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Mankin¿ 1s currently experiencing a period of increased ecological

awareness" Agriculture ls being affected by this concern partly because of

the potential contribution of livestock wastes to environmental

pollution. In the fall of t9?I the Departments of Agricultural

Engineering and. Plant Science undertook a ground.water and. runoff water

quality manure managenent experinent at the University of Manitoba

Glenlea Research Station.

Approximately 3,2 ha were subdivided into th},?,6 m by 3O,5 n pIots"

Five crops, alfalfa, barley, corn, reed canary g1.assr and a mixture of

mead.ow fescue, brome, and. alfalfa were seeded.. Swine, beef, and d.airy

cattle manure were selectively applied. at levels of 33,5, 6?,O, and 20I"0

-1kg ha-I of N in the spring, fal1, and. winter. Inorganic fertillzer at

levels of 67,0 and 2O1.O kg ha-1 of N and a bul-k application of sewage

slu¿ge were applied.. Selected plots were monitored. for percent nitrogen

uptake and chemical analysis of soil samples was performed for these

plots" Analysis of the runoff from selected plots vlas also includ-ed-

in the experinent. The data were analyzed statistically using a split-

plot d.esign"
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Runoff from agrlcultural land can pose a serlous threat to the

envlronnental ecosystem. Nltrate and. phosphate concentrations well

ln excess of the recommended standard. critical values were recorded"

The chcmical oxygen demand (COD) of thc runoff was, iu some cases,

recorded greater than that of domestic sewage.

Nitrate leaching and build.up of nitrate-nitrogen in the soil

profile was not a serious problem at the manure application rates

tested." A statistical analysis indicated a d.ifferential nitrogen

uptake ability between alfalfa, barley, corn, and. reed. canaly grasso

Reed canary grass d.enonstrated. the highest percent nitrogen uptake

abllity on a dry matter basis. There wa$ no nitrate accunulation in

the soil profile of the rnanured plots. Control and pre-treatnent ( 1972)

plots had greater nitrate concentrations in the surface layer than at

any d.epth after manure treatnent.

As part of the thesis the entire research project was assessed..

Iack of a proper statistical d.esign may be evid.ence enough to warrant

d.iscontinuation of the project on a long term basis. Consid.eration

should. be given to d.ivid.ing the experiment into smaller and. more

controllable (statistically and operatlonally) projects"

Livestock wastes d.eflnitely can contribute to pollution of the

envlronment if adequate managenent techniques are not developed..

There is a need for on-going research in the area of agriculture and.

the environment.
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CHAPTER 1

INTRODUCTION

I,7 Introduction

Mankind. is cumently experiencing a perlod of increased ecological

awareness. In the past, lnd.ustrial wastes were d.ischarged as cheaply as

possible. Very often this involved. discharge of raw wastes (chemicals,

¡netals, liquid.s, solid.s) into the air, soil or water. In many cases

the wastes were assimilated. by the environment through processes such

as mineralizaLion, diffusion, or d.ispersion. However, as ind-ustrialization

has progressed., d.ischarge of environmentally d.egrad.ing emissions (enissions

that are so intense that assinilation is not possible and- permanent or

continuing d.amage results) into common property natural resourees has

become unfavourable. Concerned. citizens real-izeð. that continued. dumplng

of environnentally d.egrading emissions could. not Bersist if mankind. was

to survive. It follows that nany facets of human end.eavour, includ.ing

agriculture, have been infLuenced by this newly found.ed. ecological

revolution"

Agrlculture is experiencing a period. of rapld. increased. demand. for

its products. lfhile the "green revolution" has supplied. more food to the

world's explod.ing popula.tion than ever before, a tremend.ous strain on

agri-business to supply consld-erably more food. sti1l exists.

Meehanization, advancements in chemical technology, developments in

plant and. animal genetics, and. more j-ntensive farming method.s coincident

wlth the "green revol-ution" are being enptJyea to meet demand.s for food."

Despite the significance of improved technologyo production techniqueso

and. the "green revolution" Barkley and Seckler (tgZZ) belleve that severe
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economlc and environmental pr:oblems will result from these recent

trends 
"

The Manitoba Institute of Agrologists in a L973 publicatlon'

Agriculture and the Environment, indicated that present and future

pollution hazards can be associated with fertilizers, pesticid.es, and

livestock wastes. llhen d.ealing with livestock wastes, it is important

to realîze that animal rnanure contains valuable ingred.ients for crops

and soils -- fertilizer anð. organic matter. Manure, when applied to a

soil-crop regime, is a source of essential plant nutrients such as

nltrogen, phosphorous, and. potassium as well- as micro-nutrients such

as boron, manganese, copper, and zinc. Moreover, ad.iition of manure

to the soil contributes to the amount of organic natter which is important

to soil structure and to the reservoir of potentially mineralizable

plant nutrients. However, aninal wastes (and. by-prod.ucts associated.

with the storage and d.ecomposition of nanure) may result in pollution

of the air, soil, and. water" Some related factors in environmental-

pollution from livestock wastes are quality and. quantity of manure,

frequency of disposal of nanure, soil type and. topography, land use or

cropping practice, and urban-rural conflicts,

Allred (1969) indicated that there is a trend toward more concentrated

and. confined livestock production enterprises; and, increased amounts of

manure prod.uced in fewer locations would have an adverse effect on the

quallty of the environment. It has been stated that land disposal ls

the most feasible and most economlc method. of manure d.isposal (Manitoba

fnstltute of Agrologists - t9?3) " fn spite of the posltlve effect that
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the addltion of manule can have on the crop and the soll, problems may

be assoclated with the appllcation of manure whcre the nutrient values

of the manure applied. exceed the crop utilization rate. Thls, for

example, can resul-t in an increased presence of nitrate-nltrogen in the

soil and in the groundwater" An acceptable level of nitrate-nitrogen

(r¡0.-N) in the ground water 1s 10 rng l-1 (canadian Drinking l,later
)

Standards and. Objectives - L96B) and concentrations above this level may

be related. to infantil-e methemoglobinemia. Surface runoff from areas

where manure has been apptied. may transport particulate and soluble

forms of manure nutrients and pathogens (for exanple, salnonel1a bacteria,

entamoeba histolytica parasite, and. infectious hepatiti-s virus, Bauer -

L969) into waterways adjacent to farm land. in concentrations harmful to

aquatic life and. human health" Eutrophication of these waters may be

increased. as a result of carbono nitrogen, phosphorus, or micro-nutrients

which are associated with runoff from manured. field.s" Land. application

of manure may be offensive to ind.ivid.uals in nearby communities.

Amrnonia, hyd.rogen sulfid.e, ind.oles, skatols, mercaptans and. other arnine

gases nay be released. to the atnosphere when manure that has existed. in

an anaerobic state 1s applied. to the land.; and., the environnental

problem is the perception of these gaseso

Essentially, the environmental problem in livestock production are

a conflict betv¡een an ever-increasing demand. for food. and. the hand.Iing

of an undesirable by-prod.uct - animal nanure. Research Lras been lnitiated

to d.efine and all-eviate some of these conflic_ts in Manitoba. Crop response

to the application of varlous types and rates of manure, soil profile and.

plant tlssue analysis, and. nutrient concentratlons in runoff are being
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studied. under the directlon of the Department of Agricultural Ongineerlng

at the University of Manitoba"

The objective of this thesls, as a part of the research project'

1s to more clearly d.efine the basis on which the experiment was

established and to examine the results in hope of contributing to the ,

understanding of some of the environmental aspects of manure management

using soil-s an¿ crops as a d.isposal nedia. Specifically, the objectives i

of this thesis are: j

L, To assenble a conplete background and. analysis of the experimental
:

d.esign of the Inanure d.isposal experiment at the University of

Manitoba Glenlea Research Station.

2, To interpret, where Possible: i

i

a) the accumulation of nitrogen frorn nanures, commercial fertilizers t

i

an¿ sewage sludge in the soil profile of the experimental plots 
I

l

lat the Glenlea Research Station. 
l

b) the concentration of nutrients in the spring and. sumner runoff i

from selected. plots at the Glenlea Research Station.

c) the effectiveness of control techniques such as scheduling for 
,

the application of manure for Manitoba conditions. 
,

d) the uptake of nitrogen by those crops sampled- in 1973, '
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CHAPTER 2

REVTE!'I OF LTTERATURE

2,! The Manure Problem in Manitoba

Heald and Loehr (tgZt) indicated that prior to the Lgs},s agricultural
wastes could be disposed. of without any consequence to the envlronment"

Durlng the 1pJ0's, however, clear signs d.eveloped. showing that the

envlronment was being d.anaged. by agricultural, ind.ustrial, an¿ nunicipal

wastes disposed of in the land ancl air" I{eald and Loehr (1971)

also suggested that the agricultural complex (prod.uction an¿ processing

of agricultural products) was the largest single source of pollution in
the United States. Bayiey (Ig7I) ind.icated that the number one research

priority shoul-d be the return of agriculturar organic wastes, in
particurar nanure, to the land.. simil_ar trend.s have d.everoped. in
I'lanitoba. 0n farms in Manitoba, livestock nanure has trad.itionally
been returned to the land¡ but, as livestock prod.uction facilities have

lnereased in size, livestock manure has becorne a serious contaminant in
the soil, air, and water (Buchanan - rg?Ð" Hudek (tgzt) outliried the

potential livestock pollution problem in Manitoba with a comparison to

a human popuration equivalent in terns of biochemical oxygen denand

(BOD) contáined in the livestock wastes (Tabtcs 2"1_i 2.2). The

l-ivestock popuration equivalent in }fanitoba in 1969 was approximatety

equlvalent to three-fourths of the total Canadian population in terms

of BOD equivalence.

Buchanan (tgZt) consldered. land. appllcatlon of anlnal manure as the

most econonlc and feaslble method of nanure dlsposal subject to limitations
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TABLE 2.1

Animal

Llvestock lJaste Quantitles for Animals of Average

}feights*

llet Manure

(xelrn-v)
Dry Manure

(xellu-v)
Population
Equivalent

Cattle

Hogs

Chickens

Turkeys

Man

29

3,L7

'12

.34

4.54

0.5

.03

"09

LI

3

t ltz
114

1-

TABLE 2"2

Animal

June 1969 D.B.S. (Dominion Bureau of Statistics) Numbers

of Livestock in Manitoba and. Population Equivalentx

Livestock
Numbers

Population
Equivalent

Cattle

Hogs

Sheep

Hens

Turkeys

Horses

1,019, 000

612,ooo

41, ooo

5,44o, ooo

825,OOO

36, ooo

Lrrzq rooo

1,836, ooo

120, oo0

453,500

206,25O

360, ooo

I4,I84,750

r+ Hudek, E. P. L97I, Waste management problems
ind.ustry, Unpublished report (seminar), Dept.
Manitoba, llinnipeg, Canad.a.

the prirnary agricultural
Agr. Eng., University of

1n
of
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such as alr pollutlon, ground and surface water qualityr and crop

utilization rates of nitrogen. Dlsposal of nanure onto farm land

has ad.vantages as a source of nutrients and organic matter and ls

probably the most practical final placement for the manure (Klausner

et al - L97I) " Loehr et a1 (tgZl) also considered land application

of farm aninal manure as the most practical method of manure disposal

and. utilizalion if adequate management of method.s was provid.ed..

To this point, manure has been referred. to in general terms.

Ttrc 1973 ed.ition of the Agricultural Engineers Yearbook d.efines manure

as followss

"Manure is the fecal and urinary d.efecations of livestock
and. poultry. Manure may often contain some spilled. feed.,
bedd.ing, or litter" 

"

However, quality and. quantity characteristics of the manure vary between

animal species. Similarily, amounts of spiÌled. feed, bed.ding, and. litter,

spilled. d.rinklng water and- washing water, and. milk house wastes vary

depend.ing on the management practices of the particular farmer. Feed.

rations contain carbohydrates, proteins, fats, lignin, and. inorganic

nutrients such as nitrogen, phosphorous, potassium, and. micronutrients;

but, may vary from season to season, farm to farm, and region to region

resulting in a variation in nanure characteristics. For example, most

farmers in the Nebraska region of the United States feed. corn whereas

the farmers of Manitoba are more likely to feed barley. Since the

chemi"cal- characteristics of the nanure depend prinørily upon the chemi-cal

properties of the feed. processed by the animal (McKinney - I9?O) a

variation in feed. input (for exanple, a difference between corn feed

and. barley feed) will- change the characteristics of the manure.
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Mctjalla et al (tgZO) suggested. that approxinately 9A/" of the dry matter

ln nanure is organic waste nEterial- from animal digestion.of feeds¡

and., that manure retains about 60 to 7O% digestible materials. As

welI, McCalIa et al (tgZO) indicated that animal ¡¡aste is more

concentrated than the feed in lignin and minerals upon deposition in

the feed.lot or confinement and less concentrated in carbohydrates.

If, as McKinney ( t9?O) suggests, 7Ø' of the feed consumed j-s excreted

in the form of urine and. manure, perhaps there is a case for re-feed.ing

of manure to livestock.

ft is a faet that the inherent variability in manure nust be

recognized. when examining the implications of d.isposal of anlmal manure

onto farm land.s, Previously referenced., Buchanan (tgZt), Klausner et al

(I97I) and Loehr et aI (L9?Ð, indicated tha.t manure should be returned

to the farm 1and. provid.ed. that precautions ensured proper rnanagement

techniques" When manure is applied to the soil (Figure 2,I) it may;

Io be rninerallzed. by the soil biosphere,

2, be washed. away by runoff or be leached. into the hydrosphere ,

3. volatil-ized into the atmosphere.

Regard.less of the fate of the manure after 1and. d.isposal, each of the

aforementioned receptor med.ia are unique in their relationship with

the manure; and, each will be further discussed. as soil biosphere,

hyd.rosphere, and. atmosphere.

2,2 Soil Biosphere

The intended final" placement of manure during land application is

the soll biosphere -- the soil and. crop. Manure, as previously d.iscussed.,
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otmosphere

hydrosphere (runoff )

storoge soil biosphere

hydrosphere (ground woter)

Fig. 2.1 Manure Apptied to Farm Land

O
woter to V

)
ble



10"

is a complex connod.lty in the crop-solI-manure reglme" The soll ls

equally variable. Complex physlcal, chemical and biologlcal properties

are inherent to the nany types of so1l" Climate, parent matcrial, living

organisrns, Iocal topography, and time are factors that determine the klnd

of solI prod.uced (Berger - I9?2a). There are, for example, more than

JOO types of soils recognlzed and mapped in Manitoba (I-t3¡e et al - I9?I)"

Upon fornation, there are four components of soil that warrant consideration.

Soil is a mixture of mineral matter, organic matter, waterr and. air"

Atthough variable, an idea] combination of the four components for

plant growth is approximately 45% nineral matter, Jft organic matter,

ZJ/o waüer, and. 25% air (fotfr and Turk - L9?2a). Physical variability

of soil relates to the proportioning of these four soil conponents wlth

respect to flow and. storage of water, movement of air, particle size,

and structural aggregating ability (Berger - I972b) " Chemical- varlability

is primarily d.ue to the proportioning of the mineral materials (Berger -

I972e). Biologically, the soil supports innumerable forms of plant and

aninal life; from single celled organisns to large burrowing animals

(fotfr and. Turk - 79?2b), In fact, some soil microbiologists consider

soil as a living tissue because of the heavy population of living

organisms (Robinson - 1972)

Add.itions of manure to soil- greatly increase the biological activity of

the soil. Lhe growth of bacteria, fungl, and aêtinomyc:tes is stimulated.

by add.ition of manure; and. aerobic cel-lulose metabolizing bacteria are

¡nore numerous in nanured. fields (l.tcCatta et aI - I9?O). Not only does

the manure add organic matter to the soil, the manure stimulates the

biotoglcal activity which contributes to the decomposition of the organic
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matter in the soit (i"e. mineralization of the sol1 organic matter).

Robinson (tgZZ) supports McCalIa et al (tgZO) by lndicating that many

propertles of soil, particularly those important to the decomposition

of manure c are properties of the soil nicroflora" The ultimate

disposition of manure, that 1s, the mineralization of the organic

matter rendering the inorganic fraction available for storage in the

soil and for crop utilization, d.epends on the interactions of the

biological, chemical, and. physical characteristics of the soil system

with the surrounding soil environment.

Apptication of animal manure on to the soil surface or incorporation

into the soil is followed. by rnanure d.ecomposition. Decomposition ca.¡r

be aerobic, anaerobic, or facultative. The factors contributing to the

d.ecomposition of the manure (i"e" organic matter) or the proliferation

of micro-organisms favourable to d.eeomposition are physica] variables

such as noisture content, clay content and type (Robinson - I9?2), and.

oxygen, temperature, and. micro-organisrns alread.y abund.ant in the soil

( t'lcCatta et aI - I97O)

Like the organic matter in crop resid.ues the manure organic matter

(fats, carbohyd.rates, proteins, lignin) must be d.ecomposed before the

inorganic nutrients becorne read.ily availabl-e" The soil organisms that

regulate d.ecomposition have similar nutrient-element-physical requirements

to that of the higher forns of life (rotn and rurk - rg?zc). For exampte,

temperature regulates some of the chemlcal and. biological changes in the

soil. Biological- reaction rates increase two to three fotd for every

10oC temperature increase to a rough upper limit of 80oC with the optimum
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ternperature range around 35oC (foth and Turk - I972c). Autotrophic

bacteria, which are capable of oxidizing ammonia, nitrite' sulfur,

manganese, hyd.rogen, carbon monoxide, and methane, function wlthin a

temperature range of 5-55oC with prod.uction of nitrates greatest at

37oC (Oonahue - Lg65a). Moisture influences the numbers and activities

of soil micro-organisms, The optínum amount of moisture for most soil

organisms is between J0 and 70 percent of the water holding capacity

of the soil (Foth and Turk - I9?2c). SoiI aeration is primarily

governed. by fluctuations in water content and. is considered the

inverse of noisture content. Aeration, therefore, increases with a

d.ecreasing water content; and., an increase in water content leads to

the d.evelopment of anaerobic conditlons. Aeration may be reflected by

the soil texture (Robinson - 19?2). Texture refers to the fineness or

coarseness of the soil and. is determined by the relative proportions

of sand, silt, and. clay. Rates and. extents of physical and chemical

reactions are governed. by texture because it determines the arnount of

surface area on which reactions can occuï (fotfr and. Turk - t9?2c),

Concentration and. rate of supply of gases affects the soils' micro-

organisms (fotn and Turk - I972c). Oxygen is used in the oxidation

process; carbon d.ioxid.e as a source of carbon for autotropic organisrns;

and., nitrogen gas for the nitrogen fixing bacteria. Abund.ant oxygen

will favour nitrite and nitrate formers, nitrogen fixers, fungi-, and.

actinomyces which oxid.ize organic matter (f'otn and Turk - I9?2c),

Tnitial populations have a decid.ed influence on microbial activity.

If numbers are snall the mineral-ization process will be slower in
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commencing" ff the aforementioned physlcal factors are conducive to

soil microbial activity then the specific mineralization process may

commence immediately (RoUinson - 1972),

The conversion of nutrients in organic matter to the nineral in-

organic form (i.e, d.ecomposition) is termed. mineralization. Mineral-

ization of animal nìanure in the soil yields nitrogen, phosphorous'

potassiun, and nicro-nutrients such as boron, copper, nanganese, cobalt,

zinc, an¿ moylbd.enun (UcCaIta et al - I9?O). One of the factors t,

affecting the ability of the soil to behave as a mediun for the d.isposal 
,

of farm animal waste is the abillty of the plants (cropping practice) 
,

to utilize the mineralized nutrients, The cropping proced.ure in this

sense nust be includ.ed. as part of the soil biosphere since plants require 
]

i

sixteen essential nutrients for growth (Donahue - I965b), kcessive 
i

mineralization of animal manure in the soiÌ nray 1ead. to nutrient leaching l

'into ground.water or nutrient loss (runoff) into d.itches, streams, 
I

and lakes (McCatla et al - tg?O)" Runoff and. leaching and problems l

associated. with each are d.iscussed. in Section 2,3 - Hyd.rosphere.

.'Excessive mineralization rnay result in the accumulation of nutrients in 
,

the soil or plant systen. This accumulation nøy result in an unhealthy 
;

environment for the plants or possibly toxic concentrations for ihe p1ant" :

consumers.

Yiel-ds of corn (for silage) were d.epressed by heavy applications of

solid. beef feedlot manure beyond. a certain upper timlt of between '

5561000 and 740,000 ì'.g ha-I o,f manure. These depressed yields were

attributed to the accumulation of soluble salts in the soil from large
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manure treatments. Toxic amnonium conr;entrations in the soll to a

depth of l0 cm were partially responsible for poor Sermination and

poor seedling.vigor. Sodium and potassium accumulations in the soil

were associated. with poor yietds (Murphy et aI - 1972) " However,

Hensler et al (tgZt) suggested that for most soils, nutrients in
/.manure ( including N, P, K, Ca, Mg, S, Zn, Cu, Mn, Fe and B) can be

used. in crop production with little d.anger of plant toxicity; but,

nutrient utilization efficiency d.ecreases with increasing application

rates thereby creating a pollution potential. Overman et a.l (tgZt)

d.etermined. that oats grown with d.airy manure measure up to those grown

with corunercial inorganic fertil-izer in chemical composition,

palatability, and. di-gestibility. O'Callaghan et aL (I9?Ð suggested

that animal manure spread. on grazeð- areas may cause a health hazard.

Lo grazLng animals. Nitrate poisoning where forages contain an excess

of (0.4 - O,Ð% nitrate-nitrogen is also a possibility. llkrainebz (1969)

indicates that nitrate poisoning d.ue to the accumulation of nitrates

from nitrogen fertilizers nìay occur at levels as low as O. I4% nîLraüe-

nitrogen" Over application of manure or under estimation of nutrient

quantity associated. with nìanure mineralization may result in cond.itions

that are hazard.ous to the livestock or d.etrimental to the crops that

have been rnanured..

2,3 Hydrosphere

Although the intended final placement of the anima] nanure during

Iand. application is the soil biosphere, the possibility of manure

deposition in the hydrosphere exists. There are two distinct, but not
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separate, modes and locatlons by which the hydrosphere may become

contaminated. Runoff fron sloping fields may affect surface water

courses and lakes. Leaching of nutrients may contaminate ground

water reservoirs, surface water courses and lakes.

l{hen precipitation, snowmelt, irrigation, or the like supplies

water to a sloping surface at a rate exceed.ing the infiltration rate

of water into the soil, runoff occurs (goft - 1969). If inflltration

is inhibited. (for exanple, by an irnpervious layer or frost conditions)

then runoff becomes an even more critical problem. Al1red. (L969)

indicates that a large porti"on of stream and. lake pollution that

occurs during spring thaw is thought to høve originated. from field.s

where farmers have spread. rnanure during the previous winter months"

When manure is spread. on frozen or snow covered. fields, or when heavy

rainfall occurs subsequent to land application of nanure, considerable

runoff resulting in nutrient l-oss is possible. Nitrogen losses nay

be as high as 3"34 - 4"45 xg hr-l to over 2J,6 k9 r,r-1 (uirrer and

I,Iillrich - Lg?O), Klausner et aI (I9?I) ind.icated that on a frozen

grass sod field with a 2$" skope, 16"15 ks ha-l of nitrogen (expressed

in N) and 4.65 kg ha-1 of phosphorus (expressed in ,ZO5) were lost,

Leaching can be associated. with gtorrnd.*rter seepage or percolation

(Armstrong and Rohlich - Lg?O). If the rate (totaf yearly rate in a

bulk application) of fertilizer (manure) nitrogen d.oes not exceed

the nutrient requirements of the crop there should. be little Iikelihood

of nitrate-nitrogen leaching because of the lack of accumulation of

nitrate-nitrogen (Power - I9?O). A nitrate-nitrogen pollution potential
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exlsts when nitrogen supply exceeds the crop utllization requirienent

because of manure variabitity or over-application of manure to crop

or fallowed l-ands 
"

Phosphorous and nitrogen are considered the two most serious

conta¡ninants in water quality degradation ( Klausner et aL - I9?I) ,

Phosphorous becomes fixed as insoluble compound.s.in the soil- and is

considered relatively immobile. The chemical process of fixation

reduces the phosphorous concentration in solution. Loehr (tgZLþ)

related. increasing fixation of phosphorous to increasing clay content¡

and, phosphorous fixation was least with a high sand content. Klausner

et al (tgZt) related phosphorous fosses to erosion of the soil bulk.

Similarily, Loehr (tgZÐ suggested that, if soil- erosion could be

controlled, phosphorous losses could. be controlled " Nitrogen, however,

is not fixed. in a rnanner similar to phosphorous. Nitrogen pollution

problens are primarily associated. wlth the nitrate ion (nOr-) forrn of

nitrogeno Arnmonia, through the nitrification process, is oxidized to

nitrate (equation 2"1) which in turn is oxidized to nitrate (equation

2"2) (Pelczar and Reid - 1965) :

(2"1)

(z "z)

2NH3 + 3oz7 2HN02 + zHZo

HNO, + | o, 

-* 
Hwo,

The ammonia source is the d.ecomposition (ammonification) of organic

matter containing nitrogen such as animal manure. Since nitrate is an

anion lllOr-) it is not read.ily absorbed onto the soil complex and is

available for leaching or erosion losses (lnlelcer and Lane -

Lg6g) 
"
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There are two serious and topical reasons for being concerned with

leaching and runoff -- infantile methcmoglobinemia and eutrophication"

The health of infants and animals may be impaired by drinking water

containing more than 10 ng 1-1 of nitrate I,r ( WeUUer and Lane -

L969). The Canadian Drinking llater and Standards and Objectives (COWS¡

1p68 established an upper llmit of nitrite plus nitrate of 10 mg. I-1

based on the relationship between nitrites, nitrates, and. infantile

methaemoglobinemia. Nitrate accunulation can be the result of runoffo

leaching, or a combination of both of which feedlots, privies, and

tanks are prlme contributors as far as groundwater supplies, particularly

weI1s, a;re concerned (GotaUerg - L9?O) " Eutrophication, the add.ition of

nutrient naterials to the hyd.rosphere, the effect of which is the

reduction of the oxygen supply (Smitn - 196Ð, is a natural process

(lftrea - 1969)" The question of significance, though, is to what

extent d.oes agriculture contribute to the acceleration of this natural

process. Oglesby (tgZt) lists time of year, element forrn, and- the nature

of the receiving water as contributing factors in the way nitrogen and

phosphorous speed the eutrophication process. Interest in eutrophication

control is directed toward.s limiting the anount of nutrients entering the

water (hydrosphere)" The CDI,IS suggests 0.10 mg. 1-1 r" the upper limit

for phosphates but sets no specific limits on nitrogen for eutrophication

control, The aesthetic value of a lake may be lowered through excessive

growth of aquatic weeds, algae, and algal floating scums; and, undesirable

tastes and. odours and the inpairment of water treatment operations is

possible if eutrophication is left unchecked (Arnstrong and Rohlich -

r96e) ,
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2,4 Âtmosphere

The extent to which manurc becones an air pollutant depertds to a

g|eaL degree upon the characteristics of the manure before field

application" Manure decomposition in storage is nornally anaerobic;

and., malodourous and. harnful gases are often associated. with anaerobic

d.ecomposition. Some of the gases identified are hydrogen sulfid.e,

anmonia, mercaptans, and. amines (Lud.ington, I9?L). Loehr (t9?+) .aa"

hyd.rogen sulfid.e, two-to-five carbon organic acids, ind.oles, skatols,

d.iketones, methylamine, ethylamine, methane and. sulfid.es. Over twenty

different compounds in the od.ours fron animal manure have been separated

but not all identified (Ludington, Lg?t). Upper threshold limits have

been established for some of the aforenentioned gases with respect to

hurnan and livestock populations (Taiganides and l^Ihite - 1968). It is

these od.ourous conpound.s fron livestock operations that are responsible

for many of the urban-rura1 confrontations with regard.s to air rights.

A difficulty arises in that air pollution fron aninal manures

cannot be successfully controlled. if the od.ourous compounds have alread.y

been produced (Ludington - 19?L), The primary method of ellminating

manure od.ours d.uring field. applications are those methods that inhibit

od.our or gas prod.uction" Ludington (19?I) and Taiganides and Lrhite

( tg6A) suggested. some of the foll-owing procedures for the elimination

of manure gas prod.uction:

I, Perlod.ic and. frequent removat of manure, bedding, and. spilled. feed.

from the manure storages and. barns,
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2" Control of molsture within the barn to ellminate wet bedding' wet

feed, and generally damp conditlons that contril¡ute to production

of manure gases,

3, Control of the level of manure in the storage pit and. of the amount

of water added. to nanure to malntaln the nanure in a condition

that tends to eliminate noxious gaseso

These good housekeeping policies are beneficial; but, are of little

consequence to the farmer faced with handling anaerobically d.ecomposed

manure 
"

One method. gaining acceptance as a manure hand.ling technique ( to

eliminate losses of nutrients and. gases to the atmosphere) is the

plow-furrow cover (ffC¡ method of land apptication. Although there

are variations, the principle of the PFC method. is covering or burying

of the manure (usualIy in slurry forrn) on application. Feldman and

Hore ( tg?O) ind.icated., even though od.our measurements on field. trials

were d.ifficult, that the od.our d.uring manure application using the PFC

method was quite low. A cltizens committee involved with the Feld.man-

Hore stud.y r,Iere satisfied that the odour was controIled.. There were,

however, sources of exposed. manure that created. a potential od.our

problem with the PFC method. such as:

I. Agitation of the manure in storage to facilitate handling and

spread.ing,

Load.ing of the slurry into the distribution tank,

Manure exposed in the furrow before covering,

Manure spilled. on the p1ow, tractor, or tank spreader.

2,

3"

4,
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Slnce the prernlse of the PFC nethod is to bury the manure or cover the

n¿rnure wlth soil before losses can occur it woulcl be interesting to

note the pollution potential with respect to the soll biosphere and

hydrosphere.

It should be the intention of livestock producers and. environ-

mentalists to ellminate the gaseous or odourous Þy-prod.ucts of anirnal

production" One nethod. of od.our elimination is aerobic treatment of

animal wastes. Manure in storage will rapidly deplete the d.issolved.

olrygen supply, Aeration (w5-th diffusion aerators or mechanical aerators)

can supply oxygen and. mixing to maintain or exceed. the necessary oxygen

concentration level (Loehr - I9?4). Aerobic treatment can renove much

of the biological oxygen d.emand. fron the waste and allow for an

acceptable effl-uent to be d.ischarged. to the field. by sprinkler irrigation

or tank spreader, Aerobic treatment is not an alternative to land.

application, but it eliminates objectionable od.ours which are normafly

associated. with animal manure hand.Iing"

There are other nanure hand.ling techniques" Drying, anaeroblc

treatnent, processing into commercially available fertilizers are

exarnples, The urban community is becoming nore aware of the

contribution that agriculture is rnaking to atmospheric pollution. As

urban sprawl continues the urban-rural interface expand.s and. a potential

confrontation over air rights increases in likelihood. Hore ( I9?L)

outlined pollution legislation in Canada with respect to the livestock

industry. Such legislation as the L97I Al-berta Clean Air Act inplicates

agricultural prod.uction to the cument ecological awareness. ff

llvestock prod.uctlon ls to be ¡naintained as a viabLe enterprise and.
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the rights of the urban dweller protected; then, such practlces as

PFC and aerobic treatment will have to be expanded to elininate

nuisance and harmful odours fron livestock operations.
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CIL\PTER 3

ME-IIIODS AND PROCEDU]IES

3,L Location of the Experiment

The experimental site is located at the University of Manitoba

Glenlea Research Station, approxinately nineteen kiloneters soutll of Winnipeg

on Provincial Trunk Highway 75 in the Parish of St. Norbert immed.iateJ-y

west of the Red River on river lots two through ten inclusive. The

experimental plots are situated to the north and west within the bounds

of river lot ten west of Hiehway 75,

3,2 Soil Description

A d.etailed soil survey of the Gl-enlea Research Station conpleted

by ll, Michalyna (Department of Soil Science, University of Manitoba)

d.oes not incfud.e river lot ten, the site of the experi-mental plots"

However, the survey d.oes include river lots two through nine inclusive.

Personal corununication with W. Michalyna with respect to the soil

classification of river lot ten ind.icates that the following soil

t¡res of the Red River Association are located. in the area of the

experimental plots:

1. Gleyed Black - Scanterbury Series (moderately drained)..

2, Gleyed Rego Black - McTavish Series (moderately drained.),

3, Gleyed Rego B1ack - Dencross Series (mod.erately d.rained),

4, Rego Hunic Gleysol - Osborne Series (poorly drained).

A comparative analysis of these soils shows two distinct groups. The

Scanterbury, Dencross, and McTavish clays are grouped because of a
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slight to noderate problem associated with drainage, t11th, wlnd

and water erosion, and stoniness. The three aforementioned clays are

also subject to water-logging and have a characteristic slow

permeability" A najor soil problern associated with these clays is

wetness and d.rainage. Osborne clay ls d.istinct from the Scanterbury,

Dencross, and McTavish soils because of its lower prod.uctivity status"

Osborne clay has problems characteristically associated with low

prod.uctivity such as poor drainage and. water erosion, low fertilityo

salinity, stoniness, and. soil d.rought" Pond.ing is likely if artificial

d.rainage is not supplied. due to the slow permeability of the Osborne

clay" As with the Scanterbury, Dencross, and McTavish soils the major

problem is wetness and d.rainage" The Osborne clay characteristics are

very similar to those of the three aforementioned clays but are more

pronounced" A more extensive analysis of the soils of the Red. River

Association and the method.s of soil classification are available in a

1953 joint publication by the University of Manitoba, Provincial

Departnent of Agriculture and. Soils, and. the Canad.a Department of

Agricu1tur"I'2 
"

1 Report of Reconnaisance Soil Survey of Winnipeg and. Momis Map Sheet
Area by hl. A. Ehrlich, E. A. Poyser, L. E. Pratt and. J. M. Ellis.

2 Appendix A - Analysis of the Cultivated Scanterbury, Dencross'
McTavish, and Osborne CÌays.
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3,3 Plot Layout

Survey and land forming was initiated in the fall of t97I and

completed in the spring of L972. Approximately 3.2 ha were subdivided

into seven d.istinct blocks separated. by alternating roadways and d.rainage

ditches. Each of the seven blocks was subserluently divided into 20 pIots.

Each plot, sunounded. by a low d.yke, measured.7,5 n ln width and 30"5 m

in length with a uniforn slope over the longest dinension (east-west) of

0.2 percent. The nurnbering system for the plots was based on the

physical layout of the experiment. The seven blocks were d.esignated

as the 100, 2OO, ..., 700 series beginning with the most westerly

bl-ock as the 100 series. Plots within the blocks were numbered one

through twenty inclusive beginning at the northerly end of the bl-ocks.

For example, the plots in block 700 (the most easterly) were /01,

7O2, c. e, l2O moving from north to south. Two half-block sections

(i.". plots ln 2, ...e 10 and 11, 12, â..,20) were designated. on

each block for experimentat purpo"""l,

3,4 Trg4lmen! Ëeleçlte4

3,4,L Crops

AIfaIfa, barley, corn, a mixture of alfalfa, brome, and. mead.ow

fescue (i.". stand.ard pasture grass), and. reed canary grass were

selected for study by Dr. K" W" Clark (Department of P1ant Science,

University of l,lanitoba). Crop selection was based on a variety of

1 Append.ix B - Diagram of the plot layout and numbering system.
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factors. For example, corn and barÌey were selected as annual crops

wlth differential nutrient input requirements" Corn has a higher

nutrient requircment than barley and this could be a factor within

the scope of a manure disposal experiment" Furthernore, both corn

and. barley feed grains are commonly assoclated. with mixed crop-livestock

operations" Reed. canary grass was selected on the basis of its hlgh

nutrient uptake capabillty. The mixture (alfalfa, brome, and meadow

fescue) was selected. on the basis of its being a representative pasture

grass. Alfalfa was selected for future consid.erations in an alfalfa

d.ehyd.ration project. Cropping was initiated. subsequent to land forming

in the spring of 1972 with each crop being replicated twice in each

half-block. The crops were rand.only allocated. withln the five-pIot
tsectrons

3"4,2 Anendments

The following animal manure, fertilizer, and. sewage sludge

amend.ments r,¡ere initiated. in the fall of 1972¿

!" Spring application of manure,

2" FaIl application of manure,

3, T,Iinter application of manure,

l+, Recommend.ed. application of inorganic fertilizer,

5, Activated sewage slud.ge treatment.

Amendrnents were based. on both theoretical and practical consid.erations"

Spring, fall, and winter applications of manure were chosen because

1 Appendix C - Assignnent of Crops to Plots



they conform to standard farrn practfu:e. trlinter appllcations were

lnplenented. as sone states (e.g, Wisconsln) and provinces (".g. Ont"ario)

prohibit winter application of manure in response to environmental

concerno It is important to note that if winter spreading were prohibited
.. .:- 

".. 
-..:'.::::::ì': large capital investment would be requlred. by rnany farmers for construction

of manure holding facilities,

pplication of inorganic fertilizer was included in the

r..::-;::.::i" experimental design because many farners use inorganic fertilizer in
,-:,:: ,::,

. accord.ance with Provincial Soil Test Laboratory (pSfl) recommend.ations"
,-,,,,at, '
:i'-r"' It was felt that such practice would. provide a useful- comparison to

nanure mana8ement practices on cropland..
ì

I The nutrient utillzation rate of the five crops was based on the
:

Ti assumption that 6? .lr1 ha-' of N was approximately the nitrogen

, requirement of each crop. Three levels of amendnent were selected.:-:
.r -1 -133,5 tcs ha-', 6? lrs ha-'o and 201 kg ha-' of N" Figure J.1 illustrates

l

, the arrangement of the amendnents and treatment levels on the experimental

area, Manure selected. for the treatments was based. on availability at

the Glenlea Research Station. Sewage slud.ge was selected as an amend.ment
,i,.,tt, ,',

. .: because of current interest in recycling municipal wastewaters through
j...:..:.....

-::-:r'-::' Iand.. Activated. sewage slud.ge was obtained from the hrinnipeg North End.

Sewage Treatment Plant" A half-block was set aside as control.

Operational problems forced changes in implementation of the

-t::.:,::;: amendment design. Figure ].1 indicates that 100.5 kþ ha ^ of N was
': ::.:l- '

1 Principles and. Practices of Cornmercial Farning, Department of
Agrlculture, University of Manitoba.

26,
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applled to the corn plots of the inorganic tr:eatment block. As corn

has a higher nutrient requirement than Lhe 67 t9 ha-l of N assumed,

-1100,5 kg ha'of N was to be applied to all corn plots" After

appllcatlon of the inorganic fertilizer it was reallzed. that lt was

an operational impossibility to vary the rate to LOO,5 k9 ha-l of N

on the manure treatments. Figure 3.1 indicates that sewage sludge

was applied on three plotsz |LB, 719, 72O, Sufficient activated

sewage sludge was avail-able; but, inconsistency in quality of the

slud.ge (i.". the clay content was extremely high) resulted. in a

d.ecision to apply 44 metric tons of activated, sewage sludge on the

three pIots. That is, at a rate of about 2OO0 t<9 ha-1 of N.

3.5 Treatment Establishnent

Subsequent to the completion of field formingo cultivating and

harrowing, barley was planted. at 94 ks hr-1 on l9ay 24, I)12 using a

1.85 m seed d.rilf (ffapprat, Unpublished Report)1, Alfalfa was seeded

Iir,ry 29, I9?2 a+, 5,6 kg ha-1" On ltay 29, Ig72 corn planting was completed

at 6)1000 seed.s hr-1. The mixture of alfalfa, brome, and mead.ow fescue

was seeded May 11, I9?2 aL a 0.6 c L : 1 ratio, respectively, with

alfalfa a+.3,36 lrs hr-l, brome and. rneadow fescue aL 5,6 t9 fr.-l. The

d.rainage d.itches, road.ways, and. border dykes were seeded. to Russian

wild rye grass on June 2, L972" 0n June 21, I)12 Lhe barley and. reed.

canary grass ptots were sprayed. with Buctril - M at O,J6 ug h.-1. Corn

')

1 Klapprat, Bob, 1972,
to the Department of

I{aste disposal plots - 1972. Unpublished report
Agricultural Engineering, University of Manitoba"



'l:i:' :.1;?:'1

28.

6OO's beef - spring

33.5 kE rro-l (ru)

doiry - spring

20t kg rro-l(l\)

5OO's doiry - spring

33.5 rg rro-l( trt )

beef - spring

ZOt kg rro-l (ru)

4OO's inorgonic I fertilizer

67 kg rro 
| (tr¡) | .orn too.5 xg no-ltt\)

3OO's swine - spring

rro-l( tr¡ )

swrne

67 kg

- spring

rro-l ( trt)2Ol k9

ZOO's swine

67 ks

- winter

no-l ( lrl)

swrne

67 kg

- foll

rro-l ( rr¡)

loo's swine

2Ol ks

- foll

ho-l (N)

swine - winter

2Ol kg tro-l( tl)

udse iI I'
!7r8

7OO's control

no omendment

sewoge sl

-72c,

Fl g " 3. I Al I ocati on of Ferti I i zer Amendments to Pl ots
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plots and bord.er dykes were sprayed with Banvll-l Ju1-y l+-5, 1972,

On JuIy 2?-28, Ig72 the legume plots were hand weeded. Ilarley swathing

began on August 2J, 1972" Due to the occurrence of fall rain the corn

was chopped (forage chopper) and blown on the corn plots" The legume

crops were not harvested because of lack of response. No fall tillage

work was attempted because of an early snow faII.. ïn November, 1972 boi..h

the fall and. winter applications of swine manure were applied to the 100

and 2OO blocks. The 201 and 67 rs ha-1 of N applications required

approximately J8,800 and. Ig1600 I ha-1 of swine manure respectively

(efriffips, Unpublished Report)1. Swine m¿rnure was applied as a liquid.

with a Lely tank, truck mounted., spread.er. Manure spread.ing in Novernber

1972 conpleted i-lne 1972 field work program.

Lack of fall tillage in 1972 resulted in soil compaction and

workabil-ity problems the following spring. Spring 1973 fiel.:d. work began

with the 300 block application of swine manure following the same

proced.ures as Novenber 1972 (eniffips, Unpublished. Report). 0n May 10,

I9?3 Lhe)),Janð-ZOL kgha-l of N applications of beef and dairy manure
_1

were completed. at approximately 36,2 anð. 2L?,2 netric tons ha * using a

box-type, pto-d.riven manure spread.er (Buchanan, Personal Communication)z "

Sewage sludge was applied at 44 metric tor,"2 on plots f1B, ?Ig,

Phillips, E. G., L972, Manure
the Departnent of Agricultural

Buchanan, L.C., DePartnent of
of Manitoba.

Application. Unpublished. report to
Engineering, University of Manitoba.

Agricultural Engineering, University
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72O (2OOO kg ha-l of N). Although sufficient activated, sewage slud.ge

had. been available for plots 7IO-72O only a portion of the sludge was

found acceptable on the basis of quality. Much of the sludge dlscarded

contained large clod.s of clayo presumably from the bottom of the holding

lagoon" 0n conpletion of roto-til-ling and harrowing, planting was

started." Barley was planted- ltlay 2), Lg73 aL 80"5 tg ha-l. On May lO,

!)l) corn was planted. at 2400 seed.s per p1ot. Alfalfa was re-seeded.

June 2, L9?3 al L3"5 ks ha-l" The mixture was're-seeded. June ?, Lg?3

at ),46, J,6, and. 5.6yg ha-l respectively for alfalfa, brone, and.

neador.r fescue, 0n June /, 1973 inorganic fertilizer was applieC with

a pull type, axle driven, rotary spreader" The application rates for

Lrle 2?-I4-O fertil izer were 6? rs ha-1 of N for aII crops except

corn which received. 1OO.J kg ha-l of N. Ditches and. road.ways were

re-seeded June L2, 1973, No pesticide spraying was attempted in the

sunmer of 1973 as equipnent availability and. weather did. not correspond."

Alfalfa, reed canary grass, and. the mj-xture were harvested as hay in

June, 1973 anð, September, 1973" Barley was combined. in September, L973,

and., the corn chopped. for forage October 26, 1973,

Runoff collection equipment was installed. on five plots in mid.-

summer 1972, Equipnent consisted of five 910 1 fiberglass tubs installed.

at the lower base of plots IL6 Lo I2O. Runoff was delivered to the tubs

through a 10"2 cm diameter, 1.5 m long d.ownspout between a weir in the

plot dyke and. the tubs" Due to lack of runoff, no samples were

collected in the summer or fall of 1972" Frost heave and. back-up water

from a nearby main drainage channel disturbed the collection tubs and
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downspouts¡ and, no samples were obtalned for the sprlng of 1973. l'he

tubs were re-installed in mid-summer 1973 on plots 11/, 118, 216, 2L?,

and J1B in order to improve the sampling procedure" Several heavy

rainfalls resulted in excellent runoff events being sampled.

3"6 Analytical Procedures

3.6.t Samplins

3,6"r,L soits

:.j Preliminary soil tests were completed. in October L97I under the
.: 

'_::-.: i

::'::'::; iI direction of the Provincial Soil Test Laboratory (p.S.T.L.) before land

1eve111ng and. shaping of the site. The preliminary sampling was

I investigative in nature; and., slx locations were sampled. to a d.epth
i

II of 3"66 n, A notor d.riven, truck mounted., auger was used. for sampling.

¡. r The sanples were 1abelled., bagged., and. delivered. to the P.S.T.L. for.ì
ì

,-l_' analysl-s 
"

.l

i Prior to cropping in L972, further soil samples were coll-ected.
I

: by the P,S.T"L, Representative plots were sampled to a depth of 3.66 n
o:. and some to a d.epth of 6.1 m.o The same sampling proced.ure and analysis

,--li-r.;-:'

was completed. by P.S.T.L. the L972 soil samples were stored. in the
::. r':,;
. : '::.:

:':":: event of future test requirements.

Following Lhe 1973 crop harvest and prior to nanuring,a soil test

of selected plots was completed by P.S.T.L. Samples at the surface, O"154,

1 Appendix D - Location and Resufts of fhe I97I SoiI Sampling

2 Append.ix E - Location and. Analysis of L972 SolL Samples
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The

ina

m 1evel and thereafter aL "3I m intervals

sanples were dried., ground, analyzed, and

sinilar fashion to the 1972 samples.

+,o 3,66 rn were takenl 
"

stored by the P.S.T"L"

3.6,L,2 Plant Tissue

Due to poor response of the crops 7n 1972' sampling of the

crops was linited.. Barley was the only crop 
".*ptuA. 

în L9?2. Rand.om

samples were taken from the swath and a yield calculated. (Klapprat,

Unpublished Repcrt) 
"

Tn 1973, sampling of the crops was initiated wlth the legune crops

(alfalfa, mi-xture, reed canary grass). Two samples, each one square

meter in area, were cut from each plot. The sanples $Iere d.ried and.

"2weighed-" Legume sampling was completed. on June 26, 1973. The sanples

were subsequently d.elivered. to the Department of Plant Science for

tissue analysis. Legume crops were not sanrpld. prior to the second.

hay cutting" Bar1ey was sanpled from the swath" One 4,9 m sample was

removed. from one of the two swaths. Plots 1OO, 2OO, 3OO, 620, ?O4, ?L3,

and /18 were sampled AugusL 24, t973 anð. the balance of the plots were

sampleÇ on September !1, Ig?3, The sanples were threshed. and weighed.3"

Corn was sampled before harvest on September 19, t973. Two samplese

each 4"9 m were cut from the corn rows and weighed4. ïn ord.er to eliminate

L Appendix

2 Appendix

J Append.ix

4 Appendix

F

G

G

\¡

Location and. Analysis of 1973 SoIL Sarnples

Legume Yield.

Barley Yield

Corn Yield
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any boundary effects, outside rows were not sampled. Àddltional samples

were taken from the forage chopped from each corn plot on October 26,

1973 and were forwarded to the Department of Plant Science for tissue

anal-ysis.

3,6,L3 Runoff

Runoff samples, when available, were collected using the fiberglass

tubs. The tub lids were renoved., the runoff in the tub was agitated.o

and. a representative sample gathered.. The balance of the runoff was

d.iscard.ed.. Samples were returned. to the Department of Agricul-tura1

Engineering llastewater Laboratory for analysis.

3,6,2 Chemical

3.6,2,r soirs

Soil sarnples submitted. to the P.S"T.L. r¡ere analyzed. using a

Technicon Auto Analyzer for extracts of N02, NO' and P*, and flame

photometry for K. Texture and. CaCO, were deternined with a HCl

solution and pH and. cond.uctivity were d.etermined. on the supernatant

of soil and water (Fehr, Unpublished. Report - I9?I) " Nitrate, nitriteu

phosphorous, pH, and cond.uctivity data were obtained for all samples"

Texture, potassium, and. calcium carbonate (CaCOr) were measured. only

for surface soil samples"

0.5 M NallCO, extractable P
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3,6,2,2 Plant Tlssue

Samples of 1973 corn and legurne crops were forwarded to the

Departmen Plant Science for tissue analysis. A dry ashl method

was used for heavy metals (Fe, Mn, B, Zn, Cd, Cr, Co) o nitrogen,

phosphorous, potasslum, calcium, and magnesium. The Kjeld.ahl method

was used for nitrogen determination. A Perkin-E1mer model 4OJ Atonic

Absorption unit was used. for the tissue anal-ysisz.

3,6.2,3 Runoff

Runoff samples were stored at approximately 4oC before being

analyzed for chemical oxygen demand., phosphates, and nitrates according

to the proced.ures outlined. in Stand.ard. Method"3'4"

Table ].1 surunarizes the parameters being arralyzed. in the soilo

the plant tissue, and. the runoff. It is important to note that the

predominant chemical parameters being analyzed. are nitrogen and

phosphorous; perhaps the two most significant pollution parameters"

3,6,3 statistical

0riginally, a rand.omized complete block design was intend.ed for

the experiment. Operational problems such as fertilizer and. aninal

waste applications and manpol¡er shortages d.uring the initiaÌ stages

1 Methods of Analysis for Soils, Plants, and Waters by Homer D. Chapman'
Parker F" Pratt, University of California, Divisior of Agricultural-
Sciences - L96I.

2 Appendix H - Plant Tissue Analysis

3 Appendix f - Runoff Analysis

4 Standard Method.s - For the ftamination of Water and Ílastewater -
lJth edition, t97t, American public Health Àsscciation,
lVashington, D.C.
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TABLE 3.1 Chemical Paraneters Ânalyzed

Parameter Soil- Runoff

Kjeldahl - N

Nitrate - N

Nitrite - N

f Phosphorous

Phosphate

f Potassium

ft ca:.ciun

f Magnesium

Iron

Manganese

Zinc

Cadmium

Cobalt

Croniun

Texture

Lime

pH

Conductivity

c0D

x

2
X

x

Plant Tissue

x

x

x

x

x

x

x

x

x

x

x

to.s t

'non-

NaHCO, - extractable p

P
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of the pro.ject resulted in re-assignment of treatments (fertilizer)

thereby eliminating randomizaLion. llowever, with each of flve crops

rand.onized and replicated within any half-block section the experiment

stil1 l-ent itself to analysis as a spllt-plot or incomplete block

d.esign. The analysis of variance procedure was used Lo anaLyze the

variation of a response and assign portions of the variation to

specific independent variables. fn the case of the parameters Iisted

in Table ].1 the analysis of variance proced.ure was used:

L, To analyze the nitrate level through the soil profile al ,)I n

intervals for t972 and 1973 to determine if there was a significant

d.ifference in nitrate accumulation,

2, To analyze percent N (from plant tissue analysis) uptake in reed.

canary grass and. corn to d.etermine if there was a significant

d.ifference in nitrogen uptake"

It was hoped. that any significant d.ifferences coul-d. be rel-ated. to

specific fertilizer or nanure treatnents thereby ind.icating a nitrogen

control technique for manure applications"

A split-plot analysis of varianee program, STATS II, written for

TBM 360 using FORTRAN fV and available through the University of

Manitoba Conputer Center was used. for the analysis of variance and.

standard errors of difference.
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CINPTEN 4

RESUL'I'S AND DISCUSSION

4,L Analysis of Variance

4,I"I Soils Analysis

An analysis of variance was conpleterl on nitrate levels of the

spring, I)fZ solL samples (Appendix E) at each .jt m of depth to a

depth of 1"53 n (i,e" 6 triats)" Eight nainplot factors (treatment

blocks), 3 subplot factors (crops), and. 2 repLications (crops) were

tested at a 95% confid.ence interval to determine if significant

differences existed in the soil nitrate l-evel-s. The mainplots and.

subplots which were analyzed. are outlined. in Table 4.1. At all- depths,

the d.ifferences due to mainplots, subplots and. interactions were

insignificant (Tables 4,2 to 4"?), Figures 4.1 to 4.8 indicate the

nitrate accunulation through the soil profile for the three crops on

the eight treatments. Al-1 d.ifferences in nitrate level in the main-

plotsr subplots and interactions could be accounied. for by rand.om

error" That is, there was no real d.ifference. Figures 4.1 to 4.8

are representative of the nitrate level profile in spring 1972 before

treatments" ft is interesting to note the difference between the

surface nitrate l-evel and. those of lower depths. The accumulation of

nitrate in the surface layer is perhaps due to the cropping technique

(or rack of same) in L9?L" The lack of signlficant differences when

comparing the sprin g rg?2 nitrate l-evels between treatments infers

that a zero base (no initial- differences) had been establ-ished within

the plot J-ayout. Since the establishment of a zero base had been
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questioned; because of the importance of nitrate as a pollutional

parameter; and because a zero base lends greater significance to real

differences expected to occur after treatment; the establishment of a

zero base for nitrate levels is a significant result of the 1972 soils

data. No other chemical properties of the soil were analyzed

statistically. With exception to the previously noted high surface

nitrate value, Figures 4"L to 4.8 indicate a decreasing nitrate 1evel

through the soil profile and. no nitrate accumulation at lower depths"

A similar analysis of variance proced.ure was completed. for the

fal1, I9?3 niLrate data (Appendix F), The mainplots and subplots

analyzed are outlined in Table 4.8. Table 4,9 to Table 4.14 indicates

at which d.epths the blocks, croBs, or interactions prod.uced slgnificant

differences in nitrate Ievels. Figure 4"p through 4.19 indicate the

nitrate accumulation in the soil- profile d.uring October, t973 afI'er the

treatment applications of fall, 1972 and, spring, 1973, and the cropping

of sumrner , 1973,

The statistically significant d.ifferences noted. in Table 4,) and

Table 4.10 ind.icate that a real d.ifference between nitrate levels uas

created by the treatments. Table 4,9 (surface sample) indicates a

significant effect of subplots (crops). The analysis of variance

procedure was followed. by a two-tailed., feast square difference (at

o = 0.05 ) test to calculate a confidence interval for the variab1e

d.etermined significant with the F-test. In the surface samples, the

barley plot nitrate levels exceeded those of the alfalfa and reed. canary

grass plots. The alfalfa plot nitrate was significantly greater than

the reed canary grass plot nitrate. Much information can be gleaned
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from the signiflcant differences shown in Table l+.9 through Table 4,I4,

However, when each depth is analyzed and the infornration assembled a

recurring trend develops. That is, soils analysis after nanure

treatments of fall,1972 and spring,1973 and cropping of summer, l!/2

indicate a greater nitrate accu¡nulation in the soil profile on the

barley plots when compared. to that of the alfalfa and. reed canary grass

plots. This nitrate accumulation, which occurred. from summer 1972 Lo

faLI I)l), flây be explained. by the lower nitrogen dernand. by barley

when compared. to alfalfa or reed. canary grass.

Mainplot and. interaction differences at the 1.2 m depth are

lndicated. by Table 4,13, The mainplot and. interaction significance

was due to the control and sludge treatment blocks (plots ?tO - ?20)

and. was probably due to the bulk application of sewage sludge on

barley plot /18.

Figures 4,9 Lo 4.19 ind.icate the disappearance in the fa1l of 1973

of the high surface nitrate values apparent from Figures 4. L to 4,9

in the spring of 1972. As crop production was visibly better in 1973

Lløn 1972 the nitrogen loss can probably be accounted for by crop removal.

Even on the barley plots where a lower nitrogen demand exists the surface

values (with the exception of sewage sludge on plot IIB) are negligible,

The spring 1972 soil samples were taken prior to spring planting and the

fal1 1973 soil samples were taken following harvest.

4,I ,2 Plant Tissue

P1ant tlssue analysis for 1973 was performed on the corn and. reed.

canary grass samples only. The uptake of nitrogen was calculated on

the basis of total dry matter (Appendlx G) multiplied by percent nitrogen
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(Appendix It). Table 4.1J outlines total nitrogerr uptake for each corn

and. reed canary grass plot. Visual inspection of Table 4,IJ outlines

the dlfferences between the corn and reed canary Srass plots which

were statistically significant according to the analysis of variance

procedure. fn all cases the corn value is greater for total nitrogen

uptake" Corn, though, had a greater total dry natter yield than reed

canary grass. The fact that the percent nitrogen of reed. canary Srass

is always greater than that of corn suggests that the reed canary grass

has a better capacity per unit d.ry matter for the uptake of nitrogen"

On the basis of the aforementioned results it is clear that corn

is a superior crop from a total nitrogen removal point of view.

However, the response (d.ry matter yield) of reed. canary grass was

visibly less than expected. partly d.ue to rooting establishment problems"

Once established., the reed. canary grass may be comparable to corn for

nitrogen control because of its greater uptake capacity for nitrogen on

a per unit dry ratter basis

ït is d.ifficult to recomrnend a crop from the five analyzed. for

nitrogen control Corn has a high removal- rate. Barley and. alfalfa

yields are usually consid.erably l-ower than corn; and., the barley has

a low nitrogen requirement and alfalfa nitrogen removal depends on

symbiotic fixation (fotfr and Turk - t9?2d). Therefore, coïn appears

to be the better crop to grow but is limited. sonewhat in the Red. River

Valley by growing season and investnent capital for speclalized

equipment,
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The point of interest, thoughrstill is the lack of accumulatlon

of nltrate in the soil profile. Manure should be applled until nitrate

accumulation occurs in ordcr t-o lrr.:1¡-l dctar¡ninc the bcst cro¡.; for
nitrogcn removal.

4,2 Collection and Sanpling

Runoff collection sampling and analysis was not a successful part

of the experinent. Lack of sanples in 1972 eliminated research efforts

of that year, Even though sampling events and analysis were recorded.

for the t9?3 crop year (Appendix f) the results are questionable. ft

was extrenely difficult to estinate volume; to place any reliability

in sample analysis because of field sampling techniques; or to draw

any conclusion other than that the high chemical oxygen demand, nitrates

and. phosphates of the sanples suggest that agricultural runoff can

nake a serious contribution to pollution of the hydrosphere. The range

of values were 0"O - 155"0 ppm, 0.1 - 20.0 ppm, and 28,B - ?42 ppm for

the nitrates, phosphates, and. chemical oxygen demand., respectively"
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TABLE 4"1 Statistical Analysîs - 1972 Nltrate Data

Mainplots Subplots

Nunber Figure Treatment Blocks Number Crop

L 4,I ptots 101 - 110

2 4,2 Plots LII - LzO

3 4,3 Ptots 401 - 410

4 4,4 Plots þtL - 4zo

5 t+,5 Ptots 5oL - 5rc

6 4,6 prots 5Lr - 5zo

T 4,7 plots 6ot - 6to

8 4,8 plots 6tt - 6zo

1 AIfaIfa

2 Barley

3 Reed Canary
Grass

TABLE 4.2 Analysis of Variance Surface - I9?Z Nitrate Data

Source Calculated Degrees of Freedöm Table* Significant

t1 uz

....'i.I

Mainplots 0,965 ? ? 3,?9 No

Subplots t,949 2 t6 3.63 No

Interaction I,22I 14 ß Z, j? No

r+ F at o = O.O5 (9Jft confidence)



t+3,

TABLE 4.3 Analysis of Variance .)L n - 1972 Nitrate Data

Source Calculated Degrees of Freed.om Table* Significant

t1 uz

Mainplots L,L5I 7 7 3,79 No

subplots 2"269 2 L6 3.63 No

Interaction I,22I 14 L6 2,3? No

TABLE 4"4 Analysis of Variance O.6Zn - ISZZ NiLrate Data

source calculated Degrees of Freedon Tablex significant

tl uz

ir{ainplots 2,663 ? ? 3,?g No

Subplots L,?65 2 16 3,6j No

fnteraction L,293 14 ß 23? No

rr F at o : O"O5 (95fi confidence)
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TABLE ll.5 Analysis of Variance ,92 n - 1972 Nitrate Data

Source Calculated Degrees of Freedon Table* Significanl,

tl 'z

Mainplots z,lOt 7

Subptots O,47I 2

fnteraction L.267 14

7 3.79 No

L6 3.63 No

ß 2.3? No

TABLE 4"6 Analysis of Variance 1.22 n - t972 Nitrate Data

Source Calculated- Degrees of Freed.om Tab1ex Significant

t1 uz

Mainplots 0,855 7

Subplots 2.693 2

Interaction I.383 14

7 3"79 No

tuL 3"?4 No

Lur z,4B No

x F at cr : O "os(95% confldence)

1 Estinated values indicate loss in the number of df
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TABLE 4.7 Analysis of Variance 1.53 n - I9?2 NiLrate Data

Source Calculated Degrees of Freed^om TabIeF Signlficant

u1 uz

Mainplots I"t45 7

Subplots I.557 2

Interaction L,268 14

7 3,79 No

1t3' 3,8I No

Dr z,sL No

* F at o = 0.05 (958 confidence)
1 Estimated. values indicate loss ln the number of df
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TABLE 4.8 Statlstlcal Analysîs - 1973 Nitrate Data

Mainplots Subplots

Number Figure Treatnent Blocks Number Crop

1* 4,9 Plots 101 - 110 _,1 1 Alfalfa
Fall - Swine - zOL kq ha - of N

:, ::':: 2x 4.10 Plots III - LzO I 2 BarleY
.: :. winter _ swine _ 6? ys ha-. of N:'--:r:j:j

:: :;:. 3 4.II Plots 3OI - 3IO _1 3 Reed Canary
:... : -'..: -:.:.: .,:-.: Spring - Swine - 20 kg ha t of N Grass

4ìe 4,I2 P10ts 401 - 410
:: Inorganic
:'t 5x 4,r3 Pl0ts 4rr - 420

' Inorganic

' 6* 4,ru Plots 5or - 5rc 4

Dairy - Spring - 33,J kg ha ^ of N
:

l'| 7x 4,L5 Plots 5II - 52o I' (^ +,t) rrors )rL - ), _,
Beef - Spring - zOL k9 ha - of N

I

8* 4,16 Pl0ts 60t - 6torv _1
Beef - Spring - 33,J kg ha - of N

,. ,,,,, 9x 4,I? Plots 6tt - 6zo _j
:.1:.::.:j:.:':: Dairy - Spring - zOL kg ha ' of N

: - :..t_,,,,.,:,,, 10 4,LB Plots |OL - 7IOr: Control

11 4,Ig Pl-ots ?II - ?2O
Control and Sludge

* Indlcates same plots analyzed in 1972
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TABLE 4.9 Analysis of Variance - Surface - 1973 NiLrate Data

Source Calculated Degrees of Freedom Table* Slgniflcant
FF tl uz

Mainplots 0.831 10 10 2,98 No

Subplots L3,LZI 2 22 3,4t+ Yes

Interaction 1.1 0 20 22 2,O7 No

TABLE 4.10 Analysis of Variance ,)I n - t973 Nitrate Data

Source Calculated. Degrees of Freedom Table* Significant
F'F-vrvz

Mainplots O,?2? 10 10 2,98 No

Subplots 4.814 2 22 3,44 Yes

Interaction L2@ 20 22 2,O7 No

* F at o =0"05 (95ft confidence)



TABLE ¿1"11 Analysls of Variance ,62 m - I9?3 Nitrate Data

Source Calculated Degrees of Freedom Tabl-e* Slgnificant

ul uz

Mainprots t,346 10 10 2,98 No

subprots 4"Igg 2 22 3,U+ Yes

Interaction L"62L 20 22 2,o7 No

TABLE 4.12 Analysis of Variance "g;2 n - I9?3 Nitrate Data

Source Calculated. Degrees of Freed.on Table* Significant

u1 uz

Mainplots I,594 10 10 2,98 No

Subplots 3,?3L 2 22 3,44 Yes

fnteraction t,7t3 20 22 2,O7 No

* F at cr = o.o5 (gJft confldence)
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TABLE 4.13 Analysis of Varlance L,22 m - 1973 Nitrate Data

Source Calculated Degrees of Freedom Tabl-e* Significant

u1 uz

Malnplots 4"O5t 10 10 Z,9B yes

Subplots 4.884 2 22 3,Ll+ Yes

fnteraction 2,625 20 22 2,O? Yes

TABLE 4.14 Analysis of Varianee 1.53 n - L973 Nitrate Data

Source Calculated. Degrees of Freed.on Tab1e* Signiflcant

t1 v2

Mainplots I.725 10 10 2,98 No

Subplots 8"504 2 22 3.44 Yes

Interaction 3,L87 20 22 2,O7 Yes

* F at o = o.os (95ft confid.ence)

I
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1'ABLE 4.15 Nibrogenl Uptake

Corn lìeed Canary Glass

Plot
Numbcr

2*
Yield"
xsf na

Uptake

Kslna

PIot
Nunber

%n Yierd.ï % N

xslh^
Uptake

Ksf ha

I02
1.Og

tt4
T19
203
207
214
2t8
30r
3Lo
314
320
403
409
413
4L9
503
508
5r4
516
6oj
6to'6t3
6te
705
7ro
714
719

r,06
L02
o,96
0. 83
0.90
L.06
T,15
o,93
t,r2
L,28
I,22
L,25
0. 86
0.86
L,!2
o,99
0.80
L02
r,54
r,34
0.90
I,25
r,54
1.63
0. 83
0. B0
O.86
r,o2

47.29
42,72
47.27
59,T8
5L,66
3?.69
75.13
52,58
55,14

1o5.97
7l+,9 5
81.83
&+,4o
85.61
69,56
86,?g
25.?6
40,84
26.93
20,85
40,36
39.63
57.87
5?,16
38.93
3?,67
50,13
?4.55

104
t07
ß5
Lß
20).
206
2L2
220
303
306
315
3r6
405
410
415
418
50r
507
515
519
6ou
60B
614
6tT
70r
708
7II
717

525
385
BBO

560
455
805

tor5
960
560
985
845

roo5
845
720
735
*o
795
4r5
5t5
430
66s
445
66o

1040
6?o

Lfi5
gB0

1145

2.72
2,6+
2.35
2.BL
2,5L
2.LT
2,69
1.83
4.39
3,86
2.64
3.00
2.3r
3,68
2,gr
2,93
2.69
2,47
2,3I
2,06
2,OB
2,39
2.BB
2,I4
2,41
2.o3
2,O9
1 .88

1"4,28
to "ß
20,68
L5,74
tr "42
16.99
27,30
L7,57
24.58
38,O2
22.3L
30.15
19.52
26.50
2t,39
L5"82
2r,39
to,25
1r,90
g"g6

13"83
to,6+
19.OI
22.26
L6,t5
22.63
20"48
2r"53

446L,58
4188.06
4923.44
?L29,56
5739.52
3555,8t
65j3,t9
5654,33
4923.44
8278.98
6L43,OB
6546,61+
7488,28
9954,48
6zto,3t+
8?66,22
32rg,5r
40d+,2r
r?48"?6
1555,9 5
4484.00
3L7O,L9
3757,59
3506,t+9
l+690,2?
47oB.2O
5829,20
7308,92

1 Total Kje1dahl nitrogen

2 Corn yield. based on randon samples rernoved. from rows (September 1973)

3 Reed canary grass yield based. on first cutting sanple only
* YieÌd expressed as total dry matter (kg,/ha)
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CHAPTER 5

CONCLUSIONS AND NECOMMI'NDA,'I'IONS

5,L Quantitadive Conclusions

Analysis of the experimental data revealed several notewor:thy

trend.s:

I" The review of literature indicated that surface runoff fron cropland

manured. in the winter season can be a serious contaminant to the

hyd.rosphere. Although the experimental accuracy was questionable,

the magnitude of the chemical oxygen demand (COn as hig'r. as 142

ppn), nitrates (wO, as high as 155 ppn), and phosphates (rOU as

high as 20 pPm), from samples analyzed are evidence that runoff

from field.s manured in the winter can have a detrinental effect

on environmental qualityt

2" Lack of a significant nitrate accumulation in the soil profile

suggests that agricultural manure d.isposal nay not be a serious

problem from a leaching (soi1 biosphere contamination) point of

view at manure application rates tested. Specifically, Figures

4,!!t 4,I5, 4,!?, the 201 t<g ha-1 applications of nitrogen of

swine, beef cattle, and. d.airy cattle manure respectively, show

nitrates values in the soil only slightly but not statistically

greater than that of the control block (Figure 4" 18). I{ith the

exception of one surface val-ue in Figures 4.11, 4.!5, and 4"L1,

the nitrate val-ues in the soil in these three figures are less

than 4 ppm. fn fact, Lhe I9?2 nitrate val-ues (no treatment) for

the surface sanples were all greater. From the review of literature
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3.

lt appears that nltrate leaching can be a slgnlficar.nt problem.

Figures 4,9 Lo l+.19 suggest, however:, that cropping can provide

ad.equate nitrate controL in the soil when animal manure is applir:d

at the nitr:ogen application rates testedt

It is difflcult to rnake recomrnendations based on the percent

nltrogen uptake data. Even though corn and reed- canary grass

d.enonstrated good. uptake ab1lity, alfaIfa, barley, and the mixture

are unaccounted. for" The percent nitrogen uptake for barley is

1ow (because of the low nitrogen requirement) and. is variable,

d.epend.ing on symbiotic fixation, for alfalfa. Since there was no

nitrate accumulation in the soil- profile, it can be said that all

crops tested. provid.ed. sufficient nitrogen removal from the soil

to prevent nitrate contanination at the application rates tested.

The lack of accunulation, though, could. be due to less nitrogen

applied than anticipated. (i""" errors in pred.iction of N content) 
"

ft should be inportant to apply nitrogen until- an accumul-ation

occurs; then, deterrnine percent nitrogen uptake. Greater application

rates need. to be tested.t

The analysis of the accumulation of nitrate due to the bulk

application of sewage sludge was not completed " The bulk

application of sludge was to the d.etriment of the statistical

design since only three plots were fertilized.. Perhaps long term

analysis of these three plots should be consid.ered. as a separate

experinent.

4,
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5.2 Qualitatlve Conclusions and Recommendatlons

The quantitative conclusions of Section J.1 indicate th.¡,t this

experiment has nad.e a positive contribution to an improved understanding

of anlmal manure management. Although nothlng startling was uncovered,

the experinent confirns that the agricultural sector can contribute to

environmental degradation by mis-rnanagenent of the disposal of

agricultural wastes particularl-y through runoff from fields manured.

in the winter" Ia.ck of an accumulation of nitrate in the soil suggests,

however, that with proper management livestock manure can be used. as a

fertilízer without serious threat to environnental quality.

As part of the analysis of this field. experiment, there are

several points which should. be raised:

I. The experlnent is not statistically sound.. The split-plot design

only applies 1f the allocation of the treatments to the blocks is

assumed. rand.om. The treatments were not rand.omly distributed but

rather assigned.. Sewage slud.ge in a bulk application also disrupts

the statistical d.esign, If the consequences of an improper

statistical d.esign cannot be rationaLizeð. then the project' as it

exists, should. be terminated,

2" ff the project is to continue then there are a number of points

to consid.er¡

a) Since the experimental resul-ts suggest that runoff from

agricultural l-and is the rnost serious of the contrlbutors to

environmental degrad.ation, then the experiment shouLd be

d.irected. more towards measurement and analysis of runoff,
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b) The cr:opplng regime in the experiment pr'ovirled adcquate nltrate

control against the manure treatnents" As many farmers dispose

of manure on fallowed land the experlmen1. should Lre extended

to include fallowed land,

Operational problems need to be eliminated from the project"

Application of the manure treatments caused serious soil

conpa.ction and workability problems which hind.ered field work"

Perhaps sprinkler application of liquid. hog manure should. be

lnvestigated,

The plot size (?"5 n by 30.5 m) caused farm equipment problems.

Large equipment was awkward. and. gard.en size equipment underpowered

for the field. work" Purchase of adequate field equipment wou1d.

eliminate many operational problems, and. should be consid.ered.,

Sanpling techniques need. closer supervision. Closer supervision

of field. sampling techniques would eliminate, for example, runoff

sanpling and. crop sampling errors. 0n such a. Iong term project

a procedure manual for field. sampling should. be prepared." A

fuIl-time project co-ord.inator would be a benefit as weII,

An objective of the experiment was to develop manure control-

techniques. The present combination of treatments, rates, and.

plots is awkward." If one manure at several treatnent rates

(for exampre, 65, t3o, zoo, 265, 65o ug.ha-l of N) then the

critical point for nitrate accumul-atlon and leaching could. be

established" The best crop, from a percent nitrogen uptake

vlewpoint, could be determined. as well. Such information would

c)

d)

e)

f)
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be useful for the lmplementation of control guidelines for

agricultural waste dlsposal"

Several alternatives now exlst for this project. It may be

contlnued, abandoned, or modifled. Consideration should be given to

dlvidlng the project lnto several- smaller and more controllable

(operatlonally and statlstically) experiments. An example of this

being the bulk applicatlon of sewage slud.ge.

Agriculture manure mis-management can contribute to environmental-

degrad.ation. Cropping is an adequate control technique for nitrate

leaching, but to what extent is the question. llork nust continue in

ord.er to monitor nutrient losses from runoff d.ue to field. manuring

and to d.etermine to what extent nitrate aceumulation in the soil profile

could. contribute to leaching problems on fa.rm land in the Red. River

Valley.
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A-olfolfo B-borley C-corn M-mixture
R - reed conory gross
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*lr c A B R c A M B M R B c A M B c A R

IOO's

*1. A R B A R B c M M A B c R R M B c A

Allocatlon of Crops to Plots - 1J72, 1973



() ()(_)\) .

APPENDTX D



89.

ooi
toter designed 7OO's block

opproximote sompling

locotion ond number

loter designed IOO's block

Plan View of Pronosed Plot Area Showlng
Slx Prelimlnary Sample Sltes



Site Depth
No" m.

No"r I¡9"( 2)

'Lppn
No"-( 3)

pdm

concl. ( v/v)
mmhos/r:m 

"

90,

(r)
Preliminary Soil'l'est An¿:ul.ysis\'

N02-( 2)

ppn
P

ppn
K

ppm
plt

o,L54
o.3r
o,62
o,92
L "O7
L,22
L,53
1. 84
2,!?
2,1þB
2,79
3,IO
3,3r

O.t5l+
o,3L
o"62
o,92
LO7
!.22
r,53
1.84
2,t7
2,48
2"79
3,LO
3.31

o,L5l+
o,3r
o,62
o,92
r "o7I,22
I,53
1. 84
2,r7
2"48
2"79
3,7O
3,3r

4.0
I,7
L,5
T,6
L,4
I,3
I,4
I,I
1,3
0.9
1"0
r,7
1.8

9,2
3,7
2.6
I,5
4.0
I,7
o,g
1.0
0.8
0.8
o,7
o,6
!.2

9,8
4,9
3,2
2,6
I,5
L"5
I,3
T,3
I,2
2,2
1.0
O,9
3,5

3,6
O,9
o,9
1.0
o,7
o"6
o.7
o,5
o,6
o,5
0.4
1.1
L"2

7,4
3,L
1.8

o

3,2
I,2
0,4
0.4
o.3
o,3
o,2
o,2
o,6

9,4
4,3
2,7
1.8
o,g
0.8
0.8
o,6
o,6
t,6
o,5
0.1
3"O

0,4
0.8
o,6
o,6
o,7
o,7
o,7
o,6
o.7
0.4
o,6
O,6
0"4

o"8
o.6
0.8
o,6
0.8
o,5
o,5
o,6
o,5
o,5
o,5
0.4
0.6

0.4
o,6
o.5
0.8
o,6
o"7
o,5
o,7
o,6
o,6
o,5
0.8
O,5

B.o 7OO
4,4 626
4,2 562
4.0 5Bo
5,O 57L
4.6 545
5,O 545
5,O 550
5.4 5476,1 5rc
6,6 549
6,6 565
7,4 590

8.0 616
4.0 583
4.0 635
5,6 505
5,4 6qg

5,2 500
4.8 52O
4"6 53r
4,6 525
6,6 545
6:8 545
?,4 562
7"6 547

10,6 60t
6,2 481
l+,2 385
4.0 35o
4.0 375
4.0 404
3,6 425
4,6 449
5.6 445
5,2 454
6,0 469
7,O 455
7,4 t+75

7,2
7,8
7,9
7,9
7.9
7,9
7,8
7,8
7.7
7,5
7,4
7,5
7,7

7,7
8.0
8.0
8.0
20
l./

7,8
7,8
7,7
7,6
?.6
?.6
?.6
7,7

7,7
7,9
8.1
8.1
8.0
8.0
7,9
7,8
?.6
?,6
?.6
7,8
?,6

o,7
o,6
o,6
o.7
1.0
0"9
!,2
L,4
T,7
2,8
2,9
2,9
Z,z

o,g
o.7
T,I
I,6
t,3
2.2
3.O
90pa /

3,3
3,3
2,3
3,3
3,r

o,7
o,7
o,7
T,2
r"6
r.6
I,6
I,7
3.1
3,2
3,7
3,O
2,9

- continued



91.

I'relini.n¡rr:y Soil 'l'csl, Analysis - continued

Sitc Depth
No" m.

N{t, r ¡¡1"(2) NO"-(3)
dpn, '- pún

No2-( 
2 )

ppm
P

ppm
K

ppm
PII cond. (v/v)

mmlr<-rs /cn.

6,

o,r54
o,3r
o,62
o,92
L,O7
L.22
r,53
1 .84
2,r7
2,48
2.79
3,to
3.3L

o,r54
o,3I
o"62
o,92
r,o7
!,22
L,53
1.84
2,!7
2,48
2,79
3,to
3,3r

o,154
o,3L
o,62
o,92
L,O7
L,22
7,53
1 .84
2,r7
2,48
2,79
3,to
3,3r

6,L
aa

2,I
3,3
I,2
T,3
1.0
1.1
0.4
t.2
L,5
I,I
O,9

12"L
3,7
I,6
2,O
o,7
I,T
o,g
o,7
o,6
o,6
o,7
1.0
1.0

15,6
5,4
3,8
2,O
T,I
o,6
o,g
I,4
o,6
t,5
0.8
O,5
O,6

5,7
2,7
2,6
3,8
o,7
0.8
o,6
o,6
0.0
o,6
o,5
0.4
o.3

11 .8
3,5
I,L
1"1
0.1
0.4
o,2
0.1
0.0
0.0
0.0
o,2
0.4

15,o
4.8
CQ

1"0
o,5
0.1
o,2
o,3
0.0
0.4
0.0
0.0
0.0

o.4
o,5
O,5
o.5
o,5
o.5
0.4
o,5
0.4
o.6
1.0
o,7
O,6

o,3
o.2
o,5
o,g
o,6
o,7
o.7
o,6
0,6
o,6
o,7
0.8
o,6

O,6
o,6
1.0
1.0
o,6
o,5
o,7
I,I
o,6
1.1
o,g
o,6
o,6

7,7
?,6ñ()( ra

7.8õ<)( rO

7.7
7.7
?.6
7.4
7,2
7.5
7,5
7,2

?.6
6.8
7,2
f ,L
7,8
7,8
8.1
7,7
7,6
7,7
7,5
?.6
7,5

7,4
7,5
7,7
8.1
7,7
7,5
7.7
?.6
7.7
7.5
7,5
7.5
7.5

o,9
0.8
L.¿
,l<

I,9
2,7
2,O
3,I
3,4
3,2
3,4
3,3
3,3

o,9
0.8
o,7
I,3
I,5
I,5
L,6
3,L
3.1
2,8
2"8
2,8
2,9

1.0
o,g
o,g
o,7
1"1
1"1
L,3
r.4
2.9
2,9
2,9
2,9
2,7

9.o 585
3.t+ 53t
3.4 4ZS
4,4 4zt
5,O 392
5,4 42O
6,1 425
6.4 4oo
6,2 465
7,2 500
?,2 4ZS
7,2 485
?,6 483

r4,3 6ls
8,2 55r
4,6 495
3.6 46r
4.4 425
5,O 4r7
5,6 4?O
5.6 455
5.8 47O
6,6 445
7,O 5t5
7;4 5o5
? "6 49?

16,2 595
7,O 535
5,6 42?
4.0 3Bo
4.0 352
4.6 385
5,4 42O

5,8 475
6,0 4go
6,2 492

513
?,6 517
7,4 529

(1) Samples taken October, I9?I, by Bob Eilers, Man' Soil
by P. S. T. L.

Survey, analyzed

1:2 soil:water(z) NOo- +
radio

(:l ro3- -

NOr- and. NCr- done on sane extract (O.5lul NallCO

N=(NOr-+NOz-) -Noe-
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e3,

Plot Depth NOj
Íìo ppm

Nitr:aLe Ànal.ysis fron 1972
(ilo3. lt)

Soils Test Dal.a

Depth
m.

Plot N03
ppm

r03 O-O,T'A

o,r9-o,3r
o,62

o,92

L22
7,53

1 .84

2,18

2,49

2.79

o-0.154
o,r54-o,3r

o,62

o,92
L,22

I,53
1 .84

2,lB
2,48

2,79

o-o,r*
o"IAt-o,3r

o,62

o,92

1,22

L,53

1.. 84

2,TB

2,48

2,79

5.00
2.BO

4.oo

2,20

2"OO

1.40

?,60
0"80

I,20
1 .00

4"60

3"80

7. B0

1 .00

r,60
L,60

2,20

o,20

1, O0

0"40

4" oo

?"20

2,OO

2"20

1.00

L,20

r,20
r,20
1.00

0.60

ß6

LO7

108

o-0.154

o, L*-o.3r
o,62

.o,92

1,22

I,53
L .8¿l

2,t8
2,48

?.79

o-o,r5/+

o,r54-o,3L
o,62

o,92

L "22
1.53

L,84

2,tB
2"48

2 "79

7.4o

3,4O

I .40

r,60

1.40

I,20
2,OO

0.40

0.40

o"B0

7,OO

4.00

5,2O

3.40

3,4O

2,40

3,2O

3. 00

3. B0

o.60

o-o,I5l+ rB,2o

o,t54-o.3r 4. oo

0,62 2,20

o,92 1.40

L,22 3. O0

I"53 2,60

1.84 5.00

2,!B 0.60

2"48 4,2o

2,?g 1 
' 
oo

104

ro5



94.

Plot Depth
III ¡

Nol
ppm

[)1ot De pt,lr
n-

Nol
ppm

Lt2

LL3

LI5

TL,2O

3.4o
0.60

0.40

0. B0

o,20

4"40

1.60

3,4O

O.60

4" 00

6.20

2.60

1" 00

1. B0

1,00

3"00
t,60
2,OO

2,OO

5,60

3,2O

2.20

t.60
1 .80

2"BO

I,20
2.20

1.60

n6

I20

0-0. t5t¡

o,r54-0.3r
o "62
o"g2

t,22
r.53
1. 84

2"tB
2,48

2,79

o-0" 154

o.r54-o,3r
c"62

o.g2

L "22
1.53

1 .84

2"LB

2,48

2,79

o-o"$4
o,L5/+-O,3I

o"62

o "92
I.22
r,53
1. 84

2,LB

2.48

2"79

O-O.t5Lr, IO.2O

O,I54-O,3I t+,6O

0,62 1 .00

o,g2 1.80

r,22 2 "40
L,53 r,20
1 .84 3.oo
z.LB 0.80

2.48 0.80

2.79 1 .80

o-0.154 5.2o
o.!54-o.3I 2.8o

0,62 2,2o

o,92 L,6O

r,22 2,20

r 
" 53 r,2O

1.84 1.00

2,IB I,60
2 "48 0.40

2'79 L'6o

o-o.754 B.40

o.154-0.3r 3.2o
0.62 3.00
o.g2 2,4o

r,22 1,60

r.53 2,8O

1 . 84 t.20
2,rB 2,80

2,48 2,60

2,79 1. Bo

118



Plot Depth
Il.

95,

Plot Deptft
IIì r

N03
ppm

N03
ppm

401

402

405

16,40

3 "40
t,20
2,20

1.BO

o. B0

I "20
1"00

0"80

0.60

t2,60

3,2O

r "60
2.20

o,20

1 .40

1"00

0.40

0.40

t6"20

3.00
2,20

I.20
2"40

2 "BO

1 .00

1 .80

3"40

z.60

406

408

410

0-0" 19t'

o,L54-O.3r

o,62

o"iz
L22
t,53
L, 84

2,r8
2,118

2,79

o-0" 154

o.L54-O,3r
o,62

o,92

I,22
r"53
l_. 84

2,18

2.48

2,79

o-o,r54
o,r9-o"3r

o,62

o,92

t,22
1" 53

1.84

2,tB
2,48

2"79

O-O, 151+ 13 , (¡o

o"lrA-o,37 2,4O

0,62 3,4o

o,g2 o. Bo

!,22 !,20

"r,53 
2 'OO

1.B4 1.80

2,!g 1.40

2,48 1.40
'2,?9 1'oo

o-o,1'* 18'60

o,r54-.o,3t 4.40

0,62 1'oo

o,g2 2.20

I "22 0.40

1,53 0.80

L.g4 0.60

.2"L8

2,48 0.80

2,79

o-o,L5l+ 13.2O

o,I54-O,3r 2,8O

0,62 1.40

o,92 3.Bo

L "22 2,20

t,53 r.60
1.84 2.OO

2,TB 1 . BO

2,48 2,60

2 "?g o.4o



Plot Depth
Ilì o

Plot Depth
lll ¡

Noj
ppm

N03
ppm

t+rz

474

415

5.oo
2.OO

3,4O

1"40

1 .80

2.60

1.00

3,60
1 .40

0.60

t3"60

5.OO

0. B0

1" 80

3. B0

1.00

2,OO

2,40

t.60
r.60

8. B0

3,60

3. B0

1"40

4"60

1.40

t,20
0.80

o" 60

0. B0

418

420

o-o,L9v

o,1.9+-o"3r

o"62

o,g2

1",22

t,53
1" 84

2.78

2"48

2"7?

0-0" 154

o"t54-o"3t
a"62

o,92

t "22
r,53
1".84

2"t8
2,48

2,79

0-0" 154

o,r9-o,3r
o,62

o,92

1, "22
1,53

1"84

2,LB

2,48

2"79

4n o-o.lJr¡ 5,8o

o,!9+-o,3r t+,6O

0,62 2,OO

o,g2 z,t+O

r,22 3,40
't,53 o'Bo

J..84 4. Bo

2.!8 I.2O

2,48 4' 40

' 2'?g 1' oo

o-0.154

o.154-0,3L
o,62

o,92

!,22
t,53
l-.84

.2,I8
?,49

2,79

o-o,r5/+

o,t54-o,3r
o,62

o,92

t,22
t,53
1.84

2.78
2,48

2,79

3.80
1. B0

1 .40

1.80

2.OO

0, B0

2,OO

L,60

2,OO

2.OO

3.60
2,BO

3.2o
2,40

L,60

1"60

L,60

o,20

1 .00



: .:. .'.,;, : r:¡: i ¡ : _-_,r1_:t:1'; i i t. ; -r, .. .._,:,.:. :

Plot

97.

Plot Dept,tt
lll ¡

N03
ppfn

Depth
IDo

N03
ppm

501 0-0.154

o,154-O,3r

o,62

o,gz

L,22

t,53
1. 84

2,tB
2,49

2,7?

o-0" 154

o,1-54-O"3r

o,62

o.92

t,22
t,53
1.84

2,TB

2,48

2,79

0-o. Lji4

o,Lrþ-o,3L
o,62

o"92

t,22
1.5)
1. Bll

2,TB

2.48

2,79

0-0.15t¡ '/,60

o,l.At-o,)r 2;,t)o

0"62 1,20

o,g2 6. oo

L,22

.L,53 1 . B0

1 .84

2,!8 0.60

2,48

2,?g 2,BO

o-o,I9 t5'80

o,L54-O,3r 9,20

0,62 5. oo

o,g2 3,2O

L,?2 2,OO

L,53

1.B4 2,60

2,L8 r,60

2,49 3.00

2,?g 0'40

0-0.1jl+ 27,8O

o,!54-o,3L B.2O

0,62 2"oo

o,g2 2,BO

1.,22

t,53 3.Bo

1"84 0.óo

2,IB C.8O

2,48 L,60

2,79

2,40

L,60

2,20

2,BO

3.80
1"40

1.40

0. B0

r,20
o"20

g 
"60

2"OO

3,4O

2,20

1.40

1"40

2"OO

0.80

r,20
L,20

5.80
6.60

t.20
r,60
1"40

2,20

1.60

o "20
r "20

507

502 5@

504 5to



^()YO,

Plot Depth
Ifl ¡

N03
ppm

Plot Depth
Ifl r

N03
ppm

5rt

512

fl5

t7.Bo
4.20

I,()O

1.BO

1.40

o,20

0. B0

2,OO

3,2O

0.80

13,20

2,BO

1.00

2.60

1. B0

0. B0

I,20
o,20

o,zo

O.60

L4,20

4,60

3. B0

2,60

1 .00

I.20
0. B0

O.BO

0.40

0. B0

518

520

O-Q,I5t¡

o,1.5}+-O,31

o,62

o,92

t "22
L,53

1. 84

2.LB

2,48

2"79.

o-o,r54
o,r54-o,3L

o,62

o,92

L,22

t,53
J..84

2,LB

2,48

2"79

o-0.154

o,r9.o.3t
o,62

o,92

1,22

t,53
1.84

2,L8

2,48

2,79

o-o. 154 fi.2O

o,L*-o,31 L+,2o

0,62 1.40

o,g2 1' Bo

)-,22 6,60

r,53 3'2O

1.84 r,20

2,79 1.00

2.48
2,?g 2'20

o-o.l-54 5,4O

o"t54-o.31, 2,BO

0"62 3,oo

o,92 3. oo

!,2? 2.1+O

1,53 1.oo

1.84 o.4o

2,r8 2,'60

2,49 1. B0

?,79

o-o,r5þ L5,4o

o"t54-o,3r 3,60
0,62 2.OO

o,92 5. oo

!,22 2,BO

1,53 r,60
' 1 .84 L,20

2,!B r.2O

2,48 0.80

2,?9 1 . Bo

519



PIot Depth
m.

99,

PIot Deptlr
¡tt.

N03
ppm

N03
ppm

6oz

604

6o5

r5,20

5,4o

3.20
2,OO

2,20

1.00

t.6o
0.80

1.00

t6.6o
z.6o

3,2O
I aìn

2,OO

3.20
2,40

2.40

o,20

1.40

5.00
2,BO

2,20

2,20

1"80

0.80

1.40

2,20

1 .40

2,OO

óoa

6qg

0-0.19r

O,151¡-9,3t

o"62

o"gz

t,22
L,53

1"84

2,tB
2,48

2,79

o-0.154

o,r54-o.3r
o,62

o,92
t "22
t,53
L"84

2"TB

2.48

2"79

o-o,r54
o,I9+-o,3I

o,62

o"92

1"22

1" 53

L. 84

2,LB

z,4B

2,?g

(¡O? O-O. 1Jt¡ 13. oo

o,1*-o,3I 3,2O

0,62 1.40

o,g2 1 . Bo

L22 0,2.o

.I,53 l.lro
1 .84 r.20
2,!B t,20
2,48 o.4o

2.79 o. Bo

o-0.154 11,60

o.1,54-0,3r 3,40
0,62 1.80

o,92 1.80

L22 2,OO

r,53 2,OO

1.84 2,80

Z.IB 4.00

2,48

2,?9 0'40

o-o.t* II.2o
o"154-O,3I 2,OO

0,62 z,Bo

o,92

r,22 2,OO

r.53 3.oo
1.84 1.40

2,!B 0. B0

2,48 0.60

2,79 2,2o



Depttr
Ill c

Plot N03
ppn

N03
ppn

1OO.

Plot Depth
lll ¡

6tt

6tz

6r4

12,[30

3,60
2"BO

f.iJO

2"OO

L,20

0"80

3.00

13" 0o

0" 80

1. B0

2,40

3.00
2"20

r,60
I"20
2,OO

2,OO

8"40

2,BO

2.OO

2,20

r,20
1 .00

O.60

0. B0

0.40

1"40

6ß

6t?

6zo

0-0.154

o,L*-o,3r
o,62

o"92

L "22
r "53
1"84

2"tB
2,48

2,79.

o-0" 154

o"r54-o"3t
o"62

o,92

r,22
r "53
l_.84

2"18

2,48

2"79

o-o.154

o"tu+-o,3I
J,62

o,92

t "22
t,53
I."Bþ

2"tB
?"48

2"79

0-O.154 to.4o

o,I/|-o.3I 2,BO

0,62 2,20

o,g2 1.40

I "22 1 .80
' t,53 3.20

1.84 o.4o

2,!B O,ZO

2.48 2,2o
' 2,?9 1' oo

o-0. Lj/+ 2.BO

o,L54-O,3L 2,4O

0,62 2,60

o,g2 1.40

!.2? 1.40

t,53 1.Oo

1,84 r,60

2,r8 1.00

2,48 2,OO

2,?g o' Bo

o-o"79 r7,OO

o"L54-0,3r 3,2O

0,62 2,60

o,92 3. oo

!,22 1. BO

r,53 2,20

1 .84

2,18 1.00

2,48 0.80

2,?g
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Ioz,

Nitrate Ânalysis fr.on 197) Íioils 'l'est D¿r.ta

(ltor ' 11¡

Plot Depth
Ifl .

N03
ppm

Plot Dcpth
lll ¡

N03

t03

104

LO5

Lo6

o-o,t9v

o,IrjÞo")r
o,62

o,g2

1,22

t,53

0-0.154

o,79+-o,3r
o,62

o,92

1,22

1,53

O-O.151¡ 7,o

o,79+-o,3r r,2
0,62 1,2

o,g2 1.0

1.,22 1.0

!,53 L'2

O-O.L5l+ 2,2

o,79+-o,3r r,6

0,62 2,o

o,g2 2'4

!,22 2,O

L"53 r'4

o-o,t9 L ,4

o,154-o,3r L,2

0,62 r,6
o,92 t,2
7,22 1 .0

L,53 L ,4

O-o,19t 2.4
o.154-0.3t 1.0

0,62 t.6
o,92 r.4
1,22 1,6

1,53 L,2

o-0.11r 5.O
o.Iyt-o,31 3.2

0,62 z,z
o,92 z,z
t,22 2,8
t,5) r,6

2,4

1,2

1.8

0.8
o.B

T,4

L,2

T,2

0.8

o,6
0.8
o,6

¿,¿

3,4
2.4

-t. o

I.t+

L,2

0.8

0.8

o,6

0.8
0.8

0.8

I,2
0.8

o,6

0.8
o,6
o.6

108

t09

LI3

fi4

o-o"154
o,754-0,3t

o,62

o,92

L,22

L,53

o-0" 154

o,154-0,3r
o,62

o.g2

I,22
1,53

o-0.154

o. 1t+-0.31

o,62

o.92

t,22
L,53

301ro7



Plot Deptlt
Ill o

ro3"

Plot Depth
il.

N03
ppm

N03
ppm

t12 o-0.154

o"r9t-0,3r
o,62

o,92

I,22
L,53

o-o,t*
a,L9+-o,3r

a,62

o,92

L"22

L" 53

o-0" 154

o"L54-O,31.

a,62

o,92

L,22

L"53

o-o,L54
O"L5t1-9,3t

o,62

4,92

L.22

1,53

O-0.151¡

o" 154-0.31

o,62

.o,92
1.,22

1,53

o-o.154 1.8

o,r9+-o,3r L,2

0,62 2,o

o,g2 r,6
L,22 2,2
't.53 t.2

o-o,r9 r,2

o"!5þ-o,3L L,4

0,62 t,4
o,92 r.2

L,22 r.6

1.,53 L,2

o-o,7* 3,2
o"t54-o,37 r,6

0,62 z,z

Q,92. r.4
L,2? I,4
L,53 L,4

o-0" 1'+ 3.4
o.t54-o,3r 2,6

0,62 2,o

o,g2 r,6
L.22 L,2

t.53 r,2

o-o,l5l+

o"t't-o.3r
o,62

o,92.
1.22

t,53

2,6

1.8

L,4

2.O

1"8

L,6

r"4

L,4

!,2
L,2

L,2

o"6

!,4
!,2
0.8
L"2

1,0

L"4

4.8
2,4

2,2

I,2
2,O

t,4

4.0
2,8

2,O

3,4
!,6
cc

302

305

LL5

7r6

118

)03

3d+

402 t.6
o.B

!,2
L,2

0.8

!,2

1,20



Plot Depth
Ilì ¡

N03
ppm

1dl.

PIot Dcpth
m.

N03
pprn

306 o-o,t9+

o,lrj.t-o,3L
o,62

o"92

\,22
L,53

o-0.l-9r
o"r*-o,3t

o,62

o,92

t,22
t,53

2,O

1.8

L,6

I,2
0.8

T,6

4.0
2,O

2.4

1.8

T,6

1.8

4.0

3,6
¿,¿

2,6

1.8

I,4

2,6
1.0

1.0

0.8
o,6

0.4

L,2

o,6

1.0

o,6

!,2
1.0

405

406

O-O. 1511 o. fJ

o"Ly+-o,3L L.2

0,62 r.6
o,g2 0.4

!,?2 1.O

t.53 0.6

o-0. 1t+ 2,6

o"1.*-o,3r 1.4

0,62 t,4
o,g2 0.8

!,22 0.6

r,53 0' B

O-0.1J4 3,2
O "151¡-9,3t 1 .8

0,62 1,6
o,92 0.8
7,22 0,6
L,53 0,6

0-0" 154 4,6
o.1.54-o.3L 2,2

0,62 1.0

o,92 0. B

t,22 t,6
7,53 r.2

o-o.19+

o,Iít-o,3L
o,62

o,g2

. t,22
t,53

308

30?

401

o-o,t54
o "1*-o,3r

o,62

o,92

L,22

r"53

o-0" 154

o,t54-o,3r
o,62

o,92

t,2?
r"53

0-0.15t1

o,I9+-o,3L
o,62

o,92

t,22
L,53

408

409

2,6

2,2

L,4

T,6

2,O

I,6

410 4t7



PIot Depth
III¡

ro5,

Plot Depth
m.

N03
pp¡n

No3
pp¡n

l+I2

413

474

4t5

a.a

1.8

2,O

1.0

2"2

2.O

2,4

L.2

!,2
1.0

1"0

o,6

5.6
3,4
a.¿

2,O

T,4

I,6

O-o"Ilt
oJrllo"Sr

0,62

o,g2

L,22

L"53

o-0.154

o,t9+-o,3r
o,62

o,92

1,22

t,53

o-0. J.54

o"t54-o"3t
o,62

o,92

I,22
L,53

o-0.15þ
o. 154-0.31

o,62

o,92

L.22

L,53

o-0.15'+

0. 1t+-0.31

o"62

O,9?

r,22
1,53

o-0.154 1.8

o.!9+-o,31 L,2

0,62 1.6

o,g2 2,O

!,22 1'B

't'53 L'2

o-o,r9 2,6

o.75þ-O,3r 2,O

0,62 1.8

o,g2 1.8

T,22 L,6

t,53 1'8

0-o.154 2,2

a.154-0.3r L,6

0,62 r,l+

g,g2 2,4

L "22 2,4

t,53 2,2

o-o,r* 2.4
o,154-0,3t 2,2

0,62 z,o
o,92 1. B

L,22 1. B

1,53 7.4

o-o" 15/l, ?,8
o"l9t-o.31 j,6

0,62 z,o
o,92 z,o
L22 2,8
t,53 2,4

3,O

2,2

2,2

I,6
L,6

t.Ll

3,8
l.Õ

1.0

-L.O

1.8

1.8

418

420

501

502

504 5tr



Plot Deptlt
m"

Nol
ppm

to6.

Plot Depttr
lt.

Nol
pp¡n

507 o-o,t9+

o,tlt-a,3I
o,62

o,92

t "22
L"53

o-0.154

o,t9+-o,3I
o,62

o"92

1,22

L" 53

o-o.154

o"L54-O,3r
o"62

o"92

L"22

1" 53

o-0.154
o"r54-o,3r

o,62

o.g2

!,22
1,53

o-0.154

0.19+-0.31

o,62

o,92

r,22
r,53

O-O.15t1 4.?'

o,lr]it-o,31 1.ll

0,62 z,z
o,92 z.tl
1,22 2.O

r,53 2,o

o-0.154 9.6
o,!u+-o,3r t+,2

0,62 2.6

o,g2 2.8

L,22 2,O

t,53 1.8

o-0. l-9 1.0

o,L54-O,3r 1.0

0,62 1.8

o.92 2.2

1,22 0. B

t,53 L.6

0-o" l.t+ 4,4

o.1,54-0 "31 2,2

0,62 2.4
o,92 1 .8

t,22 2,4
r,53 2,2

t,2
L,2

2,O

I,6
1.8

2.O

5,O

2,4

2,6

r.4
2,4

1.8

7.2
4.6
2,O

I,6
2,O

L,6

2,O

2.O

!,2
1.8

1.8

L,6

1.8

I,4
T,6

1.O

0.8

0.6

5r2

5t4

515

5r8

508

509

5ß

6o5 o-o,19t
o,Lít-o.31

o,62

o,g2

- 1"22

t,53

2,4
I,4
1.8

0.8

T,2

1.0

519



Plot Depth
In.¡

1o7.

Plot DcpLh
lll o

No3
pp¡n

N03
ppm

520

6oz

6o3

o-o,L9t

o,Iyt-o,31
o,62

o,92

\,22
t,53

o-0.154

o,LU+-o,3r
o,62

o,92

t,22
L,53

O-O.15t¡ 2 'O

o,79r-o,3r 2.o

0,62 L,6

o,g2 1. B

1.,?2 1,4

L"53 1'o

o-o, r5l+ 1- . B

o"t*-o.37 1.0

0,62 2,2

o"92 2.O

L,22 L,6

I.53 1.0

o-o "79 3.6
o,754-0,31 2,4

0,62 !,2
o,92 1. O

t,22 0.8

r,53 1.0

o-0.154 2,O

o.t54-o.3L !,6
0,62 z.o
o,92 3,8
L,22 1. B

t.53 1.8

O-O.1'rj+ 5,o
o"r9+-o,)L 4,6

0,62 3.6
o,g2 2,4

. 1,22 3,2
t"5) 2,4

3,O

I,6
1,6

1,6

I,¿

0"8

3.4
L,6

2,O

2"O

I,2
T,6

4,4

3,4
2,O

2,4
2,8

2,6

¿.¿

2,O

1.8

1,6

2,O

1,6

1.1

T,2

1.8

2,4

1.8

O,B

6o9

6tt

6o?

6oB

6ot+

o-o,t54
o,154-0,3t

o,62

o,92

r,z2
t,53

o-0.154
o,r54-o,3t

o,62

o,92

1,22

1,53

0-0.19+

o,t9+-o,3r
o"62

o,92

I.22
t,5)

6L2 6zo



Plot Depth
III o

108.

Plot Depth
llt r

N03
ppm

N03
pp¡n

6l+

6t6

6tZ

618

1.0

1,4

I,6
2,O

r.4
1.0

4.8
2,6

1.8

2,2

I,6
I,4

2,O

L,¿

t.6
1.8

2.O

L,2

2,8
1.8

t,6
1.8

L.6

1.8

2.O

1.0

t,6
T,6

2.O

2,4

703

704

o-o,L91

o,Iít-O"3r
o,62

o,92

r,22
L"53

o-o,t*
o,Lfl-o,3r

o,62

4,92

L,22

t,53

o-o,I54
o,154-0,3L

o,62

o,92

L,22

L"53

o-0.154

o.L54-O,3t
o,62

o,92

7,22

1,53

0-0.191

O"L9+-O,3I

o,62

o,g2

L22
t,53

70r o-0.154

o,rrÅ-o,3r
o,62

o,g2

L,22

T,53

L,6

!,2
1.8

T,6

1,2

L,2

2,O

1.4

1.4

1.0

r.6
I,4

?o2 o-o"79+ 2,o

o,7:/+-o "3r 2,4

0,62 2,o

o,92 1.0

L,22 1 .8

r"53 2,O

O-o. 1tl z,o
o"754-O,31 1.8

0,62 2,2

o,92 r.6
L,22 I,4
L,53 2.2

o-o,L9 4. B

o.t54-o.3t 2,o

0,62 2,2

o,92 2,2

t,22 t,4
L,53 2,O

?r2 0-0.191

o. 191-o.31

o,62

o,92

. L,22

r,53

?06



IU),

Pl-otPlot Depth
III e

N03
ppm

Depth
lll ¡

Noj
ppm

7@

708

770

7IT

o-o,L9r

o,tíÞo")I
o,62

o,g2

1,22

1,53

0-0.15t+

o,L*-o,3r
o,62

o,92

L,22

L,53

o-0.154

o.L54-O,3L

o,62

o,92

t.22
1,53

o-0.154
o,r54-o,3r

o,62

o,92

I,22
1,53

o-0.154

o"I1t-o,3t
o,62

o,92

'-221,53

O-O. 151¡ 2,f\

o,ty+-o,3r 2,2

0,62 3,2

o,g2 2,2

L,22 2,4

t'53 r '6

o-0.154 3,2

o,1*-o,3r 1.8

0,62 r,6

o,g2 1' B

!,22 r,6

L, 53 L,L+

o-o,L* 2,6
0.L54-0 "3r r,6

0,62 r,6
o,g2 I,2
L,22 2,O

L,53 2,2

O-O,I9+ 3,o
o,t54-o,3r 2,o

0,62 t,6
o"92 r,4
1.22 2.6

t,53 r.4

O-o,\!t 3,o
o"t1+-o.)l 3,2

0,6? 2,2

o,g2 t,6
L,22 2.O

t,53 2,O

0.8

0.8

1.0

!,2
L,3

¿. r

2,4
2,O

1.0

1.0

1.0

o.6

4.0

2,4

2,0

T,6

I,6
L,6

1,0

o,6
r.4
1.0

L,2

1.0

2,8

2,O

1.0

t,4
1.8

I,6

713

714

715

?t6

7t7 719



.:.::>i.;.ì

Plot Dcp'Lh
Íì.

N03
ppm

110"

PIot Dcpbh
n.

Nol
ppn

7LB O-o" 191

O,I5tt-g "3t
o,62

o,g2

t,22
t,53

16. o

19,B

12 "8
8"2

4"6

2"6

720 O-O. 151¡ 12,2

o,r1y't-o,31 6. B

0,62 3.8
o,92 2,O

!,22 1.,6

t,53 5,O
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trz,

Alfalfa, Barley, Corn, Mixture, anrl. lìeecl Canary Crass Yields* (fg/tra)

Alfalfa

Plot Yield

Reed. Canary Crass

Plot Yield

Mixture

Plot Yield

Lo3

rc6

TL2

L20

204

208

215

zrg

304

307

312

3t7
L+oz

4,o8

4t4
420

502

570

512

520

6o5

6oT

6tz
6t6

702

?06

712

?ß

565

6ls
6zs

1190

ro75

1oB5

r2B5

925

535

705

595

695

535

1040

1d+0

t295

995

535

t75
475

?65

e35

330

1305

r5rc
L3B5

1305

1260

104

L07

tL5
fi6
20t
206

212

220

303

306

315

3r6
405

410

415

418

50t

507

515

5r9

6ot+

6oa

6tu

6L?

70r

708

7II
7t7

525

385

880

560

455

805

tjL5
960

560

985

845

1oo5

845

720

735

540

795
'415

515

430

665

445

66o

1040

6?o

tfi5
980

Lfu5

101

110

111

r77

202

2W

2IL

216

302

3q
313

3IB
404

407

4Lt
416

505

506

5r3

5t7
6ot
6o6

6t5

619

703

707

7r5

720

775

850

770

12t5

6zo

trgo
820

1080

680

6t5
rr45
6zs

785

r225

r34o

980

845

780

345

455

tt65
6gs

930

to65

t375

1080

r305

LuL5

- continued



II),

Barley

P1o'b Yicld

Corn

Plot Yield

rc5

108

1t3

118

205

2IO

213

217

305

308

3LI
3t9
401

406

4L2

417

5d+

509

5tr
5ß
6oz

6gg

6tt
6zo

704

7q9

713

718

191 5

TI4'
893

101 3

178 3

2299

2434

2L45

2242

2l-25

I7L6

1803 =

L492

1630

I276

L478

859

534

534

168

1069

1066

595

J.478

130 3

932

1085

L452

IO?

L@

tr4
LL9

203

207

214

218

30t
3Lo

3t4
320

403

4@

4t3
4t9

503

508

5r4

516

6o3

6to

613

6IB

705

7ro

714

719

4462

4188

4923

3t 30

5790

35 56

65 33

5654

4923

8278

6L43

6546

748E

9954

62rO

8766

32i9

4004

r749

r556

4484

3170

3258

3507

4690

4708

5829

7309

x Yle]d. per plot reported ln total dry matter per hectare except barley
which is reported. in kilograms of grain per hectare.
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';r j'l: 
i

IL5,

Nitrogen tJp Lake as '-[akert from 'f issue Analysis

Corn

Plot % n

Reed Canary Grass

P10t % n

loz
109

fi4
t19

203

207

2L4

2IB

30r
3to

314

320

403

4q9

413

4Lg

503

508

514

5ß
6oj
6ro

6t3

6ra

705

7ro

?14

719

104 2,72

LO? 2,64

fi5 2 ")5
Lß 2.BI

2OI 2.5L

zo6 2,rr
2r2 2.69

220 r,83

303 4,39

306 3,86

315 2,64
- 316 3.oo

4o5 2,3r
410 3,68
4r5 2 "9I
418 2,93

5ú 2,69

50? 2,47

5r5 2,3t

5I9 2,06

6d+ 2,oB

6oa 2,39

6fu 2"88

6t? 2,!4
?ú 2,4r

7OB 2.O3

7It z,q9

7t7 1.BB

as total Kjeldaht nltrogen.

7,06

L,oz

o,96

0" 83

0.90

1" 06

T,I5
o.g3

I,T2
L,28

L,22

r.25
o" 86

0.86

I,L2
o,99

0" 80

!,o2
L,fu
L "34
0"90

r "25
r"5l+

L,63

0. 83

0" B0

o. 86

!"02

is reported* Percent nitrogen
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TL?,

Date

Runoff Sample Analysis - 1973

Plot COD

ppm

P04

ppm

*03

ppm

June 14

June 18

June 20

July 4

JuIy 6

TT7

118

216

217

3LB

II7
118

216

217

3t8

IL7

118

216

217

318

Lt7

118

216

2r7

3t8

LT7

118

2L6

2t7

318

668

257

tlu

LO6

742

73

558

nL

53

132

Lt9

246

322

196

L32

77

81

46t

12I

72

145

408

5.o
o"35

1.0

0.85

o,375

o,?5

o"35

O" 886
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Date Plo t,

l.LP¿,
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ppm

*03

ppm

July 10

JuIy 24

JuIy 2l

July 30

August 11

TT7

118

216
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3r8

LI7
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2t6
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TI7
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216

2r7
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LI7

118

2r6
217

318

rt7
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2r6
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32
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196
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Date Plot

LL9

COD

ppn

Po4

ppm

*03

ppm

August 20

September J
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P04 - P (PPm)
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LO7,6

455,8

3t5,7
90,87
6t,&
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