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MOLYBDENUM STATUS OF SELECTED 
OREGON SOILS AND SUBTERRANEAN 
CLOVER RESPONSE TO MOLYBDATE 

INTRODUCTION 

The first report of molybdenum deficient soils was by 

Anderson (1942) in Australia. In recent years molybdenum 

deficiency in legumes has been reported in Europe, Australiasia, 

and the Americas. Unfortunately, there appears to be a rather 

small margin between forage crops deficient in molybdenum and 

those with molybdenum levels sufficiently high to be toxic to live- 

stock. 

Studies by the Oregon State University (OSU) Agricultural 

Experiment Station (1958) first indicated that a wide range of Oregon 

soils were deficient in molybdenum. At this time it was not recom- 

mended to apply molybdenum to soils of the coastal area due to 

possible molybdenum toxicity problems. Areas in the Willamette 

Valley and northeastern and north central Oregon were responsive 

to molybdate applications. The general recommendation at that 

time was to not apply molybdenum to coastal soils, alkaline soils, 

and peat or muck soils, and to apply molybdate on the valley and 

northeastern and north central soils with caution. 

Since then, James, Jackson and Harward (1968) have shown 

. 



2 

that responses to molybdenum could be expected on some "red 

hill" soils in the Oregon Coast Range. . Clover pastures in Tillamook, 

Polk, Douglas, Coos, and Curry counties have also been shown to 

respond to molybdate applications (Dawson, 1968). 

Relatively little research appears to have been done toward 

determining methods which might accurately assay plant available 

molybdenum from the soil. The early work in Oregon by the OSU 

experiment station clearly indicated that more was needed to be 

known in relation to identification of molybdenum deficient soils 

and establishment of optimum application rates of molybdenum on 

contrasting soils of varying base status, pH and mineralogy. 

The present trend in Oregon is to convert increasing areas 

of logged over land into pasture. Molybdenum deficiencies appear 

as a likely problem when these soils are used for forage production, 

particularly in the Oregon Coast Range. Therefore, it seemed 

advisable to initiate a series of experiments to aid in more 

efficient handling of the molybdenum problem in Oregon. 

Accordingly, the objectives set forth for this study were to: 

1. Determine total soil molybdenum of selected Oregon soils. 

2. Examine the anion exchange resin method as a means 

of determining plant available molybdenum. 

3. Correlate extracted soil molybdenum with the growth 

of subterranean clover. 

. 



4. Correlate extractable soil molybdenum with the 

plant nitrogen and molybdenum status. 

3 



LITERATURE REVIEW 

Discovery of Molybdenum Deficiencies 

Molybdenum was first shown to be essential for the growth of 

higher plants in 1939, when Arnon and Stout (1939) discovered that 

small quantities of molybdenum were required for normal growth 

of tomatoes. Earlier work (Steinberg, 1936) had already indicated 

that it was required for normal growth of several microorganisms. 

Since then, considerable attention has been given to the molybdenum 

requirements of both plants and animals. 

The first field response to molybdenum was discovered in 

Australia in 1942 by Anderson. It was noted that clover grew better 

in the ash from burned trees. Further research indicated that 

molybdenum was one of the factors producing the increased growth. 

The clover in the ash spots was darker in color and yielded more 

than the clover outside the ash. This led to further studies into 

the exact function of molybdenum in plant growth. 

Shortly after the discovery of the effect of molybdenum on the 

growth of legumes, Mitchell and Davies (1945) demonstrated that 

the well known "whiptail" disease of cauliflower could be controlled 

by additions of molybdenum. Since then, molybdenum deficiencies 

have been demonstrated in over fourteen families of plants 

4 
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(Hewitt, 1956). 

Plant responses to applications of molybdenum are numerous. 

The most noted responses are in legumes. As little as 1/32 of an 

ounce of Na2MoO4. 2H2O per acre produced 9000 pounds more dry 

matter than the check plot over a seven year period (During, 1967). 

Seed treatment of soybeans with molybdenum increased seed yields 

as much as seven bushels per acre (Lavy and Barber, 1963). 

Molybdenum deficiencies of legumes in the United States are 

known to occur in New Jersey, South Carolina, Texas, Idaho, 

Wisconsin, Indiana, California, Washington, Georgia and New York 

(Rubins, 1956; Kliewer and Kennedy, 1960; Parker and Harris, 1962; 

Lavy and Barber, 1963; Stout et al. , 1960). Non- legume molybdenum 

deficiencies also occur in Rhode Island, Pennsylvania, Delaware, 

Maryland, West Virginia, Ohio, Florida and Louisiana (Rubins, 

1956). 

Chlorosis of ladino clover on Saint Onesime stony loam in 

Canada (Ouellette, 1963) was corrected with one pound of sodium 

molybdate per acre. Molybdenum increased the starch and vitamin 

C content of potatoes in Czechoslovakia (Smalik, 1959). Soybean 

yield in France (Bertrand, 1962) was doubled by molybdate appli- 

cations. Responses to molybdenum have also been reported in 

Germany, India, Italy, Malaya, Poland, Russia, South Africa, 
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and Spain (Albrigo, Szafranek, and Childers, 1965). 

Applications of 0.4 and 0. 8 pounds of molybdenum increased 

alfalfa yields on five out of eight "red hill" soils in Oregon (James, 

Jackson and Harward, 1968). Dawson (1968) has obtained increased 

yields of subterranean clover in Coos, Curry, Douglas, Polk and 

Tillamook counties in Oregon by applications of 1/4 pound of sodium 

molybdate per acre. 

Role of Molybdenum in Plant Growth 

In general, molybdenum deficiencies appear as a yellowing 

or chlorosis of the plant. Severe deficiency often results in 

necrosis and death of the plant. The primary role of molybdenum 

in the growth of legumes is in its effect on symbiotic nitrogen 

fixation. This was first demonstrated by Anderson and Thomas in 

1946 when experiments on a soil, normally characterized by 

responses of leguminous plants to applications of molybdenum, gave 

only very small and insignificant responses to this element when 

sufficient nitrate or ammonium nitrogen was provided. Grasses 

grown alone on the same soil responded to combined nitrogen 

_applications, but did not respond to molybdenum at any nitrogen 

level. The role of molybdenum in nitrogen fixation has been well 

documented (Anderson and Oertel, 1946; Mulder, 1948; Anderson 
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and Spencer, 1949; Walker, Adams and Orchiston, 1955 a). 

The primary role of molybdenum in the growth of non -legumes 

is in nitrate reduction. Culture solution studies with Aspergillus 

and tomato plants (Mulder, 1948) indicated that in a medium with 

nitrate nitrogen, minute quantities of molybdenum were required 

to obtain normal growth. Molybdenum deficient plants accumulate 

nitrate and contain less protein nitrogen than those provided with 

adequate molybdenum (Mulder, 1948; Stout and Meagher, 1948). 

Molybdenum has been found to be necessary for the enzyme 

nitrate reductase, which controls the reduction of inorganic nitrate 

by plants to a form they can utilize (Spence, 1963). The role of 

molybdenum in nitrogen fixation is similar in that it is required in 

the enzymatic process of the nitrogen fixing bacteria. 

Factors Affecting Plant Available Molybdenum 

The amount of available molybdenum, the type of plant, and 

the moisture status of the soil all influence molybdenum uptake by 

the plants (Kubota, Lemon and Allaway, 1963; Kubota et al. , 

1961; Bar shad, 1951). Molybdenum, when applied to the soil, is a 

critical factor in molybdenum uptake as heavy applications result 

in excessive molybdenum uptake (Widdowson, 1966) which is toxic 

to livestock (Kubota et al. , 1961, 1967; Dick, 1956). Application 
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rates of as low as ten ounces of sodium molybdate: per acre caused 

calves to scour, and grow slower (Watkinson and Rolth, 1962). 

Some soils are naturally high in molybdenum and result in 

molybdenum uptake levels that are toxic to livestock. Unusually 

high levels of molybdenum were discovered in a Dekalb silt loam 

(Robinson et al. , 1951) which resulted in high molybdenum uptake. 

The soil contained 31,5 ppm total molybdenum, as determined by 

the sodium carbonate fusion process. In general, levels of 10 -20 

ppm molybdenum in plant material is considered toxic to grazing 

animals (Kubota et al. , 1967). Other workers (Watkinson and Rolth, 

1962) recommend that molybdenum top dressing should be avoided 

where pasture contains more than three ppm molybdenum. 

Effect of pH on Molybdenum Availability 

Many factors affect uptake of molybdenum by plants, among 

the most important of which is soil pH. Molybdenum availability is 

affected by pH in two ways: first, on the availability of molybdenum 

itself (Jones, 1967), and second on the availability of other elements 

which in turn affect the molybdenum uptake in the plant. 

The relationship between molybdenum availability and pH is 

very similar to that of phosphorus (Barshad, 1951). The availability 

of molybdenum in soil increases with the soil pH (Reisenauer, 1968; 
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Tisdale and Nelson, 1966). Bar shad (1951) showed that the sorption 

of molybdate was progressively inhibited by raising the pH over the 

range of 5. 0 to 9. 0. The increase in the adsorption of molybdate 

anions by clays upon lowering the pH of suspensions and the increase 

in pH of the solution resulting from the adsorption of molybdenum 

(Barshad, 1951) indicated that molybdate anions (MoO4 : HMoO4) 

exchange with OH ions of the clays in the same manner as phosphate 

ions, namely, 

clay 

OH 
OH 
OH 
OH 

+2MoO4 clay 

MoO4 

+4OH 

MoO4 

This was supported by Jones (1957) in studies of molybdate sorption 

by soils. He found that when molybdate was added to a soil solution, 

increasing the pH, resulted in decreased molybdate adsorption by the 

soil. This is indicated in Figíird>>l, °. (Jones, 1957). 

Effects of Iron, Aluminum and Manganese 

Iron, aluminum and manganese reduce the availability of molyb- 

denum by forming complexes with the molybdate ion (Jones, 1956, 

1957). The solubility of iron, aluminum and manganese is pH depen- 

dent. When these ions are readily available in the soils of low pH, 

they combine with molybdenum, forming insoluble compounds 

F 
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(Reisenauer, Tabikh and Stout, 1962; Jones, 1956, 1957) rendering 

molybdenum unavailable to the plant. Of these elements iron plays 

the most important part as it is generally present in larger amounts 

than the other two elements. 

The complexing effects of iron, aluminum and manganese are 

readily overcome by additions of lime. The main effect of lime ad- 

ditions to molybdenum deficient soils is to make molybdenum more 

available (Walker, Adams and Orchiston, 1955 a; Anderson, 1956; 

Scott, 1962; Widdowson, 1962). Lime additions release the molybde- 

num ions by replacing the adsorbed Mo04 with OH ions (Wells, 1956; 

Jones, 1957). Other workers reviewed by E. B. Davies (1956) came 

to similar conclusions concerning a Mo04 OH type anion ex- 

change. The adsorption of molybdate in soil occurs in reverse; re- 

leasing hydroxyl ions as the molybdate is adsorbed (Jones, 1957; 

Reisenauer, Tabikh and Stout, 1962), 

Reisenauer et al. , (1962) suggested the following reactions in 

sorption of molybdate by hydrous iron oxide. 

Fe2O3 + 3H20 2Fe(OH)3 [lJ 

2Fe(OH)3 + 3Na2MoO4 + 6HC1 _,} Fe2(Mo04)3 +6NaC1 + 6H2O[21 

Fe203 + 3Na2MoO4 + 6HC1=. Fe2(Mo04)3 + NaCl + 3H20 [33 

2Na2MoO4 + ." Na2Mo2O7 + 2NaC1 + H2O C43 

. 
2HC1 

i 
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Reaction [ij is the reaction of Fe2O3 with water. The formation of 

Fe2(MoO4)3 in an acid solution or suspension containing ferric 

hydroxide and molybdate anion in reaction [2] agrees with the find- 

ings of Jones (1957) who noted a marked retention of molybdate an- 

ions at about pH 5. 0. Reaction [3] is the combination of reactions 

[ 1] and [2] and suggests molybdate complexing with iron in either 

a hydrated or non -hydrated state. Reaction [4] represents the 

formation of iso- polymolybdate, a concurrent reaction with [2]and 

[3] 
Studies of molybdate adsorption onoFe2O3 by Reyes and Jurinak 

(1967) indicated that paramolybdate adsorption does not occur until 

the temperature was increased to 40° C at high molybdenum concen- 

trations (55 ppm). They indicated that the primary form of molybdate 

adsorbed was the monomeric form, HXMoO4x 
-2. 

Early work by Millikan (1948) indicated that molybdenum and 

manganese were antagonistic to one another. He demonstrated 

(1951) that the addition of high concentrations of molybdenum to flax 

grown with excess manganese, reduced the manganese content of the 

plant tissue. Manganese is known to inhibit uptake of molybdenum 

by cauliflower in acid soils (Mulder, 1954), Walker, Adams and 

Orchiston (1955 a, b) indicated that manganese reduced the effective- 

ness of molybdenum in nitrogen fixation, but not molybdenum up- 

take in clover. 
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Kirsch, Harward and Petersen (1960) concluded that in nutrient 

culture work with tomatoes an iron -manganese -molybdenum relation- 

ship existed which governed the growth response to any of these three 

elements and that the relationship of manganese to molybdenum was 

manifested indirectly through iron and the iron x manganese and iron 

x molybdenum interactions. One might conclude from these findings 

that MoO4 sorption is decreased and solubility of this anion is in- 

creased as the pH approaches about 5. 5. Moreover, the antagonistic 

behavior of iron and manganese upon the plant uptake of molybdenum 

is reduced as the pH is raised above pH 5. 5. 

Influence of Sulfur 

Sulfur deficiency in legumes appears as a nitrogen deficiency 

(Anderson and Spencer, 1949). The role of sulfate ions in suppressing 

molybdenum absorption and translocation may be explained as a 

direct competition between two divalent anions of the same size 

(Stout et al. , 1951). Additions of sulfate and superphosphate fertilizers 

have resulted in depressed molybdenum uptake by plants and an in- 

crease in manganese uptake (During et al. , 1960; Widdowson, 1966; 

Reisenauer, 1963 a;Walker, Adams and Orchiston, 1955 b). 

The depression of molybdenum uptake by sulfate additions can 

be counteracted by additions of phosphate or lime (Watkins on and 

Davies, 1962; Widdowson, 1966). Phosphate increases molybdenum 
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uptake in subterranean clover (Stout et al. , 1951) and other legumes 

(Reisenauer, 1968). The action of superphosphate in affecting molyb- 

denum uptake appears to be opposite in legumes as compared with 

non -legumes. The presence of superphosphate markedly depressed 

molybdenum uptake by ryegrass, but not by white clover (Watkinson 

and Davies, 1962). Apparently the phosphate in superphosphate 

counteracts the depressing effect of the sulfate in clover. Con- 

flicting results have been obtained as Widdowson (1966) experienced 

a depressing effect of superphosphate on molybdenum uptake by 

french beans. 

Reisenauer (1963 a) has explained the twofold effects of sul- 

fate to include a reduction in the absorption of molybdate and an 

inhibition of molybdenum utilization by the plant. 

Additions of sulfate to the diet of sheep on a constant molyb- 

date intake results in a rapid excretion of molybdate in the feces and 

urine. This results in a concurrent drop in blood molybdenum 

(Dick, 1956). Neither sulfate or molybdate alone interfered with 

copper retention. However, additions of molybdenum and manganese 

to sheep on a high protein diet exerted a limiting effect on copper 

retention. 

Methods and Rates of Molybdenum Application 

Methods and rates of applying molybdenum vary considerably. 

Molybdenum is applied as a spray to the soil or crop, as a 
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molybdenized fertilizer or as a seed treatment (Hagstrom and Berger, 

1963, 1965; Lavy and Barber, 1963; Reisenauer, 1963 b). The most 

common method of applying molybdenum is by applications to the soil 

as a fertilizer or a spray. However, Reisenauer (1963 b) has indica- 

ted that on peas, seed applied molybdate fertilizers produced signifi- 

cantly greater increases in vine nitrogen content and yield than 

equivalent soil treatments. Seed application at the rate of 0.4 pounds 

of molybdenum per acre was 28 more times effective than soil applied 

molybdenum, as measured by plant molybdenum uptake. 

Rates of molybdenum vary from 1/32 ounce to ten pounds of 

sodium molybdate per acre (Widdowson, 1966; During, 1967). __ 
Nor- 

mally two to eight ounces of actual molybdenum per acre are satis- 

factory (Kline, 1954). 

Factors Affecting Total and Available Molybdenum in Soil 

Soil weathering processes appear to be the major factor affect- 

ing the total molybdenum supplying power of a soil. In general, 

igneous rocks are high in molybdenum, while sedimentary and meta- 

morphic rocks are low in molybdenum (Kline, 1956). This, however, 

does not give a reliable indication of the molybdenum status of soils 

derived from these rock types. Massey, Lowe and Bailey (1967) 

did not find any relationship between soil molybdenum and parent 

rock in Kentucky soils. They did find a good correlation between 
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soil molybdenum and soil series. This might be expected as most 

related series have undergone similar weathering processes. 

During (1962) found that deficiencies of molybdenum were 

associated with soils derived from greywacke, the related mica 

schists, andesite, dolerite and basalt. Of the soils derived from 

basalt, only the more mature were molybdenum deficient. 

The unavailability or retention of molybdenum by soils is due to 

the hydrous oxide weathering products of soils (Wells, 1956). The 

slightly weathered soils are low in hydrous oxides of iron and alumi- 

num. This results in little retention and high availability. The re- 

verse is true of highly weathered soils (Wells, 1956). The increase 

in availability of molybdenum sometimes observed on podzolized soils 

is due to the removal of the hydrous oxides by leaching (Davies, 1956; 

Widdowson, 1962). The amount of total molybdenum however, de- 

creases as the soils become more leached (Grigg, 1960; Davies, 1956; 

Widdowson, 1962). 

High levels of molybdenum in soils may result in excessive up- 

take by plants. Excesses of molybdenum are known to occur on peat 

or muck soils and on poorly drained alkaline soils (Kline, 1956). 

Price, Linkour and Engel (1955) discovered in a minor element study 

in the coastal plain region of Virginia, that molybdenum appeared to 

concentrate in plants on poorly drained soils. Similar findings were 

observed by Kubota et al. , (1961), Kubota, Lemon and Allaway (1963), 
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Wells (1962) and Kubota et al., (1967). 

Soils high in organic matter are also known to result in high 

molybdenum levels in forage. Kubota et al. , (1961) and Gupta and 

MacKay (1966) indicated that as organic matter increases in soils, the 

level of available molybdenum also increases. If the level of copper 

is sufficient, ten ppm or greater, levels of up to 20 ppm molybdenum 

in forage can be tolerated by livestock (During, 1967). Levels above 

20 ppm without a corresponding increase in copper will require the 

use of copper salts to prevent molybdenum toxicity in ruminants 

(During, 1967). 

Methods of Soil Molybdenum Analysis 

Reliable methods for determining total soil molybdenum in soils 

are described by Jackson (1958) and Reisenauer (1965). 

The use of ammonium oxalate (Grigg, 1953) to extract available 

molybdenum has been widely used (Massey, Lowe and Bailey, 1967; 

Purvis and Peterson, 1953; Boratynski, Roszykowa and Zietecka, 

1966). However, Grigg ( 1960) has indicated that the acidic -oxalate is 

not reliable for diagnosing deficiencies as it extracts a portion of the 

ironbound molybdenum which is not available to plants. 

Other methods of determining available molybdenum have been 

developed and are used to some extent. The bio -assay procédure 

(Nichols, 1960) gives a fair indication of the available molybdenum 



18 

but it is only reliable for low levels (less than 1. 0 ppm) of molybdenum. 

Two water extracts have recently been developed that give an indica- 

tion of the water soluble molybdenum. Gupta and MacKay (1965) shake 

soil and double distilled water for one hour and remove the soil by 

filtration and centrifugation. After the organic matter has been re- 

moved by ignition and with added sulfuric acid and hydrogen peroxide, 

the molybdenum is determined colorimetrically. Lowe and Massey 

(1965) used a soxhlet apparatus for continuous leaching of the soil with 

hot water. After removal of the organic matter, the molybdenum was 

determined colorimetrically. 

Anion exchange resins have been used successfully to determine 

the amount of phosphorus that is readily available in the soil (Williams, 

1965; Amer et al. , 1955). As molybdenum and phosphorus are both 

anions similar reactions could be expected to occur in soil. This 

indicates that anion exchange resins could be useful in determining 

available molybdenum in soils. Resins would give a good indication 

of the available molybdenum as they would not change the pH of the 

soil (Olsen, 1967). 

With this in mind Olsen (1967) developed a method to extract 

molybdenum from soil with an anion exchange resin. The amount of 

molybdenum extracted with this method gave a linear relationship 

between the amount extracted and pH. Increasing soil pH gave in- 

creased levels of available molybdenum. 
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Several methods of determining molybdenum colorimetrically 

have been developed (Hamence, 1940; Evans, Purvis and Bear, 1950; 

Johnson and Arkley, 1954). The easiest and most reliable method 

(Reisenauer, 1965) is that described by Johnson and Arkley (1954). 

They utilize a 1:1 solution of carbon tetra - chloride and iso -amyl 

alcohol to extract the molybdenum from solution. 

To summarize: (1) Molybdenum deficient areas have been re- 

ported in many countries on widely contrasting parent materials and 

on different plants; (2) Soil genesis appears to be the dominant one 

factor which influences the soil molybdenum supplying power; (3) 

The role of molybdenum in plant growth has been defined, and its 

importance in the nitrogen fixation process has been identified; 

(4) The factors affecting plant available molybdenum are complicated 

and depend on several factors such as the amount and presence of 

other ions, pH, temperature, and soil organic matter content; 

(5) Iron, manganese and aluminum influence molybdenum availability, 

while the amount of sulfate present in soil affects molybdenum uptake. 

Relatively little research appears to have been done toward 

determining methods which might accurately assay plant available 

molybdenum from soil. Moreover,', more information is needed 

relative to establishing optimum application rates of molybdenum 

on contrasting soils of varying pH. 
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EXPERIMENTAL METHODS AND MATERIALS 

FIELD EXPERIMENTS 

Experimental Locations and Characterization of Soils 

Soil fertility experiments with lime and molybdenum were es- 

tablished on subterranean clover in western Oregon at eight different 

locations as indicated in Table 1. The experimental sites ranged 

from northern Polk county to southern Coos county under precipita- 

tion ranging from 32 to 62 inches per annum. 

Three of the eight soils studied do not fall into any established 

soil series classification. These unnamed soils are common soils 

in Coos county. A descriptive resume of the named soils provided 

by the United States Department of Agriculture - National Co- operative 

Survey (1956 through 1967) is given in appendix, pages 82 through 83 . 

A complete description of the unnamed soils is given in appendix 

pages 84 through 89 

All soils were acid and were on upland or hill topography. 

Pastures established on these soils could be expected to respond to 

both phosphate and sulfate. The soil tests from these soils indicate 

that they are also rather low in potassium and boron. 



Table 1. Experimental locations of the eight field trials. 

Soil series 
(farm) 

County Legal description Notes on location 

Steiwer 
(McGuire) 

Polk SW 1/4, Sec 10, T1OS, R5W 1000 feet NE of paved road just below 
the treeline. 

Unnamed 
(Cannon) 

Coos NE 1/4, NE 1/4, Sec 24, T30S, 
R15W. 

About 500 feet NW of gate where power 
line crosses the road. 

Hazelair 
(Palmer) 

Polk NE 1/4, SW 1/4, Sec 60, T6S, 
R6W 

Located west of house 500 feet below 
farm pond. 

Hedden 
(Baimberidge) 

Douglas NE 1/4, Sec 6S, T23S, R7W West of gravel road where slope 
breaks to the south. 

Unnamed 
(Laird) 

Coos NE 1/4, NW 1/4, Sec 15, T29S, 
R12W 

East and upslope from the north end 
of the cemetery. 

Dixonville 
(Mosher) 

Douglas SW 1/4, Sec 21, T26S, R4W 1/4 mile upslope NW of paved road 
near isolated group of fir trees. 

Knappa 
(Dement) 

Coos NE 1/4, NE 1/4, Sec 31, T31S, 
R11W 

East of road just north of loading 
chute. 

Unnamed 
(Warner) 

Coos SW 1/4, NW 1/4, Sec 34, T30S, 
R12W 

NW of railroad crossing on terrace 
remnant. 



Experimental Design and Treatments 

A split -plot design with four replications was used for all of the 

field experiments; individual plots were 12 feet by 16 feet. The 

treatments consisted of lime and molybdenum applied individually and 

in combination. There were four treatments per replication. Phos- 

phorus and sulfur were blanket applied at the rate of 3a pounds P and 

40 pounds of S per acre to all treatments as single super phosphate. 

The treatments consisted of a check treatment, a lime treat- 

ment, a molybdenum treatment and a lime x molybdenum treatment. 

Lime was applied at the rate of 2 tons of agricultural lime per acre. 

Molybdenum was applied at the rate of 0. 5 pounds molybdenum per 

acre as a sodium molybdate spray. 

Field Plot Technique 

All of the field trials were established and fertilized between 

October 19, 1967 and November 4, 1967. The trials were estab- 

lished in areas where earlier responses to molybdenum had been 

suggested. Due to limitations of available land and fencing equipment 

the trials on the Hedden, Dixonville and Knappa series were super- 

imposed on old experiments. All of the trials were conducted on . 

established stands of subterranean clover, except for the trials on 

the Steiwer and Hazelair series. The clover on the Hazelair series 
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was seeded, along with miscellaneous grasses, by the cooperator. 

The clover on the Steiwer series was seeded with a whirlwind seeder 

at the rate of ten pounds per acre. All lime and fertilizer was applied 

evenly by hand, the molybdenum being applied last as a sodium 

molybdate spray. 

Phosphorus and sulfur was blanket applied to all trials as 

single superphosphate except for the trials on old experiments where 

gypsum was used in addition to single superphosphate to bring the 

sulfur on all plots up to 40 pounds per acre. 

The unnamed trials on the Cannon and Laird farms were 

mowed and the clippings were removed in late March because of a 

heavy stand of grass. 

The plots were harvested with a three foot mower between 

April 28, 1968 and June 10, 1968. Each plot was harvested as soon 

as blossoms were visible. Three foot borders were cut off the end 

of each plot, the clippings being discarded. Three foot strips were 

then cut down the middle of each plot and the weight of the clippings 

was recorded. immediately. Subsamples were taken from each 

treatment, the replications were bulked, weighed and then dried in 

a forced air oven. The subsamples were weighed again to determine 

the total dry weight. Additional subsamples were taken prior to 

drying and were separated into legume and grass and then dried to 

determine the per cent clover and grass on a dry weight basis. 
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Yields were calculated and reported in grams per plot. 

Soil and Plant Sampling 

Soil samples were collected from 0 to 6 inches at each experi- 

mental site prior to fertilization. Core samples were taken randomly 

from the trial area. The samples were air dried at the laboratory 

and ground to pass a 14 mesh screen to prepare them for analysis. 

Duplicate chemical analyses were then carried out on the samples 

(Table 2). 

The separated clover and grass samples were dried in a forced 

air oven for three to four days and then finely ground in the dry 

state by means of an osterizer blender to prepare them for analysis. 

Statistical Analysts 

Statistical analyses of the data were carried out on each field 

trial. All calculations were made on a desk calculator. Each soil 

was analyzed as a split plot with the lime treatments being the main 

plot and the molybdenum treatment being the sub -plot. No attempt 

was made to correlate the yields from the different soils. 



Table 2. Summary of chemical analyses for soil samples collected from the experimental locations. 
Soil series 
(farm) 

pH %TN P K Ca Mg CEC B 
(lb /A) (meq /100g) (meq /100g) (meq /100g)(meq /100g)(ppm) 

%OM 

Steiwer 
(McGuire) 5, 7 0, 3050 6, 0 0, 56 8, 70 4, 60 30, 21 0, 42 6, 85 

Unnamed 
(Cannon) 5. 2 0, 4233 13, 0 1, 21 4, 30 2.40 29, 34 0, 495 9. 64 

Hazelair 
(Palmer) 5, 4 0, 1638 5, 0 0, 64 3, 30 2, 95 18, 42 0. 36 3. 29 

Hedden 
(Baimberidge) 5, 1 0, 2617 2. 1 0, 40 2, 45 0. 85 18, 10 0, 36 6. 13 

Unnamed 
(Laird) 5, 7 0. 2863 9, 2 1, 02 5, 15 1, 95 20. 74 0, 53 7, 61 

Dixonville 
(Mosher) 6, 0 0, 1233 10,0 0, 57 5, 55 2, 60 15,41 0, 30 3, 43 

Knappa 
(Dement) 5. 8 .0. 2596 24, 0 0, 45 5, 30 2, 25 20, 32 0. 72 6. 36 

Unnamed 
(Warner) 5 0. 3345 8, 5 0, 53 2, 40 ;1, 00 21, 55 0, 36 8, 72 

The values reported in the table are means of two replications. 

5. 
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GREENHOUSE EXPERIMENT 

Experimental Location and Characterization of Soils 

Greenhouse trials were conducted in the west greenhouses at 

Oregon State University on the same soil series from the same sites 

as those used in the field experiments. These trials were established 

in an attempt to determine if similar results could be obtained in both 

field and greenhouse studies. 

Experimental Design and Treatments 

A completely randomized design with a factorial arrangement 

of treatments was used for the greenhouse experiments. The treat- 

ments were the same as those used in the field experiments, except 

that reagent grade chemicals were used in place of commercial 

fertilizers. Phosphorus was added as a KH2PO4 solution, sulfur was 

added as a Na2SO4 solution, lime was added as a CaCO3 suspension, 

and molybdenum was added as a NaMoO4. 2H20 solution. 

Greenhouse Technique 

The entire experiment was conducted in one quart plastic cottage 

cheese containers on one greenhouse bench. Small holes were 

drilled in the bottom of the containers to facilitate drainage. Drainage 
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water was not recycled. Nine hundred grams of air dried soil, which 

had been passed through a one centimeter sieve , was added t o 

each container. The containers were brought to near field capacity 

and the fertilizers were added for the various treatments. 

Each fertilizer application was followed by approximately 100 

ml of distilled water to aid in moving the chemicals into the soil. 

Each pot was then brought to near field capacity with distilled water 

and allowed to stand three days before seeding. 

Two large loops of NZ -29 rhizobium culture plus one ml of 

nutrient solution was added to six teaspoons of Mount Barker variety 

subterranean clover seed, and mixed throughly. The pots were 

brought to near field capacity and seeded with 30 to 40 innoculated 

seeds per pot. One -eighth inch of dry unfertilized soil was used to 

cover the seed. Distilled water was added at regular intervals to 

maintain moisture near field capacity. 

The pots were thinned to ten plants at the first true leaf stage. 

All plants were cut back to one inch after 30 days growth, the clip- 

ings being discarded. 

Lighting consisted of daylight fluorescent lamps spaced at 4 

inch intervals and maintained at 12 inches above the plant tops. Red 

spectra lighting was provided by parallel strings of 100 watt incandes- 

cent lamps, one lamp every two feet. 

Harvests were taken every thirty days, except for the third 

. 
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harvest which was taken after six weeks growth. The plants were 

cut one inch above the soil surface at each harvest. The clippings 

were dried in a forced air oven for 48 hours and dry weights were 

recorded. The entire experiment was re- randomized after each 

harvest. 

Soil and Plant Sampling 

Sufficient soil was collected randomly near each of the field 

experiments to fill sixteen one quart cottage cheese containers. The 

soil was thoroughly mixed and air dried in the greenhouse. Foreign 

material and rocks over one cm in diameter was removed by screen- 

ing. 

Plant samples from the four replications of each treatment 

were bulked and ground in a dry state by means of an osterizer 
blender to prepare them for analysis. 

Statistical Analysis 

Statistical analysis was carried out on each greenhouse harvest. 

All calculations were made on a desk calculator. Each harvest was 

analysed as a completely randomized design with a factorial arrange- 

ment of treatments. Coefficients of variation and L.'S.'D.'s were 

calculated for each harvest to determine experimental error and 

treatment significance within soil series. 
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LABORATORY EXPERIMENTS 

Routine Soil and Plant Analysis 

Routine soil analysis (Table 2) was carried out in the laboratory 

using the standard Oregon State University soil analysis methods. 

These methods are listed in Table 3. Soil reaction was reported in 

pH units; nitrogen in per cent total nitrogen; available phosphorus in 

pounds per acre; potassium, calcium, magnesium, and CEC in 

milliequivalents per 100 grams of soil, boron in ppm and organic 

matter as per cent. 

Routine plant analysis involved the determination of total nitrogen 

and copper. Total nitrogen was determined by the micro Kjeldahl 

method. The finely ground plant tissue was prepared for copper 

analysis by wet ashing with perchloric acid (Jackson, 1958). The 

amount of copper was then determined on a Perkin Elmer, Model 

303, atomic absorption spectrometer. 

Soil Molybdenum Analysis 

Total soil molybdenum was determined colorimetrically by the 

thiocyanate method (Johnson and Arkley, 1954) after being wet ashed 

with perchloric acid (Reisenauer, 1965). 

Available molybdenum was determined colorimetrically 

(Reisenauer, 1965) from the leachate of an anion exchange resin 



Table 3. Summary of the methods used for the routine soil chemical analyses. 

Test or determination Reference Notes on the method 

pH 

Total nitrogen 

Available phosphorus 

Jackson, 1958 

Assoc. of Official Agri. 
Chem. Ed. 8. 1955 

Olsen et al. , 1954 
(modified method) 

Exchangeable bases Schollenberger & Simon 
(K, Ca, Mg) 

CEC 

Boron 

Organic matter 

1945 

Schollenberger & Simon 
1945 

Dible et al. , 1954 

Walkley & Black, 1934 
Walkley, 1947 

1:2 soil -water suspension was used to determine 
the pH of the soil samples. 

Total nitrogen was determined by the Kjeldahl 
method. 

On 1:10 soil to extract ratio using 0. 5 N sodium - 
bicarbonate, adjusted to pH 8. 5, extractable P 
was determined by the molybdenum blue colori- 
metric procedure using the Bausch and Lomb 
Spectronic 20 spectrophotometer. 
On a single extraction (1:10 soil to extractant 
ratio) using 1 N ammonium acetate adjusted to 
pH 7. 01 the exchangeable bases were determined 
on a flame emission spectrophotometer. 

CEC was determined with 1 N ammonium acetate 
buffered at pH 7. 0. 

The boron was extracted with hot water, extract- 
able B was determined by the curcuminoxalic 
acid colorimetric procedure using the Bausch and 
Lomb Spectronic 20. 

Organic matter was determined as easily oxidiz- 
able material using 0. 1 N KMnO4 to titrate the 
soil K2 Cr 2O7 solution. 
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column (Olsen, 1967). 

Twenty -five grams of soil, ground to pass a 60 mesh sieve, 

was added to a 250 ml erlenmeyer flask containing 100 ml of double 

distilled water and 9 grams of moist anion exchange resin which was 

larger than 60 mesh. The soil solution was shaken on a wrist action 

shaker overnight. The resin was then washed on. a 60 mesh screen 

to remove most of the soil and was transferred to a glass column 

with a 1 cm. inside diameter. The column was then leached with 

50 ml. of 2M NaCl. This process requires approximately one hour. 

Available molybdenum was then determined from the leachate 

(Table 11 ). 

Plant Molybdenum Analyses 

Total molybdenum was determined colorimetrically (Reisenauer, 

1965) on selected plant samples from a perchloric acid digest 

(Jackson, 1958). These values are reported in Tables 7 and 10. 



RESULTS AND DISCUSSION 

Field Experiments 

General Comments 
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The response of subterranean clover to applications of molyb- 

date in the field was limited by at least two factors. The most im- 

portant limiting factor was a heavy stand of grass in some of the 

trials. Table 5 indicates that on all of the soil series, except the 

Steiwer series, grass limited the growth of clover. In the case of 

the unnamed soil on the Laird farm, the stand of grass virtually 

eliminated the clover stand, therefore, no harvest was taken. An 

abnormally dry spring undoubtedly contributed to the relatively low 

yields obtained in the field. The winter of 1968 was very mild, there- 

fore, the grass continued to grow throughout the winter. 

Response to Molybdate 

The only soil which gave a significant response of subterranean 

clover to molybdate applications, as shown by analysis of variance 

(Appendix Table 3) was the Steiwer series. Table 4 shows that 

while the clover response to applied molybdenum was only signifi- 

cant on the Steiwer soil, there was a tendency toward increased 

yields on five of the six soil series. 



Table 4. Average dry matter yield of field trials (grams /plot). 

Series 
(farm) 

Treatments 
Check Lime Mo Lime x Mo 

Steiwer 661 931 1221 980 
(McGuire) 

Unnamed 1284 1454 1423 1477 
(Cannon) 

Hedden 1748 1969 1698* 2097 
(Baimberidge) 

Dixonville 1709 1941 1887 1947 
(Mosher) 

Knappa 1273 1513 1513 1369 
( Dement) 

Unnamed 1252 1523 1334 1429 
(Warner) 

*Poor clover stand in two of four replications. 



Table 5, Percent clover in field trial treatments. 

Series 
(farm) 

Treatments 
Check Lime Mo Lime x Mo 

Steiwer 73, 20 71, 30 81, 50 66. 50 
(McGuire) 

Unnamed 6, 28 14, 56 23, 16 8, 08 
(Cannon) 

Hedden 59. 50 58, 80 57, 00* 53, 00 
(Baimberidge) 

Dixonville 65, 50 59. 20 65, 40 52, 90 
(Mosher) 

Knappa 40, 00 38. 90 46, 40 35. 10 
(Dement) 

Unnamed 28, 78 33, 32 36, 90 32. 52 
(Warner) 

The values reported in this table are based on actual separation of clover and grass. 

* Poor stand of clover in two of four replications. 
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It appears that a poor stand of clover in two of the four repli- 

cates of the molybdate treatment on the Hedden series prevented a 

significant response of subterranean clover to molybdate. Rodents 

and sheep sorrel (Rumex acetosella L.) prevented an effective stand 

of clover from being established. 

Responses to molybdate had been observed on the Hedden, 

Dixonville and Knappa series and on the unnamed soil on the Warner 

farm in previous years (Dawson, 1968). Anderson (1956) has stated 

that where molybdenum deficiency is slight, responses to molybdenum 

may disappear as the fertility of the soil is increased by the growth 

of clover. This could explain the lack of response to molybdate on 

the Knappa, Dixonville and Hedden series, as the trials on these 

soils were superimposed on old sulfur trial experiments. 

Responses to molybdenum topdressings on pastures have been 

obtained on numerous soils in New Zealand. However, there is a 

great variation in the degree of response in different localities even 

on the same soil type (Chittenden, 1962). Anderson and Oertel 

(1946) indicate that vigorous growth of subterranean clover was 

obtained when phosphate and molybdenum were applied together. 

The clover did not respond to lime where adequate nitrogen or 

molybdenum was applied. 

The percentage of clover in the stand was increased in all 

treatments which received molybdenum (Table 5). The highest 
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percentage of clover was found in treatments receiving molybdenum 

without lime. During (1967) indicates a similar effect of molybdenum 

in increasing the growth and proportion of clover in pastures. The 

growth of grass however, did not become vigorous until adequate 

lime was applied. 

Response to Lime 

Table 4 also records the clover responses to lime obtained on 

the various soils. A significant lime response was observed on the 

Hedden series. As this soil was the most acid (pH 5. 1) and contained 

a relatively low level of nitrogen, (O. 26 percent) a lime response 

might be expected. The unnamed soil on the Cannon farm was almost 

as acid (pH 5. 2) as the Hedden soil, but contained nearly twice as 

much total nitrogen (0.42 percent), thus, possibly precluding a 

response to molybdate. 

The subterranean clover response to lime on the Hedden soil 

is probably due to several factors as the soil test on this soil indi- 

cated a low level of phosphorus, potassium, magnesium and boron. 

In addition to the probable increased availability of molybdenum 

brought about by lime additions, the availability of phosphorus, 

potassium and magnesium were also likely increased. It would, 

therefore, seem that the response to lime could be attributed to 

other factors besides merely available molybdenum. 
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Lime appeared to have little effect on the percentage of clover 

in the pasture. Only on the Cannon site was the percent clover in- 

creased as a result of lime additions. 

Interactions 

Several workers (Walker, Adams and Orchiston, 1955a; 

Anderson, 1956) have noted that lime additions have resulted in in- 

creased availability of molybdenum. 

The only interaction observed in the field trials was on the 

Steiwer series. The lime x molybdenum interaction was statistically 

significant (Appendix Table 3), 

Moo Mo 
1 

L 661 1221 
o 

L1 931 980 

This negative interaction suggests that while some of the effect 

from lime on increased clover yield might be due to increased avail- 

ability of molybdenum, other complicating factors are involved. For 

instance, the reduction in yield following the addition of both lime and 

molybdenum over molybdenum alone suggests decreased availability 

of some other nutrient. It is difficult to ascribe this deficiency to 

either sulfur or phosphorus since the blanket application of these 

nutrients was 40 pounds of S and 35 pounds of P per acre respectively. 

There was also a suggestion of a similar depression in yield due to 
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molybdenum and lime over just molybdenum treatments on the Knappa 

soil (Table 4). 

Plant Nitrogen 

Table 6 gives the average total nitrogen yield from the field 

trials. Except for the Hedden series, which had a poor clover stand 

in two of four replicates of the molybdate treatments, an increase in 

total nitrogen of clover was obtained by the molybdate application on 

the other five soils. On the Steiwer soil and on the Cannon site this 

increase in total plant nitrogen of subterranean clover was consider- 

ably more than doubled. The fact that the plant nitrogen content in- 

crease was associated with applied molybdenum, while only on the 

Steiwer soil did clover yield increase, lends further credence to some 

other factor limiting yield besides molybdenum. It is probable that 

available soil moisture was limiting clover yields. 

The effect of molybdenum in increasing plant nitrogen has been 

noted by other research workers (Anderson and Thomas, 1946; 

Reisenauer, 1963). Walker, Adams and Orchiston (1955a) attributed 

this increase in clover nitrogen content to increased symbiotic 

nitrogen fixation. 

An increase in total nitrogen of clover was also obtained from 

the lime treatment in five of the six soils. The Dixonville series did 



Table 6, Total nitrogen content of sub -clover samples from field trials (gm N /plot). 

Series 
(farm) 

Sample Check Lime Mo Lime x Mo 

Steiwer Clover 18, 16 25, 55 38, 66 24, 43 
(McGuire) Grass 5, 24 7, 65 6, 83 8, 43 

Unnamed Clover 2, 22 6, 22 9. 62 3, 43 
(Cannon) Grass 20, 88 21, 12 18.46 21, 76 

Redden Clover 31, 09 33, 23 26, 16 29. 73 

(Baimberidge) Grass 12, 66 13, 55 13, 90 17, 60 

Dixonville Clover 39. 48 35, 72 45, 65 29. 98 
(Mosher) Grass 10, 15 10, 64 10.40 14, 91 

Knappa Clover 14, 67 17, 54 21, 52 14. 12 
(Dement) Grass 13, 21 16, 77 17, 27 16, 44 

Unnamed Clover 7, 70 11, 46 10, 13 10. 37 
(Warner) Grass 12, 49 14, 24 12, 35 13, 26 

The values reported in this table are based on average yields of clover and grass per treatment, 
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not give an increase in total nitrogen of clover. 

The lime addition also increased the total nitrogen of the grass. 

It is well known that liming acid soils accelerates soil nitrification. 

(Tisdale and Nelson, 1966). The higher nitrogen content of subterra- 

nean clover or grass resulting from lime might be caused by an in- 

creased supply of soil available nitrogen resulting from nitrogen 

fixation or through accelerated nitrification. On the other hand, the 

fact that total nitrogen content of grass also increased following the 

application of molybdate, suggests possible transference of nitrate 

from the clover plant roots to the grasses. Several researchers 

(During et al, 1960; During, 1967) have reported the accrued benefit 

of nitrogen uptake by the associated grass growing with clover. 

During ( (1967) has indicated that the additions of molybdenum stimulate 

nitrogen fixation in clovers and that grasses soon benefit from the 

increased rate of nitrogen fixation. 

The correlation of percent nitrogen in the clover from the field 

with exchangeable molybdenum (Figure 2) gave an r value of 0. 8045. 

This value was highly significant, and suggests that the available 

molybdenum status of the soils under study considerably influenced 

the ability of the clover to fix atmospheric nitrogen. 



0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Exchangeable Molybdenum (ug /25g soil) 

Figure 2. Correlation of exchangeable molybdenum with the percent nitrogen 
in the clover samples from the check and molybdenum treatments. 
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Plant Molybdenum 

The molybdenum content of the plant material from the field 

trials is presented in Table 7. It is quite apparent from this data 

that both clover and grass molybdenum content was markedly in- 

creased as a result of the 0. 5 lb. /acre application of molybdenum. 

It is difficult to account for the large differences in molybdenum up- 

take over check among the soils. Soil pH is an insufficient explana- 

tion since the Hedden soil which had a pH of 5. 1 also had the highest 

plant molybdenum uptake. The molybdate concentration in the clover 

and grass grown on the Hedden and Dixonville series is at a level 

which is generally considered to be toxic to livestock (During, 1967; 

Kubota et al. , 1967). However, tissue analysis for copper indicates 

a relatively high level of copper (Appendix Table 1). According to 

During (1967), levels of up to 20 ppm molybdenum can be tolerated if 

the level of copper in the plant tissue is 10 ppm or greater. 

The trials on the Hazelair series were not harvested due to a 

poor clover stand. The clover plants were quite small and appeared 

to be nitrogen deficient. Further examination revealed that the seed 

had not been innoculated. The trial had been established on a new 

pasture which had been sown by the farmer. A visual observation of 

the number and size of the clover plants in each treatment indicated 

a high percentage of ineffectively nodulated plants. 
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Table 7. Plant molybdenum content from field harvested plots. 
(/u, g Mo/ gm D. M. ) 

Soil Treatment 
(Farm) Check Molybdenum 

Steiwer Clover 2. 45 7, 00 
(McGuire) Grass 2.87 4. 06 

Unnamed Clover 2.68 4.50 
(Cannon) Grass 2.50 3.68 

Redden Clover 2.56 12.62 
(Baimberidge) Grass 3. 00 13. 25 

Dixonville Clover 2.00 12.85 
(Mosher) Grass 2.37 12.85 

Knappa Clover 2.68 8.23 
(Dement) Grass 2.74 9. 00 

Unnamed Clover 1.75 6.00 
(Warner Grass 3.00 6.42 
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While the plant molybdenum content varied among the different 

soils at any given location, molybdenum content of grass and clover 

at any one site was rather similar. 

Greenhouse Experiments 

Harvest #1 
Response to Molybdate and Lime 

The average yield of subterranean clover from the greenhouse 

trials is presented in Table 8. The analysis of variance of the first 

harvest (Appendix Table 9 and 10) showed that there were not anysig- 

nificant responses to lime and that only in one soil did clover give a 

significant response to molybdate. Clover grown on the Steiwer series 

gave a significant response to molybdenum at the five percent level 

of probability. 

Nevertheless in five of the other soils there was a trend toward 

clover response to applied molybdenum. 

Harvest #2 
Response to Molybdate and Lime 

Second harvest clover yields (Table 8) revealed a significant 

response to applied molybdenum in all but the Knappa and Dixonville 

series and the unnamed soil at the Warner site. Moreover, clover 

response to lime occurred on the same soils that responded to 



Table 8. Average yield of subclover from greenhouse trials (grams D. M, /pot). 

Series 
(farm) 

Harvest 
Check 

Treatments 
Lime Mo Lime x Mo 

Steiwer 1 2. 16 2, 39 2. 54 2, 64 
(McGuire) 2 5.15 6.28 6.91 7. 18 

3 4. 97 7. 79 9, 78 10. 05 

Unnamed 1 2, 03 2, 34 2. 28 2. 48 
(Cannon) 2 3,92 4. 75 5. 11 5. 96 

3 4. 98 6.51 6. 77 7. 58 

Hazelair 1 1. 84 2. 09 2, 10 2. 15 
(Palmer 2 6. 05 6, 76 6. 87 7. 55 

3 5. 09 7. 23 8, 28 8, 15 

Hedden 1 1. 93 2. 33 2, 29 2. 40 
(Baimberidge) 2 3, 72 5. 06 5, 45 5. 48 

3 2, 79 4, 60 4. 25 5, 46 

Unnamed 1 2. 53 2.47 2, 82 2. 79 
(Laird) 2 3, 99 4, 18 5, 27 5. 17 

3 5, 40 6, 39 6, 27 7. 04 

Dixonville 1 2.67 2.84 2.70 2.47 
(Mosher) 2 8, 10 7.45 7. 84 8. 83 

3 6, 22 6, 31 6, 86 7, 25 

Knappa 1 2, 95 2. 96 2, 76 2. 97 
(Dement) 2 7, 03 6, 72 6, 88 7, 28 

3 9. 01 8, 10 8, 30 9, 13 

Unnamed 1 1.91 1.89 1.91 2.02 
(Warner) 2 4, 89 5. 11 4. 92 5, 46 

3 6. 14 b, 50 6.64 6. 35 
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molybdenum. 

A highly significant clover response to applied molybdenum in 

the second harvest occurred on the Steiwer, Hazelair and Hedden 

series and the unnamed soils on the Cannon and Laird farms. 

Moreover, a highly significant response to lime was obtained 

on the unnamed soil from the Cannon farm and significant clover 

responses to lime (five percent level of probability) were obtained 

on the Steiwer, Hazelair and Hedden series. 

The subterranean clover yields for all three harvests on each 

soil are presented graphically in Figures 3 and 4. Figure 3 presents 

yields from the molybdenum responsive and Figure 4 from either 

nonresponsive or slightly responsive soils. The influence of applied 

molybdenum on clover yields was not realized, except on the 

Steiwer soil, until the second and third harvests. 

Significant correlations between clover yield and exchangeable 

soil molybdenum (Figure 5 and 6) were obtained from the second 

harvest and the combined yields of the first and second harvests. 

The correlations gave r values of 0.6143 and 0.6257 respectively. 

Inter actions 

When the clover yield data was examined for possible inter- 

actions, it was apparent that both the Steiwer and Hedden soils be- 

haved similarly, although clover yields on the latter site provided 
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the only significant negative interaction. Indeed, lime response on 

both of these soils would appear to be due to increased molybdenum 

availability. 
Steiwer Soil 

Moo Mo 
1 

Lo 5. 15 6.91 

LI 6. 28 7. 18 

Redden Soil 
Moo Mol 

Lo 3. 72 5.45 

L1 
1 

5. 06 5.48 

A plausable explanation for the negative interaction in the above 

data would be that lime is substituting for molybdenum. This is 

supported by the plant molybdenum content which is presented in 

Table 10. In general, applications of lime resulted in an increase of 

plant molybdenum. 

Many workers indicate that the main effect of lime additions 

to molybdenum deficient soils is to make molybdenum more available 

(Walker, Adams and Orchiston, 1955a; Anderson, 1956; Scott, 1962; 

Widdowson, 1962). The lime additions release the molybdenum ions 

by replacing the adsorbed MoO4 with OH ions (Wells, 1956; Jones, 

1957). During et al. (1960) states that heavy liming results in in- 

creased molybdenum availability which can be readily measured by 

increased plant uptake of molybdenum. 
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Dixonville Soil 
Moo Mol 

Lo 8. 10 7. 84 

L1 7.45 8. 83 

There is no apparent reason for the decrease in clover yield 

observed in the lime and molybdenum treatments on the Dixonville 

soil. However, similar observations were made in the field trials. 

It is conceivable that the boron deficiency was enhanced in the lime 

x molybdenum treatments which could limit yield. This problem will 

be pursued in a later section. 

Boron Deficiency 

The response of subterranean clover to applications of molyb- 

date in the greenhouse may have been limited by a boron deficiency. 

During the second harvest,clover plants in all of the soils except the 

Knappa series exhibited a symptom which appears to have been a 

boron deficiency. According to the Oregon State University Cooper- 

ative Extension Service fertilizer recommendation for subterranean 

clover in the Willamette Valley, the soil test values for these soils 

indicated that boron should have been applied. However, since a 

subterranean clover response to boron has not been recorded in the 

field, no boron was applied. The Knappa soil contained more boron 

than the other soils (Table 2), which could explain why deficiency 

0 
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symptoms were not observed on this soil. 

The symptoms first appeared as a reddening of the veins on the 

underside of the leaf. The reddening then progressed throughout the 

leaf until the entire leaf was a deep red. The petioles of some of the 

plants collapsed at this point. Complete death of the leaf generally 

required an additional ten days after the petiole collapsed. 

The red leaves were isolated and occurred on several soils, 

with the clover growing on the Hedden soil showing the most pro- 

nounced symptoms. The clover yields from the Hedden and Dixon - 

ville series decreased with successive harvests. This may have 

been due to a boron deficiency as the symptoms were marked on 

plants growing in these soils. 

Boron deficient alfalfa is always stunted due to a shortening 

between the nodes near the growing tips (Page and Bergeaux, 1961). 

Clovers, however, seldom show visual deficiency symptoms. In 

severe cases of boron deficiency, the leaves turn red, then yellow 

and die (Page and Bergeaux, 1961). This is in line with the results 

obtained in this study. 

Harvest #3 

Response to Molybdate and Lime 

Clover response to molybdenum, by the time the plants were 

harvested at the third cutting, was likely complicated by a marked 
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boron deficiency. The red, boron deficient leaves were absent in all 

of the treatments where boron was applied in the third harvest. 

Treatments that did not receive boron and which had low boron soil 

tests, contained red leaves. 

Despite the boron deficiency exhibited in the clover plants, 

significant responses to applied molybdenum were noted in four of 

the eight soils under study. Clover grown on the Steiwer, Hazelair 

and Hedden series and the unnamed soil on the Cannon farm gave 

highly significant responses to applied molybdate (Appendix Table 14). 

Clover response to lime was even more marked in the third 

harvest on five of the soils studied, than in the previous harvests. 

It is likely that by this time the reaction of lime in the soil was more 

complete, with resultant improved environment for the plant. Thus, 

highly significant clover responses to lime were obtained on the 

Steiwer and Hedden series and on the unnamed soil on the Cannon 

farm. The unnamed soil on the Laird farm and the Hazelair soil 

gave significant responses to lime (Appendix Table 14). 

Figures 7 and 8 indicate the responses obtained in the third 

harvest from applications of molybdate and lime on the Steiwer and 

Hazelair soils respectively. The photos in Figure 7 show that both 

applications of lime and molybdenum increased the number and 

length of clover stolens. The petioles of the clover plants in the 
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Figure 7. Response to lime and molybdenum on the Steiwer series. 
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treated pots were longer than the check plants. Not only was there 

a marked color difference, but there also appeared to be a difference 

in density between the treated and untreated clover plants. The 

molybdenum and lime treated plants were denser and darker in color 

than the untreated plants. 

Figure 8 also indicates a difference in petiole length, number 

and length of stolens, color difference and density between the clover 

grown on the lime or molybdenum treated soils compared with plants 

grown on the untreated soils. 

Figure 9 compares third harvest responses from lime and 

molybdenum treatments on the Steiwer series (top) and the Hazelair 

series (bottom). Although not clearly shown by the photos, there was 

a deepening of color of the plants from left to right. The Hazelair 

soil in the bottom of this figure clearly shows the negative effect of 

the combined lime and molybdenum treatments which was observed 

and discussed in previous greenhouse harvests and the field trials. 

Interactions 

Examination of clover yield data for the third harvest indi- 

cated one significant interaction., The non - significant negative 

interaction observed in clover grown in the Steiwer soil in the second 

harvest proved to be a highly significant -negative - interaction in the 

third harvest. 

,:. 
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Figure 8. Response to lime and molybdenum on the Hazelair series. 
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Mo 

Figure 9. Response to lime and molybdenum on the Steiwer 
(top) and Hazelair series (bottom). 
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Steiwer Soil 
Moo Mol 

Lo 4. 97 9. 78 

L1 7. 79 10. 05 

The response to lime on this soil would appear to be due to increased 

molybdenum availability. To some extent this is supported by the 

plant molybdenum content which is presented in Table 10. In 

general, applications of lime tended to increase uptake of plant 

molybdenum. 

In the third harvest the addition of either lime or molybdenum 

tended to depress yields of clover grown on the Knappa soil. 

Responses of legumes to molybdate applications do not always 

exhibit themselves immediately, as it takes time for most legumes 

to develop functional nodules (Walker, Adams and Orchiston, 1955a). 

This could explain the relatively non -responsiveness of subterranean 

clover to molybdate in the first harvest. 

It could be assumed that since no highly significant positive 

interactions were observed in any of the greenhouse harvests that 

the application of 0. 5 pounds of molybdenum per acre was adequate 

to realize maximum yields and that any further molybdenum released 

by the lime in the lime x molybdenum treatments was not needed. 

It also suggests that an important function of lime in most of the 

soils under study was to increase available molybdenum and that, 

0 
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except for boron, soil fertility was adequate to realize maximum 

yields. 

The fact that most soils gave increased yields in the third 

harvest, in spite of the boron deficiency symptoms, indicated that 

except for acute boron deficiencies, low levels of boron do not effect 

the yield of subterranean clover to any great degree. 

Figure 10 indicates the type yield increase obtained in the 

third harvest as a result of the boron application which was applied 

to two of the four replicates three weeks prior to the third harvest. 

This response was not significant, and appeared to be mainly an 

increase in petiole length. 

Plant Nitrogen 

The clover plant nitrogen content was increased in all soils 

(except Knappa) with the addition of molybdenum (Table 9). Since 

the primary role of molybdenum in the growth of legumes, is in its 

effect on symbiotic nitrogen fixation (Anderson and Thomas, 1946) 

it seems logical that an increase in molybdenum to deficient plants 

would result in increased nitrogen fixation and a higher plant nitrogen 

content. This relationship is well documented by Mulder (1948) 

and Stout and Meagher (1948) who discovered that molybdenum de- 

ficient plants contain less protein nitrogen than those that are pro- 

vided adequate molybdenum. Indeed, molybdenum is essential for 



61 

Figure 10. Non -significant response to boron superimposed on check 
and molybdenum treatments prior to the third harvest. 
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Table 9. Total nitrogen content of sub -clover samples from greenhouse harvests 1 & 2 (grams N /pot) 

Soil 
(farm) 

Harvest Check Lime Mo Lime x Mo 

Steiwer 1 0. 055 0, 067 0. 084 0, 087 
(McGuire) 2 0, 087 0, 133 0, 195 0.194 

Unnamed 0, 044 0. 060 0, 066 0. 076 
(Cannon) 0, 076 0. 111 0. 140 0, 145 

Hazelair 1 0. 044 0. 058 0, 068 0, 068 
( Palmer) 2 0, 107 0. 128 0. 172 0, 174 

Hedden 0, 041 0, 062 0,072 0,072 
(Baimberidge) 0, 066 0. 099 0, 128 0, 111 

Unnamed 0, 062 0. 065 0,081 0,077 
(Laird) 2 0, 091 0. 106 0. 137 0, 141 

Dixonville 1 0. 079 0. 075 0, 085 0. 073 
(Mosher) 2 0. 185 0, 147 0. 193 0, 191 

Knappa 1 0. 096 0, 101 0. 088 0, 094 
(Dement) 2 0, 274 0. 204 0, 206 0, 204 

Unnamed 0. 049 0, 055 0,061 0,063 
( Warner) 2 0. 117 0, 135 0. 139 0, 142 

The values reported in the table are based on average yields per treatment. 
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both nitrogen fixation as well as nitrate reduction in plants (Evans, 

1956). It is known to be specific for the activation of the enzyme 

nitrate reductase (Tisdale and Nelson, 1966) which is essential for 

the completion of these processes. 

While lime also increased clover nitrogen content (except for 

Knappa), the magnitude of increased plant nitrogen was less than 

that obtained in the molybdenum treatments. The role of lime in 

increasing clover nitrogen is less clear since it could act both in 

accelerating nitrification and nitrogen fixation. 

Figure 11 presents the correlation of the total plant nitrogen 

content from the molybdenum treatment of two greenhouse harvests 

with exchangeable soil molybdenum, as determined by the anion 

exchange resin method. The r value (0. 8320) correlation for total 

plant nitrogen with exchangeable soil molybdenum was highly signif- 

cant. It would appear that despite the relatively few points used in 

the correlation, the exchange resin is a fair indicator of avail- 

able molybdenum in the soil in so far as it influences nitrogen content 

of the plant. 

Plant Molybdenum 

The plant molybdenum contents from greenhouse harvests one 

and two are presented in Table 10. As might be expected, in all but 

one instance, there was an increase in plant uptake of molybdenum 

.. 
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Table 10. Plant molybdenum content from greenhouse harvested 
material (Ag. Mo/ gm D. Ivi. ) 

Soil Treatment 
(Farm) Harvest Check Lime Molybdenum 

Steiwer 1 trace 0.55 0.45 
(McGuire) 2 1. 50 1. 37 2. 00 

Unnamed 1 0, 45 0.45 0, 65 
(Cannon) 2 1. 12 1. 50 1, 37 

Hazelair 1 0.12 0.60 1.42 
( Palmer) 2 1. 25 1. 75 1. 75 

Hedden 1 0, 10 0. 45 0, 55 
(Baimberidge) 2 1. 31 1, 75 1. 75 

Unnamed 1 0.55 0.35 0.50 
(Laird) 2 1. 62 1. 50 2. 25 

Dixonville 1 0.22 0.55 2.55 
(Mosher) 2 1.56 1.50 2.25 

Knappa 1 0.45 0.20 0.45 
(Dement) 2 1. 31 1. 62 1. 62 

Unnamed 1 0.60 0.32 0.87 
(Warner) 2 1. 36 1. 50 1. 68 
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over check in the molybdenum treatments. By contrast the effect 

of lime on the plant molybdenum content was much more variable. 

On two unnamed soils, and the Dixonville and Steiwer soils, lime 

tended to lower plant molybdenum content over check in at least one 

of the two harvests reported. There appeared to be no definite 

pattern in the way lime plus molybdenum influenced plant molyb- 

denum content when these values are compared with molybdenum 

treatments not receiving lime. 

The lower plant uptake of molybdenum in the greenhouse trials 

as compared with the field experiments is difficult to explain. One 

possible explanation is that due to an early uniform cutting of the 

plants four weeks prior to the first harvest, some of the applied 

molybdenum had already been taken up by the plants and was lost 

from the experiments. 

Total Soil Molybdenum 

Total soil molybdenum analysis results for all eight soils 

used in this study plus six additional soils with high levels of molyb- 

denum are presented in Table 11. The total molybdenum contents 

ranged from O. 28 to 7.60p.g Mo per gram of soil. These values 

are similar to those reported by Kubota et al. (1967) for these 

soil series. 
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Table 11. Total and exchangeable molybdenum content of selected 
Oregon soils. 

Soil pH Total Mo 
(...g/ gm soil) 

Exchangeable Mo 
(µg/ 25 gm soil) 

Steiwer 5. 7 0, 53 0. 48 
(McGuire) 

Unnamed 5.3 0.57 0.33 
(Cannon) 

Hazelair 5. 4 0.47 26 

(Palmer) 

Hedden 5.1 -0.72 0.24 
(Baimberidge) 

Unnamed 5.7 0.77 0.12 
(Laird) 

Dixonville 6.0 0.28 0.41 
(Mosher) 

Knappa 5. 8 0, 72 0.45 
(Dement) 

Unnamed 5, 5 0.57 0.12 
( Warner) 

Haines #1 6. 6 2.77 3. 14 
(Davis) 

Haines #2 8. 5 2.92 8. 94 
(Davis) 

Ladd 6. 1 0. 40 2, 77 
(Kerns) 

Wingville #1 5. 9 1. 51 7, 16 

(Snavely) 

Wingville #2 6. 1 7. 60 15. 60 

(Snavely) 

Powder 6, 5 0. 97 3, 00 
(Ward) 



68 

Exchangeable Soil Molybdenum 

Exchangeable molybdenum, as determined by the anion ex- 

change resin method are presented in Table 11. The range in ex- 

changeable molybdenum varied between 0. 12 and 15. 60 ug Mo per 

25 grams of soil. This method shows some promise as a measure 

of available molybdenum. However, more responsive and non- 

responsive soils would need to be tested to definitely say that this 

method gives a good indication of available molybdenum. 

Moreover, the reasonably good correlation (r =0. 6143 and 

0. 6257) of exchangeable soil molybdenum with yield enhances 

the potential usefulness of this method in assaying the available 

soil molybdenum status. The correlations of plant nitrogen with 

exchangeable molybdenum indicate that the molybdenum extracted 

by the anion exchange resin can give an indication of available soil 

molybdenum (Figure 2 and 11) for the range considered in this 

study. The difference between the level of correlation of exchange- 

able molybdenum with plant nitrogen (r =0. 8320) and exchangeable 

molybdenum with yield (r =0. 6143) suggests that nitrogen is a better 

indication of the available soil molybdenum than is yield. 

According to Olsen (1967) an increase in soil pH will give a 

corresponding increase in the amount of molybdenum extracted by 

the anion exchange resin. This is shown in Table 11 by the results 
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obtained from the Haines soil samples. Haines site number one 

had a pH of 6. 6 and a total soil molybdenum value of 2. 77jt,g /gm 

of soil. Exchangeable molybdenum on the other hand was 3. 14jug/ 

25 gm of soil. Haines site number two had a pH of 8. 5 and a similar 

total molybdenum concentration of 2. 92 iii -g/ gm. Exchangeable 

molybdenum was considerably higher; 8. 94,u.g/ 25 gm of soil. In 

other words, a change in pH from 6. 6 to 8. 5 was associated with 

a doubling of the exchangeable molybdenum. However, no apparent 

relationship between pH and the exchangeable molybdenum status 

existed when all soils in this investigation were considered to- 

gether. However, it should be noted that most of the soils used in 

this study fell with a relatively narrow pH range (5. 1 -6. 6) 

The exchangeable molybdenum values for the molybdenum 

responsive soils, whose primary parent material was sedimentary 

rock, were low. Kline (1956) has indicated that sedimentary rocks 

are low in total molybdenum. During (1962) has also associated 

deficient soils with a sedimentary parent material. 

There does not appear to be any relationship between soil 

classification and soil molybdenum content. This is in line with 

the findings of Massey, Lowe and Bailey (1967). 

The high levels of exchangeable molybdenum in the six soils 

from eastern Oregon are in agreement with the results obtained 

by Kubota et al. (1967). This is due, in part, to the fact that these 
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soils were from the same sites that Kubota et al. (1967) used and 

that they were either alkaline and /or poorly drained. Other invest - 

igatbrs (Kline, 1956; Price, Linkour and Engel, 1955; and Kubota, 

1961) have made similar observations. It is likely that better 

correlations would have been obtained had a larger number of soils, 

covering a wider range in soil molybdenum, been used. Because 

of the limited number of soils used in the correlations it was diffi- 

cult to establish meaningful correlation of extractable molybdenum 

with plant molybdenum uptake. 
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SUMMARY AND CONCLUSIONS 

Field, greenhouse and laboratory experiments were designed 

to evaluate the molybdenum status of several Oregon soils and to 

examine the anion exchange resin method of extracting available 

soil molybdenum. Eight soils were chosen in western Oregon in 

an attempt to determine levels of total and available molybdenum 

and relate these values to growth, nitrogen status and molybdenum 

uptake in subterranean clover. An additional six soils that were 

high in molybdenum, were selected from eastern Oregon in an 

attempt to further evaluate the anion exchange resin method of 

extracting available soil molybdenum. 

The field trials were designed as split plots and the green- 

house experiments were designed as a completely randomized de- 

sign with a factorial arrangement of treatments. The treatments 

used in these studies, included the addition of molybdate at O. 5 lbs. / 

acre with and without lime . Each treatment in both the field and 

greenhouse trials was replicated four times. 

Dry matter yield and plant analyses for nitrogen, copper and 

molybdenum were carried out. Both total and exchangeable molyb- 

denum were determined on all of the soils. Statistical analyses 

were carried out on the yield and correlations were run on extract- 

able molybdenum with plant nitrogen and extractable molybdenum 
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with yield. 

Competition from grass and an unusually dry spring limited 

yields in the field. The greenhouse yields were likely complicated 

by a boron deficiency. 

Analyses of the results obtained from the experiments have 

led to the following conclusions: 

(1) That a significant acreage of legumes grown on western 

Oregon's "red hill" soils would likely respond to applications of 

molybdate or lime. Moreover, the response from lime applications 

is often a molybdenum response. 

(2) That most molybdenum deficient soils in western Oregon 

contain relatively low levels of total molybdenum and that their 

levels of available molybdenum, as determined by the anion exchange 

resin method, are less than O. 30,rA.g Mo/ 25 gm of soil. 

(3) That the resin method holds some promise as a measure 

of expected plant growth due to molybdenum since good significant 

correlations of yield with exchangeable soil molybdenum (r =0. 6143 

and 0. 6257) and plant nitrogen with exchangeable soil molybdenum 

(r =0. 8045 and 0. 8320) were obtained. 

(4) That the anion exchange resin method can detect increases 

in exchangeable molybdenum brought about by increases in soil pH. 
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(5) That to more fully evaluate the anion exchange resin 

precedure as a method of measuring plant available molybdenum, 

an increased number and kinds of soils would be needed. 



74 

BIBLIOGRAPHY 

Albrigo, L. Gene, Richard C. Szafranek and Norman F. Childers. 
n. d. The role of molybdenum in plants and soils. New 
Brunswick, N. J. , Rutgers State University, Dept. of Horti- 
culture. 284 p. (Duplicated) 

Amer, F. et al. 1955. Characterizatii2 of soil phosphorus by anion 
exchange resin adsorption and P equilibration, Plant and 
Soil 4:391-408. 

Anderson, A. J. 1942. Molybdenum deficiency on a South Australian 
ironstone soil. The Journal of the Australian Institute of 
Agricultural Science 8:73 -75. 

Anderson, A. J. and A. C. Oertel. 1946. Plant responses to molyb- 
denum as a fertilizer. II. Factors affecting the response of 
plants to molybdenum. Melbourne, Australia. 44 p. (Council 
for Scientific and Industrial Research Bulletin number 198) 

Anderson, A. J. and Margaret P. Thomas. 1946. Plant responses to 
molybdenum as a fertilizer. I. Molybdenum and symbiotic 
nitrogen fixation. (Council for Scientific and Industrial Research 
Bulletin number 198) 

Anderson, A. J. and D. Spencer. 1949. Molybdenum and sulfur in 
symbiotic nitrogen fixation. Nature 164:273 -274. 

Anderson, A. J. 1956. Molybdenum deficiencies in legumes in 
Australia. Soil Science 81:173 -182. 

Arnon, D. I. and P.R. Stout. 1939. Molybdenum as an essential 
element for higher plants. Plant Physiology 14:599 -601. 

Barshad, Issac. 1951. Factors affecting the molybdenum content of 
pasture plants. I. Nature of soil molybdenum, growth of plants 
and soil pH. Soil Science 71:297 -313. 

Bertrand, D. 1962. The practical application of molybdenum as a 
fertilizer in the cultivation of soybean. Comptes Rendus de 
l'Academie des Sciences (Paris). 255:2814 -2816. (Abstract- 
ed in: The role of molybdenum in plants and soils. Abstract 
number 70. n. d.) 



75 

Boratynski, K. , S. Roszykowa and M. Zietecka. 1966. Adaptation 
for routine analysis of Grigg's method for determining available 
soil molybdenum. Roczniki Glebozn 16:301 -326, (Abstracted 
in Soils and fertilizers 30: no. 3302, 1967) 

Chittenden, E. T. 1962. Molybdenum responses in the Nelson Dis- 
trict. New Zealand Soil News 4:176 -177. 

Davies, E. B. 1945. A case of molybdenum deficiency in New 
Zealand. Nature 156:392 -393. 

1956. Factors affecting molybdenum availability 
in soils. Soil Science 81:209 -221. 

Dawson, M. D. 1968. Professor of Soils. Oregon State University, 
Department of Soils. Personal communication. Corvallis, 
Oregon. September 2, 1968. 

Dick, A. T. 1956. Molybdenum in animal nutrition. Soil Science 
81:229 -236. 

During, C. et al. 1960. A study of the interaction of P, K, S, Mg, 
Mo and B fertilizers and ground limestone applied to grass - 
clover pasture. New Zealand Journal of Agricultural Research 
3:950 -993, 

During, C. 1962. Molybdenum deficiency in pastures and soil 
classification. New Zealand Soil News 4:192 -193. 

1967. Fertilizers and soils in New Zealand 
farming. Wellington, New Zealand, R. E. Owen. 322 p. 

Evans, Harold J. 1956. Role of molybdenum in plant nutrition. 
Soil Science 81:199 -208. 

Evans, H. J. , E. R. Purvis and F. E. Bear. 1950. Colorimetric 
determination of molybdenum by means of nitric and perchloric 
acids. Analytical Chemistry 22:1568 -1569. 

Gerloff, G. C. , P. R. Stout and L. H. P. Jones. 1959. Molybdenum - 
manganese -iron antagonisms in the nutrition of tomato plants. 
Plant Physiology 34:608 -613. 

Grigg, J. L. 1953. A rapid method for the determination of molyb- 
denum in soils. Analyst 78:470 -473. 



76 

Grigg, J. L. 1960. The distribution of molybdenum in the soils of 
New Zealand. New Zealand Journal of Agricultural Research 
3:69-86. 

Gupta, Umesh C. and D. C. MacKay. 1965. Extraction of water 
soluble copper and molybdenum from podzol soils. Soil 
Science Society of America, Proceedings 29:323. 

1966. The relationship of soil properties to 
exchangeable and water soluble copper and molybdenum 
status in podzol soils of eastern Canada. Soil Science Society 
of America, Proceedings 30:373 -375. 

Hagstrom, G. R. and K. C. Berger. 1963. Molybdenum status of 
three Wisconsin soils and its effect on four legume crops. 
Agronomy Journal 55:399 -401. 

1965. Molybdenum deficiencies of Wisconsin 
soils. Soil Science 100:52 -56, 

Hamence, J. Hebert. 1940. A new test for the detection of molyb- 
denum and tungsten. Analyst 65:152 -154. 

Hewitt, E. J. 1956. Symptoms of molybdenum deficiency in plants. 
Soil Science 81:159 -171. 

Jackson, M. L. 1958. Soil chemical analysis. Englewood Cliffs, 
New Jersey, Prentice -Hall. 498 p. 

James, D. W. , T. L. Jackson and M. E. Harward, 1968. Effect of 
molybdenum and lime on the growth and molybdenum content of 
alfalfa grown on acid soils, Soil Science 105:397-402. 

Johnson, C. M. and Thomas H. Arkley. 1954. Determination of 
molybdenum in plant tissue. Analytical Chemistry 26:572 -574. 

Jones, L. H. P. 1956. Interaction of molybdenum and iron in soils. 
Science 123:1116. 

1957. The solubility of molybdenum in simpli- 
fied symptoms and aqueous soil suspensions. Journal of Soil 
Science 8:313 -327. 

Kirsch, R. K. , M. E. Harward and R. G. Petersen. 1960. Inter- 
relationships among iron, manganese and molybdenum in the 



77 

growth and nutrition of tomatoes grown in culture solution. 
Plant and Soil 12:259 -275. 

Kliewer, W. M. and W. K. Kennedy. 1960. Studies on response of 
legumes to molybdenum and lime fertilization on Mardin silt 
loam soil. Soil Science Society of America, Proceedings 
24:377 -380. 

Kline, C. H. 1954. Molybdenum opens new markets for farm chem- 
icals. Agricultural Chemicals 9:42 -45. 

1956. The soil molybdenum supply. (Abstract) 
Soil Science Society of America, Proceedings 20: 129. 

Kubota, Joe et al. 1961. The relationship of soils to molybdenum 
toxicity in cattle in Nevada. Soil Science Society of America, 
Proceedings 25:227 -232. 

Kubota, Joe, E. R. Lemon and W. H. Allaway. 1963. The effect of 
soil moisture content upon the uptake of molybdenum, copper 
and cobalt by Alsike clover. Soil Science Society of America. 
Proceedings 27:679 -683. 

Kubota, Joe et al. 1967. The relationship of soils to molybdenum 
toxicity in grazing animals in Oregon. Soil Science Society 
of America, Proceedings 31:667 -671. 

Lavy, T. L. and S.A. Barber. 1963. A relationship between the 
yield response of soybeans to molybdenum applications and the 
molybdenum content of the seed produced. Agronomy Journal 
55:154 -155. 

Lowe, R. H. and H. F. Massey. 1965. Hot water extractions for 
available soil molybdenum. Soil Science 100:238 -243. 

Massey, H. F. , R. H. Lowe and H. H. Bailey. 1967. Relation of 
extractable molybdenum to soil series and parent rock in 
Kentucky. Soil Science Society of America, Proceedings 31: 
200 -202. 

Millikan, C. R. 1948. Antagonism between molybdenum and certain 
heavy metals in plant nutrition. Nature 161:528. 



78 

Millikan, C. R. 1951. Radio -autographs of manganese. Australian 
Journal of Scientific Research 4B:28 -41. 

Mitchell, K. J. 1945. Preliminary note on the use of ammonium 
molybdate to control whiptail in cauliflower and broccoli crops. 
New Zealand Journal of Science and Technology 27:287 -293, 

Mulder, E. G. 1948. Importance of molybdenum in the nitrogen 
metabolism of microorganisms and higher plants. Plant and 
Soil I:94-119.. 

1954. Molybdenum in relation to growth of 
higher plants and microorganisms. Plant and Soil 5:368 -415. 

Nichols, D. J. D. 1960. Determination of minor element levels with 
the Aspergillus niger method. In: Transactions of the Seventh 
International Congress of Soil Science, Madison, Wisconsin, 
1960. Vol. III. The Netherlands. p. 168 -182. 

Olsen, Sterling R. 1967. Research Soil Scientist, Colorado State 
University, U.S. Dept. of Agriculture. Personal commun- 
ication, Corvallis, Oregon. March 31, 1967. 

Oregon. State College. 1958. The molybdenum problem in Oregon, 
Corvallis. 9 p. (Oregon Agricultural Experiment Station. 
Miscellaneous Paper 64). 

Ouellette, G. J. 1963. Effects of lime, nitrogen and phosphorus on 
the response of Ladino clover to molybdenum. Canadian 
Journal of Soil Science 43:117 -122. 

Page, Norman R. and P. J. Bergeaux. 1961. Boron status and the 
needs of the southern region. Plant Food. Review 7(4):12 -17. 

Parker, M. B. and H. B. Harris. 1962. Soybean response to molyb- 
denum and lime and the relationship between yield and chemical 
composition. Agronomy Journal 54:480 -483. 

Price, N. O. , W. N. Linkour and R. W. Engel. 1955. Minor element 
content of forage plants from the Coastal Plain region of 
Virginia. Blacksburg. 8 p. (Virginia. Agricultural Experi- 
ment Station. Technical Bulletin 123.) 

Purvis, E. R. and N. K. Peterson. 1953. Methods of soil and plant 
analysis for molybdenum. Soil Science 81:223 -229. 



79 

Reisenauer, H. M. , A. A. Tabikh and P. R. Stout. 1962. Molybdenum 
reactions with soils and the hydrous oxides of iron, aluminum 
and titanium. Soil Science Society of America, Proceedings 
26:23 -27. 

Reisenauer, H. M. 1963a. The effect of sulfur on the absorption and 
utilization of molybdenum by peas. Soil Science Society of 
America, Proceedings 27:553 -555. 

1963b. Relative efficiency of seed and soil 
applied molybdenum fertilizer. Agronomy Journal 55:459 -460. 

1965. Molybdenum. In: Methods of soil analy- 
sis, ed. by C.A. Black. Part II. Madison, Wisconsin, Amer- 
ican Society of Agronomy. p. 1050 -1058. 

1968. The absorption of molybdate by plants. 
In: The profile, ed. by Khairy Aref. Davis, University of 
California. p. 29. 

Reyes, E. D. and J. J. Jurinak. 1967. A mechanism of molybdate 
adsorption on oe Fe2O3. Soil Science Society of America, 
Proceedings 31:637 -641. 

Robinson, W. O. et al. 1951. Availability of molybdenum as influ- 
by liming. Soil Science 72:264 -267. 

Rubins, E. J. 1956. Molybdenum deficiencies in the United States. 
Soil Science 81:191 -197. 

Scott. R. S. 1962. Molybdenum investigations of Invermay Research 
Station, Otago. New Zealand Soil News 5:235 -236. 

Smalik, M. 1959. The influence of trace elements on the crop value 
of potato and flax in northern Slovakia. Polnohosparstro 6:29- 
44. (Abstracted in: Albrigo, L. Gene, Richard C. Szafranck 
and Norman F. Childers. n. d. The role of molybdenum in 
plants and soils. New Brunswick, New Jersey, Rutgers 
University, Dept. of Horticulture. 344 p. Abstract no. 466) 

Spence. Jack T. 1963. The biological function of molybdenum. Utah 
Science 24:2. 

Steinberg. R. A. 1936, Relation of accessory growth substances to 
heavy metals, including molybdenum., in the nutrition of 



80 

Aspergillus niger. Journal of Agricultural Research 52:439- 
488. 

Stout, P. R. and W. R. Meagher. 1948. Studies of the molybdenum 
nutrition of plants with radioactive molybdenum. Science 
108:471 -472. 

Stout, P.R. et al. 1951. Molybdenum nutrition of crop plants. 
Plant and Soil 3:51 -87. 

Tisdale, Samuel L. and Werner L. Nelson. 1966. Soil fertility and 
fertilizers. New York, Macmillan. 694 p. 

Walker, T. W. , A. F. R. Adams and H. D. Orchiston. 1955a. The 
effects and interactions of molybdenum, lime and phosphate 
treatments on the yield and composition of White clover grown 
on acid molybdenum responsive soils. Plant and Soil 6:201- 
22.0. 

1955b. The effects and interactions of sulfur, 
phosphorus and molybdenum on the growth and composition of 
clovers. New Zealand Journal of Science and Technology 36: 
470 -482. 

Watkinson, J. H. and E. B. Davies. 1962. Relative uptake of molyb- 
denum by White clover and ryegrass from pasture swards. 
New Zealand Soil News 4:178 -180. 

Watkinson, J. H. and W. F. Rolth. 1962. Molybdenum content of 
herbage after heavy topdressing of molybdate. New Zealand 
Soil News 4:182 -183. 

Wells, N. 1956. Soil studies using sweet vernal to assess element 
availability. II. Molybdate ion fixation in New Zealand soils. 
New Zealand Journal of Science and Technology 37:482 -502. 

1962. The availability of molybdenum in rela- 
tion to relief and drainage. New Zealand Soil News 4:194 -195. 

Widdowson, J. P. 1962. Molybdenum uptake by White clover on some 
zonal soils. New Zealand Soil News 4:184 -189. 



81 

Widdowson, J. P. 1966. Molybdenum uptake by french beans on 
two recent soils. New Zealand Journal of Agricultural Re- 
search 9:59 -67. 

Williams, J. H. 1965. The availability of soil phosphorus with 
special reference to anion exchange resins. In: Soil 
phosphorus. London, 1965. p. 49 -56. (Ministry of Agri- 
culture, Fisheries and Food. Technical Bulletin 13.) 



APPENDIX 



82 

APPENDIX 

DESCRIPTION OF SOIL SERIES 

The Steiwer series is a member of the fine -loamy, mixed, 

mesic family of Typic Haploxerolls. The soils have a dark brown 

A horizon and a dark brown to dark yellowish brown, moderately 

fine textured B horizons that overlie sedimentary rock. The solum 

is medium acid. The soils are well drained with medium surface 

runoff and moderate internal drainage. Permeability is moderately 

slow. Steiwer soils are used for improved pasture, small grains and 

a few orchards. About one -half of these soils have been cleared. 

The Hazelair series is a member of a very fine, mixed, mesic 

family of Aquultic Haploxerolls. The soils, typically, have dark 

brown and dark yellowish brown A horizons and dark brown fine 

textured thin B horizons that overlie mottled, light olive brown clay 

and sandstone and siltstone bedrock. The solum is medium to 

strongly acid. The soils are moderately well or some what poorly 

drained with medium surface runoff and slow internal drainage. 

Permeability is slow. The Hazelair soils are used for spring grains, 

hay and pasture. About one -half of these soils have been cleared. 

The Hedden series is a member of the fine, mixed, mesic 
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family of Ultic Haploxeralfs. The soils have light brown to reddish 

brown A horizons and red to yellowish red fine textured B horizons 

that overlie sedimentary rock. The solum is medium to strongly 

acid. The soils are well drained with moderate surface runoff. 

Permeability is moderate to 23 inches, below which permeability 

decreases to bedrock. The Hedden soils are primarily used for 

improved pasture. 

The Dixonville series is a member of the fine, mixed, mesic 

family of the Pachic Ultic Argixerolls. The soils have very dark 

brown A horizons and dark reddish brown, fine textured Bt horizons 

that overlie weathered, basic, igneous rock. The solum is medium 

to slightly acid. The soils are well drained with medium to rapid 

surface runoff and medium internal drainage. Permeability is 

moderately slow. The Dixonville soils are used for native and im- 

proved pasture, hay and woodland. 

The Knappa series is a member of the fine -silty, mixed, 

mesic family of Pachic Haplumbrepts. The soils have very dark 

brown and very dark grayish brown silt loam A horizons and silty 

clay loam B horizons that are dark brown in the upper part and 

dark yellowish brown in the lower part. The solum is very strongly 

acid. The soils are well drained with slow surface runoff and med- 

ium internal drainage. Permeability is moderate. The Knappa soils 

are used for improved pasture and hay. 
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The unnamed soil on the Cannon farm is a member of the fine - 

loamy, mixed, messic family of the Typic Haplumbrepts. The soil 

has a dark brown (moist) silt loam A horizon and a dark brown to 

brown, silty clay loam to clay loam B horizon that overlies weathered 

sedimentary bedrock. 

Description by Dr. Ellis G. Knox, March 18, 1968. 

The plots are at about a 280 foot elevation on a northwest 

facing, 12 percent, irregular upland slope, immediately above the 

coastal terrace and in sight of the ocean. The slope varies from 

about 10 to 20 percent in a fine pattern, apparently because of mass 

movement. Depth to bedrock ranges from 24 to 38 inches. The 

soil is well drained and overlies sedimentary bedrock. Native vege- 

tation includes grass, and iris with scattered Douglas fir and laurel. 

HORIZON DEPTH (cm) DESCRIPTION (moist colors) 

A 0 -19 Dark brown (7. 5 YR 3/2) silt loam; 
strong, fine, subangular blocky 
structure; friable, slightly plastic, 
slightly sticky; abundant roots; 
many very fine tubular and inter- 
stitial pores; 10 per cent small 
pebbles; clear, wavy boundary. 

B2 19 -33 Dark brown (7. 5 YR 3/3) silty 
clay loam; strong, fine and medium 
subangular blocky structure; 
friable, plastic, sticky; abundant 
roots; many very fine tubular pores; 
15 per cent angular pebbles; clear, 
wavy boundary. 

p 
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B3 33 -70 Brown (7. 5 YR 4/4) clay loam; 
moderate, medium and fine sub - 
angular blocky structure; friable, 
plastic, sticky; common roots; 
many very fine tubular pores; 25 
per cent angular pebbles; gradual, 
wavy boundary. 

IIC 70+ Weathered sedimentary bedrock. 
Yellowish brown (10 YR 5/ 6) clay 
loam with many other colors; 
firm. (Some of the pebbles in the 
overlying horizons are firmer 
than the bedrock) 

The unnamed soil on the Laird farm is a member of the fine, 

mixed, mesic family of the Aquic Dystrochrepts. The soil has a 

very dark grayish brown (moist) clay loam A horizon and a dark 

yellowish brown to dark grayish brown clay loam to clay B horizon, 

that overlies a dark gray massive clay. 

Description by Dr. Ellis G. Knox, March 18, 1968. 

The plots are at about a 500 foot elevation on a clumpy, west - 

facing upland slope. Sharp variations in depth to bedrock, irregu- 

larity of slope and a few recent scarps indicate extensive mass move- 

ment. Well rounded cobbles, foreign to the bedrock, are scattered 

on the surface and in the soil. The plots are on about 15 per cent 

slope with steeper slopes above and below. The soil in the plots 

are moderately well to somewhat poorly drained and range in depth 

to clay from 20 -26 inches and in depth to massive clay from 30 to 

more than 40 inches. Depth to bedrock is less than 20 inches, 100 
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feet upslope from the plots. 

HORIZON DEPTH (cm) DESCRIPTION (moist colors) 

Al 0 -19 Very dark grayish brown (10 YR 
3/ 2) clay loam; strong, very fine 
subangular blocky structure; 
friable, plastic, sticky; abundant 
roots; many very fine intersitial 
pores; common small red (burned) 
chunks; common charcoal fragments; 
few pebbles; clear, wavy boundary. 

B 21 19-35 Dark yellowish brown (10 YR 4/4) 
clay loam; moderate fine and very 
fine subangular blocky structure; 
friable, plastic, sticky; abundant 
roots; many very fine tubular 
pores; few red chuncks; few very 
fine spherical black concretions; 
few pebbles; clear, wavy boundary. 

B22 35 -55 Yellowish brown (10 YR 4/5) clay 
loam; common fine distinct mottles, 
mostly redder; moderate medium 
and fine subangular blocky structure; 
firm, plastic, sticky; common 
roots; many very fine tubular pores; 
few small black coatings; common 
pebbles; clear wavy boundary. 
(Slight seepage from this layer) 

Clg 55 -80 Dark grayish brown (2.5 YR 4/2) 
clay; common fine distinct mottles; 
weak, irregular angular blocky 
structure; very firm, very plastic, 
very sticky; few roots; common 
very fine tubular pores; common 
pebbles, fewer and softer than in 
horizon above; clear wavy boundary, 

C2g 80 -95+ Dark gray (5 Y 4/1) clay; common, 
fine, faint mottles; massive; very 
firm, very plastic, very sticky; 
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few roots decreasing with depth; 
common pebbles. 

The unnamed soil on the Warner farm is a member of the fine, 

mixed, mesic family of the Typic Haplumbrepts. The soil has a 

very dark grayish brown to dark brown silt loam to silty clay loam 

A horizon and a dark yellowish brown to yellowish brown clay B 

horizon that overlies a weathered gravelly and cobbly material. 

Description by Dr. Ellis G. Knox, March 18, 1968. 

The plots are at about a 280 foot elevation on the remnant of 

an old terrace about 300 to 500 feet across and approximately 80 

feet higher than the broad terrace below, to the east. The scarp 

has a slope of about 30 per cent. The plots slope at about 8 per cent 

to the north into a small intermittant drainageway which crosses the 

high terrace to the east northeast at the northwest corner of the plots. 

The upland slopes to the west are about 20 to 30 per cent. The soil 

ranges from well drained at the south end of the plots to poorly 

drained at the northwest corner. Probably 70 per cent of the plot 

area is well and moderately well drained with variation primarily in 

depth to mottles. At the northwest corner the soil has a surface 

layer of black alluvium. Rounded pebbles and cobbles are exposed 

in cuts into the old terrace. 
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DESCRIPTION (moist colors) 

0 -25 Very dark grayish brown (10 YR 
3/2) silt loam; moderate, very 
fine subangular blocky and granular 
structure; friable, slightly plastic, 
slightly sticky; many very fine 
tubular pores, abundant roots; 
wavy boundary. 

clear, 

A3 25 -44 Dark brown (10 YR 3/3) silty clay 
loam; moderate, fine and very fine 
subangular blocky structure; 
friable, plastic, sticky; many very 
fine tubular pores; common roots; 
inclusions and tongues of material 
like Al in upper part; gradual wavy 
boundary. 

B2 44 -65 

B3 65 -90 

Cl 90 -110 

Dark yellowish brown (10 YR 4/4) 
clay; few, fine, reddish mottles; 
moderate, fine and medium sub - 
angular blocky structure; friable, 
very plastic, very sticky; many 
very fine tubular pores; few roots; 
common small black coatings; 
common small clay fibers; 10 per 
cent small pebbles, mostly soft; 
gradual wavy boundary. 

Yellowish brown (10 YR 5/4) clay; 
common, fine distince mottles; 
weak, coarse angular blocky 
structure; firm, very plastic, very 
sticky; common very fine tubular 
pores; no roots; clear boundary 
(water seeped into pit from this 
layer) 

Grayish brown and brown (10 YR 
5/2 and 10 YR 4/3) clay; common 
medium distinct, redder and 
grayer mottles; massive, firm, 
very plastic, very sticky; mottles 
horizontally lineated in upper part; 
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gradual boundary. 

C2 110 -120+ Weathered,gravelly and cobbly 
material. Brown (10 YR 4/3 clay; 
common fine distinct mottles; 
massive; firm, very plastic, very 
sticky. 
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Appendix Table 1. Plant copper content of field harvested mater- 
ial. (1.4.g Cu/ gm D. M. ) 

Soil Treatment 
(Farm) Check Lime Molybdenum 

Steiwer Clover 14.6 18.7 14.4 
(McGuire) Grass 9.3 13.7 12.8 

Unnamed Clover 14.1 25.0 10.2 
(Cannon) Grass 17.6 25.0 11.6 

Dixonville Clover 13.1 30.0 12.5 
(Mosher) Grass 12.5 10.0 7.5 

Hedden Clover 11.8 21.2 9.3 
(Baimberidge) Grass 8. 5 16. 2 10. 9 

Knappa Clover 11. 2 11. 2 14. 2 

(Dement) Grass 13.3 12.5 18.8 

Unnamed Clover 10.9 12.5 .9.3 
(Warner) Grass 10.6 25.0 10.2 
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Appendix Table 2. Plant copper content of greenhouse harvested 
material (j..c. g Cu/ gm D.M. ) 

Soil 
(farm) Harvest 

Treatment 
Check Lime Molybdenum 

Steiwer 1 12.5 31.2 90. 0 

(McGuire) 2 12, 5 13. 7 10. 0 

Unnamed 1 16.2 12. 5 18. 7 

(Cannon) 2 30.0 18. 7 27. 5 

Hazelair 1 12. 5 16. 2 15. 0 

( Palmer) 2 18. 7 16. 2 25. 0 

Hedden 1 16. 2 18. 7 22. 5 

(Baimberidge) 2 25.0 7.5 12. 5 

Unnamed 1 16.2 27.5 16. 2 

(Laird) 2 16. 2 18. 7 16. 2 

Dixonville 1 26.2 3.1.2 31. 2 

(Mosher) 2 25. 0 12. 5 25. 0 

Knappa 1 22. 5 21. 2 16. 2 

( Dement) 2 25. 0 11. 2 25. 0 

Unnamed 1 12.5 25. 0 10. 0 

(Warner) 2 25. 0 7. 5 16. 2 
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Source of Variation SS df MS F 

Replications 565, 291 3 188, 430 6. 5013* 

Lime 870 1 870 

Replications x Lime 230, 208 3 76, 736 2, 6476 

Molybdenum 370, 272 1 370, 272 12. 7754* 

Molybdenum x Lime 261, 121 1 261, 121 9. 0094* 

Error 173, 897 6 28, 983 - 

TOTAL 1,601, 659 15 

*F value significant at 5% level. 

Appendix -Table 4.- ANOV for the Cannon location. 
Source of Variation SS df MS F 

Replications 371, 386 3 123, 795 9. 1693* 

Lime 49, 840 1 49, 840 3. 6915 

Replications x Lime 67, 482 3 22, 494 1. 6660 

Molybdenum 26, 487 1 26, 487 1, 9618 

Molybdenum x Lime 38, 052 3 12, 684 - - - - 

Error 81, 010 6 13, 501 - - - 

TOTAL 609, 820 15 

*F value significant at 5% level. 

- - - - 

- - - 

_ 

- 
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Table 5. ANOV for the Baimberidge location. 
Source of Variation SS df MS 

Replications 187, 675 3 62, 558 2. 5722 

Lime 377, 303 1 377, 303 15. 5141* 

Replications x Lime 63, 421 3 21, 140 - 

Molybdenum 6, 045 1 6, 045 - - 

Molybdenum x Lime 33, 764 1 33, 764 1. 3883 

Error 145, 920 6 24, 320 - - 

TOTAL 814, 128 15 

93 

*F value significant at 5% level. 

Appendix 
Table 6. ANOV for the Mosher location. 
Source of Variation SS df MS 

Replications 503, 277 3 167, 759 4. 3434 

Lime 82, 587 3 82, 587 2. 1382 

Replications x Lime 273, 472 3 91, 157 2, 3601 

Molybdenum 33, 856 1 33, 856 

Molybdenum x Lime 70, 017 1 70, 017 1. 8128 

Error 231, 740 6 38, 623 - - - 

TOTAL 1,194, 949 15 

F 

F 

- - 

- - - 

- - 

- - 

- - 

- 
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Appendix 
Table 7. ANOV for the Dement location. 
Source of Variation SS df MS F 

Replications 221, 473 3 73, 824 L. 9812 

Lime 10, 920 1 920 - 

Replications x Lime 473, 819 3 157, 939 4. 2387 

Molybdenum 7, 482 1 7, 482 - - - - 

Molybdenum x Lime 140, 251 1 140, 251 3. 7640 

Error 233, 571 6 37, 261 

TOTAL 1,077, 516 15 

Appendix 
Table 8. ANOV for the Warner location. 
Source of Variation SS df MS F 

Replications 89, 650 3 29, 883 

Lime 133, 408 1 133, 408 2. 0086 

Replications x Lime 183, 356 3 61, 186 - 

Molybdenum 127 1 127 

Molybdenum x Lime 31, 240 1 31, 240 

Error 398, 503 6 66, 417 

TOTAL 491, 284 15 

10, - - - 

- - - - 

- - - - 

- - - 

- - 

- 
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Appendix 
Table 9. ANOV for greenhouse harvest #1. 

Source of variation SS df MS F 

Replications 0.0977 3 0.0325 0.33 

Treatments 15.0345 31 0.4849 4.93'r'ß 

Soil 12.4926 7 1.7846 18. 17 ** 

Lime 0.4320 1 0.4320 4.39 ** 

Molybdenum 0.4863 1 0.4863 4. 95* 

Lime x Molybdenum 0. 0637 1 0. 0637 - 

Lime x Soil 0. 3655 7 0. 0522 - - - 

Molybdenum x Soil 0. 8893 7 0. 1270 1. 28 

Molybdenum x Lime 
x Soil 

0. 3051 7 0. 0436 - - - 

Error 9. 3051 7 0.0436 - - - 

TOTAL 24. 2656 127 

** F value significant at 1% level. 
*F value significant at 5% level. 

C. V. for this harvest was 13. 06 %. 

- 

- - - 



Appendix Table 10. L. S.D. tests for greenhouse harvest #1, 
Soil 
(farm) 

Lime x Soil 
Lo L1 x2 -xl Moo 

Molybdenum x Soil 
Mol x2 -x1 

Steiwer 2.3525 2.5200 0.1675 2.2800 2.5925 0. 3125* 
(McGuire) 

Unnamed 2.1575 2.4150 0.2575 2.1887 2.3837 0. 1950 
(Cannon) 

Hazelair 1.9725 2.1225 0.1500 1.9687 2.1262 0. 1575 
( Palmer) 

Hedden 2. 1137 2. 3700 0. 2563 2. 1350 2. 3487 0. 2137 
(Baimberidge) 

, 

Unnamed 2.6750 2.6337 0.0413 2.5000 2.8087 0.3087 
(Laird) 

Dixonville 2. 6887 2. 6612 0. 0275 2, 7625 2. 5875 0. 1750 
(Mosher) 

Knappa 2.8550 2.9662 0.1112 2.9500 2.8662 0.0838 
(Dement) 

Unnamed 1. 9125 1. 9575 0. 0450 1. 9037 1. 9662 0, 0625 
(Warner) 

*Significant at 5% level, L.'S. = 0, 3103 

- - 



Appendix 
Table 11, ANOV for greenhouse harvest #2. 

Source of Variation SS df MS F 

Replications 1. 2539 3 0.4179 1, 2174 

Treatments 216. 1300 31 6.9719 21. 9795** 

Soil 174.2388 7 24.8912 78. 4716 ** 

Lime 6.3235 1 6. 3235 19. 9353 ** 

Molybdenum 21.1657 1 21. 1657 66. 7266** 

Lime x Molybdenum 0. 0048 1 0. 0048 - 

Lime x Soil 2. 9415 7 0. 4202 1. 3247 

Molybdenum x Soil 5. 6365 7 0. 8052 2, 5384* 

Molybdenum x Lime 
x Soil 

5. 8192 7 0. 8313 2, 6207* 

Error 29.5033 93 0.3172 

TOTAL 246. 8872 127 
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** F value significant at 1% level. 
* F value significant at 5% level. 

C. V. for this harvest was 2. 97 %. 

- - - 



Appendix Table 12. L. S. D.d tests for greenhouse ,harvest #2. 
Soil 
(farm) Lo 

Lime x Soil Molybdenum x Soil 
Ll x2 -x1 Moo Mo 

1 x2-xl 

Steiwer 6, 0337 6, 7337 0. 7000* 5, 7175 7, 0500 1. 3325** 
(McGuire) 

Unnamed 4, 5175 5. 3100 0, 7925** 4, 3350 5, 5375 1. 2025** 
( Cannon) 

Hazelair 6, 4675 7, 1575 0, 6900* 6, 4100 7, 2150 0. 8050** 
(Palmer) 

Hedden 4, 5862 5, 2725 0, 6863* 4, 3925 5,4662 1. 0737** 
(Baimberidge) 

Unnamed 4. 6350 4, 6825 0, 0475 4, 0925 5, 2250 1. 1325** 
( Laird) 

Dixonville 7, 9737 8. 1412 0, 1675 7, 7762 8, 3387 0, 5625* 
(Mosher) 

Knappa 6, 9575 7. 0037 0. 0462 6, 8787 7, 0825 0. 2038 
( Dement) 

Unnamed 4, 9075 5. 2887 0, 3812 5, 0012 5, 1950 0, 1938 
(Warner) 

** Significant at 1% level. 
* Significant at 5% level. 

L. S. D'. 01 
i 0, 7369 

L. S. D. = 0. 5575 



Appendix Table, 13, ANOV for greenhouse harvest #3. 
Source of Variation SS df MS F 

Boron 2, 8710 

Error 6, 7438 

1 

1 

2. 8710 

6. 7438 

- 

- - - - 

Molybdenum 50.6647 1 50.6647 65. 7470** 

Lime 20, 2009 1 20, 2009 26. 2145 ** 

Soil 196. 1310 7 28.0187 36. 3595** 

Molybdenum x Boron 0, 3839 1 0. 3839 - 

Molybdenum x Lime 3. 1219 1 3. 1219 4, 0512* 

Molybdenum x Soil 34. 7302 7 4, 9614 6, 4383 ** 

Lime x Boron 0. 3560 1 0. 3560 - - - - 

Soil x Lime 11, 4122 7 1. 6303 2, 1156* 

Soil x Boron 3.4981 7 0.4997 

Molybdenum x Lime 1. 2900 
x Boron 

1 1. 2900 1. 6701 

Molybdenum x Soil 3, 5036 
x Boron 

7 0. 5005 

Molybdenum x Soil 13. 0415 
x Lime 

7 1, 8630 2. 4175* 

Soil x Lime x Boron 4, 1484 7 0. 5926 

Soil x Lime x Boron 9. 5598 
x Molybdenum 

7 1, 3656 1. 7721 

Error 48, 5531 63 0. 7706 

TOTAL 410. 2101 127 
* *F value significant at 1% level. 
*F value significant at 5% level. 

C. V. for this harvest was 6. 49%. 
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- - - 

- - - - 

- - - - 

- - - - 



Appendix Table 14, L. S. D. tests for greenhouse harvest #3. 
Soil Lime x Soil 
(farm) Lo L1 x2 -x1 

Molybdenum x Soil 
Moo Mol x2 -xl 

Steiwer 7, 3775 8, 9237 1. 5462** 6, 3837 9. 9175 3. 5338** 
(McGuire) 

Unnamed 5, 8762 7, 0512 1. 1750** 5, 7487 7, 1787 1, 4300** 
(Cannon) 

Hazelair 6, 6887 7, 6962 1, 0075* 6, 1650 8, 2200 2. 0550** 
(Palmer) 
Hedden 3, 5225 5, 0325 i, 5100** 3, 6987 4, 8562 1, 1575** 
(Baimberidge) 

Unnamed 5, 8375 6, 7187 0, 8812* 5, 9000 6, 6562 0, 7582 
(Laird) 

Dixonville 6, 5425 6, 7812 0, 2387 6, 2675 7. 0562 0, 7887 
(Mosher) 

Knappa 8, 6575 8, 6175 0, 0400 8, 5537 8, 7212 0, 1675 
(Dement) 

Unnamed 6, 3950 6,4325 0, 0375 6, 3250 6, 5025 0. 1775 
( Warner) 

** Significant at 1% level. L. S. D. = 1. 1483 
* Significant at 5% level. L. S. D.., 05 = 0. 8688 

r 
O 

- - 


