douglas, C-rant, Harney, Hood River, 

Jefferson, Josephine, Kiamath, Malheur, ÌAultnomah, Sherman, 

Tillamook, Umatilla, Union, Wallowa, and Wasco. In all, 138 sites 

were sampled, representing 103 different soil types. 

Samples were taken at two depths, O to 6 inches and 6 to 12 

inches. After being air-dried, they were ground to pass a 60 mesh 

sieve. 

Methode of Analysis 

The following determinations were made on the air-dry samples: 

1. pH 

pH measurements were made on the saturated soil 

paste with a Beckman pH meter. 

2. Manganese 

Readily-available manganese was determined in the 



neutral nor&1 ammonini acet8te extract by tk.e 

method of Willard arid Greathoue as nìodified by 

Sherman, McHargue, and Hodgkiss (59), using 

pota8slum periodate as the oxidizing agent. The 

color intensity was read on a Golenian 8pectro- 

photometer at a wave length of 540 m. Easily- 

reducible manganic oxide was determined in the 

same manner with the exception that 0.2% hytho- 

quinone W&8 added to neutral normal axnnionium 

acetate extractirAg solution. 

3. Calcium 

Available calcium was determined, also in the 

ammonium acetate extract, by the method of Prince 

and Toth using the Perkin-Elmer flaire photometer 

(62). 

4. Organic Matter 

Levels of organic matter were ascertained by the 

modified chromic acid titration method of 

Walkley and Black (65). 

5. Phosphorus 

Available phosphorus was determined by the sodium 

bicarbonate method of Olsen, et al (45). 

Samples were analyzed for readily-available manganese during 

the winters of 1951-52 and 1952-53. 

In order to more closely identify possible deficiency levels, 
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easily-reducible manganic oxide was determined during the winter 

of 1953-5h., or one year after the readily-available manganese 

analysee, only on those samples showing readily-available manganese 

levels of 3 ppm or leas. 

Since Bokeri (io) noted a definite increase in levels of 

exchangeable manganese in soil samples after air-dry storage at 

room temperatures, it was felt advisable to determine tk extent 

of any change in readily-available manganese which might have 

occurred during storage of the soil samples connected with this 

study. 

To accomplish this, the samples were divided into three 

textural groups: light, medium, and heavy. Ten samples from each 

group were selected to include as wide a range in readily-available 

manganese levels as existed in that group based on the original 

analyses. These samples were then analyzed for readily-available 

manganese after 12 months storage arid the increase in manganese 

levels noted. The results may be summarized briefly as follows. 

Textural Increase in Readily-Available 

Group Manganese after 12 Mo. Storage 

Minimum Maximum 
ppm ppm 

Mean 
ppm 

Light 0.0 15.5 6.6 

Medium 0.1 10.9 5.1 

Heavy 0.1 15.7 2.8 

A regression analysis indicated no basis for calculating 

an adjusted mean increase based on the original levels. F- values 
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were not 8ignificant. However, the wide range of increase encoun- 

tered indicated the advisability of assuiming a constant level of 

readily-available manganese in all samples which were to be analyzed 

for easily-reducible manganic oxide. 

Investigations by other workers (33, 57) have shown that 

increases in readily-available manganese levels are accompanied by 

proportionate decreases in levels of easily-reducible manganic 

oxide. Since In no case did the increase during atorage raise the 

level of readily-available manganese to over 18 ppm in this study, 

it was considered reasonable to assume that 20 ppm would be a safe 

constant readily-available manganese level for all samples which 

were to be analyzed for easily-reducible manganic oxide. 

Based on this reasoning, that the level of readily-available 

manganese in sau1ea which showed 3 ppm or less originally was never 

greater than 20 ppm after 12 months storage, easily-reducible 

manganic oxide was determined, and: 

1. Where the easily-reducible manganic oxide level 

was greater than 100 ppm, the soil was considered 

not deficient. 

2. here the easily-reducible manganic oxide level 

as between 80 ppm and 100 ppm, readily-available 

manganese was redeterndned to identify a defi- 

ciency level. 

3. Where the easily-reducible manganic oxide level 

was less than 80 ppm, the soil was considered 

possibly manganese deficient. 
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RESULTS 

Because of its diverse conditions of climate arid topography 

the state of Oregon has been separated into six differing agricul- 

turai regions: Coast Region, Willamette Valley, Southern Oregon, 

Columbia Basin, Blue Mountain, and Central Oregon (53). The types 

of agriculture suited to these regions vary as the conditions 

themselves vary. 

The results of analyses of the soils sampled are segregated 

by the agricultural regions in which they occur. 

Coast Region 

Counties in this region included in the survey were Clateop 

and Tillamook. 

The climate of the Coast Region is one of high rainf ail and 

cool temperatures. Rainfall averages from 70 to 100 inches 

annually. The agriculture of the region is located in the valleys 

and deltas of the coastal streams and rivers. 

Clatsqp County 

Most of the agriculture of Clatsop County Is centered in the 

vicinity of Astoria. The principal agricultural soils occur in the 

valleys of the Lewis and Clark, Youngs , and Columbia Rivers. 

income. 

Dairying and cattle raising are the major sources of farm 

The soils sampled In this area, as described in the Soil 
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Survey Report of the Astoria Area (61) included: 

a) .ketoria loam 

b) Brailler peat 

c) Brownamead silty clay loam, described originally 

as the Sauvie series 

d) Clatsop silty clay loam 

Tiflamook County 

Dairyirig comprises the bulk of the agricultural activity in 

the county. Much of the area under cultivation falls in the 100 

inch rainfall area. 

There has been no detailed soil survey made of the area, 

although the Soil Conservation Service Is presently engaged In 

completing a land-capability survey. 

For the purpose of this study descriptive titles have been 

assigned to the soils sampled as follows. Textural classification 

is unofficial. 

a) A, a silt loam soil which occupies the lower 

floodplains and tide1az1 areas. 

b) B, a silty clay loam soil occupying a slightly 

higher position. 

c) C, a silt loam soil of the upper terrace. 

The results of analyses of the soils of the Coast Region 

appear in Table I. 



Table I. Analyses of Soils of the Coast Region 

Oraiiic Avail. Avail. Readily-Avail. 
Soil Type - Depth pH .4atter P La 1n 

Inches Per cent ppm ppm ppm 
Clatsop County 

Astoria loam 0-6 5.4 11.0 9.2 315 3.0 
6-12 5.3 10.0 10.0 300 2.8 

Brailler peat 0-6 5.4 24.8 6.3 3360 10.3 
6-12 5.1 24.7 5.0 3180 14.4 

Brownsmead silty clay loam 0-6 5.6 6.0 11.2 2505 6.5 
6-12 5.6 5.8 10.3 2700 5.9 

Clatsop silty clay loam 0-6 5.0 9.4 15.5 1620 5.0 
6-12 4.5 8.5 13.5 1005 ]4.8 

do 0.-G 4.9 9.0 11.3 1h40 58.0 
5.6 10.4 7.9 1305 55.0 

Tillaznook County 

A. silt loam 0-6 5.2 14.2 8.0 990 6.2 
6-12 5.0 12.9 9.0 915 5.5 

B. silty clay loam 0-6 5.5 9.3 10.2 2715 6.3 
6-12 5.5 7.2 12.5 2670 5.3 

C. silt loam 0-6 5.6 6.8 13.0 2550 15.8 
6-12 5.0 6.6 10.8 2700 21.5 

o 
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The results of the analyses of the soils of this region 

indicate levels of readily-available manganese sufficient for plant 

growth with one exception. 

The sample of Astoria loam from Clatsop county was analyzed 

for easi1yì-educible nianganic oxide and found to contain 86.2 ppm. 

Redetermination of readily-available manganese showed the sample to 

contain 3.6 ppm. Under conditions of higher management, especially 

with regard to lime application, the possibility of manganese 

deficiency in this soil may be quite likely. 

It is of interest to note the wide variation between the 

manganese levels shown for the two samples of Clatsop silty clay 

loam. While the sites from which the two samples were taken received 

the same management and were located in the same field, the one 

showing the greater manganese level had a higher water table. This 

may possibly account for its greater manganese content insofar as 

waterlogging has been shown to increase levels of available soll 

manganese. 
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Willamette Valley Region 

This region i one of relatively warm and moist climate. 

kverage annual precipitation varies somewhat, ranging from 40 inches 

at the valley floor to 70 inches along the foothills of the Coast 

Range and Cascades. 

Because of the diverse nature of the region a wide variety 

of crops are grown. Soils exhibit a variety of characteristics; 

recent alluvial deposits, old valley filling soils, and residual 

hill lands are all represented. 

Counties of this region included in this study Were: 

Clackamas, Columbia, Multnomah, and Washington. 

Clackamas County 

The agricultural soils of this county are predominantly hill 

soils, the soils of the lower elevations being of relatively lesser 

extent. 

Poultry and dairy products account for the major portion of 

the agricultural income of the county. 

The Soil Survey Report of Clackamas County (30) describes the 

soils of the area. Those included in this report were: 

a) Micen clay loam 

b) Amity eilt loam 

c) Cascade silt loam 

d) Olympic silty clay loam 
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Columbia County 

Dairying and cattle raising are responsible for the bulk of 

the agricultural income of the county. 

Much of the agriculture of the area is confined to the area 

bordering the Columbia River where drainage districts have been 

established. 

The soils of this county included in the present study are 

described in the Soil Survey Report of Columbia County (26). They 

were: 

a) Cascade loam 

b) Olympic silt loam 

c) Peat, a gerral terni applied to those areas of 

highly acid organic deposits which border the 

Columbia River. 

d) Powefl loam 

e) Sauvie eilt loam 

4tncma Count1 

The value of nursery and vegetable products exceeded that of 

other main sources of agricultural incon for this county in 1949. 

Dairying is accorded considerable importance also, as is the produc- 

tion of berries, small fruits, and poultry products. 

The soils of the area are described in the Soil Survey Report 

of Multnomah County (52). Those included in this study were: 

a) Hilisboro loam 
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b) Powell eilt loam 

e) Salem gravelly fine sandy loam 

d) Willamette loam 

Washington County 

Dairy and poultry products comprise the most important 

sources of agricultural income in Washington County. 

The hill soils of the area are well adapted to the growing 

of fruits and berries. In the lower areas, especially on the 

organic soils, truck farming is extensive. 

The soils of this county have been described in the Soil 

Survey Report of Washington County (66). Those of major agricul- 

turai importance which were sampled in this study included: 

a) Amity silt loam 

b) Chehalis silt loam 

e) Hilisboro loam 

d) Melbourne loam 

e) Muck and peat, which are so intimately associated 

in this county that they are not mapped separ- 

ate ly 

f) Olympic clay loam 

g) Wapato silty clay loam 

h) '*illamette loam 

The results of analyses of the soils of this region are given 

in Table II. 



Table II. Analyses of Soils of the Willamette Valley Region 
_______________________- 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pH Matter P Ca Mn 

Inches Per cent ppm ppm ppm Clac kainas Coun'tyi 

Aiken clay loam 0-6 5.5 4.6 2.9 1020 9.3 
6-12 5.5 2.1 i.':) 

Amity eilt loam 0-6 6.2 3.5 65.0 1170 10.9 
6-12 6.0 3.0 71.4 1035 5.9 

Cascade silt loam 0-6 5.6 4.0 9.5 2070 6.0 
6-12 5.7 3.3 6.5 2100 2.5 

Olympic silty clay loam 0-6 5.3 2.7 7.5 870 7.8 
6-12 5.3 4.0 6.5 810 6.5 

olumb_ Coimtyy 

Cascade loam 0-6 5.4 4.9 31.5 510 15.3 
6-12 5.5 2.5 44.5 285 5.5 

Olympic silt loam 0-6 5.5 2.7 41.3 660 9.1 
6-12 6.0 0.5 8.5 660 2.1 

Peat 0-6 4.7 15.6 16.8 1065 21.3 
6-12 4.5 4.5 4.4 1510 15.5 

Powe11 loam 0-6 5.9 3.3 47.8 1020 5.3 
6-12 6.0 3.3 41.0 1035 2.4 

Sauvie silt loam 0-6 6.2 3.1 24.5 2010 6.0 
6-12 5.5 2.4 22.0 1920 3.7 

P¼) 



Table II. Analyses of So11 of the Willamette Valley Region (continued) 

Organic Avail. Avail. Readi1y-vai1. 
Soil Type Depth _pH Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Multnomah County 

Hilisboro loam 0-6 6.0 4.0 98.8 900 8.8 
6-12 5.9 3.2 92.5 1020 3.4 

Powell silt loam 0-6 5.3 4.3 47.5 960 11.5 
6-12 5.6 3.2 54.7 990 5.7 

Salem gravelly fine sandy loam 0-6 5.9 4.6 47.6 900 4.4 
6-12 5.9 4.0 41.0 915 3.1 

'Willamette loam 0-6 6.1 5.0 1050 2.3 
6-12 6.1 3.0 645 1110 1.9 

Washington County 

Amity silt loam 0-6 5.4 1.1 11.4 1815 11.7 
6-12 5.4 1.1 13.3 1695 11.5 

Chehalis silt loam 0-6 6.7 2.5 17.3 1770 3.3 
6-12 5.7 3.9 9.5 1455 2.2 

Hilisboro loam 0-6 5.5 2.1 16.8 1080 13.1 
6-12 5.5 2.2 14.5 1095 7.1 

Melbourne loam 0- 6.1 3.0 35.3 1490 8.5 
6-12 6.0 2.3 29.0 750 4.3 

Muck 0-6 4.8 14.4 18.5 2730 14.3 
6-12 4.6 13.8 4.0 2145 19.0 



Table II. Analyses of Soils of the 1Nillainette Valley Region (continued) 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pH Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Washington County (continued) 

Mucky peat O-6 5.2 23.5 54.5 3135 24.8 
6-12 5.4 24.7 30.8 3690 24.5 

Olympic clay loam 0-6 5.5 3.2 9.5 765 8.1 
6-12 5.6 2.5 6.0 810 4.8 

Wapato silty clay loam 0-6 5.8 5.8 89.5 1665 40.5 
6-12 6.1 4.3 66.5 1775 21.0 

Willainette loam O-6 6.6 2.6 86.4 1395 1.9 
6-12 6.7 2.5 75.1 1380 2.5 

p') 



28 

As may be seen from the results of analyses shown in Table II, 

several soils of this region show values of readily-available mangan- 

ese of less than 3 ppm. Easily-reducible manganic oxide deternan- 

ations made on these samples indicated, however, that sufficient 

levels existed to eliminate them from consideration as possibly 

manganese deficient. 

The effect of impaired drainage on manganese availability is 

illustrated by the analysis of the sample of Wapato silty clay loam 

from Washington County. Reducing conditions exist in this soil 

almost year-round, under which circunstance large quantities of 

readily-available manganese may be expected. 
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Southern Oregon Region 

The topography of this region is characterized by inter- 

mountain valleys anzi basins, the climate by a wet and a dry season 

corresponding, respectively, to winter anzi summer. Annual rainfall 

varies from 20 inches to 50 inches in the agricultural areas. 

The 50i18 of this region are widely varied in characteristics 

and are adapted to a wide variety of crops. 

The counties included in this survey were Douglas and 

Josephine. 

Douglas Coun 

The amount of cropland in Douglas County is relatively small, 

most of the county being comprised of rough, mountainous timber 

land. Agriculture is confined generally to the Umpqua River Valley, 

the adjoining small valleys, and the lower foothills. 

Although a detailed soil survey of the Douglas County area 

has been completed, the survey report has not as yet been published. 

The major agricultural soils of this county included in this study 

were: 

a) Dole clay loam, an old valley filling soil of the 

upper terraces. Drainage is poor. This soil is 

of low fertility aixì is not easily cultivated. 

The profile usually contains gravels or cobbles. 

b) Roeeburg fine sandy loam, a deep friable soil of 

the lower floodplain, well adapted to the 
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production of melons, fruit, and alfalfa. 

e) Umpqua silt loam, a fertile recent alluvial soil 

of the floodplains, generally above overflow. It 

is considered one of the most productive soils in 

the area. 

Josephine County 

Most of the cultivated land in this county lies in the 

valleys of the Rogue and Illinois Rivers. Irrigation development 

is extensive. 

The Soil Survey Report of Josephine County (32) descr±bes the 

soils of the area. Those sampled in this study were: 

a) Barron coarse sandy loani 

b) Columbia fine sandy loam 

e) Kerby gravelly loam 

The results of analyses of soils from this region appear in 

Table III. 



Soil Type 

Douglas Coimty 

Dole clay loam 

Table III. Analyses of Soils of the Southern Oregon Region 

Organic Avail. Avail. Readily-Avail. _Dpth Matter P - Ca 
Inches Per cent ppm ppm ppm 

do 

Roseburg fine sandy loam 

do 

Umpqua silt loam 

do 

Josephine County 

Barron coarse sandy icam 

do 

do 

0-6 5.5 1.8 47.5 1155 51.5 
6-12 6.1 l.a 46.3 1170 15.8 

0-6 6.1 2.1 38.5 1320 55.4 
6-12 5.8 1.8 16.8 1155 23.5 

0-6 6.3 1.8 6.5 1305 14.8 
6-12 5.8 1.5 5.1 1320 10.5 

0-6 6.0 1.7 14.0 1320 14.5 
6-12 6.0 1.4 8.8 1320 11.0 

0-6 5.8 2.2 17.8 1545 20.3 
6-12 5.8 1.6 16.0 1530 12.5 

0-6 5.7 2.4 33.0 1395 34.0 
6-12 5.8 2.1 22.5 1170 11.8 

0-6 5.3 1.9 39.0 510 24.6 
6.-12 5.2 1.0 53.0 525 23.7 

0-6 5.5 3.4 7. 990 15.6 
6-12 5.5 3.0 5.0 990 26.4 

0-6 5.6 3.0 6.2 570 30.6 
6-12 5.4 2.3 6.2 555 29.2 

I-j 



Table III. Analyses of Soils of the Southern Oregon Region (continued) 
-- 

0rgnic Arai. Avail. Readi1y-Aiai1. 
Soil Type Depth pH Matter P Ca Mn - 

Inches 
-- 

Per cent ppm ppm ppm 
Josephine County (continued) 

Barron coarse sandy loam (continued) 0-6 5.6 1.0 21.2 600 21.0 
6-12 5.6 2.2 19.5 540 22.0 

Columbia fine sandy loam 0-6 5.7 1.1 34.5 1290 19.3 
6-12 5.8 1.2 25.0 1155 15.e 

do 0-6 5.7 1.4 40.5 960 16.8 
6-12 5.9 1.2 28.3 1200 10.5 

do 0-6 6.0 2.3 ]4.0 1080 18.4 
6-12 6.0 1.2 11.0 990 24.0 

Kerby gravelly loam 0-6 5.4 3.5 41.3 1260 55.3 
6-12 5.5 1.7 25.5 1260 27.0 

do 0-6 5.9 2.4 29.5 1100 58.8 
E-12 6.1 1.5 16.5 1050 42.9 
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The soils representing this region all show manganese levels 

sufficiently high for normal plant growth. In this respect, it is 

of interest to note that the periodic application of rpsum and 

elemental sulfur Is an integral part of the farm management program 

in many cases in this area. This would seem to bear out the 

findings of Varva (64) and others with regard to the effect of 

sulfur oxidation on releasing soluble manganese from its more insol- 

uble compounds. 

Regardless of the leachable nature of many of the soils of 

the area it seems unlikely that manganese deficiency is liable to 

become a factor under the levels of readily-available manganese 

indicated by the analyses. 
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Columbia Basin Region 

The soils of this region have a wide range in characteristics 

and in suitability for crop production. For the most part they con- 

eit of loessal material laid over bedrock. 

In general, the chinate is temperate and semi-c.rid, although 

great differences in rainfall occur, ranging from 40 inches annually 

in the Hood River Area to less than 10 inches in parte of Sherman 

and Umatilla Counties. 

The agriculture of the region consists largely of dry-land 

wheat growing; however, considerable acreage in the irrigated areas 

is devoted to the growing of tree fruits. 

Counties in the Columbia Basin Region included in this survey 

were Hood River, Sherman, Umatifla, and Wasco. 

Hood River County 

The agricultural income of this county is derived principally 

from the raising of apple8, pears, and other deciduous fruits on the 

irrigated slopes and terraces of the Hood River Valley. 

The soils of this area are described in the Soil Survey 

Report of the White Salmon Area (44). Those included in this study 

were: 

a) Hood silt loam 

b) Parkdale loam 

c) Underwood loam 

d) Winà River sandy loam 
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Sherman County 

This county lies in the more arid portion of the Columbia 

Basin Region where rainfall is 12 inches or less per year. The 

agriculture of the area consists almost entirely of dry-land wheat. 

Moisture is the limiting factor and yields are comparatively low. 

There has been no detailed soil survey made of the area. 

The soils are, however, typical of those of the wheat lands of 

Umatilla County further east. 

The soils sampled for the purpose of this study have been 

assigned the following unofficial designations: 

a) A, a silt loam soil believed to be similar to 

those of the tentatively described Condon series. 

b) B, a sandy loam soil believed to be closely 

correlated with the established Wa11a WaJ.1a 

series. 

c) C, a very fine sandy loam soil similar in all 

respects to the established Ritzvifle series. 

County 

The agriculture of this county Is diverse in nature Wheat 

is the principal source of agricultural income. Hever, there is 

an extensive livestock industry also. On the irrigated lands in the 

Hermiston and Milton-Freewater Areas, extensive acreage is devoted 

to truit and vegetable production and the growing of alfalfa hay. 

The soils of the county are described in the Soil Survey 



36 

Report of the Umatifla Area (27). Those sampled for the purpose of 

this study included: 

a) Athena silt loam 

b) Euphrata sand 

c) McKay silt loam 

d) Palouse silt loam 

e) Quincy loamy fine sand 

f) Ritzvifle silt loam 

g) Ritzvllle very fine sandy loam 

h) Rupert sand 

i) Walla Walla silt loam 

j) Yakiina cobbly loam 

Was co County 

Winter wheat is the chief source of agricultural income for 

this county. Considerable acreage is also devoted to cherry orchards 

in The Dalles area. 

Some of the soils of the area have been described in the Soil 

Survey Report of The Dalles Orchard Area (44). Series designations 

have not been correlated, however, and are only tentative. Others 

have been described elsewhere, as noted below. Textural classifi- 
cation 18 unofficial. 

Soils included in this study were: 

a) Chenowith sandy loam 

b) Cherryhill fine sandy loam 
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e) Onyx loam 

d) Onyx sandy loam, as described tentatively in the 

report of the Portneuf Area, Idaho (44) 

e) Walla Walla silt loam, as described in the report 

on the Um.atilla Area (27) 

f) Wamic sandy loam, a local designation for a soil 

not described elsewhere 

g) Yakima coarse sandy loam, as described in the 

report on the Yakima Area, 'tashington (i.4) 

The analyses of the soils of the Columbia Basin Region are 

reported in Table IV. 



Table IV. Analyses of Soils of the Columbia Basin Region 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pH -- Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Hood River County 

Hood silt 0-6 5.5 2.7 64.5 1035 17.0 
6-12 5.7 3.0 53.1 930 4.7 

Parkdale loam 0-6 5.1 5.6 75.5 600 24.8 
6-12 5.6 3.6 19.5 735 8.0 

Underwood loam 0-6 5.8 6.1 31.4 1980 19.8 
6-12 6.2 2.3 32.8 1995 3.2 

Wind River sandy loam 0-6 6.1 2.2 39.1 1125 7.9 
6-12 6.2 1.0 52.6 1050 2.1 

Sherman County 

A. silt loam 0-6 6.1 3.3 20.0 1320 2.7 
6-12 6.4 1.5 17.2 1470 1.7 

B. sandy loam 0-6 5.8 1.6 34.5 975 5.5 
6-12 5.8 1.4 34.5 1050 3.0 

C. very fine sandy loam 0-6 6.5 1.1 22.9 1065 2.5 
6-12 6.5 1.3 18.5 1230 1.8 

Uinatifla Countl 

Athena silt loam 0-6 5.8 2.4 43.3 1470 4.7 
6-12 6.1 1.3 25.5 1620 2.1 



Table 1V. Arialyse3 o± Soils of the Columbia Basin Region (continued) 
- 

Organic jari: Avail. Readily-Avail. Soil Type Depth pH Matter P Ca Mn - 

Inche! Per cent ppni ppm ppm 
Umatilla County (continued) 

Euphrata sand 0-6 7.6 0.6 10.0 990 0.6 
6-12 7.5 0.4 7.3 975 <.0.1 

McKay silt loam 0-6 5.9 2.4 28.0 1380 6.4 
6-12 5.9 2.7 32.0 1425 5.0 

Palouse silt loam 0-6 5.6 3.4 43.5 1770 6.7 
6-12 5.6 3.3 37.0 1755 5.2 

Quiney loamy fine sand 0-6 8.0 0.4 5.0 1260 <0.1 
6-12 8.1 0.3 3.5 1860 <0.1 

Ritzville silt loam 0-6 6.6 2.1 14.5 1485 1.8 
6-12 6.6 1.3 31.0 1290 0.8 

Ritzville very fine sandy loam 0-6 6.6 1.1 16.5 1365 2.1 
6-12 6.9 0.9 10.0 1485 1.6 

Rupert sand 0-6 7.5 0.3 4.5 690 '.0.1 
6-12 6.9 0.5 5.2 750 1.3 

Walla Walla silt loam 0-6 6.2 2.2 27.1 1620 10.9 
6-12 6.2 1.6 11.5 1410 1.4 

Yakima cobbly loam 0-6 6.7 3.6 33.3 1995 0.8 
6-12 6.9 2.3 17.5 1770 0.9 



Table IV. Analyses of Soils of the Columbia Basin Region (continued) 

0rganic Avail. Avail. Readily-4vail. 
Soil Type Depth pH Matter P Ca Mn 

Inches Per cent ppm ppm ppm W2 County 
Chenowith sandy loam 0-6 5.9 1.4 61.0 1305 6.2 

6-12 6.3 1.3 27.1 1440 5,9 

do 0-6 6.4 1.1 13.5 1200 0.8 
6-12 6.3 0.5 39.0 1185 0.2 

Cherryhill fine sandy loam 0-6 6.6 1.1 38.6 1335 1.3 
6-12 6.7 0.8 7.5 1320 0.4 

Onyx loam 0-6 7.0 2.1 16.5 1695 0.8 
6.-12 7.1 1.7 6.5 1575 1.1 

Onyx sandy loam 0-6 6.1 2.0 36.1 1230 2.5 
6-12 5.9 1.4 38.5 1305 2.2 

Walla Walla slit loam 0-6 5,9 1.8 23.5 1185 3.3 
6-12 6.1 1.8 24.5 1185 1.8 

Wamic sandy loam 0-6 6.3 2.2 28.9 1200 2.9 
6-12 6.3 1.8 28.5 1140 2.6 

1akiaa coarse sandy loam 0-6 6.4 1.5 26.5 1065 1.7 
6-12 6.6 1.6 6.5 1005 1.5 

o 
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As shown in Table IV, a number of the samples of the soils 

representing this region show levels of readily-available manganese 

of less than 3 ppm. 

The results of analyses of these samples for easily-reducible 

inanganic oxide are ghown in Table V. Readily-available manganese 

was not redetermined on those samples showing less than 80 ppm or 

more than 100 ppm easily-reducible rnanganic oxide since at these 

levels the soils were considered either possibly manganese deficient 

or not deficient respectively as explained previously. 

Table V. Manganese Levels in Suspect Soils 
of the Columbia Basin Region 

Easily-RdiiIcib1e Redeter. 1ead. 
Soil Type Depth Mn2O3 Avail. Mr. 

Inches ppn Mn ppm 
Sherman County 

C. very fine sandy loam 0-6 100,0 12.0 
6-12 100.0 13.0 

Umatilla Count 

Euphrata sand 0-6 42.5 * 
6-12 55.0 

Quincy loamy fine sar1 0-6 95.0 0.3 * 
6-12 95.0 0.8 * 

Ritzvifle silt loam O-6 135.0 

Ritzville very fine 0-6 150.0 
sandy loam 6-12 142.5 

Rupert saxxl 0-6 20.0 * 
6-12 20.0 * 

Yakiiria cobbly loam 0-6 142.5 
6-12 135.0 
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Table V. Manganese Levels in Suspect Soils 
of the Columbia Basin Region (continued) - Easily-Reducible Redetei-. Fead. 

Soil Type Depth Mn20 Avail. Mn 

Inches ppm n ppm 
Wa8co County 

Chenowith sandy loam 0-6 238.2 
6-12 280.0 

Cherrybill fine sandy loam 0-6 288.8 
6-12 242.5 

Onyx loam 0-6 132.5 
6-12 117.5 

Onyx sandy loam 0-6 132.5 
155.0 

Walla Valla eilt loam 6-12 85.0 10.0 

Wamic sandy loam 0-6 0 

Ya1dna coarse sandy loani 0-6 112.5 
6-12 135.0 

* Indicates deficiency level of active manganese and a possibly 
manganese deficient soil. 
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In iJmatilla County, the sandy soils of the Heriniston area 

show definite indications of possible manganese deficiency (Table V). 

The samples of the Euphrata and Rupert series were taken from irri- 

gated farms. Large areas of Quincy loamy fine sand are at present 

being brought under irrigation. The combination of such low levels 

of active manganese, alkaline soil reaction, and the high tendency 

of these soils toward leaching would seem to indicate that manganese 

deficiency, for some crops at least, may be quite probable. It seems 

reasonable, therefor, to cla8sify these soils as worthy of further 

investigation. 
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Blue Mountain Region 

The Blue Mountain Region i characterized for the most part 

by the rough, mountainous timberlands of the Blue Mountain Range. 

The amount of agricultural land is comparatively small. 

The climate of the region exhibits a wide range of tempera- 

tures, the variation between minimum low and maximum high tempera- 

tures in the Grande Ronde Valley being 1400 F. Rainfall varies 

from 10 to 30 inches annually. 

The soils of the region are diverse in nature and range from 

slightly acid to extremely alkaline in reaction. 

The counties comprising this region include Baker, Grant, 

Union and Wallowa. 

Baker 

The soils of this area include calcareous and non-calcareous 

types. A detailed survey of the five larger valleys of Northern 

Baker County has been accomplished but has yet to be published. It 

is from the preliminary report of this survey that those soils 

included in this study are described. Series designations are as 

yet only tentative in some cases, as noted. Textural descriptions 

are unofficial. 

a) Baker silt loam, an established series designation 

for a slightly calcareous, slowly permeable soil 

derived from old lake-laid deposits (44). 

b) Catherine sfl.ty clay loam, an established serles 
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described in the report of the Grande Ronde Valley 

Area, 

c) Gooch eandy loam, a soil which has been described 

in the report of the Grande Ronde Valley Area. 

o) Powder sandy loam, tentative designation for a 

soil which was described in an earlier report of 

the Baker Area. 

e) Springdale sandy loam, an established series desig- 

nation for a relatively unproductive non-calcar- 

cous soil of the older terraces. 

f) Wingvllle silty clay loan', a tentative designation 

for a series found on the lower terraces and old 

lake bottoms. It is poorly drained and generally 

calcareous. 

Grant Couziy 

The cultivated land of this area lies in the valley of the 

John Day River and in the higher valleys of the Blue tans. 

Since there is no detailed soil survey information available 

on Grant County solle, no series designations have been given to 

the samples taken. Rather, they have been described unofficially as: 

a) A, a dark silty clay loam soil of the mountain 

meadow region of Bear Valley, near Seneca. 

b) B, a black-colored, productive silty clay loam 

soll of the upper terrace land of the John Day 

River. 
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e) C, a dark brown silty clay loam soil of the lower 

terrace of the John Day River. 

a) D, a brown-colored, productive silt loam soil 

occupying the first bench of the John Day River. 

e) E, a gray, drouthy, silty clay loam soil of the 

bottom lands of the John Day River. 

f) F, a dark silt loam soil of the bottoni lands in 

the lower valley of the John Day River near Mount 

Vernon. 

Union ountl 

The agricultural land of this county is confined almost 

exclusively to the valley of the Grande Ronde River. Because of the 

sluggish nature of the river as it croases the valley it has been 

necessary to provide artificial drainage to bring much of the land 

under cultivation. 

The soils of the area have been described In the Soil Survey 

Report of the Grande Ronde Valley Area (31). Those included in this 

study were: 

a) Alicel fine sandy loam 

b) Catherine clay loam 

c) Conley silty clay loam 

d) Gooch eilt loam 

e) Kiamath silt loam 
f) La Grande silty clay loam 

g) Palcuse loam 



47 

Wallowa County 

The major portion of the agricultural income of this county 

comes from the raising of cattle, winter wheat, and alfalfa. The 

agriculture of the area is centered in the upper valley of the 

Wallowa River in the vicinities of Enterprise and Wallowa Lake. 

A detailed soil survey of the area has yet to be made. Soils 

sampled for the purpose of this study are known locally as: 

a) Alder eilt loam, a series which has not yet been 

described but which occupies the lower flood plain 

areas. 

b) Athena silty clay loam, a series described in the 

report on the Uniatifla Area. 

c) La Grande silt loam, a soil described in the report 

on the Grande Ronde Valley Area. 

Textural classifications are not official. 

The results of analyses of the soils from the Blue IÁountain 

Region are given in Table VI. 



Table VI. analyses of Soils of the Blue Mountain Region 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pH - Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Baker County 

Baker silt loam 0-6 8.5 3.4 7.2 2790 0.9 
6-12 8.4 3.5 5.0 3000 0.6 

Catherine silty clay loam 0-6 6.9 3.4 27.9 2385 3.3 
6-12 6.7 3.0 16.5 2265 1.9 

Gooch sandy loam 0-6 9.3 1.4 17.0 1950 1.0 
6-12 9.2 1.3 9.4 2010 0.8 

Powder sandy loam 0-6 6.4 2.5 16.5 1155 7.0 
6-12 6.7 1.4 12.2 1200 1.5 

Springdale Bandy loam 0-6 6.8 2.3 12.5 1730 3.5 
6-12 7.2 1.8 9. 1470 1.3 

WingviUe silty clay loam 0-6 8.2 7.3 8.0 4020 2.6 
6-12 7.6 4.3 5.9 2700 1.9 

Grant County 

A. silty clay loani 0-6 8.9 7.8 38.8 2520 
6-12 8.7 6.9 15.3 2760 <0.1 

B. silty clay loam 0-6 6.2 8.7 12.0 3240 4.3 
6-12 6.2 7.7 10.5 3180 2.4 

C. silty clay loam 0-6 6.3 6.2 7.5 2670 4.7 
6-12 6.3 5.6 6.0 2430 3.2 



Table VI. Analyses of the Soils of the Blue Mountain Region (continued) 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pR Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Grant County (continued) 

D. eilt loam 0-6 6.9 3.0 5.2 1980 0.7 
6-12 7.1 2.4 4. 1890 0.7 

E. silty clay loani 0-6 8.0 6.3 11.7 3360 1.9 
7.5 2.0 6.8 2400 1.8 

F. silt loam 0-6 8.0 2.2 7.0 3330 0.5 
8.1 2.7 4.2 2880 0.7 

Union County 

Alicel fine sandy loam 0-6 6.9 2.3 11.8 1245 1.1 
6-12 7.1 2.2 10.0 1275 3.7 

Catherine clay loam 0-6 6.1 6.0 66.5 2430 5.6 
6-12 6.2 5.2 36.8 2280 4.8 

Coneiy silty clay loam 0-6 6.3 2.8 15.2 1770 7.9 
6-12 6.4 2.8 10.5 1710 3.9 

Gooch silt loam 0-6 8.3 2.8 3.7 2265 3.1 
6-12 8.3 2.8 4.3 2265 1.9 

Kiamath silt loam 0-6 8.3 2.7 9.3 2355 1.0 
6-12 8.4 1.0 10.3 2880 0.8 

LaGrande silty clay loam 0-6 7.3 7.7 12.2 3480 1.7 
6-12 7.4 7.3 6.0 3540 1.7 

1:- 

«o 



Table VI. Analyses of the Soils of the Blue Mountain Region (continued) 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pH Matter P Ca 

Inches Per cent ppm ppm ppm 
Union County (continued) 

Palouse loam 0-6 6.9 2.8 27.0 1560 2.0 
6-12 6.9 2.3 19.5 1410 2.2 

Wallowa County 

Alder silt loam O-6 7.4. 8.5 40.8 3900 5.8 
6-12 7.8 5. 15.0 3840 0.8 

Athena silty clay loam O-6 7.7 6.0 15.0 3480 0.9 
6-12 8.0 5.3 7.0 4200 0.8 

LaGrande silt loam 0-6 6.0 4.4 23.5 1995 11.4 
6-12 6.1 4.4 16.9 2220 6.3 
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The effect of soil reaction on the supply of readily- 

available manganese is well illustrated in the analyses data. The 

sample exhibiting the lowest pH (6.0) tested highest in manganese 

(11.4 ppm), while those in the higher pH ranges (8.5-9.3) showed 

the lowest manganese levels. 

It is evident that t majority of the samples representing 

the soils of this region may be considered low in readily-available 

manganese. Results of the determination of easily-reducible man- 

ganic oxide on these samples appear in Table VII. That manganese 

deficiency may possibly exist in many of the soils of this region 

is well evidenced by the data. Certainly, these soils are worthy 

of further study with regard to possible response to manganese 

fertilizers. 
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Table VII. Manganese Levels in Suspect Soils 
of the Blue Mountain Region 

Easily-Reducible Redeter. Read. 
Soil Type Depth Mn20 Avail. Mn 

Inches ppm tzi ppm 
Baker County 

Baker silt loam 0-6 20.0 * 

6-12 15.0 

Catherine silty clay loam 6-12 155.0 

Gooch sandy loam 0-6 60.0 
6-12 60.0 

Powder sandy loam 6-12 95.0 

Spririgdale sandy loam 6-12 115.0 

Wingville silty clay loam 0-6 25.0 
6-12 65.0 

Grant County 

A. silty clay loam 0-6 <0.1 
6-12 <0.1 

B. clay loam 6-12 165.0 

D. silt loam 0-6 227.5 
6-12 250.0 

. silty clay loam 0-6 142.5 
6-12 47.5 

F. silt loam 0-6 280.0 
6-12 300.0 

on Couiit1 

Alicel fine sandy loam 0-6 115.0 

8.2 

Gooch silt loam 0-6 80.0 4.3 
6-12 115.0 

Kiamath eilt loam 0-6 15.0 
6-12 <0.1 

* 

* 
* 

* 
* 

* 
* 

* 

* 
* 
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Table VII. Manganese Levels in Suspect Soils 
of the Blue Mountain Region 

Easily-fleducible Redeter. Read. 
Soil Te hMrQ3_ Avail. Mn 

Inches ppm ppm 
Union County (continued) 

La Grande silty clay loam 0-6 120.0 
6-12 145.0 

Palouse loani 0-6 192.5 
6-12 155.0 

!1! Count1 

Alder silt loam 6-12 35.0 * 

Athena silty clay loam 0-6 280.0 
6-12 242.5 

* Indicates deficient levels of active manganese and a possibly 
manganese deficient soil. 
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The Centra]. Oregon Region 

This region is the largest in size and incorporates all of 

Central and Southeastern Oregon. The counties of this region 

included in this survey were: Crook, Deschutes, Harney, Jefferson, 

Klaznath, and Malheur. 

The agricultural land for the most part falls within the 

10 inch annual rainfall area. 

The agriculture of the region is diverse and ranges from the 

production of livestock to the raising of small grains, potatoes and 

vegetables. 

The soils of the Desohutes Area, which includes portions of 

Deachutes and Jefferson Counties, have been surveyed and are reported 

according to land capability classes. This is the only soil survey 

information of the region available. 

Crook Counti 

The agriculture 01' Crook County consists primarily of the 

raising of potatoes and cattle. Alfalfa, grown for hay, is also an 

important enterprise. 

A detailed soil survey of the county is now in progress. It 

includes series classifications which have already been established 

as well as new series which have yet to be correlated or approved. 

Those soils included in this study which are established 

series are: 

a) Catherine clay loam, described in the report on 
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the Grande Fonde Valley Area. 

b) Deechutes sandy loam, described in the report on 

the Deschutes Area. 

c) Redmond sandy loaxn, described in the sanie report. 

d) Powder loam, described in an earlier report on the 

Baker Area. 

e) Wingville sandy loam, described in the report on 

the Baker Area. 

Those which have been assigned tentative series designations 

and are at present being described in the current survey of the 

county include: 

a) Ayres sandy loam 

b) Canal sandy loam 

c) Agency sandy loam 

d) Johnson sandy loam 

e) Lakeside sandy loam 

f) Ochoco sandy loam 

g) Prineville sandy loam 

h) Slayton saidy loam 

i) Stearns silt loam 

Deschutes County 

The agricultural soils of the county are generally light in 

texture and shallow in depth, ar must be irrigated to be productive. 

They are described in the report on Land Capabilities and Conserva- 

tion Farming for the Deschutes Area, Central Oregon (48). Those 
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included in this study were: 

Harnei 

a) Desehutes coarse sandy loam 

b) Deachutes sandy loam 

c) Redmond sandy loam 

No detailed soil survey of this area is available. Soll 

series designations shown here are those which are in common use 

locally. The textural descriptions are unofficial. T soils 

sampled for this study include: 

a) Fiander clay loam, a tentative designation for a 

soil which is undescribed in the state of Oregon 

but which supports large areas of native meadow. 

b) Klam.ath silty clay loam, a proposed series title 

for a soil described in the report on the Grande 

Ronde Valley area. 

e) Slivies clay loam, a local designation for a soil 

undescribed elsewhere in the state but which 

occupies the lower, more poorly drained native 

meadow areas. 

d) Umapine silt loam, an established designation for 

a series not described in other detailed surveys 

for the state. This soil occupies the higher ele- 

vations of native meadowland. 

e) Wingvifle silty clay loam, a local designation for 

a soil described in the report on the Baker Area. 
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Jefferson Couny 

The soils of this area also are described in the report on 

the Deschutes Area. Those sampled for the purpose of this study 

included: 

a) Metolius sandy loam 

b) Madras sandy loam 

Kiamath Count 

The agricultural area of the county is situated in the high 

plateau of the Cascade Range. Most of the cultivated land lies at 

elevations of from 3,000 to 5,000 feet and is located in the area 

of the Klamat,h Lake basin. 

Since there are no soil survey records available for the 
area, the soils sampled have been given descriptive titles as: 

a) A, (Malin), a sandy loam soil common to th 

vicinity of Malin. 

b) B, (Merril), a similar soil found in the area 

around Merril. 

e) Lower Kiamath Muck, a basic, partially mineralized 
organic deposit of the drained Lower Klainath Lake 

bottom. 

d) Lower Kiamath Muck (diatornaceous), a similar 

deposit of the same general area but containing 

considerable diatomaceous material in the subsoil. 

e) Upper Kiamath Muck, an organic deposit of the 
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recently drained Upper Kiamath Lake bottom, dif- 

fering from the deposits of the lower basin in 

that it is acid in reaction. 

eur County 

Beef ani dairy cattle, sheep, alfalfa, and sugar beets account 

for the bulk of the agricultural income. 

Much of the land now under cultivation has been reclaimed from 

the deeei-t. There has njt as yet been a detailed soll survey made of 

the area. Consequently, the soils sampled for this study are des- 

cribed according to the location where found. Textural classi! i- 

cation is not official. 

1. Solle of the Malheur River Area: 

a) A, a silt loai soil of the first bench. 

b) B, a silt loam soil of the bottom lands bordering 

the river. 

c) C, a silt loam soil from the alkali bottoms. 

d) D, a silt loam soil of the upper bench lands. 

e) E, a sandy loam soil of the upper benches south 

of t river. 

2. Soils of the Owyhee River Area; 

a) F, a silt loam soil of the upper benches southeast 

of the river. 

b) G, a sandy loam soil of the lower bench area. 

o) H, a sandy loam soil of the older river bottom 

deposits. 





Table VIII. Analyses of Soils of tk Central Oregon Region 

Organic Avail. Avail. Readily-Avail. 
Soil Type - Depth pH - - 

Matter P Ca Mn 
Inches Per cent ppm ppm ppm 

Crook County 

Agency sanly loam 0-6 6.9 1.5 6.5 144.0 7.5 
6-12 8.3 0.7 2.0 2160 1.7 

do 0-6 6.9 1.4 11.5 1365 10.4 
6-12 6.8 1.1 6.3 1560 7.0 

Ayers sandy loam 0-6 6.4 1.7 14.5 1050 16.3 
6-12 6.7 1.4 5.0 1065 7.5 

do 0-6 6.7 2.0 16.7 1365 18.3 
6-12 6.7 1.0 4.0 1605 8.8 

(ana1 sandy loam 0-G 7.4 1.6 12.7 1200 4.5 
6-12 7.2 0.6 4.0 1350 6.6 

Catherine clay loam 0-6 8.2 3.1 4.5 3210 <0.1 
6-12 8.0 5.4 3.8 3210 <0.1 

Desehutes sandy loani 0-6 6.8 1.8 13.0 1395 5.4 
6-12 7.6 0.6 4.7 2340 3.4 

do 0-6 6.1 2.1 14.0 1410 22.8 
6.3 1.3 13.0 1410 12.3 

do 0-6 7.3 1.9 9.8 930 9.0 
6-12 7.3 0,8 2.8 1290 2.5 

L,] 



Table VIII. Analyse8 of' Soils of the Central Oregon Region (continued) 
- 

Organic Avail. Avail. Readily-Avail. 
Soil Typ!__ __ - - -- - Depth pH Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Crook County (continued) 

Johnaon sandy loam O-6 7.3 1.1 10.0 1680 6.4 
6-12 7.2 1.8 11.0 1725 9.0 

Lakeside sanìy loam 0-6 7.8 0.8 20.5 2670 9.2 
6-12 7.3 1.1 5.5 2160 4.3 

Ochoco sandy loam 0-6 7.0 1.8 3.8 1470 16.3 
6-12 6.9 0.5 3.0 2790 4.8 

Prineville sandy loam 0-6 7.2 1.4 12.7 1710 11.0 
6-12 7.2 0.9 4.0 1710 1.5 

Redmond sandy loam 0-6 6.5 0.7 21.8 1410 10.8 
6-12 7.2 1.0 3.7 1470 3.7 

do 0-6 6.3 1.8 17,0 1290 36.0 
6-12 6.4 0.5 4.7 1800 7.3 

Slay-ton sandy loam 0-6 6.6 2.4 10.5 1295 5.1 
6-12 7.1 1.6 4.8 1260 8.2 

Stearns silty clay loam 0-6 9.2 1.2 14.5 2940 <0.1 
6-12 9.8 1.0 42.6 3150 (0.1 

Wingville sandy loam 0-6 8.3 4.3 7.5 2970 1.6 
6-12 8.5 1.6 4.2 2910 <0.1. 

I-' 



Table VIII. Analyses of Soils of the Central Oregon Region (continued) 

Orgaic Avail. Avail. Readily-Avail. 
Soil Typs Depth pH Matter P Ca Mn 

Inches Per cent ppm ppm ppm 
Desehutes Louny 

Desohutes coarse sandy loam 0-6 5.9 3.0 8.9 810 3.0 
6-12 5.9 0.9 3.3 720 1.9 

Desehutes sandy loam 0-6 5.5 2.2 17.3 900 9.3 
6-12 6.3 0.5 3.5 945 1.5 

Redmond sandy loam 0-6 6.7 1.6 8.5 1035 1.8 
6-12 6.7 1.8 3.8 1170 0.7 

Harnei Couny 

Fiander clay loam 

Kiarnath silty clay loam 

Silvies clay loam 

Um.apine silt loam 

Wingvifle silty clay loam 

0-6 8.2 4.5 5.0 3180 
6-12 8.0 2.8 2.9 3660 

0-6 8.2 6.0 9.8 4140 
6-12 8.1 5.5 9.0 4320 

0-6 7.6 5.3 19.5 4020 
6-12 7.6 2.6 9.5 3060 

0-6 8.0 4.0 18.5 3330 
6-12 8.3 1.6 6.3 3150 

0-6 6.7 2.4 36.7 1635 
6-12 7.0 2.2 16.5 1680 

2.9 
1.1 

5.8 
5.5 

5.6 
3.9 

0.7 
0.8 

3.5 
1.9 



Table VIII. Analyses of Soils of the Central Oregon Region (continued) 
_____________________________________________- 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth pH Matter P Ca Mn 

Inches Per cent ppm Ppm PP 
Jefferson County 

Madras sandy loam O-(, 5.8 1.1 7.0 U85 3.4 
6-12 6.4 1.2 3.5 1170 1.4 

Metollus sandy loam 0-6 6.2 1.3 15.1 1290 2.5 
6-12 6.4 1.1 7.8 1305 0.7 

Klainath County 

A. (Malin) sandy loam 

B. (Merril) sandy loam 

Iwer Kiamath 1tuck 

0-6 6.7 0.8 20.0 810 
6-12 6.7 0.6 14.0 900 

0-6 6.7 0.7 18.0 810 
6-12 6.6 0.6 14.5 860 

0-6 6.3 1.5 16.5 975 
6-12 6.3 1.3 16.0 980 

0-6 6.2 1.5 16.5 980 
6-12 6.3 1.4 16.0 975 

0-6 8.1 42.0 6.5 6075 
6-12 8.0 41.7 6.5 6120 

O-6 8.0 42.4 6.9 6390 
6-12 8.1 35.6 5.7 5625 

3.4 
2.7 

3.8 
2.6 

6.8 
7.2 

6.7 
7.0 

' 0.1 
<0.1 

'0.1 
<0.1 



Table VIII. Analyses of Soils of the Central Oregon Region (continued) 

Organic Avail. Avail. Readily-Avail. 
Soil Type Depth - Ca Mn ________ 

Inches 
_pH__jterP 

Per cent ppm ppm ppm 
Klamath County (continued) 

Lower Kiamath luck (diatomaceous) O-6 7.3 47.8 57.5 6615 5.0 
6-12 7.3 46.8 44.0 5805 2.3 

do 0-6 7.2 45.2 53.0 5850 5.0 
6-12 7.2 45.0 41.8 5130 2.3 

Upper Kiamath Muck 0-6 6.0 9.5 5.9 1155 12.5 
6-12 6.1 6.1 3.0 1140 5.8 

Malheur County 

Malheur River Area 

A. silt loam - first bench 0-6 6.7 1.1 18.7 1350 6.0 
6-12 7.0 0.8 9.5 1500 1.3 

B. silt loam - bottom 0-6 6.1 0.9 64.5 1350 3.8 
6-12 6.5 0.8 60.5 1410 1.4 

C. silt loam - alkali 0-6 8,0 2.1 134.5 4260 1.5 
6-12 7.9 0.7 27.5 1980 0.2 

D. silt loam - upper bench 0-6 6.7 1.0 9.5 1500 1.2 
6-12 6.9 0.7 4.3 1740 0.7 

E. sandy loam - upper bench 0-6 7.2 0.8 15.0 1215 1.9 
6-12 7.1 1.0 16.8 1380 1.0 



Table VIII. Analyses of Soils of the Central Oregon Region (continued) 
- 

Organic Avail. Avail. Readily-Avail. 

Soil - Depth pH Matter P - Ca - 
Mn 

Inches Per cent ppm ppm ppm 

Malheur County (continued) 

Owyhee River Area 

F. silt loam - upper bench 0-6 7.0 0.9 31.0 1650 1.7 

6-12 6.9 0.9 18.3 1620 1.3 

0. sandy iowa - first bench 0-6 6.9 0.6 11.3 1395 1.7 

6-12 7.3 0.7 6.5 1425 0.5 

H. sarxly loam - bottom 0-6 7.2 1.5 41.0 1980 3.0 
6-12 7.3 1.1 9.0 2010 0.9 

a' 



It is of Interest to note the wide differences In the levels 

of readily-available manganese as shown by the three samples of 

Deschutes sandy loam from Crook County. The two samples testirg 

5.4 ppm and 9.0 ppm respectively in the O-6 inch depth are from 

virgin 5oils. The sample testing 22.8 ppm is from a field hich i 

th cultivation and which received applications totaling 230 pounds 

per acre of sulfur and 300 pounds per acre of rpsum during the two 

years immediately prior to sampling. The effect of sulfur applica- 

tion on soil reaction may be seen from a comparison of the pH levels 

of the three soils, as may the subsequent effect on manganese avail- 

ability. Whether or not the large increase in readily-available 

manganese in the sulfur-treated soil may be attributed entirely to 

the lowering of the soil pH is doubtful, since the increase appears 

out of proportion to the drop in pH. It may be that sulfur exerts 

an effect on manganese availability over and above that of lowering 

the soil reacticri (64). 

Greenhouse response to the application of Mn304 on virgin 

samples of Ayres sandy loam, Redmond sandy loam, and Deschutes sandy 

loam from. Crook County were observed in 1951, notvdthstanding the 

fact that, with the possible exception of Deschutes sandy loam, these 

sampies do not show particularly low levels of readily-available 

manganese? This may indicate the possibility of low levels of 

1 From communication with E.W. Dull, fonnerly of the Soils 
Department, Oregon State College. Response was measured by increased 
yield in greenhouse trials with snap beans No response was noted 
with sunflowers. The data are at the present time unavailable and 
are being prepared for publication in the near future. 
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easily-reducible manganic oxide in these soils. Samples of the 

Redmond and Deachutes series from Deschutes County, however, do show 

relatively sms.11 quantities of readily-available manganese, and in 

the light of the greenhouse trials, response to manganese applica- 

tion8 might be expected. 

The alkaline muck soils of Kiamath County have given previous 

response to greenhouse applications of soluble manganese salts 

(40, 42). Current investigations on these soils in the field indi- 

cate response to copper and zinc as well as to manganese.2 

Several instances of low levels of readily-available mangan- 

ese appear in the data for the soils of this region. Results of 

determinations of easily-reducible niangariic oxide appear in Table IX. 

2 communication with A.L. Halvorson of the Kiamath 
Experimental Area who is currently conducting fertilizer trials on 
these soils in the field. Unpublished data. 



Table IX. Manganese Levels in Suspect Soils 

of the Central Oregon Region 

Eaaily-Reducib1e Redeter. Read. 

Soil Type Depth Mn203 Avail. }/n 

Inches ppm ppm 

Crook County 

Agency sandy loam 6-12 165.8 

Catherine clay loam 0-6 77.5 * 

Desehutes sandy loam 

Prineville sandy loam 

Stearns silty clay loam 

Wingville sandy loam 

Deschutes County 

I 

t__1,, 

/ 1 

0-6 
6-12 

O-6 
6-12 

95.0 1.3 * 

78.7 * 

137.5 

165.0 
71.2 * 

77.5 * 

90.0 1.7 * 

Deschutes coarse sandy loam 0-6 27.5 * 

6-12 40.0 * 

Deschutes sandy loam 6-12 62.5 * 

Redmond sandy loam 0-G 130.0 

6-12 95.0 10.8 

Harney County 

Fiander clay loam 0-6 170.0 
.L 7.<. 

Umapine silt loam O-6 <0.1 * 

6-12 72.5 11.6 

Yingvil1e silty clay loam 6-12 142.5 

Jefferson County 

Madras sandy loam 6-12 132.5 

Metolius sandy loam 0-6 150.0 

6-12 157.5 



Table IX. Manganese Levels in Suspect Soils 
of the Central Oregon Region (continued) 

Easily-Reducible Redeter. ReT 
Soil Type Depth Avail. Mn 

Klaznath County 
Inches 

_2O 
PP ppm 

A. (Malin) sandy loam 6-12 46.7 * 

do 6-12 38.7 * 

Lower Kiamath Muck 0-6 .O.1 * 
6-12 <0.1 * 

do 0-6 <0.1 * 
6-12 <0.1 * 

Lower Kiamath Muck 6-12 22.5 * 
(diatomaceous) 

do 6-12 15.0 * 

Mafteur County 

Malheur River Area 

A. silt loam - first bench 6-12 235.0 

B. silt loam - bottom 6-12 227.5 

C. silt loam - alkali 0-6 200.0 
6-12 270.0 

D. silt loam - upper bench 0-6 260.0 
6-12 260.0 

E. sariy loam - upper bench 0-6 260.0 
6.-12 300.0 

Owyhee River Area 

F. silt loam - upper bench 0-6 250.0 
6-12 320.0 

G. sandy loam - first bench 0-6 227.5 
6-12 170.0 

H. sandy loam - bottom 0-6 250.0 
6-12 220.0 

* Indicates deficient level of active manganese and a possibly 
manganese deficient soil. 
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RElATION OF READILY-AVAIlABLE Ì4ANGANESE TO OTHER SOIL FACTORS 

In order to determine what effects, if any, factors such as 

soil reaction, available calcium, organic matter, and available 

phosphorus exert upon soil levels of manganese as determined in th1 

study, the regression of readily-available manganese on each was 

determined using the method of least squares (46). 

Soil Reaction 

The influence of soil reaction on manganese availability ha 

received considerable study by other workers and is generally well 

recognized. In this investigation, the regression of readily- 

available manganese on soil pH conformed with previous findings and 

is shown in Figure 1. 

It will be noted that there are actually two separate curves, 

each of which represents a calculated line of regression. Line A 

indicates one regression at soil pH levels from 4.5 to 7.4. Line B 

indicates another at pH levels from 7.5 to 9.8. Two distinct curves 

are sho!m because the influence exerted in the regression calcula- 

tion by the large number of observations occuring between soil pH 

levels of 4.5 and 7.4 tends to mask the relationship between soil 

levels of readily-available manganese and soil reaction at higher 

pH levels. Thus a single curve, calculated on the basis of the 

total number of observations, predicts zero ppm readily-available 

manganese as the soil reaction approaches pH 8.5 which does not, of 

course, hold true. 
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This false impression is overcome, however, when individual 

curves are calculated after separation of the data into two groups, 

the dividing point In this case being based on the arrangement of 

the data themselves. 

Thus, line A predicts manganese levels at pH 4.5 to 7.4 and 

line B from pH 7.5 to 9.8 for soils included in this study. 

It may be seen that the relationship of readily-available 

manganese to soil reaction is curvilinear in nature and that the 

plotted lines assume the shape of hyperbolas . The calculations 

were made using reciprocals of pH values it the lines are plotted 

on the basis of straight pH. The slopes are negative and the 

correlation coefficients of 0.825 for line A and 0.581 for line B 

are significant by the F-test at the 5 per-cent level. 
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Available Ja1cium 

The regression of readily-available manganese on available 

calcium also conforms to the findings of other investigators. The 

correlation coefficient of -0.220 was significant by the F-test at 

the 5 per cent level. 

The scatter diagram for this regression is shown in Figure 2. 

The relatively weak correlation coefficient may perhaps be 

attributed to some extent to the fact that in many cases where 

calcium levels are relatively high the periodic application of sulfur 

occurs as part of the usual soil management program. This may 

further tend to illustrate the somewhat insidious effect of sulfur 

oxidation on manganese availability as noted by Vavra, et al (64). 

Organic Matter 

The regression of readily-available manganese on the per cent 

organic matter in the soil was positive in nature, conforming to 

previous findings by Sherman and Fujimoto (56), but was not signif i- 

cant. The resulte of studie8 by other investigators have been of 

a conflicting nature and seem to indicate the dependence of this 

inter-relationship upon other factors such as soil reaction and the 

nature of the organic matter involved. In this respect, the influ- 

ence of organic matter as a reducing agent seems more pronounced in 

acid soils. 

In an attempt to study more closely the effect of soil 

organic matter levels on manganese availability, the soils included 
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in this investigation were separated into two groups: those 

containing up to 20 per cent organic matter, and those containing 

more than that amount. It is of interest to note that the re- 

gression of readily-available manganese on the per cent organic 

matter in the soil was not significant in either group. 

Available Phosphorus 

In this study, the regression of readily-available manganese 

on available phosphorus was tositive. The correlation coefficient 

of 0.148 was significant by the F-test at the 5 per cent level. 

The scatter diagram appears as Figure 3. 

That the correlation is extremely poor may be seen from the 

small magnitude of the correlation coefficient. Further interpreted, 

it means that only 2 per cent of the variation involved is due to 

the co-variability cf the components, manganese and available phos- 

phorus . It is felt that significance is due predominantly to the 

fact that a relatively large number of samples were involved. 

The well known role of manganese, both in the ionic ari. lower 

oxide forms, as an agent In phosphorus fixation phenomena would seem 

to indicate that a negative rather than a positive type of correla- 

tion might be expected in high manganese soils. 
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Figure 3. Regression of readi1y-aai1able manganee. on available 
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Legend: o points of regression curve 
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SWlMARY AND CONCLUSIONS 

In this study, surface (O-6 inches) and subsurface (6-12 

inches) soil samples from 138 sites representing approximately 

loo different soil types were analyzed for levels of readily- 

available manganese. 

One-hundred arid nineteen samples, all of the samples showing 

less than 3 ppm readily-available manganese, were analyzed 
for 

easily-reducible manganic oxide after 12 months storage at room 

temperatures. Readily-available manganese was redetermined con- 

currently on 30 of these samples in order to ascertain the change 

in levels due to storage. Statistical interpretation indicated that 

"suspect" manganese deficient soils could be identified on the 

following bases as: 

1. Those soils which contained less than 3 ppm 

readily-available manganese and less than 100 ppm 

easily-reducible m.anganic oxide, or 

2. Those soils which contained less than 80 ppm 

easily-eeducible manganic oxide. 

These levels were set on the basis of previous studies by 

other investigators. 

In several instances, notably in samples from the Henniston 

area of Umatilla County and in other areas of Eastern and Central 

Oregon, soll levels of active manganese were below these limits. 

In almost all cases, samples which tested below these 1imit 

were neutral to alkaline in reaction. 



In no case were toxic levels of soil manganese indicated. 

Highest levels were found in those soils which receive periodic 

sulfur applications as part of their management program. 

Determinations of available calcium, organic matter, and 

available phosphorus which furnished data for correlation studies 

were made by the Soil Testing Laboratory of the Oregon Agricultural 

Experiment Station. 

The regression of readily-available manganese on soil pH was 

significant and showed a negative relationship. 

The regression on available calcium was also negative in 

nature arrì significant though weak. 

The regression on organic matter was positive but was not 

significant. 

The regression on available phosphorus was also positive and 

was significant tkugh extremely weak. 

The results of this study should provide an indication with 

regard to areas in the state where manganese deficiency is more 

likely to occur and point out areas worthy of field investigations 

regarding possible response to manganese fertilizers. 
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