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ABSTRACT

Soil productivity usualJ.y declines when topsoil is Iost to erosion.

Extra fertilizer can often help mitigate the crop yield depressions seen

under erosion conditions. In a soil-scalping experiment, yields of

Benito wheat were measured under 4 levels of topsoiL removal and 3

fertilizer regimes. Two experimental locations were selected in spring,
.1983: a Reinland LVFS soil (described as a gleyed, carbonated rego

black) and a Newdale CL (an orthic black chernozem). Both sites were

seeded to 'Benito' wheat at a rate of 100 kgrlha. These sites v¡ere

again seeded to'Benito'wheat in.1984, âs well as a newly- established

thiro site on a somer¡hat degraded Pembina CL soil.

In year one, wheat yields at both experimental locations vrere

significantJ-y depressed where 20 cm of topsoil had been removed. 0n the

Newdale CL soil, wheat yields decreased with each increasing amount of

topsoil removal, while on the Reinland LVFS, onJ.y the plots where 20 cm

of topsoil had been 'scalped' lvere substantially lower. Yieì.d, even on

severely 'scalpedt plots, v¡as not significantly affected by application

ofNandPfertlizers.

In the second year, wheat yields on both the Reinland LVFS and the

Pembina CL were significantly lower than controls where 20 cm of topsoil

had been removed. 0n the Newdale CL wheat yieLds among the soil removal

treatments did not differ significantly at P = 0.05, although they were

lower than controls, where topsoil had been removed.

lV -



in.1984, a significant fertilizer response was obtained; at all

three experimental locations, the highest fertilizer application signif-

icantly increased grain yields where more than 5 cm of topsoil had been

scaJ,ped. I^ihile extra fertilizer had a mitigating effect on the simu-

Iated erosion in 1984, it did not return the deeply scraped plots (where

10 or 20 cm of topsoil had been removed) to the soits'original (uner-

oded) productivity.
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Hama t r eya

BuIke1ey, Hunt, WilIard, Hosmer, Meriam, Flint,
Possessed the land which rendered to their toil

Hay, cornf roots, hemp, flax, app1es, wool and wood.
Each of these landlords walked amidst his farm,

Saying, 'T'is mine, my children's and my name's.
How sweet the west wind sounds in mine own trees!

HoÍ¡ graceful climb those shadows on my hill!
I fancy these pure waters and the flags
Know me as does my dog: r,le sympathize;

And, I affirm, my actions smack of the soil.'

Where are these men? Asleep beneath theír grounds:
Ànd strangersf fond as they, their furrows plough.
Earth laughs in flowers, to see her boastfuL boys

Earth proud, proud of the earth that is not theirs;
I,tho steer the plough, but cannot steer their feet

Clear of the grave.
They added ridge to valIey, broo

And sighed for all that bounded t
'This suits me for a pasture, tha

We must have clay, J.ime, gravel
And misty lowland where to

The land is well - lies fairly
'T'is good, when you have crossed

To find the sitfast acres where you J.eft them.'
Àh! The hot owner sees noL Death, who adds
Him to his land, a lump of mould the more.

Hear what the earth saYS:

Ea r th-song

Mine and yoursi
Mine, not yours.
Earth endures....

i te-Iedge,q

o pond,
r domain;
my park;

o for peat.
to the south.
the sea and back,

kr
hei
!l^
LÐ

ranI

g

They called me theirs,
Who so controlled me;

Yet every one
t^tished to siay, and is gone.

How am I theirs,
If they cannot hold me,

But I hold them?

When
I

Like lust

I heard the Earth-song,
was no longer brave;
My avarice cooled
in the chill of the grave.

Ralph Waldo Emerson
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Recently, in Manitoba, increased rovl crop productionf monoculture crop-

ping systems and the attendanl use of J-arge, soil--pulverizing tillage

equipmenl, have made soil erosion a concern to many, /rrr", than usual

weather conditions in spring, when the soil is unprotected by vegeta-

tion, have caused dust storms reminiscent of times that some would

rather forget.

A farmer who ís faced wiLh the threat of soil erosion wants to know

whether crop yields will be adversely affected. Policy makers, too,

lack information on productivity Iosses incurred by soil erosion. (tt

is acknor+ledged that the off-farm effects of soil erosion also need

recogntion and clarif ication) .

In Canada, little work has been done to identify the effects of soil

erosion on soil productivity. The research that does exist is usuall-y

site and crop specific, âs, indeed, is the present study. Most

researchers have found that, dependant on soil profile characteristics,

severe soil erosion wilL significantly reduce crop yields. Additional

fertilizer imputs to eroded soil often have a mitigating effect, but

unless the subsoil is unlimiting, fertilizer does not fully restore the

originaJ, (uneroded) productivity of the soiI.

The present study is a preliminary one. It investigates the effect

of simulated soil erosion on yields of Benito wheat at three sites in

Manitoba. Accelerated erosion is taking place in many parts of agricul-

tural Manitoba. For this study, field sites rlere established in areas

west of the Red River Va1ley, where the problem is more visible and

where sone communities are becoming concerned.



Chapter I I

LITERATURE REVIEW

2,1 EROSION - AN HISTORICAL PERSPECTIVE

NaturaL (geological) erosion has been taking place throughout history.

Accelerated erosion is also of ancient origin. Lowdermilk ( 1 953) has

related the downfall- of several empires to soil erosion. Peattie (1936)

reports that deforestation of the Apennines was serious in Roman times

and even earlier denudation took place in Greece. Soils of the loess

pJ.ateau in north-west China are among the most erodible in the world.

In 1936, Eliassen estimated that the Yellow River annually transported

enough sediment to raise an area of 640 square kilometres by 1.5 metres,

even though Chinese farmers have lonE been cognizant of the problem and

had probably done more on-the-farm erosion control work than farmers of

any other nation (rhorp, 1936). The present-day enormity of the problem

is confirmed by Lee (1984) who states that annual soil loss on 13

million hectares of Chinese farmland exceeds 302 t/ha/yr.

Despite long evidence of accelerated erosion in many parts of the

world, it is only recently that any integrated remedial action has been

taken. Jacks and Whyte (1938) record that check dams to slow flood

waters were introduced into Japan in the year 1781; that, in Italy, the

work of Ridolfi (1828-1830) forced the Roya1 University of Sienna to

recognize the water erosion that was taking place in the areaf and to

recommend erosion control measures. In France, a government reforesta-

tion program rvas started in 1861 and, in Ceylon (Sri ranka) where indis-

4
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criminate tree-felling had left slopes prey to severe water erosion, a

forest ordinance vlas passed in 1885, to reserve forests for erosion

protection. Meanwhile, Wollny ( 18BB) investigated soiL physical proper-

ties affecting erosion and runoff in Germany.

In North America, alSo, soil degradation was receiving notice, if

nothing else. ,Pound and Clements (1898), two researchers in the Uníted

States, recognized the soit-degrading effects of both overgrazing and

man's disturbance of the soil. FederaL regulation of grazíng land was

suggested in 190.1, but suppressed for severaJ- years. Some erosion plot

work vras started in 1911 at the Missouri egriculture Experimental

Station (t'teyer, .1984). Bennett (1927 ) reported on the erosion problem

to the First International Congress of Soil Science. In 1930 the

United States Department of AgricuJ.ture began an investigative and

educational program in soil erosion, J.eading, in 1933, to the establish-

ment of the Soil Erosion Service, to demonstrate erosion control and

rainfall conservation methods.

Bennett ( 1 955) chilIingJ-y describes the dust bowl of 1934, when

blowing soil from the parched Great Plains moved eastward, darkening the

sun across two-thirds of the continent. The Soil Conservation Service

was established in 1935, with Hugh H. Benneit as its head.

The Canadian experience paral1e1s that of the United States. Severe

soil drifting was recorded at Indianhead, as early as 1887 (Jacks and

Whyte, 1938); in 1919 - a dry,windy year - it became a widespread

Saskatchewan problem. Àlthough a respite followed, by 1934, approxi-

mate1y 3.4 million hectares were affected by drought and wind erosion

across the three prairie provinces. nl1is (1935) identifíed six affected



areas in Manitoba. In '1935, Parliament passed the Prairie

RehabilitaLion Act for the 'Rehabilitation of the drought and

drifting areas in Manitoba, Saskatchewan and Àlberta.'

6

Farm

soil-

it is regrettable that, once the drought of the .1930's had passed,

soil conservation measures lost their ardency and appeal, to a certain

extent in the United States, and to a much greater degree in Canada.

Carter (197't ) reviews recent dust storms on the Great Plains - he

concludes that conservation of the kind necessary to sustain agricul-

tural productivity over the long term has not been achieved, and feels

that despite the $15 bitlion spent on controL measures since the dust

bowl years, cropJ.and erosion remains one of the biggest environmental

probJ.ems faced by the United States.

On the Canadian Prairies, the Prairie Farm Rehabilitation

Administration did not maintain its early soil conservation endeavours:

over time, P.F.R.À. concentrated its efforts on water development and

conservation activities r+ere phased out.

Recently, P.F.R.A. has expressed concern over soil degradation prob-

lems on the Canadian prairies and is becoming involved in soil conserva-

tion once more (p.r'.R.4., 1983). Since the mid 1970's, some dryer than

average years on parts of the prairies, coupled with less than soil-

conserving farming practices have made soil erosion very visible.

Sparrow (1984) feels that soil degradation is the most serious agricul*

tural crisis in Canadian history, and that action must be taken quibkly.
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1)

TYPES O[ SOIL EROSION

Def ininq the terns

Àlthough the word 'erosion' was used in the nineteenth century,

Zachar (1982) notes that the term 'soil erosion' did not come into

generaJ- usage until the 1930's, and that it usually means the destruc-

tion of soil by wind or water. Bennett (1955) separates geolcgical and

accel-era-'ued erosion. The latter can further be divided into naturally-

accelerated and anthropogenically-accelerated erosion.

The soil erosion problem currently apparent on the prairies is one

of accelerated erosion; the 'natural' component is the pari played by

such factors as unusual weather conditions and pest infestations, while

the 'man-made' component is the result of soil-degrading farming prac-

tices. Such practices are usualty based on short-term farm economic

considerations (Furtran and Van Kooten, 1983) and are beyond the scope

of this thesis.

2 ,2 .2 I,li nd eros i on

Wind erosion is the result of strong winds blowing across a bare or

sparseLy-covered soil surface. In Canada, the hazard ís greatest on the

open prairies but, although wind erosion is more serious in arid and

semi-arid regions, LyJ-es (1981) notes that it can be a problem wherever

conducive conditions exist. Factors favouring wind erosion include a

smooth soil surface with little or no vegetative cover, topsoil that is

loose, dry and finely granulated, a lack of shelterbelts in the

prevaiJ-ing wind direction and wind of sufficient velocity to move the

soil (Woodruff and Siddoway, 1965).
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llind erosion involves the detachment, movement and deposition of

soil particles. Detachment is facilitated by any process causing a

breakdown of soil aggregates. Such processes include freezing, wetting,

the action of windblown rain and the abrasion of surface soil by wind-

borne particles (p.¡'.R.À., 1983). Particle movement takes place by

suspension, saltation and surface creep. Bagnold (1941) and others have

concluded that saltation (ttre bouncing movement of a particle as it

rebounds into the airftow after hitting the soil surface) is the most

important of the transport processes, without which much suspension and

surface creep would not occur.

Experiments conducted by Chepil (1945) demonstrated that soil parti-

cles larger than 1 mm in diameter are not often moved by wind, and that

particles of diameter 0.1-0.15 mm are the most easily wind-eroded.

Most soils consisL of aggregates; the stability of these aggregates

largely determines the wind- erodibility of the soil (Cirepil and

Woodruff, 1963). When a soil is well structured, the number of unaggre-

gated soil particles (those units which are small enough to be trans-

ported by wind) will be low, and thus, abrasion will be minimal. The

number and stability of aggregates in a soil are principally determined

by water, soil texture, organic cements and disaggregating processeS

(wilson and Cooke 1 981 ) .

In a sandy soi1, the water that binds soil grains together is easily

removed by surface drying and the individual sand grains can then become

airborne. In finer textured soils, more water is held against the high

suctions of drying (Marshall and Holmes, 1979), Chepil (1956) found

that, at tensions of less than 15 bars, soil erodibility decreased as

the square of soil moisture content increased.
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The effect of soil texture on the wind-erodibility of a soiL is

reflected in the soil's water-holding capacity and organic matter

content. Chepil (1950) found soil aggregation to be directly related to

the proportion of silt and clay-sized separates in the soils he investi-

gated. Soil-s of high fine sand content are highl,y erodible. Silts and

clayey soils generally have a higher organic matter content than sands;

cements associated with the decomposition of organic matter also help in

the aggregation process.

Wilson and Cooke (1981) characterize the force of the wind on the

ground surface into trvo erosivity categories: those relating to the

nature of the atmospheric flow itself and those that constrain the flow.

The first category encompasses wind velocity and the conditions accompa-

nying a certain wind. These researchers point out, for example, that if

the prevailing wind brings rains, erosion may be the result of a dryer

wind from another direction. Factors constraining windflorl are those

that affect surface roughness - vegetative cover, and its height and

density, and the non-erodible soil fragments (clods and aggregates).

Shelterbelts also reduce wind velocity, depending on their height and

wind permeability. l4ind velocity at the soil surface rvill also vary

with the topography of the field (knolls are ususally preferentially

eroded).

2.2.3 Water erosion

ÀLLhough soils in some parts of Canada are frozen for several months

of each year, and thus seasonally protected from l+ater erosion, water

erosion and flooding have occurred in every province of Canada within

recent memory. Ripley et al. (1961) sLated that erosive events such as
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rapid snowmelr or short, heavy rainfaLls are likely to occur anywhere in

the country.

Factors influencing water erosion include precipitation, soil erodi-

bí1ity, topography, and the cropping system and soil management prac-

tices used.

In a five-year study of 55 corn belt soils, Wischmeier and Mannering

(1969) found that the inherent erodibility of a soil was related to its

infiltration capacity and ability to resist the detachment and transport

of soil particles by raindrops and runoff. They concluded that the

erodibility of a soil is a measure of the total effect of a particular

combination of soil properties. Significant soil variables were found to

be per cent sand, pÊt cent silt, clay ratio (per cent cJ.ay divided by

per cent sand plus per cent silt), aggregation index, bulk density,

organic matter content, Pêr cent slope, soil reaction and structure,

thickness of the granular soil J.ayer, air-filIed pore space, land use in

the preceding three years, and the presence or absence of a loessial

mantle and clay skins on ped surfaces. In short, soils high in silt

content, low in clay and low in organic matter, were found to be the

most water erodible.

The main erosive agents involved in water erosion of soil, are

impacting raindrops and flowing runoff (El1ison, .1947 and Meyer, 1980).

Gray and Leiser (1982) gave a simple yet descriptive definition of rain-

fal1 erosion; 'it begins with raindrop splash and ends with gullying...'

On cultivated fields, when factors other than rainfall are held

constantf storm soil losses are proportional to two rainstorm character-

istics: the total kinetic energy of the storm times its maximum 30

minute intensity (wischmeier and Smith, .1965). The rate of soil erosion
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by water is affected by both slope }ength and gradient, by cropping

factors ( for instance, whether the f ield is in summerfallow or continu-

ousJ.y cropped), and by the erosion controL practices used (such as strip

cropping and contour farming).

Three types of water erosion are normalJ.y recognized on farmland:

sheet , riLl-, and gu1J-y erosion. Sheet erosion is the removal of soil

from sloping land in thin layers or sheets. Rills are small cracks in

the soil surface, along which runoff water preferential-J.y travels down-

sJ.ope. Llnchec ked, r i Ils usuaJ.ly f urther erode to become gull ies -

fissures too Large to be destroyed by ordinary farm tillage equipment.

2,3 MEASUREMENT AND PREDICTION OF SOIL EROSION

2.3.1 Prediction of soil erosion

Many predictive soil erosion equations exist. Mitchell and Bubenzer

(1980) refer to several such equations which are regional, being based

on watershed parameters. The two most r+idely-applicable equations are

the wind erosion equation and the universal soil loss equation, for the

prediction of wind and water erosion, respectively.

The wind erosion equation, derived from the work of Chepil, is

the result of nearly 30 years' research into the main factors

influencing wind erosion (Woodruff and Siddoway, 1965).

The equation is:

E = f{rxcrvi

E = average annual soil loss in mass/area
I = soil erodibility index, measured in terms

f soil aggregates greater than 0.84 mm

n diameter
oiI ridge roughness factor
limatic factor (considers wind velocity
nd soil moisture)

o
i

K=s
C=c

a

Where

L = unsheltered field w,idth in the prevailinq
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wind direction
V = vegetative cover factor

The eguation was designed to allow the determination of: a)

the vulnerability of a particular field to wind erosion, and b)

different field conditions needed to reduce potential soil loss

to tolerable Ievels, under'different climates. Slevinsky (1980)

discusses the use of the wind erosion equation to cal-culate crop

residues required to protect some Manitoba soils from springLime

wínd erosion.

The universal soil loss equation: The USLE was derived from many

site-years' data gathered from cropland east of the Rocky

Mountains in the United States. The present equation is the

result of the combination of basic soil loss and runoff data

coltected since 1930, with improved techniques for evaluating the

causative factors. The designation 'universal' was chosen to

indicate that, unlike the earlier stale- or soil-specific equa-

tions of Smith and Zíngg, this model would be more adaptable to

other reqions (Wischmeier, 1 984 ) . Shaw ( 1 981 ) advocates use of

the USLE in Manitoba and suggests that soil survey maps should

include such details as per cent slope, per cent fine sand and

permeabi I i ty measurements.

The equation is:

A = RKTSCP

Where A= average annual soil loss in mass/area
R = rainfall erosivity factor
K = soil erodibility
L = slope length factor
S = slope gradient factor
C = cropping management factor
P = erosion controJ. practice
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For a complete explanation of the wind erosion equation and

the USLE, the reader is referred Lo Woodruff and Siddoway (1965)

and Wischmeier and Smith ( 1965), respectively.

2.3,2 Measurement of soi 1 erosion

Wipespread experimental use has been made of runoff plots to measure

sediment yieJ-ds from sloping land. In this method, runoff water is

collected from bounded experimental plots, and sediment yield is meas-

ured. Erosion pins have also been inserted in the soil to measure

changes in microrelief due to erosion (de Pl-ooey and Gabriels, 1980).

Wilson and Cooke (1980) describe the use of a 'catcher'to sample

airborne particles and a relative soil height measurer to record small

changes in the height of t.he soil surface due to wind erosion.

Several researchers (t"tcCallan et a1. 1980, and Beggs 1982) have

investigated the use of Cesium-137 as an indicator of soil erosion and

deposition. Cesium-137, produced by atmospheric nuclear explosions

prior to 1963, reaches the earth's surface through precipitalion and

becomes strongly adsorbed to soil particles. Depth distribution

activity patterns suggest that it is held in surface soi1s, making it

potentiaLly usable as an erosion tracer. Brown et aI. (198'1), in an

Oregan experinent, found high totaL contents and thicker 1 3i6, profiles

in depositional soil sites. Jenkins et al. (1983) sampled several

soils in Manitoba and believe that 13795 measurements can be useful in

quantifying erosion that has happened since 1960.
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2,4 EFFECTS OF SOIL EROSION ON CROP YIELDS

Soil erosion does not invariably reduce soil productivity. Battison

et al. (1982) found that slight soil- erosion increased corn yields on

one of their field sites, by removing a 15 cm sand cap. Larsen et al.

(1983) noted that some subsoils are able to support crop gro\.vth as well

as the overlying top soils. These researchers use the example of a deep

loess western Iowan soil which is eroding at a rate of.76 t/ha yearly;

should this rate of erosion continue for the next 200 years, they esti-

mate that soil productivity wiIl only be reduced by 2 per cent.

However, this is not the usual situation.

LyIes (975) studied the possible effects of wind erosion on soil

productivity. He attempted Lo determine erosional effects on production

by relating topsoil thickness to crop yields for several areas of the

Great Plains. Annual- potential soil loss was calculated using the wind

erosion equation, {E = f (IKCLV)J. Soil-s v¡ere classified into wind

erodibility groups, 1 lo 7, (Group 1 soils were the highest risk, being

sandy, with Iess than one per cent dry soil aggregates greater than 0.84

mm in dianeter. Group 7 soils were of the lowest risk). For the

northern plains, LyIes estimated Lhat wind erosion reduces wheat yields

by 30 kg/ha annually in wind erodibility group 1 soils, and by 1.3 kg/ha

in soils of group 7.

When topsoil is lost to erosion, plant nutrients are also lost.

Olness et at. (1981) used 3 methods to measure available nitrogen in

eroded sediment and in the soil from which the sediment originated. All

3 analytic methods showed available nitrogen to be significantly

increased in the sediments from cropped soil. Alberts and Moldenhauer
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(1981) applied simulated rainfall to pLots on a silty Ioam soil in

north central indiana. They measured the nitrogen and phosphorus Lrans-

ported by eroded soil aggregates; nutrient enrichment occurred for aIl

size fractions of eroded aggregates. 1n a further study, Alberts et aI.

(1981) found that a cornstalk residue strip providing 50 per cent ground

cover could reduce nutrient discharge by about 70 per cent.

Several researchers have studied the effect of the Iower fertility

of eroded soils on crop yields. Some of their findings are summarized

1n 'l'able | .

Latham (1940), working with eroded sandy loams in South Caro1ina,

planted cotton on the red cJ.ay subsoils that had become exposed. Low

yietds attained where both the B and C horizons were cropped' !¡ere

attributed to Iowered fertility. All plots received some inorganic

fertilizer and, in the last year of the study' manure improved yieì-ds on

Lhe eroded soils.

Batiison et al. (1982), although reporting one instance where a

Iittle soil erosion seemed to increase crop yíelds (mentioned above),

generally found that, on eight Ontario field sites with a history of

erosion, corn yields on the eroded soils were significantly lower than

on the non-erodeC plots at each site. The major cause of yield depres-

sion varied at each site; no single soil variable was found to be domi-

nant. yield reductions were due to reduced fertility or reduced water

holding capacity in the eroded soils, or to a combination of both these

factors. In coarse and fine textured soils, available soil moisture

seemed to be the most limiting factor while, oD a deep silt soil,

decreased fertility appeared to be more important.
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TABLE 1

Bffect of soil erosion on crop yields

Researcher ( s )
& location

Soil type Crop Fertilizer N

(cm) (xs/lla)
Soi I
erosion

YieId
(t/tra )

Br adI ey
(1970)
Man i toba

Battison
et a1. (1982)
0ntario

tatham (1940)
S.CaroIina

Clay loam Wheat 0

0

eroded
II

0

Eroded
0

A horizon
r emoved
AandB
hor i zon s
removed

U

0

20
20

U

15

30

0

111
0

111

2.35
2,96
1.14
1.81

I

0

45
0

45

0.09
1 .80
1 .87
1.15
1 ,62

Various
(z sites)

sandy J-oam

Cor n

Seed cotton

Wheat

h \,1¿

4.27
'18 plus 1.05
manure

I

0.34

LindwaLl (1980)
Àlberta

Massee and
Waggonner ( 1 983) silt loam Wheat
I daho

Ripley et aI.
Ontario ('1961)

Barley

0

34
67

0

34
67

0

34
67

1 .80
2.00
2.37
0,97
1.ss
2.06
0 .11
1 .45
1 .88

loam

0

0

7.5
7.5
5.0
5.0

I

1

U

9

0

9

0

9

0

9

1 .40
¿. t)
1.11
1,70
0.59
1.14

AI1 topsoil
I ost

lt
0.19
0.54
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Eck (1962) found that productivity of a cJ.ay subsoil, which did not

have any physical limitations, could be restored to that of the original

topsoil wiLh the addition of macronutrients. In a Iater study on a

silty clay loam soil (Eck, 1968) fertilizer N could only restore the

productivity of the subsoil to that of topsoil when it was combined with

irrigation. Reuss and Campbell (1961 ) conducted greenhouse and field

studies, using oats and corn. Yields on eroded soils could be returned

to the original (uneroded) levels with the application of fertilizer N,

p and K. These researchers remarked that the subsoils they worked with

were not limiting. Carlson et aÌ. (1961) f ound that f ertilizer l,l, P and

Zn coulC restore the yields of corn grovÌn on eroded soiIs. Batchelder

and Jones (1972) grew corn for 4 years on an uneroded clay loam soil" and

an exposed clay subsoil. Lime was added f.or 2 years, and fertilizer N,

p and Zn for 4 years. Top growth and grain yields increased each year

of the study and, in the fourth year, yields from the irrigated and/ot

mulched subsoil plots were equivalent to those achieved on the irrigated

topsoil and significantly greater than those on the non-irrigated

Lopsoil. The authors felt that, once soiÌ pH and fertility problems had

been corrected, available soiL water became the primary growth-Iimiting

factor.

In Manitoba, Bradley (1970) investigated crop yields, soil nutrient

levels, and the effect of fertilizers on eroded soils. Àvailable N, P

and K were found to be consistently lower in the eroded sites than in

controls: fertilizers had more yield effect on eroded soils, but did not

generally bring yields back to original (non-eroded) leveIs.

In order to investigate the effects of soil erosion on productivity'

some researchers artificially erode soil by physically removing various

amounts of topsoil from a level experimental site. In one such scalping
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experiment conducted on a silty clay J-oam soil, Olsen (1977) found that

corn germination r,las often poor on the scraped plots, possibly due to

soil crusting, and young corn plants were Zn deficient. Even v¡ith addi-

tions of macronutrients and Zn, grain and dry matLer yields remained

lower on the 'eroded' plots. Fertilizer compensated for some, but not

all, of the loss in productivity due to soil erosion. Lindwall (1980),

reporting on a Iong-t"tr tield experiment conducted in AIberta, simi-

IarJ.y found that productivíty on artificially-eroded soils could be

improved but not fully restored.

In another scalping experiment (Massee and Waggoner, 1983) nitrogen

additions partJ.y mitigated the effect of topsoil removal when moisture

was not limiting, however, a greater response r+as seen when nitrogen was

applied to the non-eroded soils. These researchers concluded that,

part).y because of reduced fertility on eroded soiIs, there is incomplete

soiJ- profile moisture extraction by the consequently unthrifty crop.

Frye et aJ.. (1982) studied the effects of moderate erosion on soil

physical and chemical properties and on soil productivity. 0n both the

silty soils investigated, corn yields were Lower under erosion condi-

tions. Despite the fact that one of these soils had been in sod for 60

years since the erosional event, Frye et al. were unable to restore the

eroded soils to their original productivity. Eroded Àp horizons were

higher in clay content and bulk density and lower in organic matter

content and available water holding capacity, than were controls. The

authors commented that neither optimum fertility nor low intensity use

could compLetely restore these soiIs. Where erosion has damaged phys-

ical properties such as available water holding capacity, the effects

may be both yield Iimiting and persistent.
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Technology frequently masks the effects of soil erosion (Kraus and

AIImaras, 19'79), As crop technology advances, measurable increases in

crop yields hide the slov¡ but steady toIl that erosion takes on soil

productivityi often the problem is not detected until it is too late.

Wittiams ( 1981 ) summarizes the ways in which soil erosion reduces

productivity:

Loss of plant-available water hotding capacity due to¡ a) a

reduction in the depth of the rooting zone, or b) a change in the

water holding characteristics of the rooting zone.

Loss of plant-available nutrients

Degradation of soil structure, J-eading to surface sealing and

crusting.

Non-uniform removal of soil in a field, necessitating modifica-

tions to fertilizer and herbicide rates, and resulting in uneven

tiJ-1age, crop germination and maturily.

EpIC is the acronym for a mathematical model developed to determine

the relationship between soil erosion and soil productivity in the

United States. When fuÌIy operational, the model will be applicable to

a wide range of conditions and capable of-simulating the effect of

hundreds of years of erosion on soil productivity (Wlffiams et â1.,

1 984 ) . Crosson and Stout ( 1 983 ) reviewed some other determinative

models: the Yield-Soil Loss Simulator developed by USDA, the University

of Minnesota mode1, which related yield to soil layer characteristics

and erosion data on specific soils, and a regression study which aimed

to separate the effect of erosion on past growth of crop yields.

2

)
J

4
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The Nitrogen-Tillage-Residue Management (NTRM) model has been

recently described by Shaffer (1985). This model incorporates climate

information, and soil physical, chemical and biological properties. It

accepts existing and proposed soil management variables, and can simu-

late crop growth and yield over a short time or for a period of 100

years. The author feels that, besides its yield-determinative vaIue,

NTRM can be used to evaluate management options.

2.5 SOIL TOLERANCE LEVELS

How much soil erosion is tolerable on agricuLtural land? Soil Ioss

tolerance is defined as the maximum rate of annual soil erosion that may

occur and stiIl permit a high level of crop productivity to be obtained

economically and indefinitely (wischmeier and Smith, 1965). Moldenhauer

and Onstad (1975) suggest that tolerance levels should al-so consider the

minimization of off-site damage from soil and chemical movement.

young (1978) states that soil tolerance leveIs (T-values) should

ensure maintenance of a rooting depth slightly above the leve1 where

productivity irreversibly declines. Using this criterion, tolerance

levels could be larger on soils having an excess rooting depth. Logan

(1979) is concerned that, if soils with the deepest topsoil are allowed

to erode more rapidly, many of the best soils will be progressively

deteriorated more quickly than less productive soils: rooting depth of

the deepest soils will eventualLy approach that of shallower soils.

Most commonly used 'T-values' are in the range 0.2 - 1 .0 mmr/yr

(ttirlUy, 1980). The critical dividing Line between harmful and harmless

erosion is dependant upon the average intensity of soil formation by the

weathering process (zachar, 1982).
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Soi] renewal rates vary greatly, depending on the material being

weathered, the climate, topography and organisms invoLved. Smith and

Stamey (1965) calculated an average igneous rock weathering rate of 0.18

t/ha/yr, throughout earth's history. In one instance, Jenny (1941)

found that weathering of Limestone tombstones could produce 2.5 cm soil

in 240-500 years (1.3-0,65 l/ha/yr) whi1e, in another case, 30 cm soil

weathered from limestone in 230 years ( 1 f. S t/ha/yr) . Under natural

conditions soil is said to form at a rate of 2.5 cm in 300-1,000 years,

aJ.though, under cultivation, the time may be reduced to 100 years

(Schertz, 1983).

Ki rkby ( 1 980 ) and others (Mccormack et al. 1 979 ) have expressed

concern over the current allocation of 'T-values' . These writers feel

that rates of soil formation cannot compensate for some accepted

'T-values'. Kirkby notes that, as erosion increases, overland flow

runoff usualLy also increases. This results in slightly Iess subsurface

runoff, and ultimately, leSs bedrock weathering. Thus, any increase in

erosion should reduce the tolerable level set by the rate of soil forma-

tion. Zachar (1982) writes that permissable erosion couLd be determined

not only by the rate of soil formation, but also by the current state of

the soil and by economic considerations.

Schumm and Harvey f979) classify soils as predominantly non-

renewable. This vieri is endorsed by Brown (1984): 'Because of the

shortsighted way in which one-third to one-half of the world's cropland

is being managed, the soils on this Land have been converted from a

renewable resource to a nonrenewable one.'
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MATERIALS AND METHODS

3.1 FIELD EXPERIMENT

The problem of assessing the effect of soil erosion on soil productivity

is a very difficult one. One's first instinct is to simpJ-y compare

yields on eroded and non-eroded sites and equate the difference in yield

to a loss of productivity due to soil erosion. Usually this kind of

study involves an eroded site on a knoll and a non-eroded site in a

depression. Critics say that the water regime between the two sites is

bound to be different and thus, the results are confounded.

The Walrus and the Carpenter
Were walking close at hand;

They wept like anything to see
Such quantities of sand:

'I f this viere only cleared awaY,'
They said, 'it would be grand!'

'If seven maids with seven mops
Swept it for half a yearf

'Do you suppose,' the walrus said,
'That they could get it clear?'

'I doubt it,' said the CarPenter,
And shed a bitter tear.

LeI{1S U

Through
Chapt e r
The Wal

ar
t
4

roII,
he Looking-glass

rus and the Carpenter
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Ii is to eliminate these criticisms that the so-called 'scalping'

experiments have been introduced. in this approach, erosion is simu-

Iated by physicaJ.ly removing various portions of the Ah horizon. Such

experiments do have shortcomings. Natural erosion is a sorting

process; aggregates of Some size groups tend to be preferentially

eroded. In a scalping experiment, the entire soil layer is removed.

Despite this and other shortcomings, scalping experiments can help to

give some indication of what the effects of soil erosion on soil produc-

tivity might be. For this reason, this method was chosen to be the

subject of the present study.

In May 1983, two experimental sites were seÌected. The first was

near Gladstone (legal description NE35-14-12I'l) on a Reinland loamy very

fine sand. This soil has been classified as a gleyed, carbonated, rego

black, developed on moderately coarse-textured deltaic, al1uvial and

Iacustrine deposits (ntrrtich et a1., 1957). At this particular site the

Ah horizon was approximately 20 cm thick.

The second site was located near Minnedosa (1ega1 description

NW2B-.13-17W) on a smooth-phase Newdale clay Ìoam. This is an orthic

black soiJ., developed on boulder till of mixed materials derived from

limestone, shale and granitic rock (nhlrich et al., 1957). The Ah

horizon at this site was also approximately 20 cm thick.

Àt each site, varying portions of the Ah horizon were removed. The

four levels of topsoil removal were 0, 5, 10 and 20 cm. The experiment

was built on a randomized complele block design. Each level of topsoil

removal was replicated four times. Soil removal was accomplished using

a standard road grader hired from the local municipality. Each plot was

9.6 m square with pathways of 6 m both within and among replicates.
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Superimposed on the soil removal treatments were three levels of

fertilizer appJ.ication, A, B and C: a control, âD intermediate and a

higher rate (taUte Z). These subplots were 3.2 m wide and 9.6 m long

(f igure 1 ). The intermediate fertilizer rate reflected soil test recom-

mendations for the uneroded soil. The objective of using a higher-than*

recommended rate was to Cetermine vrhether extra fertilizer would have a

mitigating effect where soil had been 'eroded'.

Following scalping, both experimental sites were roLotilled to a

depth of.10 cm. Plots and pathways at each siLe were seeded to Benito

wheat (triticum aestivum var Benito) at a rate of 100 Xg/ha. A three-

point-hitch plot-size seeder (108 cm width with 18 cm row spacing) r,las

used, and fertilizer placed with the seed. Since both sites were high

in NO3-N (the loamy sand site had received high applications of hog

manure up to three years before this study and the Newdale soil had been

summerfallowed) no N fertilizer was applied in '1983

During the growing season, precipitation was measured at each site

with a recording rain guage. Thermocouples were installed to measure

soil temperature to a depth of 150 cm on a control plot and to 20 cm on

plots where 10 and 20 cm of topsoil were removed. Aluminum access tubes

were sunk to a depth of 150 cm in two replications of the four soil

removal treatments, and volumetric soil moisture content was recorded

using a Troxlerl neutron meter. (Oue to malfunctioning of the neutron

meter, soil moisture data is incompl"ete).

1 Supplier: Troxler International Ltd, P

Park, N. C. 27709, U. S. A.
O. Box 12057,Research Triangle
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Figure 1: Plot diagram: Newdale Ct site, Nw28-13-17I^l

Oigital designation on each plot indicates depth of topsoil (cm)

removed.
Letter designation on each plot indicates fertilizer applied in which
a= control (no fertilizer)
b = soil test recommendations
c = higher fertilizer rate
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TABLE 2

Fertilizer rates and seeding dates

Seedi ng
Date

Fertilizer Treatment

ÀB c

Reinland
LVFS

Newda I e
CL

Pemb i na
cr

1 984
May 10

1983
Itay 27

1 984
May 9

1 983
Inay 21

1 984
May 11

P

K

U

N

P

s

20 kg/ha Y7o5 45k
30 k

g/ha
s/ha

10 kg/ha e2o5 90
45

ks/ha N

kg/ha pzos

20 kg/ha P2os 45 kg/ha Pzos

35 kg/ha PzOs 90k
45 k

N

Pz0s

0
a

2

0

0

0

15 ks/ha s 40 k
10 k
Itr ì,
IJ Ã

q/ha
s/ha
q/ha

N

P

s
52

q/ha
s/ha

ks/ha
ks/Þa
kq/ha

0
90
45
30

0

Sites were sprayed with 'Hoe-grass 284' at 2.+9 t/ha and 'Buctril M'

at 1.00 \/ha f.or control of broadleaved and grassy weeds. Midseason

plant samples were collected when the crop was headed and final grain

harvest was taken from an area of one square metre within each subplot

at crop maturity. AIl plant samples were analysed for N, P and K

content and some sampleS were analysed for micronutrient concentrations.

Since both 1983 sites are black chernozems and since many soils in

the area of interest are luvisols, it was decided to establish a third

site with somewhat different characteristics (faUte g). In October,
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TABLE 3

Preliminary characterízaLíon of the uneroded soii at each field site

Location
Soil name
sur face
texture
pH

0-1 5 cm
1 5-30
30-60

Salinity
mS/cm

0-1 5 cm
15-30
3 0-60

Carbonate
c on tent

0-1 5 cm
1 5-30
30-60

Ni trate
nitrogen (xg/ha)

0-.1 5 cm
1 5-30
30-60

Ava i Iable
phosphorus (Xg,/ha )

0-1 5 cm
1 s-30
3 0-50

Ava i Iable
potass i um ( t<grlha )

20.0
152.0

55. 5

37.0
63. 0

19.0
1 9.0
29.0

84.0
56.0
6.0

93.0
s0.0
50 .0

400.0
200.0
400.0

600.0
300.0.1000.0+

600.0
700.0

1 000.0

10.0
30.0
90 .0

0-1s
1 5-30
3 0-60

Suì-phate
sulphur

0-'1 s
1 5-30
3 0-60

cm

( kgrlha )

cm

Organic matter
(per cent )

0-1 5 cm
1 5-30

Gladst one
Re i n land

LVFS

Med i um
Hi qh
Hi gh

3.0

Mi nnedosa
Newdale

CL

Absent
Low
High

7.0

Altamont
Pemb i na

Ct

Àbsen t
Àbsen t
Abse n t

3.0
2.0

7,4
7,6
t.ö

0.3
0.2
0.4

7

9

2

7

7

B

5.3
6.4
6.5

0.2
0.2
0.1

4
.)
J

4

0.4
0.4
0.4

35.0
9.0
9.0

8.0
10.0

35.0

0

0

0

2.0 3.4



1983, another site vlas prepared on a Pembina

Àltamont. This soit is described as a Pembina

black associate) (nffis and Shafer, 1943), Site

Figure 2.

28

clay loam soiL near

grey-black (degrading

Iocations are shown in

In May, 1984, all three sites were seeded to Benito wheat. Sites at

Àltamont and Minnedosa were rototilled prior to seeding. (the site at

Gladstone was not rototilled because the surface soil was extremely

dry). As in the first year of the study, 3 rates of fertilizer were

appliecì. in 1984 the'C' rate incLuded 90 kg/ha N at each site (rable

2), in 1984, soil moisture content to 90 cm r,las calculated from gravi-

metric soiJ- samples, crop germination counts were taken when the wheat

was in the two-teaf stage, and'Hoe-grass 11'was used for weed control.

Midseason Lissue samples were analysed for N, P, K, S, Ca, M9, Cu, Zî,

Mn and Fe content. Grain sampJ-es were analysed for N, P, K, Cu, Zn and

Mn. Other measurerlrents and methods were the same as in the first year

of the study.



29

53'

52

51"

50"

49"
loo" 98" 96"

Douphin
o Fisher Bronch

e

LAKE

WINNIPEG

Lo ProiriePorl

^deq#^dhq*ø

Mclílo
@

Sleinboch

Winnipeg

ð

Figure 2: Locatíon of field sites



30

3.2 SOIL ÀNALYSES

1. pH and onductivit . SoiJ- pH was determined on the supernatant

of a '1 :1 soil--water mixture, using a Beckman Zeromatic pH meter.

Conductivity was measured on the same supernatant' using a

Radiometer conductivity meter.

2, Inorqanic Carbon (Carbonates). A one g soil sample was reacted

1,¡ith 0.1 M HCI for ten minutes and the evolved CQz coll-ected on

ascarile. Inorganic carbon content vtas calculated from the

change in weight due to absorbed COz.

Nitrate-Nitroqen. Extraction t,las accomplished with 0.5 M NaHCOs

at a pH of 8.5. NOs-N was determined on a Technicon Auto

ÀnaIyser,2 using a modification of the automated colorimetric

procedure of Kamphake et al. (1967).

Phosphorus. NaHCO¡ extractable phosphorus r,las also determined

using the Technicon Auto Analyser. L-ascorbic acid was used as a

reducLant for the phosphomolybdate complex. Absorbance of the

moJ-ybdophosphoric blue colour which develops on reduction r+as

measured at 815 nm.

Potassium Extraction r.las accompLished with '1.0 N NHqOAc.

Potassium concentration was determined by flame photometry, using

Li as an internal standard.

Sulphate-Sutphur. SO¿ was extracted with dilute CaClz and deter-

mined colorimetrically on the Àuto ÀnaIyser.

Calcium and Maqnesium. Calcium and magnesium were extracted

using 1.0 N NHqOAc. Concentrations of Ca and Mg were then read on

a Perkin-Elmer3 atomic absorption spectrophotometer.

.)
J

4

5

6

t Supplier: Àllied Fisher Scientif ic, 18 Plymouth St, l'linnipeg, Rzx 2v7,
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8. Copper, Zinc , Manqanese

31

and Iron. Prepared soil was extracted

10.

using a 221 ratio of standard DTPA extracting solution to soil.

Bxtracts were then analysed on the atomic absorption unit.

Particle size analysis was determined using the standard pipette

sampling method described by Kilmer and Àlexander (1949).

Organic matter The 1934 Walkley-B1ack method was used to deter-

mine soil organic matter. Arì automatic titrator was used to back

titrate excess Kzcrz0z with resoq.

Bulk density was determined by excavation. Four holes v¡ere

augered at each site, using a flat-bottomed post hole auger.

Ho1es were approximately 10 Lo 12 cm in diameter and each sample

taken had a depth of 12 Lo 18 cm. Diameter and depth of each

soil sample were carefulLy measured. All soil removed from each

hole was weighed. From each sample, a representative subsample

was weighed and then oven dried. The dry weight of the soil

divided by the volume of the hole gave the bulk density.

Field capacity was determined by flooding a 1.5 square meter area

with sufficient water to wet the soil to a depth of 120 cm.

After infiltraLion, the area was covered with polyethylene to

prevent evaporation. Two to three days later (depending on soil

texture) four replicates of soil samples were taken from near the

centre of each field capacity plot. Soit samples were weighed,

oven dried at 1050C, and moisture content calculated on an oven-

dry basis.

11.

1)

3 Supplier:
Montreal,

Perkin-EImer (Canada)
HIP 287,

Ltd, 8250 Mountain Sights Àve,



1 3. Permanent wiltinq pe rcentaqe Per

atmospheres (r'¡p) was determined

pressure membrane aPParatus, âs

Permanent wilting Percentage vtas

follovring equation;

Lt

cent moi sture content at 1 5

in the laboratory using the

described by Richards (1947),

then determined using the

PWP = 0.0207 + 0.77468(rnp) (Shaykewich, 1965).

'14. Available moisture The per cent available moisture on a dry-

weight basis was obtained by subtracting moisture content at

permanent wilting percentage from that at field capacity. Using

Lhis val-ue and bulk density for each soil layer, Ehe available

water (mm) for each layer and the sum for each profi]e were

calculated. These data are given in Appendix M.

3.3 PLANT ANALYSIS

Total nitrooen was determined using a modified Kjel-dahl method

(Jackson, 1958). 0.5 g of plant material from each sample was

weighed into digestion tubes. A catalyst (3.S g KzS0¿ pLus 3.5

mg Se) and'10 mI concentrated HzSOq were added. The mixture was

digested for one hour at 400 - 4300C on a Tecatora1006 digestor.

Tubes were then cooled, and 25 mI distitled water added to each

tube while vortexing. Distillation and titration was carried out

using a K jeJ.tec .10305 analyser.

a Supplier:

5 Supplier:

AlIied Fisher Scientif ic,

AItied Fisher Scientific,

'18 Plymouth St ,

18 nlyrnouth St ,

Winnipeg,

Winnipeg,

RzY\ 2V7 .

RzX 2V7.
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One digestion procedure was used in preparation for analysis

of all other nutrients of interest. One g of ground plant

material from each field subplot was predigested at room tempera-

ture with 6 mI concentrated HNO3. After three hours, 3 ml 70 per

cent HCIO¿ wêfe added and the samples digested at 2300c on a

Tecator '1006 digestor. The digest was diluted to 25 ml with

deionized water and shaken well. Ten to 15 ml was immediately

transferred into cenUrifuge tubes. The remaining material was

labelled solution 'A'. A 0.25 ml aliquot of 'A' was diluted with

4.75 m1 deionized water and l-abeIled solution 'B'.

Copper, Zinc, Manqánese and Irol Material previousl-y transferred

to centrifuge tubes was allowed to stand overnight, then analysed

for Cu, Zrt, M¡ and Fe content, using a Perkin-Elmer model 560

atomic absorption spectrophotometer.

Phosphorus An aliquot of 0.5 mI solution B was diluted with 9.5

ml deionized water. Two ml of complexing reagent r+as added to

aIt samp]-es for colour development, as described by Stainton et

a1. (974) . Phosphorus content was determined colorimetricalLy,

usinq a Bausch and Lomb Spectronic 710 spectrophotometer set at

885 nm.

Potassium

A 0.5 ml atiquot of solution B was diluted with 8.5 ml deionized

water and 1.0 ml of a 2500 ppm LiNO3 solution. K concentration

rvas determined using a Perkin-Elmer model 560 atomic absorption

spec t r ophot ome t e r .

Calcium and Maqnesium A 0.5 mI aliquot of solution B was mixed

with '1.0 ml 10 per cent LaCls and 8.5 ml deionized water. The

resuLting solution was analysed for Ca and Mg concentration by

atomic absorption.

3

4

J



6. SuI te- sul u A 0.2 mI aliquot of solution A

34

was diluted with

for S0+ concen-I ml deionized water. The solution was analysed

tration using a Technicon Autoanalyser.



Chapter IV

RESULTS AND DISCUSSION

My friend G. H. Hardy, who was professor of pure
mathematics,...told me once that if he could find
a proof that I was going to die in five minutes he
would of course be very sorry to lose me, but thís
sorrow would be quite outweighed by pleasure in the
proof. i entirely sympathized with him and was not
at all offended.

Bertrand Russell
from, Clifton Fadiman,
Any Number Can Play.

4.1 YEAR ONE

4.1 ,1 Grain yields

On the Newdale CL site, average grain yield declined with increasing

amounts of topsoil removal, while on the Reinland LVFS, only the 20 cm

soil removal treatment gave a substantially Iower yield (table ¿). At

both sites, only the 20 cm soil scalping treatment had a significantly

lower yield than the controJ.

- 35
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TABLE 4

Wheat yield obtained in 1983, averaged over soil removal treatments.

Depth of
Topsoi l- removed

wheat yield (tonne/ha)

Reinland LVFS Newdale CL

0

5

10
20

1 .603a*
1 .708a
1 .389a
0.575b

2 .7 68a
2.231a
2.040a
1 .633b

23.6Coef f icient of variat ion 28.1

't Tukey's w-procedure. Within Iocation, means
letter are nct significantly different at P =

followed by the same
0.05.

4,1 ,2 Effect of fertilizer

Àt neither site did ferLility treatment have any significant effect on

grain yields, either within or among topsoil removal treatments (nigures

3 and 4). On the Reinland LVFS the subplots that were feriilized to

soil test recommendations yielded slightty Iess than those which

received either no fertilizer or the heavier fertilizer application. 0n

the Newdale CL, the soil test recommendation gave the highest yield,

with the other two treatments slightly lower. (rable S).
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Figure 4: Wheat yietds for each }evel of topsoil removal and fertilizer
treatment on Newdale CL in 1983.

* Tukey's w-procedure. Means followed by the same letter are
not significantly different at P = C.05.
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TABLE 5

Effect of feriilizer on wheat yieJ-ds, averaged over soil removal
treatments in 1 983.

Fertilizer
treatment

Number of
obse rva t i on s

YieId (tonne/ha)
Reinland Newdale
LVFS Ct

À 16 1 .356a* 2.065a
B 16 1.34'1a 2.353a
C 16 1.253a 2,08'ta

============ === = == === ============== ===== === ===== == ==========
*Tukey's w-procedure. I^lithin location, means followed by the
same letter are not significantly different at P = 0.05.

4,1.3 Crop nutrient status

4.1.3.1 Midseason plant tissue

in 1983, plant tissue samples collected from individual subplots were

bulked according Lo soil removal and fertilizer treatment. Topsoil

removal and fertilizer treatment had little or no effect on nutrient

concentrations in the crop at heading. (eppendix A).

4.1 .3.2 Grain analysis

On the Reinland LVFS, per cent P and per cent K in the grain did nol

vary significantly for the various levels of topsoil removal; per cent N

was significantly lower where 20 cm of topsoil had been removed. 0n

the Newdale CL, a highJ.y significant difference in per cent P was noted;

as little as 5 cm of topsoil removed significantly decreased per cent P.

Per cent P in lhe 20 cm soil remo.val treatment was, in turn, signifi-

cantly lower than that in the 5 cm soil removal treatment (taUte 6).

The nature of these differences has not been investigated. However,

as indicaled in the preliminary soil test results (table Z) the Newdale

CL had a high pH in the subsoil and lower available P prior to seeding.
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TABLE 6

Concentrations of N, P, and K in grain at final harvest.

= ======== ====== ============= ============= = = ===== ============= ========== ==

Site Depth of Topsoil removed eoN eoP eoK

(cm )

Reinland LVFS

Newdale CL 0 2.668a 0.418a 0.380a
5 2.507a 0.344b 0.367a

1 0 2,590a 0.344b 0.3BBa
20 2,507a 0.31 3c 0.388a

============= == ========== ===== = === == == ===== == = ===== ===== ======== == ====== =

* Tukey's v-procedure. Within location, means followed by the same letter
are not significantly different at P = 0.05.

2,598a*
2.538a
2,543a
2,482b

I,lithin soil removal treatmenLs, the wheat grown

the Reinland LVFS had higher protein content

subptots (eppendix D).

0

10
20

0.493a
0.497a
0.483a
0 .47"1a

0.475a
0.453a
0 .44'l a
0.466a

on the 20 cm pJ.ots of

on the C-fertilized

4.1.4 Growinq seasen conditíons in 1983

4.1.4.1 Soil moisture

Both soils were at field capacity at seeding (tøay 21 1983 on the LVFS

and May 27 1983 on the Newdale CL). Àt the Newoale site, the newly

exposed B horizon, where 20 cm of topsoil had been removed, developed a

bLocky structure as surface moisture evaporated in the week folJ.owing

seeding. Soil moisture data from late June to harvest (nppendix G)

showed that to a depth of 100 cm, the soil at both sites was wetter

where 10 or 20 cm of topsoil had been removed than on other treatments.
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4.1 .4,2 Precipitation

During the growing season of'1983, precipitation was well below the

Iong-term average at both sites (Appendix J). 0n the Reinland LVFS,

moisture stress from heading to maturity may have accelerated crop

maturity. On the Newdale CL, no signs of moisture stress were observed.

4.2 YEAR TWO

4.2,1 Grain yields

In 1984, wheat yields, averaged over all fertilizer treatments, on the

Reinland LVFS soil decreased with each increase in topsoil removal

(fabte t). Where.l0 or 20 cm of topsoil had been removed, yields were

significantly lower than the control (p = 0.05). This year, this trend

was not seen on the Newdale CL. There were no significant differences

among wheat yields where 5, 10 or 20 cm of topsoil was removed, although

these were significantly lower than the average wheat yieJ.ds obtained

from control plots at P = 0..1. On the Pembina CL soil, wheat yields

between control pl-ots and those where 5 or '1 0 cm of topsoi I had been

scalped were not significantly different, but average wheat yields from

the deepJ-y scraped plots (ZO cm) rvere significantly depressed when

compared to controls.
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TABLE 7

Wheat yields obtained in 1984, averaged over soil removal treatments.

Depth of
Topsoil removed

Wheat yield (tonne,/tta)

Re i n Iand
LVFS

Nev¡da 1e
CL

Pemb i na
CL

0

J

10
20

2.297 a*
1.911ab
'1 . 551 bc
1 .073c

2.785a
2.306a
2.269a
2,263a

2.986a
3.043a
2.87 6a
1 .498b

Coefficient of 11.9 17.5 21.7
variation
=== === ================== = = ======== ========== ============= === ==
* Tukey's w-procedure. within location, means followed by the
same letter are not significantly different at P = 0.05.

4.2,2 Effect of fertilizer

In 1984, significant fertilizer effects were seen. At all three loca-

tions, gtãin yields (averaged over soil removal treatments) rlere signif-

icantly higher in the subplots that had received the heaviest fertilizer

application (nigures 5, 6 and 7).

¡¡ithin soil removal treatment, fertilizer had no significant effect

on grain yield where either no topsoil or 5 cm of topsoil had been

removed (rabte 8). However, the higher-than-recommended rate of ferti-

Iizer significantly improved yields on the Reinland LVF'S and Pembina CL

soils where 10 cm of topsoil were removed, and on all three soils where

20 cm had been removed.
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Wheat yields for each level of topsoil removal and fertilizer
treatment, on Reinland LVFS in 1984.

* Tukey's w-procedure. Means followed by the same letter are
not significantly different at P = 0.05.
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* Tukey's w-procedure. Means followed by the same letter are
not significantly different at P = 0.05.

Figure 6:
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Wheat yields for each level of topsoil removal and fertilizer
treatment, on Pembina CL soil in 1984.

x Tukey's w-procedure. Means followed by the same letter are
not significantiy different at P = 0.05.
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TABLE B

The effect of fertilizer on grain yields, within soil removal treatments
in 1 984.

wheat yield (tonne/ha)
Depth of
topsoi I
removed (cm)

Fert i lizer
t rea tmen t

Reinland
LVFS

Newda I e
CL

Pemb i na
CL

0 A

C

2.348a*
2,238a
2.305a

2,633a
2.595a
3.128a

2.330a
2,823a
3.805b

5 A

B

c

1 . B05a
1.883a
2.045a

2.050a
2. 1 58a
2.580a

2. B05a
3.200a
3,125a

IU À

B

c

1 .1 85a
1 .475ab
1 .993b

2.183a
2.0'1Ba
2. 658a

2 .7 23a
2.223a
3.683b

===*T
foI

20 A 0.585a 1 .823a 0.735a
B 0.690a 2.095ab 1 .205ab
c 1.945b 2.890b 2.553b

== == = ===== ========= ============== == === ========= === === ==== = ==== =======
ukey's w-procedure. I^lithin Iocation and soil treatment, means
lowed by the same letter are not significantly different at P = 0.05.

4,2.3 Crop nutrient status

4.2.3.1 Midseason tissue

Results of midseason tissue analysis are given in Appendix C.

Significant differences in nutrient concentrations, among soil removal

treatments and fertilizer treatments are shown in Tables 9 and 10.

Midseason plant samples from the Pembina CL site were significantly

lower in per cent N, P and K where 20 cm of topsoil had been scalped.

Samples from the Reinland LVFS also showed decreasing N content r+ith

increasing amounts of topsoil removal. Per cent P in midseason samples

grown on the Newdate CL were significantly lower where 20 cm of topsoil
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TABLE 9

Midseason tissue concentrations averaged over soil remot,al treatments.

Site Soil
r emova I
treatment N

90

P K Zn
ppm

Cu

Reinland LVFS 0
L

10
20

cm
cm
cm
cm

2.06a*
2.15a
¿. lua
1.82b

.18 
. 1 3ab

18 ,42a
16,25b
11 0,)-

Newdale CL

Pembina CL 0 cm 2,01a 0,42a 2,10a 3.02a 13.98a
5 cm '1 .BOa 0.34a 2,29a 2.48b 12.75ab

i0 cm 1.75a 0.36a 2.06a 2.94a 11.33bc
20 cm 1 .57b 0.25b 1 .7Bb 3.08a 1 0. BBc

===== ==== =========== ==== = ===== === == ========================== ===
* Tukey's w-procedure. Iliithin location, means followed by the
same letter are not signi f icantly di fferent at P = 0.05.

TABLE 1 O

Midseason tissue concentrations averaged over fertilizer treatments.

==== = == ======== ====== == == ========================== ===== ==== === =

Site Fertilizer eo PPm

treatmentNPKCuZn

0cm
5cm

10 cm
20 cm

0. 2Ba
0.25a
0.26a
0.23b

4.90a .14.63a

4,02b 1 5.96a
4.50ab 1 4.43ab
5.00a 12.73b

Reinland LVFS 1 .95a* 0.21ab
1,94a 0.28a
2,21b 0.25b

A

B

c

t5.4 ra
15.41a
17 .72b

Newdale CL A

B

c

.15.47a

1 3. 92b
1 3.92b

Pembina CL A 1 .49a 1 .96a 3.30a .1 
1 .69a

B 1.56a 2.01ab 2.61b 11.38a
c 2.30b 2.21b 2,73b 13.64b

==================== = ===== == ======= ======= ====== == === === ========
* Tukey's w-procedure. Within location, means follor+ed by the
same letter are not significantly different at P = 0.05.

had been removed. At all three sites, Cu content of the tissue samples
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t+as depressed on the 20 cm soil removal treatments. 0n the Reinland and

pembina soils, per cent N in the midseason plant samples r,las signifi-

cantJ-y higher where the highest rate of N fertilizer had been used.

4 .2 .3 ,2 Gra i n analys i s

1 Reinland LVFS: As in the first year of the study, per cent

nitrogen in the final grain harvest was lower where 20 cm of

topsoil had been removed (Table'11). P content in ihe grain was

significantLy higher in the grain from control soil plots.

Newdale CL: Per cent P in the grain was significantly lower

where 20 cm of topsoil was removed. When compared to control

soil plots, per cent K was significantly depressed where either

10 or 20 cm of topsoil had been scalped.

Pembina CL: Soil removal treatment did not significantly affect

N, P or K content of the grain.

¿

3

On both the ReinLand LVFS and the Newdale CL sites, Cu content of

the grain increased with increasing IeveIs of topsoil removal: the oppo-

site trend vlas seen on the Pembina CL. Grain sampled from 20 cm soil

plots on the Pembina CL and the Reinland LVFS contained significantly

less Zn than that from controls (Appendix n).
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TABLE 1 1

Concentrations of N, P and K in grain at final harvest, in 1984.

Site Depth of topsoil removed
(cm)

9oN 9oP 9oK

Reinland
LVFS

Newda 1 e

CL

L) ¿.

As in

wel l-

0

5

10
20

2.901ax
2.'17 4ab
2,721ab
2.558b

0.467a
0.53sb
0. 548b
0.582b

0.410a
0.3B1ab
0 .42'-1a
0.333b

0.345a
0.349a
0.316a
0.305a

2.500a
2.298a
2.261a
2,435a

0.496a
0.489a
0,259c
0.377b

0
tr
J

10
¿U

Pembina 0 2.369a 0.568a 0.568a
CL 5 2.316a 0.5'77a 0.479a

1 0 2.285a 0.529a 0.446a
20 2.228a 0.51 6a 0.528a

==== ========= == ==== ========= ===== ============= ====== = == ========== ==== ===
* Tukey's w-procedure. I^lithin location and columnf means followed by the
same Ietter are not significantly different at P = 0.05.

4.2.4 Growinq Þeason conditions in 1984

4.2,4,1 Soil moisture

Soil moisture was at less than field capacity when the three sites were

seeded on May 9-11, 1984 (eppendix H). Both CL soils were rototilled

prior to seeding. The LVFS was not spring-cuLtivated, because of the

extremely Iow water content in the surface soil. Gravimetric soil

samples, taken throughout Lhe growing Season, showed that the deeply

scraped plots usually contained more moisture than control plots

(Àppendix H).

2 Precipitation

the first year of this study,

below the long-term averages at

growing season precipitation was

both the Reinland LVFS and Newdale
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On the Pembina soi1, precipitation was onlyCL sites

sl-ightly

(eppendix J).

below normal.

4,3 DI SCUSSiON

4.3.1 Crop qrowth and development

At the time of site preparation in May 1983, the Newdale CL site was

wet. This resulted in considerable compaction of those plots from which

topsoil vras scraped. The period following soil removal and seeding r+as

quite dry, producing a poor seed bed. Consequently, germination of the

wheat was uneven and the plant stand less than optimum on some of the

scraped plots (f igure B). Wheat germination and emergence on the

Reinland LVFS site were even.

In 1983, weed control was satisfactory on the Reinland LVFS, but

some hand weeding was necessary on the Newdale CL because of uneven wild

mustard emergence on scraped plots. The Pembina CL site was scalped in

late October, 1983, in the hope of avoiding the springtime probJ.em of

compaction. In the second year of the study, although no significant

germination differences were found at any of the sites, (Appendix I)

'scalped' plots on the Newdale CL showed signs of tractor tire compac-

tion well into the season, and in these places, crop growth was somewhat

slow.

In 1984, weed control was excellent at all three sites until late in

Lhe growing season, when a few weeds appeared on the Reinland LVFS site

which had not been spring cultivated.

In year one, visual differences between the crop grown on the deeply

scraped plots ('10 or 20 cm soil removed) compared to the others became
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Figure 8: Uneven wheat germination on a 20 cm soil plot, Newdale CL,
1983.
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apparent in late June. This was most noticeable on the Reinland LVFS

site although crop emergence here had been even. wheat growing on the

deeply scraped plots was shorter stemmed, produced fewer tillers and

less fertile florets per spike (rigure 9).

Figure 9: wheat in the foreground is growing where 20 cm of topsoil has
been removed: Reinland LVFS, 1983.

In 1984, at all three field sites, the effecl of the highest ferti-
lizer treatment was noticeable (nigure.l0). Àt the pembina cL site,

where no topsoil was removed, wheat grown under the highest ferLilizer

regime started to lodge two weeks before harvest. Àt all experimenlal

sites, wheal grown where 20 cm of topsoil had been scalped, took

approximately four days longer to head thañ wheat grown on other soil

treatments. In 1983, this effect vras apparent for all fertilizer treat-

ments. In 1984, it was more noliceable on the'A' (no ferlilizer added)

subplots.
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Figure 101 Wheat growi
Pembina CL,
treatments.

where 20 cm of topsoil has been removed,
984. From left to right, A, B and C fertilizer

ng
1

4,3,2 Crop nutrien! status

In the first year of the study, midseason tissue samples were bulked,

and thus results were no! ana.Iysed staListically. Plant tissue analyses

from 1984 show that, on the Pembina ct soil, the differences seen in N,

P and K content among midseason plant samples from the four soil removal

lreatments were not found in the grain samples. Grain from the 'Ct

fertilized subplots had higher protein content than lhe grain gror{n

under the other fertilizer regimes.

4.3.3 Effect of orqanic matter

When topsoil is lost to erosion, soil organic matter is also lost. Àt

all three field siLes, in the top 15 cm of soil, the fal] 1984 organic

matter content of the most deeply scraped plots was less than fifty per

cenl of that found ín the conlrols (eppendix t,). since soil organic
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matter helps protect soil from erosion, by aiding aggregation and

providing ground cover, the decreased organic matter content of eroded

soils can leave lhem more vulnerable to further erosion. Slevinsky

(1980) using textural data from North Dakota, categorized soils in the

Gladstone-Minnedosa area as to Wind Erodibility Group. According to

these classifications, a wheat stubble residue of 61 6 xg/ha in the

spring is necessary to prevent erosion on a LVFS. 0n the test site of

this texture, many of the plots on which 20 cm of topsoil had been

removed could not provide this amount of residue under conventional

management.

The relationships expressed in Table 12 indicate that organic matter

content of the plough layer may have had an effect on 1984 grain yields

obtained from control subpJ-ots. On the Newdale and Pembina soils, the

relationship loses significance as fertilizer is added.
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TABLE -12

Regression equations describing the effect of soil organic matter
wheat yields.

on

Síte Number of
observat i ons

Fertilizer
treatment Regression equation**

Reinland
LVFS
Newda le
CL
Pembi na
CL
Re i n land
LVFS
Newdale
CL
Pemb i na
CL
Re i n land
LVFS
Newda le
CL
Pemb i na
CL

A

A

A

B

B

B

c

C

I

B

B

B

B

I

B

I

B

ö

I-

tt-I-

\t-t-

l=

!=

!=

l=

!=

l=

-0,767 + 1.473 0.M.

0.899 + 0.226 o.M.

0.610 + 0.756 0.M.

-0.380 + i.151 0.M.

1,454 + 0.117 O.M.

0,0723 + 1 .1 34 0.M.

0. 1 0B + 0.837 0.M.

2.866 - 0.051 0.M.

2.031 + 0.725 0.M.

R2 =

R2 =

R2 =

R2 =

R2 =

R2 =

R2 =

R2 =

p2 -

.895*

,726*

,7 49x

.750*

.483

.570

.756*

-.210

.647
=== ===== ==== ===== = ===== = = =============== ===== === = = == === ===================
**(y = wheat yield (t/na); O.M. = pêÍ cent organic matter in plough layer)
* significant at P = 0.05.

4,3.4 Soil temperatures

Soil temperature readings (Appendix F) indicate that differences in Ap

horizon temperatures among the four soil removal treatments vlere not

sufficient to affect crop germination or early growth. At a depth of

150 cm the highest temperature recorded on the Reinland LVFS was 14.8 0C

on August 1 5, '1 983 and 1 5. 2 0C on JuLy 9 , 1 984. On the CL soi ls,

max imum recorded temperatures at 1 50 cm were lower : '1 1 . 9 0C on 29

Àugust, 1983 and 10 0C on 4 August, 1984 on the Newdale soil and 11.4 0C

on 7 August, .1984 on the Pembina CL.
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4.3.5 Crop waler use

ÀIthough grovring season precipitation rvas well below the l-ong-term

average at both the Reinland LVFS and the Newdale CL sites in both years

of the study, grãin yields were higher in 1984. Às has been noted,

fertilizer additions in 1984 significantty increased yields. it is also

worthy of note that, although rainfall was less than optimum, in the

second year of the study, ât least 30 mm of precipitation was recorded

at each site during the last two weeks of June. Lehane and Staple

(1962) in a study on the effect of soil moisture tensions on growth of

wheat, found that moistu¡:e stress at heading had the most Celer-erious

effect on yield. In 1983, precipitation was adequate early in the

season, but not during the period from heading to harvest. By contrast

in 1984, the crop vras not moisture stressed during the critical heading

stage.

In both study years, soil moisture content was greater in the deeply

scraped pl.ots. (nfl moisture sampling was done on 'C'-fertilized

subplots). WhiIe it might be anticipated that the less vigourous crop,

growing on the deeply eroded soil, would extract less moisture from the

soil, the relationship is not simple. Drainage on the Pembina CL is

described as moderate. Both the Reinland LVFS and the Newdale CL are

imperfectly drained: removing topsoil at these two sites in particular,

places the crop in a wetter environment.

Frye et aI. (1982) described several characteristics of the Ap

horizon of eroded soits. These researchers found that a decrease in

available water holding capacity (due to increased clay content in the

Ap horizon) was the most important yield-limiting effect seen in the

eroded soils they studied. In the present study, a slight decrease in

available water holding capacity was seen on the Pembina CL soi1. Other
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characteristics of the Ap horizon of eroded soils, such as higher bulk

density, lower crganic matter content and lower fertility status, vlere

seen at all three experimental Locations.

4.3.6 Soil analysis: ia11 1984

Results of soil analyses (Appendix K) show that N0¡-N and available P

(from 0 - 60 cm) decrease in all three soils as topsoil is removed. On

the Pembina CL, available P tests as'high' for all soil removal treat-

ments and SO¿-S is low. Àvailable P is generally low on the calcareous

Newdale CL soit. On bolh this site and the Reinland LVFS, NOg-N is much

higher than on the Pembina CL. In several soil samples from the

Reinland LVPS, DTPA-extractable Cu is below the critical level mentioned

by McGiIt.6

6 McGilI, K. 1985. Personal Communication.



Chapter V

SUMMARY AND CONCLUSIONS

Nunc lento sonito dicunt, morieris.

No man is an island, entire of itself,
every man is a piece of the continent,

a part of the main.
If a clod be washed awaY bY the sea,

Europe is the less, as weLl as if a promontory were
Any man's death diminishes me,

because I am involved in mankind,
and therefore, never send to know for whom the bell tolls:

it tolls for thee.

f rom Meditation XV11
John Donne.

In this study, the effect of simulated soil erosion on wheat yields was

investigated at three sites in southern Manitoba. In year one, ferti-

l-izer applications had no significant effect on wheat yiel-dsr even where

20 cm of topsoil had been removed.. In the second year, however, the

highest fertilizer rate significantly increased yields wherever more

than 5 cm of topsoil had been removed. Results indicate that neither

soil temperature nor total soil moisture content adversely affected

grain yieLds on the'eroded' plots. Where no N, P or K fertilizer was

used, a relationship was found between per cent organic matter in the

pJ.ough layer and wheat yield. Soil samples taken from 'eroded' plots

contained less available N and P than those taken from control plots.

In 1984, fertilizer application compensated for some of the loss in soil

productivity due to soil erosion.

5B
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This study provides only 5 site-years' data. During both 1983 and

1984, precipitation was below normal at both the Reinland LVFS and the

Newdale CL site. Different weather conditions would possibly have

produced di fferent soil erosion - soil productivity relationships. 0n

weIl drained soils, it is probable that the effects of simul-ated soil

erosion would have depressed wheat yields even further during the two

years of the study.

On the pembina CL soi1, where growing season precipitation \{as near

normal, wheat yield on the uneroded soiI, which received the highest

fertilizer application, was 3.81 t/ha, Where 20 cm of topsoiL had been

removed, wheat yields were 0.74 t/ha on 'A' subplots (no N, P or K

fertilizer) l.Zl t/ha from 'B' subplots and 2,55 t/ha on 'C' subplots

which received the highest fertilizer application. CIearly, in 1984, it

was economically feasible to add extra fertilizer to the deeply eroded

soit. It is also clear that the extra fertilizer did not restore this

soil to its original productivity.

Many site-years' data would be needed to fully evaluate the effect

of soil erosion on a soil's productivity. Results of the present study

indicate that soil erosion reduces crop yields, that extra inputs can

often improve the productivity of eroded soils, and thaL, depending on

soil characteristics and management practices, the original (uneroded)

productivity of the soil may not be completely regained.

It is conceivable that a future study could combine many site-years'

data and uLilize several crops. It is also conceivable that economic

analysis of yield results could be included in such a study.
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The different soil erosion-crop yield relationships seen in this

study, from site to site and from year to year, emphasize the site

specificity of such work and the need for long-term studies. Predictive

soil erosion-productivity models could be put to good use in Manitoba,

for farm management decision-making and for conservation pJ-anning, if

there existed a sufficient clata base of relevant soil parameters.
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Appendix À

CEREAT TISSUE ÀNALYSIS: INTERPRETiVE CRITERIA USED BY

MANITCBA PROVINCIAL SOIL TEST]NG LABORÀTCRY (WHOIN PLAI'IT

PRIOR TO FILTING)

Nutrient Low Marginal Sufficient
Spring 1.50 1.50-2.00 2.00-3.00

High Excess
3.00-4.00 4.00

Ni t rogen-
(¡¡) eo winter 1 .25 1 ,25-1 ,75 1 .75-3.00 3.00-4.00 4.00

Phosphorus
(p) eo 0.1 5 0. 1 s-0.25 0.26-0.50 0.50-0. B0 0.80

Potassium
(n) eo 1 .00 1 .00-1 .50 1 .50-3.00 3.00-5.00 5.00

Sulphur
(s) eo 0.10 0.10-0.15 0.15-0.40 0.40-0.80 0.80

Other 0.10 0.10-0.20 0.20-1.00 1.00-1.50 1.50
CaIc ium--
(ca ) eo Barley 0,20 0.20-0.30 0.30-2.00 2.00-2.50 2.50

Magnes i um
(Mg ) eo 0.10 0.10-0.15 0.15-0.s0 0.s0-1.00 i.00

Zinc
(zn) ppm 10 10-15 1 5-70 70- 150 150

Copper
(cu) ppm Barley 2.3 2,3-3 .7 3.7 -25 25- s0 50

Wheat 3.0 3.0-4.5 4,5-25 25- 50 50

Oats 1.7 1,7-2.5 2,5-25 25- 50 50

I ron
(ne) ppm 1 5 15-20 20-250 250- s00 500

Man
(un

aneseg

) 10 10-15 1 5-1 00ppm
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Appendix B

CHEMICAL COMPoSITIoN 0F WHEAT AT HEADING, 1983.

Soil
removal Fertilizer
treatment treatment
Reinland IVFS.
Sampling date

830704
0cm

5cm

10 cm

20 cm

Newdale CL
Sampling date

8307 12
0cm

5cm

10 cm

20 cm

90 ppm
Cu

À

B

c
A

B

c
A

B

C

A

B

c

A

B

c
A

B

c
A

B

c
A

B

c

¿.
2,
¿.
¿.
¿.
2,
2,
¿.
2.
)
¿.
2.

NPKSCallg Zn Mn Fe

17.75 18.0 0 56.75
0 71.00
0 s9.25
5 69. 00
5 59.75
0 64. s0
0 59.00
5 75. 00
0 64.25
5 53.50
s 80.25
0 7 6.25

18. 39 .25 56. s0

0.28
0. 34
0,21
0.35

0.32
0.33
0. 28
0.39

0.71
0.74
0.80
0.79
0.79
0.73
0.59
0. 68
0 .71
0.73
0.76
0.82

3.54
3.35
3.26
3.76
3 .46
3.81
3.50
3.67
3.51
3 .49
3 .71
3.89

20 0

15 0

290
31 0

400
11 0

31 0

090
19 0

290
35 0

21 0

0.39
0. 28
0.3'1
0.38
0.30
0.31
0.33
0.37

0.28
U.JI
0.35
0,24
0.33
0.41
0.40
0.33

.29

.30

.31
')a

.30

.27

.34

21.
18.
15.
a)
LJ ¡

12.
18.
17.
18.
1"1

19.
20,

0.23
0.22
0.19
0.21
0.23
0.19
0.19
0.24
0.22
0.25
0.23
0.19

57.00
55. s0
bt.l5
69,25
66.00
81 .25
71 .50
6'7.25
54 .00
78 .00
89. 00

0.31 4

0.34 4

0.34 3

0,32 4

0.35 5

0,32 6

0.39 5

0.29 4

0.34 4

0.30 4

0.35 s
0.33 5

.50

.75

.75

.75

.75

.00

.50

.25

tr tE

5.50
È 1tr

4.50
4.75
6.00
5. 50
5.75
4.75
6.25
5.75
5. 50

LJ

75
00
00
25
25
25
00
00
50
atr
LJ

'16.5

22.5
19,2
18.2
22.0
20.0
1t .7
16.5
22.2
21 .2
18. 0

.50

.25

.75

00
50
75
25
75
,)tr
LJ

25
50
75
00
75

50
00
L¿

50
00
,)tr
LJ

75
50

4,7 5
4.75
6.75
7.00

B.
q

8.
6.
8.
o

.31 0.352

2

I

2

2

I

2

1

1

2

2

2

34
35
38
32
35

,26
,)o

,24
.23

.37))

. JJ

.30
,32
. 3'1

3

3

3

3
{
)
J

3
I

?

)
J

3

0

0

0

0

0
fl

0

0

0

0

0

.81

.58

.69

.68

.54

.29

.99

.66

.28
,77
.'19
.bt

0.85
0.61
0.62
0.71
0. 86
0.90
0.74
0.61
0.78
0 .68
0.78
0.71

1

1

I

1

1

1

1

1

1

I

1

42.
34.
31.
41.
33.
51.
34.
43.
'))
JJ.

36.
38.

.24
qq

.01

.11

.90

.06
,91

.34

.28

.95

.09
,14
.00
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Àppendix C

CHEMICÀL COMPOSIT]ON OF WHEAT AT HEÀDING, 1984.

Soil-
remova 1
t rea tment
Reinland
Sampl i n g

8407 06
0cm

5cm

10 cm

20 cm

FertiIízer
treatment
LVFS.
date

N P KSCa

3.28

Mg
ppm

Cu Zn Mn Fe

B
c
À
B

A
B
c
A
B
c

0.26
0.26
0.28
o.28
0.29
0.27
0.29
0. 28
0.26
o -28
0.30
0.24

o.74
0 .81
0.78
0.89
0 .86
o.76
o .71
0.75
0.72
0.81
0.75
o.73

.29
)Ê,

.27

.28

.25

.29
"27.29
-30
.32

3.25
3.34
3.75
3.63
3.38
3 .38
3.2s
3.25
3. 50
3. 50
3.53
3. 50

16.75
16.75
20. BB
16.25
17.00
22.OO
16.25
1 s.38
17 .13
12 .38
1 2.50
1 0.90

1 5.00
1 6.00
17.00
17 .25
16.13
15 .25
14.00
'l 5. 63
'1 5. 38
14.75
13.2s
13.88

51 .00
49 -25
52.25
51.75
56.00
49.75
53.25
59.00
56 -2s
59. 00
53 -25
54.75

.01

.90
aa

"13
"94

.23
-32

?q
.40
.32

.34

.50

.39

.41

.31

2
.1

2
2
1

)
1

2

1

1

2

21

90
âc
't5
1)

,Q

3
3

3

3
3
3

3

0.26
o.26
o .26
o.28
0.31
0.30
o .32
o .27
0.31
0.32
0. 28
o. 30

0
0
0
0
0
0
n
0
0
0
0
0

.67

.08
.26

2A

Newdal-e CL
Sampling date

8407 07
Ccm .31

.29

.32
-28
.30

42
l?

-44
-75
.00

.30
"27
.J I

.31

-25
.50
.75
.BB
.38

À
B

À
B
C

B
c
A
B
c

0.28 3
o.29 3
0.28 3
0.24 3
0.26 3
0.24 3
0.23 3
o.29 3
0.27 3
0.20 3
0.25 3
0.25 3

.84

.58
"761'7

?Ê
.83
.85
.80
.88
.86
.86

0 .64
0.70
0.77

0.79
0 .68
0.69
0.80
o.74
o.79
0.70
0.75

aì 1q
0.23
0"23
o -24
0"23
0.22
0"19
0.24
0.26
0.22
o "220.19

.50

.63

.63

.56

.94

.38

.75

.38

..1 B

.00
?E

47.oO
55.00
37.75
41"00
46.50
47 .50
38"75
47 .25
41 "7545.00
48.00
49.25

ô.c, )q
57 .25
45.50
55.25
66.00
50.75
56.25
57 -25
54.00
51.25
57.50
s9.00

1.BB
¿- tó
2 .39
2.08
2.O3
2-15
1.99
1.99
2.O6
2 .12
2"14
2-44

.84 0
0
0
0
0
0
0
0
n

0
0
0

5
q

4
3
4

4
4
4
4
4
5

14
13
IJ
17
'1 5
14
16
14
12
13
11

5cm

'1 0 cm

20 cm

.31

.75
2a

.32

.34

13.38

Pembina C1
Sampling date

8407 1 1

0cm

5cm

10

20

cm

cm

Â

B

A
B
C

B
c
A
B
c

1"68
1.79
2 .57
1 .44
1"68
))Q

1 .59
I -E

2.42
1 .27
1"55
1.94

0"45
0 .42
0.38
0.35
0.33
0.33
0"35
0.34
0.40
0.23
0.25
0.28

) 1?
2.13
2 .05
2 .13
2.30
2 .45
2.20
1 .80
2 .18
1 .37
1 .80
2 .15

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

29
29
2B
2B
27
27
27
29
29
26
28
28

0.34
0.24
0.29
0.29
0.31
0.33
o.22
0.3s
0. 38
0.33
0.39
0.30

o "210.21
0.'19
0.24
0.20
0.19
o -24
0.24
o.21
o.24
0.22
0.19

14.00
13 .44
14. 50
11.50
11.44
1s"31
11 .00
9.63

13.34
10.25
11 .38

17.75
16 "7517.75
18.00
19 "75
19 "25
17 "2515.75
14.75
'l 8"25
18.7s

50. 50
39.75
41 .25
40.25
50.00
49"00
32"50
49.25
39.75
42.25
43.50

3-75
2.94
2 "36
2 .69
2.06
2 .69
3 "252.94
2 .63
3.50
2.50
3 -25 11 .38 16.75 5'1 .7s
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Àppendix D

NUTRIENT ANALYSIS OF GRÀTN: FINAL HÀRVEST, ]983.

Site SoiI Fertilizer
removal treatment
t reatment

9õ

KN P

Re i nland
LVFS 0cm ¡t

B

c

2.63ax
2.5'7 a
2.60a

0.52a
0 .48a
0 .48a

0. 50a
0,47a
0.46a

5cm A

B

c

2.57 a
2.53a
2.52a

0.49a
0.49a
0.51a

0 .44a
0.46a
0.49a

10 cm A

B

0.48a
0.46b
0. 52a

0.43a
0.43a
0.49a

2.5

2,5

')^
JC1

9a
2a

20 cm A

B

2.43a
2.50ab
.) tra-
L. J¿d

0.47a
0 .4Ba
0 .4Ba

0.45a
0.47a
0.49a

Site Soil Fertilizer
removal treatment
t reatment

90

P KN

Newda I e
CL 0cm 2."7 3a*

2.66a
2.61a

0 .43a
0.41a
0 .4.1 a

0. 38a
0.38a
0.38a

A

B

c

5cm A

B

C

2.60a
2.43a
2.49a

0.32a
0 .38a
0.33a

0.37a
0.40a
0.34a

10 cm A

B

c

2.51a
2,61a
2,54a

0.34a
0.36a
0 . 3'1a

0.37a
0 .42a
0.38a

20 cm A 2,62a 0.33a 0.38a
B 2,41a 0,29a 0.35a
C 2.67a 0.33a 0.43b

= ========== ========================================================= =====
x Tukey's w-procedure. I,fithin location and soil treatment, means followed
by the same leLter are not significantly different at P = 0.05.
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Àppendix E

NUTRIENT ANALYSIS OF GRAIN: FiNAL HARVEST, 1984,

Site 501 1

r emova I
treatment

Fertilizer
t rea tmen t

90 ppm
K Cu ZnN

nr

Re i nland
LVFS 0cm 30.56a

)1 ac^
J J . ¿ JCI

4 1 .63a

A

B

c

2.88a* 0.45a
2.75a 0 .49a
3.09b 0.47a

0.34a 2.88a
0.39a 2.81a
0.32a 3.44a

5cm À

B

c

0.37a 4.60a
0.36a 3.80a
0.32a 4.00a

32 .1 0a
35.80ab
45.30b

2,81a 0.51a
2.86a 0. 58a
2.61a 0. 52a

i0 cm A

B

c

2.48a 0.58a
2.68a 0.56a
3.00a 0.51a

0.37a 6.75a
0 . 30ab 5. 00b
0.25b 4.00b

41.75a
26.69b
33.50ab

20 cm 0.57a
0. 57ab
0.51b

36.60a
26.00a
22,00a

A

B

c

2.64a
2 .43a
2 ,61a

0.32a 7.25a
0.37a 6.25a
0.26a 5.32a

Site Soil Fertilizer
removal treatment
t rea tment

q ppm

P K Cu ZnN

Newdale CL 0 cm 2,43ab 0.45a
2.30a 0.40a
2.78a 0. 38a

A

B

C

0.54a 3.94a
0.44a 3. 1 3a
0. 51 a 4,63a

27 .20a
20.50a
25.60a

5cm 34.75a
26.88a
23.82a

À

B

c

2.06a
2.32a
2.52a

0.41ab 0.49a 5. 1 3a
0,42a 0.55a 4,6'la
0.32'b 0.43a 4.63a

10 cm 38.60a
32.60a
29,10a

A

B

c

2.00a 0.35a
2.30ab 0.52b
2,49b 0.41ab

0.20a 6.70a
0.27ab 5.40a
0. 32b 6. 70a

20 cm 0. 36a 6. 56a
0.42a 6.44a
0.35a 6.63a

* Tukey's w-procedure. Within location and soil treatment, means followed
by the same letter are not significantly different at P = 0.05.

À

B

C

2.34a
2,33a
2,64a

C.31a
0.35a
0. 34a

3'1 .10a
25.40a
22.80a
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Appendix E (cont'd)

Site Soil Fertilizer
removal treatment
t rea tmen t

o-
'o ppm

Cu ZnN P K

Pembina CL 0 cm 0.55a
0.6.1a
0.54a

0.49a
0.675a
0. 54a

6.88a
6. 50a
4.75a

38.70a
34.90a
35.00a

fl

B

C

2 .1'l a
2.28a
2.66a

5cm A

B

C

2.10a
2 ,16a
2.82b

0.59a
0.53a
0.61a

32.63a
29,06a
32 .1 3a

0.55a 6.94a
0.46a 4.50a
0.43a 4 . 50a

.10 
cm 27.69a

28 . 31a
26.81a

A

B

C

2.11a 0.54a
1 .97a 0.55a
2.78b 0.50a

0.46a 5. 1 9a
0 .48a 5. 50a
0.40a 4.'19a

20 cm À 2.08a 0.55a 0.55a 3.00a 29.31a
B 2.11a 0.53a 0.54a 2,44a 32,06a
C 2.50a 0,47a 0.50a 2.38a 26.63a

=== === = == ======== ========== = = == == ====== = === ===== =========
x Tukey's w-procedure. I,lithin location and soil treatment' means followed
by the same letter are not significantly different at P = 0.05.



Appendix F

SOIL TEMPERATURES.

===== = === ===== ===== ======= = ================= ========= ===========-- - ------- - -
Site Date Àir Soil Soil temp oC(at cm depth)

Year, temP removal
Month, oC treatment
Day (cm) 2.5 5.0 10.0 20.0 50.0 100.0 1s0.0

Reinland
LVFS

83053 1

830606

83061 2

83061 6

830626

83071 1

830720

8307 27

830802

8308 1 5

84051 5

84 0 528

840505

840709

8407 1 6

8407 31

840804

84 08 08

19.0

19.0

2't.0

25.0
25.0

19.0

30.0

29.0

2s.0

29.0

15.0

22.0

20.0

21 .0

23,0
25.0

32,0

22.0

0

¿U

0

20
0

20
0

0

20
0

20
0

20
0

20
0

20
0

20
0

20
0

20
U

20
0

20
0

0
20

0

20
0

20

20.0
22.0
1 5.6
17 .0
26,0
24.3
25.0
30.0
26.6
23,3
19.2
28.4
36.6
26.8
30.5
23.4
30.0
32,0
32.4
19.2
1 9.0
14 .6
22.0
16.9
21 .3
35.4
28.4
29,5
23,2
22.5
34 .5
33.0
20.4
20.0

15.0
21 .0
14 .8
15.0
¿¿.¿
23.9
¿ I .5
25,6
23.9
21 ,0
1B .4
26 .4
33.8
23.8
28.2
20.5
21 .1
28.8
29 .1
17 .2
1 6.8
I ¿.5
18.7
1 6.0
18 .9
32.2
21 .4
27 .4
22.0
21 .B
32,0
29,6
20,4
20.0

11.6
t6. ¿
'13.4

13.6
19.2
21 .0
16.4
¿1.3
19.4
lo')
17.8

28.0
21 ,4
24.6
20,0
21 .1
24,0
24,5
14 ,1
14.5

q¿
1) tr
IJ.J

15.1
16.8
27 .0
16.9
25.0
20.6
20.5
23.5
2s.0
20.0
1 9.8

8.9
12.5
10.9
11.0
16.0
18.0
I ¿.U
11 ,4
17 .',7

18.3
17.8
20,4
25.4
20.1
23,2
19.4
20.6
20.5
22.3
10.5
11.0
8.8

12,8
14 ,7
14 .7
¿J. ¿

1 6.3
24,6
'19.6

20.s
20.5
¿¿. ¿

20.0
19.8

12.1

11.0
14 .'.|

17 .2

18.3

18.6

19.1

1 9.8

6.5

7.8

12.7

21 .0

11

8.1
12.7

14.3

15.1

1s.8

1 5.4

rb.u

2.1

¡.7

8.4

18. s

3.8

9.1

13.0

13.4

13.6

14.8

2.1

3.0

5.8

15.2

5.1
q?

17 .7

18.0

1q ¿

'13.s

14 .7

1 5.6

11.0

|.b

13.0
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Àppendix F (cont'd)

Site Date
Year,
Month,
Day

Air
temp

og

Soil
r emova l
t reatmen t
(cm )

Soi ). temp oC (at cm depth )

2.5 5.0 10.0 20.0 50.0 100.0 150.0

Newda 1 e

CL
830531

830606

83061 6

830625
8307 1 3

8307 1 9

8307 25

830801

830808

B30B 1 5

830823

830829

840522

84 08 2B

84 0 6o5

8407 1 0

8407 1 6

84 08 04

8408 1 3

26.0 1 5.0

25,4
25.5
25,1
24,6
29,0
22.0
24.6
26.0
26.6
aE 1
LJ t I

26.6
23.0
16.3
28,2
24,0
21.2
20 .4
19.2
1't ,8
25.8
¿3.¿
14 .1
16.1
lq ¿

23.4
21.3
25.6
30.6
29.1
32.9
26,0
26,5
)r. q

11 .2

11 .9

12.5

10.1

9.0

9.4

10.0

8.0

23.0

22.0

25.0

2'r.0
2s. 0

Jr.u

28. 0

21 .0

26,0

23.0

¿u.u

26.0

12.0

20.0
20.0

28.0

26.0

25.0

¿¿.u

0

20
0

20
0

20
0

0

20
0

20
0

20
0

20
0

20
0

20
0

20
0

20
0

20
il

0

20
0

20
0

20
0

20
0

21,
18.
23.
23.
19.

1.8

26,
20.
aa

23.
1C

¿¿.
24.
15.
16.
)¿"

22,
19.
19.
17.
16.
23,
)1
13.
14.
17.
21,

6

6

2

I
7

6

B

0

0

6

9

0

5
2

6

4

6

1

9

3

4

4

0

J

I
1

9

4

0

4

I
2

5

3

8.
12,
7.
7.

12.
a

t+.
tb.
18.
18.
19.
11

18.
15.
16.
17.
20.
16.
17.
tþ.
Itr

18.
17,

q

q

q

tb.
14,
tþ.
16,
'18.

19"

6
)
1

4
0

1

9

6

9

2

9
2

4

2

4

1

B

3

7
¡t

0

U

9

I
2

I
9

I
B

n

2

5

0

5

9

9

5

2

5

9

5

I
I
6
6
)
J

9

6

5

9
6

4

6

0

5

6

B
,7

2

6
2

1

7

0

I
4
1

2

0

B

11

16
11

10
1B
15
20
18
19
21

22
?o

22
t5
16
20
20
tt
1B

16
16
21

19
11

12
12
17
16
1B

21

20
22
22
22

1.9
7.3

8.1
'13.9

0.2
5.6

6
4

0

'15.5

16 .4

13.8

1 6.0

1¿ q

14.8

16 .4

14.8

tb. t

18 .0

5.4

a1J.l
10.0

12.1

11 1tJ. t

10.9

12.3

12.2

12.8

14 .7

))
J.J

9,7

10.5

10.0

10.3

10.2

11.0

'11.9

t.u

2

B

7

2

9

6

6
2

17,
23,
26
23
25
26
22

20.
¿¿.
17.22, 19. 14 ,4
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Appendix F (cont'd)

Site Date
Year,
Month,
Day

Soil
r emova l
t rea tmen t
(cm )

Air
temp

og

Soil temp oC(at cm depth)

2.5 5.0 10.0 20.0 50.0 100.0 150.0

Pemb i na
CL

5.1

7 .1

14 .4

12.5

"1) ')
IJ.J

13.3

3.0

4.5

10.8

9.8

11 .4

10.s

8.8

11 .4

12.5
12,8
15.9
16.3
'18. 

3

19.8
1q )
19.6
21 .5
21 ,1
20.6
17.5

840529 21 .0 0 1 8,4 1 6.8 1 s.]

16,4

12.4
20 20.0 18.5 16.4

840605 20.0 0 22.4 20.8 18.9

16.0
16.3
18.8

20 23.6 21.3 19.0
840711 27.0 0 24.021.819.9

20 24 .4 22 .0 20 .2
840730 25.0 0 24.s 23,5 22.0

20 24.7 23 .2 21 .5
840807 23.0 0 23,9 22,6 21 .9

20 22.7 21 .9 21 ,8
840814 21 .0 0 25.7 23.9 22.1

20 23.3 22.s 21.3
=========== == === ====== === = ===== =============== ===== =



Appendix G

sorl MOrsruRE (m¡) ro A DEPTH 0F 100 CM, DURING GROWING

SEASON OF 1 983

Si te Date
Year,
Month,
Day

Soi I
0

removal treatment (cm)
5 10 20

Re i n land
tVFS

Newdale
CL

830521
B 30630
83081 5

210 .6
140.0
101.4

224,6
150.9
104.0

262.0
185.4
110.3

2''ÌB.B
160.0
112 .4

830527
830630
830831

382.3
152 ,1
113 .7

400.
164.
121 .

430. 1

1 78.9
124,0

438.0
¿¿u. t
132 .1

B

4

0
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Appendix H

sorl MOrsruRE (mq) to A DEPTH 0F 100 CM, DURING GROWING

SEASON OF 1 984.

slte Date
Year,
Month,
Day

Soil removal treatment (cm)
0 5 10 20

Re i n Iancl
LVFS

Newda 1 e

CL

Pemb i na
CL

840s09
840528
84061 1

840625
840709
8407 1 6

84012'l
84 0B 04
840808

132.5
92.1

140 .'.7

116.9
'73.4

124.9
53 .8
83.9

'115.6

196.3
169.0
171.3
103.6
141.3
140.7
89. s
97 .0

122,4

133.2
96.9

177.5
'148 . 0

91 . B

163.6
84.0
99. 9

128.7

154 .7
126.0
152 .4
194,9
108.3
188.2
107.0
89.0

124.6

338.5
333.2
349.s
294.1
312.0
238.1
1 68.9

840s1 0
840528
8406'11
84062s
84071 0

8407 16
8407 24
8408 1 3

213.1
211 .0
1 90.4
173.0
143.9
17 6.7
131 .1
120 ,1

296.8
244.0
241.4
222.9
207 .5
145,1
140.0
156.7

293.3
273.1
261 .3
210.2
184.7
190.2
170.3
197.6

239.3
298.2
208.8
240.0
206.8
))q Q

174.4
164 .9

840s'11
840523
840612
840627
8407 1 1

8407 1 B

840805

31s.4
320.0
369.5
298.9
291 ,0
233.2
154.6

281.8
349. 0

336. 4
11 Ê. tlJI\"7

323.6
249.0
191.0

282,1
334.7
293,0
319.2
309.9
264.2
168.1
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Àppendix I

GERMINATION 0F WHEAT, 1984

Site Number of
Observat i ons

Seedlings emerged/u
Soil Removal Treatment

0 5 10

Fertilizer
Tr ea tmen t (cm )

20

Re i nland
LVFS

Newdale
CL

Pembi na
cr

4
+

4

4

4

4

4

4

4

À

B

c

65
61
60

62
57
63

68
61

64

56
54
55

5B

62
64

56
54
54

50
JL

55

70
64
67

71

69
73

68
69
10

74
71

72

55
o¿
67

À
Þ

C

A

B

C

76



Àppendix J

GROWING SEÀSON PRECIPITATION

Si te Yea r Prec i pi tat Í on
May June August Total

(mm )

JuIy

Reinland
LVFS

Nev¡dale
CL

Pembina
CL

1983
1 984
normal*

1983
1 984
normal*

1 984
norma I *

59. 6
27 .5
45.4

49. 5

67.0
9s.4

48. 0

65. 0

50.3

5.0
49.0
68 .7

tb¿. t

208.5
269.8

53.0
27 .0
5i .9

?qn
73.5
81 .3

66. 0

33.s
73.4

34.0
16.0
62.5

182.0
150.0
269.1

35.0
69.0

102.0
87 .7

7 4.0
80.7

58.0
65. 6

269.0
303.0

* Obtained from Canadian Climate Normals 1951-1980. Temperature
and Precipitation. Prairie Provinces. Environment Canada,
Downsview,0ntario.



Àppendix K

CHEMICAL ANÀLYSIS 0F SOILS, FAIL 1984
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Appendix L

ORGÀNIC MATTER CONTENT OF THE EXPERTMENTAL
1 984

s0iLS, FALL

;;li==;;;;;;i===;;;ilil;===;;;=;;;;=;;;;il=il;;;;=;;=;:î;=;;=;;;i=;;;;;=
treatment (cm) treatment Reinland Newdale pembina

LVFS CL CL

0 )1J.l

2.8
?q
2.1
2.6
2.3
¿. t

1.4
1.9
0.s
1.8
1.0

6.6
6.9
6.4
2,6
3.1
3,4
2,8
2.9
4.4
3.4
¿.o
3.5

2.3
)1
1.9
l.¿
2.1
1 .'1
1.6
1)
l¡J

1.1
1.2
1.1

/t
B

C

A

B

c
A

B

c
A

B

10

20

84



Àppendix M

SOME PHYSTCÀt PROPERTIES OF THE EXPERIMENTAT SOILS

Site Horizon Particle size Textural
distribution class
9oS 9oS i eoC

Bulk Water content
density (c" by weight)
(q/cc ) r'c Pt^iP

Ava i lable
mo i sture

(mm)

Reinland
LVFS
0- 20 cm

20- 40 crn
40- 70 cm
70-1 1 0 cm
1 1 0-1 2Ocm
Newdal e

Àp
Ac
Ckgl
Ck92
2C kq

LVFS
LFS
LFS
VFS
L

B1

B6
94
B9
44

.33

.62
,52
.59

11 1

1 3.8
I ¿.6
11.8
21 .9

31 .4
31 .4
46,2
s9.6
23.4

35
À1

43

25
30
28
JJ

38
35
31

24

,21
.34

4.7

Jr.5
28.4
25,0
18.4

14.8
12.9
11.9

B.B

42.4
51.8
11 )
sl .1

3'7

31

31

25
29
23

38
40
46

1 ,17
t.¿¿
1 .30

34.3
Jl.t
32.0

18.6
17 .9
20.3

46.0
59.6
BB .2

s.9
4.1,)tr

)L
6.8

10
6

2

2

23

9
B

4

9

33

CL
0-

20-
45-
B5-
Pem

CL
0- 25 cm Ap

25- 62 cm Btj
62-120 cn C

85 cm Cca

20 cm Ah
45 cm Bm

.]20 cm Ck
bina

CL
CL
CL
L

CL
c
C
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