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PREFACE 

This study is concerned with the analyses of soil before and after 

treatment with manure and chemical fert.il izer to. determine and 1compare 

changes that occur as a result of the additi.ves. The primary objective 

is to determine whether or not the application of otganic.matter, such 

as waste from feedlots~ causes benefici,al changes in .the soil of. ·.such 

magnitude that it becomes economically ad,vantageous to dispose of waste 

from feedlots in soil systems rather than burning or conversion to fuel 

or building materials, as has been proposed. If such organic matter 

proves beneficial for agricultural purposes, then the concept could be 

extended to agricultural uses of other similar organic waste such as 

sewage and household garbage. 

The author wishes to acknowledge his.constant dependence on a very 
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for his keen interest and support throughout this study. Appreciation 

is also expressed to Dr. James M. Davidson. and Dr. Billy B. Tucker for 

technical advice in the field of agr,onomy, and to the Soils Lab person­

nel, who efficiently processed many and varied samples of soil. 

A note of thanks is given to Professor Jack P. Alexander and 

Dr. H. Eugene Reeves, of Panhandle State College, Guymon, Okla­
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panionship on many long nights made the tedium of repetitious lab work 

bearable, 

The author expresses his sincere appreciation to the United States 

Army and Field Artillery Branch for providing the opportunity for the 

conduct of this study,. 

Finally, special gratitude is expressed to my wife, Jenny, for her 

support and tedious hours of editing, typing, and proofing, and to our 
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CHAPTER I 

INTRODUCTION 

The disposition of ,the solid waste extracted from the waterby· 

sewage treatment plants and that produced by beef cattle feedlots is 

presenting a challenge to water quality engineer's., The very high 

degradability .of these wastes makes it imperative that thet be kept _out 

of, the surface water system lest they consume all of the available 

oxygen in the, watero Of equal concern is the danger .of nitrate pollu­

tion of water supplies as the waste is. degraded and the nitrates are 

leached from the. waste and carried with the water as it infiltrates and 

percolates to ground water supp 11 es,. 

The preponderan~e of research being conducted now seems to be con­

cerned with disposal .means that treat the organic matter as a wasteo 

Incinerat1on and sani tal".Y, 1 and fills are re~eivi.ng the most attention 

because .of the low capital in\'.estment and low operating costo . With the 

increasing scarcity of land f9r landfill operations,. the possibility 

exists that incineration will be considered the primary means of dis­

posal. Recent news relea~es indicate considerable su~cess in using 

municipal refuse as fuel for steam anq power generation,. and using 

manure to produce low grade crude oilo However,attractive these proc­

esses may seem, they may not be the most desirable overall bec;ause they 

are the result of looking for the cheapest disposal means of a ,waste 

1 
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rather than the most benefictal use of a resource~ 

However, if these organic by-products are considered a potential 

resource material, there are some rather intrigaing solutions to the 

problems of disposition of these solids. Using this approach, an eval­

uation is made of the nt.imber of problems that can be solved simul­

taneously, considering the potential of the resource material. For 

this study, western Oklahoma was used as the area to be evaluated. 

Assuming the resource has agri cuHura l po ten ti al , an assessment was . 

made of the major agricultural problems in western Oklahoma •. These 

problems were. then compared with the a Heged benefits of applying man"." 

ure and sludge to the soil for biological stabilization. For the pur-

pose of this research, these problem areas were narrowed to five, as 

follows:· 

l. The demand for beef in the United States has fostered a sharp 

increase in the number of large beef feedlots in western Oklahoma. 

Figure 1 shows the trend in Oklahoma in the.number of cattle on feed. 

To keep the. price of beef 'down to compete with other sources of beef 

and protein, .u. S. cattlemen have. res0rted to consolida4ed feedlot· 

operations. The problem arises out of the tremendous amount of manure 

produced per acre of land in use, . Adding to the problem is the small 

margin of profit upon which the other ranchers in the area are aper-. 

ating which, they claim, wf11 not permit·them to pay even the handling 

cost of getting the manure on their land.· 

2. The second problem stems from the combination of population 

grow.th and the demand fQr deaner water. The result.is large amounts of 

sludge produced by the increasing number and efficiency of waste treat­

. ment pla.nts. This sludge has characteristics similar to those of animal 
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manures and in many countries of the world it is used for fertilizer, 

However, in the United States there is an aversion to using the sludge 

for any agricultural purpose and especially on garden crops for human 

consumption. This aversion is in part because of the fear of passage 

of pathogenic organisms along with the, food. However, many people 

4 

just do not ,1 i ke the thought of eating vegetables grown on human waste. 

Therefore, as the price and scarcity of land for landfills increases, 

the disposition of this sludge becomes a problem. 

3. The third problem identified in western Oklahoma is water 

. shortage. This problem comes.from the fact that the area receives 30 

inch~s or less of rainfall each year, while the potential loss from. 

evaporation is in excess of 60 inches per year. This means great 

amounts of water are lost.from evaporation from irrigation operations 

and surf~c~ storage. Irrigation poses other problems also. The number 

of uses of water in the watersheds are causing buildups in the salt 

content (1).. This concentration is further increased by evaporation 

until there is danger of ruining .the soil by extending irrigation (2). 

Anoth.er factor is the price of irrigation water. Presently, water is 

undoubtedly the cheapest of all. commodities,. but the trend seems to be 

toward making those who use the water, clean it up before returning it 

to. the resource pool, WheTI this occurs, the farmer can'not afford to 

pay the price of water for most crops~ Therefore, there is a need to 

store water where it falls, but NOT on the surface. It.must be held 

underground, where evaporation losses are minima 1. 

4, The fourth proM em identified is 1 ass of organic matter from. 

the soil. In the ~rairie soils of Oklahoma the organic content, or 

humus, has decreased during the past 70 years of cultivation from 
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approximately four percent to one percent or. less in some cases. This 

trend is shown in Figure 2. If this trend is allowed to continue, the 

soil will resemble an inorganic conglomeration of elements so void of 

energy that it will ,not be able to hold itself in place, mucti less pro­

~id~ energy and nutrie~ts for plant growth. 

5. The fifth problem identified is the loss of top soil by ero­

si<an. It is not uncommon for as much as 200 tons of soil per acre per 

year to erode by a combinat,ion ,of wind and. water. In the Uniteq States, 

· four billion tons of soil erode each year from water alon~ .. One bil­

lion tons of this is lost to the ocean; the remainder is deposited along 

the watershed as sedimento The greatest single factor in water quality 

management in Oklahoma is·sediment. 

The aim of this research was to evaluate the effects of applying 

manure to the soil, to determine whether or not it is p~ofitc1ble to dis­

pose of organic by-products in the soil, and to evaluate the specific 

effect of the application of the organ.ic matter as regards the water, 

humus,, and topsoil loss in the area .evaluated. 



6 

5 

ILi 
U) 

4 C[ 
ILi 
...J 
ILi 
0:: 

z 
ILi 
(!) 

0 3 0:: Cloy 
I-

z 

~ 
z 2 

0:: 
ILi 
I-
I-
<( 

2: 
........ ........ 

0 -z 
C[ 

-------- ................. ------ ....... -
(!) 

0::: 
0 

Sandy --- -----------

0 
1890 1910 1930 1950 1970 1990 2010 2030 

Tl ME 

(NUMBER OF PLOWINGS) 

Figure 2. Decline of Organic Matter in Oklahoma 
Prairie Soil 



CHAPTER II . 

LITERATURE REVIEW 

A, Historical 

R.~vi ew of the _data from-. re-search that has been conducted throughout 

the world is.presented in ti/lo basic categories, First, the data per­

taining to .growth as a result of additives will be present~d, followed 

by data pertaining 1specifically .to changes in the physical prqperties 

of soil as a result of application ,af various substances, There is 

considerable varia¢ion in the data from the United States and Europe,, 

Some can be explained, and some cannot. The result of research con-. 
' 

ducted in Europe, in general, is heavily in favor of the application of 

organic matter to the soiL ThE: 1it~rature from Europe also lists far 

more specific data in regard to changes in soil as a result of addition 

of organic matter than does' the 1 i t~rature from American research. 

European research compares .chemical fertilizer with organic fertilizer 

which includ~s sludge, compost, and raw manure. There appears to be a 

resistance in the Unit~d States to th(;! use of sludge as fertilizer. 

While many states do not have specific laws, there.are rules set down 

by agencies,. such as the Public Health Service, prohibiting the use of 

sludge on cropland which is going to be ~sed to grow food for human 

consumption, These rules. are primarny to prevent passing pathogenic 

organisms from human wastes back into the human system. In addition to 

7 
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this, there is a reluctance in the United States to the. use of sludge 

from human·wastes as fe'rtilizer. It is diff.icult to pinpoint reasonS: 

for th"i,s. Once the waste has gone through a sewage treatment plant and 

has -been diges.ted in an aerobic or anaerbbic diges.ter, it is no longer 
"t .... 

human waste but rather·a large·conglomeration .of ·bac;;teria ·which has 

coagulated and settled. Therefore, the resistance cannot be justified 

scientific.ally since it has been confirmed that pathogenic organisms 

. are killed at temperatures .of so0c or higher (3). Since compost piles 

reac;h this temperature,'if sludg,e were used in compost it would be free 

of viable pathogenic organisms .. European literature al,so contain~ 
I . 

information regarding physical changes in the soil as. a. result of 

application of organics,: whereas infor!llat1on of this type from work 

being done·in .the United. States is very limi,ted. 

B. Chemical Analyses of Sludge Compo§':!: and Manure_, 

Table I is a listing of ·Chemical. analysis of sewage sl·udge based 

on -percentage of oven dry basis. ~a.ta ~produced at the Univer .. 

· sity of ·.California. The chemiqJ analysis of refuse compost and stable 

manure was produced in Europe and is on the percentage basis of the 

material without:drying. 

C. Composting in the.Netherlands 

Data pertaining to composting operations in the Netherlands, as 

'. reported by a compost working group in Amsterdam, mak,. specific refer· 

ence to the fertility of-the soil and breaks it down into chemical and 

physical fertility (4). Chemical fertility is that which pertains to. 

,the amount of nutritive .substances present in the soil, the capacity of-. 

the soil to. retain these substances, and the proportionate distribution 



TABLE I 

CHEMICAL ANALYSES OF SLUDGE, REFUSE COMPOST, AND STABLE MANURE 

la. Sewage Sludge* 

Moisture 
Ash 
Carbon . 
Organic matter 
Total N 
Protein N 
Nitrate N 
Total P 
P sol. in 2% acetic 
Tota 1. sulfur 
Calcium 
Mag:nes ium 
Potassium. 
Sodium 

% 

6o4 
74.8 
12.9 
22.2 
1.07 

.96 

.07 

.34 
0 17 
.22 

3.43 
.64 
. 74 
.39 

Percentages, oven dry basis. 

Micronutrients 

Iron 
Zinc 
Manganese 
Copper 

*'Source: Vlamis,. J., California Agriculture, July, 1971 

lb. Refuse Compost, Stable Manure* 

ppm 

23,700 
1.460 

520 
95 

Refuse Compost Stable Manure 

Moisture content{%) 
Vol ati.1 e sol ids (compustibl e matt~r )(%) 
Humus.carbon (inert carbon){%) 
Active organic matter (%) 
Alkali-soluble humus (%) 
Total nitrogen (%) 
Phosphor6us as P205 (%) 
Potassium as K20 (%) 
Calcium as Cao(%) 
Magnesium as. MgO 
pH value 

41 .o 
40.4 
5.8 

14.7 
4.8 
0.6 
0.36 
0.43 
5.3 
0.65 
7.6 

77 .5 
17A 

5~2 
12.3 
5.0 
0.4 
0.21 
0.43. 
0.9 
0.23 
7.3 

The analyses are based on the fresh material (wet weight). 
*Source: Hurter, H., IRGRD, Info,rmation Bulletin No .. 4, March, 1958 

9 
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between solid,, liquid, ,and gaseous,substances in the soil, Physica1 

fertility is :that which pertains to the size of the pores and the pro-
·. 

i 

portion ,of small pores which.hold.water compared to the large pores 

which hold air. Pore volume is largely dependent on soil structure-­

the ideal being designated as crumbly or friable, 

The working group found that good stable structure depends on bio­

logical activity which can be treated and maintained only by regular 

application of organic.fertiliz~r. Chemical fertility is cheaper to 

maintain by usi.ng chemical fertilizer, but physical, fertility must be 

maintained and can be maintained only by organic fertiliz.er since 

there there are no organics ,added to the soil by the chemical fertil i~ 

zer. Combining the chemical fertilizer with organic fertilizer has 

produced the greatest yield (4). 

This compost working. group reported the historical trend in Hol­

land concerning fertilizer application. In the 1900s, insufficient 

manure was available, so chemical fertilizer was introduced to meet the 

demand for increase in yield. At that time the soil was fairly rich in 

humus, so there was a great increase in yi.eld; therefore, the chemical 

fertilizer was hailed as being extremely effective, .and compost and 

manure became a thjng of the past because it was more diffi.cult to pro­

duce and handle. Physical fertility was.disregarded and began to 

decline unti.l yield could not be increased by chemical fertilizer. It 

was then noted that many adverse things were happening .. The first of 

these was susceptibi11 ity to short droughts, Al so noted was an increase 

in susceptibility to disease. Third, an increased susceptibilitf to 

erosion,by wind and rain was noted. It had taken nearly 50 years to 

realize the deficiencies existing in th~ soil, because of the gradual 



decline int-he organic content of the soil. 

D. Research in Germany 

German agriculturalists have conducted extensive research on the 

effects of compost on the soil. First, they point out that an aerobic 

compost is best since the higher temperatl.!res kill the pathogenic 

organisms; When compost is produced anaerobically, the temperature 

does not rise sufficiently. Dr~ Farkasdi found that in aerobic com­

posting piles, a temperature of 60°C or greater was.attained, and all 

pathogenic organisms were killed by the time the compost was mature 

(5). As a result of the research conducted in Europe dealing specific-. 

ally .with compost, it is concluded. that compost should not be consider­

ed a true fertilizer, but should b~ classed as a soil builder (6). 

The primary advantages of compost are: 

1. Improvement of soil texture, partict;!larly.of·heavy soil, 

making these soils easier to till. 

2 .. Increase in pore volume, which allows the soil to hold 

more water and more air. 

3. The prevention of wind and water eras.ion. 

4. The reduction of parasites and nematodes in the soil as 

a result of compost appl•icat:ion .. 

5. The addition of trace elements and nutrients which can be 

used by the plants" 

The research in Germany also affirmed the finding in Holland to 

the effect that it would take as long as 50 years to correct a defi­

cient humus condition. Compost, therefore, is an organic fertilizer 

. the main usefulne.ss of which lies. in its ability to mainta.in bacterial 
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life in the soil, Bacterial life makes more active the influence of 

trace element, and bacteria play the role of buffers in relation to 

nitrogen, phosphorus, and other minerals. They found that because of 

long term improvement, where improvement may be slight the first year, 

or perhaps the s~cond year, compost is being bought only when nothing 

else is available. The scientists in Germany believe that this is 

very wrong, and contribute the reason for this to the less spectacular 

results from the application of organic matter (6), 

In one set of trials conducted in Germany during the period from 

1949 to 1952, Steigerwald and Springer found that there was a 20-30 

percent increase in yield from compost made from refuse only {7). They 

also found a 45 percent increase in yield from compost made from muni­

cipal refuse and digested sludge. They also found that humus increase 

was greater from compost made from digested sludge. Therefore, they 

are beginning to experiment with mixtures of compost made from two­

thirds municipal refuse and one-third digested sludge. 

In another set of experiments conducted at the Bavarian Institute 

for Plant Culture and Protection using fertilizer containing nitrogen, 

phosphorus, potassium, and refuse composted with sludge, these results 

were found (8): For the short term increase--that is, the first year-­

the chemical fertilizer was best with a 57 percent increase in yield, 

while compost alone had a 45 percent increase in yield, The second 

finding was that over a long term, the compost had a sustaining effect 

whereas the chemical fertilizer had no sustaining effect, The concl u-
' 

r ,sion was drawn that compost should not be considered a fertilizer a 1 one 

but a soil builder, The seven-year trial showed a significant improve­

ment in the soil using two parts domestic refuse and one part dried 
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sludge in the composting process. 

Another set of data from research done in viniculture from Heil­

broun, Germany, shows these results (9): First, soil fertility is a 

function of its humus cont~nt, the clay humus·complex regulating all 

processes of the soil which act for the maintenance and enhancement of 
I . 

its biological activity. Specific results of their research were that 

the water conte.nt is regulated by rich humus content; second, humus 

enables the soil to hold more water and rel ease it more slowly; tests 

with compost and stable manure showed a 40 percent increase in water­

holding capacity. Third., they found that the absence of humus permits 

hard crusts to form which reduce absorption capacity ,and incre~ses the 

risk of erosion .. They also found that compost is better than stable 

manure for erosion control~ Not only did they find that fertility of 

the soi.l was increased and physical properties ,of soi.l enhanced, but 

the quality of.the grapes grown during the experiment was improved. 

Table II sho.ws that the increase in quantity of the grapes during the 

final year of the tests was 30 percent, and a quantity .Plus quality 

increase of 34 perc~nt~ 

In another trial they found that the increase. was not as signifi­

cant nor as sustained, but in a two-year rotation with fertilizer and 

compost they found that there was definitely an increase in the quan­

tity and qual Hy of yield during those years· in which the compost was 

added (1953 and 1955)c Another conclusion coming out.of th.is research 

from Heilbroun was that compost is cheaper to haul than raw manure 

· because it contains only 30 percent water, whereas raw manure contains · 

70 percent or more water. 



TABLE II 

VINICULTURE YIELD DATA* . 

14 

1952 (%) . 1953 (%) 1954 (%) 1955 (%) 1956 (%) 

Quantity 7 11 13 25 

Quantity plus quality 
(Kgo of sugar)' 

4 20 18 24 

(In comparable tr:ials at the IITr:ollinger'' vineyards, this 
steady increase in yield did not result but~ in' the year 
of compost application [~'ryear rot~tfon with fertn i z.erJ, 
more or less greater incr~ases in yield occurred): 

1952 (%) 1953 (%) 1954 (%) 1955 (%) 

·quantity . 3 16 4" 11 

Quantity plus quality 6 1 6 
(Kg. of su.gar) 

*Source: Klenk, E.' IRGRD, Information .Bulletin #2, April, 

, L Reforestation Experiment in DtJsseldorf, Germany 

30 

34 

1957 0 

In this experiment, screened compost was app1iec! to fallow. soil of 

large, shifting sand dunes" The land was barren except for patches of 

scrub treeso. The composting began in 1953, in amounts ranging fro~ 0 

to 30tons·per acre using refuse and refuse plus manure {lO)o The area. 

was planted with timber trees such as fir, pine, spruce, and otherso 

The growth as a result of the treatment is sh.own in Table II,L Listed 

are only three values of application but, as can be seen, the increase 

of growth is very pronouced with the increase of application rate of 

compost. 
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TABLE III 

TREE GROWTH AS A RESULT OF APPLYING COMPOST* 

Th~ height of pines on treated plots has been regularly observed since 
1954, and is given below for three application rates: 

Height of Pines (cm.) 

Tons/hectare · 1954 1955 1956 . 
45 (18 T/A) 8.6 1808 49. 1 
60 (24 T/A) . 9.6 28.3 58.2 
75 (30 T/A) l 0.6 33.5 75.0 

ln the spring of 1957, measurements were taken before the beginning of 
spring growth by the overall height method. The tallest plants on a 
continuous flat surface plot of two meters were measured, 300 plants 
were measured on each plot: 

Height (cm.) Diameter (mm.) 

Tons/hectare Range Average Range Average 
45 (18 T/A) 25-74 43.7 6-20 11. l 
60 (24 T/A) 30~88 57.1 7-20 12.5 
75 (30 T/A) 41-97 70.5 7-23 14.9 

Similar conclusions were reached with this method. All other 1954 trial 
plots showed results of growth that were in line with the above obser­
vations. 

*Source: Cosack, J., IRGRD, Information Bulletin #3, October, 1957. 

'. 
F. Effect of Compost on Root Growth 

Other research conducted at Amsterdam on·the effect of urban refuse 

on root growth showed some interesting results (11). Here, root growth 

in soil treated with compost at the rate of 30 tons per acre was com­

pared to the root growth in soil treated with nitrogen, phosphorus, and 

potassium fertilizer. They used the root box shown in Figure 3 to make 

the comparison. The soil in .one-half of the box was treated with com­

post; the soil in the other half was treated with chemical fertilizero 
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The plant was placed in the soil so that roots would grow down both 

sides of the box. The box was built so that pictures and measurements. 

could be taken of th~ root growth, and the box was cl.osed up in dark­

ness so the roots could grow. In every case, using .different plants, 

the root growth was substantially greater on the side using compost 

than it was on the side using ch~mical fertilizero They found that the 

ra:te of nutrient absQrption is proportional to total active root area. 

The ability to absorb nutrients is usually confined to the young parts 

of the root, usualJy having root hair, The volume of soil in contact 

with these parts is not. more than one.percent of total soil volume 

occupied by the root.· Therefore, roots must keep growing to tap new 

nutrient sources. 

TJ:fe moisture content of the soil is one of the most· important f,~c~ 

tors in root growth. Humus and other organic polymers can absorb more 

water and increase the .available moisture reserve.in the s·oiL They 

al so influence soil structure favorably by minimizing water loss and 

preserving the oxygen supply to the root,. thus reacting favorably on the 

root growth. Experience on almost all. son shows that those with .the 

highest humus co.ntent have the most. prolific growth. They also observed 

an increase 1n the as~imil~tfon of nitrogen, phosphorus, sulfur, .and 

potassium absorption by root co11oidso Thus., a part of this effect may 

' be ascribed· to an. increased permeability of the root membrane caused by 

~he humus. Again, the conclusion was drawn that humus and organic mat,. 

ter served more than a source of nutrients, and that perhap~ the most 

important value .of humus and orgi3,nic matter is as a soil conditioner 

and stimulant (11), . 



Go More Trials in Germany 

Considerable data ~vailali>le- as a result of ten years of soil 

improv,~ment tests conducted with :peat,. refuse, and sludge in Berlin, 
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· Germany (12). These trials began i,n 1920 with ,the lowland moors near 

Berlin being treated with Berlin co,mpost at the ra.te of 132 tons .per 

acre~. After 40 years, these ar~as were e~aluated. Soil samples :showed 

exceedingly_ favorable results on physical and chemical fertility to 

depths Qf 40 cm. Table IV_ shows the result of si·eve analyses made on. 

this soil •. As the table shows, the percentage of .small particles was 

much· greater in th~. area where refuse had been added. This means that 

the friabilitY of the soil was considerably better~ This effect went 

down-to the 40 centim~ter clepth. ·rt was also noted that-the :trace 

elements were increased an average of 700 percent in the soil as .a 

result of ref1;1se application.!This is an area that has to .beiobserved 

very carefully because an increase in some of the trace elements such 

as -boron,· ,copper, or zinc_ may have.an adverse effect on the soil, and 

some.plants will be sensitive to excess amounts of some of these trace 

elements~-

After the soil was. evaluated, the field trials ,were conducted on 
•. j' • 

plowed wasteland, nutrient-p~:>0r, water-permeable, alluvial sand of 

weakly acid reaction that had been primarily pine woods~ The soil wa~ 

classified at the beginning of th.e test and at the end of the test. 

Four different situations·were set up. - On plot 1 there was no treat­

ment; on .plot 2 they used.fresh peat; on plot 3 they used sieved refuse, 

and on plot 4, fresh sludge._ All plots received .. a complete fertilizer 
- , 

(40~36-80). All plots (durin~ 1950-51) received small am~~nts of fresh 

stable manure •. The peat, sieved refuse, and the fresh sludge were 



TABLE IV 

SIEVE ANALYSES* 

One kg. samples of fresh lowland moor soil 

Without 
Refuse 

Particle Size . % 

Surface: Sample 4 

Larger than 30 mm 13.3 
15-30 mm 25.9 
7-15 mm 40.0 
3.7 mm 15. 7 

Sma 11 er than 3 mm 5.0 

At 40 cm. deeth: 

Larger than 30 mm 21.7 
15-30 mm 19.7 
7-15 mm 36 .1 
3- 7 mm 12A 

Smaller than 3 mm 10.2 

At deeth greater than 40 cm.: 

Larger than -30 mm 78.4 
15-30 mm 12 .q 
7-15 mm 6.6 
3- 7 mm 1.4 

Smaller than 3 mm 0.8 

from Hertefe1d 

With 
Refuse 

% 

Sample 7 

6.4 
9.4 

17 :7 
36.2 
30.2 

2.3 
1L9 
22.5 
34.7 
28.3 

79 . .8 
1 o. Q 
6.7 
2.6 1 

1.3 

1 Ed. note.: This value was shown as 22.6%, which .was 
obviou.sly in error. 

*Source: Trinel, M., IRGRD, Information Bulletin #12, 
·'September, 1961 ~ 
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added only once, at the beginning of the trial. Table V shows the 

result of the 10-year trial as pertains to growth from the various soil 

amendments, As can be seen, the overall growth from the decomposed 

refuse caused an overall increase of 26 percent,. The peat showed an 

overall increase of 58 percent, primarily because of its longer-lasting 

effect. At the end of the 10-year period, there was evidence of only 

· the peat -remaining. During the period, it appeared that sludge had a 

longer lasting effect than the decomposed refuse. It was noted that 

in years·of unfavorable weather conditions.and generally low yields, 

the increase in yield due to addition of organic soil amendments was 

particularly high .. This was especially so in light soils. The conclu­

sion here is that the risk of yield is reduced by application of 

organic soil amendments. 

The physical changes in the soil occurring as a result of the 

various soil am~ndments are shown in Table VI. Note that the organic 

content of the soil as a result of peat is the only one that increased 

significantly over the 10-year period. That which had only refuse, 

maintained th- or~anic content, and that which had sludge, increased 

one percent over what it was at the beginning. Also note that the 

water percentage in the soil where peat had been added was almost 

doubled, and there was some increase in the other cases with refuse and 

sludge. The summary of the findings of this 10-year field t~ial is 

shown below:, 

1, Soil physical properties (humus content, hygroscopic moisture, 

water retention capacity, absorption capacity) were particularly 

improved by the peat. Chemical properties, on the other hand, were 

improved over long periods., particularly by the refuse and slijdge. 



TABLE V 

YIELDS IN SOIL IMPROVEMENT EXPERIMENTS IN REHBRUCKE* 
1947-1956 

1948 1949 1949 1949 1950 
Soil Winter Rye Winter Rye Summer Rye Oats Winter Rye 

Amendment 
~ Cwt ReL ~ Cwt ReL ~ Cwt Rel. ~ Cwt· Rel. Kg. Cwt Rel. 

ha % ha % ha % ha % ha % 
None 16 3.2 100 128 25.6 100 33. 1 6.6 100 24. 1 4.8 100 40,0 8.0 100 
Fresh peat - - - 161 . 1 32,2 126 78.3 15. 7 263 34 ,6 6,9 144 88,0 17.6 220 
Mature refuse 156 3L2 975 116.0 23,2 91 37.7 7.5 114 66.3 3.3 275 75.0 l 5.0 188 
Sludge - - - 164.2 32,8 128 63.3 12. 7 191 42.2 8.4 175 60.0 12.0 150 

1951 1952 1953 1955 1956 
Soil Winter Rye Lupine Winter Rye . Serradella Winter Rye 

Amendment 
_!Sg_' Cwt Rel. ~ Cwt Rel. ~ Cwt ReL .!$9.!.. Cwt Rel. ~ Cwt Rel. 

ha % ha % ha % ha % ha % 

None 115 23.0 100 35.0 7.0 100 75.5 15. 1 100 42.5 8.5 100 126.0 25.2 100 
Fresh peat 168 33.6 146 33.0 6.6 94 72.5 14.5 96 48,5 9.7 114 134. 5 26.9 111 
Mature refuse 115 23.0 100 34.0 6.8 97 87.5 17 .5 116 30.5 6.1 72 113.0 22.6 90 
Sludge 165 33.0 143 30.0 6.0 86 83.5 16.7 111 30.0 6.0 71 127. 5 25.5 101 

1947 - No results because of unusual drought. 
1954 - Plots were flooded for much of the summer and most test plantings rotted 
*Source: Trinel, M., IRGRD, Information Bulletin #12, September, 1961. 

N __, 
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TABLE VI 

SOIL ANALYSES AFTER LONG TERM GROWING TESTS* 

Plot 

Adjacent to , l 2 3 4 
Constituent Test Field 

Unfertilized Comelete Fertilizer (N' P, K, Ca) 
Without 

Untreated ·Amendment Peat Refuse Sludge 

pH in n-KCl 3o7 5.7 6.0 7.2 6. l Suspension 

Organic Matter, 
(after Kurmies) 

%C 0.64 0.8 L4 0.8 LO 

Hygroscopic Water,% 
(after Mitscherlich) 0.56 0.8 1. 71 0.89 0.99 

Max. Absorption 3.0 6.2 3.7 3.3 T-value in meg/lOOg 

Basic Deficiency 1.4 l. 6 0.0 1.1 T-S in meg/100 g 

Lime Needed 32,0 12.0 14.0 0.0 9.0 cwt/ha Cao 

P2o5 in mg/100 g 9.5 13 .6 1 l.4 22.1 18.6 

K2o in mg/100 g Ll 7.2 3.9 13. 7 7.6 

*Source: Trinel, M., IRGRD, Information Bulletin #12, September, 1961 . 
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2; Peat~ mature refuse, and sludge applied to poor soil appreci­

ably it$:reased the yields of winter and summer rye, oats, and potatoes, 

and improved the certainty of yield in dry years for prolonged periods 

· (about four to five years). 

3 .. These results, however, were. obtained by the application of 

1 arge amounts of organic ma teri a 1 , As a result of high haul and dis- . 

trib~tion costs of the soil amendments, refuse compost and sludge may 

be considered mostly for special crops, s.uch as garder:iing .and vini­

culture. The hi~h boron and copper contents of refus~ must always be 

kept in mind fa.r boron-sensitive plants to avoid reductions.in yield. 

4. The known unfavo~able action of the amendments used on lupine 

· and serradell.a cannat. be explained;. but may be traced to the high 

boron content. 

5. These experiments confirmed the well-known fact that organic: 

matter is.rapidly decomposed in light soils. 

The enhancement .of the soil •s physical properties was the most 

significant aspect of this research; Also (in paragraph 2 ~bove) it is 

specifically poin.te.d out that amendments were applied to .poor soil. 

This may be one of the reasons for .the great difference in data found 

in research conducted with the application of orga,:iic am,endments to the 

soil, If the soil is high in organic matter at the beginning of the 

test, the chances are that growth factors and the chemical and physical 

changes will be minimal. However;. if t~e organic content .of the soil 

is low at the beginning .of the test, one might expect to find signif'i­

cant changes in the yield data and in the chemical and physical prop-

. erties of the soil. Th.erefore, research conducted in the application 

of organic amendments should be started with soil known to .have a 
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deficiency in organic content. Note that thi.s had been the big argu­

ment given .in many cases for calling organic matter a soil co.nditioner 

rather than a fertilii,er. And after all~ this is why substances are 

applied to the soil--to·correct a deficiency that exi-sts. If a defi­

ci.ency in· humus exists; it cannot be corrected with chemic~l fer:tilizer,. 

Herr Andres, the agricijltural engineer from Bad Kreuznach {6) is 

quoted: -

11A principal concern today of agriculture _is the maj,ntenance 
of a good condition .of soi,1, which, despite apundarit appl i­
cati ons. of nutrients, is losing its Jerti_lity to an increas .. 
i ng extent, ·becoming sterile, and becoming more and more 
difficult to till .II. ' 

He also states that: 

11 Mahy of the symptoms of son r~gression are: loss of crumbly 
state, destruction of structure with re$ultant packing and · 

· loss of water-holding capacity,, .incr;easing stagnation and 
deficien~ aeration, re~uction in yield fne states that his 
experience has been that up to 22 percent loss in yield can 
be traced to the 1 ack _ of· htimus in the soi 1J , crops. become 
more susceptible to disease, and inc:rease ,n erosion. 1-1 . 

He.also states that.theregressipn is trac~d to one source: the 

loss of humus content in the soil. This loss, of humus content can be 

replaced only by some type.of amendment which has a high content of 

organic ,matter. · ln Germany, they have found that compost is the best 

at replacing the humus content in the soil because crop waste ik inade­

quate, animal waste is deer.easing, and green manuring is not possible 

for many crops growing .in Europe~ He states further that:. 

"The problem has stemmed primarily from preoccupation PY. 
agriculture with ·chemical problems and genetics to the 
neglect of physical and biological aspects of the soil. 
Compost and manure have their primary importance in the 
area of soil improvements and not as a nutrient source. 
Soil improvement is a very complex .and 1 engthy process. 
Because compost and manure may not show a.sharp increase 
in yi,eld, comparison between yield data can only res.ult . 
in false interpretations and erroneous conclusions. 1 



However, this has been done, and as a result, compost,and 
manure. are reported to have very little value in mqdern 
scientific farming. The result' has been a gradual decline 
in the humic value of our soil.· Research has positively. 
proven tha.t 1 ncreas i ng .the humt.rs: ~on tent of the so 11 . 
increases the soil .ferti:lity. 11 · 

These conditions·especially)1ave.been noted: the physical, bio­

l ogi cal, and. chemical! effects are ba l an~ed when the proper. humus con­

tent is prese.nt in· the soi 1 ; .organic matter a 1 so adds primary nutri -

ents; it also adds trace elements. · When organic matter is added, the 

friabi.1 it.Y of t~e soil· is ,increased, and parasites and plant disease 

reduced a It is well to make an.·observation·,here: the conditions ·are 

· varied, and every farmer may have, a ,different condition ,of soi.1 and 

differentneeds to be met:~· Therefore, it s~ems that every farmer 

should wa~t to tailo~ his own improvement-program. 

H. Effects of Urban Refuse.Compost 
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Research cdone·in The Netherlands on the long term effects of urban 

. tefuse compost resultec;I in the following .conclusions (13).: 

1. · The short'·terin eff~ct is a supply ·of m,itrients from.decomposi­

tl~n ·of -unsta,ble organic a1'd inorganic matter soon after th~ compost ,is -

appl ieq. 
2o The long term effects are based on the increase in the humus. 

p' • • • . • • 

content of the soil o · Humus content changes very slowly.•. It takes a . . . . 

long time :to decrease it~ and -it takes a _long time to increase it once. 

it has been reduced.. The humus, con.tent of tne various soils in The 

Netherlands. has. been· found to -vary from. two t© seventeen percent a · They 
' . . ' ''. . 

found that the· optimum for -potato growth was seven .. or .eight percent • 

. The· average content of Dutch soil. is about· four percent a As _an example 

of the restructuring of the humus content -of the soil, suppose a plot 
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of ten acres of soil has four perceryt humus and a topsoil weight of 

8,800 tons .. After an application of 8.8 tons per acre per year of 

stable manure over a 10-year period, also plowing in 1.3 tons of plant 

residue per acre per.year, the result at the end of the 10-year period 

would be an increase of only 0.35 percent, or a,total humus content of 

4.35 percent. At this rate bf application, it would take 150 years to 

build the humus content of this soil to 5.9 percent. 

3. The trialsalsb indica~ed that a principal function of humus 

· is moisture content regulation .. In this regard, and considering the 

length· ofS.tiine that it takes to· rebuild a humus, content of a so.il after 

it has been· depleted, one of .the agricultural ~ngineers from the Insti-

. · tute for Soil Fertility in' The Netherlands, stated: 

II It is criminal tb bUrn refuse instead of returning it to 
agriculture where all sources of organic manures are insuf­
ficient to maintair the 01ptimum humu,s value in the soil •. 
Thi·s should be giv~n. due constderation in deciding the . 

. practicability of methods of refuse disposal. 11 . 

I. Results from Japan 

An experiment was condu~ted in Japan .for growing vegetables on soil 
-,\I 

treated with refuse compost: (14). The soil was treated at the rate of 

three tons per acre and si~ tons per acre. The result of this experi­

mentation on the humus content of the soil is shown in Table VIL It 

is note.d th~t the only application which increased the humus content 

was with ~ix:tons per acre of compost which produced a hi.Imus content of 

3.06 percent, as opposed to 3.03 percent at the beginning of the exper-

men ta ti on •. 

This ,ser:tes of experimentations. conducted in Japan yielded the 

foll owing .results: 



TABLE VII 

pH VALUE AN~ HUMUS CONTENT OF SOIL IN· THE CELERY E~PERIMENT* 

Start of experiment 

After experiment, witho.Llt compost 

After experiment,· 3 TIA compost 

After .experiment, 6 T/A cempost 

After experiment, 3 T/Astablernanure 

After experiment, 6 T/A sta~le ma.nure 

Humus Content 
pH % 

7 .1 

4.9 

5.8 

6.7 

5.2. 

6.2 

3.03 

2.17 

2.55 

3.06 

2.20 

2.72 

*Source, ,Naka!'llura, 'N., IRGRD, ·Informatien Bulletin'Wl7, May, 1963 

1. The refuse campest proved to be equal or superior:- to stable 

manure. 

2. The addition of three tons·per acre gave a higher yield than 

that of six tons ,per acre of compost. T~e optimum amount is probably 

· about four· tons per acre. · 
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3. The compost .not only increased the yield in. sugar con.tent of. 

sugar beets, b~t al~o reduced the content of nitrogen. This reduction 

is favorable far sugar.proc~ssing. 

4. In an onion experiment, it was fo1,1.nd that a,concentrated 

application of compost,direc,tly in-the rows resulted, easily in an over­

dose. 

5. During the celery experiment; it was not.ed that the pH value 



of the soil is not increased but the acid effe~t of the necessarily 

high salt additions is neutralized. Maintenance of humus in possible 

only with compost and an amount of six tons,per acre is sufficient. 

J. Yield Data From the United States 
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Research conducted in the United States evaluating the utilization 

of farm animal waste has shown the following positive effects on the 

soil: 

1. 'Improves ·soil tilth. 

2. Increases water-holding capacity, 

3~ Lessens wind and water erosion 

4. Improves aeratJon in the soil 

5. Promotes growth of beneficial soil organisms. 

It is interesting to note that these five conclusions,listed ·above 

are synonymous.with the conclusio~s from the European experimentations. 
' 

. , However, quantification of these improvements have been difficult to 
~ ·. . 

find.· Th{sc.particular data i-s- from the resu,lts of a Ph.D. thesis con-
: ,. \ . 

I • . 

ducted .at the University of Wisconsin iri 1.970 (20). The yield pata . . . i 
,r<..,-· 

from this experimentation 'ts-, shown in Table VIII. Note that the growth 

from steer manure is considerably greater than that from dairy cow man-· 
., 

ure. Also, it isintere~ting to note that the greatest yield was a 
, • r 

result of.applying anaerobic liquid. This is liquid that hps been 

stored under anaerobic conditions ··until application time. The next 

best was from fermented manure. Fermentep manure is manure which is 

kept in large piles .until applicat.ion ,time. This is the same thing 

farmers used to do ·when they piled it behind .their bar·ns during the 

winter months and applied it in the spring. 



TABLE VIII 

EFFECT OF METHOD OF HANDLING OF DAIRY COW AND STEER MANURES 
ON AVERAGEYIELD AND RECOVERY OF N, P~ AND K BY ONE 

CROP OF CORN GROWN ON A MIAMI SILT LOAM IN POTS* 

Type of Manurea 

No m.anure 

Dairy cow 
Fresh 
Fermented 
Aerobic liquid 

Anaerobic liquid 

Steer 
-----rr"esh 

Fermented 
Aerobic 1 i quid 

Anaerobic liquid 

Yieldb 

g/pot 

lLO 

19. 5 
19 .5 
17.0 
22.5 

32.0 
32.5 
20.5 
33.0' 

Yield 
Increase 

% 

77 
77. 
!65 

100 

190 
190 
86 

200 

N 
Recovery b~ Croeb 

p .' 

% % 

44.0 19. 5 
42.0 22.5 
18. 5. 19. 5 
52.5· 29.0 

53.0 23.5 
54. 5 · 23.5 
13.0 14.5· 
65.5 · 27.5 

K 

% 

40.5 
49,5 
38,0 
48.0 

73.5 
74.0 
34.5 
83.0 

aManure applied at rate -0f 15 tons/acre on fresh-weight basis includ­
ing two percent oat straw. Tons/acre - tons/2,000,000 lb. of acre 
furrow·slice. 

bAverage of three replications and drying treatments; recovery values 
calc.ulated on fresh-weight. basis for manure .. 
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*Source: 11R, F; Hensler,, Cattle Manur~: l,. Effect on Crops and Soils; 
II. Retention Properties for Cu, Mn, and An. 11 . Ph.D, thesis, 
University of Wisconsin, Madison, 1970. 

Table IX shows the effects of different methods of handling dairy 

cow manure on the growth rate of grain and stover. Again, it is noted 

that a significant increase occurred in each case over a plot which had 

no manure applied; the greatest increase occurred when ferlT)ented manure 

was applied in the spring. This conf1irms .that the old farmer was a 

scientific farmer 6 



TABLE IX 

EFFECT OF TREATMENT OF DAIRY-COW MANURE AND TIME .OF APPLICATION TO 
ROZETTA SILT LOAM ON.A 3.-YE;AR AVERAGE YIELD AND RECOVERY OF•N, 

P, AND K BY· CORN AND ON RUNOFF AND NUTRIENT LOSSE.S* 
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Tlee.of Manurea 
Time of Yield Rec. b~ Cree; 

AeElication. Grain Stover· Increase N 
bu/a tons/a % % % 

No manure 63 2.0 0 0 

Fresh Winterd · 84 2.3 33 20 SA 

Fermented Spring 97 206 54 44 1 Oo7 

Anaerobic liquid Spring 91 2o3 44 45 lL.7 · 

aManure applied at rate of 15 tons/acre on fresh-weight basis. 
bThre\e-year average from duplicate plots; treatments followed by the 
same letter are not significantly different at the 10% level of· 
probability. 

cRecovery based on analysis of nutrients in fresh manure. 

% 

0 

27 

46 

30 

dManure applied on frozen ground in winter and incorporated in spring· 
before planting at the same time as manure applied in spring. 

*Source:· R. F. Hensler, "Cattle Manure: I.·. Effect on Crops and Soils. 
II. Retention,Properties for Cu, Mn, and An. 11 Ph.D. thesis, 
Univers.ity of Wisconsin, Madison, 1970. 

A result of the experimentation ,conducted at the University .of 

Wisconsin wa.s that in the case of alfalfa hay there was little or no 

increase in yield ~s a result of application of manure .. This indicates 

one of two things:, eithe.r some crops are not particul.arly benefited by 

manure application, or the humus.content of the soil was sufficiently 

· high at the beginhing of the experiment for that particular crop to 

· growo ··This is· cohfirmed by some of the data coming .out of Europe. 

Legume crops in particular were not affected signific:antly by the 
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addition of compost or manure~ 

One of the things that has been a deterrent to using organic waste 

is the cost .of transportation .. Michigan, State University conducted some 

tests to see if they could dry chicken manure to make.it easier to· 

handle (20). The results of .their experiments are that they could dry 

the man~re for il6.60 p~r ton, and that it could be sold for about $20 

per ton. This is nbt.much.~rofit, but at least the process pays for 
' . 

· itself, which may be what we will have to settle for in waste disposal. 

There are two obvious ·needs: first, research is required to find 

·· cheaper w~ys·to produce composted organic fe,rtilizer; second, society 

must be willing to pay the price, if necessary, for producing the high · 

quality food they desire to eat. 

K. Utilization of Municipal Organic Waste as Agricultural Fertilizer 

The University of California at. Berkeley conducted a test using . 

sludge mixed with che~ital fertilizer to compare the value -0f municipal 

sludge in agricultural uses (2). In these tests, Red Bluff loam was 

used and was fertilized .only with sludge .. The soil at, the beginning of 

the test was found to be very deficient in nitrogen, phosphorus, and 

sulphur. The rate of application of the s'ludge was 0, 10, 20, 40, and 

80 tons.per acre .. To compare the effects of the sludge with var,ious 

kind.s of fertilizer, there was a check plot run. There was fertilizer 
' 

added:. one with NPKS; one with PKS, one with NKS, and one with NP. In 

the. case .of the chemical fertiltzer addition,. there were severe defi ... 

ciencies when either nitrogen or phosphorus was not added, and plant 

grbwth was severely stunted, This would indicate first of all t~at all 

of the elements for a .balanced diet were provided with ,the sludge, 
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whereas, when using only the chemical fertilizer, the omission of any 

one of the nutrients may severely hamper plant growth •. Tests were also 

run with mixes of sludge, compost, and fertilizer. The resu~ts of 

these tests Will be summarized only. , 

1. - It was concluded ,that ,sludge can be disposed of in low fertil­

ity-soil w_ith no adverse effects at rates as high as 80 tons per acre, 

and .when composted, up to 60 tons per acre. It is possible it could be 

higher, but highe,r ra~es were not compared during lhis test. At the 80-

ton rate of sludge, some yield depression .was obtained when chemical NP 

or NPKS fertilizer was included. 

2 .. The organic wastes were found to be good sources .of nutrients 

and increased the yield of tomato, barley, and lettuce crops by sub.., 

stahtial amounts. 

3. · The maximum yields were obtained when the materials wer~ used 
• ' ' I • , • ,• • 

with the proper: rate and combination of chemical fertilizers. 

4. · The wide vari.ations of the physical and chemical properties of 

the organic wastes make it necessary that each waste be evaluated prior 

to- -appl icati_on., 

5. The agricultural utfl ization of sewage and garbage compost may 

provide a useful outlet for the disposal of n\unicipal waste products.-

L. Physigal Fertflity From Experimentation in Europe· 

The first series of experiments summarized are those deal,ing .with 

the influence on the physical ferti 1 ity of -soil application of compost 

conductep at Bad Kreuznach, Germany {21). 

Plant yield depends upon the use of proper amounts and balance -0f 

nutrients, .but these cannot produ,ce pl ant growth unless other growth 
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factors, .such as water, are present. In the Bad Kr.euznach area they 

receive 4Q.Q.;.450 millimeters (15 ... 17 inches) of rainfall per year. This 

rate .of ra i. nfa 1.1 co111pa res with the arid sou~hwes.tern United States. · 

Therefore, the area is exceptiona.1 ly _dry and the most critica1. growth 

factor is wa.ter. The area .may be dry for four months, then have torren­

tial rain which causes severe erosion on steep, bare slopes which ~re 

used for growing grapes. For several years, the farmers of :Bad Kreuz~ 

nach applied only organic fertilizer: to the vineyards, but as avail"' 

ab,ility of-animaJ was.te decreased and commercial fertiliz.er became 

· available; methods ·of ferti-1 ization· shifted. Before long, erosion 

· began to · occur and· yields. began to be inferior. in both qua 1 i tY and 

quantity. This· became so severe in places .that· it was concl uged that 

it is impossible to operate vineyards ·successfully -without applica~ion. 

·of organic mattiar to keep the soil healthy and active •. 

After ·realiztng the· originrof the problem,. the people of Bad 

Kr-euznach opened a cotnpost plant to increase availability of or,ganic 
. . 

matter., In 1959," tes.ts began to quantify .the effects of organic ferti-

1 izeir in _the soil. • These studies ,were aimed primarily at .the physical 

properties of the soil. 

The first stgnificant ·findi-ng was during the summer of 1960, an 

exceptionally dry .year. Samples ,of soil ·ta~en between the. rows of vines 

yielded co.nsiderablY Mgher moisture content pn -the plot which had been 

treated with .compost than those .which. were not J:reated with compost~ 

These results·. are. shown in Fig_i.lre 4. Note ~specially the si~nificant 

increase in moisture content from July to November. 
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1. Improvement in Soil H~alth. 

The following improvements in the overall health of the soil were 

noted as a result of applying compost: 

ao In order for the soilto possess a good physical fertility, 

there must be a proper balance between the solids, the air, and the 

water in the soi 1 pores. 

b. While the ratio of pore volume in soil substance is favorable 

in sandy soi 1 , some i nferti 1 e so i1 s 1 ack the abi 1 i ty to retain moi s­

ture, and the pores are filled largely with air. 

c. Loamy and clayey soil possess the ability to retain water, but 

the air may be so low that roots carinot grow. 

d. A healthy, fertile soil contains soil· aggregates caused by 

microorganisms and small animals which produce a friable soil. In such 
' 

soil, there are very fine capillary pores with larger connecting pores6 

The micro-pores take up moisture by capillary action and store it for 

plant growth. The macro-pores, on the othe~ hand, are filled with air 

·but also become temporarily filled with water after heavy rains. 

e. When compost was added to the soil, an improved soil structure 

occurred. The soil was more crumbly and loose. 

f. There was also marked reduction in volume of solids to pore 

volume ratio. The effects of this reduction ,af solids ratio is shown 

at the top of Figure 5. The figure shows that the air volumes were 

increased greatly in the soil containi~g 33-38 percent moisture by 

weight. A phenomenon of major significance is the respiration of roots 

and the avoidance of damage from chlorosis. In addition, ~he increased 

pore volume led to an increase in moisture retention w,hich, in the 

middle layer tested, was from 24.8 percent to 29.5 percent by weight. 
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2, Reduction of Erosion 

In the spring of 1961; two samples were taken four weeks apart 

which showed that soil struc~ure and the various components were not 

constant,· but varied greatly. All plots were. cultivat.ed on April 26. 

Compost . plots were found to be much eas .i er to work. One sample was 

taken on May 8, before any compaction\ had oc~1.1rred. The ana ly? is of 

thi.s sampling is shown at the bottom left of Figure 5. Note the 

decrease in so.lids and increase in water and air. · The soil held water· 

for a longer.time .when treated with compost. 

Samples were taken in the same ~lot on June 5, after the ground 

had been. trampled during working and 3.9 inches of gentle rain had 

occurred. The analysis of this soJl is. shown at Jhe bottom right of 

FiguY'.e 5. Note the water vol·ume is the same as a result of the com­

paction,, but the air space in the soil treated with compost·is still 

greater. Th'is is a phenomenon that has a significant effect on the 

ability of the root.to obtain oxygen fer growth. 

3~ Increase in Permeability , 

Permeability ,tests showed that water percolated through the soil 

tr1eated with compost much. faster than through untreated soil (21 L In 

a perio~ of one hour under saturat~d conditions, the water ran through 

10 centimeter deep. soil samples of 1,000 cc's volume, as shown in 

Figure 6. Note the increa!ie in the amount of water that flowed through 

treated .soiL The .signi,ficante of this phenomenon may have its greatest 

effect in the a~.flity of the soil to ab.sorb water fr9m rainfall rather 

than allowing it to run off. This might be very beneficial in areas 

where. there· are infr,equent but heavy rains as often occur. in southwest­

ern United States. 



~ 
~ 

~ 

:::> 
~ 
i...: 

:t 
<::) 

it 

l!j 
i...: 

~ 

10 

9 

8 

7 

6 

5 

4 

3 

2 

UNTREATED COMPOST 

200 Ton$/HA. 

(Bl Tons/A.) 

COMPOST 

400 Tons/ HA . 

(/62 Tons/A .) 

Figure 6. Permeability Tests (Reference 11) 

38 



39 

It wa,s also found, as a result of tests, that soil erosion was 

1 , greatly reduced by compost. In May, 1960, 1.5 inches of rain f~ll in a· 

two-hour period on a 30° slopeo The comparison of the runoff of soil 

fro.m these plots is shown in Table X,. Note that when the soil was 

treated with compost, the soil erosion was reduced dramatically over 

that which had no compost added. Again, this phenomenon could hav.e a 

significant beneficial effect in the southwest to reduce part of the 

heavy soil ero.sion from sudden, severe rain storms. 

TABLE X 

EFFECTS OF COMPOST TREATMENT ON RUNOFF AND EROSION* 

Eroded Soi 1 
Compost. Total Runoff. dry .w.ei ght FINES (2mm) 
{T/ha) . (liters/elot) {WE lot) {kg/ha) % 

o· 0 102.5 30.26 12,607.4 54.9 

. 2UO {80 T/A) 58.3 21.25 8,852.6 45.1 

400(160 T/A) 3.9 • 15. 64.4 38.5 

Note: Each plot consisted of 24 sq. m. of sl-0pe ar~a. 
20 sq. m~ of ~oriz6nta1 area 

*Source: Banse, H. J. , IRGRD, Jnformation Bulletin #13, December, l 96L 

The beneficial erosion control shown above also. was verified by 

experimentation in Switzerland during 1958-1961. The results of this 

experimentation are shown in Fi gur.e 7. 

As indicated, the average erosion loss from the plot treated with .. 
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four ·cubic me_ters of compost per 100 square meters of vineyard amounted 

to only six percent of that of the untreated plot. The summary of-the 

results of the effects of compost application obtained from the. res~arch 

conducted in Switzerland_ is as follows: 

a. Improvement in soil structure with greater friapil i ty and pore 

volume resulting in improved moisture distri btJtion and_ exchange of gases o 

b o · Increased ,moisture ,retention capaci.ty combined with reciuct,ion 

in soil drying due to_ drought .caused by :the water-retainin,g property of·. 

hu~ic substances~ 

c. Increased retention .of plant nutrients and trace elements in 

the son (lue to the ion ,exchange properties of ·the humus ·(slower and 

more uniform rel ease of nutrient to the crop, reducing 1 eaching) o 

do Prevention of erosion by the addition of humus in creating a 

more crumbly soi r texture. These effects . of humus increase proportion­

ately to. its ,content in. the soil up to a certain pointo The e.ssential 

aim of compost application is, <therefore, in raising or at least main­

taining the humus level in the soil. 

e. Pro~otion of pl ant· growth by providi.ng regul at~9 available 

nutrients and trace elements (fertilizing action of compost, particu­

larly of refuse-sludge compost) and. by enhanc~ment of.the micro~ and 

macro-fauna of the soil (formation of (;ertain organic compounds which 

can be assimilated b';)" higher plant,s and stimulate growth; prevention of 
soil parasites often appearing in soil devoted to a single crop; fix­

ation -,of mineral nutrient elements into: a form usable by plantsL 



CHAPTER III 

MATERIALS AND METHODS 

A. General 

To accomplish; the objectives of this study, four columns of the 

same soil ·were used. One column was untreated, one column-was treated 

with ,cherni cal f ert i 1 i zer, the other two with raw dairy cow manure, . 

· Moisture content anc;I movement were monitored with tensiometers placed 

at four depths. The water at these four depths was sampled periodically 

for. ammonia and nitrate concentration, . All tanks were sodded with U-3 

Bermuda grass, and plant growth was monitored by daily measurements 

ancl by periodic cutting and weighing. ·. The chemical. oxygen demand {COD) 

of the water at the bottom of the columns was monitored to determine the 

effectiveness of the soil column· in removing the COD, The data ~~om­

pared to determine changes in the physical, chemical, and biological 

properties of the soil, The soil composition was measured before and 

after the period of evaluation. 

For the purpose of simplifying data recording, the following nota­

tion applies: 

Tx/y - Tensiometer reading in tank 'x' at level 'y', 

Sx/y - Sample of water taken from tank •x• at level 1y'. 

Tank l (Tl) was the standard with no additives. 

Tank 2 {T2) contained chemical fertilizer, 60# N/acre, 
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Tank 3 (T3) contained 50 tons/acre of manure. · 

Tank 4 (T4) contained-10 tons/acre of man1,.1re initia;llY,, with 

10 tons/acre added, at T plus 54 days; 

Level O was· the surface of the soil. 

Leve 1 l was three inches below the surface of the soil . 

Level 2 was nine inches below the surface. 

Level 3 was 15 inches below the surface. 

Level 4 was 24 inches below .the surfaceo 

Level .5 was· 27 inches below the surface and was the bottom of 
I ' . 

the soil. 

B. Apparatus 
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A sketch and picture of the apparatus used for thi_s .study are 

shown in Figl.lre 8. This apparatus was designed and bunt in the Jab. 

It was very functiohal _in general. Some of the difficulties are dis- -

cussed in' deta i 1 below: · 

1. Tanks 

The tanks were constructed of 3/8-inch plexiglass sheets fused 

together with dichlora,ethane. ·. The tensiometers and sampling tubes were 

installed Jt·the depths shown in Figure 8. The tensiometers and samp­

ling tubes were installed in such way that maximum separation was pro-. 

vided between the cerarntc·cups of each to reduce fnterferences 

The primary limttations :1n these tanks was the fact that the bottom 

of the column of soil had a soil-to-air in,terface which does not occur 

in nature. ihe attempt to duplicate the effect of subsoil was fina.11y . 

abandoned because of the complexity o'f the interactions of the soil, 

Since this study was primar:ily ,a comparative ,analysis of chqnges, this 
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limitation is not considered prohibitive •. 

2. Tensiometers 

The tensiometers :were constructed by bending a 7-inSh length of 
! . l 

3/8-inch plexiglass tubing into. an L-shape, then securi·n,g a 3/8 x 1 1/8-

inch porous ceramic cup to 'b\ie tube, using epoxy glue. The indicator 
,, ' . 

· col um" was.made by inserting a 3/32-,inch nylon tupe in :a small hole in 

the plexi.glass tube and s,ealing .with epoxy glue. The bottom of the 

indicator tube was extended to the base of the apparatus and into a 

bottle of indicator fluid open to the atmosphere. The .tensiometers 

were tested by submerging'in wc3,ter and applying a pressure of 5 psi to 

the tube and watching for bubbles. The ceramic cups were tested by 

applying 15 11 Hg vacuum to, the submerged cups and accepting only those 

that allowed at least l ml/min of, water to flbw through (cup conductancei 

Tetrabromoethane (C2H2Br4) stained with granular iodine was used 

for the indicator fluid during most .of the study. Extreme care was 

required to prevent the fluid from comihg in contact with the plexi­

glass tubing, since bromoethane dissolves plexiglass. This fluid was 

acceptable, but the color faded after a few weeks and th~ interface 

between the. fluid and the water in t~e tensiometer was difficult to 

find for measurements. 

Mercury was used for the indicator fluid when the unit was sub­

jected to drought conditions during period V of the study. Less 

accuracy is ac,h1eved with the mercury beca.use of the sma 11 daily 

changes in the fluid height, and the limitation of the tensiometers 

seems to be about 22-24 inches of mercury; or slightly less than one 

atmosphere of moisture tension,. Bubbles forming at these readings 



interfere with the col umr:i height, ~ven .when cooled, boiled water was 

used in the tensiometers. 

3. Sampling Tubes 
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The water sampling tOb~s were made by gluing a porou/i ceramic .. 

cup as desoribed in section 2 above to a 6-inch length of 3/8-inch {O. 

D.) plexiglass tubt~g. These samplers were then te~ted by submerging 

them in water and applying 20 psi.pressure tq the tube. Only those 

which did not bubble w~re used •. Cup conductance tests were carriei<! out 

as in section 2 above, .and only those with a conductance of l ml/min or 

greater were used. 

These tubes. were satisfactory, but some did fail at the epozy glue. 

poi.nt. Four hours were required, to draw samples when the soil was 

saturated, and 12-18-hours required when the moisture deficiency had 

reached 300 cm of water. To draw the water from the soil, 1511 Hg 

vac.uum was ~pplied to stoppered fla~ks into which _the water could drai.n 

by gravity flow. 

4. Lighting.and Heating 

A bank of 'grow 1 ites '-was used to provide .a 1 ight intensity of 
' 200 footcandles at the surface of the soil. These lights were auto-

matically timed to provide ,light 14 hours per day. The temperature in 

the room·was controlled tQ provide a range of temperatures between 2a0c 
' 

at night to 34°C during the day. 

C, · Materials . 

1 • Soil 

The soil selected for the study (clay loam) was taken from an 
. . . . 
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uncultivated field four miles ;east of Stillwater, Oklahoma. The field 

had. broom sage as primary cover •. The soil analysis is discussed in 

detail in Chapter rv~ 

The four tanks were placed on a.vibra.tor and alternately filled 

with :shovels-full to provide maximum uniformity .. When the tanks were 

filled to three inches below the top of.the tank, the soil was wat.ered 

with three inches of water and vibrated for 15 minutes. The tanks were 

then ci l lowed to set for 12 hours. The vi bra tor was turned on again for·. 

five .minutes to further settle the soil. The tanks were then refil 1 ed · 

·· to three inches be 1 ow the top with soi 1 , watered with three inches of 

water, vibrated for-30 ininutes, then allowed to set for 15 days before 

adding the fertilizer and manure. This method of filling was selected 

to provide a discontinuity intended to simulate the d,iscqntinuity which 

. occurs when the soil is cLiltivat.ed. 

2. · Manure. 

Fres~ dairy cow manure that had been piled in the open for two 

days was used. The manure was throughly mixed to ensure m_aximum uni­

fo.rmity. The manure was weighed and that which was not used immediate,ly 

was frozen fo i:or ton/acre packages. The analysis of the manure is. 

shown below: 

N 
(% of dry wt) 

2.05 

CA 
(PPM) 
3, 100 

3. Fertilizer 

p 
(PPM) 
8,968 

Mg 
(PPM) 
4,350 

K 
(PPM) 

25,875 

Fe 
{PPM) 
3, 125 

COD 
(PPM) 

58,850 

Zn 
(PPM) 
112 

Mn 
(PPM) 
218 

The fertilizer applied was ammonium phosphate, 18-46-0o 
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D. Methods 

l •.. Apparqtus Preparation 

Four·tanks with a 27-inch colum11 of soil were used for the study, 

When it appeared that the soil .had settled, the tensiom~ters were 

inserted horizontally, six inches into the soil.: The sampling tubes 

were inserted at the same lev~l at ;an angle to, allow gravity flow of 

the water drawn into :the cup. The water was collected in small flasks. 

as shown in Figure 8. A rubper .stopper between the plexiglass tubing 

and the wall of the tanks sealed the tank against moisture loss and 

permitted the tubes to flex as the.soil settled. 

When the' soil wa,s dry enough to cultivate, the fertilizer and man-
, 

····~re were added to the respective tanks and the .. top three inch.,es of soil 
' ' 

in all tan.ks was cultivated. The fertilizer was added to T2 at the 

· rate of so· pounds of nitrogen per acre. The manure was added .to 13 .and 
I 

14 at the rate of 50 tons/acre and 10 tons/acre, respectively, Tl was 

used as the standard or,blan~ with no additives exc;ept water. 
I 

Time ,during the study was. measured from the day the soil: was 

treated with the fertilize~ and manure, or T--day. The time of the 

study was further divided into. periods,. each period including a water­

ing, a growing period, and a grass cutting. 

2. Reac:tion Prior to Planting 

The first phase of the study from T to T+27, or period l, eval­

uated the response of :the soil af,ter fertilizer and manure had been 

applied but before the grass was planted. .This period corresponds to 

the actual time between soil preparation and planting, or while the 

land is idle. The response during this time probably indicates the 
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response that can be expected from soil that is only partially covered 

by a crpp, such as the early days of corn. 

The tanks were watered with three inches of water on T+5. In all 

cases, the waterings were accomplished by pouring one inch of water 

alternately into the four tanks until each had received three inches. 

Tap water was used in all cases. The infiltration rate was determined 

by measuring the volume of water remaining in the tanks with increasing 

time. Water in the soil was sampled for nitrate concentration on T+5 

and T+6, and for ammonia concentration on T+9 and T+lO. The soil sur­

face conditions were noted during this period. 

The tanks were watered again on T+26 with three inches of water. 

Infiltration rate and permeability were again measured. The water in 

the soil was sampled for nitrate and ammonia concentration on T+26 and 

T+27. The moisture tension in the soil was measured daily by recording 

the tensiometer readings. 

3. Reaction After Planting 

The next phase of evaluation was from T+28 to T+88 and included 

periods II, III, and IV. All tanks were pl anted with U-3 Bermuda grass 

sprigs on T+28. Daily tensiometer readings were recorded. When any 

tensiometer had reached its limit, the tanks were all watered with 

three inches of water. This occurred three times during this phase--at 

T+54, T+71, and T+88. Sampling of the water in the soil was conducted 

at various.times. The pattern of sampling was varied to detect any 

variation in concentration of the nitrates and ammonia. Continuous 

sampling was not done because it was desired that minimum disturbance 

of the moisture pattern occur. 
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I 

The height of the tallest sprig of grass was measured frequently 

to check for correlati,on between growth and biological, degradation 9f 

the additives ,in the soil: ·· Just prior to ea.ch watering, the grass was 

cut to the level __ of the tank (approximately 3-.3~,inches remainingL 

The grass was weighed wet, dried at .103°C for 24 hours, and weighed 

again, , Protein content of th~ dried grass was then determined c 

The reduction of the COD' of the manure by the soil was measured 

by measuring the COD of the water that flowied through the tanks, as 

well as the COD of the water at 1 evel s 3 and 4. 

· During this phase it wa,s noted that roots were dying. at the edge 

of the tanks because cif the light, and that a rapidly growing treen 

substance, presumed to be algae, was growing between the. tank .walls and 

the soil. To p'i"event both' from occurring, the tanks were surrounded on 

all sides with ,paper to block.the light. 

At T+54, 10 ton/acre of manure was added to. T4 by dissolving the 

mijnure in the first inch of water added during the watering proc~ss. 

4. Re~ction During Drought .Condition 

Beginning with T+89,:period V, the tanks were not watered there­

after to evaluate moisture retention ,and growth under dreught condi­

tions.· The indicator fluid in the tensiometers was changed to mercury 

to extend the range of the tensiG>meters. Daily tenspometer readings 

and .tallest sprig measurements .were made during the period,\ normally 

both morning and nfght. Three samp11ngs of the nitrate csntent of the 
i 

water in the soil was.made. The concentration of the ammonia, in the 

soil was decreased to the point that tests were not sensitive enough to 

detect other than a. tracec Therefore, ,ammon,ia content measurements 

were discontinued during .this p.eriod •. 
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The grass was cut and weighed at the end of the period. Soil 

samples to determine ~oil ,composition and moisture properties were 

taken at th,e end of this period. Root growth was al so observed as the 

soil was removed. 

E. Experimental and Ana l,Yti cal Procedure 

1. Nitrate-Nitrogen. 

The nitrate concentration of the samples was determined using the 

Brucine Method, ,as .explained in Standard Methods, Section 213C (18). 

The limitations of this test are recognized. However, since the con­

centration of nitrate in .the sample was high,. the accuracy of 'the test 

is con$idered adequate for this comparative s~udy. 

2. Ammonia-Nitrogen 

The ammonia-nitrogen concentration was determined by a method 

developed by Niss .and described by Eck.er and Lockhart (32). Two 

reagents were used. Reagent A contained: 4.7 grams sodium. citrate, 

1.7 grams citric acid, ,9.6 g.rarrfs phenol, all dissolved in distille.d 

water and diluted, to 480.ml, Reagent B contained 6.0 grams boric acid, 

H3Bo3, 8.0 grams sodium hydroxide, 30.0 ml c0mmercial Clotox bleach, 

all dis.solved in distilled water and diluted to 200 mL To 1.0 ml 

samples were added 5.0 ml of Reagent A and 2.0 ml of Reagent-B. The 

samples .were mixed, heated in a boiling water bath for five minutes. 

The samples were then cooled rapidly with ice water until they were at 

room temperature, The optical density of the sample was then measured 

at a wavelength of 615 millimicrons against a reagent blank U$ing a 

Bausch and Lomb S pectroni c 2 O. The standard curve was developed 
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using a standard solution .of 500.0 mg/1 of ammonium sulfate, (NH4)2so4, 

(136.2 mg/1 NHrN), diluting to various known strengths and measuring 

the percent conductanc,. 

The reagents used for this test may.be made in advance, but it is 

very important that they bethoroughly agitated prior to each use. 

3o Chemical Oxygen Demand (COD) 

The COD of the effluent at levels 3, 4, and 5 and the COD of the 

raw manure were determined using th~ procedures .. 1 ist~d in Section 220, 

Standard Methods (31). 

4. Moisture Content 

Moisture content in the soil at the various.levels was determined 

by measuring the height of the.indicator column and converting this 

reading to soil moisture tension expressed in centimeters of wateri 

This moisture tension was then converted to moisture content using 

moisture release curves. Enough core samples ,were taken to provide 

moisture release data for·O, l, Oo33, 0.5, 1, 5;, and 15 atmospheres. 

The 15 atmosphere data. was.not needed, since the limit on the·tensio­

meters proved to be about.one atmosphere. It was later discovered that 

more moisture release data. at pressures between 0.05 and 1.5 atmos­

pheres would have added accuracy to the moisture release curves" 

5 .. Soi 1. Analyses 

All soil analyses were conducted by the Soils Laboratory, Agronomy 

Department, Oklahoma State University,, Stillwater" The soil was analyz­

ed at the b~gihning of the stOdy and at levels 0, 2, and 4 at.the end 

of the study, 120 days after treatment. 



CHAPTER· IV 

RESULTS 

A. Soil Moisture 

1. Water Infiltration Rate 

Figure 9 is a plot of the infiltration rates of each of the soil 

columns as a function of the time elapsed after the treatments were 

added. As can be seen, the response o.f all of the tanks was about the 

same for the first two waterings. Tl exhibited a general increase 

throughout the duration of the study. T2 also increased gradually 

throughout the study, except during the final period when a colony of 

ants made vertical paths in the soil that allowed water to flow more 

rapidly as long as it was ponded on the surface. The dotted 1 ine in 

Figure 9 is an estimate of what the infiltration rate was disregarding 

the effects of the ant paths. 

The infiltration rate in T3 incr~.ased throughout the study at a 

greater rate than Tl. During the last two periods (after T+54} this rate 

exhibited a marked increase over beth Tl and T2. 

The infiltration in T4 decreased during th~ third watering, when 

the additional 10 tons/acre of manure was mixed in the water and.applied 

to the soil, However, during the last two waterings, the infiltration 

rate increased sharply and exceeded all others, including T3. 
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2, Water Percolation Rate and Free Water 

Figure 10 is a plot of the rate of movement of the water through 

the soil of the four test columns. The percolation rate is plotted as 

a function of time measured from the day the tanks were treated with 

manure and fertilizer. Note that all tanks exhibited a similar pattern 

until T+54, with T2 having a slightly greater rate than the others. / 

At the fourth and fifth waterings, an· rates increased, including the 

standard, Tl. The curve for T2 is shown with a solid line for the 

actual measured value and a dotted line for the estimated value had it 

not been for vertical paths, made by ants, which permitted rapid move­

ment of the water as long as there was ponded water in the tank. 

Note the difference in the reaction of T3 and T4 during the last 

two waterings. The percolation rate in T3 increased less than stand­

ard, while T4 increased significantly more than standard •. This differ­

ence occurred after the addition of 10 tons/acre of manure to T4 during 

the watering at T+54. The amount of free water expressed as percent of 

standard is shown below. 

No. of 
Watering 

1 
2 
3 
4 
5 

Percent of Standard 
T2 T3 T4 

108 
104 
104 
104 
102 

105 
123 
104 
l 02 

95 

106 
99 
89 

109 
100 

Figures 11.A through llE are plots of the free water, or effluent, 

from the bottoms of the tanks as a··function of.time measured from the 

moment water was ponded in the tanks. Note that the relation of T2 

with the standard was essentially unchanged throughout the study, and 

that more free water was measured in T2 than the standard, Tl. 
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The relationship of T3 to the standard varied considerably, i ndi-, 

eating a change in the soil as a result of the application of the man­

ure. , The amount of free water in T3 at the fir~t watering was slightly 

more than in Tl, increased to significantly more at the second watering 

then began a gradual decrease during succeeding waterings until the 

free water in T31 was significantly less than in Tl at the fifth watering, 

T4 exhibited even more oscillation than T3, althqugh not as, gr.eat 

in magnituda. Note that the amount of free water in i4, with. respect 

to Tl, decreased at waterings 2 and 3, increased at watering 4, then 

decreased at watering 5. The additional manure was added to T4 during 

watering 3 at T+54 days. 

3. Moisture Tension and Moisture Content 

Figures 12A through 12H sho~ the moisture t~nsion. Note that TZ 

is always higher than Tl, and that T3 is always lower than TL T4 

moisture tension oscillated., During period Jl, tension in T4, began 

lower than Tl but crossed over. During period IV, the opposite was· 

true; the tension began higher, crossed over, then went lower. During 

period III and period V, tension in T4 was consistent and well below Tl 

{10 tons/acre were added to T4 at the beginning of period III). 

The greatest contrast in moisture appears between T2 an.d T3. The 

moisture tension in T2 was three to four times the tension ,in T3. 

It is also noticeable that the moisture tension did not increase 

in T3 and T4 during the night, when the grass was not growing. This 

began to be especially noticeable during periods IV and v~ This phenom­

enon occurred in Tl and T2, but not nearly so noticeably and there was 

no time when tension. did not increase some during the night in these 

two tanks. 
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Note in Figures 12F, l2G, and l2H, that the relationship between 

the moisture tension at levels 2, 3, and 4 began to change. For 

instance, the T3 curve began to move up until at level 4, the tension 

in T3 was higher than all others and all three treated tanks had hfgher 

moisture tension than standard. 

To correlate the moisture tens{ion to actual moisture content, 

moisture release curves were developed. For comparison, the curves for. 

levels O and 1 are shown in Fig~res 13A and 138. Note that the shape 

of T3 is distinctly different at. the surface where the manure was con­

centrated. This difference disappeared below level 1, and the shape of 

the moisture release curves was generally the same. There was a dis­

tinct difference in the shape of T4 at level 1, however~ Note that at 

zero tension the moisture content in T4 was 23.5 percent or 1.5 percent 

higher than any other. This does not seem to correlate with tensio~ 

meter data for the-same level. However, a plot of moisture content at 

field capacity for all tanks shows that T4 held more water at level 1 

than all others. 

Figure 14 shows that at the surface where manure was concentrated, 

moisture in T3. was 22.3 percent and T4 was 19.2. percent. T:h·e moisture 

content in T3 at field capacity at lower levels is shown to be generally 

lower than all other tanks. This phenomenon is verified by Figure 15, 

which i~ a plot of the moisture content versus depth of soil. The 

moisture differential in the four tanks from surface to level 4 is 

shown below: 

Tank# 

1 
2 
3 
4 

Moistures Differential 

13.82% 
13.03% 
6.11%· 

11.35%· 
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The moisture difference between the surface and level 4 in T3 is less 

than half the spread for Tl and T2. 

The moisture tension at each tension reading was translated to 

actual moisture content using moisture release curves. The moisture 

content curves are plotted in Fi~ure 16A through 16E for level 1 in all 

tanks. The same relationship exists between Tl, T2, and T3, as 

occurreq in th.e plots of moisture tension. The correlation betw.een 

tension and moistu're content· is positive. Where the tension in T2 was 

three to four times that in T3, the moisture content was 2,3 percent to 

3.3 percent less in T2 than in T3. This means that T2 had lost between 

13.1 percent andl8 .. 8 percent more moisture than T3. 

The relationship between the moisture content in T4 and the other 

· tanks was about the same as the moisture tension during periods I and IL 

However, during periods III, IV, and V, there was a distinct change in 

this relationst,ip. The moisture content curve in T4 lies above the 

moisture content curve for T3 as seen in Figures 16C, 160, and 16E. As 

shown in Figures 12C, 120, and 12E, the corresponding moisture tension 

curves for T4 are generally between the curves for Tl and T3. Also 

note that the slope .. of th~ T4 content curve is greater than the others 

for period V and during the last part of the period th·e moisture con­

tent in T4 dropped below T3 and fim~lly below Tl. 

Note the distinct steps in the T3 and T4 moisture content curves 

during period: IV, and in the latter 2/3rds of period V. There was no 

moisture loss during the night and, in some instances, the moisture con­

tent seemed to increase at level 1 (at w+ 11 - 12 for T3 and w+ 17 - 18 

for T4 during period V). 

The moisture content at levels 2, 3, and 4 are cqmpared during 
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period V only stnce thiJ period was the only one that was long enough 
' . 

for significant movement at levels 3 and 4. 

Note the change in re;lati.onship of the curves in Figures l6F, 16G, 

and 16H. The curves begin to shift position and by level 4 all treated. 

tanks have.less moisture t,han the standard, and T3 and T4 have less. 

mo~sture than T2. 

Again, note the erratic be.havior of, T4 as the content curve for T4 

crossed over T3 at level 2, pe.riod V. 

The .bu 1 k density determinations. a re l i st~d below: .-

Level 

0 
l 
2 
3 
4 

-1L 
1.23 
1 .23 . 
l. 22 . 
1.20 
l .32. 

_IL 

1.27 
l. 22 . 
1.22 
1 • 19 . 
l .33 . 

..l.L 

l .05 
1.27 
1.27 
1.24 
1.28 

_IL 

l.26 
1.18 
l.27 
1.24 
1.26 

The most significant change was in the decrease in bulk density in T3 

at the surface to 1.05 or a decrease of 14.6 percent from st~ndard. 

Another difference occurred at level 4 in Tl and T2, where the bulk 

density increas,ed to 1.32 and 1.33, respectively, after it had decreas­

ed gradually with depth. 

B, Chemical Analyses 

1. Nitrate . 

The nitrate concentration as measured in the wat.er extracted 

increase~ in all tanks at. all levels during the first TOO days after. 

the treatment was added. As shown by Figures l7A through 170 at level 

1, T4 had the most rapid initial increase with T3 beginning a v~ry 

sharp increase at T+65 and increasing tq 1200 nig/1 by T+82 and again at 

T+lOO. Sharp decreases generally occurred in all ta.nks immediate,ly 
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following watering. T4 concentration reac:hed 900 mg/1, T2 reached 270 

mg/l, and Tl, the standard with no additives; reached 220 mg/1 at T+lOO 

days. Correcting all readings for standard by subtracting the level in 

Tl or standard, the NOj concentrations apparently caused by the treat­

ment were: 

Tank 

Tl 
T2 
T3 
T4. 

N03 Concentration 
(mg/1) 

50 
1080 
780 

STD 
% 

100 
123 
500 
350 

The N03 concentration in the tap water was checked and found to be less 

than one mg/1. 

The nitrate concentration at level 2, Figure 178, increased with 

Tl and T2 having similar patterns and approximately the same increase. 

T3 and T4 showed significant increases beginning at T+70 days and reach­

ing 940 and 120;:mg/1, respectively, after the standard value was sub­

tracted. 

The nitrate concentration (mg/1) at levels 3 and 4 corrected f"r 

standard at T+lOO was: 

T2: 
T3: 
T4: 

level 3 
160 
260 
140 

level 4 
95 

655 
75 

Note for levels 3 and 4, the N03 concentration for T2 and T4 were 

nearly identical, and only slightly above the standard .. However, the 

high concentrations in T3 infiltrated to the 3 and 4 level with only 

50 percent being absorbed by soil or plant. In the case of T3 and T4, 

the tariks treated with cow manure, it was 60 to 70 days before free N03 
began to be detected in the water. The high buildup at levels 3 and 4 

were simultaneous with levels land 2, beginning about 60 days after 
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manure was put in the tanks. 

2. Ammonia 

Significant levels of ammonia appeared only in the tanks receiving 

the manure, T3 and T4. Figure 18 shows.the buildup and decline of 

ammonia at level 1, where t_he manure was concentrated. The NH; concen­

tration reached a maximum of 10 mg/1 in T3 at T+26 days, and gradually 

decreased to a trace by T+55. Note that this di,sappearance corresponds 

to the beginning of the buildup of the No; concentration in T3. 

The level of ammonia in T4 reached 1 .5 mg/1 at T+45 days, and 

rapidly decreased to a trace ty T+55. At levels 2, 3, and 4, the 

amounts of ammonia detected were normally traces. However~ 7.5 mg/1 

were measured in T3, level 2 at T+46. This had decreased to a trace by 

T+55. 

3. · Soil Analyses 

Table XI .is the soil test report of the soil before and after the 

study. 

a. pH, 

No essential difference, 

b. Organic Matter 

Only the heavy manure in T3 c~used an increase in organic matter 

from l .4 percent to 2,8 percent. 

c. Phospho~s (P) 

The P concentration increased in all treated tanks. The increase 

was only at the surface in all cases. Below nine inches, the P 
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concentration in all tanks was actually lower than the original soi1o. 

d. Potassium (K) 

The soil had tested high in K, therefore none was added to T2 as 

reflected here. Note the significant increase in K from the applica­

tion of manure in T3 and T4. 

e. Calcium 

A very small difference occurred between the tanks. However, T3 

and T4 tested some higher, indicating some buildup from the manure. 

f. Magnesium· 

Approximately a 20 percent inc~ease in magnesium .occurred in the 

tanks.receiving manure.· 

g. Iron 

Iron level increased 22 percent in T2 where none was added. Iron 

increased in T3 and T4 at the rate of 17 .percent and 8 percent, 

respectively. 

h. Zinc 

The zinc .level decreased sharply in all tanks, but less in T3 and 

T4, which had rec~ived the manure. 

i. Manganese 

Manganese decreased slightly in all tanks except level 1 and level 

4 of T4, where it was the same at level 1, and increased at level 4. 

The manganese profile in the tanks was: 

Tl,. increased with depth 
T2, decreased with depth 
T3, decreased at nine inche~, then increased at 24 inches 
T4, ;decreased at nine inches, then increased at 24 inches. 

. • i 



State 
Lab. # 
5815 
5816 
5817 
5818 
5819 
5820 
5821 
5822 
5823 
5824 
5825 
5826 
5827 

Senders 
Sample 

# 
0/; 0 

J/ 0 
1./ 9 
1/24 
2/ 0 
2/ 9 
2/24 
3/ 0 
3/ 9 
3/24 
4/ 0 
4/ 9 
4/24 

TABLE XI 

SOIL TEST REPORT 

Soil Lbs/A 
Reaction % Lbs/A Lbs/A Lbs/A lbs/A PPM PPM PPM PPM N03-N* CEC 
B.I. pH OM P K Ca Mg Fe Zn Mn B Sur. {meq/100 gm) 
6.8 6.1 1.4 10 225 2,120 750 23.2 15.2 10.9 .2 <10 11 .6 
6.8 6.3 1.4 10 230 2,230 860 20.2 1.8 7.6 .3 19 12.4 
6.8 5.8 1 .3 2 180 1,750 740 21.8 1.2 8.4 .3 19 11.5 
6.8 5.8 1.2 5 170 1,980 820 25.0 1.2 '9.8 1.6 21 12.4 
6.8 5.6 1.4 143 190 1,920 760 28.0 1.8 9.5 .4 28 12.2 
6.7 5.7 - 1 o4 5 190 2,000 820 23.0 1.0 9.2 .3 22 11.6 
6.8 5.7 1 .3 5 165 1,870 770 22.8 1.0 9.0 .9 20 11.6 
6.8 5.9 2.8 655 1,210 2,400 920 27.5 3.0 9~4 .1 350 13.7 
6.8 5.6 1.3 5 235 2,010 820 22.0 1.1 8.0 .3 42 11 .6 
6.8 5.6 1.3 7 165 2,020 800 27.5 .9 10.8 1.9 51 12.3 
6.8 5.9 1.4 121 525 2,300 930 25.0 2.1 10.9 .3 120 13.3 
6.8 5.7 1 .2 7 260 1,930 840 23.5 1.2 10.4 .2 25 11.3 
6.8 5.7 1.2 5 165 2,010 810 26.0 1.3 11 .2 2.2 30 14.6 

*Lbs. N per every six inches samples. 

\0 
..i::,. 
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j. Boron 

Boron content generally .increased in an tanks, but note the 

increase in concentrations at the bottom of the tanks, which was nearly 

an order of magnitude in T3 and T4, eight times.in Tl, and 4.5 times in 

T2. 

k. Nltrate-'Nitrogen 

Nitrate increased in all tanks compared to the original soil. 

Note the great 

Tank 

Tl 
T2 
T3 
T4 

increase in NOi at level 1: 

NO~ Concentration 
' (mg/1) 

1. 9 
28 

350 
120 

Percent 
STD 

· 100 
147 

1840 
630 

These values correlate with the No; concentrations detected in the 

water and discussed in Sec. 1 above. The nitrate concentration in the 

soil at .lower levels as determined from soil analyses are considerably 

lower in T3 and T4 with respect to the amount at the top .of the tank 

than that detected in the water at the lower levels. However, there 

is some buildup, since T3 at level 4 was 243 percent of standard, while 

T2 was essenti a 11 ly the same as standard, 

1, Cation Exchange Capacity (CEC) 

Compared to standard, the CEC at level 1 decreased 1,2 percent in 

T2, increased 10.5 percent in T3, and increased 9 percent in T4. At 

other l eve 1 s, the CEC was essentially the same except in T4 at 1 eve l 4 j 

where it increased 17.7 percent over standard. 
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4. Chemical Oxygen Demand (COD) 

a. COD of Manure 

The COD of the raw manure was measured to be 58,850 mg/1. 

b. COD of Effluent 

The average COD of the free water (effluent) at the bottom of the 

tanks was measured to be: 

COD 
Tank (mg/1) 

Tl 13.3 
T2 13. 3 
T3 13. 0 
T4 63.3* 

(*This value .seemed uncommonly high; it was more likely 
to have been in the neighborood of 26.7 percent.) 

The soluble COD at level 4 was measured to be: 

C. Plant Growth 

Tank 

n 
T2 
T3 
T4 

l. Plant Height.and Weight 

COD 
(mg/1) 

12.9 
6.3 
9.3 
7.0 

The height above the surface of the tallest sprig of grass was 

recorded and plotted. This growth is shown in Figures 19A through 190. 

U-3 Bermuda grass was sprigged into. each tank at the beg.inning of 

period II. 

Note the slow growth rate of the grass in T3 during period II, as 

shown in Figure 19A. The grass was cut after a 26..;.day period. The 

yield is compared below: 



Tank 
Dry Matter 

(gm) 

Tl 2.62 
T2 4 .21 
T3 2.02 
T4 4.07 

Percent 
Dry Wt. 

18.0 
17.3 
19.6 
18. l 

Percent 
STD 

100 
161 
77. 

155 

Figure 198 shows the growth during period III. 'Note the pattern 

of growth change. The ~frass in T3 crossed over T2 at T+65, i.e., 65 

days-after the tanks were treated with nutrients. The grass in T4 

showed less height growth during this period than did Tl. The yield 

comparison is as follows: 

Tank· 

Tl 
T2 
T3 
T4 

Dry Matter 
(gm) . 

2.05 ,·~a8 
l.85 
1. 95 

Percent 
Dry Wt. 

18.6 
18.6 
19.6 
18.4 

Percent 
STD 

100 . 
91.7 
90.3 
95.2 
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Figure 19C shows height during period IV. Note.that the height of 

the grass in T3 and T4 was above.standard in both cases, with T2 below 

standard, seven days after th~ beginning of this period. A comparison 

of yield data for this period is.shown below: 

Tank 

Tl 
T2 
T3 
T4 

Dry Matter 
(gm) 

1.48 
1 .56 
1.60 
l.72 

Percent 
Dry Wt. 

19.0 
19.5 
19. 7 
17.8 

Percent 
STD 

100 
105.2 
108 
116 

Figure 190 shows height during period V under drought conditions. 

T3 sustained higher growth throughout· this period. The grass in T2 was .. 

taller than standard, but in T4 it showed a period of no growth from 18 

to 26 days after this period .began. A comparison of yield data during 

this period is as .follows:·. 
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Dry Matter Percent. 
Tank (gm) Dry Wt. 

Tl 1.00 31.4 
T2 1.59 27.3 
T3 2 .15 28.0 
T4 l.30 27.0 

The total yield comparison is shown below: 

Tank 

Tl 
T2 
T3 
T4 

Dry Matter 
(gm) 

7 .15 
9.23 
7.62 
9.04 

Percent 
Dry Wt. . 
19.6 
19.3 
2L2 
18.9 

Percent 
STD 

100 
158 
215 
130 

Percent 
STD 

100 
129 .0 
106.4 
126.2 
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Note that the percent dry weight in T3 is two percent higher than in T2. 

Figure 20 is a plot of the rate of dry matter production per day 

during each of the periods. Note the stunted growth of T3 during per­

iod II, and the higher rate of yield during periods IV and V. 

Figure 21 shows a graph of the cumulative dry matter yield. The 

total yield was highest in T2; 129 percent o.f.standard. 

2. Plant Protein 

Listed below is a comparison of the protein content of the grass 

grown during periods III, IV, and V. The prot~in content of the grass 

from T2 was slightly higher than from T3. There was a significant de­

crease in the protein content of all tanks with each successive period. 

Period Tank Protein Content, Percent 

III Tl 22.2 
T2 24.6 
T3 23.8 
T4 24.4 

IV Tl 20.0 
T2 22.7 
T3 21.1 
T4 20.8 



Period 

v 
Tan~ 

Tl 
T2 
T3 
T4 . 
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Protein Content, Percent 

15~4 -
16.9 
16~ 7 
15.6 
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CHAPTER V 

DISCUSSION 

A. Soil Moisture 

1. Infiltration ,Rate 

The infiltration ra.te, as shown in Figure 9, increased in all 

tanks ~nd the same ba-ic patte~n in all tanks indicated that initially 

each of the tanks did, in fact, contain soil' that had very similar 

characteristics .. However. between T+54 and T+71, or ,during period III, 

a signific~nt change had occurr,ed in th.e tanks with the manure added, 

to cause a significant ·increase_ in the ability of the soil to absorb 

water. Since the only signifi-cant difference in the tanks was the 

organic matter added, 'the change is attributed to changes in the soil 

as a result of the biological action on the manure and corresponding 

effects on the physical properties of the soil, such as increasing the 

pore size of the soil. : This conditioning of ·the soil is a. significant 

enhancement in that the soil wi.11 absorb more water and allow less 

runoff from.rainstorms~ This shpuld be of particular interest and 

value to farmers in the southwest, where rainstorms are normally short 

and rel~tively severe, with high runoff rates. 

Although there were no measurements made directly to determine the 

erosion resistance of th.e test plots, it is deduced that ero·sion would 



107 

be reduced in soils that had a high infiltration rate. This deduction 

is supported by data from research conducted in vineyards in Germany, 

as di·scussed in Section L-2; Chapter II {page 37) herein. 

During period IV, an ant colony grew in T2 and made a vertical 

track along one side of the tank .. This track was large enough to allow 

water to flow immediately through the tank. Therefore, Figure 9 has a 

solid line for the actual rate and a dotted line for the estimated rate 

had the ant path not provided additional free access into the soil. As 

soon as the ponded water had all infiltrated, the response of the tank 

returned to normal, and' the ant paths seemed to have little or no 

effect on the water movement. 

It was interesting to note the drop in the infiltration rate of T4 

after the 10 tons/acre of manure was added in the water at the beginning 

of period III at T+54. This probably occurred because the gre~n manure 
., 

clogged the pores of the soil. However, note that by T+71, this layer 

of manure at the surface created a condition that caused the infil tra­

tion rate to increase sharply wi.th respect to al 1 other tanks. This 

effect may be attributed to increase in the biological activity at the 

surface due to the concentration of the organic matter there. 

· 2. Water Perco 1 a ti.on Rate and Free Water 

The rate of percolation .in the tanks was computed by measuring 

the amount of time. required for free water to appear at the bottom of 

the soil column after the first water was poured into the tank. The 

similarity of all tanks to T+54 again confirms the similarity of the 

soil in all tanks at the beginning of the experiment. The general 

increase in the percolation rate after T+54 may be attributed to the 
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developing of the root system providing avenues for the water to 

travel and to stabilization of the soil. Again, the ant paths in T2 

provided an immediate route for.water percolation .to the bottom·of the 

tank, as shown by the solid line .in Figure 10. The dotted line from 

T+71 is what the rate actually was at other places in the soil where 

the ant paths did not exist, and considering the time water began to 

drip fr.om the bottom of th~ tank at places other than at the ant paths, 

It is interesting to note the difference in the pattern of the 

percolation rate betwe.en T3 and T4. The rate in T3 increased very 

little, and it appears.that the effect of the heavy manure was to 

increase infiltration rate but retard the percolation rate of the 

water, The effect in· T4 was ,just the opposite, The differences in T3 

and T4 were amount and method of application of manure. The effect 

appears to be more from the method of appl i cat1i on than from the amount, 

since it seems that a smaller amount would mean a smaller effect but in 

the same direction .. This was not the case. The effect could be caused 

partially by the inertia of water as a result of the higher infiltra­

tion in T4, and partially by some effect of the biological action in 

the surface area. However, there is a possibility that, beginning at 

zero and increasing the application rate of manure, there is an oscfl­

lation that would result in an initial increase in infiltration rate 

at the lower application rates, This hypothesis perhaps is supported 

by the fact that T3 showed a rather significant oscillation in the 

amount of free water measured a$ discuss~d in Chapter IV, Section A-2 

(page 55) herein, The relationship between the free water curves for 

T2 and Tl reveal that no significant change occurred· in the water­

holding capacity of the soil tr:eated with chemical fertilizer. The 
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amount of free water discharged from T3, however, reveals significant 

changes in the water-holding capacity of th.e soil as ,a result of the 

manure treatment. Fir$t, there was a decrease.in the. water-holding 

capacity, but then throughout the remainder of ·the experiment the 

holding capacity continually increased until it .was significantly 

greater than Tl at the fifth watering. 

T4 exhibited a different pattern of oscilla.tion with. increasing 

water-holding capacity .at the second and third watering., decreasing at 
' . . ' 

the fourthwa,tering, andincr,eas1ng again at the fifthiwatering. This 

ef.fect wa~ probably du\ to the application of additio.nal manure during 

the third wat~ring~ By the fifth'.watering, biological :activity had 

occ1.,1rred to cause the water-holding capacity .to begin to increase as in 

T3 .. 

3. Moisture Tension and ·Moisture Content 

One of the most evident results of this experiment·was. the change 

in th.e moisture tension pattern in the soil as a result of.adding the 

manure and the fertilizer. · The addition of chemical fertilizer causes . .. . . " . 

conditio,ns th.at permitted water to be lost or bound up in the son 

fa,ster than the blank. son, Some ·of the water 1 ost, durfng the first· 

growing period could be accounted for in the higher yield. However. 

the same relationship existed in ev,ery peri0d, even when the yield in T2 

was less than in T3. , There. was .some .oscillation between T3 and T4, with 

T4 exhibiting some seemingly erratic fluctuations.· As discussed in 

· Chapter IV, the.re was a very positive correlation between the moisture 

tension in T3ah.d the moisture content. However, at level 1, during. 

periods II.I and IV- and the first part of period V, there was more 
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moisture content in T4 than in T3, although the tension in T4 was 

greater than that in T3. The shape of the moisture release curve for 

T4 was co.nsiderably different .from the other .tanks at that level. 

Therefore, if an experimental error occurred, it was in determini,ng the 

moisture release data.. To check this possibility, a comparison of the 

moisture content obtained from the curve on the last. day of period V 

was compared with the moisture .content determined from a grab sample of 

· · · soi.l taken for that purpose at the same time and 1 evel the core samp1 es 

were taken for .the moisture releas.e data. These two readings agreed 

within 0.5 percent, which tends to confirm the validity .of the moisture 

release data. This being the case, it must be accepted until further 

investigation, that there ,was. a higher moisture content in T4 existing . 

at a higher tension than in T3. 

Another significant result was the moisture loss during the night 

when there was little or no growth and the temperature was down. Under 

these conditions, the soil in Tl.and T2 continued to lose moisture, 

while the soil in TJ. and T4 did not .lose moisture during the nights 

This indicates thatmost: of the water loss in T3 and T4 was going to 

produce plant growth, while consider~ble moisture was lost, from Tl and 

· T2 by evaporation.· This means that the organic matter in T3 and T4 

formed a barrier against moisture loss, except through transpiration by 

the plant. 

Another signifit.ant result was the moisture profile in the tanks. 

As was indicated by the moisture differential tabulated in Chapter IV, 

Section A-3 (page 62) herein, the influence of the organic matter in T3 

throughout the, depth of the soil made it easier for the moisture to move 

upward as the: moisture at .the higher leve.ls wa.s extracted by the plants. 
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This same phenomenon occurred in T4 but less pronounced. This phenom­

enon is also shown by the fact that the moisture content at level 4 in 

T3 and T4 was 1 ess than T2, 1 evel 4. This even profi 1 e in T3 and T4 

in effect makes more water available to the plant·roots for the same 

· amount of rainfall which percolates below the root.zone. 

The .most significant change in th.e bulk density of the soil was 

in the surface layer of T3 where the heavy concentration of manure 

· caused the bulk density to be reduced by 16.5 percent. In fact, there 

were still poc.kets of brown humus mat.~rial existing in the top three 

···inches of T3 When the core sample.s were taken, and the soil was so 

friable th~t it was difficult to take core samples because th soil 

crumbled out of the core. The effect of the manure on the bulk density 

extended to the bottom of the tanks, but reduced to a difference of 1.6 

percent. 

B .. Chemical Ana.lyses 

1. Nitrate and Ammonia· 

It was interesting to note the correlation between the.response of 

th~ soil in T3 and T4 and the stages of· nitrification of the manure as 

it was.degraded and stabilized biologically. The beginning of the high 

buildup in nitrate concentration ,followed a temporary buildup of 

ammonia" This lag in the availability of nitrate for :use by the plant 

must be considered in det,rmining the application time of manure re~a­

tive to planting time. ·. This will ,be discussed in more detail in con­

nection ,with a discussion of the growth data in ·sectfen-,C below. 

Another significant result of tracing the nitrate concentration in 

the tanks was the cdnfirmation that a large percentage of the nitrates 
' 
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move with the water. This would be a factor where heavy organic loads 

were placed on the soil and the water table was relatively close to the 

surface, or where percolation into water supplies was possible. At the 

rate measured in this experiment, it would take a column of soil 18 

feet deep to reduce the nitrate concentration below 5 mg/1. 

The nitrate buildup in the standard tank, Tl, was probably due to 

decaying roots and other plant residue. 

2. Soil Analyses 

Three obvious enhancements occurred in the soil as a result of 

application of manure compared to chemical fertilizer; the organic mat­

ter in T3 increased 100. percent; nutrient levels increased significantly; 

the cation exchange capacity (CEC) increased by 18 percent in T3, or 12 

percent increase over T2. 

An evaluation of the phosphorous profile reveals that P does not 

travel with,the water, but is held by the soil. 

3. Chemical Oxygen Demand (COO) 

The soil effectively removed all of the COO of the manure appliedo 

The COD in T3 effluent was less than standard. This seems to indicate 

that the ability of the soil to retain organic matter is enhanced when 

the organic content of the soil is high. Not only was the COO of the 

manure absorbed, but internal COD from the root decay was held in T3. 

C. Plant Height and Weight 

Although the primary purpose of this research was to compare 

changes in the soil and not to evaluate nutrient sources, rough data 

was recorded regarding plant growth. The data can be used on,ly for 

speculation, since the amount of sprigs used to start the grass was not 
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closely controlled. Therefore, the initial growth and yield data may 

or may not be valid. The data near the last of the project would prob-
' . 

ably make a better comparison except for the fact that the nitrogen 

applied in T2 was reduced by consumption by the plant. 

During the first growing period after the grass was planted, T2 

and T4 produced essentially the same growth, while T3 grass seemed to 

be retarded. This was probably due to the heavy concentration of raw 

manure applied to only three inche~ of soil. It took 65 days for the 

biological processes to prepare the soil for good growing conditions. 

At T+65, the level of nitrates began a sharp increase, and the height 

··of the grass in T3 overtook the height of the grass in T2. The rate of 

decrease of grass production by T3 was much slower than any other tank, 

demonstrating the lasting effect of manure as opposed to the short term 

effect of the chemi ca 1 fertilizer. During the first three growing per­

iods, T4, with the light manure treatment, had the highest total yJie1d. 

However, the growth stoppage in T4 for 10 days during period V caused 

the total yield of T2 to exceed all others. It is obvious, then, that 

if. mahure is to be appli~d in heavy conc~ntration, it should be applied 

· at least ~O days before pl~nt growth is to start. It should also be 

noted that manure at the rate of 10 tons/acre provided adequate nutri­

ents to produce good initial growth. During periods of drought, the 

moisture control of the heavy manure and the sustaining effect on the 

nutrient level may be an important consideration where water is the 

prime growth factor. 

The grass from T3 contained about two percent 1 ess water than did 

the grass from T2. 
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D. Plant Protein 

The grass from T2 yielded the highest protein content ~uring all 

three periods tested. Although the difference was very slight, the 

pattern was consistent. There may be a correlation here with findings 

in nitrogen content of sugar beets in Japan (14). The protein content 

of the grass was determined by measuring the organic nitrogen and 

assuming this to be directly related to protein content. However, 

since nitrogen in sugar beets decreased with addition of organic matter, 

as it did in the Bermuda grass, it may be that some phenomenon occurs 

that makes the crop more digestible even though lower in measurable 

nitrogen content. 



CHAPTER .VI · 

CONCLUSIONS 

Based upon the results of this st,udy, it is concluded that: 

1. The .objectives of tne research project were achiev~d. 

2. · The addition pf manure to a ~oil low in orgahic matter signif­

icantly en_han~es. the water infiltration rate .and the water-holding 

-capacity of the soil, and acts .as a water regulator in tne soil~ 

3, The addition of chemical fertilizer alone to a soil of low 

organic content has a deleteri-ous effect upon the water-holding and 

regulating capacity of the soil. 

4. The ,addition of 20 tons/acre of raw dairy cow manure maintains 

the orga11ic matter level in _the soil., The addition of 50 tons/acre of 

raw dairy cow< manure increases the organic matter level in the soil. 

5. By deductive reasoning, the addition of manure to the soil 

increased its resi sta:nc.t:! to erosion, 

' 6. The addition of heavy-c&A.centrations of raw manure ma!Y ini-

- tially·retard the growth of plants. 

7, App~ication of 10 tons/acre of manure provided adequate nutri­

ents for significant increase.in crop yield. 

8, It is possibl~ to realize high initial increases in yield of 

grass using chemical fertilizer even though the organic matter in the 

son is low, 
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9. _ The Cation Exchange Capacity is si1gnifican,tly incre~sed by 

applying 50 tons/acr~ of roanure·to the soil.; 

. 10. The soil frhbility _is-significantly e11hanced by the addition 

tif ma~ure to the soil. 

11. The .soil is an :extreme,ly:efficient system -for the removal of 

COD from·such was:te as feeqlot ,waste. 

12. Nitr~tes are not ef_ficiently -removed by the abs.orbing or. 

filterihg actibn pf·th~ s~il~ 

13. The benefici,al effec~s on the so_il as a ·result _of mariure 

application as compared to chemical fertilizer app1 ication are of par­

ticular importance to the.general health of soil su:ch as that in the -

southwestern part of the United, States. 



CHAPTER VI I· 

SUGGESTIONS FOR FUTURE STUDY 

This research was truly exploratory in nature, and pointed to many 

areas needing additional research or validation. Some of these areas are: 

1. · Simila~ procedures with several differ~nt application rates of 

manure. ·. The soi 1 type should a 1 so be varied. 

2 .. Similar procedures using various soil types and applica~ion. 

rates of sewage sludge. 

3. Field tests to determine correlation between 1a·borat0ry find­

ings and actual field results. 

4 .. Investigat~ the application of combinations of organic and 

chemical fertilizer to correct specific deficiencies in the soil .. 

5. Determine the cost/effectiveness of the various treatments 
. . ' 

available. 

6. Investigate the nutrie~t value of crops 1 grown on soil with 

various amounts of otganic :matter. 

7. Investigate the erosion control characteristics of soil treat­

ed with various amounts of organic and chemical fertilizer. 

a~ Investigate the prolonged effect on soil of oxidizing the 

organic matter without,replacfng the organic matter. 

9. Investigate the effect .of continuous irrigation on the. oxida­

tion of the organic matter in the soil. 
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