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ABSTRACT

Six cow manure samples originating from animals maintained
on specified diets were fractionated to determine the various classes
of phosphorus compounds present.

The low fiber ration was found to

contain in far excess more organic P than all other fractions.
same ration contained the greatest amounts of total p.
approached the 1 per cent level.

This

The value

Feces collected from animals

maintained on high fiber diets contained in the neighborhood of 0.5
per cent total P«

No differences were noted between ’Difficultly

Available Inorganic P* and ’Easily Available Inorganic P’ for the low
fiber and high fiber diets.

Low fiber diets were found to contain

greater amounts of total P for the aqueous and 10 per cent TCA
extraction.

All samples contained trace amounts of phospholipids

below the 0.1 ppm level.
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CHAPTER 1
INTRODUCTION
The use of organic manures in crop production probably dates to
the beginning of man’s recorded history.

It is well known that manures

supply nutrients to the soil, enhance microbial growth, and improve
the physical favorableness of the soil, to name some of its known
positive attributes.

Little information, however, is available as to

the efficiency of organic manures.
It would be extremely desirable if we could ultimately
characterize the phosphorus compounds in a specific variety of manure
in such a manner that it would be possible to describe those compounds
present, and additionally, be able to discuss their fate when added to
the soil as amendments. This almost certainly involves the interconversion of one phosphorus species to another through chemical or
biological mechanisms which have yet to be explained.

A phosphorus

fractionation scheme which allows for categorization of these compounds
is therefore a critical starting point for such an endeavor.

The

validity of any hypothesis directed toward elucidating these mechanisms
will stand or fall on the soundness of the fractionation scheme
employed.

One would expect that an ideal scheme for classification of

these compounds in manures would not only be self-consistent in that
chemically similar fractions would yield concordant values, but also
that the results obtained would be indicative of phosphorus availability

to the plant and correlate well with growth experiments.

Consequently,

the objectives of this investigation were:
1. To determine the different forms of phosphorus and their
relative proportions in manure samples collected from cows
maintained on specified diets.
2.

To compare and to establish the relationship among the

various phosphorus fractions in the purported fractionation
scheme.

CHAPTER 2
LITERATURE REVIEW
Ghairi. (19Ul) investigated the quantitative distribution of
various forms of phosphorus in three varieties of organic manures:
kiln-dried poultry manure and fresh poultry manure; farmyard manure3
and compost.

He developed a fractionation scheme which allowed for

the quantitative assay of six organic and inorganic fractions.

The

initial manure sample was extracted for twenty hours with ether in a
soxhlet apparatus followed by a similar twelve hour procedure using
absolute alcohol.

The combined extracts were developed by the color

imetric method of Troug and Meyer (1929) and designated as lecithin
phosphorus.

A subsequent dilute hydrochloric acid extraction yielded

the easily available inorganic phosphorus fraction, and an organic
phosphorus fraction referred to as phytin was determined by difference.
A five per cent hydrochloric acid extraction removed the difficultly
available inorganic phosphorus, residual nuclein phosphorus and organic
forms other than lecithin, phytin and nuclein.

Other investigators

(Narkhede and Deshpande 197U) have recognized that these additional
organic species may include calcium glycol phosphate, Ca-sorbityl
phosphate, Ca-glucose phosphate, calcium ethyl phosphate, thiamine
phosphate, pyridoxal phosphate, uridine diphosphate glucose, etc. '
Moreover, Ghani1s results indicate that about seventy per cent of the
total phosphorus of farmyard manure is in the dilute acid inorganic

fraction and is easily available to plants.

Samples of poultry manure

•which were both fresh and kiln dried contained similar amounts of
easily available inorganic phosphorus at the forty per cent level,
while a variety of compost showed a reduced figure of twenty-six per
cent.

Poultry manure (both fresh and kiln dried), farmyard manure

and the compost sample, all contained measurable though limited
quantities of the combined ether and alcohol soluble lecithin fraction.
Organic phytin predominated as the principal organic constituent in
the poultry manures whereas nuclein appeared as the prevalent species
in farmyard manure and compost.

These results are in agreement with

expectations since it is well known that from seventy to ninety per
cent of the phosphorus forms found in seeds, which almost entirely
comprise their diets, is in the nature of phytin phosphorus.

The

compost's inorganic composition which amounted to ninety-three per cent
of its total phosphorus make up was distributed between difficultly
available and easily available inorganic phosphorus with values of
sixty-six per cent and twenty-six per cent, respectively.

Both samples

of poultry manure contained similar amounts of organic phosphorus with
nearly identical partitioning between easily and difficultly available
inorganic forms, showing approximately forty per cent in the former
and twelve per cent in the latter.

Small amounts of difficultly

available inorganic phosphorus were observed in the manures.

Almost

no phytin was found in farmyard manure, and the compost sample had
negligible organic content other than nuclein.

The general trends

indicated that the largest portion of the total phosphorus for poultry

manures resided in the sum of its organic components, and that the.
converse was true for farmyard manure, with an organic composition of
twenty-five per cent.

Poultry manures, however, contained significant

though lesser amounts of inorganic constituents.

Compost was found to

be an excellent inorganic source with an insignificant organic
contribution.

Of particular consequence were the findings that compost

is inferior to manures with regards to the availability of phosphorus,
insofar as plant nutrition is concerned3 and, to a lesser extent, both
fresh and commercially prepared (kiln-dried) poultry manures indicated
little appreciable variability among their corresponding fractions.
Experimental plots which had been receiving substantial quantities of
both mineral manure (superphosphate) and farmyard manure administered
in loads to insure equivalent phosphorus dosage, were evaluated against
plots containing no manure to test for their content of available
phosphorus and organic phosphorus.

Their results show that a high

level of organic phosphorus is maintained in plots receiving farmyard
manure, in addition to a significant level of available phosphorus.
Soil pH determinations led them to postulate that acid conditions
deleterious to the soil microflora accounted for stability of organic
compounds, and the fact that available phosphorus measured in neutral
soils was double the value obtained for acid soils pointed toward an
elevated mineralization rate in the neutral soils.
Narkhede and Deshpande (197U), acknowledging the need to
determine the different forms of phosphorus in some organic manures
common to their locality, undertook a rather comprehensive survey

involving twenty-two organic manures of animal, vegetable, and animal
and vegetable origin.

Their purpose was to describe not only the

chemical nature of the various forms of phosphorus in these manures,
but also to quantify these results, with an aim towards understanding
their phosphorus fertilizing capabilities.
time we will be able to make

Presumably, at some future

more precise fertilizer recommendations

as a result of this knowledge.

Narkhede and Eeshpande (197U),

however, had as their immediate objective to gain an understanding of
the nature of organic manures so that they might be used wisely as a
source of phosphorus as well as a source of nitrogen.

Ghani’s method

(Ghani 19U1) was the procedure which was employed with only very minor
modifications, i.e.,the lecithin fraction and the nuclein fraction
were renamed the phospholipid and nucleic acid fractions, respectively.
Their results showed the inorganic phosphorus fraction (easily available)
to be significantly larger in manures of animal origin in contrast to
those of vegetable origin.

Also, substantial differences existed in

organic phytin content and the "other organic forms" fraction.

In both

cases the values associated with those manures derived from vegetable
matter were larger than manures of animal origin.

Phospholipid

phosphorus, along with difficultly available inorganic phosphorus and
nucleic acid phosphorus showed similar values for both types of manures.
A comparison was made between farmyard manures and compost.

Overall,

the total amounts of inorganic phosphorus and organic phosphorus from
both sources were nearly identical.

Total inorganic phosphorus for

farmyard manures amounted to seventy-two per cent while only a slightly
lesser value of seventy-one per cent was obtained for compost.

Furthermore, total organic phosphorus in farmyard manure reflected a
figure of twenty-eight per cent while that of compost was twentynine per cent.

Considering the variability in these procedures and

the widespread differences in the relative proportions of phosphorus
in various organic manures, it seems doubtful that these disparities
are of major quantitative importance.

This same argument could be

used to explain the apparent lack of agreement between the values of
Narkhede*s and Ghani’s.

In direct contradiction to Narkhede, Ghani

found significantly greater amounts of total inorganic phosphorus in
compost and significantly lesser amounts of total organic phosphorus.
Their corresponding values for easily available inorganic phosphorus,
phospholipids, difficultly available inorganics, and nucleic acid
phosphorus are qualitatively similar.

Greater figures, however, were

recorded in Ghani’s work for the organic phytin and ” other organic
forms * fractions in compost.
Special consideration was given by Caldwell and Slack (1958) to
an individual phosphorus fraction containing the inositol hexaphosphates
and its isomers.

Their procedure for extraction and separation of this

fraction necessitated use of an anion exchange chromatographic column.
A manure sample was first shaken with a portion of dilute hydrochloric
acid and filtered to obtain the extract.

Direct addition to a 10

centimeter column of De-Acidite anion-exchange resin of 60 to 80 mesh
size was then possible.

Three chromatographic fractions were obtained

following elution with 0.85 N, l.iiO N, and 3 N hydrochloric acid,
respectively.

The first fraction eluted yielded inorganic orthophosphate.

A perchloric acid oxidation of the remaining two fractions followed by
molybdenum blue color development on the digest using the procedure of
Dickman and Bray (19U0) yielded the meso-inositol-hexaphosphate and
isomers of inositol hexaphosphate phosphorus fractions.
A discussion of the relative importance of manures and
fertilizers should be included in any treatise on the subject since
the ultimate goal of any such investigation lies in determining how
best to renew those nutrients which have been removed from the soil by
harvested crops through efficient fertilizer application.

In various

regions of the country the relative usage of fertilizers and manures
in furnishing nutrients for plant growth is found to vary widely.
Mehring and Parks (19U9) tabulated data indicating in one extreme that
the South Atlantic states consumed over 32 per cent of the total tonnage
of commercial fertilizers and yet used only 2 per cent of the total
manure applied in the United States.

To cite a more balanced example

of the diversity in relative importance between manure and commercial
fertilizer applications we need to look at the state of Rhode Island.
Here, fanners are removing one seventh of the amount of applied
phosphorus in harvested crops of which half is added in the form of
manures and the remaining half as commercial fertilizers.

Nineteen

forty-seven statistics (Mehring and Parks, 19149) show that 1,370,000,
000 tons of manure was produced that year in this country and that
only 208,000,000 tons was utilized.
weight of production amounts.

This represents 15 per cent by

In addition, seven hundred and ninety-

six million tons of phosphorus in the form of phosphoric oxide were
applied to harvested crops.
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The literature on the relative importance and availability of
manures and fertilizer in the form of superphosphate is highly
controversial.

Bear, King and Bender (19U6) report that dairy cow

manure if reinforced with SO pounds of 20 per cent superphosphate per
ton would provide 15 pounds of PgO^ per ton and would be a wellbalanced fertilizer despite its low phosphorus content.
this manure contained only 3 pounds of PgO^.

Each ton of

Manure consisting of a

strawy texture should not be added as a fertilizer without simultaneous
addition of ammonium sulfate or an equivalent nitrogen source since
microbiological activity occurring during the consumption of the straw
fraction may require more nitrogen than the manure can supply.

A well

rotted manure, however, has a great value in improving the condition
of the soil beyond what would be expected from a sole consideration of
its phosphorus or other nutrient content.

Other investigators,

(Copeland and Merkle, 19Ul)> measured the effect of manure in small
applications to determine its effect over a period of years on the soil's
phosphate fixing ability.

They showed the effect to be marked.

Plots

planted with corn and wheat had lower phosphate adsorption quotients
and higher grain PgO^ content.

They concluded that biologically

active manure either exerts a protective effect upon the soil mineral
colloids or helps release fixed phosphate or both. A lack of
correlative data between total organic matter and lower phosphate
adsorption quotients, and between the former and phosphorus content of
the grain suggests that manure contains biological properties not
accounted for by humus alone, pointing towards a large degree of
biological inactivity in the humus fraction.

Copeland and Merkle
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subsequently noted the effects of a mixture of manure with successively
larger increments of superphosphate and observed the role of biologically
active organic matter upon fixation and availability of applied phosphates.
McAuliffe and Peech (19h9)3 who set out to study the fertilizer
value of phosphorus in farm manure found approximately 1 per cent
phosphorus in a sample of sheep feces which were dried at 75° C in a
forced draft oven.

Only 18 per cent of the total phosphorus present

was in the organic form, of which most appeared in the trichloroacetic
acid extractable protein-bound fraction.

Determinations on three

additional fractions were made as follows: inorganic; phospholipid; and
acid-soluble organic.

The inorganic fraction comprised the remaining

82 per cent of the total phosphorus present.

The respective values for

the phospholipid fraction, phosphorus in the acid-soluble organic
fraction, and the protein-bound fraction were 0.3, 3.1, and 12.1 per
cent of the total phosphorus in manure.

They noted that in a sample of

cow feces, which was fractionated in an identical manner as the sheep
feces sample, the occurrence of a much lower content of inorganic
phosphorus,

a possible explanation which may account in part for the

difference, was thought to be related to the variety of forage which
the two species were fed.
Further studies by McAuliffe, Feech, and Bradfield (19U9)
supplemented their early work with an investigation aimed at ascertain
ing the relative availability to plants of organic and inorganic
phosphorus forms.

They also examined superphosphate phosphorus

utilization when applied to the soil alone and when application was
made in conjunction with farmyard manure.
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A radiorhosphorus experiment enabled them to surmount the other
wise untenable problem of distinguishing between phosphorus fractions
derived from different sources.

They determined that plants receiving

manure incorporated greater quantities of phosphorus than those
receiving only superphosphate. Initially, phosphorus from superphosphate
was found to be more available than from manure, however, with time the
availabilities of the two sources were found to be equal.

Incubation

of manure increased phosphorus availability, while incubation of a
mixture of manure and superphosphate had no effect on plant utilization
over direct application of an unincubated manure plus superphosphate
mixture.
Pierre (19U8) pointed out that biological fixation or immobil
ization of phosphorus added from a manure source may vary widely
according to the manure's nitrogen and energy material content.

High

energy manure (i.e.^manure containing large quantities of microbially
digestible carbohydrate) may stimulate microbial activity to such an
extent that an actual increase in phosphate deficiency in the soil may
occur requiring even larger additions of phosphate fertilizers to meet
the soils nutrient requirements.

Carbon dioxide liberation by the

microbial population may be so marked as to result in an increase in
availability of simple calcium phosphates in soils ranging from neutral
to alkaline pH conditions.

Pierre (19US) suggests that the two most

important processes of microbial action are (a) nuclease and other
enzyme production with resultant mineralization or dephosphorylation of
organic phosphorus and (b) the immobilization or biological fixation
of available organic or inorganic phosphorus compounds.

Manuring
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apparently affects these

two processes in a manner that makes its

application to the soil more meaningful than its low phosphorus content
would suggest.
Midgley and Dunklee (19U5) found that when superphosphate is
added to manure plant responses are greater than when either manure or
superphosphate are applied alone.

The manure, by reducing excessive

soil contact of the superphosphate, seems to protect superphosphate from
fixation in the soil and thus available phosphorus persistence is
increased.

The microbial population associated with manure may also

act to convert some inorganic phosphate into less soluble though slowly
available phosphorus forms for plant utilization.

Humic acid material

may additionally serve to absorb phosphorus, providing a reservoir of
phosphorus potential.

A final advantage of simultaneous addition of

manure and superphosphate may be attributed to the inherent wetness of
manure. Moist manure readily absorbs phosphate, thereby protecting it
from the soil reaction and reducing soil contact.

Of course, the

greater is the phosphate-fixing capacity of the soil, the greater will
be the benefit of mixing phosphorus with manure. Tricalcium phosphate,
a less soluble phosphorus form, is observed to increase with the
addition of superphosphate.

These compounds are, however, in the presence

of carbonic acid, as would be produced from decaying organic manure,
reverted to plant available forms.

The advisability of this practice

is well substantiated and likely to be highly desirable for most soils.
An early investigator (Rather 1918) examined numerous samples
of manure from pigs in a large number of feeding experiments in order
to determine the degree of utilization of phytin phosphorus by the pig.
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The rations used included rice polish, wheat shorts, wheat bran, oats,
cottonseed meal, and corn.

His results, obtained from examination of

the fecal products revealed that feces from a phytase-free diet as well
as from a diet containing feed with the phytin splitting enzyme present,
had p-hytin-splitting ability.

Phosphorus forms other than compounds of

orthophosphoric acid were absent.

These investigators further noted

that the ether-soluble and alcohol soluble fraction which is found to
bear the phospholipid constituents was negligibly small.

Most of the

grain rations were comprised almost wholly of inorganic phosphorus.
Seventy-five to 100 per cent of the total feces phosphorus was found
to be in this form.

They determined that the phosphorus makeup of the

urine was chiefly inorganic and that presumably no phytin phosphorus is
excreted via this mode.

Furthermore, their analyses disclosed that the

phytin content of the feeds ranged from minimum values of 21 to 73 per
cent.

They concluded that phytin phosphorus was absorbed and cleaved

by the animal and that this was accomplished with or without the presence
of the cleaving enzyme phytase in the diet.
Experimental endeavors along similar lines were undertaken by
Gillis, Norris, and Heuser (19U8). Their inquiry was concerned with
elucidating the interaction between the non-phytin phosphorus require
ment of the chick and the inorganic phosphorus requirement, when both
phytin and inorganic phosphorus are available in the diet.

They were

also interested in understanding the role and extent to which phytin
phosphorus could meet the chick's phosphorus requirement.

Their

conclusions were that phytin phosphorus was a viable form of dietary
phosphorus when used in conjunction with a non-phytin phosphorus or

lb

other readily available inorganic source, and that elevated phytin levels
had deleterious effects which could be nutritionally compensated for
whereas inadequate phytin levels led to harmful insufficiencies which
could not be counteracted.
Youngburg (1937)> in a paper concerned with phosphorus metabolism,
compared the concentrations of total P and its various fractions in
different portions of the alimentary tract of the rat.
both P-free diets and normal diets.

Rats were fed

The phosphorus contents of the

stomach, small intestine, large intestine, colon, and feces were examined
to see if phosphorus compounds are excreted into these various
physiological units of the alimentary tract by saliva, gastric juice,
bile and pancreatic fluid, and the intestinal wall itself.

He assayed

for total P, acid-soluble organic F, and inorganic P. Among his
conclusions were that there was indeed a measurable excretion into the
alimentary lumen and feces, and that this was particularly evident with
phospholipid compounds and inorganic phosphates.

He also showed there

to be no difference between the two diets except that a high fat diet
gave rise to an elevated lipid fraction and, correspondingly, a low fat
diet was manifested in a suppressed phospholipid fraction.
Peperzak et al. (1959) conducted one of the most thorough
investigations dealing with the phosphorus content in manure and the
predominance of the various phosphorus fractions.

Their study surveyed

a large number of different classes of livestock of widely varying ages
and rations.

Their fractionation scheme involved the following fractions:

(a) total P, (b) inorganic P, (c) total organic P, and organic F
fractions, including (d) meso-inositol hexaphosphate, (e) acid-soluble

organic P other than meso-inositol hexaphosphate, (f) alcohol-soluble
or phospholipid P, and (g) residual or nucleic acid P.

Of particular

interest in their work was the finding that storing manure for a period
of time led to conversion in part from the organic fraction to the
inorganic fraction.

Also of interest was the observation that the

organic fraction of all samples persisted for a number of years.

A

comprehensive fractionation of samples of manure of different ages
from the Sioux City Stockyards in Iowa revealed a substantial organic
fraction in samples whose age varied from 1 week to 10, 15, and 20 years

CHAPTER 3
MATERIALS AND METHODS
line following format of procedures outlined extensively in the
text below indicate the flow of analysis as pictorially illustrated in
Figure 1.

The ’phosphorus Fractionation Scheme1 herein depicted

incorporates methodologies of Ghani (19L1), Peperzak et al. (1959)>
and Fuller (1975) with those of the author.

A discussion of materials

and procedures lies within the framework of this illustration.
Identification of Manure Samples
The investigation undertaken dealt with a total of six cow
manure samples originating from three separate sources.

The first

sample, which will be referred to in subsequent discussion and in
tables under the heading ’Sample Identification’, is designated as
sample number one.

It represents a composite, mixed manure sample

from a commercial beef feedlot at Red Rock, Arizona.

This sample of

feces had been stockpiled for one year’s duration, after which the
entire stockpile was thoroughly mixed and seven random samples
selected from the material available.

This randomized selection of

seven samples was considered to be a selection process of some
importance as it seems reasonable to expect some degree of variability
among samples taken from various locations within the pile.

There is

likely to be some temperature variations, particularly near the center
of the pile if moisture is present, and this may lead to significantly
16
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enhanced rates of phosphorus mineralizatiOn0 We might also expect to
encounter variability in overall phosphorus content as well as in the
various phosphorus constituencies resulting from non-uniform exposure
to weathering processes^

Material at and near the surface of the

pile would be expected to be more susceptible to volatilization* etc*
These seven random samples were thoroughly mixed and frozen until
needed for analysis^,

Sample number two was obtained from another

commercial feedlot situated in Tucson* Arizona^ It was air dry when
obtained and was collected from a cement floor residing within the
feedloto

It should be mentioned that samples number one and two

differed from the remaining samples in that they contained both feces
and urine together*

These two samples were also similar in that both

were the product of animals maintained on commercial feedlot rations*
Samples three, four, five, and six which were obtained as described
below and contained only feces, had no intermixed urine*
The first sample, because of its one year incubation period
will undoubtedly reflect this treatment in the total quantity of
phosphorus present as well as in the analysis of the individual
fractions*

Indications from previous authors (Peperzak et al* 1959)

show that, during storage, phosphorus present originally in organic
form is converted in part to inorganic species*
Samples three, four, five and six were collected after
maintenance of selected animals on specified diets as detailed in
Tables 1, 2, 3, and ho Table 1, for example, illustrates the ration
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Table 1

Low Concentrate - High Ash Ration

%
Composition
Ground alfalfa hay

50o0

Cottonseed hulls

20o0

Steam processed milo

23.25

Molasses

5.0

Salt

1.0

Biofos

.75
100.0

Ca% 0o9b
P % Go36

Table 2

Low Concentrate = Low Ash Ration
%

Composition
Ground alfalfa hay

50.0

Cottonseed hulls

20.0

Steam processed milo

ah.?

Molasses
Biofos

5.0
.3
100.0

Ca.% 0o86

p % oak
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Table 3o High Concentrate - High Ash Ration
-

%

.

Composition

Ground Alfalfa Hay

5o00

Cottonseed hulls

So00

Steam processed milo

7h»h5

Cottonseed meal pellets

koSO

Molasses

S.00

Tallow

3o00

ITrea

oSO

Biofos

oSo

Salt '

o7S

Ground limestone

o80

Potassium sulfate

Cag 0o59
P % 0,36

oSo
100o00
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Table I4.0 High Concentrate - Low Ash Ration
%
Composition
Ground Alfalfa Hay

5o00

Cottonseed hulls

So00

Steam processed railo

76,70

Cottonseed meal pellets

UoSO

Molasses

So00

Tallow

3o00

Urea
Biofos

Cs$ 0o25

P % 0o26

S

0 0

o30
lOOoOO
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fed to an animal over a period of 8 days with feces procurement
occurring on the last three days of that interval.
Description of the Dietary Rations
The dietary rations as tabulated in Tables 1, 2S 3* and U show
four varieties of dietary schedules on which animals were maintained..
The diets are similar in that each contains ground alfalfa hay,
cottonseed hulls, steam processed mile, molasses, and biofos.

The

percentage composition of these feedstuffs in the basic diets is
different, however.

The per cent of total phosphorus in the ’’Low

Concentrate - High Ash” and ’’High Concentrate - High Ash” diets amounted
to 0.36% while the phosphorus content in the ’’Low Concentrate - Low
Ash” and HHigh Concentrate - Low Ash” diets was 0,2&% and 0.26%,
respectively.

Both ’’High Concentrate” rations contained portions of

urea and differences should be noted as regards addition of potassium
sulfate, ground limestone, salt, and other ingredients.

The common

use of mineral supplements may also be noted in today's feeds. As
Peperzak et al. (1959$ p.301) noteds

”No reliable average figures can be

said to have been established for any given class of livestock,
however, because of the variability within classes and the small
number of samples per class.

The common use of mineral supplements

in the feed probably contributed to the variability within classes.
These supplements would result in the addition of varying quantities
of inorganic P.”

-X
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Biofos, a mineral supplement containing ammonium dicaicium
phosphate with a calcium^phosphorus composition of 18 and .21 per cent*
respectively was added to each ration in quantities near the 0„5 per
cent levelc As previously mentioned* additions of inorganic phosphorus
of this nature may contribute in an important way to variability of
phosphorus content within fractions:,,
Tables 1 through i* are also identified according to their
ash contento

A diet may be either "High Ash" or "Low Ash,," In general*

ash determinations are done so that information concerning percentages
of the specific elements present can be computed.

This process is

accomplished by burning-off or oxidizing organic matter and then
weighing the residue.

Of course* this procedure does not tell us

anything concerning the actual forms of the elements present* but it
is necessary to arrive* for example at a figure for total percentage
phosphorus composition of the ration»

2U
t

.

Pre-Treatment of Manure Samples

Manure samples were collected in mason jars and spread out to
dry on metal trays in an oven set at 60 °G for 72 hours „ Peperzak et
al0 (1959) obtained results generally indicating that there was not a
significahb lsss of nrganic phosphorus through mineralisation by drying
manure samples at 75 G0 Since high temperatures promote the mineral- .
ization of soil organic phosphorus it seems reasonable to expect a
similar interaction resulting from high temperature drying of manure
samples o Fortunately, because of the short time of drying, the
procedure has not been found to alter measurably the content of
phosphorus in the various fractions 0.
After thorough drying, samples were ball-milled to a very fine
powder using a SPEX Mixer/kill at 30 min«, per sample0 Thereafter,
subsamples in triplicate were removed for each assay0
Procedure for Aqueous. Extraction
A six-gram sample of manure was weighed into a plastic
centrifuge tube with simultaneous addition of 25 ml water followed
by vigorous shaking for 2 hours.

Centrifugation at 3,020xg for 10 min0

and decantation into a 100 ml volumetric flask provided the first
of a total of three extracted portions to be combined.

The remaining

two additional 25 ml aliquots of water were added with 1 hour shaking.
each, centrifugation, and delivery to the volumetric flask which
was then taken to volume with distilled water.

Water Soluble Inorganic P
A 1 ml aliquot of the aqueous extract was■used directly for
development of the characteristic molybdenum blue color (as will be
detailed in a later section) for the immediate determination of
inorganic orthophosphate„
Water Soluble Total F
A 1 ml aliquot of the aqueous extract was placed in a porcelain
crucibleo

Three ml’s of a 5>0%' solution of magnesium nitrate were added

and mixed thoroughly.

Samples were then evaporated as much as possible

to dryness on a steam bath.

The samples were initially heated on a

low hotplate setting with a gradual heat increase over a period of
several hours and finally ashed in a muffle furnace at £00 °C for
10 hours.

After cooling5 the samples were covered with a watch glass

with addition of 1 ml of water and complete wetting of the ash,
followed by 2 ml of concentrated nitric acid, A special effort must
be made to insure that the ashed sample is adequately moistened prior
to addition of the concentrated acid.

Ineffectual wetting at this

stage of the procedure will lead to excessive effervescence and probable
loss of sample.

Caution must also be exercised after addition of MgNO^

and during the evaporative segment of the ashing procedure.

Less than

careful technique may result in a sudden severe ignition of the nitrate
accompanied by spattering of the sample with quantitative losses.

Water Soluble Organic F
The water soluble organic F fraction as illustrated in
Figure 1 is determined as the difference between the total p fraction
and the inorganic F fraction.
Procedure for Trichloroacetic Acjd ExtractionA 1 gm sample of manure which was sedimented during
centrifugation at 33020xg under the 'Procedure for Aqueous
Extraction' section of this chapter was mortar and pestled to a fine
particulate consistency.

This sample is representative of the water

insoluble fraction illustrated in Figure 1,

Twenty-five ml's of a

10% solution of trichloroacetic acid (TCA) was added to the samples with
vigorous shaking for 3 hrs at room temperature.

Significant amounts

of gas were liberated during the extraction process which necessitated
slow and careful intermittent release so as to avoid a loss of sample.
The acid slurry was filtered through 11 cm Whatman # Itl filter paper
into a volumetric flask from which a suitable aliquot was pipetted and
delivered to a porcelain crucible for ignition with magnesium nitrate,
The acid insoluble fraction which was retained on the filter was
similarly placed in a porcelain crucible for ignition.

Both samples

were then ashed at 500 °C in a muffle furnace and taken to volume
in volumetric glassware,

TCA Total P, Inorganic

Organic P, Residual P

Inorganic and total P (and organic P by difference) were
determined in the extract obtained as described above0 An additional
P fraction termed

residual PR was also investigated.

Procedure for 6 N HC1 Acid. Hydrolysis
A 1 gsa sample of water insoluble manure was prepared for
hydrolysis by mortar and pestle to a fine mesh texture.

Fifty ml's

of 6 N HCl were added and the mixture brought to boil and let reflux
for 12 hours.

Several Hengar alundum granules were used to minimize

the potentiality of violent ebullition.

The suspension was let cool

and then quantitatively transferred through 15 cm Whatman # hi filter
paper to a 100 ml volumetric flask, A 25 ml aliquot was evaporated
to dryness with MgNO^ and ignited.

The acid insoluble (residual solids)

fraction was placed in a porcelain crucible and treated similarly.
Ashing at 500 °C proceeded overnight,
6 N HCl Extractable P and Residual P

Two separate fractions to be referred to as "extractable P”
and "residual P" were determined colopimetrically from the hydrolyzed
reaction mixture.

Because the actual aliquot size was small5 the pH

in the solution for which molybdenum blue color was to be developed
was not altered markedly.

It is well known that the procedure of

Murphy and Riley (1962) is hydrogen ion labile,

Burge and Paliwal'(196?)5

in an investigation concerning some aspects of ascorbic acid as a
reducing agent in the estimation of phosphorus, noted that HCl
concentrations of 0,1 N or above in the final solution to be developed

,
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for color led to an unstable green color or no color, rather than the
essential blue molybdophosphoric acid complex.
Procedure for Alcohol Extraction
A dry 1-gm sample of water insoluble manure was rolled into
a Whatman # 1*1 filter paper and placed into a soxhlet extraction ,
apparatus with heating mantle for 21* hours, Sufficient absolute ethyl
alcohol was added to maintain the level of liquid well above the
minimum specifications because of the extremely high volatility of the
solvent.

Following extraction, the sample was concentrated on a Flash

Evaporator and subsequently brought to dryness with MgNO-j and ashed.
The residue was similarly treated.

The ash was resuspended in dilute

acid, delivered to volumetric ware, and brought to volume with
distilled'water.

Colorimetric analysis followed.
Procedure for 0,5 N HC1 Extractable P

The procedure of Feperzak et al, (1959) was the method of
choice.

The analysis of this fraction, however, did not involve the

use of anionic exchange resins.

Rather, a quantitative determination

was made on the 0,5 N HC1 extracted fraction in its entirety.
of individual component fractions was not performed.

Analysis

Also, a total

ashing at 500 °C was found to be more suitable than the perchloric
acid digestion suggested by these authors.
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Procedure for Dried and Ground Manure — Total P
Because of the large variability that exists among phosphorus
content in animal manures originating from the host of possible sources9
preliminary tests were necessary to determine the correct dilution
formulation needed to obtain colorimetric development within the limits
of the prepared standard curve„ One also wishes to choose a sample
size such that effecting a thorough digestion of the sample is accomplished0.
In dealing with large sampless partial or incomplete treatment is
often possibleo

This, procedure calls for delivery of 0„1 pi of finely

divided ball-milled manure to a porcelain crucible 0 The procedure
for "Water Soluble Total P" is followed with washing of the digest into
a volumetric containero. A brief interval is necessary for sedimentation
of insoluble matter (necessary for eliminating turbidity in sample to
be analyzed spectrophotometricaily) followed by blue Color development„
Standard Gurve Preparation and Data Acquisition
A Beer's Law plot of absorbance versus concentration was
prepared for the concentration range from 0 to lo0 ppm0 A standard
linear regression analysis was computed (Steel and Torrie i960) with
its corresponding algebraic expression for each set of standards„
Standards were prepared from anhydrous (100o0% pure) dibasic
potassium phosphate (KgHPO^)0 The individual data points were
acquired through manipulation of the regression equation, using each of
the mean values obtained from each sample0 All samples were replicated
three times3 the mean values for the replications are recorded in the
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appropriate tables under the respective phosphorus fractions„ The
amount of phosphorus present was measured as orthophosphate using the
colorimetric molybdenum blue procedure employing ascorbic acid
(Murphy and Riley 1962) as a reducing agent because of its enhanced
stability.

CHAPTER U
RESULTS AND DISCUSSION

/

-

.

'

The phosphorus present in the organic manures investigated
was found to exist in both organic and inorganic forms» Several prior
investigators have done phosphorus fractionation and characterization
worko

From their efforts it has become increasingly evident that the

various organic manures have widely varying phosphorus content and
differ considerably in their phosphorus availability to plants. In
addition, the relative proportions of the various forms of phosphorus
were found to differ markedly from one manure sample to the next.

This

is certainly of considerable importance in predicting the usefulness
and eventual fate of a particular manure in its application: to fertilizer
purposes 0 As yet, the relative efficiency of phosphorus as it exists
in its various forms has not been ascertained.

This investigation was

aimed at supplying additional information concerning the effects of a
rigid dietary schedule involving four types of feeding stuffs differing
in their concentration of available nutrients and fiber content.
additional samples were investigated.

Two

The first of these samples was

from a commercial feedlot, and had been stockpiled for one year's
duration.

The second sample, also from a commercial feedlot, was

collected fresh and analyzed directly.
contained urine and feces combined.

Both of these latter two samples

The four feces samples from those

animals maintained on rigid diets were comprised of feces only, however,
31

32
The different forms of phosphorus for which analyses were
conducted and the relative proportions of the various constituents are
delineated in the accompanying tables,

A discussion of each of these

presentations in relation to the source and nature of the sample embodies
the principal aims of this investigation.
Water Soluble Phosphorus Fractions
To facilitate discussion of the various dietary rations, the
individual tables will hereafter be referred to by a lettered designation
.such as LFLS, for example, This label indicates that the ration is
both low in fiber content and in salt content, as illustrated in Table ho
HFHS would refer to the low concentrate or high fiber, and high salt or
high ash diet of Table 1,

Sample 1 and 2 will similarly be called

No, 1 and No, 2, .
In viewing Table 5, we see that the LFLS ration contains
substantially greater amounts of phosphorus in two fractions, that is,
greater amounts of total F and inorganic P, The LFPS ration contained
in far excess more organic P than all other fractions.

In fact, the

magnitude of this fraction was greater than the total summation of all
other organic P fractions combined, 'Those fractions containing the
least amounts of the respective phosphorus species were HFHS, LFHS,
and No, 1 for total F, inorganic F, and organic F, respectively.

It is

of interest that No, 1 seems to have fractionated into much the same
relative proportions as did the HFHS sample, Also of interest is the
close grouping of the majority of samples under the organic P heading.
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Table 5= Water Soluble Phosphorus Fractions
Sample
Identification

1
2
3-LFLS
it~LFHS
5-hfls
6-hfhs

Total
P

Inorganic
P

Organic
.P

1053
2171
5539
3893
1306
1032

869
1976
UIi65
320
1053
700

18U
195
1121
3573
253
332

Table 60 Water Insoluble Trichloroacetic Acid --Phosphorus Fractions
Sample
Identification

Trichloroacetic Acid Extractable
Total
Inorganic
Organicz
P
P
P

Residual
P

)
A

• r-

1
2
3-LFLS
.U-LFHS
5-hfls
6-hfhs

,1

.2136
3253
5035
1727
2161
1727

1895
2831
1585
1191
1727
1178

211
119
150
533
737
519

505
739
6l6
1075
283
861

Mater Insoluble Trichloroacetic Acid — Phosphoruis Fractions
'

Table 6 illustrates the four fractions making up this extraction

procedureo

They are total Fs inorganic P, organic Ps and residual P0

The first two fractionss total P and inorganic P are self-explanatory<»
Organic P was.determined as the difference between total P and inorganic
P0 The residual P fraction is simply the remaining manorial material
after extraction, and consequently is referred to as the residual
material,,

In the Materials, and Methods section this material is

termed the acid insoluble fraction.
Me find in this phase of the total extraction of a manure sample
evidence Supportive of the data from the water soluble section. A
similar situation eotiLsts here in which the largest values for total P
and inorganic p reside in the LFLS ration in both cases. It would
seem that the water extraction and the 10% TCA extraction would yield
similar figures for total and inorganic P since the 10% TCA extracting
solution is over 90% water by volume. TCA, however, is a particularly
good solvent in organic extractions and so we would expect to find a
more complete extraction of the organic compounds.

Since both the

"Water Soluble” and "Trichloroacetic Acid" fractions of organic P were
calculated as differences, a comparison of this nature is difficult.
This difference or increased extracting efficiency of the 10% TCA
solution over the aqueous extraction is indicated in the data.

The LFHS

sample in the aqueous extraction had such a negligible quantity of
inorganic Ps that a difference determination resulted in a correspondingly
excessively large organic P fraction.

In this regards, the aqueous

extraction figure for organic P is naturally higher than the 10% TCA
figure for organic P0 Continuing the comparison, we notice that the
TCA organic figures show the heightened extracting capacity of this
solution*

It may seem that the differences are of minor importance,

but of course the differences between'the two procedures is not a
profound one*

Values for residual P are very similar and one might
.
infer from this a uniformity in ability of the acid to quantitatively
*

remove those compounds we wish to measure* Although a determination
on the residue remaining after a water extraction was not performed^
we would be likely to evidence a close relationship between the values
for these two residue determinations*

We may also observe a hierarchical

ranking of magnitudes for the total and inorganic fractions*

LFLS is

greater in both instances than LFHS and in turn HFLS is smaller still
with HFHS showing the least amounts of phosphorus*

Sample No* 1 contains

less than sample No* 2 in all four categories * .The hierarchical ranking
seems to exist for '’Hater'Soluble” phosphorus as well, though there are
some minor discrepancies*

The opposite phenomenon exists here in

comparison to the 10% TCA extraction in that sample No* 2 is greater
than No* 1 for all categories*
Water Insoluble Alcohol Extraction

Phosphorus Fractions

Two fractions were established under this heading*

They represent

the alcohol soluble, and alcohol insoluble phosphorus compounds*

Ghani

(19^1)s and Narkhede and Deshpande (197lt) identified the alcohol soluble
fraction as that fraction containing lecithin and other phospholipids*
The LFLS sample contained the greatest amount of insoluble material*
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constituent.

Although varying quantities were present in each of the

6 samples3 they amounted to considerably less than 0ol ppm and so in
each instance the value for this fraction is recorded as trace.

This

indicates the presence of phospholipid or lecithin but shows the amount
to be outside the analytical range of the standard curve (see Table 7).
Water Insoluble 6 N HC1 Hydrolysis — Phosphorus Fractions
Because of the nature of the extracting solution those compounds
found to be extractable with 6 N HOI are classified under the heading
of "Difficultly Available Inorganic P.1* These values for difficultly
available inorganic P cannot be obtained directly, however.

Brief

calculations as discussed under the following section are necessary.
Two fractions may be noted under the 6 N HC1 hydrolysis compartment
of Figure 1. These are "Extractable P" and "Residual P."

"Extractable

P" will be used in the following calculations and "Residual P" will
serve as an internal check to verify that the analyses were performed
correctly (see Table 8).
Easily Available and Difficultly Available Inorganic P
Easily available inorganic P may be determined as shown below
in equation Is
Easily Available = 0.$ N HC1 Extractable P - Water Soluble Inorganic P (I)
Inorganic P
This amounts to a numerical subtraction of the values obtained for
"Water Soluble Inorganic P" from the corresponding values for "0.5 N
HC1 Extractable P." This extraction assumes that both extractions
remove relatively similar amounts of water soluble inorganic P.
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Table 7« Water Insoluble Alcohol Extraction — Phosphorus Fractions
Sample
Identification

Alcohol Soluble
P

Alcohol Insoluble
P

—«*. ppm
1
2
3-LFLS
U-LEHS
5-hfls
6-HFHS

trace
«

2m
1+370
6518
5370
3790
21+53

n

it
it
it

Table 80 Water Insoluble 6 N HC1 Hydrolysis -- Phosphorus Fractions
Sample
Identification

1
2
3-LFLS
1+-LFHS
5-HFLS
6-HFHS

Extractable
P

2631
1+128
5903
5568
31+1+9
2272

Residual
P

31
53
30
90
79
61
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In the fractionation procedure illustrated in Figure ls we may
continue our analysis for inorganic P with an additional extraction
' 'employing 6 N HC10 That quantity of phosphorus removed by this, acid
solution and yet not extractable by either water or 0o5 N HC1 is regarded
as nDiffi^;
ultly;-AvaElal3le Inorganic P„" The appropriate equation for
computation of this fraction is shown below in equation H o
Difficultly Available = 6 N HC1 Extractable P -Easily Available
Inorganic P
Inorganic P
One can immediately notice the appearance of the "Easily Available
Inorganic P" fraction in this equation, and so in effect we have a
modification or elaboration of equation I0 It is important to recognize
this similarity, since these latter computations are based on the previous
figures for the "Easily Available Inorganic P" determinations«
The data in Table 9 indicate that the commercial feedlot
manure sample N0o 2 contains the greatest amount of "Difficultly
Available Inorganic p" and moderate quantities of "Easily Available
Inorganic F0" Samples 1 and 6 had noticeably less difficultly
available forms, and the remaining samples (i0eo, 3, it, and 5) had
quantitatively similar amountSo

Samples 3 and U had nearly 0o$% of

easily available forms, while the remaining samples had substantially
lesser amounts„ As might be expected, samples 1 and 6 again showed
a reduced figure for easily available forms just as they did in the
difficultly available category«, .Figures 2 and 3 show the respective

Table %

Easily Available and Difficultly Available Inorganic F

Sample
,
Identification

6 N HCi

O.S H HC1

HgO-Soluble
Inorganic

Difficultly
Available

Easily Available
Inorganic P

5000

ppm

4000

3000

2000

10 0 0 1_________U

1

II

U

U

2

LFLS

LFHS

sample
-Figure 2. Easily Available Inorganic Phosphorus

L

HFLS

HFHS

1400
1300

1200

ppm

1100

1000
900

800

700

600

LFLS

LFHS

sample
Figure 3« Difficultly Available Inorganic Phosphorus

HFLS

HFHS

1*2
amounts of easily and difficultly available phosphorus for each of the
six sampleso
0o5 M HC1 Extractable P
This-..i£r»ae.ti.m in itself was not representative of particular
classifiable types of phosphorus compounds.

Instead, it rather gives

us values to be used in the determination of ‘Easily Available Inorganic
P1 and ’Difficultly Available Inorganic F* 0 It was also mentioned
that in these calculations the assumption had to be made that similar
amounts of inorganic P must be removed by both the water and the
0,5 N HC1 extractions.
Total P Determination
Results for this determination are tabulated in Table 10,
The LFLS sample contained in excess of 1% total P,

The other low

fiber sample contained approximately 0,7% total P,

The high fiber

samples had 0,5% and 0,35% total P, Figure U indicates the relative
abundance of phosphorus for the various samples.

1*3

Table 100 0o5 N HOI Extraction, and Total P Determination

Sample
Identification

1
2
3^IfLS
U-LFHS
5-hfls
6-hfhs

0o5 N HC1
Extractable
P

Total
P

2768
U7l*2
9265
1*923
31*05
2278

3261*
1815
10s380
6731
5231
31*71*

10,000

ppm

8000

6000

4000

20001_________ L
1

LFLS

LFHS

HFLS

HFHS

sample
Figure h. Total Phosphorus
'g=

CHAPTER 5
SUMMARY AND CONCLUSIONS
.. The multiform character of phosphorus compounds in manure
samples was illustratedp

For example5 samples which had large values

for particular fractions in the scheme, as in the case of the LFLS
sample and its values for total F and inorganic P, also exhibited
qualitatively•similar characteristics in the TCA analysis for total
and inorganic P„
Also evident from the study is the seemingly great variability.
in the manure samples with regards to the respective values for the
various fractions0 Any fractionation scheme is liable to produce a
host of unrelated data of questionable significance unless methodological
analysis is undertaken.

Various ratios might be computed such as the

total organic to total inorganic ratio.

In a broad study encompassing

several classes of livestock with statistically significant numbers of
samples such ratios might have value.

In a study of this nature,

however, I would expect these comparisons to confuse an already complex
matter.
A number of interesting results were observed.

The low fiber

samples contained the greatest amounts of total P.' These values were
■,
near the 1% level. . Feces collected from animals maintained on high
fiber diets contained in the neighborhood of 0.5# total p.

There

seemed to be no apparent distinction between high fiber and low fiber
15

1*6
rations as evidenced by data under the ‘’Difficultly Available Inorganic ,
P" category5 however$ "Easily Available Inorganic P" values were
noticeably greater for the low fiber ration.

These values were at the

0oS% level.

The two samples collected from commercial feedlots had values
intermediate in magnitude for most of the fractions tabulated.

Sample

number two which was obtained from a cement-floored feedlot had the
largest value for “Difficultly Available Inorganic F”s however.
The low fiber samples contained greater amounts of total P for
the aqueous and 10$ TCA extraction.

These samples also displayed

higher levels of water soluble inorganic P and 10$ TCA soluble inorganic
Pc Water soluble organic P was greater for the aqueous low fiber samples
but negligible differences were noted for organic P under the trichloro
acetic acid heading.

All samples contained trace quantities of phospho

lipids, but the values were less than 0,1 ppm in all cases.
Two equations were developed toillustrate the calculation of
"Difficultly Available Inorganic P" and “Easily Available Inorganic P„“
These equations demonstrate the interrelationship of the “0,5 H HC1
extractable F” fractions, “water soluble inorganic P“3 and the “6 N HOI
extraotable P“ fractions.
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