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ABSTRACT

fhere is disagreément in some cases and lack of information in
others on the kinds, fineness and rates Sf application of liming mater=-
ials and of their effect on the aveilability to the plant of nutrient
elements., Additionally, very little study hes been made of either the
natural aveilability of molybdenum in Michigen soils or of the availa=-
bility as influenced by liming practices.

Studies were undertaken with several Michigan soils to investigate
(1) the optimum soil pH velues for maximum crop production, (2) the
relative merits of different liming materials as to composition, degree
of fineness and neutralizing value, and (3) the interaction between lime
and molybdenum end their effects on plant growth.

Various liming materials were applied»at thres locations at equiv-~
alent rates calculated to raise the soil pH to 640, 645, 7.0 and 7.5,
Molybdenum wes applied as a spray to the young plants on one-half of
each limed plote A similar experiment was conducted in the greenhouse
on three soils, two mineral and one orgzanic, with cauliflower &s the
indicetor crope

The yields of oats and 2 legume hey were not affected by liming =
Nester sandy clay loam, although the pH =and bese saturation percentage
of the sqil were markedly increessed, especially where an acetylene by—q
product meterial had been upplied. Likswise, no increase in the yield
of Tield corn resulted from liming = horley clay loam. The pH esnd base

saturation percentage of this soil were Increased for less than was the



case wiihh 1le lNester ssndy cley loen, rossibly indicetin, ¢ Iign resic-
vel hydrogen ion concentrations

Lime and molybdenum had no significsnt effect on the vields of
beans and wheet on a Montcalm sandy loame The residual amounts of
these materials markedly increased the yield of red clover grown on
this soils The piHl and bese soturation percentege slso were preatly
increaseds.

In the greenhouse, limirg similar scils increased ceuliflower
yieldse Molybdenum apolication increased the yield of cauliflower and
eliminated molybdenun-deficiency symptoms on a Montcalm sandy losms.

In each seil tested, thers wes & higsh correlation betwvieen pH and
base saturstion percentage.

Significant increases were alsc observed in the nolybdenur content

of cauliflower, oats anl corn leaves with increeses in soil rH.



ACKNOVLEDGEEENT

The consideration, advice and assistence of
Dre e Ve ecCall in the conduct of tnese investiga-
tions end in the prepvaration of this manuscript are
gratefully acknowledged.
The author is appreciative of the assistance of
Dr. Es Js Benne in the molybdenun determinations, end
of Dre Je Fo Davis in some photographic phasese.
These investigations were supvorted in part by
grents in aid from the Climax lolybdenum Compeny,
Michigen Lime Producers Association and the Linde
Air Products Corporation. Snowball "A" cauliflower

seed was furnishecd by the Ferry-Morse Seed Company.



TEE SFFECT OF LIME AND MOLYBDENUM ON SOIL
REACTION AND BASE SATURATION PERCENTAGE
AND ON THE YIELDS AND MOLYBDENUL UPTAKE

OF SEVERAL MICHIGAM CROPS

by

Fred Turner, Jr.

Submitted to the School for Advanced Graduate Studies of
Michizan State University of Agriculture and
Applied Science in partial fulfillment of
the requirements for the degree of

DOCTOR OF PHILOSOPHY

Department of Soil Science

1958



ProQuest Number: 10008550

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the uniikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10008550
Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, Mi 48106 - 1346



Fred Turner, Jr.
candidete for the degree of

Doctor of Philosophy

Finel examination, July 31, 1958, 10:00 A, M.,
Room 21C, Agriculture Halle.

Dissertation: The Effect of Lime and Molybdenur on Soil EReaction
and Base Saturation Percentage and on the Yields and
lolybdenum Upteke of Several Michigan Cropse

Qutline of Studies

Major subject: Soil Science
Minor subject: Plant Physiology

Biographical Items
Born, January 13, 1620, Paris Crossing, Indiana

Undergraduate Studies, University of Arizona, 1937-40, conte
1946-48.

Graduate Studies, Washington State College, 1948~1950; Nichigan
State University, 1954-1957.

Experience: Lt. Col., United States Air Force rneserve, active duty
1641-46 and 1951-53; Graduate Research Agsistant,
washington Stete College, 1248-50; Soil Scientist,

Irrigetion Experinent Stetion, Prosser, Washington, 1950-51;

Soil Sciertist, Northern Great Plains Field Station,
Kandan, North Dakota, 1954; Graduate Resesrch Assistant,

bichigan State University, 1954-57; Assistant Agricultural

Chenmist, University of Arizona, 1557 to date.

Kenber of Alpha Zeta, Society of the Sigma Xi, Soil Science Society of
America, Americsn Society of Agronomy, and the ‘estern Society of Soil
Science.



TABLE OF

INTRODUCTION o o o & & & &
LITERATURE REVIEW . . . .
Lime o o o 2 ¢ s o o o o
Molybdenum « & « & « « &
EXPERIMENTAL PROCEDURES .
Field Studies + ¢ ¢ o
Greenhouse Studies « « o
METHODS OF ANALYSIS + « &
SEils ¢ ¢ o o o s o o o
Plonts + o o o o o o o &
RESULTS AND DISCUSSION «
Field Studies + « o o
Greenhouse Studies ¢ ¢ o
SUMLARY AND CONCLUSIONS .

LITERATURE CITED o o o o &

CONTENTS

Pagse

- . - . - L) . [ - - L] l
. . L] . * L 4 . L] L4 L] L 2
L L L L L L] L . L L4 [ ] ?

L] L] L . L] L] L] L L] - [ 9
- [ ] * . L L d . * . . L ]:,
L4 L] . L L L4 L L ] L L L 15

e o s s s o o v s e s 19
e o o o s s e s s e o 19
A
e e s s a8 2 s o s o o 23



LIST OF TABILES
Table

I+ Liming maberials added to three Michigan soils on
whnich field studies were conducted « ¢ ¢ o o

L 4
*

II. liechanical analysis of lichigan soils on whieh
field studies were conducted s o o o o o s o o =

I¥I. Comparison of lime rasjuirenent as determincd by
the incubation and 3radfield=-illison method . .

IVe Some characteristics of several liming materials

V. The effects of liminz materials and rates of
anvlication and cof molibdenun on the vields of
oats and the first cutting of alfalfa hav on =
Nester sandy 1Ol s o o o o o o 5 ¢ 5 s o o o @

V1e The effects of limings material, aprlisl ut
various rﬁ"s, on the brse saturation nercentage
of sevoral Ilichizsn sSoils o o o & o ¢ o o o o &

ViIe The effect of liming material and rate of
apnlication and of molybdenum on the vields
of corn in 1955 on a lorley clay loam « s o » o

VIII, The effect of liming meferial, rate of
spnlication, ard of molyvbdenwn on the yiclds
of crenbherty beans, wheat and red clover bhexy
on s.ontealnm Salldy 1OBIM o o o 6 o o o & & o 4« & o

IXe The coffect of lime and molwbdenum applications
on the yields of caulifleover in a zreenliouse

ex7erinent o s 6 2 5 0 6 2 6 0 0 e s 6 s e s s e

4
3

e The effect of lime upon soll reaction and
nolybdenum contentt of cauvliflover lenves 4 o o o

fahl

V]
i~

av]
~1



LEST OF FIGURES
Figure

1. The effect of liming materials, applied at
equivalent rates, on the soil reaction of
a Nester sandy clay 1loam « « o« o o o s s o o » o »

2. Corrslation between hase saturation vercentage
and so0il remchion of a limed Nester sandy
clayloam...........o..-..--o

3+ The effect of liming materials, applisd at
equivalent rates, on the soil reaction of a
Morleyclayloam..............-..

4. Correlation between base saturation percentage and
the soil reaction of =a limed liorely clay loam .+ o

93]
*

Tre effect of liming meterisls, applied at
equivalent ratss, on the soil reasction of a
Idontcallﬂsaﬂdylo&m « 5 & 2 & & + & s 8 " s 2 e @

6, Correlation between base saturatiom percentage and
s0il reaction of a limed iLonteslm sandy loam « o

7. liolybdenum~deficient cauliflowsr zrowm on a
Montealm sandy loam in a grosuhouse studyve « « o &

8., NMolybdenum=deficient cauliflower in Allegan
County, Michigan. ©Note inward cupping and
Crinkling()fle&ves S o 2 o 0 4 ¢+ & 6 0 o e o ° »

9« The effect of calcium hydroxide on soil reaction
when epplied at different rates to thres lMichigean
soils in e greenhouse experimont + « o o o ¢ o o+

19. Correlation between base saturation percentage and
soil reaction of three soils from a greenhouse
experiment..-...-.............

11. Correlation between molybdenum content of
cauliflover leaves and soil pH in a greenhouse
Bxperimen‘b........--..-.......

12. Correlation helwesn ths molybdenun coatent of tie
-

sixth lecf o corn rnd the soil resction »f a
limﬁd I‘Eorle?f Cl&:’[ 105\?‘.’1 s ® ® @ ® ® ® @ ® & 8 @ ¢ @



INTRODUCTION

Many aspects of the chemical and physicel relationships of soils to
erop producfion heve been investigated over the years, the simplest of
these to determine being the soii reaction, or pi. Experimentally, it
has been demonstrated that different species of plants have their own
optimum, minimum and meximum soil pH wvalues for growth, which must be
considered if meximum returns from agricultural ventures are to be resl-
izeds Therefore, either the selected crop must be one which is tolerant
of the soil pH where it is to be grown, or the pH of the soil must be
adjusted to a suitable value.

In the humid regions of the northern United States, the soils are
predominately ecide The most economical method for raising the pH values
of acid soils is by the application of lime. Although much has been
written concerning liming practices, there is disagreement in some cases
and lack of informetion in others of the kinds, fineness and rates of
application of liming materisls and of their effect on the availability
of nutrient elements to the plant.

These studies were underteken with several Michigan soils to inves=-
tigate (1) the optimum soil pH values for maximum crop production (2)
the relative merits of different liming materials as to composition,
degree of fineness and neutrelizing velve, and (3) the interaction

between lime and molybdenum snd their effects on plant growth.



LITIRATURE REBVIEW

Lime

Crop response to soil applicaticns of lime have been observed and
studied for centuries. Reviewers, such as Truog (70), found records of
its use in the Christian Era. He referred to its early use on this con=-
tinent in Virginia by BEdward Ruffin (1794~1865) and in Khode Island by
Wheeler near the close of the 19th centurye. Liming has been & perrmenent
generel rractice in Pennsylvenia since that time.

Lime, as used agriculturelly, refers to those compounds of calcium
and magnesium which ere capable of alleviating the harmful effects of en
acid soil (56). Liming materiels such as calcium end megnesium lime-
stones, marl, hydrated lime, burned lime, wood ashes, shells, etc. have
long been used. In more recent years, basic by=products of commercial
operations have been applied to soils in incressing amounts. These
include blast-furnace and phosphate-furnece slags, suger=beet processing
residues, water-softening plant residues, and by=-products of acetylene
manufacturing.

Basic elements are continually lost from the soil by leaching and
by cropninge. Some are returned to soils as crop residues &nd menures,
and some are made svailable to the plants by decomposition and weather-
ing of the soil minerals. However, there is a net loss of basic elements
from the soil, and an 2cid soil will become increasingly more acid unless
lime is applied (70).

Although general increases in crop yields due to liming acid soils

have hesn common, the reasons for changes in yvields have not been so



apparent. The effects of liming the soil may be summerized (34, 53, 70)
as affecting: (1) the solubility and availability of nutrient elements,
(2) the solubility or effects of toxic elements, (3) the sctivity of
soil microorgsnisms, (4) the soil structure and (5) root distribution.

Truog (70) cherted the general availebility of the principal and
sone of the minor elements in relation to soil reaction. He and others
(62) recommended & soil reaction at or near pH 645 for maximum avail-
ebility of nutrient elements. A pH of 6.5 for mineral soils and of 5.5
for orgenic soils in Michigan ere recommended by Porter, et al (56).
Arnon and Johnson (5), working with nutrient cultures, found that most
plents made normal growth at very low pH wvalues, provided sufficient
calcium was supplied.

Calcium and masmesium are added directly as components of the
liming material. Caleium, in particuler, is considered Ly Kelley (36)
to be as important for plant nutrition ss is nitrogen, phosphorus or
potassium, especially in the growth of legumes.

Phosphorus in the soil becomes most available to plants at about pH
65 (68, 69), and at this pH its availebility is preserved (18). An in=-
crease in aveilable phosphorus with an increese in bese saturation in
Fichigan soils was noted by Cook (18). In the more highly acid soils,
phosphorus is rendered relatively insoluble by combinatiorn with aluninum
end iron. However, Scarseth and Tidmore (63) found that calcium carbo-
nate decreased the availability of phosphorus, at least until all free
carbonates had disappeared from the soile MNcGeorge (40) and others
have shown that relsatively insoluble tricalcium phosphate is formed on

the alkeline side of neutrsl. Black and Goring (12) reviewed the



trensformation and availability of organic vhosphorus in the scile In
organic soils, the organic forms may constitute 75 to 85 percent of the
totel phosphorus present (21). However, these forms must become minerel-
ized before the phosphorus is available to the plants (12). McCall (38)
found that the soil orgenic phosphorus in severasl orgenic scils of
Michigran behaved differently then did organic phosphorus from other
sourcese

Opinions differ regerding the effect of liming on the availability
of potassium. York end Rogers (74) found that the uptake of potassium
from limed soils dependec on its initial availability, the ability of
the soll to fix aprlied votacssium and the solubility of potassium
minerals in the soil. Dean (22) snd Opitz, et al (52) found that lime
or calcium salts increased the amount of exchanpgeable potassiume Peech
and Pradfield (54) observed an increese in potassium in the soil solution
when lime was applied to a soil which was already well saturated with
calcium, but on slightly acid soils, liming had litile effect on the
amourt of water-soluble potassiume Fretty (58) limed several llichigan
soils and found mo significant changes in the available potassiume

The soil reaction grestly affects the activities of soil microcrgen=
isms, which in turn affects the availability of nutrient slements, espe-
eially nitrogen, sulfur end phosphorus (69)s The sctivity of many soil
microorgenisms is greetly retarded by an acicd reaction, thus reducing
the decomposition of soil orgenic matter and inhibiting the ectivities
of nitrogen-fixing orgenisms (70).

All of the essential minor elements, with the exception of molybde-

num, are rendered less availeble as the soil tll is increased (62). At



lower pH values, aluminum, iron and manganese may be toxic (82, €9, 705.
Molybdenum is discussed in more detail later,

The lime requirement of a soil cen be defined as the emount of a
liming material that must be added to raise the soil pH to some prescribed
value (69)s Peech and Bradfield (54) have classified lime=-reguirement
determinations accordin: to the methods employed as (&) determinction
of soil reaction, (b) determination of exchangeable hvdrogen, (c¢) rapid
determination of the lime requirement, (d) determination of exchengeabls
calcium, and (e) determination of readily soluble aluminum, iron and
manganeses. ELxtensive reviews of various methods have been made recently
(35, 58, 65, 69)s Walker, (73) when estimating lime requirement, inchxded
observation of the growth of different crop vlonts and natural vegetsbion,.

Although the pil value of a soll is oasily determined and is widely
used in estimeting the liming needs of a soll, pf is a measure of only
the active acidity of a soile The reserve acidity (hydrogen ions held
at the exchange sites and within some clay minerals and orgenic metter)
also has a2 considerable effect and must also be partially neutralized
in considerirg the liming needs (16, 55). Soils having high clay or
organic matter contents usually have a high reserve acidity which must
be considered in correleting soil pH with the lime requirement (44).

valker (73) aquotes Hall (1205) that, "anv soil with less than one
percent calcium carbonate will te benefited by liming,” but indicates
that modern methods relate soil unsaturetion to the amcunt of lime
needed to bring the s0il p to 2 given level in the laborztory. Mehlich
(43) and Thorne and Leatz (69) suggest use of pH-percentage base sat-

uretion or umssturation curves., Jensen (34) obtained good linear



cerrelation between pH and percent base saturation for fifty Danish
soilss Shimp (65) found that the pH-percent base saturation reletionship
is too imperfect to use as a single factor ir lime-requirement determina=
tions of several Michigan soils, and that pH alone is insufficient for
determining the rcquirement of soils varying in texture end exchange
capacity. Others (43, 51, 53, 55) also found thaet soils of the same re=-
action may vary considerably in their percentage base saturation.

Bray and DeTurk (16) recommended thet for most crops the exchange
capacity of the soil should be at least 80 percent saturated with bases.
Bear and Toth (8) proposed that 85 percent of the excheange capacity
be saturated with calcium. Miles (48) found the degree of saturation
fevorable for most crops to be between 40 and 60 percent for kaolinitic
soils. 4alker (73) cited the recommendations of Rice=W:illiams, who
estimated that soils of England and Weles which contasined higher than
30 percent exchsngesble calcium, extractable with 0.5 normel acetic ecid,
did not need lime. Lipmen, et al (37) obtained good yield response with
lime spplications less than the amount indicated by the lime requirement.

Determination of exchangeable hydrogen ass a criteria for lime
requirement has been employed, especially for the sandier soils, with
good results (42). Shimp (65) observed good correlation between the
exchangesble hvdrogen in Michigan soils and plant ields.

The nature of the cley minersls present affects the lime response
of the soils. Liershell (41) found that montmorillonitic clays satus
rated below 70 percent with calcium have a higher snerpy of absorption
for thet element than do the kaolinitic clays, and so release is slower.

Colloids of the 2:1 type require = higher percentage of base saturation



with calecium then do the 1l:1 mirnerels to be equally effective in pro=-
moting plant growth.

Once the liming requirement has been determined, the amount and
type of liming materizl to be applied must be considered. Different
materials have different neutralizing velues, so equivelent amounts
should be applied (56). It is not penerslly economical to use lime-
stone conteining less than 80 vercent of calcium carbonate equivalent
(45).

Investigators disagres on the relative merits of different liming
materials. Coarser grades of dolomitic limestone are generally con-
sidered less reactive than are similar gredes of calcitic limestone
(7, 46, 64), although vields in some instances have been highest where
the dolomitic form was used (59). Walker (73) and Powers (57) found
no differences in yields for calcitic over dolomitic lime applications.

The degree of fineness of the liming meterial is probably more
important than is its composition. In esrly Michigan experiments,
MeCool and Millar (3%) obtained higher yields of rye from hydrated
lime treestments than from merl or 10=20 or 40«~60-mesh limestone treat-
mentse Leter recommendations by Millar (49) were for vse of a lime=-
stone so rround that practically all would pass throurh a 1C-mesh screen
and 2t leest one~third would pass through an 80-mesh screen. After a
two~year nericd, Jensen (34) found no difference in effects of different
grades of limestone finer than 35-mesh, and that zfter four years those
grades finer then 1C-mesh were equally effective in Denmark. Vialker (73)
related that work in England indicates no diffsrences in the long run

hetween the effects of coarse and fine grades.



Relatively small amounts of lime applied at frequent intervals,
such as once in each rotation, have been effective, especislly on
sandier soils (1, 34, 47, 62). Albrécht (1) contributes this to the
proximity of.the dispersed lime particles to a portion of one root
system, which is selective in its adsorption functions.

Heavy applications of coarser grades of lime have overridden the
effects éf.lighter applications of the finer grades (7, 33). Hydrates
are no,mére effective‘than are fine grades of limestone, according to
results obtained by Beacher (7) and by Jensen (34).

Russel (62) probablv resolves the controversy regarding the rela~
tive merits of thé different degrees of fineness of liming materials
in his statement that, “Whéthar passing & 10-mesh or a 20-mesh sieve
is the preferable upper limit of size has not been fully investigated,
but for meny limestones there appears to be little to choose between
them; the important thing is to have a considerable variation in particle
size in the material to ensure both rapid sction initially end a reason -

ably long residual action."



olybdenum

Although the beneficial effects on plant growth due to the apoli-
oation of lime to ecid soils have been observed and studied for many
centuries, not until 193C was the biological importance of molybdenum
first realized, when Bortels (13) fournd this element to be highly

beneficisl in the fixation of gaseous nitrogen by Azotobacter chrooco=

ccums More recently the need for this element in other microbiologicsal

species has been established.

3

-l
1

Heolyhdenum deficiency

crop plants. Arnon and Stout (4) were

I

the first to establish the necessity of molybdenum for the growth of a
higher plant, the tomato. Anderson (2) reported definite cases of
molybdenum deficiency in clover on acid soils in Australia in areas of
high winter rainfall, and Davies {19) later demonstrated the deficiency
symptoms in cauliflower in New Zealand. Welker (73) first demonstrated
molybdenum deficiency on rlants grown on a soil in the United States.

Extent of molybdenum deficiency. The symptoms of molybdenum defi-

——

¢isncy have been notsed in more then 40 plants, both legumes and non=-
legumes, througheut the world. The plants include cauliflower, cabbags,
mustard, alfaelfa, clovers, rye, oats, carrot, potato, citrus (trees)

and others, including many ornamentals, sccording to Hewitt (32)., Al-
though known deficient arens are nost widespread in Australia and New
Zeelond, deficiencies in the field have been confirmed in meny areas

of the United Ststes, notably in Californis, Florida, Rew Jersey and

New York. Lubins (61) cited knovn field deficiencies in 13 states and

susnected deficiencies in thres others.



Molybdenum deficiency is often associated with scid soils, because
the element becomes less available with decreesing pHe Although the
deficiency is more likely to occur in plants grown on the sandier soils,
it also has been observed in crops on fine textured soilse. Incressing
the pd by the addition of lime is:an important method of overcoming soil
deficiency of molybdenume Stout, et al (68) found that chosphates
greatly increased the uptake of molybdenum, and that sulfates decreased
it in acid soils.

Several surveys have been mede of the molybdenum status of soils
of the United States. Robinson and Alexsnder (60) found an average of
2¢3 ppm total molybdenum in the soils they and others had analyzed, with
little variation between soils.

Role of molybdenum in plant nutrition. Molybdenum is required in

very small amounts by plants for the physioclogical reduction of nitrates.
Nitrates accumulate in the tissues of molvbdenum~deficient plants, and
the protein content of the plant is reduced. It is slso required in
trace quantities for the nodulation of legumes when grown on either
nitrate or atmospheric nitrogen.

Molybdenum deficiency symptomse The symptoms of plant diseases

which are now associated with molybdenum deficlency were recognized
long bsfore the truelcause was knowne "Whiptsil" of cauliflower and
broccoli wes recognized in New York stste by Clayton (17) and a leaf
spotting of citrus in Flbr;da was reported ecrly in the certury by
Floyd (z0). Later investigétors found similar symptoms on plants growm

in other areass



Molybdenum deficiency symptoms in many plents were described and
pictured by Hewitt (32) and Anderson (3). Legumes exhibit the ap-
pearance of nitrogen starvation, with pale yvellow foliage, poor or
stunted growth, and in some species a oronounced yellowing between the
veins which retain some green color. A mottling of the lsaves may be
evident as is often the case with molybdenum~deficient citrus. Gharginal
scorching, @ rolling or curling inward (cupning) and a withering or
orinkling of the leaves occur in meny species of broad~lezved plantse.
In severe cases the leaves may die.

Some of the crucifers, such as cauliflower, broccoli, cabbage and
brussels sprouts heve charascteristic secondary symptoms of more severs
nolybdenum deficiency, which is commonly termed "whiptail." Leaf
tissue develons irregulerly from the midrib to produce long, narrow
leaves, of'ten having edges which are pleated or otherwise contorted in
sppearance. Also, leaves may form in the curd of cauliflower, rendering
the head wnmarketeble. In very severe coses no head is formed (Gemmon
et al, 31).

Effects of molybdenun excesss 4Although no symptoms of molybdenum

excess in plants have heen described, cattle and sheep grazing on pasture
nerbege of high molybdenum content are affectsd by the disease "Molyb-
denosis", variously termed as "teart" or "teartness", peat scours of
beef eand deiry cattle, and ataxia of lambs. Symptoms in cattle are

acute scouring, change in coat color, general unthriftiness and poor
growth of calves. Dick (24) end others have shown that thers is en
antagonism between copper and molybdenum in the metabolism of ruminants,

especizlly where the sulfate intake is highe there the molybdenum

-1]1=
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contuut of the forage is higr, over 10 pom (20), copger retention by
the animel is low, thus crusing the disease. It is readily cured by
supplementing the animal's diet with copner sslts.' Lxcess molybdenum

in forage has been found in Floride, Celifornia and Oregon (61).

Resesnrch on molybdenum in Michipane The roles of molybdenum in
agriculture has been explored very little in Michigan. Benne and Jerrim
(9, 10) reported the molybdenwn content of some plants, and Berzman

snd Kenworthy (11) reported on studies with Concord grapes prown with

nutrient solutionse. Van Arsdell and =ssociates (72) su;’ssted a pos-
sible excess ol molybdenum in & reed canary pgrass casture. [Field
studies on lime =2:2d molybdenum relationships were initiated by the

author in the fell of 1954 =2nd gresnhouss studies in May 195C.
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EXPERIVENTAL PROCEDURES

Field Studies

General treatmentss At three locations several types of liming
materials were applied at the rates detsrmined by the method of
Bradfield and Allison (15) to rzise the soil pH to €.0, Ge5, 70 or
Te5 (Table I)s Calecitic and dolomitic meals wers apolied at all four
ratase A pulverized declomite was asplied at rates to reise the soll
pH to 645 and 7.0¢ In addition =n acetylené by=product lime was applied
et the four rates on soils in Qpemaw Couaty and at one rate, to fH 7.0,
in "ashtenaw Countye. A Montcalm sandy loa2m received one treatment, to
7 7.0, with blast-furnace slee. A sodium molybdate solution was sprayed
on the young plants on cne-half of each limed plot,

Nester sandy clsy loam. The experimental erea 1s locatsd neer Rose

City, Ogemew County, in the N of section 20, township 23N, resnge 3E.
The mechanical analysis of this and other soils investigated in field
experiments are given in Table IT.

Yo manure or mineral fertilizer had been added to this soil prior
to 1949, In thot yesr, 200 pounds per acre of 3~18-9 wers drilled with
burley and alfelfe at plunting time. 1950 was the second wear for the
alfalfe, end in 19561 a top dressi=ng of 300 pounds per acre of 0-20-0
wus appliede Ten loads of manure were srread on the area ir early 1952,
and pasturing wes continuved until the alfalfa was uplowed under in the
fall of 1953, In the spring of 1954, ten loads of manure per acre were
agein spread, incorporated into the soil with a field cultivator, 120

pounds of 10=10-1C was drilled in, and field corn was planted.

-]1%=



Teble I. Liming materials added to three Michigan soils on which
fial&;étﬁdies weres conducteds

Pounds per acrs to attein .pH of

_Soil Liming material 840 845 7.0 745
Nester sandy Caloitic meal - ol 2700 5500 8200
clay loam :

: Dolomitic meal 0 2200 4300 6500
EPulverized dolomife 0 2200 4300 ———nt
By-product? 0O 2000 4000 8100
M¥orley clay Caleitic meal 1300 4600 8000 11300
loam :
Dolomitic meal 1000 3700 5300 7800
Pulverized dolomits  --=- 2900 6300  =m=m
By=product® ammm mmm= 5300 ———
Montcalm sandy Calcitic meal 2200 3300 4900 6300
loam :
Dolomitic meel 1700 3000 3800 5200
Pulverized dolomite —— ,2800 3700 ——
By—produc'b3 —_—— ——— 5000 e

1 Determined by the lime-reguirement method of Bradfield and Allison

2 By=product of acetylene manufacturing process. Linde Air
Corporation, Hammond, Indiana '

5 Water-guenched blast=furnace slage. The Granalite Company, Bast Chicago,
Illinois:

% Not applied at this rate



Table II. Nechanicel analysis of i:ichigen soils on which
field experiments were conducted.

Series Texture Sand _Silt Clay

% % %
Nester Sandy clay loam 51.01 2548 2342
Morley Clay loam 44,0 2748 28.2
Montecalm Sandy loam 7240 14.8 13.2
- —

3y the Bouyoucos hydrometer method



The experiment was laid out for 15 treatments, each replicated
four times, and one=half of the required lime wes spread on the soil
surface and was plowed under on November 11, 1954. The remaining lime
was spread on November 18 and 17 end was incorporated with a field
cultivetor. 4fter 200 pounds of 6-24-12 per acre had been drilled in
on Iay 2, 1955, oats were planteds Sixteen ounces ver acre of sodium
molybdate were sprayed on the oats plants on June 22. The oats were
harvested on August 9, and whole plant samples, excluding roots, were
taken for snalysis.

An alfalfa~clover=-grass mixture was seeded with the oats in 1955
and was pastured in the spring of 1956. After removal of the stock;

8 ouncas of sodium molybdate per acre was arnliedes The first and only
cutting was made on August 3.

Morley clay loame The eiperimenﬁal area is located near Whitmore

Lake in the S} of section 16, township 1S, renge 6E in Washtenaw‘Canty.
The experiment consisted of 12 treatments, each replicated four times.
One~=half of the required lime was spresd on a heavy crop of clover and
grass and was plowed under on ey 4, 1955, On liay 17, the remainder of
the lime wes spplied and disked in, and corn was planted the next day.
Eight ounces rper acre of sodium molybdate was sprayed on the young corn
plants July 31,

Leaf samples were taken on September 2 from all uasprayed plots in
replication IV. The sixth leaf of each corn plant was pulled and weshed
in DREFT and distilled weter before dryince The mature corn wes har-
vested on Cctober 20.

Ohio K~15 wvariety of corn was planted on bay 30, 1956« The farmer

-16=



used a special shoe to nlace 200 pounds per acre of a 6=-24-12 fertilizer
1% inches below the seed at rlanting time. The corn did not mature
before the first frost and so was not harvested. It wes damaged by =

2,4D weed control spray which wes apnlied when the corn plants were

about 10 inches highe

llontealm sandy loeme The same experimental design as that used in

eshtenaw County wes used near Ldmore in the W of the S#; of section
2, township 12N, range & in Liontcalm County. The first half of the
recuired liwme was soread on kiay 14, 1955 and wes disked undere. The
remainder, applied May 19, wes harrowed ir prior to planting crenberry
beens on May 20. Sodium molytdate was aprlied July 8 at the rate of 4
ourices per acre to the voung plants. The mature plants were pulled
August 26, »iled outside the field, and threshed when dried.

Viheat was rlented in the late fall of 1955, spreved with 8 ounces
per acre of sodium molybdate on May 31, end harvested on August 8, 1956
Three hundred pounds per acre of 5-20-20 fertilizer was drilled in the
fall, snd 100 to 150 rounds rner acre of ammonium nitrate were broad-
cast in the springe.

Red clover had been seeded in the wheat end the first cutting was
harvested on June 12, 1957. Yield data were taken, slthouzh ro rlant
or soil sam=les were taken at that time.

Creenhouse Studies

Soil samples from the plow lavers of three soils, a kontecalm sendy
loam from the vicinity of Edmore, & Nester sandv clay loam from a former
anple orchard at the Graham Experinental Station near Grand Rapids, ard

o Houghton muck from the Michiran State University liuck Kxperimental

=17



Farm were used ir this study. The initierl pH values were 5.2, 4.5 ond
545, the cation excheanpe canacities were 4.63, 6,99 snd 138,86 milli-
equivalents ner 100 grems, and the totsl exchangeable bzses were 1.42,
0¢54 and 112.88 milliequivalents per 100 grems, respectivelv. MNutrient
requirements were determined by 2 soil test using the methods of Spurway
and Lawton (68) end the lime recuirements by the Bradfield-Allison method
(15)« The smounts of calcium hydroxide (hvdreted lime) determined to
bring each scil to pH values of 645 and 7.5 sre hereafter called rate 1
and 2 rescectively for the varticular soil (Teble IX). Optimum levels
of ce.pe. salts containing all of the essential elements except molybdenum,
and the calecivm hvdroxide, where required, were mixed with 4325 grams of
Montealm, 3775 grams of the Nester and 1250 grams of the Houghton soil.
The treated soils were then rlaced in one=-r2llon metal cans lined with
polyethylene bags. ILach treatment was renlicated three times. The
soils were brougkt to field capacity with distilled water and were
incubated for one week. Sseds of "Snowball A" variety of csuliflower
were planted on ¥ay 7, and the resuvlting plents were later thinned to
one plant per conteiner. Distilled vater was added as needed to keep
the soils neer field capacity.

Sodiwn molybdate vms dissolved in water, to which one teaspoon of
DEEFT hed heen added to esch gallon of water as & svreader, to give
proper concentrations at the rates of 0, 2, 4 and 8 ocunces of sodium
riolvbdate per ecre when annlied in two applications. The solutions
were applied to the lesves with a plastic svrayer on June 22 and 25.

The plants were harvested on aurust 12 before flowering.

~16-



METHODS OF ANALYSIS

Solls

Soil sampling and preparation. Samnles of the O to 8 inch derth

were taken from sll plots and from the greenhouse soils prior to treat-
ment and at periodic intervals thereafter. All samnles were crushed
with a wooden rolling pin and were sieved throuch a 2-~millimeter plastic
screen vprior to anslysis.

Analysise A mechanicsel anelysis of esch soil was made by the
hydrometer method of Bouyoucous (14).

The field cavecity of the soils was approximated from the asmount
of water retained by the soils, which had been saturated and then
permitted to drain for 12 hours.

The pi of a 1:1 soil:weter suspension was measured with the glass
electrode, using a Beckman Model N pll meter. The centrifuge methods
described. by the United States Salinity Laboratory (71) wsre found to
be most satisfactory in determining the exchange capacitw and the
exchangsabie cstions of the soil,.

The lime requirement wss determined both by incubation with varying
amounts of calcium hvdroxide end by the titration method of Bradfisld
and Allison (15). The results obtained by these two methods, as shown
in Teble III, were very nearly the samc. Therefore, the most repid
method, the titretion method, was uvtilized for further determinetions.

A quick test of the available soil nutrients wes made using the

method of Spurwev ard Lawton (66).



Table III. Compecrison of lime requirerent as determined by the
incubetion and Bradfield~Allison methods.

Soil Liethod ca(oH )?,/aére

1bse

Montealm Incubation 2300
sandy loam

Bradfield=-Allison 2850

Kester sandy Incubation 5300
clay loam

Bradfield=-Allison 4820

Tougrhton muck Incubation 7320

Bradfield-Allison 7770




L sieve enelvsis was mede of eech liming material. The nevtrslizing
velve of each wrs determined (6), and the determinations sre renorted
in Table IV,
Plents

VT

Preparation. Fresh samrles were wnshed in DRIIT and distilled

)
o
(@]
.
-

vi-ter srd then rinsed. All plart sermples vere overn-dried at 7
ground in s wiley mill with stainless steel honrer snd nurher 20 screen,
ar:d stored in Flint-rless bottlzs,

fn2lysise Liolvbdeninm determinations on the wlent scmples were nade
by the method of Dick rnd Binslzsy (22) as modified br Zenne and Jerrim
(2, 10)s HLeferee samples furnished b Dr. Benne were snalvzed to insvre

accuvracy of the method.
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RESTLTS A#D DISCUSSION

I'ield Studies

Nester sendv clay loame The snil variebhility fornd hetwesn ~lots

in Q; c»w Countv or the Nester sondr cliv loam ~ortisll . obscures the
effects of thz treatmentse. The data in Table V show that the tvre of
liming moterial, the rete of its application, and the additior or non-
addition of molybdenum had no avparent significant effects on the vields
of oats and hay. However, the soil reaction was markedly affected by
the liminy materiels, especially by the acetylene byr-srodnete Soil
samples of the plow depth were taken prior to the application of liming
materials and at periodic interwvals thereafter up to 22 months. As

shown in Figure 1, the decreasing order of effectiveness in raising the
soil pH was acetylene by-product, high calcium meal, reference dolomite,
and the dolomitic meals. The lowest liming rates hed little effect on

the soil reactione. Greater differences due to different liming materials
were evidenced at the higher rates of applications The desired pll of €45
was reached with all liming materials except the dolomitic mesl. Howover,
the desired pH of 7.0 was reached onlv with the sacet:lene by-product, and
with none of the liming materials was *the desired pli of 7.5 etteined.

In the latter instence, the pi had increasea over wvoee 22 nanth psriod
eon O.1 50 7.3, 11 contrast to on increasse in the check plots from 6.0
to Gele Where the high calcium and dolomitic meals had been applied at
the highest rates, & final pH of €.7 was attained by both maeterials.
However, 8200 pounds per acre of the calcitic meal was no more effective

in raising the ph than was 58CC pounds per scre of the same meterizl.

DR -



Table Ve The effect of liming materials and rates of application and
of molybdenum on the ylelds of oats and the first cutting
of alfalfa hay on a Nester sandy clay loam.

’ : Qats ' Alfalfa hay
_Liming material 1955 1956

Type ~ Rate No Mo Mo* No Mo Mol

ibs/ac bu/ac bu/ac T/ac T/ac

Caleitic meal 0 43,62 4047 1.68 1.84

' 2700 41.5 5049 1.69 1.76

5500 34.1 40.9 1.70 1.78

8200 40,7 43.3 1,93 1.75

Dolomitic meal 0 48.6 44.8 1.70 1.67

2200 43,1 8940 1.62 1,72

4300 49.0 3546 1.95 1.86

6500 41.3 44.0 1.87 - le92

Acetylens 0 45,7 47,1 1.67  1.74

by=-product 2000 3640 3643 1.77 1.83

' 4000 45.4 35.8 l.64 1.54

6100 3549 4l.1 1,73 1.83

Pulverized dolomite 2200 3247 38,0 1.86 1.90

4300 43.0 339 1,58 1.51

No li.me - - 39.8 42,5 1l.66 1.60

1 Applied 16 ounces per acre and 8 ounces per acre of sodium molybdate
in 1955 and 1956, respectively

2 Average of three replications:

Y-
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The base saturation percentages were determined on soil sampled in
the fall 1955 and the fall 1956 and are reported in Table VI. Thore 2200
pbunds pér acre of the dolordtic meal had been applied, the base satura=-
tion pércentage'was increased from 73.7 percent to 77.1 percent in 22
months, an ihorease of 3.3 percent. The increase was similar where 6500
pounds per acre of this material had been added. However, 4300 éounds
per acre of the material resulted in a net increase of €.5 perceﬁt, a
Pigure nearly double that obtained from either the higher orrthe lower

atese A larger and more rapid increase was obtained with the high
calcium meal, the ;reatest increase being 1647 éercent with an appli=-
cation of 5500 pounds per acre of this materisl. In the case of the
acetylene by=-product material, much higher increases in the hose satura-
tion percentage wers obtained, beiﬁg nzarly linear with fhe amownt -of
the meterial applied. Ths base seturobion percentage obtained with the
twro higher retes of this letter meterial was greater than 10C percent,
there being little difference in eifecct between the two retes of appli=-
catione Duriny this same period, the base saturation percentage of the
unlimed soil decremsed 0.7 rercent.

As shown In Pigure 2, there was a significant correlation of 04392
between the pH and the base saturstion percentage, regardless of the
kind of liming materiel or the rats of application, during the observa-
tion periods Similar correlation was observed by Jensen (34) in Daﬁish
soilse

dorley clay loame Theie were co signilicant differences in the

-

1955 vield of corn on tho horlpy clzy lomm due Lo liwing neterials or

to molyhdenum, as shown i Teble VII. Livdrng the soil did decresse

~26m



Table VI. The effects of liming materials, epplied at various rates,
on the hase saturation percentege of several Michigan soils.

Desired Increase

Liming material pH lionths after liming Fall '55 Fall '56

Nester sandy clay loam

0 2 22

Calcitic meal 6.0 68e7 7242 6245 365 - 642

645 70«9 8l.4 85.0 10.5 14.1

70 736 85.6 90.3 12.0 17.7

Te5 7549 86.9 8649 11.0 11.0

Dolomitic meal 6.0 7348 7348 716 0.0 - 22

605 7507 71.5 77'1 - 204 3.4

7.0 T4e1 7645 80.6 2.4 645

7.6 81.3 7902 84.6 - 2.1 5.3

Acetylens 640 7843 8043 T9¢2 2.0 0.9

b‘y—produc‘b 6«5 76.0 80.5 85.5 4.5 9.5

740 79«6 101.6 101.6 2240 2240

75 723 110.7 115.9 3844 4346

Pulverized GebH 682 75e4 775 Te2 9.3

dolomite 7.0 71.8 7944 8l.3 Teb 9.5

No lime - 7449 T4a7 T4.2 - 0.2 - 0.7
dMorley clay loam

0 3] 186

Caleitic meal 6.0 56.2 61l.9 60.5 5.7 4,3

65 5546 60.8 6249 52 Ted

7.0 5565 59.8 64.3 4.3 3.8

7«5 5547 6346 69.7 79 14.0

Dolomitic meal 6.0 54,7 58.2 6245 3¢5 768

645 5l.5 568 61.0 5.1 95

740 63.2 7Ce4 726 Te2 D4

Teb 58.2 6743 6946 9.1 11.4

Pulverized 65 57.0 6445 674 745 10.4

dolomite 740 54,7 6849 7147 1442 17.0

Acetylene 7.0 53.6 695 7366 15.9 20.0

by-product
No lime ——— 51.9 5045 5l.9 - l.4 0.0



Table VI. Continued

- — - - -

Desired Incroase

Liming material  pH Months after liming Fall '55 Fall '56

e -

Montealm sandy loam

0] 4 15

Calcitic meal 6.0 41l.2 634 6849 2242 277
6.5 44.3 724 7640 28.1 317

7«0 44,0 74.0 776 30,0 3346

75 378 772 B4.6 39.4 46.8

Dolomitic meal 6.0 44,1 5648 6le8 12.7 175
6.5 4348 55.4 5945 11.6 15.7

740 41,7 63.8 677 22.1 23,0

Te5 43.6 621 65,1 18.5 2545

Pulvsrized 6e5 47.0 7848 8349 31l.8 3649
dolomite 740 44,5 783 78.8 34.3 3443

No lime ———— 4743 47.3 44 .4 0.0 - 29
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Table VII, The effect of liming material and rate of application and
of molybdenum on the yields of corn in 1655 on a Morley

clay loam.
Liming material Corn

Type Rate No Mo Mol
1b/ac bu/ac bu/ac

Celeitic meal 1300 67,07 6743
4600 71.9 7246

8000 Tde2 T9e3

11500 68.4 73.4

Dolomitic meal 1000 64.2 6942
3700 T1leB 6642

5300 770 7841

7800 74.0 7545

Pulverized dolomite 2900 6led 6543
6300 707 71lel

Acetylene by=product 5300 7040 68.4
No lime —— 8044 71.2

1 8 oz/hc of sodium molybdate

2 Average of four replicates

w30 -



yields sorewhet, and molybdenum decreased vields where rno lime hed heen
epplieds The 1956 crop wess not harvested as the corn was frosted before
maturity. The soil was samnled before the lime sprlications and at
reriodic intervals thereafter up to 15 months. As shown in Figure 3,
there was nuch less chanpe in the soil reaction due to liming this soil
than was the case with the lMester sandy clay loam, although liming rates
were based on lime-requirement determinations. The greatest increese
wes with the acetylene by-product applied at the rate of 5300 pounds per
acre. The dolomitic meal and the reference dolomite both gave lower,
although nearly equal increases in the soil pH. The smallest changes
were observed where the high caicium meal had been applied. Although
the lowest liming reates hed little effect on the soil reaction, an
increase in the rete of the liming material applied resulted in a cor-
resvonding increase in the soil pH.

The effects of the applied liming materiesls on the base saturation
percentepe are shown in Table VI. At the lowest liming rate, the
smellest increase in the bese saturation percentage, 4.4 vercent, was
obteined with the high calcium meale With increesing lime the base
saturation vercentage of the soil increased with all materials, the
grestest increase being with the acetylens by=-product material applied
et the rate of 5300 pounds ver acre, a net increase of 20.0 percent. At
the higher rates of application the effects were nesrly the same for
both the high celeium and dolomitic meals, with a net increase of 14,0
percent where 11,300 pounds per acre of the calcitic meal had been
applied. Over this 15 month neriod there was no change in the base

saturetion vercentage of the unlimed plots.
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Figure 4 shows the hirhly significant correlation coefficient of
0.923 between the base saturation percentape and the soil resction over
the i range of 5.7 to 6.6, regardless of liming material or of the
rates of application.

Montcalm sandy lcam. The date in Table VIIT shcw that on Montcelm

sandy loam there were no significant differences caused by treatments in
the yields of field beans and wheat. However, residual sodium molybdate
and lime had an effect on the red clover vields in Montcalm County
similar to that observed on ceuliflower grown on this soil in the green-
houses. The vield response to lime slone, regardless of the tyrce or rete
of liming meterial aprlied, wes highly significante. The average yield
on & dry-weight basis was increesed from O.34 tons per ecre where no
lime was apnlied to 1l.68 tons from the limed plots. The incresse with
molybdenum alone was from C.34 tons to 1.02 tons, and with lime plus
molybdenun alone, yields were increesed the most where lime at the lower
retes plus molybdenum had been applied.

Molybdenum~deficient clover plants were smaller than normal, the
leaves were pale-green and few nodules were observed on the rootse The
stand was thinnest where no lime or molybdenum had been appliede.

As shown in Figure &, the pulverized dolomite had the greestest
effect on the soil reaction, increasing the pH from 5.2 to 6.8 over a
15 month period where 2800 pounds per acre of the materiesl had been
applied. Thirty-seven hundred pounds per acre of this material was
similar in its effect. The desired pH levels were attained cr exceeded
with the two rates of the high calcium reale. However, additions of

4900 and 6300 pounds per scre were little more effective than 3300
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Figure 5. The effect of liming materials, applied at equivalent rates,
on the soil reaction of a Montealm sendy loam.



pounds per scre, an additional increase of 0.1 pH wnits resulting from
the higher rates. Dolomitic meal was similarly effective to the high
calcium mea1 at the‘low rate of application. However, additional smowts
of this dolomitic material incressed the pH only slightly more, 5200
pounds per acre giving 2 net increase of only 0,2 pi units over that
obtained with 3000 pounds pér acre. During thg observation period, the
unlimed plots increased 0.4 pil units. The effect of the slag was equal
to that of.dolomitio meal where both had been applied at the same equiv-
alent rate,

~As shown in Table VI, the 16.3 percent inecrease in the base saturé-
tion percentage where the slag had been appliéd was half of thet where
equivealent amounts of the high caleium meal and the pulverized dglomite
had been applied, and was considerably less thean the change due to the
dolomitic meel. Additions of the pulvefizod dolomite increased the base
saturation percentage the most, followed by the high calcium meal and
the dolomitic moalvin that ordere. The high calcium meal was only slight=-
1y less effective than was the pulverized dolomite in this respects The
base saturation éercentage increased directly with the amount of caleitie
meal spplied, the increases ranging from 27.7 percent with 2200 pounds
per scre of this materisl to 46.9 percent with 6300 pounds per acre. The
incresses were little different for the 1700 and 300C pounds per acre
spplications of the dolomitic meal, being 175 and 15.7 percent, respec—
tively. Where 3900 sand 5200 pounds per scre had been added, the in-
creases were 26.0 and 25.5 percent, respectively. After 15 months the

percent base saturation of the unlimed soil had decreased 2.9 percent.



gniificent correlzlion

4s shovmn in Figure 6, there was a highly sig

coefficient of C.95]1 hetween the hase saturstion nercentage =nd the pH
of the llonteelm sandy loam for pH walues of 5.5 and above for the limed
plotse The corrzlation would be less if the hasse saturation percentags

In the unlimed plots was included in the determination.

Gresnhouse Studies

The dry-weight yields of cauliflower are given in Table IX. Lining
offected the vield on all soils. Germinaticn was excsllent in 21l cases
but plants grom in the Nester orchard soil to which no lime had been
anrlied feiled to grow beyond the single leaf stazes Lime added at
rete 1 resulted in an averzage yisld of 947 grems; however, lime added
at rate 2 did not pgive en additional significent increase in yield.
£dditional molybhdenur had little effect on the growbh of rlants in this
soil, regardless of lime treatment.

Liming the hiontezlm sandy loam increased culiflower yields from
946 grams for the check to 1Ze4 and 13.1 grams for lining retes 1 and 2,
respectively (sirmificent at the one rercent level)s The aversze yield
of cauliflower dus to the lime treatments wes 1le4 grems. Two ounces
per acre of sodium molybdate significantly incressed the average yield
to 12.2 gramse Higher rates of molybdenun had little additional effect
on the yvisldse

The sverage increase on the Houghton muck from 30.8 for the check
to 328 grams where lime was ndded at rste 1 was highly significant,
Lining to o higher pfl resvlted in vields which were loser than those

Prom the unlimed mucke Accordiry to Porter, ot al (5¢) and others,

liming orgenic soils in Iiichicar to & pH higher than 5.5 reduces yields.
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Table IX. Effect of lime and molybdenum applications on the yields
of cauliflower in a greenhouse experiments

Lime treatment Molybdenum
Soil Rate  Amowunt ol 2 4 8
‘ 1lbs/ac
Montcalm 0 - 9.62 10.1 943 9.6
sandy loam 1 1600°  11.9 13.0 12.0 12.5
2 3200 12.8 13.6 13.0 12.8
Nester sandy 0  eme—-— n.h.4 Nehe Niehe nehs
clay loam 1l 3800 10.0 9.2 949 946
2 5800 11.1 10,3 10.7 10.2
Houghton muck 0 —— 30.4 315 31le2 3043
1l 4000 3262 333 338 31.5
2 10800 30.5 306 30.2 29.3

1 Qunces of sodium molybdate per acre
2 Dry'-weight yield in grams per pot. Average of three replications
3 Caleium hydroxide. Neutralizing velue 135.1

4 Not harvested. Plants did not develop beyond the primary-leaf
stage



No significant changes in yield were obteined by the addition of molyb-
denum to the plants grown in this soil, regardless of lime treatmente.

Total dry weights of cauliflower from the Nester clay loam, where
- limed, were slightly less than those from similarly treated Montealm
s0il, but yields from the muck were two and one-half times larger than
were those from eilther of the mineral soils. In all cases, significance
wes determined by use of Duncen's multiple range tables (26).

As shown in Figure 7, typical molybdenum deficiency symptoms were
exhibited by cauliflower grown on the Montcalm soil to which no lime or
molybdenum wes applied. Necrotic areas appeared at the tips of the
second and other well=developed leaves of the young plants, later ex-
tending towerd the petioles along the leaf marginse. Leaves cupped up
along the margins, exhibited a pale green or yellow color between thé
veins, and became slightly crinkled. The cotyledons developed necrotic
spotse Nearly all of the deficiency symptoms had disappeared by harvest
time. The secondary deficiency symptoms of "whiptail"™ were never evi-
denced by these planﬁs, which conteined 0.4l ppm molybdenum at harvest.
Bvens (27) found that alfalfa plants containing less than 0.5 ppm molyb-
denum responded to applications of the element. However, this criticeal
value does not necessarily hold true for cauliflower.

Molybdenum-deficient ceuliflower plants wilted at higher soil
moisture levels and recovered more slowly than did plants which had
apparent adequate amounts of the element. This possibly was due to a
reduction in totel root area of the deficient plants, to physiological

chenges, or to e combination of these or other factorse

-4l=-



Figure 7. Molybdenum-deficient cauliflower grown on a Montcalm sandy
loam in a greenhouse study*
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Molyhdénum—deficient cauliflower of the Snowball "M" variety was
observed in Allegan county in 1954 (Figure 8). Typical leaf cupping
end crinkling were noted. Adjacent plants which had been sprayed with
& sodium molybdete solution at the rate of 8 ounces of the salt per
acre did not exhibit these symptomse

1t was essential to incfeasé the pil of the very acid Nester orchard
soil before growth of cauliflower past the first-leaf stage was obtaineds
However, when'seedlings from the wnlimed soi£ were transplanted into a
greenhouse soil, they resumed appsrent normal growthe Bear and Totk (8)
" found in New Jersey"thaﬁ soil'to which hydrated lime had been applied
had its higheét pE immediately dftér application, with rdpid reduction
the first day and more gradual reduction throughout a threeuﬁégﬁ periode.
Jorgensen (35)_a9hie§ed maximum pH on a sandy loam soil within one or
two days foll&wing application of hydrated lime. @

S0il pH changes are shown in Figure 9.. The desired pH levels were
not attained. Maximum pHE values were attained moét quickly in the sdndy
loam, but at the end of 88 days were highest in the mucke.

Figure 10 shows that the high correlation observed between the base
saturation percentege and the soil reaction of individual limed soils in
the field was also evidenced with the greenhouse soilse The initial
base saturation percentage of the muck was three to eight times that of
either of the minersl soils.

_Although growth. of cauliflower plants in the unlimed Nester soil
was insufficient for collection of plant samples, an increase in the

molybdenum ocontent of the cauliflower plants with incressed soil pH was

found in both the Montcalm end Houghton soils, as shown in Table X and
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Figure 9+ The effect of calecium hydroxide on soil reaction when
applied et different rates to three Michigan soils in
a greenhouse experiment.
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Figure 10, Correlation between base saturation percentage and soil
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Table X« The sffect of lime upom soil reaction and
molybdenum content of cauliflower leaves.

: ‘Lime Molybdenum Soil
Seil rate in leaves pH
ppm
Montoalm 0 0.41t a.91
sandy loam :
1 1.11 569
2 2.12 647
Nester sendy 0 - 4.3
clay loam
1 l.41 5.8
2 1.99 6.8
Houghton muck 0 2402 5.4
1 394 el
2 7432 7e2

1 Average of three replications

2 pPlants did not develop beyond the primary-leaf stage

-l



end Figure 1l. Noore (50), Evans, et al (28) and others have found
similar relationships.

A highly significant correlation of 04932, as shown in Figure 12,
was also found between pH and molybdenum in the leaves of corn grown in
1955 in Viashtenaw County on the Morley clay loam, regardless of the
liming meterisle The molvbdenum content varied from 1.08 npm at pH 5.9
to 2.00 prm at pH 6.4

Possibilities of excess molybdenum. 4&n excess of molybdenum in

herbagre for livestock feed should be avoided. Davies {20) recommends

a five %o six year period between moliybdenum applications. In the
greenhouse, lining alone did not raise the molybdenum content of the
cauliflower grovm on the mineral soils to more than 2.12 ppm as shown
in Table X, However, on the muck which was limed to p 7.2, molybdenum
content of the cauliflower leaves increased to 7.2 ppme Fiskell, et al
(29) found 11 ppm molybdenum in corn growm on en Everglades peat.
Although less than the 10 ppm previously sugrested as & maximum for
forage plants, added molybdenum to iiichipan organic soils under such
conditions might increase the molybdenum content of the plants above the
danger level insofar es livestock feed is concerned. IHowever, liming
to high pH valuves on muck decreosed wield, so this practice ordinarils
would not be foilowed. An inerease from 2.4 to 6420 ppm in mature oats
grown in Ogemew County on the limed Kester soil resulted from spraying
the young plants with a molybdenum solutions Generally, spraying
doubled the molybdenum content of the oat plants. Fiskell, et el (29)
reported similar effects in corn grown on & Norfolk loamy fine sand to

which had besn added four ounces per acre of sodium molybdates

=48
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SUMMARY AND CONCLUSIONS

Field end greenhouse studies were conducted during the peried of
1954 to 1957. The effects of lime and molybdenum applications upon the
soil reaction and base saturation percentage and upon the yields of
soeveral crops grown on different Michigan soils were determined. These
included oats and alfalfa~grass hay from a Nester sandy clay loam, corn
from a Miorley clay loam, field beans, wheat and red clover from a
Hontealm sandy loam, and caulifleower from a Nester sandy clay loam
ordhard_soil, a ontecalm sandy loam and a Houghton mucke

Acetylene by=product lime incressed both the soil pH and the base
saturation percentage faster and to higher values than did the other
liming materials which were investiganted.

Similarly, calecitic meal was the most effective when applied to =
Nester sandy clay loam and a Montealm sandy loam, whereas dolomitic mesl
was the most effective on a Morley clay loame Pulverized dolomite was
more effective then dolomitic meal. Water-quenched blast furnace slag
was the least effective form of liming material.

A high degree of correlation was found between the soil reaction
end the base saturation percentage within each limed soil, regardless
of the liming meterial and the rabtes of applicatione.

No significant increeases occurred in the yields of crops grown on
the limed soils which had an initial pH near G.0 or above.

A high degree of correlation was found between the molybdenuwm con=

tent of plants and the soil reection, expressed in some cases as the pH

=5]=



end in others as the log of the hydrogen ion concentration.

Yields of cauliflower and of red clover were significantly in-
creased by soil applications of lime to a Montcalm sandy loam.

Yields of the plants grown on = liontealn sandy loem were increased
significantly by residusl and direct spray applications of molybdenume
¥olybdenum~deficiency symptoms observed on cauliflower grown in Allegan
County did not appear on plants which were sprayed with molybdenume

Althoggh the yislds of ceuliflower and of red clover were increased
rniore by lime alone then by molybdenum elone on the Liontcelm sandy loam,
the highest yields were obtained by the application of molybdenum plus
low rates of lime, irrespective of the lime source. Yields were not
further incressed by higher retes of lime plus molybdenum.

The molybdenum content of cauliflower, corn and oats increased with
en increese in soil pH. Molybdenum treestment doubled the molybdenum
content of oat vnlants.

Additional research on the molybdenum status of crops end soils
in Michigen is needed to further exrlore the molybdenum-supplying
capabilities of these soils and of crop varieties which are less sus-

ceptible to molybdenum deficiency when grown on these soilse
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