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John R. Guttay

ABSTRACT

Research information up until 1950 on the relative effectiveness

of rock phosphate and superphosphate was limited and difficult to inter-

polate over wide areas of the country. There was a definite need for a

more uniform research program. Accordingly. in 1950. a project was or-

ganized for the north central region in which 8 member states (Michigan.

Ohio. Indiana, Illinois. Minnesota. Iowa. Kansas, Nebraska) participated.

This report summarized the results of the Michigan experiments.

Field experiments comparing an initial rock phosphate application

of 320 pounds of P205 per acre to annual applications of superphosphate

at 10 and 20 pounds of P205 per acre were carried out over an eight

year period. Fried and Dean “A" values of the residual availability

of the rock phosphate and superphosphate were calculated by radio-

chemical analyses of greenhouse grown plants.

Rock phosphate did not increase yields of corn even though signif-

icant increases were obtained with superphosphate. Soil tests made by

the Bray ”adsorbed phosphorus" (P1) method. gave better estimates of the

response of corn to phosphate in all cases. than did the Spurway "reserve.”

The small grains exhibited some response to rock phosphate but less

than to superphosphate and. generally. to a non-significant degree. The

alfalfa-brows hay crops were more responsive than the other crops to rock

phosphate. particularly to second-year hay. but the response was no

greater than to superphosphate.

In terms of net increase in yield of cats per pound of applied P205,
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superphosphate was. on the average of the four field experiments. 15

times more effective than rock phosphate in increasing yield. On first-

year hay superphosphate was 12 times more and on second-year hay 8 times

more effective than rock phosphate. In comparing the rock phosphate

responsive crops in the four field experiments. superphosphate was 12

times more effective. on the average. than rock phosphate in increasing

yield per pound of applied P205.

Fried and Dean ”A” values of available phosphorus in the soil did

not give consistent differences between the two sources of phosphorus

and conclusions based on this value could not be drawn.

little significant difference between phosphate treatments on

phosphorus content of plants was observed.
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INTRODUCTION

Phosphorus has been called the "master key to agriculture” (83) as

well as the “bottleneck of the world's hunger" (92). Its importance in

general farming is indicated by the fact that low crop production is due

more often to the lack of phosphorus than to the lack of any other element

(76). To illustrate the importance placed on phosphorus. the time devoted

to its research should be considered. In the period from 1935-1950, 673

major articles were published in the United States alone on soil and fer-

tiliser phosphorus (75).

Phosphorus is found in every living cell and is essential in both

animal and plant nutrition. In plants. phosphorus is found in largest

concentration in the seeds. whereas in animals along with calcium. it is

found in the skeleton. Adequate amounts of available phosphorus in soils

favor rapid plant growth and development and play both a direct and in-

direct role in their metabolism (67. 83).

The use of phosphorus containing materials for improving soil pro-

ductivity is not new. In fact. the practice of using bones or fish for

improving the productivity of soils has no exact record as to its origin.

As early as 1653. an English writer mentioned the use of bones in British

agriculture. but it was apparently not until the time of the American

Revolution that the practice became fairly general. Even at this later

date the reason for the beneficial effect of bones was not understood

(83). About lane the first clear and intelligent exposition was written

on the role of minerals in plant growth (97).

1
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By about 1815 the English supply of bones was low and importations

from other countries reached about 30.000 tons annually. showing that

England was more alert to the need of phosphorus than other European

countries. Liebig. in attempting to awaken the other European countries

to the importance of bones wrote. ”England is robbing all other countries

of the condition of their fertility.“ (83). The problem of supply of

phosphorus did not diminish. for at the turn of the 20th century Van Hise

wrote. "The problem of the conservation of our phosphates is the most

crucial. the most important. the most far reaching with reference to the

future of this nation of any of the problems of conservation” (106).

The importance of phosphorus fertilisation has not diminished in

recent times. In a message to Congress on May 20. 1938. President Franklin

D. Roosevelt said. "the phosphorus content of our land. following gener-

ations of cultivation has greatly diminished. It needs replenishing.

I cannot overemphasize the importance of phosphorus not only to agriculture

and soil conservation but also the physical health and economic security

of the people of the nation. Mbny of our soil deposits are deficient in

phosphorus. thus causing low yields and poor quality of crops and pastures"

(91).

In 1867 deposits of rock phosphate were discovered in South Carolina

and in the 1880's additional deposits were discovered in Florida (97).

These discoveries gave American industry the opportunity to take the lead

in the mining of rock phosphate. With the later discoveries of phosphate

rock in Tennessee and in the western states it has been variously esti-

mated that within the continental United States from about one—third to

one—half of the known world reserves of phosphates are located (43. u“).



3

The principal types of phosphate deposits and mineral constituents

are (58):

l. Igneous apatites (fluorapatite)

2. Marine phosphorites (carbonate-fluorapatite)

3. Residual phosphorites (carbonate-fluorapatite)

4. River pebble (carbonate-fluorapatite)

5. Phosphatized rock (carbonate-hydroxyl-fluorapatite)

6. Guano (carbonate-hydroxylapatite)

The most important types of deposits in the United States in respect to

marketed production are the residual and marine phosphorites.

The residual phosphorites include the Florida land pebble (30-36% P205)

and Tennessee brown rock phosphates (29-35$ P205) which constitute the

bulk of the rock phosphate marketed to date. These deposits were derived

from phosphatic limestone formations where the more soluble carbonates

have been weathered and leached out leaving the more insoluble phosphates.

The Florida deposits. in addition. were subjected to marine erosion and

rearrangement. The Tennessee deposits are much older than those in Florida

being derived frOm rock of Ordovician age while the Florida deposits are

from rock of Tertiary age (he. #3).

The Idaho and Montana deposits (27-37$ P205) are marine-sedimentary

in origin and chiefly of Permian age (8h). The question as to the origin

of these phosphate beds. termed the Phosphoria formation. is unanswered.

Recent discoveries of nodular phosphate on the sea floor of southern

California. however. suggest that these beds in Idaho could have been pre-

cipitated from sea waters by an increase in fluorine content of the water

through volcanic activity.
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The South Carolina phosphate reserves were depleted around 1920 but

the Tennessee. Florida and far western states productions more than make

up what was lost from the South Carolina depletion. It has been estimated

that there is enough phosphate rock in Florida alone to last the United

States. at the present rate of use. for 2.000 years (97).

Before the discovery of rock phosphate deposits. bones were the only

known commercial source of phosphorus. Since bones supplied only a fraction

of the need. the discovery of phosphate deposits was of great interest

to agricultural workers. Early work. however. showed that rock phosphate

was not as good a source of phosphorus as bone meal (90). The relatively

inadequate supplies of bone meal. however. and the abundant and low cost

supplies of rock phosphate soon resulted in rock phosphate being advocated

in many areas as a main source of phosphorus for crop production.

While superphosphate had been available in the United States since

1868. its use as a fertilizer was limited mainly by its cost. Superphosphate

is made by mixing approximately 1100 pounds of ground rock phosphate and

900 pounds of sulfuric acid for each ton of finished 16 percent super-

phosphate. These are mixed rapidly in cast-iron pans from which the mixture

is poured while still in liquid form into bins where it hardens in a few

minutes. After some days the superphosphate may be put through the mill

and run back into the pile for further curing (38). This acidulation

process converts the insoluble fluorapatite into the relatively soluble

mono- and dicalcium phosphates. In 1920 the cost per pound of P205 as

superphosphate was ten cents. Rock phosphate on the other hand cost only

2 cents per pound of P205. With this price differential five times as

much rock phosphate as superphosphate could be applied to the land for the



same price (63).

With technical advances the price of superphosphate began to diminish

while. conversely. increases in cost of transportation and labor increased

the cost of rock phosphate. By 1909. the price of superphosphate had de-

creased to 8 cents per pound of P20 . The price of rock phosphate. however.

increased to nearly a cents per pound of P205. With this price differential.

the quality of the phosphorus in both materials became the governing factor

in its purchase. The phosphorus in superphosphate has been regarded as

available to plants while the phosphorus in rock phosphate has been regarded

as generally unavailable without considerable time for reaction in the soil.

Since there was a quality difference in the phosphorus compounds between

the two fertilizer materials the question of relative effectiveness became

a prime research problem. The question of whether 1 pound of superphosphate

was equivalent to 2. 3 or more pounds of rock phosphate in supplying phos-

phorus for crop production needed to be answered. This research is intended.

in part. to answer this question.



REVIEW'OF LITERATURE

FACTORS AFFECTING ROCK PHOSPHATE USE

Many factors inherent in the material. in the soil. as well as time

and crop govern crop response to rock phosphate.

Inherent Fggtorg

Fineness

As would be expected the degree of fineness of rock phosphate affects

its availability to plants to a certain extent. The same is true of the

less soluble processed phosphates (78). Most of the rock phosphate sold

for direct application to the soil is ground so that 90% or more will

pass a 100 mesh sieve. Several investigators have studied the effect of

fineness of rock phosphate on its availability to plants (17. 23. 26. 46.

81. 95). Their results show that in some cases finer particles than are

found in the commercial product give a somewhat higher availability to

plants. However. the increased availability did not seem to be great

enough to justify grinding rock finer than the usual commercial product

(90).

Fluorine Content

Investigations (39. 42) have shown that fluorine generally. is a

part of the raw mineral phosphate in all deposits. In a study (6) of the

response of sudangrass in the greenhouse to several raw phosphates of

varying fluorine content. the natural phosphate containing the least

6



fluorine produced the highest yield. Recent work (10). however. has

shown no correlation between fluorine content of rock phosphates and

their availability to plants. Chemical solubility has been suggested as

a better measure of availability.

Source of Phosphate

The composition of commercial phosphate deposits varies considerably

depending on the conditions under which they were laid down (39. #2).

In greenhouse experiments different sources of rock phosphate have been

compared on many soils and the availability of the phosphorus in the

various sources have varied considerably (2. 16). The phosphate-bound

carbonate content and citric acid solubility were the two measurements

that showed the highest correlation with yields of alfalfa and relative

effectiveness of different sources (21). In general. foreign sources

which included Tunis. Morocco and Curacao Island have been superior to

all of the domestic sources except that of South Carolina. now depleted

(10). ‘

The source of rock phosphate and fluorine content are apparently

interrelated and the effect of the source on phosphate availability is

probably due. in large part. to the inherent fluorine content character-

istic for any particular source. The relatively available Curacao Island

rock phosphates. for example. have low fluorine percentages (90).

"Colloidal phosphate" could be considered as a rock phosphate source.

It is the by-product of the phosphate mining industry whereby the phos-

phate is washed into ponds and settled out from the hydraulic operations

in the mining of rock phosphate. Experimental evidence comparing rock

phosphate with colloidal phosphate generally shows no significant difference



in the value of these materials when added in equivalent quantities

(13. 15. 31. 65. 105). Colloidal phosphate may be considered finely

divided rock phosphate diluted with colloidal clay material.

Soil Factgzg

Organic Matter

It has often been suggested that decomposing organic matter exerts

a solvent action on raw phosphates and increases availability. Truog

(103) and Bauer (8) studied the effect of fermenting cow manure and crop

residues. respectively. on the availability of rock phosphate but the

results failed to prove any solvent action. It has been suggested that

the beneficial effect of adding organic matter. particularly manure. with

rock phosphate comes from the extra phosphorus added in the organic

matter rather than from a solvent action on the rock phosphate (11. 79).

Even though the solvent action of organic matter has not been proven.

results continue to be reported in the literature as to the increase in

the effectiveness of rock phosphate where cr0p residues were returned to

the soil (68. 99) or where used with soils naturally high in organic

matter content (81). In the greenhouse. each ton of green manure applied

per acre produced sufficient carbonic acid to require an equivalent rate

of 3000 pounds per acre of lime for neutralization. It is not likely

that all of this carbonic acid would remain in the soil but it is prob-

able that some of it would have opportunity to react with the slowly

soluble phosphate in the soil (59). Russian workers have reported that

mixtures of rock phosphate with peat or manure increases the availability

of the phosphorus as indicated by the increase in amounts of water-soluble
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phosphorus and an increase in total ash and nitrogen content of the grain

of crops treated with these mixtures (#7. #8. 96). In addition. accele-

rated decomposition of the organic matter is credited to the rock phos-

phate addition.

Soil Reaction

Research has shown that liming may decrease the availability or

efficiency of rock phosphate (3. 7. 23. 1+5. 69. 89. 95. 10a. 107, 117).

Numerous experiments have shown that rock phosphate is of little or no

value when applied to the calcareous soils of the west (37. 55, 85. 102.

109. 116). DeTurk (27) states that free calcium carbonate may retard

the intake of phosphorus from rock phosphate by plants which are not

"strong feeders“. It has been shown. however. that the effect of lime

is less when applied well in advance of rock phosphate (1).

Smith (99) in attempting to determine the cause of the differential

response to rock phosphate by crops grown on two Illinois soils concluded

that the surface pH had no effect on the response. At pH 6.6. however.

the availability of rock phosphate was found to be actually reduced

on incubation (“6). Also it has been found that adding sulphur to a

soil which had been over-limed released sufficient available phosphorus

from rock phosphate for satisfactory growth of oats and clover at pH 6.5

(77). Other experiments (34). using tracer techniques. showed that with

rock phosphate the higher the soil pH the lower the relative amounts of

fertilizer phosphorus to soil phosphorus absorbed by the plant.

The practice of not lining in order to utilize rock phosphate

fertilizer has been shown to be in error. Lime plus superphosphate has

produced better yields of crops than rock phosphate alone (49. 81. 88).
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Incubation Period

The availability of rock phosphate on an acid Virginia soil was in-

creased by applying the material well in advance of the crOp (11 months)

for which it was intended (71). However. the amount of phosphorus ex-

tractable on soils treated with rock phosphate in Texas showed a decreased

availability with time of contact (20). This indicates that soil types

vary in their inherent soil characteristics with respect to reactions

with rock phosphate depending on whether the reaction is going toward

release of phosphorus or towards fixation. Certainly incubation such as

in composting would increase the availability of phosphorus in rock

phosphate (30).

Placement

Little placement work has been done with rock phosphate. The liter-

ature refers largely to broadcast methods or plow-down. Ohio data (81)

on the banding of rock phosphate for corn and oats compared to banded

superphosphate show very poor response by the crops to rock phosphate.

Similar results are reported on the banding of rock phosphate for wheat

in Nebraska (112).

Recent research (56) indicates that the less soluble phosphates

are more effective when mixed intimately with the soil. Conversely.

the more soluble phosphates are more effective when banded. Further. the

finer material is more effective when banded and the coarser material

is more effective when intimately mixed with the soil. In the case of

rock phosphate. these data would support the idea that rock phosphate is

at its most effective placement when intimately mixed with the soil. The

data would further substantiate the fact that superphosphate. particularly
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the fine material. is at a decided disadvantage when mixed intimately

with the soil.

Crop Fggtogs

The utilization of the phosphorus in rock phosphate by various plants

is an important consideration in the interpretation of results. Many

workers (5. 8. 14. 25. 27. 28. 36. 6“. 7h; 80. 81. 10“) have shown that

plant species differ in this respect. In general. it can be said that

most of the cereals are ”poor feeders". whereas buckwheat and some legumes

such as sweet clover. alfalfa and red clover are "strong feeders”. It

is fairly certain that satisfactory results from rock phosphate will not

be obtained unless crops that are "strong feeders" are used in the ro-

tation. Truog (10“) suggested that plants that require relatively high

amounts of calcium are more likely to be able to utilize slightly soluble

phosphates. The removing of the slightly soluble calcium from an equil-

ibrium condition by plants tends to drive the reaction to completion.

releasing phosphorus.

Relative Effggtiveness of Rock Phosphate and Supegphggphatg

Wbrk with rock phosphate at the Ohio Experiment Station. over a

35 year period. where rock phosphate was applied at a rate equal to twice

as much P205 as that applied in superphosphate on an acid soil (pH 5.0)

showed that rock phosphate was consistently less effective than the

superphosphate (95). In a report from Alabama (31) rock phosphate ap-

plied at twice the P205 rate of superphosphate resulted in half the yield

increase attributable to superphosphate. Research in Arkansas (61) com-

paring equal money values of rock phosphate and superphosphate, which



from 1952-1955 amounted to two and a half times as much P205 as rock

phosphate as in the form of superphosphate. showed crop yields similar

with the two materials. In Tennessee (57).however. at these same levels

of application. yields with the rock phosphate were only one third that

from superphosphate. In Ohio. rock phosphate applied to corn at three

times the rate of superphosphate (in lime of P205). from 1915 to 1933.

was considerably less effective than the superphosphate (95). In Ken-

tucky (74) three and a half to four times as much rock phosphate P205 as

superphosphate P205 was needed to give equal yield.

Hopkins (#1) showed that rock phosphate generally produced crop

yields somewhat higher than did the superphosphate when the P205 rate

was h to 1. On one field. the superphosphate was slightly better than

the rock. The response of the crops to phosphorus in all cases. however.

was small and actually unprofitable. Other experiments from Illinois

(9) indicate that rock phosphate was roughly equivalent to superphosphate

at four times the P205 rate under both lined and unlimed conditions.

In 190“. at the Indiana Agricultural Experiment Station. 82 field

tests were laid out where finely ground rock phosphate was compared with

superphosphate at the h to 1 rate. In these tests phosphate rock showed

a profit but to a much smaller degree than did superphosphate (87. 114).

In a Virginia report (29) of greenhouse experiments with vegetable crOps.

rock phosphate. at four times the PéOS rate as superphosphate. was in most

cases less effective than the superphosphate. In Alabama (31) rock phos-

phate at b times the P205 level of superphosphate did not equal the super-

phosphate in cr0p yield.

In Nebraska in 1950. five times as much P205 as rock phosphate did
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not produce as great a wheat yield as did superphosphate (112). A report

from Kansas (98) showed that rock phosphate applied at approximately six

times the P205 rate of superphosphate resulted in similar crop yields.

It is important to note here that when rock phosphate is applied at six

or more times the P205 rate of superphosphate the amount of immediately

available phosphorus becomes substantial.

In a series of field experiments in Minnesota where rock phosphate

had been applied.'at seven and ten times the rate of P205 as superphos-

phate. the superphosphate was generally superior to the rock phosphate

even when a much greater amount of rock phosphate was applied (93). There

were a few cases in this experiment where better increases were obtained

with rock phosphate and there were some instances where superphosphate

was strikingly better than the rock phosphate.

As little as 18 pounds of P205 as superphosphate drilled with the

wheat at seeding time in Indiana. produced about the same increase as

sixteen times that amount applied broadcast as rock phosphate (73).

In a greenhouse experiment. reported in 195? (33). rock phosphate

and superphosphate were applied at equal rates of citrate soluble phos-

phorus. which amounted to twenty five times as much rock phosphate P205

as that applied as superphosphate. Oats did better on the superphosphate

while alfalfa did better on rock phosphate.

In Virginia (70). in 1957. on a soil which had been the most re-

sponsive to rock phosphate it required 600 pounds of rock phosphate P205

to produce as much increase in corn yield as was obtained from 20 pounds

applied as superphosphate. Yield increases by 35 pounds of P205 as super-

phosphate on wheat required seventeen times as much P205 as the rock
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phosphate and 56 pounds of P205 as superphosphate on red clover required

eleven times as much rock phosphate. On a soil which had been least re-

sponsive to rock phosphate thirty times as much P205 as rock phosphate

was approximately equivalent to 20 pounds of P205 as superphosphate for

wheat. On an intermediately responsive soil fifteen times as much P205

as rock phosphate was approximately equivalent to no pounds of super-

phosphate P205 for alfalfa.

A report on regional rock phosphate studies in Indiana (4) showed

that 10 pounds of P205 as superphosphate in the row produced a yield

equivalent to thirty-two and sixty-four times as much P205 as rock phos-

phate broadcast. This occurred with corn. soybeans and hay. With wheat.

rock phosphate did not produce significant increases in yield at any

rate. while superphosphate produced a substantial increase in yield at

30 pounds of P205 applied in the row.

Residual Effects

The advocates of the use of rock phosphate as a fertilizing material.

while conceding that superphosphate may be more soluble and more quickly

available. profess that the greatest benefits of rock phosphate come in

its residual effect (31. 51. 53. 5“). Data from Illinois (52)show that

over a 15 year period. rock phosphate (#50 pounds P205) had a greater

residual effect and produced a greater gross return in crops than a

money equivalent (1935 prices) of superphosphate (160 pounds P205). In

Kentucky (110) there was no decline in yield on plots treated with rock

phosphate (752 pounds P205) in 16 years while with superphosphate (160

pounds P205) yields declined. A 1950 report from the U. S. S. R. (50)

states that the phosphorus availability of rock phosphate continues for
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a long period of years (25 years in experimental work). A publication

from Arkansas (60). in 195“. reported the results of a greenhouse study

in which 32% rock phosphate and 18% superphosphate were applied in equal

amounts every four years until a total of #000 pounds had been applied

over 32 years. Sodium bicarbonate extraction of phosphorus from the soil

treated with rock phosphate showed over three times as much phosphorus

as where superphosphate was applied. Further. the values determined by

the Fried and Dean method (35) showed that the soils treated with rock

phosphate had a greater availability of phosphorus than where super-

phosphate was used. However. none of the craps grown. whether buck-

wheat. oats. or alfalfa showed any greater growth from the applied rock

phosphate than from the superphosphate. yet all gave significant yield

increases.

In 1957 in a report from Alabama (32) of a field experiment where

various sources of phosphorus were applied. including rock phosphate

and superphosphate. the residual effects of all phosphates after 20 years

was in direct prOportion to the amount applied.

A summary of European work (2“) on phosphate carriers states that

any complete attempt to differentiate the effects of contrasted phosphates

on different kinds of soils should take into account 1.. pH. 2.. base

status. 3.. humus content and b.. available soil phosphorus. Swedish

work on soils with pH less than 6.0 has shown that superphosphate gives

the best yields in the first year but rock phosphate has a greater residual

effect. On less acid or neutral soils. (pH greater than 6.0) both im-

mediate and residual effects of superphosphate are greater than rock phos-

phate. Rock phosphate on these soils was considered of little value.
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In summarizing the views held in Sweden and the United Kingdom on the use

Of phosphorus fertilizer the report states. "although insoluble fertilizers

may give higher residual effects than superphosphate on very acid soils

this fact may not be very important since such soils should be limed before

they receive dressings of phosphate. It is better to improve the phos-

phorus status of acid soils by liming and then using soluble phosphorus

than by omitting liming in order to make use of insoluble fertilizers".

Workers in Norway also consider that insoluble phosphates may have advant-

ages over superphosphates on very acid soils but such soils should be

limed.

Unpublished data from Texas (18) shows considerably more residual

effect from rock than superphosphate but a considerable superiority for

frequent small applications of superphosphate. Other data (111) indicated

that an annual application of superphosphate was superior to single large

applications of rock phosphate in uniform and high production of forage

and protein. In this respect. superphosphate has been shown to be more

effective in small annual applications than when applied in a single

large application (22). Frequent small applications of rock phosphate

such as at 100 pounds per acre of P205 annually resulted in yields and

residual effect no greater than that of the nonphosphated plots (19).

In the plots receiving superphosphate. P32 absorption data indicated

that there was sometimes twice as much available phosphorus as in soils

which had received rock phosphate or were not phosphated.

In a Virginia (72) report the availability of residual phosphorus

from long time superphosphate application was four times that of rock

phosphate. These data are based on annual applications of rock phosphate
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and superphosphate at an equivalent total Pé05 basis totaling 2900 pounds

of P205 over #0 years. Approximately 3/4 of the phosphorus applied over

this period from either source was present in the soil as residual phos-

phorus. This quantity nearly doubled the original total phosphorus con-

tent of the soil. A Minnesota (12) study of the residual effects of

3300 pounds of rock phosphate and 768 pounds of superphosphate over a

period of #0 years showed that 9 years after the application of the two

phosphates and manure had ceased. superphosphate was much superior to

rock phosphate in its ability to supply residual phosphorus. Similar

results were reported in Indiana (88). Many other reports on the residual

value of superphosphate have also been published (82. 9h, 101, 108, 115).



In 1950.

EXPERIMENTAL METHODS AND RESULTS

a project was organized to study the relative effective-

ness of rock and superphosphate in the north central region in which 8

member states (Michigan, Ohio, Indiana. Illinois. Minnesota. Iowa, Kansas.

Nebraska) participated. This report summarizes the results of the Michi-

gan experiments.

Field Experiments

Experimental Procedure

Six treatments were utilized in the Michigan experiment:

1.

2.

3.

he

5.

6.

No phosphate

Superphosphate at 10 pounds of P205 per acre per year

Superphosphate at 20 pounds of P20 per acre per year

Rock phosphate at 320 pounds of P285 per acre per 8 years

Rock phosphate at 320 pounds of P205 plus superphosphate at

10 pounds of P20 per acre per year

Rock phosphate aé 320 pounds of P205 plus superphosphate at

20 pounds of P205 per acre per year

Treatments 1, 2, 4 and 5 were common throughout the region and 3

and 6 were optional. The phosphate treatments were applied in a manner

recommended for that particular material. The superphosphate was banded

at planting time for each crop and the rock phosphate broadcast in a

single application (960 pounds per acre) at the beginning of the experi-

ment. Research data have shown (56) that as the water solubility of the

phosphorus source increases greater benefit to crop growth is afforded

by band placement of the phosphorus and conversely as the water solubility

decreases greater benefit occurs with intimate mixing with the soil. In

the case of this experiment. therefore, where superphosphate was banded

18
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(85% of phosphorus water soluble) and rock phosphate (no water soluble

phosphorus) was mixed with the soil. both sources were compared at their

optimum. The rock phosphate used in the region was from the same source.

Florida. and of the same specifications. 33% PéO . 85% through a 200 mesh

sieve.

Four locations were chosen in Michigan three of which had an additional

split treatment of liming (Kalamazoo. Genesee. Grand Traverse Counties).

The cropping system on these three locations consisted of two years of

alfalfa-brome hay. followed by corn and spring oats. On the fourth lo-

cation (Iosco County) the cropping sequence was two years of alfalfa hay

followed by corn and winter wheat.

The experimental areas were divided into n fields so that each crop

appeared each year. The statistical design of the Kalamazoo. Genesee and

Grand Traverse experiments was a split-plot with liming being the main plot

and phosphorus source the sub-plots. The sub-plot size at the Genesee

location was 28 x 50 feet and at the other locations 21 x 50 feet. In the

Iosco County experiments a randomized block design was used with plots

21 x 50 feet in size. The treatments at all four locations were replicated

four times.

Nitrogen and potash were top-dressed prior to planting each crop to

insure an adequate supply of these nutrients (60 pounds of N. 60 pounds

of K20 for corn. and 30 pounds N. 60 pounds K20 for the small grains).

The land was fitted with minimum tillage and crops of recommended varieties

were sown by conventional means.

Kalamazoo County

The experiments in Kalamazoo County were located on the John Campbell
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farm. a miles north and east of the city of Kalamazoo in section 4. town-

ship 2 south. range 10 west.

The farming in this area of the state is largely comprised of dairying

with the raising of hogs. beef cattle. poultry and sheep of importance

on certain farms. The major factors influencing the farming of the area

are the generally lighter soils. the relatively long growing season and

the local markets of Battle Creek and Kalamazoo (“0).

The growing season in this area ranges from 150 to 170 days. The

last frost in the spring occurs between May 1 and 10 and the first in the

fall between October 1 and 10. The elevation varies from 800 to 1000 feet

above sea level with the topography ranging from level to rolling. Many

of the level outwash plains are strongly pitted (40).

The soils to plow depth are dominantly light colored sandy loams.

light loams and loamy sands easily tilled. moderately productive and re-

sponsive to manure and commercial fertilizers. They are not excessively

droughty. but the lack of moisture-holding capacity. combined with the

natural low fertility. is probably the greatest limiting factor in crop

yields. The soils are generally acid in the surface and sub-soil layers

and are low in organic matter content. Liming is usually required for

satisfactory stands of alfalfa (113). The l9h7-1951 average per acre

yields of field crops in Kalamazoo County were as follows: corn. 3“ bushels;

oats. 37 bushels; wheat 2h bushels; hay 1.4 tons (40).

The soils of the experimental area were level and very uniform. being

predominantly Kalamazoo sandy loam. Approximately one quarter of the area

was slightly heavier in texture and was Kalamazoo loam.

Ground limestone at a rate of 1% tons per acre was applied to appro-
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priate blocks in 1950 so that one-half of the area was limed. This liming.

however. was totally inadequate for the acid conditions prevailing (pH 5.1-

5.5) and as a result this lime was virtually ineffective. (The soil re-

action in 1956 of limed plots was pH 5.4-5.8). The lime requirement for

the original pH level on this soil was more nearly 3% to h% tons per acre

(86).

0f the six cropping years (1951-1956) at this location. three years.

1953. 195“. 1955 were characterized by late summer droughts. Two years.

1951 and 1956 had adequate precipitation but were relatively cool. Only

in 1952 did the climatic factors combine to give a good cropping year.

$13. The corn yields were very good in 1952. fair in 1951 and 1956 and

poor in l95h and 1955. The crop in 1953 did not receive a single rain and

was a complete failure.

During the planting of the 1955 crop. a break-down occurred in the

midst of the planting operation. The sixteen plots which did not receive

superphosphate and three of the plots receiving superphosphate had been

planted prior to the time the mounted planter broke loose from the tractor.

The planting of the remaining twenty-nine plots was completed after repairs

were made. These plots. planted after repairs. had a very poor stand (as

measured in July) in relation to those planted previous to the break-down.

Since yields were related to stand (r=0.760“) and stand related to some

unknown difficulty the 1955 yields are not included in the corn yield

summary given in Table 1.

The effects of lime on corn yields were non-significant whether con-

sidered yearly or as an average over the entire experiment. Since the

effects of lime were not significant the yields presented in Table 1 are
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treatment means over lime levels.

Treatment means were significantly different at the 5% level in 195M.

However. little importance can be attached to this result. The apparent

statistical signifcance can be accounted for by the fact that corn with-

out phosphate produced lower yields where limed than where unlimed and with

rock phosphate produced higher yields where limed than where unlimed. This

seemingly incongruous interaction was of sufficient magnitude to affect

the analysis of variance and it should not be misconstrued as a phosphate

response.

The analysis of variance presented in Table l. for the corn data

over the four years 1951. 1952. l95h and 1956 does not show significant

treatment effects. A response to phosphorus by corn at this location

would be expected in considering the soil tests by the Spurway ”reserve”

test. as presented in Table 2. The plots which did not receive phosphate

or those treated with superphosphate alone had low (<150 pounds per/acre

(66)) tests for phosphorus. Corn on these plots should have exhibited

a phosphate response but the plots treated with rock phosphate had high

(2>50 pounds per acre) tests and little phosphate response would be ex-

pected here on the basis of the tests alone.

When tests of these same samples were made using the Bray adsorbed

phosphorus (Pi) test. however. all tests were very high ()>35 pounds per

acre) and little response to phosphorus would be expected. In this case

then. the Bray P1 tests gave a better estimate of crop response to phos-

phorus fertilizer.

The percent phosphorus in both green tissue and grain of the 1956

crop are presented in Table 3. The third leaf below the ear was stripped



T
A
B
L
E

1
.
Y
I
E
L
D
O
F

C
O
R
N
A
T
T
H
E

K
A
L
A
M
A
Z
O
O

C
O
U
N
T
!

L
O
C
A
T
I
O
N
.

 

 

B
u
s
h
e
l
s
p
e
r
A
c
r
e

'

W
e
e
n
)

3
,
2
5
;

1
9
5
2

1
9
5
9

i
9
5
6

A
v
e
.

N
o

p
h
o
s
p
h
a
t
e

f
e
r
t
i
l
i
z
e
r

5
1
.
]

8
0
.
7

3
1
.
8

6
1
.
6

5
1
.
“

 
 

1
0

l
b
s
.

P
2
0
5
(
o
-
2
o
.
o
)
p
e
r
y
e
a
r

5
7
.
6

7
7
.
0

1
.
2
.
1
4

6
2
.
1

5
0
.
7

2
0

l
b
s
.

P
2
0
5
(
o
-
2
o
-
o
)
p
o
r
y
e
a
r

5
9
.
5

7
5
.
2

1
5
.
0

6
0
.
7

5
1
.
9

3
2
0

1
b
.
.

9
2
0
5
(
r
o
c
k
)
1
9
5
1

5
6
.
7

7
M
2

n
o
.
2

6
2
.
2

5
3
.
2

3
2
0

l
b
s
.
o
n

(
r
o
c
k
)
1
9
5
l
p
l
u
s

5
5
.
1

7
3
.
0

3
9
.
6

5
7
.
9

#
9
.
“

1
0

l
b
s
.

9
2
0
5

0
-
2
0
-
0
)
p
e
r
y
e
a
r

3
2
0

l
b
s
.

P
2
0

(
r
o
c
k
)
l
9
5
l
p
l
u
s

5
6
.
6

8
1
.
3

“
0
.
5

6
2
.
8

5
2
.
5

0
P

   
 

  
 

L
.
S
D

e
9
m
g
.

M
2
.
6

1
1
.
2
.

3
.
5
.

 

A
n
a
l
y
s
i
s

o
f
V
a
r
i
a
n
c
e
:

S
o
u
r
c
e

D
e
g
r
e
e
s

o
f
V
a
r
i
a
t
i
o
n

o
f
f
r
e
e
d
o
m

M
e
a
n

s
q
u
a
r
e

"
F
"

t
e
s
t

T
o
t
a
l

1
9
1

R
e
p
l
i
c
a
t
e
s

1
2

3
2
1
.
1
8

2
.
3
1
m
s
.

Y
e
a
r
s
“
)

1
1
.
1
6
”
.
7
5

8
0
.
3
3
“

L
n
O
(
L
)

1
7
.
5
2

0
0
1
2

“
0
!
.

L
x
Y

1
6
6
1
.
8
0

3
.
3
2

n
.
s
.

E
m
r
<
a
>

1
3
8
.
9
8

T
r
e
a
‘
h
t
e
n
t
a
(
T
)

1
0
5
.
9
9

1
.
9
1

t
h
e
.

T
x
L

M
3
5

0
.
8
1
m
s
.

T
x
Y

1
5

7
8
.
1
0

1
.
1
+
]
.

1
1
.
2
.

T
x
Y

X
L

1
5

9
0
.
2
3

1
0
6
3

n
.
9
-

E
r
r
o
r
(
b
)

1
2
0

5
5
.
2
1

MHmfi W“

23



TABLEQ. AVAILABLE 5011.. PHOSPiIORUS+PRIOB TO com; 211mm.) AT THE

KALAMAZOO COUNTY LOCATION

 

Pounds per Acre

 

 

1952 195a 1956 Ave.

_.Ireaimaniinez_aczall_ 79.5. 5 Pl:— EL_ 123 3 Pl:

No phosphate fertilizer 8 16 65 27 66 18 65

10 lbs. on5(o-2o-o)psr year 11 15 71 33 73 22 72

20 lbs. P205(O-20-0)per year 8 15 62 38 81 23 71

320 lbs. P205(rock)l95l 53 57 68 69 71 61 69

320 lbs. P o (rock)l951 plus 63 88 76 75 77 - 7o 76

10 lbs. P25510-20-0)per year

320 lbs. P o (rock)1951 plus 39 111 68 91 100 65 83

20 lbs. P265 O-20-0)per year

L.s.n.g5g lexel) is -— n. l 1 11 lo .
  

+ S = Spurway reserve test (Extract is 0.13N HCl. l:h soil:extract

ratio)

P1: Bray adsorbed phosphorus test (Extract is 0.025N HGl +~0.03N

NHuF. 1:7 soil:extract ratio)
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off and composited from several representative plants in each plot when

the corn tasseled. The grain analysis was made on a representative sample

of the harvested yield. The plant samples were wet-ashed. taken up in

0.1N HCl and the phosphorus content determined colorimetrically using the

ammonium molybdate method.

Little relationship was observed between the phosphorus content of

the plant samples and the phosphorus applied to the soil. However. there

was more phosphorus in leaf samples from the phosphate treatments than

from those without phosphate and less phosphorus in the grain where phos-

phate had been applied than where without phosphate.

‘Qgtg. The dry weather which seriously affected corn yields occurred at

a less critical time in respect to oat development and yields were there-

fore. less drastically affected. The oat yields of 1953. when the corn

crop failed. however. were rather poor. Liming increased yields signifi-

cantly in 1956 but in the other 5 years did not have significant effects

so the data presented in Table h are treatment means over lime levels.

In the four years of significant treatment effects the annual 20

pounds per acre rate of P505 as superphosphate produced higher oat yields

than did the 1951 application of 320 pounds per acre of P205 as rock phos-

phate. In three of the years the 10 pound per acre of P205 as superphos-

phate produced higher yields than did the rock phosphate and lower yields

in one year.

The average effect shows a significant yield response to all phosphates

for the six.years. The only significant difference between phosphate treat-

ments occurred with the significantly higher yield produced with the 20

pound rate of P205 as superphosphate than that obtained with rock phosphate.



TABIE 3. TOTAL PBOSPFORUS IN THE GREEN TISSUE AND HARVESTED GRAIN

or TEE 1956 CORN CROP. KALAEAZOO COUNTY

26

 

 

Treatmentgper gcrel

Percent Phosphorus

 

No phosphate fertilizer

10 lbs. PZOS(O-20-O)per year

20 lbs. P205(O-20-O)per year

320 lbs. P205(rock)l951

320 lbs. P O (rock)l951 plus

10 lbs. P265 0-20-0)per year

320 lbs. P20 (rock)195l plus

gggves ogglg

0.209 0.529

0.325 0.503

0.258 0.993

0.293 0.479

0.219 0.965

0.279 0.9914
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Little. if any. benefit occurred in the rock phosphate plus superphosphate

treatments beyond that achieved with superphosphate alone.

The net increase in yield of oats produced by phosphate fertilization

over the entire six year period and the total amount of phosphate applied

during this period are presented in Table 5. From these values the effec-

tiveness value or the bushels increase per pound of P205 applied can be

calculated. If this value can be assumed real then a relative effective-

ness value can be determined between treatments. The lower rate of super-

phosphate addition resulted in a net yield increase of 22.1 bushels per

acre with 60 pounds of P205 added over the 6 years or an effectiveness

value of 0.37 bushels increase per pound of P205 applied. The rock phos—

phate treatment yielded only 16.6 bushels per acre net increase over this

period or 0.05 bushels per pound of P205 added. At the productivity level

attained with the lower superphosphate rate. therefore. the superphosphate

could be evaluated as having a relative effectiveness seven times that of

the rock phosphate.

The higher rate of superphosphate resulted in a net increase of 34.6

bushels or an increase of 0.29 bushels per pound of P205. This value in-

dicates that superphosphate had a relative effectiveness in terms of P205

six times that of the rock phosphate at this yield level.

The combination treatments of rock phosphate plus superphosphate. as

mentioned previously. had little. if any. affect on yield beyond that of

superphosphate alone.

Representative portions of the 195“. 1955 and 1956 cat crops. sampled

at heading time. were analyzed for total phosphorus. These data are pre-

sented in Table 6. liming did not significantly affect phosphorus content
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TABLE 5. NET INCREASE IN YIELD OF OATS IN 6 YEARS PRODUCED BY

PHOSPHATE FERTILIZATION AT THE KAIAMAZOO COUNTY IDCATION

 

 

Pounds Bushels Effectiveness Values

 

P20 Increase

heatmentflpgr epre) Appl ed in Yield Bu lb P 0 Relativ

10 lbs. P205(0-20-O)per year 60 22.1 0.37 7

20 lbs. P205(0-20-0)per year 120 39.6 0.29 6

320 lbs. P205(rock)1951 320 16.6 0.05 l

320 lbs. P20 (rock)l951 plus 380 2h.8 0.07 1

10 lbs. Pé0550-20-0)per year

320 lbs. P 0 (rock)1951 plus M0 26.5 0.06 1

20 lbs. stsio-ZO-Oher year
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TABLE 6. TOTAL PHOSPBORUS IN OATS SAMPLED AT HEADING TIME AT THE

KAIAMAZOO COUNTY LOCATION

 

 

Percent Phosphorus

 

 

Treatment§pgr acre) 195“ .1955 2:21256 Ave.

No phosphate fertiliser 0.300 0.273 0.227 0.267

10 lbs. P205(0-20-0)per year 0.299 0.269 0.226 0.265

20 lbs. P205(0-20-0)per year 0.326 0.260 0.230 0.272

320 lbs. P205(rock)195l 0.3m 0.255 0.299 0.273

320 lbs. P 0 (rock)195l plus 0.320 0.266 0.253 0.280

10 lbs. P26550-20-0)per year

320 lbs. P O (rock)l951 plus 0.320 0.286 0.268 0.291

20 lbs. P 85?0-20-0)per year *

L.S.D.(5$ levelg: neg. n.s. ‘fg&§.__ n.ss,
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nor were there significant lime interactions. These data. therefore.

are treatment means over lime levels. Statistically, the differences

between treatment means were non-significant, however. there was a trend

toward higher phosphorus content as the rate of P205 applied increased.

‘fiay. Alfalfa-brows yields were generally poor, particularly the second

cuttings which were seriously affected by the late summer droughts.

Second cuttings were not harvested in 195“, 1955 and 1956 and very poor

in the two previous years of 1952 and 1953. In 195“ and 1955 the first

year hay crops were not harvestable due to dry conditions and the 1955

crop was injured to the extent that it was not harvested in 1956.

Some yearly increases in hay yield due to lime occurred and signifi-

cant year and lime interactions were obtained. These tend to minimize

the importance of significant lime differences which were also obtained

on the average for the entire experimental period. Since lime was virtu-

ally ineffective and significant treatment-lime interactions did not

occur the alfalfa-brome yields presented in Tables 7 and 8 are treatment

means over lime levels.

Generally. rock phosphate was as effective in producing increases

in first year hay yields as the higher rate of superphosphate. Little

benefit was derived from the combination of the two materials beyond that

obtained with rock phosphate alone or the higher rate of superphosphate

alone. The lower rate of superphosphate was insufficient to produce

significant increases in.yie1d of hay.

On second year hay. rock phosphate was not as effective in increas-

ing yields as the higher rate of superphosphate. However. the rock phos-

phate was more effective than the lower rate of superphosphate which had
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little. if any. effect. As with the first year hay the combination of

the two materials gave no additional benefit over that derived from either

material used alone.

The relative effectiveness between treatments is not as clear-cut

as with the cat crop because of the missing harvests. generally poor

growth and only slight phosphate response. However. since the higher

rate of superphosphate and the rock phosphate treatment did give measur-

able yield increases some credence could be assigned to the effective-

ness values for these two treatments.

The increases in yield with the first year hay crap were small and

yield increases per pound of P205 applied amounted to 12.2 pounds of hay

with the high rate of superphosphate and 4.2 pounds with the rock phos-

phate. The value for superphosphate included two years of superphosphate

addition without harvestable yields (1954. 1955). If these years can be

ignored as not representative of treatment the effectiveness value for

superphosphate is 20.2 pounds of hay. The value for rock phosphate would

not change since the material was added at the beginning of the experi-

ment. Depending on how the comparison is made the relative effective-

ness of superphosphate was three or five times that of rock phosphate in

increasing first year hay yields.

0n second—year hay. the effectiveness value for the high rate of

superphosphate is 23.0 pounds of hay per pound of P205 applied and for

rock phosphate. 3.4 pounds. This indicates that the relative effective-

ness of superphosphate was nearly seven times that of rock phosphate in

increasing second-year alfalfa yields. The effectiveness of superphosphate

in these experiments is even of greater significance when the acid re-
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action of the soil. pH less than 6.0. is considered. Under these condi-

tions rock phosphate has been considered to be more effective than super-

phosphate.

Genesee County

The Genesee County experiments were locates on the 0. Harold Leach

farm 2 miles north of Davison in section 34. township 8 north. range 8

east.

This is a major dairy and cash crop area. well within the boundaries

of the Detroit milk-shed. Dairying is the most important enterprise for

the area and on many of the commercial farms is the sole source of income.

Off-farm Opportunities are great. however. owing to the influence of

metropolitan Detroit.

The length of the growing season in this area is from 150 to 170 days.

The last frost in the spring occurs sometimebetween May 1 and 10 and the

first in the fall between October 1 and 10. The elevation ranges from

600 to 800 feet above sea level with the general topography level to roll-

ing (40).

The soils in this general area were derived mainly from loam glacial

till. The drainage of the soils varies from well to imperfect with the

latter condition generally associated with the smoother locations. The

closely associated wet areas. both organic and mineral. often influence

the size and shape of fields. Locally. slopes are excessively steep and

may have deteriorated because of water erosion (113).

The soils are deep. relatively high in fertility. and durable under

cultivation except on the steeper slopes. Under a good system of manage-

ment the soils can be maintained in a good state of productivity. The
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soils are suitable for growing such staple crops as corn. wheat. oats.

alfalfa. beans and sugar beets (113). The 1947 to 1951 average yields

of field cr0ps in the county were as follows: corn. 37 bushels; oats.

41 bushels; wheat. 26 bushels: hay. 1.5 tons per acre (40).

The soils of the experimental area were not very uniform but were

characteristic for this area of the state. Approximately four-fifths

of the experimental area was divided evenly between the two soil types

Blount loam and Metea sandy loan and the remainder of the area was comp

prised of Morley loam and Pewamo silt loam. The surface was nearly level

with a few plots located on gently sloping land. This small area of

sloping land was moderately eroded (Class 2) while the bulk of the area

was not eroded or slightly eroded (Classes 0. 1) (100).

In 1950 1% tons per acre of ground limestone was applied to appropri-

ate blocks so that one-half of the area was limed. With an original pH

of 5.9 to 6.1 the lime requirement for these soils was 2% to 3% tons per

acre (86). As a result of under-liming the acid condition was corrected

only to pH 6.1 to 6.5.

Of the eight cropping years (1950-1957) at this location. four years.

1953. 1954. 1955 and 1957 were characterized by late sumer droughts. In

the case of these experiments. however. the effect of dry weather was not

as drastic as in Kalamazoo County because of the better water relation-

ships of these soils. In 1952 the climate was warm with sufficient rain-

fall to produce good yields. The other years had adequate rainfall but

were relatively cool.

Corp. The corn yields were very good in 1952. poor in 1951 and 1957 and

above average during the other years. The effects of the lime on corn

yields were not significant whether considered yearly or as an average.
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Since liming was not significant the yields presented in Table 9 are

treatment means over lime levels.

Treatment means were significantly different at the 5% level in 1954

and 1956. The higher rate of superphosphate and the combination of the

two materials produced significantly higher yields than that obtained

without phosphate. These differences carried through into the average

for the eight years. The mean yield. produced by the low rate of super-

phosphate. was higher than that of the rock phosphate though not signifi-

cantly. six out of the eight years. The average yield obtained with the

rock phosphate. however. over the eight years. was lower than that pro-

duced without phosphate.

The net increase in yields of corn produced by phosphate fertilization.

the total amount of phosphate applied and the effectiveness values over

the eight year period are given in Table 10. The rock phosphate treat-

ments had a net deficit in the increased yield value which can be assumed

zero response. As a result the relative effectiveness of superphosphate

to rock phosphate is infinite.

The soil tests for phosphorus on samples taken prior to corn plant-

ing are given in Table 11. As in the Spurway tests in Kalamazoo County

the plots treated with rock phosphate all gave "high" soil tests for phos-

phorus and all other plots gave "low” tests. Since yields from plots with

rock phosphate alone averaged less than those from the plots with no phos-

phate. this test is misleading. The Spurway ”reserve" extractant apparently

removes phosphorus from the rock phosphate which plants cannot remove.

The Bray adsorbed phosphorus test on the other hand. shows low-medium

tests for all treatments and a need for considerable amounts of phosphorus.
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TABLE 10. NET INCREASE IN YIELD OF CORN IN 8 YEARS PRODUCED BY

PHOSPHATE FERTILIZATION AT THE GENESEE COUNTY IDCATION

 

 

 

Pounds Bushels Effectiveness

P20 Increase Value

Treamggtgpe: acre) Applied in Yield Bu/lb P305

10 lbs. P205(0-20-0)per year 80 9.0 0.11

20 lbs. P205(0-20-0)per year 160 41.2 0.26

320 lbs. P205(rock)1950 320 -3.5 -0.01

320 lbs. P 0 (rock)l950 plus 400 28.7 0.07

10 lbs. P205 0-20-0)per year

320 lbs. P 0 (rock)1950 plus 480 33.5 0.07

20 lbs. P205TO—20—0)per year

 



TABLE 11.

GENESEE COUNTY LOCATION

 

Pounds per Acre

AVAILABLE SOIL mosmoausfialon TO 00811 PLANTING AT THE

40

 

1953 1954 1955 1956 1957 Ave.

Tre ent re 8 P1 8 P S P S S P S P

No phosphate fertilizer 14 19 4 15 9 l6 l8 16 14 15 11 16

10 lbs. P205(0-20-0)per year 10 18 7 17 lo 17 20 17 10 14 12 17

20 lbs. P205(0-20-0)per year 13 19 9 19 12 18 38 20 12 16 18 18

320 lbs. P205(rock)l950 65 19 57 17 42 18 58 18 40 14 47 17

320 lbs. P 0 (rock)1950 plus 81 21 59 18 36 18 61 19 46 17 54 19

10 lbs. Pé05TO-20-0)per year

320 lbs. P 0 (rock)1950 plus 88 21 67 19 51 21 51 19 50 18 55 19

20 lbs. P20510-20-0)per year

L.s_.p.j5$ level) --n.s. l8 2 8 2 23 n.s.}O 2 8 l
 

+ S = Spurway reserve test (Extract is 0.13N H01. 1:4 soil:extract

ratio)

P1: Bray adsorbed phosphorus test (Extract is 0.025N H01 + 0.03N

NH4F. 1:7 soi1:extract ratio)
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As was true in the case of the Kalamazoo experiment. the Bray test gave

the best prediction as to crop response to phosphorus in this test also.

The phosphorus analyses of the plant tissue are presented in Table

12. There were no significant differences. between phosphate treatments

or liming on phosphorus content. in either the leaf samples taken at tas—

seling time or the grain.

‘Qatg. Oat yields were generally above average for the area except in 1955

when yields were poor and in 1957 when the plots were drowned out by spring

rains. In 1953. when the corn crap failed at the Kalamazoo location and

the oat crop was poor. the Genesee location had the best oat crop of the

experiment. The cat yield data and analysis of variance summary are pre—

sented in Table 13. Idmdng did not have a significant effect on oat yields

nor were there significant lime interactions so the data in Table 13 are

treatment means over lime levels.

In four years. 1952. 1953. 1954. 1955 as in the final analysis. treat-

ment means were significantly different at the 1$ level and in one year.

1951 at the 5% level. During the five years of significant treatment

effects the plots treated with rock phosphate did not exhibit significant

yield increases. Superphosphate consistently produced greater yields

than the rock and no phosphate treatments. Only in one year. 1956. did

rock phosphate produce a greater yleld. though not significant. than the

lowest rate of superphosphate. The effects of the combination of the two

materials was not greater than that attributable to superphosphate alone.

The net increase in yield of oats produced by phosphate fertilization.

the total amount of phosphate applied and the effectiveness values between

treatments over the seven year period are presented in Table 14. The lower
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TABLE 1“. NET INCREASE IN YIELD OF OATS IN 7’YEMRS PRODUCED BY

PHOSPHATE FERTILIZATION AT THE GENESEE COUNTY lOCATION

 

 

Pounds Bushels Effectiveness Value

 

P205 Increase

Tzegtmegggpe; aggez Applied In Yield Bullb Pbos Relative

10 lbs. P205(0-20-0)per year 70 “'70“ 0068 22

20 lbs. P505(0-20-0)per year l“0 75.9 0.5“ 18

320 lbs. P205(rock)1950 320 10.9 0.03 1

320 lbs. P’O (rock)l950 plus 390 61.9 0.16 5

10 lbs. PéOSTO-20-0)per year

320 lbs. P 0 (rock)1950 plus “60 61.8 0.13 a

20 lbs. Pé65T0-20-0)per year

 



“5

rate of superphosphate resulted in a net increase in yield over the seven

years. of “7.“ bushels per acre with 70 pounds of P205 applied or an ef-

fectiveness value of 0.68 bushels per pound of Péos. The rock phosphate

treatment yielded only 10.9 bushels per acre net increase over this period

or 0.03 bushels per pound of P205. Superphosphate. therefore. at the pro-

ductivity level attained at the lower rate of application. had a relative

effectiveness 22 times that of the rock phosphate. At the higher rate of

application superphosphate was 18 times as effective as rock phosphate.

The combination of the two materials resulted in a relative effectiveness

greater than rock phosphate alone but considerably under that of super-

phosphate alone. The treatment of the low rate of superphosphate plus

rock phosphate produced a greater net yield increase than superphosphate

alone. The net yield. in this case. was slightly greater than the additive

effect of each material.

Representative plant samples were taken from the plots in 195“. 1955

and 1956 at heading time and were analyzed for total phOSphorus. These

data are presented in Table 15. Lime did not affect the phosphorus con-

tent so data given are treatment means over lime levels. All phosphate

treatments significantly increased phosphorus in the young plants. The

rock phosphate treatments increased phosphorus content in the young plants

but did not increase final yield.

Egg, Alfalfa-brome yields were well above average for the entire period.

Only in 195“ did dry weather reduce yields of the second cuttings to where

they were7fiarvestable. The yield data for first and second year hay are

presented in Tables 16 and 19. respectively.

Lime significantly increased yields of both first and second cuttings



 

 

 

 

 

TABLE 15. TOTAL PHOSPHORUS IN THE OATS SAKPLED AT READING TIME

AT THE GENESEE COUNTY LOCATION

Percent Phosphorus

Treatmen er a rel, 125“ :1955 1956_ Ave._,-

No phosphate fertilizer 0.232 0.193 0.230 0.218

10 lbs. Pé05(0-20-0)per year 0.259 0.196 0.276 0.2““

20 lbs. P205(0-20-0)per year 0.229 0.220 0.276 0.241

320 lbs. P205(rock)l950 0.230 0.229 0.270 0.2u3

320 lbs. P 0 (rock)1950 plus 0.253 0.27“ 4 0.278 0.257

10 lbs. Pé85TO-20-0)per year

320 lbs. P 0 (rock)1950 plus 0.2146 0.237 0.28“ 0.256

20 lbs. P285 0-20-0)per year

L.S.D. level . n s n 8 _30.022
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of the first year hay by 0.11 and 0.20 tons per acre. respectively. How-

ever. lime interactions were not significant so that the data presented

in Table 16 are treatment means over lime levels. Treatment means were

significantly different at the 1% level during five of the eleven harvest

periods and at the 5% level for the first cutting in 1952.

Generally. the rock phosphate treatment was not as effective in

increasing yields as the lowest rate of superphosphate. although rock

phosphate did significantly increase yields. The combination of the

two materials. in contrast to previously mentioned trials. resulted in

significantly greater yields than that attributable to either material

alone. In fact. the effect of the two materials was roughly additive.

In considering the net increase over the entire period. and the

effectiveness of the different treatments as presented in Table 17. it

is apparent that the combination of the two materials is not the most

effective treatment. The combination at either rate of superphosphate

while twice as effective as rock phosphate alone were only “0% as effective

as the higher rate of superphosphate alone and only 25% that of the lower

rate of superphosphate.

Superphosphate alone. at the lowest rate of application. produced

a higher not yield increase than the rock phosphate. At the yield level

attained by this rate of application the relative effectiveness of super-

phosphate on first year hay was eight times that of the rock phosphate.

At the higher rate of application superphosphate was five times as effec--

tive as the rock phosphate.

Plant analyses for total phosphorus were made on the second cuttings

of the first year hay in 1953. 1955. 1956 and 1957 and on the first cut-

ting in 1957. These data are presented in Table 18 as treatment means
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TABLE 17. NET INCREASE IN YIELD OF FIRST YEAR HAY IN 6 YEARS

PRODUCED BY PHOSPHATE FERTILIZATION AT THE

GENESEE COUNTY LOCATION

 

 

 

Pounds Tons Effectiveness Value

P20 Increase

Treaflgggflpg; acre) A22; ed in Yield Poundsllg P205 129133ng

10 lbs. P205(0-20-0)per year 60 2.00 68.0 8

20 lbs. P205(0-20-0)per year 120 2.59 00.0 5

320 lbs. P205(rock)l950 320 1.35 8.0 1

320 lbs. P 0 (rock)l950 plus 380 3.“? 18.2 2

10 lbs. P205?0-20-0)per year

320 lbs. P 0 (rock)l950 plus 000 0.02 18.2 2

20 lbs. P205 0-20-O)per year



TABLE 18.

OENESEE COUNTY LOCATION

TOTAL PHOSPHORUS IN THE FIRST YEAR HAY CROP+AT THE

50

 

 

No phosphate fertilizer

10 lbs. P205(0-20-0)per year

20 lbs. PéOs(0-20-O)per year

320 lbs. P205(rock)l950

320 lbs. P 0 (rock)1950 plus

10 lbs. Pb05LC-20-0)per year

320 lbs. P 0 (rock)1950 plus

20 lbs. P205?0-20-0)per year

0.166

0.172

0.191

0.161

0.188

0.186

Percent Phosphorus

Tregtmen§§pgr agre) 1253 1255 1255 S1) 1957(2)

0.196

0.175

0.215

0.200

0.208

0.22“

0.223

0.256

0.252

0.251

0.230

0.238

0.11“

0.153

0.135

0.161

0.131

0.1“3

0.211

0.208

0.2“?

0.228

0.21“

0.219

Ave.

0.199

0.203

0.226

0.212

0.210

0.217

 

L.S.D. 1e e1 n s ns ns. ns ns

+ The analysis made on second cuttings only in 1953. 1955 and 1956.

Both cuttings were analyzed in 1957.

cuttings only.

The average is of second
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over lime levels.

Liming did not have a significant effect on phosphorus content nor

were there significant lime interactions. Phosphate treatments. likewise.

did not produce statistically significant differences in phosphorus con-

tent although. generally. the hay fertilized with phosphate had higher

phosphorus percentages than that without phosphate.

The second year hay yields were not significantly affected by liming

although there was a highly significant lime-treatment interaction. This

interaction was caused by a substantial increase in yield upon liming on

the plots without phosphate and a slight decrease in yield on all of the

plots with phosphate regardless of difference in phosphate source. The

yields presented in Table 19 are treatment means over lime levels.

The treatment means were significantly different at the l$ level in

nine of the eleven harvest periods and at the 5% level for the second cut-

ting in 1955. Considering the average over the entire period the rock

phosphate treatment was roughly equivalent to the higher rate of super-

phosphate in yields produced. The lower rate of superphosphate while pro-

ducing a significant increase in yield was significantly lower in yield

than that of the rock phosphate treatments. Generally. the combination

of the two materials produced higher yields than either material alone.

but not additively. However. these yields were not significantly greater

than that obtained with rock phosphate alone.

The net increase in yield and effectiveness values for the phosphate

treatments on second year hay are presented in Table 20. The effective-

ness of the rock phosphate while less than that of superphosphate was

considerably more than that shown in previous trials. Superphosphate. at

either rate of application was only 2.5 times as effective as the rock
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TABLE 20. NET INCREASE IN YIELD OF SECOND YEAR HAY IN 6 YEARS

PRODUCED BY PHOSPPATE FERTILIZATION AT THE

GENESEE COUNTY LOCATION

 

 

Pounds Tons Effectiveness Values

P20 Increase Pounds

Tr t er A 1 ed in Yiel er 1b P 0 Relativ

10 lbs. P505(0-20-0)per year 60 1.93 6“ 2.5

20 lbs. P205(0-20-0)per year 120 0.06 68 2.5

320 lbs. P205(rock)1950 320 0.09 26 1

320 lbs. P205(rock)1950 plus 380 5.07 26 l

10 lbs. P2 05(0-20-0)per year

320 lbs. P 0 (rock)l950 plus ““0 5.56 26 l

20 lbs. P205 0-20-0)per year
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phosphate in increasing yield.

Plant analyses for phosphorus were made on the second cuttings of

the second year hay in 1953. 1955. 1956 and 1957. In 1957 the first cut-

ting was also analyzed. These data are presented in Table 21 as treatment

means over lime levels.

Liming did not have a significant effect of phosphorus in the plant

nor were there significant lime interactions. The average for the second

cuttings shows all phosphate treatments producing higher phosphorus per-

centages in the plant than those without phosphate. Only the higher rate

of superphosphate and the combination treatments were significantly greater.

Iosco County

The experiments in Ibsco County were located on the James Mielock

farm. 17 miles west of Tawas City in section 20 of township 22. north.

range 5 east.

This area of the state does not have the good local markets that

are found in the more southern counties. The farming is largely com-

prised of livestock of a diversified nature for there are many beef as well

as daily cattle. The sales of dairy products and those of livestock and

livestock products. other than dairy and poultry. are about equal (“0).

There are also large acreages of state owned land dedicated to forestry.

parks and recreation.

The growing season in this area ranges from 110 to 130 days. The

last frost in the spring occurs between.Nhy 20 and 31 and the first

frost in the fall between Sept. 20 and 30. The elevation is 600 to 800

feet above sea level with the topOgraphy ranging from level to rolling.

The soils are mainly formed from glacial tills of clay loam to silty



TABLE 21.

GENESEE COUNTY LOCATION

TOTAL PHOSPHORUS IN THE SECOND YEAR my CROP+AT THE

55

 

 

Treatmentflpgr acre)

No phosphate fertilizer

10 lbs. Pé05(0-20-0)per year

20 lbs. P205(0-20-0)per year

320 lbs. Pé05(rock)l950

(rock)1950 plus320 lbs. P 0

85 0-20-0)per year10 lbs. P2

320 lbs. P 0 (rock)1950 plus

20 lbs. P265 0-20-0)per year

.1953

0.13h

0.150

0.172

0.15“

0.157

0.161

Percent Phosphorus

1955

0.158

0.193

0.183

0.196

0.202

0.206

0.201

0.19?

0.205

0.183

0.213

0.265

0.1h9

0.161

0.161

0.116

0.181

0.202

125§ £12 1957 (2)

0.20h

0.180

0.209

0.208

0.202

0.201

Ave.

0.17h

0.180

0.192

0.185

0.193

0.2C9

 

L.S.D.§§E level) 0.018 n.s.
 

cuttings only.

0.032W

‘+ The analyses made on second cuttings only in 1953, 1955 and 1956.

Both cuttings were analyzed in 1957. The average is of second



56

clay loam in texture. Drainage varies from well to imperfect with the

latter condition generally associated with the more level locations.

The soils are deep. relatively high in fertility and durable under culti-

vation. except on the steeper slopes (113). The 19h7-1951 average per

acre yields of field crops in Iosco County were as follows: corn. 32

bushels; oats. 34 bushels; hay 1.3 tons.(h0).

The soils of the experimental area were variable. comprising 9 soil

types. Which is characteristic of the soil distribution for this area.

These soils. however. were mainly of one soil management group. the im-

perfectly drained loamy soils. The predominant soil types of the experi-

mental area were Kawkawlin loam and Kawkawlin sandy loam. The other soil

types were Ubly sandy loam. Isabella sandy loam. Nester loam. Nester

sandy loam. Twining sandy loam. Balding sandy loam and Sims loam. The

surface was gently undulating to nearly level with very slight surface

erosion (Classes 0. l) (100).

The climate at this location was less variable than that at the more

southern locations. Relatively. however. 1952. 1953 and 1955 were warm

years. Only in 1955 were there periods of moisture deficiency.

92:9. The corn plots were harvested only in 1952. Yield differences

between treatments were not significant and soil and plant analyses were

not conducted. Subsequent soil tests showed similar results to the Genesee

County location.

flheat. There were only three years with harvestable wheat yields. 1952.

1953 and 1954. In 1952. at the beginning of the experiment. three of the

four fields were planted to wheat. the fourth in corn. In order to gain
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accuracy in the estimate of the effect of the treatments on wheat by having

a larger number of trials the three fields of 1952 are included in the data

presented in Table 22. These fields and the results of 1953 and 1954 are

included in the analysis of variance in the term. "experiments."

Two of the fields in 1952. the Northeast and Northwest quadrangles.

and the 1954 trial showed significant treatment differences. These ex-

periments were subjected to a substantial error variance. however. as

evidenced by the large L.S.D. values. This is probably due to the rather

extreme soil variability. As a result of the large error variance. tests

for significance within each experiment were difficult to interpret. By

combining all the data this error term is reduced and greater reliance can

be placed on the average as indicative of treatment effects.

The analysis of variance for treatment means over the entire experi-

ment shows significant differences at the 1% level. The rock phosphate

treatments produced a higher average yield but not significantly. than

that obtained without phosphate. Superphosphate. regardless of rate.

produced significantly higher yields than either the rock phosphate or

the no phosphate treatments. Differences in yield produced between rates

of superphosphate were not significant. The combination of rock phosphate

and superphosphate did not result in yields greater than that attributable

to superphosphate alone.

In calculating the net increase in yield of wheat and the total

amount of P205 applied as presented in Table 23 it had to be assumed that

the effect of the rock phosphate applied for the three fields in 1952

would be similar to that on one field over three years. This averaging

of three trials planted immediately after rock phosphate application with
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TABLE 23. THE NET INCREASE IN YIELD OF WHEAT IN 5 EXPERIMENTS

PRODUCED BY PHOSPHATE FERTILIZATION AT THE

IOSCO COUNTY IDCATION

 

 

 

Pounds Bushels Effectiveness Values

P20 Increase

Treatmentgpgr acrel App ed in Yield Bullb P205 Relatige

10 lbs. P205(O-20-0)per year 50 33.5 0.67 33

20 lbs. P205(0-20-O)per year 100 38.8 0.39 20

320 lbs. P205(rock)l951 320 6.1 0.02 l

320 lbs. P 0 (rock)l951 plus 370 31.8 0.08 a

10 lbs. P2 5?0-20-0)per year

320 lbs. P 0 (rock)l951 plus 420 35.3 0.08 a

20 lbs. PE 5 0-20—0)per year .
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those of later years minimized the long-term effect of the rock phosphate.

but since the data were obtained over a three year period little long term

evaluation is possible.

The effectiveness of superphosphate at the low rate of application

was 33 times that of the rock phosphate under the conditions previously

described. At the higher rate of application superphosphate was 20 times

as effective. The combination treatments were more effective than rock

phosphate alone but considerably less than superphosphate alone. Since

the magnitude of the increases in yield of the combination treatments was

no greater than that of superphosphate alone the effectiveness of the

combination treatments would be ascribed only to the superphosphate.

fiéy. There were only two years of harvestable hay yields. 1954 and 1955

and first cuttings only were sampled for yield. These data are presented

in Table 24.

The first year a1fa1fa in 1954 showed significant yield increases

for all phosphate treatments without significant differences between

forms or rates. The differences in yield in 1955 were not significant.

however. the average of both years. 1954 and 1955 shows similar signifi-

cant effects to those obtained in 1954. In addition. the high rate of

superphosphate produced a significantly higher yield than the low. Second

year hay yields were not statistically different. although all phosphate

treatments produced considerably higher yields than the treatment without

phosphate.

The net increase in yield for first year alfalfa hay given in Table

25 shows superphosphate at the low rate of application to be 12 times

as effective as the rock phosphate and 11 times as effective at the high



TABLE 24. YIELD OF FIRST CUTTING HAY AT THE IOSCO COUNTY LOCATION
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Trea en a r

First year hay

 

No phosphate fertilizer

10 lbs. Pé05(0-20-O)per year

20 lbs. P205(O-20-0)per year

320 lbs. P205(rock)1951

320 lbs. P O (rock)1951 plus

10 lbs. PEO5TO-20—0)per year

320 lbs. P’O (rock)l95l plus

20 lbs. P28510-20-0)per year

Tons per Acre

Second year hay

 

1254 1255 Ave. 1254 1255 Aye.

1.25 0.96 1.10 1.36 0.85 1.11

1.88 1.04 1.46 1.47. 1.23 . 1.35

2.00 1.53 1.76 1.77 1.34 1.56

2.16 1.00 1.58 1.58 1.51 1.54

1.92 1.21 1.56 2.01 1.21 1.61

2.09 1.06 1.57 1.62 1.24 1.43
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TABLE 25. THE NET INCREASE IN YIELD OF FIRST YEAR HAY IN 2 YEARS

PRODUCED BY PHOSPHATE FERTILIZATION AT THE

IOSCO COUNTY LOCATION

 

 

 

Pounds Tons Effectiveness Values

P 0 Increase

nggmegtgger acre) A221 ed in Yield Poundsllb P305 Relative

10 lbs. P205(0-20-0)per year 20 0.71 71 12

20 lbs. Pé05(O-20-O)per year 40 1.32 66 11

320 lbs. P205(rock)l951 320 0.95 6 l

320 lbs. P?Oq(rock)l951 plus 340 0.92 6 1

10 lbs. P20510-20-0)per year

320 lbs. P 0 (rock)l95l plus 360 0.94 6 l

20 lbs. P265 O-20-0)per year
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rate of application. The combination of the two materials was of no

greater effectiveness than that of rock phosphate alone.

The effect of rock phosphate was greater on second year alfalfa than

on the first year alfalfa as shown in Table 26. However. superphOSphate

was still 8 times more effective than the rock phosphate. The combined

materials were a little more effective than rock phosphate alone.

Grand Traverse County

The Grand Traverse County experiments were located on the William

Vandrasek farm 10 miles north of Mesick in section 36 of township 25

north. range 12 west.

This general area of the state is largely in dairying and potato

farming along with a high proportion of part-time farming. The major

enterprise. however. is dairying and about 30 percent of the milk pro-

duced is sold as whole milk. The major factors accounting for the se-

lection of crop and livestock enterprises in this area are the sandy loans

and the deep dry sandy soils. the relatively short growing season. and

the great distance from major markets.

The growing season for this area ranges from 110 to 130 days. The

last frost in the spring occurs around May 10 and the first fall frost

occurs between September 10 and 20. The elevation in the vicinity of the

experimental area was 1000 to 1200 feet above sea level with the topography

level to rolling (40).

The soils in this area are dominantly sands. loamy sands and sandy

loams with a considerable range in moisture retention. from the soils

which are excessively dry to those which are moderately retentive. The

soils are generally slightly to strongly acid but the sandy loam parent



TABLE 26. THE NET INCREASE IN YIELD OF SECOND YEAR HAY IN 2 YEARS

PRODUCED BY PHOSPHATE FERTILIZATION AT THE

IOSCO COUNTY IDCATION

 

 

Pounds Tons Effectiveness Values

P 05 Increase

T e n rgcre) A22 led in Yield Poundsllb P205 Relgtivg
 

10 lbs. P205(0-20-O)per year 20 we 48 8

20 lbs. P205(0—20-0)per year no 0.90 as 8

320 lbs. P205(rock)l951 320 0.88 6 l

320 lbs. P20 (rock)l95l plus 3u0 1.01. 6 1

10 lbs. FEDS O-20-O)per year

320 lbs. P 0 (rock)l95l plus 360 0.95 6 1

20 lbs. Pé 5?0-20-0)per year
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materials are limy.

The soils are not highly productive and require very careful soil

management to obtain satisfactory crop yields. The soils, in general.

are low in organic matter. easily tilled, warm up rapidly in the spring,

and very responsive to fertilizer and manure. A considerable amount of

the sandier land which had previously been cleared has been abandoned.

The sandy loam soils are excellent for potato production and produce fair

yields of alfalfa, mixed hay and oats (113). The 19h7-1951 average for

acre yields of field crops in Grand Traverse County were as follows:

corn. 29 bushels; wheat 18 bushels; oats, 26 bushels. hay 1.2 tons (no).

The soils of the experimental area were very uniform. Three-fourths

of the area was comprised of the soil type Karlin sandy loam with the

remainder being McBride sandy loam. The surface was level to gently un-

dulating with very little surface soil lost through erosion (Class 0)

(100). ,

In 1950. 1% tons per acre of ground limestone was applied to appro-

priate blocks so that one-half of the area was limed. With an original

pH of 5.7 to 5.9 the lime requirement for these soils would be nearer

2% tons per acre (86). As a result of under-limdng the soil acidity was

only partially corrected to pH 6.1 to 6.2.

The climate. like that in Iosco County was less variable than that

of the more southern counties. Of the seven cropping years. (1951-1957)

only 1955 had periods of moisture deficiency which primarily affected

hay yields. The rest of the years had sufficient rainfall although of

occasional inadequate distribution. In 1956 late summer rains resulted

in the loss of the mature oat crop by lodging and mildew. Relatively.
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1952, 1953, 1955 and 1957 were warm years.

§2_n. The corn yields were rather poor in comparison to those obtained

in the better adapted corn growing areas in the southern counties of the

state. However, in relation to those obtained in the vicinity of the

experimental plots the yields were. generally. well above average.

Liming had a slight benefit on corn yields increasing yields by

3.“ bushels per acre or 8.7 percent. There were no significant lime

interactions. however. so that the yield data presented in Table 27 are

treatment means over lime levels.

Treatments were significantly‘ different at the 1% level in 1952

and 1957 and at the 5% level in 1954 and 1956. In 1952 the rock phos-

phate treatment produced a significantly lower yield than the treatment

'without phosphate but in the other years was not significantly different.

The combination of rock phosphate plus superphosphate at the higher rate

of application produced significantly higher yields than the treatment

without phosphate in 1952. l956 and 195?. Yields obtained with super-

phosphate at the low rate in 1956 and at the high rate in 1957 were sig-

nificantly greater than that produced without phosphate. The average

for the seven years, however, does not show a significant difference be-

tween rates of superphosphate or between superphosphate alone and the

combination treatments. The average yield produced by rock phosphate was

less than the treatment without phosphate although not significantly.

The net increase in yields of corn produced by phosphate fertilization

and the effectiveness values are given in Table 28. The rock phosphate

had a net deficit with respect to increased yield value which can be

assumed to be zero response. As a result. the relative effectiveness of
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TABLE 28. THE NET INCREASE IN YIELD OF CORN IN 7 YEARS PRODUCED

BY PHOSPHATE FERTIIJZATION AT THE GRAND

TRAVERSE COUNTY IOCATION

 

 

Pounds Bushels Effectiveness Valu;

P 0 Increase

 

Treatmentflpgz acrel Apgl ed in Yield Bullb P205

10 lbs. P205(0-20-O)per year 70 26.9 0.38

20 lbs. P205(0-20-0)per year 140 31.3 0.22

320 lbs. P205(rock)l951 320 -5.8 -0.02

320 lbs. P20 (rock)l951 plus 390 34.6 0.09

10 lbs. P205 0-20-0)per year

320 lbs. P O (rock)l951 plus 460 42.6 0.09

20 lbs. P28510-20-0)per year
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superphosphate to rock phosphate is infinite.

The soil tests of samples taken prior to corn planting are given

in Table 29. Generally. similar results were obtained as those for the

Kalamazoo and Genesee County locations. The Spurway "reserve" tests

showed a ”low” phosphorus content in the plots treated with superphosphate

as well as in those without phosphate. "High" tests were recorded in the

plots treated with rock phosphate. Since the plots with rock phosphate

alone actually averaged less yield than those without phosphate these

tests are misleading. The plots with rock phosphate plus superphosphate

also had "high” phosphorus tests by the Spurway method yet these plots

showed an apparent significant increase in yield to the superphosphate.

Obviously the Spurway strong acid extractant was removing phosphorus from

the rock phosphate which was unavailable to plants. This effect is il-

lustrated in Plates I, II, III and IV. The same soil samples tested by

the Bray "adsorbed phosphorus" (P1) shows less difference between treat-

ments than the Spurway method. All treatments however. averaged ”high"

in phosphorus tests ().35 lbs. phosphorus per acre). The response of

the corn to the applied phosphate is in accord with the soil tests since

there was a significant increase in yield with the low rate of superphos-

phate but a non-significant increase beyond this with the higher rate of

superphosphate.

In the Genesee County experiments with generally low-medium Bray

tests for phosphorus the corn showed significant yield differences be-

tWeen rates of superphosphate. In the Kalamazoo County experiments. on

the other hand with very high Bray tests for phosphorus. averaging around

25 pounds per acre greater than in the Grand Traverse County experiments.
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the corn exhibited no phosphate response. The Bray "adsorbed phosphorus"

(P1) test, therefore in all cases, gave a better estimate of the response

of corn to phosphate than did the Spurway ”reserve" test.

The phosphorus analyses of the plant tissue are presented in Table

30. The treatment means were not significantly different nor was the

effect of liming significant on phosphorus content in either the leaf

samples or in the grain.

papa. Oat yields were generally average for this area of the state with

the exception of 1957 when yields were well above average.

Liming did not have a significant effect on oat yields nor were

there significant lime interactions. The oat yield data presented in

Table 31, therefore, are treatment means over lime levels.

In 1952, 1953 and 1955 treatment means were significantly different

at the 5 percent level with rock phosphate producing a significant yield

increase only in 1955. In 1954 as in the average over the six years, treat-

ment means were significantly different at the 1 percent level. The re-

sults of 1954 further correspond to those of the six year average in that

the superphosphate treatments produced significantly greater yields than

either the rock phosphate or the no phosphate. The plots with rock phos-

phate averaged higher yields than those without phosphate but were not

statistically significant. The combination of the two materials did not

produce greater yields than that attributable to superphosphate alone.

The net increase in yield of oats produced by phosphate fertilization,

the total amount of phosphate applied and the effectiveness values between

treatments over the six year period are presented in Table 32. The low

rate of superphosphate applied at a total of 60 pounds of P205, over this
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TABLE 32. NET INCREASE IN YIELD OF OATS IN 6 YEARS PRODUCED BY

PHOSPHATE FERTILIZATION AT THE GRAND‘TRAVERSE

COUNTY LOCATION

75

 

 

T e r

10 lbs. P205(0-20-O)per year

20 lbs. P205(0-20-O)per year

320 lbs. P205(rock)l951

320 lbs. P O (rock)195l plus

10 lbs. Pé05IO-20-0)per year

320 lbs. P O (rock)1951 plus

20 lbs. P285(0-20-0)per year

—

Pounds

P50

Bushels

Increase

Effectiveness Values

A 1 ed in Yiel Bushels 1 P 0 Re i

60

120

320

380

15.1

30.6

9.4

34.2

32-5

0.25 8

0.26 9

0.03 1

0.09 3

0.07 2
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period, increased oat yields by 15.1 bushels per acre or 0.25 bushels per

pounds of P20 . The 320 pounds of 2205 as rock phosphate increased yields

by 9.4 bushels per acre or 0.03 bushels per pound of P205. Superphosphate

at the low rate of application, therefore, was 8 times as effective in

increasing yields as the rock phosphate. At the high rate of superphos-

phate, with a total application of 120 pounds of Péos per acre. the net

increase in.yield of oats was 30.6 bushels per acre, or 0.26 bushels per

pound of P205 applied. Relative to the rock phosphate the high rate of

superphosphate was 9 times as effective in increasing oat yields.

The treatments combining the two materials had greater effect than

rock phosphate alone but considerably less than superphosphate alone. The

treatment of the low rate of superphosphate plus the rock phosphate pro-

duced a net yield increase twice that of superphosphate alone. This re-

sult is of greater magnitude than a simple additive effect of both ma-

terials. It.might be concluded that there was a stimulative effect in the

use of the two materials tOgether. However, this effect has not been noted

in the other trials nor is it known to have been reported in the litera-

ture. In all likelihood this result is entirely within the nznge of ex-

perimental error.

Representative samples of the 1955, 1956 and 1957 oat crops were cut

from the plots at time of heading and total phosphorus determined. These

data are presented in Table 33 as treatment means over lime levels. Liming

did not have a significant effect on phosphorus content nor were there

significant lime interactions. Treatment means were not significantly

different although the average over the three years shows all phosphate





TABLE 33. TOTAL PHOSPHORUS IN THE OATS SAMPIED AT HEADING TIME

AT THE GRAND TRAVERSE COUNTY IDCATION

77

 

 

Percent Phosphorus

  

 

ngatmentflpgr acre) _::;955 _;2§§______l952 vggg:_g

No phosphate fertilizer 0.212 0.318 0.236 0.255

10 lbs. P205(0-20-0)per year 0.230 0.361 0.209 0.267

20 lbs. P205(0-20-0)per year 0.230 0.369 0.216 0.272

320 lbs. P205(rock)l951 0.216 0.353 0.210 0.261

320 lbs. P 0 (rock)1951 plus 0.278 0.387 0.225 0.297

10 lbs. P205?0-20-0)per year

320 lbs. P20 (rock)l951 plus 0.200 0.362 0.238 0.267

20 lbs. P203 0-20-0)per year

L.S.D. 1 e n s n s s .
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treated oats with higher phosphorus content than those without phosphate.

‘flgz. The yearly hay yields would be considered well above average for

the area since these yields consisted of only the first cuttings. The

second year hay field. after the first cuttings were removed. were field

cultivated to control quack grass for the following corn crop. The first

and second year hay yields are presented in Tables 34 and 37. The yearly

effects of liming on first year hay were not significant. However, the

average effect of lime over the six:year period was significant statisti-

cally at the 1 percent level. Practically. it was of little consequence.

since this average yearly increase in yield. due to lime, amounted to

only 0.16 tons per acre. 'With the effect of lime being of such small

magnitude and since there were no significant lime interactions, the best

method of analysing phosphate treatment differences is from treatment

means over lime levels. The yield data in Table 30 is presented in this

manner.

The treatment means were significantly different at the 5 percent

level in 1953 and 1957 and at the 1 percent level in 195“. During these

years the rock phosphate treatment did not significantly increase yields.

The high rate of superphosphate. however. significantly increased yields

in 1954 and 1957 and was significantly higher in yield produced in 1953

than the rock phosphate treatment. In 195“. all plots receiving super-

phosphate had significant increases in yield.

The treatment means over the six year period were significantly

different at the 1 percent level. Only the high rate of superphosphate.

however. and the combination treatments significantly increased yields.

The yields produced by the low rate of superphosphate and the rock phos-



T
A
B
L
E

3
“
.

F
I
R
S
T

C
U
T
T
I
N
G
Y
I
E
L
D
S

O
F
F
I
R
S
T
'
Y
E
A
R
.
A
1
F
A
I
F
A
P
B
R
O
M
E
A
T

T
H
E
G
R
A
N
D

T
R
A
V
E
R
S
E

C
O
U
N
T
Y

L
O
C
A
T
I
O
N

T
o
n
s

p
e
r
A
c
r
e

.
_
_
I
z
a
a
i
m
e
a
i
i
a
e
z
_
a
s
r
a
l

_
_
_
l
2
5
a
_
_
_
_
_
l
2
i
2
_
_
_
_
_
l
2
5
2
.
_
_
_
_
_
2
§
§
_
_
_
_
_
1
2
§
§
_
_
_
_
_
l
9
5
2

A
t
a
l
_
_
_
_
_

N
o

p
h
o
s
p
h
a
t
e

f
e
r
t
i
l
i
z
e
r

0
.
7
0

2
.
3
0

1
.
L
h

0
.
5
%

0
.
4
6

1
.
2
3

1
.
0
7

 
 

1
0
l
e
e
P
2
0
5
(
0
'
2
0
-
0
)
p
0
r
y
e
a
r

0
0
7
3

2
0
5
1
+

1
4
6
0

0
.
5
9

0
0
%

1
.
1
0

1
0
1
7

2
0

l
b
s
.

P
2
0
5
(
0
-
2
0
-
0
)
p
e
r
y
e
a
r

0
.
7
9

3
.
0
7

1
.
8
9

0
.
5
5

0
.
5
2

1
.
6
5

1
.
3
9

3
2
0

l
b
s
.

1
1
2
0
5
(
r
o
c
k
)
l
9
5
1

0
.
7
5

1
.
9
0

1
.
0
4

0
.
6
1

0
.
6
1

1
.
2
5

1
.
1
0

3
2
0
1
b
s
.
P

(
r
o
c
k
)
l
9
5
1
p
l
u
s

0
.
7
3

2
.
6
5

1
.
9
3

0
.
0
9

0
.
6
2

1
.
2
5

1
.
2
8

1
0

l
b
s
.

0
&
6
50
?
0
-
2
0
-
0
)
p
e
r
’
y
e
a
r

3
2
0

l
b
s
.

P
2
0

(
r
o
c
k
)
1
9
5
1
p
l
u
s

0
.
7
8

3
.
5
7

2
.
1
5

0
.
5
3

0
.
6
0

1
.
4
3

1
.
5
1

2
0
l
s
s
.

P
O

0
-

0
-
0
 

  

 

A
n
a
l
y
s
i
s

o
f
'
V
a
r
i
a
n
c
e
:

S
o
u
r
c
e

D
e
g
r
e
e
s

o
f
V
a
r
i
a
t
i
o
n

o
f
F
r
e
e
d
o
m

M
e
a
n

s
q
u
a
r
e

'
F
'

t
e
s
t

T
o
t
a
l

2
8
7

0
.
3
1
“

1
.
0
8

n
.
s
.

R
e
p
l
i
c
a
t
e
s

1
8

3
3
.
“
5

1
5
.
7
8
"
”
I

Y
e
a
r
s
(
Y
)

5
1
.
8
9

8
.
9
1
“

L
i
m
e
(
I
J

1
0
.
3
1
0

1
.
U
6

n
.
s
.

E
r
r
c
s
(
a
)

1
8

0
.
2
1
2

5
T
r
e
a
t
m
e
n
t
(
T
)

1
.
u
#
4

7
.
7
7
“
I

T
x
L

5
0
.
1
6
“

0
0
8
8

“
.
3
0

T
X
‘
Y

2
5

0
.
5
1
7

2
.
7
8
“
"
I

T
x

.
Y
X

L
2
5

0
0
2
5
7

1
0
3
8

1
1
.
8
.

E
r
r
o
r
(
b
)

1
8
0

0
.
1
8
6



80

phate treatments while averaging higher than the plots without phosphate

were within experimental error.

The net increase in yield and the effectiveness values for the

first year hay are given in Table 35. The net increase in yield produced

by the low rate of superphosphate amounted to 0.63 tons per acre or an

average effectiveness value over the six years of 21 pounds of hay per

pound of Pé05 applied. Rock phosphate produced only 1 pound of hay per

pound of P205 applied so the low rate of superphosphate was 21 times more

effective. The high rate of superphosphate by the same measure was 30

times more effective than the rock in increasingjyields.

The combination treatments produced a considerably greater net in-

crease in yield than that attributable to a simple additive effect of the

two materials. However. the relative effectiveness of the combination

treatments were only one-third that of the respective superphosphate

treatments.

The phosphorus analyses of the 1957 hey crop are given in Table 36.

The differences in treatment means were not statistically significant.

However. the plots treated with rock phosphate and the combination treat-

ments averaged lower than the respective superphosphate plots.

The second year alfalfa-brome yields averaged approximately one-half

ton greater than the first year hay. The effects of liming were also of

greater magnitude on the second year hay with the limed treatments pro-

ducing 0.37 tons per acre higher yield than the unlimed. The data pre-

sented in Table 37, however. are treatment means over lime levels. With-

out significant lime-treatment interactions phosphate treatments are more

readily compared in this manner of presentation.



TABLE 35. THE NET INCREASE IN YIELD OF FIRST YEAR HAY IN 6

YEARS PRODUCED BY PHOSPHATE FERTILIZATION AT THE

GRAND TRAVERSE COUNTY LOCATION

81

 

 

Tre .ent r a l

10 lbs. P205(0-20-0)per year

20 lbs. P205(0-20-0)per year

320 lbs. P205(rock)1951

320 lbs. P 0 (rock)l951 plus

10 lbs. P20510-20-0)per year

320 lbs. P 0 (rock)l951 plus

20 lbs. Pé8510-20-0)per year

Pounds

P 0

60

120

320

380

Tons

Increase

0.63

2.06

0.19

1.26

2.65

Effectiveness Values

21

34

1

21

34

1

12921 ed in Yield Poungsnb 7205 Relative
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TABIE 36. TOTAL PHOSPHORUS IN THE FIRST CUTTING OF THE 1957

HAY CROP AT THE GRAND TRAVERSE COUNTY LOCATION

 —~—

 

Percent Phosphorus

 
 

 

Tregtmentfipez agre) Firgt yggr Second yes;

No phosphate fertilizer 0.237 0.168

10 lbs. P205(0-20-0)per year 0.211» 0.166

20 lbs. P205(0-20-0)per year 0.231 0.16“

320 lbs. P205(rock)1951 0.191 0.197

320 lbs. P 0 (rock)l951 plus 0.182 0.199

10 lbs. P205TO-20-0)per year

320 lbs. P20 (rock)1951 plus 0.207 0.19“)

20 lbs. P205 0-20-0)per year

L.S.D.(5$ level) n.s. n.si
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Significant yield differences due to treatment were achieved only in

1950 when the high rate of superphosphate. alone and in combination with

rock phosphate. produced a significant yield increase. The yield increase

of the combination treatment was no greater than that of the superphos-

phate alone and. therefore. could be credited to only the superphosphate

portion of the combination treatment.

In considering the average over the four years. the high rate of

superphosphate and the two combination treatments preduced statistically

significant yield increases. The yields from the combination treatments.

however. were not significantly greater than the respective superphosphate

treatment and the benefit in yield of these treatments can be attributed

to the superphosphate alone.

The net increase in yield and the effectiveness values for the

second year hay are given in Table 38. Since the 1956 crop was not har-

vested. the superphosphate applied during this year was not included in

these data. Generally. the superphosphate was just as effective on the

second year hay as on the first year hay. as measured by the pounds of

hay produced per poundiof P205 applied. However. relative to the rock

phosphate. it was less effective. producing only a 15 times greater yield

than the rock. This value is less than that achieved on the first year

hay by virtue of the rock phosphate being twice as effective on the second

year hay crop.

The phosphorus analyses of the 1957 hay crop are given in Table

36. The rock phosphate and combination treatments produced a higher

average phosphorus content than superphosphate and no phosphate. A re-

verse effect to that observed in the first year hay crap. These differences.

however. were not statistically significant.



TABLE 38. THE NET INCREASE IN YIELD OF SECOND YEAR HAY IN FOUR

YEARS PRODUCED BY PHOSPHATE FERTILIZATION AT THE

GRAND TRAVERSE COUNTY LOCATION

85

 

 

Trea nt er acre A 1 ed

10 lbs. P205(0-20-0)per year

20 lbs. P205(0-20-0)per year

320 lbs. P205(rock)1951

320 lbs. P’O (rock)195l plus

10 lbs. Pé0310-20-0)per year

320 lbs. P20 (rock)1951 plus

20 lbs. egos 0-20-0)per year

Pounds

P'O

NO

80

320

360

#00

Tons

Increase

in Yiel P

0-59

1.22

0.38

0.87

1-37

Effectiveness Values

29

30

2

4

1b P O R

15

15

tiv

 



Greenhouse Experiments

Fried and Dean (35) have hypothesized that the radiochemical analyses

of plants grown on soils receiving applications of fertilizer containing

P32 can be utilized in calculating the phosphorus supply of the original

soil. They have assumed that a plant presented with two sources of phos-

phorus. that is. soil phosphorus and fertilizer phosphorus. will absorb

the phosphorus in direct pr0portion to the amount available from each

source. Experimentally. their hypothesis consists of the application

of a standard amount of P32 tagged fertilizer to different soils result-

ing in this phosphorus being absorbed in an inverse relation to that avail-

able in each soil. The more phosphorus available in the soil the less

P32 tagged fertilizer phosphorus in the plant. This relationship is ex-

pressed in the following manner:

Asses-z)
y

where A = the amount of soil phosphorus supply.

B 8 the amount of the fertilizer phosphorus supply.

y 8 fraction of the phosphorus in the plant derived from the

fertilizer.

This A value has been accepted by agronomists as a method of deter-

mining phosphorus availability of soils. It is not clear. however. how

the time factor of previous applications to the soils of phosphorus ma-

terials affects the A value. It is apparently assumed that all previous

additions of phosphorus to the soil are soil phosphorus as opposed to that

of the immediately applied testing applications of P32 tagged material.

The A value then. is in fact. a measure of the average availability of

all sources of phosphorus contained in the soil. which in most cases. is
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residual fertilizer. If the A value is a measure of residual fertilizer

it could be used in evaluating the effectiveness of rock phosphate in

crop growth. This present experiment was devised to utilize this method

of soil phosphorus evaluation.

Experimental Procedure

The experiment was divided into two sections by differences in

previous soil treatments. The first part consisted of two soils which

had applications of rock phosphate just prior to the experiment. The

second part consisted of soil taken from the Kalamazoo and Genesee County

field experiments in 1953.

In both cases 2 gallons (9000 grams of air-dry soil), was completely

mixed with 0.580 grams of radioactive treble (“8.5% Pé05)superphosphate

which added 120 milligrams of phosphorus tagged with P32 to each pot.

Based on an acre of soil to plow depth weighing 2.000.000 pounds this was

equivalent to 128 pounds of treble superphosphate per acre. The soil was

then placed in 2 gallon pets and planted to Yorkwin wheat and mammoth

clover.

The wheat was harvested six weeks after planting. oven-dried and

weighed. The samples were ground in a Wiley-mill and 2 gram samples

pelleted for radioactive analyses. Six weeks later the clover was har-

vested and treated in a like manner.

The standard sample to which the unknown plant samples were compared

was made up from the tagged fertilizer material. The following procedure

was used: 1.0231 grams of the tagged fertilizer was dissolved in 500 cc

of distilled water. then a 10 cc aliquot was mixed into 10 grams of ground
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alfalfa. the alfalfa oven-dried and then pelleted in 2 gram portions.

The 2 gram pellets were checked for uniformity to guarantee a homogeneous

standard. Each standard contained. therefore:

lgggglzgfifl x 10 cc x §6£§; x .h85 P205 = 1.985 ”Em P205

The activity of this amount of standard P205 was compared to that

of the plant samples. Since the activity of the samples was in direct

proportion to the amount of fertilizer phosphorus contained. the amount

of fertilizer phosphorus in the plant was readily determined.

Availability of New Application of Rock Phosphate

Twenty four 2 gallon glazed clay pots were filled with air-dried

and screened Oshtemo loamy sand and an equal number with a Miami loam.

Three months prior to planting. line was added to twelve pots of each soil.

Precipitated Ca003 at an equivalent rate of one-half ton per acre was

added to the Oshtemo and at one ton per acre to the Miami. All soils

were watered with distilled water and kept moist for two months. when

they were allowed to dry.

At this time. one month prior to planting. eight pots-of each soil.

four limed and four unlimed. were thoroughly mixed with an equivalent

rate of 1000 pounds per acre of rock phosphate. All other pots were Just

mixed to assure that the only variable at this time was the added rock

phosphate. The soils were again watered and kept moist until planting

time when they were allowed to dry.

At the time of planting. another eight pots of each soil. four limed

and four unlimed. were mixed with the equivalent rate of 1000 pounds per

acre of rock phosphate. In addition. the radioactive treble superphosphate
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was mixed into all pots. as previously described. Therefore. there were

four pots or replicates each. of Miami and Oshtemo. in a limed and unlimed

condition. with the following treatments:

1. No rock phosphate

2. 1000 pounds per acre of rock phosphate applied at time of

planting

3. 1000 pounds per acre of rock phosphate applied one month

ahead of planting.

These pots were arranged on the greenhouse benches in a randomized block

design. The liming only slightly affected the pH of the Oshtemo raising

it from pH 5.3 to pH 5.5. The pH of the Miami of less acidity originally.

was more greatly affected. from pH 6.0 to pH 6.5. Spurway "reserve" soil

tests for phosphorus on the original soil showed medium phosphorus (45

pounds per acre) in the Oshtemo and low phosphorus (13 pounds per acre)

in the Miami. The potassium levels in both soils amounted to 1&0 pounds

of potassium per acre.

The yield of the winter wheat. the plant analyses. and the A values

derived are given in Table 39. Little significant difference was noted

between the phosphate treatments. However. differences due to soil were

highly significant. except in yield per pot. which were not significantly

different. The Miami loam gave significantly lower A values than the

Oshtemo loamy sand and significantly higher values in plant phosphorus.

The lower content of available soil phosphorus in the Miami as compared

to the Oshtemo was also indicated in the Spurway "reserve" test.

The yield of the second crop. clover. the plant analyses and the

A values derived are presented in Table ho. The same highly significant

differences between soil types were observed as in the case of the wheat.
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TABLE 39. THE YIELD OF GREENHOUSE GROWN WHEAT. PERCENT PFOSPHORUS 111

THE PLANT AND A VALUES OF THE SOILS

 

  

Plant P205

Yield Total Percen A Value

Soil Treatment Gr/Pot Pergent fromfw2 ._§gm/Pot

No phosphate 9.3 0.230 5#.l 112

Miami 1000 lbs. rock phos- 9.3 0.216 51.h 95

phate/ac at planting

1000 lbs. rock phos- 9.9 0.2h1 58.0 96

phate/ac 1 me. before

No phosphate 9.0 0.167 21.4 #64

Oshtemo 1000 lbs. rock phos- 10.8 0.1“9 20.8 “87

phate/ac at planting

1000 lbs. rock phos- 9.2 0.161 20.3 u99

phate/ac 1 mo. before

 

 

L.S.D. with 30113552 level) n.s. n.s. n;§.. n.§;_
 



TABLE 40 . THE YIELD OF GREENHOUSE GROWN MAMMOTH CLOVER . PERCENT

PHOSPHORUS IN THE PLANT AND A VALUES OF THE SOILS.
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Plant P 0

Yield Total Percen A Value

Soil Treatment GrlPot Percent from P 2 figEZPot

No phosphate 9.7 0.370 30.7 282

Miami 1000 lbs. rock phos- 9.7 0.1m 31.4 307

phate/ac at planting

1000 lbs. rock phos- 9.3 0.376 30.4 29h

phate/ac 1 mo. before

No phosphate 5.0 0.763 18.5 622

Oshtemo 1000 lbs. rock phos- 5.h 0.7h5 12.7 86“

phate/ac at planting

1000 lbs. rock phos- 5.b 0.871 13.2 833

phate/ac 1 mo. before

L.S.D. within soils level n s. n.s. n.g, lgfi
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but in addition the yield differences were also significant at the 1 per-

cent level. with lower yields observed on the Oshtemo. The effects of

the phosphate treatments in increasing the A value on the Miami loam

were not significant. However. the rock phosphate did increase the A

values significantly with the Oshtemo loamy sand. Yield increases were

also associated with this increased A value but were well within the realm

experimental error.

Residual Effect of Treatments on Soils from the Field Plots

After the corn was harvested in 1953 from the Kalamazoo and Grand

Traverse County field experiments. preportionate amounts of the plow

layer were taken from each plot and composited by treatment. This soil

was air-dried. screened (h mesh) and placed in 2 gallon pots. four repli-

cates per treatment. At the time of planting the radioactive treble

superphosphate was mixed into all pets. as previously mentioned. The

experimental design employed was similar to that utilized in the field.

Kalamazoo Coun I- The yield of wheat. plant analyses and A values de-

rived are presented in Table #1. These data are given as treatment means

over lime levels.

The only treatment significantly increasing yields was the combi-

nation treatment of rock phosphate plus the low rate of superphosphate.

In respect to the phosphorus content of the plant this treatment produced

a lower phosphorus percentage than the treatment without phosphate al-

though to a non-significant degree. The rock phosphate treatment and the

rock phosphate plus the high rate of superphosphate significantly in-

creased the phosphorus content.
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TABLE bl. THE YIELD OF GREENHOUSE GROWN WHEAT. PERCENT PHOSPHORUS IN

THE PLANT AND A VALUES OF THE SOILS FROM NE

KALAMAZOO COUNTY LOCATION

 

 

  

Total Plant P205

Residual P20 Yield Total Percegg A Value

Treatmentfper_gcre) Applied Gr/Pot Per ent omP Po

No phosphate fertilizer . 0 6.2 0.593 nu.u 166

10 lbs. Fé05(0-20-0)per year 30 5.7 0.658 37.5 210

20 lbs. P205(0-20-0)per year 60 6.0 0.706 35.6 229

320 lbs. Péos(rock)1951 320 5.8 0.719 36.3 226

320 1b5. P o (rock)l95l plus 350 7.2 0.511 39.1 201

10 lbs..P255 0-20-0)per year

320 lbs. P 0 (rock)l951 plus 380 5.4 0.793 30.2 2&8

20 lbs. P265§0-20-0)per year

 

M--- _ _va's°D° (5g Level-L 7908 0.120 591 Jig
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Wheat grown on the soil from the field plots without phoaphate utilized

the greatest percentage of tagged fertilizer phosphorus. indicating less

available phosphorus in this soil. This was borne out by the A values.

This soil had a significantly lower A value than where treated with rock

phOSphate. the high rate of superphosphate and the combination of the two.

The soil treated with the low rate of superphosphate alone or with rock

phosphate exhibited higher A values than the soil without phosphate but

‘was not statistically significant.

The observations presented for wheat are also given for the following

mammoth clover crap in Table #2. The clover being one crop considered a

"strong feeder” on less available forms of phosphorus produced higher

yields on the soils containing the rock phosphate. However. only the soils

with rock phosphate alone produced a statistically significant increase in

yield.

The phosphorus content of the plant material was not significantly

affected by treatment. however. the lowest amount of tagged fertilizer

phosphorus was observed in plants grown on the soils treated with rock

phosphate. The A values for these soils was considerable higher than

where rock phosphate was not used but these values were within experimental

error.

The fact that the A values of the soils were higher for the clover

than for the wheat was a probable result of two effects. First. the amount

of radioactive phosphorus was reduced for the clever crap by that removed

in the wheat. This would result in the residual or A.va1ue phosphorus

being in greater proportion to the P'32 for the clover. Secondly. and

probably more important. the clever utilized more insoluble forms of
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TABLE 1&2. THE YIELD OF GREENHOUSE GROWN MAJ'IMOTH CLOVER. PERCENT

PHOSPHORUS IN THE PLANT AND A VAUUES OF THE SOILS FROM

THE KALAMAZOO COUNTY LOCATION

 

 9 .r’. .-

 

 

 

 

Total Plant P 0

Residual P20 Yield Total Percen A Value

2,Irsaiasaiiaaz_aa§e) App :9 erfot Peasant from.£.2 Re:

No phosphate fertilizer 0 “.3 0.525 29.0 305

10 lbs. P205(0-20-C)per year 30 u.5 0.577 28.u 322

20 lbs. P205(0-20-0)per year 60 4.0 0.566 29.8 305

320 lbs. P205(rock)l95l 320 6.0 0.528 26.2 359

320 lbs. P O (rock)l951 plus 350 0.8 0.554 25.1 390

10 lbs. PQO5TO-20-O)per year

320 lbs. P 0 (rock)l95l plus 380 4.9 0.574 26.5 38k

20 lbs. P285L0-20-0)per year

L.S.D.S§£ level) 4.2 n_g_30 n05; n.s.
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of phosphorus than wheat and would. therefore. show a greater quantity

of available phosphorus. This fact is evidenced by the higher A values

of the soils treated with rock phosphate with clever as compared to those

without rock phosphate and the small differences in A values between these

soils when wheat was grown.

Genesee County. The yield of wheat. plant analyses and A values derived

are presented in Table 43. These data are given as treatment means over

lime levels.

Less consistency is noted in these data than with the Kalamazoo

County soils. Yields of crops produced by the rock phosphate and the low

rate of superphosphate were significantly greater than from the soils with-

out phosphate. Yet the yield from these materials combined was signifi-

cantly lower than from the soils without phosphate.

A greater amount of tagged fertilizer phosphorus was utilized by the

wheat in these experiments when compared to the soil from the Kalamazoo

County experiments. This would indicate a lower available phosphorus

content in the Genesee County soils. This conclusion is corroborated by

the soil tests (P1) of the field experiments which show considerably

more available phosphorus in the Kalamazoo County soils. The A values

are accordingly lower in the Genesee County soils. with little difference

between treatments. although the low rate of superphosphate resulted in

a significantly lower A value than in the soil without phosphate.

The mammoth clover data. given in Table an, are summarized as treat-

ment means over lime levels. These data. as with the wheat. are of little

significance. In relation to the soil without phosphate the phosphate

treatments did not significantly affect phosphorus content nor the A value.

As with the Kalamazoo County soils the clover gave higher A values than

the Wheat e



 

  

 



TABLE 43. THE YIELD OF GREENHOUSE GROWN WHEAT. PERCENT PHOSPHORUS

IN THE PLANT AND A VALUES OF THE SOILS FROM THE

GENESEE COUNTY LOCATION

 

 

  

Residual P20 Yield Total Percen A Value

Tregtment‘pgr ggrg) Applied Gr/Pot Perpent from P 2 MzmlPot

No phosphate fertilizer 0 9.3 0.570 46.5 153

10 lbs. P20§(0-20-C)per year no 10.9 0.521 53.5 111

20 lbs. P205(0-20-0)per year 80 9.4 0.552 #8.? 135

320 lbs. P205(rocl()l950 320 11.6 0.510 50.3 126

320 lbs. P 0 (rock)1950 plus 360 7.9 0.592 h3.2 171

10 lbs. PéUBTO-20-0)per year

320 lbs. P 0 (rock)l950 plus boo 8.6 0.58? 45.6 152

20 lbs. P285?0-20-0)per year

L.S.D. level l.0 n.s. ,i6a5 35



TABLE #4. THE YIELD OF GREENHOUSE GROWN MAMNOTH CLOVER. PERCENT

PHOSPHORUS IN THE PLANT AND A VALUES OF THE SOILS

FROM THE GENESEE COUNTY LOCATION
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Total ‘vPlant P 0

Residual P20 Yield Total Percen A Value

Treatment r cre) Applggd GrlPot Peggep; from P 2 flngP0§

No phosphate fertilizer 0 8.0 0.h43 34.0 250

10 lbs. Pé05(0-20-0)per year #0 7.1 0.U77 36.2 226

20 lbs. P205(0-20-0)per year BC 7.5 0.378 39.8 202

320 lbs. P205(rock)l950 320 8.9 0.393 37.0 225

320 lbs. P 0 (rock)1950 plus 360 6.9 0.1+96 31.8 279

10 lbs. P255L0-20-0)per year

.320 lbs. P 0 (rock)l950 plus “00 7.9 0.“?5 32.2 268

L.S.D level L133; 0.075 305- 53
 

 



SUMMARY AND CONCLUSICNS

The results of the four field experiments are summarized in Table

#5. These data are given as the relative effectiveness of superphosphate

over rock phosphate. The A values. also determined. did not give as com-

zalete a comparison. These effectiveness values presented in Table A5

are averages of those of both rates of superphosphate which were given

earlier. It is felt that the differences in effectiveness between these

rates is well within experimental error. The only observations with a

wide difference between rates are those of the wheat crop from Iosco

County and the first year hay from Grand Traverse County. The other ten

observations ranged only a few units apart.

Since these relative effectiveness values are derived from the net

increase in yield and the total P205 application over the duration of each

experiment they are actually the average effectiveness over the time

period of the investigation. As such. these values are of greater importance

in evaluating the effectiveness of rock phosphate than differences in

average yield or comparisons of one years effects which have been the usual

methods listed in the literature.

The corn craps did not give yield responses to the applied rock phos-

phate. In estimating the value of rock phosphate in a cr0p rotation. there-

fore. the corn crop must be considered as non benefiting.

The oat crop did give small increases in yield from the applied

rock phosphate. however. superphosphate ranged from 6 to 26 times more

effective. Generally. superphosphate averaged 15 times greater in ef-

fectiveness than the rock phosphate in increasing yield of cats.

99
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TABLE A5. THE RELATIVE EFFECTIVENESS 0F SUPERPHOSPHATE 0m ROCK PHOSPHATE

PER POUND or APPLIED P20

 

 

 
 

5

Small First Second

‘Lpgggipn P1 te§t Corp: Cgpip Year pr, Year Hav

Kalamazoo v.high n.r.p.+ 6 5 7

Genesee low n.r.r. 20 6 2.5

Iosco medium n.r.p. 26 11 8

Grand Traverse high n.r.r. 9 27 15

Average 15 12 8

 

+ n.r.p. = no response to phosphate

n.r.r. a no response to rock phosphate
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The first year hay crops exhibited a similar superiority of super-

phosphate to rock phosphate. The range of effectiveness of superphosphate

was 5 to 27 times greater in increasing yields. As an average superphos-

phate was 12 times more effective than rock phosphate per pound of Pé05

applied.

The second year hay showed a greater response to rock phosphate than

the previous crops. However. the effectiveness of superphosphate was still

2.5 to 15 times greater. These values averaged 8 times greater over the

four experiments.

Ruth the best average effectiveness of rock phosphate at one-eighth

that of superphosphate. rock phosphate does not belong in the fertilization

program of rotation crops on the farms of Michigan. 0n the basis of super-

phosphate priced at $50.00 a ton. or 12.5 cents per pound of P205. rock

phosphate would have to sell at 1.6 cents per pound or $10.56 a ton. at the

most. to be an equivalent buy. 'Nith an average effectiveness of one-

twelfth that of superphosphate as a fertilizer for small grains and first

and second year hay. rock phosphate would have to sell at 1 cent per pound

or $6.60 a ton to be equivalent.
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